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Chapter     I. 

OF    SALTS    IN    GENERAL. 

Intrciuciory  OhJer'vatifmi.-^Definitiwt  ef  Saits.'^Salts  Jimpit  end 

compound. "^Wbai  me  called Jitnple  Salts  are  in  reality  compound  Bo^ 
dies, '-^Oxygenous  Principle, 

TH  E  earth  which  we  inhabit,  though  prefenting 

to  our  fcnfes  an  almoft  infinite  variety  of  ob- 

jects, is  yet  compofed,  as  was  already  intimated*,  of 
but  few  fimple  materials.  It  is  the  moft  pleafing  oc- 

cupation of  the  philofophefj  to  purfue  the  Proteus 

nature  through  her  various  and  aftonifhing  transforma- 
tions ;  to  develope  thofc  intricate  combinations,  which 

conceal  from  the  eyes  of  common  obfervers  the  ele- 
mentary principles  of  things;  to  anatomize  matter; 

and  even  to  explain,  as  far  as  we  are  able,  the  proceffes 
by  which  fubftances,  apparently  contrary  to  each  other 
in  their  general  properties,  become  united,  and  form 
new  bodies  differing  again  in  their  mofl:  eflential  qualities 
from  thofe  of  which  they  are  compofed. 

In  purfuing  this  really  interefcing  inquiry,  the 
plaineft  and  the  cleareft  method  that  prefents  itfelf  to 

my  mind,  is  to  notice  feparately  each  peculiar  and  ele- 
mentary fubftance,  and  afterwards  to  examine  the  ef- 

fects of  its  combinations  with  other  bodies.     In  trcat- 

•   See  book  I.  chap.  2.  of  elementary  rubflancCB, 

Vol*  II.  B  ing 
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ling  of  mineral  fobftanccs  naturalifts  have  generally 
IclalTcd  tlicm  under  four  principal  heads,  falts,  earths, 

,  and  inflammables.     Perhaps  modern  philofo-  - 
Iphers  might  adopt  an  arrangement  more  confiftent 

with  recent  difcoveries ;  yet  novelty  in  clafTification 

I  but  I'eldom  facilitates  the  labour  of  the  ftudent,'  and 
lit  is  commonly  fafefl  to  follow  a  beaten  tracic  in 

I  fcience,  unk-fs  it  leads  to  error. 
I'hole  fubftances  are  denominated  lalts  which  are 

I  fufiblc,  volatile,  foluble  *  in  water,  not  inflammable, 
I  .ind  fapid  when  applied  to  the  tongue.  The  moft 
I  fimplc  ftate  of  (alts,  is  a  mafs,  white,  brittle,  and  in 
1  Tome  degree  trjnfparent.  Salts  in  certain  degrees  of 
I  heat  are  fluid  and  tranfparent,  like  oil.  They  difFcc 

I  in  their  degree  of  fuHbility  and  volatility.  So«ie  af- 
I  fume  the  form  of  vapour  in  the  ordinary  temperature 
of  the  2tmofphere»  others  in  a  great  degree  of  heat 

■  remain  fixed -f.  Previous  to  treating  of  the  particular 
I  fubftances  of  this  clafs,  it  will  be  proper  to  make  a 
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combination  the  charaftcriftic  properties  both  of  the 
acid  and  alkali  are  loft,  and  a  new  body  is  formed. 
Which  is  extremely  inert,  in  comparifon  with  the  two 

ftibftances  of  which  it  is  compoftd.  '  Several  of  the 
earths,  and  fome  of  the  metals,  are  alfo  capable  of  be- 

ing united  with  acids,  and  the  compound  forrhs  a  ialc 

more  or  lefs  perftft.  * 
Alkalis  and  acids,  at  the  time  they  obtained  the 

name  of  fimple  fairs,  were  fuppofed  to  be  really  fuch ; 
modem  difcoveries,  however,  have  now  led  to  a  differ- 

ent concluflon,  and  left  no  reafon  to  doubt  that  all  the 
acids,  and  at  lead  one  of  the  alkalis,  are  compound 
bodies.  The  doftrinc  of  the  formation  of  acids  is 

now  fully  elucidated;  the  procefits  of  combuftion, 
and  of  the  calcination  of  metals,  which  were  formerly 
attributed  to  the  expulfion  of  an  imaginary  fubftance, 

called  phlogifton,  are  now  proved  to  be  only  the  for- 
mation of  acids  i  or  the  union  of  the  principle  of  aci- 

dity or  oxygen  contained  in  the  atmofphere,  with  fub-  ' 
ftances,  the  particles  of  which  have,  in  certain  circum- 
ftances,  a  ftronger  attraction  for  that  principle,  than  it 
has  for  the  matter  of  heat.  The  chief  circumftance 

which  favours  the  union  of  the  principle  of  acidity,  or, 
as  it  is  called  by  the  French  chemifts,  oxygen,  with 
other  bodies,  is  a  proper  degree  of  heat ;  which,  by 
removing  the  particles  of  bodies  further  from  each, 
ether,  dimini(hes  their  attratftion,  and  allows  room  for 
the  entrance  of  air  into  their  interftices.  In  the  cal- 

cination of  metals,  and  in  combuftion,  the  oxygen  gas 
of  the  atmofphere  is  dtcompofed,  and  while  the  bafis 
is  attraftcd  by  the  inflammable  fubftance  or  metal,  the 
matter  of  heat  is  difengaged,  and  becomes  fenfible. 
Bodies,  however,  may  be  acidified  or  oxygenaced 
without  being  expofed  to  the  air;  and  this  is  penbrmcd 

by  placing  them  in  contad  with  bodies  which  are 
B  2  already 
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already  united  with  oxygen,  but  which  have  a  weaker 
attradion  for  that  principle  than  the  body  which  is  to 
be  acidified.  It  is  upon  this  principle  that  metals  arc 
deprived  of  oxygen,  or  reduced  to  the  metallic  ftat^, 
by  heating  them  in  contad  with  charcoal^  tallow,  &c. 
Ifi  this  cafe  the  inflammable  fubftance  having  a  ftronger 

gttraftion  for  oxygen  than  the  metal  has,  becomes  oxy- 
genated 3  while  the  metal,  by  being  deprived  of  this 

principle,  is  reduced  to  the  metallic  date.  Metals  and 
combuflible  bodies  may  alfo  be  oxygenated  in  the  hu- 

mid way,  by  fubmitcing  them  to  the  adlion  of  acids. 

In  this  proceis  the  acid  fui'ni(hes  the  oxygen,  and  is 
therefore  decompofed.  The  oxygenation  of  minerals 
in  the  bowels  of  the  earth  is  probably  chiefly  efFefted 
by  the  decompolition  of  water,  which  is  a  compound 
of  hydrogen  and  oxygen.  A  proccfs  of  this  kind  is 
continually  carried  on  before  our  eyes ;  the  ruft  which 

iron  acquires  by  being  expofed  to  damp  air  is  an  oxy- 
genation of  that  metal.  Other  metals,  however,  have 

lefs  attraction  for  the  principle  of  acidity,  and  this  is 
remarkably  the  cafe  with  the  perfeft  metals,  platina, 
gold,  and  filvcr,  which  therefore  do  not  become  rufted 

by  expofure  to  air. 
In  treating  of  falts,  I  (hall  firft  give  an  account  of 

the  alkalis,  next  of  the  acids,  and  laftly  of  their  com- 
binations, or  the  neutral  iaits.  I  fhall  defer  ipeaking 

.of  the  earthy  and  metallic  falts  till  the  earths  and  me- 
tals are  defcribcd. 
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Chap.     II. 

ALKALIS. 

Mitreral  ji-i^ed  Alkali ;  nuhere  found.'-^yegttable  fxed  Alkali  \  htnv 
obtained. —  U/e  of  the  fxed  Alkalis  in  the  Artsj^^Vfe  of  Alkalis  in 
tnakhig  Glafs.^^Procefs  of  makiMg  ̂ oap.^^FoUaiU  Alkali  i  bo^w 
sbtaiMgd;  a  compound  Body^'-^-AlkaUm  Air, 

MINERAL  fixed  alkafi/foda  or  natron,  is  the 
fall  which  is  found  recorded  in  anticnt  hiftory 

^nder  the  name  of  nitre.  It  is  faid  to  be  found  in 

Eg)'pt  in  tolerably  pure  cryftals,  and  alfo  in  Perfia, 

where  it  appears  in  a  form  refembling  that  of  "hoar 
froft.  Even  in  Europe  it  is  found  in  fmall  quantities 
in  mineral  fprings,  and  alfo  on  the  furface  of  new  walls, 
in  the  form  of  a  damp  and  dewy  efflorefcence.  In  a 
compound  ftate  it  is  found  in  abundance  j  it  malces 
half  the  weight  of  common  fait,  and  is  alfo  occafionally 

fojund  naturally  combined  with  other  acids-  The  mi- 
neral alkali  cannot  be  obtained  from  the  native  falts 

containing  it,  without  great  labour  and  expence :  what 
is  ufed  in  the  arts  is  procured  by  the  burning  of 

certain  plants  growing  near  the  fea-fide.  The  crude 
mineral  alkali  in  commerce  is  called  foda  or  barilla. 

•  Alkalis  are  either  mild  orcauftic;  the  latter  is  tlieir 
moft  fimple  ftate,  as  when  mild  they  are  united  with 
the  carbonic  acid,  with  which  they  form  a  kind  of  neu- 

tral fait.  Though  the  carbonic  acid  has  lefs  affinity 
with  the  alkalis  than  any  other  acid,  yet  it  is  difficult 

to  feparate  it  entirely.  The  ufual  method  of  accom- 
plilhing  it  is  to  diffolve  the  mild  alkali  in  water,  to  add 

to  this  folution  fome  quick-lime,  and  then  to  filtrate 
dx  liquor,  and  evaporate  it  in  clofed  veflcis  \  the  fa- 

B  3  line 
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line  fubftance  left  after  evaporation  is  an  alkali  aimed 
entirely  deprived  of  carbonic  acid.  This  procefs  is 
founded  on  the  greater  attraftion  which  the  carbonic 

acid  has  for  quick-lime  than  fcr  the  alkalis,     . 
The  VEGETABLE  fixcd  alkali,  pot-a(h  or  kali, 

agrees  in  feveral  circumftances  with  the  former.  It 
is  acrid  when  applied  to  the  tongue,  requires  as  great 
a  degree  of  heat  to  melt  it ;  and  in  a  very  ftrong  heat 
flies  off  totally  in  vapour.  It  differs  from  the  fofiil 
alkali  in  having  a  much  ftronger  attraction  for  water. 
This  alkali  may  be  cryftallized,  but  not  fo  eafiiy  as  the 
foflil.  Little  of  the  vegetable  alkali  has  been  found 
in  a  (bee  of  nature,  and  that  only  as  entering  into  the 
compofition  of  nitre.  It  is  obtained  in  coniiderable 
quantities  from  the  afhes  of  almofl  all  land  vegetables^ 
by  infufing  them  in  water ;  the  liquid,  when  drained 
from  the  dregs,  will  then  contain  the  fait  in  a  (late  of 
folution,  and  by  evaporation  we  obtain  the  alkali  in  a 
fblid  form.  It  is  alfo  eafily  obtained  from  a  fubftance 

called  tartar,  which  is  depofited  by  wine.  The  pro- 
perties and  ufes  of  the  vegetable  alkali,  arc  very  fimilar 

to  thofe  of  the  mineral. 

The  fixed  alkalis  are  employed  in  feveral  of  the  arts, 
and  particularly  in  that  of  making  glafs  \  for  though 

many  fubftances  will  fufe'  the  vitritiable  earths,  and 
reduce  them  to  a  kind  of  glafs,  the  alkalis  are  found 
die  moft  effectual  and  convenient. 

In  the  fpap  manufadory  alfo  the  alkalis  are  a  prin^ 
cipal  and  eflendal  ingredient.  Common  foap  is  in- 

deed a  combination  of  fixed  alkali  in  a  cauftic  ftate 

with  fat  and  oily  matters.  A  very  fine  fpecies  of  foap 
is  formed  by  the  union  of  mineral  alkali  with  olive- 
oil,  or  oil  of  fweet  almonds.  In  the  making  of  this 
fubftance,  the  alkali  is  firft  rendered  cauftic  by  boiling 

it  with  half  its  weight  of  quick-l'une,  which  abftra&s 
3  its 
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ia  carbcHiic  add  or  fixed  air  by  fuperiOT  attrafUon. 
What  is  cdkd  finp-l^  is  a  foiucion  of  the  caulltc 
alkali  in  water,  which  is  evapcHaced  to  ibch  a  degree 

x/denfi^  as  n>  be  able  to  fuftaiii  a  new-laid  e^.  To 
make^  finer  foap,  a  part  of  this  ley  or  lixivium  (k> 

.  ipeik  in  techniod  language)  ii  to  'be  diluted,  and . 
inixed  with  an  equhl  quantity  of  olive-oil.  The  mix- 

ture u  put -on  a  gentle  fire,  and  agitated^  by  which  the 
unkm  is  accelerated.  When  the  mixture  be^tf  to 
unite  weU|  the  reft  of  the  lixivtuni  is  to  be  added  to 

it,  and  the  whole  is  £o  be  digefted  with  a  gentle  heat,  'till 
the  foap  is  completely  made.  Good  foap  of  this  kind- 
is  white  and  firrh  wh^n  c(^,  and  is  not  liableto  be- 

come moift  en  ezpofure  to  air ;  ic  is  entirely  mifctble 
mth  water,  to  which  it  gives  a  milky  appearance,  with- 

out exhibiting  any  particles  of  oil  on  the  furface. 
In  the  making  of  foft,  liquid,  green,  or  black  foaps, 

cheaper  oils  arc  employed,  as  oil  of  nuts,  of  hemp,  of 
Rih,  Sec.  but  tallow  is  the  iogrediemufcd  in  our  com- 

mon hard  foap. 
Oil  or  fat  may  be  feparated  from  foap  by  the  addition 

of  an  acid,  without  being  much  altered  in  tcs  properties. 
On  this  accounCt  waters  which  contain  any  acid,  either 
in  a  difcngaged  ftate,  or  combined  with  any  fubftance 

except  fixed  alkali,  decompofe  foap,  and  will  not  com- 
pletely mix  with  it. 

In  this  decompofition,  efpecially  that  effcfted  by 
the  vitriols  of  lime  and  magnefia,  which  are  frequently 
contained  in  water,  the  vitriolic  acid  unices  with  the 

fixed ^Ikali  of  the  foap,. and  forms  vitriol  of  foda,  or 

Glauber's  fait  j  aqd  the  lime  or  the  magnefia  combines 
with  the  oil,  and  forms  a  kind  bf  foap  fcarcely  at  all 
Iblublc,  which  Rosas  in  a  whitilh  curd-like  malTes  on 
the  furfece  of  the  water. 
The  TOtATiLB  alkali  or  ammonia  is  fisldom  or 

B  4  .  never 
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levcr  found  in  a  fimple  ftatc.  It  is  met  with  in 

Bnature  only  compounded  with  other  bodies,  in  nitrous 
Tammoniac,  or  in  common  fal  ammoniac,  which  is 
Ifotr.ecimcs  found  in  the  neighbourhood  of  volcanoes, 
lor  coal  fnincs  which  have  burnt  for  a  long  time. 
BThe  volarile  alkali  of  commerce  is  chiefly  produced 
■from  bones.  This  alkali  is  very  different  in  its 

properties  from  the  other  two;  irs  volatility  is  lb* 
■great,  that  under  the  ordinary  prcfTure  of  the  «- 

Imofpherc  it  is, continually  flying  off"  in  a  very  pun- 
Jgent  vapour.  It  is  fold  in  the  fhops  under  the  name 
lof  fmelling  falts,  fal  volatile,  or  fpiric  of  hartlhorn, 
iThe  procefs  of  putrefaflion  in  animal  matters,  and 
lin  fome  veg«ables,  particularly  cabbages,  throws  it 

lol}'inlo  tlie  Jt,  together  with  other  volatile*  matters, 
Bwhich  in  Ibme  meafure  diigulfc  its  fmell.  Volatile 
Baikal]  is  now  proved  to  be  a  combination  of  two  other 
Bfubftanccs,  namely,  the  bafcs  of  the  azotic  and  hy- 
|drogen  galTes,     M.  Bertholtet  has  found  by  analyfis 
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fioned  a  whitilh  cloud,  which  foon  dlfappcared,  leaving 

only  a  linlc  dimnefs  on  the  fides  of  the  vdTel.  Fixed  . 

m  admitted  to  alkaline  air,  produced  a  depofidon  of 
the  common  or  concrete  voladle  alkali,  in  the  form 

of  oblong  and  flender  cryftals,  which  croOed  each 
other,  and  covered  the  fides  of  the  veffcl  like  a  nci^ 

work.  Inflammable  atr  admitted  to  alkaline  air,  pro* 

duced  no  particular  appearance.  Water  abforbcd  the 
alkaUne  air,  and  left  the  inflammable  air  as  befbre. 

Azotic  ̂ s  feemed  to  have  no  efJedl  on  alkaline  air. 

Alkaline  air  is  abforbcd  by  water,  in  the  prop(»rion  of  {. 

of  an  ounce  mcafure  of  air  to  i  i  ̂ns  of  rain  water  t 
and  the  water  is  by  thefe  means  made  prodiguuflf 

Ibongcr  than  any  of  the  volatile  fpirit  of  fitl  ammoniac 

or  hartfiiorn,  obtained  in  the  common  way. 
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Chap.     III. 

A  C  I  J>  S 

I  Of  Aifds  in  gtiKral—I'itnalie  AeiJ;  h»-M  ̂ bimmd,  i£c.^Ni!rami 
^ad;  haiu  ahaiatii. — Muriatit  Acid;  birui  ablaimd,  eaid  ill  VJi 

i»  the  Jrls.—Fli0r  Acid;  Mffalvei  Gla/s ;  employed  lo  m^kt 

Euhi^gi  m  Glafi—Add  of  Serax—Pht/phurU  Aiid.—Acid  a/ 

Amhr-. 

ACIDS   are  very  active  fiibflances,  and  when 
concentrated  are  highly  corrofnT.     They  have 

I  ib  general  a  tendency  to  unite  with  other  fubfhinccs, 
that    they  are  never  obtained  pure  except   by  art. 
They    are    generally   fluid,  which    fceins,    however, 
chiefly  to  be  owing  to  their  ftrong  atrraclion  for  water» 

I  of  which  few  of  iheni  can  be  entirely  deprived,  and 



Chapr  3.3      Vitriolic  or  Acid  of  Sulphur.  1 1 

with  much-  more  propriety  called  the  acid  of  fulphur, 
as  it  is  now  found  to  be  a  combination  of  that  inflam* 

mable  fubftance  with  oxygen.  The  pungent  and 
fufFocating  fumes  which  are  produced  by  the  inflam- 

mation of  fulphur,  are  an  acid  which  is  imperfeft  from 
a  deficiency  of  oxygen ;  and  which  cannot  be  con- 
denfed  without  tl\e  aid  of  water.  The  vitriolic  aci4 

can  never  be  ent'u'ely  deprived  of  water,  but  admits 
of  the  greateft  concentration  of  all  the  acids,  and  nnay 
be  reduced  to  a  ftate  ia  which  its  fpecific  gravity  is 
double  that  of  water.  The  denfe  and  fluggiih  ap- 

pearance of  the  concentrated  vitriolic  acid  has  given 
rife  to  the  improper  name  of  oil  of  vitriol^  und^r  which 
it  pafles  in  the  fhops. 

M.  Lavoifier  makes  a  diftindlion  between  this  acid, 

as  it  exifts  in  an  imperfeft  and  gafleous  ftate,  and  as 
it  exifts  in  the  form  of  a  tranfparent  and  ponderous 
liquid  combined  with  water.  In  its  furmcr  ftare  he 
calls  it,  acide/ulpbureux  (fulphureous  acid)  in  the  latter^ 

acide  Jidphurique  (fulphuric  acid).  A  fimilar  differ- 
ence of  termination  is  employed  to  cxprefs  the  dif- 

ferent ftates  of  the  nitrous  acid,  according  as  it  is 

iraperfedtly  or  completely  faturated  with  oxygen.  A 

difference  of  termination  is  alfo  given  to  die  combi- 
nations of  acids,  according  as  th^y  are  perfe6lly  or 

imperfeftly  faturated  with  oxygen.  Thus  the  com- 
binations of  the  fulphureous  acid,  are  caWtd /ulphitcs ; 

thofe  of  the  fulphuric  zc'idy  fulphatSy  &c. 
The  vitriolic  acid  now  ufed  in  commerce  is  pre- 

pared in  the  following  manner:— A  quantity  of  ful- 
phur and  falt-petre,  grofsly  mixed,  are  placed  in  a 

vefTcl  within  a  fmall  room,  lined  with  lead,  and  con- 
taining a  few  inches  depth  of  water  at  bottom.  The 

fulphur  is  lighted,  and  the  room  clofed.  The  falt- 
pctrc  fcrves  to  maintain  the  combuftion,  by  the  oxy- 

genous 
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genoiis  gas  which  it  affords  -,  and  the  acid  fumes  wliich 
arc  jirocjuced  are  abforbetl  by  the  water.  The  pro- 
ccfs  is  repeated  till  the  water  is  thought  fuffidently 
acid.  The  volatile  fumes  are  then  diflipatcd  by  ex- 
pofure  to  air,  and  the  acid  is  concentrated  by  didilling  , 
off  the  fuperfluous  watfrr. 

The  vitriolic  acid  is  faid  to  have  become  concrete 

by  cold,  but  it  probably  was  not  in  its  mod  perfcft 
flate.  It  eafdy  parts  with  its  oxygen  to  inflammable 
lubRances;  if  oil  is  mixed  with  it,  it  is  converted  into 

a  dark,  vifcid  fubftancc,  ami  emits  fuJphureous  and 
pungent  vapours. 

The  vitriolic  acid  has  been  thought  to  exift  in  the 

atmofphere,  but  this  is  a  milUke.     It  is  difcovcrect' . 

in  fome  waters,  but  in  I'mall  quantity ;  it  exifts  in ibme  ores  of  mttalg,  and  makes  one  of  die  conftituent 

pares  ofgypfum. 
The  NITROUS  acid  is  a  fluid  of  confiderable  weight. 
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diroiigh  them.  In  thefe  trials  a  diminution  of  bulk 
was  always  oblervcd  ;  indeed  five  parts  of  oxygenous 
gas  being  added  to  three .  of  common  air,  almoft  the 
wh(^  dilappeared.  By  continuing  his  experiments, 
he  found  that  an  acid  was  produced^  and  that  acid  was 
the  nitrous. 

The  MURIATIC  acid,  in  its  ordinaty  {late,  is  a 

yellowilh-coloured  fluid,  and  emits  fumes  which  do 
not  give  the  air  a  red  tinge  like  the  nitrous  acid,  but 
produce  an  appearance  of  mift.  Thefe  fumes  are 
noxious  to  the  lungs,  and  ftrell  like  burning  foot. 
The  muriatic  acid  is  diftinguifhed.from  the  vitriolic 
and  nitrous  in  the  ftrong  adhefion  of  its  component 
parts,  which  is  evinced  by  its  not  parting  with  oxygen, 
and  of  courfc  its  having  little  aJlion  on  inflammable 
fubftanccs.  Softrcng  indeed  is  the  attra<!lion  between 
the  principles,  whatever  they  arc,  which  form  this 
£cid,  that  they  have  never  been  fcparatcd.  Its  bails 
therctbre  is  wholly  unknown  to  us,  and  we  have  no 
other  evidence  than  analogy  to  lead  us  to  conclude 
that,  hke  other  acids,  it  contains  oxygen.  M.  Ber- 
thollec  conjectures  the  radical  of  the  muriatic  acid  to 
be  of  a  metallic  nature.  The  muriatic  acid  is  by  far 
the  mod  abundant  of  all  tfie  acids  in  the  mineral  king- 

dom; it  is  naturally  combined  with  lime,  magncfia, 
and  natron,  or  the  fu.Til  alkali ;  wlrh  tiic  latter  ic 

forms  the  immenfe  beds  of  fal  gem  or  rock  fait,  and 
the  laline  matter  wiiich  gives  filtnefs  to  the  ocean. 

As  the  muriatic  acid  can  only  fubGfl:  in  the  gaflcous 
ftix  in  the  ordinary  temperature  and  prelTun:  of  the 
amiofphere,  it  is  neccffary  to  ufc  water  in  order  to 
condenle  it.  But  the  ordinary  muriatic  acid  is  ca> 
pable  of  being  combined  with  an  additional  quantity 
of  oxygen,  by  being  diltilled  widi  the  mineral  fubftancc 
called  manganefe,  or  with  certain  preparaticns  of  lead 
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turnible.  l^he  ancient  prejudices  concerning  the  dew 
of  the  month  of  May,  a  feafon  when  the  tranfpiration 

of  plants  is  mod:  abundant,  he  conceives  to  have  ori- 
ginated in  a  fimilar  obfervation. 

Attributing,  therefore,  in  his  own  mind  the  com- 
mon cffeft  of  whitening  linen  in  bleach -yards  to  the 

a£tion  of  oxygen,  he  was  led  to  imitate  that  procefs 

by  applying  leys,  and  the  oxygenated  muriatic  acid 
alternately,  and  by  thefe  means  was  enabled  to  make 
linen,  &c.  permanently  white,  by  a  very  quick  and 

cafy  procefs.  Obferving  further  that  it  was  the -prac- 
tice in  common  bleaching,  to  make  the  linen,  &c.  in 

the  finilhing,  pafs  through  four  milk,  or  a  very  weak 
mixture  of  the  vitriolic  acid  with  water;  he  alfo  tried 

the  pafling  of  the  cloth  through  a  very  dilute  fblution 
of  the  vitriolic  acid,  and  obfervtd  that  it  was  confc- 

qucntly  rendered  of  a  clearer  white. 
The  oxygenated  acid  may  be  employed  either  in 

the  aerial  form,  or  diluted  with  water ;  and  the  latter 

appears  to  be  the  moft  convenient  mode  of  applying 
it.  The  efFeft  feems  to  refiik  entirely  from  the  ac- 

tion of  the  oxygen  which  the  acid  parts  with  to  the 
cloth,  and  which  has  a  power  of  deftroying  vegetable 
colours.  Perhaps  the  fading  of  dyed  fluffs  on  being 

cxpofed  to  the  aftion  of  the  light  and  air  may  be  ac- 
counted for  on  the  fame  principles.  The  acid  which 

M.  BerthoUet  employed  in  bleaching  he  found  had 
parted  with  all  its  fuperabundant  oxygen  to  the  cloth, 
and  was  reduced  to  the  (late  of  the  common  muriatic 

icid.  The  foap-leys  feem  to  act  in  two  ways ;  by  neu- 
tralizing any  of  the  fuperfluoiis  acid  wliich  might  be 

imbibed,  it  faves  the  cloth  from  being  corroded;  and 

it  alfo  prevents  the  fuffocating  fumes  of  the  oxyge- 
nated acid  from  being  offenfive  or  injurious.  Poffjbly 

the  detergent  quality  of  the  leys  may  have  a  further 
cffe& 
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effeft  in  carrying  off  die  colouring  particles  whick 
are  detached  from  the  cloth  by  the  adion  of  the 

oxygen. 
When  one  or  two  parts  of  pale  concentrated  nitrous 

acid  are  mixed  with  four  of  funning  muriatic  acid,  an 

cfFtrvefcence  foon  takes  place,  and  oxygenated  mu- 
ri:!tic  acid  is  produced;  at  the  fame  time  that  the 
mixture  bccmes  of  a  red  colour.  The  mixed  acid 

is  called  aqua  regia^  whicii  has  the  property  of  diflblv- 
ing  gold. 

1  he  SPARRV  or  fluor  acid  was  difcovered  by  Mt. 
Schecle,  and  takes  its  name  from  the  fubftance  from 
which  it  is  obtained,  and  wl:ich  is  commonly  known 
in  England  under  the  name  of  Dtrbyftiirc  fpar.  Thb 
acid  when  pure  afiumcs  the  form  of  gas.  In  this 

flate  it  is  heavier  than  acmofphcric  air,  exiing'iifhcs 
flame,  and  dcftroys  animal  life  ;  it  has  a  penetrating 
fmell,  like  that  of  marine  acid,  but  mote  powerful ; 

;ch  that  it  almoft  infiantly  cor- 
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was  depoliced.  This  was  at  firft  naturally  attributed 
ta  the  acid  carrying  over  with  it  part  of  the  calcareous 
(tone  from  which  it  was  diftillcd.  Upon  examinationj 
however,  it  was  found  that  the  earth  dtfpofited  in  the 
water  Was  filiceous,  and  this  gave  rife  to  an  opirnbn 
that  ftint  was  only  a  compofltion  of  this  acid  with  wa- 

ter. This  hypothefis  was  foon  overturned,  bjr  obferv- 
ing  that  the  glafs  vclTel  in  wiiich  the  diftilktlon  waS 
performed  was  always  corroded,  or  in  part  diflblved. 
In  dits  manner  it  was  found  that  the  fluoric  acid  has 

the  fingular  property  of  diflblving  glafs.  As  only  a. 
moderate  heat  is  required  for  the  diftillation  of  this 
tcid>  it  is  now  ufual  to  make  ufe  of  leaden  veiTcIs  for 
that  purpoft ;  which  are  not  corroded  by  the  acid. 
The  bafis  of  this  acid  is  unknown,  as  we  are  not  ac- 

quainted with  any  fubftance  which  can  abftrad  its  oxy- 

gen. 
The  fluoric  acid  his  been  fuccefsfuUy  cnnployed  to 

make  etchings  on  glafs,  in  the  fame  manner  as  nitrous 
acid  is  applied  to  copper.  It  combines  readily  with 
earth  and  alkalies,  but  fcarcely,  if  it  all,  afts  on  gold, 
filvcr,  lead,  mercury,  tin,  antimony,  bifmuth,  or  co- 

balt, but  it  diflblves  their  calces.  It  ads  diredly  on 
iron  and  zinc,  with  the  production  of  inflammable  gasi 
tnd  it  likewlfe  diflblves  copper  in  the  metallic  ftatc, 
though  Icfs  eafily  than  when  calcined. 

If  BORAX  is  diflbived  to  faturation  in  boiling  water, 
and  the  vitriolic  acid  added  in  fuch  quantity  as  to  be 
perceptibly  in  excefs,  a  fubflance  will  rife  to  the  fur- 
face  of  the  water  in  the  form  of  white  fcalcs,  which  is 

proved  to  be  a  peculiar  acid.  Many  chemifts  have 
fuppofed  that  this  acid  is  an  artificial  product,  formed 
by  a  combination  of  the  falts  made  ufe  of  in  its  ma- 
nufafture.  This  opinion,  however,  has  been  rclin- 
quifhed,  fince  this  acid  has  been  found  to  exift  in  a 
Vot.  II.  C  fta» 
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flaw  of  great  purity  in  mineral  waters,  and  fince  real 
borax  may  belbrmeu  by  adding  this  fcaly  fait  to  tlie 
mineral  alkali,  Tlic  acid  of  borax  requires  aix»ut 
fiftv  times  its  weight  of  water  for  its  folution.  In  a 
mftlerate  heat  it  melts  wttii  Icfs  ititumefcence  than 

borax  itfi-lf;  and  the  glall}'  fubftancc,  tlms  formtd,  is 
again  ftjlubfe  in  water,  having  only  loft  Its  water  of 
cryftallization. 

The  acid  of  borax  is  iifed  to  fuft  the  flinty  eartlis, 
with  which  it  forms  clear  and  almoft  colourkfa  glaf- 
fcs  J  by  the  afiiftance  of  heat  it  difiblves  the  earth 
precipitated  from  what  is  called  the  liqiipr  of  fiintsa 
ur  flint  diflblved  in  fparry  acid.  It  unites  with 
ponderous  earth,  magnefia,  lime,  and  alkaiis,  and 
forms  with  theii:  fubftanccs  faline  compounds.  Ail 
thefe  properties,  and  more  cfpecially  its  taile,  the  red 
colour  it  communicates  to  the  tiniflures  of  violets  and 
turnlble,  and  its  neutral  combinations  with  alkalies, 
fufficicntlv  indicate  its  acid  nature  ;  but  it  is  the  moJ 
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the  bones>  and  forms  feJenite,  and  the  phofphoric  acid 
remains  free  in  the  liquor.  The  liquor  is  decanted  offj 
and  the  rc&duum  waflied  with  boiling  water  j  this  wa- 

ter, which  has  been  ~  uied  to  walh  out  the  adhering acid}  is  muted  with  what  was  before  decanted  offj  and 

the  whole  is  gradually  evaporated.  The  difTolved  fcle- 
nitt  now  cryftallizes  in  the  form  of  filky  threads,  whidi 
at  removed  j  and  by  continuing  the  evaporation  we 
procure  the  phofphoric  acid,  under  the  appearance  of 
a  white  pellucid  glafs.  When  this  is  powdered^  and 
nuzed  with  one  third  of  its  weight  of  charcoal,  we 
procure  very  pure  phofphorus  by  fublimation.  The 
pliolphoric  acid,  however,  as  procured  by  the  above 
procefs,  is  never  fo  pure  as  that  obtained  by  oxygenat- 

ing pure  phofphorus,  either  by  combuftion  or  by 
raeins  of  the  nitrous  acid. 

The  phofphoric  acid  may  be  rendered  concrete  with 
very  little  difficulty,  by  merely  cxi.aiing  tnc  muifture; 
It  abounds  in  the  animal  kingdom,  and  is  not  unfre- 
quent  in  the  vegetable  and  mineral.  In  this  laft  it  is 
found  united  with  lead  and  iron,  as  well  as  withtalca- 
reou.';  earth. 

The  acid  of  amber  is  obtained  f-om  the  fublhncc 
of  that  name,  by  the  fimple  application  of  heat.  The 
operation  muft  not  be  carried  on  too  far,  or  by  too 
firong  a  fire,  as  the  oil  of  the  amber  is  apt  to  rife  with 
Ac  acid.  The  acid  is  found  in  a  concrete  form  in 

dx;  neck  of  the  fubliming  veffei  j  it  is  foluble  in 
twenty-four  times  its  Weight  of  cold  water,  and  in  a 
much  fmaller  quantity  of  hot  water.  It  pofleffcs  the 
qualities  of  an  acid  in  a  very  fmall  degree,  and  only 
afiefts  the  blue  vegeuble  colour  very  flightly. 

c< 
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Chap.     IV. 

NEUTRAL     SALTS. 

tbc  Vnien  of  an  JriJanJ  AlkaU  dtftrtji  tit  ctrrtj^l  ̂ ality  rfiach 

h'eulrtJ  Salti  do  nol  cammunitast  tht  fidiat  l^ality  to  elber  Bodiet. 
CrjiflalliiK  Form — kinv  decampojid. 

NAT  URAL  productions  pafs  by  gradations 
into  each  other  i  and  I  might  have  givcii 

an  account  of  the  prinnitive  earths  immediately  after 
that  of  the  alkalies,  as  thefe  fubflances  have  fcveral 

properties  in  common,  particularly  that  of  uniting  with  ■ 
acids,  and  forming  neutral  compounds.  Metals  alfo 
jre  capable  of  being  united  with  acids,  and  of  foritl- 
ing  with  them  fuline  fubftanrcs.  A  lucid  order  will 
however  be  better  prefervcd,  by  at  prefent  confining 
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not,  like  the  fimple  falts,  communicate  the  fiiline  pro- 

perties to  other  bodies.  Their  cryftalline  form  is  like- 
wife  a  circumftance  which  very  generally  diftinguilhes 
the  neutral  from  the  fimple  falts.  The  volatility,  of 
the  neutral  falts  is  not  in  genera}  fo  great  as  that  of  the 
fimple  falts. 

Neutral  falts  may  in  many  cafes  be  decompofed'by 
heat  alone^  but  in  general  it  is  neceflary  to  have  re- 
courfc  to  eleftive  attradlion,  or  the  addition  of  a  third 

fubftance.  When  the  decompoGtion  is  effcfted  by  heat 
alone,  the  more  volatile  part  is  forced  off :  but  it  feldom 
fucceeds  in  this  way,  fhe  ingredients  commonly  adhering 
fo  ftrongly  that  they  rife  together.  It  then  becomes 
neceflary  to  have  recourfe  to  eleftivc  attraftion.  Thus, 
if  from  a  neutral  fait  we  wi(h  to  obtain  the  acid  pure, 
we  apply  another  acid  which  has  a  greater  attraftion 
for  the  alkali.  If  our  objeft  is  to  obtain  the  alkali 
feparate,  we  apply  a  fubftance  which  has  a  ftronger 
attraftion  for  the  acid*. 

•  I  would  recommend  to  the  reader,  before  he  proceeds  further 
in  this  part  of  the  work,  to  look  over  again  that  part  of  the  fourth 
chapter  of  the  firfl  book  which  relates  to  the  attradlion  of  combi- 

nation or  chemical  attra^ion.  Vol.  I.  p.  18  to  24. 

C  : 
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Chap.     V. 

VITRIOLIC     SALTS. 

QJauher's  Std:  ;  hov  ̂ icAmpafiJ',  S»l»liin  ef  it  ifft  U  r«/  eiylaltiies 
en  Lfing  fiiCik«n.-~yitTklal<d  Tartar. — FUrUlaltd  jhnmmiae. 

THE  firfl:  fubftances  of  this  kind  which  challenge 

our  attention,  are  Glauber's  fait  and  vitriolated 
tartar,  or  as  rhcy  are  denominated  in  the  new  chemical 
nomenclature,  fulpha:  pf  foda,  and  lulphat  of  pot  afli. 
fhe  former  of  thefc  neutral  falcs  Is  compofcd  of  the 
vitriolic  acid,  combined  with  the  mineral  alkali  i  and 

the  latter  of  the  fame  ac'ld  with  the  vegetable  alkali. 
They  both  have  a  laline  bittcrncfs.  By  heat  their  ingre- 

dients miy  be  railed  into  vapour,  but  no  one  fimple 
fait  yill  feparate  them,  as  no  acid  has  a  ftrongcr  at- 
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\vhich  have  generally  flx  fides,  ibur  principal,  and  two 
which  feem  accidental.  Its  cryftals,  containing  a  hrge 
quantity  of  water,  are  liable  to  have  it  abftraAed  from 
them  by  the  atmofphere,  when  they  fall  to  powder, 
or  in  chemical  language  efflorejce.  How  much  w.ater 

Glauber's  fait  is  capable  of  containing,  is  known  by 
its  requiring  twice  ks  weight  of  water  to  yCryftallize. 
The  water  (hould  be  added  in  a  boiling  (late,  and  the 

mixture  boiled  a  little  afterwards ;  it  may  be  fet  by 
in  a  quiet  place,  and  will  be  found  cryftaUizcd  the 
next  day,  or  will  fuddenly  affume  that  (late  on  being 
flitkeo.  On  cryftallizing,  a  quantity  of  heat  is  per- 

ceived' to  be  emitted  by  the  fubftance  pafT.ng  from  a 
ikiid  to  a  iblid  ftatc,  and  confequendy  lo(ing  fome  of 
its  latent  heat. 

Of  Glauber's  fait,  all  that  is  ufed  at  prefent  is  pro- 
duced by  art.  It  is  faid  to  be  produced  by  nature  in 

the  waters  of  mineral  fprings,  and  of  the  fea.  But 

the  fait  found  in  them  is  ufuaily  not  Glauber's  fait, 
but  Epfom  fait,  confifting  of  the  vitriolic  acid  and 

magnefia.  Glauber's  fait  is  obtained  by  uniting  the 
vitriolic  acid  with  .the  mineral  alkali  of  common  fait, 

as  happens  in  the  procefs  for  obtaining  d)e  muriatic 
acid. 

V'lTRiOLATED  TARTAR  is  diftinguiflied  from  Glau- 
ber's fait,  by  a  icfs  degree  of  fuiibility.  It  requires 

for  its  fufion  the  llrongcft  fire.  Its  cryftals  are  harder, 
but  Icfs  bright,  and  do  not  contain  fo  much  water  as 

thofe  of  Glauber's  fait.  Hence  they  are  not  liable 
cither  to  fpontaneous  efflorcfcence,  nor  to  watry  fu- 

fion, but,  like  Other  fiUts,  which  contain  little  water, 

attraft   it   ftrongly.     This   fait   decrepitates*   in  the 

*  In  decrepitation  the  cryftah  burfl,  and  fall  into  pdwdcr,  from 
the  cxpanfion  of  the  water  which  they  contain,  by  the  heat.  This 
occaftons  that  ciackling  naife  which  common  fait  makes  wKcw 
(brown  into  the  fire. 

C  4  ?vxc% 
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I  fire.  Vitrtolated  tartar  does  not  appear  to  be  a  follil 
I  falc ;  it  is  found  in  the  juices  of  vegetables,  and  remains 
I  in  their  aftics  after  they  are  burnt.  What  is  ufed  in 
dying  and  medicine,  is  obtained  by  art,  moft  commonly 

I  by  adding  vitriolic  acid  to  nitre,  in  order  to  dillodge 
I  the  nitrous  acid. 

One  hundred  parts  of  vitriolatcd  tartar  contain,  ac- 
I  cording  to  Bergman,  about  51  parts  of  fixed  vegetable 

]  alkali,  j).o  of  vitriolic  acid,  and  8  of  water  of  cryflalli- 
I  nation. 

Ths  vitriolic  acid  combined  with  the  volatile  alkali 

i  called  AMMONrACAL  VITRIOL,  or  fulphat  of  am- 
I  monia.  Ammoniacal  falts,  it  is  ptaper  to  remark,  are 
I  To  called  from  ammeit,  an  Arabic  word  for  land;  qFj 
I  as  Pliny  conjefturcs,  from  the  temple  of  Jupiter 
1  Ammon,  near  which  ammonia  ufcd  to  be  fuund  in 
I  great  quantities,  on  sccount  of  the  cimels  dung  and 

•  brought  thither.     With  refpeft  to  the  general 
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it  does  not  cfflorefce  like  Glauber's  fait,  but  on  the 
contrary  Hightly  attracts  the  humidity  of  the  air.  It 
is  very  fbluble  irt  water^  two  parts  of  cold  or  one  of 
hot  water  being  fufficient  to  hold  it  in  foludon ;  it 
ciyftallizes  by  cooling  ;  but  the  moft  perfect  cryftals 
are  obtained  by  fpontaneous  evaporation.  It  likewife 
unites  with  ice^  which  it  meltSj  producing  at  the  fame 
dme  an  cxcefliye  degree  of  cold.  It  does  not  aft  on 
die  earths,  nor  on  magnefiar  though  thislaft,  according 
to  Bergnnan,  (ee^ns  to  decompofe  it  after  a  length  of 
time. 

If  mild  fixed  vegetable  alkali,  th^t  is  alkali  cof^^ 
bined  with  the  carbonic  ac}d  gas,  is  diililled  with  am- 
moniacal  .vitriol^  a  double  decompofidon  and  combi- 
padon  take  place.  The  vitriolic  acid  unites  with 
the  fixed  vegetable  alkali,  and  forms  vitriolated  tartar. 
The  carbonic  acid  gas  being  at  tlje  fame  time  volati- 

lized, together  with  the  volatile  alkali,  alfo  in  ;i  ftatc 
of  gas,  both  unite,  and  form  an  ammoniacal  fait,  which 
icryftallizes  in  the  recipient. 
Ammoniacal  vitriol  feems  not  to  exift  in  a  ftate 

of  nature ;  nor  is  it  ufcfi  either  in  medjcirie  or  the 
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Chap.    VI. 

NITROUSSALTS. 

CmmM  Hurt ;'  Pttnmnm  ttuefia^  ,u  Dtf^atin  «W«i  ti/awrfA     I 
J^f««n.— .V».iT.J  aj^j  ,f  Kim.— edit  Kin—VMia  jT  j 

I 

COMMON  Nitre,  or  nirrat  of  pot-afh  •,  conHfts  | 
of  the  vegetable  alkali  and  niiroia  acid.     Nitre 

was  unknown  to  the  anckntSi  the  fubftancc  which 

Ihejr  diftinguifhed  by  that  name  -was  a  folTil  aJIcali,  for  , 
we  arc  told  by  Pliny  that  it  was  determent,  and  ufed  [ 
in    making  glafs.      It  is  uncertain  when  nirre  was  | 
difcovercd,  but  we  find  it  mentioned  in  the  earUcft 

chemical  writers.     Nitre  melts  in  a  very  gcndc  heat,  : 
and  in  a  greater  degree  of  heat  totally  evaporates.  , 
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or  detonation  takes  place.  We  arc  therefore  not  to 
tonfider  nitre  itfdf  as  an  inflammable  fubllance,  but 
Only  as  aflTording  the  pabulum  of  fire.  If  we  continue 
to  add  charcoal,  wc  find  that  the  tf^cGt  becomes  Ids 
and  Icfs,  till  it  entirely  ceafcs.  What  remains  in  the 
crucible  is  difierent  from  nitre,  it  requires  more  heat 
to  keep  it  fluid,  and  upon  examining  it  we  find  it  a 
pure  vegetable  fixed  alkali.  The  charcoal  difappears, 
becaufe  it  is  converted  into  carbonic  acid  gas  by  being 
imited  with  oxygen ;  and  the  other  component  part  of 
nitrous  acid,  the  azote,  by  being  deprived  of  its  oxygen, 
is  alfo  volatilized  and  difperfed. 

When  the  deflagranon  is  performed  with  fulphwr 
inftead  of  charcoal,  the  confcquences  arc  confiderably 
difFerent.  Like  charcoal  indeed,  when  fulphur  is 
added  in  a  certain  quantity,  it  will  produce  no  further 
deflagration  ;  but  when  fulphur  is  ufcd,  the  flame  is 

infupportable  to  the  eye,  and  the  appearance  of  in- 
flammarion  is  greater  though  the  noife  is  Icfs.  If 
the  rcfiduum  is  diflblved  in  water,  it  will  readily 
cryftallize,  and  4s  founc!  to  be  vitriolated  tartar.  The 
rcafon  that  lefs  cxplofion  is  produced  by  fulphur  than 
charcoal  is,  that  the  former,  when  united  with  the 
oxygen  of  the  nitre,  becomes  fixed  ;  whereas  charcoal 

united  with  the  fame  principle  is  converted  into  gas, 
and  efcanes  with  violence.  The  formation  of  vitrio- 

lated  tircar  is  owing  to  the  produftion  of  vitriolic  acid 
fro.n  the  fulphur  and  the  oxygen,  which  combines  with 

the  fixed  vegetable  alkali. 
The  detonation  of  nitre  is  a  nice  teft  of  the  inflam- 

mability of  bodies,  as  there  are  many  which  are  found 
to  have  this  property  when  added  to  nitre  in  a  ftatc 

of  fufion,^hich  exhibit  no  fi^ns  of  it  on  ordinary  occa- 
sions. 

Nirrc  exifts  in  largt!  quantities  in  nature,  and  is 



25  Nitn-Beds.  [Book  VI. 

continihilly  formed  in  inhabited  places;  it  is  found 
in  great  qtiandties  upon  walls  which  are  flickered 
from  the  rain  ;  and  the  Billiop  of  LlandafFcoUefted  a 
confiderable  portion  from  the  decayed  mortar  of  an  old 
barn. 

There  appear  to  be  three  principal  circumftancc^ 
that  promote  its  formation ;  the  firft  is,  the  prefence 
of  chalk,  or  any  other  calcareous  earth,  as  appears 
by  its  being  collefted  from  walls  covered  with  plafter, 
or  from  the  ruins  of  ancient  edifices.  This  fait  isjike- 
wifc  Ibund  pcrfeflly  pure  in  chalky  earths.  The  late 
Due  de  Id  Rochefoucault  obtained  it,  in  the  proportion 
cf  one  ounce  ip  the  pound,  from  the  chalk  of  Roche 
Guyon. 

The  fccond  circumflaiice  rieceflary  for  the  pro- 
duftion  of  this  fait,  is  the  putrefaction,  or  fpontaneous 
decompofition  of  vegetable 'and  animal  matters.  It 
is  a  well  known  faft,  that  places  which  are  moiftened 

■with  animal  liquids,  or  contain  animal  matters  in  a 
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fome,  is  fuppofed  to  favour 'the  produftion  of  nitre, is  the  acccfs  of  air  s  this  is  the  caufc  of  the  formatiori 
of  the  nitre  found  on  walls ;  and  for  this  reafoil  ic 

is  that  nitre-beds  require  to  be  frequently  turned  over, 
h)  order  that  the  air  may  touch  them-  in  all  points. 
The  neceffity  of  the  accefs  of  air  is  faid  to  be  ftill  more 
evidently  (hewn  by  the  nitre  contained  in  chalk,  as  it 
is  never  found  below  a  certain  depth.  When  the  three 
circumftances  here  treated  of  are  united,  the  production 

oflalt-petre  is  very  ab,undanL  Nitre-beds  ought  al- 
ways to  be  conftru^d  on  thefe  principles. 

■  The  theory  of  the  formation  of  nitre  has  not  been 
Img  known.  GUuber,  and  many  other  chcmifts 
fmce  his  time,  fuppofed  nitre  to  exift  ready  formed 
in  vegetables,  from  which  they  imagined  it  to  pafs  into 
animal  fubftances,  and  to  become  difengaged  by  putre- 
fadion  i  bu:  it  was  foon  perceived,  that  vegetables  do 
not  contain  a  fufficient  quantity  of  nitre  to  account  for 
what  is  obtained  from  nitre  beds.  M.  Thouvenel, 
whofc  differtation  on  the  formation  of  nitre  was  ho- 

noured with  the  prize  of  the  academy,  has  made  many 
experiments  to  difcover  its  origin  :  he  ibund,  that  die 
nitrous  acid  is  formed  by  the  combination  of  an  claiUc 
fluid,  difengagcd  from  animal  matters  in  a  rtate  of 

purrefattion,  and  pure  air.  \\c  has  liicewife  difco- 
vcred,  that  the  nitrous  acid,  once  formed,  combines 
with  calcareous  earth,  when  any  animal  matters  arc 
madeufcof;  and  that  the  remains  of  vegetables  are 
ufeful  to  afford  the  fixed  alkali,  which  is  the  bafis  of 
common  nitre.  But  M.  Thouvenel  did  not  determine 

the  nature  of  the  gas,  which  is  difeng-igcd  from  putre- 
fying animal  matters.  It  is  to  Mr.  Cavendifh  that 

we  are  indebted  for  the  proof  that  it  is  the  fame  gas, 

which  conftituies  one  of  the  principles  of  the  atmo- 
ibhere,  under  the  name  of  azote,  or  phlogifticated  air, 
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or  atmofphcrlc  mephitis.  His  experiment,  wherein 
ihe  nitrous  acid  was  formed  by  the  combination  of 
this  gas  with  vital  air,  by  means  of  tht  elciTtric  fpark, 
has  been  already  mentioned. 

Cubic  Nitre,  or  nitrat  of  foda,  confifts  of  ttiC 
nitrous  acid  and  the  fixed  nnineral  alkali.  It  refcmblcs 

common  nitre  in  all  its  ftriking  qualities  ;  almofl  its 
only  difference  is  the  form  of  its  cryftals,  which  is 
a.  paralcllopiped.  The  cryftals  adhere  fo  ftrongly, 

that  they  arc  fcarcely  ever  found  diitinct  and  regulai'. 
For  the  deflagration  of  cubic  nitre,  charcoal  is  moft 

proper  ;  when  performed  with  fulphur,  Glauber's  fait 
is  produced. 

Cubic  nitre  has  not  yet  been  found  in  nature,  but 
is  always  produced  by  art.  The  Ihorteft  mcrhcd  is 
adding  nitrous  acid  to  folfil  alkali.  Its  talle  is  coaling, 
and  rather  more  bitter  than  that  of  common  nitre. 

Fite  decompofcs  it;  but  it  decrepitates,  and  docs  not 
fo  eafily  melt  as  common  nitre ;  like  that  fait,  however. 
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alkaU  has  a  Utongu  acuxi&ion  for  its  acid  than  the  mi- 
neral. This  h&  is  very  caBly  (hewn.  If  a  heated 

fohition  of  cubic  nicre  is  divided  into  two  parts,  an^' 
the  cauflic  veget^le  fixed  alkali  added  to  00c  of  tiiem, 
it  will  afibrd  prifmadc  cryftals  during  its  cooling ;  no 

,  ciyfials,  however,  will  be  oblcrved  in  the  other  part 
becaufe  cubic  nicre  docs  not  cryftallize  by  mere  cooling 
without  evaporadon. 
The  neutral  falts  hitherto  examined  pkroduce  no 

t:Wc&  whatever  on  cubic  nitre ;  if  thcfe  falts  are  dtC> 

(blved  together  in  the  fantc  \vatrr,  they  cryftalKze 
fepantely,  and  each  in  its  ordinary  manner  1  the  nicre 

and  Glauber's  fait  by  cooling  ;  the  vitnolated  tartar 
•nd  cubic  nitre  by  evaporaiion.  All  chefe  pr^v^ties 
fliew,  that  cubic  nitre  difilrs  troiTi  cominon  nitre. 
Nitrous  Ammoniac,  or  nicrat  of  ammoniic,  is 

c«mpol(:d  of  the  nitrous  acid  and  vohitilc  alkali.  It  is 
mwe  Ibluble  and  more  fufible  tlihn  die  vitriolic  am- 
nioniac.  When  the  heat  is  incrtafed  a  little  above 

what  is  necefliiry  for  its  fluidiEy,  it  is  converted  tnro 
copious  vapours.  The  degree  of  iicat  neccffary  for 
its  fuDon  is  a  little  above  that  of  boiling  water  ;  and  if 
more  heat  is  fuddenly  employed,  it  has  the  fingular 
property  of  undergoing  deflagration,  though  no  in- 

'  Bareunable  fubflance  ftioiild  be  added  to  it,  and  even 
ia  a  clofe  veflel.  This  feenis  to  depend  on  the  dc- 

"  compofition  of  the  volatile  alkali. 
M.  Berthollet  having  cxpofed  ammoniacal  nitre  to  the 

sAion  of  heat  in  a  pneumato-chemical  and  diftilling  ap- 
paracusj  and  having obferved  the  phenomena  ofthisope- 
ration  more  carefully  than  had  been  done  before,  re- 
niarks>  that  it  is  not  a  true  detonation  which  takes  place* 
but  a  fiidden  and  inftantaneous  decompofiuon,  in  which 
part  of  the  volaule  alkali  is  entirely  deftroyed.  The 
water  obtained  ia  the  receiver  contains  a  fmall  part  of 
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ihe  nitrous  acid  difenoaged  in  proportion  to  the  quan- 
tity of  volatile  alkali  decompofcdj  and  the  latter  givrt 

out  phlogiflicatcd  air  or  azotic  ̂ .is.  The  liquid  proJ 
duft  of  this  operation  being  weighed,  a  greater  quantity 
of  water  is  found  than  exifVed  in  the  ammoniacal  nitre ; 

and  M.  Bcrthollet  conciiides  that  this  fuperabundanC 
water  is  formed  by  the  union  of  the  inflammable  gas, 

■which  is  one  of  the  principles  of  the  volatile  alkali, 
with  the  vital  air  of  the  nitrous  acid.  The  azotic  gas, 
or  other  principle  of  the  volatile  alkali,  which  is  fi« 
times  more  in  quantity  than  the  inflammable  gas,  is 
difengaged  and  col!e£ted  under  the  velfels  of  the  pneu- 

matic apparatus. 
This  fait  diflblves  readily  in  water,  and  in  a  vcrj 

large  quantity,  but  it  has  not  fo  ftrong  an  attradion  for 
water  as  to  be  deliquefcenc.  It  may  be  decompofcd 
by  the  vitriolic  acid,  or  either  of  the  fixed  alkalis.  The 
nitrous  ammoniac  is  contained  in  the  juices  of  (bme 

plants,  but  it  is  ufually  prepared  by  artificial  combina- 
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Muriatic    s  a"l  t  t 

Sal  DigeflivMi — CernnuM  Salt.— Rod  Sell .-i-Natural  Uifiory.  .^ 
Sali.—Salini/i  c/ihe  Ocean.—Vjii  of  €iimmn_^S^U  w  thi  jt,ii.->- 

Sal  Ammtnitu.—Natxral  Hiftarj  sf  Sal  JmiiiaBiat. 

THE  combinations  of  the  muriatic  acid  with  the 
alkalis  are,  i(t,  Sal  Digestivus,  or  muriat  of 

pM-afli,  which  has  alfo  been  called  the  febrifuge  fait 
of  Sylvius,  and  is  a  compofition  of  the  muriatic  acid 
with  the  fixed  vegetable  alkali.  Ies  tafic  is  penetrat- 

ing and  bitter;  its  cryflals  cubical,  but  almoft  always 
confufed  and  irregular.  In  the  fire  it  decrepitates,  that 
b,  its  cryftals  fuddenly  break  and  fly  in  pieces  by  the 
rarefa£i.ion  of  the  water  which  enters  into  their  com- 

pofition.  If  the  heat  is  then  continued,  and  fufficiently 

flrong,  it  melts,  and  is  volatized  without  dccompofi- 
tion.  It  is  not  much  altered  by  expofute  to  the  air; 
i[  is  however  (lightly  deliqucfcenc.  About  three  parts 
of  cold  water  are  required  to  hold  one  part  of  this  fait 
in  Ibiution,  and  hot  water  does  not  diflblve  a  greater 
quantity. 

Clay  appears  to  dccompofe  this  fait  in  part,  for  ma- 
rine acid  is  obtained  by  diftilling  it  with  the  clays  found 

in  the  vicinity  of  Paris.  This  operation,  however,  in 
fact  affords  oniya  fmall  quantity  of  acid,  and  land  fetms 
to  have  a  fimilar  effeft.  Ponderous  earth  (eizts  its  acid, 

and  fcparatcs  the  alkali,  according  to  Bergman.  Mag- 
iiefia  and  lime  do  not  at  all  change  it.  The  vitriolic 
ind  nitrous  acids  difengKge  the  muriatic  acid  with 
effervtfcence.  This  fait  is  found  in  a  ilate  of  nature. 

Vol.  II,  D  b>A 
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mine  th«e  arc  houfes,  chapels,  and  ftrcets  of  rock 
fait,  which,  when  illuminated,  afford  a  beautiful  prtK 
fpeift.  This  fait  is  aifo  obtained  from  fome  fprings. 
When  found  in  the  eanh  it  is  fcldom  cryftallized  in 
any  regular  form  ;  it  has  various  degrees  of  whitcnefi* 
and  is  often  found  coloured  i  in  this  latter  ftate  it  is 

more  particularly  calltd  fal  gem,  bccaiifc  it  often  has 
the  appearance  and  tranfparency  of  gems. 

The  ocean  differs  in  faltnefs  in  different  climates.  . 

It  is  falter  towards  the  equator  than  rear  the  poles. 
This  fccms  to  arifc  from  the  different  quantities  of 
water  which  are  evaporated,  in  proportion  to  thofc 
which  fall  in  rain.  One  pound  of  (ea  water  in  the 
Baltic  yields  about  a  quarter  of  an  ounce  of  fait;  near 
}iolUnd  half  an  ounce ;  and  in  the  Bricilh  fcas  about 

two  ounces.  Boyle  has  alfo  obfcrved,  that  in  places 
of  great  depth  the  water  is  faltcft  at  the  bottom. 

In  the  voyage  made  towards  the  north  pole  in  1773, 
t  was  found,  ihat  tlie  fea-water  at  the  Nore  contained 
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taken  up  near  Harwich.  From  other  oblervationa 
alio  it  has  appeared,  that  water  from  near  TeneriflF 
conyiiDed  abouc  one  thirty-fecond  of  fait,  and  that  fomc 
from  Saint  J  ago  contained  fully  one- fourth.  Further 
cxperin.cnts  are  needed  to  afcertain  the  faltneft  of  the 
lea  in  different  latitudes  with  precifion. 

The  ialt  commonly  ufed  for  culinary  purpofes,  and 
known  by  the  name  of  bay-falt,  is  obtained  from  the; 
water  of  the  fea  by  evaporation.     This  evaporation  is 
in  ibme  places  performed  by  the  heat  of  the  fun,  the 
water  being  let  into  ihallow  trenches,  in  order  to  ex^ 
pofe  as  large  a  furface  as  polTible.     This  method  is 
praftifed  in  the  fouthern  provinces  of  France,  and  on 
a  very  large  fcalc  near  Aveiro  in  Portugal.    In  the 
northern  provinceS|  where  the  heat  of  the  fun  is  not 
fufficiently  great,  artificial   fires  are   employed.     In 
feme  falt-works  thefe  two  methods  are  united  ̂   and  in 
England,  and  countries  where  fait  rock  is  plentiful, 
that  fubftance  is  diflblved  in  fait  w^ter,  and  then  eva- 

porated *♦     In  very  cold  countries  another  method  is 
employed 

*  '  A  great  quantity  of  rock  fait  is  ufed  at  Northwich,  in  order 
to  ftrcngthen  their  brine  fprings,  and  a  much  greater  quantity  is 
fent  coaftwife  to  Liverpool,  and  other  places,  where  it  is  ufed 
either  for  ftrengthening  brine  fprings  ox  fea-water ;  much  pf  this 
rock  fait  was  formerly  exported  to  Holland,  and  it  is  Hill  fent 
to  Ireland  for  the  fame  purpofe.  Rock  fait,  and  the  white  fait 
which  is  at  Northwich,  chiefly  made  from  rock  faU,  is  exported  free 
from  the  fait  duty ;  and  I  was  informed,  that  the  quantity,  which 
is  annually  exported  from  Northwich,  is  fo  great,  that  if  it  paid 
the  duty,  it  would  bring  in  to  government,  a  fum  not  much  (hort 

of  four  hundred  thoufands  pounds  a  year.  **  According  to  the  befl 
Kxoonts  I  have  been  able  to  procure,  the  grofs  duty  on  fait  made 
in  South  Britain,  amounts  annually  to  feven  hundred  thoufand 

poands  («)/'     The  duty  on  fait  m^de  at  Noribwich  is  about 
feyenty 

(«)  Ca^ip.  Sur.  of  Brit.  Vol.  II.  p*  a6. 
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employed  to  fcparate  the  fair  from  fca-water.     The 

water  is  cxpofcd  in  trenches  on  the  fca-fhorc,  where  ifi foims 

feventy  thourand  pounds  a  yeu>  or  a  tenth  part  of  the  whtde 
duty  (A). 

'  The  Northwich  roek  fait  U  never  ufed  at  our  tables  in  tis  crude  j 
Hate  ;  and  it;  ap{<1ication  to  the  pickling  orcuting  of  flelh  ot  fitli*  J 
or  prefcrving  any  provifions,  without  its  being  previoufly  rrfiiie^. 
into  white  Tail,  that  is,  wiil\out  its  being  dilblved  in  water,  and 
boiled  doivn  into  what  is  called  white  fait,  is  prohibited  undet  a 
a  penalty  of  40  '■  for  every  pound  of  rock  fait  fo  applied.  The 

pure  tvanfpareitt  mafl'ss,  however,  of  rock  fait,  might,  probably, 
be  ufcd  by  us  with  out  food,  without  any  fort  of  danger  or  iDCOit- 
venieocc  ;  at  leaft,  we  know  that  rock  fait  is  fo  ufed,  wilioul  be- 

ing refined,  both  in  Poland  and  in  Spain.  In  the  bft  of  thefc 
countries,  at  Cordova  io  the  province  of  Catalonia,  there  is  a  foltd 
mountain  of  rock  fait,  between  four  and  Jive  hundred  feet  !»• 
height,  and  a  league  in  circuit ;  its  depth  below,  the  furface  of  iho 
earth  k  not  known  (r:).  Tliis  prodigious  mountain  ol  lalt>  whidk, 
has  no  mixture  of  other  matter  with  it,  is  efteemed  fo  fingular.»n 
Appearance,  that  it  is  thought  to  ntilitate  very  much  againll  the 

1  of  thote,  who  would  derive  the  origin  of  all  the  beds  oF 
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fonns  fb  thin  a  ftratum,  that  the  cold  of  the  atmofphere 

gi^  powerfully  in  congealing  it.    As  t(ie  frozen  part 
confide 

t^ewmann  agrees  with  Spielmann  (/)  ;  Eller  fays,  that  7  ounces 
of  foffile^  ialt  may  be  diifolved  in  16  ounces  of  water  (f )  f 
lafily,  HoftVnann  affures  ys,  that  }6  ounces  of  water  will  no( 
di£6ive  above  6  ounces  of  common  fah  (h),  I  have  tried  this 
matter  with  dillilled  and  with  common  water^  and  in  various  de- 

grees oflkeat,  and  cannot  but  be  of  opinion*  that  HoBinann's  ex- 
periment approaches  neareft  to  the  truth ;  I  never  could  diflblve 

fHiii  6  ounces  of  rock  i'alt  in  ifi  ounces  of  water.  It  b  not  wholly 
improbable,  that  different  fort4  of  rock  ffdt  may  di&f  fbmewhat 
with  reaped  to  their  iblubility  in  water, 

'if  it  bt  admitted,  that  |6  ounces  of  water  can  diflblve  6  ounces 
of  ialt  and  no  more,  then  we  may  be  certain,  that  no  brine  fpring^ 
in  any  part  of  the  world,  can  yield  6  ounces  of  f^fdt  from  a  pint  of  • 
the  brine.     For  brine  fprings  are,  ordinarily,  nothing  but  water  in 
which  foflile  fait  has  been  diflblvedj  but  a  pint  cf  the  flrongcA 
brine  cannot  contain  Co  much  fait  as  is  contained  in  a  pint  of  water^ 
which  has  been  faturated  with  6  ounces  of  fait ;  for  a  pint  of  water, 
in  which  6  ounces  of  fait  have  been  diifolved,  is  increafed  a  little 

ID  bulk,  it  will  do  more  than  fill  a  pint  meafure,  and  the  fait  left 
in  the  furplus  will  (hew,  how  much  the  fait,  contained  in  a  pint  of 
the  (Irongeil  brine,  falls  (hort  of  6  ounces.     Or,  we  may  confider 
the  matter  in  the  following  manner,  which  will,  perhaps,  be  more 
intelligible;    16  ounces  of  water,  impregnated  with  6  ounces  of; 
Ialt,  conllitute  a  faturated  brine,  weighing  Z2  ounces;  if  therefor^ 
we  would  know  how  much  fait  is  contained  in   16  ounces  of  fuch. 
brine,  by  the  rule  of  proportion  wc  may  argue,  that  if  22  ounuea 
of  brine  contain  6  ounces  of  fait,  16  ounces  of  brine  will  contaiiv, 
4xV  ounces  of  fait.    Hence  we  may  infer,  that  the  ilrongell  brine 
fprings  will  not  yield  much  abovf  one  quarter  of  their  weight  of 
(ali(0. 

'  Dr. 

(/)  Newmann*s  Chem.  by  Lewis,  p.  zs^,» 
[i)  Obf.  Phy.  Chem.  L.  ii.  Ob.  xvi. 
(/>)  Ber.  Mem.  1750. 
(/)  ,,  Several  pits  at  Northwith,  and  at  Barton  in  Lanc^- 

(hire,  contain  no  lefs  than  fix  ounces  of  (alt  upon  fixteen  of  brinc» 

which  is  as  large  a  proportion  of  (alt  as' water  will  diflblve,  Niwm^ 
Qhtm*  p.  212^  Lewi's  note.^--The  auUior  hqe  ii  f^ltOi  probably^ 
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I  confifts  of  mere  warcr,  the  6uid  which  remains  isi 
I  conlequentiy  more  concentrated.  The  operation  is 
I  then  completed  by  means  of  artificial  heat. 

Pure 
'  Dr.  Leigh,  who  firll  (hewed  the  manner  of  refining  rock  lilt, 

informs  us,  that  fomc  of  the  flrongcll  fpring)  at  Nnrthwich,  gave 

I  fevon  or  eight  Dances  of  fait  from  a  quart  of  brine;  but  a  quart  of 

eighs  conlidcrably  more  than  31  ounces,  the  weight  of  a 

(juart  of  water :  (o  that  the  Northwich  (prings,  from  this  acco^n^ 

do  not  yield  a  quarter  of  iheit  weight.  At  Middlcwich  there  i»,  ' 
faid  to  be  one  fnlt  fpriiig,  which  is  ftronger  than  the  rcil,  thii  fpring. 

yields  a  /all/curib  part  of  fall  (i),  and  hence  it  1=,  prolubly,  fiilly' 
fatufitcd.  Wc  have  an  account  in  Kircher's  works,  of  fome  famotis^ 
brine  fprings  in  Burgun  y,  from  which  we  learn,  that  one  hundred 

pounds  weight  of  ihe  ftiongcll  brine,  gave  twenty-five  poundj,  or 
juft  BKifoarib  of  iti  weight  of  white  fa!t(/). 

'  There  are  a  great  mar.y  brine  fpring?  in  Cheihire,  Worccflcr- 
Jhire,  Siaffordfhire,  Hampfhire,  and  in  other  parts  of  Great  Bri- 

tiin,  feme  of  which  ars  fafiicienrly  rich  in  fait  10  be  wrought  with 

profit,  others  not.  from  what  has  been  before  idvanctd,  the 

wiU  readily  comprehend  that  fixieen  tons  of  the  fttongeffi 
jnfift  of  twelve  ton;  of  water,  and  of  four  tons  of  fait;  and 
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Pure  clay  has  very  little  aftion  on  marine  (alt. 
Ponderous  earth  decompofes  it,  but  lime  and  magneCa 

produce  no  effect.  Common  fait  is  ufed  to  vitrify  the  ̂ 
iiirface  of  fome  kinds  of  pottery.  This  is  done  by 
throwing  a  certain  quantity  of  it  into  the  furnace,  where 
it  is  volatilized^  and  applies  itfelf  to  the  furface  of  the 
pottery.  This  is  the  kind  of  glazing  ufed  in  the 
making  of  white  Englifh  pottery.  Common  fait  is 
alfo  ufed  in  making  glafs,  to  render  the  glafs  whiter 
and  clearer.  It  is  alfo  employed  as  a  flux  to  facilitate 
the  precipitation  of  metals  from  the  fcoria?,  and  to 

prevent  their  calcination  from  the  contafl:  of  the  at-^ 
mofphere. 

3d.  Common  Sal  Ammontac  is  the  muriat  of 
ammoniac  of  the  French  chemifts,  and  confifts  of  the 
muriatic  acid  united  to  the  volatile  alkali.     This  fait 

is    converted  into  vapour  before  it  melts,  but  may  be 
brought  into  fufion  by  being  combined  with  other 
fubftances,  or  even  uncombined,  if  properly  confined. 
When  thrown  into  the  fire,  it  increafes  the  flame,  and 

tinges  it  with  a  blue  colour,  cfpeci.illy  the  flame  of 
•harcoal.     When  the  air  is  very  moift,  this  fait  dcli- 
quefces.     It  is  very  remarkable  for  producing  a  great 
degree  of  cold  when  mixed  with  water. 

in  order  to  obtain  one  ton  of  fait,  and  yet  gain  as  much  clfar  profit 
at  thofe  do,  who,  in  counties  lefs  favourably  fituated  for  fuel,  boll 
down  the  ftrongeft  brine. 

•The  advantage  r^'fulting  fiom  flrcngthening  weak  brine  or 
fea  wafr,  by  means  of  rock  fait,  is  very  obvious,  buppofe  thap 

the  fea  water  at  Liverpool,  where  large  quantiti(*s  of  rock  filt 
::re  refined,  would  yield  one  ten  of  fait  from  forty-eight  tons 

of  water,  then  mud  a  quantity  of  fuel  fufficient  to  evaporate  forty- 
(cvcR  tons  of  watiT  be  ufed  in  order  to  obtain  one  ton  of  faic. 

But  if  as  much  rock  fait  be  put  into  the  forty-eiglr  oii*^  of  fea 
, water,  as  can  be  diffolved  in  it,  then  will  the  fea  wiier  rcicmblc 

a  brine  fully  faturated,  each  fixteen  tons  of  which  will  give  four 
tons  of  fait,  and  the  whole  quantity  yielded  by  the  evaporation  of 

fo:iy-(jver;  tons  of  water,  will  be  twelve  tons  of  fait.' 

Wat/on* J  Cbim.  EJJ'.  vol.  11.  f.  \\% 
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If'v.'c  wifh  :o  obtain  tiie  acid  of  faj  ammoniac,  we 
may  expel  it  by  means  of  the  vitriolic  acid,  but  the 
ftjmcs  cdrinot  be  condcnfcd  without  great  difficukjr. 

For  obtaining  its  alkali,  the  chcmifts  gv-'nerally  employ, 
the  vegetable,  as  it  is  the  cheapeil.  The  quantitjr 
of  vegetable  alkali  ufcd  is  generally  equal,  but  perhaps 
ought  a  little  to  exceed,  that  of  the  fal  ammoniac  i  the 
water  is  in  general  equal  in  weight  to  the  alkali,  and 
a  volatile  alkali  fufficiently  Ibtang  is  obtained.  The 
produft  is  different,  accrding  to  the  mildncfs  or  cauf?-. 
ticity  of  the  fixed  alkali.  When  a  mild  fixed  alkali  it. 
ufed,  fo  much  volatile  alkali  rifej,  that  Ou  Haniel  and  - 
tnhers  tliought  part  of  the  fixed  alkali  was  volatiliaed, 
and  rofc  along  with  it.  This  howfver  is  foitnd  to  be 
owing  to  the  carbonic  acidi  which  made  part  of  th© 
weight  oftliefixfd  alkali,  being  transferredito  the  vol^ 
tile  alkali. 

The  fal  ammoniac  of  commerce  is  in  the  foHpoP 

cakes.     It  is  prepared  at  Cairo  from   the  foot  of  ca^ 
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HoUfuuL  This  kind  is  made  in  die  Eaft  Indies, 

^  SM  ammoniac  is,  however,  now  made  in  large 
quanddes  in  Britain..  The.  volatile,  alkali  is  obtained 
in  ap  impure  liquid  ftjite  from  foot,  or  bones,  or  an]r 
odier  iubflmce  whith  aftnxis  it'i  to  this  the  vitri<dic 
aicid  \»  a4ded,  apdthp  vitriolic  ar^moniac  thus,  pro- 
duced  is  deconipolod  by  common  ialt,  l^  a  double 
affinity,  or  ekdive  attraction ;  the  vitriolic  acid  com- 

fnning  with*  ibe  noi/iera}  alkaU,  and  the  xQarine  aqd". widi.  the  volatile  alkali.  The  liquor  thcrefbro  contains 

Glauber's  fait  axui  fal  aniipoiniac,  whici}  v^.  tbparated 
by  cryftallizadon  {  and  the  fkl  ammoiuac  i4  fubUmedl 
snKo  cakes  foe  fale.  Lord  Pundonald  extracts  volatile 

idkali  from  pit«CQal  i  buyc  whether,  it  can  be  afforded, 
cbcaper  fof  the  gjBneral  purpofes  of  cooim^Fce,  than 
that  of  the  above  proccfs,  is  not,  I  believe^  yet  af(:er«^ 

rained.*' 
The  tafte  of  f^l  ammoniac  is;  penetradng,  acrid^ 

and  urinous.  The  fonn  of  its  cryftals  i^  a  hexahedr^ 
pyramid.  Cubical  cryftals  are  fonriecimes,  though 
raFcly,  formed  in  the  middle  of  the  concave  and 
hollow  part$  of  the  loaves  which  are  prqduced  by  fubn 
fimationw 

This,  fait  poflefTes  a  fingular  property,  namely  a  kind 
of  dudilicy,  fo  that  it  rebounds  under  the  hammer,  and 

may  be  bended  i  a  circumftance  whigh  renders  it  dif-> 
ficult  to  pulverifc  ic 

Sa)  ammoniac  is  not  decompoied  by  day,  and  by 
magnefia  very  imperfe6lly.  Lime,  and  likewife  por^*- 
derous  earth,  ieparate  the  volatile  alkali,  even  without 
die  aiTiftanqe  of  heat.  If  fal  ammoniac  is  triturated 

Vtth  qjLiick-Iims,  the  ftrqng  ffnell  of  alkaline  gas  i| 
ioomcdiaoely  perceived^ 

f  f  oturfifgr'i  ChequHi;.    I<^ote  of  the  Tnmflatpr. 
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Chap.     VIII. 

COMBINATIONS  OF  THE  OTHER  MINERAL  ACIDS, 

St«nr.  Teriar.— sparry  SoJa.—Burax ;  in  Pmftrriti ;  ill  VJl  in  $U 

Arl,j—C*i'il>'''^ii'it  nfntidrcd  Salt'  'wi'lb  Mtl«ii. 

THE  combinations  of  the  other  mineral  acids 

with  the  alkalies,  have  in  general  been  very  im- 

perfciftly  examined,  and  I  ihall  .therefore  be  very  brief 
in  treating  of  them. 

The  sPARRv  taR'^ar,  or  fluat  of  pot-a(h  of  the - 
French  chemifts,  is  compofcd  of  the  acid  of  fpar  united 

to  the  vegetable  alkali.  It  is  always  in  a  gelattnoos. 

form,  and  has  fo  ftrong  an  attradion  for  water,  that  it 

cannot  be  cryftallized.  According  to  Schecle,  it  ij 

acrid,  cauftic,  and  dcliquefcent,  when  dried  and  melt-  ■ 
ed;  he  compares  it  in  this  ftate  to  the  liquor  of  flints. 
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have  loft  much  of  its  weight.  By  incrcafe  of  heat,  ic 
undergoes  a  proper  iufion,  and  aflliines  the  appearance 
of  gUGi  but  is  di(HngLii{hcd  Irom  that  rubIUncc>  by 

diiToIving  and  cryftalhzing'^aitl. 
Borax  may  be  decompofed  by  means  of  the  muri- 

adc  acid.  It  af^ars  furpriztng,  but  the  fa£t  is  cer- 
tain, that  a  quantity  of  acid  of  borax,  though  lb  weak 

an  acid  in  its  more  obvious  properties,  will  diflodgc, 
when  heat  Is  applied,  both  the  nitrous  and  muriatic 
acids»  and  unite  itfelf  to  their  alkali.  The  reafon 
icems  to  be,  that  the  attra^ion  of  difTercnt  fubftances 
for  the  fame  body  is  diifcrent  in  different  degrees  of 
heat.  This  again  is  to  be  attributed  to  a  double 
elcftive  attradlion,  in  confequence  of  the  addition  of 
the  matter  of  heat.  The  cohefion  of  the  nitrous  an.I 

muriatic  acids  to  their  bales  is  fo  much  weakened  by 
(heir  affinity  with  heat,  or  in  other  words,  their  ten- 

dency to  affume  the  galTcous  foim,  that  the  attraftion 
of  the  boracic  acid,  wliich  is  more  fixed,  becomes  fu- 
pcrior,  and  difplaces  them. 

Borax,  as  imported  from  the  Eaft  Indies,  is  very 
impure.  When  purified,  it  has  a  very  regular  form. 

Its  cryftals  arc  fix-fided  prifms,  two  of  the  fides  being 
commonly  larger  than  the  others,  terminated  by  tri- 

hedral pyramids.  Its  cryftailization  is,  however  fub- 
jeft  to  confiJerable  varieties.  It  is  ftyptic,  and  afts 
ftrongly  on  the  tongue,  and  like  alkalies  it  converts  the 
fyrup  of  violets  to  a  green.  Borax,  expofed  to  the 
air,  lofes  a  fmall  part  of  its  water  of  crylhllization,  and 
fltghtly  efflorefces.  it  is  foluble  in  twelve  parts  of 
cold  and  fix  of  hot  water.  Its  cryftals  may  therefore 
be  obtained  by  cooling ;  but  the  fineft  and  moft  regular 
arc  formed  by  fufFcring  the  cold  faturated  folution  to 
evaporate  fponianeoufly  in  the  ordinary  temperature 
of  the  atmofphere. 
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Borax  is  exceedingly  ufeful  in  rtiany  manufaftureSi 
J[  is  employed  as  an  cxceilenc  flux  in  the  art  of  glafi- 
making,  as  weU  as  in  allays.  It  is  advantageoufty  enn- 
ployed  in  foldering,  which  it  affifts  by  promoting  the 
fufion  of  the  folder,  tiy  foftcning  the  furfaces  of  the 
metals,  and  by  defending  them  from  the  a^oo  of  the 
ain 

Very  little  is  known  of  the  combinations  of  the  acid 
of  borax  with  the  vegetable  and  volatile  alkalies. 

The  phofphoric  acid,  and  the  acid  of  amber,  are  ca- 
pable of  combination  with  the  alkalies;  but  the  refulcs 

of  thefe  combinations  arc  fo  little  known,  that  I  fhall 

pafs  them  over  in  filencc,  and  haften  to  the  conHdera- 
tion  of  the  earthy  and  ftony  fubftanccs. 

Some  falinc,  earthy,  and  metallic  fubftances,  hWe 
fuch  a  relation  to  each  other,  that  they  are  feparated 
with  great  difficulty,  and  adhere  after  repeated  folutJons 
and  cryftallizations.  This  circumftance  has  given  rile 

mother  divifion  of  faks,  which  arc  dcnonrinatcd 
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Chap.    IX. 

EARTH5.IN    GENERAL. 

IXgtrtnl  Kimis  »f  ̂anh^—Nfui  Earlht  jyitvtrti-m^UlfmS'Mm  ^f 
Martir.'^'BxctfliMn-  Oibir  giiuraLPrapertitiDf  Emrlii^^^alfO' 

rUMi  £mth-f—MaiBiJui,  •-&arftts~—Claj,-^fUnU 

IT  is  now  generally  agreed  among  chcmifts  and 

mineralogifts,  that  all  the  earihy  and  ftony  fub- 
ftances  which  compofe  the  folid  parts  of  this  globr. 
Ore  chicBy  rcfolvable  into  Hve  finple  and  original 

kinds  of  earth ;  namely,  lime  or  calcareous  eanh,  mag- 
ne(ia,  batytes  or  ponderous  earth,  argill  or  clay,  and 
filica  or  flintj  to  thefe  late  difcoveries  have  added  three 

other  earths,  the  ftronthian,  the  jargonic,  and  the  ada- 
mantinci  but  ihele  are  found  in  very  fma)]  quandties, 
and  doubts  are  yet  entcrtairxtd  whether,  they  are  any 
thing  more  than  varieties  or  compounds  of  the  fiv« 
principal  earths, 

Thefe  fitbftances  agree  in  the  following  proper- 
ties, which  may,  be  confidered  as  the  charafteriftics 

of  all  earthy  fubftanccs.  They  are  nearly  infolu- 
ble  in  water,  are  uninflammable,  have  not  the  metallic 

fplcndour,  and  their  fpccific  gravity,  compared  with 
that  of  water,  is  net  more  than  five  to  one.  This 

definition,  however,  like  that  of  falts,  is  not  To  pre- 
cifc  as  to  be  beyond  the  reach  of  criticlfm  ;  becaiifc 
there  arc  fomc  earths  pcrfedly  fjluble  in  water,  though 
but  in  fmall  proportions,  and  there  arc  manv  in  the 
internal  parts  of  tlie  eartli  which  afford  the  flrongeft 
evidence  that  they  have  been  in  a  fliate  of  folurion. 
But  the  definition,  though  not  ftrictly  accurate,  is  pro- 

per in  a  general  fenfe.  There  is  great  difTcrence  of 
iblubility  between  earths  and  lalts,  for  a  few  grains  of 
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earth  are  fufficient  to  faturate'a  large  quantity  of 
water.  There  are  two  other  circumftances  noc  iq- 
cluded  in  the  definition,  which  make  part  of  the  idea 
of  an  earthy  fubrtance ;  ift,  a  great  degree  of  fixcd- 
nefs ;  idiy,  a  dilpoGtion  to  form  a  giaHy  concretion 
when  melted  with  certain  other  fubftances. 

Lme,  properly  fo  called,  is  obtained  by  expelling 
ihe  carbonic  acid  from  calcareous  fubftances  by  means 
of  heat.  Calcareous  earth  is  in  a  tolerably  pure  ftatc 
dn  common  quick-lime;  but  if  it  is  required  perfeflly 
free  from  foreign  admixture,  it  may  be  obtained  by 
the  following  proccfs :  If  pounded  chalk  is  feveral 
times  boiled  in  diftilled  water,  the  remainder  will  con- 
fift  almofl:  entirely  of  calcareous  earth,  combined  with 
the  carbonic  acid.  If  diflilled  vinegar  is  added  to  the 
powder  thus  obtained,  it  will  form  a  faline  combina- 

tion with  the  lime  only,  to  the  exclufion  of  all  extra- 
neous matter.  To  a  folution  of  this,  decanted  from 

the  impurities,  mild  volatile  alkali  being  added,  the 
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carthi  or  lime»  is  ibkibk  in  a  fmall  propordon  in  wateo 
widi  ̂ ich  It  contrafb  great  heat.  It  is  ihfbfible  withf- 
oat  addition.  It  attrafls  the  carbonic  acid  from  the 

fisud  alkalies,  and  by  itfelf  becoming  mild  renders 
tbem  cauftic  Its  {pccific  gravity  is  a,723. 

MagHifta  does  not  bum  into  a  cauftic  fubftance  like 

quick-lime,  though  it  is  deprived  of  its  carbonic  acid 
by  the  application  of  heat.  Ct  is  foluble  in  leveral 
acids,  and  forais  with  the  vitriolic  the  fal  cathardcus 
amarus^  or  Epfbm  fait.  When  mixed  with  water,  it 
(hews  a  very  fmall  degree  of  heat,  but  without  any 
eficrvcfcence.  It  requires  7,692  times  its  weight  of 
water  for  its  folution.  It  is  not  precipitated  from 
other  actds  by  the  vitriolic,  as  calcareous  earth  is.  Its 
ipecific  gravity  is  2>  1 5  5. 

Barytes  is  by  far  the  moft  ponderous  of  the  earths, 
fiom  which  circumftance  it  derives  its  name. 

With  vitriolic  acid  it  forms  the  ponderous  Ipar, 
which  is  infoluble  in  water  j  and  its  combinations  with 

the  nitrous  and  muriatic  acids  are  alfo  not  very  folu- 
Ue>  but  with  the  acetous  acid  (or  vinegar)  it  becomes 

deliquefcent.  Combined  with  carbonic  acid,  it  is  fo- 
lubk  in  1550  times  its  weight  of  water,  when  pure  in 

900  times.  The  fpecimens  of  barytes  naturally  com- 
bined with  carbonic  acid  are  rare  5  it  is  more  com- 

monly found  united  with  the  vitriolic  acid.  From 
Ais  the  earth  may  be  feparated  by  the  following  pro- 
ccls :  Pound  the  ponderous  fpar,  and  mix  it  with  twice 
its  weight  of  fixed  alkali  j  expofe  this  mixture  to  a 
firong  red  heat  for  about  two  hours.  The  acid  quits 
Ae  earth  to  unite  with  the  alkali,  forming  a  neutral 

fik,  which  may  be  waihed  away.  The  earth  remains 
combined  with  carbonic  acid,  which  may  be  difpellerf 

by  heat.  The  fpecific  gravity  of  this  earth,  when 
pure,  is  3,773, 

Vol.  U.  E  Argill, 
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Argill,  or  c/ay,  Is  folubk  in  the  wrriolic,  nitrous,  and 
muriatic  acids,  and  forms  alum  with  the  firft  of  theft. 

If  concrete  volatile  alkali",  or  any  other  of  the  alkali^ 
is  added  to  a  folution  of  pure  alum,  the  alkali  and 
acid  unite,  while  the  clay  falls  to  the  bottom,  united 
with  only  a  fmall  quantity  of  fixed  air.  The  fluid 
muft  be  abftiadted  by  decantation,  and  the  precipitate 
waflied  with  diftilled  water,  and  dried.  Pure  clay 
docs  not  become  cauftic  by  burning,  but  is  contracted 
in  fize,  and  becomes  very  hard.  The  ipecific  gravity 
of  this  earth  is  only  1,669. 
The  principal  natural  fpecimcns  of  argillaceous 

earth  are  boles,  clays,  marlcs,"  flates,  and  mica.  In 
none  of  thefe,  however,  except  the  flag-ftone,  does  the 
argill  amount  to  half  the  weight  of  the  whole  fubftance. 
Silica  abounds  very  much  in  common  clays.  Baked 
clays  conllitute  all  the  varieties  of  bricks,  pottery, 
and  porcelain.  If  baked  in  a  ftrong  heat,  they  give 
fire  with  fteel. 



CUip.  9.]  FUnt.  .  51 

called  liqubr  of  flints.  This  earth  is  perfeftljr  dif> 
Solved  in  diat  vonderfiil  boiling  vater-lpout,  above 
fixtjr  feet  high,  at  Gcyfer  in  Icelaqd,  where  by  cooling 
it  forms  a  hard  filicebus  mafs.  Piire  filiceous  earth  is 

obtained  by  iiifuig  *  clear  quartz  with  four  times  its 
weight  of  fixed  alkali,  diflblving  -the  whole  in  diltilled 
waur,  and  precipitiiting  die  eanh  by  an  acid.  Its 
Q>ccific  gravity  is  2,650. 

M.  Beigman  has  formed  perfed  fiHceous  crTlbds 

b^ dlfiblviiig  fiTiceous  earth  in  the  fpany  acid,  and- 
filtering  it  tQ  cryfUIlize  Qowly.  It  is  .probable  that 
nature  forms  them  in  a  long  courfe  of  time  fronra 
ibludon  or  diiFufion  of  this  earth  in  water. 

Of  the  newly  difcovered  earths  I  fbatl  treu  in  a  ie- 
parate  chapter,  though  it  may  be  premifedi  that  the^ 
are  rather  of  importance  in  order  to  complete  the  no- 

menclature of  the  mineral  kingdom,  than  from  their 
quantity  or  their  properties. 

Though  thcfimple  earths  are  all  inflifiblc  alone,  yet 
they  may  readily  be  fufed  by  mixture  with  each  other, 
The  calcareous  earth  is  found  to  aft  as  a  menftruum 

in  dilTolving  the  other  earths  by  heat  -,  and  when  it  has 
once  afted  on  any  earth,  a  compound  menftruum  is 
formed,  which  nQa  ftill  more  eiUcaciouny  in  diliblving  ■ 
other  earths.  Hence  it  is,  that  any  three  of  the  fimple 
canhs  may  be  fufed  into  glafs,  provided  catcareoUB 
earth  is  one  of  the  number. 

Thus  (ar  it  appeared  neccflary  to  premife  concern- 
ing the  general  properties  of  the  fimple  earths  in  their 

feparate  ftate  j  but  as  their  combinations  are  various, 
aod  thdr  ufes  in  this  lad  lUce  very  important,  it  will 
be  proper  to  treat  of  each  on  a  more  ampl^  fcale  than 
the  limits  of  a  Qngle  chapter  would  odnjiit. 

*  Melting  \>j  beat. 

E  a 
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£:  H  A  p.   X. 

iXLCARE-OUS     EARTHS. 

€haVi.—LhHfpcni.  —  Marik.—Marit. — Calda-um    Spar   HtliM 

Crypais.—  PilrifaBkni.-^Pans  of  Jnimali  fmnd  n  Mark,  iiic.—' 
Gyp/cmi.—Grtal  Variitits.—'AlabaJhr.^-FihToiis  Sloii(.-^Miwtrat 

GIa/i.—Stlcnitc.—Gyp/e<Ju,  Spv.~P[alJlir  0/  Pari, ;  bm»  frc- 

fartd. — Tafiblt  or  DirByJhiri  Spar: — Span,  Bmv  formed. — Beautl- 

ftd  Afptarancti  in  ̂ffirml  CiPUiriin-^MtUtHk  CUmhinatiaiu  toiit 
talcarteui  Earlb. 

CALCAREOUS  earth  is  fometimes  found  ire 

the  form  of  powder,  buc  more  frequently  in  that 
of  a  concrete  fubitancc  called  chalk,  which  differs  with 
rcfpc<5t  to  the  fincnefs  of  its  particles  and  firnuie&  of 
texture. 

i/Chalk  cOnlifts  of  calcareoDS  earth  6rUme,  Bnircd 



takr  They  engaged  the  attention  of  Sir  IfaacNevtoQ, 
6y  their  remarkabk  quality  of  tefrafting  the  rays,  of 
li^t  wicbout  feparating  tbem  into  ccdoursi  lb  as  to 
make  a  Udc  drawn  on  paper  appear  double,  when 
viewed  through  tfiem.  The  Englilh  Icad-tnincs  are 
Aill  of  fpars  i  their  ihape  is  in  general  a  firm  column, 
terminaced  at  each  end  wkh  a  pyramid.  Of  thefe 
calcareous  fpars  there  are  many  vatietics. 

4.  Calcareous  earth  appears  in  the  form  of  ani- 
Qul  and  vegetable  fubftances,  petrified  into  ftone  by 
being  expofed  to  petrifyjog  waters.  Thefe  fill  up  th« 
pores  of  che  fubftance  with  calcareous  earth,  and 
incruft  them.  Hence  we  may  conclude,  that  this  eardi 
J9  folubte  in.  water,  and  is  depofited  in  certain  circum- 
ftances.  The  quantity  of  earth,  however,  contained 
in  the  water  is  very  fmall,  and  therefore  the  petrifac- 
fiaions  are  formed  flowly.  Thofe  organic  bodiesj 
V'hich  refift  putrefaifVion  moft,  are  frequently  found 
petrified,  fuch  as  bones,  fhells,  and  the  harder  kinds  of 
wood  J  on  the  contrary,  the  foft  parts  of  animals, 
which  arc  very  fubjeft  to  putrify,  are  fcarcely  ever 
found  petrified.  Mr.  Kirwan  remarks,  that  petrifac- 

tions are  moft  commonly  found  in  ftrata  of  marie, 
chalk,  lime-ftone,  or  clay  j  felJom  in  fand-ftonc,  ftill 

more  rarely  in  gj'pfum,  but  never  in  gneifs,  granite, 
bafaltes  or  Ihoerlj  they  fometimes  occur  among  pyrites 
and  ores  of  iron,  copper,  and  filver,  and  almoft  always 
confift  of  the  fpecies  of  earth,  ftonc,  or  other  mineral, 
which  immediately  furrounds  them.  Thofe  of  fhells 
are  generally  found  ncarcft  the  furface  of  the  earth, 
thofe  of  filh  deeper,  and  thofe  of  wood  deepeft.  A 
very  remarkable  circumftance  is,  that  petrifaftions  are 
fcund  in  climates  where  their  originals  could  not  have 
(xiftcd.  From  the  gradual  and  infcnfibk  concretion 

E3  of 
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of  this  kind  of  matter  from  dropping  waters,  arc 
formed  the  large  pendulous  columns  hanging  like 
icicles  from  the  roofs  and  fides  of  caves.  The  moft 

remarkable  are  in  the  Peak  of  Derbylhire.  Somc- 
limes  they  are  found  in  the  arches  of  old  bridges,  and 
arife  from  the  water  oozing  through  and  carrying  par- 

ticles of  lime  with  it.  This  earth  fo  concreted  is  called 

flalaftitcs,  ftone- icicles,  or  drop-ftone. 
5.  The  fliells  of  all  cruftaccous  animals,  from  the 

coarreft  to  the  pearl  which  lines  the  Ihell  of  the  oyfter, 
arc  all  made  up  of  this  calcareous  earth  with  a  fmall 

quantity  of  animal  gluten.  Egg-lhelis  are  of  the  fame 
nature,  and  thofc  marine  bodies  which,  from  theirhard- 
ncfs  and  vegetable  appearance,  are  called  ftony  plants, 
fuch  as  are  all  the  fpccies  of  corat,  &c. 

Maries,  which  have  been  already  mentioned  as  con-. 
taining  calcareous  earth,  are  generally  divided  into 
three  kinds.  Firft,  fliell- marie  i  fecond,  ctay-mark  1 
third,  ftone-marle.     The  firft  is  found  in  beds  of  con- 
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contains.  Stone-marle  differs  from  clay-marle  ohly 

in  being  much  harder  5  but  it*  differs  from  ordinary 
ftone  by  breaking  to  pieces  when  expofcd  to  the  air. 

It  has  been  fuppofed  by  fome  refpeftable  \vriters, 
that  all  thcfe  Ipecies  of  calcareous  earth  derive  their 
origin  from  ftiells.  Some  marbles  are  evidently 
formed  of  fhells,  and  thofe  of  Derbyfhire  exhibit  this 

appearance  in  a  remarkable  manner.  Coral  is  univer- 
£illy  allowed  to  be  the  work  of  fmall  animals  of  the 
polypus  kind.  The  ftrata  of  limeflone  being  alio 
found  fb  frequently  united  with  (hells  and  other  marine 
fubftances^  has  induced  the  philofophers  to  whom  I 

alliide  to  believe,  that  the  (tone  itfelf  is  altogether  com«» 
poied  of  (hells,  which  at  firft  mouldered  into  pafte,  and 
were  afterwards  preffed  and  concreted  together.  In 
one  of  the  quarries  of  Italy,  the  bones  of  fmall  fifhes 
are  found ;  and  fome  rocks  in  the  midland  counties  of 

England  are  almoft  wholly  compofed  of  the  kind  of 
fliells  called  entrochi.  The  animals  which  produce 
the  coral  are  here  feldom  to  be  found ;  but  in  other 

parts,  as  in  Jamaica,  the  bottom  of  the  fca  is  entirely 
covered  over  wi:h  coral,  and  harbours  are  fometinics 

flopped  up  with  it.  Sir  Hans  Slcane  mentions  a 

Spanilh  plare-fhip,  which  was  wrecked,  and  remained 
at  the  bottom  of  the  fca  twenty-five  years,  being  then 
fiflied.for,  the  treafure,  as  well  as  the  timber,  &c. 
were  covered  with  coraline  concretions.  Hence,  this 

conftant  growth  at  the  botroin  of  the  fca  may  in  time 
produce  beds  and  ftrata  of  this  kind  of  earth,  which, 
according  to  circumftances,  may  h^  converted  into 
marie,  limellone,  marble,  &c.  Calcareous  earths, 

united  with  carbonic  acid,  may  be  known  under  all 
forms,  by  cfferveiceflce  with  the  mineral  acids. 

'  .-  6.  If  vitriolic  acid  is  poured  on  chalk,  the  carbonic 
acid  is  expelled,  while  the  vitriolic  uuiies  with  the 

E  4  calcarcoxi^ 
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calcareous  earthj  and  conftiaites  a  ful^ftaiice  which  has 
very  iicric  Solubility.  This  is  gypsum,  lelenite,  or 
plainer  of  Paris,  which  exifts  in  conTiderable  quantities 
in  nature.  Gypfums  are  found  in  folid  mafles,  very 
fofc,  and  cafily  fcraped  with  a  knife.  They  are  dif- 
tinguiflied  from  the  combinations  of  calcareous  earth 
with  carbonic  acid,  by  not  effervefcing  with  acida; 
and  from  other  earthy  bodies,  by  being  by  heat 
changed  into  a  white  powder,  which  when  mixed  with 
a  large  proportion  of  water,  fuddcnly  concretes  into  a 
ftony  mafs.  They  are  moft  commonly  found  in  the 
ftrata  of  clay,  fometimes  in  thofe  of  fand,  under  die 
appearance  of  a  whitilh  coloured  mafs,  but  the  Anall 
pieces  are  tranfparent,  and  fometimes  have  a  red 
tinge.  They  are  often  compofcd  of  fruall  Ihining  par- 

ticles, like  the  grains  of  fugar,  and  when  under  this 
appearance  they  are  particularly  called  gypfum.  When 
hard,  fo  as  to  admit  of  being  cut  into  toys  and  figures 
(hey  are  called  alabafter.     The  fecond  form  under 
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ftous  Ipar  is  of  a  platey  texture.  Gypfeous  (par  varies 
in  compaftflcfs  and  tranfparcncy,  is  ibmetimc^  white, 
fbmctimes  reddifh,  and  is  mixed  with  a  greater  or 
kfe  quantity  of  other  matter :  fometimes  we  meet  wiA 
it  in  cryftals.  The  ores  of  metals  are  often  found  in 
this  (par. 

Sixthly,  .gypfum  is  often  met  with  in  waters  of 
ilHings  in  a  diflblved  ftate ;  for  we  find  by  experiment, 
that  it  is  fbluble  in  water,  though  but  in  fmall  quan* 
tity.  When  the  water  is  evaporated,  it  is  depofitcd 
in  cryftals  very  fmall,  and  which  appear  like  a  white 
powder ;  but  by  the  microfcope  are  found  to  be  ob* 
long  regular  concretions. 

MargrafF  firft  Ihewed  that  all  thefe  fpecies  were 
compofed  of  calcareous  earth  and  vitriolic  acid.  He 
took  a  quantity  of  gypfeous  earth  in  a  fubtile  powder, 
and  boiled  it  for  feme  time  in  a  folution  of  fixed  vege- 

table alkali ;  and  upon  examination,  he  found  the  cal- 
careous earth  at  the  bottom  in  an  uncombined  ftate, 

and  in  the  folution  a  vitriolated  tartar.  He  alfo  com- 

pofed an  artificial  gypfum  of  calcareous  earth  and  the 
vitriolic  acid,  which  had  all  the  properties  of  a  natural 

gypfum.  From  knowing  the  compofition  of  thefe 

fubftances,  we  may  fufficicntly  underftand  their  pro- 
perties, particularly  that  of  being  converted  by  a  mo- 

derate heat  into  plaifter  of  Paris.  If  the  purer  kinds 
are  reduced  to  fine  powder,  and  put  into  an  iron  velTel, 

by  the  time  the  veflel  is  heated  the  powder  "grows 
light,  and  is  thrown  into  motion  like  a  boiling  fluid. 
There  are  alfo  a  variety  of  other  earthy  powders,  which 
when  moift  give  the  fame  appearance;  for  the  vapour 
rifing  up,  makes  its  way  through  the  powder,  keeps 
it  afloat,  and  agitates  it  like  a  liquid  in  a  boiling  ftate. 
This  appearance  continijes  till  moft  of  the  water  is 

fvaporated.     After  this  the  powder  becomes  heavy. 
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and  lies  at  the  bottom  of  the  vcffcl  as  before  heating.  It 
is  then  prepared  for  plairtcr  of  Paris,  for  if  a  quantity 
of  it  is  put  into  fo  much  water  as  gives  it  the  conCft- 
cnce  of  cream,  it  will  foon  become  folid,  and  ring  like 
aveflel  of  earthen- ware,  or  metal.  It  lofcs  its  tranf- 
parency  by  heat,  and  becomes  white.  The  fofter  kinds 
are  bcft  for  the  plaifter  of  Paris. 

The  explanation  of  all  thefc  phenomena  is  not  dif- 
ficult, when  we  confider  the  nature  of  gypfun:i,  which 

being  a  faline  compound,  has  all  the  qualities  of  a  lalt. 
In  its  natural  ftate  it  is  cr>'ftailizcd  in  confequence  of  its 
containing  a  quantity  of  water.  Heat  expels  the  water; 

■which  being  again  added,  is  attrafted  by  the  gypfum, 
and  occafions  a  crydallizadon. 

A  more  violent  heat  produces  very  little  change,  as 
the  vitriolic  acid  adheres  very  clofcly  to  ihc  earth.  If 
thefe  fubftances,  however,  are  mixed  in  powder  with 

a  quantity  of  cliarcoal-duft,  the  whole  of  the  acid  may 
be  difiipated,  and  the  calcareous  earth  only  left  behind. 
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the  mod  phofphorefcent,  but  none  of  them  exhibit'  this 
quality  except  when  well  warmed.  They  are  fcarcely 
harder  than  common  calcareotis  fpars,  and  therefore  do 
not  (hike  fire  with  ftcel.  They  do  not  melt  by  them- 
ielves ;  but  very  much  promote  the  fufion  of  other 
ftones,  particularly  the  calcareous.  They  do  not  ef- 
fervefce  with  acids,  either  before  or  after  being  fub- 
mitted  to  the  aftion  of  fire. 

Mr.  Whitfehurfl  explains  in  the  following  manner 
the  formation  of  fparry  and  ftaladtitical  produdtions. 
When  water  impregnated  with  the  fparry  acid  proceeds 
flowly  thrpiigh  different  ftrata  of  earths  and  minerals, 
it  becomes  charged  with  a  variety  of  thefc  fubftances 
in  folution ;  and  as  it  exudes  gradually  on  the  furface 

of  caverns  and  fifTures,  the  aqueous  particles  evaporate, 
and  the  fparry  matter  cryftaliizes  in  various  forms, 
including  in  its  own  fubftance  the  heterogeneous  mat- 

ters with  which  it  is  charged. 
If  the  quantity  of  water  thus  impregnated,  which 

exudes  through  the  pores  of  the  earth  or  ftone,  is  not 
more  than  will  eafily  evaporate  in  the  ordinary  heat 
of  the  atmofphere,  a  fparry  cruft  is  fornTied.  If  the 

quantity  of  water  exuded  exceeds  the  quantity  evapo- 
rated, flalaclites  are  produced  in  one  inflance,  and  tubes 

in  another. 

If  a  drop  of  water  hangs  from  the  roof,  almofl 
dropping,  the  aqueous  particles  evaporate  from  the 
furface  fooner  than  from  its  interior  parts.  A  cryflal- 
lization  therefore  takes  place  on  the  furface,  while  the 
center  remains  fluid  :  the  water  thus  detained  is  con- 

tinually increafing,  and  the  tube  gradually  extends 
downwarct;5.  By  this  procefs,  tubes  are  frequently 
formed  of  two  feet  in  length,  and  one  tenth  of  an 
inch  in  diameter.  The  a[)pcarance  of  caverns  orna- 

mented with  thefe  fplcndid  produdioo*  exceeds  that 
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of  the  mofl:  laboured  works  of  art :  tranfparent  co-» 
hinins,  adorned  with  the  moft  beautiful  and  vivid 

colours,  difpofcd  fometinies  in  the  form  of  a  honcy-i  .. 
comb,  fometimea  in  a  more  irregular  arrangement  t 
mirrors,  rcfleSing  the  images  of  objcfls,  tinged  witll 
a  light  fhadc  of  the  moft  delicate  colours,  raviih  the  , 
eye  of  the  beholder.  The  pillars  appear  of  variouj 
forms  and  fiaes ;  fometimes  arranged  like  a  regular 
colonnade,  and  fometimes  difpoled  with  all  the  de- 

lightful irregularity  of  nature.  The  ftalaftites  hang 
like  icicles  from  the  lofty  roofs  of  thefe  (lupendous 
caverns,  and  are  refledted  back  hj  the  poUfhed  and 
glittering  floors.  Some  of  the  mofl:  ftriking  caverns 

of  this  kind  are  the  grotto  of  Antiparos  *,  Ppolc'i 
Hole,  and  Peak  Hole,  in  Dcrbyftiire. 

9.  Calcareous 

t  of  ihii   famous  grolto,  commiu 
1  iravelkr,  to  the  cdebrated  Kircher. 
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9*  Calcareous  earth  is  found  faturated  wich  what  was 
diougfat  a  particular  acid,  which  has  been  called  the 

cungftenic 

fimted  a  kitii  of  petrified  grove  ;  fome  white,  fome  green ;  and  all 
receding  in  due  perfpcdive.  They  (Iruck  us  with  the  more 
amazement,  as  we  knew  them  to  be  mere  produ6lions  of  nature, 

%i1io,  hitherto  infolitade,  had,  in  her  playful  moment.^  dreA'ed  the 
fijofe,  as  if -for  het  own  tmufement. 

*  But  "we  had  as  yet  feen  but  a  few  of  the  wonders  of  the  place  | 
and  we  were  introduced  only  into  the  portico  of  thb  amazing 

temple.  In  one  comer  of  this  iialf  illuminated  rccefs,  there  ap- 

pt2YcSi  k'n  op^n^ng  of  ̂ bout  three  feet  wide,  which  feemcd  to  lead 
to  a  place  totally  dark,  and  that  one  of  the  natives  afTured  us  con* 
ttined  liothmg  more  than  a  refervoir  of  water.  Upon  this  we 
tried*  by  throwing  down  fome  Hones,  which  rumbling  along  the 
fides  of  the  defcent  for  fome  time,  the  found  feemed  at  lad  quafhed 
in  a  bed  of  water.  In  order,  however,  to  be  more  certain,  we  fenc 

in  a  Levantine  mariner,  who  by  the  promifc  of  a  good  reward, 
with  a  flambeaux  in  his  hand,  ventured  into  this  narrow  aperture. 
After  continuing  within  it  for  about  a  quarter  of  an  hour,  he  re- 

turned, bringing  fome  beautiful  pieces  of  white  fpar  in  his  hand, 
which  art  could  neither  imitate  nor  equal.  Upon  being  informed 
by  him  that  the  place  was  full  of  thefe  beautiful  incrullations,  I 
ventured  in  once  more  with  him,  for  about  fifty  paces,  anxioufly 
and  cautioudy  defcending  by  a  flcep  and  dangerous  way.  Find- 

ing, however,  that  we  came  to  a  precipice  which  led  into  a  fpa- 

cious  amphitheatre,  if  I  may  fo  call  it,  (li'.l  deeper  than  any  other 
part,  we  returned,  and  being  provided  with  a  ladder,  flambeaux, 
and  other  things  to  expedite  our  defcent,  our  whole  company,  man 
by  man,  ventured  into  the  fame  opening,  and  defcending  one  after 
another,  we  at  lad  faw  ourfelves  all  together  in  the  moil  magnificent 
part  of  the  cavefn. 

*  Our  candles  being  now  all  lighted  up,  and  the  whole  place 
coBipletely  illuminated,  never  could  the  eye  be  prefented  with  a 
mote  glittering,  or  a  more  magnificent  fcene.  The  roof  all  hung 
with  folid  icicles,  tranfparent  as  glafs,  yet  folid  as  marble.  The 
eye  could  fear ce  reach  the  lofty  and  noble  ceiling;  the  fides  were 
regularly  formed  with  fpars ;  and  the  whole  prefented  the  idea  of 
a  magnificent  theatre,  illuminated  with  an  immenfe  profufion  of 
lights.  The  floor  confifled  of  folid  marble ;  and  in  feveral  places, 

jna^oificent  columns,  thrones,  altars,  and  other  objedts  appeared, 

aa 
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tungftenic  acid,  though  it  is  ccrtafnly  no  other  than  the 
metallic  fait  of  that  name.  This  combination  fomu 
the  TuNGSTEiN  of  the  Swedes.  This  ftonc  is  remark- 

ably heavy,  and  refcmbles  fluor  fpar  in  the  form  of  its 
fragments.  It  becomes  yellow  in  acids,  and  is  found 
united  with  petroleum  (or  mineral  pitch)  in  the 
proportion  of  ninety-five  of  the  former  to  four  of 
the  latcet.  In  this  ftate  it  forms  the  fwine-ftone, 
which  is  of  a  dark  colour,  and  becomes  fetid  by 
friction. 

lo.  Calcareous  earth  is  alfo  found  united  with  three 

of  the  metals,  iron,  copper,  and  lead;  of  each  of  which 
there  are  feveral  varieties.  When  united  with  cop- 

per, it  is  called  mountain  blue ;    when  united  with 

as  if  nature  had  defigned  to  mock  the  curiofities  of  art.  Our 
voicci,  upon  fpeaking  cr  finging,  were  rcdouHed  to  an  aHonifliing 
loudn-fi ;  and  upon  the  firing  of  r  gun,  the  noife  and  teveibeti- 
lions  were  alnioH  deafening.  In  the  midll  of  tiiis  grand  amphi* 

n  of  about  lifceen  feet  high,  that,  in  fome 
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calx  of  coppcFj  it  is  denominated  Armenian  (lone. 
G)rpfeous  earth  combined  with  calx  of  copper,  is 
called  turquoife  and  malachites.  The  pureft  malachite, 
according  to  Kirwan,  contains  fcvcnty-five  parts  of 
copper  and  twenty  five  of  aerial  or  carbonic  acid ; 
calcareous  earth  is  therefore  not  an  eflential  ingre* 
dienc.  It  is  of  a  green  colour^  and  is  fometimes  cue 
juid  polifhed  as  a  gem. 
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Chap.    XI. 

MACNESIAN    EARTHS. 

Magiufia,  b<nv  obtained. — S,pjum  Salt. — Snap  Rod.— French  ChJij^ 
Strfintine  Slsne.-~Miia.-~Talk.~MuJiBn.y  GlaJs.—AJUfiei.—Mi~ 

m-ra!     Clolb.— Mountain     LtMher.—McuMaiii     Flax.~M<mntai» 

r  1"^  O  obtain  Magnesia,  the  mother  water  of  nitre, 
JL  or  of  common  fair,  is  placed  in  a  large  vcficU 

and  diluted  with  a  confidcrable  quantity  of  common 

■water.  Fixed  alkali  dilTolved  in  water  is  then  added, 
and  the  mixture  juft  made  to  boil.  By  this  procefs  the 
magnefia  falls  to  the  bottom  of  the  veflcl  in  the  form 
of  a  powder,  which  is  purified  by  repeated  afTuiions 
of  water.  Magnefia,  in  its  mild  (tare,  confifls  of  forty 
parts  magnefian  earth,  forty  eight  carbonic  acid,  and 
twelve    water.      The   cryftallized    aerated  magnefia 
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head  conlift  of  magnefia  united  with  flint;  but  the 
latter  ufually  predominates.  Moft  of  them  iare  foapy 
to  the  rouch,  and  Co  foft  that  they  may  be  cut  into 

various  utenfils. — Of  thefc  the  following  are  the  rnoft 
Remarkable: 

I.  Steatites,  lapis  ollaris,  or  soap  rock,  is  of  various 
tolours>  but  chiefly  of  different;  fhadcs  of  green.  It  does 
hot  become  duAile  in  water,  and  is  fuled  with  difli- 

culty.  One  variety  of  it  is  in  the  form  of  fix-fided 
prifms,  another  is  lamellated. 

2.  Smeftis,  or  French  chalkj  is  found  pretty  plen- 
tifully in  Cornwall,  lu  colour  is  cither  white,  yellowj 

or  red  and  white ;  fome  fpecimcns  have  che  appearance 
of  Caftilcfoap. 

3.  Serpentine  stone  is  of  different  Iliades  of  green. 
The  ftrufture  of  tiiis  ftone  is  fibrous,  and  it  might 
therefore  be  confounded  with  another  earthy  m.itCcT, 
called  atbeflios,  if  its  fibres  did  not  adhere  fo  cloJcIy 
together,  as  to  efcapc  obfcrvation,  when  the  ftone  is 
cut  and  potiibed.  Of  the  ferpenrine  ftone  there  are 
many  varieties,  and  i:  is  found  fpottcd  or  ftrcakcd  with 
a  great  diverfity  of  colours.  What  is  cominonly  called 
ferpentine  ftone,  is  a  true  lapis  ollaris ;  but  being  va- 

riegated like  the  Ikins  of  fonie  fcrpents,  is  diftiu- 
guillied  by  another  name.  Great  cjuantitics  of  this 
ftone  are  found  in  Italy  and  Switzerland,  where  ir  ts 
often  worked  into  the  (liapc  of  dilhcs  and  oil.cr  vef- 
fcls.  It  is  harder  than  llcatites,  bur  not  fo  hard  as  to 

gve  fire  with  fteel;  and  icfs  fniooth  to  the  tou'jh, 
but  is  fufceptible  of  a  good  pollfli ;  it  looks  like  mar- 

ble, and  is  often  in  thin  pieces  fcmrtranfparcnr.  The 
greener  forts  of  this  ftone  have  been  called  nepliri- 
lic;  their  colour  ariles  from  miingancfe.  But  the 

term  lapis  nephriticus  is  commonly  applied  to  ',.i']e. 
4.  Micaceous  earths,  or  talks,  may  be  defined 

Vol.  II.  F  earthy 
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earthy  or  ftony  bodies,  the  texture  and  compofition  of 

■which  confifts  of  thin  flexible  particles,  divifible  into 
plates  or  leaves,  having  a  Ihining  furface.  Thefc 
plates,  by  being  expofed  to  heat,  feparate  into  fmaller 
ones,  but  their  flexibility  is  much  diminifhed.  By  a 
ftrong  heat  they  curl  or  crumple,  but  it  is  very  diffi- 

cult to  reduce  them  to  perfect  fufion  without  addition. 
The  plates  of  mica,  when  of  the  pureft  kind,  arc  tranf- 
parenr,  ajid  there  is  one  variety,  the  plates  of  which, 
frotrt  their  near  relemblance  to  glafs,  are  called  Muf- 
covy  glafs.  Micas,  however,  are  often  tinged  with  a 
variety  of  colours,  or  are  more  or  Icfs  opake.  Some- 

times they  have  a  luftre  relembling  that  of  metallic 
fubtlanccs.  Sometimes  they  are  in  the  form  of  Ihin- 

ing powder,  like  that  which  is  ufcd  in  bronzing  figures.  ' 
This  appearance  has  often  impofed  upon  miners,  who  J 
have  thought  tJiey  met  with  gold  and  filver,  whereas 
there  is  never  any  metal  in  diefe  fubdances  but  iron,  | 
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names  of  datCj  giirrtmcr,  or  glift.'  Talk  differs  from 
other  micas  in  its  laminas  or  filaments  being  much 
tenderer  and  more  brittle,  but  both  have  the  metallic 

luOre. 
'" 

5.  The  ASBEStos,  or  amianthus,  is  a  foflil  agree- 
ing with  talk  in  haviilg  a  regular  flrufture,  in  being 

ftcxiblc,  but  diflfering  in  being  compofed   of  fibres 

inftead  of  plates.     When  long  cxpofed  to  air,  it  dif- 

folves  into  a  fort  of  downy '  matter,  which  has .  fome 
degree  of  toughnefs,  but  the  fibres  cannot  be  unra- 

velled.  Cloth  and  paper  have  been  made  of  this  fub- 
(bnce^   which    refift   the  fire.     Afbeftos,  however^ 

though  unafTailable  by  common  fires,  has  fubmitted  to 

the  power  of  ftforig  burning  mirrors,  and  has  under- 
gone vitrification.    The  ancients  are  faid  to  have  ma- 

nufaftured  cloths  of  this  fofTilj  in  which  they  wrapped 
their  dead  when  they  burned  them,   that  the  afhes 
might  be  prefe^ved.    Several  moderns  have  fucceeded 
in  making  this  cloth ;  the  chief  contrivances  which 
are  necefTary  are  to  mix  the  mineral  fibres  with  a  large 
proportion  of  fiax,  ahd  to  ufc  oil  freely  ̂   thefe  matters 
are  afterwards  confumed   by   expofing   the  cloth   to 
iared  heat.   Although  the  cloth  of  afbeftos  when  foiled 
is  reftored  to  its  whitenefs  by  burning,  yet  it  does  lofe 

fome  part  of  its  weight,  as  has  been  afcertained  by  ac- 
curate   experiments.     The  varieties  of  this  curious 

genus  of  fbfTils  are  mountain  leather  or  cork;  moun- 
tain flax,  to  which  the  name  of  amianthus  is  particu- 

larly applied;  common  or  unripe  afbelios,  and  moun- 
tain wood.     Thefe  fubftances  alKconfift  nearly  of  the 

fame  Component  parts,  and  differ  chiefly  in  colour, 
iblidity,  or  in  the  form  and  diredion  of  their  fibres. 
Some  fpecimens  of  the  amianthus  are  fo  light  as  to 
float  in  water.     When  the  fibres  are  parallel,  it  is 

F  2  called 
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called   mountain    leather ;  when  twilled,    mountain 
cork. 

The  mountain  cork  or  leather  contains  in  the  hun- 

dred from  56  to  62  parts  of  filiceous  earth,  from  22 
to  26  of  mild  magncfia,  from  7  to  14  of  mild  calca- 

reous earth,  1.7  of  clay,  and  10.6  of  iron.  Thefc 
afford  a  white  flag  by  fufian.  The  fpecimens  which 

are  of  a  yellowiih  bro-ivn  colour  are  impure,  and  mcl: 
pretty  eafily  into  a  black  flag.  There  is  alio  a  fpe- 
cics  of  a  light  green  colour,  fomewhat  more  brittle, 
and  contaminated  with  iron.  This  lad  is  folublc  by 
heat  into  a  femitranfparent  glafs. 

1 
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Chap.    XII. 

PONDEROUS    EARTHS. 

Smytes  afcsrct  Mineral  \  faund  in  .fwo  States,^^^riflatum.-^Pon» 
derous  Spdr^^^CarwL^^Liver  Stone. 

BARYTES  is  found  in  two  ftates,  combined  eidicr 
with  the  carbonic  or  vitriolic  acids,     ill.  When 

united  with  the  former  acid,  it  refembles  alum,  but 
is  hard  and  ftriated,  as  if  compofed  of  radiating  fibres 
coming  from  a  center.     This  mineral  has  only  been 
found  native  in  a  lead  mine  at  Anglezark  in  Lanca- 
Ihirc.     It  is  fometimes  of  a  greenilh  colour  i   fome- 
times  jagged,  when  it  is  called  crijlatum^  from  its  re- 

fcmblance  to  a  cock's  comb.     Thcfe  prominences  are 
found  accreted  to  balls  of  the  fame  fubftance.     Later 

mveftigations  have  however  clafled  this  as  a  fulphat  of 
Barytes. 

2.  Ponderous  earth  is  more  frequently  united  with 
vitriolic  acid,  and  in  this  (late  it  is  found  in  all  the 
Derbyfhire  and  Cumberland  lead  mines,  and  in  feveral 
coal  pits  throughout  England.  Thefc  (tones  are 
found  of  various  appearances,  pale  yellow,  blackifli, 
^ith  coar(e  fcales,  or  with  fine  fparkling  (cales.  They 
3re  either  tranfparent  or  opake.  The  tranfparcnt 
Ponderous  spar  is  ufually  in  the  form  of  a  fix-fided 
^cry  flat  prifm,  ending  in  a  four-fided  pyramid ;  but, 
^t  all  other  cryftals,  liable  to  be  varied  by  the  cir- 
tumftances  attending  their  formation.  The  opake 
Specimens,  called  cawk  by  the  miners,  are  of  a  white, 
grey,  or  fawn-colour ;  frequently  of  no  regular  figure, 
but  often  in  the  peculiar  figure  of  a  number  of  fmall 

F  3  coavcx 
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convex  Icnfcs  united  together.  Thcfe  varieties  are 
all  remarkably  heavy>  in  general  exceeding  four  dnie$ 

the  weight  of  water,  and  by  this  circUmftance  the  pre- 
fence  of  barytes  may  commonly  be  dilcovered.  The 
ilones  compofed  of  vitriolic  acid  and  barytes  may  be 
known  by  their  fmelling  like  liver  of  fulphur  whcq 
rubbed.  From  this  property  they  are  called  la^  b^ 

faficus,  and  Uberfiein  (livcr-ftone)  bf  the  Germans. 
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Chap.    XIII. 

ARGILLACEOUS    EARTHS. 

Cetural  jfccoimt  of  Clays  or  ArgiU.^^Alum ;  its  Compofiti§nj»'^Na'' 
mral  Hifiory  of  Alum^^^Aiiim  of  this  Stdfiasui  em  other  Bodies^'^ 
Vfis  of  Alum  in  the  Arts^f-^Lac  Lyna, ̂ Porcelain  Clay^m-^Mannet 
of  making  different  Kinds  of  Pottery.''^Stone  Ware.'^^Tello'Wy  or 

Queen's  fTare.^^China.^^^Lithomarga.'-^^Terra  Lemma,*^Bole*^^ 
Zeolite, '•^Lapis  Lazuli. ̂ ^Trifoli^^^Brick  Clay,'^Slate, # 

TH  E  argil,  or  earth  of  clay,  is  one  of  thofe  fub- 
ftances  which  abound  mod  in  nature.  There 

are  immenfe  ft  rata  of  clays,  and  they  make  a  part  of 
every  rich  foil  The  idea  commonly  entertained  of 
clay,  is  that  of  a  natural  fubftance,  the  pureft  kinds  of 
wnich  are  firm,  and  have  a  fort  of  fatncfs  or  unftuofity, 

and  which  by  being  rubbed  by  the  finger  receive  a 
polifh.  When  dry,  they  imbibe  moillure,  fo  that 

when  applied  to  the  tongue  it  adheres  tto  them.  From 
their  attraftion  for  water,  they  are  always  found  moift 
wi  a  natural  ftate.  if  more  water  is  added,  they  form 

a  duftile  pafte,  which,  when  thoroughly  burnt  and 
dried,  becomes  hard,  ftony,  and  impenetrable  to  water. 
On  the  regular  contraftion  which  clay  undergoes  from 
Ac  application  of  different  degrees  of  heat,  depends 
the  conftruflion  of  a  thermometer  for  meafuring  in- 

tenfe  degrees  of  heat,  and  invejated  by  Mr.  Wedg- 
wood *. 

