
QD 
467 

M53 

A7 

^(' 

fj."4 

^ 

'^'^'t:/ 

Lt^^f ,  ?•, 

^S-i 

i:*"^ 

li^'ft^^ 



M53 
A7 

CORNELL 

UNIVERSITY 

LIBRARY 



QD  467.M53Ar""'""""-*"^ 

*",ffiffi:=i?,S,?.c'>emic3,  conception 

3  1924  012  371  096 



Cornell  University 
Library 

The  original  of  tiiis  book  is  in 

tine  Cornell  University  Library. 

There  are  no  known  copyright  restrictions  in 
the  United  States  on  the  use  of  the  text. 

http://www.archive.org/details/cu31924012371096 



A   CHEMICAL    CONCEPTION 

OE    THE    ETHEE 



^  (?'?'  2-  E-  H'i 

'
/
 

BY  THE  SAME  AUTHOR 

THE  PRINCIPLES  OF  CHEMISTRY 

Translated  from  the  Bussian  (Sixth  Edition) 

By  GEORGE  KAMBNSKY,  A.R.S.M. 
of  the  Imperial  Mint,  St.  Petersburg 

AND 

Edited  by  T.  A.  LAWSON,  B.So.,   Ph.D. 

With  96  Illustrations.    2  vols.  8vo.  36s. 

LONGMANS,  GEBBN,  &  CO.  39  Paternoster  Bow,  London 
New  York  and  Bombay. 



AN  ATTEMPT   TOWARDS 
r 

A  CHEMICAL  CONCEPTION 

OF  THE  ETHER 

BY 

PEOFESSOE    D.   MBNDELBEFF 

TRANSLATED    FKOM    THE    RUSSIAN 

BY 

GEOEGE    KAMBNSKY,    A.E.S.M. 

OF   THK   IHPEIUAL   MINT,   ST.  PETEBRBUBG 

LONGMANS,    GEEEN,    AND     CO.  """ 

39    PATEBNOBTEB    BOW,    LONDON  ^    ,    ' 
NEW    yOBK    AND   BOMBAY  (0 

V.'  ■ 

1904 

All    rights    reserved 



"/"/H- 

*  fc  34.  e  4 

'
/
 



A 

CHEMICAL  CONCEPTION  OF  THE  ETHER 

In  his  '  Dictionnaire  Complet,'  P.  Larousse 
defines  the  ether  as  '  an  imponderable  elastic 
fluid,  filling  space  and  forming  the  source  of 

light,  heat,  electricity,  etc'  This  is  laconic,  but 
sufficient  to  raise  some  misgivings  in  the  mind 

of  a  thoughtful  man  of  science.  He  is  obliged 

to  admit,  in  the  ether,  the  properties  of  a  sub- 
stance (fluid),  while  at  the  same  time,  in  order  to 

explain  in  some  way  the  transmission  of  energy 

through  space  by  its  motion,  the  ether  is  assumed 

to  be  an  aU-pervading  '  medium.'  Moreover,  in 
order  to  explain  the  phenomena  of  light,  elec- 

tricity, and  even  gravity,  this  medium  is  supposed 

to  undergo  various  disturbances  (perturbations) 

and  changes  in  its  structure  (deformation),  Uke 

those  observed  in  solids,  liquids,  and  gases.  If 

the  fluid  medium  permeates  everything  and 

everywhere,  it  cannot  be  said  to  have  weight, 
B 



2    A   CHEMICAL  CONCEPTION   OF  THE   ETHER 

just  as  the  ponderability  of  air  could  not  be 

recognised  before  the  invention  of  the  air-pump. 
Yet  the  ether  must  have  weight,  because,  since 

the  days  of  Galileo  and  Newton,  the  quality 

of  gravitation  or  of  weight  forms  a  primary 

property  of  substances.  From  various  con- 
siderations Lord  Kelvin  came  to  the  conclusion 

that  a  cubic  metre  of  ether  should  weigh  about 

and  not  less  than  0000,000,000,000,000,1  grm., 

while  a  cubic  metre  of  the  lightest  gas,  hydrogen, 

weighs  90  grams  under  the  atmospheric  pressure. 

The  above-mentioned  misgivings  of  the  thought- 

ful scientist  begin  in  his  most  plausible  endea- 
vours to  ascribe  a  certain  weight  or  mass  to  the 

ether,  for  the  question  naturally  arises  :  At  what 

pressure  and  temperature  will  this  weight  be 

proper  to  ether  ?  For  at  infinitely  small  pressures 

or  exceedingly  high  temperatures  steam  or 

hydrogen  would  have  as  smaU  a  density  as  that 

given  by  Lord  Kelvin  for  the  ether.  And  as 

regards  the  density  of  the  ether  in  interplanetary 

space,  neither  steam  nor  hydrogen  would  have 

a  measurable  density  in  these  regions,  notwith- 

standing the  extreme  cold,  for  the  pressure  would 

be  infinitely  small.  Theoretically,  space  may  be 

supposed  to  be  filled  with  such  rarefied  residues 

of  vapours  and  gases.      And  this   view  even 
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corresponds  with  Kant's  and  Laplace's  and  other 
theories,  which  strive  to  explain  the  unity  of 

plan  in  the  creation  of  the  heavenly  bodies.  It 

also  accounts  for  the  uniformity  of  the  chemical 

composition  of  the  entire  universe,  demonstrated 

by  the  spectroscope,  as  it  gives  a  means,  through 

the  agency  of  such  ether,  of  interchange  between 

the  heavenly  bodies.  One  of  the  objects  of  an 

investigation  into  the  elasticity  or  compressibUity 

of  gases  under  low  pressure,  undertaken  by  me 
in  the  seventies,  was  to  trace,  as  far  as  the  then 

existing  methods  of  measuring  low  pressures 

permitted,  the  changes  proceeding  in  gases 

under  low  pressures.  The  discrepancies  from 

Boyle's  law  observed  (by  me  and  M.  Kirpitch- 
nikoff,  1874)  for  all  gases,  and  subsequently  con- 

firmed by  Ramsay  and  others  (although  still 

denied  by  some  investigators),  indicate  a  certain 

uniformity  in  the  behaviour  of  all  gases  and  a 

tendency  in  them  towards  a  certain  hmiting 

expansion  at  low  pressures,  just  as  there  is  a 
limit  to  compression  (hquefaction  and  the  critical 

state).  But  determinations  of  very  low  pressures 

are  accompanied  by  insurmountable  difficulties. 

It  proved  practically  impossible  to  measure, 

with  any  degree  of  accuracy,  pressures  under 

tenths  of  a  miUimetre  of  mercury,  and  this  is  far 
B  2 



4    A   CHEMICAL   CONCEPTION   OF  THE  ETHER 

too  large  a  figure  for  such  rarefied  media  as  are 

supposed  to  exist  at  an  elevation  of  even  50 
kilometres  above  the  sea  level.  Hence  the 

conception  of  the  ether  as  a  highly  rarefied 

atmospheric  gas  cannot  so  far  be  subjected 

to  experimental  investigation  and  measurement, 

which  alone  can  dii'ect  the  mind  in  the  right 
direction  and  lead  to  reUable  results. 

But,  beyond  this,  the  conception  of  the  ether 

as  a  hmiting  state  of  expansion  of  vapours  and 

gases  cannot  sustain  even  the  most  elementary 

analysis,  for  ether  cannot  be  understood  othenvise 

than  as  an  aU-pervading  ubiquitous  substance, 
and  this  is  not  the  property  of  either  gases  or 

vapom-s.  Both  the  latter  are  hquefiable  under 

pressm-e,  and  cannot  be  said  to  permeate  aU  sub- 
stances, although  they  are  widely  distributed  in 

nature,  even  ki  meteorites.  Moreover — and  this 

is  the  most  important — they  vary  infinitely  in 
their  chemical  nature  and  in  their  relations  to 

other  substances,  while  the  ether,  as  far  as  is 

known,  is  invariable.  Owing  to  the  variety  of 

theii*  chemical  properties,  aU  vapours  and  gases 
should  react  differently  on  the  bodies  which  they 

pemieate  if  they  were  components  of  the  ether. 

Before  proceeding  further,  I  think  it  neces- 
sary to  justify  the  chemical  views  here    and 
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elsewhere  brought  into  play.  In  the  days  of 

Galileo  and  Newton  it  was  possible,  although 

difficult,  to  conceive  ether  apart  from  them. 

But  now  it  would  be  contrary  to  the  most 

fundamental  principles  of  natural  science,  for 

chemistry,  since  Lavoisier,  Dalton,  and  Avogadro 

Gerhardt,  has  acquired  the  most  sacred  rights  of 

citizenship  in  the  great  company  of  the  natural 

sciences,  and  by  placing  the  mass  (weight)  of  a 

substance  among  its  paramount  conceptions  it 

has  followed  the  path  indicated  by  Galileo  and 

Newton.  Moreover,  chemistry  and  its  methods 

alone  have  promoted  in  science  a  desu-e  to 
apprehend  bodies  and  their  phenomena  in  their 

ultimate  relations,  through  a  conception  of  the 

reaction  of  their  infinitely  small  parts  or  atoms 

which  may  in  fact  be  regarded  as  indivisible  in- 
dividuals, having  nothing  in  common  with  the 

mechanically  indivisible  atoms  of  the  ancient 

metaphysicians.  There  are  many  proofs  of  this  ; 
it  will  suffice  to  mention  the  fact  that  the  atoms 

of  modern  science  have  often  been  explained  by 

vortex  rings,  that  there  was  formerly  a  strong 
inclination  to  conceive  the  chemical  atoms  as 

built  up  of  themselves,  or  of  a  '  primary  matter,' 
and  that  recently,  especially  in  speaking  of  the 

radio-active  substances,  a  division  of  chemical 
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atoms  into  yet  smaller  '  electrons '  begins  to  be 
recognised ;  all  of  which  would  be  logically  im- 

possible were  the  atom  regarded  as  mechanically 

indivisible.      Chemically    the    atoms    may    be 

Ukened  to  the  heavenly  bodies,  the  stars,  sun, 

planets,  satellites,  comets,  &c.     The  building  up 
of  molecules  from  atoms,  and  of  substances  from 

molecules,   is  then  conceived  to  resemble  the 

buUding  up  of  systems,  such  as  the  solar  system, 
or  that  of  twin  stars  or  constellations,  from  these 

individual  bodies.     This  is  not  a  simple  play  of 

words  in  modem  chemistry,  nor  a  mere  analogy, 

but  a  reaUty  which   directs   the   course   of  all 

chemical  research,  analysis,  and  synthesis.     Che- 
mistry has  its  own  microscope  for  investigating 

invisible  regions,  and  being  an  archi-real  science  it 
deals  aU  the  time  with  its  invisible  individualities 

without  considering  them  mechanically  indivisible. 
The  atoms  and  molecules  which  are  dealt  with 

in  aU  proviuces  of  modem  mechanics  and  physics 
cannot  be  other  than  the  atoms  and  molecules 

defined  by  chemistry,  for  this  is  required  by  the 

unity  of   science.      And    therefore   the  meta- 
physicians of  the  present  day  should,  for  the 

advancement  of  knowledge,  regard  atoms  in  the 

same  sense  as  that  in  which  they  are  understood 

by  natural  science  and  not  after  the  manner  of  the 
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ancient  metaphysicians  of  the  Chinese  or  Greek 

schools.  If  the  Newtonian  theory  of  gravity 

revealed  the  existence  of  forces  acting  at  in- 

finitely great  distances,  the  chemistry  of  Lavoi- 
sier, Dalton,  and  Avogadro  Gerhardt,  on  the 

other  hand,  disclosed  the  existence  of  forces 

of  immense  power  acting  at  infinitely  small  dis- 
tances, and  transmutable  into  all  other  forms  of 

energy,  mechanical  and  physical.  Thus  all  the 

present-day  fundamental  conceptions  of  natural 

science — and  consequently  the  conception  of  the 

ether — must  necessarily  be  considered  under  the 
combined  influence  of  chemical,  physical,  and 

mechanical  teachings.  Although  sceptical  in- 

difference is  prone  to  discern  only  a  '  working 

hypothesis '  in  the  conception  of  the  ether,  yet  the 
earnest  investigator,  seeking  the  reality  of  truth, 

and  not  the  image  of  fantasy,  is  forced  to  ask 
himself  what  is  the  chemical  nature  of  the  ether. 