As  clays  when  wrought  togeth^sr  become  impene- 
^ble  to  water,  they  are  made  ufe  of  to  retain  water 
in  ponds,  &c.  This  is  the  reafon  that  when  cattle  are 

flowed  to  tread  a  clayey  foil  in  wet  weather,  the 

*  Sfx  vol.  1.  p.  uj, 

F  4  planta 
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planu  die  that  grew  there ;  for  the  clay  being  previ- 
oudy  mixed  with  the  water,  and  beino  then  compreflcij 
by  the  feet  of  the  catde,  the  ground  is  rendered  too 
tough  for  the  vegetables  to  fpring  up  through  ir^ 
efpecially  when  the  clay  thus  trodden  together  is  af- 

terwards dried  by  the  heat  of  the  fun.  Clays  differ 
much  in  confjftency.  Some  melt  in  the  moudi, 
others  are  gritty,  and  get  between  the  tectii.  They 
are  white,  blue,  greV)  red,  yellow,  or  black.  Some 
are  much  lefs  vifcid  than  others.  Some  rcfift  a  v^ry 
violent:  heat  without  undergoing  any  change;  but 
molt  of  them,  in  very  inlcnfe  hear,  melt  into  a  vitri- 

fied mafs.  Some  of  them  effervefce  with  acids,  others, 

not.  All  ihefe  varieties  have  but  one  fpecies  of  earth.  ; 
for  their  bafis,  and  are  nothing  more  than  mixtures  of 
pure  clay  with  heterogeneous  fubftances.  Thus  wc 
often  find  ftrata,  which  concaiti  a  Urge  mixture  of 
fandy  and  gritty  particles.  All  clays  which  are  landy, 
arc  fo  from  land,  or  calcareous  earth:  when  mixed 
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defcriptions  of  Pliiiy  are  ftill  more  difficult  to  be 
underftood,  as  he  had  not  fcen  the  fubftancc  which 
he  defcribes,  but  merely  tranfcribed  from  others.  The 
&Ainous  fait  which  is  now  called  alum,  was  fiift 
difcovercd  in  tjie  eaftern  countries,  but  when,  where, 
or  by  what  means,  is  unknown.  On  acpouiit  of  its 
limilar  aftringency,  and  its  ufc  in  the  arts  of  tanning 
and  dying,  the  new  fait  has  retained  the  old  name. 
Among  the  moft  early  works  for  tlie  preparation 

of  aium,  was  that  of  Roccho,  a  city  of  Lycia,  now 
called  Edeffa,  hence  the  appellation  Roch  alum  (now 

commonly  miftakcn  for  rock  alum).  In  the  neigh- 
bourhood of  Conftantinople,  and  other  parts  near 

Smyrna,  were  many  alum-works.  The  Italians  hirciJ 
and  made  ufe  of  tlitfc,  bu:  about  the  fifteenth  century 
introduced  the  art  inc.)  their  own  country. 

Bartholomew  Pcrdlx,  b'r  Pernix,  a  merchant  of 
Genoa,  who  had  often  been  at  Roccho,  difcovcred  the 
matrix  of  alum  in  the  ifl.ind  of  Ifchia,  about  the  year 
1459,  ̂ ""^  eftabHfhed  a  manufactory  th::rei  at  die 
fame  time  John  de  Cafiro  made  the  fame  difcoveiy 
at  Tolfa,  by  means  of  the  ilex  .iquifolium,  which  he 
had  alfo  obferved  to  grow  in  the  adjacent  mountains 
ofTurkey;  and  his  opinion  was  confirmed  by  the  tafle 
of  the  ftones,  The  attempts  of  tlie  Genoele  at  Viter- 
bium  and  Volaterre  fucceedcd  extremely  well ;  info- 
much  that  an  edift  of  Pope  Pius  II.  prohibited  the  ufe 
pf  oriental  alum. 

Manufaftories  were  eftablifhed  in  Spain,  Gcnnar.v, 
England,  Sweden,  &c.  in  the  courte  of  the  fixtecnth 
century. 

The  proportion  of  the  principles  may  be  afccrtained 
in  the  following  manner:  the  water  is  expelled  by  a 
gentle  heat;  the  remaining  mafs  grows  opake,  fwcih., 
foaiRs,  and  at  length  grows  quiet,  fpongy,  and  friable  ; 



74  Natural  llifiefy  of  Altim.        [Book  VI. 

llie  quantity  of  earthy  bafis  is  eafily  determined  by  pre- 
cipitation with  fixed  or  volatile  alkali. 

Mr.  Pott  firft  obferved  that  when  clay  is  mixed  with 
vitriolic  acii),  and  boiled  a  confiderable  time,  the  fo- 
iution  affoids  alum,  though  ht;  obtained  but  little  in 
this  way.  MargrafF  found  that  the  vitriolic  acid  dif- 
folves  one  half  or  more  of  the  purefl:  clay ;  from  the 
Iblution  he  obtained  much  alum,  but  always  found  it 
nccefiury  to  add  a  certain  portion  of  alkaline  fait  before 
the  alum  would  appear;  and  he  could  never  obtain 

it  without  adding  a  greater  quantity  of  vitriolic  acid  - 
than  was  ncccITary  to  compofe  the  alum.  The  other 
half,  which  did  not  difTolve,  he  concludes  to  be  a 
very  fine  faiid,  or  an  eaith  of  the  fiinty  kilid.  The 
fhortcft  way  is  to  add  a  fmall  quantity  of  fixed  or 
volatile  alkali  to  the  Iblution,  which  immediately  be- 

comes muddy,  the  alkali  attracting  fome  of  the  fuper- 

fluoiis  acid,  a  powder  precipitates,  confifting  of  the  cryl-  ' tals  of  alum. 
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down  into  a  powder^  emit  fulphureous  fumesj  and 
ibmetimes  take  fire.  Some  do  not  undergo  this  change 
merely  from  expofure  to  the  air,  but  muft  be  flrft 
burnt  and  wafhed,  and  then  expofed  to  the  air  a  good 
while  before  alum  can  be  obtained.  After  they  have 
been  crumbled  down  in  this  manner,  they  are  fteeped 
in  water ;  an  alkali  is  then  added^  and  the  alum  cryf* 
tallizes  and  fubfides. 

Thefc  ores  are  evidendy  natural  mixtures  of  clay 
and  fulphur.  By  expofure  to  air,  according  to  the 
old  fyftem  of  chcmiftry,  it  was  fuppofed  that  the  clay 
afted  on  the  fulphur  in  fuch  a  manner  as  to  make  ic 
part  with  its  phlogifton,  whence  they  explained  the 
produdKon  of  heat.  This  fad,  however,  is  now  much 
better  explained,  according  to  the  new  fyftem,  by  fup^ 
pofing  that  the  oxygenous  gas  of  the  atmofphere  is 
decompofcd  j  and  while  the  oxygen  is  abforbed  by  the 
fulphur  (with  which  it  forms  vitriolic  acid)  the  heat  is 
fct  at  liberty,  and  becomes  fenfible. 

After  a  proper  quantity  of  alkali  has  been  added 
to  the  Iblution,  it  is  cryftallizcd  in  the  common  man- 

ner, that  is  by  evaporation.  The  cryftals  are  at  firft 
tolerably  diftindt,  but  of  no  confidcrable  fize.  A 
great  quantity  of  them  being  heaped  together  until 
they  undergo  a  watery  fufion,  they  unite  into  a  mafs, 
which  is  called  roch  alum,  and  in  this  form  it  is  ex- 

pofed  to  fale. 
That  accurate  and  attentive  obferver,  Bifliop  Wat- 

fon,  in  his  Chemical  Effays,  relates,  that  being  one  day 

engaged,  in  evaporating  fomething  or  other  from  a 
faucer  made  of  Staffordfliire  yellow  ware,  he  was 
furprifed  to  fe^  a  vvhite  fubftance  bubbling  through  a 
crack  in  the  faucer  \  upon  tafting  it,  he  found  it  to  be 
a  fait,  and,  upon  further  examination,  difcovered  that 

it  was  a  perfed  *lum.     The  fire,  he  obfcrves,  was  a 

very 
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very  hot  one,  and  it  was  made,  of  coal  cinders  ;  the 
faiicer  was  placed  on  the  bar  of  the  grate,  and  the 
akiin,  he  conceivcsj  was  formed  from  the  fulphureous 

acid  of  the-  cinders  iiniring  itfelf  with  the  clay,  which 
enters  into  the  coinpofitidn  of  the  yellow  ware.  He 
wns  informed  th,it  the  vapour  which,  in  fome  places, 
cfcupes  from  the  coal-pits  which  are  on  fire  in  Staf- 
fordfliirc,  forms  an  alum  whenever  it  meets  wiih  an  ar- 
gilhccous  eanh,  Tiiis,  he  icmatks,  is  conffirmabk  to 
the  manner  of  nnking  alum  on  the  Solfatara,  near 
Naples,  wliete  tliey  place  Htde  heaps  of  argillaceous 
earths  or  Itones  over  tfTe  crevices  from  which  the  ful- 

phurcoLis  vapour  ifiucs,  in  oixlcr  that  thty  may  colleft 
a  greater  qu^inticy  of  alum. 

This  fait  co[itai:is  much  water,  hence  it  undet^a 
whac  cheniifts  c;i!l  tlie  watry  fufion ;   after  this  there 
remains  a  fubllaiicc  called  burnt  alum,  which  conrains  - 
the  earth  and  vitriolic  acid,  with  little  or  no  water; 
this,  if  the  heat  is  incrcafed,  does  not  melt,  nor  by  heat 
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and  this  efFeft  is  not  only  produced  by  the  fixed  and 
volatile  alkalies,  but  by  magnefia  and  calcareous  earth* 
Aluai  is  often  obtained  from  the  liquor  of  the  compound 
pf  iron  and  vitriolic  acid. 

The  earth  of  alum  will  combine  in  excels  to  the  fait 

when  already  formed.  M.  Bcaume  boiled  a  folution 

of  alum  with  the  earth  precipitated  from  another  por- 
tion of  alum,  by  means  of  fixed  alkali;  the  earth  was 

diflblved  with  cfFervefcence,  the  filtrated  folution  had 

no  longer  the  tafte  of  alum,  but  that  of  a  hard  water, 
did  not  redden  the  tindture  of  turnfole,  but  converted 

fyrup  of  violets  to  a  green.  By  fpontaneous  evapd- 
ration  it  afforded  cryftals,  fcaly  and  foft  to  the  touch 

like  mica;  M.  Beaume  compares  them  to  felenite.  * 
It  is  not  eafy  to  compofe  alum  by  adding  vitriolic 
acid  to  this  faturated  fair,  the  mixture  becoming  acid> 

but  not  ftyptic.  However,  after  fpontaneous  eva- 

poration for  three  months,  the  folution  afforded  cryl'- 
tak  of  alum  mixed  with  fome  micaceous  fcales, 
fimilar  to  thofe  afibrded  by  alum  faturated  with  its 
earth. 

Alum,  heated  with  combuftible  matters,  forms  a 

fubftance  which  takes  fire  on  expofure  to  air,  and  is 
called  the  pyrophorus  of  Homberg.  This  chemifl:, 
who  publiflied  an  account  of  the  pyrophorus,  in  the 
year  17 1 1,  made  experiments  on  human  excrement, 
for  the  purpofe  of  obtaining  a  colourlefs  oil  poflefling 
the  property  of  fixing  mercury  into  fine  filvcr :  the 
inquiry  produced  many  difcoveriesj  the  refidue  of 
this  animal  fubftance,  diftilled  with  alum,  took  fire  on 

expofure  to  the  air.  Homberg  repeated  this  experi- 
nient  a  number  of  times,  and  always  with  fuccefs. 
Lemery  the  younger,  in  the  years  17 14  and  17 15, 
publiflied  two  memoirs,  in  which  he  affirms,  that 

pyrophorus  may  be  made  with  a  great  number  of 

vegetable 
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vegetable  and  animal  fubftances  heated  wich  alum. 

But  he  did  not  fuccecd  in  his  attempts  to  form  it 
with  ibmc  other  vitriolic  falts.  Tliefc  two  chemifts, 

who  fiippofed  alum  to  be  a  combination  of  the  vitrio- 

lic acid  and  calcareous  earth,  imagined  that  the  latter  ' 
being  converted  into  lime  actrafled  the  humidity  of 
the  air,  and  produced  a  degree  of  heat  fufficient  to  fet 
fire  to  the  fulphur  formed  by  the  vitriolic  acid  and  in- 

flammable fubftances*  I 

Alum  is  one  of  the  moft  ufeful  falls  in  the  arts.     It  'J 
IS  added  to  tiillow  to  make  candles  hard.     Wood  (uffi-    I 

ciently  foaked  in  alum  does  not  eafily  take  fire:  the    ' 
farae  is  true  of  paper  impregnated  with  it,  which  (of 

'that  reafon  is  very  proper  to  keep  gun-powder,  as  it    i 
al(b  excludes  the  muiflure  of  the  air.     This  paper  is 

alfo  ufei'ul  in  -whircning  frfver,  and  in  filvering  brafi without  heat.     Alum  is  ufeful  added  to  milk  which  5 

does  not  eafily  fcparate  its  butter.  1 
It  is  particularly  uftful  in  dying,  id  preparing  the 
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and  contains  a  very  fmall  proportion  of  calcareous 
earth,  and  Ibmetimes  of  gypfum.  It  is  generally 
found  in  fmall  cakes  of  the  hardnefi  of  chnlk>  iike 

which  it  marks  wliite.  Itc;  colour  is  friow  v.iiice,  and 

when  examinc*d  by  the  niicrofcope  it  is  found  to  con^ 
fut  of  fmall  tranf]^arent  cryitals.  It  efFcrvcfces  with 
acids. 

11.  Porcelain  clay,  argilla  apyra,  the  kaolin  o( 
die  Chinefe.     This  is  very  refraftory,  and  is  with 

great  difficulty  brought  into  perfeft  fufion.     After  ic 
has  been  fubmitted  to  the  aftion  of  heat,  it  is  of  a  folid 
tcxtufe,  and  is  fo  hard  as  to  ftrike  fire  v/ith  ftecl.     It 

is  found  of  an  excellent  qu'ilitv  in  Japan,  and  likewife 
in  different  parts  of  .Kuro^.c.   In  Sweden  it  is  met  with 
in  coal-pits,  between  the  ftrata  of  coal.     Common 
pipe-clay   belongs  to  this  divifion,  and  differs  from 
porcelain  clay  only  in  being  lefs  pure,  which  prevents 
its  burning  to  a  good  colour. 
The  eflential  ingredient  in  all  kinds  of  pottery  is 

clay  or  argillaceous  earth,  becaufe  thefe  earths  are  ca- 
pable of  being  kneaded,  and  cafily  receiving  any  form^ 

and  of  acquiring  much  folidity  and  hardnefs  by  ex- 
pofure  to  fire.  Pottery  is,  in  general,  covered  with  a 
glazing,  or  is  made  to  undergo  a  vitrification  at  the 

furfece,  without  which"  it  would  be  pervious  to  fluids. 
Ordinary  pottery  is  glazed  with-glafs  of  lead  mixed  with 
metallic  calces,  or  with  fufible  metallic  earths.  A 

fine  kind  of  pottery  is  made  of  white  clays,  or  fuch  as 
whiten  in  the  fire;  the  furface  of  which  is  vitrified  by 
Growing  into  the  furnace,  when  the  ware  is  fufficiently 
baked,  fome  common  fait  and  faltpetre.  The  Eng- 
t(h  flone  ware  is  compofed  of  tobacco-pipe-clay  and 
pound  flints.  The  ufe  of  the  flints  is  to  give  ftrength 
to  die  ware,  fo  that  it  may  prcferve  its  form  during 
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xhe  baking.  In  making  this  itone-warc  great  pains 
are  taken  ro  employ  only  the  finer  parricles  of  the  clay 
and  flini.  With  this  view  the  clay  is  much  beaten  in 
water,  by  which  the  liner  parts  being  mixed  with  the 
fluid  are  fufpended,  while  the  coarier  fink  to  the  bot- 

tom of"  the  veffcl.  The  thick  liquid,  confiding  of 
water  and  the  finer  particks  of  the  clay,  is  farther  pu- 
riiied  by  pafiing  it  through  hair  and  laWn  fieves  of  dif- 
fcrent  dcj^rces  of  fincnefs.  After  this  the  liquid  is 
mixed,  in  various  proportions  fur  different  wares,  with 
another  Iiquor,»of  about  the  fame  denfity,  and  confift- 
ing  of  flints  calcincdj  ground,  and  fufpended  inwateK 
The  mixture  is  then  drit!d  in  a  kiln,  and  afterwards.. 
being  beaten  to  a  proper  temper,  it  becomes  fie  for 
being  formed  at  the  wheel  into  dilhcs,  plates,  bowlj^ 
&c.  When  the  ware  has  been  expofed  to  heat  for 

about  fcrty -eight  hours,  it  is  glazed  by  means  of  com- 
mon fait.  This  is  thrown  into  the  furnace  through 

*  converted  i 
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wards  expofcd  a  fecond  time  to  the  fire,  by  which 
means  the  glaze  it  has  imbibed  is  meked,  and  a  thin 

glafiy  coat  is  formed  upon  its  furface,  which  is  more 

6r  lefs  yellow,  according  as  a  greater  or  lefs  propor- 
tion of  lead  has  been  ufed. 

Porcelain,    or    china,    is    a    femivitrificd   earthen 
ware  of  an   intermediate   nature   between   common 

■ 

ivarts  and  glafs.     The  firft  fpecimens  of  this  beau- 
tiful  manufadlure  came  from  China  and  Japan.     Chi-^ 
nefc  porcelain  is  faid  to  be  compofcd  of  two  ingre- 

dients, one  of  which  is  a  hard  done  or  rock  called 

feiunt/e,   which  they  carefully  grind  to  a  very  fine 
|)owder;    and  the   other,  called   by  them   kaolin,  is 
a  white  earthy  fubftance,  which  they  mix  intimately 
Wth  the  ground  petuntfe.     Reaumur  examined  both 
thcfe  matters ;  and  having  expofed  them  feparately 
to  a  violent  fire,   he  difcovered    that   the    petuntfe 
had  fufcd  without  addition,  but  that  the  kaolin  had 

given  no  fign  of  fufibility ;  from  which  it  appeared  ' 
that  the  foi"mer  was  of  a  flinty  nature,  and  the  latter 
argillaceous.     He  afterwards  mixed  thefe  matters,  and 
formed  cakes  of  them,  which,  by  being  baked,  were 
converted  into   porcelain   fimilar  to  that   of  China. 
Macquer  thinks  that   the   firft:   European  porcelains 
were  made  in  Saxony  and  in  France;  and  afterwards  in 
England,  Germany,  and  Italy.     Manufaftories  have 
fince  been  eftabliflied  in  almoft  all  the  countries  of 

Europe,  in  many  of  which  porcelain  is  made  very  little 
if  at  all  inferior  to  the  Chincfe. 

III.   Lithomarga,  or  stone-marrow,  when  dry, 
fech  as  flippery  as  foap,  but  is  not  wholly  difmfible  in 
water.     When  mixed  with  water,  it  falls  in  pieces, 
fo  as  to  affumc  the  appearance  of  curds.     In  the  fire 
it  melts  into  a  frothy  (lag.     In  the  mafs  it  breaks  into 

Vol,  II.  G  irregular 
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irregular  fcaiy  pieces.  This  is  the  fiilltfr's  earih  ufcd 
in  the  dreffing  of  Cloths,  To  this  fpecies  alio  belong 
the  terra  lemnia;  thi^  is  of  a  brownifh  colour  aad 
fhining  texture,  am!  idUs  to  pieces  ip  water  with  4 
crackiiriT  noilV.  The  terra  lemnia  is  fo  called  from 

the  ifland  of  Lemiios,  now  Statimanc,  in  the  iEgean' 
fea,  whence  it  is  procured.  It  &  likcwifc  called  tl 
Turkifh  earth,  on  account  of  its  being  impreffed  wit 
tlie  feal  of  the  grand  fignior. 

'any 

itUl 

IV".  Bole  is  a  fioe  and  denfe  clay  of  varioas  coIeurK 
contiiiniiig  a  large  quantity  of  irorjj  It  is  not  eafily 
(bfrened  in  water  when  indurated,  as  the  porcelain  and 
common  clays,  but  eiclier  falls  to  pieces  in  the  forai  ojf 
fine  grains,  or  repels  the  water,  and  cannot  be  m^dll 

di-ictilt;.  In  the  fire  it  grows  black,  and  is  then  a&«] 
tractcd  by  the  loadllone.  The  loft  boles  are  of  ̂f^^if, 
rious  colours,  as  red,  yellow,  green,  grey,  and  blueilfe  | 
grey.  The  red  kind  is  that  ufed  in  medicine,  qnder 
the  name  cf  Armcniiin  bole;  an  indurated    kind  of 
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V-  Zeolite  is  in  general  of  a  cryftalline  jfornpi,  com- 

pofed  of  imperfeft  pyramids  turned  cowards  a  com- 
mon center.     Their  form  is  fometimes  globular,  but 

ieklom  prifmatic.     The  lapis  lazuli  belongs  to  the 
zeolites.     Thefc  foffils  are  harder  than  fluors,  but  may 

be  fcntched.  by  ftcel.     The  filiceous  earth  predomi* 
nate^  much  in  chem.     The  lapis  lazuli  contains  ftlver 
and  iron,  which  gives  the  blue  colour.     Zeolite  melts 

jp^-yir  with  ebullition  into  a  white  frothy  dig,  which  in 
the  moment  of  fufion  affords  a  phofphoric  light.     The 
lapis  lazuli  firft  becomes  brown  wlien  melted,  and  then 

'  produces  a-clear  glafs  with  blue,  clouds.     By  fcorifi- 
cation  with  lead,  one  hundred  weight  of  it  has  afforded 
two  ounces  of  filler. 

VI.  Tripoli  feems  to  be  of  a  volcanic  origin.  It 

is  an  earth  confifting  of  very  fine  particles,  aixl  is 

known  by  its  quality  of  rubbing  or  wearing  hard  bo- 
dies, which  gives  them  a  polilh.  Other  fine  clays, 

however,  have  the  fame  property  when  a  little  burnt. 
The  tripoli  grows  fbmewhat  harder  in  the  fire,  and  is 
ftifed  with  great  difficulty.  When  crude  it  imbibes 
water,  but  is  not  foluble  in  it.  It  taftes  like  chalk, 

and  is  roi-'gh  or  fandy  between  the  teeth,  though  no 
|and  can  be  fepairated  from  it.  That  which  has  been 
juft  defcribed  is  of  a  yollow  colour,  and  is  fold  by 

dniggifts.  This  kind  of  tripoli  has  been  lately  dif- 
covered  in  Scotland.  Another  variety,  called  the 

rotten-ftone,  is  found  in  Derbyfliire.  It  is  in  common 

ufe  in  England  for  all  forts  of  finer  grinding  and  po- 

liiliing,  and  is  alfo  fometimes  ufed  by  lapidaries  for  cut* 
r//)g  of  flones. 

VII.  Common  or  brick  clay,  is  found  of  various 

colours,  as  red,  pale  red,  grey,  and  blue.     It  acquires 
G  2  ^li:^ 
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a  red  colour,  more  or  lefs  deep,  in  the  fire,  and  melo 
pretty  eafily  into  a  greenifh  glafs.  It  confifts  of  x 
mixture  of  pure  clay,  ftliceous  and  mattiiU  (or  iron) 
earths,  containing  alfo  a  fmall  quantity  of  vitriolic  acid. 
The  clay  is  alfo  found  mi^ed  with  calcareous  earth, 

■when  it  conftitutes  tnark.  It  is  alfo  ibiind  in  on  in- 
durated ftate,  either  pure  or  mixed  with  inflammable  , 

fubftances,  and  vitriolic  acid,  in  which  cafe  it  forms  the^ 
oresofalum.  , 

VIII.  Argillaceous  fofiile  {tones,  to  which  the  de- 
nomination of  scHiSTi  properly  belongs.     The  moft    i 

remarkable  ftones  comprehended  under  this  divifjon 
are  the  blueifh  purple  fchiftus,  or  common  roof  Hace} 
the  dark  blue  fchiflus,  or  writing  flate ;  the  pyritaccous 

fchiftus i  the  bituminous  fchiftus;  the  argillaceous  grit,  ' 
which  is  alfo  called  fand-ftone,  and  free-ftoncj  th*  i 
killas;  the  flag-ftone,  and  the  toad-ftone. 

The  method  of  fplittlng  the  fiaie,  ufcd   for 
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Chap.    XIV. 
V 

SILICEOUS    EARTHS. 

Ctittral  Arrangement  of  Flinty  Subfiances.^'^ems^^^Diamond.^'^^Ruhj^ 

t—  ̂appbire^'^  Topax."-^  Emerald *\ —  Hyadnib.^^Amethyfi,-^  Garnet^ 
^r^Tourmalin^^^OpaL^^Compofition  and  Prcperties  of  precious  Stones, 
'T'^artz^'-^Rock  Cryflals. -^"Pebbles, '•^^Flinti^'^Lapis  hiephrtticus, 

^i^at^-e 'Eye ̂ -^^Hydrophanes, ■'^Explanation  of  the  Phenomena  of  the 
Utdrophanous  Stone, ̂ ^Moon-S tone*-'-  Chalcedony, '^■^  Onyx,'^^Came^ 
Utn,^"  Sardonyx,"^  Agate,^^  Common  Flint,  ̂ '^Chert,^^  Sand  and 
QraveL'^T^yafper.'^Feldt  Spar.'^^Lzbrador  Stone,'-- Schirl  and 

WhetftonM,'—  Art  of  making  Glafs, —  Prince  Rupert's  Drop  and 
fhilofophical  Phial,^»Curiotis  Phenomeston^ 

• 

THE  finceous  earths  are  chiefly  dlllinguifhcd  by 
their  hardnefs,  by  which  they  ftrike  fire  with 

ftccl,  and  their  property  of  forming  good  glafs  with 
^ali.  They  may  be  divided  into,  i.  Gems,  or 

precious  ftonesj  2,  Quartz;  3,  Flints i  4,  Jalpersj 
5j  Feldt  Ipars, 

I.  Gems. — The  diamond  is  the  hardeft  of  all  bo- 

dies, and  the  moft  valuable  of  all  the  gems ;  it  is 
however  not  an  earthy  but  an  inflammable  fubftance, 

and  therefore  will  be  folly  treated  of  under  that  head  *. 
It  is  mentioned  on  the  prefenc  occafion  only,  tKat  thp 
catalogue  of  gems  may  not  appear  incomplete. 

1.  The  ruby  has  been  confounded  with  the  dia- 
trond,  on  account  of  its  hardnefs  and  luftre,  but  fome 
hit  experiments  fliew  that  it  is  eflentially  dificrentt 
According  to  Cronftadt,  there  are  four  principal  kinds 

of  rubies :— i.  The  luby  of  a  deep  colour  incUniiig  to 

f  See  Chap.  44* 
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purple.  2,  The  fpinell  ruby,  of  a  ponceau  red,  that  is, 
ofa  bright  corn-poppy-flower  colour.  3.  The  balaft- 
ruby,  pale  red  inclining  to  violet.  4.  The  rubicell, 
of  a  rcddiih-colour. 

3.  The  fapphirc  is  tranfparent,  and  ofa  blue  colour, 
and  is.faid  to  be  next  to  the  diamond  in  hardnefs.  They 
arc  fometimes  ofa  milky  appearance. 

4-  The  topaz  is  chiefly  of  different  fhades  of  yellow,    | 

but  is  fomettrnc-s  grccnifli.     When  ofa  fea-green  co-  1 
lour  it  is  called  aqua-marinc;  when  more  green,  the 
beryl  j  when  yclloA'ifh  green,  the  chryfolitc.  I 

5.  Emerald,  the  chief  colour  ofwhich  is  green,  is  Ac 
ibftcft  of  the  precious  (tones,  and  when  heated  is  ph^  i 
phorcfcent  like  the  fluon. 

6.  The  jacinth  or  hyacinth,  is  of  a  fine  rcddith  j 
low  colour,  and  fometinnes  brown  i  rhcfc  gems  are 
fcmied  in  prifms,  pointed  at  both  ends. 

7.  The  amcrliyft  is  a  gem  of  a  violet  colour,  or  \ 
iliancv, 
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right-fided  pyrami-i,  terminating  by  four  faces  on  each 
end.  In  general  their  luftre  is  lefs  than  that  of  other 
gems>  as  well  as  tlicir  hardnefs,  which  yields  to  the 
file,  though  they  fortietimcs  Arike  fire  with  fteei,  Theit 
colour  proceeds  from  the  ir6n  which  they  contain  j 
and,  according  to  M.  de  SauRure,  even  the  fined  ori- 

ental garnets  attract  the  magnetic  needle  at  a  fitiall 
diftahcc.  The  Syrian  garnet  is  the  fined:,  and  moft 

cftcemed:  it  is  of  a  fine  red,  inclining  to  a  purple  co- 
lour, very  diaphanous,  but  lefs  brilliant  tlian  the  oriental 

amcchyft. 
9.  The  tourmalin  has  lately  been  brought  much 

into  notice  by  its  remarkable  property  of  becorfiing 
•  dcftrical,  in  confcquence  of  the  fiinple  application  of 
heat.  If  it  i^  imLnerfed  in  hot  water,  in  which  proccfs 

no  frii5bion  can  be  fuppofcd  to  happtrn,  after  it  is  re- 
moved it  gives  figni  of  contrary  cleiftricity  at  the  two 

oppofitL-  ends  of  its  prifmatic  form. 
The  oriental  tourmalins  are  found  in  the  ifland  of 

Ceylon :  they  are  tranfparent,  of  a  dark  brown  yellow. 
From  liralil  chey  are  for  the  moft  part  green ;  but 
thcreare  alfo  foiiie  red,  blue,  and  yellow.  From  Tyrol 
tlicjr  are  obtained  of  fo  dark  a  green,  as  to  appear 
opake.  They  are  alfo  found  in  di;:  mountains  of  Old 
Callilc  in  Spain. 

JO.  Th,'  opal  is  a  moft  beautiful  ftone,  from  the 
diingeabie  appearance  of  its  colours  by  rtfraftion 
and  reflection.  There  are  twokipds;  one  of  wHich, 

the  opal  of  Nonnius,  appears  olive-coloured  by  reflcc- 
timt,  and  then  appears  to  be  opake  ;  but  when  held 
ipinft  the  light,  it  is  found  to  be  tranfparent,  and  then 
appears  of  a  fine  red  colour.  The  white  opal,  of  a 
glafs-like  complexion,  throws  out  green,  yellow, purple, 
and  blueilh  raya  j  but  it  is  of  a  reddifti,  or  rather  flume- 
coloiir,  when  held  againft  (he  light. 

G4  T\«. 
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The  precious  ftones  are  chiefly  cornpofed  of  the 
argillaceous  and  filiceous  earths;  of  which  the  former 
predominates.  Some  diamonds  alfo  are  thought  tp 
contain  a  portion  of  earth,  but  thefc  cannot  properly 
be  accounted  dianiondi. 

On  diflblving  the  very  fubrile  powder  of  the  gems 
in  a  double  weight  of  vitriolic  acid  highly  conccn- 
Iratedj  the  rcfiduumj  after  evaporation,  being  wafbed 

■with  warm  water,  yields  a  metallic  colouring  fubftaiice,  1 1 
and  a  f  nail  portion  of  lime.     The  iVietallic  part,  pre-    ' 
cipiiared  by  what  was  in  the  old  chemical  nomenclature 
called  a  phlogiilicaced  alkaline  lixivium,  yields  abeau-^ 
tiful  PrulFian  blue  ;  hence  we  conclude  that  the  rt4 
colour  of  the  ruby,  as  well  as  the  blue  of  the  fapphire, 
the  yellow  of  the  topaz,  the  tawny  of  the  hjacinthj 
and  the  gicen  of  ijje  emerald,  are  to  b«  attributed  Xlt  - 

iron*.  '-^ 
Bergman  obtained  by  analyfis,  from  one  hun(fre(f  ' 

parts  of  the  following  precious  ftones  : 
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tcnfe  fire ;  yet  we  know  that  the  ruby  has  been  foP^ 

tcned  in  the  focus  of  a  biirninf;  mirror  *• 
Thcfc  ftones  all  aflumc  different  forms  of  cryftallU 

zation,  and  as  this  afFedVs  the  arrangement  of  their 
minute  parts,  it  doubtlefs  is  not  without  efFeft  on  their 

external  appearance.  Their  value  depends  on  their 
hardnefs  and  tranfparency.  The  degrees  of  hardneta 

ate — I,  diamond;  2,  ruby;  3,  fapphicc;  4,  top^zi 
5,  hyacinth  5  6,  emerald. 

The  garnet  differs  from  all  the  above,  in  the  (^« 
ficeous  earth  being  more  prevalent  than  ̂ e  argilla- 

ceous. V 

II.  Qaurtz  has  lefs  tranfparency  and  bardnefi 
than  the  precious  ftones.  The  frafture  of  quartzofe 

Ifones  is  yicreou?^,  or  like  glafs,  and  they  ftrike  fire 
with  fleel.  Heat  caufes  them  to  lofe  their  hardnefs 

and  tranfparency,  and  reduces  tlicm  to  a  white  opake 
earth.  They  are  generally  cracked  thioughout,  and 
l>reak  irrcguhiny,  and  into  Iharp  fra^nients.  Melted 
Wh  alkali  thty  give  a  more  folid  an  1  fixed  glafs  than 
any  others  of  the  filiceou3  order.  When  there  is  no 

jnterrupcion  to  their  natural  accretion,  their  fubftancc 

always  cryftallizes  into  hexagonal  prifms,  pointed  ac 
one  or  both  ends.  Thcfe  occur  in  clefts,  fiflurcs,  and 

fmall  veins  in  rocks.  Quartzofe  ftones  very  often 
fontain  metals. 

No  very  remarkable  ftones  belong  to  this  genus. 
The  varieties  arc  Fat  quartz,  which  is  very  glofTy ;  it 
b  either  colcurlefi),  or  is  tinged  with  white,  blue,  or 

vioiet  Dry  quartz,  tranfparcnr,  white,  or  pule  green, 
Sparry  quartz,  pale  yellow,  or  pale  blue.  Cryftal- 
lized  quartz  is  either  opake  or  traniparent :  the  tranlj)a* 

•  Clicniical  Efla/r,  .D:iT,  15. 

rcn? 
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rent  and  dark-brown  kind  is  ralJcd  fir.oky-Pppaz;  the 
yellow,  bluC)  grecrn,  aiul  red,  fiilfc  gems;  and  the  co- 

loiirlcf^,  rock  cryftals;  wlit-n  milky,  milk  cryftak,  and 
pebbles.  Qiiartz  is  alio  found  combined  with  iron 

and  copper  -,  with  the  forftier  it  conftitutes  a  black; 
Calx,  with  (he  latter  a  red  calx. 

til.  I'lixts  are  more  uniformly  foiid,  and  not  fa 
nil!.'  h  cracked  in  the  niifs,  as  quartz  ;  and  are  more » 
Iflflkicid  th;!ri  jnfptr.  Tliey  are  better  for  making 
plafs  tlurt  the  jalpcrj  biit  not  fo  good  as  quartz,  and 

ii.'cm  in  moft  refpcils  to  be  of  an  intermediate  rtatrfre 
between  iliirfc  ftonus.  Flint  often  fliews  evident  marfcs 

o^  having  been  in  a  fofc  and  tough  ftate,  like  glifc  or . ' 
jelly.  *  • 

The  fevcral  varieties  of  flints  have  obtained  moR 

tiiftinft  names,  from  the  variety  of  their  colours,  than 
i/om  any  real  difference  in  their  fubftance  j  but  thtfe 

ftiH  proper  to  be  retained,   as  the   orily  names 
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colour,'  arc  the  vulgar  lapis  nephriticus ;  which  name 
ihey  have  obtained,  from  a  fuppofed  property  of  cur- 

ing nephritic  pains,  when  applied  externally  to  the 
loins.  Their  femipellucid  appearance,  hardnefs,  an4 

Ipecific  gravity,  are  characters  by  which  the  hpis  neph-» 
riticus  may  be  diftinguiflied  froiri  other  ftoncs. 

a.  The  cat's  eye  is  a  very  fcarce  ftone.  It  is 
opake,  and  reflefts  green  and  yellow  rays,  in  a  man- 
Bcr  foiriewhat  fimilar  to  the  eye  of  the  animal  from 
which  its  name  is  derived.     It  is  found  in  Siberia. 

3.  The  hydrophanes,  or  oculus  mundi.  The  cha- 
rafter  which  diftinguifhes  this  from  all  other  (tones  is 

ks  property  of  becoming  tranlparent  in  confcquence 
of  being  immerfed  in  water.  This  happens  from  its 

imbibing  that  fluid,  as  it  becomes  again  opakc  by  being 
dried. 

This  circumftance  may  be  illuftrated  by  a  compari- 
fon  with  fome  other  natural  phenomena.  The  appear- 

ance of  clouds  ferves  to  fhcw  that  particles  ofwater, 

copioufly  mixed  with  thofe  of  air,  prevent  the  tranf- 
miflion  of  lif^ht,  and  render  the  mafs  more  or  lefs 

opake,  although  the  particles  of  each,  feparately  taken, 
arc  pellucid.  The  caufe  of  this  is  to  be  fought  for  in 
the  difference  of  the  refrafting  power ;  for,  by  niep^ns 
ofthat,  the  ravs  are  turned  from  their  oripinal  courfe 

at  every  particle,  a  cifcumftancc  which  is  very  inju- 
rious to  tranfparency.  A  common  experiment  will 

ftill  more  clearly  elucidate  this  point.  The  moft 

tranfparent  glafs,  v/hen  reduced  to  powder,  becomes 

opake,  bccaufe  ihe  air  which  now  occupies  the  inter- 
flices  reflects  the  liglit  much  more  coj^ioufly  than  the 
particles  of  glafs.  But  upon  pouring  on  water,  which 

difplaccs  the  air,  and  which  di&rs  kfs  from  the  glafi 

in  its  refracting  power,  a  certain  degree  of  tranfpa- 

iciiry  is  rcilcrcd.     On  this  principle  depends  the  na- 
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ture  of  the  hydrophanous  (lone,  whidi  js  opakc  when 

(jry,  but  gradually  acquires  trerifparcnc)'  by  lying  id- 

water.  'I'his  ftonc  agrets  nearly  in  fpcdfic  gravity  ' with  water,  ut  lead  is  no:  more  difbanc  from  it  than 

glafs.  Its  particles  arc  tranfparent,  but  it  is  uniformly 

pctftirated  by  invifible  feramiiia,  fo  that  tlie  air  aiyl 

waitT  arc  admitted,  but  not  readily.  When  dry, 

therefore,  rn  accounr  of  the  great  difference  of  tfie  me- 

tiiutr.s  bctwc-n  the  particles  of  the  ftone  and  thole  of' 
the  air,  it  is  opalcci  but  when  the  water  is  gradually 

ijpbibed,  it  grows  by  degrees  pellucid,  beginning  at  the 

ijjrface,  and  proceeding  towards  the  center.  That 

the  hydrcphanes  abforbs  moifture  and  emits  air, 

which  is  a  fluid  of  much  lefs  denfity,  appears  from 

the  weight  it  acquires,  and  the  fmall  bubbles  whidi 

cover  its  furfjcc  during  the  time  it  is  acquiring  tti 

Vafifparcncy. 

4.  Moon-ftone,  or  rainbow-ftone,  refle<5ts  light  of 
car!  and  carnation  colours,     lis  frafture  is  foliated, 
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carnclion,  fomedmes  diipofcd  in  ftratai  and  fometimcs 
confufedly  blended  and  mixed  together.  Its  colours 
arc  therefore  a  mixture  of  white  and  red,  fomct:mes  in 

ftripcs,  fometimcs  irregularly  notched. 

9.  Agate.  This  name  is  given  to  flints  that  arc  va- 
lidated with  different  colours  promifcuouny  blended 

tc^ether,  and  they  are  eftecincd  in  proportion  to  the 
mixture  and  perfeiHon  of  their  colours. 

10.  Comrifion  flint  or  pebble,  is  in  reality  of  the 
fmie  nature  with  agate,  bur  wimting  the  bcauiifiil  ;tnd 
various  colours  of  the  fubflances  that  bear  that  naini;. 

Chalk  and  white  iime-ftonc  are  iifuaHy  the  matrices  of 
flints,  in  which  they  arc  imbedded  in  the  fiirm  of  no- 

dules, confifting  of  nuclei  involved  in  a  cruft. 
n.  Chert  is  jefs  hard  and  traiifparent  than  tlic  com- 

mon flint.  It  is  not  in  general  found  in  i  ofcand  fingle 
irregular  nodules,  bur  forms  veins  in  rocks.  Cherts 

arc  found  of  a  flefh  colour,  wjiire,  fa'e  yclbv/,  anJ 
greenifli,  and  fcem  to  he  of  m  iiiLernicdiLir'j  i:,a:up: 
between  the  flints  and  jiilpLTs. 

Sand  and  gravel  may  be  conOJcred  as  fliiity  matters, 
torn  away  from  the  rocks  in  which  they  oiij^iniilly  o;;- 

ifted)  and  afterwards  worn  and  fmoothed  by  tliL-  uctr: . 
lion  occafioncd  by  the  motion  of  water.  Sa!:,!  ar.  i 
gravel,  however,  confift  of  all  the  variety  of  ilonv  r.vM- 

ttrs  which  exitted  in  the  ini'fics  \';cnw  v.iiich  they  pr«  - 
Cttdid,  and  are  iherefort:  fuu.id  ui' munv  u'.ilvren':  co- 
Jours  and  properucs. 

IV.  The  name  of  jAiiPc^s  is  nivcr.  to  ii'l  the  oni^'j 
miceous  (tones.,  which  in  thtir  te>:rurc  nlln-blc  diiei! 

flay.  The  principal  eircumilr.nce,  bcr:di-.s  thitir  rj;- 
pearance,  which  diftingui!!:e:.  then.i  from  ;tie  otii  :■ 

fiiiccous  orders,  is  their  mow  i.-i!":]\-  nifitin;!;  in  i,l:i 
fire.    They  in  genera!  contain  \iv-:l\\  \r-y.:.     'i\\:\-  ar^' 
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¥eiy  hard,  and  admit  a  good  polifh  j  and  they  arc 
variegated  with  different  colours.     1  hey  are  feldom 
ranged  in   ftrats,  but  form  confiderablc  mafles  antj    i 
veins  in  rocks.     They  are  alfo  found  in  fmall  round    i 

msfics.     The  principal  fpecies  of  jafpcrs  are  the  fol- 
lowing— the  white,  grey,  yellow,  red,  brownj  greeny    j 

veined,  fporced,  fioivercd,  and  green,  with  red  points^ 

br  blood-ftone.     Toys,  and  more  efpecially  cups  and    ■ 
faucers,  are  made  of  jafpcr.     Many  antiqufe  fculp-    ' 
tures  are  on  ftones  of  this  nature. 

V.    The  moft  common   kind  of  feldt-spar  is    , 
formed  of  rhombic  laminx,  and  has  therefore  obtained 
the  name  of  rhombic  quartz.     It  gives  fire  with  flceJj 
whence  it  h^s  been  called  fpachiun  fcintiHans,     It  is 
harder  than  tht:  fchifti,  and  is  fufible.     It  is  found  iri   , 
loofc  mafTcE,  two  inches  long,  or  mixed  with  fand,   \ 
clay,  Sec.  or  bedded  in  granite.     It  is  ufcd  in  makii^    I 
china  at  Drcfden,     Its  colours  are  white,  red,  brown^    , 
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earthy  fubflancfs,  of  wiiicii  [he  flir.ty  earth  is  the  bcO, 
and  for  that  rcafon  is  called  vitrifKible.     But  as  earths 

cannot  eafily  be  fiifed  without  mixture,  it  is  neceiEiry 
to  add  certain    fubftances  which  may  promote  the 

vitrification.     In  the  making  of  ordinary  gl.-.fs,  two 
parts  of  fand,  or  other  filiceous  matter,  arc  mixed  with 

about  one  of  fixed  alkali.     If  tl-.e  glafs  is  not  recjiiired 
to  be  tranfpartnt,  impure  alkali,  not  freed  from  the 
iflies,  is  employed ;  but  In  making  the  finer  and  mofl: 
tranfparent  kinds  of  glafs,  care  is  t?ktn  to  purify  both 

the  earth  and  the  alkali.     One  of  the  chief  points  to" 
bt  trf)ferved  In  the  m.iking  of  glafs  is  to  heat  the.  mix- 

ture gradually,  fo  that  the  etaltic  fluids  may  efcape 
btfore  the  materials  cohere,  as  the  Infircdicnts  sre 
othcfwifi;  apt  to  be  fo  fwtlled  by  the  difrngagement 
of  air  as  to  be  loil  by  flowing  over  the  (ides  of  thi^ 

velTci  in  which  they  are  heated.     In  order  to  prevc-n; 
this,  due  proportions  of  fand  and  alkali  are  mixed  to- 
gcclicr,  and   expoled,  diirinj;  a  coni!.!(;r.ib[e  time,  to 
a  red  heat,  not  intcnfi;  CiK;;i;;ii  ro  melt  them.     By 
this  calcination  the  inflammi-ble  matter?,  w!iic!i  would 

liMe  impaired  the  cobur  of  tlie  g'als,  arc  coiiilimrd, 
»ad  the  air  expelled.     This  Sift  mixture  of  the  ma^j- 
rials  of  glafs,  after  being  treatfd  In  this  marr.er,  is 
Blied  the/r/V/. 
The  due  degree  of  heat  is  an  cfTcntiai  point  ir. 

nuking  of  glafs:  it  ought  not  only  to  be  very  flroiij. 
but  alfo  maintained  durin|7;  a  long  time.  In  grcuc 
niinufaftories  the  glafs  is  kept  ftilcd  dmiiii;  ten  or 
iwelvc  hours  before  it  is  taken  out  of  the  pots.  The 
ingredients  are  thus  more  completely  meked,  r.nd  more 
thoroughly  mixed,  and  the  appearance  of  tlireads  or 

"riiib  is  in  fomc  mcaliire  prevented,  which  proceed' 
from  the  different  dcnfiiy  of  diitl'ant  portions  of  the 
gJafi,  and  ̂ #rich  tliercforc  ail  iliflei-endy  on  the  rays 

of 
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nfliglif.     The  imperfections  of  glaflcs  are  mofl  fcn- 
fibly  felt  in  tlic  cbnftruflihn  of  optical  inftruments. 

Good  glafb,  a'c'iough  kept  in  fufion  fbr  a  lung  time 
in  a  nreat  heat,  is  never  perfeftly  liquid.  It  is  always 
fomewhai:  thkk,  and  when  taken  out  may  be  drawfl 

into  fine  threads,  1  ,-  .-ai  duftility  and  fleJiibility 
of  red  hot  giafs  fits  u  for  tieing  reduced  into  iany  form. 

In  genei;-!  ihc  E^'nfs  is  taken  out  o[  the  pots  in  which 
it  is  fi:l(.ii  liv  n.rans  of  an  iion  tube.  When  a  fufiicient 

quantiiy  of  the  glcfs  is  coUefted  at  the  extremity  of  , 
the  tube,  the  workman  begins  to  blow  through  it,  and  „ 
thus  inflates  the  glafs.  He  occafionaliy  rolls  it,  in 
order  to  form  it  into  a  cylinder,  a  cone,  &c;  and  if 
it  becomes  too  co)d,  he  heats  it  by  holding  it  before 
the  mouth  of  the  furnace.  Glafs,  in  its  tough  Hate, 
may  be  cut  with  (hears,  bended  with  pincers,  nrefled 
into  oioukls,  and  wrought,  in  a  variety  of  method^ 
dependent  on  vhefc  properties,  into  the  vail:  variety  of 
forms  which  it  is  made  to  affuine.     Glafs  veflels  ai 



Chdp.'  14*3     Prince  Ruferfs  Dropy  IS'c.  5I7 
mctak  to  this  ufe  will  be  mentioned  when  treating  of 
them. 

There  are  two  toys  made  of  unannealed  glafs,'wiiich, 
though  commonly  u(ed  for  the  amufement  of  children^ 

exhibit  phenoniena  which  juftly  intereft  the  Curiofity 
of  the  philofopher.     When  a  drop  of  melted  glafs  is 
fijffered  to  fall  into  water^  it  afTumes  an  oval  form, 
widi  a  tail  or  neck  refembling  the  retort  of  a  chemift* 

This  is  called  Prince  Rupert's  drop,  and  pofiefles  the 
fingular  property,  that  if  the  fmalleft  portion  is  broken 
off,  the  whole  drop  flies  into  powder  with  a  kind  of 
explofion,  and  a  confiderable  fhock  is  communicated 

to  the  hand  that  grafps  it  ̂.     The  other  is  called  the 
philofophical  phial,  which  is  a  fmall  cylindrical  veflel 
of  glafs,  open  at  the  upper  end,  and  rounded  at  the 
bottom.     It  is  generally  made  of  glafs  (o  thick  that  it 
will  bear  a  fmart  blow  againft  a  hard  body  without 
breaking,  but  if  a  fmall  pebble  or  piece  of  flint  is  let 
&11  into  it,  it  immediately  cracks  and  flies  in  pieces. 
This  veflel  is  formed  upon  fimilar  principles  with 

Prince  Rupert's  drop,  it  confifts  of  glafs  fuddenly 
cookd,  and,  I  fufpeft,  by  immcrfion  in  water. 
Various  explanations  have  been  offered  of  thefe 

&fts.  The  moft  «:enerallv  received  is  founded  on 

Ac  afliimption  that  the  dimenfions  of  bodies  which 

ire  fuddenly  cooled  remain  larger  than  if  the  cooling 
fcad  been  more  gradual.  The  dimenfions,  therefore, 
of  the  fmooth  external  furface  of  thefe  glafles,  which 

arc  fuddenly  cooled,  are  fuppofed  to  be  larger  than 
to  adapted  to  the  accurate  envelopementof  the  internal 

*  Honour  is  like  that  glafly  bubble. 
That  gives  philofophers  fuch  trouble ; 
The  one  part  craclcM,  the  whole  will  fly» 

And  wits  are  crack'd  to  find  out  why. 
HVDIBRAS; 

Vol.  II.  H  part. 



^8  Fb'UoJopbkal  ConjiSlures.        [Book  VI, 
part,  which  is  neceffarily  cooled  in  a  more  gradual 
manner ;  if,  therefore,  by  a  crack  or  rafure,  a  foluiion 
of  the  continiiity  takes  place  in  the  external  fur&ce,  die 
fudden  adion  of  the  parts  which  remained  ia  a  ftate  of 
ttnfion,  to  recover  that  of  perfeft  coheCon,  is  fuppofcd 
to  cffeA  the  deftruftion  of  the  mafs. 

This  explanation  I  confefs  has  not  appeared  to  mc 
fatis&dory,  and  I  have  been  inclined  to  fufpeft  that 
the  ph«nomcnon  arifes  either  from  a  quantity  of  air 
being  included  in  the  fubftance  of  the  glafs,  which 
rufhes  fuddcnly  oat,  on  the  furface  which  includes  it 
being  broken  j  or  that  by  the  fudden  cooling  the  pores 
of  the  glals  are  fealed  up  by  the  fine  fmooth  furfiice, 
and  contain  little  or  no  air,  fo  that  on  the  continuity 
of  that  furface  being  interrupted,  the  air  fuddcnly 
ruihing  into  all  die  pores  of  the  glafs  may  effect  its 
diflblution.  That  the  whole  cffeift  depends  on  d«- 
ilroying  the  continuity  of  the  furface,  i  have  fufliciendy 
proved;  for  unlcfs  the  flint  or  pebble  which  is  let 
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Chap.    XV. 

OF  THE  STRONTHIAN,  J ARGONIC,  AND  ADAMAN- 
.  TINE  EARTHS. 

Tk  Stpttijk  er  StmihioM  Earth  difcovend  ky  Dr.  Crawford. ̂ ^Ofihi 
Jargmue  Earth.'^AdamoMtiui  Emrth^-'^U  of  tbififioreo  hUmrtdi. 

THE  Scottish  or  Stuonthian  eardx  was  long 
iinnoticedj  and  was  confounded  widi  the  calca-- 

reou8  genus,  to  whiqh  it  bears  a  near  refemblance.  It 
was  firft  brought  under  the  confideration  of  the  learned 
by  the  late  Dr.  Crawford.  It  has  hitherto  been  only 
found  in  a  mild  date,  united  with  fixed  air,  which  (like 
limcftone)  it  lofes  by  a  ftrong  heat,  when  it  forms  a. 
kind  of  lime.  This  lime,  however,  is  more  foluble  in 

water  than  that  produced  from  common  calcareous 

earth,  and  is  Ipccifically  heavier.  It  decompofcs  vi- 
triolated  tartar,  but  is  itfelf  decompofed  by  barytic 

lime.  It  alfo  decompofes  folutions  of  common  gyp- 
fum,  and  of  nitrated  or  muriated  ca!x. 

Vitriolic  acid  dropped  into  this  lime  water  produces 

an  immediate  precipitation,  which  it  does  not  in  com- 
mon lime  water.  The  earth  itfelf  is  found  in  large 

light  or  whitifli  green  mafies.  Its  Ipecific  j|ravity  is 

from  3.4.  to  3.644.  ^' 
Of  the  Jargonic  earth,  the  only  fpecies  yet  known 

is  the  done  called  the  Jargon  of  Ceylon,  which  is  ge- 
nerally of  a  grey  or  grecnifh  olive  colour.  The  cryl^ 

tallization  prefcnts  either  right-angled  quadrangular 
prifms  furmountcd  by  pyramids,  or  oftohedrtls.  The 
eternal  luftre  is  cafual,  but  the  internal  is  ftrong,  in- 
dining  to  the  metallic.  Its  ipecific  gravity  is  4.416. 
^  its  qualities  it  more  rcfembles  argil,  than  any  other 

H  %  l^xv^ 

I 
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kind  of  earth.  It  is  incapable  of  uniting  with  fixed 
air. 

The  Adamantine  earth  is  alfo  a  late  difcovcry, 
and  was  found  in  a  Hone  called  adamantine  or  diamond 

fpar,  in  which  it  conflituted  about  one  fourth  of  the 
weight.  It  is  infuluble  in  acids,  and  infufible  by  al- 
kalisi  in  this  laft  property  therefore  it  differs  |from  fi- 
iex,  and  in  the  former  from  all  the  other  eartlis.  Its 

fpecific  gravity  is  faid  to  exceed  3,000. 
Thcfe  earths  are  all  of  them  fcarce,  and  form  a  fub- 

jcct  rather  intcrcfting  to  the  curious,  than  important 
to  the  general  reader.  The  Stronthian  is  faid  to  be  the 
moft  abundant,  and  yet  even  this  feems  fcarcely  to  have 
been  fubjeftcd  to  a  fufHcicnt  analyfis  to  afcertain  its 

nature  and  properties ;  noi"  will  it  be  a  matter  of 
furprize,  if  on  further  examination  thefe  new  earths 
flioiild  be  found  to  be  only  compounds  derived  from 
fome  of  the  five  principal  earths,  fince  the  more  the 
works  of  nature  arc  explored,  the  more  of  fimplicitv 
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CONtPOUND    EARTHS. 

•  * 

•     J. 

l)efimtio^  of  t^s  Gsnus.^'Various  Hmpound  Stonii, 

'  .  1 

■> 

4 

IN  a  ftrift  fenie  all  earths  and  ftones^  as  they  exiil 

in  nature^  may  be  denominated  compound^  as 

there  are  none  which*  are  wholly  fimplte.*  By  com- 
jpound  earths^  however^  is  here  meant  fuch  as  are 

Ibrmcd  of  two  or.  more  kinds  .of  itony  matter^  4|ifi 
ivhich  in  general  conftitute  a  mafs  of  an  heterogeneous 

appearance.  In  treating  of  thefe  fubftanccs,  the  ar- 
rangement of  M.  Daubcnton  appears  the  moft  pcrfc6l 

and  commodious. 

Mixed  StoneSy 

OC   TWO   GEKERA. 

Quartz  and  fcintUlating  Ipar 
Quartz  and  fchirl 
Quartz  and  fteatites 

Quartz  and  mica        -         r 

Tranfparent  quartz  and  mica 

Quartz  in  grit  and  gem  ftone 

Quartz  in  grit  and  mica 

Quartz   in    grit  and   calcareous 
matter       -         .         .         - 

Quartz  in  fand  and  o|lake  ftone 
H3 

Gram  tin.. 

Granitello. 

4      Quart2C|i^/Aeatites. 
-    '  Mkaceoo^.  djlartz. 

Micacecftis  crvilal. 

{I 
 Ganiet 

 on  grit
 

ftone. 
2  Garnet  in  grit 

flone. 

Micaceou
s  

grit. 

\  1  CryftalHzed  grit. 

^  2  Grit  in  flaladlites« 

Tandy  and  fiticeous 
breccias. 

Quartz 

\ 



[Book  VI. 
xoi.  ComfBund  B.sribs. 

Quartz  in  fand  and  fchiftus        -     Ifc»;in»n»8  '="«■ ^^  (_        bernJlBist.  trap. 
Quartz  in  fand  and  zeolite         -     fcintiliatiug  zeolite. 
Scintillating  fpar   and   pafte,  or    7    .■ 

cement,  of  fchirl  -  -     1  ' 
Semi-tranfparenE  ftoac,  with  opake  Tjafpered  agate,  or 
ftone  -  ■  -  _       J     agatized  jaiper 

Schirl  and  mica 

Schiftus  and  mica     -         - 
Schiftus  and  marble 

Serpentine  and  marble 

Ponderous  fpar    and  calca- 
reous nutter 

f  mil li 
micaceoui   fpathoie 

ii:hirl. 

micaceous  {ehiAns. 

Florence  marble, 

ecu  Egyptian  ouible. 
-green  marble. 

green  antique  marble. 
gieen  marble  of  Suza. 

J  grecD  marble  of  Vara]  u. 

\  alkaline  ponderous  fpar. 
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LESS    in    NUMBER^    UNITED    IN     Vunivcrfal  bieccias, 

BRECCIAS.  -  -  -  J 

IK>UBL£   BRECCIAS* 

X   Fragments  of  porphyry,    with  a  pafte  of 

Varierics.      \  porphyry. 
Fragments  of  granite,  with  a  pafie  of  fchirl. 

H4 
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'Chap.     XVII. 

volcanic  products.  j 

Lava, — DifftTtRl  Kinii. — Progre/i  ef  a  River  of  Lava — CtrnfenJ     I 
Parli  ef  Lava.~ Pumice  Stoni. — Bafalui. — traff.—  Ttrra  Piat-     \ 

xelana.  | 

I.  T"    AVA  is  of  very  various  appearance,  according    ' 
1  J  to  its  compofition,  and  its  more  or  left  per-  1 

fc£t  vitrification.  The  materials  of  which  lavas  con- 
fid,  are  the  common  fubftanccs  to  be  found  every 
where  in  the  earth,  namely,  (tones,  metallic  ores,  clay, 
fand,  &c. ;  and  as  there  is  room  for  great  variety  in 
the  combinations  of  thefe  fubftanccs,  the  nicked  maflcs 
formed  by  them  muft  in  different  circumftances  be 
very  various.  Some  lavas  are  very  compact,  and  rc- 
ceive  a  faeamiful  potifti,  exhibiting  ext^z  variety  of 
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a  river  with  mafles  of  ice  floating  on  its  ilirface.  Fluid 
lava  (boietimes  flows  for  a  confiderable  diftance,  un- 

der the  tenacious  icum,  and  again  appears  beyond  it 
in  all  its  fplendon  In  the  night  time  the  courfe  of 
the  lava  appears  like  flame,  in  confequence  of  the  bi^ 
tumen,  which  is  mixed  with  the  lava,  and  which  is 

fuppofed  to  be  the  principal  caufe  of  its  fluidity.  la 

the  day-time  its  courfe  is  marked  by  a  thick  white 
fmoke. 

Mr.  Kirwan  divides  lavas  into  three  kinds,  the  cel- 
lular,  the  compaifl,  and  the  vitreous.  All  lavas  are 
more  or  lefs  magnetic,  give  fire  with  fted,  are  of  a 
granular  texture,  and  melt  without  the  addition  of 
other  fubftances.  The  cellular  lavas  are  fuch  as  have 

undergone  only  the  firft  and  lowed  degree  of  fufion, 
being  juft  foftened  and  hcared  fufficiently  to  expel  the 
fixed  air  contained  in  the  matter  from  which  they  art 
formed,  which  feems  to  be  argillaceous  flate ;  hence 

they  abound  in  fmall  cavities  occafioned  by  the  expan- 
fion  of  that  air.  The  fj)ecific  gravity  of  fome  lavas 
from  thefe  cavities  is  fo  fmall,  that  they  float  for  fomc 
time  on  water.  From  this  circumftance  they  have 

fometimes  been  miftaken  for  pumice-ftone  j  but  they 
differ  from  it,  becaufe  their  texture  is  never  filamen- 

tous. The  perfedtly  vitrified  lavas  mud  have  been 
expofed  to  an  immenfc  heat,  as  they  are  very  difficultly 

fufed  without  addition.  M.  Saufl*ure  has  ingcnioufly 
imitated  all  the  diflferent  kinds  of  lavas,  by  different 

degrees  of  fufion  of  the  earcny  fubftances  from  which 
they  are  formed.  M.  Bergman  analyzed  a  fpecimen 

of  the  perfeft  kind,  and  founJ  an  hundred  parts  to 

confift  of  forty-nine  of  filiceous  earth,  thirty-five  of 
argillaceous,  four  of  calcareous  earth,  and  twelve  of 
ifon. 

The  beds  of  lava  are  dcepcft  and  narrov/eft  near  the crater^ 
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crater,  and  broader  and  fhallowtr  as  they  advance, 
unlefs  fomc  valley  intervenes.  Pumice-ftones  lie  at 
a  ftiU  greater  diftance ;  and  from  thefe  obfervations, 
feys  Mr.  Kirwan,  extinguiihcd  volcanoes  may  be 
traced.  The  quantities  of  matter  thrown  out  of  vol- 

canoes at  one  eruption,  are  often  fo  great  as  to  cover  a 
fpace  of  country  of  many  miles,  and  to  be  many  years 
in  cooling. 

ir.  Pumice-stone  is  a  volcanic  ejeftion,  but  ii 
frequently  found  at  a  diftance  from  its  origin.  Its 
colours  arc  grey,  white,  and  reddifh  brown.  It  is 
hard,  rough,  porous,  confifts  of  flcnder  fibres  parallel 
to  each  other,  is  very  light,  and  with  difficulty  gives 
fire  with  fteel.  It  fecms  to  have  been  originally  an 
afbeftos  decompofcd  by  the  aftion  of  fire.  One  hun- 

dred parts  contain  from  fix  to  fifcecn  of  magnefia,  with 
a  fmall  portion  of  calcareous  earth  ;  the  remainder  is 
chiefly  lilex.     PumJcc  ftone  fwims  on  water.     It  is 
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iiAes  h  foasd  in  large  cohimnk  widi  conveiE 
nnoiTC  anicuhtioru,  fo  as  to  relbmUe  an  anifi- 

truflure:  ofdus  kind' arc  the  baf^tic  pillanin 
id,  called  the  Giant's  Caiifeway. 
liiitcs  has  always,  till  very  lately,  been  confif^icd 
ndcanic  produftj  and  in  coRoboration  of  tha 
cm  it  11  afierttd  that  glals,  in  cooling,  has  beta 
'n  10  afltune  the  regular  bafaltic  (oTtn.  Sir  W3- 
Hamilton  remarked,  both  m  Sidly  and  N^c^ 
ruch  lavas  as  have  nm  into  the  lea  are  cith? 

ed  into'  regrilar  bafalics,  or  have  a  great  tendency 
It  (brni.  Mr.  Kirwan,  however,  in  the  laft  edinoa 

lElemeatsofMlneralogy,  takes  conliderable  puns 

ntroven  the  common  opinion.  His  principal  ar* 
tnts  to  prove  that  bafaltes  are  formed  by  water, 
not  by  fire,  are  the  clofenefe  of  their  textures, 
they  are  quite  free  from  the  cavities  which  are 
Eroiis  in  all  other  volcanic  produfts,  and  thdr 
uning  mild  calcareous  earth,  which  could  not  tuve 
the  cafe  if  they  tiad  been  fubjefted  to  fuch  a 

cc  of  heat  as  to  have  reduced  them  to  a  (late  of 
a.  Bafaltes  alfo  contain  zeolites  in  fome  in- 
:es,  which  muft  have  loll  the  water  combined  with 
I,  if  they  had  been  fubjefted  to  much  heat.  In 
.tes  there  is  no  appearance  of  vitrification,  which 
muft  have  had  if  they  had  cryftallized  from  a 
of  fiifion.  Bafaltes  are  alfo  frequently  found,  not 
at  a  diftance  from  volcanoes,  but  mixed  and  fur- 
ided  with  ftraa,  which  have  evidently  derived 
r  otigin  from  water.  For  inftance,  their  fubftance 

etimes  pafles  gradually  into  argillites  and  fand- 
es.  Mr.  Kirwan  Teems  at  a  l6(s  to  account  for 

peculiar  fhape  of  bafaltes ;  but  this  is  equally  dif- 
It  on  the  principles  of  either  theory.  He  mentions 
mftance,  however,  of  a  ftone  cracking  into  pieces 
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of  a  fiiTiiUr  figure.  On  che  whale,  Mr.  Kirwan  thinks 
it  much  more  prpbable  chat  balaltes  furnifh  the  mate- 

rials of  volcanic  products,  than  th^tchey  tlictnfclves  are 
of  volcanic  origin. 

IV.  Terra  Puzzolana  or  Terras,  is  a  volcanic 

protluftion,  of  a  grey,  brown»  yellpwifh  or  blackiHi 
colour,  looft,  granular,  or  dufty  and  rough,  porous 
^d  fpongy,  refembling  a  clay  hardened  in  the  fire, 
and  then  reduced  to  a  grofs  powder.  Its  moft  diftin- 
guifhing  property  is,  that  when  mixed  with  about  one- 
third  of  its  weight  of  lime  and  water,  it  hardens  vcrj 
fuddcnly,  and  forms  a  cement  which  is  more  durable 
in  water  than  any  other.  Its  indurating  power  (cenis 

to  arife  from  the  dry  ftate  of  the  half-baked  argilla- 
ceous particles,  which  cau(es  them  to  imbibe  water 

very  rapidly,  aud  thus  the  dcficcation  of  the  calcareous 
earth  is  accelerated.  It  is  found  not  only  in  Italy,  but 
alfo  in  France,  in  the  provinces  of  Auvergne  and  Li- 
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Ch  A  f.    XVIII. 

METALS. 

Wfij  0/  Metah.-^Their  Properties.— JVc:gbt,  OpacJy,  MaHeahilhU 

Duiiihty,  Fufibiiity,^»MiX'<with  each  ctber^'^Tbeh'  InflammMhUity^ 
^'^CaiatuUim,'^ Entire  and  Semi-metals^'^'Petfe^  wid  imperfed* 
'^Natmral  Hiftory  of  Metals, '-'Working  of  Mines .^^jljhying,-^ 
SMuItingm^^UMten  i»itb  Adds, '^^Aci ion  of  other  Suhftances  on  Me^ 

METALLIC  fubftances  are  valuable  for  their 

durability!  their  capacity  of  aflfuming  and  re- 
taining all  forts  of  forms  and  imprefTions;  the  clofcnefs 

of  their  texture,  which  renders  them  capable  of  polilh ; 
the  firm  cohcfion  of  their  particles,  which  renders  them 

highly  proper  for  utenfils,  where  great  ftrength  is 
required  to  be  combined  with  moderate  bulk.  Several 
of  the  metals  are  alfo  highly  uftful  as  medicines. 
The  firft  and  moft  obvious  property  of  metals  is 

their  remarkable  weight,  in  which  they  exceed  all  other 
bodies.  By  this  circumftancc  they  are  diftingulflied 

from  earths ;  the  Hghteft  of  metals,  which  is  tin,  bein^; 
fcven  times  the  weight  of  v/ater,  whereas  the  licavieft 
earth  is  only  between  four  and  five  times  the  weight 
of  that  fluid. 

Metallic  fubftarxes  are  by  far  the  moft  opalcc  of 
jH  bodies.  The  moft  opake  ftonc  ciividcd  inio  thin 
plates,  has  more  or  Icfs  of  tranfparency,  whereas  gold 
is  the  only  metal  which  admits  of  being  reduced  to 
fuch  a  degree  of  thinnefs  as  to  afford  the  Imallefc 

perceptible  tranfmifiion  of  light.  Gold  in  leaf,  v.'hich 
is  about  TT-^Vo-5-  part  of  a^  inch  in  thickncfs,  rranfmits 
light  of  a  lively  green  colour;  but  filver  and  brafs  leaf arc 

; 
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arc  perfectly  opake.  The  opacity  of  metallic  bodies 
renders  them  exceedingly  proper  for  refiefting  the 
rays  of  light,  as  no  bodies  poflefs  this  property  in  Co 

eminent  a  de-gree.  Thus  we  obfervc  tliat  glafs  rcflefls 
objefbs  very  imperfeflly,  unlefs  coated  with  meral,  as 
in  looking-glafles.  The  capacity  of  refiefting  light 
depends  on  the  degree  of  polifh  and  the  whiEcnefs  of 
liirface,  contequendy  white  metallic  fubflancei  refleft  a 
greater  quantity  of  light,  and  are  more  brilUant,  than 
ihofe  which  are  colourifd. 

A  property  which  Teems  to  belong  cxclufively  to 
metals,  and  yet  not  fo  all  of  them,  is  malleability.  This 
confiits  in  a  capacity  of  having  their  fubflancc  ex- 

tended, and  their  furface  increafed,  either  in  breftUh 

or  length,  without  being  liable  to  fra£hire.  The 
capacity,  however,  of  being  extended  in  length  and 
breadth  is  not  exactly  the  fame,  for  metals  which 
admit  of  extenfion  under  the  hammer  cannot  always 
be  drawn  into  wire,  which  property  is  diftinguilbed 
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j^iom  thde  fi(6t5  it  is  probable  chat  the  malleability  of 
metalsj  as  wdl  as  fluidity  and  eiafticity  in  general,  de- 

pends oil  the  parddes  of  bodies  being  kept  at  a  dif« 

taoce.by  the  prefence  of  latent  heat.  '^ 
^  Metals  are  of  all  bodies  the  beft  condufiors  of  eleo- 

tridty. 

.  Metals  are,,.^ble  by  heat,  and  one  of  them  (tner- 
caxf)  is  well  known  co  exilt  in  a  ftace  of  fufion  in  the 
ordinary  temperature  of  the  atmofphere.  The  par^ 
odes  of  metals  have  a  remarkably  ftrong  attraction  fer 
each  ptheTj  wluch  is  evinced  by  finall  p^ons  of  metaJL 
when  in  a  flate  of  foliCMii  having  a  tendenqr  to  aliiime 

ag^olar  form. 
.  M(^  metals  wiU  uniformly  mix  in  all  propordons^ 
with  each  pth^  $  the  fpecific  gravides,  however,  of 
diefe  compounds  is  fcarcely  ever  fuch,  as  would  be 
mathematically  deduced  from  rhe  fpecific  gravities 
of  the  metals  employed,  on  the  fuppofidon  of  their 
junftion  by  (imple  contact.     Mixtures  of  metals  are 
more  fiifible  than  might  be  expelled  from  the  degree 
of  fiifibility  of  their  component  parts,  and  are  therefore 
conveniently  ufed  as  folders* 

It  is  found  that  metals  which,  after  having  been  fufedj 
are  fufTered  to  cool  gradually,  evince  a  tendency  to 
ifiiime  a  regular  figure,  and  to  cryflallize  in  general 
io  an  octahedral  form. 

Metals,  in  their  fplendid  or  reguline  *  flate,  have  a 
confiderable  attradion  for  oxygtrn,  and  are  in  diis  re- 

*  This  is  the  flate  in  which  metals  ufually  appear  whca 
wrought.  The  flate  of  a  calx  or  ore  is  efTentially  difFercnt>  they 
^en  appear  like  coloured  earthy  fubftances. 

The  name  rcgulus  was  given  by  the  fanciful  alchemids  to  the 

^Mtallic  button*  found  in  the  bouom  of  the  crucible  after  an  alTay, 

from  the  idea  that  this  button  contained  gold,  which  they  called  the 
%ofmeuIs. 

4  fpeft 
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fpcft  ncailj-  allied  to  the  in^ammable  fubftances.  Iron 
hums  with  a  bright  flame  when  heated  to  a  certain 
degree,  and  immcrfed  iu  vital  air;  and  a  mixture  oi 
tin  and  nitre  produces  a  violent  deflagration.  Zinc, 
when  heated  and  acted  on  only  by  common  atmo- 
fpheric  air,  burns  with  a  bright  and  vivid  flame  like 
phofphorus.  It  is  remarkable  that  mixtures  of  metals 
calcine  more  eafily  than  the  metals  in  a  feparate  ftate. 
Thus  a  mixture  of  lead  and  tin,  neither  of  which, 
when  feparate,  afford  heat  and  light,  in  their  mixture 
produce  both,  and  the  calcination  is  remarkably  rapid. 
From  the  addition  of  oxygen  the  weight  of  the  calx 
is  greater  than  tlai  of  the  quantity  of  the  meul  from 

■which  it  was  produced.  In  fome  metals,  however,  (be 
attraiflion  for  oxygen  is  fo  weak  (as  is  the  cafe  with 
the  finer  metals)  that  it  is  only  by  particular  proceflcs 
that  they  can  be  combined  with  it.  Metals  united 
with  oxygen  lofe  their  fplendor,  malleability,  and 
texture,  and  are  denominateil  calces. 
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contact  with  air,  and  are  three  in  number,  filvefj  gold^ 

and  phtina :  the  other  metals  are  calcined  in  thofe  cif-« 
cumftances,  and  are  called  imperfbdl.  It  will  eafily 
be  underftood  that  thefe  differences  merely  indicate 

difierent  degrees  of  ̂ ttradtion  for  oxygen;  and  as  in 
ihis  refpefl)  as  well  as  in  regard  to  malleability,  there 
are  numerous  gradations  among  the  metals,  it  will 
be  neceflary  to  treat  feparately  of  each  metal  as  a 
diftinft  fubftance.  I  fhall  begin  with  fuch  metals  as 
have  mofl:  refemblance  to  the  earths,  and  are  there^ 
fore  called  femi- metals,  and  conclude  with  thofe  which 
have  the  m.etallic  properties  in  the  higheft  perfections 

Thole  metallic  bodies  with  which  we  are  at  prefent 
acquainted,  and  which  we  can  reduce  to  the  metallic  or 
rcguline  ftate,  are  the  following  feventeen : 

1.  Arfenic. 

2.  Molybdena. 

3.  Tungftein. 
4.  Manganefe. 
5.  Nickel. 
6.  Cobalt. 

7.  Bifmuth. 
8.  Antimony, 

>■  a 
a 
CO 

10.  Iron. 
11.  Tin. 

12.  Lead. 
13.  Copper. 
14.  Mercury. 

15.  Silver. 
16.  Gold. 

17.  Platina. 
9.  Zinc. 

Of  thefe  the  nine  firfl:  are  called  femi-metals,  from 

dcfea  of  malleability;  the  five  following  imperfect 

metals,  from  their  being  calcineable  by  heat  and  air; 

and  the  three  laft,  perfca,  from  their  capacity  of  re- 
fitting the  aftion  of  lieat  and  air  without  change. 

h  is  neceflary,  however,  to  remark,  that  to  the  abovd 

lift  of  nine,  late  difcoveries  have  added  four  new  femi- 

mctais,  viz.  uranitc,  fylvanite,  titanite,  and  mena- 
chanite,  of  which  I  {lull  afterwards  treat  in  a  diftinft 
chapter. 

Metals  exift  in  a  (late  of  nature  in  four  different 
forms. 

Vol.11.  I  i.T^Vvq 
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I.  They  are  found  in  a  native  ftate  of"  purity,  with 
uU  the  metallic  properties.  Gold  is  always  found  in 
this  ftate.i  hlvcr,  copper,  mercury,  bifmuth,  and  ar- 
fenic  often  j  iron  fcldom  ;  and  lead,  zinc,  and  rcgulus 
of  antimony  ftill  more  rarely. 

a.  Metals  are  found  in  the  ftate  of  earth  or  caht, 

without  the  metallic  afpefbj  and  often  refembHng 
ochres. 

3.  The  common  ftate,  however,  in  which  metals 
are  found  is  that  of  ores.  In  this  ftate  they  are  cither 
combined  with  fulphur  or  with  fome  metal,  the  inoft 
common  of  which  is  arfenic*. 

4.  The  laft  ftate  in  which  metals  are  found,  is  that 
of  a  combination  witii  faiine  fubftanccs,  and  almoft 

always  acids.  The  vitriolic  acid  is  moft  frequendy 
found  combined  with  metals,  viz.  zinc,  lead,  copper, 
and  iron.  The  carbonic  acid  is  alfo  a  common  mine- 

ralizer,  and  the  arienical  and  phofphonc  acids  have 
likewife  been  difcovered  in  combination  with  me- 
tals.   
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of  the  mine ;  the  other  which  covers  it,  is  called  the 
roof.     Sometimes,  however,  the  metallic  ftrata,  which 
arc  always  more  irregular  than  the  other  ftrata  of  which 
the  mountain  is  compofed,  interfed  the  bodies  which 
furround  them  in  a  variety  of  direftions.     The  metal- 
li<;  ores  are  accompanied  with  ftony  matters,  which 
fccra  to  have  been  formed  at  the  fame  time*     Thefe 

ftone  are  ufually  quartz  and  fpar  ̂   they  are  called  the 

rider  or  matrix  *  of  the  metal,  and  muft  neither  be  con- 
founded  with  the  mineralizing  fubftancc  which  is  inti-P 
mately  combined  with  the  metal,  nor  with  die  general 
mals  of  ftone,  of  which  the  mountain  containing  the 
met;d  is  compofed.     It  is  obferved  that  the  vegetables 
which  grow  on  metalliferous  mountains  are  dry,  the 
trees  fnnall,  finuous,  and  deformed,  and  the  fands  often 

ejihibit   metallic  colours.      Mineral   metallic  fprings 
are  ufually  found  in  the  vicinity;  by  the  examination 
of  which,  and  of  the  fands  over  which  th^y  flow,  a 
tolerably  accurate  judgment  may  be  formed  of  the 
metallic  contents  of  the  neighbouring  ftrata.     When 
metallic  veins  appear  at  the  furface  of  the  earth,  the 
ground  may  be  broken  into  with  great  probability  of 
advantage,  and  the  boring  inftrument,  by  bringing  up 
the  fubftances  which  compofe  the  internal  parts  of  the 
mountain,  together  with  the  metallic  minerals,  ferves 
to  fliew  their  quality,  as  well  as  the  refiftance  which 
may  be  expefted  in  digging. 

Before  a  metallic  vein  is  wrought  with  a  view  to 
profit,  it  is  neceflary  to  afccrtain  the  proportion  of 
metal  contained  in  it,  and  this  is  called  affaying.  In 

thcfe  fmall  trials  the  fufibility  of  the  mafs  is  increafed 
by  the  addition  of  three  times  the  quantity  of  the  black 
ftux,  which  is  inade  by  burning  together  two  parts  of 

*  So  called  frcm  Its  frequently  inclofing  the  ore.    The  fparry 
otters  are  alio  ibmciimcs  called  by  mmcitilogifts  gatjgues. 

I    2  U\X2it 
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Tartar  with  one  of  nitre.  The  alkali  of  this  compound 

increafes  the  fufibility  of  the  ftony  matter  mixed  with  ' 
the  ore,  and  confequently  affords  the  metal  an  oppor- 

tunity of  feparating  from  ic;  while  the  charcoal  con- 
tained in  it,  and  which  proceeds  from  the  impurity  of 

the  tartar,  abllrafts  the  oxygen  of  the  ore,  and  reducci  i 
die  metal  to  a  regulinc  form. 

When  the  operation  has  been  properly  performed, 
the  metal,  or  rcgiilus,  is  found  in  the  form  of  a  button 
at  the  bottom  of  the  mafs,  and  being  weighed  ftiews 
the  proportion  of  metal  contained  in  the  ore.  ' 

This  method  is  ufcd  in  reducing  fmall  quantities,  as 

in  aflaying  of  ores,  but  would  be  coo  cxpenfive  in  lai-gc  , 
operations.  In  this  latter  cafe  it  is  cuftomary  to  mix  the 
ores  or  calces  with  the  fuel,  but  to  let  as  little  air  as 

poffible  pafs  through  k,  as  this  would  tend  to  re-calcine 
the  metal.  To  prevent  this  effeft,  a  particular  fort  of 
furnace  is  employed,  in  which  charcoal  is  chiefly  ufed. 

It  frequently  happens  that  the  lame  minerals  contain 
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planes  or  tables,  the  ftony  matter  being  lighter  is 
waflied  away,  while  the  metallic  remains  behind.  The 
roafting  or  burning  is  intended  to  expel  the  volatile 
matters.  Ores  which  contain  much  fulphur  muft  be 
roafted  in  the  open  air,  but  fuch  as  contain  but  little 
may  be  roafted  in  the  furnaces  which  afterwards  fervc 

to  fufc  them.  Some  ores  are  fufible  alone,  others  re- 
quire to  be  mixed  with  different  fluxes.  The  methods 

of  refining  metals  are  extremely  various,  and  depend 

on  particular  chemical  affinities,  which  will  be  men- 
poned  under  the  head  of  each  meul. 

The  falts,  and  of  them  the  acids  in  particular,  have 
great  effeft  on  metals.  Metals  unite  with  acids  into 

compounds,  many  of  which  cryftallize.  The  corro- 
fivenefs  of  the  acid  is  abated  by  its  union  widi  the 

metal,  but  not  in  fo  great  a  degree  as  by  its  union  with 
the  alkalies  or  earths.  Neither  is  the  point  of  iatura- 
tion  fo  well  marked  in  the  union  of  an  aciJ  with  a 

metal  as  with  an  alkali.  The  fame  acid  may,  in 
many  cafes,  be  united  to  the  fame  metal  in  different 
proportions;  when  the  acid  is  in  excefs  the  rpafs  is 
dcliquefcent,  when  it  is  deficient  it  feems  to  producp 
little  other  effeft  on  the  metal  than  to  deftroy  its  tex- 

ture, and  reduce  it  to  a  friable  and  earthlike  ftate. 

Every  metal,  however,  is  not  difpofed  to  unite 
with  every  acid,  though  fome  unite  with  all  j  others 
with  only  one  acid.  The  order  alfo  in  which  the  acids 
aitraft  the  metals  is  different  from  that  in  which  they 
attraft  the  alicalis.  Metals  attraft  the  muriatic  acid 

mod  ftrongly,  next  the  vitriolic,  and  laft  the  nitrous. 
Metals  which  diffolve  in  the  fame  acid  differ  very 
much  in  the  force  with  which  they  adhere  to  it,  fo  that 

Acy  may  be  employed  to  precipitate  one  another. 
Thus,  if  we  add  to  the  folution  of  filver  in  aqua-fortis, 
<)«ickfilver,  it  precipitates  the  filver  j    copper,   the 

I  2  quickfilveri 
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quickfilver  i  iron  or  Icid,  the  copper  j  and  zinc,  whi^J 
pr«ipiatcs  thefc,  may  icfclf  be  precipitated  by  aft^ 
alkali. 

The  folunon  of  metals  in  the  acids  is  attfnde^ 

with  the  efcapc  of  an  cljftic  vapour,  and  an  cfler- 

velccnce  *.  This  appearance  is  proved  to  arifc  from 
a  dccompofition  cither  of  the  acid  or  the  water,  and 
the  elaflic  fluid  differs  in  different  cafes,  according  to 
the  fourcc  from  which  it  derives  its  origin ;  when  it 
arifes  from  the  dccompofition  of  water,  it  is  hydrogea 
or  inaaiiimablc  gis,  when  from  that  of  the  mtrotu 
acid,  nitrous  g.«,  ice.  Before  the  metal  can  be  dif- 
folvn.1,  it  is  ncceffary  that  it  fliouki  be  oxygenated; 
and  tliereforc  when  its  attraftion  is  fufficicnlly  ftrong, 
it  decompofcs  the  acid  or  the  water,  by  abftrafting 
ihcir  oxygen.  It  has  been  already  remarked,  that  the 
muriatic  acid  has  the  ftrongeft  attraftion  for  metab, 
and  the  nitrous  lefs  than  cither  that  or  the  vitrit)Ht 

merely  obfcrving  the  aftion  of  ihefe  acids  on 
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obtain  it  in  a  calcined  ftate.  Thus  gold^  if  precipitated 
from  its  folution  in  aqua  regia  by  an  alkali,  is  a  calx  i 
but  if  precipitated  by  any  of  the  inflammable  fubftances^ 
as  aromatic  oils  or  ipirits  of  wine,  or  by  another  metal, 
it  appears  in  the  metallic  form.  If  metals  are  calcined 
previous  to  being  united  with  acids,  they  produce  no 
clcape  of  gas,  becaufe  being  already  furniflied  with 
oxygen,  they  have  no  tendency  to  decompofe  the 
acid. 

Ught  appears  to  alter  the  colour  and  brilliancy  of 
ibme  metallic  matters,  independently  of  thea£bion  of  air; 
for  when  expofed  to  light  in  tranfparent  veficls  well 
clofed,  they  become  tarniihed,  and  lole  their  metallic 
brilliancy. 

Heat  applied  to  metals  produces  no  other  effefts 
than  expanfion  and  fufion,  if  the  air  is  completely  ex- 

cluded, unleis  carried  to  fuch  a  degree  as  to  volatilize 
them  ;  but  even  in  that  cafe,  when  the  heat  ceafes  to 

aft,  they  return  to  their  original  (late.  Metals,  on  be- 
ing converted  into  vapour,  boil  like  other  fluids,  and 

even  gold  and  filver  are  capable  of  this  ftate  when 
aftcd  on  by  a  large  concave  mirror. 

Moil  of  the  combuftible  bodies  aft  on  metals.     In- 

flammable gas  gives  them  a  deeper  colour,  and  is  ca- 
pable of  reducing  fome  of  them  to  the- metallic  ftate. 

Sulphur,  and  its  combinations  with  alkalies,  called 
h     hcpars,  aft  powerfully  on  metals. 

From  what  is  hitherto  known  of  meiials,  there  is 

every  reafon  to  believe  that  they  are  fimple  fub- 
ftances. 

I 



Chap.     XIX. 

ARSENIC. 

f^ataral  Riftoij  if  Ar/enic. — Modi  tf  ndacing  it  le  tie  milallic  F»rm. 
—iVbutEnamtL—OrfimiHi.— Realgar.— It,  Vfi  i«  Mididm— 
A  drtad/ul  Piifin  i  hiyw  ta  ditiU  it  in  ibt  Badj^—A  Rtmtdjfar  lit 

ARSENIC  is  often  found  native,  in  black  heavy 

maflcs,  but  not  very  brilliant.  It  has  fomc- 
times  the  metallic  luftre,  and  reflefts  the  colours  of 

the  rainbow;  in  its  frafture  it  is  more  brilliant  than  at  ' 
its  furface,  and  fcems  compofcd  of  a  great  number  of 
fmall  fcales.  Native  arfcnic  is  very  eafily  known, 
when  it  has  t!ic  metallic  brilliancy  and  fcnly  icxiure. 
It  is,  however,  more  frequently  found  In  the  form  of 

a  powder,  or,  in  chemical  language,  of  flowers  ",  or 
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k  a  (jalx  of  aifenic,  by  heating  it  with  one- tenth  of  its 
weight  of  charcoal,  or  of  any  unftuous  matter.  The 
mixture  is  put  into  a  tall  vefTel,  and  a  gradual  and 
gentle  heat  applied  to  the  lower  part  of  it,  while  the 
upper  is  kept  cool  by  the  air.  The  arfenic,  when 
nearly  ret  hot,  parts  with  its  oxygeti,  and  rifes  to  the 
Vpper  part  of  the  veflcl,  where  it  is  condenfed  in  the 
metallic  form.  To  give  it,  however,  its  perfeft  me- 

tallic fplendour  and  opacity,  the  fublimation  muft  be 
repeated. 

The  regulus  of  arfenic  is  of  a  bright  yellowilh  white 
colour,  very  ponderous  and  friable,  and  fubje£fc  to 
tarniQi  and  become  black  on  expofure  to  air.  If  heat 
is  applied  to  the  regulus  in  contaft  with  air,  it  ia 
volatilized  before  it  melts,  and  is  at  the  fame  time 

imperfedtly  calcined.  The  fumes  are  dangerous,  and 
have  a  ftrong  and  ofFenfive  fmell,  refembling  that  of 

garlic. 
The  white  calx  of  arfenic  is  fo  far  in  a  faline  ftatc 

es  to  be  foluble  in  eighty  times  its  weight  of  cold,  or 
fifteen  times  that  of  boiling  water.  When  diftilled 
with  the  nitrous  acid,  it  decompofes  that  fluid  by  de- 

priving it  of  part  of  its  oxygen.  The  arfenic,  by  this 
addition  of  oxygen,  is  reduced  to  the  ftate  of  an  acid 

Icfs  volatile  than  either  the  regulus  or  calx,  but  retain- 
ing the  form  of  a  white  concrete  fubftance.  The  oxy- 

genated muriatic  gas  like  wife  reduces  arfenic  to  the 
ftate  of  an  acid. 

Arfenic  readilv  melts  with  other  fubftances  fo  as 

to  form  glafs,  and  even  promotes  their  fufion.  At 
firft  it  always  renders  the  glafs  milky,  but  by  a  con- 

tinuation of  heat  the  arfenic  evaporates,  and  the  glafs 
becomes  quite  tranfparent.  It  is  an  ingredient  in  the 

white  enamel  dial-plates ;  and  it  forms  thofe  white 
ipirals  which  are  common  in  the  ftalks  of  wine- 

glafles. 
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Sulphur  unites  readily  with  affenic  into  a  compound 
inore  fufible  thsn  the  arfeoic  itfelf  Orpimetit  is  a 
combination  of  arfenic  and  fulpbur,  of  a  yellow  co- 

lour. It  is  found  namrally  in  lHc  earth,  generally  of 
an  irregular  form,  and  compofed  of  thining  6cxible 
Uminc  Its  fpccific  gravity,  according  to  Kirwan, 
is  5,315,  who  aJfo  afferts  that  it  contains  one  tenth 

part  of  its  weight  of  fulphur.  The  fameauthor  msn- 
rions,  that  realgar,  or  the  red  combination  of  arfwiic 
and  fulphur,  contains  fixteen  pans  of  fulphur  in  die 
hundred,  and  is  of  the  fpecific  gravity  of  3,225. 
Chaptal,  however,  obfcrves  that  the  difference  between 

realgar  and  orpiment  does  not  confift  in  the  propor- 
tions of  fulphur,  nodiing  more  being  neceffary  in  order 

to  convert  orpiment  into  realgar,  than  expofure  tDS 
ftrong  heat.  The  violent  aftion  of  arfcnic  on  tie 
animal  machine  is  much  abated  by  combination  mdi 
fulphur.  Common  white  arfenic  has  fometimcs  been 

fuccefsfully  ufed  in  doles  of  one-twelfth  or  one-fix- 
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But  Nayier^  a  phyfician  of  Chalons^  who  has  made 
experiments  to  afcertain  the  bed:  remedies  againft  the 
poifon  of  arfenicj  has  difcovered  a  fubftance  which 
combines  with  it  in  the  humid  way,  and  deftroys,  in 

'  a  great  meafure^  its  caufticity.     This  fubftance  is  the 
calcareous  or  alkkline  liver  of  fulphur,  which  is  ftill 
better  adapted  to  the  intention^  when  it  holds  a  fn:iaU 
quantity  of  iron  in  folution.    When  this  martial  ̂ hepar 

I    is  poured  into  a  folution  of  arfenic^  it.  is  decompofed 

\   mAout  emitting  any  fmell,  beeaule  ̂ die  arfenic  com* 
I    bines  with  the  fulphur,  and  forms  orpiment,  and  at 

die  iame  time  unites  widi  the  iron.    Navier  prefcribes 
a  dram  of  the  liver  of  fulphur  in  a  pint  of  water,  of 
iriiich  he  direfts  a  glals  to  be  taken  at  a  dme  i  or  five 

or  fix  grains  of  dry>  liver  of  fulphur  may  be  given  in 
plk,  a  glafs  of  warm  water  being  given  after  each 
pilL    When  the   firft  fymptoms  are   diffipated,  he 

recommends  the  fulphurcous  mineral  fprings.     Na- 
vier likewife  approves  the  ufe  of  milk,  becaufe  it 

diflblves  the  arfenic  as  well  as  water,  but  he  condemns 

the  ufe  of  oils,  which  have  not  that  property. 
Arfenic  fiiews  a  ftrong  difpofition  to  unite  with  all 

Ac  metals  except  platina.  By  a  mixture  of  it  in  its 

orinary  ftate  with  copper,  a  metal  is  produced  refem- 
bling  filver.  It  generally  gives  metals  a  white  colour, 
lod  renders  them  britde. 
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Chap.    XX. 

MOLYBDENA. 

Shrl   Acfount  of  this   Semi-milal. — Mi^  bi  ridaeed  It 

THIS  is  a  mineral  fubftance,  which  has  till 

lately  been  confounded  with  plumbago,  but  is 
now  found  to  be  a  combination  of  a  particular  me- 

tallic fubftance  with  fulphur.  It  is  of  a  blackilh  colour, 
and  confifts  of  fhining  lamina;,  which  have  a  oegrce 
of  flexibility,  fo  as  to  be  very  difficultly  reduced  to 

powder. 
Molybdena  reduced  to  its  mctalhc  form  refembles 

lead  in  colour  and  fpecific  gravity,  but  is  very  brittle, 
cafily  calcined  and  volatilized,  and  will  not  mix  with 



add,  heated  with  fulphur  in  a  particular  manner,  u 

capable  of  being  converted  into  a  fubftance'in  every 
icfpcA  the  fame  as  nadve  molybdena. 

Thb  mineral  is  fcarce.  Ic  is  diftingullhed  from  black 

I  lead  ̂   a  more  Ihining,  fcaly  appearance  i  and  it  marks 

pt^r  with  a  fnore  brilliant  ftroke. 
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Chap.     XXI. 

TUNGSTEIN. 

ThtOreefl'ungfiiin  nnfatiniid  vi'ilh  thai  of  Tit. — When  fen. 
Madt  afrtdming  it  to  tbt  rtgalint  ar  mclaJlic  Start. 

TUNGSTEIN  or  wolfram  is  a  particula 
tnetaJ,  the  ore  of  which  has  frequently  ben 

confounded  with  that  of  tin.  The  fpccific  gravity'' of  this  ore  is  to  water  as  fix  to  onci  in  its  form  of 
cryftallizadon  it  refcmbles  the  garnet,  and  varies  in 

colour,  from  a  pear)  white  to  yellow  and  reddifli  -,  it 
is  found  in  fevcral  pans  of  Saxony  and  Bohemia.  The 
mineral  called  wolfram,  which  is  frequent  in  the 
mines  of  Cornwall,  is  likewtfc  an  ore  of  this  metal; 
in  all  thefe  ores  the  metal  is  oxydated  i  and  in  fome 
of  them  it  appears  to  be  oxygenaced  to  the  ftate  of 
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don.  The  regulus  is  not  aded  on  by  the  vitriolic  and 
marine  acids  i  the  nitrous  acid^  however,  and  aqua- 
rtgia,  aft  on  itj  and  by  oxygenating  it  reduce  it  to  its 
ralciform  ftate.  ' 
M.  LavoiTier  Fecbmmends  die  following  procefs  for 

obtaining  the  calx  oftungftein:  Mix  one  part  of  ore 
of  tungftein  with  four  parts  of  mild  vegetable  alkali* 
and  melt  the  mixture  in  a  crucible,  which  ought  to 
be  of  platina ;  then  powder,  and  pour  on  twelve  parts 
of  bcMling  watery  add  pale  nitrous  acid,  and  the  tun^ 
ficnic.  add  precipitates  in  a  concrete  fbria.  Aftcr- 
vuds,  to  infure  the  complete  oxygenation  of  the 
metal,  add  more  pale  nitrous  acid,  and  evaporate  to 
diyncE,  repeating  this  operation  as  long  as  ml  fumes 
lie  produced  from  the  actd. 

In  the  ftate  of  yellow  calx  it  has  the  following  pro- 
pcides:  it  is  perfedlly  infipid  and  infoluble  in  water; 
if  thturaied  in  wattr  it  limply  diSiifes  through  it  like 
10  cnruUion,  and  takes  fome  months  to  depollt  from 
it.  If  volatile  alkali  is  poured  on  it,  it  whitens,  which 
inftandy  diftinguifhes  it  from  the  yellow  calx  of  ura- 
nite,  which  will  Ihordy  be  mentioned. 
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Chap.     XXIL 

manganese. 

Kalin-al  Ili/ory  cf  MaHgaii^/i.—Iii  EJi3i  on  Gle/i   Rfgulut  w  A&. 
lal.— Black  Wad.—MoHsant/t  coHlained  in   r/gelSltj.—  V/ti  a 
iIk  Arts. 

THIS  metal  is  almoft  ajways  found  in  the  ftate 
of  Calces,  which  vary  much  in  colour  and  ap- 

pearance ;  they  arc  white,  blue,  yellow,  red,  dark 
green,  and  black,  according  as  they  are  united  with 
more  or  lefs  oxygen,  or  contaminated  wlih  foreign 
fubftanccs.  The  darker  coloured  the  ores,  the  more 

oxygen  they  may  be  fuppofed  to  contai.i 
proccfs  which  deprives  them  of  this  principle  alw: 
renders  them  paler.  Manganefc  is  alfo  found  c\ 
tallizcd  -in    a    variety  of  forms.     Many  nacuniJilh, 

any 

liftj.^ 
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in  moift  weather,  it  foon  crumbles  into  a  blackifli  br;pwn 

powder,  which  is  fomewhat  heavier  than  the  rcgulus 
from  which  it  was  produced. 

The  calces  of  manganeic  retain  their  oxygen  fo 

weakly,  that  part  of  it  may  be  expelled  by  the  appli- 
cation of  a  ftrohg  heat.  They  alfo  part  with  their 

oxygen  to  undtuous  oils.  If  half  a  pound  of  that  ore 
ofmanganefe  called  black  wad  is  well  dried  before  the 
fire,  afterwards  fufFered  to  cool  for  about  an  hour,  and 

dttn  mbced  with  two  ounces  of  linfeed-oil,  fmall  cloti 
will  be  formed,  and  in  litde  more  than  half  an  hour 

the  whole  will  gradually  grow  hot,  and  at  laft  burft 
into  flame. 

Manganefe  feems  to  be  contained  in  the  afhes  of 

moft  Vegetables,  and  to  it  the  blue  or  greenifli  colour 
of  calcined  vegetable  alkali  is  owing.  If  three  parts 
of  alkali  of  tartar,  one  of  fifred  afhcs,  and  one-third  of 
nitre,  are  melted  togt^ther,  they  form  a  dnrk  green  mafs, 

which  being  dilTolved  in  water,  affords  a  beautiful  green 
folution  ;  this  being  filtered  on  the  addition  of  a  few 
drop?  of  vitriolic  acid  becomes  red,  and  after  a  few 

Jays  a  brown  powder  is  fcparated,  which  has  all  the 
properties  of  m.mganefe. 
The  vitriolic,  nitrous,  and  marine  acids  diflblve  the 

rfj^lus  ofmanganefe  in  the  ufual  ways.     The  black 
calx  is  nearly  infolublc  in  the  acids,  unlefs  it  is  deprived 

of  part  of  its  oxygen  by  the  addition  of  fome  inflam- 
niable  or  metallic  lubftance.     The  marine  acid,  how- 

ever, digcftcd  with  the  black  calx  of  manganefe,  dif- 
folves  it  Vr ithout  addition,  in  proportion  as  it  lofes  fome 
part  of  its  oxygen.     The  oxyi^en  uniting  with  part  of 
fie  muriatic  acid,  renders  it  volatile,  and  converts  it 

into  oxygenated  muriatic  acid.     The  permanent  fo- 
lubility  of  the  black  calx  of  manganefe  in  the  acids, 
depends  on  the  acid,  or  fome  liibltance  mixed  with  the 

Vol.  II,  K  acid, 

/ 
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acid,  abftra<rting  part  of  its  oxygen.  The  manganefe 
fcparated  from  its  IbKicion  in  acids  by  alkalies,  is  in 

the  form  of  tlie  white  or  imperfeft  calx,  which,  how- 
ever, becomes  black  by  beiog  hcatctj  in  cont^ft  with'  i 

In  the  dry  way  the  calx  of  manganefe  combines 
with  fuch  earths  and  faline  fiibftances  as  are  capable  of 
undergoing  fufion  in  a  ftrong  heat.  The  violet  co- 

lour wliicK  it  communicates  to  glafs  is  liable  to  be  de- 
ftroyed  by  combuftible  fubftanccs.  From  this  cir- 
cumftarjce  we  may  conclude,  that  the  property  of 
colouring  glafs  depends  on  the  calciform  ttate  of  this 
metal,  and  ih^t  it  is  loft  when  any  body  abOratSts  its 
oxygen  and  reduces  it  to  a  regulus, 

Manganefe  in  its  metallic  form  will  not  unite  with 
fulphur,  but  melts  readily  with  moft  of  the  metals. 
Gold  and  iron  are  rendered  more  fufiblc  by  a  due  addi*- 
tion  of  manganele,  and  the  latter  metal  ia  rcndcrtd 
more  duiflile. 

Manganefe  has  hitherto  been  ufed  chiefly  by  glafii 



^Chsp.  a^J  C    xji    ] 

Chap.    XXIII. 

NICKEL. 

iiitifJKrAi  HF/orj  of  NichL'^Metai  bonv  §hmikeii.'^DitMMHs  ivitb 
Nitrt^mmmHiu  a  firong  Refulfionfor  Silver^  mtd  AttraOion  fir  Su/^ 
flmr^^'i^A  ufeUfs  Minerals 

THIS  metal  derives  its  name  from  the  mineral  in 
which  it  is  contained.     It  is  found  united  ivith 

fulphur  and  arienic.     Its  ores  have  a  coppery  red 
tolouri  are  almoft  always  covered  with  a  grcenifti  grey 

tfflorcfcfcnce,  and  have  been  miftaken  for  ores  of  cop- 
per.   The   ores  of  nickel  often  contain  cobalt  and 

iron.     Mod  of  the  fulphur  and  arfcnic  may  be  driven 
off  by  long  continued  roafting,  and  the  occafionaJ\ 

addition  of  charcoal,  which  prevents  the  arfenic  from 
being  rendered  more  fixed  by  calcination  j   and  the 
green  calx  which  renr^ains  may  be  fufcd  by  the  ftrongeft 

heat  of  a  fmich's  forge,  together  with  two  or  three 
times  its  weight  of  black  flux.     By  thefe  means  a 
rcgulus  may  be  obtained,  which,  however,  is  very  far 

from  being  pure,  as  it  contains  much  arfenic,  cobalt, 
andiron.     In  this  ftate  it  is  of  a  white  colour  with  a 

tinge  of  red,  and  has  a  granulated  texture.     When  this 
itietal  is  rendered  more  pure  by  treatment  with  ful- 

phur, charcoal,  volatile  alkali,  and  nitre,  it  becomes 

Wremely  infufible,  lofes  fomewhat  of  its  reddilh  tinge, 

tod  acquires  a  confiderable  degree   of  malleability. 
Nickel  may  be  freed  from  fulphur  and  arfenic,  but  it 
cannot  be  accurately  purified  from  cobalt  and  iron, 
for  it  is  confiderably  attrafted  by  the  magnet,  and 
gives  figns  of  containing  cobalt,  after  the  utmoft  pains 
itaye  been  uken  to  obtain  it  in  a  pure  ftate.    It  affords 

K  2  ^bVi^ 
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a  blue  folution  with  volatile  alkali,  and  in  nitrous  acid 
its  folution  is  ofa  full  green. 

From  its  magnetic  property,  nickel  has  been  con- 
fidered  as  a  moiiilication  of  iron  j  and  by  its  producing 
.1  blue  colour  with  volatile  alkali,  it  has  been  fup- 
poftd  to  be  an  allcjy  of  copper  with  various  metallic 

I'ubftanccs.  Chemilts,  however,  are  now  very  gene- rally agreed  in  confidering  nickel  as  a  diftinft  trtttalHc 
fubftancc. 

M.  Sage  affirms,  that  when  four  parts  of  oil  of  vitriol 
are  diftilled  with  one  part  of  the  regulus  of  nickel  in  ( 
powder,  the  fulphureous  acid  palTes  over ;  the  rcfiduc  | 
is  greyiili,  and,  being  difiblvcd  in  diftilled  water,  pro- 

duces the  moft  beautiful  green  colour.  The  cryftals 
obtained  from  this  folution  are  foliated,  and  of  the- 
colour  of  an  emerald.  According  to  M.  Arvidfon,  the 
vitriolic  acid  fortns  a  green  fait,  in  decahedral  cryftalj, 
witli  the  calx  of  nickel.  , 

This  calx  is  eafily  foluble  in  the  nitrous  acidj  and    ' 
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nickel,  fufed  with  borax,  likewifc  produces  a  hyacin- 
thinc  colour.  The  calces  of  nickel  vc  of  a  green 
colour.  T 

The  mod  remarkable  properties  of  the  r^ulus  of 
nickel  are,  ̂ .  repulfion  for  filvcr,  and  a  ftrong  attrac- 

tion for  fulphur.  It  has  fo  ftrong  an  affinity  for  ful- 
phur,  as  to  attract- it  from  moft  oth^j*  metals. 

Ntckd  combines  by  fufion  with  fulphur  into  a  hard 
mineral  of  a  yellow  colour,  with  fnrall  brilliant  plates, 

which,  when  ftrongly  heated  in  contaft  with  air,  de- 
flagrates and  emits  very  lununous  fparks,  fimilar  to 

thofe  afforded  by  iron  when  forged.  Crpuftedt  informs 

us  that  this  metal  is  foluble  in  liver  of' fulphur,  and 
foniis  a  compound  refembling  the  or?s  of  copper. 
The  fulphur  can  only  be  feparated  from  nickel  by 
Kpcated  fufions  and  calcinations.  , 

Cronftedt  affirms  that  nickel  forms,  with  bifmuch, 

abriitle  and  fcaly  regulus.  Nickel  lias  not  yet  been 
ipplied  to  any  ufc. 

Kj 
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,..  _    Chap.     XXJV. 
COBALT. 

itloariag  Mailer  itf  FigHab!is.~^MoJt  of  it^jit^  ii-^Ui»a  rf 

CoiaU.—Sm^k,  or  Ps-ivdir  Blat.-^Vfti  </ C'hab  i»  tbt  Jru.^ 
Curiaui  ̂ mfatlnlic   M.-^Chan£iaiU   Litnd/cafi. —r  t/iti»»  wf^ 
c:6jr  Mita^i. 

COBALT  has  never  been  found  native,  th« 
in  a  metallic  ftatc,  tuit  is  almoft  always  calciiMri 

or  united  with  arfcnic,  the  arfcnical  acici,  fiilpliur,  iroh 
vitriolic  acid,  &c.  Minerah  containing  cobalt  aM 

frequently  of  a  pink  colour,  wliich  arift-s  from  th^ 
prcience  of  arfcnical  acid,  and  this  colour  is  dcitroyCtf 
by  fire,  in  proportion  as  the  acid  is  difijpated.    When- 
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The  regulus  of  cobalt  is  of  a  whitifli  grey  or  fteel 
colour,  hard,  brittle,  of  a  dull  clofe-grained  frafture, 
and  moderate  fpectfic  gravity,     it  has  about  the  fame 
degree  of  fufibiliry  as  copper ;  does  not  eafily  become 
Reined ;  and  its  calx  is  of  fo  deep  a  bliie  colour  as 
to  appear  black.    Cobalt  expol^d  to  heat  does  not 
melt  till  it  is  well  ignited.     It  appears  to  be  very 
6xed  in  the  fire,  and  it  is  not  known  whether  it  caa 
be  volatilized  in  clofc  veflels.     If  it  is  fufFereJ  to 

cod  flowly>  it  cryflallizes  in  needle-formed  prifms, 

placed  one 'on  anodier,  and  united  in  bundles.  Cobalt, 
melted  and  expofed  to  the  air,  becomes  covered  with 
a  dull  pellicle,  which  is  a  calcination  analogous  to  the 
ruftmg  of  iron. 
The  richeft  mines  of  cobalt  are  in  Saxony.  The 

ore  which  is  worked  there  in  the  large  way  contains  a 
conGderable  quantity  of  arfenic,  which  is  driven  off  by 
beat,  but  is  collet^ed  in  long  channels  of  wood,  and 
preferved  for  faie,  as  was  intimated  before.  After  the 
ore  has  been  kept  fome  time  in  the  furnace,  there 
remains  a  dark  friable  fubftance,  which  is  the  cobalt  in 
the  form  of  a  calx,  and  called  zaffre.  This  is  mixed 
with  the  ordinary  ingredients  ofglafs,  and  melted  with 
2  violent  heat,  fo  as  to  produce  the  common  blue 
powder  called  fmalt,  which  is  a  pounded  glafs.  Some 

•  of  this  is  mixed  with  flints  and  alkaline  falts,  and 
then  fold  under  the  name  of  fapphire  to  the  manufac- 

turers of  porcelain  and  common  Delft  ware,  for  ting- 
ing their  glazing  blue. 

Powder  blue,  or  azure,  is  obtained  by  grinding 
faalt  in  mills,  and  afterwards  wafliing  it  in  water. 
This  laft  operation  is  performed  in  a  ca(k  filled  with 
"Iter,  and  pierced  with  three  openings  at  di&erenc 
Ittights.  The  water  of  the  uppermoft  cock  carries 

K  4  out 
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out  the  fincft  blue.  The  Urger  particles  fail  more 
fpecdily,  and  the  azure  brought  out  by  the  water 
of  the  three  cocks  forms  the  different  degrees  of 
fiiieneft,  known  by  the  names  of  azure  of  the  firft, 

fccond,  and  third  fires.  Powder  and  ftone  blue,  ofir* 
by  lauiidreflcs,  is  a  preparation  made  by  the  Dutch 
from  the  coarfe  fmalr. 

A  fmall  quantity  of  the  calx  of  cobalt  tinges  gkfs 
of  different  fliades,  according  to  the  quantity  ufed. 

One  gruin  of  cobalt  to  ft-ven  thoufand  of  the  glafe, 

renders  itvciybiuc;  hence  the  patlcs  in  imiratio'n  of 
fapphire  arc  produced.  Stained  fiint  glafs  is  made  by 
fixtcen  parts  of  fand,  eight  or  ten  of  pearl  afh,  and. 

meiaia  in  different  proportions.  ', 
Cobalt  diflblves  readily  in  aqua-fortis,  both  in  ItS' 

metallic  ftate  and  in  that  of  a  calx.  If  we  take  a  (bJu- 

tion  of  its  caix  in  that  fluid,  and  add  a  quantity  of  water 
to  it,  and  then  let  it  (land  a  while,  it  turns  red,  and 

on  'evajiorar'on  forms  cryftals  of  the  fame  colour,  and 
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inihks  of  trees,  houfes,  &c.  may  be  painted  with  com- 
.  n^T%  colours,  fo  as  to  reprefent  winter.  The  verdure, 

j  the  fruits,  and  the  flowers,  may  be .  depifted  in  dif- 

ferent Ihadcs  of  the  -two  inks.  On  approaching  the 
iSrc  die  landfcape  will  gradually  be  changed  from  a 
winter  to  a  lumnrier  fcene.  Thi  trees  will  begin  to 
flioot  out  their  foliage,  arid  the  lidwcrs  and  die  Irufe 
yriil,  by  degrees,  alRipie  the  appearance  of  mUbmtf^ 
The  vivid  parts  will  again  fade,  on  being  removed 
from  the  heat,  and  the  landfcape  rcfume  the  wintry 

aipeft. 
It  was  formerly  thought  that  the  green  colour  pro- 

duced by  heat  in  the  fympathetic  ink  of  cobalt,  arofe 

from  the  metallic  fait  being. cry ftallized,  and  afterwards 
attrafting  a  fufficient  quantity  of  water  from  the  cold 
air  to  diflfolve  it,  and  caufe  it  to  difappear ;  but  it  is 

proved,  that  the  marioe  fait  of  cobalt,  diflblved  in 
water,  affumes  the  fame  colour  when  expofcd  to  ̂  
certain  degree  of  heat. 

The  vitriolic  acid  in  a  concentrated  ftate  does  not 

diffolve  cobalt  without  the  afliftancc  of  heat,  when  the 

acid  is  decompofcd,  and  comes  over  in  fulphureous 
fumes.  The  cobalt  is  in  part  calcined,  and  in  part 
converted  into  a  cryllalline  falc  foluble  in  water,  and 
which  may  be  precipitated  by  lime  and  by  alkalies,  in 

the  form  of  a  rofe-coloured  powder  or  calx.  Diluted 
vitriolic  acid  a6ls  upon  the  calx  of  cobalt,  and  forms 
the  fame  fait. 

Cobalt  unites  with  all  the  metals  except  filver,  lead, 
quickfilver,  and  bifmuth,  but  does  not  produce  any 
icmarkable  or  uleful  compound  with  any.  It  is  fe- 

parated  from*^cids  by  zinc  in  the  form  of  a  dark- 
Coloured  powder,  but  not  by  iron. 

A  mixture  of  nickel  with  the  calx  of,  cobalt  very 
much  injures  the  colour  which  the  latter  communi- 

cates 
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caces  to  glafs.  The  following  procefs  is  one  of  the  \ 
bcft  for  fcparating  them  when  the  cobalt  is  in  coqi  \ 
fiderable  quantity  :  Saturate  a  fohition  of  the  roafted 
ore  in  nitrous  acid,  and  drop  it  into  liquid  volatile 
alkali.  The  cobalt  then  is  inftantly  re-diflblvcd,  and 
aiTumes  a  garnet  colour ;  when  filtered  a  grey  powder 
remains  on  the  filler,  which  is  the  nickel.  The 

):i7ti^l[  may  be  precipitated  by  any  acid. 
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C  u  A.  p.    JXV, 

BISMUTH. 

fxUrnal  ̂ u^iticj  of  Bifmuth. — A  po-jjerful  Dijfolvcr  ofEarths,^^ 
Fearl  Whitey  a  permcicus  Cojmetic. — Curious  Experiment, -^A  meti^ 

lie  Compofition,  ivhicb  melts  in  Lcilmg  Water, ^■^Farious  fJjis  tf 
fii/mHtb  in  tbs  Arts, 

   * 

BISMUTH  is  extremely  britde,  fo  that  it  may 
be  eafily  feparated,  and  even  reduced  to  powder 

by  die  hammer.  Wiien  broken  it  exhibits  at  thp 
place  of  fracture  large  fhining  plates,  difpofed  in  a 
variety  of  dircftions.  It  is  conQdcrably  ponderous, 
and  is  of  a  yellowifti  white  colour;  when  in  thin  plates 
it  is  in  fome  degree  fonorous.  It  is  very  fufiblc,  and 

frielts  at  a  temperature  not  exceeding  460"  of  Faren- hcit. 

Bilmuth  is  fcarcely  altered  by  expofure  to  air  and 

light.     In  clofcd  veffcis  it  fublimes  v^ithout  alteration; 
It  cryftallizes  the  mofteafily  of  any  itietaliic  fubftance. 
JTbiimuth  is  kept  in  fufion  in  contact  with  air,  its  fur- 
^ce  becomes  covered  widi  a  pellicle,  which  changes 
^nto  an  earth-like  matter  of  a  greenifh  grey  or  brown, 
Earned  calx  of  bifmuth.   Nineteen  drachms  of  bifmuth, 

Calcined  in  a  capfule  of  glafs,  afforded  M.   Baume 
^Vrenty  drachms  thirty-four  grains  of  calx.     Bifmuth 
'heated   to   rednefs   burns   with  a  fmall  blue   flame, 

fi^arcely  fenfible.     Its  calx  evaporates  in  the  form  of  a 
yellowilh  fmoke,  which  condenfes  on  the  furface  of 

^old  bodies,  into  a  powder  of  the  fame  colour,  called 
flowers  of  bifmuth.     This  powder  owes  its  volatiliza- 

tion only  to  die  rapidity  with    which   the    bifmut{i 
^urns  J  for  if  it  is  cxpofed  in  clofe  vcffcls  to  fire^  it  melts 
3  vato 
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into  a  grccnifh 
Pearl  M^hht.  '      [Book  VI. 

^lafs  without  fubliminCT.    GcofFroy  the 
younger  obrerved.that  the  flowers  of  bifniuth,  which  rife 
ihf  lad,  arc  ofa  bcaucifj^  yelJow,  rcfembling  orpimcnt. 

The  grey  or  brown  calx,  the  yellow  fiowers,  and 

the  glafi,  are  nothing  more  than  combinations  of  this  ,' 
ineial  with  ihc  bafis  of  vital  air,  which  are  not  redu-    i 
cible    without   the  addition  of  Ibme  fubflancc    chat  > 

■attrads  the  oxygen. 
Ca!x  of  bifmiith  is  one  of  the  rr.oft  powerful  djf-   i 

{blvers  or  liqutrficrs  of  earthy  bodies,  or  of  the  calces   | 

of  other  met:ils,  and  gives  a  yeliowiih  tinge  to  glafics,   ' 
into  the  compofitioo  of  which  it  enters.     Bifmuth  is 
alfo  readily  calcined  by  nitre,  but  without  detonation. 
The  alkalies  have  little  effeft  on  bifmuth  ;  when  ap- 

plied, however,  in  a  cauftic  ilatc,  chiay  diffolve  part  cf 
the  metal. 

Tlic  vitriolic  and  muriatic  acids  do  not  aift  on  bif- 

muth, unlefs  affifted  by  heat, .  The  nitrous  acid.'howfc 
ever,  diflblves  it  with  great  rapidity,  and  during  the 
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fi^tid .  odourSj  which  proceed  from  putrefying  ful>-> 
fiances.    This  feems  chiefly  to  depend  on  the  ful- 
]Aureous  particles  which  are  exhaled  in  thofe  procel&s^ 
and  is  iUpftraced  by  a  ftriking  experiment     If  charac- 

ters are  written  with  a  folution  of  bifmuth  on.  the  firfl: 

page  of  a  book  of  Bfty  leaves,  and  the  lall  page  is 
impregnated  widi  a  fmall  quantity  of  the  liquid  liver 
of  fulphur,  a  fhort  time  afterwards  the  hepatic  vapour, 
carried  by  the  air  which  circulates  between  all  the 
leaves,  arrives  at  the  other  extremity  of  the  book,, 
and  converts  the  coloiirlefs  charafters  marked  on  the 

fiift  page  into  a  deep  brown.     It  is  affirmed  that  the 

hepatic  gas  pafles  through  the  paper ;  but  it  is  fufii- 
ckndy  proved  that  the  air  carries  the  gas  in  this 
manner  from  one  leaf  to  another;  Hnce  the  effeft  does 

not  take  place  when  the  leaves  are  glued  together. 
This  experiment  evinces,  in  the  cleared  manner,  the 
impermanency  of  the  beautifying  effedl  of  the  calces 
of  bifmuth. 

The  nitrous  folution  of  bifmuth  is  without  colour, 

and  when  well  faturated  *'vfFords  cryflals  without  eva- 
poration. But  by  evaporation  and  cooling  thefe  cryf- 

tals  may  always  be  obtained.  The  nitre  of  bifmuth 
detonates  feebly,  and  with  reddifh  fcihtillations ;  after 
vhich  it  melts  and  inflates,  leaving  a  calx  of  a  greenifh 
ydlow  colour.  This  fait  expofed  to  the  air  lofes  its 

tranfparency,  at  the  fame  time  that  the  water  of  cryftal- 
lization  is  difljpated. 

The  acetous  acid  diflblves  bifmuth  flowly,  and  in 
foall  quantities. 
Inflammable  gas  alters  the  colour  of  bifmuth,  and 

©ves  it  a  violet  tinge.  Sulphur  unites  with  bifmuth, 
cfpecially  with  its  calx ;  in  which  fl:ate  it  refcmbles 
cnidc  antimony.  It  unites  with  all  the  metals,  except 

zinc  and  regulus  of  cobalt,  and  takes  away  their  mal- 
leability 
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quiring  a  perceptible  degree  of  red  heat  before  it  be- 
comes fluid.  In  tiic  fame  degree  it  emits  vapours 

copioiifl/  if  fre(h  air  is  admitted,  which  always  pro- 
motes rhe  volatility  of  metals.  If  thcfe  fumis  are 

condenfcd,  they  form  a  wliite  powder.  In  parricuiar 
circumftances  they  cryrtalllze.  They  are,  indeed,  a 
perfeft  metajlic  calx,  to  which  the  names  of  argchtinc, 
and  fnow  of  antimony,  have  been  applied.  This  fub;  , 
rtance  is  fa  highly  eharged  with  the  oxygenous  prin- 

ciple, as  to  be  folljble  in  water,  aiid  to  approach  to  dU  ] 
nature  of  an  acid. 

To  calcine  antimony  by  heat  and  air  alone,  I«  die 

metal  be  powdered^  then  lay  it  on  a  broad  fhallow  rtf- 
fcl,  and  apply  heat  not  fofficient  to  convert  it  into  ' 
fumes.  This  operation  cannot  be  well  pcrfbrmen, 
unlefs  the  antimony  is  in  a  ftace  of  minute  dlvifioni  fa 

as  to  prelent  a  large  furface  to  the  air.  The  proccls  ' 
muft  be  conducted  with  caution  at  the  beginning,  on 
account  of  the  fufibiHty  of  this  compound  of  fulphur 
and  antimony;  but  in  proportion  as  the  fulphur  is  dif- 
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in  rendering  thhs  calx  leils  fufible^  and  dq>riving  it  of 
colour*  The{6  calces  taij  be  reduced,  but  moft 
readily  when  little  calcined^  by  adding  an  eqful 

qdantity  of  black  flux,  or  one-fourth  of  charcoal 

Dr  (bap;        • ,  . 
The  foOil  fixed  alkali  brings  andmbhy  neareft  to 

die  flate  of  the  perfeft  metals.    For  this  difcovcry  we 

are  indebted  to  MargrafF,  who  ikielted  two  oiinces  of' 
itgulus  of  imtimony  with  one  of  foflil  alkali.    He 
repeated  the  fufion  eight  times,  and  every  time  he 
uied  fireih  alkali  i  but  the  three  or  four  laft  times  he 

did  not  ufe  quite  an  ounce  of  alkali,  but  employed 

H  mixture  6f  alkali  and  flint.    Every  time  it  was  thus- 

melted  the  regulus  loft  fome  of  its  weight,  and  the' 
dkali,  having  diflblVed  part  of  it,  was  tinged  green. 
The  remaining  metal  was  always  whiter  dnd  brighter, 

and  acquired  d  fmall  degree  of  tolighnefs.     The  tex- 
ture was  much  finer  than  before*  and  it  would  eafily 

imalgamife  with  rinercury.     The  weight  of  the  regu- 
lus  was  reduced  to  about  ohe  half  by  eight  operations. 
With  the  vegetable  fixed  alkali  the  efllbft  Was  fimilar^ 
but  not  fb  remarkable. 

The  rcgUlus  of  iantihidny  is  calcined  with  great  rapi- 
dity by  the  nitrous  acid,  but  the  muriatic  and  vitriolic 

fcarccly  aft  oh  it,  unlcfs  aflifted  by  heat.  By  thi 
toion  of  antimony  with  all  thefc  acids,  faline  com- 

*  pounds  are  prbduced,  which  are  dcliquefccnt,  and 
^hich  are  decompofed  by  water,  or  the  fimplc  appli- 

cation of  heat.  The  oxygenated  muriatic  acid  and 
SUjUa  regia  diffolve  the  regulus  of  antimony  with  greac 
6cility. 

But  befides  thefe  methods  of  aflifting  the  adion  of 

the  muriatic  acid  on  antimony,  there  is  another  pro- 
Ccfs  for  combining  the  muriatic  acid  with  the  regulus. 
A  quantity  of  mercurial  fublimatc  in  powder  being 

Vol.  II,.  L  mixed 
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mixed  with  the  regiilus  of  antimony,  the  acid  a&s 
upon  the  antimony  immediately,  fo  as  to  render  the 
mixing  of  them  dangerous,  from  the  torrofivc  fijmes 
which  arife.  The  common  way  b  to  powder  them 
and  mix  them,  and  heat  being  applied,  the  muriatic 
acid  of  the  fublimate  attrafts  the  antimony,  and  rifes 
with  it  in  the  form  of  a  very  volatile  compound,  which 
condenfcs  in  the  neck  of  the  retort,  of  a  confiftencc 
between  folid  and  fiuld,  and  is  hence  called  butter  of 
antimony.  It  is  very  caiiftic,  and  is  ufcd  to  confomc 
the  callous  lips  of  ulcers,  but  is  too  violent  to  be  uled 
internally.  If  it  Is  fubjcifted  to  a  ftcond  operation,  it 
comes  over  fluid.  The  fame  procefs  is  employed  lo 
combine  other  metals  with  the  muriatic  acid.  When 

butter  of  antimony  is  thrown  into  pure  water,  an  \ 
abundant  white  precipitate  or  calx  falls  down,  which  ' 
is  a  violent  emetic,  and  is  known  by  the  name  of  I 
powder  of  algaroth. 