Before  endeavom'ing  to  give  an  answer  re- 
specting the  chemical  nature  of  ether,  I  think  it 

necessary  to  state  my  opinion  regarding  the 

belief  held  by  some  in  the  unity  of  the  substance 

of  the  chemical  elements  and  then-  origin  from 
one  primaiy  form  of  matter.  According  to  this 
view,  ether  consists  of  this  primary  matter  in  an 

unassociated  form,  that  is,  not  in  the  form  of  the 
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elementary  atoms  or  molecules  of  substances,  but 

as  the  constituent  principle  out  of  which  the 
chemical  atoms  are  formed.  This  view  has 

much  that  is  attractive.  The  atoms  are  regarded 

as  proceeding  from  primary  matter  in  the  same 

way  as  celestial  bodies  are  sometimes  represented 

as  being  formed  from  disunited  bodies,  such  as 
cosmic  dust,  etc.  The  celestial  bodies  so  formed 

remain  suiToxinded  by  the  cosmic  dust,  etc.,  from 

which  they  took  their  origin.  So  also  the  atoms 

remain  in  the  midst  of  the  aU-pervading  and 
primary  ether  from  which  they  took  their  origin. 

Some  persons  assume  also  that  atoms  can  be 

spht  up  into  their  dust  or  primary  matter,  just 

as  comets  break  up  into  falling  stars ;  and  that,  as 

the  geological  changes  of  the  earth  or  the  build- 
ing up  and  dissociation  of  heavenly  bodies 

proceed  before  our  eyes,  so  also  do  the  atoms 

break  up  and  form  again  in  the  sUence  of  theu" 
eternal  evolution.  Others,  without  denying  the 

possibility  of  such  a  process  in  exceptional  rare 
cases,  consider  the  world  of  atoms  to  have  been 

estabhshed  once  for  all,  and  do  not  admit  the 

possibihty  of  decomposing  the  atom  into  its 

primary  matter,  or  of  forming  new  atoms  of  any 

chemical  element  fi'om  this  primary  matter  by 
experimental  means.      In  a  word,  they  regard 
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the  process  of  the  creation  of  atoms  as  finite  and 

not  subject  to  repetition,  while  they  consider  the 

ether  as  the  residue  remaining  after  the  forma- 
tion of  atoms.  This  view  need  not  be  considered 

here,  it  being  solely  the  fruit  of  imagination  and 

unproved  by  any  experimental  investigation. 

But  the  former  theory  of  a  progressive  evolution 

of  the  substance  of  atoms  cannot  be  passed  un- 
noticed by  chemistry,  for  fundamental  principles 

of  this  science  are  the  indestructibihty  of  matter 

and  the  immutability  of  the  atoms  forming  the 

elements.  If  ether  were  producible  from  atoms 

and  atoms  could  be  built  up  from  ether,  the 
formation  of  new  unlooked-for  atoms  and  the 

disappearance  of  portions  of  the  elements  during 

experiment  would  be  possible.  A  belief  in  such 

a  possibility  has  long  been  held  in  the  minds 

of  many  by  force  of  superstition ;  and  the  more 
recent  researches  of  Emmens  to  convert  silver 

into  gold,  and  those  of  Fittica  (1900)  to  prove  that 

phosphorus  can  be  transformed  into  arsenic,  show 

that  it  yet  exists.  In  the  fifty  years  during 

which  I  have  carefully  followed  the  records  of 

chemistry,  I  have  met  with  many  such  instances, 

but  they  have  always  proved  unfounded.  It  is 

not  my  purpose  here  to  defend  the  independent 

individuality  of  the  chemical  elements,  but  I 
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am  forced  to  refer  to  it  in  speaking  of  the  ether, 

for  it  seems  to  me  that,  besides  being  chemically 

invahd,  it  is  impossible  to  conceive  of  ether  as 

a  primary  substance,  because  such  a  substance 

should  have  some  mass  or  weight  and  also 

chemical  relations — mass  in  order  to  explain  the 
majority  of  phenomena  proceeding  at  aU  distances 

up  to  the  infinitely  great,  and  chemical  relations 

in  order  to  explain  those  proceeding  at  distances 

infinitely  small  or  commensurable  with  the  atoms. 

If  the  question  were  restricted  to  the  ether  which 

fills  space  and  serves  as  a  medium  for  the  trans- 

mission of  energy,  it  would  in  a  way  be  possi- 
ble to  limit  oneself  to  the  supposition  of  mass 

without  reference  to  its  chemical  relations  and 

even  to  consider  the  ether  as  a  primary  matter, 

just  as  the  mass  of  a  planet  may  be  conceived 

without  regarding  its  chemical  composition. 
But  such  an  indifferent,  indefinite  ether  loses  all 

sense  of  reality  and  awakens  the  misgivings  of  the 

earnest  investigator,  directly  he  reahses  that  it 

must  permeate  aU  substances.  The  necessity  of 

an  easy  and  perfect  permeation  of  all  bodies  by  the 

ether  has  to  be  admitted,  not  only  for  the  com- 
prehension of  many  physical  phenomena  (such 

as  those  of  optics),  but  also  owing  to  the  great 

elasticity  and  rarity  of  the  ethereal  substance. 
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the  atoms  of  which  are  always  conceived  as  being 
far  more  minute  than  the  atoms  and  molecules 

of  the  known  chemical  substances.  Moreover, 

this  permeability  of  ether  in  all  bodies  explains 

why  it  cannot  be  isolated  from  substances,  which 

indeed  behave  in  respect  to  ether  like  a  sieve  to 

water  or  air.  The  capacity  of  the  ether  to  pene- 
trate all  substances  may,  however,  be  regarded  as 

the  ideal  of  the  diffusion  of  gases  through  metals 

and  other  diaphragms.  Hydrogen,  which  has  a 

small  atomic  weight  and  is  the  lightest  of  aU 

known  gases,  not  only  diffuses  more  rapidly  than 

any  other  gas,  but  also  has  the  faculty  of  pene- 
trating through  walls  of  such  metals  as  platinum 

and  palladium,  which  are  impervious  to  other 

gases.  This  property  is  certainly  due,  not  only 

to  the  rapidity  of  the  motion  of  the  molecules 

of  hydrogen,  closely  connected  with  its  small 

density,  but  also  to  a  chemical  faculty  of  the  same 
kind  as  is  exhibited  in  the  formation  of  metallic 

hydrides,  of  solutions,  alloys,  and  other  indefinite 

compounds.  The  mechanism  of  this  penetration 

may  be  likened  (at  the  surface  of  the  body  pene- 
trated) to  the  solution  of  a  gas  in  a  liquid,  that 

is,  to  the  gaseous  particles  leaping  into  the  inter- 
stices between  the  particles  of  the  liquid  with  a 

retardation  of  their  motion  (a  partial  hquefaction 
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of  the  gas),  and  a  bringing  into  harmony  of  the 

motion  of  both  kinds  of  particles.  The  con- 
densed gas  absorbed  at  the  surface  of  contact 

travels  in  all  directions  through  the  body,  and 

diffuses  from  one  layer  to  another  until  it 

entirely  permeates  it.  The  possibility  of  gaseous 

hydrogen  acting  thus  is  evident  from  the  fact 

that  even  gold  diflftises  through  solid  lead  under 

the  same  force.  At  length,  at  the  opposite 

surface  of  the  body  penetrated,  the  condensed 

gas  will  find  it  possible  to  escape  into  greater 

freedom,  and  wOl  continue  to  pass  in  this  direc- 

tion until  its  degi-ee  of  concentration  becomes  the 
same  on  both  sides.  When  this  takes  place  it 

does  not  set  up  a  state  of  rest,  but  one  of  mobile 

equUibrium,  that  is,  equal  numbers  of  molecules 

or  atoms  will  escape  and  leap  in  on  the  two  sides. 

If,  as  it  must,  ether  have  the  faculty  of  permeat- 
ing all  substances,  it  must  be  even  lighter  and 

more  elastic  (greater  vis  viva)  than  hydrogen,  and, 

what  is  most  important,  must  have  a  less  capacity 

than  hydi'ogen  to  form  chemical  compounds 
with  the  bodies  it  permeates.  Compounds  are 

characterised  by  the  fact  that  the  diverse  atoms 

in  them  form  systems  or  molecules,  in  which  the 

different  elements  are  in  compatible,  harmonious 

motion.     We  must  therefore  suppose  that  such 
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a  state  of  harmonious  motion,  of,  for  instance, 

hydrogen  and  palladium,  is  actually  set  up  in 

those  atoms  of  hydrogen  which  permeate  the 

palladium,  and  that  in  so  doing  it  forms  with 

the  palladium  some  compound  (either  PdjH  or 

another)  which  easUy  dissociates  when  heated. 
Hence  it  seems  to  me  that  the  atoms  of  ether 

are  so  void  of  this  faculty  of  forming  compounds 

(which  is  ah'eady  weak  in  hydrogen)  that  such 
compounds  dissociate  at  aU  temperatures,  and 

that  therefore  nothing  beyond  a  certain  conden- 
sation among  the  atoms  of  substances  can  be 

looked  for  in  the  ether. 

Eight  years  ago,  it  would  have  been  most 

arbitrary  to  deny  the  existence,  in  the  substance 

or  atoms  of  ether,  of  the  faculty  of  forming  any 

compounds  with  other  chemical  elements,  for  in 

those  days  all  the  known  elements  were,  directly 

or  indirectly,  capable  of  entering  into  mutual 

combination.  But  in  1894  Lord  Rayleigh  and 

Professor  Ramsay  discovered  argon,  and  defined 
it  as  the  most  inactive  element ;  this  was  followed 

by  the  discovery  of  helium,  the  existence  of  which 

Lockyer  had  predicted  by  its  spectrum  as  a  solar 

element,  and  subsequently  by  the  separation  of 

neon,  krypton,  and  xenon  from  air.  None  of 

these  five  new  gases  have  yet  given  any  definite 
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compounds,  although  they  clearly  evince  the 

faculty  of  solution,  i.e.  of  forming  indefinite, 

easily  dissociated  compounds.  Thus  we  have 

now  every  right  to  say  that  the  ether  is  unable  to 

form  any  stable  compounds  with  other  chemical 

atoms,  although  it  permeates  aU  substances. 

Hence  the  ether  may  he  said  to  be  a  gas,  like 

helium  or  argon,  incapable  oj  chemical  com- 
bination. This  definition  of  ether  requires  further 

consideration.  The  recognition  of  the  ether  as 

a  gas,  signifies  that  it  belongs  to  the  category  of 

the  ordinary  physical  states  of  matter,  gaseous, 

liquid,  and  sohd.  It  does  not  require  the  re- 
cognition of  a  peculiar  fourth  state  beyond  the 

human  understanding  (Crookes).  All  mystical, 

spuitual  ideas  about  ether  disappear.  In 

calling  ether  a  gas,  we  understand  a  '  fluid '  in 
the  widest  sense ;  an  elastic  fluid  having  no 

cohesion  between  its  parts.  Furthermore,  if 

ether  be  a  gas,  it  has  weight ;  this  is  indisputable, 
unless  the  whole  essence  of  natural  science,  from 

the  days  of  Galileo,  Newton,  and  Lavoisier,  be 

discarded  for  its  sake.  But  since  ether  possesses 

so  great  a  penetrative  power  that  it  passes 

through  every  envelope,  it  is,  of  course,  im- 
possible to  experimentally  determine  its  mass  in 

a  given  amount  of   other   substances,  or  the 
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weight  of  a  given  volume  of  ether.  We  ought, 

therefore,  not  to  speak  of  the  imponderability  of 

ether,  but  only  of  the  impossibiUty  of  weighing  it. 

The  preceding  remarks  are  in  exact  accord- 
ance with  the  generally  accepted  conception  of 

ether.  The  only  addition  made  is  to  ascribe 

to  ether  the  properties  of  a  gas,  like  argon  and 

hehum,  utterly  incapable  of  entering  into  true 

chemical  combination.  This  point  hes  at  the 

basis  of  our  investigation  into  the  chemical 

nature  of  ether,  and  includes  the  following  two 

fundamental  propositions :  (1)  that  the  ether  is 

the  lightest  (in  this  respect  ultimate)  gas,  and  is 

endowed  with  a  high  penetrating  power,  which 

signifies  that  its  particles  have,  relatively  to  other 

gases,  small  weight  and  extremely  high  velocity, 

and  (2)  that  ether  is  a  simple  body  (element)  in- 
capable of  entering  into  combination  or  reaction 

with  other  elements  or  compounds,  although 

capable  of  penetrating  their  substance,  just  as 

helium,  argon,  and  their  analogues  are  soluble 

in  water  and  other  liquids. 