The  vcj^etablc  acids  alfo  aft  upon  antimony  weakly    | 
when  applied  to  it  in  its  metallic  ftate,  but  much 
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dmony  is  nearif  deprived  of  fulphur,  and  at  the  fame 
tone  fiirniflied  with  fomc  oxygen.  It  is  extremely  vio- 

lent in  its  tfkl&%\  a  Very  minute  (quantity  producing 
convuifioDs  and  vomiting.  Antimony  indeed  may  be 
vtduced  to  fuch  a  flate  as  to  afied  the  b6dy  in  finaller 

quantities  even  than  aHenic.  ̂ 
When  antimony  is  combined  with  fulphuri  ancf 

tafged  with  a  ftrohg  heat;  it  aflumes  the  appearance  of 
^ft.  The  ghfs  of  antimony,  though  not  much  em« 
|doyed  as  ii  medicine^  is  very  ufeful  as  a  preliminary 

to  die  moft  Valuable  preparation^.  Few  of  die  ̂ metals  j 
indeed,  havie  fb  much  attniftied  the  attention  of  che- 
inifts  as  antimony>  and  its  preparadons  have  been 
accordingly  very  numerous^  To  avoid,  therefore^ 
tameceffiuy  prolixity,  it  will  be  proper  to  confine  the 

reader*s  attention  to  thofe  which  have  been  found  moft 
ufcfol. 

By  deHs^rating  antimony  with  nitre,  the  metal  is 
calcined,  as  well  as  when  expofed  to  heat  in  contadt 
with  air.  The  antimonium  csdcinatiim  of  the  London 

Phamiacopoeia  is  prepared  by  throwing  a  mixture  of 
«i^t  ounces  of  antimony,  with  two  pounds  of  nitre, 
bto  a  crucible  heated  to  a  white  heat.  The  white 

tatter  is  burnt  for  half  an  hour,  and^  when  cold,  is 
powdered  and  wafhed  with  diftilled  water.  This 

preparation  is  {o  inert,  that  it  has  been  doubted  whe- 
ther it  is  capable  of  any  aft  ion  whatever  on  the  hu- 

aanbody. 

When  the  antimony  and  nitre  are  in  equal  quan- 
fife,  they  form  a  more  adtivc  compofition.  The 
nature  burns  with  violence^  and  ought  to  be  injefted^ 
io  finall  quantities  at  a  time,  into  the  heated  crucible. 
After  die  combuRion  there  remains  a  mixed  matter^ 

pardy  of  a  dark  red,  and  pardy  whitiih.  Upon  melt- 
iog,  it  feparates  into  a  heavier  part  of  a  deep  red,  and 

La  a  faline 
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t,  falirtc  part  above  of  a  paler  colour.  The  former  is 
the  object  of  the  operation,  and  is  called  crocus  of 
antimony.  The  College  direft  a  fmall  quantity  of 
fea  fait  to  be  ufed  in  this  preparation,  which  promoKS 
fufion,. and  probably  increafes  the  adivicy  of  the  com- 

pofition. 
Fixed  alkalies  have  a  great  degree  of  zBivnvj  witk 

crude  antimony,  on  account  of  their  attradlion  for  the  . 
fulphur.  The  eafieft  mode  of  combining  them  ii 
fufion.  The  firft  effeft  of  the  alkali  is  to  cohnbine 

with  the  fulphur,  and  form  a  liver  of  fulphur^  whidi 
by  a  continuance  of  heat  feems  to  diflblve  the  reguhB 
of  antimony.  This  compound  is  readily  diflblved  bf 
boiling  water,  and  if  we  add  to  the  folution  an  acid^ 
the  metallic  matter  and  fulphur  are  depolited  of  1 
yellow  colour.  This  fubftance,  however^  which  is 

called  fulphur  antimonii  praccipicatum,  may  be  ob- 
tained in  an  eafier  manner,  by  boiling  crude  antimony 

in  a  (blution  of  alkali,  and  then  precipitating  the  ful- 
phuratcd  antimony  with  the  vitriolic  acid. 

The  antimonium  tartarifatum,  or  tartar  emetic^  may 
be  obtained  either  by  die  ufe  of  die  crocus  or  the  glals 
of  antimony.  The  former  is,  however,  preferred  by 
the  London  College,  who  adopt  the  following  pro- 
ccfb :  Take  of  crocus  of  antimony  powdered  one  pound 
and  a  half,  cryftals  of  tartar  tvvo  pounds,  diftillcd  water 
two  g;Ulon6  J  boil  them  in  a  glafs  veflel  about  a 
quarter  of  an  hour;  filter  the  liquor  through  paper, 

and  fet  it  by  to  cr^^ftaliize.  Tartar  emetic  confifts'of 
the  acid  of  tartar  united  to  vegetable  alkali  and  anri- 
Hiony  paitially  calcined. 
The  pulvis  antimonialis  of  the  pharmacopceia, 

which  is  thought  to  be  nearly  the  fame  as  James's 
J;o^^dcrs,  is  prepared  by  expofmg  equal  parts  of  anti- 
nH)ny  and  hartlhorn  fhavings  to  a  moderate  heat,  with 

d  fee  acccl}>  of  air.     With  refpecl  to   the  peculiir 

incrics 
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xnerics  of  James's  powderr  they  have  never  been 
proved  either  in  theory  or  pradticc.  The  circum* 
ftances  upon  which  the  effefts  of  antimonial  prepara- 
tioQS  depend  are  well  known^  and  though  we  cannot 
with  ceruinty  afcertain  the  procefs  of  Dr.  James^  there 
is  no  reaibn  to  think  that  it  is  preferable  to  that  of 

the  pharmacc^Ksia,  m-  the  preparation'  of  the  pulvi$ ' 
andmonialis.  The  love  of  myftery^  however^  has 

always  had^an  influence  over  mankind^  and  there  is  no 
reafon  to  believe  that  the  period  for  its  cei&don  is  at 
hand. 

The  regulus  of  andmony  is  employed  in  ths  ntanu* 
fa6biK  of  printers  types,  and  in  making  fliot^ 

Lr 
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Chap.    XXVII. 

ZINC. 

dneral  De/cripticn  ef  this  Mtial-^ThiUfofhtr^  Wtd  ■'tftf^  ̂  
Acids.^^White  VurioL^^Dttonatimt  ef  Ziuc  irrffr  Wfrf      C^uk 

nation  *with  MgiaIjn^^Pe«wterj''^Jts  Uji  in  Pf'rf  TiniMf       Jfaiii^ 
Hifiory  of  Zt/tc.'^Ca/amine^'^BIacJt  Jmck^^^Brmfs^  Amv 
TIk/O^. — Pinchbeck, 

THIS  metal  is  in  fomc  degree  malleablej  ami 
therefore  holds  a  middle  place  between  die 

femi-metals  and  nietals>  though  it  is  uftially  referred 
to  the  former  divifion.  Its  appearance  is  ̂ Iiie  lod 

briliiantj  and  when  broken  ic  is;  found  to  be  crTfU- 
lized  in  narrow  plates.  It  melts  when  red  hots  if 
heated  in  clofe  yeflcls  to  a  vivid  red  or  white  hca^ 

the  whole  of  it  rifcs  in  vapour,  and  may  again  be 
condenfed  without  any  change.  When  heated^  how- 

ever, in  contaft  with  air,  it  burns  rapidly  with  a  white 
flame  and  crackling  noife,  and  is  converted,  into  a 
white,  fofr,  and  flocculent  fubftance,  called  flowers  of 
zinc,  or  lana  philofophorum.  If  the  zinc  is  bumt  in 

a  deep  crucible,  this  calx  attaches  itfelf  to  the  upper 
part  of  it,  though  fome  part  is  always  loft  even  in  the 
deepeft  veffel,  which  will  admit  the  air  with  fufficient 
freedom  to  maintain  the  combuftion.  If  a  gende  heat 

IS  applied  no  light  is  produced,  and  the  furfacc  of  the 
zinc  becomes  gradually  covered  by  a  grey  calx,  which 

changes  to  white,  by  being  afterwards  heated  in  con- 
taft  with  air.  Zinc  is  fo  apt  to  undergo  this  change 
that  It  is  difficult  to  melt  fmall  pieces  of  it  into  a  mafi^ 
for  in  the  moment  after  they  arrive  at  the  melting 

point 
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point  they  arc  covered  with  a  Ikin,  which  prevents 
their  union.  The  calx  of  zinc  is  not  very  eafily  re- 

duced to  a  reguline  (late,  as  the  heat  neceflary  for  this 
cflfcft  is  apt  to  volatilize  the  metallic  product. 

Zinc  is  readily  aded  on  by  all  the  acids>  and  no 

metal  fhews  a  greater  attraftion ,  for  them.  It  pro- 
duces with  them  metallic  falts^  in  which  the  acid  is 

more  neutralized  than  in  the  other  metallic  compounds 

-of  the  fame  defcription.  The  acids  do  not  depofic 
the  zinc  when  they  are  diluted  with  water. 

The  concentrated  vitriolic  acid  does  not  aA  on  zinc, 

unlefs  aflifted  by  heat,  and  it  then  gives  out  fulphu- 
rcous  fumes.  It  is  diflblved,  however,  with  rapidity, 
and  without  the  afliftance  of  heat,  by  the  fame  acid  in 
a  diluted  (late,  and  this  procefs  is  attended  with  the 
copious  produftion  of  hydrogen  gas,  which  indicates 
the  decompofition  of  the  water.  From  this  folution 
niay  be  obtained  white  vitriol,  which,  as  well  as  the 
flowers  of  zinc,  is  employed  in  medicine. 

The  diluted  nitrous  acid  ads  on  zinc  with  fingular 

violence,  and  nitrous  gas  is  fo  copioufly  difengaged, 
that  the  mixture  fometimes  exhibits  the  appearance 
^f  boiling.  The  folution  is  very  cauftic,  and  affords 
cryftals  by  evaporation  and  cooling,  which  (lightly 
detonate  on  hot  coals,  and  leave  a  calx  behind.  This 

fe.lt  is  deliquefcent.  The  diluted  muriatic  acid  afts 

^n  zinc  with  the  fame  produdlion  of  hydrogen  gas 
^s  the  vitriolic  j  but  this  folution  does  not  afford  cryf- 
tals. 

The  vegetable  acids  acquire  from  zinc  a  fweetifh 

^^fte  and  (lipticiry.  The  aftion  of  the  fluoric  and 
boracic  acids  on  zinc  are  not  known.  Water  impreg- 

nated with  carbonic  acid,  difTolves  a  confiderable  pro- 
portion of  zinc. 

All  the  folutions  of  zinc  in  acids  are  precipitated 

W  lime,  magnefia,  the  fixed  and  volatile  alkalis  •,  th^ 
L  4  W 
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htcer  rc-diffolvcs  the  precipitate    if  it  is  added  i^ 
cxccfs. 

Zinc  has  the  property  of  dccorppofiDg  fcvcral  neu- 
tral lalcs.  If  it  is  confiderabiy  heated  with  vitriolatcd 

tartar  in  a  crucible,  it  decompofcs  the  {alt,  and  forms  < 
a  liver  of  fulphur,  in  the  fame  manner  as  the  r?gulus 
of  antimony  does  In  this  experiment  the  metal  frizes 
the  oxygen  of  the  vitiiolic  acid,  and  the  acid  palfts 

into  the  ilate  of  fulphur,  which'  the  alkali  diOblvcs. 
The  hepir  furmfd  by  this  combination  diiToIvcs  a 
portion  of  the  calx  of  zinc.  AH  the  vitriols  are  like- 
vife  decompofcd  by  zinc. 

W  hen  pi'Iverized  zinc  is  added  to  fiifed  nitre,  or  .. 
proicfled  to;>ethcr  with  that  fait  in^n  a  heated  crud- 
ble,  a  very  violent  detonadon  takes  place.  The  afti- 
vity  of  the  inflammation  is  fuch,  tliac  portions  of  burn- 

ing matter  are  turown  to  a  diftance  cut  of  the  cruciblft 
in  fuch  a  manner  as  to  require  precaution  on  the  part 
of  tilt  operator.     Only  frtiall  quantities  of  the  mixture 
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1^    |hat  of  arfcnic,  but  it  more  readily  unites  with  arfenic 
\    in  its  calciform  ilate.     Zinc  diftilled  with  white  arfe- 
^  |iic  deprived  it  of  part  of  its  oxygen,  and  was  conr 
V  ircrtcd  into  a  calx,  while  a  correlponding  quantity  of 
g«  aricnic  was  reduced  to  a  regulus. 

^        Zinc  does  not  combine  with  bifmuth,  and  when 
r    thefc  two  metals  are  fufed  together,  the  bifmuth  takes 

the  lower  place  kjt\  account  of  its  greater  gravity,  and 
may  be  feparated  by  a  ilrokc  of  the  hammer.     Ic 
vjUnot  unite  with  nickel.     Its  vplatility  renders  it 
frxrremely  difficult  to  combine  it  with  metals  which 

^I^  of  difficult  fufion,  as  iron  and  copper.     It  is,  how* 
^     ̂ er,  united  to  feyeral  metals  for  particular  pur  poles 

*  )n  the  arts.     It  is  added  in  fmall  quantities  to  tin, 
or  to  a  mixture  of  tin  and  lead,  in  the  cpmpofition  g^ 

r     pewter,  which  it  improves  both  in  adding  to  the  white- 
neis  and  brilliancy,  and  increaiino;  the  hardncfs.     It  is 

employed  in   many  alloys,    pTricularly  in    tombac, 

prince's  metal,  and  the  various  kinds  of  brafs.    Fine 
nlbgs  of  zinc  are  ufed  to  produce  brilliant  (parks  in 
(ire-works.     Some  perions  have  propofed  to  fubfti- 
|utc  zinc  for  tin  in  lining  copper  veflels ;  the  latter 
metal,  in  conjundlion  with  lead,  having  been  fuppoied 
infiifficient  to  prevent  the  dangerous  eflfefts  of  the  lead« 
Macquer  allows  that  this  metal  fpreads  more  evenly 
pn  the  copper,  b  much  harder,  and  lefs  fufible,  than 
the  lining  of  tin,  but  objeds  to  it,  becaufe  it  is  foluble 
in  vegetable  ̂ cids,  and  has  a  jconfiderable   emetic 
power.     Mr.  De  la  Plance,  however,  has  taken  the 
fiilts  of  zinc,  formod  by  the  vegetable  acids,  in  greater 

qukntities  than  they  can  be  contained  in  aliments  which 
have  been  drcflcd  in  veffels  lined  with  zinc,  without 

experiencing  any  dangerous  effeft.     Experiments  are 
yet  wanting  to  prove  the  fuperiority  of  zinc  lining 

^ver  that  of  tin,  ' 
Zinc 
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Zinc  is  found  in  the  following  ftates:  It  is  fome- 
limes,  though  rarely,  difcovcred  native  in  flexible, 
greyifh,  and  inflammiblc  fibres.  Zinc  in  its  ore  is 
generally  in  the  form  of  a  calx;  when  the  ore  contains 
no  other  metal  but  zinc  it  is  never  in  any  other  form, 
but  it  is  often  mixed  with  other  ores,  which  contain 
fulphiir  and  arfenic,  and  thefe  muft  be  evaporated  by 
roafting.  The  richeft  ores  are  compaft  and  ponde- 

rous, and  are  called  lapis  calaniinaris,  or  calamine; 

they  are  found  in  the  pariQi  of  Holywell,  in  FUnt- 
fliire, 

Margraff  has  afcertaincd  the  quantity  of  zinc  con- 
tained in  different  forts  of  calamine  : 

Pans.  Part). 

Calamine,    from     near  1      ,  ,  . 

Cr«ow    -    -    -      1    "^    S"=      25      2.nc- 

C-iI-imine,    from  England    i6     — —      3           
        from  Bteflaw      16 

from  Hungary    16 
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enough  to  mdc  the  copper^  but  Sufficient  to  reduce 
die  zinc,  and  convert  it  i^to  vapours.  Thefc  vapoura 

penetrate  the  dapper  in  proportion  to*  the  furface  ex« 
pofed  to  their  aftion^  changing  its  colour  from  red  to 

yellowj  and  augmeijjting  its  weight  in  a  great  propor- 
tion. When  they  make  brals^  which  is  to  be  caft 

into  plates,  from  which  pans  and  kettles  are  to  be 
purmedy  and  wire  is  to  be  drawn,  tliey  ufe  calamine  of 
die  fineft  fort,  and  in  greater  proportion  than  in  the 

compofition  of  common  brafs. 
TutQT  is  the  flowers  of  zinc  taken  from  the  furnaces 

b  which  the  ores  containing  this  metal  are  wrought* 
It  varies  in  colour  and  confiftence  according  as  the 
falX'b  more  or  lefs  perfeft,  and  is  mixed  with  nxure  or 
Jefs  of  an  argillaceous  iiibftance.  Newman  fays,  that 
the  lapis  tucias  is  compoied  of  clay  beaten  up  with  a 
ihnail  quantity  of  lapis  calaminaris. 

Zinc  and  copper,  when  melted  together  in  different 
proportions,  conftitute  what  are  called  pinchbeck,  &c. 

oF  different  fliades  of  yellow.  Margraff*  melted  pure 
rtnc  and  pure  copper  together  in  a  great  variety  of 
proportions,  and  he  found  that  eleven,  or  even  twelve 

•parts  of  copper,  being  melted  with  one  of  zinc,  gave 

&"moft  beautiful  and  very  malleable  tombac  or  pinch« 
*>cck. 



i   is6   3 
[Book  VI, 

CHAP,    xxviir. 

OF  THE  NeWLy  DISCOVERED  SEMI-METALS. 

Sjivi!«i!c.—Miniich}iiil!:.—UraKilt.—andTilai!Ut. 

BE'FORE  the  account  of  fcmi-metals  is  concluded, 
it  is  proper  briefly  to  notice  four  remi-mctallic 

fiibftancis  which  have  lately  fallen  under  the  obfcr- 
v-ition  of  mineralogifts,  but  which  have  not  yet  under-  ■ 
gone  a  complete  examination. 

'  A  new  femi-  metal  has  been  difcovered  by  Faccbay, 
to  which  Mr,  Kirwan  gives  the  name  of  Sylvanite, 
from  its  being  found  in  Tranfilvania.  Its  colour  is 
grey  jnclinmg  to  red,  its  frafture  broad  or  granularly 
foliated,  with  a  flight  degree  of  malleability.  Its 

■weight  is  about  fix  times  that  of  water.  When  heated 
it  mcits  as  eafUy  as  lead,  gives  a  thick  white  fmokc,  and 
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A  fubftancc  of  a«peculiar  nature  was  di(covered  bjr 

Mr.  M'Grcgor  in  the  valley  of  Menachan  in  Cornwall, 
Which  has  been  therefore  called  MenachanitEj  and  is 
confidered  as  a  femi-meral.   U  is  found  in  the  form  of 

finall  black  grains  refembling  gunpowder,  of  no  deter* 
mina^tc  fhape,  and  often  mixed  with  a  grey  fand  of 
great  iubtilty.      I:s  fpecific  gravity  when  in  grains 
is  4,427  i  in  a  high  heat  it  (lightly  agglutinates  and 

'acquires  a  fmall  increaie  of  weight,     V|^ hen  in  grains 
k  is  cafily  pulveri2ed,  and  is  pofleiled  of  fome  magnetic 
power.  It  is  infoluble  in  acids  except  by  particular  ma- 

nagement I  but  is  then  found  to  confifl:  'of  about  equal 
proportions  <^ironjand  a  peculiar  white  calx  wichalittle 
files.     The  folution  of  menachanitic  calx  in  vitriolic 

sod,  is  precipitated  deep  green  by  Pruffian  alkali, 
irhite  by  comnion  alkali^  and  becomes  orange  coloured 
with  tincture  of  galls.     With  feveral  other  folvents  it 
exhibits  properties  io  peculiar,  as  to  entitle  it  to  be 
confidered  as  a  new  fubftance. 

Uranite  was  firft  difcovered  by  Klaproth,  who 
found  it  to  poffcfs  the  following  properties.  Its  colour  is 
dark  fteel  or  iron  grey,  internally  fomcwhat  browner. 
Its  fpecific  gravity  6,440.  It  is  rather  more  difficultly 
fufiblc  than  manganefe,  and  has  as  yet  only  been  pro- 

duced in  fmall  globules  imperfedly  agglutinated.  It  is 
foluble  in  nitrous  cid ;  but  it  does  not  appear  that  other 
acids  have  been  tried.  Its  calx  is  yellow  and  manifcfts 
the  following  properties.  It  is  eafily  Ibhible  in  acids ; 
^th  the  dilute  vitriolic  acid  it  affords  yellow  cryftals. 
With  the  concentrated  acetous  acid  it  affords  yellow 
quadrangular  cryftals.  It  is  alio  foluble  in  many  o:her 
acids,  the  producli,  of  which  folurions  vary  confiderably 
^^oth  in  colour  and  form.  Uranitic  calx  is  infolublc 

"^  alkalis,  cither  in  the  luoiA  or  dry  way,  which  fully 
diftinguiflics 
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diftinguithes  it  from  tungftcnic  calx,  which  it  reftmbles 
in  colour. 

TiTANiTE,  which  many  mineralogifts  have  confi- 
rfered  as  a  red  (hirl,  has  been  lately  transferred  to  the 
clafs  of  metallic  fubftances  by  the  labours  of  Klaproth. 
Its  colour  is  brownilh  red.  It  occurs  cryftalHzed 
in  right  angled  quadrangular  prifins,  longitudinally 
ftreaked  or  furrowed.  None  of  the  acids  have  been 

found  to  have  any  aftion  on  this  fubftancc,  even  when 
heated.  The  calx  of  ticamtc  is  white,  and  is  foluble 
in  the  mineral  acids.  Fifty  grains  of  the  calx  were 

by  ignition  reduced  to  twenty-eight.  Mr.  Kirwan  Is 
of  opinion  that  titanJte  is  red  when  in  its  metallic  ftare, 
that  is,  as  it  is  fiund  in  nature.  Heated  on  charcoal  it 
becomes  rofy  red,  and  afterwards  flatc  blue,  and  finally 
melts  into  an  imperfeifl  bead  with  a  fine  ftriatcd  fur- 
face.  The  different  produftions  of  nature  feem  uni- 
verfally  to  pafs  into  each  other;  and  titanite,  as  far  as 
we  can  judge,  from  what  is  as  yet  known  concerning 
i[,  forms  a  link  between  eardiy  and  metallic  fubftances. 
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CHAP.    XXIX. 

IRON. 

JE«M||Sttf  VtiUiy  rf  this  MetaL^Itt  Propertiif^^^Natwral  Hi^Qfy  tf 

OcbrtM^'^SMubing  tf  IrQn.^-Twrging  of  Innj^^Makimg  of  StetL-^ 

Ttmpirimi  of  ̂ftil^^^Cafi  Steel. — Great  DlJ^fion  in  Iron  to  umit 
nmti  other  BoJSoM.i'^JGreett  Fitriol,  bow  frocttreel.-^Pn^mtt  Blm,'^ 

hkj^^lmJUutmatiott  of  Sulphur  mi  Iron^^^Tiuning  of  hroH^^^n* 

ftarmimti  oflnrn  ufid  in  Medicint. 

OF  all  tnetals^  and  I  mi^t:  perhaps  be  juOiiBcd  m 
adding)  of  all  mineral  fubftanccsj  the  mod  gene<^ 

rally  ufelul  is  ironr  To  fpecify  its  ufcs  would  be  to 
produce  a  catalogue  of  every  thing  that  contributes  to. 
At  fuftenance  and  the  convenience  of  life.  By  tlte  af- 
fiftance  of  this  nnetal  we  till  the  land,  and  obtain  the 

fruits  of  the  earth  in  greater  abundance  and  perfection 

than  we  could  by  any  other  means ;  by  its'agency  we 
w  enabled  to  penetrate  the  earth  itfclf,  and  procure 
Whatever  it  contains  that  may  be  ufeful  or  ornamental 

to  man ;  there  is  fcarcely  a  mechanical  trade,  which 
could  be  condufted  on  the  prefcnt  principles  without 
^  aid,  and  many  of  them  could  not  even  exift  were  we 
^ived  of  it :  even  in  domeftic  life  our  fafety,  our 

^nofort,  and  our  pleafure,  all  fcem  in  fome  meafure 
to  depend  on  this  moft  valuable  produftion  of  the 
*^.  As  the  quantity  of  this,  as  well  as  of  fome 
^hcr  minerals,  which  appear  almoft  neceffary  to  focial 
^iftcnce,  muft  be  limit:*d,  I  have  often  thought  that  the 
^^t  of  a  fufficient  fupply,  which,  on  the  fuppofition  of 
^c  prefent  fyftcm  of  things  being  continued  for  ever> 

'^ft  at  fome  time  neceflarily  take  place,  forms  a  forcible 
argument 
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argument  agamft  the  abfurd  and  ignorant  hyporfid 
of  the  ccernUy  of  the  world. 

The  external  appearance  of  this  metal  is  well  known}*! 
and  its  hardnefs  and  elaHicity  are  fccn  in  the  vanoui 
inftruiuenci  and  uci^nnia  which  are  formed  of  it. 

It  is  iht-  mofr  fo:?c>rous  of  all  the  metals,  except 
copper;  but  in  fpccific  gravity  it  is  inferior  to  moft  of 
ihem,  biing  only  about  fevcn  times  and  a  half  thcweighl 
orwaitT.  Iron  hasaconfidcrablt  finell,  cfpeclally  when 

rubbed  or  heared.  It  likewife  has  a  ve^■J'  perceptible 
Ityptic  tafte. 

Iron  is  vrry  duiftile,  and  mBy  be  drawn  into  wire  t 
fine  as  a  humj;n  hair  ;  and  it  ii  fo  tenacious,  that  an  iro 
wire  of  one  tcntti  of  an  inch  diameter  will  fupportS 
weight  of  fifteen  Iiundred  pounds.     Iron  may  be  i 
nitcii,  or  at  lead  made  fufficiently  hot  to  fee  fire  i 
brimilune,  by  a  quick  fucceflion  of  blows  with  a  ham 
mer;  but  it  requires  a  mofc  intenfc  heat  Xr.  fufc  it,  C 
which  account  it  is  brought  into  (hape  by  hammerin_ 
while  it  is  in  a  heated  flatc.     Iron  is  alfo  poflelTed  oE 
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the  friction  which  feparatcs  them  from  the  mafs^  {q 
as  to  difpoie  them  to  inflammacion.  Thefe  particles 
arc  feldom  larger  than  the  two  hundredth  part  of  an 
inch  in  diameter,  and  when  examined  by  a  magnifier, 
are  found  to  be  brittle,  of  a  greyifh  colour,  refcmbling 
the  fcaks  of  burnt  iron.  Another  proof  of  the  inflam- 

mability of  iron  is,  that  iron  wire,  heated  at  one  end^ 

and  plunged  in  a  jar  of  oxygen  gas,  burns  with  con« 
fiderable  rapidity,  and  with  a  very  brilliant  flame. 

Iron  is  by  far  the  mod  abundant  in  nature  of  all 
die  metals.  It  is  not  only  contained  in  almofl  every 

feflSl,  particularly  in  thofe  which  are  coloured,  but* 
makes  a  part  of  vegetable  and  animal  matter.  With 
rcfpcft  to  the  ores  of  iron,  however,  as  they  are  very 
numerous,  it  will  be  necefTary  only  to  notice  thofe  from 
which  the  metal  may  be  extraftcd  with  advantage.  In 
thefe  ores  iron  exifts  either  in  the  metallic  or  calciform 

flatc,  or  mineralized  bv  different  fubftances. 
Native  Iron  is  known  by  its  colour  and  malleability* 

It  is  very  rare,  and  is  only  found  occafionally  in  iron 
JTiines.  Some  naturalifts  think  that  thefe  apparently 
Native  fpecimcns  of  iron  have  been  produced  by  art, 
*nd  have  been  buried  in  the  earth  by  accident. 

In  the  Philofophical  Tranfaftions  for  the  year  1788, 
vol.  Ixxviii.  is  an  account  of  a  mafs  of  native  iron, 

Weighing  by  admeafurement  about  three  hundred  quin- 
tals,  which  lies  in  the  midft  of  a  wide  extended  plain, 

in  the  middle  of  South  America,  in  latitude  27**  2Z* 
fouth,  and  at  the  diftance  of  fevcnty  leagues  call,  one 

■<liiarter  fouth,  from  the  hamlet  of  Rio  Salado.     It  has 
iHe  appearance  of  having  been  liquid,  and  bears  the 
impreffion  of  human  feet  and  hands  of  a  large  fizc,  as 
^cU  as  of  the  kct  of  large  birds  common  in  that 
country.     The  extraordinary  faft  of  fuch  a  mafs  of 

Vol.  II.  M  -    iron 
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iron  being  found  in  the  center  of  a  vafl  trafl  of  level; 
land,  wlicre  there  are  no  mountains,  nor  even  thc^ 
imallcft  fLonc,  within  a.  confiderable  diftance,  prqje<S- 
ing  above  the  furface  of  the  eartli,  is  referred  hy  the^, 
writer  of  the  article  in  queftion  to  an  ancient  volcanic^ 

cxplofion,  of  which  there  ai^c  Ibme  vcftiges  near  it. 
The  fame  fuppofition  is  urged  wJtli  equal  probability  to:, 
account  for  the  produflion  of  another  mats  of  native, 
iron,  in  the  Iliape  of  a  tree  with  ics  branches,  which  the, 
fame  author  aSTercs,  on  indubitable  authority,  is  known 
to  exift  in  thcfc  immenfe  forclls.  Some  fpecimens  ofi 
ihe  iron  wtrc  prefcnted  to  the  Royal  Society,  who , 
afterwards  depofitcd  them  in  the  Britifti  Mufeura. 

TJiat  large  maflcs  of  iron  were  really  obferved  in  thefi;^ 
fituations  there  is  no  repfon  to  doubt,  but  I  fliould  ra- 

ther attribute  the  fuppofed  impreffions  to  accidental^ 
lefemblances. 

The  largefl  quantities  of  iron  ores  are  in  a  calcifonn  , 
ilatc,  as  in  otlires,  bog  ores,  &c.  which  are,  diipoiod 
in  flrata,  in  the  manner  of  ftoncs.     The  fcdtes,  or,. 
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Nature  likewife  preftrnts  iron  in  a  faline  ftatCj  united 
to  the  vitriolic  acid,  and  forming  green  vitriol.  This 

fait  is  pai'ticiiiarly  found  in  mines  which  contain  py- 
Htcs.  Iron  is  often  found  unitetl  to  fulphur,  and 
then  forms  what  are  called  martial  pyrites.  This 
metal  is  alfo  found  combined  with  arfenic,  both 
being  in  the  metallic  ftate.  There  is  alfo  a  black 
iron  orci  which  is  in  fome  meafurc  attracted  by 
tbe  magnet.  Iron  is  fometimes  found  in  the  fbrnj 
of  a  blue  powder.  In  this  Hate  it  is  called  native  • 
FniEIian  blue.  It  is  mixed  with  vegetable  earths,  and 
cTpecially  with  turf.  It  was  difcovercd  fome  years  ago,^ 
that  iron  is  often  united  with  the  phofphoric  acid.  The 
riiuddy  or  bog  ores  arc  fometimes  of  this  nature. 

The  ores  of  iron  do  not  afford  the  mct.-il  unlefs  Ui^cd 
by  a  great  heat.  Some  ores  are  melted  without  addi- 
ftoaj  but  it  is  neceflary  to  aflift  the  fufion  of  others  by 
calcareous  matters.  The  limeftones,  the  iron  ore,  and 

charcoal,  are  alternately  thrown  into  the  furnace,  and 
tlie  wliole  is  covered  with  a  layer  of  charcoal.  The 
nkltjdore  is  reduced  by  the  contaft  of  the  coaly 
niattcr,  and  is  then  fuffcred  to  run  into  a  cavity  ufually 
formed  in  fand.  The  metal  in  this  ftate  is  called  crude 

Or  call  iron.  A  vitreous  matter,  called  flag,  palTe* 
ifer  the  iron,  and  confifls  of  the  ftones  which  were 
added  to  facilitate  the  fufion.  The  metal  thus  ob- 

tuned  has  not  the  leaft  du£tility ;  but  it  is  deemed 
Wtcr  in  proportion  as  its  colour  is  darker. 
The  caft  iron  is  carried  to  be  refined  in  a  forge 

fiirnace,  with  a  hollow  hearth,  in  which  it  is  fuiroundcd 

*itli  charcoal,  where  the  fire  is  urged  by  bellows  till 
llie  metal  begins  to  foften.  When  it  is  in  this  ftate, 

'Us  repeatedly  ftirred,  in  orik-r  that  it  may  prefent  n 
^er  furface  to  the  air.  By  the  a£tion  of  the  heat 

and  air  it  emits  Iparks,  which  proceed  fi-om  the  con- 
wtnption  of  a  quantity  of  plumbago,  or  black  lead 
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which  is  contained  in  the  crude  iron,  and  which  it  is 

commonly  fiTppofed  to  acquire  from  the  fuel  during  ihc 

proccfs  offmelting* 
The  iron,  by  this  mode  of  refining,  lofes,  beGdri 

the  plumbagn,  a  quantity  of  fiderite,  which  Bergman 
fuppofed  CO  be  a  peculiar  metal,  but  which  is  now 
found  to  be  a  combination  of  iron  and  phofphoric 
acid. 

After  the  iron  has  been  kept  in  this  fituation  a  cer- 
tain time,  it  is  carried  to  a  large  hammer^  generally 

moved  by  water,  where  it  is  formed  into  bars.  The 
hammering,  by  bringing  the  particles  of  the  iron 
nearer  together,  prelTcs  out  the  impurities,  and  thus 
completes  what  was  left  deficient  by  the  fiifion.  This 
heating  and  hammering  are  repeated  a  number  of 
times,  tin  the  iron  has  acquired  the  defired  degree  of 
perfeftion.  Crude  iron  loies  from  a  quarter  to  a  third 
of  its  weight  by  the  procefs  of  refining,  and  is  tlicn 
called  forged  iron. 

Steel  is  made  by  furrounding  the  bars  of  iron  with 
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of  plumbago.     By  rolution  in  acids^  it  is  found  that 

caft  iron  contains  a  large  quantity  of  plumbago,  that 
ftcel  contains  fome  of  it,  but  that  the  molt  nialleable 

forged  iron  contains  fcarcely  any  ;  it  therefore  appears^ 
that  fteel  is  in  an  intermediate  condition  between  caft 

iron  and  forged  iron,  and  that,  in  making  the  former 
into  the  latter,  the  metal  muft  pafs  through  the  (late 

of^  fteeL    In  fome  foreign  works  they  aftually  manu- 
fa£hire  fteel  by  only  ftopping  the  procefs  of  refining 
at  a  certain  point*    In  thefe  manufadtories,  however, 
dicy  make  ufe  of  an  ore  of  uncommon  purity  j  and 
the  fame  procefs  does  not  fuccced  with  ordinary  ores, 
becaufe  the  metal  obtained  from  thefe  contains  other 

impurities  beHdes  plumbago,  which  cannot  be  fepa- 
ratcd  without  reducing   the    iron   to  its    itialleable 
ftate. 

There  are  differences  in  the  working  of  iron,  ac- 
cording to  the  ores  from  which  it  is  obtained,  the  caufes 

of  all  of  which  have  not  been  difcovered.  The  pre- 

fence  of  phofphoric  acid,  however,  is  known  to  pro- 
duce a  brittlenefs  in  iron  when  cold,  which  occafions 

Aat  fort  of  iron  to  be  called  cold  jhort  iron  by  the 

Workmen.  Pholphoric  acid  is  chiefly  found  in  iron 
obtained  from  bog  ores. 
The  workmen  employed  in  tempering  fteel  judge, 

by  the  different  colours  it  afTumes  during  the  opera- 
tion, of  the  degree  of  hardnefs  it  has  acquired.  That 

Aefe  colours  may  be  properly  obferved,  fome  part  of 
^l^e  metal  to  be  tempered  fhould  be  fmooth. 
The  changes  of  colour  depend  on  the  calcination 

of  the  iron ;  for  if  the  contact  of  air  is  prevented  by 
the  thinneft  covering  of  any  oily  matter,  the  effcft  is 
<^ntirely  prevented.  The  colour  is  firft  a  pale  yellow  j 
^f  a  piece  of  fteel  is  then  ftruck  off,  it  will  be  very 
"^rcl.    If  the  fteel  i^  left  in  the  fire  for  a  longer  time, 

M  3  it 
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ic  acquires  a  deeper  yellow  and  more  toughncfs,  with 
fcarcely  any  diminunoti  in  the  degree  of  hardnefi; 
when  brought  down  to  the  colour  of  watch  (prings,  it 
is  of  the  ficrefl:  temper  for  cutting  wood.  Steel,  by 
being  heated  in  this  manner,  becomes  fucccffivcly 
white,  yellow,  orange,  red,  violet,  and  iaftly  blue, 
which  colour  remains  a  confiderable  time;  but  if  the 
heat  is  raifed  it  becomes  whitilli. 

Steel  ftrongly  heated  while  in  the  fire,  affumes  a 
red  and  fp.irkling  appearance,  it  next  becomes  very 
white  and  dazzling,  and  then  burns  with  a  fenfible 
flame. 

Call  fleel  is  nothing  more  than  fteel  refined  Ijy 
fufion.  During  this  procefs  it  throws  up  fcoria,  wh^ft 
the  m(;taliic  matter  which  remains  is  much  harder  thao 
before,  and  its  texture  more  uniform. 

Iron  is  one  of  the  metals  which  is  afted  on  moft 

powerfully  by  acids.  But  not  only  acids,  but  all  fsr 
line  fubflances  feem  to  affiiS  it,  and  even  water  is  ca- 
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lution  of  Iron  in  the  vitriolic  acid  is  of  a  gre«n  colour, 
fend  by  evaporation  produces  the  green  cryftals,  well 
known  under  the  names  of  fal  martis,  green  vitriol, 
knd  copperas.    The  green  vitriol  ufed  in  commerce  is 
obtained  in  the  following  manner :  Pyrites,  which  are 
natural  combinations  of  iron  and  fulphur,  are  expofcd 
fco  the  action  of  the  air  and  rain  in  Ihallow  pits  lined 
with  clay.     After  having  been  in  this  lituation  3  wce& 
tor  a  fortnigjit  they  grow  hot  and  crumble  down,  and 
when  carefully  examined  are  found  to  contain  fmall 
tryftals.    Thefe  ut  diflblved  by  the  rain,  and  con- 

veyed by  pipes  into  a  refervoir  in  a  houfe,  whence  tho 
liquor  is  pumped  into  a  boiler  made  of  lead.     This 
Equor  is  found  to  have  an  excefs  of  acid,  which  is  re- 

medied by  calling  pieces  of  iron  into  it  when  heated 
fo  as  to  fimmcr.     By  the  addition  of  the  iron  a  quan- 

tity of  the  earth  of  alum  is  alfo  depofited.     As  the 

liquor  cools,  the  greater  part  of  the  (al  martis  isdepo- 
fitcd.     By  the  ex|>ofure  of  the  pyrites  to  the  aftlon  of 
iUr  and  water,  the  fulphur  attrafls  the  oxygenous  prin- 

ciple, and  is  thus  converted  into  vitriolic  acid.     Sal 
martis  is  liable  to  the  watery  fiifion;  when  expofed  to 
sftrong  heat  the  acid  begins  to  exhale,  and  as  it  ex- 
tialps,  the  natural  colours  of  the  calx  of  iron  appear. 
It  is  firft  yellow,  then  orange,  then  red ;  if  it  is  cal- 

cined to  a  greater  degree,  fcarcely  any  of  the  acid  is 
Itft,  and  the  calx  remains  of  a  deep  purple  colour,  and 
is  known  under  the  name  of  colcothar  of  vitriol.    The 
nitrous  acid  afls  with  fo   much  violence  on   iron  as 
to  convert  it  into  a  brown  calx.     With  the  muriatic 

icid  iron  affords  cryftals  of  a  livelier  green  colour  than 
Copperas,  which  will  not,  like  copperas,  part  with  the 
scid  by  the  application  of  heat. 

All  folutions  of  iron,  if  expofed  to  the  air,  depofit 
pan  of  the  metal  in  the  form  of  a  calx.     Alkaline  falts 

M  4  prt;c\^\ux.% 
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precipitate  the  metal  of  a  blueifh  grey  colour,  if  the 
IbJucion  is  frelh,  but  if  long  kept,  in  the  form  of  a 
yellow  powder.  Mild  vegetable  alkali  feparates  a 
yellow  calx  from  the  folucion  of  iron  in  the  nitrous 
acid,  whicli  foon  becomes  of  a  beautiful  red  orange 
colour.  If  the  mixture  is  agitated  during  the  effcr- 
velcence,  the  precipitate  is  re-diflblved  in  much 
greater  quantity  than  by  the  pure  vegetable  alkalL 

This  foluiion  is  known  by  the  name  of  Stahl's  martial 
alkaline  tinfture. 

But  the  moll  .remarkable  precipitation  is  that  pro- 

duced by  a  fixed  alkali  p'cparcd  with  aninnal  inflam- 
mablc  matter.  The  alkali  is  treated  by  mixing  ir, 
when  dry,  with  twice  its  weight  of  blood,  which  has 
been  indurated  and  reduced  to  powder;  the  mixture  is 
put  into  a  crucible,  and  a  gentle  heat  applied?  parti- 

cular care  nr.uft  be  taken  to  ufe  [he  due  degree  of  heat, 
which  is  known  by  the  difappearance  of  a  blue  flame 
and  finoke,  which  is  at  firft  obfervable  on  the  furface. 
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in  the  hiftoiy  of  iron,  is  the  effeft  produced  on  ic  by 
aftringent  v^table  fubftanccs.     The  principle  of 
aftnngency>  which  is  now  found  to  be  a  peculiar  acid, 
calkd,  in  the  new  nomenclature,  gallic  acid,  refides  ia 
a  great  number  of  vegetable  matters,  particularly  oak 
galls,  tea,  &c.    According  to  M.  de  la  Metheri^, 
liowever,  the  acid  of  galls  is  only  a  variety  of  the  co- 
lounng  principle.     Galls  are  protuberances  on  the 
leaves  of  the  oak,  occa(ioned  by  the  puncture  of  a  par- 

ticular infeA.    Any  of  thefc  fubftances,  added  to  a 
folution  of  green  vitriol,  precipitates  a  fine  black  fecula. 
which  may  be  fufpended  a  conGderablc  time  in  the 
fiukl  by  the  addition  of  gum  arabic.     Oak  galls  are 
commonly  made  ufe  of  in  this  procefs,  which  is  that 
of  making  ink.     The  following  proportions  of  ihefe 
ingredients  for  making  inlc  anfwer  very  well.     One 
ounce  of  martial  vitriol  to  three  of  powdered  galls;  to 
which  one  ounce  of  powdered  logwood  may  be  added, 
to  render  i!ie  ink  more  permanent,  and  one  ounce  of 
gum  arabic  to  fufpend  the   colouring  matter.     Let 
iKefe  be  infufed  in  a  quart  of  water  or  vinegar  for  ten 
dayS)  and  fhaken  occafionally,  when  the  ink  will  be  Gt 
for  ufe. 

The  colouring  matter  of  ink  feems  to  be  produced 
from  an  union  of  the  acid  of  the  galls  with  fome  part 
of  the  iron  in  a  calciform  ftate.     A  fmill  quantity  of 
My  of  the  mineral  acids  deftroys  the  colour  of  the  ink, 
Ijy  diflblving  the  iron,  which  was  imperfealy  precipi- 
tared;  and  this  colour  is  again  rcftored  by  the  addi- 

'      lion  of  an  alkali,  which  takes  away  the  acid.     The 
■      black  fccula  of  ink  is  not  magnetical ;  but  it  may  be 

Converted  into  a  brown  magnetic  calx  by  heat.     Ink 
F      becomes  blacker  by  expofure  to  the  air,  which  acidi- 

fies more  completely  the  principle  combined  with  the 
lion;  but  ancient  writings  become  more  and  more 

yellow 
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ycllnw  in  confequencc  of  the  decay  of  the  vcgrrablt] 

imtrer.    Tlieir  legibility  may  be  reftorcd  by  the-rffr 
of  infufion  of  galls,  or  gallic  add.     The  bed:  method, 
liowcvcr,  of  rcftoring  the  legibility  of  ancient  writings, 
confifts  in  fpreading  a  folution  of  the  PrulTian  aflcafi 
thinly  with  a  feather  over  the  tracts  of  the  letters, 
then  to  touch  it  gently,  and  as  nearly  upon  or  61 
the  letters  as  can  be  done,  with  a  diluted  acid,  by  nw; 
of  a  pointed  ftick. 

The  only  eflential  ingredients  of  ink  are  grceft  vV* 
triot,  galls,  and  water.  Dr.  Lewis  has  made  man^ 

■uftful  experiments  on  the  proportions  of  thefe  ingre- 
dients which  produce  the  bell  ink.  He  found  that 

equal  quandties  of  galls  and  green  vicriol  produced 
the  deepeft  colour,  but  not  the  moft  durable ;  he 
found,  that  by  incrcafing  the  quantity  of  the  gaDs 
colour  was  rendered  more  durable;  that  with  lhK:_, 
times  the  weight  of  the  galls  to  one  of  the  vitriol,  S* 
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snakes  a  deep  black.    He  did  not  Bnd  my  v^etable 

|dlringent  equal  in  all  rcfpefls  to  galls. 
Mr.  NichpUbn  ftates  an  c^je^on  to  the  ufe-of  vine- 

^r  in  the  making  of  ink,  which  is^  that  it  ai^s  Co 
ftrongly  on  the  pens  that  they  continually  require 
mending,  ink  is  very  apt  to  become  iriouldy>  which 
is  bcft  remedied  by  the  addiiion  of  a  few  cloves  re- 

duced to  powder;  .for  hot  aromatics  atCexccllent  pic- 
fovers  of  animal  jind  vegetable  aiatters. 

lion  detonates  fUongly  with  nitre.  It  appears  t» 
combine  with  alkalis  by  fuflon.  The  calx  of  iron 
combines  with  earths,  aOills  their  fuTiont  and  imparts 
9  green  colour  to  the  glafs.  Ixoa  has  a  remarkable 
attiaffion  for  lulphur,  and  combines  with  it  cither  by 
the  at^ion  of  heat  or  moifliure,  A  mixture  of  equsd 
parts  of  iron  filings  and  fulphur,  made  into  a  pafle 
with  water,  becomes  hot,  emits  watry  vapours  aiid 
inflammable  air,  in  a  little  time  the  mafs  takes  6re, 

and,  by  attracting  the  oxygen  of  the  water,  becomes 
converted  into  green  vitriol,  in  the  fame  manner  as 
pyrites.  This  is  the  mixture  ufcd  in  the  prodiiilion 
of  an  artificial  earthquake,  which  will  be  ̂ okcn  of 
piorc  fully  under  the  head  of  earthquakes. 
With  refpeft  to  the  relations  of  iron  to  the  other 

ftietals,  there  is  little  worthy  of  note,  except  its  attrac- 
lionfor  tin,  on  which  is  founded  the  procefs  of  tinning 
iion.  In  fome  countries  iron  is  made  into  plates,  by 
being  repeatedly  heated  and  fubmitted  to  the  aftion 
pf  a  heavy  hammer.  In  England,  however,  the  plate? 
ire  not  hammered,  but  rolled  out  to  the  proper  dimen- 
Cons,  by  being  put  between  two  cylinders  of  call  iron, 
Cifcd  with  fteei.  When  the  iron  plates  have  been 
either  hammered  or  rolled  to  a  proper  thicknefs,  they 
are  fcoured  with  a  weak  acid,  which  renders  their 

fiirfacc  perfeftly  clean  and  bright,  and  takes  off  all 
the 
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the  ruft,  which  would  prcvtnt  theadhcfion  of  the  tm 
to  their  furface  ;  they  are  then  wetted  with  a  folution 
of  fal  amrrioniac,  and  plunged  into  a  veffel  con- 

taining melted  tin,  the  furfitcc  of  which  is  kept  co- 
vered witli  pitch  or  tallow  to  prevent  its  calcination. 

The  tin  adheres  to  each  fide  of  the  plate,  and  in- 
timately combines  with  the  iron  to  a  certain  depth, 

which  rendersUhe  tinned  plates  Icfs  difpoled  to  har- 
den by  being  hammered^  and  forms  an  excellent 

defence  for  the  iron  againfl:  the  action  of  air  uid 
moifture. 

Billiop  Watfon  propofes  it  as  a  qiieftion  of  fotot  ' 
importance,  whether  iron  of  a  greater  thickUefi 
might  not  be  advantageoufly  tinned  ?  He  detired  i 

workman  to  break  off  the  end  of  a  large  pair  of' 
pincers,  which  had  been  long  ufed  in  taking  the 
plates  out  of  the  melted  tin  ;  the  iron  of  the  pinccrt 
fecmcd   to  have  been  penetrated  through  its  wholt 
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1  ia  ft  proper  proportion^  it  enabks  the  manufadureri 

lay  on  a  thinner  coat  of  tin  without  injury  to  the  co* 
IV.  This  praftice,  however,  is  rather  of  prejudice 
I  Ac  duradon  of  the  plates.  When  the  tin  is  heated 
)  a  great,  degree,  the  covering  which  it  imparts  to 
ic  iron -is  thinner  but  more  even.  The  plates  are 

^C  from  this  caufe,  to  have  yellow  fpots  on  them ; 
Ut  this  inconvenience  may  be  removed  by  boiling 
ie  plates  for  two  or  three  minutes  in  lees  of  winc» 
^,  where  they  cannot  be  had,  (bur  fmall  beer,  or  other 
inular  fluids,  may  probably  be  ufed  with  the  fanne 

gcceis. 
Iron  is  juftly  confidered  as  a  valuable  article  of  the 

materia  medica,  and  while  its  utility  is  confiderabl«^ 

icis  entirely  free  from'thofe  deleterious  and  debilitat- 
ing cflfefts  which  proceed  from  moft  of  the  other 

iKtals  that  arc  ufed  as  medicines.    The  fcrrum  vi- 

riolatum,  or  green  vitriol,  has  been  already  men- 
oned.     The  ferri  fubigo  is  made  by  merely  expofing 
on  filings  to  the  air,  and  moiftening  them  with  water 
I  they  are  converted  into  ruft.     The  ferrum  tarta- 
Uum  is  prepared  by  mixing  one  part  of  iron-filings 
h  two  of  cryftals  of  tartar  moiftened  with  water, 
expofing  them  to  the  air  for  eight  days.     In  this 
^aratioA  the  iron  is  chiefly  brought  to  the  falinc 
by  means  of  the  acid  of  tartar.     The  ferrum 

loniacale,  or  florcs  martiales,  is  made  by  mixing 
Dound  of  iron  filings  with  two  of  fal  ammoniac, 

pplying  a  brilk  heat.     The  fal  ammoniac  fub- 
and  carries  up  fo  much  of  the  iron  as  to  be 
id  to  a  deep  orange  colour.     The  flores  mar- 
may  be  made  equally  well  with  the  colco- 

'  martial  vitriol  as  with  the  iron-filings.     The \   ferri    ammoniacalis,    or   ammoniacal    tine- 
iron,  is  made  by  digefting  one  pint  of  proof 

fpirit 
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fpirit  of  wine  with  four  ounces  of  ferrum  amnioniacalrf  \ 

The  tindura  feiri  muriati  is  prqiared  by  diflblvii^* 
the  ruft  of  iron  in  the  ttiurialic  acid,  and  adding"  a' 
quantity  of  rcftified  ipirit  of  wine.  Wine  of  iron" 
is  obtained  by  digtfting  ruft  of  iron  with  Spaftift' 
white  wine,  in  the  proportion  of  an  ounce  to  a* 

I  pine,  for  a  month. 
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N»  when  its  furface  is  freft,  is  bright,  and  with- 

-efpcd  to  whicencfs  holds  a  middk  place  between^ 
d  filver.  Tin  is  the  lightefc  of  all  metals^  beings- 

XHit  feven  times  heavier  than  water.  It  'pro<* 
L  cracking  noife  when  it  is  bent,  though  it  yields 
It  is  very  foft,  and,  probably  from  this  caufe, 

ircely  at  all  fonorous.  It  is  confiderably  mal-- 
and  may  be  reduced  beneath  the  hammer  into 
:  thinner  dian  the  leaves  of  paper  (commonly 
by  the  name  of  tin  foil)  which  are  of  great 
feveral  arts,  particularly  the  foiling  of  looking 

Its  degree  of  toughnefs  is  fuch,  that  a  wire 
of  the  tenth  of  an  inch  in  diameter  fupports 
;ht  of  forty-nine  pounds  and  an  half  without 

is  the  moft  fufible  of  metals,  and  melts  at  a 
i)0ve  the  heat  of  4C0%  which  is  long  before  it 
ss  red  hot.  In  paffing  from  the  fluid  to  tht 
ate  it  remains  a  fhort  time  in  an  intermediate 

on,  in  which  it  has  little  more  cohefion  than 
id,  and  may  be  broken  by  a  blow  of  a  hammer, 
agitation,  into  grains.  Tin  is  eafily  calcinable 
bfcurc  red  heat  i  it  at  firft  forms  a  grey  pellicle  ; 

a  ftroQg  heat  it  calcines  with  inflammation  into 

a  white 
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a  white  powder.  The  calx  of  tin  refifts  fufion  more 
than  that  of  any  other  metal  j  from  which  property  k 
is  ufcful  to  form  an  opake  white  enamel,  when  mixed 
with  pure  glals  in  fufion. 

It  is  obferved  by  miners,  that  though  tin  is  the 
pghteft  of  the  raetab,  its  ores  are  fomc  of  die  heavicft. 
Tin  is  fcldom  or  never  found  in  the  metallic  or  regulinc 
ftate.  The  ores  are  often  cryftaliized,  and  of  different 
colours.  Thofc  which  are  of  a  reddifh  colour  gene- 

rally contain  a  large  proportion  of  iron.  There  alio 
13  a  fulphureous  tin  ore  of  a  brilliant  colour,  Gmilar 
lo  that  of  zinc,  or  golden,  like  aurum  mufivum.  The 
more  tranfparcnt  ores  of  tin  often  contain  arienic, 
and  this  is  fcparatcd,  almofl:  entirely,  by  repeated 
roaftings. 

In  order  to  reduce  the  ores  of  tin,  they  are  firft   1 
clcanled  from  foreign  admixtures  by  forting,  poundi^,    I 
and  waJhing.     In  the  fmehing  of  the  ore,  care  is  taken 

i  a  larger  quantity  of  fuel  than  Is  ufual  in  the 
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hardened,  is  called  a  block  of  tin;  each  block  of  tin  is  - 
coined  in  the  following  manner :  the  officers  appointed 
by  the  duke  of  Cornwall  afiay  it>  by  taking  ofF  a  piece 
of  one  of  the  under  corners  of  the  block,  partly  by 
cutdng  and  partly  by  breaking,  and  if  well  purified; 
dicy  ftamp  the  face  of  the  block  with  the  impreffion 
of  die  feal  of  the  duchy,  which  ftamp  is  a  permilTion 
fer  the  owner  to  (eU,  and  at  the  fanne  time  an  aflurance 

that  the  tin  fo  marked  has  been  purpofely  examined, 

and  found  merchantable  *• 
The  concentrated  vitriolic  acid  afts  on  tin  with  the 

()rodu6lion  of  fulphurcous  vapours,  part  of  the  oxygeil 
of  the  acid,  as  is  ufual  in  the  folutions  of  metals  in  their 

teguline  ftate,  being  abftra£ted.     The  acid  diflblves 
about  half  its  weight  of  tin,  but  not  without  the  af- 
fiftance  of  heat.     The  folution  is  very  cauftic.     The 
nitrous  acid  is  decompofed  by  tin^  as  it  is  by  moft  of 
the  metals,  with  great  rapidity.     The  tin  is  converted 
into  a  white  calx,  which  it  is  very  difficult  to  reduce. 
M.  de  Morvcau  has  remarked  the  formation  of  a 

quantity  of  volatile  alkali  during  the  folution  of  tin 
in  the  nitrous  acid.     This  is  probably  owing  to  a 
combination  of  the  azote,  produced  by  the  acid,  with 
the  hydrogen,  derived  from  the  decompofition  of  the 
Water  contained  in  the  menftruum.     The  advocates 

fivthe  phlogiftic  hypothejQs,  however,  ixy^  that  the  hy- 
drogen is  the  phlogifton  of  the  t?n  fet  at  liberty  during 

the  folution. 

The  fuming  muriatic  acid  acts  ftrongly  on  tin,  in- 
Bantly  lofing  its  colour  and  its  property  of  emitting 
fumes.     The  muriatic  acid  diflfolves  more  dian  half 

its  weight  of  tin,  and  does  not  let  it  fall  by  repofe.    By 
evaporation  it  produces  brilliant  and  very  regularly 

•  Borlafe's  Hillory  of  Cornwall,  p.  183. 
Vol.  II.  N  formed 
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furmcrd  r/ccdlcs,  which  nightly  attraft  die  humidity 
cf  [he  air.  The  oxygenated  isuriatic  acid  diflblves 
tin  very  readily,  and  without  the  lead  (enfible  cBtr- 
velcxncc.  Aqua  rcgia,  coiirifting  of  two  parts  nitrous 
and  one  muriatic  acid,  combines  with  tin  with  eficr- 
veicence  and  the  devclopement  of  .mtich  hear.  TKc 
icjution  of  tin  in  aqua  regia  is  ufcd  by  dyers  to 
heighten  the  colours  of  cochineal,  gum  lac,  and  feme 
other  red  tinftures,  from  crimfon  to  a  bright  fcarlcr, 
in  the  dying  of  woollens.  By  firft  diilblving  tin  in  the 
marine  acid,  and  then  boiling  the  falution  with  nttroui 
acid  diftilled  from  manganefc,  M.  Hcrmftxdt  ha5 
fuccceded  in  acidifying  tin  to  fuch  a  degree  as  to  con- 

vert it  into  an  acid;  it  had  then  the  form  of  a  whiw 
powder,  foiuble  in  three  times  its  weight  of  water. 

Tin  has  a  flronger  affinity  with  the  muriatic  acid 

than  mercury  has,  and  decompofcs  the  corrofive  mcr— 
furial  fublimate.  To  efFcift  this,  the  tin  is  firfl  di- 
kidcd  by  the  addition  of  a  fmall  portion  of  mercury 
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Compofition  of  the  oxygenated  muriattc  acid  and  tin  ? 
When  water  is  added  to  tliis  fuming  liquor  in  a  cer- 

tain quantity,  it  becomes  folid,  and  ceafes  to  emit 
fames.  It  IS  found  that  this  concrete  fubftance,  when 

rendered  fluid  by  an  increafe  of  temperature,  is  capable 
of  diflblving  more  tin  without  the  efcape  of  hydrogen 
gas.  Hence  it  appears  that  the  oxygen  neccffary  for 
the  folution  of  this  additional  quantity  of  metal  is  not 
derived  from  the  water  but  the  acid,  and  that  the 

acid  to  impart  it  muft  be  in  an  oxygenated  ftate. 
The  experiments  of  M  Adet  have  thrown  much  light 
on  the  nature  of  the  fuming  liquor  of  Libavius,  and  are 
publiftied  in  the  Annales  de  Chemie. 

Tin  is  capable  of  decompofing  all  the  vitriolic  neu- 
tral falts.     Tin  has  a  confiderable  attrafiiun  for  ful- 

phur,  and  eaflly  unices  with  it,  when  in  a  ftare  of  fu- 
fion,  into  a  black  mafs.     Aurum  raufivum  is  a  com- 

bination of  tin  and  fulphur,  obtained  by  a  particular 
procefs,     Arfenic  cannot  eafiiy  be  united  to  tin,  on 
'ccount  of  the  volatility  of  the  former  metal.     Cobalt 
iiniies  by  fufion  with  tin,  and  forms  an  alloy  in  fmall 
dofc  grains  of  a  light  violet  colour.    Bifmutli  in  fmall 
(juaiitities  as  well  as  zinc,  impurt  a  firmncfs  and  white- 
lels  to  tin.     Mercury  diflblvts  tin  with  great  facility, 
"id  in  all  proportions. 
The  ules  of  tin  arc  very  numerous.     It  is  appli(d 

'      to  many  purpofes  in   the  arts.     Its  amalgam  with 
■f      ̂ uickfilver  or  mercury  is  applied  to  filver  looking- 
^.      glaflcs.     The  ufe  of  tin  in  covering  phtcs  of  iron  has 

'.      been  already  fpccificd  j  and  it  is  alfu  employed  in 
lining  the  infide  of  copper  vefil-ls.     It  enters  into  the 
compofition  of  bronze  and  bell  metal.     It  is  the  chief 
ingredient  in  the  compofition  of  pewter.    Pewter  con- 
lifts  of  tin  united  to  fmall  portions  of  other  metallic 
fubftances,  fucb  as  lead,  zinc,  bifiiiuth,  and  antimony. 
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We  have  three  forts  of  pewter  in  common  ufc;  they 

are  diftingi]i(hcd  by  the  names  :o(  plate -,  trtjie;  ley. 
The  pi-^te  pewter  is  uled  for  plates  and  diOiesi  the 
trifle  chii-fiv  for  ale  pints,  quarts,  &c.  and  the  Icy- 
mcra!  for  wine  meafures  and  other  coarfer  ufes.  Our 

very  beft  pewter  is  faid  to  confift  of  one  hundred  pans 
of  tin  to  from  ten  to  fevcnteeji  of  antimony.  To  this 
compofition  the  French  add  a  little  copper.  In  general 
the  lighteft  pewter  is  the  beft.  The  inferior  kinds  are 
heavier  and  fufter,  from  a  quantity  of  lead  with  which 
they  are  adulterated.  Putty  is  prepared  from  the 
whire  calx  of  tin.  The  foluiion  cf  tin  in  aqua  rcgia  has 
b(.en  already  mentioned  as  ufcful  in  dying.  When  it 

R  mixed  in  the  dyer's  bath  it  forms  a  precipitate,  which 
carries  down  the  colouring  matter,  and  dcpofits  it  on 
the  fluff  which  is  to  be  dyed  fcarlet.  The  operatioft 
of  tinning  copper  will  be  afterwards,  defcnbcd.  The 
powder  of  tin  has  been  uled  as  a  remedy  againft  worms 
in  large  dofcs,  and  therefore  die  fcruples  which  hav^ 
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Chap.    XXXI, 

LEAD. 

Gimrml  Pr^pirtits  §f  LioJ.'-^Red  Ltad^^Uthargi^-^UMturd  Hiftot^ 
of  Lead,^^8licken/ii!es,'r~CMrious  Phenomenouj'^mehing  Lead  Orei, 

^mmVffio/t  'with  Acids, ̂ ^Plumbum  Comeum.'^Jf^hiie  Lead',  bona 
madc>^^Sugar  §fLiad. — Union  *witb  other  Metals ^/•'•^ommon  Solder, 
^fVJks  ̂   Lead.^^Great  Danger  from  lioden  Feffels.'^DevonJhiri 
Coiic^^^MeoMS  of  dettSUng  Lead  in  Liquon^'^Medicai  Vfes  ofLeadm 
^^Ufes  of  its  Calces  in  the  Arts, 

TH  E  appearance  of  this  metal  is  well  known.    It 
is  fo  ioft  as  to  be  cut  with  a  knife  without  mych 

difficulty.     It  is  neither  fonorous  nor  elaftic.     It  has 
l^ry  little  tenacity,  and  therefore  cannot  be  drawn 
into  fine  wire.     It  fpreads  cafily  under  the  hammer, 
but  cannot  be  extended  into  very  thin  leaves  like  gold, 
filver,  and  tin.     Its  fpeclfic  gravity  is  rather  greater 
Aan  that  of  filver,  being  eleven  times  heavier  than 
^ater,  and  it  is  exceeded  in  this  refpedt  by  only  three 
Petals,  gold,  platina,  and  mercury.     Lead  melts  at 

?he  five  hundred  and  fortieth  degree  of  Fahrenheit's 
^ermometer,  before  it  becomes  red  hot. 

Lead,  like  tin,  at  a  certain  point  between  its  fluid 

^nd  folid  ftates,  pofTefles  very  little  cohefion,  and  may 
oc  feparated  by  a  fmart  blow  with  a  hammer  into 
grains,  which  are  ufcd  in  aflaying  the  ores  of  gold  and Giver. 

Lead,  foon  after  it  is  melted,  acquires  a  film  on  its 
f^rface,  which  prefcnts  in  fucceflion  a  variety  of  co- 

lours. This  film  becomes  thicker,  and  of  a  grey  co- 
»oyr,  by  the  condnuance  of  the  calcination,  and  is  then 
called  plumbum  uftum.  If  the  firft  pellicle  is  re- 
P^^cd,  another  is  quickly  formed,  and  in  this  way 

N  3  ^Vttvo^ 
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ahnofl:  the  whole  of  the  lead  may  be  converted  into 
a  gicyilh  powder  tinged  with  green  and  yellow. 
This  powder,  being  ground  in  •  mill  and  waflicd, 
becomes  of  a  more  ycllew  colour.  By  further  expo- 
furetoa  rficderate  heat,  alTjUed  by  the  reveibcration  of 
the  fianie  of  die  fuel  on  the  furfacc  of  this  calx,  it 

gradually  afTumcs  an  orange,  and  tiicn  a  bright  red 
colour,  and  is  thus,  in  about  forty-eight  hours,  con- 

verted into  the  fubftaiice  called  minium,  or  red  lead. 

If  lead  is,  in  the  phrafe  of  the  chemills,  urged  with  a 
more  violent  and  fuddcn  heat,  the  appearances  which 
it  exhilrits  are  different.  It  is  flrft  converted  into  a 

flaky  fubftancc,  called  litharge,  which  by  the  procefs 
jull  dcfcribed,  may  be  converted  into  minium,  but  | 

■which,  by  an  increafe  of  heat,  becomes  fluid,  and  a^ 
fo  powerfully  as  a  folvent  on  earthy  fubliances  i|%. 
quickly  to  make  its  way  through  ordinary  crucibles. 

All  diele  calces  of  lead  may  be  eafily  reduced  t<K 
the  metallic  ftate,  by  meidng  them  in  contact  wic^ 
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is  compofccl  in  general  oflaminse  v/hich  have  nearly 
the  colour  and  arpe6t  of  lead^  but  are  more  brilliant^ 
ind  very  bricde.  A  great  variety  of  thefc  ores  have 
been  difcovered,  which  it  will  not  be  neceffary  to 
enumerate.  One  fpccies  however  is  too  curious  in 
its  nature  and  efFefts  to  be  omitted.  It  is  called  by 
fhe  mintrs  flicke>{fidesy  and  confifts  of  galena  united 
with  phofphorared  hydrogen.  The  mineral  has  the 
appearance  of  black  marble,  and  breaks  with  a  polifhed 
furface,  not  truly  plane,  but  lying  in  waves.  It  is 

jlbund  in  fiffures  of  lime-ftone  in  HayclifF  and  Lady- 
walh  mines  at  Eyam,  and  in  Oden  at  Caftleton,  in. 
Derbylhire.  It  is  divided  in:o  two  equal  parts  or 
flabs,  by  a  line  parallel  to  the  fides  of  the  fiiuire,  and 
thele  flabs  are  joined  by  two  polifhed  faces,  which 
fccm  to  be  in  perfcd  contaft  without  any  cohcfion. 
The  furfaces  are  of  the  colour  of  lead,  but  the  covering 

is  as  thin  as  that  from  a  black  lead  pencil.  1  f  a  (harp- 
pointed  tool,  which  the  workmen  call  a  pick,  is  drawn 
over  the  vein  with  fome  force,  the  mineral  begins  to 
crackle  like  fulphur  excited  by  eleftricity  ;  in  a  few 
minuces  after  which  the  laminas  explode  with  violence, 

and  fly  out  as  if  they  had  been  blafted  with  gun-pow- 
der, infomuch  that  the  weight  of  forty  tons  has  been 

blown  out  tc^ther.  Thefc  dangerous  effects  deterred 
Ae  workmen  from  proceeding  for  fcveral  years  j  but 
at  length  it  occurred  to  them  that  this  power  might  be 
ufcd  for  the  carrying  on  of  their  works  with  better 
advantage  than  by  the  common  method  of  blafting 

uith  gun-powder.  Accordingly  a  workman  makes 
afcratch  with  his  tool  upon  the  joint  of  the  flickcnfidcs, 

and  runs  away  as  faft  as  he  can,  to  efcape  the  explo** 
Hon,  wiiicli,  it  is  faid,  loofens  as  much  of  the  rock 

as  ten  men  would  have  brought  away  in  three  months, 
by  the  ordinary  methods* 

N  4  From 
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From  the  coinponew  parts  of  this  miiicra?,  the  reafon 
I  of  the  cxpJofion  will  eafily  be  underitood. — By  th* 
I  friction,    the    phofphorated   hydrt^en    gas,   which    it 
I  contains,  is  inSamcd,  but  bctug  eocunibered  with  the 

iTiafs  ot  g&lena  with  which  it  is  united,  the  inflacnn»- 
tion  is  rather  gradual  than  inflantaneom. 

Lead,  in  fbme  inftances,  has  been  found  combined 

I  with  various  sicids;  ihc  vitriolic,  the  phofphoric,  the 
caibofiic,  and  tiic  arfcnical.     The  ores  of  lead  very 
commonly  contain  filver,  and  fometimes  andmony. 

in  fir.elting  lead  ores  the  fulfAur  is  diffipated  foi 
want  of  a  proper  apparatus  for  colledting  k.  Ac- 

cording to  bilhop  Watfon's  experiments,  the  Derby* 
Iliire  lead  ores  contain  in  general  from  onc-fcventh  n> 

one-eighth  part  of  their  weight  of  fulphur.  One  of" tiie  chief  circumftances  to  be  attended  to  in  the  fmelb* 

I  ing  of  lead  ores,  particularly  fuch  as  contain  much 
fulphur,  is  to  keep  them  for  ibme  hours  in  a  nwdci 

It,  by  which  that  Jubftance  may  be  gradually  dilE- 

>elb*     ' 

luchj 

liffi-^ 
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calx;^  but  if  it  is  confiderably  di]uted>  it  diflblves  the 
ka^.  This  iblution  does  not  afford  a  precipitate  on 
the  addition  of  water.  Its  cryllals,  obtained  by  cooW 

'  ing,  are  of  an  opake  wtute.  This  fait  decrepitares  in 
the  fire,  and  melts  with  a  yellowifh  flame  when  laid  on 
^nited  charcoal.  The  calx,  which  is  at  firft  yellow, 
is  quickly  reduced  into  globules  of  lead.  The  vitrio- 

lic acid  added  to  this  folutlon  combines  with  the  me- 

tal, and  forms  a  precipitation.  The  marine  acid>  in 
the  fame  manner^  fcizes  the  lead,  and  forms  a  combi- 

nation, which,  if  expofed  to  hea^  mehs  into  a  mafs  of 
a  brown  colour,  called  plumbum  corneum,  from  {bme 
rcfemblance  to  the  combination  of  the  fame  acid  widi 

fUrer,  called  atgentum  corneum. 
The  acetous  acid,  or  vinegar,  afts  on  lead,  particu- 

larly when  applied  to  it  in  fteam,  in  wliich  procefs  the 
aftion  of  the  air  probably  aflifts  that  of  the  acid.  To 

procure  white  lead,  ftieets  of  lead  are  roiled  up  {pi- 
rally,  {o  as  to  leave  the  fpace  of  about  an  inch  between 
each  coil,  and  placed  vertically  in  earthen  pots,  which 
have  fome  good  vinegar  at  the  bottom.  The  pots 
are  covered,  and  expofed  to  a  gende  heat  for  a  confi- 
derablc  time  by  furrounding  them  with  horfe  dung. 
The  fteams  of  the  vine^gar  circulate  in  the  veflcl,  and 
attach  thcmfelves  to  the  furface  of  the  lead,  convert- 

ing it  into  white  flakes,  which  come  off  when  the  lead 
is  uncoiled.  The  remaining  lead  ia  again  expofed  to 
the  fteams  of  the  vinegar,  till  another  cruft  is  formed, 
and  the  procefs  is  repeated  till  its  whole  fubftance  is 
converted  into  the  white  flaky  matter  called  cerufe,  or 
white  lead. 

Such  are  the  deleterious  effects  of  lead,  when  taken 
into  the  human  body,  that  the  wretched  labourers  in 
white  lead  works  are  feldom  known  to  furvive  ̂ morc 
ilian  three  years,  when  they  expire  in  excruciating 

pain 
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pain  iioni  tiic  Devonfhire  colic,  lolc  tlie  entire  ufc  of 
their  limbs,  or  gradu?Jly  pine  away  by  a  wafting  ma- 

j-3fini7s.  Ill  a  well  regulated  comnaunity  fucli  works 
oiiglit  CO  be  entirely  proliibited,  or  at  leaft  only  car- 

ried on  by  the  wcrft  of  felons,  wliofe  lives  would  be 
otherwife  forfeited. 

Lead,  after  being  thus  reduced  to  the  ftate  of  ccnifc 
by  the  fiimts  of  the  accunis  acid,  may  be  eafily  diflblvcd 
in  the  fame  ac[d  in  a  fiiiid  ftate,  and  the  faJijie  inacKt 

thus  forin-jd,  is  then  called,  from  its  fweet  but  aflrin- 

gent  tattcj  fugar  of  L-ad, 
To  have  this  ialt  of  lead  in  the  form  of  tranfparcnt 

cryftals,  it  is  necefiary  to  ufe  much  acid ;  if  there  is 
not  a  redundancy  of  acid,  moil  of  the  cryftals  arc  ' 
liTiall  and  mealy.  This  may  be  remedied  by  diflblv- 
ing  them  again  in  diflilled  vinegar,  and  repeating  the 
ciyftalUzation.  In  this  manner  fo  much  of  the  acid 

may  be  united  to  the  metal  as  to  change  the  appearf 
ance  of  the  Lik  to  that  of  an  oily  fluid.     This  metallic 



enft  in  nnegar,  the  balls  of  Which  is  hydrogen  and 
diarcoaU  brought  to  the  ilatc  of  an  acid  by  their  union 
with  a  large  proportion  of  oxygen.  The  chief  differ- 

ence, theiefore,  between  vinegar  and  alcohol  is,  that 
die  foimer  contains  much  more  oxygen.  As  part  of 
the  oxygen,  however,  after  this  operation,  is  ftiU  re- 

tained by  the  lead,  which  is  not  reduced  to  io  metal^ 

lie  form,  it  is  very  natural  to  fuppofe  that -part  of  the 
fluid  which  pafles  over  fliould  be  redbced  to  thd  ftate 
of  aleoboL 

Nitre,  heaud  with  lead,  calcines  it  into  a  yellow 
fubftancci  but  without  producing  deflagration.  Sal 
ammoniac  and  common  fait  are  decompofed  by  being 
heated  with  the  calces  of  this  metal,  but  the  neutral 

falra,  in  general,  are  not  aftcd  on  by  it.  Sulphur 
readily  diOblves  it  by  the  aQifUnce  of  hear,  and  pro- 

duces a  brittle  compound  of  a  deep  grey  colour  and 
brilliant  appearance.  Phofphorus  may  be  united  with 
lead,  and  forms  with  it  a  malleable  and  fofc  com- 

pound, not  very  different  in  appearance  from  lead 
itftlf. 

Lead  combines  with  bifmuth,  and  affords  a  metal 

<^i  6ne  clofe  grain,  which  is  very  brittle.  The  alloy 
of  lead  with  arfcnlc  has  not  been  examined.  Nickel, 
Bianganefe,  cobilt,  and  zinc,  do  not  unite  with  lead 
%  fufion.  With  antimony  it  forms  a  brittle  alloy, 
*ith  fome  brilliant  facets.  Mercury  difToIves  lead 
*ith  the  grcateft  facility.  Lead  unites  very  eailly  with 

.  tin.  Two  parts  of  lead  with  one  of  tin  form  an  alley 
more  fufible  than  cither  of  the  metals  taken  feparately, 
and  which  is,  therefore,  ufcd  by  plumbers  as  a  fokler.  . 
Lead  is  ufed  for  a  great  number  of  economical 

piirpofes.  Leaden  veflcls,  however,  arc  very  apt  to 
communicate  injurious  properties  to  all  fluids  which 
are  kept  in  them  for  any  length  of  time,  and  fiiould 

wholly 
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wholly  be  rtjefted  in  the  management  of  fuch  fluids  as 
contain  an  acid  c:tpable  of  a6atlg  immediately  on  the  me- 

tal j  Eisfuch  fluids,ifiniprcgnated  with  even  a  finall  por- 
tion of  lead,  will  be  found,  when  taken  into  the  body^ 

irreparably  to  injure  the  cooftitutionof  perfons  who  are 
in  the  habit  of  ufing  than.  Inftances  in  which  lead  re- 

ceived into  the  body  lias  produced  the  lingering  and 

painiuUiifordcr  called  the  painter's  colic,  or  the  colic  of 
Poitou,  are  too  riiimerous  to  leave  any  queition  as  to  the 
pernicious  etfe6ts  of  this  metal.  The  liquors  in  which 
an  admixture  of  lead  is  moft  to  be  apprehended  are, 
cyder,  wines,  atid  rum.  In  Dcvonthlfc,  from  the  great 
life  of  cyder,  and  the  improper  methods  of  making  it, 
by  which,  cither  through  careleflhefs  or  defign,  lead 
becomes  dilTolvcd  in  it,  the  difbrdcr  above  meocioned 

prevails  fo  much,  as  to  \avt  obtained  the  name  of  thfl  , 
Pevonlhirc  colic. 

It  is  unfortunately  the  cafe,  that  lead  difiblved  ui 

vhious  liquors  is  capable  of  imparting  a  rich  and  agree* 
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tage*:  Boil  together,  in  a  uiiu  d"  water,  an  ounce  of 
quick  lime  and  half  an  ounce  of  flowers  of  brinillonc, 
and  when  the  liquor,  ivhich  will  be  of  a  yellow  colour, 

IS  cold,  pour  it  into  a  bottle,  cork  It  up,  and  referve 
it  for  ufe.  A  few  drops  of  this  liquor,  being  let  fall 
into  a  glafs  of  wine  or  cyder  containing  lead,  will 
change  the  whole  into  a  colour  more  or  lefs  Jbrown, 
according  to  the  quantity  of  lead  which  it  contains  s 
if  the  wine  is  wholly  btt  from  lead,  it  will  be  rendered 
in  fomc  meafure  turbid  by  the  liquor,  but  the  colour 
win  be  rather  a  dirty  white  than  a  blackifh  brown. 

In  genera^  a  folution  of  confmK)n  liver  of  fulphur 
Koll  precipitate  the   lead,  but  unfortunately  iron  as 
well  as  lead  is  precipitated  by  both  thefe  tefts,  and  it  is 
laid  that  many  honeft  wine  merchants  have  been  ruined 
by  this  means,  by  having  unjuftly  fallen  under  the 
fufpicion  of  adulterating  their  wines  with  lead.     M. 
Haoncmann  has  publifhed  a  paper  in  the  Journal  de 
Phyfique,  in  which  he  aflfures  us,  that  the  followiiig 
liquor,  whilft  it  does  not  precipitate  iron,  will  preci* 
pitate  lead  and  copper  of  a  black  colour,  and  arfenic 
of  an  orange.     Mix  equal  parts  of  oyfter  (hells  and 
crude  fulphur  in  fine  powder,  and  put  them  into  a 
cnicible  j  apply  a  brifk  fire  in  an  air  furnace,  io  as  to 
Jiiake  the  crucible  of  a  white  heat  for  about  fifteen 

minutes^    The  mafs,  when  cold  and  powdered,  fliould 
be  kept  in  a  botde  well  corked.     To  prepate  the 

*  Bilhcp  Watfon.  This  excellent  and  truly  refpc6lablc  author, 
tkii  great  ornament  of  the  Engliih  churrli,  will,  I  flatter  myftlf^ 

fcrgive  the  very  free  and  frequent  ufc  1  have  made  of  his  incom- 
parable Eflays,     He  has  ever  been 

'*  Mihi  magnus  Apollo." 

*'  My  guide,  philafophcr— — " 
an4f  if  I  was  not  afraid  of  prefuming  too  far,  i  would  add  the  con- 
clufioii  of  that  well  known  line. 

liquor. 
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liquor,  put  one  hundred  and  twenty  grains  of  this  pow- 
der, and  one  hundred  and  eighty  grains  of  cream  of  rar- 

tar,  into  a  very  nrong  btftcle,  fill  it  with  water,  let  it  boil 
for  an  hour,  and  then  cool.  Cork  die  bottie,  and  fre- 

quently Ihake  up  the  ingredients.  After  it  has  ftood 
for  fome  hours  to  fettle,  pour  off  the  clear  liquor,  and 
put  it  into  little  bottles,  which  contain  about  an  ounce, 
having  prcvioully  dropped  into  each  twenty  drops  of 
marine  acid.  Cork  them  cloie  by  rrcans  of  wax 
tnixed  with  a  little  turpentine.  One  patt  of  Ais  li- 

quor, mixed  with  three  parts  of  the  wine  fuppofcd  to 
contain  noxious  metallic  parciclcs,  will  difcovcr,  by  a 
black  precipitate,  the  fmallefl  particle  of  lead  or  cop- 

per, but  will  not  affeil  the  iron  contained  in  it.  Pint 

■wines  are  not  difcoloured  by  the  addition  of  this 
liquor. 

The  deleterious  effefts  of  lead  are  not  confined  » 
its  aftion  on  the  ftomach.  Mrti  who  work  in  the 

I^mufactorics  for  the  different  preparations  of  t*il 
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being  cue  and  polilhed  'with  lefs  danger  of  breaking. 
Lead  enters  particularly  into  the  compofuion  of  flint 

gjais,  and  die  coBipoiitions  galled  pKdlcs,  or  ardflcial 

gems.  The  chief  dcfeft  of  flint  glais  is,  that  it  is  apt 

to  be  of  unequal  dcnficy,  whicfi  renders  it  difficult 

ID  find  pieces  of  any  confiderablc  dimenfions  free  from 

ftric.  Lidiarge  is.aUb  employed  by  potters  for  glaz- 

ii^  their  ware:  *    ■ 

The  ufes  of  red  and  "white  lead>  as  pigmenti,  are weU  known.  The  common  red  wafers  are  coloured 

with  red  lead,  as  may  be  eaflly  feen  by  holding  one 
of  diem  in  the  flame  of  a  candle/ when  the  lead  will 

be  reduced,  and  appear  in  little  globules ;  thefe  wafers 

flioiild,  therefore,  never  be  left  in  the  way  of  childrei^ 

u  they  may  be  induced  to  fwallow  them,  and  may 

confequemiy  fubjeft  themfelves  to  all  the  ill  efleAs 

atifing  from  this  fatal  poilun.  The  beft  red  wafers 

are  coloured  wit(i  vermilion. 
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Chap.     XXXII. 

COPPER. 

Gtxtral  PreftrlUt  of  Capptr. — III  Nunrid'Hi/hiy. — Turyuiiifi  Gm. 
—Smthing  tud  reJiBiii^  tf  Ccp/tT.—jiniiqiii  Siatuti  prrftfvtJ tf  tU 

Greca  Ru^.^U«if  'Mlii  Jddi.^Bita  yinU-^Cilurimg  tfQMi, 

— Cffrrnn  jtmmonimuiB.—Frriiigrii. — Viu'en  •wilh  Melalj.^^tFtMt 
Cupper.— Pinclbeci.— Gun  Milal—BtH  Melal.—Mclal  ef  amiie^ 

Siiaaei.—Brvn%e.-^Spec!,lumia/RiftiiiiHsTelefii,pit.—PelMrnJ.^ 
Jiiadwg  ef  Capptr. 

COPPER  is  a  metal  of  a  peculiar  red  ctAaar, 
and  when  its  fiirface  is  fiefh  and  clean  it  has  i 

confiderable  degree  of  fplendor.  Tc  is  hard,  doflUc, 
and  iTialleable  to  a  confiderable  degree,  and  remarkaU^ 

fonorous.  It  iiaa  a  peculiar  and  unpleafaut  fmell,  par^ 
licularly  when  rubbed.     Its  tafte  is  ftyptic  and  nau- 
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and  is  volatilized  partly  in  the  metallic  ftate.  Copper, 
in  a  he>t  hx  lefs  than  is  fufficient  to  melt  it,  becomes 
calcined  at  its  rurface,  and  exhibits  various  colour- .  In 
a  greater  heat  than  is  fufHcient  to  produce  this  effe<ft, 
its  fiir&ce  is  converted  into  thin  fcales,  which  may  be 
cafily  fcrapcd  oE 

Copper  is  fomerimes  found  native,  having  the  me- 
tallic fplendor,  the  malleability,  and  all  the  properties 

of  ordinary  copper.  It  has  fometimes  the  form  of 
plates,  fometimes  that  of  fibres  or  branches,  aad  is 
Ibmctimes  cryftallized.  Copper,  in  its  metallic  ftate, 
is  Ibmetimes  fbund  depolited  on  ores  of  iron,  in  which 
cafe  it  muft  be  confidered  as  having  been  feparatcd 
from  native  vitriol  of  copper  by  the  fuperior  attradioii 
of  iron  for  the  vitriolic  acid.  The  native  folutions 

of  copper  often  depofit  that  metal  in  a  calcined  ftate 
in  beds  of  calcareous  earth.  The  turquoife  ftone 
is  the  tooth  of  an  animal,  penetrated  with  the  blue 
calx  of  copper.  Copper  is  generally  found,  how- 

ever, in  ores.  Thefe  ar^  frequently  mineralized  by 
fulphur.  What  are  improperly  called  the  vitreous 
ores  of  copper  are  of  this  kind  i  they  are  brown,  red, 
and  grey,  and  thefe  colours  are  frequently  mixed  with 
a  greenifh  or  violet  tinge.  Thefe  melt  e,ifily,  are 
very  ponderous,  may  be  fcratched  or  even  cut  with 
a  knifi:,  and  are  very  rich  in  metal,  as  an  hundred 
pounds  of  them  ufiially  yields  from  eighty  to  ninety 
^f  copper.  The  azure  copper  ore  differs  from  the 
former  chiefly  in  containing  a  confidcrable  quantity  of 
iron.  The  grey  copper  ores,  which  have  not  much 
fplendor,  confift  of  copper,  fulphur,  arfcnic,  and  fome 
iron.  What  are  called  copper  pyrites  contain  in 
reality  nwre  iron  than  copper,  but  yield  enough  of  the 
Utter  metal  to  anfwer  the  expence  of  working  them; 

Vol,  II.  O  they 
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they  are  generally  of  a  yellow  and  britlianiafpeft.  Cop-  i 
per  is  alfb,  in  Ibnie  fpecimens,  found  united  with  flate,.  | 
pitcoal,  zinc,  and  antimony.  I 

Copper  is  feparatcd  from  its  ores  by  different  pro- 
cefTes,  according  Co  the  nature  of  thofe  ores.  If  they  | 

contain  much  fulphurj  after  being  pounded  and  wafbed,  ■, 
they  are  roafted  in  the  open  air  to-difpel  the  fulphur,  , 
which  in  a  great  meafure  fupplics  the  want  of  other 
fuel.  The  ore  is  afterwards  roafted  once  or  twice- 
mora  with  wood,  and  is  melted  in  an  open  fire  into 
a  mafs  called  a  mat  of  copper.  In  this  ft;ue  it  ftill 

contains  a  large  quantity  of  fulphur,  which  the  work- 
men continue  to  expel  by  repeated  roaftings  and  fu- 

fions,  till  the  metal  acquires  a  certain  degree  of  purity, 
and  is  called  black,  copper,  which  is  fomewhat  mal- 

leable, but  ftill  contains  fulphur,  iron,  and  generally 
fotne  other  impuricief.  In  order  to  clear  it  entirely 
of  thefc,  the  copper  is  haftily  fiifcd  with  three  times 
it*  weight  of  lead.     The  lead  unites  with  the  copper 
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Iccms 'rather  to  contribute  to  the  prefervation  of  its 
internal  partSi  ̂   ni^7  be  feen  in  antique  medals  and 
ftatues  of  this  oietal. 

Copper  does  not  unite  with  earthy  matters;  its 

calx,  however,  promotes  their  fufion,  and  forms  with 
diem  glaiTes  of  a  deep  brown,  Cauftic  fixed  alkalies, 
digtfted  in  the  cold  with  filings  of  copper,  affume,  after 

a  dme,  a  light  blue  colour,  the  copper  becoming  co- 
vered with  a  powder  of  the  fame  colour.  Copperj 

treated  in  the  fame  manner  with  volatile  alkali,  pro- 
duces, in  a  few  hours,  a  deep  and  moft  beautiful  blue> 

die  quantity  of  copper  taken  up  being  very  inconfi- 
derable.  Fr^m  the  ftrong.  blue  colour  produced  by 
the  adtion  of  copper  and  volatile  alkali,  they  become 
excellent  tefts  of  the  prefence  of  each  other  in  any  body> 
fluid  or  folid. 

Copper  is  in  general  eafily  a6led  on  by  acids.  The 
vitriolic  acid,  however,  d  )es  not  a6l  on  it  unlefs  con- 

centrated and  aflifted  by  heati  it  then  corrodes  the 
copper  into  a  brown  matter  of  a  thick  confiftencej 
Which,  by  the  addition  of  water,  affords  a  folution  of 
a  deep  blue  colour.  If  this  folution  is  evaporated  to. 
a  certain  point,  and  fuffered  to  cool,  long  rhomboidal 
cryftals  are  afforded  of  a  deep  blue  colour,  called 
vitriolated  copper,  or  blue  vitriol ;  it  appears  therefore 
that  vitriolic  acid  forms,  with  iron,  green  cryftals; 
vrith  zinc,  white  cryftals  i  and  with  copper,  blue  cryf- tals. 

Copper  may  be  obtained  from  the  folution  of  blue 

"^itnol,  by  dipping  into  it  pieces  of  iron.  The  vitri- 
olic acid  dilTolves  the  iron  in  preference  to  the  copper, 

^d  depofits  the  latter,  in  its  m-etallic  form,  on  the  fur- 

nace of  the  iron.  Upon  this  circumftance  is  founded 
^c  proccfs  for  browning  fowling-pieces.     The  barrels 

O  2  arc 
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are  moiftened  with  a  folution  of  blue  vitriol,  which  dif- 
folves  the  iron  to  a  very  inconfiderable  depth,  and  de- 
pofits  in  its  place  a  thin  lamina  of  copper. 

Blue  vitriol  has  a  (Irong  ftyptic  taftc,  and  is  in  fome 
degree  cauilic.  Expofed  to  heat  it  parts  with  its  waiCr 
of  cryftallization,  melts,  and  becomes  of  a  pale  blue 
colour.  A  ftrong  heat  is  tcquired  to  feparate  from  ic 
the  vitriolic  acid,  wlrfch  adheres  more  firmly  to  copper 
than  iron.  Blue  vitriol  is  dccompofcd  by  magnefia 
and  by  lime.  If  the  mild  vegetable  alkali  is  poured 
into  a  folution  of  blue  vitriol,  a  precipitate  is  formed 
of  a  pale  blue  colour,  which)  however,  becomes  green 
by  expofure  to  air :  in  this  experiment  no  effcrvefcence 
takes  place,  and  we  may  therefore  conclude  thaj  the 
carbonic  acid  of  the  mild  alkali  unites  with  the  calx 

of  copper.  Volatile  alkali  precipitates  the  folution  of 
Woe  vitriol,  in  the  fame  manner,  of  a  blucifh  white 
colour;  but  the  mixture  very  foon  becomes  of  a  deep 
blue  colour,  which  happens  from  the  alkali  re-difiblving 
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A  bcaudfiil  green  p^nt  may  be  precipitated  from 
blue  vitriol,  hf  means  of  White  arfenic  diflblved  in 
water  together  with  vegetable  alkali. 

The  nitrous  acid  diflblves  copper  with  great  rapi- 
di^i  without  the  afliftance  of  heat,  with  die  produftion 
of  a  large  quantity  of  nitrous  gas.  Fart  of  the  metal 
falls  down  in  the  form  of  a  calx,  and  the  BIcrated  folu- 
Oon,  wMch  is  of  a  much  deeper  blue  colour  than  the 
vitriolic  folution,  affords  cryftals  by  flaw  evaporation. 
This  falE  IS  more  corrofive  than  vitriolated  copper  i 
it  fo  powcrfiilly  attracts  the  humidity  of  the  atmp- 
Iphere  that  it  deliquefces,  unlefs  kept  in  clofe  vefTels  or 
in  a  very  dry  place.  When  melted  in  a  crucible  it 
emits  large  quantities  of  nitrous  vapour  and  becomes 
brown,  in  which  (late  it  is  merely  a  calx  of  copper. 
In  a  dry  and  hot  air  this  fait  becomes  covered  with 
a  green  cfHorefcence.  It  detonates  lightly  on  burning 
coals. 

The  muriatic  acid  a&s  with  great  difficulty  on  cop- 
per in  its  metallic  flate,  but  difTolvcs  its  calces  with 

confiderable  rapidity.  This  may  be  eafily  accounted 
for  from  the  ftrong  attraftion  which  the  bafis  of 
the  muriatic  acid  has  for  oxygen,  fo  that  it  will  not 
part  with  any  of  it  to  oxygenate  the  metal,  and  no 
metal  is  foluble  in  acids  without  being  oxygenated. 

"When,  hfmcver,  the  metal  has  been  prepared  for 
Iblution  by  an  union  with  oxygen,  that  is  by  being  cal- 
jined,  the  acid  then  difTolves  it,  and  adheres  very 
clofely,  fo  that  it  is  with  great  difficulty  feparaced  by 
heat.  The  muriatic  folution  of  copper  is  of  an 
agreeable  green  colour,  and  affords  cryftais  of  the  fame, 
and  in  this  particular  differs  remarkably  from  the  vi- 

triolic and  nitrous  combinations  of  copper,  which  are 
of  a  deep  blue. 

The  vegetable  acids  difTolve  copper  when  calcined, 

O  3  bN«. 
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but  fcarcely  aft  on  it  in  its  tnecallic  ftatc.  It  is  a 
curious  circumftancc,  which  has  never  been  fuE- 

ciently  explained,  that  vegetable  acids  aft  more  power- 

fully on  copper  when  cold  than  when  tlicy  ai-e  heated.  . 
Thus  pickles,  or  even  lemon  juice,  may  be  boiled  ip 
clean  copper  velTcIs  without  danger;  and  yet,  if  left 
for  a  few  hours,  when  cold,  in  copper  veffels,  they  are 
apt  to  concraft  a  metallic  impregnation  fufficient  tp 
produce  dangerous  efFefts.  This  faft  has  by  fome 
chemilh  been  attributed  to  the  ftearas  of  the  boiling 

iJuid  keeping  oif  the  air,  which  is  Uiought  to  aflift  tlie  ■ 
aftion  of  the  acids. 

Verdigris  is  a  very  beautiful  green  ruft  or  calx  of 
copper,  much  ufed  by  painters,  and  prepared  in  large 
quantities  near  f-Iontpeher  in  France.  The  procefs 
for  making  verdigris  was  thus  defcribed  by  M.  M^in- 
net,  of  the  Royal  Society  of  Montpelier,  aboiit  the 
year  1750.  -Vine  ftalks,  well  dried  in  the  fun,  arc 

Iteepcd,  during  eight  days,  in  (Irong  wine,  and  after- 
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diat  each  plate  may  reft  on  and  be  covered  with  layers 
of  Aalks.  The  pots  are  covered  with  lids,  and  the 
■copper  Is  thus  Idt  cxpoled  to  the  adion  of  the  vinegar 
ibr  three  or  four  days  or  more,  in  which  time  the 
j)Utes  become  covered  with  verdigris.  The  plates 
are  then  txken  out  of  the  pots,  and  left  in  the  cellar 
xhree  or  four  days,  at  the  end  of  which  time  they  are 
to  be  moiftened  with  water,  or  fome  of  the  weak  vine- 

gar above  mentioned,  and  left  to  dry.  When  diis 
jnbiftening  and  drying  of  the  plates  has  been  repeatol 
three  times,  the  verdigris  will  be  found  to  have  in- 
creafed  confiderably  in  quantity,  and  it  may  then  be 
icr^ped  ofFfor  fale. 

A  iblution  or  erofiOn  of  copper  may  be  obtained  by 
employing  ordinary  vinegar  inftead  of  wine,  as  b  di- 
refted  in  the  above  procefs.  It  would  not,  however, 
have  the  umftuoGty  of  the  beft  verdigris,  which  quality 
js  neceflary  for  painting.  Good  verdigris  cannot  be 
prepared,  except  with  a  vinous  acid,  or  a  folvent  partly 
acid  and  partly  fpirituous.  Accordingly  the  fuccefs 
of  the  operation  depends  chiefly  on  the  degree  of 
acetous  fermentation  to  which  the  wipe  has  been 
carried. 

By  diftilling  verdigris,  the  acetous  acid  may  be  fe- 
parated  in  a  concentrated  ftate,  and  of  a  ftrength  equal, 
or  perhaps  fuperior,  to  the  muriatic  acid. 

Copper  is  capable  of  a  very  flight  dctonarion  with 
nitre.  It  decompofcs  fal  ammoniac,  and  at  the  fame 
time  the  voI;'.tile  alkali  is  in  fome  meafure  refclved  into 
its  conftitucni  parts,  azote  and  hydrogen. 

Sulphur  and  phofphorus  may  be  united  to  copperi' 
jhey  deprive  it  of  its  metallic  iplendor,  and  change  it 
to  a  black  colour.  If  plates  of  copper  are  ftratitied 
in  a  crticible  with  liilphur,  they  unite,  and  form  a 
<:onipound  which  15  ufcJ  in  die  dying  and  paiiiting  of 

O  4  calicoes. 
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calicoes.  Liver  of  fuiphur  and  hepatic  gas  have  a 
ftrong  aftion  on  copper  i  the  former  diflblvcs  the  me- 

tal by  the  dry,  as  well  a-  by  the  humid  wayj  the  latter 

ftrongly  coLur^  the  furfai-c,  but  its  cffcift  has  not  ycC 
been  well  examined  into.  Oils  alio  difiblvc  copper,  j 
particularly  thofe  of  an  aromatic  kind.  J 

There  are  few  metals  which  will  not  form  alloys  with    ' 
copper.     A  metallic  compound  is  made  with  copper    | 
and  arfenic  in  imitation  of  filver,  but  it  loon  tamillics.    i 
In  treating  of  zinc,  the  procefs  for  making  brais  has  been    | 
defcribed.     Pinchbeck  is  a  kifid  of  brafs  made  in  imi- 

tation of  gold.     Copper  is  the  bafis  of  gun  metal  and 
bell  metal.     Gun  metal  is  laid  to  confift  of  copper,    [ 
with  about  one-tenth  part  of  tin;  bell  metal,  of  copper 
with  about  one-fifth  of  tin.     It  may  in  general  be  ob- 
fjrved)  that  a  lefs  proportion  of  tin  is  ufcd  for  making 
church  bells  than  clock  bells,  and  that  a  little  zinc  is  i 
added  for  the  bells  of  repeadng  watches,  and  other 
fmaU  bells. 
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an  half  of  a  mixture  compofed  of  equal  parts  of  lead 
and  tin.  Tin  melted  with  copper  forms  the  compound 
called  bronze.  Of  this  compound  the  fpecific  gra- 

vity is  always  greater  than  would  be  deduced  by  com- 
putation from  the  quantities  and  fpcciBc  gravities  of 

its  component  parts.  There  feems  to  be  a  happy  re- 
lation between  thelc  metals,  which  fits  them  for  form- 

ing in  conjundion,  compounds  of  great  6rmnefs,  den- 
iity>and  clofenels.  From  tKefe  properties  ihey  admit 
of  an  excellent  polifh,  and  Pliny  accordingly  inform? 
us,  that  the  beft  looking-glailcs  of  his  time  were  made 
of  a  compoHtion  of  copper  and  tin.  But  the  attention 
of  pbilofophers  is  more  particularly  direded  to  the 
mixture  of  copper  and  tin,  on  account  of  its  being  the 
Jubilance  of  which  the  fpcculums  of  refledling  tele- 
fcopes  are  ma'.!e.  Mr,  Mudge  found,  after  a  number 
of  trials]  that  fourteen  ounces  and  an  half  of  grain  tin, 
with  two  pounds  of  copper,  maJe  rhe  beft  compofition 
for  this  purpofc ;  an  addition  of  half  an  ounce  more 
of  the  tin  rendered  the  compofition  too  hard  to  be 

properly  polifhed. 
Pot  metal  is  made  of  copper  and  lead,  the  latter 

being  one-fourdi  or  one-fifth  of  the  weight  of  the  for- 
mer. Lead,  however,  does  not  iecm  to  have  any  re- 

markable attraftion  for  copper,  and  does  not  promote 
its  fufion,  unlefs  the  lead  is  lieated  to  a  high  degree ; 
the  copper  then  diflblvcs  with  foine  degree  of  efFcrve- 
Ihence.  On  allowing  the  compound  to  cool,  the  cop- 

per fqiarates  ag^in,  and  forms  little  grains  in  the  mafs, 
through  which  the  lead  remains  dilpcrfed.  It  is  eafy 
to  feparate  the  lead  again  from  the  copper,  if  the  mafs 
is  expofed  in  a  furnace ;  for  tlie  lead  melts  firtl  and 
leaves  the  copper;  the  lead,  however,  which  runs  ofF 
at  firlV,  contains  fome  of  the  copper,  which  may  be 

eafjly  feparatcd  by  melting  the  lead  and  taking  off  the Icum, 
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fcum,  which  contains  the  copper.  Silver  is  (eparated 
from  copper  by  melting  the  latter  with  three  times  its 
weight  of  lead  j  the  lead  is  then  melted  out,  and  carries 

with  it  the  filver.  The  filver  is  afterwards  fepar^ted 
from  the  lead  by  the  calcination  of  the  latter  metal. 

From  the  pernicious  efFedls  which  have  been  ex- 
perienced from  impregnations  of  copper  in  aliments 

dreffcd  in  copper  veffels,  it  has  become  a  very  general 
cuftom  to  cover  thefc  veflels  with  an  internal  coat  of 

fome  other  metal.  The  method  of  tinning  iron  has 
been  defer  ibed,  and  that  of  tinning  copper  is  very  fimilar, 
except  that  the  compofition  for  covering  the  furfece  of 

copper  confifts  of  about  one  part  of  lead  to  two  of  tin, 
whereas  iron  is  <:overed  widi  tin  alone.  Zinc  has  been 

recommended  as  a  fubftitute  for  tin  in  thefe  operarions, 
and  has  the  advantage  of  fupcrior  hardnefs.  The  m^ 

thod  of  tinning  copper  veflels  is  by  making  their  inter- 
nal furface  perfeflly  bright,  and  then  wafhing  them 

with  a  folution  of  fal  ammoniac.  The  veflel  is  next 

heated,  and  the  tin  or  metallic  mixture  is  melted  and 

poured  into  it,  and  being  made  to  flow  over  every  part 
of  the  furface  of  the  veflel,  it  incorporates  with  the 

copper,  and  when  cold  remains  united  with  it.'  Rofin, 
or  pitch,  are  fometimes  ufed  to  prevent  the  tin  from 
being  calcined,  and  {he  copper  from  being  fcale^ 

cither  of  which  gircumftanccs  would  prevent  the  ad- 
hefion  of  the  tin.  Bifliop  Watfon  eftimatcd  the  quan- 

tity of  pure  tin  which  is  ufed  in  tinning  a  definite  fur- 
face of  copper,  and  found  that  iialf  an  ounce  of  tin  was 

fpread  over  two  hundred  and  fifty-four  fquarc  inches, 
or  fomewhat  lefs  than  a  grain  of  tin  on  each  fquarc 

inch ;  but  the  fam.e  author  fufpefts,  that  not  a  quarter 

of  a  grain  of  tin  is  fpread  over  a  fquare  inch  in  the 

ordinary  mode  of  tinning,  and  therefore  recommends 

it  as  a  neceflary  caution  againft  the  coat  being  rubbed 

off^ 
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pfi^  and  the  copper  becoming  expofed,  to  make  x% 
]tt  thick  as  poffiblcj  and  to  ufe  tin  nearly  pure. 

A  very  excellent  method  of  tinning,  and  one  much 
prafti(cd  in  En^and,  is,  to  make  ufe  of  pure  tin,  anc} 

fiammer  it  on  the  copper.  \t  fe^ms  probable,  how-* 
ever,  that  when  copper  veflels  are  kept  well  fcoured^ 
that  no  danger  will  arife  from  then)  in  the  drefiing  fOfC 
wnial  fbodj  or  even  of  vegetable  aliments^  unlefs  fufr 
f;red  tt)  remain  inxthe  veflels  when  cold 
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Chap.     XXXIII. 

MERCURY. 

Creat  AitracVon  cf  fhis  Met rJ  for  the  Matter  of  Heat, — ^uicifher; 

rendered jolU ;  maJltahU.^^GeaeraJ  Properties  of  ̂ickfilver.^^Hj' 

drargyrus  ca!ciiiaius,'~^Natural  H'tfiory  of  Mercury. •^Ciimahgr^'^ 
Native  Vermilior.^^^A^'iGn  of  Acids  on  this  Metal.^^Turbitb  Mi/U' 
raL'^Red  Frecipitatcj^^irhiie  Precipiiatc^^mmCorrc/hfe  Suhlimeue^^ 

CalomeL'^'Keyfcr^ s  Pills, — Etbiop^s  Miner aL'^Vermilion.^^Amal' 
gams  t'-^G  old  made  brittle  by  M^rcury.^^Mode  of  gilding  MeiaU^ 

Vfe  of  'Quickfilver  in  extracting  the  precious  Metals  from  the  Earth, 

'^Making  of  Looking'  GlaJJes.^^Conditions  uecejfary  for  the  Operatm 
efMirci^y  on  tbj  human  Body, 

TH  E  circumftance  which  moft  remarkably  dif- 
tinguifhes  mercury,  or  quickfilver,  from  the 

other  metals,  is  its  ftrong  attraftion  for  caloric,  Co  that 

it  retains  the  ftate  of  fluidity  at  the  ordinary  tempera- 
ture of  the  atmofphere,  and  at  the  temperature  of  600 

degrees  of  Fahrenheit  is  converted  into  vapour  i  few 
of  the  other  metals,  therefore,  melt  at  fo  low  a  point 
as  that  at  which  mercury  boils  and  is  volatilized.    It 
was  long  taken  for  granted  that  there  was  fomething 

peculiar  in  mercury,  v^hich  rendered  it  neceffarily  fluid; 
but  the  academicians  of  Peterfburgh  have  proved  that 
this  is  an  erroneous  idea,  and  have  Ihewn  that  mercury 

differs  from  o:her  metals  merely  in  the  degree  of  heat  at 

which  it  pant's  from  its  folid  to  its  fluid  ftate.     The 

congelation  of  mercury  has  been  eff^eded  in  a  variety 
of  inftances  by  the  help  of  the  nitrous  acid  and  fnow, 

cr  pounded  ice,  commonly  called  the  freezing  mixture, 

and   the    congelation  is  found  to  take  place  at  die 

thirty-nintli  degree  below  o  of  Fahrenheit's  thermo- 
meter.    Mercury,  in  its  folid  form,  is  found  to  have 

conndcrable 
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conlideraUe  malleability,  buc  this  cannot  be  proved 
to  its  fullcfl:  extent,  becaufe  the  hammering  of  it 
produces  very  foon  a  degree  of  heat  fufHctent  to 
melt  it. 

Mercury  being  a  metal  in  a  ftate  of  fufion,  always 
al^^  the  form  of  globules  when  it  is  divided ;  and 

■when  it  is  confined  in  a  bottle,  its  furface  is  convex, 
fiom  the  ffrong  attraction  of  its  particles  for  each 
other  If  the  vefiel,  however,  in  which  mercury  is 
confined,  is  metallic,  its  furfacc  appears  concave,  from 
die  tendency  which  it  has  to  unite  itfetf  to  the  fides  of 
the  velTcl,  which  attraftion  overcomes  that  between 

its  own  particles. 
When  mercury  b  fubmitted  to  that  degree  of  heat 

at  which  it  is  volatilized,  and  is  at  the  fame  timev  cx- 

pofed  to  the  aftion  of  atmofpherical  air,  it  is  gradually 

converted  into  a  calx  of  a  red  colo,ur,  the  h)'drargyru3 
calcinatus  of  the  London  Pharmacopeia.  A  greater 
heat,  however,  revives  this  mecalllc  calx,  and  at  the 
lame  time  the  vital  air  is  again  extricate/J. 
Mercury  is  not  fcnfibiy  acled  on  by  expofure  to 

air,  but  by  long  continued  agitation  it  becomes  partly 
Converted  into  a  very  line  bir.ck  powder.  The  mer- 

cury is  not  chinged  in  this  experiment,  unlcfs,  per- 
haps, it  fhould  be  found  that  it  abforbs  fomc  part  of 

the  vital  air  contained  in  the  vcflel  in  which  it  is  con- 

fined. By  a  (light  heat,  or  by  trituration  in  a  warm 
mortar,  it  may  be  made  to  refume  its  ufual  fluidity  and 
brilliancy. 

Mercury  is  found  in  the  earth,  either  in  its  native 
metalic  ftate,  or  combined  with  fulphur,  when  it  is 
called  cinnabar.  Running  mercury  is  found  in  glo- 

bules, or  larger  mafTcs,  in  friable  earths  or  ftoncs,  and 
moil  commonly  in  the  clefts  or  cavities  of  its  ores.  It 
is  more  frequently,  however,  imbedded  in  calcareous 

earths 
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earths  or  clays  of  different  colours,  from  which  it  may 
be  ff  purated  either  by  trituration  or  lotion,  the  imiWtf 
globules  coaltfcing  by  mutual  contaft  into  larger ;  91; 
by  diflillation. 

More  mercury  is  found  in  the  ftate  of  cinnabar 
than  in  its  metallic  form.  This  ore  confifts  of  mer- 

cury and  fulphur  combined  together  in  different  pro* 
portions.  Cinnabar  is  fometimes  found  in  the  form 
of  a  brilliant  red  powder,  and  is  then  called  native 
Vermilion,  fometimes  in  an  indurated  ftate,  and  tliough 
generally  red,  has  been  fometimes  obferved  of  a  yel- 
lowilh  or  blackifh  caft.  It  is  moftly  opake,  butlbme 
Ipecimens  are  as  tranlparent  as  a  ruby. 

Mercury  is  too  volatile  to  admit  of  the  fulphur  being 
jeparated  from  it  by  roafting;  thcfe  fubftanccs  artf 
both  fo  volatile  that  they  would  rife  together.  In  or- 

der to  feparare  mercury  from  its  ore  it  is  necefTary  to 
add  quick  lime,  or  iron  filings,  unlefs  fome  fubllances 
of  a  fimilar  nature  happen  to  be  naturally  mixed  with 
it ;  the  mafs  is  then  fubmitted  to  diftillarion,  and  the 

calcareous  earth,  or  iron  filings,  by  fuperior  attraftion, 
detain  the  fulphur,  while  the  mercury  comes  over  in 
the  ftate  of  vapour,  and  is  condenfed  in  the  receiver. 
Different  cinnabars  yield  from  three  parts  to  fevert 
parts  in  eight  of  their  weight  of  mercury.  Mercury 
has  fometimes  been  found  united  with  the  muriatic 

and  vifrioiic  acids,  and  with  the  ores  of  fome  other 
metals.  It  is  thought  to  be  not  abundant  in  nature; 
but  this  opinion  may  be  partly  owing  to  its  volatility, 
which  may  prevent  it  from  being  difcovered  in  many 
minerals  that  may  contain  it.  Moft  of  the  mercury  in 
commerce  is  afforded  by  the  mines  of  Idria  in  the 

Auftriansdominions,  Almadcn  in  Spain,  and  Guanca- 
velica  in  Peru. 

The  vitriolic  acid  does  not  ad  on  mercury  unlefs 
concentrated 
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concentrated  and  confiderably  heated ;  it  then  corrodes 
ic  into  a  white  mafs,  and  the  vitriolic  acid  is  rendered 

partly  volatile  by  the  abflraclion  of  oxygen.  The 
greateft  part  of  this  mafs,  which  weighs  confiderably 
more  than  the  mercury  made  ufe  of,  is  a  calx  of  mer- 

cury united  to  a  fmall  portion  of  yitriolic  acid^  but 
part  of  it  is  a  perfeft  fait,  formed  by  the  union  of  the 
vitriolic  acid  and  mercury.  If  boiling  water  is  added 
to  it,  it  aflilimes  a  bright  lemon  colour,  which  is  owing 
to  the  abftradlion  of  the  vitriolic  acid,  the  prefence  of 
which  rendered  the  mafs  white.  The  more  boiling 
water  is  ufcd  the  yellower  is  the  remaining  powder, 
which,  after  repeated  effufions  of  water,  is  found  to 
have  no  caufticity,  and  to  be  nearly  a  pure  calx  of 
XDcrcury.  This  is  the  fubftance  known  under  the 
name  of  turbith  mineral.  The  water,  which  has  been 

poured  on  the  vitriolic  mercurial  mafs,  is  found  to  con- 
tain a  confiderable  quantity  of  vitriolic  acid  united  to 

the  calx,  of  mercury. 
The  nitrous  acid  is  dccompofed  by  mercury  with 

the  grcateft  rapidity.  Strong  nitrous  acid  will  take 
up  its  own  weight  of  mercury  in  the  cold,  and  this 
iblution  will  bear  to  be  diluted  with  water.  If  the 

iblution  is  made  by  the  afliftance  of  heat,  a  much 
larger  quantity  is  diflblved ;  but  a  precipitate  is  pro-. 

duced  by  the  addition  'of  water.  If  cold  water  is 
employed,  a  white  precipitate  is  afforded,  but  if  hot 
water  the  precipitate  is  of  a  yellow  colour,  and  greatly 
refembles  the  turbith  mineral  produced  by  the  vitriolic 

acid.  '  If  acid  is  added  to  the  folution  produced  by 
heat^  it  is  not  decompofed  by  water.  This  folution 
is  very  ponderous  and  acrid,  and  (lains  the  fkin  of  a 

deep  purple,  inclining  in  appearance  to  black,  a  por- 
tion of  the  mercury  being  precipitated  by  the  animal 

matter^  while  the  acid  acls  on  it.     Cauftic  alkali, 
added 
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added  to  this  folution,  precipitates  a  pure  calx  5  mild 
alkali,  a  crJx  combined  with  carbonic  acid.  The 

volatile  alkali  precipitates  the  mercury  in  the  form 
of  a  dark  grey  powder.  When  this  precipitate  is 
examined,  it  is  found  to  contain  a  quantity  of  pncal- 
cined  mercury.  For  if  this  matter  is  dried  and  rubbed 

on  pure  gold,  it  turns  white,  by  which  we  may  drf- 
cover  fmall  quantities  of  mercury  in  the  metallic  ftatc. 
The  near  approach  to  the  metallic  ftate,  obfervcd  in 
the  precipitate  afforded  by  the  volatile  alkali,  feems  to 
be  owing  to  the  prefence  of  hydrogen,  which  is  one  of 

the  confl-ituent  principles  of  volatile  alkali^  and  which 
has  a  ftrong  attraftion  for  oxygen. 

The  precipitates  of  mercury,  formed  by  alkaline 
intermediums,  have  a  property  difcovered  by  M. 
Bayen,  which  muft  not  be  paffed  over  in  filencc.  They 

detonate  like  gun-powder,  when  expofed  in  an  iron 
fpoon  to  a  gradual  heat,  after  having  been  triturated 
in  the  quantity  of  half  a  drachm,  with  fix  grains  of 
flowers  of  fulphur :  after  the  detonation,  a  violet  powder 
remains,  which  may  be  fublimed  into  cinnabar. 

The  nitrous  acid  may  be  feparated  from  mercury 
by  heat  alone.  Its  firft  efFedt  is  to  evaporate  the 

watery  parts ;  after  this  the  acid  flies  off  in  deep  co- 
loured fumes;  as  the  acid  evaporates  the  calx  becomes 

yellow,  then  of  a  deep  red,  but  when  removed  fomc 
time,  orange.  This  is  the  red  precipitate  of  the 
fliops.  The  nitrous  acid,  therefore,  as  in  the  cafe  of 

other  metals,  though  it  acts  with  more  rapidity,  ad- 
heres with  lefs  force  to  the  mercury  tlian  the  vitriolic 

acid,  which  acls  flowly  and  with  difficulty.  This 
proceeds,  as  was  before  mentioned,  from  the  eafe  widi 
which  the  nitrous  acid  is  dccompofed,  fo  as  to  afford 
to  metals  the  oxygen  which  is  neceffary  to  render  them 
foluble* 

The 
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The  muriatic  actd  has  no  action  on  mercui7  la  its  me- 
tallic (latejbccaufe  that  aciU  cannot  part  with  tlie  oxygen 

necefliiry  to  calcine  the  metal.  It  has,  notwithftamling, 

a  very  ftrong  attraction  for  mercury,  and  difl'olvcs  it 
with  great  readinels  %Yhcn  the  latter  is  prtvicufly  ve- 
duccd  to  the  ftate  of  a  calx.  If  a  fmall  qua:itity  of 

muriauc  acid  is  poured  on  a  nitrous  folution  of  mcr- 
curj',  it  icizes  tlie  metal,  and  forms  a  lalt,  which  is 
precipitated  in  the  form  of  a  whitifli  coagiiluir,  which,, 
when  dried,  is  called  white  piecipitate,  and  is  a  kind 
of  corrofivc  fublimate.  The  marine  falts,  with  a  bafis 
of  alkali,  or  of  any  falinc  terreilrial  fubftance,  fuch  as 
Jjoie,  magncfu,  &c.  produce  the  fame  cffcd,  except 
tliat  in  tliis  cale,  though  the  precipitate  is  the  fame, 
tlic  nitrous  acid,  inftead  of  being  left  uncombinetl, 
»j(iicc-s  with  the  bafis  of  the  marine  fak  which  was  em- 
JDloyed. 

If  mercury,  corroded  by  the  vitriolic  or  nitrons 

a.cid5,  and  dried,  is'  niixud  with  powdered  fea  fait,  and 
<;  "Pafed  to  heat,  a  double  attraction  takes  pl.icc  ;  the 
raitroiis  or  vitriolic  acid  deferts  the  metal  to  unire  with 

Clie fixed  alkali  of  i.'ie  common  fak,  while  the  muriatic 
^cid  feizes  upon  th=  mercury,  and  forms  a  nieLiUic 

l^ic,  which,  in  the  degree  of  heat  neceff-iry  for  the  ope- 

'■^lion,  proves  volatile,  and,  rifing  in  vap;iur,  i-i  con- 
^Unfcd  in  a  folid  form  in  the  upper  and  cool  part  of  the 

'VflTc!  employed.  This  is  the  hydrargvrus  muriatiB, 
^r  corrofive  fublimate,  which  is  a  very  acrid  and  pow- 

erful preparation  of  mercury. 
The  mild  preparation,  called  calomel,  is  obtained  by 

nibbing  three  parts  of  mercury,  in  its  metallic  ftate, 
with  four  of  corrolive  fulilimate,  till  they  form  a  greyiili 
powder;  the  mafi  is  then  iiibliined*',  and  forms  a 
fubflancc  like  corrofivc  fublimate,  but  m.ore  ponderous, 

•  M  tde  vi^latilc,  o[  railed  in  v.-ipcur.  In-  ib;  ap-jHca.iuii  z-\  hf'i. 

Vol.  11.  1'"  ■  a;^i 
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and  of  a  more  filvery  appearance.  The  ingredicnts> 

however,  are  not  fufficiently  mixed  by  the  firft  ful>-' 
limation ;  they  nriuft  be  rubbed  together  again  and  fub- 
limed ;  and  thcfc  proceffes  muft  be  repeated  at  kaft 
three  times. 

The  converfion  of  the  corrofive  iublimate  into  the 

milder  fubftance,  calomel,  may  be  explained  on  the 

following  principles : — In  the  corrofive  fublimate,  the 
muriatic  acid  is  found  to  be  combined  with  a  very 
large  quantity  of  oxygen,  which  renders  it  extrennely 
aftive.  By  the  addition  of  mercury,  a  quantity  of 

this  fuperfliious  oxygen  is  abftrafted,  for  the  calcina- 
tion of  the  <idditional  metal ;  and  the  whole  mafi, 

therefore,  contains  the  acid  not  only  in  a  milder  ftac% 

but  the  fame  quantity  of  acid  is  difFufed  through  a 
larger  mafs  of  the  metal.  ► 

Ponderous  earth,  magnefia,  and  lime,  decoaipofe 
the  corrofive  fublimate,  and  precipitate  a  mercurial 

calx.  The  phagedenic  water,  made  ufe  of  as  a  cor- 
rofive by  furgcons,  is  made  by  throwing  half  a  drachm 

of  corrofive  fublimate,  in  powder,  into  a  pound  of 
lime  water  5  a  yellow  precipitate  is  then  formed,  which 
renders  the  liquor  turbid. 

Acids  and  neutral  alkaline  falts  produce  no  change 
on  corrofive  fublimate,  but  it  contrafts  an  intimate 

union  with  fal  ammoniac  without  decompofition.  The 
fal  ammoniac  renders  corrofive  fublimate  very  folubk* 

The  calx  hydrargyri  alba  of  the  London  Pharma- 

copeia is  obtained  from  this  combination.  A  quan-  * 
tity  of  fal  ammoniac  is  diflblved  in  diftiillcd  water; 

an  equal  w^eight  of  corrofive  fublimate  is  then  added; 
when  thi^  is  diflTolvcd,  fixed  vegetable  alkali  is  added, 
T^hich  produces  a  white  precipitate.  In  this  operation 
ihe  fixed  alkali  difengages  the  volatile  alkali  of  the  fil 

ammoniac,  which  precipitates  the  mercury  in  the  ftnn 
8  of 
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of  a  white  calx.  This  preparation  is  chiefly  ufed  in 
liniments  externally.  It  is  fometimes  adulterated  with 
ceruie,  as  the  red  precipitate  is  with  minium.  The 
fraud  may  be  difcovered  by  expofing  a  fmall  quantity 

to  "beat  in  a  fpoon ;  if  pure  they  will  be  entirely  dif- 
fipated^  but  if  they  contain  lead,  or  other  impuritie9> 
theie  matters  will  remain  behind. 

If  the  fait  formed  b^  the  combination  of  acetous 
acid  with  the  fixed  vegetable  alkali,  commonly  called 
regenerated  tartar,  or  kali  acetatum,  is  added  to  the 

folution  of  quickfilver  in  the  nitrous-  acid,  a  double 
exchange  takes  place ;  the  alkali  unites  with  the  ni- 

trous acid,  while  the  acetous  acid  enters  into  combi* 

•  nation  with  the  mercury,  and  is  precipitated.  This 
precipitate  (being  purified  by  folution  in  hot  diftilled 

water  and  filtration)  has  nearly  the  fame  medical  pro- 
perties as  calomel,  and  is  faid  to  form  the  bafis  of 

Keyfer's  pills.  The  acetous  acid  does  not  aft  on  mer- 
cury unlels  the  latter  is  reduced  to  the  ftate  of  a  calx. 

As  mercury  is  commonly,  in  a  ftate  of  nature, 
combined  with  fulphur,  fo  it  may  be  artificially  united 
to  it  with  great  eafe.  When  one  part  of  this  metallic 
fluid  is  triturated  with  three  parts  of  flowers  of  fulphur, 
the  mercury  gradually  lofes  its  metallic  appearance, 
and  is  converted,  by  its  union  with  the  fulphur,  into  a 

black  powder,  called  Ethiop's  mineral.  This  com- 
bination is  more  quickly  efiefted  by  mixing  the  mer- 

cury with  melted  fulphur.  When  this  compound  is 
expofed  to  a  confiderable  degree  of  heat  it  takes  fife, 
the  greater  part  of  the  fulphur  burns,  and  after  the 
combuftion  a  matter  remains,  which  when  pulverized, 
is  of  a  violet  cdiour.  To  convert  this  powder  into 

cinnabar  it  isjput  into  matrafles*,  .which  are  heated  till 

♦  Veflcls  ufed  in  chemical  operations,  of  glafs  or  earthenware, 
generally  of  the  Ihape  of  an  egg,  and  open  at  the  top,  the  necks 
%re  long  or  {liort,  a$  occafion  i^ay  require. 

P  a  their 
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their  bottoms  become  red,  and  kept  in  this  (httc  for  \ 
fevcriil  hoursj  till  it  appears  that  i\\%  nutter  is  cndfclf 

t'ublimcii.     The  Dutch  prepare,  in  the  large  way,  the cinnabar  cniployeJ  in  the  arts.     When  much  divided  i 

by  ievigation  *  it  has  a  brtiliani  red  colour,  and  is  called  | 
vermilion.  ' 

Mercury  hns  the  pro[>erty  of  uniting  itftlf  to  iTiiiny  ! 
of  the  metals,  by  penetrating  thtir  fubftancc,  and  ren- 

dering them  more  or  lefs  fofc,  according  to  ilie  propor- 
tion  of  mercury  emuioyed.     If  the   proportion  of  . 

quicknivtr  is  vtry  great,  the  mixture  is  likt  quick-  ' 
filvcr,  and  is  only  dill ingui (lied  from  it  by  an  appear- 
u/ice  of  fuulnefs.     If  a  finalkr  quantity  is  iiicd,  the  { 

mafs  is  foft  like  butter  j  if  Hill  K-f:.,  it  is  folid  but  hrinle.  j 
Tliefc  mixtures  are  called  amalgams.    It  readily  com*  I 
bines  in  this  way  with  gold,  fdver,  lead,  tin,  bifmutli,  | 
and  zinc,  but  not  eafily  with  arfeiiic  and  copjwr,  and  \ 
icdrccly  at  all  with  iron,  platina,  nicket,  or  cobalt,   IQ  1 

;i'51ion  on  the  other  metallic  bodies  bis  not  been  afcer-  j 
laincd.  | 
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of  evaporation,  remains  attached. lo  the  AirQcc  of  the 
copperi  and  undergoing  the  operations  of  burniniing, 

&c.'  the  latter  is  gilded,  or  gilt.  This  method  of 
Riding  copper,  by  means  of  gold  and  quickfilver,  was 
known  to  the  Romans.  The  furface  of  iron  cannot 

be  covered  in  the  fame  way  with  gold  i  but  the  iroii, 
by  being  moidencd  with  a  fohitiun  of  blue  viiriol,  as  in 
the  proccfs  for  browning  firelocks,  and  being  thus  co- 

vered with  a  lamina  of  copper,  becomes  as  fitfceptible 
of  being  gilded  as  if  its  whole  fubltancc  was  copper. 

It  is  this  property  which  qiiickfilvtr  has  of  uniting 
with  the  precious  metals,  and  uiflblving  them,  which 
has  rendered  it  lb  fervict-able  in  the  extra£fi  in  of  them 
from  the  earth  with  which  ihey  are  mixed.  The  earth 
or  (tones,  in  which  gold  and  filvcr  are  cor.tr.iied,  being 
reduced  to  powder,  are  mixed  with  tjuiLklilvcr,  which 
diflblves  every  pardcle  of  the  preciuus  metals  wirhouc 
contrafling  die  leaft  union  with  \\\c  oth-.r  m:;itci s  j  the 
quickfilvcr  is  then  driven  off  by  heat,  and,  being  con- 
denfcd  in  tiie  receiver,  is  again  employed  in  the  fame 

proccls.  The  gold  and  (ih'cr  are  fLjiaraud  from  each 

other  by  proccfies,  which  will  be  di-lcriix'd  in'  treating of  thole  metds.  Since  thedifcovery  of  the  Americaji 
gold  mines,  the  .confumption  of  quickfilvcr  has  been 
much  increafcd.  Hoitinan  concludes,  from  calcula- 

tion, that  fifty  times  as  much  gold  as  quickillvcr  is 
annually  extracled  from  the  bowels  of  the  carrh. 

Looking  glaif^s  are  covered  on  one  fide  with  an 
amalgam  of  tin  and  ;iicrciiiy.  Tin,  being  bviten  into 
thin  kaves,  is  called  tin  foil ;  on  do  foil,  evenly  dtf- 
pofcd  on  a  fiat  ftonc,  quickfilvcr  is  poured,  and  fprcad 

with  a  feather  until  its  unier.  lias  briL;htem-d  every  pjrt 
of  it;  a  plate  of  glafj-^i  tl;cn  cauiioufly  !lid  upon  the 

tin  foil,  in  fuch  a  man:.- r  as  to  fv.eep  ofi"  the  redmid.mi 
ijuickfilvcr  which  is  not  unitat  to  tiu-  tin  ;  wel?^;liis  ar^- 

L'  J  then 
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then  placed  on  the  glafs  fo  as  to  prefs  out  dill  more  of 
the  quickfilvsr,  and  in  a  little  time  the  tin  fbilj  thus 
united  to  the  quickfilveo  adheres  fo.  firmly  to  the  glafs 
that  the  weights  may  be  removed  without  any  danger 
of  its  falling  off.  About  two  ounces  of  quicklilver  arc 
lifcd  in  covering  three  fquare  feet  of  glafs. 

In  order  to  make  mercury  capable  of  a&ing  on  the 
animal  body^  it  is  neceflary  that  it  fhould  undergo  ibme 
preparation ;  for  its  particles  muft  be  very  minutdf 
divided  before  they  can  enter  the  vefTels.  Thus,  tf 

we  apply  qoickfilvcr  to  a  capillary  tube,  the  attrac- 
tion of  its  particles  for  each  other  is  fo  flrong  that  they 

will  not  rife  in  it ;  but  minute  divifion  is  not  the  only 

circumflance  neceflary  to  its  aftivity,  for  Ethiop's  mi- 
neral and  cinnabar  taken  into  the  body  have  vtrf  little 

if  any  effcflb.  Oxygenation  feems  to  be  the  moll  cf- 
fential  circumflancc ;  for  in  whatever  way  this  is  cf- 

fcffced  the  mercury  becomes  very  aftive  *. 
Mercury,  in  pafTing  through  the  body,  is  reduced 

to  the  metallic  flate,  and,  exuding  through  the  pores, 
fometimes  attaches  itfclf  to  the  gold  of  watches, 

rings,  fleeve-buttons,  or  ear-rings,  and  renders  them 
white. 

*  Does  not  the  efFefl  of  fulphur,  in  diminifhing  tht  adiricf 
of  njercurial  preparations,  aepend  on  its  fuperior  attraction  ftr 

oxygen,  by  which  it  has  a  teuaency  to  reduce  the  mercury  totiifl 
metallic  flate  ? 
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Chap.    XXXIV. 

SILVER. 

ChmrmafT  tfthi  ftrfia  MitaU^^^Ginnal  Preperths  of  Silver. — Fegi 

tmtin  tfMver. "^Natural  Hijhry  tf  ̂iUuer^'^^Affivfing  of  ̂f'/z/«r.— 
CtfiiUuiam,^^LMuar  CaitJiic.^^Fulmimaeuig  Sil'ver.'^Luna  Cornea. 

mmmj)itma*s  Tree.^^reeu  Gdd.^^Z^andari  Silver  Coin.'^PUitiHg 
wih  Silver  j  hew  fetformed^^^FreucJlf  PUue» 

m 

OF  die  different  metallic  fubftances  only  three 
have  been  dignified  by  chemifts  and  mineralo* 

^(b  with  the  appellation  of  perfeft,  viz.  filverj  gold, 
and  pladna.    Thefe  are  diftinguifhed  from  the  other 
metals  by  their  weak  attraAion  for  oxygen^  which 
enables  them  to  retain  their  purity  and  meullic  iplen  - 
dor  in  fituations  in  which  other  metals  become  gra* 
dually  covered  with  ruft  or  calx.    Silver  is  the  whitefl 
of  all  metals^  and  is  pofTefTed  of  great  brilliancy ;  it  is 
Iiarder  than  gold ;  in  weight  it  is  exceeded  by  gold, 
platina,  quickfilver,  and  lead ;  its  gravity  being  only 
about  ten  dmes  that  of  water.     Its  malleability  is 
{o  great,  that  a  grain  of  it  reduced  to  ordinary  filver 
leaf  meafures  about  fifty-one  fquare  inches,  in  which 
llate  it  is  not  more  than  the  hundred  and  fixty  thou- 
fandth  part  of  an  inch  thick,  which,  however,  is  confi- 
derably  more  than  one  third  thicker  than  gold  leaf. 
Its  tenacity  is  fo  confiderable,  that  it  may  be  drawn 
into  wire  about  half  the  thicknefs  of  a  fine  human 
hair,  and  a  wire  of  one  tenth  of  an  inch  in  diameter 

will  fupport  the  weight  of  two  hundred  and  fcventy 

pounds  without  breaking.     It  is  ver\'  fonorous,  but  in 
hardnefs  and  elaflicicy  it  is  not  equal  to  copoer.    It 

P  4  hardens 
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hardens  under  the  hammer,  but  very  readily  lofes  that 
hardneis  by  heating. 

Silver,  expofcd  to  the  heat  of  the  moft  powerful 
burning  Icnfes,  is  j^artly  vitrified  and  partly  volatilized 
in  fumes,  which  are  found,  when  received  on  a  plate 

of  gold,  to  be  filver  in  the  mctalHc  ftate.  It  is  like- 

wife  fiiid  to  have  been  pardy  calcined  by  twenty  fuc- 
ceflive  expofures  to  the  heat  of  the  porcelain  furnace 
at  Stves.  This,  however,  may  be  doubted,  as  filvcr 

does  not  undergo  any  degree  of  calcination  by  expo- 
fuie  to  heat,  even  with  the  addition  of  nitre.  Silver 

melis  in  the  firft  degree  of  white  heat,  and  appears  in 
the  fire  like  the  fined  quickfilver.  When  it  is  haftily 

cooled,  it  exhibits  a  curious  phenomenon,  called  vege- 
tation j  for  we  difcover  from  different  parts  of  its 

ilirface  ramifications  and  branches  hke  thofc  of  trees 

which  fprout  out  with  a  item.  The  reafon  of  this 
appearance  feem.s  to  be  the  irregular  contraftion  which 
the  filver  undergoes  in  pafling  from  the  fluid  to  the 
f  hd  ilate.  The  melted  filver  fufFers  the  firft  com- 

iViCnccmcnt  of  congelation  at  its  furfacei  by  thefe 

means  a  cruft  is  formed,  which  by  its  fudden  contrac-^ 

lion  comprefles  the  fluid  filver  within  j  thus  a  protu- 
berance is  fonr.ed,  which,  congealing  in  its  turn,  con- 

tracts and  prcflts  the  intermediate  fluid  through  its 
crufl  into  branches. 

The  uir  aktrs  filver  very  little,  unlefs  it  contains 

fulphureoiis  vapours,  which  it  often  does,  from  the 
putrefaftion  of  animal  fubfi:ances  or  the  exhalations  of 

drains,  or  of  Uilphureous  mir^eral  waters.  This  ine-taij 
therefore,  bt comes  ibmtwhat  t:rnifl^ed  by  long  con- 

tinued expofure  to  the  atmofphere,  and  in  time  be- 

comes covered  -^ith  a  thin  purple  or  black  coating* 
which,  after  a  long  feries  of  years,  has  been  oblerved 

to  foile  off  from  images  of  filver  expofed  in  churckts, 

and 
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i  was  found,  on  examination,  to  coiifiil  of  Giver    • 

red  co-fulphur.  ' 
Silver  is  often  found  in  its  nanve  ftate,  and  may  be 

Dwn  by  its  brilliancy  and  duftility.  It  is  ibnieiimes 

t  with  in  irregular  maffes,  fometimcs  in  the  form 

capillary  threads  or  fibres,  and  fometJhies  in  that  of 

;aches,  formed  by  o£lal-.edrons  infertcd-one  into 
;  other.  It  is  alfo  often  difperfrd  in  a  quartzofe 

igwe*.  Native  fitver  is  fomttimcs  found  alloyed 
h  gold,  copper,  iron,  or  regulus  of  antimony  j  but 

ive  gold  much  ofcener  contains  fiiver  than  native 

cr  does  gold.  Silver  is  not  naturally  found  in  the 
:e  of  calx. 

The  vitreoxis  ore  of  fiiver  is  compoftd  of  that  metal 

1  fulphur.  It  is  the  richcll  of  the  fiiver  ores,  and 

Ids  ffOin  fevcnty  to  ci.^hcy  pounds  of  the  metal  in 

■  hundred  weight.  It  is  of  a  blacki;li  grey  colour, 
eirbling  icad;  fomc  fpeciinens  are  brov.n,  grcenilli, 

low,  &o. ;  it  may  be  cut  with  a  knife,  iind  is  fo:r.e- 

les  ciyllalii:iL-d.  If  it  is  expnlcd  to  a  heat  not  fui"- 
jnt  to  melt  it,  the  fupluir  is  difllpatcd,  and  the  vir- 
I  fiiver  is  obtained  in  fibres. 

Tiic  red  fiiver  ore  contains  arfenic  as  well  as  ful- 

jr.  It  is  a  heavy  Ihii.ing  Aibftance,  fomctimes  tranf- 

■ent,  fometimcs  opake,  but  commonly  cryftalliztd. 
is  often  of  a  deep  Jdl  colour  on  the  outfitle,  butap- 

irs  paler  within.  It  Litfords  about  half  its  weigjit  of 

er.  If  it  h  cxpofcd  to  a  fire  circfuily  man:tgcd, 

Lcipable  of  i;;ni:iiig  it,  the  filvtr  is  reduced,  and 

ms  capillary  Hbres,  fimiiar  to  native  fiiver. 

I'iierc  is  a  fiiver  ore  containing  arfenic,  cobalt,  and 
1,   mineralized  by  fulphur.     This  ore  li;mctimcs 

A  (juartzo/c  or  fparry  cry/l.illi^rition,  often  found  inclofing 
tii'i  tf  r.ict:!:..  a;iJ  liititxre  t.ilkd  Uie  mauix  or  iiiicr. 

yields 
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yields  half  its  weight  of  filvcr  j  it  varies  in  irs  app* 
ancc,  being  fomecimes  of  a  grey  and  brilliant  afpe^^ 
but  often  of  a  dull  and  tarniilied  colour,  with  efflorcf- 

cenccs  of  cobalt.  The  goote  dung  ore  belongs  to  this 
Ipecies,  The  grey  ore  of  filvcr  contains  a  large  quan- 

tity of  copper.  The  black  filver  ore,  called  nigrillo  by 
the  Spaniards,  feems  to  be  a  middle  ftate  between  na- 

tive filvcr  and  fomc  of  its  ores,  or  thofe  ores  in  a  ftatc 
of  impcrfeft  decompofition.  The  corneous  filvcr  ore 
is  a  natural  combination  of  filver  and  muriatic  acid 

with  a  fmall  quantity  of  vitriolic  acid.  Silver  is  alfo 
found  in  confiderable  quantity  in  the  ores  of  other 
metals,  particularly  thofe  of  antimony,  zincj  lead,  and 

copper. 
In  the  adaying  of  filver  ores  different  proceHes  are 

ufed,  according  to  their  nature.  When  found  in  its 

metallic  (late,  nothing  more  is  nccefiary  than  tofcpa- 
rate  it  froin  the  earthy  or  ftony  matter  in  whicli  it  k 
embedded.     With  this  view  it  Is  firlt  cxpofcd  to  licati 
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derable  quantity  of  lead,  and  then  expofed  on  the  CMpel 
in  a  date  of  fufion^  The  lead  is  vitrified  and  abforbed 

into  the  cupel,  carrying  with  it  the  impcrfeft  meials, 
and  die  filver  remains  behind  on  the  cupel  in  a  pure 
fiate. 

The  vitriolic  acid  afts  on  filver  as  on  the  other  mc- 
tals,  with  the  affiftance  of  heat ;  it  then  corrodes  it  into 

a  white  mafs,  which  is  foluble  in  water,  and  by  evapo- 
ration affords  fmall  cryftals. 

The  nitrous  acid  diflblves  filver  with  great  rapidity. 
When  the  ftrong  nitrous  acid  is  diluted  with  an  equal 
weight  of  water,  it  is  capable  of  diiTolving  about  half 
its  weight  of  filven  If  the  filver  employed  is  quite 

pure,  the  folution  is  limpid  like  water  -,  but  as  filver 
commonly  contains  a  little  copper,  its  folucions  have 
\ifually  a  blueilh  tinge.  If  the  filver  employed  con- 

tains gold,  in  this  cafe,  as  the  nitrous  acid  is  not  capa- 
ble of  diflblving  the  gold,  it  feparates  from  tiie  filver 

in  the  form  of  blackifti  flocks.  From  this  difference 

in  the  aftion  of  nitrous  acid  on  filver  and  gold,  it  is 
fuccefsfully  ufed  to  feparate  diefe  metals  from  each 
other. 

The  folution  of  filver  in  the  nitrous  acid  is  extremely 
bitter  and  cauftic,  and  has  the  property  of  changing 
the  Ikin  or  hair  to  a  black  colour,  or,  if  very  much 
diluted,  to  a  brown,  and  formerly,  when  the  caprice 
of  fafhion  abhorred  light  hair  as  much  as  it  at  prefent 

admires  it,  was  employed  for  that  purpofe.  The  co- 
lour is,  however,  very  faint  when  the  folution  is  firfl: 

Applied,  and  the  produftion  of  colour  fcems  in  a  great 
mcafure  to  depend  on  the  aftion  of  light.  Dr.  Lewis 
mentions  a  remarkable  phenomenon,  which  this  folu- 

tion prefents  when  added  to  chalk  or  any  pure  abfor- 
bent  earth.  The  chalk  and  folution  are  both  at  firft 

quite  white,  and  will  continue  fo  if  kept  in  a  dark 

place. 
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p!at;e,  but  if  exporcd  to  the  light  they  loon  become 
bhck  i  lb  that  if  a  quantity  of  this  mixture  is  put  into  a 
glafb  phial  feakti  up,  any  marks  or  Jttcers  may  be  made  , 
to  appear  on  it  as  if  by  magic.  To  effcdl  cliis,t&e  , 
phial  is  covered  with  thick  paper,  in  which  the  marks 
or  letters  are  nicely  cur,  and  it  is  then  cxpofcd  to  the 
lighr,  wliich,  afting  only  through  tJic  apciTiircs  of  the 
paper,  produces  the  effect.  When  th;;  liiiii*  arc  pro- 

duced, af]ua  fortis,  by  re~diflbiving  ihc  filvcr»  wifl 
make  ttieni  difappear  again.  It  therefore  Icems,  diai 
the  produfliiin  of  colour  is  owing  to  an  impcrfcd  pe- 

(luflion  of  tlic  ftlver,  and  that  the  a<5Hon  of' light  dii* 
engages  oxygen  from  this  compouml  in  tlic  fame  man- 

lier as  it  does  from  the  pale  nitrous  3c'i\i,  and  froffi 
vegetables. 

When  this  folution  of  filver  is  evaporated  with  a 
gentle  heat,  it  may  be  made  to  afford  cryftals  nearly 
refenibling  thof-  of  nitre.     Thelir,  btuig  melted  in  a 
crucible,  are  freed  from  water,  and  being  poured  into    J 

convenient  Furm,  become 
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die  action  of  nitrous  acid,  nhich  dinblves'the  -filver 
and' leaves  the  gold,  and  the  above  method  is  ufcd  to 
obtain  the  filver  from  the  acid. 

To  make  die  &mous  fulminating  filver,  which  is  fo 
truly  formidable  in  its  effects,  a  fmall  quantity  of  fdver 
is  diOblved  in  pale  nitrons  acid  (or  aqua  fortis)  from 
which  it  is  precipitated  by  lime  water.  The  calx  or 
precipitate  is  to  be  dried  by  txpofure  to  the  air  for 
three  days.  The  inventor,  M.  Btrtholct,  fuppofes 
the  aSion  of  light  to  have  alfo  fome  influence  in  the 

liicccfs  of  the  experiment*.  Tfie  dried  calx  is  then 
agitated  in  a  folution  of  the  caultic  volatile  allcalit 
when  it  aflumes  the  form  of  a  blark  powder,  v.hich  is 
left  to  dry  in  the  open  air.  The  fulminating  filver 
then  confifts  of  an  union  of  the  calx  of  fdver  with  vo- 

latile alkali. 

The  effects  of  this  preparp.tion  are  tremendous,  and 
infinitely  exceed  thofc  of  gunpowder,  ru]min:iting  pow- 

der, or  fulminating  gold.  It  explodes  wirh  the  (lighteft 
agitation  or  fri-ition.  The  falling  of  a  few  atoms  of 

it  frcm  a  moderate  height  piotiuccs  a  violent  d.-tona- 
tion,  and  a  drttp  of  wnter  failing  upon  it  has  tlie  fame 
effeft.  When  it  is  once  fully  prepared,  it  muft  not 
be  touched  or  moved  into  any  other  vcficl,  but  muft 
remain  in  diat  in  v.hich  it  was  dried;  and  to  make  the 

experiment  wirh  tolerable  faftty,  not  more  than  a  grsin 
of  fiiver  (houkl  be  cmpLytd  in  the  piocefs.  The 
caufc  of  thefe  expiuficns  has  been  already  intimated  in 
the  chapter  on  ignition,  and  will  be  further  illuflrated 
in  treating  of  fulminating  gold. 

Though  the  nitrous  acid  difiblvcs  fdver  with  greater 
eafc,  it  has  not  ib  ftrong  an  attraction  for  it  as  the  mu- 

riatic  or   vitiioiic  atiJs.     Either   of  thtie,   dr.pped 

•  Journal  dc  Pliyf-itf  hr  Jane  1788,  p,  474. 
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into  the  nitrous  fohirion,  feizc  the  filver,  and  forming 
a  compound  not  equally  foluble  produce  a  precipita- 

tion. Till*  neutral  fairs,  containing  vitriolic  or  mu- 
riatic acid,  have  tlie  fame  efftiH:.  This  difference  of  ' 

affinity  between  the  acids  and  filver  is  the  foundation 
ofa  proccfs  for  obtiiining  tiic  nitrous  acid  in  a  ftate  of 
great  purity.  The  fohition  of  filver  in  nitrous  acid 
is  poured  into  the  impure  nitrous  acid  till  no  more 
precipiLitc  is  formed.  The  muriatic  or  vitriolic  acids 
contained  in  the  mixture  are  thus  carried  to  the  bot- 

tom by  their  union  with  the  filver.  The  acid  is  then 
decanted  and  diftiiled  to  fret  ir  from  the  fmall  qiiandiy 
of  fait  of  filver  which  it  may  ftillcontain. 

Notwithftanding  the  muriatic  acid  has  the  ftron^ 
affinity  with  filver  of  all  the  acids,  it  is  neverthclcfi 
incapable  of  difToIving  ic  unlcfs  the  metal  is  in  a  cal- 

cined ftate,  or  itfdf  fuperoxygcnated.  The  common 
method  of  effcfting  this  union  is  to  add  to  the  folution 
of  filver,  in  the  nitrous  acid,  any  faline  fubftancc  whicif 
contains  the  muriaric  acid ;  it  is  no  matter  to  what  the 
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Bcxibilicy,  and  fbftnefs,  it  is  called  luns  cornea,  or  «r- 
wentnm  comeum,  and  from  this  feveral  other  compounds 
[>f  metals  with  the  muriatic  acid  have  been  called  cor^ 

wea.    It  may  be  cut  into  tranfparent  veiTels  refembllng 

Aqua  regia,  or  the  compound  of  nitrous  and  mu« 
riacic  acids,  a£l:s  ftrongly  on  (ilver,  but  forms  a  preci- 

[MCation  jn  proportion  as  it  feparates  it  from  the  -mats* 
This  effe£t  may  be  readily  underftood  from  what  has 
already  been  obferved.  The  nitrous  acid  diflblves  the 
filvcr,  and  the  muriatic  feizcs  it,  and  forms  lima  cornea^ 

which  is  infoluble.  This  procefs  may  be  ufed  to  fcpa- 

rate  gold  from  filver  -,  the  gold  is  held  diflblved  in  the 
aqua  regia,  but  the  filyer  is  precipitated. 

After  lilver  has  been  reduced  to  the  calciform  ftate 

by.Ibludon  in  nitrous  acid,  and  precipitation  by  alka* 
lis,  it  is  capable  of  folution  in  vinegar,  and  even  in 

lemon  juice  j  but  thefe  compounds  have  not  been  ap- 
plied to  any  ufe. 

To  have  filver  perfeftly  pure  we  muft  ufe  quick- 
filver,  which,  if  poured  into  a  folution  of  filver,  is 
attrafted  by  the  acid,  and  precipitates  an  amalgam  with 
the  filver  at  the  bottom  of  the  veffel.  The  quick- 
filver  is  eafily  feparated  from  the  filver  by  heat  alone. 
A  curious  phenomenon  arifes  from  this  amalgam ;  3» 
kind  of  cryftallization  takes  place,  which  is  formed  by 
the  union  of  the  filver  with  the  running  mercury.  The 
amalgam  purs  forth  (hoots,  which  afterwards  put  forth 
others,  like  the  branches  of  a  tree.  The  cryftalliza- 

tion varies  according  to  the  conduft  of  the  procefs, 

and  does  not  always  anfwer,  particularly  if  the  mix- 

ture is  fhaken.  It  is  called  arl/or  DiarjiCy  or  Diana's 
tree*.      The  method  of  making  it  moft    beautiful 

•  Diana's  tree,  from  the  whim  of  the  alchemlfts  already  notice  J, 
who  approprifticu  lilver  <g  the  Moon  or  DJAna,  as  ftated  in  a  pre- 
ccdia£  note. 
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is  very  tedious,  and  wouM  require   the   fpai 

>laii20aB  : 
This  phenomenon  fcems  to  admit  of  explahat 

prcciftiy  on  the  lame  principle  as  the  branching  of 
pure  filvcr  when  pairing  fiom  its  fluid  to  Irs  iblid  lUte. 

'ihc  amaij-im  ol'  fiiv»:r  and  mercury  is  f[xcificaHy 
licavier  than  eiihcr  of  the  metals  in  a  fcparate  ftaic, 

and  their  iin':<m  muft  confcqiiently  be  attended  mfh 
contratlion.  The  (ilvcr,  therefore,  being  prccipicawd 
on  the  (iirtacc  of  the  mercury,  in  proportion  as  the 

lancr  ivctal  is  difi'olvcd  by  its  fujjerior  attraflien  fttf 
the  acid,  tlie  mercLiy  beccmts-  iVtrroumlcd  with  a  , 
cniil,  the  contraiffion  of  which  forces  out  its  fluid  ccn- 

ttFiKi  the  excrtl'cenccs  thus  produced  being  in  tfacir 
turn  covered  wirh  a  cruft  of  amalfpim,  arc  again  com- 
prt.!Ted,and  pioduce  fmallcr  protuberances,  and  if  the 
experiment  is  properly  condufted,  the  brittle  ainaU  , 
gam  of  the  metals  afllimcs  a  cryftaJlized  appeamnCf,  , 
and  the  form  of  a  thick  bufh.     In  this  expcrimcdl  it 
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mik  iroh>  but  "the  properties  of  k  have  not  been  well . 
Aamined  into.  With  lead  it  forms  an  alloy^  which  is 
[nuch  more  fufible  than  pure  filver>  and  feems  in  all 
rtfpe^ts  to  be  ofan  mtermediat?  nature  between  thefe 
ncttis.  Copper  increafes  the  hardnels  of  filver,  and 

nenders  it  more  fonorous,  without  impairing  its  duc- 
tility or  colour^  when  die  copper  does  not  exceed  the 

twdfth  part  of  the  weight  of  filver  employtd.  The 
Ihmdard  of  filver  coin  is  eleven  ounces  two  penn|bi 

weights',  troy,  of  filver^  and  eighteen  pennyweights  of 
copper. 

The  purity  of  filver  cannot  be  accurately  afcertained  '■ 
without  fubmitting  it  to  cupelladon  with  lead,  and  its 

purity  is  calculatied  according  to  the  weight  it  loiea 
in  that  procefs.  Silver  is  divided  into  twelve  ima-* 
ginary  parts,  called  pennyweights.  If  it  only  lofes 

one  twelfth  part  of  its  weight  by  cupellation,  it  con- 
tdns  eleven  twelfths  of  pure  filver^  and  is  faid  to  be 
eleven  pennyweights  fine ;  if  it  lofes  two  twelfths,  it  is 
ten  pennyweights  fine,  and  fo  of  other  proportions. 
For  greater  accuracy,  each  pennyweight  is  fuppofed  to 
be  divided  into  twenty-four  grains. 

The^  covering  of  the  furface  of  copper  with  filver, 
or  plating,  is  performed  in  the  following  manner: 

*  Upon  fmall  ingots  of  copper,  plates  of  filver  arc 
bound  with  iron  wire,  generally  allowing  one  ounce  of 
filver  to  twelve  ounces  of  copper.  The  furface  of  the 

plate  of  filver  is  not  quite  fo  large  as  that  of  the  cop* 
per  ingot.  Upon  die  edges  of  the  copper,  which  are 
not  covered  by  the  filver,  a  little  borax  is  put,  and  by 
expofing  the  whole  to  a  ftrong  heat,  the  borax  melts^ 
and  in  meldng  contributes  to  melt  that  part  of  the 
filver  to  which  it  is  condguous,  and  to  attach  it  in 
that  melted  flate  to  the  copper.  The  ingot,  with  its 
filver  plate,  is  then  rolled  under  fleel  rollers,  moved 

Vol.  II.  Q^  by 
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by  a  water  wheel,  till  it  is  of  a  cerfala  thickncfs ;  k  is 
afterwards  rolled  by  hand  rollers  to  a  greater  or  Icfs 
extent,  according  to  the  life  for  which  it  is  intended; 
the  thinncfl:  is  applied  to  the  lining  of  drinking  horns. 
An  ounce  of  filver  is  often  rolled  out  into  a  furface  of 

about  three  fquare  feet,  and  its  thickncfs  is  about  the 
three  thoufindth  part  of  an  inch  ;  and  hence  we  need 
not  wonder  at  the  filv'_T  being  foon  worn  off  from  the 
Iharp  angles  of  placed  copper,  when  it  is  rolled  to  fo 
great  an  extent. 

*  What  is  commonly  called  French  plate  is  not  to 
be  c^mfoundcd  with  the  plated  copper.  In  making 
French  plate,  copper,  or,  more  commonly,  braft,  is 
heated  to  a  certain  degree,  and  filver  leaf  is  applied 
upon  the  heated  metal,  to  which  it  adheres,  by  being 
rubbed  with  a  proper  burniflier*.' 

•  VV^iifon'j  Chemical  Eflays. 
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Chap.    XXXV. 

GOLD. 

Sfinrai  Profiriks  ef  GM.'^GoU  caUiiudbf  EkSriciijj'^Bxtremi 
DmaUHtj  9f  ikis  MttaL-^Naiural  Hi^vj  of  GJi.^Broc^s  >r 
Jifmtmit^  GoU  firom  ctbir  Suhftencts,-r^^^alhu.^^Xk€  Tmfffc, 
finm.'^A^ua  Rtgiaj'^Rtafons  *wby  the  diffiunt  Acids  aH  on  mttaOi^ 
BodUir-^FidmiMating  Gold.-^PurfU  Powder  $/  CaJ/iitsj'r'Qddin 
Ca!ft  Ifoav  dtfirtyed  by  Mofes,*^Vniott  •fGoU'witb  otbtr  Mttalf.^'^ 
$tMmdmrd  GM  Ccin  pfdrfirM  Countriti. 

GO  L  D  is  the  hcavieft  of  all  the  metals  except 
pbtina^  being  between  nineteen  and  twenty  times 

die  weight  of  water.  When  perfeftly  pure  it  is  al- 
mod  as  foft  as  lead,  and  is  neither  elailic  nor  fonorous. 

For  its  fufion  it  requires  rather  more  beat  than  filver, 
and  when  in  fuHon  has  a  blueifh  green  colour,  and  its 
furface  is  always  perfediy  bright.  The  mod  intenfe 
heat  cannot  calcine  it,  and  only  contributes  to  render 
it  more  pure  if  it  had  any  foulnefs.  The  powerful 
burning  mirrors  are  faid  to  have  volatilized  it,  and  it 
has  been  driven  up  in  fumes,  in  the  metallic  date,  by 
Same  urged  upon  it  by  a  ftream  of  vital  air.  The 
ele^Slric  fluid,  however,  when  made  to  pafs  in  conli* 
derable  quantities  through  gold  leaf,  inclofed  between 
two  plates  of  glafs,  converts  it  into  a  calxj  which  tinges 
fkt  glafs  of  a  purple  colour. 

The  tenacity  off  gold  is  fo  great,  that  a  wire  one-tenth 
of  an  inch  in  diameter  is  capable  of  fupporting  five 
hundred  pounds.  Its  malleability  and  ductility  exceed 
thofe  of  filver,  and  are  fo  remarkable^  that  their  limits 

could  never  be  afcertained  with  any  confiderable  ex- 
adne&.    Oo  gold  lace  the  thickneis  of  die  gold  has 

0^2  been 
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been  computed  to  be  Icfs  than  the  one  hundred  and 

thirty-four  ihoufandth  part  of  an  inch,  and  the  degree 
of  extcnfibility  has  been  carried  ftill  farther.  In  ordi- 

nary gold-leaf,  which  is  made-  by  hammering  plates  of 
gold  between  ikins,  or  animal  membranes,  a  grain  is 
made  to  cover  fifty-fix  fquare  inches  and  a  quarteK 
In  this  (late  its  furface  is  fo  great  that  it  may  be  made 
to  float  in  the  air  with  the  flighteft  agitation,  and  its 
ducknefs  is  not  more  than  the  two  hundred  and  eighty- 
two  ihoufandih  part  of  an  inch. 

Gold  is  produced  by  nacurc  very  plentifully.  There 
is  much  of  it  in  Brazil,  in  the  Spanifli  Eaft  and  Weft 
Indies,,  on  the  coaft  of  Africa,  and  in  Upper  Hungary, 
where  the  mines  have  remained  unrxhaufted  for  ten 

centuries.  Peru  and  Mexico  abounu  wiiii  g'lld  in  a 
variety  of  forms.  It  is  met  with  in  the  finds  of  rivers 
and  mountains.  Some  rivers  in  France,  as  well  as 

in  this  country,  contain  gold  in  their  fand.  It  b  alTo 
found  in    the  fiffures   of  rocks,  imbedded   in    hajd 
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and  verjr  little  for  arfenic,  which  are  the  ufual  mine« 
ralizers  of  metallic  bodies,  it  is  not  furprizing  that  it 
ihouM  be  ufually  found  in  a  ieparate  and  nearly  pure 
ftate.  The  metallic  bodie3>  with  which  it  is  alloyed 
in  a  ftatc  of  nature,  feldom  conftitute  any  confiderable 

part  of  its  weight;  they  are  generally  either  filver^ 
copper,  or  iron.  Gold,  however,  is  (bmedmes  mixed 
wich  martial  pyrites,  and  is  fomedmes  contained  in  an 
ore,  which  is  a  mixture  of  lead,  filver,  and  iron,  mi- 

neralized by  fulphur.  In  thefe  cafes  the  pretence  of 
gold  is  not  known  by  the  appearance  of  the  mineral» 

and  can  only  be  difcovei-ed  by  roafting,  and  fubfequenc 
fufion  wich  fuch  matters  as  are  capable  of  vitrifying 
the  earthy  and  martial  fubftances.  The  addition  of 
lead  is  alfo  ufeful,  which  unites  with  the  gold,  and 
carries  it  to  the  bottom  of  the  mafs.  The  gold  is 

caGly  obtained  free  from  the  lead  by  the  procefs  of  cu- 

pellation. 
In  order  to  feparate  gold,  when  in  its  native  (late, 

from  the  earthy  and  ftony  matters  in  which  it  is  con- 
tained, the  following  procefs  is  employed:  When  it 

is  contained  in  fand,  the  lighter  particles  of  the  latter 
are  wafhed  away  by  water,  and  the  remaining  matter, 
which  may  prove  fo  heavy  as  not  to  be  feparated  from 
the  gold  without  danger  oflofing  fome  of  the  precious 

metal,  are  amalgamized,  by  being  ground  with  mer- 
cury, in  the  fame  manner  as  has  been  mentioned  in 

the  extraftion  of  fllver.  If  the  gold  is  mixed  with 
ftones  of  confiderable  bulk,  it  is  necefiary  that  they 
(hould  be  reduced  to  powder  in  order  to  render  them 
fufliciently  light  to  be  waftied  away.  The  mercury 
is  alfo  feparated  from  gold  in  the  fame  way  as  from 
filver ;  as  much  as  pofiible  is  feparated  from  it  by  prei^ 
fure  in  bags  of  leather,  and  the  remainder  by  heat. 

All  the  imperfedt  metals  may  be  abftmfted  ̂ rom 

0^3  gold 
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gold  by  cupenation;  but  in  order  to  feparace  filver 

from  it,  other  procefles  muft  be  employed.  Tfw  beft 

6f  thefe  is  called  quartation,  becaufc  the  gold  nniift  not 

fcxcccd  thcfottrrh  part  of  the  weight  of  the  mafs  fub- 
mitted  to  trial.  The  gold,  therefore,  muft  be  firft 

mixed  with  three  times  its  weight  of  fUvcr,  the  cfieft 

of  which  is,  that  the  particles  of  gold  are  removrd  to 

fijch  a  diftance  that  they  cannot  protCiSi  the  filver 

from  being  afted  on.  The  mafs  of  gold  and  fihtr 

tcing  then  beaten  out  into  thin  plates  to  incrcalc  the 

furfect,  arc  cspofed  to  the  aftion  of  aquR  fortis,  which 

diflblves  the  filver,  and  leaves  the  gold  in  a  fpongy 

mafs  i  this  is  waflied  two  or  three  times  with  aqua 

fortis,  and  then  expofed  to  heat  in  a  mvifile",  to 
recover  its  metallic  brightnefs.  When  fitver  is  thus 

tcparated  by  aqua  fortis,  a  minute  portion  of  the  filvcr 

is  apt  to  adhere  to  the  gold,  and,  therefore,  when  it 

is  an  objeft  to  have  the  gold  perfeftly  pure,  it  is 

proper  to  ftibmit  it  to  the  aftion  of  aqua  regia,  which 



Iwfl;  cfFcft  iM  k  in  its  metaVic  ftace.  Upon  this  dep^ndp 

|hc  jcriaj  of  gold  i»y  the  topis  Ijrdiusj  or  touchftone^ 

Mdwh  13  of  a  cU^k  colouu:  and  preay  fine  gnuin^  but 

9fym  poUjSicd  has  fufficicac  roughnds,  fo  tbat  when 
tbc  mcrsd  »  rubbed  oyer  k  a  mark  is  left,  which 

mark  will  be  flfie£l:ed  by  ;any  of  the  common  acid^* 

aqua  fords'ibr  inftance,  in  proportion  xo  the  iaipurkies 
idic  metal  contains,  but  not  at  all  if  the  gold  b  perfofUjr 

pure. 
Goldfiniths'Aiie4ikewirc  two  iets  of  needles^  one  ior 

filver  and  the  other  for  gold,  when  they  want  to  eu.- 

mine  the  fineneis  of  different-  parcels.  The  iet$  of 
needles  for  gold  are  alloyed  wiih  difiercnt  proportiona 

of  coppers  one  is  made  widi  twenty-three  p^xts  of 
gold  to  one  of  copper,  another  with  twenty-two  parts 
of  gold  to  one  of  copper,  and  fo  in  proportion.  WhcQ 

they  have  a  piece  of  gold  to  be  tried,  they  firft  exa- 
mine its  colour  to  determine  what  quantity  of  alloy  it 

contains.     To  know  this  the  better,  they  mark  the 
touchftone  with  it,  and  then  make  another  mark  with 

^e  needle,  which  they  think  to  be  of  yearly  fimilar 

purity.  Thus  they  compare  them ;  and  after  this,  to 
be  certain  that  the  met^l  is  gold,  they  apply,  to  th^ 
mark  on  the  (tone  a  drop  of  aqua  fortis^  If  it  is 
copper  tbged  with  ̂ inc,  or  any  other  imitadon  of 
gold,  the  aqua  fords  immediately  difiblves  it.  If  it 
contains  gold  and  fome  odier  metal,  it  dUIblvcs  the 
other  metal  and  leaves  the  gold. 

The  only  faline  fluid  which  diflblves  gold  in  its 
metallic  (late  is  aqua  regia,  or  a  mixture  of  the  nitrous 
and  muriatic  acids.  It  is  prepared  in  various  ways: 
J  ft.  By  mixing  the  two  acids  in  their  pure  ftate. 
adly.  By  adding  common  ialt,  or  fal  ammoniac,  to 
aqua  fords,  and  then  diftilling  the  mixture.  A  part 
of  the  nitrous  acid  decompofes  the  muriatic  fait,  and 

0^4  detaches 
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detaches  the  muriatic  acid,  which  rifes  with  the  re- 
mainder of  the  nitrous  acid,  and  thus  an  aqua  rcgi* 

is  produced,  jdly.  By  mixing  a  Iblution  of  alum 
with  nitre  and  common  fait,  in  which  cafe  the  vitriolic 

acid  of  the  aium  difcngages  the  nitrous  and  muriatic 
acids  by  its  fupcrior  aiciaftion  for  their  bafis. 

It  is  ufual  to  make  aqua  rcgia  by  diflblvlng  fal 
ammoniac  in  about  four  times  its  weight  of  ftrong 
nitrous  acid  :  but  the  refults  of  experiments  or  opera- 

tions vary  confiderably  according  to  the  proportion  of 
tlie  ingredients  made  ufe  of. 

The  theory  of  the  operation  of  this  compound  acid 
does  not  feem  difficult.  In  the  courfe  of  this  work  it  , 
has  been  more  than  once  remarked,  that  the  eafy  fo- 
lution  of  metallic  matters  in  acids  does  not  depend 
merely  on  the  degree  of  attra6lion  which  exifts  be- 

tween the  metal  and  the  acid,  but  alio  on  the  tafe 
with  which  the  acid  parts  with  oxygen  to  calcine  the 
metal.     From  this  caufe  it  happens,  that  the  nitrous    , 
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add  has  no  other  cfFcdt  than  that  of  furnifhing  oxygen^ 
fince  the  Eunc  effe£k  follows  when  the  necellaiy  quan- 

tity of  oxygen  is  previouQy  added  either  to  the  gol4  or 
die  muriatic  acid.  Gold,  precipitated  from  aqua  regia 
by  alkalis,  and  thus  reduced  to  the  calcifbrm  ftate,  is 
(bluble  even  in  the  vitriolic  and  nitrous  acids. 

The  addition  of  water  to  the  vitriolic  acid,  enables  it 

to  diflblve  iron  exadly  on  the  fame  principle  that  the 
addition  of  nitrous  acid  to  the  muriatic,  enables  the 

latter  to  diflblve  gold.  The  concentrated  vitriolic 
acid  has  no  a6tion  on  iron  without  the  affiftance  of 

heat ;  but  by  a  proper  addition  of  water  the  procefs 
goes  on,  in  the  ordinary  temperature  of  the  atmoiphere, 
with  confiderabie  rapidity.  The  water  furnifhes  oxy- 

gen to  the  iron,  and  its  other  component  part,  hydro-' 
gen,  is  let  at  liberty  j  and  that  the  nitrous  acid,  in  the 
aqua  regia,  anfwers  the  purpofe  of  rurnifhing  oxygen 
to  the  gold,  is  proved  by  the  difcngagemcnt  of  nitrous 

gas. 
The  folution  of  gold  in  aqua  regia,  when  firfl: 

made,  is  always  yellow,  confiderably  cauftic,  corrodes 
animal  matters,  and  tinges  them  of  a  deep  purple 
colour.  When  applied  to  the  furface  of  marble, 

it  tinges  it  of  a  violet  colour.  This  colour  is  pro- 
duced by  a  precipitation  of  the  gold,  in  confequence 

of  the  fuperior  attraftion  of  the  calcareous  earth  for 

the  acid.  ' 
The  folution  of  gold  may  be  made,  by  cautious 

evaporation,  to  afford  cryftals  of  a  beautiful  topaz  or 

yellow  colour.  Gold  may  be  in  fome  meafure  vola- 
tilized by  repeatedly  diftilling  it  with  aqua  regia ;  feme 

of  the  gold  rifes  with  the  acid  into  the  neck  of  the 
retort  in  the  form  of  long  (lender  brown  cryftals. 

Gold  is  precipitated  from  its  folution  by  a  great 
variety 
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variety  of  fubftance^,  biii:  its  apf>cirances  are  very  vte 
rious,  according  to  the  nature  of  the  matter  empJoyei 
i.ime  am!  magnefia  precipitate  gold  in  the  forra  of  a 
yellowifli  powder,  and  the  fixed  alkalies  have  the  fame 
cficcft.  Volatile  alkali  produces  a  more  quick,  and 

copious  piL-cipitntion,  and  forms  die  remarkable  comr 
pound,  known  by  the  name  of  aurum  fulminans,  the 
nature  of  which  h:;£  been  already  intimated  in  a  note 
under  the  head  of  ignition.  I  fliall  in  this  place,  hov* 
ever,  add  a  few  obfcrvatioas,  which  may  tend  ftill  fur? 

ther  to  il!uftra[e  its  nature.  In  the  firrt  placcj  it  ap?- 
pears,  that  the  fiiliTiinating  gold  is  a  compound  flf 
about  tliree  parts  of  that  metal  with  one  of  volatile 
alkali.  Secondly,  Fulminating  gold,  expofcd  to  luct 
a  heat  as  is  fiifficicnt  to  feparate  the  volatile  alkali, 
widiout  fetting  fire  to  tlie  compound,  loles  its  fuluu- 
rating  property.  The  fame  efTcft  is  produced  by  fub- 
mitting  i;  to  the  aiftion  of  concentrated  vitriolic  acid, 

mc-kcd  fulphiir,    a:thcr,  or  any  fubftance  capable  of 
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one  hondj  and  the  azote  for  hydrogen  on  the  other, 
fl|h«  fcarcely  Aifficient  to  counteracl.  Whenever  the 
fa^nce  of  power  among  thefe  ingredients  is  difturbed, 
wluch  happens  from  a  moderate  increafe  of  heat,  or 
violent  fri&ion,  the  hydrogen  and  oxygen  unite  and 
fenn  water,  the  gold  is  reduced,  and  the  szotc  efcapes 
in  the  form  of  gas,  occafioning  a  violent  expIoHon. 

When  gold  is  newly  precipitated,  Margraff  infonra 

OS,  that  it  may  be  re-difTolved  by  the  volatile  alkali, 
t)r,  much  more  readily,  by  the  PruiTian  alkali.  Alka^ 
Joie  falts  precipitate  gold  in  the  form  of  a  calx,  but 
inflammable  fubftances  precipitate  it  in  the  metallic 
ibnxu  The  mod  fingular  tSc&  of  inflammable  fub- 

ftances upon  the  folution  of  gold  is  that  of  the  vitriolic 
ether,  though  it  does  not  entirely  feparate  the  gold 
•fnom  the  acid.  If  into  a  pHial  of  diftilled  water  a  (ingle 
drop  of  the  folution  of  gold  is  introduced,  the  water 
will  become  of  a  fine  yellow  colour;  add  to  this  a 

quantity  of  vitriolic  ether,  which  will  float  uppermolt, 
and  remain  colourleis,  no  fenflble  change  being  pro- 

duced; by  (haking  the  mixture,  however,  for  fomc 
time,  and  tlien  allov^  ing  it  to  refl:,  the  yellow  colour  in 
the  lowed  part  of  the  phial  will  leave  the  water,  and 

•ijie  up  into  the  ether.  By  repeated  agitation,  in  a 
little  time  the  ether  will  draw  up  into  it  the  whole  of 
die  gold,  ib  as  to  leave  the  liquor  at  bottom  perfeAly 
colourlefs.  It  would  be  erroneous  to  conclude  from 

this  experiment,  that  ether  is  a  folvent  of  gold ;  it  does 
ADC  diflblve  it,  but  attracts  the  folution  merely  by  its 
affinity  for  acids.  Though  the  ether  a£ts  primarily 
on  the  acid,  it  at  length  feparates  the  oxygen  from  the 
calcined  gold,  and  precipitates  it  in  its  metallic  (hite. 
All  the  fubtile  aromatic  oils  have  a  fimilar  effcft,  but 

do  not  aft  fo  readily  as  ether. 
As  thefe  inflammable  fluids  have  no  aftion  on  the 

4  folution^ 
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Ablutions  of  other  metalsj  this  profcfs  may  be  uf<,d  as 
3L  means  of  refining  gold  ;  for  the  add  containing  gold 
is  imbibed  by  the  inflainmalite  Quid,  while  ihar  part 
of  it  which  is  combined  with  a.iy  other  meui  remains 

bc!iH-,d. 
Aliroi!  ai;  metallic  fubftances  precipitate  gold  froni 

its  Iblucion  in  aqua  regia.  Mercury  and  copper  fc- 

paratc  it  in  its  Ihining  mecailic  form  -,  \tn\,  iron,  and 
filyer,  precipitate  it  of  a  deep  and  dull  purple  colour. 
A  plate  of  tin,  plunged  in  a  fulution  of  gold,  feparatd 
the  perfeii:  metal  in  the  form  of  a  deep  violet  powdcT] 
caUed  purple  pi>wder  of  CafTuv,  w  hich  is  ufcd 

painting,  in  enamel,  and  in  pcrcclain.  This  powdo'J 
confifts  of  the  calces  of  gold  and  tin  in  combination, 
and  ii 'liipable  of  communicating  a  fine  purple  colour 
to  glab..  Tiie  foiution  of  green  vitriol  precipitates  no 
other  metal  but  gold,  and  the  gold  proves  of  uncoin- 
irion  purity,  .nnd  of  a  very  deep  colour.  Gold  in  itJ 
netailic  ftiite  is  incap.ibte  of  uniting  with  fulphur  alone. 

i 
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There  are  fcarcely  any  metals  with  which  gold  v'lSk 
not  unite.  When  boiled  a  ftiort  rime  with  mercury, 
h  forms  an  amalgam  which  is  gritcy  and  rigid  at  the 
firft,  but  which  becomes  by  grinding  more  foft  and 
tender  j  this  is  often  made  ufe  of  for  gilding  the  fur- 
&ce  of  (ilver  and  copper,  as  was  more  pardcularly 
mentioned  when  treating  of  the  latter  metal. 

Gold  readily  unites  with  zinc,  and  produces  a  mixed 
inctal>  whiter  than  might  be  expcfled  from  the  quan* 
my  of  zinc  which  is  employed ;  this  alloy,  made  with 
equal  parts  of  the  two  metals,  is  remarkably  fplendid, 
is  of  a  fine  grain,  and  is  not  liable  to  tarnifh :  on  ac- 

count of  thcfe  properties  it  has  been  recommended  for 
conftnifting  the  mirrors  oftelefcopes. 

All  the  rr.etals,  except  filver  and  copper,  tnke  away 
the  duftility  of  gold,  but  none  more  remarkably  than 
tin,  a  grain  of  which  added  to  a  thoufand  of  gold  is 
faid  to  deprive  it  entirely  of  duftility.  Copper  is 
commonly  ufed  to  alloy  gold,  as  filver  renders  it  very 
pale.  Copper  rather  heightens  the  colour  of  gold,  but 
inclines  it  to  red. 

Goldfmiths  denote  the  fincnefs  of  gold  by  the  word 

carrat.  It  is  fuppofed  to  be  divided  into  twenty-four 
parts,  called  carrats;  and  gold,  which  is  quite  free 
from  alloy,  is  faid  to  be  twenty-four  carrats  fine;  that 
which  contains  one  twenty-fourth  of  alloy  is  called 
gold  of  twenty-three  carrats  j  that  which  contains  two 
twenty-fourths,  of  twenty-two  carrats,  and  fo  on.  la  . 
England,  thu-  ftandard  of  gold  coin  is  twenty-two  car- 

rats ,  fine  gold  and  two  carrats  of  alloy,  which  latter  is 
half  filver  and  half  copper.  The  French,  Spanifh,  and 
Flcmiih  gold  are  nearly  of  the  famefinencfs. 
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C  II  A  p.     XXXVI, 

PLATIN  A. 

Vtttm'a!  Hififrj  tfitit  twimu  Metal.— In  PrapertH 
dmut  Btdj  im  Nanin.—iit  Hariiufi  and  infi^Miiy.—Si 
in  J^uaResiii  ̂ <J txygoiaitd muriaiie  AttJ-^lii  £/•«»  •an'ii  tiia. 
Meiali. — Cruiil'Us  furmtd  'b/  h.—^Mi^ht  ti  affluJ  !a  •oaiitM  IJ^I vtiicii  no  miir  MiSal  can  anfwir. 

IN  the  beginning  of  tlic  year  1749,  the  firft  fpt- 
cimen  of  this  metal  was  brought  into  EngUnd 

from  Jamaica,  it  was  faid  to  have  been  originally 
brought  from  the  Spaniili  Weft  Indies,  and  it  is  ftitf 

alraoft  exclufively  found  in  the  gold  mines  of  Spjniih 
America.  It  is  brought  over  in  the  form  of  fmill 

fmooth  grains,  irregularly  figured,  with  round  edgci, 
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Jicy  exceed  it.  The  fpccific  gravity  of  gold  is  about 
ainetcen  times  that  of  water,  whereas  platina,  which 
GBU  contains  lb  much  iron  as  to  render  it  magnetica]^ 

is  upwards  of  twenty-one  times  the  weight  of  that 
Suid.  It  is  extremely  difficult  to  free  platina  from 
the  laft  portions  of  iron,  but  fome  minute  particles, 
srhich  have  been  fufed  by  the  focus  of  a  burning  glafs, 
md  jR>  far  purified  as  not  to  be  attracted  by  the  mag- 
RCt|  appear  to  exceed  twenty-two  times  the  weight  of 
vrater. 

Platina  is,  perhaps,  the  moft  perfirft  of  all  the  me- 
tals. As  it  fo  confidcrably  exceeds  even  gold  in  weight, 

it  is  therefore  to  be  confidered  as  the  moft  ponderous 
body  in  nature. 

It  has  feveral  properties  in  common  with  the  moft 
Hlbrul  of  metals,  iron.  In  hardnefs  it  approaches  to 
cbat  tnctal  in  the  Hate  of  (leel ;  and  in  infuflbility  it 

exceeds  it  even  in  the*ftate  of  foft  iron  ;  it  alfo  confi- 
derably  refembles  iron  in  appearance,  and  nt  is  the 
only  metal,  befides  iron,  which  has  the  property  of 
weUang. 

Pladna  refembles  gold  in  being  foluble  only  in  aqita 
teg^  and  it  even  requires  a  larger  quantity  of  that 
compound  acid  for  its  folution  than  gold.  The  folu- 
Qon  is  of  a  deep  yellow  or  reddifh  colour.  The  pro- 
pordons  of  acids  beft  adapted  to  the  folution  of  platina, 
are  equal  parts  of  the  nitrous  and  muriatic  acids ;  but 
die  (blution  does  not  then  take  place  with  rapidity. 

This  compound  is  ver}'  corrofive,  and  tinges  animal 
ibbfbuices  of  a  blackifh  brown  colour. 

The  vegetable  alkali  added  to  this  folution,  only  oc- 
calions  the  precipitation  of  a  part  of  the  metal  in  the 
form  of  a  fparkling  powder,  which  is  foluble  in  a  lai^c 
quantity  of  water.  A  very  remarkaUe  circumftance 
is,  that  the  fofiil  alkili  does  not  produce  any  precipi- tation, 
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tation,  iinleli.  iidded  in  very  conriderable  quantity. 
Comnion  fal  .uiimoniac,  applied  to  the  folution  of 
pladna,  produces  a  precipitation  like  the  fixed  vege- 

table and  volatile  alkalies.  It'lcparatt-s  a  part  of  the 
metal  in  a  fparkling  red  powder,  and  a  part  rcinains 
diilolvedj  which  it  cannot  fcparatC;  but  if  vegetable 
alkali  is  added  after  the  fal  ammoniac,  it  precipitates 

the  rc-ft  of  the  platina ;  and  on  the  contrary,  fal  am- 
moniac, added  to  the  foiution  containing  the  re- 
mainder, which  the  fixed  alkali  could  not  icparate, 

precipitates  it.  To  that  by  adding  both  the  vegetable 
alkali  and  fal  ammoniac,  the  whole  of  the  platina  is 
fiparated.  Platina,  like  gold,  js  alio  folublc  by  the 
oxygenated  muriatic  acid. 
The  fiibtile  inflammable  fiibflances,  as  Ipiriw  of 

wine  and  aromatic  oils,  do  not  produce  any  fcparation 
from  the  folurion  of  platina  in  aqua  regia,  as  they  do 

from  that  of  gold.  Tin  precipitates  it,  but  the  pre- 
cipitation is  mit  purple  like  that  of  gold.     Mofl:  of  the 
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k' receives  a  very  fine  poUQi.  A  mixture' of  three 
or  fcuv  parts  of  copper  to  one  of  pkdna  pofleflcd 
all  die  above  properties  in  great  perfe£tion>  and  wa^ 
not  tamiflicd  in  the  air  in  the  Ipace  of  ten  ytJM^ 

With  iroii  it^fo  produces  a  compound' of  great  den* 
fit/s  wluch  is  hard»  ftrong^  and  toughs  and  admits  of 
a  good  polifhr  Moft  metals  increafe  the  iufibilitjr 
of  platina  fo  muchj  that  the  mixture  may  be  melted  ia 
ordinary  funiaces.  , 

Gold  is  gready  injured  in  appearance  by  a  mixture  of 
platina,  and  becomes  of  the  colour  of  bell  metal  by  the 

addition  of  no  more  than  one  twenty-fourth  part^ 
though  half  tliat  quantity  produces  litde  change. 

-Plauna  with  bifmuth  and  tin  forms  alloys,  which 
are  brittle,  but.eafily  fufed.  Platina  and  lead  unite 
very  well  by  fufion,  but  the  duftility  of  the  lead  is 
dcftroyed)  and  the  compound  quickly  tarnilhes  on 
expofure  to  air.  Platina  pardy  deftroys  the  duftility 
of  filver,  augments  its  hardnefs,  and  impairs  its  co- 
lour. 

Platina  completely  rcfifts  the  aftion  of  mercury, 
with  which  it  Ihcws  no  difpofition  to  unite.  Oh  this 
account  it  does  not  mix  itfelf  with  the  gold,  which  is 
extracted  from  the  fubdances  with  which  it  is  mixed  by 
amalgamation. 

From  the  extreme  infufibility  of  platina,  it  is  ex- 
cellendy  fitted  to  contain  other  matters,  which  it  is 
intended  to  fubmit  to  a  violent  heat.  M.  Achard 

fucceeded  in  making  crucibles  of  platina,  by  fiifing 
equal  parts  of  platina,  white  arfenic,  and  vegetable 
alkali.  This  matter,  when  cooled,  was  reduced  to 

a  powder,  and  rammed  into  a  mould,  A  ftrong  heat, 
quickly  raifed,  and  continued  for  fome  time,  fufed  the 
mafs,  and  after  difTipating  the  arfenic  and  alkali,  left 
the  pladna  in  the  defired  form. 

Vol.  II.  R  Platina, 
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.Plarina,  wh:n  thoroughly  purified,  by  coftion  in  the 
muriatic  add  and  precipitation  from  aqua  rcgia,  may 
be  fiifed  into  a  mafs  nearly  as  malleable  as  foft  iron. 
Thb  property,  united  to  thofe  of  refifting  acids,  its 
great  infufibility,  and  welding,  feem  to  render  platina 
applicable  to  purpofes  which  no  other  metal  is  capable 
ofanfwering. 
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Chap.    XXXVII. 

OF  INFLAMMABLE  SUBSTANCESIN 
GENERAL. 

Igmtim  and  Combuftion  JeJined^^-'AciJs  firmed  iy  the  Cwilnipion  of 
Imfiammable  Suhftances.'^FlaMe^  haw  froduced.^-^The  OhjeS  eftht 
frtjtnt  Inquiry  limtedj-^What  Subflances  are  commonly  termed  gfi» 

flammahUn 

THE  difference  between  ignition  and  combuftion 
was  brieBy  mentioned  in  the  early  part  of  this 

work ;  but  after  what  has  been  advanced  concerning 
die  elaftic  fluids,  and  the  nature  of  acids,  the  reader 

will  be  prepared  for  a  more  philofophical  view  of 

the  fubjeft.      All  bodies  which  can  fupport  a  cer- 
tain degree  of  heat,  without  the  deftruftion  of  their 

texture,  emit  light,  and  this  is  called  ignition  ̂   but 
combuftion  or  inflammation  is  a  property  which  be- 

longs to  fuch  bodies  only  as  are  capable,  when  placed 

in  proper  circumftances,  of  augmenting  dieir  own  tem- 
perature.    Simple   ignition  produces  no  permanent 

change  in  bodies,  but  combuftion  entirely  alters  the 
properties  of  fuch  as  have  undergone  that  procefs. 
From  being  mild  and  nearly  infoluble  in  water,  they 
become  acrid,  pungent,  and  extremely  foluble,  and  are 
converted  into  acids,  which  diflfcr  according  to  the 
fubftance,  by  the  inflammation  of  which  they  were 
formed.     The  terms  combuftible  fubftance  and  aci« 

difiable  bafis  are,  therefore,  in  the  French  nomenck* 
ture,  fynonymous. 

It  has  already  been  remarked,  that  inflammation 

is  the  difengagement  of  the  matter  of  heat  or  calo<» 
lie  contained  in  vital  air  or  oxygenous  gas,  in  con- 

R  2  fcquencc 
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fequcncc  of  the  bafis  of  this  gas  becoming  com- 
bined with  other  bodies.  All  bodies^  therefor^ 

which  are  capable  of  decompofing  vital  air^  change 
a  quantity  of  latent  heat  into  fenfible  heat,  and  are 
faid  to  be  inflammable  from  the  light  and  hear  which 
feem  to  proceed  from  them,  but  which,  in  faft,  arc 
derived  from  the  oxygenous  gas,  which  is  one  of  the 
component  parts  of  the  atmofphere. 

The  neceflity  of  the  prefence  of  air  to  combuftion 

is  ftrongly  maintained  by  M.  Lavoifier,  and  an  expe- 
riment related  by  him  (to  the  latter  part  of  which  I 

feel  fome  relu&ance  to  give  an  unqualified  aflent) 
feems,  indeed,  to  prove  it  to  be  eflfential  in  all  cafes. 
He  fucceflively  placed  a  quantity  of  phofpfaorus,  of 
fulphur,  and  of  gunpowder,  under  the  receiver  of  an 

air-pump,  making  as  perfedt  a  vacuum  as  the  madiioe 
,  would  admit.  He  then  threw  the  focus  of  a  lens  6i 

eight  inches  diameter  on  the  different  fubftanccs,  which 
were  not  at  all  ignited^  only  bubbled  up,  and  at  leogdr 
fublimed.  The  gunpowder  was  decompofed,  the 
fulphur  of  it  only  fubliming,  and  it  neither  took  fire 
nor  exploded. 

In  ordinary  language,  no  bodies  are  faid  to  be 
inflammable  but  fuch  as  burn  eaflly,  or  which^  in  other 

words,  are  capable  of  decompofing  vital  air  in  Che  di- 
luted fl^te  in  which  it  exifls  in  the  atmofphere.  In  x 

more  ftrift  fcnfc,  however,  the  property  of  inflamma* 
bility  belongs  to  other  bodies,  though  they  poflefi  it 
in  a  lefs  eminent  degree  s  as  to  zinc,  which,  when  made 
extremely  hot,  burns  with  a  dazzling  white  l^hc,  and 
to  iron,  which  when  heated  to  a  proper  degree^  burns 
in  pure  oxygenous  gas.  The  oxygenation  which  all 
metals,  except  the  perfeft,  undergo  from  the  conjoined 
operation  of  heat  and  air,  muft  alfo  be  confidcitd 
8  ai 
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as  a  flow  combuftion.  In  flioit,  all  fubftances  may 
be  faid  To  be  inflammable  which  are  capable,  in  any 
circumftanceS)  of  decompofing  vital  air,  or  which  have 
a  ftronger  attradlion  for  the  bafis  of  that  air  than  that 
bafis  has  for  caloric  or  fire. 

In  all  inftances  of  inflammation  a  certain  degree  of 
heat  is  neceffary  to  begin  the  prpcefs.  DifTerent  in- 
flanimabk  fubftances  require  different  degrees  of  heat 
for  this  purpofe.  Phofphorus  is  fully  inflamed  at  the 
heat  of  86  degrees  of  Fahrenheit,  but  undergoes  a  more 
gradual  combuftion  at  a  much  lower  temperature. 
Sulphur  requires  much  more  heat  than  phofphorus, 
and  charcoal  ftill  more  than  fulphur.  There  are  fome 
fubftances  in  nature  which  are  fo  combuflible,  or  have 

fo  ftrong  an  attraction  for  ox^en,  as  never  to  have 
been  found  uncombincd  with  that  principle ;  of  this 
kind  are  the  unknown  bafes  of  the  boracic,  fluoric,  and 
muriatic  acids. 

Though  an  acid  is  always  formed  by  the  combuf- 
tion of  every  inflammable  fubftance,  this  faft  was 

never  attended  to,  or  at  leaft  never  properly  appre- 
hended, till  within  thefe  few  years.  In  ordinary  cafes, 

indeed,  this  circumftance  was  likeiy  to  pafs  unob- 
fervcd ;  for  the  acid  produced  by  the  inflammation  of 
charcoal,  which  is  the  principal  ingredient  in  all  kinds 
of  fuel,  is  the  carbonic  acid  gas,  or  fixed  air,  which 

efcapes  without  leaving  any  traces.  In  the  combuf- 
tion of  fulphur  alfo,  the  acid  flies  off  in  fomes,  unlefs 

coUefted  by  a  particular  procefs,  which  was  defcribed 
in  treating  of  the  fulphuric  or  vitriolic  acid.  The 
phofphoric  acid,  however,  is  a  concrete  body,  and 
therefore  cannot  eafily  be  overlooked.  When  inflam- 

mable bodies  are  united  with  oxygen  they  become 

acids,  and  having  no  longer  fufficicnt  attraftion  for 
R  J  oxygen 
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oxygen  to  dccompofe  vital  air»  they  lofe  their  inSam* 
inability.  According  to  the  old  chemical  doctrine, 
the  heat  and  light  afforded  by  mflammable  fubftances 

were  fuppofed  to  derive  their  origin  from  the  difen* 
gagement  of  phlogifton ;  but,  according  to  the  docr 
trine  of  M*  I^voifier,  the  vital  air  of  the  armofphere 

is  the  repoQtory  of  light  and  heat,  from  which  all  ar* 
tificial  fupplies  are  derived,  by  me^n^  of  inflammable 
fubftances. 

There  is  one  ftriking  difference  among  inflammable 
fubftances,  which  js,  that  fbme  burn  with  and  fomc 

without  flame,  Of  the  former  kind  are  oils,  fpirit 
of  wine,  and  moft  others ;  to  the  latter  kind  Belong 
the  different  fpecies  of  charcoal.  The  caufe  of  this 
difference  is,  that  fome  inflammable  bodies  afford  aa 

inflammable  vapour,  the  burning  of  which  produces 
flame  $  others  ̂ e  entirely  flxed,  and  produce  ho  fuch 

vapour.  The  vapour,  however,  as  it  rifes  is  not  whollf 
confumed  s  the  reafon  of  which  is,  that  the  air  does  ooc 

find  accefs  to  the  center  of  the  column  of  vapour  as  was 
formerly  explained.  In  large  flames,  the  furface  on  which 
the  air  acts  is  lefs  in  proportion  to  the  quantity  of  vapour 
than  in  fmall  flames ;  hence  the  quantity  of  fmoke  and 
foot  produced  by  fmall  flames  is  proportionably  lc(s 
than  that  produced  by  large  s  for  fmoke  and  foot  are 
only  that  part  of  the  vapour  which  is  unconfumed. 

In  treating  of  inflammable  fubftances  it  will  be  ne« 
ceflary  to  confine  the  inquiry  to  thofc  which  poflefs 
that  property  in. a  more  remarkable  degree.  1  fhall, 

therefore,  firft  treat  of  the  fimple  inflammable  fub- 
ftances, phofphorus,  fulphur,  and  coal,  or  the  carbon 

of  th«  French  philofophers.  Hydrogen,  or  inflam* 
mable  air,  has  already  been  dcfcribed  under  the  head 
of  elaftic  or  aeriform  fluids.    Widi  refpefi:  to  the 

compound 
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compound  inflammable  llibftances^  luch  as  oils^  refins, 
£tt,  &&  it  will  be  found  that  they  confift  of  different 

propordons  and  ftates  of  combination^  of  carbon^  hy- 
drogen, and  oxygen.  The  inflammable  matter  of 

charcoal  and  coke  confifts  of  carbon  only  \  pitcoal  and 
wood,  in  dieir  crude  ftate,  contain  alio  fome  hydrogteo, 
which  is  driven  ofi^  together  with  water  and  tili  in  the 

prcipeis  of  chairing. 

R4 
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Chap.    XXXVIII. 

phosphorus. 

ef  KunkeL — Ligbt  from  putri/cM   Suhfiimat.^ 

Faas.~tight/rom  the  Sia  XVatir.  XSc.—UgUs  ahaut  ibi  SiJi  if   ' 
Skk  Ptrfiau—PbG/pbiirus  txhakd  •with  iht  Siotal.~PhcJ^attd 
Byiregen  Gar, 

PHOSPHORUS*  is  a  fimple  combuflible  fub- 
ftance,  which  was  unknown  ro  chemifts  till  1667, 

when  it  was  difcovered  by  Brandt,  a  German  chentifl,  , 
who  kept  the  proccfs  a  fecretj  foon  after  Kunkel 

found  out  Brandt's  method  of  preparation,  and  made 
it  public.  It  has  ever  fmce  been  known  by  the  naroc 

of  Kunkcl's  phofphorus.  The  appearance  of  phof- 
phorus  is  that  of  a  tranfparent  fubftance,  of  a  colour 
inclining  to  yellow,  like  clear  horn;  it  Js  fpecificajly 
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downy  mafs.    This  concrete  acid  has  fb  (trong  an  at- 
traAion  for  water  as  to  imbibe  it  from  the  atmofphere 
with  aftonifliing  rapidity,  till  it  is  converted  into  a  ii*  « 
quid  confiderably  more  denfe^  and  of  greater  fpecific 
gravity  than  water. 

From  the  experiments  detailed  in  M.  Lavoificr^s 

ckmentary  work  on  chemiftry,  it^  appears  that  one 
pound  of  phofphorus  requires  one  pound  eight  ounces 
of  oxygen  gas  for  its  combuftion,  and  that  two  pounds 
eight  ounces  of  concrete  phoiphoric  acid  are  pro* 
duccd. 

The  phofphoric  acid  may  be  obtained  by  three 
odicr  proccfTes  befides  this.  If  phofphorus  is  melted 
in  hot  water^  and  a  dream  of  vital  air  pafled  through 
it,  it  becomes  oxygenated.  The  fame  thing  happens 
by  plunging  it  in  nitrous  acid^  from  which  it  abflrafts 
the  oxygen.  It  may  be  alfo  acidified  by  fimple  expo- 
furc  to  the  atmofphere,  which  ought  not  at  the  time 
to  exceed  the  temperature  of  fixty  degrees,  from  the 
danger  of  inBammation ;  in  this  fituacion,  by  a  gradual 
combuftion,  it  att rafts  the  oxygen  of  the  acmolphcrcj 
and  becomes  converted  into  an  acid. 

The  cauftic  fixed  alkalies  difiblve  phofphorus  by 
the  afliftance  of  heat.  During  this  combination  a 
fetid  gas  is  difcngaged,  which  has  the  lingular  property 

of  exploding  as  foon  as  it  comes  in  contaft  with  at- 
mofpherical  air,  and  (till  more  rapidly  by  contadt  with 
vital  air. 

The  phofphoric  acid  forms  peculiar  falts  with  the 
alkalies  and  fome  of  the  earths,  and  has  the  property 
of  corroding  glafs.  With  the  mineral  alkali  it  forms 
a  fait,  the  tafte  of  which  is  lefs  unpleafant  than  that  of 
other  neutral  falts,  and  which  is  well  calculated  to,  an- 
fwer  the  purpofes  for  which  neutral  falts  are  ufcd  in 
medicine.    The  phofphoric  acid  acts  only  on  a  fmall 

number 
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number  of  metallic  fubftanccs,  but  readily  diflbiva,  . 
in  its  fluid  ftatc,  iron,  zinc,  and  copper,  with  which  it 
forms  falts  not  cryftaiiizabic. 

Phofpliorus  feems  to  be  atmofl:  univerial  in  the  ani* 
mal  kingdom,  and  is  aifo  found  in  fome  minerals,  and 

in  a  very  minute  proportion  in  moft  vegetables.  The  ' 
bones  of  animals  are  a  true  phofphat  of  lime,  or  an 
earthy  fait  compofed  of  phofphoric  acid  and  calcareous  I 
earth.  The  urine  alfo  contains  a  confidcrablc  quan- 

tity of  phofphoric  acid,  chiefly  combined  with  volatile 
alkali,  but  partly  alio  with  calcareous  earth.  Thii 
compoujid  fall,  afforded  by  the  evaporation  of  urine, 
was  formerly  known  by  the  names  of  cfltnual  fait  of 
urine,  or  niicrocofmic  faJt.  Brandt,  Kunkel,  and 
Margraif,  and  all  chemifts,  till  lately,  prepared  their 
phofphorus  from  that  fubftance,  but  it  is  now  almdl 
entirely  obtained  from  boncS,  which  afford  it  moit 
plentifully  and  with  Icfs  trouble.  Phofphorus  doct 
not  yet  fcem  to  have  been  applied  to  any  important 
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(bme  phofphorus  in  the  heat  afforded  hf 
r  for  two  days,  in  oil  of  cloves,  oil  of  tur- 
r  any  fimilar  fubflance.    After  diflldution^ 
I  be  fo  impregnated  with  it,  that  when  the 
)ened,  it  will  appear  luminous.  Any  thing 
with'  this  fluid  will  in  the  dark  feem  to  be 

atural  phenomena,  which  in  the  ages  of  fu- 
crved  to  aftonifh  and  affright  mankind,  have 
fatisfaftory  foludon  from  the  difcovcry  of 

orus  of  Kunkel.  We  learn  from  Fabrlcius 

idente,  that  three  young  men  at  Padiia,  hav* 
t  a  lamb,  and  eaten  part  of.  it  on  Eafter 
I,  fevcral  pieces  of  the  remainder,  which 
till  the  day  following,  (hone  like  fo  many 
en  cafually  viewed  in  the  dark.  It  appears 
rount,  that  the  aftonifhment  of  the  whole 

xcitcd  by  this  phenomenon,  and  a  part  of 
/as  fcnt  to  him,  who  was  profeflbr  of  ana- 
be  examined  by  him.  He  obftrved,  that 

s  v/hich  were  foft  to  the  touch  and  tranfpa- 
idle  light  were  the  mod  refplendent.  A  phi- 
f  not  Icfs  note,  has  furnilhed  us  with  a  very 

Lccount  of  a  fimilar  phenomenon,  which  oc- 
Montpelier  in  164 1.  A  poor  old  woman 
t  a  piece  of  flefli  in  the  market,  intending  to 
of  ic  the  day  following}  but  happening  not 
II  that  night,  and  her  pantry  being  adjoining 

,  (he  obferved  that  a  quantity  of  light  pro* 
m  tlie  meat,  fo  as  to  illuminate  almoft  the 

e  where  it  hung.  We  may  eafily  judge  of 
and  aftonifhment  of  the  poor  woman  her- 
ve  find  that  a  part  of  the  flcfh  was  carried, 
extraordinary  curiofity,  to  Henry  Duke  of 
to  viewed  it  with  the  utmoft  furprize  for 

fcveral 
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fcveral  hours.  The  light  was  as  if  gems  were  fcat- 
icred  over  the  furface,  and  continued  till  the  flcfli  be- 

gan to  putrify,  when  it  vaniOied,  which  it  ,was  believed 
10  do  in  the  form  of  a  crols. 

The  attention  of  a  more  philofophk  age  was  direS- 
ed  to  experiments  to  afccrtain  the  caufe  of  this  iight 
Mr.  Boyle  found,  that  the  light  of  rotten  wood  w« 
extinguiftied  in  vacuo,  and  revived  again  hy  the  ad> 
milTion  of  air,  even  after  a  long  continuance  in  vacua 
The  extiniflion  of  the  light  was  not  fo  complete  itn* 
mediately  on  exhaufling  the  receiver,  as  fome  little 
time  afterwards.  The  wood  was  not  much  affeftoi 

by  condcnfed  air;  but  the  light  of  a  Ihmtng  fill, 
when  put  into  the  condenfing  engine,  was  rendered 
more  vivid  by  that  means.  As  air  is  therefore  nccrf 
fary  to  combuftion,  thefc  experiments  clearly  indicate, 
that  this  light  is  the  cficit  of  a  flow  combuftion,  or 

fomething  analogous  to  it;  and,  indeed,  the  expcri- 
ments  -upon    the  phofphorus  of   Kunkel  have  fmcc 
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degree  of  cotnbuftlon  takes  place,  but  fo  extremely 

iunty  thflt  light  only  is  produced^  widiout  the  lead  ap- 
pearance of  fenfible  heat. 

This  fliort  explanation  of  the  caufe  will,  I  flatter 

nyfel^  correfpond  with  mod  of  the  phenomena  of  this 
und  noticed  by  philofophers.  Mr*  Boyle  found  that 
he  light  of  rotten  wood  was  in  moft  refpedb  analogous 
a  that  of  putrefcent  fubftances.  The  light  of  the 
brmer,  however,  differed  in  fome  refpcds;  it  was 

)reiehdy  quenched  with  water,  fpirit  of  wine,  and 
cveral  other  fluids  j  but  the  light  of  fome  (hining 
real  was  not  entirely  quenched  by  water,  though  its 

virtue  was  inftantly  dcftroycd  by  fpirit  of  wine*.  The 
^e  philofopher  was  fometimes  difappointed  in  his 

experiments  on  fliining  fifhes;  particularly  he  ob- 
fenred,  that  they  failed  to  become  luminous  in  cold 
and  frolly  weather,  which  is  pcrfedly  agreeable  to  the 
nature  of  phofphorus,  fince  its  combuftion  is  exaftly 
in  proportion  to  the  heat  which  is  applied  to  it.  He 
itmarks  alfo  in  another  place,  that  the  light  of  fhin- 
ing  wood  was  completely  extinguilhed  by  extreme 
cold. 

Some  bodies  have  a  much  greater  tendency  to  pro- 
duce this  light  than  others.  A  foreign  philofpher  re* 

marked,  that  on  opening  a  fea  polypus  it  was  fo  lumi^ 
Bous  as  to  ftartle  moft  of  the  perfons  who  faw  it ;  the 
Uails  and  the  fingers  of  thofe  who  touched  it  became 

luminous  alfo.  The  light  of  the  glow  worm,  and  other 
luminous  infcdls,  muft  depend  upon  fome  flimy  or  fluid 
'iuttcr  which  they  emit,  and  which  is  probably  a  com- 
bioadon  of  phofphorus  with  oil.  There  is  a  remarkable 
ftcll-fifli,  called />Ao/f  J,  which  forms  for  itfelf  holes  in  dif- 
ftrcnt  kinds  of  ftone.  This  fl(h  illuminates  the  mouth  of 

*  Priejl.  Op.  565. 
the 
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the  perlbn  who  eats  ir;  and  it  is  remarked,  rlut  con- 
trary ro  the  nature  of  other  fifli,  which  ̂ ive  light  when 

they  tend  to  putrefcence,  this  is  more  luminous  the 
freflier  it  is,  and  when  dried  its  light  will  revive  on 
being  moiftcned  cither  with  fait  water  or  frefli )  brandy, 

however,  immediately  extinguiflies  it*. 
The  luminous  appearance  of  the  fei  in  the  nigbt 

time  cannot  have  efcaped  the  obfcrvation  of  any  pw- 
fon  in  tl.e  leaft  converfant  with  that  element.  The 

light  Qccafioncd  by  the  dalhing  of  oars,  or  by  the  mo- 
tion of  the  waves  by  night,  is  extremely  beautiful.  Fa- 
ther Bourzes,  in  his  voyage  to  the  Indies  in  1704,  re- 

marked particularly  the  luminous  appearance  of  the 
lea.  The  light  was  fomeiimcs  lb  great,  that  he  couU 
eafily  read  the  title  of  a  book  by  it,  though  nine  sr 
ten  feet  from  the  furfacc  of  tlie  water.  Sometimes  k 

could  eafily  diftinguifh,  \a  the  wake  of  the  fliip,  the 
particles  vvhich  were  not  luminous  from  thofc  ditf 
were.  The  luminous  particles  alfo  appeared  of  dif- 
ferent  forms ;  Ibme  appeared  like  points  of  liRJit,  othtn 
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the  fea  entirely  proceeds  from  the  putrefcent  parts  of 
marine  animals  \ 

Human  bodies^  as  well  as  thofe  of  other  animals, 

emit  light  juft  when  they  begin  to  putrifv;  and  the 
walk  and  roofs  of  places  in  which  dead  bodies  have 

often  been  expofed  have  been  obfcrved  to'  have  a 
flhny  matter  depoliced  on  them^  which  was  luminous 
b  die  dark.  The  lights  which  are  fomecimes  feen  in 
burial  grounds  undoubtedly  proceed  from  this  caufe 
iIcMie  f  •  Similar  appearances  have  been  obferved 
■bout  the  beds  of  lick  perfonsj  probably  in  putrid 
difetles:  one  of  thefe  was  obferved  about  the  body  and 
Ac  bed  of  a  fick  woman  at  Milan,  which  fled  from  the 

hand  chat  approached  it^  but  was  at  length  difperfed 
kv  a  ftream  of  air.  It  is  well  known  that  the  fweat 

oftrn  contains  a  confiderable  quantity  of  phofphoric 

planer}  and  the  fa£tj  which  has  now  been  dated, 
|l  ftrongly  confirmed  by  a  circumftance  related  by 
lienckeU  in  his  Pyritologia.  One  of  his  friends^  who 
Ate  of  a  fanguine  temperament,  had  indulged  himfelf 

fal  die  cxercife  of  dancing  to  fuch  excefs,  and  his  peHpi- 
ntioD  was  io  profufe,  that  he  imagined  his  life  in  dan* 
ger.  While  he  undrefTed,  traces  of  phofphoric  light 
were  icen  on  his  Ihirt,  and  in  thofe  parts  were  a  num- 

ber of  reddifh  yellow  fpots,  exactly  rcfembling  the 
concrete  phofphoric  acid. 

In  all  thofe  animal  exhalations,  which  exhibit  phof* 
]ifaoric  appearances,  the  phofphorus  in  the  flate  of  a  gas 
u  mixed  with  hydrogen,  and  the  compound  is  called 
fb^bor^id  hydrogen  gas.  Of  this  nature,  probably, 
are  many  of  thofe  phenomena,  which  are  clafTed 
under  the  general  name  of  ignes  fatui,  and  of  thofe 
wluch  were  defcribed  in  a  former  volume  as  igneous 
or  luminous  meteors. 

f  Pritft.  Op.  576.  t  Ibid. 
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Chap.    XXXIX. 

SULPHUR. 

Cuttra!  PwBftrtki  0/"  Sidfb»r. — Katmral  Hipry  cf  Salfhur.—U^ 
•^,ib  Eariii.—mib  Jlia/Ui.—Livtr  tf  Sulpbar,^Artifia<dj^ 

fiu-iBUS  Jraltn,—U/ei  if  Sulpbitr. 

SULPHUR  is  another  rimple  inSaimnable  iA- 
(tance,  w^iich  agrees  in  fomc  propcnics  wtb 

phofplmrus.  Like  that  it  melts  with  a  gentle  heat, 
an  J  is  capable  of  a  gradual  as  well  as  of  a  rapid  com- 
bullion,  in  proportion  to  the  degree  of  heat  applied  lo 

it.  Heated  to  170^  of  Fahrenheit  it  generally  evapo- 
rates; it  melts  ail  85"  and  then  appears  red;  it  inflatna 

at  302".  Irs  flame  is  blue,  and  accompanied  wirhi 
(harp  fuffbcating  fmellj  which  is  the  fulphureoas  or 
volatile  virrioiic  acid. 
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fteams  of  other  volatile  fubftances  which  rife  and  are 

condenfed  with  it.  It  is  purified  by  being  melted  in  a 
ladle^  and  kept  in  that  ftate  till  the  impurities  fettle  at 
the  bottom.  If  it  is  an  objeft  to  obtain  fulphur  of  the 
greateft  purity,  this  niuft  be  effefted  by  fublimation ; 
and  in  this  ftate  it  is  commonly  fold  under  the  name 
.of  flowers  of  brimftone.  Even  thefe,  however,  are 

fometimes  rendered  impure  by  the  fulphur  taking 
fire,  which  produces  a  mixture  of  vitriolic  acid.  This 
is  effe&ually  removed  by  boiling  the  flowers  in  water, 
which  diflblves  the  acid,  and  leaves  the  fulphur  in  a 
pure  and  mild  llate. 

Sulphur  is  fometimes  found,  more  or  lefs  pure,  in 
the  neighbourhood  of  volcanos,  in  which  cafe  it  feems 
to  havei)een  feparated,  by  fubterraneous  heat,  from 
Ibme  fubftance  with  which  it  was  previoufly  com- 
bined. 

The  method  of  burning  fulphur  for  the  preparation 
of  the  vitriolic  acid  has  already  been  defcribcd  when 
treating  of  that  acid. 

Sulphur  has  no  aftion  on  filiceous  earths,  but  very 
readily  unites  with  the  calcareous.  It  is  alfo  capable 
of  combination  with  magnefia,  ponderous  earth,  and 
volatile  alkali.  It  unites,  however,  with  much  more 
violence  with  the  fixed  alkalies.  All  thefe  combina- 

tions are  of  a  liver  colour,  and  are  therefore  called 

livers  of  fulphur.  By  M.  Lavoifier  they  arc  much 
more  properly  denominated  fulphurcts  of  thefe  feveral 
fubftances,  as  fulphurct  of  lime,  fulphuret  of  magnefia, 
&c.  Thefe  fubftances  are  foluble  in  water,  and  have 
confiderable  aftion  on  feveral  other  bodies.  The 

combinatiors  of  fulphur  with  earths  and  alkalies  may 
be  all  decompofed  by  means  of  acids,  and  the  earthy 
fulphurcts  by  means  of  the  fixed  alkalies.  Thefe  fub- 
fiances,  when  difTolvcd  in  water,  difengage  a  peculiar 

Vol.  II,  S  gas 
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gas  called  hepatic  gas.  This  gas  is  precifdy  the  fame, 
from  whatever  kind  offulphuret  it  proceeds ;  but  none 
of  them  afford  It  unlefs  mixed  with  water.  This  gas, 
therefore,  proceeds  from  a  dccompofition  of  water, 
and  is  found  to  confift  of  fulphur  diflblved  in  inflam- 

mable air.  When  this  gas  comes  in  contaft  with 
vital  air  it  is  decompofed,  the  vital  air  and  hydrogen 
uniting  to  form  water,  while  the  fulphor  is  precipitated 
in  fitiall  flakes.  This  gas  is  capable  of  folurion  in 
water,  and  by  thefc  means  natural  fulphurcous  waters 
may  be  imitated. 

The  chief  ufes  to  which  fulphur  is  applied  arc,  the 
making  of  gunpowder  and  vitriolic  acid.     It  is  alfo 
ufed  in  bleaching,  and  is  an  article  of  fome  JmportwKt  j 
in  the  materia  medjca. 
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Chap.    XL. 

THE  CARBONACEOUS   PRINCIPLE. 

Kaiwre  if  the  Cartomacitms  PriMcifle.^^m  what  Suhjlimcfs  prlncU 

pally  fouitd.*^Chmrcoal»^-~Lamp  hiaci, ̂ Strong  jftfraSion  of  tit 
Carhonacems  Principle  for  Oxygen.^^Its  U/e  in  the  RednBion  ofMe* 
%eds.'^'Phtmhag9%  or  Black  Lcad.'^Its  *variwj  Vfes  in  the  Arts, 

TH  E  word  carbon  is  adopted  from  the  nomen- 
clature of  the  French  chemifts,  to  exprefs  an 

inflammable  matter  which  conf^itutcs  the  chief  part 
of  the  weight  of  charcoal,  pit  coal,  &c.  and  which,  with 
certain  proportions  of  hydrogen,  or  the  bafis  of  in- 

flammable gas,  forms  the  diflferent  kinds  of  oil. 
By  the  combuftion  of  carbon  a  peculiar  acid  is 

formedj  which  is  foluble  in  water,  unites  with  alkaline 

bafes,  and  pofleffes  all  the  properties  of  acids  in  ge- 
neral, though  in  a  weak  degree.  This  acid  has  al- 

ready been  treated  of  under  the  name  of  carbonic  acid 

gas,  or  fixed  air. 
Carbon  exifts  in  great  quantities,  in  foflils,  as  the 

greater  number  of  calcareous  ftoncs  and  earths  arc 
found  united  with  it ;  it  is  alfo  one  of  the  conftituent 

parts  of  the  atmolphere,^  in  both  which  ftates  it  is 
combined  with  oxygen.  It  is  found  united  with  earthy 

matter  and  oil  in  the  extenfive  ftrata  of  pit-coal,  and 
with  iron  in  the  matter  which  is  called  plumbago,  or 
black  lead.  Carbon  alfo  exifts  in  all  vegetable  and 
animal  fubftances,  and  conftitutes  a  confiderable  part 

of  their  weight,  particularly  of  thofe  vegetable  matters 
>Rrhich  are  the  moft  firm.  The  ftate  of  greateft  purity 
to  which  carbon  can  be  reduced  is,  by  burning  wood 

S  2  ia 
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in  fuch  a  manner  as  to  reduce  it  to  charcoal,  which, 

■when  well  made,  contains  carbon  united  with  only  a 
very  fmail  proportion  of  fuch  matter  contained  in 
vegetable  fubftanccs  as  cannot  be  driven  off  by  heat, 
fiicli  as  earthy  and  faline  matter,  wirh  a  very  minut? 
portion  of  iron.  In  order  to  convert  wood  into  char- 

coal, ilie  only  circumftances  neceflary  are  the  applica- 
tion of  hcatwhilc  the  air  is  nearly  excludc^j.  The  only 

elementary  fubftances  which  fcem  to  be  unlvcrial  in 
the  vegetable  kingdom  are,  carbon,  hydrogen,  tad 
oxygen.  The  former  of  thefe  fubftances  has  very 
litde  attrn^ion  for  caloric,  or  the  matter  of  heat,  aDd 
therefore  cannot  be  driven  offin  vapour,  at  leaft  bythc 
heat  of  ordiiary  fires;  the  two  latter,  however,  have 
a  flrong  attraftion  for  that  principle,  and  therefore 
eafily  afTume  a  gaflcous  ftate.  In  die  ordinary  tcm- 
[jcrature  of  the  atmofphere  die  carbon,  hydrogen,  aud 
ox)^en,  which  conftitute  the  woody  fibre,  fcem  to  cxift 
in  a  ftate  of  triple  comblhation  i  but  this  is  not  the 



die  proccfs  is  conducted.  In  general  h  preferves  the 
form  of  the  vegetable,  unlefs  that  was  very  fiicculent. 

Pure  oib,  when  decoinpofed  by  heat,  afford  a  coal 
in  very  fine  particles,  called  lamp  black. 

In  whatever  manner  the  volatile  matters  can  be  dif- 

pelled  from  vegetable  or  animal  fubftances  iwithouttho 
admifllon  of  vital  air,  which  .vould  confomc  the  car- 

bon, charcoal  is  produced,  which  contains  no  ingre- 
dient capable  of  inflammation  except,  carbon,  and 

therefore,  with  rcfpcd:  to  diat  proccfs,  may  be  confi- 
dered  as  carbon  itfelf. 

Charcoal,  expofed  to  tiie  greateft  heat  without  the 
preftnce  of  vital  air,  remains  unconfumed  and  un- 

changed. This  faft  has  been  denied  by  the  advocates 
for  the  phlogiftic  hypothefis,  who  maintain  that  the 
purefl:  charcoal,  treated  in  this  way,  affords  a  quantity 
of  inflnmmable  gas.  It  is  now,  however,  I  believe, 
commonly  admitted,  that  if  the  charcoal  is  firfl  accu- 

rately dried,  no  intlai-iiirjablc  gas  is  produced,  and 
therefore  that  which  has  been  obierved  by  other  che- 
mifts,  is  to  be  attributed  to  the  prefence  of  a  fmall 
quantity  of  water,  which,  in  a  high  temperature,  isde- 
compofcd  by  charcoal.  Dr.  Pricftlcy  has  obferved, 

that  charcoal  has  a  ftrong  difpolicion  to  attraft  hnnni- 
dity  from  the  atmofphcrc.  He  found  that  charcoal 

prepared  in  the  evening,  and  kept  till  the  morning, 
became  fenfibly  moift,  and  unfit  for  nice  experiments. 
This  remarkable  attraiftion  for  water  is,  perhaps,  to  be 
attributed  to  the  alkaline  falts  ufually  contained  in 
charcoal. 

From  the  very  ftrong  attraftion  which  tlie  carbo- 
naceous principle  has  for  oxygen,  there  is  no  fubftance 

that  can  be  .ipplied  to  lcpr.rate  it  from  that  matter. 
Carbon,  on  the  contrary,  is  capable  of  decompcfing 
all  die  acids  except  the  boracic,  the  fluoric,  and  the 

S  3  muriatic. 
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muriatic,  the  unknown  bafes  of  which  have  a  ftrongcr 

attraction  for  oxygen  than  it  has. 

Charcoal  readily  decompolcs  the  phofphoric  and 

fiilphuric  acids,  the  bafes  of  which  burn  at  a  lower 

temperature;  and  this  faft  evinces,  that  the  degree  of 

heat  at  which  the  combuflion  of  a  body  begins  does  ooC 

accurately  mark  its  degree  of  attraftlon  for  oxygen. 

From  the  Urong  affinity  of  the  carbonaceous  prin- 

ciple for  oxygen,  charcoal  is  the  moil:  powerful  fub- 
ftance  which  can  be  ufcd  in  the  reduction  of  metals. 

Cliarcoal  has  ailij  another  advantage  over  other  in- 

tlamniable  fubllanccs  in  thefe  operations,  which  is,  that 

it  bears  a  great  degree  of  heat  without  volatilization. 

According  to  the  experiments  of  Lavoifier,  in  the 

cnmbuftiiin  of  one  pound  of  charcoal,  two  pounds 

nine  ounces  on;;  drachm  ten  grains  of  oxygen  gas  arc 

abforbed,  and  three  pounds  nine  ounces  one  drachm 

ten  grains  of  carbonic  acid  gas  are  formed. 

The  carbonaceous  principle,  or  carbon,  is  one  of 
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ii  cut  into  a  tbm  platt,  the  edge  of  which,  being  fitted 
into  a  groove  in  a  fcmi-cylindcr  of  wood,  is  then  fawed 
0$  fo  a«  to  leave  the  cayity  entirely  filled.  The 
black  lead  is  retained  in  its  place  by  the  other  half 
of  the  cylinder,  which  is  glued  on.  The  makers  of 
fmaO  fliot  poUlh  and  blacken  its  fur&ce  by  agitating 
or  rolling  it  in  a  calk  widi  powder  of  plumbago.  Thii 
mineral  is  Ukcwifc  ufed  in  the  manu^urc  of  razor- 
ftnps. 

S4 



t     '«4     3 

Chap.     XLI. 

PIT    COAL. 

[Book.  VI. 

I 
Difftrtnt  Sftem  tf  Caa!.—NrwcafiU  Coal.—Ci'lm.—SUtt  Ctal.— 

Caniitl  CoaL—Kiliitiif  Csal.—  Bwiy  Ceat.—Piai.—  C«tt.— 
CoaJ  7ar.—J4a:ural  Bipry  of  CsaL—Obfirviuknt  ulativt  »  iht 

PIT  COAL  is  3  fubftance  of  which  there  arc 

many  varieiies,  the  caufes  of  which  have  not  been 

alcertainedj  as  all  ihe  kinds  afford  very  nearly  the  fatnc 

refulcs.by  chemical  analyfis.  But  before  the  differeai  i 

fpecies  of  this  mineral  are  mentioned,  it  is  neccflaiyW 

notice  a  fubftance  which  agrees  in  all  its  chemicU 

properties  with  charcoal,  poflcfTing  at  the  fame  tilBB 

moft  of  the  external  charafters  of  pic  coal,  and  which 

Mr.  Kirwan  confiders  as  the  natural  carbonic  prin- 
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to  this  fubfVance,  and  may  perhaps  be  confidered  as  of 
the  fame  fpecics.  The  moft  remarkable  varieties  of 

pit  coal  are, 
1.  Newcastle  coal,  which  is  of  a  black  colour  and 

Ihining  appearance,  where  it  has  been  lately  broken. 
This  fubftance  undergoes  an  imperfeft  fufion  when 
heated^  fo  as  to  cohere  or  cake.  It  burns  with  a  lively 
flame^  and  is  nearly  confumed  in  the  Bre.  It  does  not 

break  equally  in  all  dire£bionSj  and  is  compofcd  of  la- 
minx. 

2.  Culm  coal.  This  contains  a  large  proportion 
of  argillaceous  earth,  fo  that  after  being  burned  its  bulk 
is .  fcarcely  diminifhcd.  It  burns  with  a  lively  flame, 
but  its  appearance  is  more  dull  and  earthy  than  that  of 
the  former.  This  kind  of  coal  is  found  in  Sweden, 

and  in  feme  parts  of  England. 
3.  Slate  coal.  This  has  very  much  the  appearance 

of  fome  of  the  common  kinds  of  flate,  but  it  burns 

very  cafily,  with  a  copious  and  bright  flame.  It 
confifts  chiefly  of  argillaceous  earth,  and  feems  to 
have  only  been  penetrated  with  bituminous  or  coaly 
oiatter. 

4.  Cannel  coal  is  of  a  dull  black  colour,  breaks 
eafily  in  any  direftion,  and  in  its  frafture  prefents  a 
fmooth  chonchoidal  furface,  if  broken  tranfverfcly.  It 
is  nearly  confumed  in  the  fire,  burns  with  a  lively 
flame,  but  if  fuddenly  heated  flies  in  pieces  with 
confiderable  violence.  This  inconvenience  is  faid  to 

be  removed  by  previoufly  immerfing  it  in  water  for 

(bme  hours  *.     Cannel  coal  does  not  foil  the  fingers, 

•  It  11  cuaomary  in  Lancafhire  to  fprinkle  faih  cpcn  cannel 
coal,  to  prevent  its  flying ;  i)ut  I  cannot  fpcak  decifively  as  to  its 

rfFcft-,  having  never  feen  the  experiment  accurately  made.  Poflibljr 
till!  waier  contained  in  the  fait  may  have  fome  influence  in  pre- 

venting the  cracking  of  the  ccal, 
and 
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and  admits  of  being  turned  uuo  fnuffboxes,  mkfiandi;i 
irinkets,  &c. 

The  word  Ilthonthrax,  ufcd  by  fome  rninerak>giftn; 
properly  denotes  ftone  coal,  and  fcems  moft  applicable 
to  cannel  coal,  as  this,  from  its  dull  and  uniform  Irmh 
ture,  has  moft  rcfemblancc  to  a  flony  fubftance. 

5.  KiLKiNNi'  coal.  This  is  perhaps  the  moft 
from  earthy  matter  of  all  the  difTcrent  fpccies  of  coal) 
the  earth  contained  in  it  not  exceeding  the  Cwenci 
part  of  its  weight.  This  coal  burns  with  lefs  Ba 

and  fmolce  *,  and  more  (lowly  and  intenfely  than 
cannel  coal, 

6.  Sulphureous  coaL  All  thofe  kinds  of  c 

arc  called  by  this  name,  which  are  mixed  with  parti?^ 
cles  of  a  yellow  and  metallic  appearance,  and  which 
arc  in  fact  a  fpecics  of  pyrites.  In  confequence  of 
this  admixture  they  emtl,  when  burned,  a  fulphiireoui 
fmclt,  and  fall  to  pieces  when  cxpofed  to  the  ai^lion  of 
air  and  moifture. 

BoYEv    coal,    xylanthrax,    is   of  a   brown 
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ho V  fiu*  ic  if  proper  to  confider  peat  among  the  fpe* ' 
cies  of  coal  \  but  as  (bme  philofophers  of  great  autho- 

rity have  attributed  every  kind  of  coal  to  a  vegetable 
driginj  and  as  fbqne  kinds  are  decifively  fo^  the  reafon 

.  0f  this  arrangement  will  be  obvious.  What  is  properly 

called  peat  is  formed  by  the  growth  of  a  particular  ve- 
getable matter,  peat  mois,  which  increafes  to  fuch  a 

d^ee  in  m<>oriIh  grounds  as  to  form  ftrata  of  many 
^C  in  thickncf^.  When  peat  is  frefh  dug  from  below 
the  fur&ce,  it  is  of  a  vifcid  confidence,  but  hardens  by 
ezpofure  to  the  air.  It  is  often  mixed  with  pyrites 
and  ftony  matters,  which  are  feparated  from  it  while 
jbft,  in  which  ftate  it  is  formed  into  oblong  mafles  for 
£]eh  When  diftilled,  it  affords  water,  oil,  and  volatile 

alkali,  which  are  precifely  the  produ£Vs  afforded  by 
the  diftillation  of  pit-coal.  A  kind  of  pcac  is  found 
near  Newbury,  in  Berkfhirc,  which  contains  but  little 
earth,  and  confifts  of  wood,  branches,  twigs,  roots, 
with  leaves,  grafs,  ftraw,  and  weeds.  What  is  dug  on 
moors,  under  the  name  of  turf,  frequently  contains  a 
mixture  of  peat. 

Coal,  when  heated  and  inflamed  to  fuch  a  degree 
as  to  expel  the  more  volatile  parts,  forms  a  kind  of 
mineral  charcoal,  called  coke,  wliich  is  highly  ufeful 

in  the  property  of  aff"urding  a  ftrong,  clear,  and  lad- 
ing fire,  without  forming  a  cohefive  mafs,  which  would 

prove  very  prejudicial  in  the  fmelting  of  metals.  It  is 
alio  ufed  in  drying  thofe  fubftanccs  which  would  be 
injured  by  the  thick  fmoke  of  common  coal. 

Lord  Dundonald  was  the  fii  II  perfon  who  improved 
this  procefs,  by  colledHng  the  tar  and  volatile  alkali, 

which  are  driven  off*  from  the  coal,  while  it  is  con- 
verted into  cok-e.  His  method  has  been  adopted  with 

much  advantage  in  fcvcral  parts  of  Britain.  The 
coal  is  put  into  ovens,  which  are  heated  by  fires  lighted beneath. 
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bencLUh,  siid  the  liquid  matter  is  forced  through  an 

iron  pipe  infertL-d  into  the  top  of  the  oven,  and  which 
rommunicitiL'S  with  proper  condcnfing  vcflels.  By 

this  procefs  a  corrnfive  watery  liqiior  and  two  forts  trf" 
oil  are  obtairied.  Six  barrels  of  the  mixed  oily  matter 
produce  about  five  barrels  of  oil  of  a  thicker  confif- 
tcnce ;  of  the  oil  ihus  thickened,  one  part  is  lighter 
than  th;;  ochiT,  which  is  drawn  off,  and  is  not  at  prefrnt 

applied  to  any  ufe*.  The  thicker  part  isufed  as  an 
inTerior  kind  of  tar. 

Coal,  tike  mofl:  other  confiderable  mafles  of  matter 
found  near  the  llirface  of  the  earth,  is  difpofed  in  beds 

or  (lrat.i,  which  are  fometimes  parallel  with  the  hori- 
zon, but  generally  form  different  angles  with  refpcft 

to  it;  ihe  lame  ftratiim  uniformly  preferves  the  fame  i 
tiirection.  The  flrata  of  coal  arc  difpofed  bftween 
ftrata  of  other  matters.  The  following  ftrara-are 
nfiially  found    in  tliole   diftrifts  of  counrry,   both  in 
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a  confideraUe  diftrift.  This  regularity,  however,  is 

frequently  broken  by  gaps  filled  by  other  nnatter, 
which  has  evidendy  fallen  in,  in  confequence  of  the 
ftnu  having  been  feparated  from  each  other  by  fomc 
violent  convulsion.  Tiie  largcft  gaps  are  called  dykes, 
and  defccnd  from  the  furface  of  the  earth,  Ibinctimcs 

perpendicularly,  fometimes  obliquely,  to  the  grcateft 
depths  ever  tried.  .On  each  fide  of  thefe  gaps  the 
{bata.  correQ)ond,  but  they,  are  often  funk,  leveral  fcct 
or  fathoms  lower  on  one  fidt  than  the  other,  and  diis 

b  called  3  dip.  . 

"Witli  rclpcft  to'tlic  origin  of  pit  coal,  it  is  the  opinion 
of  Dr.  Black,  Bifiiop  Watfon,  and  other  philofbphers 
of. high  reputation,  that  the  ftrataof  coal  were  formerly 
large  collcAions  of  vegetable,  matter  at  the  furface  of 
the  earth.  In  diftant  ages,  Britain  was  probably  al- 
moil  entirely  covered  with  immcnfe  forefts  and  coilec- 
lions  of  peat  mofs,  which  (according  to  the  opinion  of 
thefe  naturalifts)  being  covered  with  r^uantities  of  land 
or  earth  brought  by  floods,  or  by  more  giadiial  cj.ufes, 
as  tlie  falling  of  the  fubftance  of  the  neighbouring  hills, 
has  been  prcflcd  and  confolidated,  in  coiirfe  of  time, 
into  tlie  fubftancc  called  pit  coal.  The  furface  of  the 
earth  has  ajfo  been  probably  rendered  unequal  in 

■rarious  places  by  the  action  of  earthquakes ;  diis 
■would  give  rile  to  the  formation  of  lakes  in  thole 
places  which  were  deprefTcd.  In  this  manner,  a  quan- 

tity of  vegetable  matter  would  become  covered  bv 
tlepofition  from  water.  Volcanic  eruptions  mult  often 
alfo  have  overwhelmed  large  colleftiuns  of  vegetable 
matters.  We  even  find  vegetable  matrer  in  an  inter- 

mediate ftate  between  organized  vegetable  fiibftances 
and  coal ;  for  peat  has  ftiil  fome  fmall  remains  of  or- 

ganic texture,  but  feems  chiefly  to  confift  of  oily  and 
in0ammable  matter,  which  only  requires  time  and  the 
prclTure  of  fuperincumbent  ftrata  to  coiivert  it  into  the 
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body  •.'    Specimens  of  this  defcripdon  are  frequently 
tuiinii. 

Not  only  vegetables,  however,  but  parts  of  ani- 
mals alfo,  are  met  with,  deeply  plunged  in  the  ftrara 

of  the  eiirih,  for  the  prcfcnce  of  which,  in  fuch  fitua- 
tions,  v/e  cannot  account,  except  by  fuppofing,  that 
t^ey  were  depofited  during  the  deluge,  when  not  oniy 
the  windows  oi  heaven  were  opened,  but  the  fountains 
of  the  grtac  deep  were  broken  up  ;  exprelTions  which 
licriote,  in  the  ftrong  ftyle  of  oriental  imagery,  the  cx- 
tcnlivent-fs  of  thiit  vail  difturbance  or  convulfion 
which  happened  to  this  globe.  A  foITd  fkelcton  of 

iin  al!ifT.-itor,  twelve  or  fourteen  feet  in  length,  was  dif- 
covt-rt-d  in  the  clilTof  an  alum  rock,  near  Whitby,  in 
YorkOiirc.  In  a  gravel  pit  of  Suffolk,  abounding 

with  foll'il  fhclis,  the  entire  /kelcton  of  a  whale  was 
difirovevcd,  the  bones  of  which,  when  they  became 
friable  by  expofure  to  the  air,  were  employed  by  a 
f.'.rmcr  for  the  manuring  of  his  land.     Fragments  of 
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and  fryics;  of  ii(h,  teflaceous^  cruftaceous^  and  fqua« 
inousj  and  of  other  occaftonal  inhabitants  of  the  wa- 

ters. ~  The  fpoih  of  land  animals  are  alio  met  with, 
but  in  miich  fmaller  quantities,  'which  it  is  not  diffi- 

cult to  acdbunt  for,  when  we  confider,  that  the  waters 

of  the  fea  occuj^  more  than  twice  as  much  of  the 
gldbe  as  the  land,  and  that  the  waters  are  much  more 

copioufly  fu^plied  with  animals  of  confederate  mag* 
liitude,  than  the  land.  Add  to  this,  that  the  claflH  of 
Corallines,  lithophuta,  and  many  of  the  teilaceous 
kinds,  are  of  a  fubftance  as  hard  as  (tone,  and  of  a 
much  more  durable  texture ;  whence  it  is  not  to  be 

accounted  a  matter  of  furprize  that  they  abound  fo 
much  in  the  earth  in  the  form  of  petrifiiftions.  We 
are  to  recolie£b  alfo,  that  the  cataftrophe  of  a  deluge 
would  fbon  corrupt,  deftroy,  and  difperfe  the  parts  of 
fuch  living  creatures  as  die  in  the  waters ;  while  the 
natives  of  the  fea  would  ftruggle  with  the  difficulties 
of  an  inundation,  and  be  at  lad  depofited,  perhaps 
alive,  in  the  earth,  when  the  fettlement  of  the  ftrata 

took  place,  and  the  waters  retreated,  as  it  is  evident 
that  many  of  them  aftually  were,  from  the  poftures 

'and  circumftances  in  which  they  have  been  difco- 
Vered  *. 

^  See  Jones's  Phy/iological  Difquifitiont. 

-  .1 
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'naphta,  petroleum,  barbadoes  tar,  &e.      ' 

A'nW)  f  aaJ  Properlifi  tf  Nuphla. — Burmiig  Fauitaiv. — Ptlrtltum.-^ 
Mineral  P^uh,  or  BarkaJori  Tar.—Lakt   A/phaltes.—A/fhahttm- 

ho-w   c!:!liilcJ.—E!tiJ!ic   Biliimin.-~Comfiii:m     Vrrnciplii    of   ikrji  . 

ALL  thele  iubftanccs  are  of  the  bituminous  kind, 
and  are)  indeed,  aiJ  of  the  fame  nature,  but  dif- 

ft^r  in  confiftciicc.  Naphta  is  an  oily  fluid,  wliich,  in 
its  greatcd:  degree  of  puricy,  is  nearly  colourlefs,  il 

extremely  volaiile  and  fubtile,  and  fo  lighr  as  to  fioat  '' 
even  on  fpirits  of  wine.  It  has  a  ftrong  opprcflivc  ' 
fmell,  and  evaporates  fpontaneoufiy.  like  other  oils, 
it  burns  with  finoke.  it  does  not  congeal  at  o  of  Fah- 

renheit.     It  is  faid  to    be  gathered    at   the   furfacc 
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inore  weighty  than  naphta^  is  much  more  common.  It 
h  of  a  yellow  or  brown  colour,  and  is  found  in  Swit^ 
zerlandj  Sicily,  Italy,  and  France,  It  iffucs  from  the 
xreviccs  of  rocks,  or  is  found  floating  on  the  furface  of 
fprings;  Ti)e  different  kinds  of  petrolea,  on  diilillation, 
yield  naphta,  while  a  coaly  refiduum  remains  in  the 
retort.  ^ 

BARBAt)OES  TAR  is  of  a  thicker  confidence  than  pe* 

troleumi  and  is  alfo  called  'mineral  pitch  s  it  was  for* 
merly  found  near  Babylon,  and  conftituced,  according 
to  Vitruvius,  when  mixed  with  lime^  the  cemenc 
which  was  ufed  in  building  the  waUs  of  that  city.  Ic 
is  at  prefent  found  in  feveral  parts  of  Europe  and  in 
America,  where  it  drops,  or  diflils,  gradually  from 
rocks. 

AspHALtuM  is  a  fubftance  much  refcmblingBarba- 
does  tar ;  it  is  alfo  called  Jews  pitch,  and  is  thrown 
up  in  a  liquid  form  from  the  bottom  of  the  lake  where 
Sodom  and  Gomorrah  antiently  flood.  From  the 
production  of  this  fubftance  this  was  called  the  Lake 
Afphaltes,  from  a  Greek  word  denoting  bitumen.  The 
bitumen  floaung  on  the  furface  of  the  wacer  is  hardened 
by  the  heat  of  the  fun,  and  is  in  that  ftate  coUefted  by 
the  Arabs  on  the  (hore,  where  it  is  thrown.  The 

eaftcrn  afphaltum  is  fcldom  brought  to  Europe,  but  is 
ufrd  by  the  inhabitants  as  pitch. 

All  thefe  thicker  bitumens  mav  be  rendered  thin- 

ncr  by  diftillation>  and  may  be  converted  into  an  oily 
fluid,  the  tenuity  of  which  is  incrcafcd  by  the  repetition 

of  the  procefs;  at  evtrry  diftillation  a  quantity  of  char* 
coal^  earthy  matter,  and  carbonic  acid  gas,  being  fe- 
paratedfrom  them. 

In  Qbjervations  Jur  la  Pbyftque,  for  January,  17  S  9, 
irol.  xmxii.  M.  de  la  Metherie  makes  mention  of  a  mi- 

neral elaftic  bitumen  analogous  to  the  caoutchouc,  or 
T  a  elaftic 
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elaftic  p.um,  and  wliich  is  found  near  Caftletown  irt 

Di-rbylhire.  Its  colour  is  brown,  partly  foft,  flexible 
and  chltic,  and  tliis  when  cut  appears  internally  of  a 

grccnilh  yellow  colour;  partly  brittle, with  a  conchoi- 

dal  fr.',i5^iire.  Both  varieties  are  frequently  united  in 
the  lame  fpccinicn.  Both  arc  inlbluble  in  fpirit  of 

M  iof,  ethcTj  and  oil  of  turpentine,  but  yield  to  that  o! 
olives. 

The  produiftion  of  all  thefe  bimmens  is  attributed 

fo  the  action  of  fubterraneous  fire  on  ftrara  of  pit-coal,  d 

by  which  the  oily  parts  are  fcparated  and  fublimetl  in 

the  fame  manner  as  by  artificial  heat. 

A  curious  experiment  is  mentioned  by  Bifhop  Wat- 
Ion,  which  illu[lr;ites  the  relation  of  thefe  four  bitumens 

to  carh  other.  The  moft  tranfpart'nt  oil  of  turpetirinc, 
rcfcmblinpr  naphta,  may  be  changed  into  an  oil  refcm- 
bling  petroleum,  by  mixing  it  with  a  fmall  portion  of  , 

vitriolic  acid  ;  with  a  larger  proportion  of  the  acid  the 
mixture  becomes  black  and  tenacious  like  Barbadoet 

t.ir,  and  the  pro]iorticms  of  the  ingredients  may  be  fo 
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Chap.     XLIIT. 

JET,  AMBER,  AMBERGRIS,  AND  MINERAL 
TALLOW. 

Oetural  Pr^ptrtUs  of  Jet.^^lts  Nature  and  Origin.'-^Amher.^-^Add 

§f  Amber ̂ r^Natural  Hijhry  cf  jimher, •^Different  Opinions  cf  its 

.  Origim^^^Ambirgris, — ///  Natural  Hiftorj .'^'Mineral  Tallo-vj^ 

JET  is  a  very  compaft  bitumen,  harder  than  af- 
phalcum,  always  black,  and  fufceptible  of  a  good 

polifh.  It  IS  fo  light  as  to  fwim  on  water,  becomes 
ckAricai  when  rubbed,  and  is  called  black  amber. 

When  burned  it  emits  a  bituminous  fmell.  Jet  feems 

nearly  allied  to  coal,  and  particularly  to  that  fpecics 
wliich  is  called  cannel  coal  ̂   it  is  diftinguifhed  chiefly 
by  its  ftrufture,  being  compofed  of  fibres  parallel  to 
each  other  like  thofe  of  wood.  It  feems  in  faft  to  be 

urood,  which  has  been  long  buried  in  the  earth,  and 

penetrated  by  mineral  fteam,  fo  as  to  aflume  the  ap- 
pearance and  folidity  of  coal. 

Amber  is  the  fubftance  known  to  the  anciepts  under 
thfc  name  of  electrum  and  fuccinum.  In  this  fub- 

fiance  the  property,  which  certain  bodies  have,  of 
attraAing  light  fubftances,  when  rubbed,  was  firft  ob- 
fcrved,  and  was  therefore  called  eleftricity.  The  moft 
valuable  amber  is  perfectly  tranlparent,  of  a  pale 
yellow,  and  is  much  more  efteemed  when  it  happttns 
to  contain  any  extraneous  fubftance,  fuch  as  leaves, 

inle6ts,  &c.  When  broken  it  prefents  a  polilhed  fur-^ 
face  at  the  place  of  the  frafture.  Amber  does  noc 
readily  diflblve  in  any  fluid  we  arc  yet  acquainted 
with*  Spirit  of  wine  has  fbma  fmall  effe^  .  upon 

it,  and  from  this 'combination  a  tinAurc  is  producedi 
T  3  bu; 
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buc  the  qii.imirv  it  dilTolves  is  very  final].  When 
r,[ip!icd  ro  the  flame  of  a  candle  it  readily  takes  fire, 

iiiiJ  burn'?  with  a  brii^ht  white  tUmc  and  thiclf  fmokcj 
and  lo.wci  :i  coiilidt; ruble  quantity  of  charcoal.  Am- 
b^T  fxpofe,!  to  lit-at,  without  the  aSion  of  flame, 
fufcens  and  A^'clli  very  confidcrably.  Diftiited  in  a 
r.-cort  by  a  hc:ic  gradually  raifed,  it  affords  a  warerj" 
fluid  nf  a  icd  colour,  maniteftly  acid  ;  this  acid  fpiric 

rt-iains  the  ftrong  fmell  of  amber;  an  acid  volatile 
iak  afterw.-irds  piITcs  over,  which  cryftallizes  in  final! 
white  or  yellowifh  nccdlts  in  the  neck  of  tlie  retoit 
Thi.,  flit  is  fiiccecded  by  a  white  and  light  oil  much 
relcnibling  naphta  ;  by  continuance  of  the  proccfs,  ani 
in  proportion  us  the  heat  is  incrcaftd,  the  oily  matter 
which  ctiiiies  over  is  coloured  and  more  vifcid,  like 
petroleum.  What  remains  at  the  bottom  of  the  retort 
is  a  black  inals  rcfembling  afphaltum.  It  appears, 
therefore,  from  diftillation,  that  the  analog)'  of  airier 
■with  tlic  other  bituiner.s  is  very  flrong. 

A  eeiu>  heat  ib  fufficJent  to  raife  the  concrete  VQ- 



always  of  a  ycUow  colour ;  it  is  fomctimcs  brown, 

fomcdmes  quite  opakc,  and  fomctimcs  black.  Some 

have  fuppofed  that  it  is  entirely  of  mineral  origin,  but 
diis  is  difproved  by  its  diftillation,  and  by  the  foreign 
bodies  which  are  frequently  contained  in  it,  and  which 
ieem  to  demonftrate  that  it  was  once  in  a  fluid  ftate. 

Hoffman  and  Newman  fay,  that  it  is  fometimes  found 

upon  the  fea-(hore,  or  upon  the  furface  of  waters,  parti- 
cularly after  great  ftorms,  when  it  is  coUeded  by  means 

of  nets;  but  that  the  greater  part  of  it  is,  dug  out  of 
pits.  The  firft  ftratum  is  fand,  then  clay,  then  a  layer 
of  branches  and  trunks  of  trees,  then  a  confidcrable 

quantity  of  pyrites,  whence  vitriol  is  prepared,  and 

laftly,  a  bed  of  fand,  through  which  the  amber  is  dif- 
perfed  in  fmall  pieces,  or  colleaed  together  in  heaps. 
This  account  greatly  favours  the  idea  of  the  vegetable 
origin  of  amber;  but  Wallcrius  aflerts,  that  the  black 
and  dark  coloured  amber  is  often  found  in  the  bowels 

of  cetaceous  filhes.  M.  Girtanner  has  a  peculiar 

opinion  on  this  fubjeft';  he  thinks  that  amber  is  a  ve- 
getable oil  rendered  concrete  by  the  acid  of  ants ;  it 

is  that  kind  of  ants  called  formica  rufa  by  Linnjcus, 
which  prepares  it,  according  lo  this  author.  Thefc 
infefts  dwell  in  old  forefts  of  fir  trees,  where  the  foflil 

amber  is  found,  which,  when  firft  dug,  is  duftile  like 
wax,  and  becomes  hard  on  expofure  to  air.  No  infcft 
is  fo  commonly  found  in  amber  as  the  ant. 

Ambergris  is  of  much  the  fame  nature  as  amber, 

but  differs  frorh  it  by  its  particular  confiftence,  which 
nearly  approaclics  to  that  of  bees  wax.  Its  ftru6turc 

is  fomctimcs  like  bees  wax,  but  fomctimcs  it  is  granu- 
lated, and  appears  opake,  or  of  a  dark  grey.  Expe* 

rimcnts  prove  that  it  rcfembles  amber  in  its  nature. 
When  analyzed  it  is  found  to  confift  of  phlegna,  a 
volatile  acid  partly  fluid,  oil,  and  a  little  coaly  mat- 

T  4  tcr. 
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UT.  h  difiblves  more  rcadijy  in  fpirit  of  wine  than 
amber. 

It  is  niofl  common  in  the  Indian  feas, ,  on  the 

caltern  co..Ii:  of  Africa,  Madagafcar,  &c.  and  is  found 

either  noariog  on  the  ica,  or  caft  on  the  fca-fliore.  In 

djif,  iuullance  animal  and  vegetable  remains  are  fome- 
liiiics  (bund,  as  for  inftancej  parts  of  birds.  Sec. 

Ihc  origin  of  this  fublbnce  is  probably  the  fame 

with  that  of  ambcT.  According  to  M.  Aublet  (in  hi? 

llijhii-d  de  hi  Gulaiin)  it  is  nothing  more  than  the  juice 

of  a  tri"e  iiifpilfatcd  by  evaporation ;  and  if  this  is  true, 
it  is  a  liibilanci;  whicli  belongs  properly  to  the  vegetable 

kingdom.  The  tree  which  is  faid  to  produce  it  grows 

in  Guiana,  and  is  called  cuma,  but  has  not  been  exa- 

mine i  by  other  botanifts.  When  a  branch  is  broken 

by  high  winds,  a  large  quantity  of  ihe  juice  exudesj 

and  if  it  chances  to  have  time  to  dry,  various  maffrs 

(fomc  of  which  have  been  fo  large  as  to  weigh  one 

tlioiifand  two  hundred  pounds  and  more)  are  carricfj 

into  the  rivtrs  by  heavy  rains,  and  through  them  int9 
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claws,  beaks,  bones,  and  feathers  of  birds,  parts  of  ve- 
getables, fbclls,  and  bones  of  fi(h,  and  particularly  for 

ihc  beaks  of  the  qutt\t'fiQ:\,Jepia  oHfipediay  which  are 
(bmetioies  found  in  the  n^afs  of  t'nis  fubftance.  M. 
Aublet  brought  fpecimens  of  this  gum-refin,  which  l^c 
collected  on  the  fpot,  from  the  cuma  tree  at  Guiana,. 

It  is  of  a  whitifh  brown  colour,  with  a  (hade  of  yel- 
low, and  melts  and  burns  like  W2ix  in  the  fire.  M. 

Rouelle  examined  very  carefully  thb  fubftance,  brought 
over  by  M.  Ayblet,  and  found  that  it  produced  ex- 
aftly  the  fame  refults  as  good  amber.  Thele  obfer- 
vations  fcem  to  place  it  beyond  a  doubt,  that  both 
amber  and  ambergris  are  vegetable  producls,  and  that 
thofe  who,  from  having Tound  thefe  fubftances  in  the 
inteftines  of  whales,  concluded  that  it  was  a  &;cal • 

matter  of  thofe  animals,  were  miftaken. 

.  Mineral  tallow  is  a  very  peculiar  fubftance.  Itwas 
finind  on  the  coaft!s  of  Finland,  in  the  year  1736.  Its 
^cific  gravity  is  0.770,  whereas  that  of  tallow 
is  0.969.  Its  colour  is  white ;  its  conftftence  is  that  of 
fallow,  and  like  it  it  is  britde ;  it  feels  greafy,  and  ftains 
paper  juft  as  tallow  does^  and  the  traces  thus  left  on 
paper  melf  on  the  approach  of  flame.  It  burns  with 
a  blue  ftame  and  a  fmell  of  grcafc,  leaving  a  black 
yiicid  matter,  which  is  more  difficultly  confumed.  It 
is  found  in  fome  rocky  parts  of  Perfia,  but  fcems 
piixed  with  petroleum.  Dr.  Herman,  of  Strafburgh, 
mentions  a  fpring,  in  the  neighbourhood  of  that  city, 
which  contains  a  fubftance  of  that  nature  diffufcd 

throbgh  it,  >^hich  feparates  on  ebullition,  and  may  thea 
be  coUedled.  The  origin  of  this  fubftance  is  un-. 
Known, 
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C  H  A   p.      XLI^.  ^  .1 

OF  THE  DIAMOND,  CONSIDERED  AS  AN   "j 
IN  !■■  LAM  MAELE  SUBSTANCE.  i 

N^l;ir-i!  H'ft^ry  i\f  Diaman^i.—Varittiti, — Intental  SlraSj/r-.—Sx-  ' 
pna«tiii  f  filing  ihe  infiaiimahit  Nature  vf  iht  Diamind.—£xftri^ 

aenis  o/M.  Ca^tt—Of  D\-iral.-i-rkiJ  Air  ntajjarj  it  the  Cnm. 

l,.jlh.>  rf  <hi  Tiiain«nA.—Exptri>,>tnU  of  U-usifitt.—Fuythtr  Expt-  , 
riatan. — Exp^rimenis  cf  Mr.  T/n/iaiit .—lln  Diammd prtvcu  tati  \ 

cr-.-Jh,l!i^!j  Ch^rceal,  I 

THK  diamond,  though  (lightly  mentioned  when 
tieatin;;  of  gemsj  belongs  properly  to  the  cbJs 

of  infinnimablfs.  It  is  the  hardcft  and  moft:  bvilliant 

of  all  uibilatices.  Its  fpecific  gravity  is  3,445,  henec 
it  refracts  the  rays  of  light  very  powcrflilly ;  but  it 

pofTtlTL's  diii  power  even  in  a  much  greater  degree  than 
might  bi'  fupii'ofc'd  from  its  dcnfity,  and  hence  proceeds 
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above  a  certain  fize.    The  fovereigns  of  India  refervo 
the  largeft,  in  order  that  the  price  of  this  article  may 
not  fa]].  Diamonds  have  no  brilliancy  when  dug  out 
of  the  earth,  but  arc  covered  with  an  earthy  cruft,  which 
inclofes  a  Second  crutl,  of  the  nature  of  calcareous  fpar^ 
accxjnding  to  M.  Rome  de  Trifle.  Bright  dian:ionds  are 
occafionally  found  in  waters. 