The  argon  group  of  gases  and  the  periodic 

system  of  the  elements  have  such  a  close 

bearing  upon  our  further  consideration  of  the 
chemical  nature  of  ether  that  it  behoves  us  to 

look  at  them  more  closely. 
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When  in  1869  I  first  showed  the  periodic 

dependence  of  the  properties  of  the  elements 

upon  theii-  atomic  weights,  no  element  incapa- 
ble of  foiming  definite  compounds  was  known, 

nor  was  the  existence  of  such  an  element  even 

suspected.  Therefore  the  periodic  system  was 

arranged  by  me  in  groups,  series,  and  periods, 

starting  in  group  I.  and  series  I.,  with  hydrogen 

as  the  hghtest  and  least  dense  of  all  the 

elements.  It  never  occurred  to  me  that  hydro- 

gen might  be  the  starting-point  of  a  system 
of  elements.  Guided  by  this  system,  I  was 

able  to  predict  both  the  existence  of  several 

unknown  elements  and  also  theii*  physical  and 
chemical  properties  in  a  free  and  combined 

state.  These  elements,  gallium,  scandium, 

and  germanium,  were  subsequently  discovered 

by  Lecoq  de  Boisbaudi-an,  NUson,  and  Winkler 
respectively.  I  made  these  predictions  by 

following  what  is  known  in  mathematics  as  a 

method  of  intei-polation,  that  is,  by  finding  inter- 
mediate points  by  means  of  two  extreme  points 

whose  relative  position  is  known.  The  fact  of 

my  predictions  having  proved  true  confirmed 

the  periodic  system  of  the  elements,  which  may 

now  be  considered  as  an  absolute  law.  So  long 
as  the  law  remained  unconfirmed,  it  was  not 
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possible  to  extrapolate  {i.e.  to  determine  points 

beyond  the  limits  of  the  known)  by  its  means, 

but  now  such  a  method  may  be  followed,  and 

1  have  ventured  to  do  so  in  the  following 

remarks  on  the  ether,  as  an  element  Ughter 

than  hydrogen.  My  reason  for  doing  this  was 

determined  by  two  considerations.  In  the 

first  place,  I  think  I  have  not  many  yeai-s  for 
delay  ;  and,  in  the  second  place,  in  recent  years 
there  has  been  much  talk  about  the  division 

of  atoms  into  more  minute  electrons,  and  it 
seems  to  me  that  such  ideas  are  not  so  much 

metaphysical  as  metachemical,  proceeding  from 

the  absence  of  any  definite  notions  upon  the 

chemism  of  ether,  and  it  is  my  desire  to  replace 

such  vague  ideas  by  a  more  real  notion  of  the 
chemical  nature  of  the  ether.  For  until  some  one 

demonstrates  either  the  actual  transformation 

of  ordinary  matter  into  ether,  or  the  reverse, 
or  else  the  transformation  of  one  element  into 

another,  I  consider  that  any  conception  of  the 

division  of  atoms  is  contrary  to  the  scientific 

teaching  of  the  present  day ;  and  that  those 

phenomena  in  which  a  division  of  atoms  is 

recognised  would  be  better  understood  as  a 

separation  or  emission  of  the  generally  recognised 

and  aU-permeating  ether.     In  a  word,  it  seems 
c 
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to  me  that  the  time  has  amved  to  speak  of  the 
chemical  nature  of  ether,  all  the  more  so  since,  so 

far  as  I  know,  no  one  has  spoken  at  all  definitely 

on  this  subject.  When  I  apphed  the  periodic 

law  to  the  analogues  of  boron,  aluminium,  and 

silicon,  I  was  thirty-three  years  younger  than 
now,  and  I  was  perfectly  confident  that  sooner 

or  later  my  prediction  would  be  fulfilled.  Now 

I  see  less  clearly  and  my  confidence  is  not  so 

great.  Then  I  risked  nothing,  now  I  do.  This 

requu'ed  some  courage,  which  I  acquired  when 
I  saw  the  phenomena  of  radio-activity.  I  then 
saw  that  I  must  not  delay,  that  perhaps  my 

imperfect  thoughts  might  lead  some  one  to  a 

surer  path  than  that  which  was  opened  to  my 
enfeebled  vision. 

First,  I  win  treat  of  the  position  of  helium, 

argon,  and  their  analogues  in  the  periodic  system  ; 

then  of  the  position  of  ether  in  this  system  ; 

and  conclude  with  some  remarks  on  the  probable 

properties  of  ether  according  to  the  position  it 

occupies  in  the  periodic  system. 

When,  ia  1895,  I  first  heard  of  argon  and  its 

great  chemical  inertness,  I  doubted  the  ele- 
mentary nature  of  the  gas,  and  thought  it  might 

be  a  polymeride  of  nitrogen  Ng,  just  as  ozone, 

O3,  is  a  poljTneride  of  oxygen,  with  the  difference 
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that,  while  ozone  is  formed  from  oxygen  with  the 

absorption  of  heat,  argon  might  be  regarded  as 

nitrogen  deprived  of  heat.  In  chemistry  nitrogen 

was  always  regarded  as  the  type  of  chemical  inert- 
ness, i.e.  of  an  element  which  enters  into  reaction 

with  great  difficulty,  and  if  its  atoms  lost  heat 

in  becoming  condensed  by  polymerisation  from 

Nj  to  N3,  it  would  form  a  still  less  active  body  ; 

just  as  silica,  which  is  formed  from  sihcon  and 

oxygen  with  the  evolution  of  heat,  is  more  inert 

than  either  of  them  separately.  Berthelot  sub- 
sequently published  a  similar  view  on  the  nature 

of  argon,  but  I  have  now  long  discarded  this  and 

consider  argon  to  be  an  independent  element,  as 

Ramsay  held  it  to  be  from  the  very  beginning. 

Many  reasons  induced  me  to  adopt  this  view,  and 

chiefly  the  facts  that  (1)  the  density  of  argon  is 

certainly  much  below  21,  namely  about  19,  that  of 

H  being  1,  while  the  density  of  N3  would  be  about 

21,  for  the  molecular  weight  of  N3  =  14  x  3  =  42 
and  the  density  should  be  half  this  ;  (2)  hehum, 

discovered  by  Ramsay  in  1895,  has  a  density  of 

about  2  referred  to  hydrogen,  and  exhibits  the 

same  chemical  inactivity  as  argon,  and  in  its  case 

this  inactivity  can  certainly  not  be  due  to  a 

complexity  of  its  molecule  ;  (3)  in  their  newly 

discovered  neon,  krypton,  and  xenon,  Ramsay  and 
c  2 
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Travel's  found  a  similar  inactivity  which,  in  these 
cases  also,  could  not  be  explained  by  polymerisa- 

tion ;  (4)  the  independent  nature  of  the  separate 

spectra  of  these  gases,  and  the  invariability  of 
these  spectra  under  the  influence  of  electric 

sparks,  proved  that  they  belong  to  a  family  of 
elementary  gases  different  from  all  other  elements, 

and  (5)  the  gi-aduation  and  definite  character  of 
the  physical  properties  in  dependence  upon  the 
density  and  atomic  weight  further  confirm  the 

fact  of  their  being  simple  bodies,  whose  in- 

dividuality, in  the  absence  of  chemical  reactions, 

can  only  be  affirmed  from  the  constancy  of  their 

physical  features.  An  instance  of  this  is  seen  in 

the  boiling  points  (at  760  m.m.)  or  temperatures 

at  which  the  vapour  pressures  equal  the  atmo- 

spheric pressure  and  at  which  the  liquid  and 

gaseous  phases  are  co-existent : 

Atomic  weight     . 
Observed   density 
Observed    boiling 

point 

Helium Neon 
Argon Krypton 

Xenon 

4 
2 

19-9 

9-95 
38 

18-8 
81-8 

40-6 

128 

63-6 -262° -239° -187° 
-152° 

-100° This  recalls  the  halogen  group  : 

- Fluorine Chlorine Bromine Iodine 

Molecular  weight . 
Vapour  density 
Boiling  point 

38 
19 

-187° 
79-9 

35-5 

-34° 

159-9 

80 

+  57-7° 

264 

127 

+  183-7° 
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In  both  cases  the  boiling  point  clearly  rises 

with  the  atomic  or  molecular  weight.  When 

the  elementary  nature  of  the  argon  analogues 

and  their  characteristic  chemical  inactivity  were 

once  proved,  it  became  essential  that  they 

should  take  their  place  in  the  periodic  system  of 

the  elements  ;  not  in  any  of  the  known  groups 

but  in  a  special  one  of  their  own,  for  they 

exhibited  new,  hitherto  unknown  chemical  pro- 
perties, and  the  periodic  system  embraces  in 

different  groups  those  elements  which  are  ana- 
logous in  their  fundamental  chemical  properties, 

although  not  in  dependence  upon  these  properties 

but  upon  their  atomic  weight,  which  apparently 

— ^previous  to  the  discoveiy  of  the  periodic  law — 
stands  in  no  direct  relation  to  these  properties. 

This  was  a  critical  test  for  the  periodic  law  and 

the  analogues  of  argon,  but  they  both  stood 

the  test  with  perfect  success  ;  that  is,  the  atomic 

weights,  calculated  from  the  observed  densities, 

proved  to  be  in  perfect  accordance  with  the 

periodic  law. 

Although  I  assume  that  the  reader  is  ac- 
quainted with  the  periodic  law,  yet  it  may  be 

well  to  mention  that  if  the  elements  be  arranged 

in  the  order  of  their  atomic  weights  it  will  be 
found  that  similar  variations  in  their  chemical 
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properties  repeat  themselves  periodically,  and 
that  the  order  of  the  faculty  of  the  elements  to 

combine  with  other  elements  also  corresponds 

with  the  order  of  their  atomic  weights.  This  is 

seen  in  the  following  simple  example. 

AH  the  elements  having  an  atomic  weight  of 

not  less  than  7  and  not  more  than  35*5  fall  into 
two  series : 

Li  =  7-0  Be  =  91  B  =  110  C  =  120  N  =  14-0  0  =  16  F  =  190 
Litfaiam      Beryllium         Boron  Oarbon        Nitrogen     Oxygen     Fluorine 

Na=23-0Mg  =  24-3  Al  =  27-0  Si  =  28-4  P  =  31-0  8  =  321  Cl  =  35-5 
Sodium       Magnesium     Alnminium      Silicon     Phosphorus     Snlphor      Chlorine 

Each  pair  of  elements  present  a  great 

similarity  in  their  chief  properties ;  this  is  espe- 
cially marked  in  the  higher  saUne  oxides,  which 

in  the  lower  series  are  : 

NajO,  MgO,  AI2O3,  SiOa,  P^Os,  SO3,  CljO,, 
or 

NajO,  MgjOij,  AljOs,  Si204,  PjOg,  S^Oj,  CI2O7. 

Thus  the  atomic  order  of  the  elements  exactly 

corresponds  to  the  arithmetical  order  from  1  to  7. 

So  that  the  groups  of  the  analogous  elements 

may  be  designated  by  the  Bxjman  ciphers  I 

to  VII :  and  when  it  is  said  that  phosphorus 

belongs  to  group  V,  it  signifies  that  it  forms  a 

higher  saline  oxide  P2O6.  And  if  the  analogues 

of  argon  do  not  form  any  compounds  of  any 

kind,  it  is  evident  that  they  cannot  be  included 
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in  any  of  the  groups  of  the  previously  known 

elements,  but  should  form  a  special  zero  group 

which  at  once  expresses  the  fact  of  their  chemical 

indifference.  Moreover,  their  atomic  weight 

should  necessarily  be  less  than  those  of  group 

I :  Li,  Na,  K,  Rd,  and  Cs,  but  greater  than 

those  of  the  halogens,  F,  CI,  Br,  and  I,  and  this 

a  priori  conclusion  was  subsequently  confirmed 

by  fact,  thus  : 
Halogens Argon  analogues Alkali  metals 

He=4-0 Li=7-03 F=19 
Ne=19-9 Na=23-05 

Cl=:35-5 Ar=38 
K=391 

Br=79-95 Kr=81-8 Rh=85-4 1=127 Xe=128 
Cs=  132-9 

The  five  well-known  alkali  metals  correspond 
to  the  newly  discovered  argon  analogues,  and  the 

atomic  weights  of  both  exhibit  the  same  common 

law  of  periodicity.  But  the  halogens  and  alkali 

metals  are  the  most  chemically  active  among 

the  elements,  and  are,  moreover,  of  opposite 

chemical  character,  the  first  being  particularly 

prone  to  react  with  metals  and  the  others  with 

metalloids,  the  former  appearing  at  the  anode 

and  the  latter  at  the  cathode.  They  must  there- 
fore stand  at  the  two  extremes  of  the  periodic 

system,  as  in  the  scheme  on  page  24. 

Although   this  arrangement  best  expresses 
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the  periodic  law,  the  distribution  of  the  elements 

according  to  groups  and  series  in  the  table  on 

page  26  is  perhaps  clearer. 