Thefe  gems  ver)'"often  have  no  regular  form,  but  arc 
fiat;  or  worn  round.  Sometimcs'thcy  arc  regularly 
cryftallized  in  oftahedrons,  formed  by  two  (;uadnin- 
gular  pyramids,  united  at  their  bafc ;  they  arc  likcwife 
found  with  twelve,  twenty-four,  and  forty-eight  feces. 

Diamonds  appear  to  be  compofed  of  iaminjc,  laid 
upon  each  other;  and  they  are  eafily  divided,  by  ftrik- 
iog  them  in  the  direftion  of  thefe  ItminEc  with  a  good 
ftcel  inflniment.  There  are,  however,  fome  diamonds 
which  do  not  appear  to  be  formed  of  diftinft  lamin*, 
but  of  twifted  fibres,  like  thofc  of  knots  in  wood. 

Thefe  lai\  are  exceedingly  hard,  and  cannot  be  wroughti 
lapidaries  crW  them  diamonds  of  nature. 

Diamon'.'s  ?.re  fliaped  by  firfl:  cleaving  them  in  the 
dircdion  of  \hcir  lamellx,  and  then  rubbing  them 
with  other  diamonds.  They  are  then  poHlhed  by  an 
horizontal  fteel  wiicel,  dulled  with  their  own  powder 
mixed  with  olive  oil. 

Sir  Kaac  Newton  having  obferved  tSat  inflammable 
fubftances  had  a  ftronger  power  of  refrafting  the  rays 
of  light,  in  proportion  to  their  denfities,  than  other 
bodies,  and  obfeiving  alfo  the  ftrong  refraftive  power 
of  the  diamond,  conjeftured,  upon  thefe  principles, 
that  it  muft  belong  to  this  clafs  of  minerals.  Ti:e 
reafonings  of  Nc\vton  were  fo  correft,  that  many  of 
his  conjedures,  though  made  only  on  theory,  have 
been  fince  confirmed  by  aftual  experiment. — Thu;  it 
has  frnce  been  difcovcrcd  that  diamonds,  expoiLJ  ;6 

a  iiis;h 
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A  high  degree  of  heat,  cnrirely  dilappcar  at  the  inftanc 
I'ut  an  appwrance  of  combiiftion  is  obfcrved.  M. 

Cat'i-t  cxpolt'd  diamonds  in  covered  and  luted*  cru- 
ribks  to  tlic  violent  licit  of  a  forge  during  two  hours, 
by  viliich  die  tilamonds  only  loft  one  fixteeoth  pare  of 
ilieir  weight,  he  was  therefore  of  opinion,  that  the 
carloiViptioii  of  diamonds  in  open  vefitls  is  not  a  true 
vohi;!::;  iiionj  but  merely  an  exfoliation  occafioned.  by 
ilii:  txp^uiTion  of  tjie  air  contained  between  the  lamina) 
of  111;:  ui.imond,  by  v,Iiich  it  is  broken  into  portions 

fo  mir.iJte  .is  to  cfcape  obfervation.  M.  D'Arcet 
cpprjfci!  to  ilie  above  explanation,  the  cfcape  of  the 
Jubl[;iiicc  of  the  diam.onds  through  the  moft  folid  por- 
r(.i:.in  criiciblts,  and  the  luminous  appearance  noticed 
by  IvIacquLT,  and  which  w^s  afterward*  obferved  by 
iVI.  Roux  to  be  an  actual  flame.  I;  was,  indeed,  eve;j 
found,  tbat  diamonds  inclofcd  in  a  ball  of  porcelain 
cnrch,  and  expofed  to  heat,  were  totally  confumedi 
the  fpnce  \\hich  die  diamond  occupied  was  found 
fmptv ;  n;i  trnccs  of  it  could  be  difcovered,  and  yet: 
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flammable  fiibftanccs;  and  it  wns  therefore  neceflary 
to  fuppofe,  that  the  porcelain  earth,  in  which  the  other 
diamonds  were  inclofed,  fuffLTcJ  fomc  fniall  feparatiori 
from  expofure  to  heat,  which,  though  fo  minute  as 
to  cfcape  obfervation  after  the  ball  was  cold,  was  yet 
fufficient  to  admit  the  air.  This  opinion  was  fully 
confirmed  by  the  experiments  of  M.  Lavcifier,  who 
found,  that  diamonds  are  only  confumed  in  proportion 
to  the  quantity  of  vital  air  to  which  they  are  expofcd. 
He  alfo  found,  that  the  combullion  of  the  diamond 

was  attended  with  the  formation  of  carbonic  acid  gas ; 
but  at  the  time  he  made  his  experiments,  the  nature 
of  that  fluid  does  not  feem  to  have  been  falncicfjti/ 

uhderftood,  to  enable  this  great  r)!ii!oro;^!:er  to  draw 
-a  correct  concluCon  relative  to  the  compofition  of  the 
diamond. 

The  experiments  of  Lavoificr  we-e  purfl?eJ  by  Mr. 
Tcnnant,  and  their  refult  may  be  found  in  t]:e  firfl 

part  of  the  Philofophical  Tranfactions  for  the  year 
1797.  He  obferved  that,  from  the  extreme  hardnefs 
of  the  diamond,  a  ftronger  heat  was  reb^uireJ.  to  in- 

flame it,  when  expofed  merely  to  air,  than  could  cafily 
be  fupiplied  in  clofe  vcflels,  except  by  means  of  a  ftrong 

burning  glafs ;  but  that  with  nitre  *  its  combuftion 
could  be  effefted  in  a  moderate  heat.  To  cxpofe  it 
to  this  proce(s,  without  any  danger  from  the  intrufion 
of  extraneous  matters,  Mr.  Tennant  inclofed  the  nitre 

and  the  diamond  in  a  tube  of  gold,  and  took  every 

neceflary  precaution  to  prove  that  no  carbonic  aciJ  gas, 
or  fixed  air,  could  be  included,  except  what  rlie  diamond 
itfclf  afforded.  When  the  diamond  v/js  entirely  deftroyed 
in  the  gold  veflel  by  the  inflammation  of  the  nitre,  the 
fubftance  which  remained  precipi:ated  lime  from  lime 

*  The  nfe  of  the  nitre  is  obvioudy  to  fupply  a  quantity  ofpure 
gU  to  cfiedl  the  combuftion.  , water. 
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water,  and  wirli  acids  afforded  nitrous  aftd  fixed  airj 

and  appeared,  in  fafc,  to  confiil  of  nitre  partly  decom- 
pofi:d,  and  of  alkali  united  witli  fixed  air. 

In  order  to  eilimate  the  quantity  of  carbonic  gas  which 
miglit  be  obtained  from  a  given  weight  ofdiamond,  two 
grains  and  an  half  were  inclofed  in  a  tube  with  a  quarter 
of  an  ounce  of  nitre.  After  die  procefs,  the  alkaline 
matter  concained.in  the  tube  was  diffolved  in  water, 
and  the  whol'j  of  the  diamonds  was  found  to  be  con- 
fumed.  Into  the  alicaline  folwtion  a  quantity  of  fatu- 
rated  folunon  of  marble  in  m.arine  acid  was  poured, 
and  after  the  fixed  air  had  united  with  the  calcareous 

earthj  the  alk.'.li  remained  in  folution  with  the  marine 
acid.  Tlie  clear  liquor  was  then  poured  off  from  die 
calcareous  precipitate,  and  was  found  to  contain  no 
fixed  air.  The  carbonic  acid  gas  being  then  expclkd 
from  tiie  calcareous  matter  by  the  addition  of  an  acid, 
occupied  a  fpace  equal  to  about  lo  ounces  of  water, 
which,  according  to  the  calculations  of  Lavoifier,  is 
exa;Tly  the  quantity  that  would  be  produced  by  the 
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Chap.    XLV. 

the  structure  of  the  eart^. 
■ 

yifc  Curhfitj  if  Man  on  this  Topic  lirtited  by  the  If^caknf/s  of  his 

Fonuersj'^Thi  Body  if  the  Earth  difpoj'ed  in  Strata  -^Decli'vities  ef 
Mountaims^^^DiJpofiion  and  Order  of  the  StrateU'-^Cal^  J/land.^-^ 
Where  Metals  are  tfuallyfowtdm-^ProbahJe  State  of  the  Earth  at  its 
Crea/ioM^f^-^Lofws  by  «which  Alteraitotts  ivouU  be  prodmced.'-^FoJJil 

Shells,  l^e*  accounted  for.^-^Fon/tation  of  IJlandst  ̂ c-^Otbinr  Irre* 

ities  of  the  Earth*  s  Surface  e^pUuned, 

AFTER  the  preceding  furvey  of  the  natural 
contents  of  this  globe  of  earth,  and  of  theirxom- 

ponent  principles,  the  next  objeft  of  attention  is  the 
earth  itfclf,  and  the  general  arrangement  of  thofe  fiib- 
ftances  of  which  it  is  compofcd.     Thefe  are  neither 
difpofed  in  a  regular  feries,  according  to  their  fpecific 
gravities,  nor  yet  thrown  together  in  total  diforder,  as 
if  by  accident  or  chance.   Human  indulry  has  hitherto 
been  able  to  penetrate  but  a  very  little  way  into  the 
bowels  of  the  eartjb,  and  we  ciin  but  know  little  of  its 

interior  parts.     Th^depth  of  the  earth,  from  the  fur- 
fecc  to  the  center,  is  mo^e.  than  four  thoufand  miles, 

and  yet  the  deeped  mine  in  Etirope,  that  at  Cotteberg, 
W  Hungary,  is  not  more  than  one  thoufand  yards 

deep;  "  the  greateft  depth,  therefofe,"  fays  an  excel- 
J^nt  writer,  *^  to  which  avarice  has  ever  J'et  penetrated, 
Way  be  compared  to  the  pun6hire  made  in  the  body  of 

^  elephant  by  the  probofcis  of  a  gnat." 
From  what  has  been  difcovered,  however,  of  thofe 

P^rts  which  lie  moft  contiguous  to  our  obfervation, 
'^uralifts  have  compared  the  fti  ufture  of  the  earth  to 
^  leaves  of  a  book,  or  the  coats  of  an  onion^    Ex*- 
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ccptj  indeed,  in  fome  of  thofc  immenfe  mountains,  which 
have  cxifted  from  the  creation,  or  at  leaft  from  the 
ilckige,  where  the  matter,  from  whatever  cauJe,  is 
more  homogeneous,  the  earth  is  found  to  confift  of 
v^irioiJs  ftrata,  or  layers,  which  differ  according  to  the 
circiimftances  of  climate  and  fituation.     The  furface, 
in  general,  evidently  confifts  of  a  confufed  mixture  of 
decayed  animal  and  vegetable  fubftanccs  and  earths 
rudely  united  together ;  but  when  we  have  penetrated 
below  the  furface,  we  find  the  materials  of  the  globe 
arranged  in  a  inorc  regular  manner.     Sometimes,  in- 

deed, we  find  heaps  of  ftone,  which  do  not  confift  of 
layers,  but  arc  confufed  mafles  of  unequal  thicknefs, 
and  arc  called  rocks.     The  ftrata  are,  in  genera],  ex- 

tended through  a  whole  country,  and,  perhaps,  widi 
fome  interruptions  and  varieties,  through  the  globe 
icfeif.     Thcfe  cxtenfive  bodies  are  found  moft  regular 
vlien  the  country  is  flat,  being,  in  that  cafe,  nearly 
paralki  to   the  horizon,  though  frequently    dipping 
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towards  the  weft,  and  Tiavc  a  ̂ore  gentle  declivity 
towards  the  eaft  j  hence  the  weftern  coaft  of  countries 

is  almoft  always  fteeper  than  the  eaftern.  The  back 
of  a  mountain  (hews  the  obliquity  with  which  the 

ftrata  fink-  into  the  ground  j  the  abrupt  edge  of  the 
flrata  becomes  more  Hoping,  as  time,  producing  a 
gradual  deca/,  draws  the  rubbifh  from  above.  Where 

the^ace  of  a  country  is*  fo  irregular,  its  appearance depends  on  the  different  hardnefs  or  foftnefs  of  the 
ftrata.  The  abrupt  rocks,  which  we  obferve  in  many 
parts,  feem  to  have  been  compoftd  of  an  adventitious 
niixture  of  different  ftrata,  which  have  refifted  the  in- 

juries of  time  with  unequal  force. 
Between  the  ftrata,  layers  of  different  clays  are  in- 

tcrpoled,  which  are  called  by  the  miners  way- boards ; 
they  are  fcldom  more  than  four  or  five,  and  in  fome 
inftances  not  more  than  one  foot  thick  5  they  fervc 
to  mark  and  diftinguifh  the  different  ftrata,  for  in  fa6t 

the  ftrata  are  thcmfclves  compofcd  of  different  la- 

minas*. 
Every  part  of  a  ftratum  may  be  confi  Jered  as  equally 

thick  when  covered  with  an  incumbent  bed;  but 

when  expofed  to  the  aftion  of  the  air,  and  other  exter- 
nal agents,  a  great  part  of  it,  whether  grit,  lime-ftone, 

or  toad-ftone,  is  decompofed  and  converted  into  earth 
or  mould.  Immediately  under  the  foil  the  frao:ments 

of  ftone  are  fn^al!,  and  ̂ '''^^^"^^^y  increafe  to  the  depth 
of  fifteen  or  twenty  feet,  v;here  it  commonly  ap|Deara 
Iblid,  and  fit  for  the  mafon.  Strata  are  ufually  inter- 

rupted by  clefts  or  fiffurcs  at  different  diftances,  which 
feem  to  have  been  the  effects  of  violence.  In  thefs 

fiilures  only  the  ores  of  metals  are  to  be  found. 
It  has  been  rerharkcdi  that  we  cannot,  by  digging 

into  the  earth,  ojjtain  a  view  of  the  pofition  and  nature 
.  "I  - 

•  Whiuhurft,  Chap.  XVI. 
Vot.  II.  U  of 
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of  the  ftrata  for  more  tlian  fome  few  hundreds  of  yards^ 
There  is,  however,  one  curious  inftance  of  an  iflaod, 
near  the  coaft  of  Pembrokefliire,  called  Caldy  Ifland, 
wliere  rfie  caith  fufFered  the  aftion  of  To  unufual  a 
dilruption,  that  the  tlraw,  of  which  the  whole  ifland  is 
compofed,  are  placed  in  a  vertical  pofition,  fp  that 
tlieir  edges  are  all  expofed  to  view,  and  they  may  be 
obferved  jp  fucccffion  from  one  end  of  the  ifland  to 
the  oiher.  tiere  then  we  have  the  fingular  opportu- 

nity ofobfcrving  in  what  order  they  were  origip^ly 
placed,  to  the  depth  of  two  miles.  At  one  end  of  che 
ifland  they  are  not  more  than  a  foot  thick,  but  increalf, 
as  we  proceed,  till  they  terminate  in  a  ftratum  of  red 
ilone,  more  than  a  mile  in  chickneis,  which,  with  good 
rcafon,  is  fuppofed  to  have  been  the  loweft  of  them  3&, 
before  they  were  elevated  and  thrown  upon  their  edges- 
The  diinner  (trata,  which  were  originally  uppernnA 
h:ivc  foflil  fliclls  and  corallines  in  them;  but  I  haw 

t  heard  that  any  thing  like  the  traces  of  lava 
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remarked  that  the  largeft  mountains  are  chiefly  granite; 
Wherever,  therefore,  the  firft  of  thcfe  ftrata  appears 
on  the  furface,  the  fccond  lies  certainly  under  it,  the 

third  under  the  fecond,  &c.  ftiU  excepting  the  toad- 
ftone,  which,  being  a  volcanic  production,  may  be 
fuppofed  to  be  in  fomc  mcafure  cafually  ipter- 

jiofed. 
The  toad-ftone  interfefts  all  the  mineral  veins,  and 

aits  ofF  all  communication  between  the  upper  and 

lower  parts  of  the  HiTures,  being  continued  horizon- 
stally  in  one  uninterrupted  mafs.  Toad-ftone  is  of  an 
extremely  hard  and  cloie  texture,  fo  much  fb  as  even 
to  prevent  water  from  filtering  through  it,  at  leafl:  in 
any  quantity.  It  is  perfe^ly  limilar  to  Iceland  lava 
in  appearance,  and  in  being  unaflailable  by  acids.  It 
has  no  fiflures,  and  frequently  fills  up  the  fiffures  of 

the  other  ftrata  -,  in  fine,  it  being  not  univerfal,  but 
only  an  occafional  appearance,  there  is  the  utmoft  pro- 

.  bability  that  it  is  a  fpccies  of  lava.  It  being  inl'erted 
between  the  other  ftrata  fecms  alfo  to  afford  a  proof, 
that  it  originally  flowed  from  a  volcano,  the  funnel  or 
fhafi  of  which  did  not  approach  the  open  air,  but  dif- 
charged  its  fiery  contents  between  the  ftrata  in  all 

direflions.  When  the  toad-ftone  is  dug  through,  how- 
ever, and  tlie  v<;in  or  fiffure  purfued,  the  miner  is 

never  difappointcd  in  meeting  it  again,  as  {bon  as  he 
arrives  at  the  ftratum  of  lime-ftone  *. 

The  ftrata  of  coal,  argillaceous  ftoncs,  clay,  &c.  are 
always  incumbent  on  the  ftrata  of  grit,  ftsale,  and 
lime-ftone.  Tlie  fDrnicr  are  fcldom  in  ftrata  of  above 

fwenty  feet  thick,  and  generally  not  more  than  four 
or  five;  the  latter  arc  in  ftrata  of  from  fifty  to  one 
hundred  and  fifty  feet  in  diicknefs  or  depth  f . 

•  Whltehurft,  Chap.  XVI.  f  lb. 

U  a  AU 
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All  beds  of  gravel  are  fuppofed  to  haw  been  dc- 
pof^ei  eichcr  by  rivers  or  by  the  aftion  of  the  Tea, 
^intl  t!ie  ftores  that  compofe  them  to  have  been  rounded 
by  attrition.  It  is  no  inconfidcrable  proof  in  favotir 
of  fuch  a  cr)nJL;;l:Lire,  that  rea-fliells,  &c.  arc  fo  fre- 

quently found  v.ith  gravel. 
The  argillaceous  ftrata  are  only  produiftive  of  iron 

and  coal.  The  ores  of  copper  lead,  zinc,  &c.  ut 
confined  entirely  to  the  litnc-ftone  ftrata,  a  few  in- 
flances  excepred,  where  they  are  foinid  in  Ihale. 

The  dilpofition  of  the  luperficial  ftrata,  howcrt^, 

ditTers  in  mountainous  and  channpaign  countries.  '  In 
r-  well  which  was  dug  at  Amftcrdara,  to  the  depth  of 
two  hundred  and  thirty  feet,  the  following  fubftanccs 

were  found  in  fucceftion  * :  kytn  feet  of  vegetable 
cnrthj  nine  of  turf,  nine  of  foft  clay,  eight  of  fand, 
four  of  earth,  ten  of  clay,  four  of  earth,  ten  of  fand, 
two   of  clay,  four  of  white  fand,  one  of  foft  eartii, 

irteen  of  fand,  eight  of  clay  mixed  with  (and,  four 
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ncrifiable  land  mixed  with  fofTil  (hells,  two  of  Bne  gra« 
rd,  riirec  of  ftony  marie,  one  of  coarfe  powdered 
oaarle,  one  of  Hone,  calcinable  like  marble,  three  of 

grey  fand,  two  of  white  fand,  one  of  red  fand  (Ireaked 
with  white,  eight  of  grey  fand  with  (hells,  three  of  very 
Boc  fand,  three  of  a  hard  grey  (tone,  four  of  red  fand 
Etreaked  with  white,  three  of  white  fand,  and  fifteen  of 

rcddi(h  vitrifiable  fand.' 
The  direftion  too  in  which  the  (Irata  arc  found 

ir  alio  exceedingly  different  in  different  fituations. 

^  When  the  continuity,*  fays  Mr.  Jones,  *  of  the  ftrata 
is  interrupted  by  a  fradure,  the  (Irata  are  thrown  out 
of  that  horizontal  pofition  which  is  natural  to  them, 
and  make  an  angle  with  the  horizon  s  which  may  be 
called  the  angle  of  their  elevation  or  deprefTion  ;  the 
miners  calj  it  their  dip.  In  this  cafe,  if  the  fuccefTion 
of  ftrata  is  accurately  noted  on  one  fide  of  the  frafture, 
where  a  vein  of  coal  or  metal  is  found  amongfl  them, 
it  may  thence  be  learned  where  the  fame  vein  will 
occur  again  on  the  other  fide  of  the  frafture ;  becaufe 
it  will  be  found  adjacent  to  the  fame  (Irata  as  before. 

When  the  edg^s  of  the  ftrata,  on  each  fi  Je  of  a  filTure, 
are  thus  parted  and  mifmatched,  they  are  faid  to  fryap; 
ajid  the  fpace  between  them  is  filled  up  with  rubble, 
or  ftones,  or  minerals,  &c.  Sometimes  thcfe  fifllircs 

arc  the  richeft  parts  of  the  (oil,  containing  fiich  matccrs 

as  are  not  to  be  found  elfewhere*.     Ii)  fig.  I.  plate  I. 

F.  rep  re- 

^  Some  of  the  figures  in  Cornwall  are  near  tu-enty  feet  over, 
and  commonly  full,  or  near  it,  of  metallic  and  mineral  matter. 
The  filTurcs  at  the  greatefl  depth  are  generally  largeA ;  as  wc  af- 
cend  they  become  gradually  lefs,  bat  more  frequent  and  nu* 
merous :  infomuch  that  if  the  globe  was  divided  in  two,  and  the 
firata  riewed  upon  the  face  of  the  fedlion,  the  figures  would  ap- 

pear after  the  manner  of  a  tree:  at  the  bottom  a  large  trunk, 
which  higher  up  is  divided  into  branchesj  which  break  into  lefler, 

U  3  and 
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F,  rcprefents  the  fifllirc,  by  which  tfie  ftrala  are  pani  _ 
and  which  is  filled  up  with  extraneous  nibbflb,  cnTried 
in  after  the  (Irata  were  parted.  The  black  vein  of 
coal  on  the  left  fide  is  found  with  five  other  (Vnitl 

above  i; ;  but  being  interrupted  by  the  fij&re  F-  where 
ic  comts  out  to  the  day,  the  ftratum  of  fand,  No.  4,  on 
the  right  fide,  on  account  of  the  trapping,  is  found 
oppofite  to  it;  thence  it  is  to  be  collcftcd,  ihit  the 
fourth  firaium  below  that  fand  will  be  coal  j  and  when 
the  angle  of  the  dip  is  obfervcd,  it  may  be  knowa 
where  to  fink  a  pit,  and  where  the  coal  will  agab  ap. 
pear  to  the  day;  provided  the  figure  of  the  furfice 
of  the  ground  will  permit  it  to  flicw  irfclf.  When 
I  was  once  at  the  bottom  o^a  lead  mine  to  Dcrby- 
fliire,  a  miner  informed  me,  that  the  veins  of  the 
metal  always  make  a  greater  angle  with  the  horizon 
than  the  fides  of  the  mountain  do,  in  which  they  arc 
found  and  come  out  to  the  day  ;  which  was  probabijj 
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vadon  aflbres  us>  that  this  heat  increafes  in  proporcion ' 
as  we  penetrate  below  the  furface  of  the  earth ;  on 
the  contrary,  many  experiments  ferve  to  evince,  that 

it  rather  decreafes,  (though  never  to  lefs  than  diirty- 
fix  degrees)  and  that  its  variation  at  the  fame  diAance 
below  the  furfac)e  conftantly  bears  a  proportion  with 
phe  variation  of  the  iblar  heat  at  the  furface. 

The  more  general  opinion  is,  that  tlie  ftrata  orig^* 
nally  lay  horizontally,  and  were  formed  by  a  depoli- 
tion  from  water.  The  arguments  for  this  opinion 
are  forcible.  The  relics  of  a  variety  of  fubftancev 
which  we  now  find  only  in  the  fea,  are  found  in  rocks 
and  mountains,  at  a  very  great  diftance  from  it.  In 

ftrata  of  lime-ftone,  every  where  diftant  from  the 
iea,  we  find  the  remains  of  (hells,  &c,  the  produftions 
of  the  ocean.  Other  circumftances  prove,  that  th« 
ica  has  covered  parts  of  the  earth,  which  arc  now  at 

a  great  diftance  from  it,  and  that  the  various  direc- 
tions which  the  ftrata  now  have  were  not  their  direc- 

tion at  their  firft  formation.  That  the  frame  of  this 

earth  has  undergone  fome  violent  concuffion  is  evi- 
dent, as  was  already  ftated,  from  the  traces  which  ftill 

remain.  The  ftrata  we  have  feen  are  often  broken 

in  different  directions,  in  general  perpendicularly ;  fo 
that  the  parts  of  the  ftrata  are  fcparated  from  each 

other.  The  width  of  thefe  'rents  is  different,  fomc- 
times  a  few  inches,  fometimes  many  yards.  They 

are  very  commonly  filled  up  with  fubftances  different 

from  the  compofition  of  the  ftrata*  In  mountains 
there  is  fometimes  obferved  the  appearance  of  a  white 
ftone,  which  paffes  through  it  like  a  vein.  This  has 
been  a  rent  filled  up  with  a  particular  kind  of  ftone. 
Thefe  are  very  common  in  the  ftrata  of  coal.  They 

are  generally  of  confiderable  hardnefs,  and  in  them 
metallic  fubftances  are  ufually  found.     When  any  of 

U  4  thefe 
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tilde  are  not  filled  up  witli  extraneous  matter,  the 
internal  furface  is  let  with  very  beautiful  and  regular 
cryltals  of  the  fparry  kinJ,  projefting  into  tiie  cavity. 

Some  have  attributed  tliefe  irregularities  lo  frequent 
earthquakes;  otliers  have  imagined  that  the  globe, 
before  the  deluge,  contained  an  innmenfe  body  of 
water,  covered  over  with  a  cruft  of  earth,  which  ac 

die  deluge  v.ai>  broken  through,  and  partly  funk  in  '  li 
the  waters,  the  elevated  edges  forming  the  mountain; 
and  high  lands,  ̂ hile  the  lower  were  overflowed  by 

the  ocean  J  others  have  fuppofed,  that  the  near  ap-r 
proarh  of  a  comet  has  thrown  the  materials  of  the 
globe  into  confuficn.  Buffon  imagines,  that  the  fea- 
is  concinually  changing  its  bed,  and  is  confbin^ 
waHiing  away  the  ground  from  one  place  to  another  \. But 

•   A  fhoK  fti.rch  of  tlie  moft  remarkable  theories  of  the  earth    • 

1-^  ■y-.^i-n  iiy  3.  iici^ii).:r  writer,  and  it  may  bcamofing  to  fonK  readers 
I  .-ci:  ilif  li;  v.i^jrits  of  tlic  human  imaginaiion. 
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But  the  arguments  and  obfervations  of  Mr.  White- 
hurft  are  more  deferving  atcencionj  fince  he  is  almoft 

the 

of  thofc  earthy  particles  with  which  it  once  was  intimately  blended, 

it  foon  began  to  defecate,  and  tJ  depofe  thefe  particles, upon  the 
oily  farf^^ce  already  mentioned,  which  foon  uniting,  the  earth  and 
oil  fbrmed  that  cruft,  which  foon  became  an  habitable  furface, 

giving  life  to  vegetation,  and  dwelling  to  animals. 

'  This  imaginary  antideluvian  abode  was  very  different  from 
\vhat  we  fee  it  at  prefent.     The  earth  was  light  and  rich ;  and 

formed  of  a  fubftance  entirely  adapted  to  the  feeble  Hate  of  inci«  * 
pient  vegetation :  it  was  an  uniform  plain,  every  where  covered 
with  verdure  %  without  mountains,  without  feas,  or  the  fmalle/l 

inequalities.     It  had  no  di^erencc^  of  fcafpns,  for  its  equator  wa^ 
in  the  plain  of  the  ecliptic,  or,  in  other  words,  it  turned  direfUy 
oppo£te  ro  the  fun,  fo  that  it  enjoyed  one  perpetual  and  luxuriant 
fpring.     However,  this  delightful  face  of  nature  did  not  Ibn^ 
continue  in  the  fame  flate,  for,  after  a  time.  It  began  to  crack  and 
open  in  fiflurcs  :  a  circuniftance  which  always  fucceeds  when  the 
fan  exhales  the  moillure  from  rich  or  marlhy  fuuations.     The 
crimes  of  mankind  had  been  for  feme  time  preparing  to  draw 
down  the  wrath  of  Heaven;  and  they,  at  length,  induced  the 
Deity  to  defer  repairing  thcfe  breaciies  in  nature.     Thus  the 
chafms  of  the  earth  every  day  became  wider,  and,  at  length,  they 
penetrated  to  the  great  abyfs  of  v/aters ;  and  the  whole  earth,  in 
a  manner^  fell  in.     Then  enfucd  a  total  diforder  in  the  uniform 

beauty  of  the  firft  creation,  the  terrene  furface  of  the  globe  being 

broken  down:  as  it  funk  the  waters  gufhcd-uut  in  its  place  ;  the 
dtluge  became  univerfal ;   all  mankind,   except  eight    perlons, 
were  deibroyed,  and   their    poilerity   condemned   to    toil    upon 
the  ruins  of  defolaced  nature. 

*  It  only  rem*tins  to  mention  the  manner  in  which  he  relieves 
the  earth  from  this  univerfal  wreck,  which  would  fcem  to  be  as 

difficult  as  even  its  firll  formation.  "  Thefe  groat  mafl'es  of  earth 
falling  into  the  abyls,  drew  down  with  them  vaft  quantities  aifo 
of  air;  and  by  da(hing  againll  each  other,  and  breaking  into  fmall 

parts  by  the  repeated  violence  of  the  fliock,  'hey,  at  length,  left 

between  thepi  large  cavities  filled  with  notlnng  bjt  ai;.  'I'het'e 
cavities  naturally  oircreJ  a  bed  to  receive  the  infla  iii  waters; 

^d  in  proportion  as  they  filled,  the  f:ice  nf  the  earih  became 

once  more  vifiblc.  Tlic  higher  parts  of  its  broken  fu.face,  now 

become  the  tops  of  mountains,  were  the  firll  that  appealed;  the 

plalds 
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the  only  writer  on  this  lubjetfl:,  wlio  has  united  obfcr- 
vation  with  theory. 

With 

pl.iins  (arm  aficr  caitic  Torsvard,  and,  at  length,  the  whole  globe 

was  delivered  from  the  waters,  except  the  placei  in  the  low  eft" 
Hiuations ;  fo  that  the  ocean  and  the  Teas  are  Itill  a  pan  of  the 
ancifnt  abiTs  that  have  not  had  a  place  to  return  to.  Iflandj  and 

rocks  are  fragments  of  the  earth's  former  crcll ;  kingdoms  a-iid 

continents  are  largei  niaflbs  of  its  broken  fubllarce  ;  and  all  tho' 
incqualiik's  ih-t  3  re  to  be  found  on  the  furface  of  theprefent  earth, 
arc  owing  10  thu  accidental  confufion  into  uhich  both  earth  and 

waters  were  then  tlirown." 

'  The  nt\i  theotill  wa:.  Woodward,  who,  in  his  Eflay  toivardi 
a  Natural  Hi-lory  of  the  Earth,  which  was  only  defigned  to  pre. 

cede  a  greater  work,  has  endesvourcd  to  give  a  more  rational 

account  of  its  appearances;  and  was,  in  fafl,  much  better  furnifhed 

for  fkich  an  undertaking  than  any  of  his  predeceffbrs,  being  one 
of  the  moft  affijuiius  naturalills  of  his  time.  His  little  book,  there- 

fore, contains  m.iiiy  important  failj,  relative  to  natural  hilloiy,  a]- 

laough  his  fylleiii  may  be  weak  and  groundleft. 

'  He  begins  bv  ̂ iT^riing  that  all  terrene  fubilances  are  difpoftd 
in   beds  of  varioui   nalurcr,  lying  horizontally  one  over  the  other. 
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.  With  re(pe£t  to  the  form  of  the  earthy  iv  is  fcarcely 

jieceflary  to  mencion,  that  it  is  nearly  round ;  a  cir- cumftance, 

of  water,  which  was  then  in  the  center  of  the  earth,  uniting  wit^ 
that  which  was  foand  on  the  furfacej  fo  far  feparated  the  terrene 

parts  as  to  mix  all  together  in  one  fluid  mals;  the  contents  of 
which  afterwards  finking  according  to  their  refpedive  gravities^ 

produced  the  prefent  appearances  of  the  earth,  fieing  aware^ 
however,  of  an  objedion  that  foffil  fubftances  are  not  found  dif- 
Iblved,  he  exempts  them  from  this  univerfal  diflblution,  and  for 
that  purpofe,  endeavours  to  fhew  that  the  parts  of  animals  have 
a  ftrongcpcoheiion  than  thofe  of  minerals ;  and  that,  while  even 
the  hardeft  xocks  may  be  diflblved,  bones  and  (heils  may  flill 
continue  entire. 

<  So  m^ch  for  Woodward ;  but  of  all  the  fyflems  which  were 

pobliihed  refptdling  the  earth's  formation  that  ofWhiilonwaa 
moft  applauded,  and  moft  oppofed.  Nor  need  we  wonder;  for 
being  fupported  with  all  the  parade  of  deep  calculation,  it  awed 
the  ignorant,  and  produced  the  approbation  of  fuch  as  would  be 
thought  otherwife,  as  it  implied  a  knowledge  of  abftrufe  learning, 
to  be  even  thought  capable  of  comprehending  what  the  writer 
aimed  at.  In  fad,  it  is  not  eafy  to  divefl  this  theory  of  its  ma- 

thematical garb ;  but  thofe  who  have  had  leifure,  have  found  the 

refult  of  our  philofopher's  reafoning  to  be  thus.  He  fuppofet 
the  earth  to  have  been  originally  a  comet;  and  he  coniiders  the 
hiftory  of  the  creation,  as  given  us  in  fcripture,  to  have  its  com- 
inencement  juft  when  it  was,  by  the  hand  of  the  Creator,  more 
regulariy  placed  as  a  planet  in  our  folar  fyftem.  Before  that 
tfnie,  he  fuppofes  it  to  have  been  a  globe  without  beauty  or  pro- 

portion ;  a  world  in  difordcr  ;  fubje^  to  all  the  viciflitudes  which 
comets  endure ;  fome  of  which  have  been  found»  at  diiFerent  times^. 
a  thoufand  times  hotter  than  melted  iron ;  at  others,  a  thouiand 

times  colder  than  ice.  Thefe  alternations  of  heat  and  cold, 
continually  melting  and  freezing  the  Airface  of  the  earth,  he 
fuppofes  to  have  produced,  to  a  certain  depth,  a  chaos  en- 

tirely refcmbling  that  defcribed  by  the  poets,  furrounding  the 
folid  contents  of  the  ear:h>  which  dill  continued  unchanged  in  the 
midd,  making  a  great  burning  globe  of  more  than  two  thoufand 
leagues  in  diameter.  This  furrounding  chaos,  however,  was 
far  from  being  folid  :  he  refembles  it  to  a  denfe  though  fluid  at- 
mofphere,  compofed  of  fubflances  mi.igled,  agitated,  and  fliocked 
againft  each  other;  and  in  this  diiorder  he  defcribes  the  earth  to 
have  been  juil  at  the  eve  of  creation. 
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cumil:.incc,  however,  whicli,  though  now  fo  univer- 

fj]ty  known,  remained  undiJcovcred  for  many  chou- 

•  But  upon  its  ortik's  being  then  changed,  when  ir  was  more  re- 
t,u!aily  ulieeLd  round  the  fun,  every  thing  took  its  proper  place; 
every  part  oF  the  furrounding  fluid  then  fell  imo  a  fituatioti,  in 

proportion  ai  it  «2s  light  or  heavj-.  The  middle,  or  central  part, 
v.hieh  always  remained  unchanged,  ftill  continued  fo,  reiainicg  a 

part  of  that  heat  \i  hich  it  received  in  its  primeval  approaches  to- 

wards the  fun;  wliich  heat,  he  calculatei,  may  continue  for  about 

fix  ihoufand  years.  Next  to  this  fell  the  heavier  parts  of  the 

chaotic  afniofphrrc,  which  fcri-e  to  fuftain  the  lighter  :  but  as  in 
defcending  they  could  not  entirely  be  feparatcd  from  many  watery 

p.iris,  with  which  they  were  intimately  mixed,  they  drew  down  a 

p.irt  of  thefc  nlfo  with  them,  and  thefe  could  not  niduot  again 

rfter  the  furf^cc  of  the  earth  was  confolidated :  they,  thereforci 

furrounded  the  h^avy  firft  defcending  parts,  in  the  fame  manocr  ai 

thefe  furround  the  central  globe.  Thus  the  entire  body  of  the 

earth  is  coinpofed  internally  of  a  great  burning  globe:  next  wMch 

ii  placed  an  heavy  terrene  fubftance,  that  cncompafTes  it ;  round 

\i'hich  alfo  is  circuinfufed  a  body  of  water.  Upon  this  body  of 
c  crult  [rf  earth  on  which  we  inhabit  is  placed:    fo  that. 
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fand  year^    That  its  form  is  fplicrical,  was  firft  c«n- 
je^red  from   the  curved  line  which   bounds    the 

carth'i fall  power,  -die  genial  piinciple  was  alfo  much  greater  than  at 
preieat;  vegetation  and  animal  incr^fe  were  carried  on  with  more 
vigour;  and  all  nature  Teemed  teeming  with  the  feeds  of  life.  But 

thefe  phy£cal  advantages  were  only  produ£tive  of  meral  evil;  the 
warmth  which  invigorated  the  body  encreafed  the  paiTions  and 
appetites  of  the  mind ;  and,  as  man  became  more  powerful^ he 

^rew  lefs  innocent.  It  was  found  neceflary  to  puni(h  this  depra- 
vity; and  all  living  creatures  were  overwhelmed  by  th^eluge  in 

oniverikl  deftru^tion. 

*  This  deluge,  which  fimpic  believers  are  willing  to  afcribe  to 
a  miracle,  philofophers  have  been  long  defirous  to  account  for  bf 
natural  canfes:  they  have  proved  that  the  earth  could  never  Sup- 

ply from  any  refervoir  towards  its  center,  nor  the  atnu)iphere  by 
any  difcharge  from  above,  fuch  a  quantity  of  water  as  would  cover 

-the  furface  of  the  globe  to  a  certain  depth  over  the  tops  of  our 
higheft  mountains.  Whcre^  therefore,  was  all  this  water  to  be 
found?  Whidon  has  found  enough,  and  more  than  a  fufHciency^ 
in  the  tail  of  a  comet ;  for  he  feems  to  allot  comets  a  \^ty  aflive 

part  in  the  great  opera  lions  of  nature. 

*  He  calculates  with  great  feemlng  prccifion,  the  year,  the 
month,  ano  the  day  of  the  week  on  which  this  comet  (which  has 

paid  the  earth  feme  vlfits  iince,  though  at  a  kinder  diiiai)ce}  irv- 
volved  our  globe  in  its  tail.  The  tail  he  fuppoled  to  be  a  vapour- 
ous  fluid  fubdance,  exhaled  from  the  body  of  the  comet,  by  tiie 

extreme  heat  of  the  fun,  and  incrcaiing  in  proportion  as  it  ap> 
proached  that  great  luminary.  It  ̂ as  in  this  that  our  globe  was 
involved  at  the  time  of  the  deluge ;  and,  as  the  earth  Hill  adcd  by 
its  natural  attradlion,  it  drew  to  itfelf  all  the  watery  vapours  whick 

were  in  the  comet's  tail ;  and  the  internal  waters  being  alio  at  the 
fame  time  let  loofe,  in  a  very  (hort  fpace  the  tops  of  the  highcil 
mountains  were  laid  under  the  deep. 

The  punilliment  of  the  deluge  being  thus  completed,  and  all  the 

guilty  deilroyed,  the  e.\rth,  which  had  been  broken  by  the  crop- 
tion  of  the  internal  waters,  was  alfo  enlarged  by  it ;  fo  that  upon 

the  comet's  reccfs,  there  was  found  room  iuiHcicnt  in  the  internal 
abyfs  for  the  recefs  of  the  fuperfluous  waters ;  whither  they  all  re- 

tired, and  left  the  earth  uncovered,  but  in  fome  refpefls  changed, 

particularly  in  its  figure,  which,  from  being  round,  was  now  be- 
come oblate.     In  this  tnlverfal  wreck  of  nature  Noah  furvived,  by 

a  varioT" 



302  spherical  Form  cf  the  Earth.     [Book  W. 

earth's  Jhadow  in  lunar  eclipfts.  We  have  a  ftill 
phincr  proof  of  tts  rotundity,  from  the  appearance  of 

objcdts 

a  variety  ofhappv  caurei,  tore-people  ihe  earth,  and  Co  give  birth 

to  a  race  of  mi^n  flow  in  believing  ill-imagined  theoriei  of  the 
earth. 

After  fo  many  iheorien  of  the  earth,  which  had  been  publiflied, 

applauded,  ant*eted,  and  forgotien,  M.  BufFon  ventured  to  add  one 

more  to  the  number.  This  philofopher  was  in  every  refpeS  bet- 

ter qiisliticd  than  any  of  his  predeceflbrs  for  fuch  an  aiiempl,  being 

furnidicd  with  more  mitcrials,  having  a  brighter  imagination  to 

find  new  proofs,  and  a  belter  ftylc  to  cloath  ihem  in.  However,  if 

one  fo  ill  qualified  as  I  am  may  judge,  this  fecms  the  wealcefl  part 
cf  his  admirahle  work;  and  I  could  wiih  chat  he  had  been  content 

with  giving  u^  fafli  inllead  of  fyllenis ;  thai,  infiead  of  being  a 

rcafoner,  he  had  contented  himfelf  with  being  merely  2a  hif- 

He  beginj  his  fyltem  by  making  a  diftiiiflion  between  the  firll 

part  of  it  and  the  la^  ;  the  one  being  founded  only  9n  conjedlure, 

the  other  depending  entirely  upon  aftual  obfervation.  The  latter 

part  of  his  theory  may.  therefore,  he  true,  though  the  former 
(hould  be  fctind  e 
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objefts  on  the  furface  of  the  earth,  but  ftiU'more  re- 
markably on  rhat  of  the  fca.    As  we  depart  from 

otgcfts 

very  inflant  of  its  formation ;  and  this  motion  being  greaiteft  at 
the  equator,  the  parts  there  ading  againft  the  force  of  gravity, 

,    they  muft  have  fwollcn  out,  and  given  the  earth  an  oblate  or  flatted 
figure. 

As  to  its  internal  fubftance,  our  globe  having  once  belonged  to 
the  fun»  it  continues  to  be  an  uniform  mais  of  melted  matter,  very 

.  probably  vitrified  in  its  primaeval  fiifion.  But  its  Axrface  is  verf 
differently  compofed.  Having  been  in  the  beginning  heated  to  a 
•degree  equal  to,  if  not  greater,  than  what  comets  are  found  to 
fuflain,  like  them  it  had  an  atmofphere  of  vapours  floating  round 

it,  and  which,  cooling  by  degrees,  condenfed  and  fubfided  upon' its 
furface.  Thefe  vapours  formed,  according  to  their  difierelit  den- 
fities,  the  earth,  the  water,  and  the  air;  the  heavier  parts  fidling 
firft,  and  the  lighter  remaining  dill  fufpended. 

Thus  far  our  philofopher  is,  at  lead,  as  much  a  fyftem^maker  as 
Whillon  or  Burnet;  and,  indeed,  he  fights  his  way  with  great 
perfcverance  and  ingenuity  through  a  thoufand  objedlipns  that  na- 

turally arife.  Having,  at  laft,  got  upon  the  earth,  he  fuppofes 
himfelfon  firmer  ground,  and  goes  forward  with  greater  fecurity. 
Turning  his  attention  to  the  prcfent  appearance  of  things  upoa 
this  globe,  he  pronounces  from  the  view  that  the  whole  earth  was 
at  firA  under  water.  This  water  he  fuppofes  to  have  been  the 

lighter  parts  of  its  former  evaporation,  which,  while  the  earthy 
particles  funk  downwards  by  their  natural  gravity,  floated  on  the 

farface,  and  covered  it  for  a  confidcrable  fpaceTof  time. 

"  The  furface  of  the  earth,"  fays  he  *,  "  mutt  have  been  in  the 
beginning  much  lefs  folid  than  it  is  at  prefent ;  and,  confequently, 
the  iamc  caufes,  which  at  this  day  produce  but  very  flight  changes, 

*  IDufl  then,  upon  fo  complying  a  fubttance,  have  had  very  coniider- 
able  efFefls.  We  have  no  rcafon  to  doubt  but  that  it  was  then  co- 

vered with  the  waters  of  the  fca;  and  that  thofe  waters  were  above 

the  tops  of  our  highefl  mountains,  fmce,  even  is  fuch  elevated  Gl" 
tuations,  we  find  fticlls  and  «ther  marine  produAions  in  wcry  great 

abundance.  It  appears  alfo  that  the  fea  continued  for  aconfider- 

'  able  time  upon  the  face  of  the  earth:  for  as  thefe  layers  of  fliells  are 
'  found  fo  very  frequent  at  fuch  great  depths,  andjn  fuch  prodigious 

•  Theorie  de  la  Terre,  voL  i.  p.  iii. 

quantities 
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objcifls  on  the  ocean,  they  feem  to  fubfidc  gradually, 

bL'iow  the  vilible  horizon.  Ships  at  a  diAance  on  the 
ivLitcr  are  not  vifible  in  their  hulls;  at  a  greater  dif- 

tancc,  their  mainfails  difappcar ;  and  at  a  greater  ftiU, 

their  toplails ;  which  could  not  be,  if  they  failed  on  a 

plain.  But  that  the  c-irch  is  really  globular  was  at 

length  prafticaliy  demonftrated  by  the  adventurous 

projed:  of  Liiling  round  it,  which  has  fevcral  times 

betn  accoinpliflied. 

This  faft  being  preiTifed,  let  us  conCdef  in  what 

quantitii;s,iirefm3iniponihle  for  fucli  number)  to  hive  been  fuppott- 
cd  all  ..iive.Tt  cue  time;  lo  that  they  mull  liavf  bien  brought  there 

by  fucccflive  Ji-pci(lriiin!,  Thefc  iliells  alio  are  found  in  the  bodici 
of  the  LL;i-di'l'.  roc';?,  v.  here  they  could  not  have  been  dcpofiicd  sti 

at  niicc.  at  thi:  liiiie  nt"  tljc  deluge,  or  at  any  fuch  ioffanl  revolo- 
lion;  fincc  ih^t  would  be  to  fuppofe,  that  all  the  rocks  in  which 

they  aft  fo-.ind  were,  at  that  inilant, ina  ftate  of  difiblution,  »hich 
nculd  he  abfurd  to  3irt;rt.  The  fea,  therefore,  depofited  tlwni  j 
where  eicr  ilii'y  arc  i\a-j.-  to  be  found,  and  tha^by  flow  and  fuccef-     , 
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manner  the  known  laws  of  nature  were  likely  to  aft 

upon  a  mafs  of  materials  fuch  as  enter  into  the  com- 
pofition  of  this  globe. 

The  firft  principle  of  the  law  of  gravitation  is,  that 
the  conftituent  particles  of  all  bodies  attraft  e;ach  other 

xnutually,  whence  arife  their  comnion  centers  of  gra- 
vity. Hence  all  fluids  aflume  a  fpherical  form,  fix)m 

the  particles  mutually  attradting  each  other ;  and  no 
bodies  but  fluids  being  capable  of  obeying  the  laws 
of  gravitation,  fo  as  tobecome  fpherical,  it  is  prefuifldd  , 
that  the  earth  was  originally  in  a  fluid  (late.  The 
canh  revolves  round  its  center,  and  the  centrifugal 
force  increafes  in  proportion  to  the  diftaiice  from  the 
axis  of  motion ;  all  bodies,  therefore,  revolving  round 
their  axis  in  a  ftate  of  fluidity,  will  neceflarily  depart 
from  the  fpherical  form,  and  aflume  that  of  an  oblate 
Ipheroid.  Such,  by  a<5lual  menfuration,  is  found  to 
be  the  form  of  the  earth  j  and  this  is  alfo  demon- 
ftrated,  by  aftronomical  obfervations,  to  be  the  cafe 
with  all  the  other  planets*  It  is  therefore  highly 
probable,  that  all  thefe  bodies  were  originally  fluid, 

and  only  departed  in  fome  meafure  from  the  fpheri- 
cal form,  in  confequence  of  a  revolution  on  their 

axis. 

It  is  not  natural  or  eafy  to  fuppofe,  that  the  earth 
and  planets  have,  fince  their  exiftence,  been  reduced^ 
by  any  folvcnt  principle,  from  a  folid  to  a  fluid  fl:ate. 
It  is  much  more  obvious  to  believe,  that  fuch  waa 
their  ftate  at  their  firft:  creation.  It  follows  of  confe- 

quence, that  they  had  a  beginning,  and  have  not  exifted 
from  eternity,  as  fome  fantaftical  writers  have  been 
inclined  to  imagine. 

If  fuch  was  the  original  ftate  of  the  earth,  it  fol- 
lows, that  it  was  at  firft  abfolutely  unfit  for  animal  and 

vegetable  life  i  and,  therefore,  thefe  muft  have  been 
Vol.  11.  X  after. 
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aflfi- creation 5.  This  account,  it  is  obfcrvabic,  agrees 
udniirably  with  tlu.'  MuJliic  accouni:  of  the  crca[itMi« 
as  well  as  widi  the  opinions  of  the  moft  ancient  phi* 
I'^lbpluTS,  hiJloiians,  poets,,  &C.  itlK  is,  with  the  tra- 
ditioni  of  the  lirlt  agrs. 

It  is  tlic  opinion  of  Mr.  Whitthurft,  ̂ t  the  com-  i 
poncn:  pjrts  of  the  earth,  at  its  firft  formation,  cxifted   , 
in  a  ftatc  of  jifluil  fwKition,  and  that  they  fiibllded  partly 
Iiuo  foHil  boJics,  ami  partly  into  fluids,  by  the  mutual 

BtTtion  of  tlK'k-  p,irticles  upon  each  otlier.  . 

U'e  havu  ftcii  that  there  exifts  between  djffereflt  | 
particles  of  matter  what  is  called  elective  or  chcmicai  j 
artrat^lion,  by  which  fubftaricea  having  certain  proper-  | 

tics  in  con^iiion  are  difpofcd  to  unite  j  and  by  tbc* 
fombi nations  thus  form-jd  (whether  by  an  immediate 
at^i:  o(  omnipotence,  or  whether  by  Ibme  more  graduai 
proceCs)  the  fiifpenfion  of  the  component  pans  of  the 
chaotic  mafs  would  be  efTeflually  deftroyed,  and  ijo- 

diL-s  would  approach  towards  their  center  of  gravity 
iixjrcion    to    their    relpeftive   denfities.      That 
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was  intermrdiate,  would  remain  in  the  ftate  of  com^  ■ 
mon  fluids.  It  is  therefore,  pcrieftly  agreeable  to 

Ibund  philotbphy  to  riippofe,  that  the  abftraftion  of  a 
confiderabte  quantity  of  caloric,  or  the  matter  of  fire, 
froiTi  the  chaotic  mafs,  would  effeflually  deflroy  its 
fluidify,  and  would  almoft  inftantly  produce  all  the 

dJKivnt  mineral  fubd'ances^  which  are  obfcrved  in 
ri»e  bowels  of  the  earth.  Not  that  wc  are  under  any 
nece0ity  of  bdleviflg,  ika.t_  the  whole  internal  fub- 

ftance  of  the  earth  exifts  at  this  hour' as  it  cxifted  when 
citation  was  compltted.  There  arc  a  variety  of  pro- 
cefles  going  on  continually  in  the  interior  parts  of  the 
gtobe,  befide  thofc  more  fudden  and  violent  chaftgcs, 
which  have  been  prodticed  by  earthquakes,  floods, 
and  volcanoes. 

By  ibe  fubfiding  of  the  denfer  and  more  folid  bo- 
dies, a  confiderabte  portion  of  the  fluid  matter  woulc^ 

bo  left  in  a  feparate  ftate,  and  wouH  form  large  mafies, 
oroream  of  water. 

With  refpcft  to  the  formation  of  iflands,  nothing 
more  was  ncceflary  than  tSie  unequal  and  irregular 
fubiiding  of  the  different  parts  of  matter,  which  may 
have  happened  from  a  variety  of  caufes ;  from  the 
effefts  of  eleftivc  attraiftion  and  cryftailization  ;  from 
the  motion  of  the  earth,  snd  the  flux  and  reflux  of 

the  tides.  The  latter  caufe  would  neccflarily  remove 
the  fcdid  mafles,  as  they  were  formed,  from  place  to 
ptsce,  till  thefe  folid  maflcs,  meeting  with  others,  or 
incrcafing  their  bulk  by  their  aftion^upon  congenial 
pKittclct,  would,  from  tlieir  incrcafed  gravity  and 
dcnlity,  at  length  become  ̂ ^'.-onxry.  Thus  the  fur- 
face  of  the  earth  is  all  irregular,  and  an  ifland  is  no 

other  than  a  hill  or  mou-uiin,  the  adjacent  vallics  of 
which  are  filled  with  wai.er.  Some  iflands,  however, 
we  know,  are  of  jTiore  recent  origin,  Som.e  have 

X  2  been 
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been  ihiown  up  by  volcanic  eruptions ;  and  feme  have 
apparently  been  formed  by  that  extraordinary  infeft 
which  prothjccs  rocks  of  coral.  The.  iflands  Delgs 
and  Rhddes  arc  faid  to  have  grmvn  out  of  the  fca. 
Pliny  mentions  a  number  of  other  iflands,  which  were 
j.irodi-ccd  by  fubccrraneoos  fires.  In  1628,  one  of  the 
ilLtnds  of  the  Azores  rofe  up  out  of  the  bottom  of  the 
fea,  which  in  ih.it  place  was  one  hundred  and  fixty  fa- 

thoms deepi  and  this  ifland,  which  is  three  leagues 
long,  cne  league  aud  an  half  broad,  and  three  hundred 
and  (i-ity  feet  above  the  level  of  the  water,  rofe  in  fif- 

teen day,s*. 
On  the  20th  of  November,  lyaoj  a  fubterrancous 

fire  biirft  out  of  the  fca  near  Tcrcera,  one  of  the 

Azores,  wiiich  threw  up  fuch  a  quantity  of  ftones,  in 

tl.t-  fpace  of  thirty  days,  as  formed  an  iflanfl  two 
leagues  in  diameter,  and  nearly  circular  f. 

The  Iflc  of  Sheppey  contains  a  great  variety  of 

foilil  bodiL's,  as  well  animal  as  vegetable,  which  evi- 
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iiir&ce  of  the  earth  was  at  once  rendered  habitable. 

From  the  fcripturc  account  we  have  reafon  to  believe, 
that  only  a  very  fmall  part  of  itVas  inhabited  for 
a  long  fcries  of  time,  viz.  tte  regions  about  the  Eu- 
1.    

phrates,  fuppofed  to  conftitutc  the  Garden  of  Eden. 
Here  the  terreftrial  animals  were  chiefly  afiembled, 
while  the  marine  animals  were  difperfed  through  the 

great  abyis  of  waters ;  apd,  from  the  extreme  fecun-> 
dity  of  thofc  animals,  they  would,  in  a  very  Ihort 

Ipace  of  time  **  rcplcnifh  the  waters"  from  pole  to 
pole.  If,  therefore,  we  fuppofe  (as  is  mofl:  probable) 
that  the  greater  part  of  the  earth  was  gradually  form- 

ing itfclf  according  to  the  laws  of  nature  and  creation, 
in  other  words,  according  to  the  ufual  proceffcs  of 
attraAion  and  combination,  it  is  eafy  to  conceive,  that 
a  part  of  thefc  animals,  cfpecially  thofe  which  are  lead 
aftive,  would  be  gradually  intombed  in  the  increafing 
mafs,  and  this,  as  well  as  the  deluge,  will  account  for 
the  great  quantities  of  the  exuviae  and  bones  of  marine 
animals,  cfpecially  ftiell  filh,  which  are  found  in  beds 

of  lime-ftone,  gravel,  &c.  even  on  the  tops  of  moun- 
tains. 
We  (hall  ceafe  to  be  aftonifhed  at  the  immenfe 

quantities  of  fhells,  which  are  thus  found  imbedded  in 
the  earth,  if  we  only  confidcr  the  amazingly  prolific 
nature  of  thefe  animals.  It  is  not  uncommon  to  cake 

away  a  bed  of  theft  (hell  fi(h  fcveral  fathoms  in  thick- 
nefs  J  and,  though  the  places  whence  they  are  removed 
appear  entirely  exhaulted,  yet  in  the  enfuing  feafoa 
there  (hall  be  as  many  found  in  all  thtfc  places  as  there 
were  before*. 
,  The  bones  or  teeth  of  fifh,  Mr.  Whitehurft  affirms, 
as  far  as  his  knowledge  extends,  have  never  been 
found  mixed  with  (hells  in  the  (olid  fubftance  of  lime- 
done. 

•  Whitehurft,  p.  47. 

X  3  That 
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Tliat  at  (.lilTcrent  periods  the  jearth  jnuft  have  fijf- 
ftrcd  vfjy  viulcn;  convulfionB  smi  difeerptations  of 
tht  folid  parts,  we  may  reafonably  conclude  from  tiic 
rugged  and  uncouth  appearance  of  many  of  the  moun-     ' 
talnous  parts  of  the  world.     Wc  fee  rocks  in  foma     ■ 
places  torn  afunder,  or,  in  appearance  cut  with  a  faw. 
Mr.  Whitchura  remarks,  that  at  Stafibrd  and  New- 

j-orr,   in    Shropfliire,  therL-   are  detached    blocks    of 
Cijrnlfh   [iioor-ftcpni.',  or  granite,  of  cmifiderable  mag*     i 
nituJc,  though  (lo  fuch  lUatum  is  known  to  otift 
nearer  than  Cornwall.     It  ie  fair,  therefore,  to  con- 

clude, that  they  have  been  thrown  there   by  fonw 
violent  commotion  or  fubtt^rraneous  coirvijlfion. 

To   the  general  deluge,  that   tai5t  recorded  with  fd 
muchprecifion  in  the  writings  ofMofes,  and  confirmed 

by  the-  traditions  of  every  nation,  we  muft  attribute 

iiiuthofdie  irregiilatities  of  the  earth's  furface.     It 
%vould  in  fome  inllances  have  the  cffed  of  reducing 
great  maflcs  of  matter  to  a  fecond  ftate  of  folutiua. 

^Nlan^minenre^mikWj^eveiie^ 
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quutides  worfd  be  inhnmed  at  the  deluge.  The 
other  arninal  matters  fband  in  a  fofTil  ftate,  paiticuUrf/ 
the  horns,  flceletrais,  and  bones  of  animats,  which  are 
moch  larger  fhan  any  now  foand  upon  the  earth,  can 
on\j  be  accounted  for  upon  this  bypothefis.  Sudi 
are  thofc  mentioned  by  Bn^n,  which  wcfc  dug  up 
in  America,  near  the  river  Ohio,  a  fingle  tooth  of 

which,  belonging  to  a  hrgc  row,  weighed-  upwards 
of  eleven  powids,  and  a  fingiL-  thigh  bone  was  upwards 
of  four  feet  in  length.  In  the  year  1783,  a  (keletoa 
of  an  irnmenfe  animal  of  the  deer  kind  was  found  on 

an  eftate  belonging  to  Di;.  Percy,  Biihop  of  Drcmore, 
It  Was  dtrg  out  of  a  marie  pic,  under  a  peat  mofs, 
and  was  found  furrounded  by  Ihclls  and  other  mariue 
prtiduflions.  The  horns  were  fcven  feet  and  one 
inch  in  height,  the  length  of  the  fcull  nearly  two  fcet> 
the  breadth  of  the  forehead  nearly  a  foot,  and  the  bones 
of  an  enormous  fize.  In  Siberia,  in  America,  and 
even  in  England,  the  bones  and  teeth  of  the  elephant, 
hippopotamus,  and  other  animals,  which  never  have 
cxiftcd  in  thofe  climates,  have  been  found,  and  even 

thcfe  were  larger  than  thofc  of  any  fuch  animals  now 
cxiiiing. 

To  the  deluge,  therefore,  much  of  the  prefent 
inequalities  of  the  earth  may  be  rationally  attributed. 
But  there  are  other  caufcs  which  may  have  operated 
both  before  and  fmce.  It  is  a  faft,  which  will  fcarccly 
admit  of  difputej  that  volcanic  eruptions  were  much 
more  fiequent  in  the  early  ages  of  the  world  than  at 
prclentj  the  veftiges  of  volcanoes,  and,  even  the  ex- 
haufted  craters,  are  often  found,  where  there  is  now 
not  the  leaft  appearance  of  fubterraneous  fire.  This 

fa£l  is  alfo  eafily  accounted  for  on  philofophJcal  prin- 
ciples. The  imperfcift,  and,  if  1  may  fo  Jpeak,  ac- 
cidental mixture  of  diifcrent  bodies,  would  in  many 

X  4  cafes 
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cafes  produce  fpontaneous  inflammation  in  the  early 
ages  of  the  worlds  whereas,  as  the  earth  grows  older, 
thefe  materials  muft  be  exhaufted,  or  rather  formed 
into  other  combinations.  Many  mountains,  we  know, 
are  of  volcanic  origin,  and  therefore  many  of  them  of 
a  date  long  pofterior  to  the  sra  of  creation. 

Such  appears  to  be  the  mod  radonal  account  of 
the  ftrudure  of  the  earth,  as  far  as  we  are  warranted 

by  a£tual  experiment,,  or  well  authenticated  obfcrva- 
tion.  The  fucceeding  chapters  of  this  book  will 
ferve  to  explain  more  fatisfadorily  the  different  ap- 

pearances of  various  pordons  of  the  globe.  I  Ihall 
therefore  proceed,  without  further  digrcffioh,  to  treat 
more  particularly  of  mountains,  volcanoes,and  the  other 
phenomena  more  immediately  conneded  with  this 
branch  of  natural  hiftory. 
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Chap.    XLVL 

MOUNTAINS. 

^ioft  hefween  Hills  and  Mountains. "^Mountains  pri/meval  .$r 

ra  iry  .''^ranitg  Mountains  only  fifpofed  'iit  gtntral  prim^^ai* 
kfue  Limt'ftone  Mountains  primaval.^^Allwvial  Mouutains^^m 

ire  ami  gratified  Mountains, ^^Mountains  homogeneous  and  he~ 

gttifous, — Confufed  Mountains, •^^Folcanic  Mountains j^^  Height 

Mo-ntains,  honju  meafured, '^Computed  Heights  of  the  mofi  rr- 

'kable  Mountains. '^Line  of  Congelation  in  different  Farts  of  the' 
rid. 

LE  VAT  I O  N  Si  confijaing  chiefly  of  clay,  fand, 
or  gravel,  are  called  hills.     Thofc  which  con- 

:hiefly  of  ftone  arc  called  mountains.     Mountains 
livided  into  prinnaeval,  that  is,  of  equal  date  with 
Ibrmation  of  the  globe,  and  fecondary  or  alluviaL 
Dng  primaeval,  thofe  of  granite  hold  the  firfl  place. 
higheft   mountains   and   moft   extenfive   ridges 

ughout  the  globe  are  of  that  kind ;  as  the  Alps 
Pyrenees,  in  Europe;  the  Altuifchan,  Uralian, 
Caucafus,  in  Afia ;  and  the  Andes,  in  America. 

:  higheft  of  them  never  contain  metallic  ores  j  but 
e  of  the  lower  contain  ores  of  copper  and  tin. 
:  granite  next  the  ore  always  abounds  in  mica. 
ifaftions  are  never  found  in  thefe  primaeval  moun- 
•« 

hat  the  formation  of  thefe  mountains  preceded 
of  vegetables  and  animals,  is  juftly  inferred  from 
containing  no  organic   remains,  either  in  the 
of  pctrifaftion  or  imprcflion.     Naturalifts  arc 

id,  that  granites  were  formed  by  cryftallization. 

i  operation  probably  took  place  after  the  forma- 
of  the  atmofphere,  and  the  gradual  excavation 

of 
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of  die  bed  of  the  ocean,  when  the  dry  land  appeared. 
For,  as  was  remarked  in  the  preceding  chapter,  by 
mcjni  of  the  Itparation  of  the  atiiform  fluids,  which 
coiilUtuie  [lit;  atniofphtre,  the  evaporation  of  part 
(if  tlie  wMtcr  ir.co  tlie  :\tinofphere,  and  the  gradual 

r:tri-'J[  of  [he  jL-tnainder,  the  various  fpecies  of  earthsr 
hcfort:  dilTohtLl  oi'  diffufcd  through  this  mighty  rnaSs, 
Wire  dirpofi-d  to  coalcfcc,  and  among  thcle  the  fiH- 
re':ii:,  muft  h:'vc  b(m  the  firft,  as  it  is  the  leaft  folubic; 
but  F-b  the  fillccous  earth  has  an  affinity  to  the  other 
tdrtbs  with  which  it  was  mixed,  lome  aS  theft  mull 

have  united  in  various  proportions,  and  thus  have 
f.nilcLl,  in  di!lin.5t  mafles,  tlie  felt  fpar,  fhocrl,  and 
inic2,  which  compofc  the  granite.  Calcareous  earth 

enter-,  very  Iparingly  into  the  compcfitionofihis  rtonc; 
but  as  it  is  found  in  Jhocrl,  which  is  frequenity  a  com- 

ponent part  of  granite,  it  follows  that  it  muft  be  one 
of  the  primitive  earths,  and  not  entirely  derived  from 
m.trinc  exiiviss,  as  fome  have  fiippoftd.     Quarts  can 
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aoimak,  for  no  oi^anic  traces  are  found  in  them. 
Some  of  chofe,  which  confifl:  of  argillaceous  ftones,  and 
Ibme  of  the  filiceous,  contain  alfo  no  organic  remains. 

Thefe  often  confift  of  parallel  ftrata  of  unequal  thick* 
Jiefs,  and  the  lower  are  harder  and  lefs  thick  than  the 

upper,  and  therefore  fecm  to  have  been  formed  earlier 
than  the  upper. 

Alluvial  mountains  are  evidendy  of  poflerior  for* 
mation,  as  they  contain  petrifadlions  and  other  vef<* 
tiges  of  organic  fubftances^  and  thefe  are  always  ftra- 
tified. 

Mountains,  as  to  fl;ru<^ure  are  endre,  ft  ratified,  and 

confufed.  •  Entire  mountains  are  formed  of  huge 
mafibs  of  ftone,  without  any  regular  BITures,  and  are 
moftly  homogeneous.  They  confift  chiefly  of  granite^ 

fometimcs  gneit*,  fchiftus,  flag- Hone,  fand  fl:one,  lime- 
ftone^  gypfum,  porphyry  or  trapp.  Some  in  Sweden 
and  Norway  confift  of  iron  ore. 

The  ftratified  mountains  arc  thofe  whofe  mafs  is 

regularly  divided  by  joints  or  fiffurcss  thefe  are  cajled 
horizontal,  rifing,  or  dipping.     Homogenous  ftratified 
mountains  confift  chieflv  of  ftones  of  the  argillaceous 

genus,  or  of  the  fiflilc  compound  fpecies  of  the  fili- 
ccous  genus,  as  metallic  rock  ;  Ibmetimes  of  lime- 
ftone  of  a  granular  or  fcaly  texture,  in  which  no  animal 

veftiges   appear.      This   lime-ftone   repofes  on    the 
argillaceous  or  filiccous  ftrata :  fomctimes  the  argil- 

laceous are  covered  with  mafles  of  granite,  fometimes 
of  lava.     Thefe  mountains,  particularly  thofe  of  gneifs, 
metallic  rock,  and  horn-ftone,  are  the  chief  feat  of 
metallic  ores.     When  covered  with  lime-ftone,  the 

ore  is  generally  between  the  lime-ftone  and  the  argil- 
laceous ftones.     Thefe  ores  run  in  veins,  not  in  ftrata. 

*  A  rovk.  confuiing  of  mica,  lapis  ollarisj  ̂ nd  quartz. 
Pctrifaftions 
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I'etrifadions  are  found  upon,  but  not  in,  thefe  moun- 
tains. ,, 

Heterogeneous,  or  compound  ftratified  monnEains, 

confift  of  alternate  llrata  of  various  fpccies  of  (tones, 

earths,  fands,  &c.  Tlie  lime-Rone  here  is  always  of 

tlic  laminar,  and  not  of  the  granuUr  of  fcaiy  kind, 
nnd  when  it  coniains  any  ore,  it  is  placed  between  its 

lamina;.  Stoiics  of  the  filiceous  genus  (cldotn  form 

ftrata  in  thtTe  jnouncains,  except  lavas  ;  but  the  (Irata 

are  frequently  interrupted  by  filiceous  maffes,  as  jalpcr, 

porphyiy,  &c.  Coal,  bitumen,  petrifactions,  iuid  or- 

ganic imprcdionSj  are  found  in  thele  .mountains,  ajfi> 
tilts  and  calamine.  .  i 

There  arc  other  mountains,  which  cannot  properly 
be  called  firatificd,  as  they  confift  only  of  three  im- 

menfc  maircs,  the  luwcft  granite,  the  middle  argilla- 

ceoos,  and  the  upper  lime-ftone.  Metailic  ores  arc 
found  in  tlie  argillaceous  part,  or  between  it  and  the 
lime  ftone. 

Confufed  mountains  conlilt  of  ftones  heaped  r 
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commonly  55%  if,  however,  cither  of  the  barometers 

ilands  at  30  inches,  and  the  annexed  thermometer 

at  55%  no  rcduftion  is  to  bo  made  in  the  degrees 

indkratcd  by  that  barometer  j  but  if  either  of  them 

is  at  30%  and  the  thermdmcter  below  55%  we  muft 

add  the  expanfion  the  mercury  in  the  barometer 

would  have  experienced  at  the  heat  of  55**.  If  the 
heat  fliould,  on  the  contrary,  be  above  55%  we  muft: 
fobftrad  the  degree  of  expanfion  which  it  gains  by 

that  heat.  Every  degree  of  Fahrenheit's  fcale  producels 
an  expanfion  of  00.304  of  the  barometrical  inch, 
when  the  barometer  is  at  30;  when,  therefore,  the 

thermometer  is  at  11"  below  or  above  55%  we  muft 
add  in  the  former,  or  fubftraft  in  the  latter  cale,  eleven 

times  that  number  from  the  barometrical  height.  In 
the  fame  manner  it  may  be  calculated,  whatever  is 
die  height  of  the  barometer.  When  this  matter  is 
afcercained,  the  height  is  eafily  found  by  comparing 
die  two  barometers  and  calculating:  the  denfitv  of  the 
air  in  the  higher  regions  according  to  the  principles  of 
geometrical  progrelTion. 

The  higheft  mountains  are  thofe  which  are  fituated 
at  or  near  the  equator;  and  the  Andes  are  generally 
allowed  to  be  the  higheft  of  thefe.  Catopaxi,  one  of 
the  Andes,  which  was  meafured  by  UUoa  and  the 
French  academicians,  was  found  to  be  rather  more 
than  three  miles  above  the  level  of  the  fca ;  whereas 

the  higheft  point  of  the  Alps  is  not  above  a  mile  and 
a  half.  Mount  Caucafus  approaches  neareft  to  the 
height  of  the  Andes  of  any  of  the  Afiatic  mountains. 
The  Pike  of  Teneriff,  which  has  been  fo  much  cele- 

brated, is  about  a  mile  and  a  half  in  height.  It  is 
an  extraordinary  circumftance,  that  the  moon,  which 
is  a  body  fo  much  fmaller  than  our  earth,  fliould  fo 
gready  exceed  it  in  the  irregularities  of  its  furface ; 

fomc 
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forne  of  the  mountanis  in  that  planet  being  calcohard 
tj  exceed  nine  miles  in  heighi. 

The  lint  of  Congelation,  or  perpcttial  froft,  on  mouti* 
tains,  is.  calcLilared  ac  1 5,400  feet,  at  or  near  the  equa* 
tor  ;  nc  ilie  entrance  of  tlic  temperate  zone,  at  I3j4i8  i 
on  TcncrifT,  at  i.ocoi  in  Aiivergnc  (lat.  45.)  6,7401 
with  115  (lat.  52.)  5)740.  On  the  Andes,  vegetation 
ceall-s  at  14,697  feet  i  and  on  the  Alps,  at  91585* 
The  air  is  lb  dry  in  thele  elevated  Otuations,  that  M. 

D'Arcel  obfcrvcd.  that  on  the  Pic  de  Midi,  one  of  tha 
Pyrenees,  fait  of  taitar  remained  dry  for  an  hour  and  a 
half,  though  it  immediately  raoiftened  in  the  tkme  lenv 
peramrc  at  tlie  bottom  of  the  mountain. 

Ill 
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•      C  H  A  ?•    XLVIL n 

^  VOLCANOES. 

K^tmnml  Oh/ervMthms  on  Fdcattoes.'^Tbeir  CouneSion  wiih  ibe  Su 
Immenfi  Force  of fubtcrraneous  Fires  exemfUJied  in  various  Injitusces. 

^^Tbeofy  of  Tckances.'^Criat  Depth, — Traces  of  fdcanoa  in 
dijfiftnt  Psrit  of  the  WwU^i^DeJkripkn  if  ̂tna,f^Erui^i%ie  ef 

VOLCANOES  are  peculiar^ to  na climate,  and 
have  no  neceflfary  or  regular  connexion  with 

any  other  mountains^  but  feem  to  have  feme  with  the 

ieEf  £br  they  are  generally  in  its  neighbourhood.  *  Ic 
has  been  reaurked  by  thofc  who  have  obferved  diem, 
that  volcanoes  often  throw  out  matters  which  belong 
CO  the  lea,  as  the  relics  of  fifli.  Tea- weed,  and  often 

immcnfc  quantities  of  fea-water  itielf.  ̂   Sir  William 
Hamilton  obferves,  in  the  Philofophical  TranfaiSions 

ibr  the  year  1776,  "  that  the  operations  of  Vefuvius 
are  very  capricious  and  uncertain,  except  that  the 
fmoke  incrcafes  confiderably  and  conltantly  when 
the  iea  is  agicat^,  and  the  wind  blows  from  that 

ijuarter." There  are  ancient  extinguiflied  volcanoes,  it  is  true, 
which  arc  inland ;  but  this  is  only  one  of  many  proofs 
that  the  fea  covered  thofe  countries  at  fome  remote 

period.  Volcanic  mountains  are  of  all  heights ;  fome 
fo  low  as  four  hundred  and  fifty  feet,  as  that  of  T anna ; 
Vesuvius  is  three  dioufand  fix  hundred  feet  high,  and 

^ma  eleven  dioufand.  Tlicy  in  general  form  lofty 
Ipires,  and  the  volcano  itfcrlf  is  internally  fliaped  like; 
an  inverted  cone,  placed  on  a  broader  bafis.  This 
cone  is  called  the  crater,  or  bowl,  and  through  it  the Inva 
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lava  generally  pafTes,  cliough  fomctimes  it  burfts 

through  the  fides,  and  even  proceeds  occafionaUy 
from  the  bottom  of  the  mountain.  . Sometimes  the 

crater  falls  in  and  is  elfaccd,  fomctimes,  in  extinguilhed 

volcanoes,  it  is  filled  with  water.  Sub-marine  vol- 
canoes have  been  obferved,  and  from  thefe  fomc 

ifland^  have  derived  their  origin.  Volcanic  fires, 

taking  placif  at  the  bottom  of  the  ocean,  would  fre- 

quently, by  the  expanfive  force  of  the  fleams  which 

arc  generated,  elevate  thofe  parts  which  were  once 

at  the  bottom  of  the  deep,  and  overflow  thofc  which 

Mere  habitable  earth.  It  is  very  probably  conjec- 

tured, as  was  noticed  in  a  preceding  chapter,  that  fub- 

terrancous  convulfions  operated  more  powerfully  in 

llie  early  ages  of  the  world  than  aC  any  later  period; 
and  indeed  fuch  an  hypothcfis  is  fupported  by  the 

moll:  probable  reafoning,  fmce  we  may  well  conocive, 

that  at  the  firll:  confolidatlon  of  the  earth,  much  hete- 

rogeneous matter  would  be  included  in  the  different 
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lied,  in  1767,  by  the  projcftile  force  of  the  fteamj  a 
quarter  of  a  mile  from  the  crater.  In  an  eruption  of 
^tna,  a  (lone,  fifteen  feet  long,  was  ejedled  from  the 
crater  to  the  diftance  of  a  mile,  and  buried  itfelf  eight 
feet  deep  in  the  ground. 

A  volcano  broke  forth  in  Peru,  in  1600,  accom- 
panied with  an  earthquake,  and  the  fand  and  afhes 

which  were  ejefted  covered  the  fields  ninety  miles 
one  way  and  one  hundred  and  twenty  another.  Dread- 

ful thunders  and  lightning  were  heard  and  (ctn  for 
upwards  of  ninety  miles  round  Araquapa  during  this 
eruption,  which  feemed  to  denote  fome  conncftion 

between  the  cleftric  matter  and  thefe  volcanic  fires  •; 
and  this  fadk  is  ftrongly  confirmed  by  the  very  accu- 

rate obfcrvations  of  Sir  William  Hamilton,  which 
I  ihall  afterwards  have  occafion  to  notice  more  at 

large. 
Both  the  infide  of  the  crater  and  the  bafe  of  many 

volcanoes  confift  of  lava,  cither  entire  or  decompofed, 
nearly  as  low  as  the  level  of  the  fea,  but  they  finally 
refl  cither  on  granite,  as  in  Peru,  or  fchiftus,  as  the 
cxtinguifhed  volcanoes  of  Heffc  and  Bohemia,  or  on 
lime-ftone,  as  thofe  of  Silcfia,  Mount  Vefuvius,  &c. 
No  ore  is  found  in  thefe  mountains,  except  that  of 

iron,  of  which  lava  contains  from  twenty  to  twenty- 
five  parts  in  the  hundred,  and  fome  detached  frag- 

ments of  the  ores  of  copper,  antimony,  and  arfenic. 
Vefuvius  ejefted,  from  the  year  1779  to  178?, 

309,658,161  cubic  feet  of  matter  of  different  kinds; 
wc  muft  therefore  conclude  the  fca£  of  thefe  fires  to 

be.  fevcral  miles,  perhaps  hundreds  of  miles,  below 
the  level  of  the  feaj  and  as  iron  makes  from  one- 

fourth  to  one- fifth  of  thefe  ejeftions,  wc  may  infer  that 

•  Dr.  Hooked  pofthijmous  Works,  p.  304^ 

Vol.  II.  Y  t^ 
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the  internal  puts  of  tlie  earth  abound  much  in  this 
metal. 

Tiic  origin  of  thefc  fubtc-iraneous  fires  is  noi  caCly 
expl.iin'jd.  Iron  filings  mixed  wi:r.  powdered  ful- 
j  li'ir,  and  iIil-  uholc  nioifttned  widi  water  into  4  p^ftf* 
V.  t  ii:ivf  tbriiiMly  fecn,  will  rwcjl,  become  hot,  ̂ d, 

li'thc  quai-.t;;y  15  ct^nriderible,  will  dirqw  out  a  blue 
n.iii't-,  Ir  \i,  :\  irilxture  of  ihis  icind  which  is  uftnl  for 
making  an  nrtificial  earthquake,  for  fuch  a  quantity  of 

mtlanjiTiiiblc  p^.j  is  produced  during  the  fermentE-tion, 

that  il"  the  inaU  is  buried  in  ihe  e-rth,  tlie  gas  will 
lljrre  a  [j;illat;c  for  its  efcape,  and  exhibit,  on  a  fmall 

Irak',  elie  phL-noir.ena  of  an  ejrdiquakc.  M.  Lemery 
Ivcait-  to  have  been  the  firft  pcifun  who  illufirated,  in 
tliij  ii':uiiv  r,  the  origin  of  volcanic  fires  and  earth- 
f|".ikii.  He  mixed  tv-cnty-five  poiiads  of  iron  fiiin^S 
with  :n  et^iui  weight  of  fiilpliur,  and  having  made 
iliein  inln  a  paiie  with  the  addition  of  water,  Jje  put 
ihcm  into  a  pot,  covered  them  widi  a  cloth,  and  bu- 

groiind.     Ih  about  1 
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are  natural  combinations  of  iron  and  fulphur^  are 

known  to  exift  in  different  parts  of  the  earth;'  the 
onljr  difficulty  which  attends  this  explanation  of  the 
origin  of  volcanoes^  as  well  as  of  earthquakes,  is,  thac 

the  prcfence  of  air  is  in  general  neceffary  for  the  pro- 
du&ion  of  a&ual  flame.  It  is  well  known,  however^ 

that  martial  pyrites,  when  moiftened,  acquire  heati 
and  if  we  fuppofe  the  heated  pyrites  to  have  been  in 
conta£t  with  black  wad  and  petroleum,  nve  may  fup- 

pofe the  flame  to  arife,  as  we  fee  it  produced  by  artj 
from  the  deficcation  of  the  former  fubdance,  and  its 

mixture  with  mineral  oil.  Many  minerals,  when 
heated,  afibrd  vital  air,  a  very  fmall  quantity  of  which 

is  fufikient  to  produce  flame  s  this  flame,  once  pro- 
duced, may  be  fupported  from  other  ores,  and  the 

combuftion  be  maintained  by  the  prefcnce  of  bitumi- 
nous fchiftus,  bitumen,  and  coal.  Marl,  fchiftus,  hom- 

ftone,  fhoerl,  with  a  further  addition  of  iron,  are  the 

quantities  of  the  materials  are  not  rcquifite  to  make  the  experiment 
fucceed,  provided  there  be  a  due  proportion  of  water :  half  a 
pound  of  f!cel  filings,  half  a  pound  of  flowers  of  brimflone,  and 
fourteen  ounces  of  water,  will,  when  well  mixed,  acquire  heat 
enough  to  make  the  mafs  take  fire. 

That  heat  and  fire  fhoald  be  generated  from  the  fpontaneous 
anions  of  minerals  upon  each  other,  is  a  phenomenon  by  no  means 
iingular  in  nature,  how  difficult  foever  it  may  be  to  account  for  it. 

The  heat  of  putrefcent  dunghills,  of  the  fermenting  juices  of  ve- 
getables, and,  above  all,  the  fpontaneous  firing  of  hay  not  pro- 

perly dried,  are  obvious  proofs  that  ̂ vigetables  poiiefs  this  property 
as  well  as  minerals.  In  both  vegetables  and  minerals,  a  definite 
quantity  of  muillure  is  requifite  to  enable  them  to  commence  that 

jntelline  motion  of  their  parts,  which  is  nccefTary  for  the  produc- 
ticm  of  fire.  Iron  and  fulphur  would  remain  mixed  together  for 

ages  without  taking  fire,  if  they  were  either  kept  perfrdlly  free 
from  moiflure,  or  drenched  with  too  much  water ;  and  vegetables 

in  like  manner,  which  are  quite  dry,  or  exceedingly  wet,  arc  inca- 
pable of  taking  fire  whilll  they  continue  in  that  Aate. 

Y  2  true 
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inif  fciirci?s  of  lava.  It  Teems,  however,  after  all,  dif- 
ficult to  cotireivc  that  fuch  extenfive  and  intenfe  fires 

fiiould  be  maintained  without  the  acccfs  of  cenfider- 
ab]e  quantities  of  air;  that  fluid  may  therefore  be 

poflibly  fupplicd  by  a  communication  with  forre  exien- 
iive  caverns,  which  may  fhcmfeivcs  receive  it  by  open- 

ings ai  the  ilillance  of  many  miles  from  the  crater  of 
the  volcano.  It  does  not  ftem  improbable  that  the 
volcanoes,  which  now  burn,  may  have  a  communica- 

tion with  the  cavities  and  craters  of  excinguifhed  vol- 
canoes., and  thence  derive  a  fupply  of  air  fufficient  to 

icconnt  for  the  inflammation  of  large  beds  of  pyrites 
and  bi:tiniinou5  matters.  M,  Buffon  ftippofes,  that 
the  feat  of  volcanic  fires  is  fituated  but  a  very  little 
way  below  the  bed  of  the  mountains;  but  it  appears 
more  probable,  that  it  is  in  general  many  miles  below 

the  liiri'ace  of  the  earth,  for  the  quantity  of  matter  dif- 
diarged  from  j'Etna  alone  is  fuppofcd,  on  a  moderate 
c;dcii]atinn,  to  exceed  twenty  times  the  original  bulk 
of  the  moiint.iin,  and  therefore  could  not  have  been 
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of  a  torrenti  which  feeras  as  if  it  was  hollowed  in  the 

rockj  and  this  rock  appears  frequently  to  be  pure  lava. 
If  the  circumference  of  the  bafon  has  no  breach,  the 

rain  and  fpring  waters^  which  are  colkdcd  there,  ge- 

nerally form  a  lake  in  the  very  mouth  of  the  volcano." 
The  Apennines,  as  well  as  the  Cordeliers  of  Peru 

and  Chili,  he  fuppofcs  to  have  been  a  chain  of  vol* 
canoes.  The  chain  in  both  inftances  is  interrupted, 
and  many  of  the  fires  either  extinguifhed  or  fmothered, 

but  many  remain  fiill  a£lually  burning.  This  intelli* 
gent  author  is,  however,  far  from  attributing  to  all 
diountains  the  fame  origin ;  and  adds,,  that  in  that  part 
of  the  Alps,  which  he  travelled  over,  he  could  obfcrvc 
no  fuch  appearances. 

The  traces  of  volcanoes  have  beenobfcrved  in  Ire- 

land by  Mr.  Whitchurft.  Though  no  vifible  crater  is 
remaining  between  Port  Rulh  Strand  and  Bailey  Caftlc 
eaftward,  yet,  he  obferves,  that  whole  fpace,  about 
twenty  Englifli  miles,  is  one  continued  mafs  of  lava. 
The  cliffs,  he  fays,  are  truly  ftupendous,  and  bear  every 
pofilble  mark  of  having  been  originally  liquid  fire. 

The  elevation  of  that,  at  the  foot  of  which  the  Giant^s 
Caufeway  is  fituated,  he  prefumes  cannot  be  lefs  than 
five  or  fix  hundred  feet  perpendicular  above  the  level 
of  the  Atlantic  ocean,  and  yet  compofed  entirely  of 
Hva  J  the  fame  appearances  extend  towards  the  fouth 
upwards  of  twenty  miles. 

The  moft  remarkable  volcanoes  in  Europe  are 
^tna  and  Vefuvius,  and  as  thefe  are  not  too  hr  dif* 

tant,  we  have  the  moft  accurate  defcriptions  of  them 
from  travellers  of  the  firft  talents  and  reputation. 

*  -ffima,  which  is  the  moft  ftriking  objcft  in  Sicily, 
-and  indeed  one  of  the  moft  magnificent  produftions 
of  nature,  arifes  from  an  immenfe  bafc,  and  mounts 

r^ually  on  all  fides  to  its  fummiu    The  afcent  on 

y  3  each 
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each  fide  is  eompiictd  at  about  thirty  milesj  and  t 
circumference  of  its  bafe,  at  one  hundred  and  ihirty>« 
three;  but  as  it  has  never  betn  meaftircd  with  an; 
great  degree  of  accuracy,  its  dimcnfions  are  bucimpi 
feftly  known. 

'  The  whole  mountain  is  divided  into  three  diftinft 
regionsj  called  La  Rcgione  Culla,  or  Piedmcittefe^  the 
fertile  regions ;  La  Regiona  ̂ ylvcja,  or  Ivemorofat  the 

woody  region ;  and  La  Regisna  Dejerls,  or  itofvrla^ 
the  barren  region.  Theft  dlScr  as  materially  both 

in  Climate  and  prodirr'i.ion  as  the  three  zones  of  tlic 
earth,  and  perhaps  with  equal  propriety  might  have 
been  ililcd  the  torrid,  the  temperate,  and  the  &i^d_ 
zone. 

•  The  firfl:  region  of  ̂ ina  furrounds  the  bafc  <if  d 
n-.f'Untain,  and  conlhtutes  the  moft  fertile  country  i 
the  woild  OD  all  fii^es  ot  it,  to  the  extent  of  fourte* 

or  lilleen  miles,  where  the  woody  region  brgins.  _ 

is  con-pcfcd  almoU  entirely  of  l.iva,  which,  in  limrj 
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fire  burfh  open  its  fide^  and  this  is  called  an  eruption. 
At  firft  it  emits  only  a  thick  fmoke  and  (howers  of 
.fllSies.  Thcfc  are  followed  by  red  hot  ftoncs,  and 
rocks  of  a  great  fize,  which  are  thrown  to  an  immenfc 
height  in  the  ain  Thefe  ftones,  together  with  the 

quantities  of  afhcs  difcharged  at  the  fan^e  time,  form 
thofe  mountains,  which  cover  all  the  declivities  of 

JEtna.  The  fize  of  them  is  in  proportion  to  the  du- 
ration of  the  eruption.  When  it  continues  a  confider- 

able  time,  it  fometimes  forms  an  elevation  of  one 

thoufand  feet  in  perpendicular  height,  .which  at  its 
bafe  is  (even  or  eight  miles  in  circumference. 

*  After  the  formation  of  the  new  mountain,  tfte  lava 
commonly  burfts  out  from  its  lower  fide,  and,  fweep- 
Wg  every  thing  before  it,  is  generally  terminated  by 
the  fta.  Sometimes  it  iflTucs  from  the  fide  of  the 

moumain,  without  thefe  attending  circumftr:nces, 

which  is  commonly  the  cafe  with  the  eruptions  of  Ve- 
fuvius,  in  which  the  elevation  being  fo  much  fmaller, 
tlie  melted  matter  is  carried  up  into  the  crater,  where 
it  is  diflodged  without  forming  any  new  mountain,  but 

only  adding  to  the  heig*;c  of  the  old  oncj  till  at  length 
the  lava,  rifing  near  the  fummit,  burfts  the  fide  of  the 
crater.  But  JEtm  being  upon  a  much  larger  fcale, 
one  crater  is  not  fufikienc  to  give  vent  to  fuch  immcnic 
oceans  of  liquid  fire. 

'  At  Nicolofi,  which  is  only  twelve  miles  up  the 
mountain,  the  climate  appears  totally  changed.  When 
the  heats  at  Catania  are  infupportable,  and  the  harvclt 
entirely  over,  the  temperature  of  the  air  is  moderate 
at  Nicolofi,  and  in  many  places  the  corn  quire  green. 
Mr.  Brydone,  in  travelling  over  j^^tna,  was  ftruck 

with  the  degree  of  wildnefs  and  ferocity  which  ap- 
peared in  the  inhabitants  of  the  mountain,  and  which 

reminded  him  of  an  obfervation  made  by  the  Padre 

Y  4  delhi 
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dclla  Tore,  the  hiftoriographer  of  Mount  Vcfuvius, 

that  in  places  where  the  air  is  mofl:  impregnated  with 

fiilphiir  and  liot  exhalations,  the  people  are  always  moft 

wicked  and  vicious.  It  was  with  great  difficulty  he 

could  ptrfuade  thf  people  of  Nicolofi  to  fuffer  his 

guide  to  actfiid  him  in  the  profecution  of  his  rcfearchcs. 

'i'hi'y  were  exceHlvtly  troublcfome,  and  extrctncly 
fijfpicious  [hat  his  vicwa  were  direft«d  to  the  diicovcry 
of  fume  hidden  ircafvire,  the  only  motive  to  which 

tlicy  could  afcnbt  fo  fatiguing  a  journey.  At  length 

one  of  them  recoUfiTttd  having  heard  many  of  their 

old  people  fay,  tliat  tlie  f'nglifh  had  a  quern  that  had 
buinrin  thf  mountain  for  many  years  pall,  and  im- 

puted tht  vifita  of  fevci  al  of  that  nation  to  their  relpedl 

to  their  licccafcd  fovcreign.  Upon  enquiring  who 

this  queen  was,  they  faid  her  name  was  Anna,  diat  (he 

was  v'ifc  to  a  kinc  who  had  been  a  chriftian,  but  fhc 
liad  made  iiim  a  lierecic,  and  was  coni.Ien.ned  to  bum 

for  ever  in  M  auit  jTitn^i.     As  this  could  only  relate 
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beauty,  and  its  former  appellation.  But  in  the  dread- 

ful eruption  of  1669  it  was  again  reduced  to  the  mod 
deplorable  lleri)it7,  fince  which  it  is  once^nore  known 
by  the  name  which  denotes  its  wretchednds.  The 
eruption  that  firft  dettroyed  this  beautiful  country, 
jfilied  from  Montpelicri,  which  it  then  formed.  It 
dritroyed  a  great  number  of  villages  and  palaces,  and 
in  particular  two  noble  churches,  which  are  extremely 

regretted  on  account  of  three  ftatues,-  confidered,  at 
that  timC}  as  the  mod  perfeft  in  the  idand.  They  have 
attempted  to  recover  them,  but  in  vain,  nor  is  it  be- 

lieved they  ever  can ;  for  the  churches  were  built  of 
lava,  which  is  fuppofed  to  melt  as  foon  as  it  comes  into 
coptaft  with  a  torrent  of  newly  erupted  matter.  Mafla, 
a  Sicilian  author  of  great  credit,  affirms,  that  in  fomc 
eruptions  of  ̂ tna,  the  Uva  has  poured  down  with  fuch 
a  fudden  impetuofity,  that,  in  the  courfe  of  a  few 
hours,  palaces,  churches,  and  villages,  have  been  en- 

tirely melted  down,  and  the  whole  run  off  in  fufion. 
It  is  however  probable,  that  the  impetuous  force  of 
the  torrent,  rather  than  its  incorporating  with  the  old 
mafs,  may  in  manyofthefu  inftances  have  occafioned 
this  devaftacion.  Thus  much  at  leaft  is  certain,  that 
if  the  lava  has  had  any  confiderablc  time  to  cool,  thji 
Hngular  clFciT:  never  happens. 

The  contraft  between  the  different  pe^ops  of  jEtna 
is  extremely  ftriking.  On  entering  into  the  romantic 
fbrcfts  of  the  Regiona  Syhoja,  a  new  creation  teems 
to  arife.  The  air,  which  before  was  hoc  and  fultry, 
is  cool  and  refrefhing,  and  every  breeze  loaded  with 
delicious  perfumes  from  the  aromatic  plants,  with 
which  the  whole  ground  is  covered.  Indeed  every 
beauty,  and  every  horror  in  nature,  leems  to  be  united 
on  this  wonderful  mountain,  and  the  moft  oppofitc 
and  di0imilar  obje^s  are  promifaioully  blended  toge- 

ther* 
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then  Here  wc  obferve  a  gulph  which  threw  out  tor- 
rents of  fire,  now  covered  with  the  moft  luxurious 

verdure.  Delicious  fruits  arifing  from  what  was  but 
lately  a  black  and  barren  rock.  Delightful  flowers 
covering  the  earth,  the  furface  of  which  is  but  a  few 
yards  removed  from  lakes  cf  liquid  fire  and  brimftone. 
An  immenfe  gulph  of  fire  for  ever  exifling  iii  the 
midft  of  fnows  which  it  has  not  the  power  to  melt, 

and  immenfe  fields  of  fnow  and  ice  unceafingly  fur- 
rounding  this  gulph  of  fire,  which  they  have  not  the 
power  to  cxtinguilh. 

The  woody  region  of  ̂ tna  afcends  for  about  eight 
or  nine  miles,  and  forms  a  zone  of  the  brighteft  green 
around  the  mountain.  In  this  region,  near  the  Sft' 
hnca  del  Capriole^  or  goats  cavern,  are  two  of  the  moft 
beautiful  mountains  that  adorn  the  fides  of  ̂ tna. 

Their  hollow  craters  are.  each  of  them  confidemblf 
larger  than  that  of  Vefuvius.  They  are  now  filted 
wiih  (lately  oaks,  and  covered  with  the  richcft  foil  to 

^  great  depth.  A  mountain  at  fome  diftance,  which 
wab  formed  by  an  eruption  in  1766,  was,  in  1770,  ftiM 
on  fire )  nor  was  the  lava  by  any  means  cold.  This 

region  of  A^rna,  like  the  Re^icfie  Cuha^  is  corr.pofcd  of 
kiva  j  but  this  is  now  covered  with  fo  deep  a  layer  of 
er^rth,  that  it  is  no  where  to  be  feen,  except  in  the 
beds  of  the  torrents,  in  many  of  which  it  is  worn  down 
by  the  water  to  the  depth  of  fifty  or  fixty  feet,  and  in 
one  of  them  confiderably  more.  On  approaching  La 
Regiciie  SccpertJ^  the  trees  begin  to  aflume  a  wintry 
appearance,  and  every  cbjcd:  indicates  the  proximity 
of  barrenr^fs  and  eternal  froft. 

On  completely  bidding  adieu  to  the  vegetable  re- 

gions, an  expanfe  cf  ice  prefents  itfelf,  which  is  fuffi- 
cicnt  to  ftagger  the  moft  determined  refolution.  Above 

thefe  the  higli  fummit  of  the  mountain  rears  its  tre- 

nxnduuSk 
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mendous  head,  vomiting  torrents  of  thick  fmoke.  The 
difficulty  of  afccnding  this  part  of  the  mountain,  is 

greatly  increafcd  by  the  uncertainty  of  a  fecure  foot- 
ing; for  the  furface  of  the  mountain  being  hot  below, 

frequendy  melts  the  fnow  in  particular  fpors,  and  forms 
pools  of  water  where  it  is  impoffible  to  forefte  the 
dangers  fometimcs,  likcwife,  it  happens  that  the  fur- 
face  of  the  water,  as  well  as  the  fnow,  is  covered  with 
black  alhes,  which  render  it  exceedingly  deceitful. 
At  fiift  the  afcent  is  not  fo  deep,  but  it  becomes  fo  by 
degrees.  In  this  region  are  the  remains  of  an  ancient 
ftrufture  called  11  T^orre  del  Filcjofoy  and  fuppofcd  to 
have  been  built  by  Empedocles,  a  native  of  Agrigen- 
tum,  who  is  faid  to  liavc  died  4C0  years  bef(;re  the 
cbriftian  era.  His  vanity,  perhaps,  rather  than  his 

philofophy-  led  him  to  this  elevated  fituation,  Dcfi- 
rous  of  being  regarded  as  a  god,  he  is  recorded  to 
have  thrown  himfelf  into  the  great  gulph  of  JEinZy  in 
hopes  ihut  the  people  would  imagine  he  had  been 
taken  up  to  heaven,  and  never  fuppofing  that  his 
death  woi:ld  be  diicovered  to  mankind.  But  the 

treacherous  mountain  threw  out  his  flippers,  which 
ivcrc  of  brafs,  and  announced  to  the  world  the  fate 

of  the  pretended  philofopher,  who  preferred  an  airy 
£une,  which  he  was  beyond  the  reach  of  enjoying,  to 
the  folid  advantages  of  exiftence,  and  who  was  con- 

tent to  purchafe  the  admiration  of  an  ignorant  mul- 
ntude  with  the  meannels  of  deceit,  and  the  facrifice  of 

Many  ftriking  remains  of  the  great  erupdon  in  1669 
are  (till  to  be  leen,  and  will  long  continue  as  memo- 

rials of  that  dreadful  event  which  overwhelmed  Cata- 

isjaj    and   all    the   adjacent   country.      Tremendous 

*  See  prefcnt  flate  of  Sicily  and  Malta. 

earthquakes 
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carthqual^es  (hook  the  ifland,  and  loud  fi.iblerranefiu» 

bcUowirgs  were  heard  in  the  mountain.  During — 
fome  weeks,  the  fun  ceafed  to  api>car,  and  the  dif 

f'eemed  changed  into  night.  Bordli,  who  wai  a  Vtt- 
ncfs  to  thcle  terrible  phenomena,  fays,  that  at  lengths 

rent,  twelve  miles  in  Itngtii,  was  opened  in  the  moun- 
tain, in  fome  places  of  whirh,  when  they  threw  down 

(lones,  they  could  not  hear  them  rearh  the  bottom. 

Burning  rocks,  fixty  palms  In  length,  were  thrown  M 

the  diftaiice  of  a  miL-,  and  leiTer  (lones  were  earned  , 
three  nnilcs.  After  tiie  moft  violent  ftruggles,  and  s 

Jhaking  of  the  whole  iflind,  an  imnienle  torrent  oT"" 
lava  gulhed  from  the  rent,  and  fprung  up  into  the  air 

to  the  heighih  of  fixty  palms,  whence  it  poured  dom 

the  mounrain,  and  overwhelmed  every  object  in  its  wiy 

in  one  promifcuous  ruin. 
This  deftruifliivc  torrent,  which  biirft  from  the  CJ: 

of  /Etna  at  a  place  called  Ricini,  ruflied  impeiuouCy 

againft   the  beautiful  mountain  of  Mnntj.K-lit.Ti,  iffll 
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hort  time,  to  the  great  aftonifliment  of  the  fptftators, 

jqgan  to  move  awav,  and  v/as  carried  by  the  torrent 
»  a  confiderable  diftarcc.  In  1770  fome  remains  of 

iiis  vineyard  were  dill  to  be  feen,  but  the  greater  pare 
>f  it  was  entirely  deftroyed. 

In  vain  did  the  terrified  Inhabitar.rs  of  Catania  recur 

!br  prorcftion  to  the  miraculous  veil,  or  expect  defence 
Torn  the  lofty  v/alls  of  their  city.  After  dcftroying 
[everal  convents,  churches,  and  vilbges,  this  fiery 
cwrrcnt  direded  its  courfe  to  Catania,  where  it  poured 

impctuoufliy  over  the  ramparts,  which  are  near  fixty 
feet  in  height,  and  covered  up  five  of  its  baftions,  with 

the  intervening  curtriins.  After  laying  wafte  a  great 
part  of  this  beautiful  city,  and  entirely  dcftroying 
fcycral  valuable  remains  of  antiquity,  its  further  pro- 
greft  was  Hopped  by  the  ocean,  over  whofe  banks  it 

poured  its  deftruftive  current.  In  its  courfe  from  the 
rent  in  the  mountain,  till  its  arrival  in  the  fca,  it  is  faid 

to  hayc  totally  deftroyed  the  property  of  near  thirty 
choufand  perfons. 

Still  however  did  the  infatuated  inhabitants  of  Ca- 

tania adhere  to  the  remans  of  their  almoft  ruined  city, 
nor  did  even  the  more  dreadful  calamity  with  which 
they  were  afterwards  vifited,  abate  their  attachment. 

Xwcnty-four  years  after  the  fatal  eruption  of  1669, 
a  violent  earthquake,  which  extended  along  all  the  ea(l- 
cm  coaft,  and  deftroyed  in  one  hour  more  than  fixty 
thoufand  perfons,  overthrew  the  remaining  buildings 
of  Catania,  and  buried  a  very  confidcrable  number  of 
its  inhabitants  under  the  ruins  of  their  houfes  and 

churches ;  but  again  the  place  was  rebuilt,  a  new  and 
elegant  plan  was  adopted,  and  the  city  is  now  much 
handfomer  than  before.  The  principal  ftreets  are 
wide,  ilrait,  and  well  paved  with  lava.  The  catbe(J:al, 

which  was  founded  in  the  ycrar  1094,  has  AifFcred  fo  ̂ 
greatly 
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greatly  from  earthquakes,  that  a  very  fmall  part  of  il 
oiiginal  (Irufture  remains.  The  other  religious  edilia 
arc  profuftly  ornamented,  but  in  a  bad  rafte. 

But  if  the  united  cfTcifls  of  attachment  to  their 

native  foil,  of  contempt  for  dangers  to  which  they  are 
habituated,  and  of  confidence  in  the  miraculous  vcU, 
have  occafioned  the  wonderful  adherence  of  the  Cata- 
nians  ro  this  tlangerous  Situation  from  which  thcv  have 
lb  fcvercly  fuffcrcd,  it  muft,  however,  be  confcficd, 
that  they  have  fometimes  derived  advantages  from 
the  very  evils  wliich  they  have  fo  much  reafon  to 
dread.  They  were  always  in  great  want  of  a  port, 

■with  which  they  were  furnllhed  by  one  of  thofc  ca- 
pricious changes  which  nature  fo  frequently  makes 

in  this  evtj  varying  fpof.  A  tlream  of  lava  running 
into  the  fea,  formed  a  mole,  which  no  cxpenre  cOuW 
have  fLirniHicd  them  with.  This  advanciigc,  however, 
proved  but  temporary;  there  remained  for  fume  time 
a  fafe  and  commodious  harbour,  but  by  a  fubfcquent 
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years  paft  had  iffued  from  near  the  fummir,  and  ran 
in  finail  channels  in  different  direftions  down  the 

flan'KSofthe  mountain,  and  from  running  in  covered 
channtis,  had  often  an  oppcarancc  as  if  they  came  im- 

mediately out  of  the  fides  ot  ■Vefuvius,  biic  fuch  lavaa 
had  not  fofficient  force  to  reach  t!ic  cuitivactd  parrs 
at  the  foot  of  the  mountain.  In  the  year  1779,  the 
whole  qnaniity  of  t}ie  lava  in  ftifion  having  been  at 
once  thrown  up  with  violence  out  of  the  crater  of 
Vefuvius,  and  a  great  pare  of  it  falling,  and  cooling 
on  its  cone,  added  much  to  the  fjjidity  of  the  walls  of 
this  huge  natural  chimney,  arKl  had  not  of  late  years 
allowed  of  a  fufficient  difcliarge  of  lava  to  calm  that 
fermentation,  which  by  the  fubtcrraneous  ncnfes  heard 
at  times,  and  by  the  explofions  of  fcorln:  and  alhes, 
was  known  to  cxiil  within  the  bowels  of  tiie  volcano; 
fo  that  the  eruptions  of  late  years,  before  this  laft,  were 
fimply  from  the  lava  having  boiled  over  the  crater, 
the  fides  being  fufficicntly  ftrong  to  confine  it,  and 
oblige  it  to  rife  and  overflow.  The  mountain  had 
been  rernarkably  quiet  for  feven  months  before  the 
late  eruption,  nor  did  the  ufual  fmoke  ilTue  from  its 
crater,  but  at  times  it  emitted  fmall  clouds  of  fmoke 

that  floated  in  the  air  in  the  fhape  of  little  trees.  It 

was-' remarked  by  the  Fadier  Antonio  di  Perrlzzi,  a 
capuchin  friar  (who  printed  an  account  of  the  lase 
eruption)  from  his  convent  clofe  to  the  unfortunate 
town  of  Torre  del  Greco,  that  for  fomc  days  preceding 
this  eruption,  a  thick  vapour  was  fcen  to  furround  the 
mountain,  about  a  quarter  of  a  mile  beneath  its  crater, 
and  it  was  obfervcd  by  him  and  others  at  the  fame 
time,  that  both  the  fun  and  the  moon  had  often  an 
iinufual  rcddifh  caft. 

The  water  of  the  great  fountain  at  Torre  del  Greco 

'hegan  to  d.'creafe  fomc  days  ixforc  the  cr'ipcion,  fo 
8  ■     thit 
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tliac  the  wheels  of  a  corn-mill,  worked  by  that  water, 
moved  very  Qowly ;  it  was  neceflary  in  all  the  other 
wells  of  the  town  and  its  neighbourhood  to  lengthen 
the  ropes  daily,  in  order  to  reach  the  waier;  and 
fome  cf  the  wells  became  quite  dry.  Although  moft 
of  the  inhabitants  were  fenfible  of  this  phenomenon, 
not  one  of  them  fcems  to  have  fufpet-^cd  the  true 
caufe  of  it.  Eight  days  alfo  before  the  eruption,  a 
man  and  two  boys,  being  in  a  vineyard  above  Torre 
del  Greco  (and  prccifdy  on  the  fpot  where  one  of  the 
new  mi.uths  opened,  whence  the  principal  current  of 
lava  that  dcflroyed  die  town  iffued)  were  much 
alarmed  by  a  fudden  puff  of  fmokc  which  iffucd  from 
the  earth  clofc  to  them^  atid  was  attended  with  a  Qight 
CKplonon. 

Had  tiiis  circumftance,  with  that  of  the  fubtcrrancous 
noilcs  heard  at  Rellna  for  two  days  before  the  eruption 
(with  the  additional  one  of  the  dccreafe  of  water 
in  the  wells)   been    communicated   at   the   lime, 



Chap.  47.]     Prece^d  iy  an  Earthquake.  337 

obferved  by  his  cleftrometersj  that  the  atmofphere 
was  charged  in  cxccfs  with  the  cleiflric  fluid,  and  con- 

tinued fo  for  fevcral  days  during  the  eruption. 

'  About  eleven  o'clock  on  the  night  of  the  1 2th  of 
June,  the  inhabitants  of  Naples  were  all  fenfible  of  a 
violent  (hock  of  an  earthquake  j  the  undulatory  motion 
Was  evidently  from  call  to  weft,  and  appeared  to  have 
laftcd  near  half  a  minute.  The  fky,  which  had  been 
quite  clear,  was  foon  after  covered  with  black  clouds. 
The  inhabitants  of  the  towns  and  villages,  which  are 
very  numerous  at  the  foot  of  Vefuvius,  felt  this  earth- 

quake ftill  more  fenfibly,  and  fay,  that  the  ftiock  ac 
firft  was  from  the  bottom  upwards,  after  which  fol- 

lowed the  unduladon  from  caft  to  weft.  This  earth- 

{juake  extended  all  over  the  Campagna  Felice  j  and 
tlie  royal  palace  at  Caferta,  which  is  fifteen  miles  from 
Naples,  and  one  of  the  moft  magnincent  and  folid 
.buildings  in  Europe  (the  walls  being  eighteen  feet 
thick)  was  fhaken  in  fiich  a  manner  as  to  caufe  great 
alarm,  and  all  the  chamber  bells  rang.  It  was  like- 
wile  much  felt  at  Beneventum,  about  thirty  miles  from 
Naples;  and  at  Ariano  in  Puglia,  which  is  at  a  much 
greater  diftance;  both  thefe  towns,  indeed,  have  been 
often  afflided  with  earthquakes. 

On  Sunday  the  15th  of  June,  foon  after  ten  o'clock 
at  night,  another  Ihock  of  an  earthquake  was  felt  at 
Naples,  but  did  not  appear  to  be  quite  fo  violent  as 
that  of  the  12th,  nor  did  it  laft  fo  long;  at  the  fame 
moment  a  fountain  of  bright  fire,  attended  with  a  very 
black  fmoke  and  a  loud  report,  was  (een  to  ilTue,  and 
rife  to  a  great  Iieight,  from  about  the  middle  of  the 
cone  of  Vefuvius;  foon  after  another  of  the  fame 
kind  broke  out  at  fome  little  diftance  lower  down ; 

then,  as  is  fuppofed  by  the  blowing  up  of  a  covered 
channel  full  of  red  hot  lava,  it  had  the  appearance  as  if 

Vol.  II.  Z  the 
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tlie  lava  had  taken  its  coiirfe  diredly  up  the  ftecp 
cone  of  the  volcano.  Fredi  fountains  fuccceded  one 

another  haflily,  and  all  in  a  direft  line  tending,  for,. 
about  a  mile  and  a  half  down,  towards  the  towns  of 
Refina  anu  Torre  del  Greco.  Sir  William  Hamilton 
could  count  fifteen  of  them,  but  believes  there  were 
others  obftiired  by  the  fitioke,.  It  feems  probable, 
that  all  thefe  fountains  of  fire,  from  their  being  in. 
Inch  an  es.id  line,  proceeded  from  one  and  the  fame , 
lung  fillure  down  the  flanks  of  the  mountain,  and 
that  the  lava  and  odier  volcanic  matter  forced  its  way, 
nitt  of  the  wideft  parts  of  the  crack,  and  formed  ■ 
tlicre  the  little  mountains  and  craters  that  will  be  dc- 
li-Tibcd  in  their  proper  place.  It  is  impoflJble  tliat  ̂ 
a:!y  defcription  can  give  an  idea  of  the  blazing  fcene,  - 
or  of  the  horrid  noifes  that  attended  this  great  opera-, 
tion  of  nature.  It  was  a  mixture  of  the  loudeft 

thunder,  with  inceffiint  reports,  like  thofc  from  a  nu- 
merous heavy  artillery,  accompanied  by  a  continued 

hollow  murmur,  like  that  of  the  roaring  of  the  ocean 
during  a  violent  ftorm  j  and,  added  to  thefe  was  ■ 
another  blowing  noife,  like  that  of  the  afcetiding  of  ̂  

large  iiight  of  flvy-rockets,  or  that  which  is  produced 
by  the  aclion  of  the  enormous  bellows  on  the  furnace  ■ 
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light,  began  to  be  obfcured ;  the  moon  had  prefently 
the  appearance  of  being  in  an  eclipie^  and  foon  after 
was  totally  loft  in  obfcurity.     The  murmur  of  th^ 

prayers  and  lamentations  of  a   numerous   populace 
forming  various   proceflions,   and    parading   in    the 
ftrcetSi  added  to  the  horror.     As  the  lava  did  not 

appear  to  have  yet  a  fufficient  vent,  and  it  was  now 
evident  that  the  earthquakes  already  felt  had  been 
occaiioned  by  the  air  and  fiery  matter  confined  within 
the  bowels  of  the  mountain,  and  probably  at  no  fmall 
dq^th  (confidering  the  extent  of  thofe  earthquakes) 
Sir  William  recommended  to  the  company  that  was 

"With  him,  who  brgan  to  be  much  alani.ed,  rather  to 
go  and  view  the  mountain  at  fome  greater  difrance,  and 
in  the  open  air,  than  to  remain  in  the  houfe,  which 
was  on  the  fea  fide,  and  in  the  part  of  Naples  that  is 

neareil  and  moft  expofcd  to  Vefuvius.    They  accord- 

ingly proceeded  to  Pofilipo,  and  viewed  the  confla- 
gration, now  become  ftill   more  confiderable,  from 

the  Ica-fide  under  that  mountai:i ;  but  whether  from 
the  eruption  having  increafcd,  or  from  the  loud  reports 
of  the   volcanic   explofions   being   repeated   by  the 
mountain  behind  them,  the  noife  was  much  louder, 

and  more  alarming  than  that  they  had  heard  in  tlicir 
firft  pofition,  ai  leaft  a  mile  nearer  to  Vefuvius,     After 

fome  time,  and  which  was  about  two  o'clock  in  the 
morning  of  the  16th,  having  obfervcd  that  the  lavas 
ran   in   abundance,  freely,  and  widi   great  velocity, 
having  made  a  confiderable  progrefs  towards  Rcfina, 
the  town  which  it  firft  threatened,  and  that  the  fiery 
vapours  which  had  been  confined  had  now  free  vent 
through  many  parts  of  a  crack  of  more  than  a  mile 
and  a  half  in  length,  as  was  evident  from  the  quantity 
of  infiam/^d  matter  and  black  fmoke,  which  continued 
to  iOuc  from   the   new   months    above    mentioned^ 

Z  f  without 
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without  any  interruption,  our  author  concluded  riiat 
at  Naples  all  danger  from  earthquakes,  which  had 
been  his  greateft  apprehenfion,  was  totally  removed, 
j^d  he  returned  to  his  former  ftation  at  St.  Lucia  at 
Naples. 

AH  this  time  there  was  not  the  fmalleft  appearance 
of  fire  or  fmoke  from  the  crater  on  the  fummic  of 

Vefuvius ;  but  the  black  fmoke  and  aflaes  iflfuing  con- 
tinually from  fo  many  new  mouths,  or  craters,  formed 

ail  enormous  and  denfe  body  of  clouds  over  the  whole 
mountain,  and  which  began  to  give  figns  of  being 
replete  with  the  eleftric  fluid,  by  exhibiting  flaflies  of 
tliat  fort  of  zig-zag  lightning,  which  in  the  volcanic 
language  of  the  country  is  called/^////,  and  which  is 
the  conftant  attendant  on  the  moft  violent  eruptions. 

Sir  William  Hamilton  proceeds  to  remark,  that 
during  thirty  years  that  he  had  refided  at  Naples,  and 
in  which  fpace  of  time  he  had  been  witncfs  to  many 
eruptions  of  Vefuvius,  of  one  fort  or  other,  he  never 
faw  the  cloud  of  fmoke  replete  with  the  eleftric  fire, 

exccLpt   in   the   two   great   eruptions   of  1767,    that 
of  1779,  and  during  this  more  formidable  one.     The 
cleft ric  lire,  in  the  year  1779,  ̂ ^^^  played  conftantly 
vtithin  the  enormous  black  cloud  over  the  crater  of 

Vefuvius,  and   fcldom  quieted  it,  was  exadlly  fimilar 
to  that  which  is  produced,  on  a  very  fmall  fcale,  by 
the  condufcor  of  an  clcdtrical  machine  communicating 
v/ich  an  infulated  phue  of  glafs,   thinly  (pread  over 
with  metallic  filings,  &:c.  when  the  eleftric  matter  con- 

tinues to  play  over  ir  in  zig-lag  lines  without  quitting 
it.     He  v/as  not  fcnfible  of  any  noife  attending  that 
operation    in    17791    whereas    the   difcharge    of  the 
cledrical  matter  from  the  volcanic  clouds  during  this 
eruption,  and  particularly  the  fecond  and  third  days, 
caultd  explofuns  like  thMe  of  the  loudcft  thunder; 

and 
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and  indeed  the  ftorms  raifed  evidently  by  the  fole 
power  of  the  volcano,  refemblcd  in  every  refpeft  all 

other  thunder-ftorms  i  the  lightning  falling  and  dc- 
ftroying  every  thing  in  its  courfe.  The  houfe  of  the 
Marquis  of  Berio  at  St,  Jorio,  fituate  at  the  fooC  of 
Vcfuvius,  during  one  of  thefe  volcanic  ftorms  was 
ftruck  with  lightning,  which  having  fliattered  many 
doors  and  windows,  and  damaged  the  furniture,  left 
for  fomc  time  a  ftrong  fmell  of  fulphur  in  the  rooms 
it  palled  through.  Out  of  thefe  gigantic  and  volcanic 
clouds,  befides  the  lightning,,  both  during  this  eruption 
and  that  of  1779,  ̂ ^^  author  adds,  he  had,  with  many 
others,  feen  balls  of  fire  iflue,  and  fomc  of  a  confi- 
derable  magnitude,  which  burfting  in  the  air,  produced 
nearly  the  fame  effeft  as  that  from  the  air-balloons  in 

fire-works,  the  eleftric  fire  that  came  out  having  the 
appearance  of  the  ferpents  with  which  thofe  fire-work 
balloons  are  often  filled.  The  day  on  which  Naples 
was  in  the  greateft  danger  from  the  volcanic  clouds,  two 
fmall  balls  of  fire,  joined  together  by  a  fmall  link  like 

a  chain- (hot,  fell  clofe  to  his  Cafino  at  Pofilipo;  they 
ieparatedi  and  one  fell  in  the  vineyard  above  the  houfe, 
and  the  other  in  the  fea,  fo  clofe  to  it  that  he  heard  the 

Iplafli  in  the  water.  The  Abbe  Tata,  in  his  printed 
account  of  this  eruption,  mentions  an  enormous  ball 
of  this  kind  which  flew  out  of  the  crater  of  Vcfuvius 

while  he  was  ftanding  on  the  edge  of  it,  and  which 
burft  in  the  air  at  fome  diftance  from  the  mountain, 
fbon  after  which  he  heard  a  noife  Uke  the  fall  of  a 

number  of  ftones,  or  of  a  heavy  ftiower  of  hail.  Dur- 
ing the  eruption  of  the  15  th  at  night,  few  of  the 

inhabitants  of  Naples,  from  the  dread  of  earthquakes, 
ventured  to  go  to  their  beds.  The  common  people 
were  cither  employed  in  devout  proceflTions  \n  the 
ItreetSj  or  were  fleeping  on  the  quays  and  open  places  5 

Z  3  the 
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the  nob:li-y  and  gentry,  having  caufed  their  horfes 
to  be  taken  from  their  carriages,  flept  in  them  in  the 

Iquares  and  open  places,  or  on  the"  high  toads  juft  out 
of  the  town.  For  fevcral  days,  whiie  the  volcanic 
Ihirms  of  chunJcr  and  lightning  lafted,  the  inhabitants 
nt  the  foot  of  the  volcano,  both  on  the  fca  fide  and  the 
Somma  fide,  were  often  fenfibtc  of  a  rremor  in  the 
earth,  as  well  as  of  the  concuffions  in  the  air,  but  at 

Nnples  only  the  (:arthq!'aki.'s  of  the  I2thand  15th  of 
June  were  diftinftly  and  univcrfaliy  felt:  this  fair  city 
could  not  certainly  have  refiftcd,  had  not  thofe  earth- 

tjujkesbeen  foitunately  of  a  Ihort  duration. '  Through- 
out this  eruption,  which  continued  in  force  about  ten 

d.-!ys,  till-  fever  of  the  mountain,  as  has  been  remarked 
in  former  eruptions,  fliowcd  itieif  to  be  in  fome  meafure 
periodical,  and  generally  was  moft  violent  at  the  break 
of  day,  at  noon,  and  at  midnight. 