Here  x  and  y  stand  for  two  unknown  elements 

having  atomic  weights  less  than  that  of  hydrogen, 
whose  discovery  I  now  look  for. 

A  reference  to  the  above  remarks  on  the 

argon  gi'oup  of  elements  shows  first  of  all  that 
such  a  zero  group  as  they  correspond  to  could 

not  possibly  have  been  foreseen  under  the  con- 
ditions of  chemical  knowledge  at  the  time  of 

the  discoveiy  of  the  periodic  law  in  1869  ;  and, 

although  I  had  a  vague  notion  that  hydrogen 

might  be  preceded  by  some  elements  of  less 

atomic  weights,  I  dared  not  put  forward  such  a 

proposal,  because  it  was  purely  conjectural,  and  I 

feared  to  injure  the  first  impression  of  the  periodic 

law  by  its  introduction.  Moreover,  in  those  days 

the  question  of  the  ether  did  not  awaken  much 

interest,  for  electrical  phenomena  were  not  then 

ascribed  to  its  agency,  and  it  is  this  that  now 

gives  such  importance  to  the  ether.  But  at  the 

present  time,  when  there  can  be  no  doubt  that  the 

hydrogen  group  is  preceded  by  the  zero  group 

composed  of  elements  of  less  atomic  weights,  it 

seems  to  me  impossible  to  deny  the  existence  of 

elements  lighter  than  hydrogen. 
Let  us  first  consider  the  element  in  the  first 



26    A   CHEMICAL  CONCEPTION   OF  THE  ETHER 

iziizi 

I" 

S3 

Is 

s« 
is 

I" 

Mp3 

Is 

5:1 
3  II a  II 

II Sll 

5*? 

a  II 
COqq 

65 

a 

1°
 

la r 

i  II 

pp 

S  II 

S'Pt 

i  II i>i> 

as 

.a  a 

a=> 

oeq 

'43  II 

OS 

a  II 

.3(3 

S  II 

a 

3S 

111 

eg 

mm 
.g  II 

I- S  II 

o  o 
moQ ^  > 

■gcD 

Sll iHtH 

II 

a  II 

K^h4 

P 

a 
33 

^S 

as 

^^ 

3- 
&!', 

&^ 
M  II 

1 mm 
DO 

Sll 

^  II
 

|8 

a» 

mm n as 

.g  II 

'0 

^3 

P3P3 

Is 

bk 

doa 

all 

1"
 

Sll 

fiw. iS 

fH n 

03 

-«< 

MM 
ill 

^_ 
C0 

►• 

CO 



A  CHEMICAL  CONCEPTION  OF  THE  ETHER  27 

series  of  the  zero  group.  It  is  designated  by  y. 

It  will  evidently  exhibit  all  the  fundamental 

properties  of  the  argon  gases.  But  first  we  must 

have  an  approximate  idea  of  its  atomic  weight. 
To  do  this,  let  us  consider  the  ratio  of  the  atomic 

weights  of  two  elements  belonging  to  the  same 

group  in  neighbouring  series.  Starting  with 

Ce  =  140  and  Sn  =  119  (here  the  ratio  is  1-18), 
this  ratio,  in  passing  to  the  lower  groups  and 

series,  increases  constantly  and  fairly  uniformly 

as  the  atomic  weights  of  the  elements  under 

comparison  decrease.  But  we  will  limit  our 

calculation  to  the  first  and  second  series,  starting 

with  CI  =  35  "45  ;  for  (1)  we  are  exclusively  con- 
cerned with  the  Ughtest  elements,  (2)  the  ratio 

of  the  atomic  weights  is  more  accurate  for  these 

elements,  and  (3)  the  small  periods  of  the  typical 
elements  (which  should  include  the  elements 

lighter  than  hydrogen)  terminate  with  chlorine. 

As  the  atomic  weight  of  chlorine  is  35*45  and 
that  of  fluoi-ine  19-0,  the  ratio  CI  :F  =  35-4 :  19-0  = 

1*86  ;  so  also  we  find : 

Group  VII    CI    :  F   =1-86 
VI    S    :  O  =200 

V    P     :  N  =2-21 
IV    Si    :  C  =2-37 
III    Al   :  B  =2-45 

II    Mg:Be=2-67 
I    Na   :  Li  =3-28 
0    Np.  :  He=4-98 
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This  proves  that  the  ratio  in  the  given  series 

distinctly  and  progi'essively  increases  in  passing 
from  the  higher  to  the  lower  groups ;  and, 

moreover,  that  it  varies  most  rapidly  between  the 

first  and  zero  groups.  It  foUows  therefore  that 

the  ratio  He  :  y  will  be  considerably  greater  than 

the  ratio  Li :  H  which  is  6 '97,  so  that  the  ratio 
He :  y  wiU  be  at  least  10  and  probably  even 

greater.  Hence,  as  the  atomic  weight  He  =  4*0, 
the  atomic  weight  of  y  wiU  be  not  greater  than 

~  -  =  0*4  and  probably  less.     Such  an  analogue 

of  heUum  may  perhaps  be  found  in  coronium, 

whose  spectrum,  clearly  visible  in  the  solar 

corona  above  (that  is,  further  from  the  sun  than) 

that  of  hydrogen,  is  simple  Uke  that  of  hehum, 

which  seems  to  indicate  that  it  belongs  to  a  gas 

resembling  helium,  which  was  also  predicted 

from  its  spectrum  by  Lockyer,  Young  and 

Harkness  independently  observed  the  spectrum 

of  this  unknown  element  during  the  solar  eclipse 

of  1 869.  It  is  characterised  by  a  bright-green  line 

of  wave  length  531'7iu,ju.,  while  heUum  is  charac- 
terised by  a  yellow  line,  587/*/*.  Nasini,  Anderlini, 

and  Salvadori  think  that  they  discovered  traces 

of  coronium  in  their  observations  on  the  spectra 

of  volcanic  gases  (1893).     And  as  the  lines  of 



A   CHEMICAL  CONCEPTION   OF  THE   ETHER  29 

coronium  were  also  observed,  even  at  distances 

many  times  the  radius  of  the  sun  above  its 

atmosphere  and  protuberances,  where  the  hy- 
drogen Unas  are  no  longer  visible,  it  is  evident 

that  coronium  should  have  a  less  density  and 

atomic  weight  than  hydrogen.  Moreover,  as  the 

ratio  of  the  specific  heats  (at  a  constant  pressure 

and  for  a  constant  volume)  of  helium,  argon, 

and  their  analogues  gives  reason  for  thinking 
that  their  molecules  (i.e.  the  amount  of  matter 

occupying,  according  to  Avogadro-Gerhardt's 
law,  a  volume  equal  to  the  volume  of  two  parts 

by  weight  of  hydrogen)  contain  only  one  atom 

(Uke  mercury,  cadmium,  and  most  metals),  it 

follows  that,  if  0*4  be  the  greatest  atomic  weight 
of  the  element  y,  its  density  referred  to  hydrogen 

should  be  less  than  0*2.  Consequently  the  mole- 
cules of  this  gas  will,  according  to  the  kinetic 

theory  of  gases,  move  2*24  times  faster  than 
those  of  hydrogen,  and  if,  as  Stoney  (1894-1898) 
and  Rostovsky  (1899)  endeavour  to  prove,  the 

progressive  motion  of  the  molecules  of  hydrogen 
and  hehum  be  such  that  they  can  leap  out  of  the 

sphere  of  the  earth's  attraction,  then  a  gas  whose 
density  is  at  least  five  times  less  than  that  of 

hydrogen  could  cex-tainly  only  exist  in  the  atmo- 
sphere of  a  body  having  as  great  a  mass  as  the  sun. 
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However,  this  y — coronium  or  some  other 

gas  with  a  density  about  0*2 — cannot  possibly 
be  ether,  its  density  being  too  great.  It 

wanders,  perhaps  for  ages,  in  the  regions  of 

space,  breaks  from  the  shackles  of  the  earth  and 

again  comes  within  its  sphere,  but  stiU  it  cannot 

escape  from  the  regions  of  the  sun's  attraction, 
and  there  are  many  heavenly  bodies  of  greater 
mass  than  the  sun.  But  the  atoms  of  ether 

must  be  of  another  kind  ;  they  must  be  capable 

of  overcoming  even  the  sun's  attraction,  of  freely 
permeating  aU  space,  and  of  penetrating  every- 

thing and  everywhere.  The  element  y,  however, 

is  necessary  for  us  to  be  able  to  mentally  realise 

the  hghtest  and  therefore  swiftest  element  x, 

which  I  consider  may  be  looked  upon  as  the  ether. 

We  have  seen  that,  besides  the  ordinary 

groups  of  the  chemically  active  elements,  a  zero 

group  of  chemically  inactive  elements  must  now 

be  recognised  for  helium,  argon,  and  their  ana- 

logues. Thanks  to  Ramsay's  exemplary  re- 
searches, these  elements  are  now  tangible  reaMties, 

authentic  gases  foreign  to  chemical  association, 

that  is,  distinguished  by  their  specific  property  of 

not  being  chemically  attracted  to  each  other  or 

to  other  atoms  even  at  infinitely  small  distances, 

and  yet  having  weight,  that  is,  subject  to  the 
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laws  of  attraction  of  mechanics,  which  has 

nothing  in  common  with  chemical  attraction. 

There  is  some  hope  that  gravity  may  in  some 

way  or  another  be  explained  by  means  of  pres- 
sure or  impact  acting  from  all  sides,  but  chemical 

attraction,  which  only  acts  at  infinitely  small 

distances,  wiU  long  remain  an  incomprehensible 

problem.  The  problem  of  the  ether  is  more  or  less 

closely  connected  with  that  of  gravity,  and  gains 

in  simphcity  when  aU  question  of  the  chemical 
attraction  of  the  atoms  of  ether  is  excluded,  and 

this  is  accomphshed  by  placing  it  in  the  zero 

group.  But  if  the  series  of  the  elements  begins 

with  series  I  containing  hydrogen,  the  zero 

group  has  no  place  for  an  element  lighter  than 

y,  hke  ether.  I  therefore  add  a  zero  series, 

besides  a  zero  group,  to  the  periodic  system,  and 

place  the  element  x  in  this  zero  series,  regarding 

it  (1)  as  the  lightest  of  aU  the  elements  both  in 

density  and  atomic  weight ;  (2)  as  the  most 

mobile  gas  ;  (3)  as  the  element  least  prone  to 
enter  into  combination  with  other  atoms,  and 

(4)  as  an  all-permeating  and  penetrating  sub- 
stance. Of  course,  this  is  a  hypothesis,  but  it  is 

not  one  constructed  for  purely  '  working '  ends, 
but  simply  from  a  desire  to  extend  the  real 

periodic  system  of  the  known  elements  to  the 
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confines  or  limits  of  the  lowest  dimensions  of 

atoms,  which  I  cannot  and  will  not  regard  in 

the:?l^ht  of  a  simple  nullity  called  mass. 
Being  unable  to  conceive  the  formation  of 

the  known  elements  from  hydrogen,  I  can  neither 

regard  them  as  being  formed  from  the  element 

X,  although  it  is  the  lightest  of  aU  the  elements. 

I  cannot  admit  this,  not  only  because  no  fact 

points  to  the  possibility  of  the  transformation  of 

one  element  into  another,  but  chiefly  because  I 

do  not  see  that  such  an  admission  would  in  any 

way  facilitate  or  simpUfy  our  understanding  of 

the  substances  and  phenomena  of  nature.  And 

when  I  am  told  that  the  doctrine  of  unity  in  the 

material  of  which  the  elements  are  built  up 

responds  to  an  aspiration  for  unity  in  aU  things, 

I  can  only  reply  that  at  the  root  of  all  things  a 
distinction  must  be  made  between  matter,  force, 

and  mind ;  that  it  is  simpler  to  admit  the  germs 

of  individuality  in  the  material  elements  than 

elsewhere,  and  that  no  general  relation  is  possible 

between  things  unless  they  have  some  individual 
character  resident  in  them.  In  a  word,  I  see  no 

object  in  following  the  doctrine  of  the  unity  of 

matter,  while  I  clearly  see  the  necessity  of  re- 

cognising the  unity  of  the  substance  of  the  ether 

and  of  realising  a  conception  of  it,  as  the  utter- 
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most  limit  of  that  process  by  which  all  the  other 

atoms  of  the  elements  were  formed  and  by 
which  aU  substances  were  formed  from  these 

atoms.  To  me  this  kind  of  unity  is  far  more 

real  than  any  conception  of  the  formation 

of  the  elements  from  a  single  primary  matter. 

Neither  gravity  nor  any  of  the  problems  of 

energy  can  be  rightly  understood  without  a  real 

conception  of  the  ether  as  a  universal  medium 

transmitting  energy  at  a  distance.  Moreover, 

a  real  conception  of  ether  cannot  be  obtained 

without  recognising  its  chemical  nature  as  an 

elementary  substance,  and  in  these  days  no 

elementary  substance  is  conceivable  which  is  not 

subject  to  the  periodic  law. 
I  wiU  therefore,  in  conclusion,  endeavour  to 

show  what  consequences  should  foUow  from  the 

above  conception  of  the  ether,  from  an  experi- 
mental or  realistic  point  of  view,  even  should  it 

never  be  possible  to  isolate  or  combine  or  in  any 

way  grasp  this  substance. 

Although  it  was  possible  to  approximately 

determine  the  atomic  weight  of  the  element  1/ 
on  the  basis  of  that  of  heUum,  this  cannot  be 

repeated  for  the  element  x,  because  it  Ues  at  the 

frontier  or  limit,  about  the  zero  point  of  the  atomic 

weights.      Moreover,  the  analogues  of  hehum 
D 
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cannot  serve  as  a  basis  owing  to  the  uncertainty  of 
their  numerical  data.  However,  if  the  ratio  of  the 

atomic  weights  be  Xe  :  Kr=l*56  :  1 ;  Kr  :  Ai= 
2-15  : 1 ;  and  Ar  :  He=9-5  : 1,  we  find  that  He  :  x 

=  23*6  :  1 ;  or  if  He =4*0,  that  the  atomic  weight 
of  ■r=0-17.  This  must  be  considered  the  maxi- 

mum possible  value.  Most  probably  the  atomic 

weight  of  X  is  far  less,  for  the  following  reasons. 

If  the  gas  in  question  be  an  analogue  of  heUum, 

its  molecule  will  contain  one  atom,  and  there- 

fore its  density,  referred  to  that  of  hydrogen, 

must  be  about  half  its  atomic  weight  or  —,  where 

X  is  the  atomic  weight.  In  order  to  be  able  to 

permeate  throughout  all  space,  its  density  must  be 

so  small,  compared  with  that  of  hydrogen,  that 
its  molecular  motion  would  allow  it  to  overcome 

the  attraction,  not  only  of  the  earth  and  sun,  but 
also  of  all  the  stars,  as  otherwise  it  would 

accumulate  about  the  largest  mass  and  not  fill 

all  space.  The  velocity  of  the  molecular  motion 

of  a  gas  by  which  the  gaseous  pressure  is  deter- 

mined— by  the  number  of  impinging  particles 

and  their  vis  viva — is  calculated  according  to  the 

kinetic  theory  of  gases,  by  an  expression  con- 
taining a  constant  divided  by  the  square  root  of 

the  density  of  the  gas  and  multiplied  by  the 
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square  root  of  (1  +  at)  whichjexpresses  the  expan- 
sion of  the  gas  by  heat.  In  the  case  of  hydrogen 

(density  =  1)  at  ̂ =0°,  the  mean  velocity  of  the 
particles,  calculated  on  the  basis  that  a  litre  of 

hydrogen  at  0°  and  760  ni.ra.  weighs  about  0*09 
grms.,  is  1843  metres  a  second,  that  of  oxygen 

being   461   metres,  for  its  density  is  16  times 

that  of  hydrogen,  i.e.  v  =  —7—=  "^^l.  Thus  the 

velocity  increases  as  the  density  becomes  less  and 

as  the  temperature  becomes  greater,  but  does  not • 

depend  upon  the  number  of  molecules  in  a  given 

volume  ;  and  if  our  gas  have  an  atomic  weight  cc 

and  density  (referred  to  hydrogen)  -,  then  the 

velocity  of  its  molecules  wiU  be  : 

t;  =  1843A/2(T+^)      ...     (1) 

In  this  expression  x  is  the  unknown  quantity,  to 

find  which  we  must  know  t  and  v,  or  the  velocity 

requii'cd  by  the  particles  to  escape  from  the 

sphere  of  the  earth's,  sun's,  and  stars'  attraction, 

like  the  projectile  in  Jules  Verne's  '  Voyage  to 

the  Moon.' 
As  regards  the  temperature  of  space,  this  can 

only  be  regarded  as  the  absolute  zero  by  those 

who  deny  the  material  nature  of  the  ether,  for 
D   2 
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temperature  in  a  perfect  vacuum  or  in  space 

devoid  of  matter  is  an  absurdity,  and  a  solid  such 
as  an  aerolite  or  thermometer  introduced  into  such 

space  would  alter  the  temperature,  not  by  contact 

with  the  surrounding  medium,  but  solely  by  radia- 
tion. But  if  space  be  filled  with  the  substance  of 

ether,  it  not  only  may,  but  must,  have  its  own  tem- 
perature, which  evidently  cannot  be  absolute  zero. 

Many  methods  have  been  tried  to  determine  this 

temperature,  but  it  is  unnecessary  to  discuss 

them  here.  Suffice  it  to  say  that  no  one  has 

found  it  less  than  —150°  or  above  —40°;  as  a 

rule,  the  Hmits  are  taken  as  —100°  and  —60°. 
It  is  hopeless  to  expect  any  definite  or  exact 

data  on  this  subject,  and  probably  the  tem- 

perature varies  in  different  locaUties  owing  to 

radiation  being  different  in  different  parts  of 

space.  Moreover,  the  value  of  t  between  —100° 

and  —60°  has  hardly  any  significance  in  an 
approximate  evaluation  of  x,  as  only  the  maxi- 

mum value  of  X  can  be  calculated  by  the 

expression  (I)  ;  for  there  can  be  no  question  of 

any  exact  value,  all  that  is  required  being  to 
obtain  an  idea  of  the  order  in  which  x  stands 

among  the  elements.  We  therefore  take  the 

mean  temperature  ̂ =— 80  ;  then  if  a = 0*000367, 
2191  4800000 

•v/  77  IT 
V=^r=OVX=   -g      .     .      (II) 
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where  x  is  the  atomic  weight  of  the  gaseous 

element  required,  referred  to  hydrogen,  and  v 

the  velocity  of  motion  of  its  particles  at  —80°  in 
metres  per  second. 

This  velocity  must  now  be  determined.  We 

know  that  a  body  thrown  up  in  the  air  falls 

back  to  the  earth,  and  in  so  doing  describes  a 

parabola.  The  height  of  its  flight  increases  as 

its  initial  velocity  is  made  greater,  and  it  is 

evident  that  this  velocity  might  be  such  that  the 

body  would  pass  beyond  the  sphere  of  the  earth's 
attraction,  and  fall  on  some  other  heavenly 

body,  or  rotate  about  the  earth  as  a  satellite  by 

virtue  of  the  laws  of  gravitation.  It  has  been 

calculated  that  to  do  this  the  velocity  of  the 

body  must  exceed  the  square  root  of  double  the 

mass  of  the  attracting  body  divided  by  the 

distance  from  its  centre  of  gravity  to  the  point 

at  which  the  velocity  is  to  be  determined.  The 
mass  of  the  earth  is  calculated  in  absolute  units 

from  the  mean  radius  of  the  earth  ( =  6,373,000 
metres)  and  the  mean  attraction  of  gravity  at 

the  surface  of  the  eaith  (=  9*807  metres),  for  the 
attraction  of  gravity  is  equal  to  the  mass  divided 

by  the  square  of  the  distance  (in  this  instance, 

the  square  of  the  earth's  radius),  and  therefore 
the  mass  of  the  earth  =  398.10'^^,  and  the  velocity 
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sought  for  must  therefore  exceed  11,190  metres 

a  second.  Hence,  according  to  formula  II., 

the  atomic  weight  of  such  a  gas  must  be  less 

than  0*038  to  enable  it  to  escape  freely  from  the 

earth's  atmosphere  into  space.  All  gases  of 
greater  atomic  weight,  not  only  hydrogen  and 

heUum,  but  even  the  gas  y  (coronium  ?),  will 

remain  in  the  earth's  atmosphere. 
The  mass  of  the  sun  is  approximately 

325,000,  if  that  of  the  earth  be  taken  as  unity. 

Hence  the  absolute  magnitude  of  the  sun's  mass 
will  be  nearly  129.10^*.  The  radius  of  the  sun 

is  109*5  times  greater  than  that  of  the  earth,  i.e. 

nearly  698.10^^  metres.  Hence  only  bodies  or 
particles    having    a  velocity  of  not  less  than 

A/    fine  iniB'"^  about  608,300  mHres  a  second, 

could  escape  from  the  surface  of  the  sun. 

According  to  formula  (II),  the  atomic  weight 

of  a  gas  DC  having  such  a  velocity  will  not  be 

greater  than  0000013,  and  its  density  Avill  be 

half  this  figure.  Hence  the  atomic  weight  and 

density  of  such  a  gas  which,  like  the  ether, 

permeates  space,  must  at  aU  events  be  less  than 

this  figure.  This  is  inevitable  because  there  are 

stars  of  greater  mass  than  the  sun.  This  has  been 

proved  by  researches  made  on  the  double  stars. 
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The  most  exact  data  we  now  possess  concern 

Sirius,  whose  total  mass  (including  that  of  its 

satellites)  is  3-24  times  that  of  the  sun.  To 
determine  this,  it  was  necessary  to  investigate 

not  only  the  relative  motion  of  both  stars,  but 

also  the  parallax  of  this  system.  In  the  case  of 

Sirius  it  was  possible  to  determine  the  ratio  ot 
the  masses  of  the  two  stars.  This  was  found  to 

be  2*05,  so  that  the  mass  of  one  star  is  2"20,  and 

that  of  the  other  1'04,  times  that  of  the  sun.  In 
the  following  cases,  only  the  total  mass  of  the 
two  twin  stars  was  determined  relative  to  that  of 

the  sun  : 

a  Centauri        ......  2'0 

70  Ophiuchi    1-6 

ft  Cassiopeise     ......  0"52 

61  Cygni    0-34, 
y  Leonis  .......  5-8 

y  Virginis    32-70 

The  mass  of  0  Persei  with  its  satellites  is 

0"67  times  that  of  the  sun,  that  of  the  star  being 
twice  that  of  its  satellite.  The  triple  star  40 

Eridium  has  a  mass  1*1  times  that  of  the  sun, 

the  mass  of  the  brightest  star  being  2-37  times 
that  of  the  other  two. 

It  appears,  therefore,  that  although  there  are 

some  stars  which  are  greater,  and  some  which 

are  less,  still  the  mass  of  the  sun  is  nearly  the 
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average  of  that  of  the  other  stars.  For  our 

purpose  we  need  only  consider  the  stars  of 

much  greater  mass  than  the  sun.  That  of  the 

double  star  7  Vh'ginis  has  a  common  mass  about 
33  times  that  of  the  sun.  There  is  no  reason 

for  thinking  that  this  is  the  maximum,  and 
it  will  therefore  be  safer  to  infer  that  there 

may  be  stars  whose  mass  exceeds  50  times  that 

of  the  sun,  but  I  do  not  think  it  likely  that  a 

larger  mass  than  this  is  in  the  nature  of  things. 

To  complete  our  calculation  it  is  also  necessary 
to  know  the  radius  of  the  stars,  about  which  we 

have  no  du*ect  data.  However,  the  composition 
and  temperature  of  the  stars  may  give  a  clue. 

Spectrum  analysis  proves  that  the  terrestrial 
chemical  elements  occur  in  the  most  distant 

heavenly  bodies,  and  from  analogy  there  seems  no 

doubt  that  the  general  mass  composition  of  these 

bodies  is  very  similar  in  all  cases  ;  that  is  to  say, 

that  they  are  composed  of  a  dense  core  sun-ounded 
by  a  less  dense  crust  and  an  atmosphere  which 

becomes  gradually  rarefied.  Thus  the  composi- 
tion of  the  stars  probably  differs  but  little  from 

that  of  the  sun.  And  the  density  is  determined 

by  the  composition,  temperature,  and  pressure. 

Only  at  the  core  can  the  density  differ  much  from 

that  of  the  sun,  but  this  cannot  greatly  affect 
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the  average  density.  Neither  can  the  tem- 

perature of  the  stars  differ  gi-eatly  from  that  of 
the  sun.  Moreover,  a  rise  of  temperature  would 
tend  to  increase  the  diameter  of  the  star,  and 

this  would  decrease  the  value  of  the  velocity 

required  by  the  gaseous  particles  to  escape  from 

the  sphere  of  attraction.  It  appears,  therefore, 

that  for  the  pui"poses  of  our  calculation  the  average 
density  of  the  large  stars  may  be  taken  as  nearly 
that  of  the  sun,  and  therefore  that  the  radius  of  a 
star  whose  mass  is  n  times  that  of  the  sun  will  be 

X/n  times  the  radius  of  the  sun.  We  now  have 

all  the  data  necessary  for  calculating  the  velocity 

required  by  gaseous  particles  to  escape  from  the 

sphere  of  attraction  of  a  star  50  times  greater 
than  the  sun. 