About  four  o'clock  in  the  morning  of  the  i6th,  the 
cr.itt-r  of  Veluvius  began  to  ihow  Ggns  of  being  open, 
by  fome  black  fmoke  iffuing  out  of  it ;  and  at  day- 



•I  :^ 

y 





Chap.  47.]  'town  of  Torn  del  Greco  dejiroycd.  343 
the  ferilli,  or  volcanic  lightning,  was  frequcmfy  vifiblc, 

even  in  rhc  day  time.  About  five  o'clock  in  tlic 
■  morning  of  the  1 6th,  the  lava  which  had  firfl:  broken 
out  from  the  fevcral  new  m\:uths  on  the  Ibuth  fide  of 

the  mountain,  had  reach^'d  the  fea,  and  was  running 
into  it,  having  overwhelmed,  burnt,  and  deftroycd  the 
^rrattft  part  of  Torre  del  Greco,  tiie  principal  ftream 
of  lava  having  taken  its  courfe  through  the  very 

'center  of  die  town  (fee  plate  II.)  *.  They  obfervcj 
from  Naples,  that  when  the  lava  was  in  the  vineyards 
in  its  way  to  the  town,  there  iflued  often,  and  in 
tlifierent  parts  of  it,  a  bright  pale  flame,  and  very 
difTcrent  from  the  deep  r«d  of  the  lava }  diis  was  oc- 
cafioned  by  the  burning  of  the  trees  that  fupported 
the  vines.  Soon  after  the  beginning  of  this  eruption, 
alhcs  fell  thick  at  the  foot  of  the  mountain,  all  the 

way  from  Portici  to  the  Torre  del  Greco }  and  what 
is  remarkable,  although  there  were  not  at  that  time 
ai^  clouds  in  the  air,  except  thofe  of  ftiioke  from  the 
nlDuntain,  the  alhcs  were  wet,  and  accompanied  with 

large  drops  of  water,' whicli  were  to  the  tiifte  very  fait  j the  road,  which  is  paved,  was  as  wet  as  if  there  had 
been  a  heavy  fhower  of  rain.  Thofe  afhes  were  black 
and  coarfe,  like  the  fand  of  the  fea-fliorc,  whereas 
thofe  that  ffU  there,  and  at  Naples  fomc  days  afrer, 

Were  of  a  light-grey  colour,  and  as  fine  as  Spanilh 
fnuff,  or  powdered  bark.  They  contained  many  fa- 
line .  particles ;  thofe  alhes  that  lay  on  the  ground, 
eicpofed  to  the  burning  fun,  had  a  coat  of  tlic  whiteft 
powder  on  their  furfacc,  which  to  the  tafte  was  ex- 

•  Tbii  vi<*  was  taken  from  a  boat  on  the  fcj  rsar  that  town, 
abont  five  in  the  morning  of  the  i6ih  of  June,  and  while  the  lava 
yiaA  Ail t  advancing  in  the  fea.  The  rocki,(m  ivliicharc  iwo  figurei 
near  the  boat,  were  formed  by  a  lava  that  ran  into  the  fea  during 

)     «  formei  eruption  of  Mount  \'L'fuvius, 
Z  4  trcmcly 
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trenie)y  lal;  and  pungent.  In  the  printed  account  of 
the  eruption  by  Emanuel  Scotti,  doftor  of  phyfic  and 

prnfi-lfor  of  pl/ilofopliy  in  the  imiverfity  of  Naples,  he 
fupp^'lcs  (which  appears  to  be  highly  probable)  that 
the  watiT  which  accompanied  the  fall  of  the  alhes  at 

the  bi-ginning  of  che  eruption,  was  produced  by  the 
mixrurc    of   tlii    inflammable    and    dephlogifticated 

By  the  tinne  that  the  lava  had  reached  the  fea,  be- 

tween live  and  fix  o'cluck  in  the  morning  of  the  i6di, 
Vefuvius  was  fo  compk'Cely  Involved  in  darknefs,  that 
the  viuk'nt  opcra:ion  of  nature  tliat  was  going  on  there 
could  no  longer  be  difctrned,  and  fo  it  remained  for 
feveral  daysj  but  the  dreadful  noife,  and  the  red  tinge 
on  the  clouds  over  the  top  of  the  mountain,  were  evi- 

dent llgns  of  the  aftivity  of  the  fire  underneath.  The 
lava  ran  but  flowly  at  Torre  del  Grtco  after  it  had 

reached  the  K'a ;  and  on  the  i7ch  ofjune  in  the  morn- 
ing, its  courfc  was  fl:oppcd,  excepting  that  at  times  a 

little    rivui;-c    of    liquid   fire    liTued  from    under   the 
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wafhcd  the  foot  of  this  new  formed  promontory :  and 
although  our  author  was  at  leaft  a  hundred  yards  from 
itj  obfcrving  that  the  fca  fmoked  near  his  boat,  he  put 
his  hand  into  the  water,  whi9h  was  literally  fcalded ; 
and  by  this  time  his  boatmen  obfcrved  that  the  pitch 
from  the  bottom  of  the  boat  was  melting  faft,  and 
floating  on  the  furface  of  the  fea,  and  that  the  boat 
began  to  leak ;  he  therefore  retired  haftily  from  thift 
fpot,  and  landed  at  fome  diftance  from  the  hot  lava. 
The  town  of  Torre  del  Greco  contained  about  1 3,ooo 
inhabitants,  all  of  whom  (except  about  15,  who  froni 
either  age  or  infirmity  could  not  be  moved,  and  were 
overwhelmed  by  the  lava  in  their   houfcs)   efcaped 
either  to  Caftel-a-mare,  which  was  the  ancient  Sta- 

bise,  or  to  Naples;  but  the  rapid  progrefs  of  the  lava 
was  fuch,  after  it  had  altered  its  courfe  from  Refma, 
which  town  it  firft  threatened,  and  had  joined  a  frefh 

lava  that  iffued  from  one  of  the  new  mouths  in  a  vine- 

yard, about  a  mile  from  the  town,  that  it  ran  like  a 
torrent  over  the  town  of  Torre  del  Greco,  allowing  the 

unfortunate  inhabitants  fcarcely  time    to   favc  their 

lives ;  their  goods  and  efFefts  were  totally  abandoned, 
and  indeed  feveral  of  the  inhabitants,  whofe  houfes  had 

been   furrounded  with  lava  while  they  remained  in 

them,  efcaped  from  them,  and  faved  their  lives  the 

fbllowino-  day,   by  coming  out  of  the  tops  of  then* 
houfes,  and  walking  over  the  fcorias  on  the  furface  of 

the  redhot  lava.     Five  or  fix  old  nuns  were  taken  out 

of  a  convent  in  this  manner,  on  the  i6th  of  June,  and 

carried  over  the  hot  lava ;  their  ftupidity  was  fuch,  as 

not  to  have  been  the  leaft  alarmed,  or  fenfible  of  their 

danger :  one  of  upwards  of  ninety  years  of  age  was 
found  aftually  warming  herfclf  at  a  point  of  redhot 

Java,  which  touched  the  window  of  her  cell,  and  which (he 
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{'.  c  liiid  wa5  very  conifoi  tabic  i  and  though  now  ap- 
pri-^fjtl  of  tiicir  danger,  they  were  flrill  very  unwillmg 
:o  k-iive  the  ccnvcnt.  In  which  they  had  been  fhut  up 
.Tltiiofl:  frcin  ihcir  infancy,  their  ideas  being  as  limited 

?s  [he-  Ijjace  tliey  inhabittd.  Having  been  def7rcd  to 

j!iiL-k  U[i  whitcver  tht'y  iiad  that  was  moft  valuable, 
ihty  all  io-ided  diemfclves  with  bifcuits  and  fweet- 
iTiLUtSj  and  it  was  but  by  accident  it  was  difcovercd 

th.nt  they  had  left  a  fiim  of  money  behind  them,  which 
wa.'.  recovered  fur  them. 

The  lava  pafTed  over  the  center  and  bcfl  part  of 

the  tL'\\n;  no  part  of  the  cathedral  remained  above 
it,  excc[.it  the  upper  part  of  a  Iquare  brick  tower,  in 
which  were  the  bclisj  and  it  is  a  curious  circumfVancf, 

that  thofe  bells,  although  they  were  neither  cracked 

nor  iritltcd,  were  deprived  of  their  tone  as  much  as  if 

tlicy  had  been  cracked.  When  the  lava  firft  entered 

[lie  fca  it  threw  up  the  water  to  a  prodigious  hciglu; 

id  paiticiilarly  when  two  points  of  lava  met  and 
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the  greateft  force.  He  often  heard  little  explofiona, 
^d  faw  that  they  blew  up,  like  little  mines,  fragments 
of  the  fcorise  and  aftics  into  the  airj  ihefc  he  fuppofes 

to  have  been  occafioncd  either  by  rarefied  air  in  con- 
fined cellars,  or,  perhaps,  by  fmall  portions  of  gun- 

powder taking  fire,  as  few  in  that  country  are  without 
a  gun  and  fome  little  portion  of  gunpowder  in  their 
houfes.  As  the  church  feafis  there  are  ufually  attended 
with  fireworks  and  crackers,  a  firework-maker  of  the 
town  had  a  very  great  quantity  of  fireworks  ready 
made  for  an  approaching  fcaft,  and  fume  gunpowder, 
all  of  which  had  been  Ihuc  up  in  his  houft:  by  the  lava, 
a  part  of  which  had  even  entered  one  of  the  rooms ; 
yet  he  aftually  faved  all  his  fireworks  and  gunpowder 
ibme  days  after,  by  carrying  them  fafcly  over  the  fco- 
rue  of  the  lava,  while  it  was  redhot  underneath.  The 
heat  in  the  ftrcets  of  the  town,  at  this  time,  was  {o 
great  as  to  ftiife  the  thermometer  to  very  near  one 
hundred  degrees,  and  dole  to  the  hot  lava  it  rofe  much 
higher.  Sir  William  remarked  in  his  way  home,  that 
there  was  a  much  greater  quantity  of  the  petroleum 
floating  on  the  furface  of  the  fea,  and  difFuCng  a  very 
ftrong  and  ofFenfive  fmell,  than  was  ufual;  for  at  all 
tinies  in  calms,  patches  of  this  bituminous  oil  are  to 
be  feen  fioating  on  the  furface  of  the  fea  between  Por- 
tici  and  Naples,  and  particularly  oppofite  a  viliage 
called  Pletra  Bianca.  The  minute  alhcs  continued 

falling  at  Naples  ;  and  the  mountain,  totally  obfcured 
by  them,  continued  to  alum  the  inhabitants  with  re- 

peated loud  explofions. 
On  Wednefday  June  1 8,  the  wind  having  for  a  Qiort 

jpace  of  time  cleared  away  the  thick  cloud  from  the 
top  of  Vefuvius,  it  was  now  difcovered  that  a  great 
part  of  its  crater,  particularly  on  the  weft  fide  oppofite 
Naples,  had  fallen  in,  ̂vhich  it  probably  did  about  four o'clock 
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o'clock  in  the  morning  of  that  day,  as  a  violent  fhock 
of  an  earthquake  was  fch  at  that  moment  at  Rcfira, 
«nd  other  parts  fituate  at  the  foot  of  the  volcano.  The 

clouds  of  J'tnoke,  mixed  with  the  afhes,  wercoffocha 
tienfity  as  ro  appear  to  have  the  greateft  difficulty  in 

forcing  their  pafl'age  out  of  the  now  widely  extended 
mouth  of  Vefuvius,  which,  fince  the  top  fell  in,  is  de- 
fcribcd  as  not  much  fhorc  of  two  miles  in  circumfe- 

rence. One  cloud  heaped  on  another,  and  ruccecding 
one  another  incdfantly,  formed  in  a  few  hours  fuch  ■ 
gigantic  and  elevated  column  of  the  darkcft  hue  ovrt 
the  mountain,  as  fccmed  to  threaten  Naples  with  itn» 
mediate  dcflm^Icn,  having  at  one  time  been  bent  wtS 
the  city,  and  appearing  to  be  much  too  maflivc 
poniWrous  to  remain  long  fufpendcd  in  the  air;  itWttiC 
befides,  replete  with  the  fcrlili,  or  volcanic  lightn^d; 
which  was  ftronger  than  common  lightning,  juftr.i 
Pliny  the  younger  defcrlbes  it  in  one  of  his  lectentf 
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mtain,  ic  appeared  like  a  molehill,- although  die 
endicukr  height  of  Vefuvius,  from  the  level  of  the 
is  more  than  three  thoufand  fix  hundred  feet.  The 

■  Braccini,  as  appears  in  his  printed  account  of 
sruption  of  Mount  Vefuvius  in  1631,  meafured 
a  quadrant  the  elevation  of  a  nia5  of  clouds  of 
ame  nature,  which  was  formal  over  Vefuvius  dur- 
:hat  great  eruption,  and  found  it  to  exceed  thirty 
s  in  height.  Or.  Scotti,  in  his  printed  account 

lis  eruption,  fays,  that  the  height  of  this  threat-  ' 
cloud  of  fmoke  and  aflies,  meafured  from  Naples, 
found  to  be  of  an  elevation  of  thirty  degrees, 
he  llorms  of  thunder  and  lightning,  attended  at 
:s  with  heavy  falls  of  rain  and  aflies,  caufing  the 
:  dcftruftive  torrents  of  water  and  glutinous  mud, 
ed  with  huge  ftones,  and  trees  torn  up  by  tlie 
:s,  continued  more  or  lefs  to  afflift  the  inhabitants 
)oth  fides  of  the  volcano  until  the  7  th  of  July, 
n  the  laft  torrent  deftroyed  many  hundred  acres  of 
ivared  land,  between  the  towns  of  Torre  del  Greco 

Torre  dcU'  Annunziuta.  Some  of  thefc  torrents, 
1  on  the  fta  fide  and  tlie  Somma  fide  of  the  moun- 
,  came  down  with  a  horrid  rufliing  noife;  and 
c  of  them,  after  having  forced  their  way  through 
narrow  gullies  of  the  mountain,  rofe  to  the  Iieight 
lore  than  twenty  feet,  and  were  near  half  a  mile  in 
fit.  The  mud,  of  which  the  torrents  were  com- 
d,  being  a  kind  of  natural  mortar,  completely  cafed 
ind  ruined  Tome  thoufand  acres  of  rich  vineyards; 
it  foon  becomes  fo  hard,  that  nothing  Icfs  than  a 
axe  can  break  it  up. 

"he  laudable  curiofityof  our  author  induced  him  to 
:pon  Mount  Vefuvius,  as  foon  as  it  was  confiftcnt 
1  any  degree  of  prudence,  which  was  not  until  the 
1  of  June,  and  even  then  it  was  attended  with  fomc 
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lilk.  I'll'-  cr.itcr  of  Vcfuvim,  except  at  (hort  inter- 
vals 'i^d  b^^.■n  continually  obJcurcd  by  the  volcanic 

fluU'Js  fiorn  the  i6th,  and  was  To  on  that  day,  with 
(requfnt  n.i!hcs  (if  lightning  playing  id  thofe  cbuds, 
and  iittciulcd  as  iiHi-jI  with  a  noife  like  thunder  j  and 
tlic  fincf  aflu's  wcic  Hill  falling  on  Vefuvius,  but  ftill 
mute  on  the  moitntain  ofSomma.  Sir  William  went 

up  riii:  ufual  way  hy  Refina,  and  oblerved,  in  his  way 
ihniLi^'li  tl.cit  villige,  that  many  of  the  ftoncs  of  the 
pavement  had  been  loofencd,  and  were  denanged  by 
the  earthquakes,  particularly  by  that  of  the  i8th,  which 

aCEendc;',  the  tidling  in  of  the  crater  of  the  volcano,  and  ' 
which  had  betn  lb  violent  as  to  throw  many  [leoplc 
down,  iinil  (;biigcd  ail  the  inhabitants  ofRefina  to  quit 
their  houlcs  hallily,  to  which  diey  did  not  dare  return 
for  two  tUvs.  Thf  leaves  of  all  the  vines  were  burnt 

by  the  afiies  t'".ac  had  fallen  on  them,  and  many  of  the  \ 
vines   thenifclvcs   were   buried   under  the   afhes,  and   ] 
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leftsj  were  vifible  on  thefe  fine  aQies.     Sir  William 

and  his  companion  afcencled  to  the  fpot  whence  the 
lava  of  the  15th  firft  iflued,  and  followed  the  coiirfir 

of-  it^  which  was  dill  very  hot  (although  covered  with 
fuch  a  chick  coat  of  alhes)  quire  down  to  the  fea  at 
Torre  del  Greco,  which  is  more  than  fi\^  miles.     Ic 

was  not  poQible  to  get  up  to  the  great  crater  of  Vefu- 
vius,  nor  had  any  one  yet  attempted  it.     The  horrid 
chafms  that  exifted  from  the  fpot  where  the  late  erup- 
rion  firft  took  place,  in  a  ftrai:  line  for  near  two  miles 
towards  the  fea,  cannot  be  imagined*     They  formed 
vallies  nruKC  than  two  hundred  feet  i!ecp,  and  from 
lialf  a  mile  to  a  mile  wide ;  and  where  the  fountains  of 

fieiy  matter  exifted  during  the  eruption,  were  litdc 
mouDCains  with  deep  craters.     Ten  thoufand  men,  in 
as  aiany  years,  couki  not  make  fuch  an  alteration  on 
the  face  of  Vefuvius.     Except  the  exhalations  of  ful- 
phttfcous  and  vitriolic  vapours,  which  broke  out  from 
cUfierent  fpots  of  the  line  abovementioned,  and  tinged 
the  fiir&ce  of  the  alhes  and  fcorix  in  thofe  parts  with 

cidicr  a  deep  or  palc-yrflow,  with  a  reddifh  ochre 
cokiur,  or  a  bright  white,  and   in  fome  parts  with  a 

deep  green  and  azure  blue  (fo  that  the  whole  toge-> 
ther  bad  the  effeft  of  an  iris)  all -had  the  appearance  of 
a  iandy  defart.     Our  adventurers  then  went  on  tJx 

'^  of  fcvcn  of  the  moft  confiierablc  of  the  new- 
.fi>rmed  mountains,  and  looked  into  their  craters,  which 

^.  on  fbme  of  them  appeared  to  be  lirtle  Ihort  of  half  a 
'  mile  in  circumference ;  and  although  the  exterior  per- 

pendicular heigh:  of  any  of  them  did  not  exceed  two 

hundred  feet,  the  depth  of  their  inverted  cone  within 
*^as  three  times  as  great.     It  would  not  have  been 
Poflible  to  have  breathed  on  thefc  new  mountains  near 

<heir  craters,  if  they  had  not  taken  die  precaution  of 

.typing  a  doubled  hankerchief  over  their  mouths  and noft*  ils ; 
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noftrils ;  and  even  with  that  precaution  they  could  not 
refill  long,  the  fumes  of  the  vitriolic  acid  were  fb  ex- 

ceedingly penetrating,  and  of  fuch  a  fuffocating  qua- 
lity. They  found  in  one  a  double  crater,  like  two 

funnels  joined  together;  and  in  all  there  was  fome  lit- 
tle fmoke  and  depofirions  of  falts  and  fulphurs,  of  the 

various  colours  abovementioncd,  juft  as  is  commonly 
feen  adhering  to  the  inner  walls  of  the  principal  crater 
ofVcJijvius. 

Two  or  three  days  after  they  had  been  there,  one 
of  the  new  mouths,  into  which  they  had  looked,  fud- 
denly  made  a  great  explofion  of  ftones,  fmoke,  and 
aflies,  which  would  certainly  have  proved  fatal  to  any 
one  who  might  unfortunately  have  been  there  at  the 
time  of  the  cxolofion.   We  read  of  a  fimilar  accident 

4 

having  proved  fatal  to  more  than  twenty  people,  who 
had  the  curiofity  to  look  into  the  crater  of  the  Monte 
Nuovo,  near  Puzzuoli,  a  few  days  after  its  formation, 
in  the  year  1538.  The  15th  of  Auguft,  Sir  William 
law  a  fudden  explofion  of  fmoke  and  afiics  thrown  to 
an  extreme  height  out  of  the  great  crater  of  Vcfuvius, 
that  mult  have  dcftroycd  any  one  within  half  a  mile 

of  it;  and  yec  on  the  19th  of  July  a  party  not' only 
had  vificed  that  crater,  but  had  dcfcendcd  170  feet 
v.ithin  it.  While  they  were  on  the  mountain,  two 

^/hirlviinds,  exaftly  like  tiiofc  that  form  water- fpoutt 
at  fea,  made  tlieir  appearance;  and  one  of  them,  which 

was  vtry  near,  made  a  ftrangc  rufiiing  noife,  and  hav- 

ing taken  up  a  grcat'quantity  of  the  fine  alhes,  formed 
them  inro  an  elevated  fpiral  column,  which,  with  a 
whirling  motivon  and  great  rapidity,  was  carried  towards 
the  mountain  of  Somma,  where  it  broke  and  wasci/- 

perfed.  One  of  our  author's  fcrvants,  employed  in 
collecting  of  fulphur,  or  fal  ammoniac,  which  cryftal- 
lizes  near  the  fumaroli,  as  they  arc  called  (and  \vhich 

arc 
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arc  the  fpots  whence  the  hot  vapour  iflfues  out  of  the 
fiieQi  lavas)  found)  to  his  great  furprize,  an  exceeding 
cold  wind  iffue  from  a  fiffure  very  near  the  hot  fuaia- 
roll  Upon  his  leg.  In  a  vineyard  not  in  the  fame  line 

with  the  new-formed  mountains  juft  dcfcribed,  but  in 
a  right  line  from  them,  at  the  diftance  of  little  more 
than  a  mile  from  Torre  del  Greco,  they  found  three  or 
lour  more  of  thefc  new-formed  mountains  with  craters, 
out  of  which  the  lava  flowed,  and  by  uniting  with  the 
ftreams  that  came  from  the  higher  moudis,  and  add- 

ing to  their  heat  and  fluidity,  enabled  the  whole  cur- 
rent to  make  fo  rapid  a  progrcfs  over  the  unfortunate 

town,  as  fcarcely  to  allow  its  inhabitants  fufiiclent  time 
to  e(cape  with  their  lives.  The  rich  vineyards  be- 

longing to  the  Torre  del  Greco,  and  which  produced 
the  wine  called  Lacrima  Chrifti,  that  were  buried, 
and  totally  deftroyed  by  this  lava,  confifted  of  more 
than  three  thoufand  acres ;  but  the  deftruftion  of  the 

vineyards  by  the  torrents  of  mud  and  water,  at  the 
foot  of  the  mountain  of  Somma,  was  much  more 
cxtenGve. 

In  that  part  of  the  country,  the  firfl:  Ggns  of  a  torrent 
that  our  author  met  with,  was  near  the  village  of  the 

Madonna  dell*  Arco,  and  he  pafled  fevcral  others  be- 
tween that  and  the  town  of  Oitaiano  j  one  near  Tro- 

chia,  and  two  near  the  town  of  Somma,  were  the 
moft  confiderable,  and  not  Icfs  than  a  quarter  of  a 

mile  in  breadth  j  and,  according  to  the  teftimony  of  eyc- 
witnefiTes,  when  they  poured  down  from  the  mountain 
of  Somma,  they  were  from  twenty  to  thirty  feet  high ; 
the  matter  of  thefc  torrents  was  a  liquid  glutinous  mud, 
compofcd  of  fcoriae,  aflies,  (tones  (ibme  of  an  enormous 
fize)  mixed  with  trees  that  had  been  torn  up  by  the 
roots.  Such  torrents,  as  it  may  well  be  imagined,  were 
irreliftibk,  and  carried  off  every  thing  before  themj 
Vol,  II,  A  a  houfes. 
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lioufL-s,  walls,  trees,  and  not  lefs  than  four  thoufand 
Oicop  and  other  cattle.  At  Somma,  a  team  of  eight 
oxen,  whicli  were  drawing  a  large  timber  tiee,  were  at 
once  carried  off,  and  never  were  heard  of  more. 

The  appearance  of  thcfc  torrents  was  like  tfiat  of 
all  other  torrents  in  mountainous  countries,  except 
that  w!iat  hnd  hecn  mud  was  become  a  perfect  cemcnr, 
on  which  notliing  lefi  than  a  pickaxe  could  make  any 
iniprcllion.  The  vineyards  and  cultivated  lands  were 
here  much  nioie  ruined;  and  the  limbs  of  the  trees 

much  mnie  torn  by  the  weight  of  rfie  afheSj  than  thofc 
which  have  been  already  dcfcribed  on  the  fea  fide  of 
the  volcano. 

The  abbe  Tata,  in  his  printed  accoi>nt  of  this  eruj>- 
tion,  ii.is  given  a  good  idea  of  the  abundance,  the  great 
Weight,  and  glutinous  quality  of  thcfe  afhes,  when  he 
fays,  tliat  having  taken  a  branch  from  a  fig-tree  ftiU 
Handing  near  the  town  of  Somma,  on  which  were  only 
fix  leavi!s,  and  iwo  little  unripe  figs,  and  having 

fhed  it  with  the  nfhcs  attached  to  it,  he  found  it  to 
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help  of  torches  it  was  fcarcely  pofiible  to  keep  in  the 
high  road.  On  the  i6ch  of  July,  lignor  Guifeppc 
Sacco  Went  up  to  the  crater,  and,  according  to  his 
account,  which  has  been  printed  at  Naples,  the  crater 
is  of  an  irregular  oral  form,  and  as  he  fuppofes  (."OC 

having  been  able  to  meafure  it)'of  about  a  mite  and a  half  in  circumference }  the  infide,  as  ufual,  in  the 

ihape  of  an  inverted,  cone,  the  inner  walls  of  which 
on  the  eaftcrn  fide  are  perpendicular  j  but  on  the 
wcftern  fide  of  the  crater,  which  is  much  lower,  the 
defcent  was  pradicable,  and  Sacco  with  fome  of  his 
companions  actually  went  down  one  hundred   and 

'  feventyrfix  palms,  from  which  fpot,  having  lowered 
a  cord  with  a  Hone  tied  to  it,  they  found  the  whole 
depth  of  the  crater  to  be  about  five  hundred  palms,. 
But  fuch  obfervaiions  on  the  crater  of  Vefuvius  arc 

of  little  confequence,  as  both  its  form  and  apparent 
depth  are  fubje£t  to  great  alterations  from  day  to  day. 

The  42d  of  July,  one  of  the  new  craters,  which  is 
the  nearelt  to  the  town  of  Torre  del  Greco,  threw  up 
both  fire  and  fmoke,  which  circumftance,  added  to 

that  of  the  lava's  retaining  its  heat  much  longer  than 
ufual,  feemed  to  indicate  that  there  was  ftUl  fome 
fermcntatioQ  under  that  part  of  the  volcano.  The 
lava  in  cooling  often  cracks,  and  caufes  a  loud  explo- 

I  fion,  juft  as  the  ice  does  in  the  glaciers  in  SwifTtrrland  j 
fuch  reports  were  frequently  heard  at  this  time  at  the 
Torre  del  Greco ;  and  a  vapour  was  often  feen  to  ifliic 

.  from  the  body  of  the  lava,  and  taking  fire  in  air,  fall 
like  chofe  meteors  vulgarly  called  falling  ftars. 

The  darluiefs  occalioncd  by  the  fall  of  the  afhes  in 

die  Campagna  Felice  extended  itfelf,  and  variea,  ac- 
cording to  the  prevailing  winds.  On  the  i9Ch  of 

June  it  was  fo  dark  at  Caferta,  which  is  fifteen  miles 

bom  Naplcs>  as  to  oblige  the  inhabitants  to  light  can- 
A  a  2  dlea 
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dies  at  mid-day  -,  and  one  day,  during  the  eruption,  the 
daiknefs  fpread  over  Bcneventum,  which  is  thirty  milti 
from  Veluvius. 

The  archbilliop  of  Taranto,  in  a  letter  to  Naples, 
and  dated  from  that  city  the  i8th  of  June,  obferves, 
*  We  are  involved  in  a  chick  cloud  of  minute  volcanic 

allies,  and  we  imagine  that  there  mufl  be  a  great  erup- 

tion either  at  Mount  Etna,  or  of  Stromboli.'  The 
bifhop  did  not  lulpeifl  their  having  proceeded  froni 
Veluvius,  wliich  is  about  two  hundred  and  fifty  miles 

from  Tar.inco.  Afhes  alfo  fell,  during  the  late  erup- 
tion, at  the  very  extremity  of  the  province  of  Lecce, 

which  is  fill!  fardier  off;  at  Martino,  near  Taranto, 

a  houfe  was  (truck  and  much  damaged  by  the  light- 
ning from  one  of  the  clouds.  In  the  accounts  of  the 

<;reat  eruption  ofVefuvius  in  1631,  mention  is  made 
of  the  extenfive  progrcfs  of  the  allies  from  Vefuvius, 
and  of  the  damage  done  hy  the  ferilli,  or  volcanic 
lightiiin",  which  attended  them  in  their  courfe. 
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dtnary  phenomenon:  cither  thefe  ftones  have  been 

gpnerated  in  this  igneous  mafs  of  clouds,  which  pro- 
duced fuch  unufual  thunder,  or,  which  is  equally  in- 

crct^ble,  they  were  thrown  from  Vcfuviiis  at  a  dif- 
tance  of  at  leaft  two  hundred  and  fifty  miles;  judge 

(hpQ  ofits  parabola.'  One  of  the  targeft  ftones,  when 
^Rtirt,  weighed  upwards  of  five  pounds.  The  outfide 
of  every  ftone  that  was  found,  and  afcertaJned  to  havQ 
Allen  fiom  the  cloud  near  Sienna,  was  evidently  frefhly 
Titrifted,  and  black,  having  every  fign  of  having  paffed 
thrmigh  an  exneme  heat;  when  broken,  the  infide 
was  Ibund  of  a  light-grey  colour  mixed  with  black 
fpots, .  and  fome  fhining  particles,  fuppofed  to  be 
pyrites.  Stones  of  the  fame  nature,  at  leaft  as  ̂   a$ 
the  eye  pan  judge  of  them,  are  frequently  found  on 
Mount  Vefuvius;  and  fliould  fimilar  ftones  be  found 
there,  with  the  fame  vitrified  coat  on  them,  the 
queftion  would  be  decided  in  favour  of  Vefuvius, 
tinlcfs  it  could  be  proved  that  there  had  been, 
about  the  time  of  the  fall  of  thele  ftones  in  the 

Sienncle  territory,  Ibme  nearer  opening  of  the  earth, 
attended  with  an  emilTion  of  volcanic  matter,  which 

might  very  poilibty  happen,  as  the  mountain  of  Radico- 
^i,  within  fifty  miles  of  Sienna,  is  certainly  volcanic. 
The  celebrated  father  Ambrogio  Soldani,  profeflbr  of 
mathematics  in  the  uiuverfity  of  Sienna,  has  printed 
there  a  differtadon  upon  thjs  extraordinary  pheno- 

menon i  wherein,  it  is  faid,  he  has  decided  that  thofe 

itones  were  generated  in  the  ̂ ir  independently  of  vol- 
canic af})ftance. 

Until  after  tfie  7th  of  July,  when  the  laft  cloud 
bfplV  over  Vefuvius,  and  formed  a  tremendous  pjrrent 
of  mud,  which  took  its  courle  acrof^  the  great  road 

between  Torre  del  Greco  and  the  Torre  dell'Annun- 
gi^j  ̂   deftroyed  many  vineyards,  th(  eruption 
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cuiiid  not  be  faid  to  have  finiflicd,  althougK  the  fi>ree  '. 
of  it  was  over  the  iiA  of  June.  The  power  of 
attraflio.T  in  mountains  is  well  known ;  but  whether 

the  attrafcive  power  of  a  volcanic  mountain  is  greater 

th;iii  that  of  any  other  mountain,  is  a  queftion.  Dur- 

ing [his  ertiption,  however,  it  appeared  that  every 

v.itei-y  c^nlJ  was  evidently  atcraftcd  by  Vefuvius,  and 

ihe  fuddtii  dilToUition  of  thofe  clouds  left  mtrks  <rf" 
their  deftn:clive  power  on  the  face  of  the  country  sU  , 
round  the  bafis  of  the  volcano.  After  the  mouth  of 

Veibviiis  was  enlarged,  our  author  fays  he  has  fcen 

a  great  cloud  pairing  over  itj  and  which  not  only  was 

attraifted,  but  was  fucked  in,  and  difappeared  in  a  mo- 
jnent. 

After  every  violent  eruption  of  Mount  Vefuvius, 

■we  read  of  diim;ige  done  by  a  mephitic  vapour,  which 
coming  frum  under  the  ancient  lavas,  infinuates  itfeff 

into  low  i.ilnces,  fiicli  as  the  cellars  and  wells  of  the 
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ijie  lava  through  which  they  pafs  j  and  the  fmall  cryf* 
tab  of  which  they  are  compofed  are  often  tinged  with 
deep  or  pale  yellow,  with  a  bright  red  like  cinnabar, 
and  Jbmctimes  with  green,  or  an  azure  blue.  After 
the  late  eruption,  many  pieces  of  the  fcorix  of  the 
fiiefli  lava  were  found  powdered  with  a  lucid  fubftancc, 
exaftly  like  the  brighteftftecl  or  iron  filings. 

The  firft  appearance  of  the  mofete,  after  the  late 
eruption,  was  on  the  17th  of  June,  when  a  peafant 
going  with  an  afs  to  his  vineyard,  a  little  above  the 
village  of  Refma,  in  a  narrow  hollow  way,  the  af§ 
dropped  down,  and  feemed  to  be  expiring;  the  pea- 
iiuit  was  foon  fenfible  of  the  mephitic  vapour  himfel^ 
and  well  knowing  its  fatal  effeifts,  dragged  the  animat 
out  of  its  influence  and  it  foon  recovered.  This 

heavy  vapour,  when  expofed  to  the  open  air,  does 
not  rife  much  more  than  a  foot  above  the  furface  of 

the  earth,  but  when  it  gets  into  a  confined  place,  like 
a  cellar  or  well,  it  rifes  and  fills  as  any  other  fluid 
would  i  having  filled  a  well,  it  rifes  above  it  about 
a  loot  high,  and  then  bending  over,  &11s  to  the  earth, 
on  which  it  fpreads,  always  preferving  its  ufual  level. 
Wherever  this  vapour  ifTues,  a  wavering  in  the  ?ir  is 
perceptible,  like  that  which  is  produced  by  the  burning 
of  charcoal  j  and  when  it  ilfoes  from  a  fiflbre  near 

any  plants  or  vegetables,  the  leaves  of  thpfe  plants 
are  fecn  to  move,  as  if  they  were  agitated  by  a  gendc 
wind.  It  is  extraordinary,  that  although  dierc  does 

not  appear  to  be  any  poilbnous  quality  in  this  vapour, 
which  in  every  rcfpeift  refemblcs  fixed  air,  it  Ihould 

prove  lb  very  fatal  to  the  vineyards,  fome  thoufand 
acres  of  which  were  dellroyed  by  it  after  the  late 

eruption :  when  it  penetrates  to  the  roots  of  the  vines, 
it  dries  them  up,  and  kills  the  plant.  A  peafant  in 

the  neighbourhood  of  Refma,  having  fuQcred  by  the 
A  a  4  mofcKj 
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indfcte,  uhicli  dcftroyed  his  vineyards  in  the  ycaF 
17C7,  and  having  obfervcd  then  that  the  vapour  fol- 

lowed the  laws  of  all  fluids,  made  a  narrow  deep 
ditch  all  round  his  vineyard,  which  communicated 
with  ancient  lavas,  and  alio  with  a  deep  cavern  under 
one  of  them ;  the  conlequence  of  his  well  planned 
operation  was,  that  although  fiirroundcd  by  thefe 
noxious  vapoijrs,  which  lay  conftantly  at  the  bottom 
of  his  (licch,  tlicy  never  entered  his  vineyard,  and  his 
vines  were  in  a  flourifliing  ftaie,  while  thofe  of  his 
nciglibours  were  pcrifiiing.  Upwards  of  thirteen 

liiindrt'd  hares,  and  many  phcafants  and  partridges, 
overtaken  by  this  vapour,  were  found  dead  wirfiin  his 

Sicilian  majffty's  referved  chafes  in  the  neighbourhood 
of  Vcfiivlus ;  and  alfo  many  domcnic  cats,  who  in 
their  purfiiit  after  tlii:;  game  fell  victims  to  the  mofetc. 
A  fhoal  of  filli,  of  fcveral  hundred  weight,  having  been 
nblcTved  by  fome  fifliermen  at  Rcfina  in  great  agita> 
lion  on  the  fiii-face  of  the  fca,  near  lome  rocks  of  an    i 
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mind  the  death  of  the  elder  Plihy^  who  moft  probably 
)oft  lus  life  by  the  fame  (brt  of  mephitic  vapours^  on 

this  very  fpot^  and  lyhich  are  adtive  after  great  erup- 
^ons  of  y efuvius. 

a.  Mr.  Jamesi  a  BritUh  merchant,  afTured  our  au* 
thor,  that  on  Tuelday  night,  the  17th  of  June,  which 

"gras  the  third  day  of  the  eruption  of  Mount  Vefiivius^ 
te  wa^  in  ̂   boat  with  a  fail,  near  Torre  del  Greco, 
when  the  minute  afhes,  fo  often  mentioned,  fell  thick ; 

and  that  in  the  dark  they  emitted  a  pale  light  like  phof- 
phorusj  fo  that  his  hat,  thofe  of  the  boatmen,  and 
the  part  of  the  fails  that  were  covered  with  afhes,  were 
luminous.  Others  had  mentioned  having  feen  4 
phofpboric  light  on  Vefuvius  after  this  eruption ;  bu(: 
}intil  it  was  confirmed  to  him  by  Mr.  James,  he  did 

iH>t  chufe  to  fay  any  thing  about  it  *. 

^  Sec  Phil.  Tranf.  for  1795,  p.  73»  &c. 
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Chap.    XLVIII. 

earthquake:  s. 

CmnrSlna  bil'u-eeu  Earibquaiii  and  Voliiwt'-Sartijtiaiti  n°^ 

i<i  :ht  I'rc^rd'j  of  Zuam  bifwfn  tbt  SrrfUa  of  tbt  Earth. — Signi  if 
gflirsiKhiag  Earthquakei. — Great  Eartbjuale  at  Lijbon,  ia  1755. 
— EariliquiiUi  ia  Calabria,  in  1783. 

TI  i  F.  fiidden  cxplofions  which  take  place  from 

volcanoes,  probably  depend  on  the  acccfs  of 

E  quantity  of  water,  which  enters  through  fomc  fiflbre 

CO  ill  mil  nitrating  with  the  Tea,  or  which  is  derived  from   ( 
fithcr   fmirces  in  the  eaith.     If  this  mafs  of  water  B    I 

fufhcic-itly  grtat,  it  will  exiingiiifh  the  volcano ;  if  noti 
It  will  be  converted  into  fteam,  the  txpanfive  force  of  j 

which  far  exceeds  that  of  giin-powder.     The  elaflic  I 
fluid,  thus  formed,  either  finds  vent  at  the  mouth  of 
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The  great  earthquake  at  Lifbon,  in  1755,  was  firlt 
as  far  as  Scotland,  and  from  the  phenomena  which 
anended  it,  it  was  evident  that  the  ground  had  a  wav- 

ing motion  from  fouth  to  north.  AH  the  oblong 
lakes,  that  lay  from  north  to  fouth,  were  much  agi- 
Ttated,  the  wave  commencing  at  the  fouth  end,  whilft 
■U  other  lakes  which  lay  acrofs,  from  eaft  to  weft,  were 
much  lefs  afFcfted. 

The  great  diftance  to  which  earthquakes  extend 
depends  on  the  compreflibility  and  elafticity  of  die 
earth,  which  may  be  underftood  from  the  vibration  of 
riie  walls  of  houfes,  occafioned  by  the  paffing  of  car- 

riages in  the  adjacent  ftrcets.  Another  inftance  is 
the  vibration  of  fteeples  by  the  ringing  of  bells  or 
gufts  of  wind.  The  Eddiftone  lighthoufe  often  vi*- 
brates  from  the  force  of  the  waves  which  beat  againft 
its  foundation. 

Previous  to  an  eruption  of  Vcfuvius  the  earth  al- 
ways trembles,  and  fubterraneous  explofions  arc  heard. 

On  the  ift  of  November,  1755,  the  era  fo  fatal  to 
XJiboTi,  the  ifland  of  Madeira  was  violently  ihaken  by 
an  earthquake,  accompanied  with  fubterraneous  ex- 

plofions. So  thoroughly  convinced,  indeed,  are  the 
inhabitants  of  volcanic  countries  of  the  connexion 

between  earthquakes  and  volcanoes,  that  when  a  great 
eruption  takes  place  from  a  volcano,  they  congratulate 
themlelvcs  on  having  efcaped  an  earthquake. 

Earthquakes  as  well  as  volcanic  erupiions  arc  al- 
ways preceded  by  a  violent  agitation  of  the  fea.  Pre- 

vious to  the  breaking  out  of  Vcfuviu- ,  che  fea  retires 
from  the  adjacent  (hores  till  the  n  oujrain  is  burft 
open,  and  then  it  returns  with  fuch  in.petuofity  as 

to  overflow  its  ufual  boundary.  A'd  >iit  'm  hour  after 
the  firft  ftiocks,  which  alarmed  t:i-  c  l-  of  Lifbon 
in  1755>  the  fcawas  obfervcd  to  come  cifhing  to- 
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wards  the  city  like  a  torrent,  though  againft  both 

M'ind  and  title  ;  it  rofc  forty  feet  higher  than  was  ever 
known,  -TJid  as  fiiddcnly  fubfided,  A  fhip,  fifty  leagues 
off  iU  lea,  received  fo  violent  a  fliock  as  greatly  to 
injiire  the  deck,  &c.  The  fame  effeft  was  obferved 
at  C^diz,  and  at  a  number  of  ports  throughout  tiic 
Mediterranean,  and,  indeed,  more  or  le(s,  all  over 
Europe. 

That  earthquakes  are  the  effeft  of  fteam  generated 

■within  the  bowels  of  the  eartli,  and  tha;  they  are  pro. 
diiced  in  the  manner  which  hgs  been  defcribed,  ap, 
pears  highly  probable  from  the  quantities  of  ftcam  and 
boiling  water  which  have  occafionaliy  been  thrown  up 
by  volcanoes  in  difierent  parts  of  the  world.  In  i6ji 
and  1698  vaft  torrents  of  boiling  water  flowed  from 
the  crater  of  Vefuvius,  previous  to  the  eruption  of 
fire:  and  what  was,  perhaps,  ftill  more  remarkablcj 
many  fi>fcics  of  fca-Ihc!is,  in  a  calcined  ftate,  were 
foiuvi  on  the  brink  of  the  crater,  and  alfo  in  the  chaQ- 
ici  foi  in°d  by  the  flood.     The  fame  thing  happened 
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xiihing,  opulent)  and  populous  city,  a.fcene  of  the  ut- 
moft  horror  and  deflation,  except  only  fuch  as  ferved 

Co  alarm,  but  fcarcely  left  a  moment's  time  to  fly  from 
the  general  deftru£lion. 

•  It  Mras  on  the  morning  of  this  fatal  day,  between' 
the  hours  of  nine  and  ten,  that  I  was  fat  down  in 

tny  apartment,  juft  iinifhing  a  letter,  when  the  papers 
aiKl  table  I  was  wridng  on  began  to  tremble  with  a 
gende  motion,  which  rather  furprized  me,  as  I  could 
not  perceive  a  breath  of  wind  (lining ;  whilft  I  was 
refle&ing  with  myfelf  what  this  could  be  owing  to, 
but  widiout  having  the  leaft  apprehenfion  of  the  real 
caufe,  the  whole  houfe  began  to  fhake  from  the  very 
fbundadon,  which  at  Hrft  I  imputed  to  the  rattling  of 
icveral  coaches  in  the  main  ftreet,  which  ufually  pafled 
that  way,  at  this  time,  from  Belem  to  the  palace;  but 
on  hearkening  more  attentively,  I  was  foon  undeceived, 
as  I  found  it  was  owing  to  a  llrange  frightful  kind  of 
noife  under  ground,  rcfembling  the  hollow  diftant 
rumbling  of  thunder;  all  this  pafTed  in  lels  dian  a 
minute,  and  I  mud  confefs  I  now  began  to  be  alarmed, 
as  it  naturally  occurred  to  me,  that  this  noife  might 
poflibly  be  the  forerunner  of  an  earthquake,  as  one  I 
remembered,  which  had  happened  about  fix  or  fevcn 
years  ago,  in  the  Ifland  of  Madeira,  commenced  in 
the  fame  manner,  though  it  did  little  or  no  da* 
mage. 

*  Upon  this  I  threw  down  my  pen,  and  ftarted  upon 
my  feet,  remaining  a  moment  in  fufpenfe,  whether  I 
fhould  (lay  in  the  apartment,  or  run  into  the  ftreet,  as 

the  danger  in  both  places  feemed  equal ;  and  ftill  flat- 
tering myfelf  that  this  tremor  might  produce  no  other 

cfie£b  than  fuch  inconfiderable  ones  as  had  been  felt 

at  Madeira ;  but  in  a  moment  I  was  roufed  from  my 

dream,  being  in(Undy  (lunned  with  a  moft  horrid 
cralh, 
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crafli,  as  if  every  edifice  in  the  city  had  tumbled  down 
ai  onci:.  Tlie  lioufe  I  was  in  (hook  with  fuch  violence^ 
that  the  upper  Itoiies  immediately  fell,  and  though  my 
npartmcnt  (^^llich  was  the  firft  floor)  did  not  then 
lliarc  the  f^ime  fate,  yet  every  thing  was  thrown  out  of 
its  ])hcc  in  fiich  a  manner,  that  it  was  with  no  fmall 
dithcuky  I  kept  my  feet,  and  cxpedcd  nothing  lefs 
tlian  to  bf  foon  crulhed  to  death,  as  the  walls  conn- 

niR-d  rocking  to  and  fro  in  llie  frightfuUeft  manucr, 
opcniiip  in  Icverai  places,  large  (tones  falling  down  on 
every  fide  from  the  cracks,  and  the  ends  of  molt  fA 
the  raftLTs  llarting  out  from  the  roof.  To  add  to  tiui 
terrifying  fcene,  the  Iky  in  a  moment  became  fo  gloomy, 
that  1  could  now  diftinguilh  no  particular  objed; 
it  WHS  an  Kgyptian  darknefs  indeed,  fuch  as  might  be 
fi^lt;  owi.ng,  no  dniibt,  to  the  prodigious  clouds  of 
diift  and  lime,  raiftd  from  fo  violent  a  conculTion, 
and  Rs  ibmc  reported,  to  fulphureous  exhalations,  but 

,  !  cannnt  affirm;  however,  it  is  certain  I  found 
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creature  afked  me,  in  the  utmofi  agony,  if  I  did  not 
tbink  chat  the  world  was  at  an  end  i  at  the  fame  time 

ibe  comiilained  of  being  choaked,  and  begged  for 

God's  fake  I  would  prbcure  her  a  little  drink ;  upon 
this  I  went  to  a  clofet  where  I  kept  a  large  jar  with 
water  (which  you  know  is  foinetimes  a  pretty  fcarce 
commodity  in  Lifbon)  but  finding  it  broken  in  pieces,  1 
toM  her  Ihe  muft  not  now  think  ofqucnchingher  thirft, 
but  faving  her  life,  as  the  houfe  was  juft  falling  on  our 

-  beads,  and  if  a  lecond  Ihock  came,  would  certainly 
bury  us  bodii  I  bade  htz  take  hold  of  my  arm,  and 
tiiat  I  woi^  endeavour  to  bring  her  into  fome  place 
offecurity. 

'  I  fhall  always  k>ok  upon  it  as  a  particular  provi- 
dence, that  I  happened  on  this  occafion  to  be  undrclT- 

cd,  for  had  I  drcffcd  myfelf,  as  I  propoftd,  when  I  got 
out  of  bed,  in  order  to  breakfaft  with  a  friend,  I  HiouUI, 

in  all  probability,  have  run  into  the  flrcct  at  the  be- 
ginning of  the  Ihock,  as  the  reft  of  the  people  in  the 

houfe  did,  and  confequendy  have  had  my  brains  dalhed 
out,  as  every  one  of  them  had ;  however,  the  immi- 

nent danger  I  was  in  did  not  hinder  me  from  conlidcr- 
ing  that  my  prefent  drefs,  only  a  gown  and  flippcrf, 
would  render  my  getting  over  the  ruins  almolt  im- 
prafticable :  I  had,  therefore,  ftiil  prcfence  of  mind 
enough  left  to  put  on  a  pair  of  Ihoes  and  a  coat,  the 
firft  that  came  in  my  way,  wliich  was  every  thiJig  I 
laved,  and  in  this  drefs  I  hurried  down  flairs,  the 

woman  with  me,  holding  by  my  arm,  and  made  di- 
teftly  to  that  end  of  tlie  ftrcec  which  opens  to  the 
Tagus,  but  finding  tbe  pallage  this  way  entirely  blocked 

'up  wjth  the  fallen  houfes  to  the  height  of  their  fccond 
ftories,  1  turned  back  to  the  other  end  whicli  led  into 

die  main  ftreet  (the  common  thoroughfare  to  the  pa- 
jbcc)  and  having  helped  ttie  woman  over  a  vafl  heap 
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of  ruins^  with  no  fmall  hazard  to  my  oWn  life^  juft  as 
we  were  going  into  the  ftrcet,  as  there  was  one  part 
I  could  not  well  climb  over  without  the  afliftance  of 

my  hands,  as  w<ill  as  feet,  I  defired  her  to  let  go  her 
hold,  which  ihe  did,  remaining  two  or  three  feet  be- 

hind me,  at  which  time  there  fell  a  vaft  ftone,  from  a 
tottering  wall,  and  cruihed  both  her  and  the  child  in 
pieces :  fo  difmal  a  fpeftacle  at  any  other  time  would 
have  affeded  me  in  the  higheit  degree,  but  the  dread 
I  was  in  of  (haring  the  lame  fate  mylelf,  and  the  many 
inftances  of  the  fame  kind  which  prefented  themfelves 
all  around,  were  too  fhocking  to  make  me  dwell  a 
moment  on  this  fingle  objeft. 

*  I  had  now  a  long  narrow  ftreet  to  pals,  with  the 
houfes  on  each  fide  four  or  five  dories  high,  all  very 

old,  the  greater  part  already  thrown  down,  or  conti- 
nually falling,  and  threatening  the  pafTengers  ̂ th  ine- 
vitable death  at  every  ftep,  numbers  of  whom  lay  killed 

before  me,  or  what  I  thought  far  more  deplorable— 
fb  bniifcd  and  wounded  that  they  could  not  (lit  to 

help  themfelves.  For  my  own  part,  as  dcftruflion  ap- 
peared to  me  unavoidable,  I  only  wiflied  I  might  be 

made  an  end  of  at  once,  and  not  have  my  limbs 
broken,  in  which  cafe  I  could  expeft  nothing  elfe  but 
to  be  left  upon  the  fpot,  lingering  in  mifery,  like  thefc 

poor  unhappy  wretches,  without  receiving  the  Icaft 
fuccour  fioni  any  perfon. 

*  As  felf-prefcrvation,  however,  is  the  firft  law  of 
nature,  thefe  fad  thoughts  did  not  lb  far  prevail,  as  to 
make  me  totally  defpair.  I  proceeded  on  as  &ft  as  I 

conveniently  could,  though  with  the  utmoft  caution, 
and  having  at  length  got  clear  of  this  horrid  pafTage,  I 
found  myfclf  fafc  and  unhurt  in  the  large  open  fpacc 

before  St.  Paul's  church,  which  had  been  thrown 
down  a  few  minutes  before,  and  buried  a  great  part 

of 
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of  the  congregation,  that  was  generally  pretty  nume* 
rousy  this  being  reckoned  one  of  the  moft  populous 

parilhes  in  Lifbon.  Here  I  ftood  fonnc  time^  confi- 
dcring  what  ]  fhould  do»  and  not  thinking  myfelf  fafe 
in  this  ficuation,  I  came  to  the  refolution  of  climbing 
over  the  ruins  of  the  weft  end  of  the  church,  in  order 
to  get  to  the  river  fide,  that  I  might  be  removed,  as  far 
as  poflibk,  from  the  tottering  houfes,  tn  cafe  of  a  fe** 
cond  (hock. 

*  This,  with  fome  difficulty,  I  accomplifhed,  and 
here  I  found  a  prodigious  concourfe  of  people,  of  both 
^xes,  and  of  all  ranks  and  conditions,  among  whom  I 
obferved  fome  of  the  principal  canons  of  the  patriar- 

chal church,  lit  their  purple  robes  and  rochets,  as  thefe 
all  go  in  the  habit  of  bifhops  \  fcveral  priefts  who  had 
nin  from  the  altars  in  their  facerdotal  veftments  in  the 

midd  of  their  celebrating  mafsj  ladies  half  drcfled, 
and  Ibme  without  Ihoes  i  all  thefe,  whom  their  mu- 

tual dangers  had  here  aflembled  as  to  a  place  of 
iafety,  were  on  their  knees  at  prayers,  with  the  terrors 
of  death  in  their  countenances,  every  one  ftriking  his 

breaft,  *axKl  crying  out  inceilantly,  Miferecordia  meu 
Dios. 

'  In  the  midft  of  our  devotions,  the  fecond  great 
fliock  came  on,  litcte  lefs  violent  than  the  firft,  and 

completed  the  ruin  of  thofe  buildings  which  had  been 
already  much  Ihattered.  The  confternation  now  be- 
<ame  fo  univerfal,  that  the  fhrieks  and  cries  o(  Mijere^ 
£ordia  could  be  di(lin£tly  heard  from  the  top  of  St. 

Catherine's  hill,  at  a  confidcrable  diftance  off,  whither 
a.  vail  number  of  people  had  likewife  retreated;  at  the 
fame  time  we  could  hear  the  h\\  of  the  parifh  church 
there,  whereby  many  perfons  were  killed  on  the  fpot, 
and  others  mortally  wounded.  You  may  judge  of  the 
force  of  this  ihock,  when  I  inform  you,  h  was  ib  vio- 

VoL.  II.  B  b  lent. 
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i..  ;ir,  tliat  I  could  fcarcc  keep  on  my  knees,  but  it  was 
at[i.ntlul  \\\i\\  fome  circumrtances  ftill  more  dreadful 

iluii  il.o  former. — On  a  Hidden  I  heard  a  general  cut- 

cry,  •  The  lea  is  coming  in,  we  fhall  be  all  lolh' — Upon 
[lii?,  turning  my  eyes  towards  the  river,  which  in  that 

I'l.iLT  is  iK'ar  four  miles  broad,  I  coukl  perceive  it 

l-.L-.ning  and  Iwelling  in  a  moft  unaccountable  manner, 
;is  no  wind  was  Ilirring;  in  an  inftant  there  appeared, 

.it  feme  liiiall  diftancc,  a  large  body  of  water,  rifing 

hk"  .1  mountain;  it  came  on  foaming  and  roaring, 

.';;d  r II llu'd  towards  the  Ihore  with  luch  impeiuoficy, 
tli.it  «e  ;!ll  immediately  ran  for  our  lives  as  .fiift  as 

polilbU-i  many  were  aiftually  fwept  away,  and  the 
I'll  nbovf  their  waifl  in  water  at  a  good  dirtance 

l:um  the  banks,  Foi'  my  own  part,  1  had  the  nar- 

luwiil  t'IcapC)  and  fliould  certainly  have  been  loft,  had 

I  i;i  I  gKifpt'd  a  large  beam  that  lay  on  the  ground,  lii! 
il.L-  \,.irer  returned  to  its  channel,  which  it  did  almoft 
,r  the  lame  inftanc,  with  equal  rapidity.  As  there 

red  at  Icalt  as  much  danger  from  the  fca 
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time  a  great  number  of  boats  and  fmall  veffcls,  an- 
chored near  it  (all  likewife  full  of  people,  who  had 

retired  thither  for  the  fame  purpofc)  were  all  fwal- 
lowcd  up,  as  in  a  whirlpool,  and  never  more  ap- 
peared. 

*  This  laft  dreadful  incident  I  did  not  fee  with  my 
own  eyes,  as  it  paffed  three  or  four  ftones  throws  from 
the  fpot  where  I  then  was,  but  I  had  the  account  as 
here  given  from  feveral  mafters  of  (hips,  who  were 
anchored  within  two  or  three  hundred  yards  of  the 
quay,  and  iaw  the  whole  cataftrophe.  One  of  thdm 
in  particular  informed  me,  that  when  the  fecond  fhock 

.  came  on,  he  could  perceive  the  whole  city  waving 
backwards  and  forwards,  like  the  fca  when  the  wind 

firft  begins  to  rife ;  that  the  agitation  of  the  earth  was 
io  great  even  under  thcr  river,  that  it  threw  up  his 
large  anchor  from  the  mooring,  which  fwam,  as  he 
termed  it,  on  the  furface  t.f  the  water ;  that  imme- 

diately upon  this  extraordinary  concuflion,  the  river 
rofe  at  once  nrar  twenty  feet,  and  in  a  mom.ent  fub- 
fidedj  at  which  inftant  he  faw  the  quay,  witii  the  whole 
concourfe  of  people  upon  it,  fink  down,  and  at  the 
lame  time  every  one  of  the  boats  and  veffeb  that  were 
near  it  were  drawn  into  the  cavity,  which  he  fuppofes 
inftantly  clofccl  upon  diem,  inafmuch  as  not  the  leaft 
fign  of  a  wreck  was  ever  Icen  afterwards.  This  ac- 

count you  may  give  full  credit  to,  for  as  tr>  the  lofs 
of  the  vcffels,  it  is  confirmed  by  every  body ;  and 
with  regard  to  tlie  qu.  y,  I  went  myfclf  a  few  days 
after,  to  convince  myfelfof  the  truth,  and  could  not 
find  even  the  ruins  of  a  place,  where  I  had  taken  fo 

many  agreeable  walks,  as  this  was  the  common  ren- 

dezvous of  the  faftory  in  the  co'^'l  of  the  evening.  I 
found  it  all  deep  water,  and  in  Ibme  parts  fcarcely  to 
be  fathomed^ 

B  b  a  '  This 
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'  This  is  the  only  place  I  could  learn  which  was 
fwallowed  up  ia  or  about  LiA)on,  though  I  (aw.  maii^ 
large  cracks  and  filTures  in  different  parts^-  aodone 
odd  phenomenon  1  muCt  not  omit^  which  was  com- 

municated to  me  by.  a  fi-iend  who  had  a  houfe  and 
wine-cellars  on  the  other  fide  of  the  river,  vi2>  that 

tlie  dwelling-houic  being  firft  tefHbly  fhaken,  which 
made  all  the  family  run  out>  ther^  prefently  fell  down 
a  vaft  high  rock  near  it,,  that  upon  this  the  river  cofc 
and  fubfided  in  the  manner  already  nuentioned,  and 
immediately  a  great  number  of  irnall  fifTures  appeared 
in  feveral  contiguous  pieces  of  ground,  whence  there 
fpouted  out  Uke  Tijet  iTeau  a  large  quantity  of  fine 
white  fand,  to  a  prodigious  height.. 

'  I  had  not  been  long  in  the  area  of  St.  Paul's, 
when  I  felt  the  third  (hock,  which  though  (bmewhac 
lefs  violent  than  the  two  former,  the  fea  ruihed  b 

again,  and  retired  with  the  fame  rapidity,  and  I  cc« 
mained  up  to  my  knees  in  water>  though  I  had  gotcea 
upon  a  fmall  eminence  at  fome  diftance  froip  the 
river,  with  the  ruins  of  feveral  intervening  houfes  xo 
break  its  force.  At  this  time  I  took  notice  the  wa- 

ters retired  fo  impetuoufly,  that  fome  vefTels  were 
left  quite  dry,  which  rode  in  fcven  fathom  water: 
the  river  thus  continued  alternately  rufhing  on.  aod 
retiring  feveral  times  together,  in  fuch  fort,  thac  it 
was  juftly  dreaded  Lifbon  would  now  meet  the  (ame 

fate,  which  a  few  years  ago  had  befallen  the  city  of* 
Lima. 

'  Perhaps  you  may  think  the  prcfent  doleful  fub- 
jGct  here  concluded ;  but,  alas !  the  horrors  of  this 
firft  of  November,  are  fufEcient  to  fill  a  volume. 

As  foon  as  it  grew  dark,  another  fcene  prefeoted  ic^ 

*  This  happened  in  1746. 

Iitdc 
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fictle  Icfs^ihocking  than  chore  already  defcribed— the 
whole  chy  appeared  in  a  Uaze,  which  was  io  bright 
chat  I  trould  eafily  fee  to  read  by  it.  It  may  be  fald, 

without  exaggeration,  it  was  on  fire  at  leaft  in  an  hun- 
dred  different  places  at  once,  and  thus  c6ntinued  burn- 

ing for  fix  days  together,  without  intermiffion,  or  the 
leaft  attempt  being  made  to  ftop  its  progrefs. 

*  I  could  never  learn,  that  this  terrible  fire  was 
owing  to  any  fubterraneous  eruprion,  as  foTne  re* 
ported,  but  to  three  caufes,  which  all  concurring  at 

the  fanae  lime,  wiU  naturally  account  for  the  prodi- 
gious havock  it  made  5  the  firft  of  November  being 

AU  SaiAts  Day,  a  higli  feftival  amoi^g  die  Portugu^fe, 
ervery  akar  in  every  chiwch  and  chapel  (fome  of  which 

have  more  than  twenty)  was  iUimiinated  with  a  num- 
ber of  wax  tapers  and  lamps,  as  cuftomary  ;  thefe  let- 

ting fire  to  the  curtains  and  timber  work  that  fell  with 

the  fhock,  the  conflagration  foon  fpread  to  the  neigh- 
bouring houfes,  and  being  there  joined  with  die  fires 

in  the  kitchen  chimnies,  increafed  to  fuch  a  degree,  that 
it  migla  cafily  have  deftroyed  the  whole  city,  though 
XK>  other  caufe  had  concurird^  efpecially  as  it  met  with 
iK>  interruption. 

*  But  what  would  appear  incredible  to  you,  were 
the  h&,  lefs  public  and  notorious,  is,  that  a  gang  of 
hardened  villains,  who  had  been  confined,  and  got 
out  of  prifon  when  the  wall  fell,  at  the  firft  (hock, 
were  bufily  employed  in  fctting  fire  to  thofc  buildings, 

which  ftood  fome  chance  of  cfcaping  the  general  de- 
ftru^ton. 

*  The  fire,  by  fome  means  or  other,  may  be  faid  to 
have  deftroyed  the  whole  city,  at  leaft  every  thing  that 

was'  grsind  or  valuable  in  it ;  and  the  damage  on  this 
occafion  is  not  to  be  eftimated. 

*  The  whole  number  of  perfons  that  perifhed,  in- 
B  b  3  eluding 
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eluding  thofe  who  were  burnt,  or  afterwards  cruQied 
to  death  whilft  digging  in  the  ruins,  is  fuppofed,  on 
the  lowed  calculation,  to  amount  to  more  than  fixty 
thoufand;  and  though  the  damage  in  other  refpefts 
cannot  be  computed,  yet  you  may  form  fomc  idea  of 
It,  when  I  aGure  you,  that  this  extenfivc  and  opulent 
city,  is  now  nothing  but  a  vaft  heap  of  ruins,  that  the 

rich  and  poor  are  at  prefent  upon  a  level,  fome  thou- 
fands  of  families  which  but  the  day  before  had  been 
cafy  in  their  circumftances,  being  now  (cattcrcd  about 
in  the  fields,  wanting  every  conveniency  of  life,  and 
finding  noiie  able  to  relieve  them. 

*  A  few  days  after  the  firft  confternation  was  over, 
I  ventured  down  into  the  city,  by  the  fafeft  ways  I 
could  pick  out,  to  fee  if  there  was  a  pofTibility  of 
getting  any  thing  out  of  my  lodgings,  but  the  ruins 
were  now  fo  augmented  by  ihe  late  fire,  that  I  was  h 
far  from  being  able  to  diftinguifh  the  individual  fpot 
where  the  houfc  ftood,  that  I  could  not  even  diftin- 
guifh  the  ftreet,  amidft  the  mountains  of  ftone  and 
rubbifh  which  rofe  on  every  fide.  Some  days  after, 
I  ventured  down  again  with  feveral  porters,  who, 
having  long  plied  in  thefe  parts  of  the  town,  were  well 
acquainted  with  the  fituation  of  particular  houfts; 
by  their  afliftance,  I  at  laft  difcovered  the  (pot ;  but 
was  foon  convinced,  that  to  dig  for  any  thing  there, 
befides  the  danger  of  fuch  an.  attempt,  wouki  never 
anfwer  the  expence. 

*  On  both  the  times  when  I  attempted  to  make 
this  fruitlcfs  fearch,  efpecially  the  firft,  there  came 
fuch  an  intolerable  ftench  from  the  dead  bodies,  that 

I  was  ready  to  faint  away,  and  though  it  did  not  fccm 
fo  great  this  laft  time,  yet  it  had  nearly  been  more 
fatal  to  me,  as  I  contracted  a  fever  by  it,  but  of  which, 
God  be  praifed^  I  foon  got  the  better.     However, 

this 
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this  made  me  (o  cautious  for  the  future^  that  I  avoided 

pafling  near  certain  places,  where  the  ftench  was  (b 
cxceffive  that  people  began  to  dread  an  infcftion :  a 
gendeman  told  me,  that  going  into  the  town  a  few 
days  after  the  earthquake,  he  faw  feveral  bodies  lying 
in  the  ftreets,  fome  horribly  mangled,  as  he  fuppofed, 
by  the  dogs,  others  half  burnt,  fome  quite  roafted ; 
and  that  in  certain  places,  particularly  near  the  doors 
of  churches,  they  lay  in  vaft  heaps  piled  one  upon 
another/ 

The  year  1783  was  fatally  marked  by  the  delb- 
lation  of  fome  of  the  moft  fertile,  moft  beautiful,  and 

mod  celebrated  provinces  of  Europe.  The  two  Cala- 
brias,  with  a  part  of  Sicily,  were  doomed  to  be  a 
feene  of  the  moft  tremendous,  and  the  moft  fatal  earth- 

quakes that  ever  were  known,  even  in  thofe  volcanic 
regions.  The  firft  Ihock  happened  about  noon,  on 
xhe  5th  of  February,  and  was  fo  violent  as  to  involve 
almoft  the  whole  of  Calabria  in  ruin.  This  was  but 

the  commencement  of  a  fuccefllon  of  earthquakes, 
which  beginning  from  the  city  of  Amantea,  on  the  coaft 
of  the  Tyrrhene  fca,  proceeded  along  the  weftern  coaft 

to  Cape  Spartivento,  and  up  the  eaftern  as  far  as  Cape 

D'Alice ;  during  the  whole  of  which  fpace  not  a  town 
was  left  undeftroyed. 

During  two  years  repeated  ftiocks  continued  to 
agitate  the  affrighted  minds  of  the  inhabitants  of  Cala- 

bria and  Sicily,  but  the  principal  mifchiefs  arofe  in 
the  months  of  February  and  March  in  the  firft  year. 
For  feveral  months  the  earth  continued  in  an  unceaf- 

ing  tremor,'  which  at  certain  intervals  increafed  to 
violent  fliocks,  fome  of  which  were  beyond  defcription 
dreadful.  Thefe  Ihocks  were  fometimes  horizontal, 
whirling  like  a  vortex ;  and  fometimes  by  pulfations 
pr  beating  from  the  bottom  upwards,  and  were  at 

B  b  4  times 
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times  fo  violent  tliac  the  heads  of  the  largeft  tnet 
almoft  touched  the  ground  on  either  fide.     The  iain% 
during  a  great  part  of  the  time,  were  continual  aod 
violent^  often  accompanied  with  lightning,  and  (urious 
gufts  of  wind.     All  that  part  of  Calabria,  which  lar 
between  the  38th  and  39th  degrees,  aflumed  a  new 
appearance.     Hou(es,   churches,  towns,  cities,  and 
villages,  were  buried  in  one  pronr)iicuous  ruin.    Moun^ 
tains  were  detached  from  their  foundations,  and  car- 

ried to  a  confiderable  diftance  *.     Rivers  difappeared 
&om  their  beds,  and  again  returned  and  overflowed 
the  adjacent  country  f .     Streams  of  water  iiiddenly 
gulhed  out  of  the  ground,  and  fprang  to  a  confiderabfe 
height.     Large  pieces  of  the  furface  of  the  plaiiii 
feveral  acres  in  extent,  were  carried  five  hundred  fircc 
from  their  former  Situation  down  into  the  bed  of  the 

river,  and  left  (landing  at  nearly  die  diftance  of  a  mile, 
furrounded  by  large  plantations  o(  olives  and  mut- 

*  Sir  William  Hamilton,  whofe  ardent  and  laudable  fpirlt  of 
inquiry  occafioncd  his  vifiting  Calabria  and  Sicily  during  this 
calamitous  feafon,  accounts  for  the  removal  of  a  mountain  of 

about  two  hundred  and  fifty  feet  \n  height,  and  about  four  hun- 
dred feet  in  didmct-^;  at  its  ba{b<from  the  different  nature  of  its 

inferior  and  luperior  ftrata.  The  undur  part  being  more  fulid 

and  compadl,  wns  more  (Irongly  afted  upon  by  the  violent  motioD 
of  the  earth,  and  the  volcanic  vapours,  which  drove  it  to  the 
diftance  cf  fome  hundred  yardb  from  its  original  fcite,  where  it  lay 
in  confufed  blocks,  after  having  left  the  fuperior  ftraitum,  which, 
with  its  trees  and  vineyards,  was  carried  in  anothrr  diredion  to  the 
diftanccwof  four  miles. 

t  The  fame  philofopher  accounts  for  this  phenomenon  by  fup- 

■  pofmg  the  iiift  impnlle  of  the  earihqualic  to  have  come  from  the 
bottom  upwards,  which  raiiing  the  furface  of  the  ground,  the  ri- 

vers which  are  not  deep  mud  naturnlly  difappear  ;  but  the  earth 
returning  again  with  violience  to  its  ibrmer  level,  the  rivers  moft 
as  naturally  nturn  and  overflow  their  banks  ;  at  the  fame  time  the 

boggy  grounds  being  fuddenly  depreflcd,  would  force  out  the 
water  which  lay  hid  under  their  furface, 

bcny 
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berry  trees,  and  com  growing  as  well  upon  them  as 
upon  die  ground  from  which  they  were  feparated, 
Acnidft  thcfe  fcenes  of  devaftation,  the  cfcapes  ̂ of 
rSomt  of  the  unhappy  fufFcrers  is  extremely  wonderful. 
Sidnne  of  the  inhsjiyitants  of  houfirs  which  were  thrown 

to  a  oonfiderable  diftance,  were  dug  out  from  their 
ruins  unhurt.      But  thefc   inftances  ̂ ere  few,  and 

.  thofe  who  were  fo  fortunate  as  to  preferve  their  lives 
in  fuch  fituations,  were  content  to  purchafe  exiftencc 
at  the  expcnce  of  broken  limbs  and  the  moft  dreadful  . 
contufions. 

During  this  calamitous  fcene,  it  is  impoffible  to 
conceive  the  horrors  and  wretchednefs  of  the  unhappy 

inhabitants.  The  jaws  of  death  were  opened  to  fwal- 
k>w  them  up  j  ruin  had  feized  all  their  poffeflions,  and 
thoft  dear  connexions  to  which  they  might  have 
looked  for  confolatioh  in  their  forrows,  were  for  ever 

buried  in  the  mercilefs  abyfs.  All  Was  ruin  and  dcfo- 
lation.  Every  countenance  indicated  the  extremity  of 
afBiftion  and  defpair ;  and  the  whole  country  formed  a 
wide  fcene  of  undefcribable  horror. 

One  of  the  moft  remarkable  towns  which  was  de- 

ftroyed  was  Cafal  Nuova,  where  the  Princefs  Geracc 
Grimaldi,  with  more  than  four  thoufand  of  her  fub- 
jefts,  perilhed  in  the  fame  inftant.  An  inhabitant 
happening  to  be  on  the  fummit  of  a  neighbouring  hill 
at  the  moment  of  the  fhock,  and  looking  earneftiy 
back  to  the  refidence  of  his  family,  could  fee  no  other 
remains  of  it  than  a  white  cloud  which  proceeded  from 
the  ruins  of  the  houfes.  At  Bagnara,  about  three 
thoufand  perfons  were  killed,  and  not  fewer  at  Radicina 
and  Palma.  At  Terra  Nuova  four  thoufand  four 

hundred  periflied,  and  rather  more  at  Semniari.  The 
inhabitants  of  Scilla  efcaped  from  their  houfes  on  the 
celebrated  rock  of  that  name,  and  with  their  prince, 

dcfcendcd 
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Book     VII. 

OF      fF  A  r  E  R. 

*=
 

Chap.    I. 

OF    WATER    IN    GENERAL. 

Heater  a  Compound  Body, — Three  States  ofWater.'^Waterin  a  fluid 
Si  ate, -^Florentine  Experi?nent  .'-^Fapour^^^  Experiments  a/certaining 

the  Force  of  F'apour.'^Steam  Engine,— 'Ice.^^Pbenomena  of  Freex*- 
ing.^^Of  Tha^wing.'-^JVater  expanded  in  the  State  of  Ice. — Immenfh 
Force  exerted  by  Water  on  pajfmg  to  that  St  ate, —'Why  Ice  is  not 
ftrfeSly  tranfparent, 

WAT  E  R  was  univerfally  confidered  as  a  fimplc 
elementary  fubftance  till  the  chemifts  of  the 

prefent  age  proved,  by  experiments,  the  fubftance  of 

which  has  been  ftated  in  a  preceding  volunnc  *,  that 
it  is  in  reality  a  compound  body.  Its  principles  have 
been  afcertained  both  by  compofition  and  decompofi- 
tion ;  and  one  hundred  parts  of  water  are  found  to 

confifl  of  eighty-five  parts  of  oxygen,  and  fifteen  of 
hydrogen,  or  the  bafis  of  inflammable  air. 

This  very  ufeful  and  neceflary  fluid  prefents  itfelf 
to  our  notice  in  three  diftinft  forms,  namely,  in  its 

liquid  ftate,  in  the  ftate  of  vapour  or  ftcam,  and  laftly 

♦  Book  V.  Chap.  I. 
in 
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in  its  frozen  ftatc,  '  Of  thefe  1  (hall  fpeak  in  their, order. 

Water,  when  pure  and  in  its  fluid  ftate,  is  tranlparcnt, 
colourlefs,  and  without  fniell^  It  adheres  to  nnoft 

bodies  which  conne  in  contaft  with  it,  it  pervades  po- 
rous fubftances,  diflblves  gummy  and  faline  matters, 

and  extinguilhes  fire. 
Water,  when  fluid,  is  not  in  its  moft  fimple  flate, 

for  its  fluidity  depends  on  a  certain  quantity  of  caloric, 
or  the  matter  of  heat,  which  enters  into  combination 

with  it,  and  infinuating  itfelf  between  the  particles  of 

the  water,  renders  them  capable  of  moving  in  all  di- 
rcftions. 

We  arc  fupplied  with  water  either  from  the  atmo- 
fphere,  whence  itdefcends  in  the  form  of  rain,  hail,  or 
fnow,  or  from  the  earth,  which  fends  it  forth  in  fprings 
and  rivulets.  In  the  former  cafe  the  watery  exhala- 

tions drawn  from  the  fea,  and  the  furfacc  of  the  earth 

by  the  fun's  heat,  form  clouds,  wHofc  particles  bctng 
afterwards  condenfcd,  fall  back  again  in  (howers.  In 

the  latter,  the  water  which  fails  on  the  tops  of  moun- 
tains, and  othc^r  lofty  ficuarions,  penetrates  the  earth, 

and,  after  pafling  dovi^nwards,  breaks  forth  at  fonrve 
fiffure  or  aperture  at  a  diftance  from  its  fouice. 

The  quantity  of  water  art  rafted  from  the  furfacf 

of  the  globe  is  almoft  incredible.  Dr.  Halley  has  cal- 
culated tliat  portion  which  is  yielded  by  the  fea,  to  be 

at  the  rare  of  one  cubic  inch  from  every  ten  inches  of 

furface  in  twdve  hours*.  To  form  an  adequate  idea 

of  this,  let  us  I'jppofe  only  half  the  globe  to  be  covered 
by  the  fea.  The  whole  furface  of  the  earth  being 
about  25,797,278  leagues,  that  of  the  fea  will  confc- 
quently  he  12,898,639.     Suppofing  the  evaporation 

^  See  Bifhop  Watfon's  Calculation,  vol.  i.  p.  12a. 
^^hich 
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^ivhick  takes:  pbce  in  twdye  hours  to  be  duac  above 
mentioned*  without  having  any  regard  tf%  what  is 

evaporated  firom  the  vrhde  of  tbe  laod,  or  fmm 
tbc  fea  during  the  other  tweli^  hour9»  it  w2I  be 
ioond  that  the  atsnofphere  has  taken  up  no  k&  thsui 

^'OsJO^S'JS'^TV^^^t-i  ^^  nioce  than  twenty  cni^fioDS 
of  miiEoiis  of  cobitc  feet  of  waisr ;  an  cnoracoids  qnaiH 
iivpy  and  muck  more  than  foffirient  to  fupply  a]l  the 
FLToirs  that  ioterfe^b  the  difierenc  quarters  of  the 

gkihe  ♦. 
What  particularly  didinguiihes  water,  and  thofe 

fluids  which  are  of  a  fimilar  confiftence,  and  in  conv 

mon  language  are  termed  liquids,  from  thofe  fubtite 
fluids,  which  were  treated  of  at  large  in  the  preceding 
vohime,  is>  that  the  former  are  not,  like  the  others, 

poficfied  of  that  furprizing  elafticiry  which  admia  of 
the  volume  of  fluid  being  condenfed  into  a  fmall  com* 
pais »  but,  on  the  contrary,  may  be  conlideredas  incapa* 
ble  of  comprciSon,  or  at  kail  are  comprefTible  in  a  very 
flight  degree.  The  Florentine  academicians  filled  a 

globe  of  gold  with  water,  and  comprcffed  it  with  im* 
menfe  force ;  the  firfl  effect  of  this  comprefTic^  was, 
that  the  ball,  was  conQderably  heated  by  the  emiffion 
of  latent  heat  from  the  water,  and  afterwards  the  fluid 

forced  its   way   through  die   pores  of  the  gold,  or 

*  There  will  poHibly  be  apparent,  in.  this  part  of  the  worIc» 
-  fome  degree  of  repetition  when  coaiparcd  witli  what  was  faid  of 
vapour  in  the  firft  book.  It  was  then  ncccflary  to  fpeak  of  va- 
pCHir,  in  explanation  of  the  properties  of  heat ;  it  is  now  ncccffarjr 

to  traat  of  it  in  connedlion  M'ith  the  fluid  of  which  it  is  ufually; 
formed ;  and  1  conceive  it  better  to  do  this,  with  the  rifle  of  (bme 

TepetitioHj  than  to  refer  to  a  former  volume,  both  becaufe  it  will 
fcrvc  more  ftrmly  to  imprefs  oi\  the  minds  of  young  readers  fome 
of  the  moft  important  drftrines  of  philofophy  :  and  bcuaufe  what 
may  now  appear  as  repetition,  is,  in  this  place*  mixed  wk&ne^ 
£a£ls«.  which  aould  not  be  previoufly  incrcducedi 

2  thi;ou?K 
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through  certain  Cavities,  and  appeared  in  drops  on 
the  furfacc.  The  conclufion,  however,  which  was 
haitily  drawn  from  this  experiment,  tirat  water,  in  its 
liquid  (late,  is  abfolutely  void  of  all  elafticity,  is  not 

»  warrantable.  Since  other  experiments  (hew  that  wa- 
ter as  well  as  mercury  will  yield,  in  a  certain  degree, 

to  the  preffure  of  the  air  in  a  condenfing  machine,  as 
Mr.  Canton  proved  by  including  it  in  a  glafs  veflel, 
with  a  narrow  neck  or  ftem  nicely  graduated  j  its  con- 
denfation  appears  proportioned  to  the  force,  and  as 
foon  as  the  preffure  of  the  air  is  removed,  the  fluid 
will  be  obferved  gradually  to  recover  its  accuftomed 
dimenfions. 

When  water  becomes  heated  to  a  degree  beyond 
that  of  the  air  upon  its  furface,  the  matter  of  heat, 
which  has  a  conftant  propcnfity  to  difliife  itfelf  equally 
through  all  bodies  with  which  it  is  in  contaft,  rifa 
and  carries  with  it  part  of  the  water,  which  it  converts 
into  an  elaftic  fluid  or  vapour.  Until  the  water,  how- 

ever, arrives  at  the  boiling  point,  the  evaporation  is 
very  gradual ;  but  when  this  happens  it  becomes  very 
rapid,  and  the  part  of  the  water  which  is  mod  heated, 
being  converted  into  vapour,  rifcs  fuddenly  to  the  fur- 
face,  and  occafions  confiderable  agitation. 

Ebullition  requires  a  determined  degree  of  heat, 
becaufe  the  fteam  cannot  be  formed  within  the  water, 
iinlefs  it  is  fl:rong  enough  to  overcome  the  aftual 
preffure  of  the  fluid  and  air  incumbent  on  it.  But  in 
ordinary  evaporation,  the  vapour  is  formed  at  the  fur- 
face  of  the  water,  and  has  therefore  no  other  preffure 
to  overcome  than  that  of  the  atmofphere.  The  elaftic 

fluid,  however,  which  is  formed  by  ordinary  evapora- 
tion is  different  from  that  produced  by  ebullition,  for 

the  latter  always  returns  to  the  fl:ate  of  water  by  a  di- 
mmution  of  temperature,  whereas  the  former  is  re- 

duced 
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duced  almoft  to  the  ftatc  of  a  permanently  elaftic  fluid 
by  mixture  with  air. 
We  find  that  all  fluids  boil  more  cafily  in  proportion 

as  the  prcflure  of  the  atmofphere  is  removed  -,  whedKr 
this  is  effected  by  afcending  a  mountain,  or  making 
ufe  of  the  air  pump.     M.  LavoiGcr  fays,  that  if  the 
weight  of  the  atmofphere  was  only  equal  to  between 
twenty  or  twenty-four  inches  of  a  column  of  mercury, 
inftcad  of  twenty-eight  inches,  we  (hould  never  be  able 
CO  obtain  jether  in  a  liquid  ftate,  at  leaft  in  fummer; 

i  and  that  the  formation  ofsethcr  muft  confequently  be 
impoflible  upon  mountains  of  a  moiJcrate  degree  of 
elcvaiion,  without  employing  extraordinary  means  of 
comprefTion  for  its  condenfaiion.     Upon  the  wholfc,  it 

■   appears  moll:  probable  that  all  bodies  are  capable  of 
I  exiting  in  a  folid,  a  liquid,  and  an  aeriform  ditc;  that 
t  the  firft  is  the  mod  fimple  ftate  of  all  bodies,  and  that 
B  the  two  others  depend  on  combinations  with  different 

I  quantities  of  the  matter  of  heat,  of  which  the  aeriform 
i  ftatc  requires  by  far  the  moft. 

b  Vapour,  as  it  firft  rifes  from  boiling  water,  is  invifi- 

"  ble,  but  as  it  mixes  with  the  air  it  is  deprived  of  part  of 
.  its  heat,  returns  to  its  fluid  form,  and  the  very  minute 

drops  of  water  which  arc  produced,  afcend  in  a  co- 
pious cloud  of  a  white  or  light -grey-colour.  Vapour 

is  the  more  readily  difcernable  In  proportion  to  the 
coldnefs  and  humidity  of  the  atmofphere.  The  cloudy 
appearance  of  fteam  is  occafioned  by  the  difficulty  with 
which  its  particles  are  feparated  and  diffolved  in  the 
atmofphere;  the  difficulty  is  increafcd  in  proportion 
to  the  coldnefs  and  humidity  of  the  air,  and  this  is  the 
reafon  that  the  moiflure  exhaled  with  the  breath,  is 
vilible  in  winter  and  not  in  fummer. 

It  was  ftated  in  a  former  volume,  that  the  combina- 
tion of  the  matter  of  heat  or  caloric,  with  the  particles 
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of  water,  in  that  degree  which  conltitutes  fteam,  rari- 
fics  them  fo  exceedingly,  as  to  occafKHi  them  to  occupy 
SI  fpace  fome  hundred  times  greater  than  the  original 
bulk  of  the  fluid,  and  it  is  that  alfo  which  volatilizes 

apd  enables  them  to  aicend  through  the  air^  and  to 
overcome  its  refiftance. 

But  when  fteam  is  expofed  to  a  ilill  greater  degree 
of  heat,  its  volume  is  augmented  (till  more  confider- 
ably.  That  heat  which  makes  water  boil>  and  which 

rariBes  it  only  one  twenty- fixth,  rariHes  ks  vapour  m 
eighteen  hundred  times  the  bulk  of  the  water  which 
produced  it.  This  may  be  very  readily  demonftratedt 
by  taking  a  glafs  tube,  at  one  end  of  which  b  a  bulb 
of  two  inches  in  diameter,  and  dropping  into  it  a  fin« 
gle  drop  of  water,  the  diameter  of  which  we  will  fijp- 
pofe  to  be  one-tenth  of  an  inch.  The  fquares  of  thcfe 
two  fpheresy  with  regard  to  each  other,  will  be  as  i8oa 
are  to  one.  Upon  heating  the  bulb  of  the  tube  over 
the  flame  of  a  fpirit  lamp,  the  air  will  Hrft  be  expellcdi 
and  afterwards  the  drop  of  water  will  be  converted  into 
licam,  and  take  pofleflion  of  the  whole  of  the  bulb; 
as  may  be  proved  by  plunging  the  mouth  of  the  lube 
into  cold  water,  and  fufFering  the  fleam  within  the 
bulb  to  return  to  its  fluid  ftate.  In  this  cafe,  the- 
prefliire  of  tlic  atmofphere  will  caufc  the  water  to  rdh 
into  the  tube,  and  to  occupy  that  fpace  within  the 
bulb,  which  before  was  occupied  by  the  vapour,  and 
thus  the  fe<ft  vvill  be  afcertaincd. 

If,  however,  any  obftaclc  is  oppofed  to  the  expanfifC 
force  of  llcam,  the  heat  augments  its  refiftance  in  b 
degree  proportionate  to  the  augmentation  of  its  to 

lume.  Tlic  power  of  refiitance  afforded  by  the  ta- 
pour  of  w.iter  is  pnKligious,  and  has  of  late  yea«s  been 
made  fubfervient  to  Idne  mechanical  purpofes  of  the 
grcatefl:  importance.     Mufchcnbroek  has  proved  by 

cxpcrimcnr, 



Chap.  1.3  Steem  Engme.  385 

expufriment,  that  the  force  of  gunpowder  is  feeble^ 
when  compared  to  that  of  rifing  ftcam.  An  hundred 
and  forty  pounds  of  gunpowder  blew  up  a  weight  of 
thirty  thoufand  pounds;  but  on  the  other  hand,  an 
hundred  and  forty  pounds  of  water,  converted  by  heat 

into  fteam,  lifted  a  weight  of  fcventy-feven  thoufand ' 
pounds,  and  would  lift  a  much  greater,  if  there  were 
means  of  giving  the  fteam  greater  heat  with  fafctyi 
for  the  hotter  the  fteam  the  greater  is  its  force; 

The  fteam  engine,  to  which  I  had  formerly  occa- 

fion  nightly  to  advert  *,  is  a  machine  which  may  be, 
and  is  occafionally  applied  to  various  mechanical  pur- 
poles  where  great  force  is  required ;  but  which  has 

I    hitherto  been  principally  ufed  to  clear  mines  from 
f   water,  and  to  raife  water  to  a  proper  height  for  the 
I    fupply  of  cities.     In  thefc  cafes,  the  expanfive  power 
I    of  fteam  is  fo  managed  as  to  operate  on  immenrc, 

'    pumps,  which  could  not  conveniently  be  worked  by 
any  other  means.     In  order  to  give  the  reader  a  fu- 
pcfficial  idea  of  this  machine,  let  us  imagine  a  com- 

mon pump  prepared,  and  that  we  want  to  move  the 
handle  of  this  pump  upwards  by  the  force  of  fteam 
Only.    In  the  firft  place,  let  us  fuppofe,  that  the  handle 
of  the  pump,  or  fomething  connefted  to  it,  was  fo 
•contrived  as  to  admit  of  being  inferted  in  the  barrel  of 
A  gun,  oc  fome  cylindrical  tube,  fct  upright  over  a 
•auldron  containing  boiling  water.     Next  Ictus  fup- 

pofe, that  the  fteam  could  be  admitted  into  the  tube, 
(brough  the  touch-hole,  and  fo  confined  as  to  paf» 
only  by  that  way.     Now  as  the  fire  begins  to  dilate  the 

fteam,  a  part  of  it  will  enter  the  tube  by  the  touch- 
hole,  and  this  wilj  prefs  up  the  pump,  which  is  fup- 
{»ied  to  be  fo  fitwd  to  the  tube  as  to  prevent  any  part 

*  See  vol.  i.  p.  1  is. 
Vol.  II.  C  c  of 
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of  the  (learn  from  efcaping.  In  this  way  the  puirip 
handle  would  be  driven  quite  out  at  the  nr^outh  of  the 
tube,  but  let  us  imagine,  that  before  this  can  happen  a 

valve  is  opened,  which  allows  a'fmall  quantity  of  cold 
water  to  be  fpouted  into  the  tube,  which  efieftually 
and  inftantaneoufly  deftroys,  or,  more  properly,  con- 
denfes  the  fteam.  The  tube  being  now  left  empty, 
there  is  nothing  to  counteraft  the  preffure  of  the  at- 
mofphere,  which  again  forces  down  the  handle  into 
the  tube,  into  which  no  fteam  is  permitted  to  enter,  oa 
account  of  a  valve  which  now  ftops  the  touch- hole 
below;  but  when  the  handle  is  thus  preffed  down,  the 
valve  below  is  again  opened,  and  new  fteam  entering 
again  preftes  the  handle  upwards ;  when  the  handle 
comes  near  the  top,  the  fteam  is  again  cooled  and 
condenfed  as  before,. and  the  handle  is  again  prefled 
down  by  the  weight  of  the  atmofphere.  In  this  man* 
ner  it  is  alternately  driven  upwards  and  downwards  by 
the  expanfive  power  of  the  fteam  and  the  prefTure  of 
the  external  air,  and  works  the  pump  with  unwearied 
alFiduiry. 

Though  the  principle  however,  is  plain,  the  ma- 
chinery is  complex  in  the  (kam  engine;  but  the 

annexed  plate  IV-  will  probably  render  it  tolerably 
intelligible. 

In  fig.  I.  A  reprefents  the  fire-place  under  the 
boiler,  for  the  boiling  of  the  water,  and  the  a(h« 
hole  below  it. 

B,  the  boiler,  filled  with  water  ibout  three  feet  abovt 
the  bottom,  made  of  iron  plates. 

C,  the  fleam  pipe,  through  which  the  fttam  paflfcs 
from  the  boiler  into  the  receiver. 

D,  the  receiver,  a  clofe  iron  vefTel,  in  which  is  the 
regulator  or  fteam- cock,  which  opens  and  fliuts  the 
hole  of  communication  at  each  ftrokc. 
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E,  the  communication  pipe  between  the  receiver 
and  the  cylinder ;  it  rifcs  five  or  fix  inches  up,  in  the 
infide  of  the  cylinder  bottom,  to  prevent  the  injefted 
water  from  defcending  into  the  receiver. 

F,  the  cylinder,  of  caft  iron,  about  ten  •  fcet  longi 
bored  fmooth  in  the  infide;  it  has  a  broad  flanch  in 

the  middle  on  the  outfide,  by  which  it  is  fupportcd 
when  hung  in  the  cylinder-beams. 

G>  the  pifton,  made  to  fit  the  cylinder  cxaftly :  it 
has  a  flanch  rifing  four  or  five  inches  upon  its  upper 
furface,  between  which  and  the  fide  of  the  cylinder  a 
^quantity  of  junk  or  oakum  is  ftufled,  and  kept  down 
l^  weights,  to  prevent  the  entrance  of  iur  or  water  and 
the  efcapingof  fteam. 

H,  the  chain  and  pifton  fiiank,  by  which  It  is  con- 
nected to  the  workiiig  beam. 

I  I,  the  working  beam  or  lever :  It  is  made  of  two 
or  more  large  logs  of  timber,  bent  together  at  each 
end,  and  kept  at  the  diftance  of  eight  or  nine  inches 
from  each  other  in  the  middle  by  the  gudgeon,  as  rc- 
prefentai  in  the  plate.  The  arch-heads,  I  I,  at  the 
cods,  are  for  giving  a  perpendicular  dlreftion  to  the 
chains  of  the  pifton  and  pump-rods. 

K,  the  pump-rod  which  works  in  the  fucking 

pump. 
1.,  and  draws  the  water  from  the  bottom  of  the  pic 

to  tiie  furface. 

M,  a  ciftern,  into  which  the  water  drawn  out  of  the 

pit  is  conduced  by  a  trough,  fo  as  to  keep  it  always 

full,'  and  the  fupcrfluous  water  is  carried  oiF  by  ano- 
ther trough. 

N,  the  jacki-head  pump,  which  is  a  fuckirg-pump 
wrought  by  a  finall  lever  or  working-beam,  by  means 
of  a  chain  conncfted  to  the  great  beam  or  lever  near 
the  arch  g  at  the  inner  end,  and  the  pump  rod  ac  the 

C  c  2  outer 
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outer  end.  This  pump  commonly  (lands  near  tht 
corner  of  the  front  of  the  houfe,  and  raifes  the  colunrui 

of  water  up  to  the  ciftem  O,  into  which  it  is  conduced 
by  a  trough. 

O,  the  jack-head  ciftern  for  fupplying  the  inje<5tion, 
which  is  always  kept  full  by  the  pump  N  s  it  is  fixed 
fo  high  as  to  give  the  jet  a  fufficient  velocity  into  the 
cylinder  when  the  cock  is  opened.  This  ciftern  has  a 
^ipc  on  the  oppofitc  fide  for  conveying  away  the  fu» 
perfluous  water. 

P  P,  the  injedion-pipe,  of  three  or  four  inches  dia- 
meter, which  turns  up  in  a  curve  at  the  lower  end» 

and  enters  the  cylinder  bottom  ̂   it  has  a  thin  plate  of 
iron  upon  the  end  a,  with  three  or  four  adjutage  holes 

in  it,  to  prevent  the  jet  of  cold  water  of  the  jack- head 
ciftern  from  flying  up  againft  the  pifton^  and  yet  to 
condenfe  the  fteam  each  ftroke,  when  the  iojeAion- 
Cock  is  open. 

p,  a  valve  upon  the  upper  end  of  the  inje£tion-pipc 
within  the  ciftern,  which  is  fhut  when  the  en^nc  is 
not  working,  to  prevent  any  wafte  of  the  water. 

/,  a  fmall  pipe  which  branches  off  from  the  injedtton* 
pipe,  and  has  a  fmall  cock  to  fupply  the  pifton  with  a 

little  water  to  keep  it  air-tight. 

Q^  the  working  plug,  fufpended  by  a  chain  to  the 
arch  gy  of  the  working  beam.  It  is  ufually  a  heavy 
piece  of  timber,  \yith  a  flit  vertically  down  its  middle, 
And  holes  bored  horizontally  through  it,  to  receive  pins 

for  the  purpofe  of  opening  and  ftiutting  the  injeftion 
;ind  fteam  cocks,  as  it  afcends  and  defcends  by  the 
motion  of  the  working  beam. 

by  the  handle  of  the  fteam- cock  or  regulator.     It  is 
fixed  to  the  rcguLitor  by  a  fpindle  which  comes  up 

through  the  top  of  the  receiver.     The  regulator  is  a 

circukr  plate  ef  brjft  or  caft  iron,  which  is  moved 
horizontally 
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hotizontally  by  the  handle  i,  and  opens  or  fhuts  the 
communication  at  the  lower  end  of  the  pipe  E  within 
the  receiver.  It  Is  reprcfcnted  in  the  plate  by  a  circu- 

lar dotted  line.  - 

I  it  the  fpanner,  which  is  a  long  rod  or  plate  of  iron 
for  communicating  motion  to  the  handle  of  tlie  regula- 

tor, to  which  it  is  fixed  by  means  of  a  flic  in  the 
Jatter>  and  fome  pins  put  through  to  faflen  it. 

ki,  the  vibrating  lever,  called  the  Y,  having  the 
weight  *  at  one  end  and  two  legs  at  the  other  end.  It 
is  fixed  to  an  horizontal  axis,  moveable  about  its  center- 
pins  or  pivots  mn,  by  means  of  the  two  (hanks  op 
fixed  to  the  fame  axis,  which  arc  alternately  thrown 
backwards  and  forwards  by  means  of  two  pins  in  the 
working  plugj  one  pin  on  the  outfidc  dcprefTing  the 
ihank  0,  throws  the  loaded  end  k  of  the  Y  from  the 
cylinder  into  the  pofition  reprefented  in  the  place,  and 
faufes  the  leg  /  to  ftrike  againft  the  end  of  the  fpanner, 
ivhich,  forcing  back  the  handle  of  the  regulator  or 

ileam-cock,  opens  the  communicatiun,  and  permits 
the  fteam  to  fly  into  the  cylinder.  The  pifton  imme- 

diately riling  by  the  admifTion  of  the  fteam,  the  work- 
ing-beam  Ilrifes;  which  alfo  raifes  the  working- 

plug,  and  another  pin  which  goes  ihrouyh  the  flit 
raifes  the  (hank  p,  which  throws  the  end  k  of  the  Y 
towards  the  cylinder,  and,  ftriking  the  end  of  the  fpan- 

ner, forces  it  forward,  and  Ihuts  the  regulator  (leam- 
cock. 

qrt  the  lever  for  opening  and  (hutting  the  injeftion 
cock,  called  the  F.  It  has  two  toes  for  its  center, 

which  take  between  them  the  key  of  the  injection- 
cock.  When  the  working-plug  has  afcended  nearly 
to  its  greateft  height,  and  (hut  the  regulator,  a  pin 
catches  the  end  q  of  the  F  and  raifes  it  up,  which 

opens  the  injcdion-cock,  admits  a  jet  of  cold  v.atcr  to 
C  c  J  fly 
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fly  into  the  cylinder,  and,  condenfing  the  fteam,  n^Ucs 

a  vacuum ;  then  the  preflure  of  the  atmofphere  bring- 

ing down  the  pifton  in  the  cylinder,  and  alfo  the  plug^ 
franne,  another  pin  fixed  in  it  catches  the  end  of  the 

lever  in  its  defcent,  and,  by  preffing  it  down^  fhuts  the 

injedion-cock,  at  the  fame  time  the  regulator  is  opened 
to  admit  fteam,  and  fo  on  alternately  j  when  the  regu- 

lator is  fhut  the  injeftion  is  open,  and  when  die  for- 
mer is  open  the  latter  is  (hut. 

R,  the  hot-well,  a  fmall  ciftern  made  of  planks^ 
which  receives  all  the  wafte  water  from  the  cylin- 
der. 

S,  the  fink- pit  to  convey  away  the  water  which  13 
in]efted  into  the  cylinder  at  each  ftroke.  Its  upper 
end  is  even  with  the  infide  of  the  cylinder  bottom,  it^ 
lower  end  has  a  lid  or  cover  moveable  on  a  hinge, 
which  ferves  as  a  valve  to  let  out  the  injeftcd  water, 
end  fliuts  clofe  each  ftroke  of  the  engine,  to  prevent 
the  water  being  forced  up  again  when  the  vacuum  is 
made. 

T,  the  fcedlng-pipe,  to  fupply  the  boiler  with  water 
from  the  hoc- well.  It  has  a  cock  to  let  in  a  large  or 
fmall  quantity  of  water,  as  occafion  requires,  to  mak^ 
up  for  what  is  evaporated  i  it  goes  nearly  down  to  tht 
boiler  bottom. 

U,  two  gage  cocks,  the  one  larger  than  the  other, 
to  try  wlicn  a  proper  quantity  of  water  is  in  the  boiler: 
upon  opening  the  cocks,  if  one  gives  fteam  and  the 
otlicr  water,  it  is  right;  if  they  both  give  fteam,  there 
is  too  little  water  in  the  boiler;  and  if  they  both  give 
v/atcr,  there  is  too  much. 

W,  a  plate  which  is  fcrewed  on  to  a  hole  on  the  fide 
of  the  boiler,  to  allow  a  paflage  into  the  boiler  for  the 
convenience  of  cleaning  or  repairing  it. 

X,  r.he  fteam-clack  or  puppet  valve,  which  is  a 

t>pf5 
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brafs  valve  on  the  top  of  a  pipe  opening  into  the  boiler, 
to  let  off  the  fteam  when  it  is  too  ftrong.     It  is  loaded 
with  lead,  at  the  rate  of  one  pound  to  an  inch  fquarp  j   . 
and  when  the  fteam  is  nearly  ftrong  enough  to  keep  it 
open,  it  will  do  for  the  working  of  the  engine. 

f,  the  fnifting  valve,  by  which  the  air  is  difcharged 
from  the  cylinder  each  ftroke,  which  was  admitted 
with  the  injeftion,  and  would  otherwife  obftruft  the 
due  operation  of  the  engine. 

1 1,  the  cylinder-beams;  which  are  ftrong  joifts  go- 
ing through  the  houfe  for  fupporting  the  cylinder. 

Vt  the  cylinder  cap  of  lead,  foldcrcd  on  the  top  of 
the  cylinder,  to  prevent  the  water  upon  the  pifton  from 
Baflung  over  when  it  rifes  too  high. 

TO,  the  wafte-pipc,  which  condufts  the  fuperfliious 
water  from  the  top  of  the  cylinder  to  the  hot- well. 

XX,  iron  bars,  called  the  catch-pins,  fixed  horizon- 
tally through  each  arch  head,  to  prevent  the  beam  de- 

■  fcending  too  low  in  cafe  the  chain  fliould  break. 
yy,  two  ftrong  wooden  fprings,  to  weaken  the  blovf 

given  by  the  catch-pins  wjien  the  ftroke  is  too  long. 
z  z,  two  friftion-wheels,  on  which  the  gudgeon  or 

center  of  the  great  beam  is  hung;  they  are  the  third 
or  fourth  part  of  a  circle,  and  move  a  little  each  way 
as  the  beam  vibratej.  Their  ufe  is  ■  to  diminifh  the 

fridtion  of  the  axis,  which  in  fo  heavy  a  If-ver,  woukl 
otherwife  be  very  great. 

"When  this  engine  is  to  be  fet  to  work,  the  boiler 
muft  be  filled  about  three  or.four  feet  deep  with  wa- 

ter, and  a  large  fire  made  under  it;  and  when  the 
ileam  is  found  to  be  of  a  fnfficient  ftrcngth  by  the 

.puppet-clack,  then  by  chrulling  back  the  fpanner, 
which  opens  the  regulator  or  fteam-cock,  the  fteam  is 
admitted  into  the  cylinder,  which  raifes  the  pifton  to 

the  top  of  the  cylinder,  and  forces  out  all  tiie  air  at . 
C  c  4  the 
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the  fnifting  valve ;  then  by  turning  the  key  of  the  in- 
je<5tion-cock,  a  jet  of  cold  water  is  admitted  into  the 
cylinder,  which  condcnfes  the  (learn  and  makes  a  va- 

cuum ;  and  the  atmofphere  then  preffing  upon  the  pif- 
ton,  forces  it  down  to  the  lower  part  of  the  cylinder, 
and  makes  a  ftroke  by  raifing  the  column  of  water  at 
the  other  end  of  the  beam.  After  two  or  three  ftrokcs 

are  made  in  this  manner,4by  a  man  opening  and 
ihutting  the  cocks  to  try  if  they  are  right,  then  the 
pins  may  be  put  into  the  pin-holes  in  the  working 
plug,  and  the  engine  left  to  turn  the  cocks  of  itfelf, 
which  it  will  do  with  greater  exaftnefs  than  any 
man. 

Many  important  improvements  have  been  lately 
made  in  the  fteam  engine  by  the  ingenious  Mr.  Watt, 
of  Birmingham.  He  has  contrived  to  preferve  aa 

uniform  heat  in  the  cylinder  of  his  engines,  by  fuf- 
fering  no  cold  water  to  touch  it,  and  by  protefting 
it  from  the  air,  Or  ether  cold  bodies,  by  a  furroundii^ 

cafe  filled  with  fleam,  or  with  hot  air  or  water,  and  ' 
by  coating  it  over  with  fubftances  that  tranfiiiit  heat 
flowly.  He  makes  his  vacuum  to  approach  nearly 
to  that  of  die  baromete.,  by  condenfing  the  fteam  in 
a  fepnrate  veflel,  called  tlie  condenfer,  which  may  be 

cooled  at  pleafure  without  cooling  the  cylinder,  either 
by  an  injeftion  of  cold  water,  or  by  furrounding  the 

coiidcnicr  with  it,  and  generally  by  both.  He  ex- 
tnifts  tlic  injcdion  water  and  detached  air  from  the 

cylinJer  or  condenH-r  by  pumps,  which  are  wrought 
by  the  engine  itielf,  or  blows  them  out  by  the  fteam. 
As  the  entrance  of  air  into  the  cylinder  would  ftop 
the  operation  of  the  engines,  and  as  it  is  hardly  to 
be  expe;?veJ  that  fuch  enormous  piftons  as  ihofe  of 

fleam  engines  can  move  up  and  down,  and  yet  be  ab- 
folutcly  tight  in  the  common   engines,  a  ftrcam  of 

water 
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water  is  kept  always  running  upon  the  plfton,  which 

prevents  the  entry  of  the  air ;  but  this  mode  of  fecur-r 
ing  the  pifton,  though  not  injurious  in  the  common 
ones,  would  be  highly  prejudicial  to  the  new  engines* 
Their  pifton  is  therefore  made  more  accurately;  and 
the  outer  cylinder,  having  a  lid,  covers  it,  the  fteam 
is  introduced  above  the  pifton ;  and  when  a  vacuum 
is  produced  under  it,  afts  upon  it  by  its  elafticity,  as 

jthe  atmofphcre  docs  upon  common  engines  by  its  gra- 
vity. This  way  of  working  efFeftualiy  excludes  the 

air  from  the  inner  cylinder,  and  gives  the  advantage 
of  adding  to  the  power,  by  increafing  the  elafticity  of 
the  fteam. 

In  Mr.  Watt's  engines,  the  cylinder,  the  great 
beams,  the  pumps,  &c.  ftand  in  their  ufual  pofitions. 
The  cylinder  is  fmaller  than  ufual,  in  proportion  to  the 
load,  and  is  very  accurately  bored. 

In  the  moft  complete  engines  it  is  furrounded,  at  a 
fmall  diftance,  with  another  cylinder,  furnifhed  with 

a  bottom  and  a  lid.  The  interftice  between  the  cy- 
linders communicates  with  the  boilers  by  a  large  pipe, 

open  at  both  ends,  fo  that  it  is  always  filled  with 
fteam,  and  thereby  maintains  the  inner  cylinder  always 
of  the  fame  heat  with  the  fteam,  and  prevents  any 
pondenfation  within  it,  which  would  be  more  detri- 

mental than  an  equal  condenfation  in  the  outer  one. 
The  inner  cylinder  has  a  bottom  and  pifton  as  ufual; 
and  as  it  does  not  reach  up  quite  to  the  lid  of  the  outer 
cylinder,  the  fteam  in  the  interftice  has  always  free 
accefs  to  the  upper  fide  of  the  pifton.  The  lid  of 
the  outer  cylinder  has  a  hole  in  its  middle ;  and  the 

pifton  rod,  which  is  truly  cylindrical,  moves  up  and 
^own  through  that  hole,  which  is  kept  fteam-tight  by 
a  collar  of  oakum  fcrewed  down  upon  it.  At  the 
^ottom  of  the  inner  cylinder,  there  are  two  regulating valves. 
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valves,  one  of  which  admits  the  ftcam  to  pafs  from 
the  infterftice  into  the  inner  cylinder  below  the  pifton, 
or  (huts  it  out  at  pleafure ;  the  other  opens  or  Ihuts 
the  end  of  a  pipe,  which  leads  to  the  condenfer.    The 
condenfer  confifts  of  one  or  more  pumps  furnifhed 
with  clacks  and  buckets  (nearly  the  fame  as  in  com* 
mon  pumps)  which  are  wrought  by  chains  faftcned 
to  the  great  working  beam  of  the  engine.     The  pipe, 
which  comes  from  the  cylinder,  is  joined  to  the  bottom 

of  thefe  pumps,  and  the  whole  condenfer  ftands  im- 
merfed  in  a  ciftern  of  cold  water  fupplied  by  the  engine. 
The  place  of  this  ciftern  is  either  within  the  houfc  or 
tinder  the  floor,  between  the  cylinder  and  the  lever 
wall ;  or  without  the  houfc  between  that  wall  and  the 

engine  Ihaft,  as  convcniency  may  require.     The  con- 
denfer being  exhaufted  of  air  by  blowing,  and  both 

the  cylinders  being  filled  with  fteam,  the  regulating, 
valve  which  admits  the  fteam  into  the  inner  cylinder 
is  Ihut,  and  die  other  regulator  which  communicates 
with  the  condenfer  is  opened,  and  the  fteam  rulhcs 
into  the  vacuum  of  the  condenfer  with  violence ;  bitt 
there  it  comes  into  contact  with  the  cold  fides  of  the 

pumps  and  pipes,  and  meets  a  jet  of  cold  water,  which 

was  opened  at  the  fame  time  with  the  exhauftion  regu- 
lator ;  thefe  inftantly  deprive  it  of  its  heat,  and  reduce 

it  to  water ;  and  the  vacuum  remaining  perfcft,  more 
fteam  continues  to  riifh  in,  and  be  condenfed  until  the 

inner  cylinder  is  exhaufted.     Then  the  ftcam  which 
is  above  the  pifton,   ceafing  to  be  counteradcd  bf 
that  which  was  below  it,  afts  upon  the  pifton  with  its 
whole  elafticity,  and  forces  it  to  defcend  to  the  bottom 
of  the  cylinder,  and  fo  raifes  the  buckets  of  the  pumpi 
which  are  hung  to  the  other  end  of  the  beam.    Thi 
exhauftion  regulator  is  now  ftiur,  and  the  fteam  one 
ppencd  again,  which,  by  letting  in  the  fteam,  allows 

the 
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the  pifton  to  be  pulled  up  by  the  fuperior  weight  of 
the  pump  rods  j  and  fo  the  engine  is  ready  for  another 
ftroke. 

But  the  nature  of  Mr.  Watt's  improvement  will  be 
perhaps  better  undcrftood  from  the  following  dcfcrip- 
don  of  it,  as  referred  to  a  figure. — The  cylinder  or 
fteam  veflcl  A,  of  this  engine  (fig.  2.)  is  Ihut  at 
bottom  and  opened  at  top  as  ufual,  and  is  included  in 

^n  outer  cylinder  or  cafe  BB,  of  wood  or  metal,  co- 
vered with  materials  which  tranfmit  heat  flowly.  This 

cafe  is  at  a  fmall  diftance  from  the  cylinder,  and  clofc 
at  both  ends.  The  cover  C  has  a  hole  in  it,  through 

which  the  pifton  rod  E  Aides  ;  and  near  the  bottom  is 
another  hole  F,  by  which  the  fteam  from  the  boiler 

has  always  free  entrance  into  this  cafe  or  outer  cy- 
linder, and  by  the  interftice  GG  between  the  two  cy- 

lynders  has  accefs  to  the  upper  fide  of  the  pifton  HH. 
To  the  bottom  of  the  inner  cylinder  A  is  joined  a  pipe 

[.  I,  with  a  cock  or  valve  K,  which  is  opened  and  fliut 
when  neceflary,  and  forms  a  paflage  to  another  veflel 
L  called  a  condenfery  made  of  thin  metal.  This  veffcl 
is  immerfed  in  a  ciftern  M  full  of  cold  water,  and  it 

is  contrived  fo  as  to  expofe  a  very  great  furface  ex- 

-  temally  to  the  water,  and  internally  to  the  fteam.  It 

^  is  alfo  made  air-tight,  and  has  pumps  N  wrought  by 
I  the  engine,  which  keep  it  always  exhaufted  of  air  and 
S*  water. 

Both  the  cylinders  A  and  BB  being  filled  with 
fteam,  the  paflage  K  is  opened  from  the  inner  one  to 
the  condenfcr  L,  into  which  the  fteam  violently  rufhes 
by  its  elafticity,  becaufe  that  veflel  is  exhaufted ;  but 
as  loon  as  it  enters  it,  coming  into  contadt  with  the 
cold  matter  of  the  condenfer,  it  is  reduced  to  water, 
and  the  vacuum  ftill  remaining,  the  fteam  continues 
to  rufli  in  till  the  jnner  cylinder  A  below  the  pifton 

is 
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is  left  empty.  The  fteam  which  is  above  the  pifton, 
ceafmg  to  be  counterafted  by  that  which  is  below  it, 
acts  upon  the  pifton  11 H,  and  forces  it  to  defcend,  to 
the  bortom  of  the  cvlinder,  and  {o  raifes  the  bucket 

of  the  pump  by  n^eans  of  the  lever.  The  paflagc  K 
between  the  inner  cvlinder  and  the  condenfer  is  then 

ftiut,  and  another  pafTage  O  is  opened,  which  pernvlts 
the  ftcam  to  pafs  from  the  outer  cylinder,  or  from  the 
boiler  into  the  inner  cylinder  under  the  pifton ;  and 
then  the  fuperior  weight  of  the  bucket  and  pump  rodf 
pulls  down  the  outer  end  of  the  lever  or  great  beam, 
and  raifes  the  pifton,  which  is  fufpended  to  the  inner 
end  of  the  fame  beam. 

When  water  is  expbfed  to  a  cold  atmofphcre,  it 
firft  lofes  its  free  caloric,  and  is  reduced  in  tempera- 

ture, but  no  part  of  it  begins  to  freeze  till  the  mafs 

is  reduced  fomewhat  below  the  thirty-fecond  d^ree 

of  Fiuircnheit's  thermometer  i  a  fmall  quantity  of  the 
water  then  becomes  folid^  which,  by  changing  its 
fiat  J,  fcts  at  liberty  a  quantity  of  its  combined  hea^ 
wiiicli  rcftores  the  water  in  contaft  with  it  to  the 

temperature  of  32  degrees,  or  rather  above  it.  The 
correlation  is  therefore  ac  a  ftp.nd  till  this  fenfibk 

heat  is  abftractcd  by  the  atmofphere,  and  the  mafs 

p.gain  reduced  fjmewhat  below  the  thirty-fccond  de- 
gree. Another  ix>rtion  of  water  then  congeals,  and 

tlie  procefs  is  again  ftopped  by  the  cmiflion  of  heat 
In  tliis  manner  congelation  pervades  the  whole  mafs, 

and  is  performed  at  intervals,  which  are  very  ob-  \ 
fcrvable  when  the  phenomenon  of  freezing  is  accurately 
attended  to. 

The  fame  lavv'  operates  in  the  pallige  of  other' bodlcf  j 
from  the  ftatc  of  fluids  to  that  of  lolids,  and  the  conrraiy  '* 
Dr.  Irvine  h:is  fliewn,  that  when  fpermaccti  and  wax  ait 
melted,  thcv  contain  the  matter  of  heat  in  a  combioed 

or 



I Fiq .  2 . 





).  I .]  ExpMfiou  of  Water  in  the  State  of  Ice.      397 * 

itent  date.  By  heating  them  much  above  their  ' 
c  of  fluidity,  he  found  that  they  loft  their  Jieat 
foon,  till  fome  parts  became  folid  ̂   after  this  they 
nued  of  exaiSlly  the  farhe  temperature  till  the  whole 

me  folid,  though  expofed  all  the  while  to' cold 
but  when  aU  became  folid  they  cooled  as  they  did 

•ft.  In  the  fame  manner  water  mixed  with  ice, 
ever  may  be  the  temperature  of  the  furrounding 
lum,  and  whether  the  quantity  of  ice  is  increafing 

iminifliing,  always  nearly  preferves  the  tempcra- 
of  3  2  degrees. 
he  freezing  of  water  was  formerly  attributed  to 
ntrance  of  frigorific  particles  into  that  fluid  j  but 
bove  dodlrine,  founded  on  the  great  difcoveries 
r.  Black,  is  almoft  univerfally  deemed  fo  fatisfac- 
as  to  have  left  the  other,  which  is  a  mere  hypo- 
5,  fcarcely  a  fingle  advocate.  The  augmentation 
c  bulk  of  water  in  freezing  feems  to  be  the  only 
which  can  with  reafon  be  alleged  in  fupport  of 
iodlrine  of  frigorific  particles ;  but  this  increafe  of 
is  not  attended  with  any  increafe  of  weight,  and 
be  much  better  explained,  than  by  attributing  it 
c  addition  of  frigorific  particles,  which  were  never 
ed  to  have  any  exiftence. 
he  increafe  which  water  acquires  in  becoming 
is  about  one-ninth  or  one-tenth  of  its  whole  bulk, 
e  took  a  brafs  tube,  three  inches  in  diameter,  and 

fome  water  into  it  5  he  then  brought  down  into 
ube  a  plug  with  a  weight  placed  at  the  head  of  ic 

vcnty-four  pounds-  On  expofing  the  tube  to  the  ̂ 
,  the  water  freezing  and  expanding  itfelf,  raifed 

feventy-four  pounds.  The  expanfive  power  of 
r,  in  the  procefs  of  freezing,  was  proved  by  a 
irkable  experiment  made  in  Canada.  An  iron 

>  after  having  its  mouth  well  plugged  up,  was 
filled 
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filled  up  with  water  and  expofcd  to  a  fcverc  froft 
whicli  prevailed  in  that  country.  The  expanfion  of 

the  ice  forced  out  the  plug,  and  the  water,  which  im- 
mediately followed,  was  frozen  into  an  irregular  mali 

or  colunnn  of  ice.  The  inflances,  however,  already 
mentioned,  are  far  lefs  ftnking  than  one  delcribcd  by 
Mufchenbroeck,  in  which  a  ball  of  iron,  an  inch  thicki 

was  burft  afunder  in  the  courfe  of  twelve  hours  by  the 
cxpanfive  power  of  froft.  That  philofbpher  having 
calculated  the  force  exerted  by  the  freezing  of  water 
in  a  fimilar  cafe,  found  it  equal  to  a  force  capable  of 

railing  a  weight  of  twenty-feven  thoufand  feven  hun- 
dred and  twenty  pounds.  That  the  expanfive  power 

of  freezing  water,  however,  has  certain  limits,  appcan 
from  the  following  experiment,  made  by  the  Floren- 

tine academicians.  A  brafs  globe  filled  with  watefi 

and  clofed  at  i:s  orifice  by  a  well-fitted  fcrew,  was  im* 
merfed  in  freezing  water,  but  did  not  burft  j  they  then 
pared  oflT  fuch  a  quantity  of  the  metal  as  left  the  fides 
of  the  globe  unable  to  refift  the  expanfion  of  the  waters 
the  force  which  was  required  to  burft  the  globe  in  this 

ftate  was  computed  at  twenty-feven  thoufand  pounds. 
When  fuch  is  the  expanfive  power  exerted  by  water  in 
rnfiing  to  the  ftate  of  ice,  wc  cannot  be  furprized  that 

veflcls,  which  are  left  filled  with  water  in  frofty  wea- 
ther, fliould  be  burft  by  its  freezing,  and  that  the  fame 

thing  Ihould  happen  to  water-pipes  expofed  to  the 
aftion  of  froft.  The  pavement  is  fometimes  loofencd 

from  the  fame  caufe,  and  in  countries  where  very  (c* 
vere  colds  prevail,  the  fap  of  trees  congeals,  and  their 
trunks-are  burft  afunder  with  a  noife  like  that  of  can- 

non. Froft  fertilizes  the  ground,  by  loofcning  the  co* 
hefion  of  the  particles  of  earth. 

As  ice  is  never  perfeftly  clear  or  tranfparcnt,  and  as 
we  find  fmall  cavities  in  it,  fome  have  thought  that  the 
*  air 
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air  infinuates  itfelf  j  but  this  has  been  refuted  by  water 

being  frozen  under  an  exhaufted  receiver,  and  the  fame 

■  cavities  being  found  in  the  ice.     The  ice,  in  faft,  in- 
dead  of  being  heavier,  was  found  to  be  lighter.     The 

;   «xpanfion  of  ice,  indeed,  is  evidently  owing  to  the 
cryilallization  of  the  water,  and  the  particles  afluming 
%  different  arrangennent,  and  not  being  in  clofe  con- 
taifh     If  this  is  admitted,  as  I  apprehend  it  mud,  we 

c    cannot  fay,  with  propriety,  that  the  folid  particles  of 
water  expand.    The  fpicute,  of  which  ice  confifts,  cut 

^  each  other  at  angles  of  fixty  or  one  hundred  and  twenty 

\'  degrees. 
\  When  it  fnows  at  Mofcow,  and  the  air  is  not  too 

I  dry,  it  is  obferved  to  be  loaded  with  beautiful  cryf. 

1^.  callizations,  regularly  flattened,  and  as  thin  as  a  leaf 
I.  of  paper.  They  confift  of  an  union  of  fibres,  which, 
r  ihoot  from  the  center  to  form  fix  principal  rays, 
\  which  are  themfelves  divided  into  extremely  fmaU 
[    blades. 

\         It  appears,  however,  that  the  air  previoufly  con- 
^    tained  in  water  is  fet  at  liberty  on  the  congelation  of 

that  fluid,  and  may  thus  partly  contribute  to  the  fweU 
ling  of  ice,  and  occafion  fome  of  the  cavities  obfcrvablc 
in  it. 

When  water  freezes  flowly,  its  furface  preferves  its 
;    tranfparericy  to  fome  depth,  owing  to  the  air  which  is 
r    icparated  pafllng  downwards  as  the  freezing  proceeds. 
\    The  air  bubbles,  however,  foon  begin  to  coUeft,  and 

^    produce  confidcrable  inequalities,  which  increafc  as 
.     they  approach  the  center.     When,  on  the  contrary, 

water  is  frozen  with  great  rapidity,  the  bubbles  of  air 
difp^rfe  themfelves  pretty  equally  through  xhe  mals, 
which,  in  confequence,  becomes  opake  through  its 
whole  fubftance. 

Rcaufiiur  obferves  that  caft  iron  melted,  in  pafTing 
from 
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from  a  fluid  to  its  folid  (late,  expands.  This  effeft  is 
more  fenfiblc  in  this  than  in  any  other  of  the  metals, 
on  account  of  its  platey  texture.  He  found  that  caft 
iron,  thrown  among  fomc  of  the  fame  metal  melted, 

f\^ims  upon  the  top.  In  the  cafe  of  immediate  expan- 
Con  upon  congealing,  the  iron  feems  to  agree  with 
water :  they  differ  in  this ;  the  iron  never  estpands  by 
cold  afterwards,  whereas  the  ice,  being  expofed  to 
greater  degrees  of  cold,  becomes  more  bulky;  the 

(olid  parts  not  being  k  clofely  conne6ted  from  a  par- 
ticular arrangement,  which  renders  the  whole  mafi 

lighter  than  before.  Quickfilver  contra6t$  in  becom- 
ing folid  9  and  both  caft  iron  and  ice  contain  (evenl 

interftices,  which,  if  allowed  for,  make  it  appear  that 
thefe  bodies  in  reality  occupy  Icls  fpace  when  ibli4  * 
than  in  a  fluid  ftate. 

V 

Xivv;;;- 
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Chap.     II. 

HYDROSTATICS. 

lyijcovertis  tf  Archimtdes  in  this  Branch  of  Bcience^^^Of  the  ModernU 
'•^—Hvw  Fluids  are  aSled  upon  hy  the  general  Laivs  0/  Zira^itaiion.^-^ 

Particles  of  Fluids  ail  independently  cf  each  other. — Experiment 

■  afcertaimng  this  Frinciple.^^FUids  prejs  equally  in  all  Direilions,"^ 
Cautions  ntcejfary  in  ccnjiru^iug  AqueduSlSy  ̂ c.  to  guard  againft 

the  lateral  PreJ/ure  of  Fluid s.^-^  All  V of  ts  of  the  fame  Fluid  iu  Equi^ 

Tihrium  luith  each  other, -^Surfaces  of  Fluids  airways  in  a  Plane 

parallel  *ivith  the  Horizon,'-^ PreJ^ure  of  Fluids  in  proportion  to  their 

'  Height, — Hydrcftatic  Paradox, — FJfccls  of  Gravity  on  Fluids  of 
tiijerent  Denftttes^^^Aclhn  vf  Air  on  the  Surfaces  of  Fluids. — Ufe 

of  a  Vent  Peg, — The  Vaknois. — The  Siphon.^-^Adion  of  Fluids  on 

"  f olid  Bodies  immerfed  in  them. — IV hy  certain  Bodies  Jink  and  others 

fuiiim  in  certain  Fluids.-^ Bvdies  that  f mi m  difpluce  a  Bulk  of  IJ'ater 

equal  to  thmfel'ves  in  ff 'eight  hut  net  in  Magnitude.^-T/e  fame  Body 
nxill  fnk  in  one  Fluids  ivhicb  ivillfiuim  in  another.^-^Jke  Hydros 

meter."  ̂ Fahrenhtit^s  hydrometer, — Recapitulation  of  the  Dcfirincs 

refpe3ing  fpecifc  Gravity. — //oou  to  make  a  Globe  of  Iron  fziim  onf 

the  Surface  qf  IVater.^-^Bduts  mode  cf  Copper, 

WAT  E  R,  as  a  fluid,  has  certain  properties, 
which,  though  common  to  all  unelaftic  or  in- 

comprefljblc  fluids,  are  ufually  confidered  under  this 
topic  J  and  indeed  the  fciences  of  hydroftatics  and 
hydraulics,  which  regard  thefe  properties,  immediately 

derive  their  names  from  that  fluid  *,  on  which  the 
experiments,  illuftrative  of  tbem,  arc  ufually  made. 

Hydroftatics  have  for  dicir  objeft  the  weight  and 

prcffure  of  fluids  j  and  in  this  branch  of  fcience  the 

•  'Yotf^   (Hydor)   water,  and  rlaltun   (flatike)   the  fcience  of 
ivcight.  Hydraulics  fiom  ̂ ^^^  and  ai;Ao(  (aulos)  a  tube  or  pipe. 

Vol.  II.  D  d  art 
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arc  of  determining  the  fpecific  gravities  of  bodies  is 
ufually  included^  but  this  I  have  already  been  under 

a  ncceflity  of  anticipating  ♦  in  fome  degree,  jfrcbi- 
medes^  among  the  ancients^  accomplifhed  the  moft 
remarkable  difcoveries  in  this  fcience.  He.  is  ho- 

noured even  at  this  day,  as  the  inventor  of  the  inge- 
nious hydroftatic  procefs,  by  which  the  purity  or 

bafenefs  of  a  crown  of  gold  was  alcertained.  Among 
the  moderns  we  are  indebted  to  G.allUeOj  Torricdlii 
Defcartes,  Pafcal,  Gugiielmini,  and  Mariotte,  for  the 
bed  information  on  this  fubjeft ;  and.  by  their  expe- 

riments (which  are  as  curious  as  they  arc  decifive)  we 
are  inftruAed  in  what  we  may  expeft  or  fear  from  the 
power  of  fluids  violently  aded  upon  by  die  principle 
of  gravity,  and  in  what  manner  and  upon  what  prin- 

ciples we  may  employ,  for  the  ufe  of  man,  the  hy- 
draulic machines. 

It  has  been  obferved  in  another  place,  that  the  pro* 
penfity  which  bodies  have  of  approacbii^  towaids 
the  earth,  or  perliaps  towards  its  center,  is  the  only 
caufe  of  what  wc  term  weight  or  gravity,  and  that  it 
is  by  the  continual  efforts  which  they  make  to  obey 
that  law,  that  they  prefs  upon  every  obftaclc  which 
iiiipedes  their  progrefs.  As  fluids,  like  folid  bodies, 
are  impelled  by  their  gravity,  fo  in  this  cafe  they  prefs 
upon  every  object  which  oppofes  their  fall ;  but  from 
their  nature  they  prefs  in  a  different  manner  from 
folid  bodies ;  hence  arife  the  peculiar  phenomena  into 
which  we  are  now  to  inquire. 

Fluids  are  matters,  the  component  parts  of  which 

•  See  Book  I.  Chap.  III.  It  was  ncccflary  to  tf.Tplain  the  na- 
ture of  ipecific  gravity  in  that  part  of  the  work,  both  bccaufe  it 

relates  rather  to  bodies  in  general  than  to  fluid  fubdances  ;  a^d 
becaufc  the  f/equent  allufions  to  it  in  the  progrefs  of  the  work 
would  not  have  been  oth^rwife  nnderllood. 

I  ar; 
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are  moveaMe  anlong  thcmfrlvcs,  having  fcarcely  any 
toh^fimi  one  with  anothcfj  and  moving  Independently 

of  each  other.  Some  philofophcrs  •  ha*e  included 
in  this  definition  what  they  term  the  grotTer  floids,  as, 
for  example,  a  heap  of  corn,  a  heap  of  fhot,  of  fand,  &c. 

-as  well  as  the  riirt'r  and  more  elaftic  Auids,  u  common 

air,  and  all  other  Serifbrm  fiibft'anccs.  The  proper 
objefts,  however,  of  thi  hydroftatic  fcicnce,  are  thofe 
flaids  whith,  in  common  l&nguage,  arc  termed  liquids, 

or  thofe  which  always  pi-efcnt  to  us  a  plane  furface, 
IcVtl  ofpariillel  to  the  horizon. 

Alt  liquids  are  not  equally  fluid  j  hence  it  fol' 
lows,  that  the  laws  of  hydroft^tics  apply  with  lefs  ex- 
aftncfs  in  proportion  as  thofe  fiJbftanccs  depart  frorti 

.pe'rfeft  fluidity.  Water  and  oil  both  flow  when  the 
vcflcls,  which  contain  them,  are  either  overturned  or 
broken  ;  but  the  elFufion  of  oil  is  flower  than  that  of 
water,  becaufe  the  particles  of  oil  have  more  cohcfion 
among  themfelves.  The  moft  lingular  effeifts  in  hy- 
droftatics  principally  depend  upon  the  extreme  mi- 
nutenefs  of  the  particles  of  fluids,  and  upon  their  great 
mobility. 

To  preftrve  a  lucid  order  in  the  confidcration  of 
this  fubjcd,  it  will  be  heccTTary  to  divide  the  objcJls 
of  our  inquiry  into  three  branches.  In  the  firft  place, 
therefore,  I  fhall  confidcr  in  what  manner  the  principle 
of  gravity  afts  on  the  particles  of  fluids,  and  the  phe- 
twmena  which  it  produces  in  the  fluids  themlelvesj 
as  well  as  their  aftion  againll  the  fides,  the  bottoms, 
and  tops  of  the  veflcls  in  which  they  are  contained. 
Secondly,  I  fliall  confider  in  what  manner  fluids  of  dif- 

ferent denfldes  aft  upon  each  other ;  and  cliirdly,  the 
aftion  of  fluids  on  bodies  immerfcd  in  them. 

•  See  Briffan,  Vol.  L  p.  133. 
D  d  2  I.  In 
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I.  In  purfuing  the  firft  objcft  of  this  inquiry,  it  may 
be  eftablifhed  as  an  axiom : 

]  ft.  That  the  parts  of  the  fame  fluid  aft  with  rc- 
fpcft  to  their  weight  or  preffure,  independently  of  each 
other. 

This  property  arifcs  from  their  having  fcarcely  any 
cohefion  among  rhemfclves.  It  is  otherwife  with 
folid  bodies  i  their  feveral  parts  adhering  together, 

they  prefs  in  one  common  mafsj  hence  the  falling  of 
folid  bodies  is  produftive  of  a  different  efFcdt  from 
that  of  liquids,  Wc  dread  the  falling  of  a  pound  of 

ice  upon  our  heads,  while  we  are  much  more  indif- 
ferent concerning  that  of  a  pound  of  water.  The 

latter,  i;i  its  defcent,  is  divided  by  the  rcfiftance  of  the 
air,  by  which  fome  of  its  parts  arc  retarded  more  than 
others;  and  the  fwiftnefs  of  the  whole  raafs  is  ftill 

more  retarded  by  this  divifion  than  it  otherwife  would 

be  J  for  by  being  thus  divided  it  acquires  a  larger  fur- 
face,  which  abates  its  cffcft.  On  the  contrary,  a  folid 

body  falls  upon  a  fmall  fpacc,  which  receives  its  whole 
force.  Hence  it  follows,  that  angular  bodies  falling 

upon  any  part  of  the  human  frame  aie  more  dangerous 
than  flat  or  plane  ones  of  the  fame  weight,  and  dc- 
fcending  from  the  fame  height. 

It  follows  from  this  principle,  that  if  an  aperture  is 
made  at  the  bottom  of  a  veflel  full  of  any  fluid,  in  order 

to  prevent  the  flowing  out  of  the  liquor,  it  is  only 
neceflary  to  countcraft  the  weight  of  that  column  of 
fluid  which  has  the  aperture  for  its  bafe,  and  that  to 
counterad  thr.t  weight  it  ib  the  fame  whether  the  veflil 
is  full  of  liquor  or  uliether  it  contcuns  only  a  column, 

the  bafe  of  which  fli-^U  be  equal  to  the  aperture  at  the bottom. 

Let  the  cylindrical  vefltl  of  glafs  A  B  (plate  V. 

f^g.   I.)  have  a  hole  in  x\\t  bottom  a:  C,  furnilhcd with 
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with  a  cylindrical  fcrulc  of  copper  of  an  inch  diameter 
D,  which  is  to  be  flopped  with  a  pifton  G,  or  the 
fucker  of  a  pump  well  fitted  to  the  ferule,  and  oiled, 
that  it  may  yield  to  a  moderate  preffure.  Let  the 
pifton  be  fupported  by  a  fmall  rod  G  H,  faftened  at 
H  to  the  filk  which  unites, with  the  portion  of  the 
pulley  M,  with  which  the  extremity  of  the  lever  M  N 
is  furnifhcd,  and  which  has  for  its  center  of  motion  the 

point  L.  The  other  portion  of  the  pulley  N,  which 
terminates  the  orfier  extremity  of  the  lever,  is  alfo  fur- 

nifhcd with  lines  of  filk»  which  fupport  the  fmall  bafon 

or  fcale  I.  Upon  the  copper  ferule  D  then  fit  a  cy- 
lindrical tube  of  glafi  F  E,  the  interior  diameter  of 

which  is  equal  to  that  of  the  ferule,  and  its  height 
equal  to  that  of  the  veflel  A  B.  When  the  apparatus 
is  difpofed  in  this  manner,  fill  the  tube  E  F  with  water, 

and  cont'nue  to  put  fmall  weights  into  the  bafon  or 
fcale  I,  until  the  pifton, begins  to  rife.  Afterwards 

take  away  the  glafs  tiibi  E  F,  and  place  the'  pifton  G 
in  the  copper  ferule  D,  and  pour  water  into  the  large 
veflci  A  B,  and  it  will  appear  that  the  fame  weights  as 
before  in  the  balon  I,  will  raife  up  the  pifton  when 
the  larger  velTcl  A  B  is  entirely  full,  Hence  ic  fol- 

lows that  there  is  the  fame  power  to  be  counteraftied, 
whether  there  refts  upon  the  pifton  only  a  column 
of  wr.tcr  of  its  own  fize,  or  whether  the  velTcl  A  B  is 

entirely  full.  Such  a  column,  therefore,  prefTes  upon 
its  bafe  independently  of  the  reft  of  the  water  con- 

tained in  the  velTel. 

To  account  for  this,  let  us  fupppfe  all  the  water  in 
a  veflel  to  be  divided  jnto  feveral  columps,  1,  a,  3, 
4,  5,  (plate  V.  fig.  2.)  each  comppfed  of  an  equal 
number  of  parts.  If  the  bottom  of  the  veflel,  which 
fcrves  for  the  bafe  and  fupport  of  all  the  columns,  is 
ppeocd  in  a,  the  column  3,  being  no  longer  fupported, 

D  d  J  win 



4o5       Far  tides  of  Fluids  have  m  Cobefion.  [Book  VIL 

will  defcend  through  the  aperture^  Aiding  between  the 
two  columns  a  and  4,  which  are  fupported  by  the 
parts  of  the  bottom  of  the  veflel  b  and  r,  all  the 
moveable  parts  of  vihich  become  (if  I  may  ufe  the 
cxprcffion)  fmall  rollers,  which  retard  the  fall  only 
in  a  very  fliglit  degree.  This  cfFeft  is  the  rcfult  of 
the  fmall  degree  of  cohcGon  between  the  parts  of  the 
fluid.  If  the  columns  i  and  2  on  the  one  part,  and 
4  and  5  on  the  other,  were  compofed  of  parts  adhering 
together,  they  would  retard  each  other  in  their  defcent 
during  their  whole  length,  in  the  fame  manner  as  a 
wax  candle  would  do ;  and  by  the  fall  of  the  column  3, 
a  void  would  be  made  betweea  tRem*  But  as  all  the 

particles  are  extremely  minute,  moving  eafily  upon 
each  other,  they  defcend  when  the  fummit  of  the  co- 

lumn 3  begins  to  defcend,  having  no  longer  any  fup- 
port  from  that  fide ;  and  the  fuperficies  of  the  whole 
mafs  defcends  in  the  fame  manner,  though  only  one 
of  the  columns  caufed  the  flow  from  its  fall.  When 

the  parts  have  a  degree  of  vifcofity,  as  thofe  of  oily 
fiuids,  or  when  the  mafs  of  the  flowing  liquor  has 
much  more  of  breadth  than  of  height,  the  void  which 

the  defccnding  column  leaves  above  it  is  eafily  per- 
ceived, for  then  the  furface,  inftead  of  being  plane  and 

even,  is  hollow  in  the  middle,  and  aflumes  a  funnel- 
like  form,  bccaufe  the  adjacent  parts  do  not  arrive 
with  fufBcicnt  fwiftnels  to  replace  thofe  which  defcend 
through  the  aperture ;  befidcs  the  prefTure  of  the 
air  above  the  aperture  is  ftronger  than  its  refiftancc 
below. 

From  what  has  been  now  dated,  it  is  cafy  to  per- 
ceive how  fluids  differ  from  folids  in  the  phenomena 

of  gravitation.  If  the  veflel  A  B  (plate  V.  fig.  i.) 
bring  full  of  water,  and  the  tube  E  F  being  removed, 
it  was  required  to  raifc  up  the  pifton  G  i   all  that  is neceflary 
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nccefiary  ki  this  cafe  is,  to  fuppoit  the  weight  of  the 
column  of  water  direftly  above  the  pifton,.  bccaufe 
this  column  can  move  independently  of  the  remainder} 
but  if  the  whole  mafs  of  water  was  converted  into  ice, 

then  the  ittafs  ceafing  to  be  a  liquid,  ahd  aU  its  parts 
adhering  together,  to  raife  up  the  pifton  it  would  be 
neceffary  to  fupport  the  weight  of  die  whole  mafs. 

idly,  Fluids  prefs  equally  in  all  direiftions. 

-  In  other  words,  they  not  only  prefs  from  the  top  to 
the  bottom  like  other  bodies,  but  they  alfo  prefs,  ac« 
cording  05  their  weight,  Upon  all  bodies  that  oppol^ 
them  lA  a  lateral  diredion,  ;lnd  even  from  the  bottoiti 

to  the  top.  Hence,  if  a  cafk  is  filled  with  liquid  oil, 
the  oil  WiH  run  out  if  atl  aperture  is  made  in  the  fid^, 
but  when  it  is  congealed  it  will  riot  run  out  on  account 
of  it6  having  became  a  folid  body,  for  (olid  bodies 
prefs  only  from  their  vertex  to  their  bafe,  and  not 
laterally. 

To  uiiderftand  properly  this-  lateral  prieiflure  of 

fluidis,  and  alfo  that  v^hich  they  exert"  ffonl  their  bafe 
towards  their  vertex,  it  is  rieceflary  to  confider  thenri 
as  a  mafs  of  fmall  globules  depoOted  in  a  vellel;  and 

to  x'emembcr  that  chefe  minute  globules  are  not  ar^ 
ranged  regularly  as  upon  a  cord,  but  that  vzty  fre- 

quently mt  Column  exercifes  its  preflure  between  two 
others,  and  has^  a  propenfity  to  diiplace  them,  as  may 
be  feen  in  plate  V.  (fig.  3.)  where  the  perpendicular 
prefTuro  which  is  made  oppoGte  to  thd  ()oint  //,  is 
direfted  by  the  lateral  columns  towards  the  fides,  ̂ /, 
of  the  veflfel,  in  fuch  a  manner,  that  if  the  veflel  was 

open  in  ihofe  places  the  liquid  would  flow  out,  on 
a^ccount  of  the  great  mobility  of  its  parts.  It  is  by 
thcr  fanfte  mode  of  reafoning  that  the  preflure  of  fluids, 
from  their  bafe  towards  their  vertex,  is  accounted 

for:  for  exaJnplei  when  the  column  d/ifig-  3-)  has 

D  d  4  a  tea- 
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a  tendency  to  difplace  the  two  particles  g  by  the  parr 
tide  g  cannot  nnove  any  farther  becaufe  it  is  impeded 
by  the  fide  and  bottom  of  the  veffcl ;  but  the  particle  ib 
may  be  raifed  from  the  bafe  towards  the  top,  unlefs  a 

column  equal  to  the  column  i  k,  or  fomething  equi- 
valent, prefles  upon  it  to  prevent  it. 

It  is  upon  this  principle  that  the  water,  elevated  by 

the  New  River  water-work^,  after  having  dcfcended 
from  a  bafon  in  a  vertical  pipe,  and  then  after  having 
flowed  horizontally  iu  a  fucccffipn  of  pipes  under  die 

pavement,  is  raifed  up  again,  through  another  pipe, 
as  high  as  the  founuin  at  the  Temple  Garden.  It  i^i 

alfo  upon  this  principle  that  a  veflcl  may  be  filled 
either  at  the  mouth  or  at  the  bottom  indifferendy, 
provided  that  it  is  done  through  a  pipe,  the  top  of 
which  is  as  high  as  the  top  of  the  veflel  to  be  fUlcA 

Hence  it  follovys,  that  when  piprs,  aqueducts,  rcfer- 
voirs,  or  other  hydraulic  works  for  the  retention  <xi 
water  are  to  be  conftrufted,  it  becomes  neceflary  fo 
proportion  their  ftrength  to  the  lateral  preflure  which 
they  are  likely  to  fuftain,  which  becomes  greater  as 
the  height  of  the  water  is  more  confiderable.  Nearly 
the  fame  precautions  are  neceflary  to  be  taken  with 

refpeft  to  what  fome  philofophers  call  the  grofler 
fluids,  which  alfo  have  a  propenfity  to  expand,  as  well 
on  account  of  the  fmallnefs  of  their  parts  as  from  the 
fmall  degree  of  cphefion  which  exin:s  bet>yeen  them. 

Walls  defigned  to  fupport  terrafles  ought  to  be  fuf- 
ficicntly  ftrong  to  refift  the  lateral  preflure  of  the  earth 

and  rubbiili  which  they  are  to  fuftain,  fince  this  preflure 
will  be  greater  as  the  particles  of  earth,  and  of  the 
other  materials  of  which  the  terrafles  are  compofed,  are 
lefs  bound  together,  and  in  proportion  as  the  terrafles 
are  more  elevated. 

^dly,  All  the  parts  of  the  fame  fluid  are  in  equili- 
brium 
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hrium  with  each  other,  whether  they  are  contained 

in  one  veflel  or  many,-  provided  they  communicate 
with  each  other;  and  their  furfaccs  alfo  are  always  in  a 

plane  parallel  to  the  horizon. 
Thij  is  a  confcqucnce  of  the  principle  which  has 

been    before    eftabliihed :    for,    finct    the   particle  b 

(fig,  ,■5.)  would  be  raifed  from  the  bafe  towards  the 
top,  unlets  a  column  equal  to  the  column  /  k,  prcfled 
upon  it  to  retain  it  in  its  place ;  it  follows  that  to  be  in 

'    equilibrium,  the  upper  extremities  of  the  two  columns 
t    Ihould  be  in  the  fame  horizontal  plane,  or  in  points 
B   equally  diftant  from  the  center  of  the  earth ;  which 
W  points,  however,  cannot  be  found  by  a  right  hne;  for 
e  in  the  diftance  of  a  thoufand  fathoms  there  is  about 

?  .'one  foot  difference  in  the  perpendicular  height.     From 
■   this  property  of  fluids  it  follows,  that  water  conduced 
-  by  pipes  placed  in  the  earth,  will  remount  as  high  as 

the  place  whence  it  flowed,  whatever  the  depth  under 
ground  through  which  it  may  have  been  condnfted 

by  the  pipes.  It  is  cuftomarj'  to  allow  half  an  inch  of 
inclination  in  the  length  of  fix  feet,  to  counteract  the* 
refifl:ance  produced  by  friftion ;  but  it  is  clear  from 

what  has  been  faid,  that  this  is  not  abfolutely  necef- 
fary,  for  however  long  the  paflUge  might  be,  the  water 

-  would  ftill  afcend  as  high  as  the  place  whence  it 
..,  came,  but  it  would  require  a  little  longer  time  to 
.    accomplifh  the  afcent.     We  are  enabled,  upon  this 

principle,  to  account  for  the  fprings  which  are  fome- 
limes  found  on  the  tops  of  mountains.  Such  waters  How 
from  mountains  ftill  more  elevated  (whether  they  are 
for  or  near)  by  fubterraneous  canals.  It  follows  from 
this  principle,  that  if  there  are  many  reftrvoirs  which 
communicate  together,  it  is  neceflary  only  to  fee  one 
pf  them  to  know  the  height  of  the  w^tcr  in  the  others  j 
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iur  it  mult  ncccirarily  be  of  the  lame  height  thtre  as  m 
ail  the  rcll. 

Frum  what  has  been  obfcrvcd,  viz.  that  when  aU 

t'.v  purrs  of  the  lamf  ftiiid  arc  in  equilibrium,  tlwir 
lurf.iccs  will  altb  be  in  a  plane  parallel  to  the  horiion, 

oi,  in  othLT  wordi,  every  part  of  the  furfece  at  an 

equr.1  liillancc  from  the  center  of  the  earth,  it  follows, 

that  when  the  furface  of  water  is  very  large,  it  bccomci 

nccelTarily  anii  Icnfibiy  convex.  This  is  eafily  pcr- 

toivtd  at  fca,  whtrc  the  mads  of  fliips  are  obfci'ved  ai 

a  diilance  before  any  other  part  of  the  (hip  can'  be  dif- ' 
lingiiilbed. 

4thlv,  Fluids  prcls  as  well  perpendicularly  as  late. 

rally,  not,  however,  in  proportion  to  their  quanttt)r, 

but  in  proportion  to  their  height  above  the  plane  of 
vlie  horizon. 

For  t^nnplc,  if  levoralvefltls  of  the  &me  hei^ 

:iiid  bjfi-  are  filled  with  water,  all   their  bottoms  will 
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ie  vcffel  is  evidently  much  larger  than  the  firft ;  bc- 
lufe  the  bottom  F  Q  fupports  qnly  the  column 
F  G  K,  equal  to  that  of  the  velfel  (fig,  4.)  and 
lis  column  cxercifes  its  preffure  indepcndendy  of  the 
efidue  of  the  water  in  the  vcffcl,  which  is  fupported 
ff  die  fides  E  F,  H  G,  of  the  veflcl  (fig.  5.)  But 
^e  principal  difficulty  confifls  in  comprehending  how 
be  bottom  of  the  veffel  N  O  is  ftill  preffcd  by  a 

veight  of  fix  pouj)ds>  although  one  pound  of  water 
|Di4d  be  fyfficient  to  fill  the  vefiel.  It  is  accounted 

kg  in  this  manner :  it  is  certain  that  upon  the  portion 
I!  V  of  the  bottom  N  O,  there  is  a  prcflure  equal 

|d  that  of  a  column  of  water  of  which*  T  V  is  the 
ttfj  and  L  T  the  height.  If,  upon  every  other 
imilar  portion  of  the  fame  bottom,  there  is  a  preffure 

^ual  to  that  of  the  column  L  T  V  Q^  the  bottom  is 
Squally  preffed  upon  all  its  parts.  For  inftance,  there 
Sjflr  preffure  upon  the  porrion  V  X  equal  to  that  of 

I,  column  of  watei*  QV  X  R,  which  is  itfelf  equal 
>a  the  column  I.  T  V  Qj  for  the  fmall  column  of 
■fater  P  V  X  S,    which   refts    above,   has    a    pro- 

pBnfity  to.  be  elevated  by  the  preffure  of  the  adjacent 
Cohimn  LT  VQ^and  with  a  force  equal  to  the  excefs 
L  M  P  Qjof  this  great  column  over  the  fmall  one ; 
ibcffsfore  the  upper  part,  P  S,  is  preffed  by  the  fame 

§piwtr ',  but  the  re-adion  is  equal  to  the  preffure. 
%e  part  PS  re-afts  with  a  force  equal  to  the  excefs 

^•MPQ^of  the  great  column  over  the  fmall  one. 

^'herc  is,  therefore,  a  preffure  upon  the  portion  V  X ^  the  bottom  N  O,  from  the  fmall  column  of  water 

P'V'XS,  and  from  the  re-adion  of  the  part  PS, 
'^Ual  to  the  preffure  of  a  column  of  water,  QJi*  S  R, 
wh  of  which  added  together  are  equal  to  the  pref- 
Wt'C  cf  the  column  LTV  Q^  Whai  has  been-  faid 

^  the  portion  V  X  may  be  faid  of  all  die  reft^  Hence 
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it  follows  that  the  bottom  of  the  vcflcl  ("fig.  6.)  is 
every  where  equally  preffed. 

There  is  a  maxim  deduced  from  what  has  been 

ftatcd,  which  is  termed  by  philofophcrs  the  hydroftatic 
paradox ;  it  is  neverthelefs  founded  upon  the  fureft 
bafis  of  truth,  and  has  a  confiderable  influence  In  al- 

moft  all  hydraulic  engines,  viz.  "  that  a  given  quantitr 
of  wu:er  may  exert  a  force  two  or  three  hundred  times 

lefu  or  greater,  according  to  the  tnanner  in  which  ir 

is  employed/*     If,  for  infcance,  the  fame  quantit)' of 
water  as  the  vcflcl  (fig.  5.)  will  contain,  is  poured 
into  a  veflel  refembling  that  of  (fig.  6;)  but  higl 
enough  to  contain  it,  the  preflure  upon  the  bottom 
N  O  will  be  confiderably  greater  than  that  upon  the 
bottom  F  G. 

One  of  the  ir.oft  ufeful  machines  to  fhcw  that » 

fmall  quantity  of  water  is  capable  of  great  preffuit, 
is  the  hydroftatic  bellows.  This  machine  (Plate  VI 

fig.  1.)  confifts  of  two  thick  oval  boards,  each  abotf 
three  feet  broad,  and  four  feet  long,  united  to  esdi 
o:her  by  leather,  like  a  pair  of  common  bellows,  or 

a  barber's  puft'l  Into  the  lower  board  a  pipe  R 
fcvcral  fccc  high  is  fixed  at  e.  New,  in  fhewing  ex- 

periments with  this  fimple  machine,  which  even  the 
J  e?.der  himfelf  might  cafily  make,  let  water  be  poured 

into  the  pipe  at  its  top  C,  which  will  run  into  tiiff 

bellows,  and  feparate  the  boards  a  little :  then  to  flic* 

how  much  a  little  water  will  be  able  to  efledt  by  prrf- 
furc,  let  three  weights,  each  of  an  hundred  pounds,  te 

laid  upon  the  upper  board.  Now  if  we  pour  moit 

water  into  the  pipe,  it  will  as  before  run  into  the  bel- 
lows, and  raife  up  the  board  with  all  the  weights  upon 

it.     And  though  the  water  in  the  tube  Ihould  weigh 

in  all  but  a  fingle  pound,  yet  the  preflure  of  diis  fn^^ 

force 
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•hetg^  of  the  water  thai  will  be  thirteen  times  and  a 
Jwlf  of  that  of  tTie  mercury  %  becauft  the  fpccific 

gravity  of  mercury  is  about  thirteen  times  and  -a  ha}f 
u  great  as  thxt  of  water. 

This  bblervation  will  ̂ Ib  apply  to  riic  reciprocal 
aAion  of  air  and  wateri  xx  air  and  mercury  upon  each 
•di£r,  as  was  evinced  is  a  former  boi^,  when  treating 

•f  die  Torricelliafl  -experiment  and  the  barometer  *. 
Many  of  the  pbenomoia,  indeed,  of  hydroftatics  and 

■  hydnuilicc  are  to  be  referred  to  the  prefliire  of  the  at- 
ijmOS'^Ttt  and  for  this  ceafon,  the  prefent  fubje£t  has 

['luB  in  part  anticipated,  when  n  was  necrifary  to  treat 
•  ̂ga£  as  a  fluid. 

It  is,  however,  proper  on  the  prefent  occafion,  to 

-Jccal  to  the  reader's  attention  fiwnc  of  the  properties 
Ljdf  this  fluid,  and  he  will  eafily  remember,  that  as  a 

vJbwd,  air  b  poflefled  of  gravity,  and  confecjuently 

'^pisfles  upon  all  bodies  which  oppofe  it;  and  it  is 
necdTary  to  add,  riiat  like  water,  it  prcffes  in  all 

'^rc^ons.     Itt  perpendicular  preflure  has  been  al- 
ready fufficlently  proved  j  and  its  lateral  preffurc  may 

alfo  be  eafily  demonllratcd.     If  a  fmall  hole  is  made 
inch  a  ̂ mbkt,  either  in  the  fide  or  bottom  of  U  calk 
or  vefiH  which  is  quite  full  of  liquor,  it  mil  not  rua 
out,  beca\)fc  the  external  air  which  prefles  againft  the 
lK>le,  fuftaifls  the  liquor,  which  has  not  a  liifficient 

'kdght  to  overcome  its  preflure.    Hence  the  neceflity 
of  a  vent  peg,  to  enable  liquor  to  be  drawn  out  of  a 
iaXl  aSk.    The  elafticity  of  the  fina!!  quantity  of  air 
which-  is  introduced  at  the  vent  prcfTes  the  fluid,  and 
overcomes  the  preflure  of  the  air  at  the  cock.     There 
is  an  inftrument  in  common  ufc,  called  a  Valencia, 
fcr  extrafting  fmall  quantities  of  liquor  out  of  th? 

•  Sec  Book  V.  Chap.  9., 

bung- 
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of  its  difcharge  through  the  fiphon.  ■  For  fuppofc  G  F 
the  confines  of  the  atmofphere,  all  the  points  of  the 
fur&ce  A  of  the  liquor  will  be  equally  prcfled  by  the 
column  of  air  A  F ;  if,  therefore,  at  fomc  point  of 
this  furface,  the  prcffure  is  fufpended,  the  liquor  muft 
flow  at  that  point,  becaufc  it  finds  lefs  refiftance  there 

-  than  in  any  other  part  i  this  is  therefore  the  obvious 
rrafbn  why  the  fiphon  becomes  full  immediately  after 
the  air  is  drawn  out  at  the  extremity  C. 

i(  the  two  branches  of  the  fiphon  were  of  equal 
lengths,  as  B  A,  B  D,  the  flow  through  the  bene  tube 
would  not  take  place ;  bccaufe  the  column  of  air  D  G 
which  would  refill  in  D,  being  of  an  equal  height 
with  that  which  prefTes  at  A,  would  alfo  be  in  equili- 

brium with  it>  in  the  fame  manner  as  the  two  columns 
of  the  Buid  B  A,  B  D.  But  fince  B  C,  one  of  the 

legs,  is  longer  than  the  other,  though  the  column  of 
air  G  C,  which  anfwers  to  it,  is  really  longer  than  that 

which  preflbs  in  A  -,  yet  it  is  not  capable  of  preventing 
the  paflage  of  the  fluid.  To  ui;derftand  this  more 
perfcflly,  let  us  confider  the  column  of  air  G  C  to  be 
divided  into  two  parts,  one  of  which  G  D,  would  form 
an  eqiiipoife  with  the  column  of  air  F  A,  and  would 
be  capable  of  flopping  the  flow  from  the  tube  if  the 
branch  B  C  ended  in  D.  The  portion  of  fluid  which 

fills  the  part  D  C  of  the  fiphon,  will  find  no  other  re- 
fiftance  in  C  than  one  column  of  air  D  C  of  the  fame 

length  with  it,  which  is  evidently  very  inferior  to  ic 

in  weight.  I'his  portion  of  fluid  then  flows  out,  be- 
caufe  it  greatly  exceeds  in  weight  the  column  of  air 
which  is  oppofed  to  ic.  But  while  it  continues  to 
flow,  nothing  fuflains  that  which  is  above  it,  which 
flows  necef!arily,  while  the  prefTure  of  the  air  at  A 
furnillies  a  new  fupply  of  fluid  to  replace  that  which 
runs  out.  It  is  by  thefe  means,  that  the  water  in  the 

Vol.  II. .  E  e  fiphon 



4x8  A^ion  of  Fluids  on  foiid  Bodies.  [Book  VII. 

fiphon  continues  to  flow  without  intermiffion ;  becaufe 
the  refiftance  of  the  air  in  C  is  as  much  exceeded,  as 

the  length  of  the  branch  B  C  of  the  fiphon  exceeds 

that  of  the  branch  A  B.  In  order  to  prove  this, 
fuppofe  there  is  added  at  C  a  tube  to  lengthen  that 
branch,  then  it  will  plainly  appear,  that  in  a  given 
time  more  water  will  flow  than  would  have  been  dif- 

charged  without  that  augmentation  to  the  branch  BC. 
Since  it  is  the  preflure  of  the  air  which  elevates  the 

fluid  in  the  fliort  branch  B  A,  it  follows,  that  the 

height  of  this  branch  is.  limited  to  thirty-two  feet 
when  the  fluid  is  water,  becaufe  the  preflure  of  the 
atmofphere  cannot  elevate  w^ter  higher;  but  when 
the  fluid  is  mercury,  the  height  of  the  fliort  branch 

fliould  not  exceed  thirty  inches,  becaufe  the  atmofphere 
cannot  fliftain  mercury  at  a  greater  height, 

III.  The  adlion  of  fluids  on  folid  bodies  immerfed 

in  them,  has  been  already  in  part  anticipated,  in  treat- 
ing of  fpecific  gravity.  It  is  neceflary,  however,  to 

refume  that  fubjeft  to  a  certain  extent  in  this  place, 

and  I  flialL  endeavour  as  much  as  poflible  to  avoid  re- 

petition. 
It  is  evident,  that  when  a  folid  body  is  plunged  into 

a  fluid,  it  occupies  a  fpace  in  that  fluid  exadlly  equal 
to  its  own  magnitude.  The  quantity  of  fluid  then  lb 

difplaced,  either  equals  in  denfity  and  confequcntly  in 

weight,  the  foHd  which  difplaced  it  j  or,  on  the  con- 
trary, one  of  the  two  mufl:  weigh  more  than  the  othcri* 

In  tlie  hft  cafe,  which  is  moft  common,  the  quantity 

by  which  the  heavier  body  furpalfes  the  lighter,  i$ 
called  the  fpecific  weight  or  gravity. 

It  has  been  obfcrved  before,  that  fluids  exercift 

their  preflure  in  all  direftions,  confcquc-ntly  a  folid 
body  pKingtfd  inro  a  fluid  is  preflcd  at  all  points.    R 

has  alfo  been  proved,  tliat  this  prcflTure  increafcs  ifl 

a  proportioo 
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tion  to  the  height  of  the  fluid;  the  preffure, 
rCj  which  the  body  undergoes,  is  greater  in 
d<<n  to  the  depth  into  which  it  is  plunged, 
it  has  been  proved,  that  when  two  fluids  are 

in  equipoife,  their  refpeftive  heights  are  in  pro- 
;  to  their  denfities ;  and  therefore  bodies  plunged  , 
qua!  depth,  are  comprefled  according  to  the  dcn- 
the  refi)ei5l:ivc  fluid. 

bod}-  is  heavier  than  the  fluid  in  which  it  is 
fed,  it  is  evident  that  it  will  fink  to  the  bortom- 
r;)ecific  gravity.  If  a  boity  is  lighter  than  the 
Uik  of  the  fluid  into  which  it  is  plunged,  a  pare 
ill  fwim,  and  the  remaining  part  which  is  im- 
:  difplaces  a  quantity  of  fluid  «hich  weighs  cx- 
i  much  as  the  whole  of  the  folid  body  *. 

If, 

ram  what  I  have  tlready  explained,  you  mull  neecfliirily 

lOVi  rcJ  the  rationale  ot'/miiiig  an.l  f-Jiimmixg.  You  law 
t\\  a  body  uas  bulk  A>r  bulk  heavier  than  the  fluid,  by 

TiniTicd  it  lolusonlyihir  Weight  of  an  equal  bulk  ot  the 

id  coiuequently  tlid  rtfidual  or  rrtnaininu'  gravity  of  the 
if!  Ciity  it  doun  lo  the  bouom,  or  make  iXjtiik. 

'.,-  oih^r  h.'.nd,  if  the  folid  has  lefi  weight  in  the  fame  bulk 

;  a.S-A,  t'.icn  it  c.iiii.ct  by  iis  weight  difptaci-  or  rai.e  up- 
s  .vr.,.i;  buik  ̂ f  tlie  fiaid,  b.it  oi.ly  .>i  r-uch  of  it  as  is  equal 

',  !i  wti^lit,  r.;,tl  fr..r.i  this  deficiency  in  v.;;ir;ht  it  ivill  be 

i'v  ln:n;erli:d,  ar.d  will  thtri-forc/^D(»  upon  the  upper  part J:d. 

I  the  animals,  however,  thrown  into  the  water,  man  is  the 

plefs ;  thi;  bruEe  creation  reci'ivc  (he  ;irt  of  iwiniming  from 
vhile  man  can  only  acquire  it  by  piaftice  ;  ihe  uiic  cfcapcs 

dnnger,  the  oiher  lint',  lo  the  bottom.  Some  have  af- 
:hat  this  ariies  from  the  different  fe-.fibiliiies  eadi  have  at 

•er;  the  brute,  unternfieJ  at  his  fitujtion,  ItiuggUs,  while 
fe.;r.  fink  the  lorJ.,f  the  creation. 

inch  bitter  reafom  may  be  aiUgned  for  this  iii:potence  of 

wati-T,  when  compared  to  utlicr  animals ;  and  one  is,  that 

aAually  more  fpecific  g ravin',  or  contains  more  matter 
Jie  fame  fuiface  than  soy  other  animal.  The  trmk  of  tba 

I.  e  3  body 
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If^  for  inftancc,  water  is  poured  into  a  glafs  veffcl 
(fig.  5.)  furniflied  with  a  fmall  cock  near  the  bottom; 
if  the  hiright  of  the  water  in  the  veffel  is  marked  with 
a  fmall  bandage  of  thread  or  paper  j  and,  laftly,  if  a 
ball  of  wood  is  dirown  into  it,  it  will  appear  that  part 
of  the  wood  will  be  immerfed,  and  part  of  it  remain 
above  the  water,  and  that  the  immerfed  part  will  raifc 
the  water  in  the  veflfel  juft  as  much  as  if  a  volume  of 
water  bad  been  added  equal  to  the  folid  contents  of 
the  part  under  water. 

If  a  quantity  of  water  is  then  let  out  of  tlic  vcfltl 
by  means  of  the  fmall  cock,  until  the  furfacc  is  reduced 
as  low  as  the  mark  which  pointed  out  its  height  at 
the  beginning  of  the  procefs,  it  is  clear,  that  the  water 

drawn  out  in  this  manner  will  be  equal  in  its  iblid  con- 
tents to  thofe  of  the  immerfed  part  of  the  wooden 

ball;  and  alfo,  if  this  volume  of  water  is  weighed^it 
will  be  found  to  be  of  exa^lly  the  fame  weight  as  die] 
whole  ball  of  wood. 

Hence  it  follows,  that  a  boat  upon  a  river  difplaccs 
a  quantity  of  water  exadWy  of  the  fame  weight  with 
the  boat  and  its  lading ;  and  if  more  weight  is  added, 
it  will  fink  deeper  in  the  water  in  the  fame  proportion; 

and  the  immerfed  part  is  more  or  lefs  in  extent,  ac- 

bocy  in  other  animals  is  largr,  and  their  extremities  propor* 
tionably  fmall ;  in  roan  it  is  the  reverfe,  his  extremities  are  verj 

large  in  proportion  to  his  trunk.  The  fpecific  weight  of  the  ex- 
tremities is  pioportionably  greater  than  that  of  the  trunk  in  all 

aninuls,  and  therefore  man  mufl  have  the  greateft  weight  in  water, 
iince  his  extremities  are  the  largeft. 

Befides  this,  other  animals  to  Mm  have  only  to  walk  (as  ii 
were)  forwards  upon  the  water ;  the  motion  they  give  their  limbi 
in  ̂ ^Nir^.TT^.^.;r  i-  cx^ct  y  the  fame  the^  ufe  upon  land  ;  but  it  u 

li'ifu  'r-r.;  vvit:,  :;i  .•..  v,r;o  makes  ufe  of  ihofe  limbs  to  help  him  for- 
v/irJ.i  a;.' J'.,  jt.^'.  .  i. .^  h  he  employs  to  a  very  diiFereni  purpcfc 
^rs:r.  ]l;j.J  .\j^^4\:  Liitwret^  VoL  ill.  p.  408. cording 
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cording  to  the  denfitjr  of  the  water.  Hencej.  as  water 
when  impregnated  with  fait,  is  heavier  and  denier  than 

pure  water,  as  was  formerly  proved  * ;  it  follows^  that 
the  fame  boat  and  lading  will  draw  lefs  water  (ac- 

cording to  the  Teaman's  phrafe)  in  the  ocean,  than  in 
.  a  river  of  fre(h  water,  and  that  if  it  is  laden  to  the  utmoft 

extent  in  fait  water,  it  will  fink  when  it  comes  into  ftefh 
water. 

Upon  this  principle  depends  the  ufe  of  the  hydro- 
meter. For  it  will  be  found  that  bodies  immerfed  in 

mercury,  fuftain  a  greater  lofs  of  weight,  or  require 
a  greater  power  to  fink  them,  than  in  iait  water ;  in 
fait  water  than  in  frelh ;  and  in  pure  water,  they  ftill 
fufiain  a  greater  lofs  of  weight  than  in  fpint  of  wine, 
which  is  a  lighter  and  Ids  denfe  fluid. 

The  hydrometer,  then,  is  an  inftrument  by  which 
the  fpecific  gravity  of  different  fluids  is  determined. 

The  mod  fimple,  and  that  which  is  mod  in  ufe,  con- 
fifts  of  a  glafs  globe  with  a  long  narrow  neck  (plate 
VIL   fig.    I.)  A  C,  divided   all   the  way   up  into 

equal  parts.     In  order  that  this  inftrument  may  fuf- 
lainicfclfin  the  middle  of  liquors  in  a  vertical  pofi^ 
tion,  it  is  made  in  fuch  a  manner  that  the  center  of 

graivxvf  is  in  the  lower  part  of  it ;  it  is  for  this  purpofe, 
that  another  fmall  hollow  ball  S  is  placed  under  the 
f^^^^v  ball,  in  which  fome  mercury  is  ufually  lodged, 
5^uc    in  fuch  a  quantity  only  as  that  the  whole  hydro- 

pic t:er  (hall  weigh  about  as  much  as  an  equal  bulk  of 
^^-^  fluid  which  is  appointed  to  be  proved. 
A/Vhen  the  hydrometer  is  conftrufted  in  this  manner, 

is  plunged  in  the  liquors  which  are  to  be  corn- 
ed, it:  will  not  entirely  fink,  becaufe  it  is  fuppofed 

•  Book  vi.  chap.  7. 
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to  be  a  rpeclHtgraviif,  atoitc  or  nearly  equal  witk 
that  of  the  fluid.  j  ̂      • 

If,  therefore,  the  weight  of  the  hydromcicr  U  fuch^ 
that  it  will  fink  in  water  as  fer  as  E,  ic  will  fink  llHI 

decider  in  lighter  Buids  -,  it  will  fiivk  for  inftancc  in 
3S  far  3s  F ;  in  fpirlt  of  witte  ds  far  as  G,  &c.  But  i| 
it  is  plua^cJ  into  liquors  huvter  than  water,  \t  will 
not  fink  fo  far  as  E;  for  cxaitipli:,  iti  beer  it  will  onljr 

fink  to  D,  and^ways  as  niuCh  IcOi  as  the  liquor  ~ 
■  which  it  is  plungcU  is  ilcnfcr  anil  confeqocntly  hciwjcft. 

By  this  procefs  ic  will  be  eafily  difcovcred,  whtiiw 
one  kind  of  flujd  is  ligljter  ijian  another  *itli  whici)  k 
is  compared ;  but  the  proportion  cannot  be  accuritt^ 
determined  J  for  in  order  to  that,  it  would  be  ncccAij 
to  know  cxadly  the  proportion  between  the  tube  AG 
Sind  the  balls  B  and  S  j  which  is  impoflible  according 
to  the  above  mode  of  conftTu£Ung  the  inftnifficflCi 
and  it  wauld  alfo  be  funher  neccOkry  tliat  the  tube  AC 
fiiould  be  perfcclly  cylindrica]». which  never  U  Uut 
The  mod  certain  mode  of^acauirbiff  iJhis  sTaA^lti 
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Ihould  be  marked  upon  it,  to  prevent  its  being  for- 
gotten. The  inftrumcnt  is  then  plunged  into  diftilled 

water ;  and  by  putting  weights  into  the  bafon  D  E,  it 
ismadeto  fink  as  for  as  the  grain  of  fiiialt(d).  The 

weights  which  were  made  ufe  of  to  produce  this  im- 
merfion,  added  to  the  might  of.the  hydrometer,  gives 
exaftly  the  weight  of  the  volume  of  water  meafured 
by  the  inftrumcnt.  By  repeating  the  fame  operation 

upon  any  other  fluid,  the  weight  of  the  volume  of  that 
fluid  meafuretl  by  the  hydromctct,  may  be  known  with 
equal  exaftnefs.  Hence  it  follows,  that  the  quantity 
of  thefctwo  volumes  are  equal,  bccaufe  thtyare  mca-- 
fured  by  the  fame  inftrumcnt :  the  difference  of  their 
weight  then  will  give  the  difference  of  their  fpecific 
gravity,  or  the  relation  between  their  dcnfities.  To 
determine  this  relation  exactly,  the  following  propor- 

tion muft  be  obferved:  The  fpecific  gravity  of  the 

proved  liquor,  is  to  that  of  diftilled  water  as  the  weight 
of  a  volume  of  that  fluid  meafured  by  the  hydrometer, 
is  to  the  weight  of  the  voliLme  of  water  alfo  meafured  by 
it.  If  the  fpecific  gravity  ofthe  one  is  known  exactly,  the 
fpecific  gravity  of  the  orher  may  be  determined  by  it, 
and  alfo  that  of  all  other  fluids  which  are  proved  in  the 
fame  manner. 

The  whole  of  what  has  been  advanced  in  tfiis  chap- 
ter>and  in  that  of  the  firft  book  upon  fpecific  gravity, 
may  be  briefly  fummed  up  in  the  following  propofi- 
tions :  Firft,  when  two  bodies  are  equal  in  their  magni* 
tudej  bulk,  or  volume,  their  fpecific  gravities  are.  to 
each  other  as  their  denfitics.  So  that  one  body  has 
twice  the  fpecific  gravity  of  another,  when  it  has  twice 

di^-  dcnfity  of  that  other  body  comprized  in  the  fame 
ipace  or  magnitude. 

Secondly,  when  two  bodies  lofe  an  equal  weight  in 
ihe  fame  Quid,  they  have  the  fame  magnitude  or  folid 

E  e  4  contents^ 
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contents,  whatever  form  they  may  aflTume,  fincc  they 
each  lofe  a  weight  equal  to  the  bulk  or  volume  of  fluid 
which  they  difplace. 

Thirdly,  the  fpecific  gravity  of  bodies  19  inversely 
as  their  bulk  wheiv  their  weights  are  equal.  As  one 
body  has  twice  the  fpecific  gravity  of  another,  when 
with  the  fame  weight  it  has  only  half  the  magnitude 
of  that  other  body. 

Fourthly,  the  fpecific  gravities  of  two  bodies  arc  in 
a  direft  proportion  to  their  denfities,  and  in  ah  inverfc 
proportion  to  their  magnitudes.  This  propoHtion  is 
a  neccffary  confcquence  of  two  preceding,  viz.  of  the 
firft  and  third. 

Fifthly,  the  fame  body  will  lofe  a  greater  quantity 
of  its  weight  in  a  fluid  fpecifically  heavier  than  in  1 
lighter  one  j  becaufe  it  will  always  lofe  a  portion  of  its 
weight  equal  to  the  weight  of  that  bulk  of  fluid  which 
it  dlfplaces.  It  requires  then  a  greater  force  to  fu(hin 
it  in  a  lighter  than  in  a  heavier  fluid :  it  will  require 
more  force  to  fiiftain  it  in  air  than  in  water. 

Sixthly^  the  fpecific  gravities  of  bodies  of  an  equal 
weight  (when  weighed  in  a  common  balance)  are  pro- 
portionate  to  the  v.  eight  which  they  lofe  in  the  fame 
fluid.  So  that  of  two  bodies  of  equal  weight,  if  the 
one  lofcs  one-fifth  and  the  other  two-fifths  of  its  weight 
in  the  fame  fluid,  the  fpecific  gravity  of  the  firft  is  to 
that  of  the  fecond  as  two  to  one. 

Seventhly,  if  a  body  is  of  the  fame  fpecific  gravity 
as  a  fluid,  when  immerfed  in  that  fluid  it  vvill  be  in 

equilibrium  with  it,  and  remain  at  any  depth  at  which 
it  is  placed. 

Eighthly,  if  a  body  IJ^ecifically  lighter  than  a  fluid  is 
plunged  entirely  into  it,  and  then  left  to  itfelf,  it  will 
remount  with  a  force  equal  10  the  excels  of  weight 
which  a  volume  of  that  fluid  pofleflfes  above  an  equal 
bulk  of  the  body  immerfed. NintWyi 



Cti9p.  1.]        relativt  tojpicijit  Graoity.  475 

Ninthly,  -che  TpcciBc  gravity  of  a  folid  is  ro  that  of 
a  fiuid  heavier  than  jtfelf,  and  upon  which  it  will  fwim, 
as  the  bulk  of  the  immerfcd  part  is  to  the  bulk  of  the 
whole  body.  So  that  if  the  magnitude  or  bulk  b(  the 
immerfed  part  is  to  the  magnitude  of  the  whole  body 
as  two  or  three,  the  i  fpecific  gravity  of  the  folid  is  to 
that  of  the  fluid  as  two  is  to  three. 

Tenthly,  the  weight  and  the  magmtpde  of  a  body* 
and  alfo  the  weight  of  a  Buid  fpcciBcally  heavier  than 
the  body,  being  given,  fuppofc  it  is  required  to  find 
the  force  requifite  to  keep  that  body  entirely  immerfcd 
in  the  fluid.  As  this  force  is  equal  to  the  fpeciBc 
weight  of  the  fluid,  find,  by  means  of  the  g?vcn  bulk 
of  the  folid,  and  the  known  weight  of  a  cubic  foot  of 
the  fluid,  by  the  rule  of  three,  the  weight  of  a  bulk  of 
the  fluid  equal  to  the  bulk  of  the  folid.  Subttrad  from 
this  weight,  the  weight  of  the  folid,  and  the  remainder 
will  be  the  force  required.  For  example,  fuppofe  it 

was  required  to  find  the  force  neccflary  to  retain  undtt- 
water  a  foHd  of  eight  cubic  feet  in  contents,  and  of 
four  hundred  pounds  weight.  Since  a  cubic  foot  of 
water  weighs  about  feventy  pounds,  the  weight  of 
eight  cubic  feet  of  water  is  five  hundred  and  (izqr 
pounds;  then  if  four  hundred  pounds  arc  fubflra^ed, 
flic  one  hundred  and  flxty  remainder,  is  the  force  ne- 
ceflary  to  keep  the  folid  immerfed  in  the  water,  and  to 

pre'/ent  it  from  rifjng  to  the  furface. 
Eleventhly,  the  weight  of  a  body  fpecifically  heavier 

than  a  fluid,  and  the  weight  of  that  fluid  fpecifically 

lighter,  being  given,  fuppofe  it  is  required  to  deter- 
mine the  cavity  which  that  body  ftiould  have,  in  order 

that  it  may  fwim  upon  the  fluid. 
The  weight  of  a  cubic  foot  of  the  fluid  being  given, 

■  the  bulk  of  the  portion  of  the  fluid  equal  in  Weight  «> 

thatof  the  body,  is  found  b^  the  rule  of  three.  If  then 
the 
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the  caviry  of  the  body  is  made  fo,  that  the  bulk  may 
be  a  lictle  larger  than  the  magnitude  already  found,  the 
|v»dy  will  have  lefs  weight  under  the  fame  magnitude 

thfin  the  fluid.     For  example,  fuppofe  that  it  is  re- 
quiicd  to  make  a  ball  of  iron  of  thirty  pounds,  and  of 
inch  a  magnitude  as  that  it  will  fwim  upon  water. 
Since  the  weight  of  a  cubic  foot  of  water  is  feventy 
pounc!s,  a  volume  of  water  weighing  thirty  pounds 
vill  be  three -fevendis  of  a  cubic  foot:  hence  it  will  be 

cafy  to  find  what  the  diameter  of  a  fphere  muft  be,  the 
folid  contents  of  which  fhall  be  three-levenths  of  a 
cubic  foot.     Therefore,  the  ball  of  iron  muft  be  made 
hollow  wiihin,  nnd  in  fuch  a  manner  that  its  diameter 

may  be  greater  than  the  diameter  of  a  fphere,  the  folid 
contents  of  whlth  is  three-fevenths  of  a  cubic  foot:  if 
this  ball  is  made  eleven  inches  three  lines  in  diameter, 
it  will  fwim.     Hence  wc  fee  that  it  is  not  necelTary  for 

a  body  to  fwim,  that  it  fhould  be  compoied  of  matter." 
fpecifically  lighter  than  water ;  it  fuffices  that  its  biilk 
or  volume    fhould  be  great  and   its  gravity  fmall: 
for  though  copper  is  about  eight  times  as  heavy  as 
water,  yet  milirary  men  liave  occafionally  employed 
boats  of  copper  in  conftrudling  bridges  for  the  paflagc 
of  troops. 

A  copious  table-  of  fpecific  gravities  is  given  in  the 
appendix  to  this  volume. 
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Chap.     III. 

HYDRAULICS  •. 

Oftht  Dr/cbarge  $f  Thuds  through  /mall  Jperturts.^^Tbi  Di/chargt 

cf  Fluids  through  fucceffive  PipiS.'-^JrtiJicial  Fountains.^-^Pumfs^^im 

The  Rarfing  Pump, — The  Forcing  Pump^^-^The  S:xking  Pump,'^ 

The  CcmpQund  Pump.'-^The  Fire  Engine^-^Motion  of  Water  in 
Conduit  Pipes, •^'Ofciilatory  Motion  of  Water  in  a  Siphon.^^Ofcillam 
Hry  Motion  of  Wwubs, "-^Motion  of  Wheels  a^ed  upon  hy  Water  i  and 

Conftruaion  of  Water  Mills,     - 

TH  E  fcience  which  has  for  its  objedl  the  morion 
of  fluids  is  called  hydraulics ;  and  its  immediate 

application  is  to  furnifli  us  with  the  means  of  conduc- 
ing water  from  one  fituation  to  another,  by  canals  or 

aquedu6ts,  and  to  elevate  it  by  pumps,  jets-deaux,  and 
odier  hydraulic  engines,  either  for  the  purpofes  of  or- 
namentor  ufe. 

In  treating  of  this  fubjeft  I  fliall  commence  with  the 
fimpleft  principles,  and  ftiall  firft  fpeak  of  the  difchargc 

"of  fluids  through  fmall  apertures. When  water  flows  from  a  veflfel  which  has  a  hole  or 

aperture  in  the  bottom,  fmall  in  comparifon  to  the 
width  of  the  veflcl,  the  water  defcends  vertically,  and 
the  furface  appears  fmooth,  but  at  three  or  four  inches 
from  the  bottom  the  particles  turn  from  this  dircftion, 
and  protced  on  all  fides  with  a  motion  more  or  lefi 
oblique  towards  the  aperture.  The  fame  eflPeft  takes 
place  when    water  flows  through  an  aperture  late- 

♦  Almoft  the  whole  of  this  chapter,  and  great  part  of  the  pre- 

ceding, are  tranflated  from  the  firft  volume  of  Briflbn's  "  Traiic 
Elcmcntairc  dc  Phyfiqae/'  Chap,  VIII, 

rally. 
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fally.  The  tendency  of  the  particles  towards  xht  aper- 
ture is  a  neccffary  confcquence  of  their  perfedl  mobi- 

lity ;  for  they  will  certainly  be  dircfted  towards  the 
point  where  there  is  the  lead  refiftance,  and  that  point 
is  the  aperture. 

It  is  alfo  to  be  obferved,  that  in  this  cafe,  at  a  fmall 
diftance.  from  the  bottom,  a  kind  of  funnel  is  formed 

in  the  water,  the  point  of  which  correfpondg  to  the 
center  of  the  aperture;  when,  however,  the  water 
flows  through  a  lateral  orifice  pr  aperture,  there  is 
ilbrmed  only  a  kind  of  half  funnel,  which  does  not  ap- 

pear to  commence  till  the  furface  is  near  touching  tht 

upp*rr  fide  of  the  hole.  It  is  probable  that  the  fun- 
nel begins  to  form  itfelf  from  the  firft  moment  of  the 

£ow  s  but  it  does  not  become  perceptible  till  the  fur* 
&ce  is  only  at  a  fmall  diflance  from  the  bottoms. 

It  appears  alfo,  that  the  funnel  commences  higher 
or  lower,  according  to  the  width  of  the  bottom  i  and 

that  the  formation  of  it  is  lefe  prompt  or  lefs  percepri- 
ble,  according  to  the  proportion  of  the  aperture  to  the 
extent  of  tiic  bottom.  The  funnel  is  alfo  augmented 
by  any  roughnefs  which  may  cxift  at  the  fides  or  bot^ 
torn  of  the  vcffel. 

Wcter  flows  out  of  a  fmall  hole  in  the  bottom  of  a 

veflel  with  a  velocity  equal  to  that  which  a  ponderous 
body  acquires  in.  falling  from  a  bright  equal  to  thf 
vertical  height  of  the  furface  of  the  fiuid  above  the 

aperture. 
The  fame  law  takes  place  in  a  lateral  orifice  j  for 

the  prefTure  of  the  fluid  is  equal  (at  the  fame  depth) 
in  all  directions,  and  confequcntly  produces  the  lame 

degree  of  velocity. 
A  fiuid,  in  running  out  of  an  aperture,  acquires  a 

velocity  fufScient  to  make  it  rcmcun:  to  a  vcrtica) 

height 
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height  equal  to  that  of  the  furface  of  the  fluid  above  die 
aperture,  \n  the  fame  manner  as  a  falling  body  acquires 
a  velocity  capable  cf  making  it  afcend  to  the  hci^ 
from  which  it  tlefcendtd. 

It  is  evident,  from  the  theory  of  falling  bodies,  thac 
if  the  velocity  of  the  fluid  in  running  through  the 
aperture  v/as  uniformly  continued,  the  fluid  would 
move  through  a  fpace  double  the  height  of  the  fluid 

above  the  ap^-rture,  in  the  fanne  rime  that  a  falling  body 
would  employ  indefcending  from  thac  height. 

The  height  being  the  fame,  the  velocity  of  the  fluid 

'■ '  -ifi  running  out  of  the  orifice  will  always  be  the  fame, 
whatever  the  fpecies  of  the  fluid  may  be,  and  whatever 

'  its  denfity.  It  is  true,  that  when  the  fluid  has  more 
denflty  it  preflirs  more  forcibly,  but  then  the  mats  is 
more  conSdcrable,  and  it  ;s  evident,  that  when  the 

moving  powers  are  proportioned  to  the  mafies  which 

they  put  in  morion,  Uie  velocicies  are  equal. 
The  quantities  of  a  fluid  ilifchargM  in  the  fame 

l}>3ce  of  time  through  different  oriBces,  fuppofing  the 
veflels  equally  full  during  the  whole  of  the  experiment 
are  to  each  other  as  the  products  of  the  areas  of  the 

apertures  by  the  fquare  roots  of  the  heights.  For  in- 
(lance,  it  has  been  proved  by  experiment,  that  a  circu- 
Jar  orifice  of  an  inch  diameter,  made  in  a  thin  veflel 

or  partition,  and  under  a  furface  of  fluid  four  feet  in 

height,  will  furnifh,  in  one  minute  of  time,  five  thau- 

fand  four  hundred  and  thirty  -  fix  cubic  inchq^ 
French. 

.  If,  dierefcre,  it  was  an  object  to  albetlain  how 
much  a  circular  orifice  of  two  inches  diameter,  under 
nine  feet  of  height  from  the  furface  of  the  water,  Vould 
furnifli  in  the  fame  time,  the  following  propordoa 
muft  be  employed  (it  muft  be  obfervcd,  that  the  ori^ 
fice  of  two  inches  is  four  times  as  great  as  ao  orifice 

of 
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of  one  inch,  be caufe  the  areas  of  circles  are   as  the 

iquares  of  their  diaoKters) : 

I  X  \/  4:  4  X  \/  9  ::  5436  :  x 
Or  at  length 

2  :  12  ::  5436  :  32616 
12 

Therefore     32616  cubic  inches  of  water 
iwiH  flow  from  an  aperture  of  two  inches  in  diameter 
in  one  minute,  the  orifice  being  made  nine  inches  ̂  
from  the  furface,  ̂ hich  is  fuppofed  to  be  kept  at  that 

height  the  whole  time. 
If  a  veficl  of  a  piifmatic  form  is  filled  with  water, 

and  permitted  to  empty  itfclf  entirely  through  an  ori- 
fice at  the  bottoms  and  the  time  that  it  confumes  in  I 

emptying  itfelf  is  obferved  i  and  if  afterwards,  having  1 
replcnifhed  the  veficl,  the  water  is  made  to  flow  through   1 
the  fame  aperture,  the  veflel  being  kept  full  the  v/holc 
time,  there  will  run  out  in  this  fecond  inftance,  during 

the  fame  time  that  the  vcfl^el  took  to  empty  itfelf  at 
firft,  a  quantity  of  water  double  that  which  runs  out 
in  the  firfl:  cafe,  for  the  abftraftion  of  die  water  pro- 

duces a  kind  of  funnel,  which  in  this  lad  cafe  dues  Aor 

take  place. 

We  often  perceive  water  flow  riirough  lateral  aper- 
tures, which,  though  fmall  in  compariion  to  the  width 

of  the  releivoirs,  caDnct  be  reg.^rded  a^  having  all  their 
points  at  an  equal  diRfince  fi'om  the  furface  of  the 
fluid;  fuch,  for  exaniple,  as  the  ap^Ttures  through 
which  water  fometimes  flows  in  mills.  T\\t  common 

method  of  determining  the  quantity  uilchniged  is  as 
follows :  fuppofe,  in  the  firfl:  place,  the  ap^Tture  to  be 
flopped  up  by  a  plate  of  metal,  which  is  perforated 

with 
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with  a  number  of  holes ;  if  each  of  thcfo  holes  is  re- 

garded as  particular  and  i:ii\.l.;teH,  the  rapidicy  of  the 

flow  tliroiigii  each  will  bo  accoruLng  to  the  c<;r-rfpon-« 
dent  heiiihc  of  the  fluid  j  th'.n  If  the  li'jirr^er  01  holes 

are  multiplied  ad.  hifhihitm-^  or,  whicii  v.i.i  an-.our.c  to 

the   fanie  thir.g,   if  the  j;i.ue  is  llip}'.';icd  t.j    be  en^ 
•     tircly  taken  aw*iy,  the  velocity  at  each  print  of. the 

■  fu^ppofed  orifice  will  be  according  to  thr  corrcfpon  lent 
height  of  die  fluid;  and  in  eilimatiijg  the  qiinntity  of 
water  difcliargcd,  fome  attention  muil  be  pr.iu  to  the 

iaequality  of  the  motion;  yet  it  nuift  not  bj  aflirted 

that  this  re/^foning  is  entirely  concliifivc.     In  propor* 

*t«Hi  as  die  lum  of  the  finall  holes  made  in  t?.e  plate  is 
fmall  in  con-parifon  wiih  the  fizv  of  the  rc.'ervoir,  the 
portions  of  water  wliicii  Row  through  each  hole  are 

r.  forced   cut   by  the  abiuliKe   weight  of  the  column 

£j '  a)K>vc  ;  but  the  moment  that  die  number  of  ;>pertures 
1^  ■  augment  ad  vnfinltum^  and  the  llicams  of  water  which 
i  run  through  them  beccmv^  contiguous,  it  cannot  be 

clearly  faid  that  the  licuid  flows  in  tlie  dime  manner  as 

through  fmiull  inAilucd  iiolcs;  yet  as  this  hypothefi* 

_  gives  a  refjlt  fiifricier.Lly  onfiii.able  to  experiment^ 

■     it  may  be  ufetul  to  prekivc  i:,  end  the  mo.e  fo,  as  it 
^     leads  to  very  frnplc  calcirLitions,  cxA  in  ail  comiiion 

;     qucftions  this  firpplicity  miiy  be  pre:l*rabje  tj  the  mi- 
5k  nutenefs  of  fraclional  opci  a:ions. 

^       The  quiintity  of  water  whicii  ii/ics  fr.',m  t-.cfe  apcr- 
^   tures  in   a  ̂ i^'cn  thr;e  is   not  fo  "feat  as   their  fizc 

I    might  at  firlt  fuggefl,  bccivjfe  t'::e  llicai^i  i^  c:::ti acted 
R  by 'running  out  ot'-eacii  oiLVje,  n:v.i  tlia:  ccPitraclion 

extends  to  a  diftance  nearly  equ.il  to  liah't'ie  diiimeter 

of  the  aperture;  ai^d  tiiC  di-.n^^icr  c  ?' thi'  CM;nracled 
ibream  is  to  the  diameter  of  the  n{'ertriiv  a  lirtie  nore 
than  as  three  to  f-jur,  or  as  three  ap.J  one-fixth  to  four, 
or  nineteen  to  twenty-four;  fo  that  its  area  is  to  that 



4 J2  Difcbarge  of  Fluids^  fc?r.       [Book  VIL 

of  the  aperture  as  ten  to  fixteen.  It  is  nearly  the  fanr.p 
when  water  flows  through  lateral  apertures.  The 
contra6lion  of  the  dream  is  a  proof  of  what  has  been 
before  dated,  viz.  that  withinfide  a  veflel^  the  lateral 

particles  diredt  themfelves  towards  the  orifice  with  a 
motion  more  or  lefs  oblique  »  and  this  oblique  motion 
Biay  be  decompcfed  into  two  forces,  the  one  parallel 
to  the  plane  of  the  orifice,  and  which  conrrafts  the 
fiream;  the  other  perpendicular  to  the  fame  plane, 
and  the  only  one  which  produces  the  efflux. 

This  contradtion  occurs  alfo  when  water  is  made  to 

flow  through  pipes,  and  that  at  the  entrance  of  the  wa- 
ter into  the  pipe,  and  not  at  its  exit,  where  the  (Iream 

prcfcrves  a  cylindrical  form.  I  (hall  prove  that  thb 
contraftion  diminifhes,'  in  a  fenfible  manner,  the  quan* 
tity  of  water  which  would  naturally  ftow. 

In  order  to  afccrtain  thefe  fads  by  experiments! 
many  have  b?en  made.  In  all  the  following  inrtances 
the  orifices,  through  which  the  water  flowed,  were 
pierced  perpendicularly  through  plates  of  copper  of 
about  one-twenty-fourth  of  an  inch  thick,  and  the  tinw 
of  each  experiment  is  reduced  to  one  minute. 
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No. 

of  cubic 

The  conftant  height  of  the  water  above  the    ̂ ?^V' 
center  of  each  orifice  was  1 1  feet  8  inches    ̂ ^  -^^  ̂ 
10  hnes.  minute, 

£xp\  I.  Through  an  horizontal  circular 
orifice  of  f  inch  (6  hnes)  dia* 

meter         -  -  -         2,311 
Q,.  Through  ditto  of  i    inch  dia- 

meter       -         .         -         -         5,281 
3.  Through  ditto  of  a  inches  dia- 

meter -  .  -       37,203 
4*  Through  an  horizontal  reftan- 

gular  orifice  of  i  inch  long  and* 
TT  inch  wide         •  -         ̂ ^933 

5.  Through  an  horizontal  (quare  ori* 
fice  of  I  inch  the  fide  -       "j?i7 

6.  Through  ditto  of  2  inches  each 
fide  of  the  orifice  -        -      47j36i 

Conftanr  height  n  9  feet, 
7.  Through  a  lateral  circular  orifice 

of  i  inch  diameter        -        -         2,018 

8.  Through  ditto  of  i   inch  dia- 

meter -   ,         -  -         8,135 

Conftant  height  zr  4  ktt. 
9.  Through  a  lateral  circular  ori- 

fice of  f  inch  diameter  -         hZS2 
10.  Through  ditto,  of  i  inch  dia- 

meter -  -  -        SA3l^ 

Conftant  height  n  ̂   inch* 

11.  Through  a  lateral  circular  <(ri- 
fice  of  I  inch  diameter  V.  628 

Vol.  II-  F  f  It 
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It  follows  from  the  preceding  table, 
1.  That  the  quantities  of  water  difcharged  in  the 

fame  time,  by  dtflfercnt  apertures,  under  the  fame 
height  of  furfece  in  the  rcfervoir,  arc  to  each  other 

nearly  as  the  areas  of  the  apertures.  Coorparc  toge- 
ther the  refults  of  the  fecond  and  third  experiments)  of 

which  the  areas  of  the  orifices  are  in  the  proportion  of 
one  to  four,  and  it  wilt  be  found  that  the  quantities  of 
water  afforded,  viz.  nine  thoufand  two  hundred  and 

eighty-one  cubic  inches,  and  thirty-feven  thoufand  two 
hundred  \nd  three  inches,  arc  very  nearly  in  the  fiunc 

proportion. 
2.  That  the  quantities  of  water  difcharged  in  tbc 

fame  time  through  the  fame  aperture,  under  different 
heights  of  furface  in  the  refervoirs,  are  to  each  other 
nearly  as  the  fqlicire  roots  of  the  correfponding  hei^ 
of  the  water  in  the  refervoir  above  the  center  of  cki 

aperture.  Compare  together  the  refuhs  of  the  ci 

and  tenth  experiments,  where  the' heights  of  the  re; 
voirs  are  nine  and  four  feet,  the  iquare  roots  of  whid 
are  three  and  two,  and  it  will  be  found  that  the  wo 

quantities  of  water,  eight  thoufand  one  hundred  and 
thirty-five  cubic  inches,  and  five  thouland  four  hun- 

dred and  thirty-fix  cubic  inches,  which  run  through 
the  fame  orifice  of  one  inch  diameter  *under  the  (tf- 
ferent  heights  of  nine  feet  and  four  feet,  are  to  eid 
other  nearly  in  the  proportion  of  three  to  two. 

3.  Xhat   in  general  the  quantities  of  water  dit 
charged  in  the  fame  time  through  different  aperture^ 
under  different  heights  of  furface  in  the  refervoirs, 

to   each  other  as^  the  areas  of  the  apertures  arc 
the  fquare  roots  of  die  heights  of  water  ia  the  fcfr 
voirs. 

4.  Thv  in  confequence  of  tlie  fridlion,  the  finJ 
apertures  furnifli  a  lefs  quantity  of  water  in  proporW 

tiitt 
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than  the  great  onesi  under  the  fame  height  of  water  in 
Ac  refervoirj  becaufcj  comparatively  to  the  extent  of 
the  area  of  each  orifice,  there  are  more  points  of  friftion 
againft  the  fides  of  the  orifice  in  the  fmtll  than  thrre 
are  in  the  great  ones ;  for  the  circumferences  do  not 
diminilh  fo  much  as  the  areas. 

5.  That  of  many  apertures  of  equal  areas,  that  of 

■which  the  circumference  is  the  leall  will,  on  account 
of  the  fiiftion,  fiirnifh  more  water  than  the  others, 

».  tinder  the  fame  height  of  the  refervoir ;  circular  aper- 
tures are,  for  this  reafon,  the  mofi;  advantageous  of  all ; 

for  the  circumference  of  a  circle  is  the  Ihortcft  line 

diat  can  be  made  ufe  of  to  inclofe  a  given  fpacc ;  there- 
fore there  is  lefs  furfacc  of  friftion  relarively  to  the  fize 

,,  of  the  area.  . 

\^        It  is  eafy  to  perceive,  that  the  quantity  of  water 

■1   difcharged  ui   the  table  of  experiments  is  not  near 
fo  great  as  might  be  expelled  from  the  extent  of  the 
areas  and  the  heights  of  the  refervoirs.     The  quantity 
is  in  fai5t  diminifhcd  by  the  friction,  and  ftill  more  by 

■    the  contraftion  of  the  ftream  j  for  the  velocity  which 
.  is  in  proportion  to  the  entire  altitude  of  the  fluid  is  not 
fonfibly  changed.     Suppoiing,  firft,  that  the  area  of 

'  fbe  Rrcam  is  the  fame  as  that  of  the  oriBce  ;  and  fup- 
^'pofing,  fecondly,  that  the  ftream  is  contrafted,  then 
f--  the  difference  of  the  quantities  afforded  is  as  fixteen  to 
-,    ten  J  that  is,  fuppofing  the  area  of  the  aperture  to  be 
.   diminiHied  in  the  proportion  of  Iixteen  to  ten,  the 

t    difchargc  of  the  fluid  out  of  veflels  kept  equally  full 
p    may  be  determined  with  fuiiicient  exai^ncfs.     By  the 

cxpreflion,  an  inch  of  watery  is  underftood  the  quantity 
which  flows  out  of  a  circular  and  lateral  orifice  of  one 

_  Inch  diameter,  the  furface  of  the  water  being  con- 
{f  «ntly  kept  feven-twelfths  of  an  inch  above  the  cen- 

^  tcr  of  the  orifice.    This  is  the  cafe  with  the  eleventh 
F  f  a  experiment 
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experiment  in  the  preceding  table,  where  it  appears 
that  the  quantity  of  water  fumifhed  is  fix  hundred  and 

twenty-eight  cubic  inches.  M.  Mariotte^  who  made 
the  fame  experiment,  found  the  quantity  to  be  a  litde 
more  \  but  ft  is  probafafe  that  he  might  commit  a 
fmall  error,  becaufe  the  experiment  I  have  juft  cited 
was  made,  M.  Brifibn  informs  us^  with  the  utmoft 

care  and  attention.  A  (French)  pint  of  water,  he 
adds,  inftead  of  weighing  two  pounds,  as  is  commonly 
believed,  is  proved  to  fall  ihort  of  that  weight  confi- 
derably,  as  will  he  evident  by  ftri£tiy  examining  diat 
experiment. 

Thefc  fads  being  premlfed,  I  /hall  requeft  the  at- 
tention of  the  reader,  fecondly,  to  the  difcharge  of 

fluids  through  additional  pipes. 
When,  inftead  of  caufmg  water  to  pafs  through  an 

aperture  made  in  a  thin  fubftance,  it  is  made  to  flow 
through  an  additional  vertical  pipe  of  the  fame  dia- 

meter with  the  orifice,  the  quantity  of  water  dit^ 
charged  is  more  confidcrable,  becaufe  the  contradioa 
of  the  ftream  is  greater  in  the  firft  cafe  than  in  the 
fecond. 

In  the  following  experiments,  the  conftant  height  of 
the  water  in  the  referyoir  above  the  upper  bafe  of  die 
additional  vertical  pipe  is  1 1  feet  8  44  inches  (French) 
and  the  diameter  of  the  pipe  one  inch. 
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The  varuble  heights  of  the 
tube  exprefled  in  linn. 

£xper.  t.  —  48rThew2Cer 
■        running 
*    through  a 

'   |8(,full  pipe. 
rThe  water 

18.  not  filling 

,  the  pipe. 

a.  -  ■ 

3-  -  ■ 

4.  -  ■ 

Number  of  cubic  inchei  o^ 

water  difchai^ad  in  one- 

-  12,174 

.   13,lS$ 

-  13,168 

9,282 
j  It  appears  from  this  table  of  experiments,  that  the 
longer  the  vertical  pipe  is,  tlie  greater  will  be  the 

•  quantity  of  water  difcharged,  becaufc  the  contraftion 
■  of  the  ftrcam  b  Icfs,  as  may  be  fceii  by  comparing  the 

■  three  firft  experiments.  There  is  always,  however, 
ibme  contraftion,  though  the  water  appears  to  flow 
out  ofa  full  pipe. 

In  comparing  the  quantities  of  water  difcharged  in 
the  third  and  fourth  experiments,  it  will  appear,  that  the 
cwo  quantities,  i2,i6S  cubic  inches  and  9,282  cubic 
inches,  are  to  each  other  nearly  in  the  relation  of 
diirteen  to  ten ;  but  it  has  been  obferved  before,  that 

the  quantity  of  water  difcharged  through  an  aperture 
made  in  a  thin  fubftance,  if  the  ftream  was  not 

contrafted,  would  be  to  the  quantity  of  water  dif- 
charged ,through  the  fame  orifice,  if  the  ftrcam  was 

contrafted,  nearly  as  fixteen  to  ten.  Hence  rfien  it 
may  be  concluded,  that  the  height  of  the  water  in  the 
Tclcrvoir  and  the  different  apertures  being  the  fame,  the 

<juantity  of  water  difcharged  through  an  orifice  made 
in  a  diin  fubftance,  in  which  there  was  no  contraflion 

ofthc  ftream,  the  quantity  of  water  difcharged  through 
Ffj  an 
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an  additional  pipe,  and  the  quantity  which  would  flow 
Arough  an  orifice  made  in  a  thin  partition,  in  which 
there  was  a  ccntraftion  of  the  ftreanfi,  are  to  each  other 

,  nt-arly  as  the  three  numbers,  fixteen,  thirteen,  ten,  and 
thefc  proportions  are  found  fufficiently  accurate  for 
coirmon  piirpofes. 

Hence  alio  icniay  be  inferred,  that  additional  pipes 
rounteraft  only  in  part  the  contra6tion  of  the  dream. 
Ihe  moft  fenfible  of  all  contractions  of  this  nature  is 

that  wliich  takes  place  when  water  flows  from  a  large 
rcfervoir  through  a  fmall  aperture  made  in  a  thin 
fubftance. 

I  f  the  additional  pipe,  inftead  of  being  vertical,  or 

placed  in  the  bottom  of  the  vcflcl  or  refervoir,  is^^hori- 
zontal,  or  placed  in  the  fide,  it  will  afford  the  fame 
quantity  of  water,  provided  that  it  is  of  the  fame 
length,  and  that  the  exterior  aperture  is  placed  at  the 
fame  dlHiance  below  the  furface  of  the  water  in  the 
refrrvoir. 

If  ihe  additional  pipe,  inftead  of  being  cylindrical,  is 

conical,  having  its  largeft  bafe  attached  to  the  fide  of 
the  refervoir,  it  will  produce  a  much  greater  quantity 
of  water.  The  moft  advantageous  fonn,  indeed,  for 

procuring  the  greatcft  quantify  of  water  in  a  given 

time  through  a  certain  aperture,  is  that  which  the 
iircam  itfelf  naturally  afiumes  in  coining  out  of  an 

aperture  in  a  thin  fubftance ;  that  is,  the  form  given 

to  the  pipe  fliould  be  that  of  a  truncated  cone,  the 
diameter  of  the  fmaller  bafe  of  which  (hould  be  the 

fome  as  that  of  the  aperture  through  which  the  water 
is  to  flow. 

It  is  neceflary  alfo,  that  the  area  of  the  fmaller  bafe 

fhould  be  to  the  area  of  the  greater  as  ten  to  fixtcen; 
and  the  diftance  between  the  two  bafes  fliould  be  nearly 

equal  to  half  the  diameter  of  the  greater  bafe.     The 
i-emaindcr 
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remainder  of  the  length  of  the  pipe  may  be  either 
cylindrical  or  prifmatic.  The  difcharge  will  then  be 
equally  abundant  with  that  which  would  take  place 
through  an  aperture  equal  to  the  fmaller  bale  made  in 
a  thin  partition,  and  in  which  the  dream  fufFered  no 
contradbion.  This  form  may  be  applied  to  prafticc 
whenever  it  is  required  to  draw  a  certain  quantity  of 
water  from  a  river  by  an  aqueduft,  &c.  through  a 
canal  or  lateral  pipe. 

If  we  compare  the  different  quantities  of  water 

diicharged  through  addiciohal  pipes  of  different  dia-^ , 
meters  with  different  altitudes  of  the  water  in  the  re- 

fervoirs,  we  (ball  have  the  refults  ftatcd  in  the  following 
triile,  the  additional  pipes  being  fiippofed  to  be  twa 
inches  long,  and  vertical^  or  placed  in  the  bottom  of 
tte  refcrvoir. 

Tlie  confbnt  height    The  diiimeter  of  the  addi-  i  No.  of  cubic 
ofthc  vraier  above 

die  aperture* 

Ex.  I 
2 

3 
4 

5 
6 

7 
S 

55* 
lines. 

2Z8 
lines. 

tional  pipca  in  twelfths  of 
an  inch  (lines*) 

0 

10 

Tlfc   water    running 
through  a  full  pipe. 

water  not   fol< 

ing  the  fiJes. 

67    The 

10^     loivi 

O  7    The   water    running 
10  J      through  a  full  pipe. 

6  7    The  water  not  filling 

10  5^     the  tube. 

inches  dif- 
charged  in 
one  minute. 

1 

\ 
s 

I 

i>689. 

4>7o3- 
I3293. 

3>598- 1,222. 

3>402. 
2,603. 

The  firft  inference  from  thefc  experiments  is,  that 
^c  quantity  of  water  difcharged  by  different  additional 

pipes^  under  the  fame  height  of  water  in  the  refcrvoir, 
Ff  4  is 
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15  proportional  to  the  areas  of  the  apertures^  or  to  the 
fijuarcs  of  their  diameters. 

Secondly^  it  appears  that  the  quantities  of  water  dif*. 
charged  ttux)ugh  additional  pipes  of  the  fame  diameter, 
under  difierent  altitudes  of  water  in  the  refcnroir,  are 

propordonal  to  the  iquare  root  of  the  altitude. 
Thirdly^  that  in  general  the  quantities  of  water  dif- 

charged  in  the  fame  fpace  of  time  through  difierent  ad- 
ditional pipesj  under  different  heights  of  water  in  the 

refervoir,  are  to  each  other  nearly  as  the  prodoft  of  the 
fquare  of  the  diameters  of  the  pipes  by  the  fquare  root 
of  the  altitude  qf  the  refervoirs. 

The  efflux  of  water^  therefore,  through  addidood 

pipes,  follows  the  fame  laws  as  water  when  difcharg^ 
through  apertures  made  in  thin  fubftances.  On  theft 

/experiments  the  following  table  was  formedj  of  the 
quantities  of  water  difcharged  through  a  given  aperture 
made  in  a  chin  fubftance,  fuppofing  the  (tream  to  fuficr 

no  contraftion>  or  through  the  fame  aperture  with  a', 
contradtion  of  the  ilream,  or  through  the  lame  aperture 
with  an  additional  pipe. 
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ConlbDt 
beighi  of Cubic  inchn  of 
the  water waicr  difchjrg. 
inthere- ed  in  one  mi- 
fervoir nute  through  an 

above  the Kpcnure  of  one 
.  inch  diameter aperture. 

cxprdW witliout  any, in 
contraftion  of ^'kf the  ftream. 

I 

43S1 
2 

6169 

3 7589 
4 

"763 

5 9797 
6 10732 

7 
1JJ92 

S 12392 

9 
13'44 

lo 
'3855 

II 14530 
12 

151^0 
»3 

'5797 

H 
16393 ■5 

16968 

Cnbic  inchei  of 
Cubic  iichei 
of  water  dif- 

water  difcharg- 
ed  in  one  mi- 

nute through  an 
additional  pipe 

chargedln  one 
minute  througit 
an  aperture  of 
one  inch  dia- of one  inch  dia- meter widi  a meter  and  two 

inchei  long. 
contittOed 
Oieam. 

3539 

2722 

5002 3846 

6126 

4710 
7670 

5436 
7900 

607J 

86S4 
6654 

9340 

7i»3 

9975 

7672 

10579 

8 13$ 

liiji 

8574 

11693 

8990 12205 

9384 

12699 

9764 

ij"97 
.  10130 

13620 

10472 

III.  There  is  no  application  of  the  doflrines  of  hy- 
draulics more  furprifing,  or  more  gratifying  to  the  eye, 

'•an  chat  which  is  feen  in  the  variety  of  artificial  foun- 

ns,  or  jets  d'eau,  which  the  ingenuity  of  man  has 
c*  able  to  conftruft  for  ornament  in  general,  and  for 
'  in  fome  tnftances,  particularly  in  warm  climates. 
le  principles  on  which  thefe  are  conftrufted  it  will 

be  difHcult,  after  what  has  been  flated,  fully  to 
■^prchend. 
*'N/hateyer  may  be  the  direibion  of  the  jet  or  foun- 
*■■»  tbe  quantity  of  water  expended  will  be  the  fame, 

provided 
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provided  that  the  ajutage*,  and  the  height  of  the  rc- 
fcrvoir  above  the  ajutage,  is  the  fame.  This  is  a 
neccflary  cOnfequencc  of  the  equal  preflure  of  fluids  in 
all  dire<5i:ions. 

Water,  when  difcharged  through  an  ajutage,  however 
fniall  it  may  be,  has  a  velocity  fufEcient  to  raife  it  to 
the  height  of  the  furface  of  the  water  contained  in  the 

refervoir  5  fo  that  a  vertical  jet  d'eau  throws  up  the 
water  as  high  as  die  refervoir  whence  it  proceeds,  if 
nothing  obftrufts  it. 

Ihere  are,  however,  many  caufts  which  contribute 

to  diniinifh  the  elevation  of  water  by  jets  d'eau.  Firft, 
the  friction  in  the  pipes  from  the  refervoir  to  the  aju- 

tage ;  fecondly,  the  friclion  againft  the  circumfeiencc 
of  the  aperture ;  thirdly,  the  refiftance  of  the  air  to  the 

motion  of  the  column  j  fourthly,  the  gravity  o<"thc 
partidcs  of  water  themfclves,  which,  in  rifing,  lofefomc 
of  rheir  vclociry,  and  recoil  upon  thofc  which  fuecccd 
thciTi.  Thus  by  inclining  the  pipe  a  little,  we  find 
that  t:;e  water  will  rife  higher  than  when  it  is  cxaftly 
vcrtic.il ;  but  in  thio  cafe,  the  effect  is  not  fo  agreeable 
to  the  eye  of  tlic  fpeclator,  as  when  the  water  which 
rifes  above  the  pipe  irito  the  air  falls  perpendicularly, 
in  n  manner,  back  upon  itfcif. 

When  the  ajutage  is  placed  in  an  oblique  direftion  to 
the  horizon,  the  force  of  the  projet^lion  and  the  gravity 
of  the  water  caufe  the  ft  ream  which  alcends  into  ihc 

air  to  fonii  a  parabola,  the  amplitude  of  which  is  in 

proportion  to  the  height  of  the  rtfei^^oir. 

V»- hen  the  iyutr.ae  is  placed  horizontally,  the  water 
fornsa  femi-parabola. 

Fountains  elevate  the  water  in  proportion  as  the 
aperture  of  their  ajutages  is  large  i  becaufc,  firf^  of 

•   A   tube  which  is  fitted  to  the  moutU  of  the  vcffel  through 
which  die  founcain  is  plnycd. 
2  t^O 
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twD  jets  d'caux  proceeding  from  the  iame  refervoirj 
and  flowing  from  their  ajutages  with  an  equal  degree 
of  velocicr,  the  greater  will,  in  tKe  6rft  place,  expe- 

rience lefs  fridion ;  and  Secondly,  it  has  a  greater 
nvtfS)  and  conlequently  more  power  to  overcome  the 
obfticles  which  may  oppofe  it. 

But,  though  large  jets  d'eau  elevate  water  higher 
than  fmall  ones,  they  do  not  expend  a  greater  quantity 
in  propordon  ;  for  the  quantity  of  water  difcharged  is 
as  the  produd  of  the  aperture  of  the  ajutage  by  the 
degree  of  velocity  at  the  time  of  the  difcharge«  and 
this  velocity  is  the  fame  in  both,  no  allowance  being 
inade  for  the  fridion. 

In  order  -to  make  large  founcains  elevate  water 

higher  than  fmall  ones,  it  'is  evidently  neceflary  that, 
the  conduftiiig  pipes  fhould  be  fofficiendy  large  to 
iiirnilh  water  in  abundance ;  for  if  they  are  fmall,  ex- 

perience proves  that  the  fmall  fountains  in  that  caie 
will  elevate  water  higher  than  larger  onesi  it  follows, 
dicn>  diat  the  dianKter  of  the  (upe,  which  conveys  the 
water,  fhould  be  in  proportion  tu  that  of  die  ajutage 
io  order  to  elevate  the  water  to  the  greaceft  pofTible 
height. 

If  we  compare  two  different  jets  d'eau,  and  are  dc- 
firous  that  each  fiiould  elevate  '.vater  to  the  greateft 
poHible  height,  it  is  necellary  that  the  fquare  of  the 
diameters  of  die  conduit  [»pes  ftiould  be  in  proportion 
to  each  other  in  the  compound  ratio  of  the  diameter* 
of  the  ajutages  and  the  fquare  root  of  the  altitudes  of 
the  refervoirs.  Thus,  if  it  is  known  by  experiment 
what  the  diameter  of  a  conduit  pipe  fhould  be,  to 
fupply  an  ajutage  of  given  dimcnfions,  it  may  be  eafily 
determined  what  the  diameter  of  another  pipe  Ihould 
be  to  furnilh  another  ajutage  of  a  determinate  fize,  the 
height  of  the  refervoir  being  alfogiven. 

It 
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It  has  been  proved  by  experiments,  that  when  the 
diameter  of  the  ajutage  is  half  an  inch^  and  the  height 

of  the  refervoir  fifty-two  feet,  the  diameter  of  the  pipe 
.  which  condufts  the  water  ought  to  be  three  inches  and 

a  quarter  >  and  that  for  an  ajutage  of  half  an  inch  dia- 
meter, the  height  of  the  refervoir  being  fixtccn  feet, 

the  diameter  of  the  pipe  ought  to  be  about  two  inches 

and  one-third.  There  is  no  inconvenience  in  making 
the  conduit  pipe  of  a  greater  diameter  than  is  required 
by  this  rule  i  but  on  the  contrary,  there  would  be  an 
inconvenience  in  making  it  of  a  fmaller  diameter. 

Sometimes  the  ajutage  is  made  in  the  form  of  a 
cone,  and  fometimes  in  that  of  a  cylinder ;  but  thofe 
who  conceive  that  it  is  indifFerent  in  which  of  thofe 

forms  it  is  made  are  miftaken,  for  the  cylindrical  form 
is  by  far  the  mod  difadvantageous. 

By  comparing  many  experiments  made  upon  arrifi- 
cial  fountains,  it  has  been  determined,  that  the  differ- 

ences between  the  altitudes  of  vertical  jets  and  the 
height  of  their  refervoirs,  are  to  each  other  as  the 
^uare  of  the  altitudes  of  the  former.  If  then  it  is 

known  what  quantity  of  water  a  jet  elevates  at  a  cer- 
tain height  of  the  refervoir,  the  quantity  which  any 

other  jet  of  a  given  height  will  elevate,  compared 
with  the  height  of  its  refervoir,  may  be  eafily  found 
by  the  rule  of  fingle  proportion. 

When  it  is  neceffary  to  bend  the  conducing  pipes, 
the  utmoft  care  fhould  be  taken  to  avoid  bending 
them  at  right  angles,  for  the  ftriking  of  the  current 

againft  thefe  angles  ver)'  confiderably  diminifhes  the 
▼clocity. 

The  following  table  will  greariy  facilitate  the  appli- 
cation of  thefe  principles. 

The  heights  of  jets,  and  the  correfpondent  heights 
of  refervoirs,  are  found  in  the  two  firft  columns.    The 

third 
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thtnf  column  contuns  in  (Paris)  pints,  of  which  thirt^- 
liz .  make  a  cubic  foot,  the  quantities  of  water  dif- 
chai^cd  in  one  minute  through  an  ajutage  of  half  an 
inch  diameter^  relatively  to  the  heights  in  the  fecond 
column.  The  quantity  difcharged  through  an  ajutage 
of  half  an  inch  diameter  being  known,  the  quantity 
which  will  be  difcharged  by  ̂ y  other  ajutage,  under 
the  fame  height  of  the  referroir,  may  be  found  by 
fingte  proportion!  for  it  has  already  been  provec^ 
thai  the  quantities  of  water  difcharged  are  to  each 
other  as  the  areas  of  the  ajutages,  or  as  the  fquares  of 

-  their  diameters.  In  the  fourdi  column  are  found  the 

'  ̂iiametcrs  for  the  condu£ting  pipes  of  an  ajutage  of  half 
,  ui  inch  diameter^  according  to  the  heights  in  the  fe- 

cond column.  The  diameters  of  pipes  for  other  aju- 
tages, and  otiier  heights  of  the  refervoir^  are  found  by 

followhig  the  preceding  rule. 
Fradions  are  not  obferved  in  the  calculations  for 

the  two  tail  columns. 
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lO 

IC 

15 

15 

20 
SI 

25 

27 

30 

33 
35 

39 

40 

45 
45 

50 

55 
60 

51 
58 

65 

72 

65 

70 

79 

86 75 
80 

93 lOI 

85 109 

90 

ii7 

95 

125 

ICO 

133 

IV.  From  objects 
our  attention  is  next  i 

nent  utility,  and  of  a 

improvcnicnts  are  ver 
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which  a  kind  of  ftoppfe  I,  called  the  pfjhny  is  made  o 
Aide,  or  move  up  and  down.  The  pifton  is  put  in 
motion  by  means  of  a  rod  of  metal  X  x,  at  the  extrc- 
Biicy  of  which  X  the  handle  is  placed,  and  elevated  by 
the  iever  X  Y,  or  by  fome  other  contrivance ;  ro  this 
is  annexed  a  pipe  AT  (Plate  VII.  Pg.  3.)  to  con- 
doft  the  water  to  the  height  required ;  and,  laftly,  the 
fuckers  S  s. 

There  arc  fcveral  kinds  of  pumps ;  fome  are  called . 

fiicking* pumps  and  others  forcing  pumps,  and  there 
arc  others  which  are  at  the  fame  time  both  fucking  and 
forcing  pumps. 

The  raifingfttfHp  is  compofed  of  the  body  of  the 
pump  A  B,  f^ Plate  Vll.  fig.  3.)  tt)  the  lower  part  of 
which  is  affixed  the  end  of  a  pipe  B  N,  open  at  the 
bottom,  or  (which  is  ftill  better)  pierced  with  holes 
its  whole  length,  in  fuch  a  manner  that  large  pieces 
df  dirt  and  rubbifli^may  be  prevented  from  entering 
the  body  of  the  pump.  At  the  union  of  this  end  of 
the  pipe  with  the  body  of  the  pump  is  placed  a  valve 
or  lucker  j,  which,  when  raifecl  up  by  the  prefliire  of 
the  water  beneath,  permits  the  fluid  to  afcend  into  the 

body  of  the  pump,  but  which,  by  being  preffcd  down 
again  by  the  aftion  of  the  pump,  prevents  efFeftually 
the  efflux  of  the  water  by  the  fame  aperture.  In  the 
body  of  the  pump  there  is  a  box  or  pifton  I,  pierced 
quite  throu^,  furnifhed  at  the  upper  end  with  a  fucker 
S,  and  joined  at  Xy  by  the  affiftance  of  a  head  fomewhat 
m  the  form  of  that  of  a  pair  of  compaflcs,  to  tlie  rod 

jr  X,  which  enables  it  to  adt  by  the  aid  of  a  le\-cr 
X  Z  Y.  At  the  upper  part  A  of  the  body  of  the 

pump  is  placed  the  raifing  pipe  AT,  which  has  its 
fyoM  at  T.  This  pump  ouglit  to  be  placed  in  a  well 
or  bafon»  in  fuch  a  manner  that  the  body  of  the 

pump 







450  The  farting  Pmnp.  [Book  VII. 

part,  and  with  a  fpout  O  at  its  upper  cxtrcrmty.  This 
pump,  as  well  as  the  preceding,  ought  to  be  imnierred 
in  a  well  or  bafon  in  fuch  a  manner  that  the  body  of 
the  pump  C  D  fhould  be  entirely  under  the  furfiace  of 
the  water  A  A« 

The  water  fills  the  body  of  the  pump  by  fkllii^ 
through  the  aperture  C^  and  by  pafling  over  the  piftoo 
K,  the  fucker  of  it  S^  confidering  its  pofittont  wiH 
naturally  open.  If  the  pifton  K  is  lowered^  by  pladng 
the  lever  Y  X  Z  in  the  pofition  y  u  X^  the  refiifamoe 
of  the  water  againft  the  fucker  S  will  cldfc  it  imme- 

diately. This  water  then,  being  incapable  of  repaffing 
above  the  pifton,  is  forced  up  the  pipe  AO,  fay 
raifing  up  the  fucker  j.  As  foon  as  the  pifton  is 
raifed  again,  the  fucker  s  is  clofed  by  the  prcflureof 
the  water  which  is  above,  and  the  fucker  S  is  opened 
by  its  own  weight.  A  new  mafs  of  water  then  paflb 
below  the  pifton,  which  by  a  fecond  depreflion  of  tk 
pifton,  is  forced  to  pafs,  like  the  firft,  into  the  p^ 
AO ;  fo  that  by  a  certain  number  of  ftrokes  of  the 
pifton,  that  pipe  becomes  full  of  water,  which  is  thd 
difcharged  at  the  ipout  O  as  in  the  pump  already  dc- 
icribed.  If  the  piftons  in  both  of  them  are  of  the 

fame  diameter,  and  the  raifing  pipes  of  the  fame  per- 
pendicular height,  the  weight  of  the  two  columns  of 

water  will  be  cqual^  and  the  two  |nimps  will  require 
the  fame  power  to  work  them  j  for  in  that  cafe  it  ̂^ 
quires  the  fame  power  to  elevate  the  pifton  charged 
with  a  column  of  water  as  it  docs  to  force  the  colunm 

of  water  by  means  of  the  pifton. 

The  fucking*  pump  (Plate  VIII.  Fig.  i.)  is  com* 
pcfcd  of  the  body  of  the  pump  E  F,  open  above,  and 

.  *  So  called^  becaufc  it  was  originally  fuppofed^  but  erro»eoofl/» 
to  ad  by  iudlion. 

with 
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with  a  (Mpe  of  fifpiration  or  iiicking  pipe  F  P  adapted 
to  the  loittr  pare.  At  thc'  union  of  this  pipe  with  the 
body  of  the  pump  is  a  fdclier  j,  defigned  t&  permit 
the  water,  frhile  the  pifton  is  raifcd,  to  en«^  through 
the  pipe  of  ifpiration  P  F  into  the  body  of  the  pump 

F  E,  and  eo  prevent' it,  ivhile  the  pifton  is  lowering, 
from  being  difcharged  chc  fame'tfay.  ]n  the  body  of 
the  pump  is  a  pifton  L,m»de  like  that  at  I  in  PlateVIl. 

Fig.  3.  and  which  it  pot  irt,  aftion  in  the  fame  man- 
ner by  the  afliftance  of  the  lever  X  Z  V.  This  pump 

Should  be'  placed  in  fuch  manner  as  tu  have  only  the 
lower  eRiremity  of  the  al^iration  pipe  F  P  plunged 
into  the  water. 

While  the  pump  remains  inaftive,  the  two  fuckers 
S  and  s  are  naturally  clofed  from  their  own  wcighf. 
If  the  [Mfton  L  is  raifed  up  by  means  of  putting  the 
lever  X  Z  Y  in  the  fituation  u  Z  y,  the  column  of  air 
which  refts  above  is  elevated,  and  the  air  which  is 

clofed  up  in  the  afpiration  pipe,  from  the  furface  of 
the  water  a  to  the  pifton,  having  then  more  Ipace  to 
occupy,  beconncs  more  rarified  than  the  external  air. 
This  Uft  then  preffes  more  forcibly  upon  the  furface 
of  the  water  a,  and  caufes  it  to  rile  in  the  afpiration 

pipe,  till  the  interior  air  has  regained  its  former  den- 
Cty  by  occupying  lefs  fpace.  Thus,  after  fevcral 
firokcs  of  the  pifton,  the  water  reaches  the  body  of 
the  pump,  and  paffes  over  the  pifton,  by  raifing  up  the 
fuckers  s  and  S,  one  after  another,  and  the  pifton,  by 
its  fubfequent  elevation,  forces  the  water  to  efcape  at 
the  fpout  £. 

As  it  is  the  prelTure  of  the  air  which  caufes  the 
Vatcr  to  rife  in  this  pump,  and  as  this  prefliire  can 

fuftain  only  a  coluinn  -of  water  of  about  thirty-two 
fcec,  it  is  clear  that  ̂ e  afpiration  or  fucking  pipe 

G  g  3  Ihould 
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fliould  not  exceed  that  length.  In  common  pfafiice 
it  is  indeed  fcldom  made  fo  long  as  thirty-two  ft«. 
In  order  tiiat  the  prefllire  of  the  atmofpherc  nrxf  be 
fuch  as  to  fviftain  a  column  of  water  of  that  bdght. 
it  is  necelTary,  fitW,  that  the  fbclcing  pump  (hould  be 
made  with  the  greateft  exaftnels,  and  rfiat  it  ihould 
contimie  in  a  perfeft  ftate;  fecondly,  that  it  thould  be 
placed  upon  the  level  of  the  fca,  or  very  near  k,  he- 
caufc  it  is  there  that  the  prcflure  of  the  itmofphere 
is  moft  forcible;  thirdly,  thai  the  prcflure  of  xhe  tit 
ihould  not  vary  j  buc  in  general  all  thcle  circumAanctt 
are  not  required.  Mechanics  are  (atisficd,  in  gcrtnl 
widi  making  the  afpiration  pipe  twenty-three  or  twcoty- 
four  feet  long.  If  it  is  neceOary  to  elevate  water  t3 

a  greater  height,  the  forcing  pump  is  more  coromp- 
dious  for  thai  purpole.  The  latter,  it  is  true,  h&i)' 
jc(5t  to  feveral  inconveniences.  It  is  iiecefiary  to  pbd 
the  body  of  the  pump  cither  in  wells  or  ii;  a  hafiM( 
and  when  it  is  required  to  repair  it,  which  often  las' 
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only  to  the  height  of  thirty-two  feet.  M.  Briffon  has 
carefully  examined  into  the  faA^and  his  explanation  is 
curious  and  interefting. 

An  ignorant  tinnian,  at  Seville,  had  made  a  fucking 

pump  fixty  feet  iongi  becaufe  he  had  occafion  to  ele^ 
▼ate  the  water  to  that  height.  When  the  pump  waa 
fixed  in  its  place^  and  put  in  adion,  he  was  unable  to 

make  the  water  rife  into  the  body  of  the  pump.  En-^ 
raged  at  this  dilappointment,  he  gave  it,  a  blow  with 
his  hammer,  which  produced  a  fmall  ̂ rture  in  the 
afpiration  pipe  at  about  ten  feet  above  the  furface  of 
the  water  in  the  bafon.  Immediately  a  fmall  portion 
of  water  arrived  at  the  body  of  the  pump.  After  this 
procefs  it  w^  reported,  that  a  fucking  pump  had 
been  conftrufted,  which  elevated  water  to  the  height 
of  fixty  feet;  but  the  reader  will  be  enabled  to  judge 
of  the  truch  of  this  afTertion  from  the  following  obfer«* 
vations : 

Let  us  fuppofe  that  the  afpiration  pipe,  P  F  (Plate 
VIII.  Fig.  I.)  had  from  J,  the  furface  of  the  water 
of  the  bafon,  to  F,  a  diftance  of  fixty  feet,  and  that 
after  a  certain  number  of  ftrokes  of  the  pifton,  the 
^ater  rifes  to  f,  thirty-two  feet  high;  if  then  a  fmall 
hole  is  made  at  ̂ ,  ten  feet  above  the  furface  of  the 

water,  the  air  which  enters  at  this  hole,  and  prcffes 
in  all  direftions,  will  caufe  the  column  of  water  of  ten 
feet,  which  is  below  ̂ ,  to  fall  into  the  bafon,  and  the 
prefTure  of  the  air  upwards  at  b  has  only  a  column  of 
water  of  twenty-two  feet  to  fupport. 

But  that  prelTure  is  capable  not  only  of  railing  that 
column  to  the  height  of  fixty  feet,  but  even  to  the 
height  of  eight  rfioufand  feet;  for  air,  near  the  furface 
of  the  earth,  is  eight  hundred  times  lefs  denfe  than 
water,  and  fuppofmg  (which  is  not  the  cafe)  it  was 
80t  diminilhed  in  elevating,  then  the  ten  feet  of  water. 
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cut  off"  by  the  prefliire  of  the  air  at  *,  downwwdt, 
T/ou!ij  be  more  tlian  equivalent  to  eight  ihouland 
ftit  of  air.  The  column  of  air,  dietefbre,  wliich 
preflcs  at  ̂ ,  will  be  tou  Urong  for  more  tiian  eight 
tlioiifand  fircti  thus  the  twcnty-nwo  feet  of  water  re- 

maining above  will  not  be  in  equilibrium  with  the 
column  of  air  rill  after  it  has  rikil  higher  than  eight 
tlioufjnd  feet. 

In  order  to  have  a  fccond  portion  of  water  with  i 
pump  of  this  conftrnctien,  it  is  in  the  firft  place  nc- 
ccffary  to  flop  tlic  aperture  which  was  made  at  i,  then 
to  give  fcveriil  llrok.es  with  the  pifton  to  elevate  llie 
water  as  high  as  c;  and  kitty,  to  open  again  ths 
orifice  at  ̂ .  Obferve  tlic  fimplicity  of  this  proali 
for  raifing  lb  fmall  a  quantity  of  water!  for  it  is  nccef* 
fcry  that  the  afpiration  pipe  (liould  be  of  a  very  ftuall 
diameter,  othcrw-ife  the  column  of  lA'atcr  would  break, 
and  the  ;iir  would  pafs  through,  and  not  one  drop  ot 
water  could  be  railed  into  the  body  of  the  punip> 
This  faift  (adds  M.  Brillon)  may  (crve  to  convinM 
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its  lower  extremity.  This  extreouty  was  plunged 
into  a  tun  full  of  water.  .  M.  Bellange  had  made  a 

fmall  perforation  in  this  pipe  of  about  one  twenty- 
fourth  of  an  inch  diameter,  at  twelve  or  fi/teen  inches 

above  the  fur&ce  of  the  water  in  the  tun.  Tlie  appa-^ 
ratus  being  difpofed  of  in  this  manner,  he  moved  the 
pifton  gently,  but  the  water  did  not  rife;  the  fmal) 
hole  furnilhed  a  fufHcient  quantity  of  air  to  fill  the 
afpiration  pipe.  He  then  n\oved  the  pifton  with  great 
velocity ;  the  fmall  hole  could  not,  in  ib  fhbrt  a  fpace 
of  time,  furnilh  a  fufiicient  quantity  of  air  to  fill  the 
pipe ;  a  little  water  rofe  and  mixed  itfclf  with  the  air, 
fo  that  die  column  became  compofed  of  fmtll  cylin- 

ders, aliernai:ely  of  air  and  water,  and  though  it  was 

-fifty-five  feet  high,  it  was  much  ftiort  of  the  weight 
of  a  column  of  water  thirty-two  feet  high-  If  we 
calculate,  therefore,  according  to  the  diameter  of  the 
43ody  of  the  pump,  and  the  extent  in  which  the  pifton 
played,  what  quantity  of  water  this  pump  would  have 
furnifhed  if  the  air  had  not  entered,  and  then  compare 
this  quantity  with  that  which  it  really  furnilhed,  we 
Ihall  find  that  die  latter  is  gready  inferior;  for  in  fix 
rninutes  five  hundred  ai^d  thirty  Ibokes  of  the  pifton 

may  be  given,  which  would  furnKh  only  thirty-fix 
pints  of  water ;  this  pump,  therefore,  would  not  fur- 
nifti  the  eighth  part  of  the  water  which  it  ought  to  do 
\ipon  the  common  principles  of  the  fucking  pump;  fo 
that  though  the  conftruftion  might  appear  to  be  more 
ingenious,  it  was  not  in  reality  to  be  preferred  to  that 
pf  Seville, 

The  €<mpound  forcing  pump  is  compofed  of  the  body 
of  the  pump  G  H,  (Plat^  VIII.  Fig.  2.)  open  above, 
jind  the  afpiradon  pipe  H  V  adapted  to  the  lower  end. 
At  the  union  of  this  pipe  with  the  body  of  the  pump 

Gg  +  » 
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is  a  fucker  S,  defigned  for  the  fame  ufe  as  in  the 
fimple  fucking  pump.  In  die  body  of  die  pump  is 
a  pifton  M,  not  pierced  as  the  preceding,  but  foUdi 
and  put  in  a6tion  by  the  aid  of  the  rod  at  X>.  and  oC 
the  lever  Y  X  Z,  v:^:h  has  its  point  of  fuppoit>  or 
fulcrum,  at  Z.  A^  ̂   fide  of  the  pump,  and  towards 
the  bottom  of  its  body,  is  adapted  a  ralfing  pipe  H  1» 

furnifhed  with  a  fucker  s  near  its  bafe,~  and  widi  a 
fpout  R  near  it^  fuperior  extremity.  This  piiinp 
ought  to  be  placed  in  fuch  a  manner  that  the  koicr 
extremity  only  of  the  aipiradon  pipe  H  V  fhould  lit 
immerfed  under  water. 

It  is  eafy  to  perceive  that  the  firft  a£bion  of  djl 
pump  will  be  the  fame  as  that  of  the  fucking  piBOfi 
which  has  been  defcribed;  for  if  the  pifton  Sfi 
raifed  by  putting  the  lever  Y  X  Z  in  the  fitua|jAp| 
y  uXy  the  column  of  air  which  refts  above  wiM  -m 
elevated;  the  air  which  is  in  the  afpiration-pipe ini 

become,  by  that  means,  rarer  than  the  exterior  '«i|L 
The  latter  then  prcfles  more  forcibly  upon  the  furftee 
of  the  water  A  A,  and  carries  it,  after  fomc  ftrokei 
of  the  pifton,  into  the  body  of  the  pump;  when  it 
is  arrived  there,  if  the  pifton  M  is  lowered,  the  fucker 
S  will  clofe,  and  the  water  is  forced  along  the  raifing- 
pipe  H  R,  by  the  rifing  of  the  fucker  j,  which,  as  foon 
as  the  preflure  ceafes,  falls  again  from  its  own  weight 
and  that  of  the  water  above  it. 

This  pump  is  very  convenient,  on  account  of  its 

body  being  placed  out  pf  water,  which  affords  an  op- 
portunity of  making  the  neccfTary  repairs  with  facilityi 

and  alfo  on  account  of  its  being  capable  of  carrying 
water  to  any  height  which  may  be  required :  in  order 
to  efFeft  this,  all  that  is  neceflary  is,  to  lengthen  die 

faifing-pipe,  and  to  augment  the  power  which  puts the 
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'Y^ae  pump  in  aftion.  I  believe  this  is  at  prefent  the 
v^aoft  ufual  form  of  what  are  called  forcing  pumpi  in 
^^Us  country. 

'  The  fire  engine  is"  an  hydraulic  engine,  which  may 
tw  dafled  with  the  pump  that  f  have  now  defcribed. 
Kk  is  at  once  a  fucking  and  forcing  pump,  but  has 
afi  continued  jet,  or  ejcAing  pipe,  though  it  has  only 

body.  The  cffential  parts  of  this  pump  are 
mpofcd,  like  the  compound  pump,  (Plate  VIII. 

J.' 3.)  with  this  difference,  that  its  afpiration  pipe 
I-  much  Ihorter,  and  that  inllead  of  a  fotid  rdfing 

c  it  has  a  leathern  tube  of  a  convenient  length. 
s  pump  (Plate  IX.  Fig.  i.)  is  then  compofed  of 

:  body  of  the  pump  A  H,  open  above,  and  co  the 

'  part  is  adapted  the  afpiration  pipe  H  T.  At 
4bftc  onion  6f  this  pipe  with  the  body  of  the  pump  is 

^HplKcid  a  fucker  S,  defigncd  to  prevent  the  water* 
^SUch  has  once  pafTed  into  the  body  of  the  pump, 
j^m  returning  into  the  bafon.  In  the  body  of  the 

9|Mnp  is  a  pifton  M,  not  pierced  but  folid,  and  which 
*p|H^c  in  motion  by  the  aid  of  a  metal  rod  x  X,  and 
•iB*  lever  Y  X  Z,  which  has  its  fulcrum  or  point  of 
^■jiport  at  Z.  Towards  the  bottom  of  the  pump,  in 
•*«  fide,  is  an  apcrtute  C,  which  is  covered  again  by 
^EkflMDs  of  a  valve  e  I,  of  which  the  tail  /  is  a  ipring, 
•ted  which  is  fixed  on  with  a  fmall  fcrcw.  This 

yilvB  is  defigncd  to  prevent  the  water,  which  is  cz- 
J*Sled  from  the  body  of  the  pump,  from  entering 
^Kain  when  the  piAon  M  is  ratfcd.  The  body  of  the 

P^mp  is  furrounded  with  a  pipe  A  B  D  E,  about  two 
^^  dirce  inches  more  in  diameter  than  the  body  of  the 

>mp,  and  the  intermediate  fpace  between  them  is 
I  with  air.  To  the  lower  part  of  this  pipe,  and 

^^n  the  fide,  b  adapted.  Another  fmall  crooked  pipe 
^  R^  furnilhcd  at  the  end  K.  with  a  fucker  s,  and  with a  fcrcy 



(Rg.  I.)  of  the  body  , porpofe,  b  of .  firajiCT 
'I"  I'd  L  (F,g.  ,.)  „f 
tnMk,  to  aj,„i,  ̂ j 
ihrougli  it. 

frog,  thi,  cxplanatio, 
piflon  M  is  raiftd  up  b thr  filualionraZ,  theft 
at  C,  will  btf  cfcfcd  by  tl This  ftnie  preffiiff,  excr 
face  oftlie  viatcr  V  V,  ol 
of  the  pump  by  railing  u »'aAKkiiigp„n,p,l,„,^ 
"IS  prclTure  rlofes  the  fu "hidiisatCithewatet; 
I'atlicrnp.pe  j*4(|.ig.  , 
(Fig-  1.)  but  aifo  into  °j,; the  pump  and  the  pipe townrds  I  K.  and  comprcii 
thfre.     Immediately  afte 
again,  that  air,  being  nq 
itlelfbyiseJaAicit,.  a^,  ,, 
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I(  is  evident  Aat  thefe  Are  engines  ftioidd  be  able 
to  furnilli  a  continued  ftream,  and  this  can  only  be 
^ffcAed  by  employing  the  elafticity  of  the  air,  while 
the  pifton  is  rifingj  but  in  order  ttf  eftefb  this,  a  dou- 

ble force  is  required  to  put  the  pump  in  motion  1  in 
other  words,  a  force  capable  of  expelling  the  colunnn 
of  water,  and  an  equal  force  to  comprefs  the  air.  But 
this  is  not  an  inconvenience,  for,  in  cafe  of  fire,  it  very 
feldom  happens  that  hands  are  wanting  to  alTift ;  on 
the  contrary,  it  frequendy  happens  that  the  aflembtage 
of  people  is  rather  too  numerous. 

Such  is  the  engine  which  M.  Briflbn  has  dcfcribed, 
4nd  it  is,  I  prefume,  that  which  is  in  common  ufe  in 
France.  Its  Ilmplicity  is  admirable ;  yet  I  apprehend 
that  our  Engli(h  fire  engines  are  more  powerful,  and 
furnifti  a  more  uninterrupted  ftream  or  current  of  wa- 
water  through  the  leathern  pipe.  In  Fig.  3.  is  a  re- 
prefentation  of  our  improved  fire  engine.  This,  the 
reader  will  fee,  is  wrought  by  two  forcing  pumps, 
which  a£t  alternately ;  and  the  ftream  is  made  con- 

tinual from  the  Ipring  of  air  confined  in  a  llrong  metal 

veflel  CC,  in'the  fire  engine  AB,  fixed  between  Ac 
{wo  forcing  pumps  D  and  E,  wrought  with  a  com- 

mon double  lever  F  G  moving  on  the  center  H. 
The  piftons  in  JD  and  E  both  fuck  and  force  alter- 

nately, and  are  here  reprcfented  in  their  different 
actions,  as  are  alfb  the  refpcctive  valves  at  I  K 
andLM, 

The  water  to  fupply  this  engine,  if  there  is  no 
opportuniry  of  putting  the  end  of  a  fucking  pipe, 
occafionally  to  be  fcrewed  on,  into  a  inoat  or  canal 
(which  would  fpare  much  hurry  and  labour  in  cafe  of 
jirc)  is  poured  into  the  veflel  A  6 1  aild  bciifg  ftrained 
through  the  wire  grate  N  is,  by  the  preiTure  of  the 

HtQtofphcre,  raifcd  dupugh  Uie  valves  K  and  M  into 

the 
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tKc  barrels  of  D  or  E,  when  either  of  their  forcers 

afcend ;  whence  again,  upon  th«ir  defcent,  it  will  be 

powerfully  propelled  into  the  air-veffel  C  C,  through 
the  valves  I  and  L  by  turns :  the  connaion  air  then 

between  the  water  and  the  top  of  the  air-veffel  C  C 
will  from  time  to  time  be  forcibly  crowded  into  lefs 
room^  and  much  compreiTed ;  and  the  air  being  in  that 
condenfed  ftate  poflfefled  of  a  ftrong  and  lively  fpring, 
and  always  endeavouring  to  dilate  itfelf  every  way 
equally  in  fuch  a  circumftancei  bears  (Irongly  both 
againft  the  fides  of  the  veffcl  wherein  it  is  confined,  and 

the  iurface  of  the  water  thus  injeded ;  and  thus  pro- 
duces a  conftant  regular  dream,  which  rifes  through 

the  metal  pipe  P  into  the  leather  one  Q^  and  this  lat- 
ter being  perfedkly  flexible,  may  be  led  about  into 

rooms  and  entries,  as  the  cafe  may  require. 

Should  the  air  contained  in  this  veiTel  be  compreilcd 
into  half  the  fpace  it  took  up  in  its  natural  (late,  the 
ipring  of  it  will  be  nearly  doubled ;  and  as  before  it 
equalled  and  was  able  to  ftiftain  the  preflure  of  the  at- 
mofphere,  fince  it  has  now  a  double  force,  by  the 
power  of  that  fpring  alone  it  will  throw  water  into  air 
of  the  common  degree  of  dcnfity  about  thirty  feet 
high.  And  Ihould  this  comprcflbre  be  dill  aug- 

mented, and  the  quantity  of  air,  which  at  firft  filled  the 

whole  veffel,  be  reduced  into  one-third  of  that  fpace, 
its  fpring  will  be  then  able  to  refift,  and  confcquendy 

to  raife  the  weight  of  a  treble-  atmofphcrej  in  which 
cafe  it  will  throw  up  a  jet  of  water  fixty  feet  high. 
And  fhould  fo  much  water  again  be  forced  into  the 
vefTel  as  to  fill  three  parts  of  the  capacity,  it  will  be 

able  to  throw  it  up  about  ninety  feet  high  r  and  where* 
€ver  the  fervice  jfhall^  require  a  ftill  greater  rife  of  wa^ 
tcr,  more  water  muft  be  forced  into  this  vcflel;  the 

air  therein  being  thus  driven  by  force  inta  a  (ti^  nar* 

rower 
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rower  compaf^  at  each  explofion,  its  gradual  refticu^ 
tion  to  its  Hrft  dimenfions  is  what  regularly  carries  oft 
the  Aream  between  the  ftrokes,  and  renders  it  continual 
dt^rir^  the  operaticii  of  the  machine. 

Various  agents  are-employed  to  put  pumps  in  ac-^ 
tlon,  fuch  as  meni  horles,  ftreams  of  water,  vapour, 
wind,  &c.  Small  pumps,  fuch  as  thofe  in  commoa 
wells,  or  fire  engines,  arc  generally  wrought  by  meni 
When  a  confidcrable  quantity  of  water  is  required  to 
be  raifed,  the  moving  power  muft  be  increafed ;  and 
in  order  that  a  regular  effort  may  be  employed,  or 

very  nearly  ib,  fcveral  additions  are  occafionally  made' 
I  to  the  mechanifm  of  pumps,  fo  that  when  one  fei  of 
piftons  dcfcend  another  fet  may  be  made  to  rife  by  the 
fame  force.  The  great  engine  at  Marli  is  wrought  by 
an  apparatus  of  this  kind. 

The  afbion  of  theft  engines  depends  upon  the  regu- 
larity of  the  alternate  motion  of  tlic  fuckers  or  valves. 

It  follows  then,  that  thefc  Ihould  be  fo  conftrufterf  and 

difpofed  as  perfcdlly  to  retain  the  water  when  they  are 
clofed,  and  to  open  cafily  when  the  aftlon  of  the  ma- 

chine is  direftcd  to  that  objeft. 

V.  Of  the  motion  of  water  in  conduit  pipes. 
When  it  is  required  to  conduft  water  from  one 

place  to  another,  it  is  very  clear  that  the  conducing 
pipes  muft  be  longer  than  the  fpace  tiirough  which  it 
is  to  be  conveyed. 

In  trcaiing  of  the  difcharge  of  water  through  addi- 
tional pipes,  I  have  taken  but  a  curfory  notice  of  rhc 

refiftance  by  friftion,  becaufe  there  it  is  fcarcely  per- 
ceptible i  but  it  is  not  the  fame  with  refpeit  to  pipes 

of  confidcrable  extent ;  the  friction  of  the  water  againft 

thpir  fides  leffcns  confideiably  the  velocity  of  the' flow- 
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fervoir,  and  at  difFcrenc  diftances  from  the  Iburce  or 

refcrvoiri  arc  to  each  other  nearly  in  an  invcrlc  pro- 
portion of  the  iquare,  roots  of  thefe  diftances. 

It  may  be  obfenred  from  the  preceding  table,  that 
a  pipe  of  one  inch  and  one-third  diameter  furniflics 
lefs  water  in  proportion  than  one  of  two  inches  diame- 
terj  under  the  fame  height  of  the  refervoir^  and  of  the 
fame  length.  The  reafbn  of  this  is,  becaufe  there  is, 
relatively  to  the  quantities  of  water  which  thefe  pipes 
will  contam,  more  furface  of  friftion  in  the  fmall  pipe 
than  in  the  larger  one. 

:  .Ifthe  fame  pipe  was  curvilinear  inftead  of  beingftni&^ 
thedifcharge  would  frill  be  diminifhed  from  this  circum^ 
ftance,  though  not  in  any  confiderable  degree ;  but  the 
diminudon  would  be  ftiU  greater  if  the  curvilinear  pipe 

was  placed  in  a  vertical  inftead  of  a  horizontal  pofr* 
tion.  The  diminution  (fmall  as  it  is)  is  produced  by 
the  refiftance  which  the  water  meets  in  running  againft 
the  angles  of  the  pipe,  which  deprive  it  of  a  part  of 
its  velocity. 

But  if  the  pipe,  inftead  of  being  curvilinear,  was 
angular  in  fcveral  points,  the  diminution  would  be 
greater,  and  the  more  fo  in  proportion  as  thofe  angles 
Ihould  be  more  acute,  becaufe  then  the  refiftance  to 

the  water  would  be  more  direit.  When  the  pipes  arc 
curved,  and  their  curvature  vertical,  as  in  Plate  X. 

Fig.  I .  there  are  then  declivities  and  afcents  m  which 
the  air  will  lodge,  and  refift  or  even  impede  the  courfc 
of  the  water.  For  example,  let  ABCDEFGbea 

pipe,  the  upper  extremity  of  which  A  anfwers  to  a  rc- 
fcrvoir  which  fupplies  it  with  water,  and  the  extremity 
G  goes,  to  furnifh  a  fountain.  The  pipe  being  filled 
with  nothing  but  air,  and  water  being  made  to  run 
from  A,  this  water  will  drive  the  air  before  it,  and  fill 

the  portion  of  the  pipe  A  B  more  than  the  portion BCi 
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B  C  J  the  water  having  arrived  at  the  bending  C,  will 
flow  down  the  lower  part  of  this  bending)  and  will  pro- 

ceed to  fill  the  bending  D,  leaving  behind  it  the  co^ 
lumn  of  air  C  D,  which  cannot  efcape.     The  water, 
continuing  to  run,  will  rife  from  D  to  E,  and  having 
arrived  there,  it  will  ftill  flow  down  the  lower  part  of 
this  declivity  to  fill  the  bent  F,  leaving  behind  it  a  fe- 
cond  column  of  air  E  F,  which  will  remain  confined 

■    there,  notwichftanding  the  preflbre  of  the  column  A  B  j 
*,  for  the  column  of  air  C  D  cannot  counterbalance  the 
-    preflureof  the  column  of  water  DE,  any  more  than 
'    die  column  of  »r  £  F  is  capable  of  counterbalancing 

die  column  of  water  F  I ;  fo  that  though  the  water  in 
the  pipe  A  B  is  conGdcrably  above  the  level  G,  the 
water  can  only  rife  towards  I,  and  there  ceafes  to  flow. 
The  only  remedy  is,  to  let  out  the  two  columns  of  air 
CD  and  E  F,  by  placing  at  the  elbow  of  the  bcndings 
two  fmall  pipes  C  and  E,  through  which  the  air  may 
efcape,  and  when  the  courfe  of  die  water  is  well  ar- 

I?  ranged  the  apertures  may  be  clofed  with  bungs. 

VI.  Of  the  ofciUatory  motion  of  water  in  a  fiphon. 
,,  It  is  well  known  that  the  duration  of  the  ofcilla- 
j,;  tiwis  of  two  pendulums  of  unequal  lengths  are  to 
4  each  other  as  the  fquare  roots  of  thofe  lengths.  The 
^k  ftlcillatory  motion  of  water  in  a  fiphon  is  of  the  fame 

'j^  nature. 
^      Suppofc   a  fiphon   (Fig.  2.)  compofcd  of  three 
2  ̂'anches,  two  vertical  /  »,  M  e,  and  one  horizontal  n  0 ; 
jf  'i'ppofc  that  the  interior  diameter  of  the  fiphon  is  equal 
/  through  its  whole  extent ;  that  in  this  fiphon,  the  fluid, 
r  "*  aftateof  reft,  occupies  the  fpace  anodi  then  the 
two  furfeces  at,cdj  are  upon  a  level.     Suppofe  then, 
5"*tj,  by  fome  caufe,  the  liquid  is  forced  to  defccnd  to^  b, 
"*  the  branch  m  *,  and  confequenily  to  elevate  itfelf  to 

Vol.  II.  H  h  ef. 
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tfy  in  the  branch  /»;  as  foon  as  this  caufe  ceafcs  to 
aft,  the  fluid  will  be  operated  upon  merely  by  the 
<:ommon  laws  of  gravitation  and  motion.  The  eiurtls 
of  the  length  of  the  column  e  »,  above  that  of  the  co-  - 
lumn  b  Oy  will  force  the  fluid  to  defcend^  and  that  even 
below  the  level  of  the  other,  on  account  of  the  accele- 

ration of  its  dcfcent,  which  will  caufe  the  fluid  in  the 
other  brjfrich  i»  ̂   to  rife ;  the  fluid  will  then  defccnd 

and  afcend  alternately,  or  in  ofcillations  fimilar  to  thofe 
of  a  pendulum  i  and  the  deviation  of  each  of  didc 
ofcillations  will  be  precifely  the  fame  as  that  of  the 
ofcillations  of  a  pendulum  half  as  long  as  tihe  length 
pqr  of  the  column  of  the  fluid. 

Since  the  ofcillations  of  water  follow  the  iamc  law 

as  thofe  of  a  pendulum,  it  follows,  that  if  the  length  d 
the  column  of  water  is  augmented  or  diminifhed,  the 
duration  of  each  ofcillation  will  be  augmented  or  di* 
Jtniniflied. 