Its  mass  is  50.129.10^'  or  nearly  65.10'',  ̂ nd 

its  radius  nearly  698.10^^50  or  26.101  Hence 
the  velocity  required  wiU  be  nearly  : 

/2^j<J0    ̂   2,240,000  metres  per  second, 
V       26  X 10'  ^ 

or  2,240  kilometres  per  second. 

The  great  magnitude  of  this  velocity,  v,  and 

its  proximity  to  that  of  light  (300,000,000 

metres  a  second)  provoke  the  following  inquiry. 

How  much  must  the  mass  of  a  heavenly  body 
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exceed  that  of  the  sun  in  order  to  retam  on  its 

surface  particles  endowed  with  a  velocity  of 

3.10^  metres  per  second,  if  its  mean  density 
were  equal  to  that  of  the  sun  ?  This  may  be 

calculated  from  the  fact  that  if  the  mean  density 

of  the  two  luminaries  be  equal,  the  velocities  of 

bodies  able  to  escape  into  space  from  the  spheres 
of  attraction  will  stand  in  the  ratio  of  the  cube 

roots  of  then-  masses,  and  therefore  a  luminary 
from  whose  surface  particles  endowed  with  a 

velocity  of  300,000,000  metres  per  second  could 

escape  must  have  a  mass  120,000,000  times  that 

of  the  sun,  for  only  particles  having  a  velocity  of 

608,000  metres  a  second  can  escape  from  the  sun, 
and  this  stands  to  300,000,000  in  the  ratio  1 :  493, 

and  the  cube  of  493  is  nearly  120,000,000. 

But,  so  far  we  have  no  reason  for  admitting 

the  existence  of  such  a  huge  body,  and  therefore 

it  seems  to  me  that  the  velocity  of  the  particles  of 

our  gas  (ether)  must,  in  order  to  permeate  space, 

be  greater  than  2,240,000  metres  a  second  and 

probably  less  than  300,000,000  mHres  a  second. 

Hence  the  atomic  weight  of  x  as  the  lightest 

elementary  gas,  permeating  space  and  perform- 
ing the  part  of  the  ether,  must  be  within 

the  limits  (formula  II)  ©f  0-000,000,96  and 
0000,000,000,053,  if  that  of  H  =  1. 
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I  think  it  is  impossible,  under  the  present 

conditions  of  our  scientific  knowledge,  to  admit 
the  latter  value,  because  it  would  in  some 
measure  answer  to  a  revival  of  the  emission 

theoiy  of  light,  and  I  consider  that  the  majority 

of  phenomena  are  sufficiently  explained  by  the 

fact  that  the  particles  and  atoms  of  the  lightest 

element  x  capable  of  moving  freely  everywhere 

throughout  the  universe  have  an  atomic  wdght 

nearly  one  millionth  that  of  hydrogen,  and  travel 

with  a  velocity  of  about  2,250  kilometres  per  second. 

When  I  was  making  these  calculations,  my 

friend  Professor  Dewar  sent  me  his  presidential 

address  to  the  Belfast  meeting  of  the  British 

Association.  In  it  he  expresses  the  thought 

that  the  highest  regions  of  the  atmosphere,  which 
are  the  seat  of  the  aurora  borealis,  must  be 

considered  to  be  the  province  of  hydrogen  and 

of  the  argon  analogues.  This  is  only  a  few 

steps  from  the  yet  more  distant  regions  of 

space,  and  from  the  necessity  of  recognising 

the  existence  of  a  stUl  lighter  gas  capable  of 

permeating  and  filling  space  and  thus  giving  a 

tangible  reality  to  the  conception  of  the  ether. 

In  conceiving  of  the  ether  as  a  gas  endowed 

with  the  above  properties,  and  belonging  to  the 

zero  group  of  elements,  I  desired  before  all  to 
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extract  from  the  periodic  law  that  which  it  was  able 

to  give  and  to  tangibly  explain  the  materiality 

and  universal  presence  of  an  ethereal  substance 

throughout  nature,  and  also  to  explain  its  faculty 

of  permeating  all  substances,  gaseous,  liquid,  and 

solid.  The  atoms  of  even  the  lighter  elements 

forming  the  ordinary  substances  being  several 

million  times  heavier  than  those  of  ether,  they 

are  not  likely  to  be  greatly  influenced  in  their 

mutual  relations  by  its  presence. 

Of  course  there  are  still  many  problems  to 

be  solved,  but  I  think  the  majority  are  un- 
fathomable, and  I  have  no  intention  of  raising 

them  here  or  of  trying  to  solve  those  which 

appear  capable  of  being  solved.  My  only  pur- 
pose has  been  to  state  my  opinion  on  a  subject 

about  which  I  know  many  are  thinking  and  some 

are  beginning  to  speak. 

Without  going  into  a  further  development 

of  our  subject,  I  •'should  like  to  acquaint  the 
reader  with  some,  at  first  sight,  auxiliary  cir- 

cumstances which  guided  my  thoughts  and  led 

me  to  publish  my  opinions.  These  consist  of  a 

series  of  recently  discovered  physico-chemical 
phenomena  which  are  not  subject  to  the  ordinaiy 

doctrines  of  science,  and  have  caused  many  to 

return  to  the  emission  theory  of  light,  or  to 
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accept  the,  to  me,  vague  hypothesis  of  electrons, 

without  trying  to  explain  to  the  utmost  the 

famihar  conception  of  an  ethereal  medium  trans- 
mitting luminous  vibrations,  &c.  This  more 

especially  refers  to  radio-active  phenomena. 
I  need  not  describe  these  most  remarkable 

phenomena,  assuming  that  the  reader  is  more  or 

less  acquainted  with  them  ;  and  will  only  mention 

that  a  perusal  of  the  literature  of  the  subject, 

and  what  I  saw  in  M.  Becquerel's  laboratory 
and  heard  from  him  and  Monsieur  and  Madame 

Curie,  gave  me  the  impression  of  some  peculiar 

state  proper  chiefly  (but  not  exclusively,  just 

as  magnetism  is  chiefly,  but  not  exclusively,  the 

property  of  iron  and  cobalt)  to  uranium  and  the 

thorium  compounds. 
As  uranium  and  thorium,  and  also  radium, 

judging  from  Madame  Curie's  researches  (1902), 
have  the  highest  atomic  weights  (U=239,  Th= 

232,  and  Rd=224)  among  the  elements,  they  may 
be  looked  upon  as  suns,  endowed  with  the 

highest  degi'ee  of  that  individualised  attractive 
capacity,  a  mean  between  gravity  and  chemical 

affinity,  which  is  seen  in  the  absorption  of  gases, 

solution,  &c.  By  conceiving  the  substance  of  the 

ether  as  the  lightest  of  gases,  x,  deprived,  like 

helium  and  argon,  of  the  power  to  form  stable 
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definite  compounds,  it  need  not  be  imagined 

that  this  gas  is  deprived  of  the  faculty  of,  as  it 

were,  dissolving  in  or  accumulating  about  large 

centres  of  attraction  like  the  sun  among  heavenly- 
bodies,  or  uranium  and  thorium  in  the  world  of 

atoms.  As  a  matter  of  fact,  direct  experiment 

proves  that  hehum  and  argon  are  able  to  dissolve 

in  hquids,  and,  moreover,  to  individualise  this 

faculty  according  to  either  their  own  natm-e  or 
that  of  the  liquid  and  according  to  the  tempera- 

ture. If  the  ether  is  a  gas,  x,  it  must  naturally 

accumulate  from  aU  parts  of  the  universe  towards 

the  medium  or  mass  of  the  sun,  just  as  the  gases 

of  the  atmosphere  accumulate  in  a  drop  of  water. 

And  the  lightest  of  gases,  x,  wiU  also  accumu- 
late about  the  heaviest  atoms  of  uranium  and 

thorium,  and  perhaps  change  its  form  of  motion 

like  a  gas  dissolved  in  a  liquid.  This  wOl  not  be 

a  definite  act  of  combination,  determined  by  a 
conformable  harmonious  motion,  like  the  motion 

of  a  planet  and  its  satellites,  but  an  embryo  of 
such  a  motion,  resembling  that  of  a  comet  in  the 

region  of  heavenly  individuaUsations,  and  it  may 

be  looked  for  sooner  in  the  region  of  the  heaviest 
atoms  of  uranium  and  thorium  than  in  those 

of  the  hghter  elements,  just  as  a  comet  falling 

from  space  into  the  planetary  system  revolves 
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round  the  sun  and  then  once  more  escapes 

into  space.  If  such  a  special  accumulation 

of  ether  atoms  about  the  molecules  of  ura- 

nium and  thorium  be  admissible,  they  might 

be  expected  to  exhibit  peculiar  phenomena, 

determined  by  the  emission  of  a  portion  of  this 

ether  held  by  particles  of  normal  mean  velocity 

and  by  new  ether  entering  into  the  sphere  of 

attraction.  It  seems  to  me  that  the  optical  and 

photo-radiant  phenomena,  not  to  mention  the  loss 
of  electrical  charges,  indicate  a  material  flow  of 

something  which  has  not  been  weighed,  and  it 

appears  to  me  that  they  might  be  understood 
in  this  manner,  for  pecuhar  forms  of  the 

entrance  and  egress  of  ether  atoms  should  be 

accompanied  by  such  disturbances  in  the 

ethereal  medium  as  give  the  phenomena  of  Ught. 
Monsieur  and  Madame  Curie  showed  me  the 

foUoAving  experiment,  for  instance.  Two  small 

flasks  were  connected  together  by  a  lateral  tube 

fused  into  then*  necks,  and  having  a  stop-cock  in 
the  middle.  The  cock  being  closed,  a  solution  of 

the  radio-active  substance  was  poured  into  one 

of  the  flasks,  while  a  gelatinous  white  precipitate 

of  sulphide  of  zinc,  shaken  up  in  water,  was 

placed  in  the  other  flask.  Then  both  flasks 

were  closed.     So  long  as  the  cock  between  the 
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flasks  remains  closed,  nothing  is  visible  in  the 

dark ;  but  du'ectly  it  is  opened,  the  sulphide  of 
zinc  becomes  brilliantly  fluorescent  and  continues 

so  as  long  as  the  tube  connecting  the  flasks  re- 

mains open.  This  experimQp,t  gives  the  im- 

pression of  an  emissive  flow  of  something 

material  from  the  radio-active  substance,  and,  in 

a  sense,  seems  comprehensible  if  we  assume  that 

a  peculiar  rarefied  ether  gas,  capable  of  exciting 

luminous  vibrations,  enters  and  passes  off"  from 
the  radio-active  substance.  Just  as  any  kind  of 
motion  may  be  set  up  in  a  gas,  not  only  by  a 

sohd  piston,  but  also  by  the  motion  of  another 

portion  of  the  same  gas,  so  also  the  phenomenon 

of  light,  i.e.  a  certain  transverse  vibration  of 

ether,  may  be  produced  not  only  by  the 

molecular  motion  of  particles  of  other  bodies 

(by  heating  them  or  otherwise)  bringing  the 
ether  from  its  state  of  mobile  equilibrium,  but 

also  by  a  certain  change  in  the  motion  of  the 

ether  atoms  themselves  ;  i.e.  by  their  destroying 

their  own  equflibrium  which  may  be  caused  in  the 

case  of  the  radio-active  bodies  by  the  massiveness 
of  the  atoms  of  uranium  and  thorium,  just  as 

the  luminosity  of  the  sun  may  be,  I  think,  due 

to  its  great  mass  being  able  to  accumulate  ether 

in  far  larger  quantities  than  the  planets,  &c.     I 
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think  that  the  radio-luminous  phenomena,  i.e. 
such  as  proceed  at  right  angles  to  the  ray  of  the 

vibration  of  the  ether  medium,  consisting  of 
minute  atoms  in  rapid  motion,  are,  as  a  matter 

of  fact,  more  complex  than  has  hitherto  been 

thought,  chiefly  owing  to  the  fact  that  the  velocity 

of  the  ether  atoms  is  not  very  much  less  (130 

times)  than  that  of  the  propagation  of  their 
transverse  vibrations.  This  at  all  events  was  the 

impression  I  acquired  from  the  radio-active 
phenomena  I  saw,  and  I  do  not  conceal  it, 

although  I  consider  it  very  difficult  to  form 

any  opinion  on  this  stiU  dim  province  of  the 

phenomena  of  light. 