VII.  The  ofcillatory  motion  of  water  in  waves  has 

been  compared  by  Sir  Ifaac  Nev/ton  *  to  the  ofcilla- 
tory motion  of  water  in  a  fiphon. 

Let  A  BC  D  E  F  (Fig.  3.)  be  fuppofed  a  flicctof 
water,  the  furface  of  which  riles  and  falls  in  fucccffivc 

waves;  let  ACE  be  the  tops  of  thefe  waves,  and 
B  D  F  the  intermediate  hollows  or  concavities,  which 

feparate  them.  As  the  waves  are  formed  by  the  fuc- 
cefTiVc  afcent  and  defcent  of  the  water  in  fuch  a  man- 

ner that  the  higher  parts  become  the  lower,  and  fo  al- 
ternately and  fuccelTively,  and  as  the  weight  of  the 

elevated  \^atcr  is  the  moving  power  which  caufcs  the 
lov/eft  parts  to  afcend  and  the  highefl:  to  dcfcend,  thefc 

alternate  rifings  and  fallings  are  confidered  as  ana-. 

Principia,  lib.  %.  prop.  46. 

logons 
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logtbus  to  the  ofciilatory  morion  of  water  in  a  fiphon, 
and  they  obferve  the  fenae  Jaws  relative  to  their  du- 
ration. 

If  there  is  then  a  pendulum,  the  length  of  which  is 
equal  ta  half  the  tranfvcrfal  dillancc  that  exifts  between 
the  top  or  apex  of  a  wave  A  (for  example)  and  the 
tavity  B,  that  is  equal  to  half  A^,  the  highcft  parts 
will  become  the  lowed  in  the  fame  fpace  of  time  in 
vhich  this  pendulum  vibrates,  and  in  the  fpace  of 
Another  ofdllation  they  will  again  become  the  highefl. 
£ach  of  thcfc  waves  then  will  roll  its  whole  courfe 

during  the  time  which  the  pendulum  takes  in  perform- 
ing two  ofcillations  5  and  as  a  pondulum  four  times  the 

length  of  the  preceding,  that  is,  the  length  of  which  is 
tqual  to  the  width  of  the  Wave  A  C>  will  make  only  one 
ofcillation,  while  the«firll  makes  two,  it  follows,  that 

the  waves  perform  their  ofcillations  in  the  fame  fpace  of 
tin>e  as  a  pendulum  equal  in  length  to  the  width  of 
the  fame  waves  would  perform  its  ofcillations.  What 
is  meant  by  the  width  of  waves^  is  the  tranfverfal  fpace 
A  C,  which  is  between  their  greatdft  elevations,  or 

the  fpace  B  D,  which  is  between  their  greateft  conca- 
vities. 

It  follows  from  thefe  premifes^  that  wavcsj  which 
«re  about  three  feet  and  three  quarters  of  an  inch  wide> 
roll  their  Wholq  width  during  a  fec6nd  of  time,  and 

■tonlequcntly  they  roll  one  hundred  and  eighty-three  ktt 
lix  inches  and  five-fixths  in  a  minute,  and  in  an  hour 
rieven  thoufand  and  fourteen  feet  two  inches;  waves 

four  rimes  as  wide  will  roll  this  fpace  in  twice  thA 

times  it  follows  then,  th^t  the  wider- or  more  ex- 
panded the  waves  are,  the  greater  will  be  the  fpace 

which  they  roll  over  in  a  given  time. 
But  \vbat  has  now  been  dated  refpefling  the  motioa 

Hh  2  of 
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of  waves,  is  founded  upon  this  hypothelis,  that  all  the 
parts  of  the  water  rife  and  fall  in  right  lines;  yet  it 
muft  be  obferved,  that  both  their  rife  and  (all  are 

more  frequently  made  in  curved  lines  than  in  ftrait 

ones ;  fo  that  the  determination  given  above  re(ped- 
ing  the  fpacc  which  waves  roll  over  in  a  given  time 
may  be  regarded  only  as  an  approximation  to  the 
truth. 

VIII.  The  motion  of  wheels  aded  upon  by  the  ftSt 

or  force  of  water,  though  ftriftly  a  *  branch  of  mecha- 
nics, is  yet  intimately  connected  with  the  fcience  of 

hydraulics. 
The  wheels  of  fome  water-mills  are  furnifhed  witfc 

wings,  float-boards,  or  (helves,  at  their  circumference, 
with  very  little  or  no  concavity ;  others  arc  fornilhed 

with  a  k'md  of  ladles  or  boxes,  which  will  contain  a 
confidcrablc  quantity  of  water.  In  the  firft  cafe,  thf 

water  afts  upon  the' wheels  principally  by  its  fbockor 
fall  y  in  the  fecond,  by  its  weight.  I  (hall  firft  fpeak 
of  wheels  moved  by  the  (hock  of  the  water. 

It  h;is  been  proved  by  experience,  that  the  more  nu- 
merous the  wings  or  float-boards  are  in  proportion  to 

the  diameter  of  the  wheel,  the  fader  it  moves.  To 

wheels  of  twenty  feet  diameter,  there  are  common^ 

placed  about  forty  float-boards ;  but  a  greater  number, 
as  for  example  forty-eight,  would  be  ftill  more  advan- 

tageous. To  the  wheels  of  thofc  mills  which  are  raifcd 
upon  boats  or  rafts  in  rivers,  there  are  ufually  only 
eir:ht  or  ten  floats ;  but  thefe  wheels  would  have  more v.. 

cflx'ft  if  they  had  fifteen  or  fixteen. 
When  a  wheel  with  wings  or  float-boards  turns  in 

a  kind  of  frame  or  cafe,  fo  as  to  prevent  the  water 
from  falling  immediately  into  the  general  current,  the 
impulfe  which  it  receives  from  the  water  is  about 

one- 
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one-fifth  greater  in  proportion  tp  the  velocity  of  the 
fluid,  than  it  would  Veceive  in  an  unconfincd  ftream, 
becaufc  in  the  latter  cafe  the  water  which  abounds  is 

turned  behind  the  float,  and  refills  it;  on  the  contrary, 
when  the  wheel  moves  in  a  frame,  there  is  only  a  fmall 
quantity  of  water,  which  moves  with  as  much  velocity, 
or  with  rather  more,  than  the  float-board. 

It  has  been  proved  by  experience,  that  when  this 
cafe  or  frame  is  but  juft  wide  and  deep  enough  to 
admit  the  wheel  to  move  freely,  and  the  water  has 
an  opportunity  of  running  out  after  having  given  its 
fhock  or  impulfe,  the  dire<ft  and  perpendicular  force 
againft  the  floats  of  the  wheel  is  about  twice  the  force 
which  the  float  would  receive  if  it  was  plunged  to  the 
fame  depth  in  an  unconfined  current. 

"When  a  wheel  furniihed  with  forty -eight  floats  turns 
in  a  cafe  or  frame,  and  it  is  not  plunged  very  deep  in^ 
the  water,  its  circumference  will  have  about  two-fifths 

of  the  velocity  of  the  current,  in  which  cafe  the'  ma- 
chine will  produce  the  grcateft  efle£t. 

,  It  appears  that  float-boards  ati:  the  mofl:  advan- 
tageous when  they  are  placed  in  a  direft  tine  towards 

the  center  of  the  wheel ;  becaufc  but  few  of  them 
would  be  required,  fince  they  would  then  be  ftruck 

perpendicularly  by  the  water,  which  produces  the  moft 
powerfijt  ciFeA.  When  they  incline,  the  fliock  is 
oblique,  which  diminiflies  the  effiirt;  yet  a  certain 
degree  of  inclination  caufes  the  water  to  rife  the 
length  of  the  float,  and  to  remain  there  a  certain  timet 
it  then  a£ts  by  its  gravity  after  having  afted  by  its 
ibock  or  fell,  and  the  eflefl  which  refults  from  this 

arrangement  more  than  compenfates  for  the  diminu- 
aon  which  the  Hiock  fuflercd  from  the  obliquity  witli 
which  the  force  was  applied  in  the  firfl:  inftance.  In 

gencr^l^  the  wheels  placed  in  frames  which  h^ve  a  cer* 
.  I^Ji  3  tain 
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.    A  "'"Ml  ̂  ■"  viy  other  pla< •he  tfefceiKling  Bu 
"  a  necen:t7  for ■^"Tfc,  3t  a  ctrtai 
cKannd  of  the  wa 
=ii">ut  the  tenth  pa, 
™y  give  to  the  « would  oihcrx-ife  fa, 
"ill  tl;cn  receive  th 
tloli  to  the  refcrvoi Water  affingbjri 
tffVa  than  »heii  it l^wnt,  in  th,  ̂ ^ 
occti  demonflrated  tl 
"W  ttaion)  moved 
%"ed  to  elevate  apt of  that  which  puts  it 
"'.'"SitWghetihan, »«mg  upon  the  „i„ "pable  of  elevating  , 
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t-boards,"  they  fhould  be  furniflied  with  concave 
hollow  ones  refembling  buckets,  whenever  we 
have  a  fall  of  more  than  four  kti,  and  elpecially  1 

rre  there  is  not  the  neceflary  quantity  of  water  to 

1  a  mill  with  wheels,  furnilhed  with  plain  float- 
rds. 

vl.  Deparcieux,  in  the  Memoirs  of  the  French 

idemy  of  Sciences  *,  has  proved,  that  the  flower 
:els  with  buckets  move,  the  more  will  be  their 
£1  with  an  eqilal  cxpence  of  water.  He  made  a 

ill  wheel  of  twenty  inches  diameter,  the  circum-  _ 
:nce  of  which  was  furniflied  with  forty-eight  buck- 

-  Upon  the  axis  of  this  wheel  were  placed  four 
inders  of  different  fizesi  the  Icaft  was  one  ir^ch 
diameter,  the  next  two  inches,  the  third  three  . 
ties,  and  the  fourth  was  four  inches  in  diameter, 

efc  cylinders  were  different  axes,  about  which  a 
d,  which  elevated  a  weight  by  means  of  a  re- 
ning  pully  placed  above  the  machine,  wrapped  it- 

".  The  axis  of  the  wheel  was  fupported  at  each  ' 
1  by  two  rollers  eafily  put  in  motion ;  this  was  to 
linilh  the  fridion.  To  the  fore  part  of  thie  wheel, 
1  a  little  higher  than  its  axis,  was  attached  a  fmalt 
If,  upon  which  was  placed  a  vefiel  with  a  hole 
reed  in  it  on  that  fide  towards  the  wheel,  which  was 
:d  with  water.  Above  this  vcffel  was  placed  a 
ic  bottle  full  of  water  inverted,  and  the  neck  of  it 
s  plunged  a  few  lines  in  the  water  of  the  vcffel,  in 
Icr  that  the  bottle  fliould  only  empty  itfelf  in  pro- 
rtion  as  the  water  in  the  veflel  ran  through  the 
irture.  The  water  in  flowing  fell  into  a  channel 
ich  carried  it  into  the  buckets  of  the  wheel.  By 
s  means  he  made  fure  of  employing,  at  each  cxpct 

l^nt,' always  the  fame  quantity  of  water. 
*  For  Ihc  year  17;+,  page  603  and  Cji, 

H  h  4  TU 
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Tic  iiowing  table  contains  the  refults  of  the  cx-i 

T^rr-ziss  cciidc  by  M.  Deparcieux.  He  fomctimcs 

•i  wdghts  of  twelve  ounces,  and  fometimes  of 
-ircr  ounces:  the  heavieft,  rcfifting  the  moft» 

r:irzT:i!cd  C3C  wheel  to  turn  flower.  He  wrapped 

rtc  r,:ri<  wnich  fupported  the  weights  fucceflivcly 

r-^iuni  r:c  ciSrrcm  cylinders,  and  found  that  the  fame 

wr-grTC  r;fu:brJ  more  in  proportion  as  its  cord  was 
w-irwi  rotuiJ  a  larger  cyliflder. 

cy- 

4 

Elevation  of  a  weight 
of  1 2  ounces. 

69!  Inches. 
8of 

«7i 

Elevation  of  a 
weight  of  24 

ounces. 

40 

431 
44f 

45i 
Xllwx  KC  cord  was  wrapped  round  a  larger  q- 

"<Tatrr..  or  the  dcvatcd  weight  was  more  confidcrablc,  ■ 
r*-  XI- tc:;!!  rjraed  flower.  It  appears  from  thefc  rc- 

ul:.^  :^-i:  :r.e  iJune  weight  was  carried  fo  much  higher 
r^^^.ri:.^^  a5  its  cord  was  wrapped  round  a  larger  cy- 

L.-Cv;r.  I:  appears  ahb,  that  double  the  weight,  which 
rrr^i'fi  the  rotadon  ftill  more,  was  carried  to  more 

•  -x:  ̂ i^:  of  :hc  height  to  which  die  fingle  weight  v^as 

cir-.ci ;  11  that  cafe,  therefore,  the  effect  was  greater. 

I:  T.av  be  laid  down  as  a  principle,  that  water  afts 

cv  ::s  \i*^:*:kt  much  more  forcibly  from  the  fame  height 

.« •:•!  •^•»»7  bv  its  impuli'es  and  that  the  flower  wheels 
^.^\  buckets  move,  the  greater,  with  the  fame  expence 

c:  ̂^^.ircr*  ̂ ill  t*  ̂ ^^^  effeft.  This  augmentation  of 
*.-x.-  'X  caufed  bv  the  fame  quantity  of  water  aftin^ 

i^riC^r,  wr*ik  uhc  wheel  moves  widi  Icfs  velocity. 
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Chap.     IV. 

OP   THE    OCEAN, 

Sahnefi  of  the  Ocean  ,^^Different  Opinions  as  to  the  Caufej-^Frthahtt 

Reafons  <why  the  Sea  has  been  al'ways /alt. ̂ ^Temperature  of  the  Sea 

at  different  Defths.^^Modes  of  rendering  Sea-<w^er  frefi?,. 

TH  E  grcateft  quantities  of  water  with  which  wo 
are  acquainted  are  by  no  means  pure,  but 

pnited  with  faline  matter.  The  ocean  is  fait  in  all 

parts  of  the  world ;  but  the  degree  of  faltnefs  differs 
^uch  in  different  climates,  and  is  almoft  univerfally 
found  to  be  greater  in  proportion  as  the  water  is  taken 
up  nearfcr  the  equator,  where  the  heat  of  the  fun  is 
greateft,  and  the  evaporation  of  the  watery  particles 
^onfcquently  more  confiderable.  When  treating  of 
fea  fait,  the  refult  of  various  obfervations  relating  to 
this  fubjeft  were  detailed. 

The  caufc  of  the  faltnefs  of  the  ocean  has  been  a 

fubjedt  of  inveftigatioa  among  philofophers  in  almoft 
all  ages,  but  it  ftill  remains  in  great  obfcurity.  There 
can  be  little  doubt,  that  a  large  quantity  of  faline 
matter  exifted  in  this  globe  from  the  creation ;  and,  at 
fhis  day,  we  find  immenfc  beds  of  fal  gem,  or  common 
fait,  buried  in  the  earth,  particularly  near  Cracow  i 
but  whether  thefe  coUeftions  have  been  derived  from 

the  ocean,  and  depofited  in  confequence  of  the  eva- 
poration of  its  waters  in  certain  circumftances,  or 

whether  the  ocean  was  itfelf  originally  frefli,  and  re- 
ceived its  fait  from  coUeftions  of  faline  matter  fituated  at 

its  bottom,  or  from  that  brought  by  the  influx  of  rivers, 

f  annot  now  be  afcertainod.     No  accurate  obfervations 

on 
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on  the  degree  of  faltnefs  of  the  ocean  in  f  articular 
latitudes  were  made  till  the  prefent  century,  and  it  is 
not  poITible,  therefore,  to  afcertain  what  was  the  flaie 
of  the  fca  at  any  confidcrable  diftance  of  time,  nor, 

confequently,  whether  its  degree  of  faltnefs  incrcafes, 
decreafes,  or  is  ftationary.  From  differences  among 
aquatic  animaU,  however,  fomc  of  which  fccm  adapted 
to  fait  water,  and  fomc  to  frefti,  it  is  probable,  that  both 
thefe  dates  of  water  exifted  from  the  creation  of  the 

world.  We  know  it  is  true,  that  fome  kinds  of  fifli, 

as  falmon,  are  capable  of  exifting  both  in  frelh  and  in 
fait  water,  and  that  habit  has  a  powerful  influence  over 
all  animals  ̂   but  this  is  not  fufEctent  to  refute  the  main 

fed,  that  fome  kinds  of  fifh  thrive  only  in  lalt  water^ 
others  in  frefh ;  fome  in  ftahding  pools,  and  others  ia 

rapid  currents. 
That  excellent  philofophcr  and  chemift,  to  whofe 

labours  I  am  indebted  for  fome  of  the  moft  valuable 

parts  of  thefe  volumes,  the  bifhop  of  Landaff,  has  re- 
commended a  nfK>ft  fimplc  and  eafy  mode  of  afcer- 

taining  the  faltnefs  of  the  fea  in  any  latitude  ;  and  as 
the  language,  in  point  of  perfpicuity  and  correftnefs, 
cannot  be  improved,  I  (hall  take  the  liberty  of  inferring 
it  in  his  own  words. 

*  As  it  is  not  every  perfun  who  can  make  himfelf 
expert  in  the  ufe  of  the  common  means  of  cftimaring 
the  quantity  of  fait  contained  in  fea  water,  I  will  men- 

tion a  method  of  doing  it,  which  is  fo  eafy  and  fimpley 
that  every  common  failor  may  underftand  and  praftife 
it,  and  which  at  the  fame  time,  from  the  trials  I  have 

made  of  ir,  feems  to  be  as  exaft  a  method  as  any  that 

has  yet  been  thought  of. — Take  a  clean  towel  or  any 
other  piece  of  cloth,  dry  it  well  in  the  fun  or  before 
the  fire,  then  weigh  it  accurately,  and  note  down  its 

vcight  i  dip  it  in  the  fea  watcr^^  andj>  when  taken  our^ 

vring 



Wiring  it  a  litdc  rill  it  will  not  drip,  when  hung  up  to 
dry;  weigh  it  in  this  wet  ftate,  then  dry  it  either  in 
fhe  fun  or  at  the  fire,  and,  when  It  is  perfeftly  dry, 
weigh  it  again.  The  excefs  of  the  weight  of  the  wet- 

ted cloth  above  its  original  weight,  is  the  weight  of 
the  fea  water  imbibed  by  the  cloth  j  and  the  accefs  of 
01C  weight  of  the  cloth,  after  being  dried,  above  its 
original  weight,  is  the  weight  of  the  fait  retained  by 

the  cloth;  and  by  comparing  this  weight  with  the 
weiglit  of  the  fea  water  imbibed  by  the  cloth,  we  ob- 

tain the  proportion  of  fait  contained  in  that  fpecies  of 
(ea  water. 

*  Whoever  undertakes  to  afcertain  the  quantity  of 
^it,  contained  in  fea  water,  either  by  this  or  any  otiaer 
niethod,  would  do  well  to  obfervc  the  ftate  of  the 

weather  precedbg  the  time  when  the  fea  water  is  taken 
out  of  the  lea,  for  the  quantity  of  fait  contained  in  the 
water  near  the  furface  may  be  influenced  both  by  the 
antecedent  moifture  and  die  antecedent  heat  of  the 

^tniofphere  *.* 
Whether  the  fea  is  falter  or  not  at  different  depths 

|ias  not  yet  been  afcertained ;  but  that  its  temperature 
varies  confiderably  in  proportion  to  the  depth  we  have 
decifive  proof 

*  With  refpedt  to  the  temperature,'  fays  bifhop 
Watfon,  ̂   of  the  lea  at  different  depths,  it  feems  rea- 

sonable enough  to  fqppofe,  that  in  fummer  time  it  will 
l>e  hotter  at  the  fur&cc  than  at  any  confid^rable  depth 
below  it,  and  that  in  winter  it  will  be  colder.  Suppofe 
a  ciftcrn,  twelve  feet  in  depth,  to  be  filled  with  fpring 
water  of  48  degrees  warmth,  to  the  height  of  eleven 
^et ;  then,  if  we  fill  up  the  ciftern  to  its  top,  by  gently 
pouring  water  heated  to  100  degrees  upon  the  furikco 

*  Watfon's  Chemical  Efla/s^  vol.  ii.  p.  x^6^ 
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of  the  fpring  water,  it  may  readily  be  underftood,  that 
the  heat  of  this  water  will  not  be  ioftantaneoufly  com- 
nmnicated  through  the  whole  mafs  of  water  in  the 
ciftern,  but  that  the  water  will  decreafe  in  heat  from  the 
furface  to  the  bottom  of  the  ciftern.  On  the  other 

hand,  if  en  the  1 1  feet  of  fpring  water  heated  to  48 

degrees,  we  pour  a  foot  af  water  heated  only  to  32  de- 
grees, it  may  be  expefted,  that  the  fpring  water,  which 

is  neareft  to  the  cold  water,  will  be  fooner  cooled  by 
it  than  that  which  is  at  a  greater  diftance ;  and  on  this, 
aiccount  the  water  at  the  bottom  of  the  ciftern  will  be 

warmer  than  that  in  the  middle  or  at  the  top.  It  rfluft 
be  obferved,  however,  that  cold  water  being,  bulk  for 
J)u5k,  heavier  than  hot  water,  the  water  which  has  only 
33  degrees  of  heat  will  defcend,  by  its  fupcrior  weighty 
into  the  mals  of  water  contained  in  the  ciftern,  and 
thus  the  water  in  the  ciftern  will  be  cooled,  not  only 
by  the  bare  communication  of  cold  from  the  uppdr 
water,  but  by  the  aftual  Inbcture  of  that  water  with  the 
reft,  fo  that  the  difterence  between  the  heat  of  the  wa- 

ter at  the  bottom  and  top  will  not  be  fo  great  as  it 
would  have  been  if  the  cold  water  had  not  mixed  it- 

felf  with  the  reft.  Thefe  fuppofitions  of  hot  and  cold 
water  incumbent  on  the  fpring  water  in  the  ciftern,  are 
analogous  to  the  aftion  of  the  fummer  and  winter  at-  * 
mofpheres  incumbent  on  the  furface  of  the  fea.  No 
perfon,  who  has  bathed  in  deep  ftanding  water  in  fum- 
jner  time,  can  have  failed  to  obferve,  that  the  water 

grew  colder  and  colder,  according  to  the  depth  to 
which  he  defcended.  I  have  frequently  obferved,  that 
the  furface  of  a  pool  of  water  of  two  feet  in  depth,  has 
in  a  funny  day,  even  in  wint;er,  been  five  degrees  hotter 
than  the  water  at  its  bottom. 

*  Mr.  Wales  defcribes  the  inftrument  he  made  ufe 
of  for  trying  die  temperature  of  the  fea  at  difieren? 

depths* 
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depths,  in  the  following  terms:  "  The  apparatus  foi* 
trying  the  heat  of  the  fca  water  at  different  depths 
confifted  of  a  fquare  wooden  tube  of  about  18  inches 
long  and  three  inches  fquare  externally.  It  was  fitted 
with  a  valve  at  the  bottom,  and  another  at  the  top, 
and  had  a  contrivance  for  fufpe nding  the  thermometer 
cxaftly  in  the  middle  of  it.  When  it  was  ufed  it  was 
fattened  to  the  deep  fea  line,  juft  above  the  lead,  fo  that 
all  the  way  as  it  defcended  the  water  had  a  free  paffagc 
through  it,  by  means  of  the  valves  which  were  then 
both  open  \  but  the  inttant  it  began  to  be  drawn  up, 
both  the  valves  clofed  by  the  preffure  of  the  water, 
and  of  courfc  the  thermometer  was  brought  jup  in  a 
body  of  water  of  the  fame  temperature  with  that  it 

was  let  down  to  *."  With  this  inftrument,  which  is 
much  the  fame  with  one  forn;erly  defcribed  by  Mr. 
Boyle,  in  his  obfervatlons  about  the  faknefsof  the  fea, 
water  was  fetched  up  from  different  depths,  and  its 
temperature  accurately  noticed,  in  different  feafons  and 
latitudes. 

*  Auguft  27,  1772,  fouth  latitude  24^  40^  The 
heat  of  the  air  was  72I, — of  the  water  at  the.  furface 
70, — of  water  from  the  depth  of  80  fathoms  68  f. 

*  December  27,  1772,  fouth  latitude  58^  21'. 
The  heat  of  the  air  was  31  , — of  the  water  at  the 
furf^ice  32, — of  water  from  the  depth  of  160  fathoms 

*  In  the  voyage  to  the  high  northern  latitudes  be- 
fore mentioned,  they  made  ufc  of  a  bottle  to  bring  up 

water   from   tlie   bottom,  which  is    thus    defcribed. 

•  See  AftrQnomical  Obfervations  made  in  a  Voyage  towards 
the  South  Pole,  &c,  in  1772,  1773*  &c.  by  W.  Wales.  Intro- 
du£lion,  P*  53* 

f  Wales's  Obfer.  p.  206. 
X  Ibid.  p.  208. 
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"  The  bottle  had  a  coating  of  wool^  three  inches 
thick,  which  was  wrapped  up  in  an  oiled  fkin,  and  let 
into  a  leather  purfc,  and  the  whole  inclofed  in  a  well- 
pitched  canvas  bag,  firmly  tied  to  the  mouth  of  the 
bottle,  fo  that  not  a  drop  of  water  could  penetrate  W 
its  furface.  A  bit  of  lead  (haped  like  a  cone,  with  its 
bafe  downwards,  and  a  cord  fixed  to  its  fmall  cndf 
was  put  into  the  botde ;  and  a  piece  of  valve  leather^ 
with  half  a  dozen  flips  of  thin  bladder,  were  ftrung  on 
the  cord,  which,  when  pulled,  efiedually  corked  the 

bottle  on  the  infide."  I  have  here  put  down  two 
of  the  experiments  which  were  made  durincy  tfaaf 
voyage . 

*  Auguft4,  1773,  north' latitude  8o*.  30^  The 
heat  of  the  air  was  32,— of  the  water  at  the  furface  ̂ ^ 
—of  water  fetched  up  from  the  depth  of  60  fethoms 

under  the  ice  39  *. 
*  September  4,  1773,  "P^^^  latitude  65*.  The 

beat  of  tht?  air  was  66!, — of  the  water  at  the  furface 

J  J, — of  water  from  the  depth  of  683  fathoms  40. 
Mt  appears  from  all  thefc  experiments  that,  when 

the  atmofphere  was  hotter  than  the  furface  of  the  fca, 

the  fupcrficial  water  was  hotter  than  that  at  a  great 

depth ;  and  when,  the  atmofphere  was  colder  than  the 

furface  of  the  fea,  it  is  evident  that  the  liiperficial  wa- 
ter was  fomewhat  colder  than  that  at  a  confiderablc 

diftance  below  it :  and  I  doubt  not  that  this  will  ge- 
nerally be  the  cafe,  though  fudden  changes  in  the 

temperature  of  the  atmofphere,  which  cannot  be  in- 

flanriy  communicated  to  the  fed,  m^ay  occafion  parti- 
cular exceptions. 

*  In  the  year  i779>  feveral  experiments  were  mad^i 
with  great  accuracy,  in  order  to  invefligate  the  tem- 

•  Voyage  towards  tlie  North  Pole,  p,  I43. 

peraturc 
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pcrature  of  the  lake  of  Geneva,  and  of  other  lakes  ia 
Switzerland,  at  different  depths ;  we  learn  from  them, 
that  in  winter  tinie  there  is  very  little  difference  be^ 
tween  the  heat  of  the  water  at  the  furface,  and  at  a 

great  depth  below  it ;  but  that  in  fbmmer,  the  fuper- 
ficial  water  is  confiderably  warmer  than  that  which  i$ 

"  at  a  great  diflance  from  the  furface.  The  experi^ 
ments  were  made  with  a  thermometer  graduated  after 

Reaumur's  fcale ;  fonpe.  of  them,  reduced  to  FahreiiT 

belt's  fcale^  are  expreffed  bejiow. 
*  Temperature  of  x\it  lake  of  Geneva  at  dif&rent 

depths,  in  the  beginning  of  February  1779,  after  a 

month's  uninterrupted  froft. 
'  Heat  of  the  open  air  variable  from  37  to  40  de- 

grees. 
*  Water  at  the  furface  of  the  lake        -         42^ 

Depth  100  feet  -  -         42  j. 
Depth  250  feet  -  -         42-!. 
Depth  950  feet,  bottom  -         4I-M- 

*  In  another  part  of  the  lake,  open  air  from  37  to 
40. 

Surface  -  -  *        42' 
Depth  350  feet  -  ,        42^ 
Depth  620  k^ti  bottom  -         41^^ 

'  Temperature  of  the  lake  of  Neuchatcl,  July  17, 
1779. 

Air  '   -  -  •         7r' 
Surface  -  -  •         nn^ 

Depth  225  feet,  bottom  -         4i»/ 
* 

Sea  water  may  be  rendered  frefh  by  freezing,  which 
excludes  or  precipitates  the  faline  particles,  or  by  dif- 
tillation>  which  leaves  the  fait  in  a  mafs  at  the  bottom 

•  Watfon's  Chemical  Eflays,  vol.  ii.  p.  129. 

of 
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of  the  vcficl.  Upon  thcfc  principles,  a  mode  of  ob- 
taining a  fiipply  of  frcfh  water  at  fca  was  recommended 

lume  years  ago  to  the  Admiralty,  by  Dr.  Irving.  It 

confillcd  in  only  adapting  a  tin  tube  of  fuitable  ditnen- 

fions  to  the  lid  of  the  common  (hip's  kettle,  and  con- 
denfing  the  Iteam  in  a  hogfliead  which  fcrvcd  as  a 

receiver.  By  this  mode  a  fupply  of  twcnty-fivc  gal- 
lons of  frelli  water  per  hour  might  be  obtained  from 

tlic  kettle  of  one  of  our  fhips  of  war.  1  have  not  tm- 
derCood,  however,  that  the  plan  has  been  as  yet  intro- 

duced into  general  prafticc* 
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Chap.    V, 

OF     RAIN. 

RiraphulatioH  ofDoShrines  relative  to  Jpontofuous  E^vaferatioM.'^^A' 

pour  byfome  fuppofed  to  confift  0/ boUo-iu  Veficles.'-'^Rain^^--'Dtfferent 
theories  ofRain,'^Znoiu.''^Hail. — Rtun  lubicb  froze  in  coming  in 
contaB  nvith  the  Eartb.'-^  Large  Hail-fiones^i^-'Fogs.^^Deiv.'^Hoar 

Fr9ft.^^lnftances  of  partial  freezing  nubtn  the  gtmral  Temperature 
is  above  the  freezing  Point, 

IN  a  preceding  volume,  when  treating  of  the  efFefts 
qf  heat  or  fire,  and  particularly  of  vapour,  it  was 

neceffary  to  introduce  a  few  obfervations  relative  to 

fpontaneous  evaporation.  It  is  proper,  however,  to 
repeat,  in  this  place,  that  philofbphcrs  are  by  no  means 
agreed  with  rcfpedt  to  the  caufe  of  this  phenpmenon. 
By  fome  it  has  been  attributed  to  a  folution  of  water 
in  air  fimilar  to  that  of  faline  fubftances  in  water;  by 
others,  to  the  aftion  of  the  eleftric  fluid.  The  firft 

of  thcfe  opinions  had  till  lately  obtained  almoft  uni- 
verfil  aflent,  but  is  now  relinquifhed,  fmce  it  is  found 
that  evaporation  proceeds,  as  well  in  the  exhaufted 

receiver  of  the  air  pump,  as  when  air  is  prefent.  Elec- 
tricity has  been  found  to  promote  evaporation,  and 

clouds  are  almoft  univerfally  eleftricalj  but  evapora- 
tion is  carried  on  continually  where  there  is  no  reafon 

.  to  fuppofe  the  prefence  of  tjie  eleftric  fluid,  at  leaft 
where  its  operation  cannot  be  difcovered  by  any  known 
teff.  It  is  at  prefent  commonly  fuppofed,  that  redun- 

dant heat  is  the  general  caufe  of  the  evaporation  of* 
water,  and  that  it  always  proceeds  in  proportion  to  iti 

Vol.  IL  I  i  tempera- 
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temperature,  compared  with  that  of  the  furroundiag 
medium. 

There  is  one  circumftance  very  nluch  in  favour  of 
the  opinion,  that  the  emiflioaof  heat  is  the  chief  cade 
of  evaporation,  which  is,  that  every  liquor  cools  when 
it  evaporates,  becaufc  the  portion  of  the  fluid  which 
di&ppears  carries  away  a  quantity  of  caloric  from  the 
liquor,  which  becomes  latent  in  the  vapour. 

A  doubt  has  arifen  among  phllolbphers,  whedier 
water,  as  it  exifts.  in  a  tranfparent  ftat^  in  the  atmo* 
(pherc,  is  in  particles  of  an  uniform  deniity^  or  afTumcs 
the  form  of  hollow  veficlcs.  When  there  is  a  tendency 
to  rain  or  fnow,  it  is  known  to  exift  in  the  date  of  mi- 

nute drops  and  icick$ »  but  the-  folution  is  then  BOt 
periedV,  ixs  traj;ifp^reac]f  is  impaired^  and  clouds  aie 

prodiaced. 
The  exiftence  of  hollow  (phercs  is  faid  to  have  hcca 

a/Stually  obferved  by  feveral  perfons;  but  as  a  micro- 
fcope  of  confidcrablc  magnifying  power  muft  be  em- 

ployed, this  may  have  been  a  fource  of  error,  and  may 
have  produced  delufive  appearances.  The  fimpleft 
and  mofi:  inftrudive  manner  of  obferving  them  is  to 
expofe  a  cup  of  fome  warm  aqueous  fluid,  of  a  dark 
colour,  as  coffee,  or  water  mbced  widi  ink,  to  the  rays 
of  the  fun  in  a  fine  day,  when  the  air  is  very  calm; 
a  cloud  will  rife  from  the  fluid  to  a  certain  heightj 

and  then  difappear.  An  attentive  eye  will  foon  difco- 
ver  that  this  cloud  confifl§  of  fmall  round  grains,  of  a 
whicifli  colour,  and  detached  one  from  the  other.  To 

acquire  a  more  diftindt  idea  of  their  form,  they  may 
be  obferved,  as  diey  rile  from  the  furface  of  the  liquor, 
with  a  kns  of  about  one  inch  and  an  half  focus, 

being  careful,  however,  to  keep  the  lens  out  of  the 
vapours,  that  diey  may  not  deprive  it  of  tranfpa: 
rency. 

Spherical 
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Spherical  balls  of  difFerent  fizes  may  in  this  manner 
be  obfcrved  proceeding  from  the  furface  with  more 
or  lefs  rapidity.  The  more  delicate  rife  fwiftly,  and 
foon  traverfe  the  field  of  the  lens,;  the  larger  fall  back 
into  the  cup,  and,  without  mixing  with  the  fluid,  roll 
upon  its  flirface  like  a  liglii  powder,  which  obeys 
every  impulfe  of  the  air.  The  lightnefs  of  thefe  fmall 
fphereSj  their  whitcncfs,  &c.  give  them  an  appearance 
altogether  different  from  folid  globules  j  their  perfeA 
rc.cmblance  to  the  larger  balls,  that  are  feen  floating 
on  the  furface  of  the  liquid,  can  leave  no  doubt  of  ■ 
their  nature :  it  is  fufficient  to  fee  them  to  be  con- 
vir.ced  that  they  are  hollow  bubbles,  like  thofe  blown 
from  water  and  foap.  M.  Kratzenftein  endeavoured 
to  eiiimate  their  fize,  by  comparing  them  with  a  hair, 
and  .bund  that  they  were  twelve  times  fmaller  than  the 
hair,  the  diameter  of  which  was  the  three  hundredth 

parr  of  an  inch,  and  conlequently  one  of  thefe  was  only 
the  tiiree  ttiouf^nd  fix  hundredth  part  of  the  fame 
tneafure. 

Thefe  bubbles  may  even  be  fometimes,  it  is  faid, 
obfcrved  in  a  fog,  or  in  a  cloud,  when  the  obferver  x% 
Ikuated  on  a  hill.  To  this  end  M.  de  Sauflijre  ufed 

a  lens  of  one  and  an  half  or  two  inches  focus,  which 
he  held  near  his  eye  with  one  hand,  in  the  other  he 
held  any  fmooth,  fiat,  and  polilhed  furface,  of  a  black 
colour,  as  the  botfom  of  a  tortoife  fh?ll  box,  bringing 
this  towards  the  lens  till  it  was  very  near  the  focal 
diftance  \  he  then  waited  nil  the  agitation  of  the  air 
brought  fome  particles  of  the  cloud  into  the  focus  of 
the  lens;  when  tlie  cloud  was  thick  this  foon  hap- 
penedj  and  he  perceived  round  and  white  particles, 
fome  pafling  with  the  rapidity  of  Itghming,  others 
moving  flowlyi  fome  rolling  on  the  furface  of  the 
tortoife  ftielt,  others  ftriking  againft  it  obliquely,  and 

I  i  2  rebounding 
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rebounding  like  a  ball  from  a  wall,  and  others  fixing 
themfclvcs  to  it.  Small  drops  of  water  might  alfo  be 
feen  to  fettle  on  the  tortoife  fhell,  but  they  were  eafily 
diftingiiilhcd  from  the  hollow  fpherules,  by  their 
tranfparency,  their  gravity,  and  their  pace.  Further, 
clouds  do  not  form  a  rainbow ;  it  is  produced  by  folid 

drops;  when  a  cloud  is  not  in  an  aftual  (late  of  refo- 
lution,  it  does  not  change  the  form  of  the  ftars  which 
are  feen  through  it ;  for  infinitely  thin  menifcufies  do 

not  fenfibly  change  the  courfe  of  the  rays  of  light  j  but 
as  foon  as  the  cloud  begins  to  refolve  itfelf  into  fblid 

drops,  or  even  without  clouds,  when  folid  drops  begin 
to  be  formed  in  the  air,  the  ftars  feen  through  them 
are  all  defined,  furrounded  with  a  diffufe  light,  circles, 
and  hales  \  hence,  thefe  meteors  arc  the  forerunners 

of  rain,  for  rain  is  nothing  more  than  thefe  drops  aug- 
mented or  united.  When  the  veficular  vapours  arc 

tondenfed  by  cold,  the  water  which  formed  the  bub- 
ble cryftallizes,  fometimes  into  hoar  froft,  (bmetimcs 

into  fnow  j  when  it  does  not  freeze,  they  unite  in 

dew,  or  defcend  in  rain.  Many  other  curious  pro- 
perties concerning  the  veficular  and  concrete  vapours 

are  related  in  M.  de  SauflTure's  Effai  fur  T  Hygro- 
metric  *. 

The  precipitation  of  water  from  the  atmoJphere  in 

rain  has  given  rife  to  as  much  fpecOlation  as  evapora- 
tion ;  and  it  muft  be  confefled,  that.the  caufe  of  neither 

has  yet  been  very  clearly  afcertained.  By  feme  it  is 

luppofed,  that  the  capacity  of  the  air  for  fufpending 
aqueous  vapour  is  in  proportion  to  its  heat,  and  there- 

fore that  any  circumftance  which  cools  the  atmofphcrc 
will  produce  rain.  If,  therefore,  according  to  this 
iheory,  a  ftratum  of  cold  air  meets  with  a  warnier  ftra- 

•  Sec  Adams^  Lewlures  on  Natural  Philofopby. 
turn, 



Chap.  5.]       Dr.  Huffon's  Theory  of  Rain.  485 
turn,  a  fall  of  rain  is  occafioned,  becaufc  the  warmer 

ftratum  is  cooled.  To  this  it  has  been  replied,  that 
by  this  mixture  the  colder  ftratum  muft  be  as  much 

wai^med  as  the  warmer  is  cooled,  and,  therefore,  that 
no  precipitation  ought  to  take  place.  In  order  to 
obviate  this  difficulty.  Dr.  Hutton  fuppofo  that  heat 

enables  the  atmofphere  to  fulpcnd  water  in  an  in- 
creafing  ratio,  according  to  the  quantity  of  it.  Thus, 
if  two  degrees  of  heat  enable  a  certain  quantity  of 

air  to  fufpend  two  given  meafures  of  water,  three  de- 
grees of  heat  will  enable  the  fame  quantity  of  air  to 

fufpend  more  than  three  fuch  meafures.  Upon  this 
lupppfition,  if  two  ftrata  of  air,  each  of  which  is  charged 
with  as  much  water  as  its  temperature  enables  it  to 
liifpend,  meet  together,  and  are  reduced  to  a  mean 
temperature,  they  will  not  be  able  to  fulpend  as 

much  water  as  in  their  feparate  ftate,  and  a  preci- 
pitation of  part  of  the  water  will  confequently  be 

produced  *. 
Others  confider  rain  as  an  eleftrical  phenomenon  f , 

and  it  is  very  generally  allowed,  that  eleftricity  at 
leaft  concurs  with  other  caufes  in  producing  it.  Bo- 

dies charged  with  the  fame  elcftricity,  whether  it  is 
negative  or  pofjtivc,  always  repel  each  other,  and  the 
aqueous  particles  which  compofe  clouds,  being  a£ted 
on  in  this  way,  will  be  prevented  from  uniting  into 

drops  fufficiently  large  to  fall  to'  the  earth.  The  ra- 
pidity with  which  rain  falls  after  a  difcharge  of  light- 

ning from  a  cloud,  tends  much  to  confirm  this  opi- 
nion.    Rain  alfo  falls  heavieft  from  the  center  of  4 

*  That  heat  has  a  ccmfiderable  influence  in  fufpending  aqueous 
vapour,  appears  from  the  phenomenon  of  dew  ;  which,  the  reader 
will  remember,  is  part  of  the  water  taken  ap  by  the  air  during 
the  day  time,  but  which  is  again  depofited  during  the  coolnefs  qI 
^e  night. 

•f-  Sec  Book  IV.  chap.  6. 

I  i  3  Otf^Ni? 
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cloud,  where  the  cleftric  matter  has  been  found  by 

experiment  to  be  generally  in  equilibrium ;  while  very 
little  is  difchargcd  from  the  edges,  which  are  ufually 
found  to  be  eleftrified  either  pofitively  or.  negatively. 

'i'he  wind  has  been  fuppofed  to  have  an  efTcft  in 
producing  rain,  by  driving  tlie  aqueous  particles  into 
contadl,  and  thus  caufing  them  to  unite  into  drops. 

But,  by  experience,  wind  feci[ns  to  have  the  direft  con- 
trary influence,  and  frequently  prevents  rain. 

Befides  rain,  many  other  phenomena  arc  produced 
by  the  capacity  which  air  has  in  difirrent  circunillanas 
of  taking  up,  fufpending,  and  depofiting  water ;  the 
chief  of  thefe  are  fnow,  hail,  fogs,  clouds^  dew,  and 
hoarfroft.     ̂ 

The  cold  of  the  higher  regions  of  the  atmolphcrc  ' 
is  fometimes  fo  great,  as  to  freeze  the  aqueous  par- 

ticles which  form  clouds.  If  the  particles  become 

frozen  before  they  have  had  time  to  unite  into  drops, 
many  of  the  fmall  icicles  which  are  produced,  uniting 
together,  and  being  conneded  only  at  a  few  points, 
form  flocculent  malfcs,  which  are  called  fnow.  The 

order  and  arrangement  of  the  icicles  is  not  always  the 

fame ;  they  vary  greatly,  and  this  produces  the  variety 
which  is  obferved  in  fnow.  It  is  remarkable,  that 

though  fnow  varies  at  different  times,  yet  what  falls 
together  is  always  the  fame ;  that  is,  the  fnow  which 

falls  at  a  particular  time,  conGfls  of  flakes,  which  vary 

only  in  fizc,  but  are  all  formed  of  particles  difpofed  in 

11  fimilar  manner.  We  are  not  fufficiently  acquainted 

with  the  laws  by  which  the  concretion  or  cryflalliza- 
tion  ot  bodies  are  regulated,  to  cxj)lain  the  caufc  of 
thcle  phenomena.  On  account  of  the  fmall  quantity 
of  matter  contained  in  fnow,  in  proportion  to  the 
furfaces  expofed,  it  meets  with  great  refilrance  in 

paGing  throng!;  the  atmofphcr.:,  and  confequenrjy  falls 
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very  flowly.  Its  great  ftir&ce  aHb  renders  it  vcl^  fof- 
ceptibk  of  CTaporation,  tchich  conHderably  dimtnifhes 
its  weight  even  in  the  coldcft  wedther. 

If  the  cold  is  fo  moderate,  as  to  allow  the  particles 
of  water  to  unite  into  drops  before  congdalion  takes 
place,  particles  of  ice  arc  produced,  which  are  called 
hail.  The  fame  thing  may  be  fuppoled  to  happen 

'  when  the  lower  regions  of  the  atnrofphcrc  arc  colder 
than  the  uppcrj  which,  though  contrary  to  die  general 
courfc  of  things,  fometimes  happens.  In  fuch  a  cafe, 
the  aqueous  particles,  after  having  united  above  into 
rain,  are  congealed  in  their  defcenr,  and  are  con- 

verted into  hail.  In  die  year  1775  or  17J6,  rain 
frU  at  UverpooJ,  which  became  folid  as  foon  as  it 
reached  the  furface  of  the  earth,  in  fuch  a  manner  as 

to  give  a  covering  of  ice  to  whatever  was  wet  with 
it,  and  even  to  form  icicles  on  the  drefs  of  pcrfons 
€xpofed  to  it.  This  phenomenon  I  have  alfb  witneffcd 
flfewherc. 

Hail,  when  firft  formed,  mud  be  perfeftly  round, 
becaufc  formed  from  a  fluid:  and  all  fluids,  wh«i 

placed  in  fuch  fituaiions  as  to  receive  an  eqtrat  pref- 
iiire  in  every  direction  from  the  medium  which  fal-- 
Tounds  them,  naturally  affomc  a  fpherical  form.  Hail, 
however,  when  it  arrives  at  the  earth  is  often  angular; 
this  mufl  be  explained,  either  by  fuppoCng  that  the 

psrtides  have  b^;un  to  diflblve,  or  that  they  were  fuf- 
ficientiy  cold  to  congeal  and  attach  to  their ,  furface, 
the  aqueous  panicles  with  which  they  came  into  con- 
tail  in  their  fall.  Hail,  when  firft  formed,  is  never 

krger  than  the  drops  of  water  which  fall  in  rain  j 
but  from  the  caufe  juft  mentioned,  hail-ftoncs  have 
ibmedmes  been  known  to  fall  as  large  s&  nuts,  or  even 

as  hens' eggs.  In  order  to  convince  ourfelvcs,  that 
fuch  haii-ftones  owe  their  extraordinary  Gzc  to  the 

I  i  4  additions 
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additions  which  they  receive  in  falling,  it  is  only  ne- 
ceflfary  to  examin<;  them  :  they  will  almofl:  uniformly 
be  found  to  be  angular,  and  never  to  have  an  uniforai 
denfity  from  the  circumference  to  the  center,  which 

clearly  proves,  that  they  arc  compofed  of  different  paF- 
ticles  of  ice  conneftcd  together.  In  confirmation  of 
the  fame  opmion,  it  is  obferved,  that  the  hail  which 
falls  on  mountains,  is  fmaller  than  that  which  defcends 

in  ♦the  neighbouring  vallies.  .The  fame  obfervation 

has  been  repeatedly  made  with  refpedt  to  rain,  by  per- 

fons  in  the  habit  of  afcending  mountains,  for  tlie  pur- 
pofe  of  philofophical  experiment. 

It  fometimes  happens  from  the  ftatc  of  the  atmo- 
fphere,  or  a  concurrence  of  circumftances  not  eafily  to 

be  afcertained,  that  a  great  quantity  of  aqueous  par- ' 
tides  are  raifed  in  the  atmofphere,  where,  being  in- 

completely diflblved,  they  form  a  thick  vapour,  which 
extends  itfelf  in  the  lower  part  of  the  atmofphere; 

thcfc  particles,  deftroying  the  tranfparency  of  the  at- 
itiofphere,  form  fogs.  Fogs  are  more  frequent  in  low, 
wet,  and  marlhy  fituations,  near  rivers  and  ponds,  than 
in  fuch  parts  of  a  country  as  are  elevated  and  dry. 
It  fometimes  happens,  that  certain  exhalations  arc 

mixed  with  fogs,  which  are  perceived  by  their  unplca- 
fant  fmell,  and  by  an  acute  fenfation  which  is  felt  by 
the.  throat  and  eyes.  « 

Fogs  are  much  more  frequent  in  cold  feafbns,  and 
in  cold  climates,  than  in  fuch  as  are  warm,  becaule  in 

the  former,  the  aqueous  particles  being  condenfed  al- 
moft  as  foon  as  they  proceed  from  the  furface  of  the 
earth,  are  incapable  of  rifing  into  the  higher  parts  of 
the  atmofphere.  If  the  cold  is  augmented,  the  fog 
freezes  and  attaches  itfelf  in  fniall  icicles  to  the  branches 

of  trees,  to  the  hair  and  cloches  of  perfons  expofed  to 
it,  to  the  blades  of  grafs,  ficc. 

^Vheq 
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When  fogs  rife  to  a  confiderable  height  in  the  at- 
mofphere,  and  arc  colleftcd  in  a  denfe  ftate,  whether 
this  happens  from  any  adion  of  the  air  or  from  other 
caufes,  they  form  clouds,  which  float  in  different  re- 

gions of  the  atmofphere  according  to  their  fpectfic 
gravity ;  fmce  they  necefTarily  rife  or  fall,  till  they 
arrive  at  that  part  of  the  atmofphere  which  is  ia 
equilibrium  with  thcmfelves.  As  the  atbofphere  is 
heavieil  below,  denfe  and  thick  clouds,  vhich  arp 
at  the  point  of  uniting  into  rain.  Boat  near  the  furface 

'of  the  earth,  while  the  fleecy  and  thin  clouds  foar 
aloft.  We- often  obferve  both  kinds  at  different  heights 
in  the  atmofphere  at  the  fame  time.  As  clouds  are  . 
formed  of  water,  they  are  mofl:  copioudy  produce^ 
where  the  air  has  moft  opportunity  of  afting  on  that 
fluid.  Confequently  winds  which  blow  from  the  weft 
and  fouth  \iJeft,  from  the- Atlantic  ocean,  bring  more 
clouds  to  this  country  than  eafterly  winds,  which  only 
pafs  over  a  narrow  channel  of  the  fea. 

During  the  day  time  the  fun  heats  the  earth,  water, 
air,  and  every  thing  which  is  expofed  to  its  rays.  The 
heat  communicated  to  all  thefe  bodies  is  diminilbed 
after  fim  fet,  but  the  air  is  more  fuddenly  cooled  than 
the  more  foUd  bodies.  Heat,  therefore,  which  has 
always  a  difpofition  to  diftribute  itfelf  equally,  paffcs 
from  th«  furface  of  water  and  earth  into  the  air,-and 

carries  with  it  fome  aqueous  particles,  which  are  fuf- 
pcndcd  near  the  furface.  When  the  cold  increafes 
during  the  night,  thefe  vapours  arc  condenfed,  and 
occafion  that  dampnefs  which  is  feit  on  the  clothes  of 
perfons  cxpofcd  to  the  night  air,  and  form  that  dew 
which  is  fo  refrcftiing  to  vegetables  fcorched  during  the 

day  time  by  the  fummer's  fun. 
In  coid  weather  the  dew  becomes  frozen  into  hoar 

froft*  for  the  formation  of  which  it  is  not  neceffary diat 
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that  the  c arth,  or  even  the  air,  fhould  be  fb  iar  cooled 

n  to  occafion  the  congelation  of  water  into  ice.  This 
feft  can  only  be  explained,  by  confidering  that  thcfc 

Imall  drops  of  water  expofe  a  lai^  furfacc  to  the  ac- 
tion of  the  air  \  and  by  this  means  evaporationji  which 

|X)werfully  produces  cold^  is  promoted.  •  For  the  fame 
Teafon  clothes  hung  out  rb  dry,  arc  frequently  frozen 
ftifF,  when  no  ice  is  fornied  in  water  expofed  to  the 
fame  deG:rcc  of  cold,  but  in  circumftaoccs  lels  faTour- 
idde  to  evaporation. 
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Chap.     VI. 

OF    SPRINGS     AND    RIVERS. 

'prjgin  '„/  Spring!.— Discing  of  Xrdh.—f}atuTt6f  Spring,.— Marfl^i. —Chap  anJ  ta^  Modi  of  draining  thcm.—lntirmilting  Sfri^gs.-^ 
Riiitri.^rhtir  Sendee,  iSc, 

THE  %vater  whicfi  falls  on  the  fur&ce  of  the  earth, 
in  rain,  ihow,  &c.  penetrates  its  fubftance  till  it 

meets  with  a  ftratum  of  clajr,  ftone,  or  fomc  other 
matter  which  ftops  its  defcent  j  it  then  glides  laterally 
on  the  ftratum  which  fuftains  it,  and  in  the  direftion 

10  which  it  leans,  till  meeting  with  an  aperture,  it  ap- 
pears on  the  furface  of  the  earth  in  the  form  of  a 

fpring.  As  water  always  has  a  tendency  to  dcfcend, 
fprings  are  always  lower  than  the  foiirce  from  which 
they  are  fupplied ;  fprings  are  moft  common  on  the 
.fides  and  at  the  bottom  of  mountains ;  they  are  fel- 
dom  fiiimd  quite  at  the  fummitof  a  mountain,  and  arc 

rare  where  a  country  is'  every  where  level  ta  a  confi- 
derablc  diftance,  becaufe  there  the  ftrata  are  parallel, 
and  do  not  conijuft  the  water  to  any  particular  point. 
In  order  to  obtain  water,  therefore,  in  flat  countries, 

it  is  in  general  ncceflary  to  dig  into  the  earth,  when  it 
is  found  to  flow  copioufly  from  the  fides  of  the  open- 

ing, at  no  great  diftance  from  the  furtace.  When  wells 
are  dug  in  elevated  lituations,  water  is  feldom  met 
with  till  we  have  dug  to  a  confiderable  depth,  and  got 
below  the  general  level  of  the  country. 

A  curious  circumftance  occurs  in  the  making  of 
wells  at  Modena  and  Sriria  in  Italy.  The  workmen 
begin  by  digging  through  feveral  ftrata  or  foils,  till 

they 
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they  come  to  a  very  hard  kind  of  earth  much  rcfcm- 
bling  chalk ;  here  they  begin  their  maibn-work,  and 
build  a  well,  which  rhey  carr)^  on  at  their  Icifure  till 
they  have  finiflied,  without  being  interrupted  with  one 
drop  of  water,  and  without  any  apprchenficn  of  not 
finding  it  when  they  come  to  make  the  experiment. 
The  well  being  finiflied,  they  bore  through  the  hard 

bed  of  chalk,  upoR-which  the  well  is  built,  with  a  long 
auger,  but  take  care  to  gee  out  of  the  well  before  they 
draw  it  out  again ;  which  when  they  have  done,  the 

water  fprings  up  into  the  well,  and  in  a-  little  time 
rifes  to  the  brim,  nay  fometimes  overflows  the  neigh- 

bouring grounds.    Now  there  can  be  Jittk  doubt,  that 
thefe  waters  flow  from  rcfcrvoirs  which  arc  coUtftcd 

within  the  Appennine  mountain^,  not  far  fropi  Modena, 

and  taking  their  courfc  through  fubtcrraneous   paf- 
fages,  endc.wour  to  force  their  afcent  to  the  fame  height 
from  which  ihcy  defcend,  wherever  they  can  find  a 
vent. 

As  all  the  water  which  falls  in  rain  has  undergone  a 
natural  diuillaticn,  ic  is  much  more  pure  when  it  tirft 
falls,  than  after  ic  has  paflcd  through  ditfcrcnt  ftrata  of 
the  earth  and  riles  in  fprings.  Spring  water  is  always 
found  to  contain  fome  foreign  admixture;  if  this  fliould 
be  only  an  earthy  fait,  the  water  is  called  hard ;  if  it 
contains  other  fubftances,  it  then  receives  the  denomi- 

nation of  mineral  water ;  but  thefe  will  require  to  be 
treated  of  in  a  diftinft  chapter. 

The  water  which  lies  upon  marfhes  and  fwampy 

grounds,  has  generally  its  fource  in  fome  fpring,  which 
is  placed  above  the  level  of  the  ma^fh.  The  foil, 
therefore,  in  thofe  places,  being  generally  of  a  fpongy 
texture  imbibes  the  water,  and  permits  it  to  difperfc 
through  its  v/hole  mafs,  rather  than  force  its  way 

through  a  certain  apertures  and  as  marfh  lands  arc 
commonly 
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commonly  level,  the  water  will  be  more  caGly  diflfuled 
through  the  foil,  than  it  can  be  vpon  the  declivity  of 
a  hilL     The  great  art,  tJierefore,  in  the  draining  of 
marftics  is  to  difcover  the  fource,  which  may  be  looked 
for  on  the  brow  of  fome  eminence  which  overhangs 
them  i  and  ir.  may  generally  be  found  by  obferving 
where  the  boggy  part  grows  narrow  and  angular,  and 
points  as  10  an  apex,  which  is  the  fpring  whence  all 
the  mi  (chief  proceeds.     When  the  fource  is  once  dif- 
covered,  the  water  may  be  eafily  drawn  off  by  drains, 
aquedufts,  or  pipes,  according  to  the  circumftances  of 
the  cafe.     The  comnwn  mode  of  draining  land  by 
xrutting  deep  trenches,  or  drains,  through  the  marlh 
kfelf,  to  ferve  as  refervoirs  for  the  water,  is  much  more 
laborious  and  expenfive,  and  indeed  feldom  anfw^rs 
the  end  propofed ;  for  as  foon  as  the  trenches  fill,  the 
ground  is   rendered  as  fwampy  as  ever ;    and  even 
where  drains  are  made  on  the  principle  of  an  in- 

clined  plane  to   draw  off  the  water,   they  are   fre- 
quently flopped  by  the  mud  of  the  marfli,  and  the  leaft 

lloppage  expofcs  the  land  again  to  at  leaft  a  partial 
overflow. 

There  are  fome  fprings  which  exhibit  a  very  curious 
phenomenqp,  a  kind  of  tide  or  intermiffion,  by  which 
the  water  at  certain  periods  appears  to  rife  to  a  conG- 
derable  height,  and  gradually  to  lubfide.  Thefe  are 
called  intermitting  fprings.  It  was_  long  imagined, 
that  thefe  fountains  were  replenilhed  by  fome  connec- 

tion with  the  fea  i  that  the  water  was  frefhened  by  its 

progrefs  through  land  and  earth,  and  that  their  rifing 
and  falling  depended  on  the  tide.  It  was,  however, 
found,  that  the  periods  of  the  water  rifing  and  falling 
in  thefe  fprings,  did  not  correfpond  in  point  of  time 
with  the  tides  of  the  adjacent  feas,  and  that  the  periods 
were  different  in  different  fprings,  contrary  to  the  re- 

gular 
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gular  rifing  and  falling  of  tides  in  the  ocean.  The 
phenomenon  has  fince  been  very  fatisfaflorily  exr 
plained,  and  upon  a  very  fimple  and  obvious  princi- 

ple. It  has  been  already  fhewn,  that  when  a  fiphon  is 
inferted  in  a  veflcl  containing  water,  if  die  air  is  drawn 
out  of  the  fiphon,  or  by  any  means  the  water  is  made 
to  flow  over  the  bent  of  the  tube,  which  lies  above 
the  brim  of  the  vcflel,  the  water  will  contiifue  to  flow 

over  the  brim  through  the  fiphop  till  the  whole  is  ex- 
haufted. 

To  account,  therefore,  for  the  intermitting  fpring, 
we  have  only  to  fuppofe,  that  a  cavity  or  receptacle  is 
formed  in  the  bowels  of  the  hill  or  mountain,  where 

the  fpring  is  fituated,  which  gradually  fills  with  water 
like  other  refcrvoirs  j  by  the  interpofition  of  Ibme  ftra^ 
turn  of  flone  or  rock,  the  tube  or  cavity  which  conveys 
the  water  from  this  receptacle  to  the  fpring  or  mouth 
where  it  iflTues,  is  bent  in  the  form  of  a  fiphon,  the 
bent  of  which  is  confiderably  higher  than  the  bottom 
of  the  refcrvoir.  Vv  henever,  therefore,  the  rcfcrvoir 

or  receptacle  is  filled  as  high  as  the  bent  of  the  tube, 
the  water  will  rife  in  it  to  its  level,  and  begin  to  flow 
into  the  fpring,  which  will  continue  till  the  rccepMcie 
is  exhaufl:cd.  While  this  procefs  is  going  on  the  wa- 

ter in  the  fpring  will  rife ;  and  as  foon  as  the  recepta- 
cle is  exhaiifted,  the  water,  being  drawn  off  by  a 

ftrcam  or  rivulet,  will  appear  to  fall  in  the  well  of  the 
Ipring,  and  v/ill  continue  to  fall  till  the  receptacle  is 

again  fupplied  to  the  height  of  the  fiphon  or  tub;-, 
when  the  procefs  of  filling  will  be  again  renewed. 

To  render  the  .matter  perfectly  plain,  let  ABC 
(Plate  X .  fig.  4.)  reprcfcnt  the  cavity  or  receptacle, 
from  the  bottom  of  which  C  proceeds  the  tube  or 
fiphon  L)  E.  When  the  water  rifes  in  the  receptacle 
to  the  level  of  E  in  die  tube,  it  will  begin  to  flow  iRto 

the 
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the  fpring  at  D,  on  the  principle  explained  in  the  pre- 
ceding paragraph}  and  the  whole  phenomenon  will  be 

calily  accounted  &r.  , 

With  any  perfun  who  has  carefally  obfe'rvcd  the 
courfe  of  rivers,  and  traced  them  to  their  fourcCs, 
there  can  be  little  doubt  that  they  are  formed  by  the 
confiucnce  of  fprings,  or  of  the  little  ftrcams  or  rivulets 
that  ifilic  from  them ;  with  perhaps  the  CKception  of 

■  thofe  rivers  which  proceed  from  lakesj  where  the 
refcrvoir  is  ready  formed,  and  generally  by  the  feqnc 
means. 

In  the  beginning  of  the  prcfent  century,  the  philo- 
fophical  world  was  agitated  by  a  debate  concerning 
the  origin  of  thofe  waters  which  are  neceflary  for  the 
fupply  of  rivers,  &c.  one  party  contended  ftrongly  for 
the  cxittencc  of  a  large  mafs  of  water  within  the  bow- 

els of  the  earth,  which  fiipplied  not  only  the  rivers  buc 
the  ocean  itfclf;  at  the  head  of  thefe  we  may  place  the 
ingenious  but  fancifijl  Biirnet.  The  French  philofo- 
phers,  on  the  contrary,  afiertedj  diat  the  waters  of  the 
ccean  w<;re  conveyed  back  by  fome  fubterraneous 
palTagcs  to  the  land,  and  being  filtrated  in  their  paf- 
lage,  returned  again  to  the  fea  in  the  courfe  of  the 
rivers;  but  this  opinion  appears  contrary  to  all  die 
known  principle  of  hydroftadcs. 

In  oppofition  to  thefe  hypochefes,  our  iliuftrious 

countryman  Halley  contcndL-d  that  the  procels  of  eva- 
poration, and  the  immenfe  depofition  of  water  in  con- 

fequence  of  it,  was  fully  adequate  to  the  whole  fupply. 
If,  indeed,  wc  confider  tlie  immenfe  quantity  of  water 
which  is  continually  cairied  up  into  the  amicfphere  by 
cvaporarion,  as  ftated  in  a  former  chapter,  and  confl- 
der  that  this  is  a  procefs  wliich  is  continually  going  on, 
not  only  from  the  ocean  but  from  the  rivers  them- 
fclves,  and  from  the  whole  ftirface  of  the  earth,  w6 

ihall 
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extending  from  Refchow  to  Aftrachan.  It  is  remark- 
able of  this  river,  that  it  abounds  with  water  during 

the  fummer  monihs  of  May  and  June ;  but  all  the  reft 
of  the  year  is  fo  (hallow  as  Icarcely  to  cover  its  bottom, 
or  allow  a  paffage  for  loaded  veffcls  that  trade  up  its 
ftream.  The  next  in  order  is  the  Danube.  The  cuurJc 

of  this  is  about  four  hundred  and  fifty  leagues,  from 
the  mountains  of  Switzerland  to  the  Black  Sea.  The 

Don,  or  Tanais,  which  is  four  hundred  leaguesfroin 
the  fource  of  that  branch  of  it  called  the  Softna,  to  its 
mouth  in  the  Euxine  Sea.  In  one  part  of  its  courfe  it 
approaches  near  theWolga;  and  Peter  the  Great  hiia 
aftu^lly  begun  a  canal,  by  which  he  intended  joining 
thofe  two  rivers  j  but  this  he  did  not  live  to  finiUi* 
The  Nieper,  or  Boryfthenes,  rlfes  in  the  middle 
of  Mufcovy,  and  runs  the  courfe  of  three  hundred  and 

■-  fifty  leagues,  to  empty  itfcif  into  the  Black  Sea.  The 
Old  Coflacks  inhabit  the  banks  and  Iflands  of  this  ri- 

ver ;  and  frequently  crofs  the  Black  Sea,  to  plunder 
the  maritime  places  on  the  coafts  of  Turkey.  Tlic 
Dwina  takes  its  rife  in  a  province  of  the  lame  name 
in  Ruflia,  runs  a  courfe  of  three  hundred  leagues,  and 
difembogues  into  the  White  Sea,  a  little  below  Arch- 
angel- 

The  largeft  rivers  of  Afia  arcj  the  tlohanho,  in 
China,  which  is  eight  hundred  and  fifty  leagues  ih 
length,  computed  from  its  fource  at  Raja  Ribron,  tp 
its  mouth  in  the  Gulph  of  Chaiigi.  Thejenifca  of 
Tartary,  about  eight  hundred  leagues  in  length,  from 
the  Lake  Selinga  to  the  Icy  Sea.  This  river  is,  by 
fome,  fuppofed  to  fupply  moft  of  that  great  quantity 
of  drift  wood  which  is  fcen  floating  in  the  feas,  near 
the  Arftic  circle.  The  Oby,  of  five  hundred  leagues, 
running  from  the  lake  of  Kila  into  the  Northern  Sea. 

Vol.  II.  K  k  Th« 
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The  Amour,  in  Eaftcrn  Tartaiy,  whofe  courfc  is 
about  five  hundred  and  feventy  five  leagues,  from  its 
fource  to  its  entance  into  the  fea  of  Kamtfchatka.  The 

Kiam,  in  China,  five  hundred  and  fifty  leagues  b 
kngth.  The  Ganges,  one  of  the  moft  noted  rivers  m 
the  World,  is  about  as  long  as  the  fbrmen  It  riles  in 
the  mountains  which  feparate  India  from  Tartary ;  and 
running  through  the  dominions  of  the  Great  Mogid, 
difcharges  itfelf  by  feveral  mouths  into  the  bay  of  Ben- 
gaL  It  is  not  only  efteemed  by  the  Indians  for  the  dq)tfai 

^d  purenefs  of  its  ftream,  but  for  a  fuppofed  fanc- 
tity  which  they  believe  to  be  in  its  waters.  It  is  vifited 
annually  by  feveral  hundred  thoufand  pilgrims,  who 
pay  their  devotions  to  the  river  as  to  a  god ;  for  favage 
limplicity  \s  always  known  to  miflake  the  bleiCngs  o( 
the  deity  for  the  deity  himfelfl  They  carry  their  dy- 

ing friends,  from  diftant  countries,  to  expire  on  iti 
banks ;  and  to  be  buried  in  its  dream*  The  water  is 

lowefl  in  April  or  May ;  but  the  rains  beginning  to 
fall  foon  after,  the  flat  country  is  overflowed  ifbr  ievend 
miles,  till  about  the  end  of  September  j  the  waters  thcQ 
begin  to  retire,  leaving  a  prolific  fediment  behind,  that 
enriches  the  foil,  and,  in  a  few  days  time,  gives  a  luxu- 
riance  to  vegetation,  beyond  what  can  be  conceived  by 
an  European.  Next  to  this  may  be  reckoned  the  flill 
more  celebrated  river  Euphrates.  This  riles  from 
two/ources,  northward  of  the  city  Erzerum,  in  Tur- 
cumania;  and  unites  about  three  days  journey  below 
it,  whence,  after  performing  a  courfe  of  five  hundred 
leagues,  it  falls  into  the  Gulph  of  Perfia,  fifty  miles 
below  the  city  of  BafTora  in  Arabia.  The  river  Indus 
is  extended,  from  its  fource  to  its  difcharge  into  the 
Arabian  fea,  four  hundred  leagues. 

The  largeft  rivers  of  Africa  are,  the  Senegal,  which 
I  runs 
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runs  a  courfe  of  not  lefs  than  eleven  hundred  leagues, 
comprehending  the  Niger,  vhich  Tome  have  fuppofed 
to  ̂ 1  into  it.  Later  accounts,  however,  feem  to  affirm 
diat  the  Niger  is  loft  in  the  fands,  about  three  hundred 
miles  up  from  the  weftern  coafts  of  Afiica.  Be  this 
as  it  may,  the  Senegal  is  well  known  to  be  navigable 
for  more  than  three  hundred  leagues  up  the  country} 
and  how  much  higher  it  may  reach  is  not  yet  (Ufco- 
TCred,  as  the  dreadful  fatality  of  the  inland  parts  of 
Africa,  not  only  deter  curiofity>  but  even  avarice,  which 
is  a  much  ftronger  pai&on.  The  celebrated  river  Nile 
is  faid  to  be  nine  hundred,  and  fcventy  leagues,  from 

its  fource  among  the  mountains  of  the  Moon,  in  Up- 
per Ethiopia,  to  its  opening  into  the  Meduerrancan 

Sea.  Upon  its  arrival  in  the  kingdom  of  Upper 
^gypt,  it  runs  through  a  rocky  channel,  which  ̂ mc 
late  travellers  have  miftaken  for  its  camrads.  In  the  be- 

ginning of  its  courfe,  it  receives  many  fcffer  rivers  into, 
it  i  and  Pliny  was  miflaken,  in  laying  that  it  received 
none.  In  the  beginning  alio  of  its  courfe,  it  has  many 
windings ;  but,  for  above  three  hundred  leagues  from 
the  fea,  runs  in  a  direft  line.  Its  annual  overflowings 
arifc  from  a  very  obvious  caufe,  which  is  almoft  univer- 
fal  with  the  great  rivers  that  take  their  fource  near  the 
line.  The  rainy  feafon,  which  is  periodical  in  thofe 
climates,  floods  the  rivers;  and  as  this  always  happens  ■ 
in  our  fummer,  fo  the  Nile  is  at  that  time  overflown. 

From  thcfe  inundations,  the  inhabitants  of  Egypt  de- 
rive happinefs  and  plenty;  and,  when  the  river  does 

not  arrive  to  its  accuftomed  heights,  they  prepare  for 
an  indifferent  harveft.  It  begins  to  overflow  about  the 
17th  of  June;  it  generally  continues  to  augment  for 
forty  days,  and  decreafes  in  about  as  many  more.  The 
time  of  increafe  and  dccreafe,  however,  is  much  more 

K  k  2  incon- 
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inconfidcrablc  now  than  it  was  among  the  ancients. 
Herodotus  informs  us,  that  it  was  an  hundred  days 

rifing,  and  as  many  falling ;  which  (hews  that  the  in- 
undation was  much  greater  at  that  time  than  at  pre- 

fcnt,  M.  BufFon  *  has  afcribed  the  prcfcnt  diminu- 
tion, as  well  to  the  leflening  of  tlie  mountains  of  the 

Moon,  by  their  fubftance  having  fo  long  been  walhcd 
down  with  the  ftream,  as  to  the  rifing  of  the  earth  in 

Egypt,  that  has  for  fo  many  ages  received  this  extra- 
neous fupply.  But  we  do  not  find,  by  the  buildings 

that  have  remained  fince  the  times  of  the  ancients,  that 
the  earth  is  much  raifed  fince  then.  Befidcs  the  Nile 

in  Africa,  we  may  reckon  Zara,  and  the  Coanza,  from 
the  greatnefs  of  whofe  openings  into  the  fea,  and  the 
rapidity  of  whofe  dreams,  we  form  an  eftimate  of  the 
great  diftance  whence  they  come.  Their  courfrs, 

however,  are  fpent  in  watering  deferts  and  favage  coun- 
tries, whofe  poverty  or  fiercenefs  have  kept  ftrangers 

away. 

But  of  all  parts  of  the  world,  America,  as  it  exhi- 
bits the  moft  lofty  mountains,  fo  alfo  it  fupplies  the 

largeft  rivers.  The  principal  of  thefe  is  the  great 
river  Amazons,  which,  from  its  fource  in  tlie  lake  cf 
Lauricocha,  to  its  difcharge  into  the  Weftern  Ocean, 
peiforms  a  courfe  of  more  than  twelve  hundred 

leagues  f .  The  breadth  and  depth  of  this  river  is 
anlwerable  to  its  vail  length;  and,  where  its  width  is 

mofl:  contrac5tcd,  its  depth  is  augmented  in  proportion. 
So  great  is  the  body  of  its  waters,  that  other  rivers, 
though  before  the  objcfts  of  admiration,  are  loft  in  its 
bofom.  It  proceeds  after  their  jundlion,  with  its  ufnal 
uppearancc,  without  any  vifible  change  in  its  breadth 

*  BufFon,  vol.  ii.  p.  Sz. 
f  Ulloa,  vcl.  i.  p.  388. 

or 
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.or  rapidity,;  and,  if  we  may  fo  exprefs  it,  remains  great 

■without  oftentatiom  In  fomc  places  it  difplays  its  whole 
magnificence,  dividing  into  fevcral  large  branches,  and 
enccmpafling  a  multitude  of  iflandsj  and  at  length, 

difcharging  itfelf  into  the  ocean,  by  a  'channel  of  -an 
■  hundred  and  fifty  miles  broad.  Another  river,  that 
may  almoft  rival  the  former,  is  the  St.  Lawrence,  in 
Canada,  which  rifitig  in  the  lake  Afliniboils,  pafTes 
from  one  lake  to  another,  from  Chriftinaux  to  Alem- 

pigoj  and  thence  to  lake  Superior;  thence  to  the 
lake  Hurons ;  to  lake  Erie ;  tq  lake  Ontario ;  and,  at 

laft,  after  a  courfe  of  nine  hundred  leagues,  pours 
their  collefted  waters  into  the  Atlantic  ocean.  The 

river  Miffiflippi  is  more  than  feveh  hundred  leagues 
in  lengths  beginning  at  its  fource  near  the  lake  Affi- 
niboils,  and  ending  at  its  opening  into  the  Gulph  of 
Mexico.  The  river  Plata  runs  a  Icnph  of  more  than 

eight  hundred  leagues  from  its  fource  in  the  river  Pa-* rana,  to  its  mouth.  The  river  Oroonoko  is  fcven  hun- 
dred and  fifty  leagues  in  length,  from  its  fource  near 

Pado,  to  its  difchargc  into  the  Adantic  ocean. 
Such  is  the  amazing  length  of  the  greatcft  rivers ; 

and  even  in  fomc  of  thefe,  the  moil  remote  fources 

very  probably  yet  continue  unknown.  In  6£l,  if  we 
confider  the  number  of  rivers  which  they  receive,  and 
the  litde  acquaintance  we  have  with  the  regions  through 
which  they  run,  it  is  not  to  be  wondered  at  that  geo- 

'graphers  are  divided  concerning  the  fources  ofmoft of  them.  As  among  a  number  of  roots  by  which 
npurilhment  is  conveyed  to  a  {lately  tree,  it  is  difficult 
to  determine  precifely  that  by  which  the  tree  is  chiefly 

fupplied ;  fo  among  the  many  branches  of  a  great 
river,  it  is  equally  difficult  to  tell  which  is  the'  ori- 

ginal. Hence  it  may  eafily  haf^n,  that  a  fmaller 
branch  b  takeo  for  the  capital  ftream ;  and  its  wind- 

K  k  3  ipgs 
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ings  are  purfucd,  and  delineated,  in  prqudice  offome 
other  branch  that  better  defcrvcd  the  name  and  die 

d^fcription.  In  this  mannrr*,  in  Europe,  the  Da- 
nube is  known  to  receive  thirty  Icflcr  rivcrej  the 

Wolga  thirty-two  or  thirty-three.  In  Afia,  the  Hfl- 
hanno  receives  thirty-five;  the  Jenifca  above  fixtyt 
the  Oby  as  many;  the  Amour  about  forty;  die  Nto- 
qiiin  receives  thirty  rivers;  the  Ganges  twenty j  and 
the  Euphrates  about  eleven.  In  Africa,  the  Senegal 
receives  more  than  twenty  rivers  ;  the  Nile  receives 
not  one  for  five  hundred  leagues  upwards,  and  then 
only  twelve  or  thirteen.  In  America,  the  river  Ama- 

zons receives  above  fixiy,  and  thofc  very  confiderablet 
the  river  St.  Lawrence  about  forty,  counting  thofe 
which  fall  into  its  lakes ;  the  MifTiffippi  receives  forty  ( 
and  the  river  Plata  above  fifty. 

The  inundations  of  the  Ganges  and  the  Nile  have 
been  already  mentioned,  and  it  might  be  added,  that 
aimoft  all  great  rivers  have  their  periodical  inundations 
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this  circumftaifce  is  founded  one  of  the  mofl:  beau- 

dfiil  fables  of  antiquity,  relative  to  the  fountain  of 
Arethufa,  in  Sicily.  The  fame  thing  is  affirmed  of 
die  Rhine,  and  even  of  the  river  Mole,  in  Surrey, 
li?hich,   from  this    circumftance,  derives   its    name« 
   • 

With  rcfpect  to  the  two  latter  rivers,  however,  fomc 
doubts  are  entertained  of  the  fad,  but  thefe  are  rather 

a  fubjeft  of  inquiry  to  the  geographer  than  to  the  na- 
tural hiftorian. 

Kk  4 
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Chap.     VII. 

HOT      S  P  R  l"  N  G'  S. 

fr&LxhU  Caufis  of  theft  Phenomena,r^ Abound  mofi  tn  'volcanic  Rt- 

gioKs.'^Hct  Springs  in  Iceland^  near  Mount  Hecla./^-^At  Gtyfer^^^ 

In  the  IJland  of  J/cbia^^^4t  J^i^^^o.-r^Explanatien  of  tbe/e  Pheno- 
mcna.^^Buniing  IVell  in  LancaJhirc^^Explained. 

THERE  arc  few  objcfts  in  natural  hiftory, 
which  prefcnc  themfclvcs  to  our  confidcration, 

accompanied  with  greater  difficulties  than  thofe  tepid 
fprings,  which  cxift  in  different  parts  of  the  world, 
of  different  degrees  of  temperature,  and  exhibiting 
a  variety  of  the  moft  curious  phenomena.  Many  of 
thefe  have  exifted  as  long  as  the  earlieft  records,  and 
for  whole  centuries  have  exhibited  litdc  variation  m 

their  temperature. 

If  any  circumftancc  could  ferve  to  fupport  the 
very  dubious  hypothcfis  of  an  immenfe  refervoir  of 
fire  in  the  center  of  the  earth,  it  would  be  thefe 

pliCnomcna ;  yet  there  is  but  little  reafon  to  fuppcfe 
that  the  origin  of  thefe  tepid  fprings  lies  at  any  vaft 
d(  nth  beneath  the  furface ;  and,  indeed,  if  we  admit 

tlie  notion  of  a  central  fire,  its  effedt  ought  to  be  more 
general  than  it  is  found  to  be.  The  moft  probable 

liypctlicfis  is,  therefore,  that  the  fame  caufes  operate 
to  produce  thefe,  which  produce  volcanoes;  and  the 

cnly  inference  to  be  drawn  from  their  permanent  tem- 
perature is,  that  the  maflcs  of  matter,  which  produce 

volcanic  eruptions,  may  exift  for  a  long  feries  of 
tiirie,  even  in  a  ftate  of  inflammation,  without  burfting 
tiicfc  bandages  witii  which  nature  has  confined  them; 
wid  that  heat  may  long  be  continued  to  a  confiderable 

degree 
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degree  in  the  earth,  without  exhibiting  to  our  af- 
frighted fcnfes  the  formidablfe  phenomenon  of  a  vol- 

canic fire. 

It  is,  however,  in  volcanic  regions,  that  tepid  wa- 
fers are  found  in  the  greateft  quantity ;  and  it  is  in 

thefe  that  they  difplay  tlie  moft  ftriking  phenomena. 

At  Laugervarm,  a  fmall  lake,  two  days  journey  from  ' 
'  Mount- Hccla,  in  Iceland,  there  are  hot  fpoudng 

iprings,  one  of  which  throws  up  a  column  of  water 
to  the  height  of  twenty-four  feet.  A  piece  of  mutton 
and  fome  falmon  trout  were  almoft  boiled  to  pieces, 
in  fix  minutes,  in  one  of  thefe  fprings.  At  Geyfer, 
in  the  fame  ifland,  there  are  forty  or  fifty  fpouting 
Iprings  within  the  compafs  of  three  miles  j  in  fomC' 
the  water  is  impregnated  with  clay,  and  white  in  its 
appearance ;  in  fome,  where  it  palles  through  a  fine 
ochre,  it  is  red  as  fcarlet ;  in  fome  it  fpouts  forth  in 
a  continued  ftream;  in  others,  at  intervals,  like  an 

artificial  jet  d'eau.  The  largeft  which  Von  Troil 
obfervcd  had  an  aperture  nineteen  feet  in  diameter, 

,  through  which  the  water  fpouted,  at  intervals,  nine  or 
ten  times  a  day  j  round  the  top  of  it  is  a  bafon,  which, 
together  with  the  pipe,  is  in  the  form  of  a  caldron ; 
the  margin  of  the  balbn  is  nine  feet  higher  than  the 
conduit,  and  its  diameter  fifty-fix  feet.  The  water 
ivas  thrown  up  in  an  iramenfe  column,  at  different 
times,  to  the  height  of  from  thirty  to  fixty  feet,  and 
?t  one  time  to  the  height  of  ninety-two  feet.  Pre- 

vious to  this  explofion  the  earth  began  to  tremble  in 
three  different  places,  and  a  noife  was  heard  like  a 

battery  of  cannon  *. 
Another  writer  ftatcs,  that  at  Geyfer,  in  Iceland^ 

{here  fprings  up  a  hot  water,  which  upon  cooling, 

*  Von  TroU'»  Letters  on  Iceland. 
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dcpouts  filicecus  curb ;  and  that  of  tHU  very  matter 
ir  lu^s  foroicU  for  itfelTa  craier,  in  which  colutniu  of 

-wiicr,  of  a  flupcndous  bulk,  alter  ibey  have  ban 
liirowa  to  ihc  height  of  ninety  fret  and  upwarf^ 
fjU,  and  arc  ag^in  received.  The  heat  of  the  wattr 
during  the  explofion  cannot  be  rntafuTcdj  but  after 
it  has  rifen  and  fallen  throu^  a  ftraturn  of  air  ntnccr 
feet  thick,  it  riiiVs  the  thcrmotnctcr  to  ais",  which 
cviric<s  thit  the  heat  in  the  boweU  of  the  earth  mdt 
be  ciucfi  more  intcnfc  -,  and  at  this  wc  Ih^  ceafe  ta 
uundcr  when  we  conAder,  that  in  thi^  cafe  cbc  lub- 
terraneous  tire  s&i  upon  tlu:  water  in  caverns,  clofeJ 
up  by  very  thick  (trau  oTftones,  an  apparatus  far  moff 

cfFcdive  thsn  Papin's  digcflcr.  The  crater  ̂ ha  it 
firft  undoubtedly  formed,  and  is  daily  ftrcngthened  by 
Jiliccous  cjrih,  which  qiiiis  the  mcnftruum  on  its  being 
cooled,  fails  down,  and,  being  in  fomcwhac  like  a  foft 

ilatr,  concretes  *. 
About  Gxty  yarJs  from  the  thorc  of  the  idatvl  of 
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eeedtn^y  deep,  the  water  of  which  is  conftantly  boil- 

ing, '  It  is  fituated  in  a  plain  furrounded  by  volcanic mountains.  A  ftony  concretion  floats  on  the  furface 
<»f  the  pool,  which,  being  carried  otF  by  the  fuper- 
fluous  water,  is  depofitcd,  and  is  conftantly  forming 
a  bbes  or  tufa,  of  which  the  foil  all  around  the  pool  is 
compofed. 

Thefe  fountains  are  bcft  accounted  for  by  fuppofing 
the  ppe  or  conduit  to  communicate  with  a  lati;fc 
rcfcrvoir  of  water,  which,  being  fubjcft  to  the  beat 
ftf «  volcanic  fire,  the  fteatn  generated  in  the  rcfcrvoit 
by  rfw  boiling  of  the  water  adls  forcibly  on  the  water 
fcn  die  ihaft  or  pipe,  and  ejedts  it  by  its  elaftic  force 
hi  the  fomn  of  a  fountain,  which  will  aft  mth  more 

or  lefs  vigour  according  to  the  degree  of  heat,  and 
according  to  the  reCItance  which  the  water  encounters 
in  its  paffage. 

The  irioft  lingular  circumftance  is  the  number  of 

diefe  fptings  which  arc  found  in  almoft  every- coun- 
try; and  even  in  thofi  countries  which  have' long 

ecafed  to  be  vblcanic.  England  itfelf  has  its  tepid 
fprings,  and  thofe  of  Bath,  Buxton,  &c.  are  well 
known.  Cambden  mentions  a  well,  near  Wigan,  in 
Lancafhire,  which  was  called  the  burning  well.  If  a 
icandle  was  applied  to  its  furface,  he  fays,  a  flame  \vas 
excited  like  that  of  ardent  fpirics  fet  on  fire,  and  the 
heat  and  inflammation  thus  excited  would  continue 

fometimes  for  the  fpace  of  a  whole  day,  and  was 
fiifficient  to  boil  eggs,  and  even  meat.  As  I  recol- 

lect, Cambden  mentions  the  well  as  having  loft  its 
inSammable  property  in  his  time;  but  he  notices  two 

others  of  a  fimilar  defcription,  one  in  the  fame  neigh- 
bourhood, and  another  in  Shropfliire.  I  have  never 

myfelf  witnefled  a  fimUar  phenomenon,  nor  do  I 
ktwd 
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know  of  any  fucli  that  cxiCU  ac  prcTcni;,  at  kaft  lo 
Britain. 

Should,  however,  the  faift  be  as  it  is  related  by 
Cambdcn,  the  reader,  after  wli«  has  been  ftatcd  id  a 

preceding  chapter,  will  not  find  it  difficult  to  fxpliua 

the  caiil'e.  The  cfiuntry  where  the  well  is,  or  was 
(itusted,  abounds  -in  coals.  The  well  h  therefore 
impregnated  wich  naphu,  or  fomc  bi:uminous  vapourj 
this,  upon  the  application  of  an  ighitcd  body,  is  ca» 
pabic  of  infiammation,  and  can  even  communicate  a 
confidcrable  portion  of  heat  to  the  water  of  the  well 
itfelf.  There  is  no  proof,  however,  that  the  Bath  ot 
Buxton  waters  are  impregnated  with  any  bitumiooui 
jr.atcer,  though  coals  arc  plentiful  in  the  neighbour- 

hood i  and  as  thefe  waters  contain  a  fmall  ponioo  of 
iron,  there  is  rcafon  to  fuppofc  ihcni  conncftcd  witfi 
beds  of  pyrircs,  or  poflibly  with  a  latent  rubcerraneoiu 
fire.  On  the  whole,  we  arc  not  fuliicicntly  ACqi 
wirli  rfic  inrernai  n.irLs  of  th*?  parrh 
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mineral   waters. 

Capacity  eflf'aitr  ai  a  Soheni. — SuiJIatKU  cmaaafy' fimid  in  Mi- 
ntral  iraltrl.—Fixtd  Jir.—Miairal  jicidi.^AIia!i,.-tJiilu.—NtH' 

irai  SJn. — Eariiy  Zahpaaia. — Sulfbur. — Mciah.—hUdt  ef  txa~ 

miniag  end  analys.ing  Mintral  lf'atirj,~-  Cbtmical  Tt/ti. — A::a\\fit 
efiht  Hufi  cikbrated  Miirtral  er  Spa  Wattrs.—Aix-la  Cbafclli.— 

£atb. — Bri/hl. — Buxtm. — Chrkiahain. — Ef/em. — llarrav.galt,—'. 

MatlKk-T-Pyrment. — Scarioreugb.—Spa.-^RtJ{eiiions  oh  tbt  UJi 
ef  Mineral  Wulir  in  gtniial. 

TH  E  capacity  which  water  has  of  holding  a  va- 
riety of  fubftanccs  in  foUition  has  been  fre- 

quently mentioned  in  the  courle'of  thcfe  volumes,  and indeed  is  a  fa6):  fo  well  luiown  and  underftood,  that 

to  infift  much  upon  it  would  be  ufelefs  and  even  im- 
pertinent. 

It  was  alfo  intimated,  that  the  water  of  fprings  re- 
ceives the  name  of  mineral  water  from  the  foreign 

fubftances  which  are  containedin  it.  Thefe  fubftances 

are  various,  and  more  than  one  is  commonly  found 
in  mineral  waters  j  but  in  general  they  may  be  re- 

ferred to  the  following  heads: 
1.  Fixed  air,  or  carbonic  acid  gas.  This  ingre- 

dient occafions  an  appearance  of  brilknefs  in  water, 
fimilar  to  that  of  fermenting  liquors,  which  is  chiefly 
obfervable  when  the  water  is  poured  fiom  one  veflel 
into  another.  It  is  very  volatile,  and  foon  eicapes  on 
the  water  being  expofed  to  the  air.  This  ingredient 
frequently  occafions  giddinefs  in  pcrfons  who  are  not 
accuftoiretl  ro  it.  An  artificial  water  of  this  kind 

may  be  prepared  a:  any  time  by  impregnating  water 
widifi.^ed  air. 
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2.  The  vitriolic,  nitrous,  and  muriatic  acids.  One 
or  other  of  thefe  acids  exift  in  almoft  all  minend  wa- 

ters :  they  are  ufually  combined  with  earthy  or  roe- 
tallic  bafes,  but  fometimesj  eipecially  the  vicriolic, 
exift  in  a  feparaxc  ftate,  ib  as  to  occafion  a  fenfible 
acidity. 

3.  An  alkaline  fait  is  found  in  many  waters  in 
Hungary,  Tripoli,  and  other  countries.  It  is  ufualljr 
the  foflil  alkali  which  is  combined  with  fixed  air  in 

the  Seltzer  waters,  and  with  die  mineral  acids  in  a 

great  variety  of  others.  The  vegetable  and  vdadk 
alkalies  rarely  or  never  are  ingredients  in  mioeral 
waters. 

4*  Neutral  falts  are  not  uncooimon  in  fpringi. 
Common  fait,  nitre,  and  vitriolated  magnelia,  are  the 
the  moft  ufual ;  the  latter  is  very  abundant  in  a  fpriog 
at  Epfom  in  Surrey,  and  has  therefore  obtained  the 
name  of  Epfbm  fait.  Sal  ammoniac  has  alfb  been 

found  in  feme  fprings  in  the  neighbourhood  of  volca- 
noes and  burning  coal  mines. 

5.  Earthy  fubflances.  Of  thefe  the  calcareous  is 

fometimes  found  to  abound  fo  much,  as  to  be  depo- 
ficed  on  fuch  fubflances  as  it  comes  in  contaft  with, 

and  occafion  petrifaftion.  In  this  cafe  the  fufpcnfion 

of  the  calcareous  earth  fcems  to  depend  on  the  prc- 
fcncc  of  fixed  air,  which,  making  its  efcape  when  the 
water  iffues  into  the  open  air,  fuffers  the  calcareous 

earth  to  feparate.  The  calcareous  earth  of  waters  is 

very  commonly  united  with  the  vitriolic  acid,  and  cx- 
ifts  in  the  form  of  gypfum,  which  is  only  foluble  in 

water  in  the  proportion  of  one  part  in  feven  or  eight 
hundred.  Calcareous  nitre  and  muriated  calcareous 

^arth  arc  alio  occafionally  found  in  fprings. 

6.  Sulphur.  Many  waters  feem  by  their  ofFcnfivc 
fmcU  to  contain  fulphur,  though  very  few  of  them, 

upon 
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Vpon  more  accurate  examination,  zrp  fpund  to  afford 
it.  The  waters  generally  called  fiilpfiureous  or  hepa- 

tic, are  only  impregnated  with  fulphureous  or  hepatic 
gas,  which  is  a  iblution  of  fulphur  in  inflammatile  air. 
This  is  the  fame  gas  which  rifes  from  liver  of  fulphurj, 
and  liver  of  fulphur  itfelf  has  been  deteftcd  in  a  very 
minute  quantity  in  mineral  waters.  Sometimes  bitii- 
mens  are  met  with  in  mineral  waters,  and  commonly 
make  their  appearance  On  the  furface. 

7.  Metals.  Of  thefe  iron  is  moft  frequendy  found 
in  water,  fopictimes  copper,  and  more  rarely  zinc. 

'Waters  which  cont^  iron  are  called  chalybeates,  and 
are  veiy  common. 

It  was  formerly  imagined  that  iron  was  fufpended 
in  mineral  waters  by  means  of  the  vitriolic  acid ;  but 
M.  Monnet  has  ̂ fcertaincd,  that  very  few  of  them 
contain  vitriolic  acid,  and  that  the  carbonic  acid,  or 
fixed  air,  is  almoft  the  only  medium  by  which  the  iron 
is  fufpended.  The  carbonic  acid  is  fometimes  in 
excefs,  fo  as  to  render  the  chalybeate  water  acidulous, 
in  other  inftances  it  fufpends  the  iron  without  being 
in  excefs.  Chalybeates  may,  in  general,  be  known 
by  the  yellow  ochry  fedimcnt  depofittd  in  their  courfr, 
and  alfq  by  ftrii^ing  a  purple  colour  with  decoAion  of 

In  examining  any  mineral  waters,  the  firft  objeft  of 
attention  is,  to  have  the  water  as  fre/h  as  poflibic,. 
fincCf  if  it  contains  any  volatile  matters,  they  will  foon 
fly  oft  A  great  number  of  trials  are  therefore  to  be 
made  oq  the  fpot.  The  contents  of  the  neighbouring 
firata,  particularly  of  any  high  ground,  from  which  the 
water  leems  to  proceed,  arc  alfo  to  be  regarded,  as 
they  often  fcrve  to  account  for  the  properties  of  mi- 

neral waters. 

One  of  the  moft  obvious  circumltances  to  be  at- 
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Ae  ittti-.-^r:  ̂ zaer  B  fakU  ̂   qbiaii^,  ami 
•ay  a>"  ̂          -  doa  aac  cfierrdce^  and  aA 

4c  v--^_;  add  a  ii^poc  fide,  k  maybe 
Ak  :i  -3  1.*  _  ~,  ad  Abc  cW  minenl  tnicr 

rf  dbw:  -  1  ̂ 3xr  aad  »ay  fbluUe  fili  is 
^  Ae  «i ~~-'i  <J  tie  ntrioBc  aci^  it  is  die 
fiik.  aoi  :-^  wieer  coatziDed  die  taiih  of 

il.  tfcK  :Ji:nao«f*iDioBcacid  to  the  pte- 
':U  siaRii^  ifae  vncr  held  inm  a 

TV  aUBQB  cf  cuidic  vofadlr  alkaH  wiasatiice 

iae  «lfer.  acrr:  L-Jt  k  «9^oM  produoe  >  prerip- DOoa  fivB  Ar  prdfTXx  of  ancombmed  caiiiontc  add 
iBtfewrri  dkc  ccnifKiuad  fbrmed  br  voliiUe  alltafi 
wick  dat  add  rue  hai%  infolubic,  like  the  cfatlb 
ftnacd  bf  the  u:!ior.  oTcvbotiic  zdd  with  limr,  Bbc 

bcfick*  tfcc  ilocr-.r  -js  cbc  nBtgnfTan}  2nd  tbc  metil- 
Be  fiks,  tbe  c2l;::c  \-ab£le  alkili  will  decompck 
dnfr  vfcich  bavT  I:irc  for  their  bafis,  snd  thw  «e 
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fbuices  calkd  re-agcnts,  to  difcoycr  the  contents  of 

mineral  waters,  it  may  in  general  be  remarked,  that 
this  mode  b  lefs  certun  than  evaporation }  the  latter 
method,  however,  is  not  free  from  objeftions,  as  the 

application  of  heat  to  any  body  not  unfrequently  de- 
ranges the  previous  ftatc  of  combination  among  its 

component  principles.  The  chemical  tefts  beft  adapt- 
ed to  the  difcovery  of  the  contents  of  mineral  waters 

are  the  following :  lime,  volatile  alkali,  Bxed  alkalies, 
vitriolic  acid,  tinflurc  of  tumfole,  murialed  barytcs, 
acid  of  fugar,  arfenic,  Pruflian  alkali,  and  the  nitrous 
folutions  of  filver  and  mercury.  When  it  is  propofed 
to  difcover  the  concents  of  a  rpineral  water,  it  i$  beft 

to  begin  with  fuch  teCts  as  are  leaft  capable  of  altering 
ic,  and  afterwards,  having  obfcrvcd  their  efFe6ts,  to 
proceed  to  complete  the  analyfis  by  tefts  which  have 
a  more  extenfivc  influence.  Lime  water  feizes  the 

carbonic  acid,  and  forms  a  precipitate  of  chalk  j  it  alfo 
precipitates  falts  with  the  balls  of  clay  and  magnefla, 
as  well  as  the  metallic  falts.  If  after  mixing  an  equal 
quantity  of  lime  water  with  a  mineral  water,  no  pre- 
cipiudon  takes  place  in  twenty-four  hours,  it  m^  be 
concluded,  that  it  contains  neither  carbonic  acid  at 

Uberty,  nor  a  combination  of  that  acid  with  6xed  alka- 
li, nor  earthy  lalts  with  (he  bafis  of  aluminous  earth  or 

tnagnella,  nor  any  metallic  fait.  But  if  a  precipitatton 
takes  place  on  the  addition  of  lime  water,  the  next  ftep 
is  to  examine  the  properdes  of  the  precipitated  matter; 
if  it  has  the  properties  of  chalk,  fuch  as  infipidicy,  the 
producing  of  an  efiervefcence  with  vitriolic  acid,  and 
£>nning  with  it  a  compound  nearly  infolubic  in  water, 
that  is  gypfum,  it  muft  be  concluded  that  the  water 
contained  carbonic  acid,  which,  uniting  with  the  lime 
of  the  lime  water,  produced  chalk.  I^  on  the  con* 

Vol.  II.  LI  trary, 
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waihed  with  ibcm  wichcMt  fotp.  The^  gallao  comuii 
thoat  nro  fcmplcs  of  Hm  filty  (lie  lanic  quantirr  of 
cluUc>and  a  dram  and  KaI:  of  fuOU  alkali.  They  are  it 
&11  nauJeous  and  barfh,  b'jt  bf  habit  become  famHur 
and  Bgrreablc.  At  fiHl  drinking  oUb  they  Rnersll]r 
a6c&  the  head.  Their  general  operation  ii  caihsroc 
and  diuretic.  ?p<ithoutgripingor  diminarion  offtrcngthi 
and  they  SiTo  promote  perljMration.  The  quantity  to 
be  drunk  a  an  ilteraiive,  is  to  be  varied  icconiing  to 
die  comlimcion,  and  other  cirrufljLuicca  of  the  po- 
tjenc.  In  general,  it  is  Left  to  bogin  with  a  quareti 
or  hair  a  pint  in  the  morniNgi  iind  increale  cite  dole 
aficniirdi  to  pint;,  as  may  be  foutKJ  convenient.  Tie 
wanr  is  beft  drunk  at  the  founain.  When  it  it  re- 

quired to  purge,  it  Ihould  be  drunk  in  large  and  olna 

repeated  tlriu*ht$*-* Tiie    h!:iL  ui  the  difietcnt  baths  of  the  Ais*!^ 
Chapelte  wateis  varies  6tun  one  hundred  nod  fixcf 
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reous  fmell;  but  this  latter  is  not  ufually.perceptib]e> 
except  when  the  baths  are  filling.  The  gallon  of 
Bath  water  contains  twenty-three  grains  of  chalk,  the 
^me  quantity  of  muriat  of  magnefia,  thirty-eight  of 
lea  fait,  and  8.1  of  aerated  iron.  As  it  riles  from  the 
pump,  it  contains  fixed  air,  or  other  volatile  acid,  in  a 
iufficient  quantity  to  curdle  milk  and  iSt  upon  iron. 
The  Bath  water  operates  powerfully  as  a  diuretic,  and 
promotes  perfpiration.  If  drunk  quickly,  in  large 

draughts,  itfometimes  purges;  but  if  taken  flowlyand  ' 
in  fmall  quantity,  it  rather  has  the  contrary  eS^<5t,  An 
hcavinefs  of  the  head,  and  inclination  to  fleep,  arc  often 

felt  on  firfl:  drinking  it*.' 
This  water  when  taken  inwardly  is  faid  to  give 

_  a  ftimulus  and  vigour  to  the  whole  conftitution,  it 
therefore  proves  ufcful  in  old  rheumatic  complaints, 
and  in  cafes  ot  gout  connected  with  much  debility. 
During  the  ule  of  the  Bath  water,  and  fome  time  pre* 
vious  to  it,  the  patient  fliould  live  on  a  light  diet,  cafy 
of  digeftion.     The  courfe  Ihould  be  continued  for  a  . 

.  month  or  fix  weeks.  In  local  complaints,  as  m  ftiff 
joints  and  chronic  pains,  the  application  of  the  water 
by  pumping  is  more  efficacious  than  bathing  the  whole 
body. 

Bristol. — '  The  fprings  are  known  by  the  name  of 
the  Hot  Wells.  The  water  at  its  origin  is  warm,  clear, 
pellucid  and  fparkling ;  and  if  let  ftand  in  a  glafs,  covers 
its  infidc  with  fmall  air-bubbles.  It  has  no  fmell,  and 

is  foft  and  agreeable  to  the  tafie.  It  raifes  the  ther- 
mometer from  about  feventy  to  eighty  degrees.  It 

contains  iif  grains  of  chalk,  $\  of  muriat  of  mag- 

nefia,  and  6|  of  fea  fait  in  the  gallon  ̂ .' 

*  £!liot  on  Min.  Waters,  p.  1 34.,  <cc 
4  IbM.  p.  145.  &c. 

LI3  TVs, 
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The  Brillol  waters  arc  paittciidarljr  nxommcndcdin 

pulmonary  complaints  i  the  6unc,  however,  of  Briftol 
hiis  probably  been  more  owing  (O  the  miJtlnefs  of  the 
air  In  dut  part  of  Engbnd,  than  to  the  virtues  of  iu 
waters. 

Buxton. — '  This  is  a  hot  water,  reftmblmg  tbn 

of  Brijiol.  It  raifes  the  ihcrmomcter  to  8i  °  or  81'. 
It  has  a  fweec  and  plcaflmt  taftc.  It  contains  a  Uafc 
calcareous  earth,  together  with  a  fmail  quantity  of  fei 
fait,  and  an  inconfidcrablc  portion  of  a  cathartic  fait. 
Iron  has  been  dilcovercd  in  it,  but  in  (o  extremely 
fmall  a  quantity  as  not  to  dcfcrvc  no:ice :  ar.d  even 
that  perhaps  owing  to  accident.  This  water  talcca 
inwardly  is  cftecmcd  good  in  the  diabetes ;  in  bloody 
urine  [  in  the  bilious  cholic  j  in  lofs  of  appetiiTi  wi 
coldnefs  of  the  ftomach  j  in  inward  bleedings  i  in 
atrophy  i  in  contradion  of  the  veffcls  and  limbs,  efpe- 
cially  from  agcj  in  cramps  and  convulfionsi  in  the 
dry  afthma  without  a  fever;  and  alfo  in  barrennels. 
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five  grains  of  magnefia,  part  of  which  is  united  with 
imrine,  part  with  aerial  acid ;  and  nearly  five  grains 
of  iron  combined  with  aerial  acid.  It  alfo  yielded 

thirty-two  ounce  mcafurcsT>fair,  twenty-four  of  which 
were  fixed  air,  the  reft  azotic  with  a  portion  of  hepa- 
ricair.  The  dofe  is  from  one  pint  to  three  or  four. 
It  operates  with  great  eafe,  and  is  never  attended  with 
gripings,  tenefmus,  &c.  It  is  beft  taken  a  little  warm. 

It  alfo  creates  an  appetite  -,  is  thought  excellent  in  fcor- 
butic  complaints,  and  has  been  ufed  with  fuccefs  in  the 
gravel.  As  the  fpring  has  been  calculated  to  yield  only 
thirty-five  pints  of  water  an  hour,  without  frugal  ma- 

nagement there  would  not  be  enough  to  fijpply  the 
demands  of  the  drinkers.  The  Walton  water  has 

lately  been  recommended  as  a  fubfticute  to  obviate 

this  inconvenience.' 
£psoM,  in  Surry. — The  water  has  a  flight  faline 

taftc,  is  clear,  and  without  fmell.  But  If  it  is  kept  in 
covered  veflels  for  fome  weeks  in  the  fumnner  it  will 

(link,  and  acquire  a  naufeous  and  faltilh  bitter  taftc. 
This  was  the  firft  water  from  which  the  fait  thence 

called  Epfom  Jolt  was  obtained.  But  the  fait  ufualty 
fold  by  that  name  is  different  from  that  yielded  by  the 
Epfom  water,  though  perhaps  not  inferior  in  virtue. 
It  is  made  from  the  bittern  left  after  the  cryftalliza- 

tion  of  common  fait  ft-om  fea  water.  The  Epfom 
water  is  cathartic  -,  for  which  purpofe  It  muft  be  drunk 

-to  the  quantity  of  two  or  three  pints.  It  is  alfo  diu- 
retic. 

Harrowgate. — *  There  are  four  fprings  at  this 
place,  but  the  waters  of  all  of  them  are  neariy  alike, 
except  in  the  quantity  of  the  faline  matter  they  con- 

tain. Of  the  three  old  fprings,  the  higheft  gave  three 
Dunces  of  folid  matter  j  riie  toweft,  an  ounce  and  an 
half;  and  the  middle  one;*  only  half  an  ouqcc  Of  the 

]L  1  4  Utter 



5  lo  Matbck  and  P^rmm  tVatm.     [Book  Vlt. 

litter  one  hundred  and  forty  gra'uis  were  canh.  The 
water  as  it  fpnrigs  up  is  clear  and  fparkling,  aid 

throws  up  a  quantity  of  air-bubbles.  It  has  a  ftroog 

fmell  of  fulphur,  and  is  fuppofcd  to  be  the  ftrongcft 

flilphurcous  water  in  England,  it  has  a  Jalt  taftc,  u 
it  contains  a  confiderable  quantity  of  fea  fait,  rogciher 

with  a  little  marine  fait  of  magncfia,  and  calcareous 

earth  *.' 
Harrowgate  water  is  cathanic  when  ukcn  in  dofes 

of  fcveral  pints.     When  ufcd  externally  as  a  fomtntj- 
tion,  it  is  faid  to  be  ufeful  in  fonic  difordcrs  of  the  Qija^ 
and  by  tome  phyficians  ic  is  confidercU  as  dBcacia 
in  deftroying  worms.  _ 

Matlock. — *  At  this  place  (which  is  pcrfe^ly  ro- 
mantic) are  feveral  fprings  of  warm  water,  which  ap- 

pear lo  be  of  the  nature  of  the  Bri/c/ water,  eacept 
that  it  is  very  ilightly  impregnated  with    iron. 

heat  is  about  69°,  and  its  virtues  arc  fimilar  to  t" of  the  Briftol  and  Buxloa  waters.     The  bath*  are  i 

fkin^ 

tCMlM 

,  ̂ 
ly  m- 

•hap. 

rxccpc "■     '^ 

arc  wj 
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af&£ted  with  a  kind  of  giddinefs  or  intoxicadon;  ov-  ■ 
ingi  it  majr  be  fuppofed,  to  the  quantity  of  iized  air 
with  which  the  water  abounds.  The  common  ope- 

ration of  this  water  is  diuretic ;  but  it  is  alfo  genttf 
fudorific  {  and  if  uken'  in  large  quantity  proves  ca- 

thartic. When,  however,  it  is  required  to  have  thii 
latter  effed,  it  is  ufcful  to  mix  fomc  falts  with  the 

firft  glafles.  It  is  drunk  by  glafsfuU  in  the  morning 
to  the  quantity  of  from  one  to  five  or  fiit  pints,  ac- 

cording to  circumftances,  walking  about  between  each 

glafs-.' Pyrmont  waters  are  recommended  in  debilitated 
and  relaxed  conftitutions,  attended  with  indigcftion, 
low  fpirits,  and  want  of  appetite. 

Scarborough,  in  Torkjhire, — «  The  waters  of  this 
place  are  chalybeate  and  cathartic  \  and  they  are  more 
frequented  and  ufc^  than  any  other  water  of  this  cla6 
in  England.  There  are  two  wells ;  the  one  more  ca- 

thartic, the  other  a  ftronger  chalybeate.  Hence  the 

latter  (which  is  neareft-the  town)  has  been  called  the 
tbafybeate  fpring,  the  other  the  purging;  though  they 
arc  both  impr^nated  with  the  fame  principles,  but 
in  different  proportions.  The  purging  is  the  moft 
iamedi  and  is  that  which  is  ufually  called  the  Scar-' 

borough  water.  This  contains  fifty-two  grains  of  cal-' carcous  earth,  two  of  ochre,  and  two  hundred  and 

fixty-fix  of  vitriolated  magnefia,  in  the  galbn:  the 

■  chalybeate,  fcventy  grains  of  calcareous  earth,  one 
hundred  and  thirty-nine  of  vitriolated  magnefia,  and 
eleven  of  fea  fait.  When  thefe  waters  are  poured  out 
of  one  glafs  into  another,  they  throw  up  a  number  of 
air-bubbles ;  and  if  fhaken  for  a  while  in  a  clofe  llopt 
phial,  and  the  phial  is  fuddenly  opened  before  the 

t  Elliot,  p.  3t6. 
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commotion  cea&s^  they  difplode  an  claftic  vapour 
iHfith  an  audibk  noife^  which  ihows  that  they  abound 
in  fixed  air.  At  the  fountain  they  both  have  a  brifk, 

pungent,  chalybeate  tafte;  but  the  cathardc  water 
taftes  bitterilh,  which  is  not  ufually  the  cafe  with  the 

gbdlybeate.  They  lofe  their  chalybeate  virtues  by  ex- 
pofure,  and  alfo  by  keeping ;  but  the  cathartic  water 
fooneft.  They  both  putrify  by  keeping  j  but  in  time 

recover  their  fwcetnels  */ 
The  properties  of  the  cathartic  and  of  the  chalybeate 

fpring  are,  as  might  naturally  be  fuppoiedj  very  dif- 
ferent. The  former  is  ufeful  in  cafes  of  habitual  cof- 

tivenefs  \  tlie  latter  m  diforders  of  relaxation  and  de- 
biiity. 

Spa,  in  the  bijhopric  of  UUge.^^^  In  and  about  this 
town  there  are  fevcral  fprings^  which  aflford  excellent 

-chalybeate  waters :  and  in  Great  Britain  they  are  the 
moft  in  ufe  of  any  foreign  mineral  waters. 

*  The  principal  fprings  are,  i.  The>P«ib^«»,  orPM- 
hcfty  fituated  in  the  middle  c»  the  village; — a.  Sawci- 

tiiere,  about  a  mile  and  an  half  eaft  from  it ; — 3  Groif- 
beeck^  near  to  the  Sauviniere ;— 4.  Tonnelet^  a  litdc  to 
the  left  of  the  road  to  the  Sauviniere; — 5.  JVatroZj 
near  to  the  Tonnclet  j — 6.  GeronfterCy  two  miles  fouth 

of  the  Spa  J — 7.  SartSy  or  Niverjety  in  the  diftrift  of 
Sartsi — 8.  Cbevrofiy  or  Bru,  in  the  principality  of  Sta- 

velot; — 9.  Convey — 10.  J5^^r/ircf,— 11.  ̂ ig^,— 12.  Gt- 
romonty  all  near  Malmdy. 

*  ThtPouhon  is  a  flow  deep  fpring,  and  is  more  or  lefs 

ftrong  or  gafeous  according  to  the  ftate  of  the  atmo- 
fphere.  The  gallon  contains  ten  grains  of  chalk,  thirty 

of  magnefia,  ten  of  mineral  alkali,  and  five  of  aerated 

iron.  It  yields  of  fixed  air  one  hundred  and  thirty- 
two  ounce  meafures.    It  contains  more  iron  than  any 

*  Elliot,  p.  234^ 

©f 
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of  the  other  fprings,  and  don  not  fo  foon  lofe  its  gas. 
It  is  in  its  moft  pcrfefb  and  natural  (late  in  cotd,  dry 
weather.  Ic  then  appears  colourkfs,  traniparentjand 
without  fmell,  and  has  3  fubacid  chalybeate  taftc,  with 

an  agreeable  fmartnefs :-  at  fuch  times,  if  it  is  takei^ 
out  of  the  well  in  a  glals,  it  does  not  Iparkte ;  but 
after  (landing  a  while,  covers  the  glafs  on  the  infide 
with  fmall  air  bubbles  ;  b1.1t  if  ii  is  fliaken,  or  poured 
out  of  one  glafs  into  another,  it  then  fparkles,  and 
difcharges  a  great  number  of  air-bubbles  at  the  fur- 
face.  In  warnn,  moift  veather,  it  lofes  its  tranfpa- 
rency,  appears  turbid  or  wSeyifh,  contains  le&  fixed 
air,  and  is  partly  dccompoled.  A  murnrluring  noifc 
alfo  is  fomedmes  heard  in  the  well.  It  is  colder  than 

the  heat  of  the  attnofphere  by  many  degrees.  It  is 
fuppofed  10  contain  the  greatcft  quantity  of  fixed  air 
of  almofl:  any  acidulous  water ;  and  confequendy  hai 
a  remarkable  fprightlinefs  and  vinoBty,  and  boils  bf 
mere  warmth.  This,  howcFcr,  foon  flies  off,  if  the 

•water  is  left  expofed ;  though  in  well  corked  bottles 
it  is  in  a  great  meaiure  prcferved.  It  is  capable  61 
dilTolvvng  more  iron  than  it  naturally  contains,  and 
thus  becoming  a  ftrongcr  chalybeate.  This  is  owing 
to  the  great  quantity  of  fixed  air  which  it  contains. 
For  the  lame  reafon  an  ebullition  is  railed  in  this  water 

on  the  addition  of  acids,  as  tliey  difengage  its  fixed  air. 
It  mixes  fmoothly  with  milk,  whether  it  is  cold  or  of 
a  boiling  heat. 

*  Of  the  Sauviniere  water,  a  gallon  yields  6.5  grains 
ofchalk,4.5of  magnefia,  two  ofmmeral  alkali,3.5  "^ 
kali,2.aofacratediron,and  108  ounce  meafurcs  of  fixed 
air.     At  the  well  it  has  fomewhat  a  fmell  of  fulphur. 

'  Groijheeck.  The  water  is  of  the  fame  nature  as 
the  Sauvin'.tre,  but  contains  a  fomewhat  larger  pro- 

portion of  the  fcvcral  ingredients.  It  has  a  vitriolic 
taftc,  and  fomewhat  of  a  fulphurcous  fmclL 

*  TonmUu 
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*  ̂omickt.  This  is  one  of  the  moft  Iprightly  wa- 
ters in  the  world.  It  is  much  colder  than  either  of 

the  other  Spa  waters  j  has  no  fmell ;  is  bright,  tranf- 
parcnt,  and  colourlefs ;  and  from  the  rapidity  of  its 
inotion  docs  not  foul  its  bafon.  It  has  a  fmart,  fub- 

acid,  fprightly  tafte,  not  unlike  the  brifKcft  Cham- 
paign wine,  trom  a  number  of  experiments  it  appears, 

thac  this  water  is  more  ftrongly  charged  than  any  of 
the  others  with  fixed  air,  on  which  the  energy  of  all 
waters  of  this  kind  principally  depends,  but  it  parts 
with  it  more  readily.  It  contains  more  iron  than  any 
cf  the  fprings,  except  the  Pouhon. 

*  fFairoz.  f  ts  fituation  is  loweft  of  any  of  the 
fprings  about  Spa,  and  it  is  more  apt  to  be  foul :  but 
when  the  well  is  cleaned  out,  and  the  water  pure,  it  is 
found  to  be  of  the  fame  nature  as  that  of  Pouhon.  It 

is  not  cathartic,  as  fome  have  afierted. 

*  Gerortfiere.  This  water  has  much  lefi  fixed  air 
than  the  Pouhon.  It  has-a  fulphureous  fmell  at  the 
fountain,  which  it  lofes  by  being  carried  to  a  diftance. 
This  fmell  is  ftrongeft  in  warm  moid  weatlier.  The 
air,  or  vapour,  of  this  water  affefts  the  heads  of  fome 

who  drink  it,  occafioning  a  giddinefs  or  kind  of  intox- 
ication, which  goes  off  in  a  quarter  or  half  an  hour. 

The  Pyrmont,  and  feveral  other  brifk  chalybeate  wa- 
ters, are  found  to  have  the  fame  efFeft.  It  is  colder 

than  any  of  the  fprings,  the  Tonnelet  excepted. 

*  Sar/s,y  or  NiverfeL  It  refembles  the  Tonnelet 
water,  but  is  rather  lefs  briflc  and  gafeous.  It  is  how- 

ever more  acid  and  ftyptic. 

^  Bru  or  Cbrjron.  The  phyficians  at  Liege  have 
artfully  decried  this  water,  becaufe  it  is  not  in  the 

principality  of  Liege.  But  by  every  trial  it  appears 
not  much  inferior  to  any  of  the  Spa  waters.  In  the 

quantity  of  fixed  air  and  of  iron  it  contains,  it  ap- 
proaches the  Pouhon, 
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*  Couve  and  Beverfee.  The  Coiivc  nearly  rcfembles 
the  Tonnelct  water ;  or  rather,  may  be  placed  in  a 
medium  between  riiat  and  the  Watroz.  It  hardly 

equals  the  tranfparency,  fmartnefs,  and  generous  vi- 
nous tafte  of  the  firft,  but  it  greatly  furpaflcs  the  latten 

The  Beverfee  agrees  with  this,  only  that  it  does  noc 
reuin  its  fmartnefs  fo  well  by  keeping. 

La  Sige  has  fome  of  the  general  properties  of 
the  Spa  waters,  but  in  other  refpedts  it  is  difi^renc 
It  is  moderately  fubacid,  fmart  and  grateful,  but  has 

no  fenfible  chalybeate  tafte.  It  fparkles  like  Cham- 
paign when  poured  from  one  glafs  to  another.  Upon 

{landing  it  lofes  its  fixed  air,  and  throws  up  a  thick 

mother-of-pearl  coloured  pellicle.  It  is  much  more 
loaded  with  earthy  matters,  and  lefs  impregnated  with 
iron  and  fixed  air,  than  the  other  Spa  waters. 

Geromont.  As  a  chalvbeate  and  acidulous  water 

this  feems  to  be  nearly  of  the  fame  Itrength  v/ith  La 

Sige;  but  it  contains  a  greater  quantity  of  natron,  to- 
gether with  a  mixture  of  fea  fait.  The  earthy  mat- 

ters, however,  are  lefs. 

It  appears,  that  thefe  waters  are  compounded  of. 
nearly  the  fame  principle^,  though  in  liiHv rent  propor- 

tions. All  of  them  abound  w'liu  fixed ci'\  I  hey  contain more  or  lefs  iron,  alkali,  and  calcareous  and  fclenitical 

eardis ;  together  with  a  fmall  portion  of  fca  fait.  Thefe 
are  all  kept  fufpended,  and  in  a  neutral  fcare ,  by  means 
of  the  aerial  acid,  or  fixed  air.  Froni  a  review  of  the 

contents  of  thefe  waters,  it  cannot  be  in-ingincd  :hat  their 
virtues  principally  depend  on  the  finall  quantity  of/olid 
matters  which  they  contain.  They  mull  therefore  de- 

pend moftly  on  their^^^  air.  And  they  jre  probably 
rendered  more  a<ftive  and  penetrating  both  in  the  firft 
paflages,  and  alfo  when  tliey  enter  the  circulation  by 

means 
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means  of  that  fmall  portion  of  iron^  earthy  falr^  &c. 

with  which  they  are  impregnated  *. 
After  all  that  has  been  alleged  in  favour  of  nnineral 

waters,  it  mud  be  confefTed  that  their  medical  virtues 

arc  at  beft  rather  dubious.  With  refpcft  to  the  me- 
tallic fates  which  they  may  contain,  the  quantity  is  too 

minute  to  be  very  efficacious  in  obftinate  complaints ; 
tad  the  warm  baths  have  probably  no  other  efieft 
than  a  quantity  of  common  water  heated  to  the  fame 
temperature  would  have,  if  applied  by  means  of  afi 
artificial  bath  at  home.  Where  good  effedls  have  been 

wrought  upon  a  patient's  reforting  to  a  mineral  water, 
phyficians  have  not  always  confidered  th^  excellent 
confequences  which  in  the  common  courle  of  things 
might  be  expcfted  from  the  exercifc  of  the  journey, 
the  change  of  air,  and  change  of  fcene ;  from  cheerful 
company*  and,  though  laft,  not  kaft,  perhaps,  from 
the  imagination  oC  the  patient. 

*  See  Elliot,  p.  Z49,  &c. 
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APPENDIX. 

TABLE  OF  SPECIFIC  GRAVITIES. 

i  1  Calcareous  earth 

Magncli.in  eajth 
Sjrytic  earth 
Argillaceous  cirth         • 

fiotilc  glaTs 
WUk  glaTt  -       . 
Flint  gtalf 
Sevct  poreeUin 
Chi  01  ditto 

Lime  Aonet,  frocn 

CommoD  flate 

Calcareous  fpar 
Fluor  fpar        - 
White  marbk 
Diamond 
Rub^ 

Topaa 
Emerald 

Hyacinth 
Garnet 
Toa-maline 

Opal 
Cat'i  eye 
Onyx 
Carnelion     . 

Jafper 
Quartz      t 

Agaw      - Gold 
Platina 
Mercurr      - 

Lead        . 
Silver 

1000 
2liS 

3973 

i£69 

1650 

273* 
2892 

33*9 

114; 

*384 

=791 2;i; 

3180 1716 3+41 

4113 

3600 
3764 

3978 30S0 
«76+ 

3600 1704 

a  700 8778 

a654 

aj90 

19640 
a  1000 

i3S«3 ■  ■3;a 
10474 

Copper 

Iron 
Tin 

BifmuiU       ■ 
Niclcel        -       - 

Zinc 
Antimonr 

Manganere 
Cobalt     -      -       . 

Tungllein 

Mol^-bdena Vimolic  acid 
Nitrouf  acid 
Muriatic  acid 
Fiuoracid 

Oil  of  olives 
Lin  Iced  oil 

Burgundy  wine     . 
Bourdeaux  ditto 

Malmfey  madeira 

Cyder 
Woman's  milk 
Mare's  milk 
Cow'l  milk 

Goat's  millc 
Kwe-s  milk 
Elaftic  gum 

Naptha 
Camphor 

Spermaceti 
Tallow       - 
Vitriolic  lEiher      . 

•  8S78 

-  7788 
-  7»99 -  9813 

•  866^ -  5763 

-  670a .  6850 

-  7811 '  6066 
•  4738 -  «47« 
-  1682 
•  io8j 

-  IJOO -  9ii 

940 

-  991 -  993 

-  1038 

Kit. 

.!  sther 

ether      - 
Acewai  sther 

PareA  fpiritofwine 

989 
943 

943 

739 

909 

866 

Sao 
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TABLE  of  the  weigliU  of  the  different  gaflu  st  39.  8^.  Eogliflf 
inches,  bartunetiical  prelTure,  and,  at  54.  5*  of  temperatuie,  ac- 

cording 10  Fahrenheit's  thermoineteii  exprrlTed  in  Englifh  mea- 
fiiie,  aod  Englilh  troy  weight,  from  Lai'oiCer's  Che/niftry.— 
The  weight  of  the  five  firft  were  afcertained  by  ftt.  Lavoiiier 
tamfelf ;  the  laft  three  were  inferted  by  M.  Lavoifici  on  the  aa> 

ihority  of  Mr.  Kirwan. 

NuBcs  of  gaSes. Weight  of  a 
cubical  inch. 

Weight  of  a 
cubical  foot. 

AUDofphenc  air    - 
Azotic  gas 
Oxygen  gas 
Hydrogen  gas 
Carbonic  acid  gas  ■  - 

-  32112 -  3006+ 

-  34»" -  ̂ 39i 

-  4+108 

«.    Jr.     gr.. 
I       1        15 
'      0      39 
I       I       s' 
0  0      +1 
1  +      41 

Nitrous  gas 

Sulphureous  acid  gas 

-  37«» 
-  >85iS 
-  71580 

>       '       39 
0      s       19 

2       4       38 

^  END  OF  THE  SECOND  VOLUME. 
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