In  conclusion,  I  may  mention  another  class  of 

phenomena,  which  led  me  to  this  conception  of 
the  ether.  Dewar,  about  1894,  in  his  researches 

on  the  phenomena  proceeding  at  low  tem- 
peratures, observed  that  the  phosphorescence  of 

many  substances,  and  especially  of  paraffin,  be- 
comes more  intense  at  the  temperature  of  hquid 

air  (between  — 181°  and  —  193°).  Now,  it  appears 
to  me  that  this  is  due  to  the  fact  that  paraffin 

and  such  like  substances  have  a  great  capacity 

for  condensing  the  atoms  of  ether  at  very  low 

temperatures.  In  other  words,  that  the  solubility 

(absorption)  of  the  ether  in  some  bodies  increases 
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in  extreme  cold.  They  therefore  become  more 

phosphorescent,  for  the  vibrations  of  Ught  are 

then  set  up  in  the  phosphorescent  substances, 

not  only  by  their  own  atoms  (having  the 

property  of  illumination  at  their  surface,  of 

passing  into  a  state  of  pecuUar  tension,  which 

causes,  when  the  act  of  illumination  ceases,  the 

ether  to  vibrate),  but  also  by  the  atoms  of  ether 

which  condense  in  these  bodies  and  set  up  a 

rapid  state  of  interchange  with  the  surrounding 
medium. 

It  seems  to  me  that  this  conception  of  ether, 

as  a  peculiar  all-permeating  gas,  gives  a  means, 
if  not  of  analysing  such  phenomena,  at  aU  events 

of  understanding  their  possibihty,  I  do  not 

regard  my  imperfect  endeavour  to  explain  the 

nature  of  ether  from  a  chemical  point  of  view 

as  more  than  the  expression  of  a  series  of 

thoughts  which  have  arisen  in  my  mind,  and 

which  I  have  given  vent  to  solely  from  a  desire 

that  these  thoughts,  being  suggested  by  facts, 

should  not  be  utterly  lost.  Most  probably 

similar  thoughts  have  come  to  many,  but  unless 

they  are  enunciated  they  often  pass  away 

without  being  further  developed.  If  they  con- 
tain a  particle  of  that  natural  truth  which  we 

aU  seek,  my  effort  will  not  have  been  in  vain  ;  it 
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may  then  be  worked  out,  embodied  and  corrected, 

and  if  my  conception  be  proved  false  in  its  basis, 

it  will  prevent  others  from  repeating  it.  I  know 

of  no  other  way  for  slow  and  steady  progress. 

And  even  if  it  be  found  impossible  to  recognise 

in  the  ether  the  properties  of  the  lightest,  most 

mobile,  and  chemically  inactive  gas,  still,  if  we 

keep  to  the  reahsm  of  science,  we  cannot  deny 

its  substantiality,  and  this  requires  a  search  for 

its  chemical  nature.  My  effort  is  no  more  than 

a  tentative  answer  to  this  primary  question,  and 

its  one  object  is  to  bring  this  question  to  the 
fore. 

October  1902. 
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Chemie'.  Translated  by  M.  M.  Pattison  Muik,  Fellow  and  Prselector.fe 
Chemistry  of  Gonville  and  Caius  College,  Cambridge.     8vo. ,  loj.  6d. 

^.S^XT/V:— QUALITATIVE  CHEMICAL  ANALYSIS  (OR- 
GANIC AND  INORGANIC).  By  F.  MOLLWO  Perkin,  Ph.D.,  Head  of  the 

Chemistry  Department,  Borough  Polytechnic  Institute,  London.  With  9 
Illustrations  and  Spectrum  Plate.     8vo.,  3^.  6d. 

FLIMMER.—\i:'R-&  CHEMICAL  CHANGES  AND  PRO- 
DUCTS RESULTING  FROM  FERMENTATIONS.  By  R.  H.iAdee."' 

Plimmer.     8vo.,  6s.  net. 

iP^FiVCZZ'.S'.— EXPERIMENTAL       CHEMISTRY       FOR 
JUNIOR  STUDENTS.  By  J.  Emeeson  Reynolds,  M.D.,  F.R.S.,  Pro- 

fessor of  Chemistry ,  University  of  Dublin.    Fcp.  8vo.,  with  numerous  Woodcuts. 

Part  I.     Introductory.     Fcp.  8vo.,  is.  6d. 

Part  II.     Non-Metals,  with  an  Appendix  on  Systematic  Testing 
for 'Acids.     Fcp.  8vo.,  zs.  6d. 

Part  III.     Metals,  and  Allied  Bodies.     Fcp.  8vo.,  3^.  6d. 

Part  IV.     Carbon  Compounds.     Fcp.  8vo.,  ̂ s. 

SBEJVSTOJyE.— Works  by  W.  A.  SHENSTONE,  F.R.S.,  Lecturer 
on  Chemistry  in  Clifton  College. 

THE  METHODS  OF  GLASS-BLOWING  AND  OF  WORK- 
ING SILICA  IN  THE  OXY-GAS  FLAME.  For  the  Use  of  Physical 

and  Chemical  Students.     With  43  Illustrations.     Crown  8vo. ,  zs.  6d. 
A     PRACTICAL     INTRODUCTION     TO     CHEMISTRY. 

Intended  to  give  a  Practical  acquaintance  with  the  Elementary  Facts  and 
Principles  of  Chemistry.     With  25  Illustrations.     Crown  8vo. ,  zs. 
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CHEWIISTRY— Cb»ft»Kerf. 

SMITH  AND  JIALL.—TUE  TEACHING  OF   CHEMISTRY 
AND  PHYSICS  IN  THE  SECONDARY  SCHOOL.  By  ALEXANDER 
Smith,  B.Sc.,  Ph.D.,  Associate  Professor  of  Chemistry  in  the  University  of 
Chicago,  and  Edwin  H.  Hall,  Ph.D.,  Professor  of  Physics  in  Harvard  Uni- 

versity.    With  21  Woodcuts,  Bibliographies,  and  Index.     Crown  8vo.,  6s.  net. 

THORNTON  and  PjEARSON.— NOTES  ON  VOLUMETRIC 
ANALYSIS.  By  Arthur  Thornton,  M.A.  ,  and  Marchant  Pearson,  B.A.  „ 
Assistant  Science  Master,  Bradford  Grammar  School.     Medium  8vo.,  at. 

THORFi:.— Works  by  T.  E.  THORPE,  C.B.,  D.Sc.  (Vict.),  Ph.D., 
F.R.S.,  Principal  of  the  Government  Laboratory,  London. 
Assisted  by  Eminent  Contributors. 

A    DICTIONARY    OF    APPLIED    CHEMISTRY.      3   vols. 
8vo.    Vols.  I.  and  II.,  42^.  each.     Vol.  III.,  63s. 

QUANTITATIVE  CHEMICAL  ANALYSIS.  With  88  Wood- 
cuts.    Fcp.  8vo.,  4J.  6(i. 

THORPE  AND  J/Z/Z?.— QUALITATIVE  CHEMICAL  AN- 
ALYSIS AND  LABORATORY  PRACTICE.  By  T.  E.  Thorpe,  C.  B.  ,  Ph.D. , 

D.Sc,  F.R.S.,  and  M.  M.  Pattison  Muir,  M.A.  With  Plate  of  Spectra  and 
57  Illustrations.     Fcp,  8vo. ,  3^.  6d. 

TILUEN—y^orks  by  WILLIAM  A.  TILDEN,  D.Sc.  London, 
F.R.S.,  Professor  of  Chemistry  in  the  Royal  College  of  Science, 
South  Kensington. 

A  SHORT  HISTORY  OF  THE  PROGRESS  OF  SCIENTIFIC 
CHEMISTRY  IN  OUR  OWN  TIMES.     Crown  8vo.,  ss.  net. 

INTRODUCTION     TO    THE    STUDY    OF    CHEMICAL 
PHILOSOPHY.  The  Principles  of  Theoretical  and  Systematic  Chemistry. 
With  s  Illustrations.  Fcp.  8vo.,  s^f.  With  ANSWERS  to  Problems.  Fcp. 
8vo. ,  SJ.  6d. 

PRACTICAL   CHEMISTRY.      The   principles   of  Qualitative 
Analysis.     Fcp.  8vo. ,  u.  6d. 

WATTS  DICTIONARY  OF  CHEMISTRY.  Revised  and  en- 
tirely Rewritten  by  H.  Forster  Morley,  M.A.,  D.Sc,  Fellow  of,  and  lately 

Assistant  Professor  of  Chemistry  in.  University  College,  London;  and  M.  M. 
Pattison  Muir,  M.A. ,  F.R.S.E.,  Fellow,  and  Praelector  in  Chemistry,  of 
Gonville  and  Caius  College,  Cambridge.  Assisted  by  Eminent  Contributors. 
4  vols.     8vo.,  ;^5  net. 

WHJTELEY.— Works  by  R.  LLOYD  WHITELEY,  F.I.C., 
Principal  of  the  Municipal  Science  School,  West  Bromwich. 

CHEMICAL  CALCULATIONS.  With  Explanatory  Notes, 
Problems  and  Answers,  specially  adapted  for  use  in  Colleges  and  Science 
Schools.  With  a  Preface  by  Professor  F.  Clowes,  D.Sc.  (Lond.),  F.I.C. 
Crown  8vo. ,  2J. 

ORGANIC   CHEMISTRY:   the  Fatty  Compounds.      With  45 
Illustrations.     Crown  8vo. ,  3J.  6d. 
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PHYSICS,  ETC. 
^7Z)G00Z).— ELEMENTARY  PHYSICS  AND  CHEMISTRY 

-  FOR  THE  USE  OF  SCHOOLS.     (In  Three  Books.)     By  JOHN  BipGOOD, 
-  ̂ B-Sc,  Headmaster  of  the  Gateshead  School  of  Science. 

Book  I.     Elementary  Physics.     With  120  Illustrations.     Crown 
.  „  f     _  8vo. ,  xs.  6d.  ■ 

Book   II.       Physics' and    Chemistry..     With    122    Illustrations. Crown  8vo.,  xs.  6d. 

^05£:.— RESPONSE  IN  THE  LIVING  AND  NON-LIVING. 

' -"*^    By  jAGADis  Chunder  Bose,  M.A.  (Cantab.),  D.Sc.  (Lond.),  Professor,  Presi- 
-  '    dency  College,  Calcutta.     With  117  Illustrations.     8vo.,  los.  6d. 
^*^*  This  volume  describes  experimental  investigations  on  animal,  vegetable  and 

inorganic  substances  regarding  their  response  to  stimulus.  These  researches  show  that 
the  effects  of  fatigue,  stimulants,  depressants  and  poisons  are  alike  in  the  organic  and 

inorganic,  and  demonstrate  that  the  response  phenomena  in  the  '  living'  have  been 
foreshadowed  in  the  *  non-living' . 

GANOT.—^orks   by  PROFESSOR   GANOT.      Translated  and 
Edited  by  E.  Atkinson,  Ph.D.,  F.C.S.,  and  A.  W.  Reinold, 
M.A.,  F.R.S. 

ELEMENTARY   TREATISE    ON    PHYSICS,    Experimental 
and  Applied.     With  9  Coloured  Plates  and  Maps,  and  1048  Woodcuts,  and 
Appendix  of  Problems  and  Examples  with  Answers.     Crown  8vo.,  ly. 

NATURAL   PHILOSOPHY    FOR    GENERAL    READERS 
AND  YOUNG  PEOPLE.     With  7  Plates,  632  Woodcuts,  and  an  Appendix 
of  Questions.     Crown  8vo. ,  js.  6d. 

GLAZEBROOK  and  SHA  fT.— PRACTICAL  PHYSICS.     By 
R.  T.  GLAZEBROOK,  M.A.,  F.R.S.,  and  W.  N.  Shaw,  M.A.  With  134 
Illustrations.     Fcp.  8vo.,  7J.  dd, 

GUTHRIE.— M.Ol.^C\JLAR   PHYSICS   AND   SOUND.      By 
F.  Guthrie,  Ph.D.     With  91  Diagrams.     Fcp.  8vo.,  is.  6d. 

JIEZMJIOLrZ.— POPULAR   LECTURES   ON   SCIENTIFIC 

SUBJECTS.  By  Hermann  VON  Helmholtz.  Translated  by  E.  Atkinson , 

Ph.D.,  F.C.S.,  formerly  Professor  of  Experimental  Science,  StaS  College.  With 
68  Illustrations.     2  vols. ,  crown  8vo. ,  3.;.  6d.  each. 

irEJV£>ERSOIV.—ELEMY.NTARY     PHYSICS.       By     John 
Henderson,  D.Sc.  (Edin.),  A.I.E.E.,  Physics  Department,  Borough  Road 
Polytechnic.     Crown  8vo. ,  zs.  6d. 

MA  CLE  AM— EXERCISES    IN    NATURAL   PHILOSOPHY. 

By  Magnus  Maclean,  D.Sc,  Professor  of  Electrical  Engineering  at  the 

Glasgow  and  West  of  Scotland  Technical  College.     Crown  8vo. ,  4s.  6d. 

MEYER.— THE  KINETIC  THEORY  OF  GASES.  Elemen- 

tary Treatise,  with  Mathematical  Appendices.  By  Dr.  Oskar  Emil 

Meyer,  Professor  of  Physics  at  the  University  of  Breslau.  Second  Revised 

Edition.  Translated  by  Robert  E.  Baynes,  M.A.,  Student  of  Christ  Church, 

Oxford,  and  Dr.  Lee's  Reader  in  Physics.    8vo. ,  15^.  net. 

l^AJV   'tHOEF.— THE    ARRANGEMENT    OF    ATOMS    IN 

SPACE.  By  J.  H.  van  t'Hoff.  Second,  Revised,  and  Enlarged  Edition. 

With  a  Preface  by  Johannes  Wislicenus,  Professor  of  Chemistry  at  the 

University  of  Leipzig ;  and  an  Appendix  '  Stereo-chemistry  among  Inorganic 

Substances,'  by  Alfred  Wekner,  Professor  of  Chemistry  at  the  University  of 

Zurich.    Translated  and  Edited  by  Arnold  Eiloart.     Crown  8vo.  ,  6j.  6rf. 
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WATSON.— "Wor^is  by  W.  WATSON,  A.R.C.S.,  F.R.S.,  D.Sc, Assistant  Professor  of  Physics  at  the  Royal  College  of  Science, 
London. 

ELEMENTARY     PRACTICAL    PHYSICS:     a     Laboratory 
Manual  for  Use  in  Organised  Science  Schools.     With  120  Illustrations  and 
193  Exercises.     Crown  8vo. ,  2s.  6d. 

A    TEXT-BOOK    OF    PHYSICS.      With  568    Diagrams  and 
Illustrations,  and  a  Collection  of  Examples  and  Questions  with  Answers. 
Large  crown  8vo.,  loj.  6d. 

WORTHINGTON.—K    FIRST    COURSE     OF     PHYSICAL 
LABORATORY  PRACTICE.      Containing   264   Experiments.     By  A.  M. 
WoRTHiNGTON,  M.A.,  F.R.S.    With  Illustrations.     Crown  8vo. ,  41.  6rf. 

H^yP/G^r.— ELEMENTARY     PHYSICS.       By     Mark     R. 
Wright,  M.A.  ,  Professor  of  Normal  Education,  Durham  College  of  Science. 
With  242  Illustrations.     Croivn  8vo. ,  as.  bd. 

MECHANICS,    DYNAMICS,    STATICS,    HYDRO- 
STATICS,   ETC. 

BALL.— A   CLASS-BOOK   OF   MECHANICS.      By  Sir   R.  S. 
Ball,  LL.D.     89  Diagrams.     Fcp.  8vo.,  u.  6d. 

GOODEVE.—^orks  by  T.  M.  GOODEVE,  M.A.,  formerly 
Professor  of  Mechanics  at  the  Normal  School  of  Science,  and 
the  Royal  School  of  Mines. 

THE  ELEMENTS   OF   MECHANISM.      With  357   Illustra- 
tions.   Crown  8vo. ,  6s. 

PRINCIPLES  OF  MECHANICS.     With  253  Illustrations  and 
numerous  Examples.     Crown  8vo.,  6s, 

A  MANUAL   OF   MECHANICS:    an   Elementary  Text-Book 
for  Students  of  Applied  Mechanics.  With  138  Illustrations  and  Diagrams, 
and  188  Examples  taken  from  the  Science  Department  Examination  Papers, 
with  Answers.     Fcp.  8vo.,  ar.  &/. 

GOODMAN.— WE,CYiA^lC5  APPLIED  TO  ENGINEERING. 
By  John  Goodman,  Wh.Sch.,  A.  M.  I.e.  E.,M.I.M.E.,  Professor  of  Engineering 
in  the  Yorkshire  College,  Leeds  (Victoria  University).  With  620  Illustrations 
and  numerous  examples.     Crown  8vo. ,  ys.  6d.  net. 

G^iPZffF^.— LESSONS     IN     ELEMENTARY     MECHANICS. 
By  W.  H.  Grieve,  late  Engineer,  R.N.,  Science  Demonstrator  for  the  London 
School  Board,  etc. 

I.     With  165  Illustrations  and  a  large  number  of  Examples.     Fcp.   8vo., 
IJ.  6d. 

Stage  2.  With  122  Illostratioas.     Fcp.  8vo.,  is.  dd. 

Stage  3.  With  103  Illustrations.     Fcp.  8vo.,  xs.  6d, 
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MECHANICS,    DYNAMICS,    STATICS,    HYDROSTATICS,    ETC- 
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MAGNUS.— Wor\is  by  SIR  PHILIP  MAGNUS,  B.Sc,  B.A. 

LESSONS  IN  ELEMENTARY  MECHANICS.    Introductory 
to  the  study  of  Physical  Science.     Designed  for  the  Use  of  Schools,  and  of 
Candidates  for  the  London  Matriculation  and  other  Examinations.     With 
numerous  Exercises,  Examples,  Examination  Questions,  and  Solutions,  etc. , 
from  1870-1895.     With  Answers,  and  131  Woodcuts.     Fcp.  8vo.,  3J.  6d. 

Key  for  the  use  of  Teachers  only,  price  5^.  ̂ \d. 

HYDROSTATICS  AND  PNEUMATICS.     Fcp.  8vo.,  i^.  6d.; 
or,  with  Answers,  as.    The  Worked  Solutions  of  the  Problems,  2i. 

/'Z/ZZ^iV:— MECHANICS  :    Theoretical,    Applied,  and  Experi- 
mental.     By  W.  W.  F.  PULLEN,  Wh.Sch.,  M.I.M.E.,  A.M.I.C.E.       With 

■  318  Diagrams  and  numerous  Examples.      Crown  8vo.,  4J.  6d. 

i?C^/iV5<9iV.— ELEMENTS    OF    DYNAMICS    (Kinetics    and 
Statics).      With    numerous    Exercises.      A    Text-book  for  Junior  Students. 
By  the  Rev.  J.  L.  ROBINSON,  M.A.     Crown  8vo.,  6s. 

SMirJI.— Works  by  J.  HAMBLIN  SMITH,  M.A. 

ELEMENTARY  STATICS.     Crown  8vo.,  3^. 

ELEMENTARY  HYDROSTATICS.     Crown  8vo.,  3^. 

KEY  TO  STATICS  AND  HYDROSTATICS.    Crown  8vo.,  6s. 

TARLETON.—h^  INTRODUCTION  TO  THE  MATHE- 
MATICAL THEORY  OF  ATTRACTION.  By  FRANCIS  A.  Taeleton, 

LL.D.,  Sc.D.,  Fellow  of  Trinity  College,  and  Professor  of  Natural  Philosophy 
in  the  University  of  Dublin.     Crown  8vo.,  loj.  dd. 

TA  yZCi?.— Works  by  J.  E.  TAYLOR,  M.A.,  B.Sc.  (Lond.). 

THEORETICAL   MECHANICS,  including   Hydrostatics   and 
Pneumatics.     With  175  Diagrams  and  Illustrations,   and  522  Examination 
Questions  and  Answers.     Crown  8vo, ,  2j.  6rf. 

THEORETICAL   MECHANICS— SOLIDS.     With  163  lUus- 
trations,  izo  Worked  Examples  and  over  500  Examples  from  Examination 
Papers,  etc.     Crown  8vo. ,  2j.  (id. 

THEORETICAL  MECHANICS.— FLUIDS.  With  122  Illus- 
trations, numerous  Worked  Examples,  and  about  500  Examples  from  Ex- 

amination Papers,  etc.     Crown  8vo.,  zs.  6d, 

TB  OJiJV  TO  JV.— THEORETICAL  MECHANICS— SOLIDS. 
Including  Kinematics,  Statics  and  Kinetics.  By  Arthur  Thornton,  M.A., 
F.R.A.S.  With  200  Illustrations,  130  Worked  Examples,  and  over  900 
Examples  from  Examination  Papers,  etc.     Crown  8vo. ,  4J.  6d. 
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TWISDEN.— Works  by  the  Rev.  JOHN   F.  TWISDEN,  M.A. 
PRACTICAL   MECHANICS ;   an  Elementary  Introduction  to 

their  Study.     With  855  Exercises,  and  184  Figures  and  Diagrams.     Crown 
8vo. ,  IQT.  6d. 

THEORETICAL      MECHANICS.       With      172      Examples, 
numerous  Exercises,  and  154  Diagrams.     Crown  8vo.,  is.  (sd. 

WILZIAMSOM—mTROBVCTlOli  TO  THE  MATHE- 
MATICAL THEORY  OF  THE  STRESS  AND  STRAIN  OF  ELASTIC 

SOLIDS.     By  Benjamin  Williamson,  D.Sc,  F.R.S.     Crown  8vo.,  51. 

WILLIAMSON    AND     TARLETON.—Mi     ELEMENTARY 
TREATISE  ON  DYNAMICS.  Containing  Applications  to  Thermodynamics, 
with  numerous  Examples.  By  BENJAMIN  Williamson,  D.Sc.,  F.R.S.,  and 
Francis  A.  Tarleton,  LL.D.    Crown  8vo.,  lof.  6d. 

won TIf/JVG TO J\r.— DYNAMICS  OF  ROTATION:  an  Ele- 
mentary Introduction  to  Rigid  Dynamics.  By  A.  M.  Worthington,  M.A., 

F.R.S.     Crown  8vo.,  4J.  6rf. 

MENSURATION,   SURVEYING,   ETC. 
B£AjBAJVr.—TliE   ELEMENTS   OF   PLANE  AND   SOLID 

MENSURATION.  With  Copious  Examples  and  Answers.  By  F.  G. 
Brabant,  M.A.      Crown  8vo.,  3s.  dd. 

GRIBBLE.—VRElAMl'SiARY  SURVEY  AND  ESTIMATES. 
By  Theodore  Graham  Gribble,  Civil  Engineer.  Including  Elementary 
Astronomy,  Route  Surveying,  Tacheometry,  Curve  Ranging,  Graphic  Mensura- 

tion, Estimates,  Hydrography  and  Instruments.  With  133  Illustrations, 
Quantity  Diagrams,  and  a  Manual  of  the  Slide-Rule.     Fcp.  8vo.,  ys.  6d.  p 

LODGE.— UENSVRATlOii  FOR  SENIOR  STUDENTS.     By 
Alfred  Lodge,  M.A,  late  Fereday  Fellow  of  St.  John's  College,  Oxford; Professor  of  Pure  Mathematics  at  the  Royal  Indian  Engineering  College, 

Cooper's  Hill.      With  Answers.      Crown  8vo.,  4?.  6d. 

LUPTON.—A  PRACTICAL  TREATISE  ON  MINE  SURVEY- 
ING. By  Arnold  Lupton,  Mining  Engineer,  Certificated  Colliery  Manager, 

Surveyor,  Member  of  the  Institution  of  Civil  Engineers,  etc.  With  216  Illus- trations.    Medium  8vo. ,  12J.  net. 

NESB IT.— Works  by  A.  NESBIT. 

PRACTICAL  MENSURATION.     Illustrated  by  700  Practical 
Examples  and  700  Woodcuts.      izmo.,  jr.  bd.      Key,  jj. 

PRACTICAL   LAND-SURVEYING,  for  the   Use  of  Schools 
and  Private  Students.     Edited  by  W.  Burness,  F.R.A.S.     With  14  Plates, 
221  Figures,  and  a  Field- Book.     8vo.,  I2i. 

SMITH.— ClRCVi'LAR    SLIDE    RULE.       By    G.    L.    Smith. 
Fcp.  8vo.,  IS.  net. 
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ALGEBRA,  ETC. 

*»*  /^or  other  Books,  see  Longmans  iSr"  Co.'s  Catalogue  of  Educational  and  School  Books. 

ANNALS  OF  MATHEMATICS.  {Published  under  the 
Auspices  OF  Harvard  University.)     Issued  Quarterly.    410.,  zj.  net. 

BURNSIDE  AND  FANTOJV.—WoxVi   by  WILLIAM    SNOW 
BURNSIDE,  M.A.,  Fellow  of  Trinity  College,  Dublin ;  and 
ARTHUR  WILLIAM  PANTON,  M.A.,  Fellow  and  Tutor  of 
Trinity  College,  Dublin. 

THE  THEORY  OF  EQUATIONS.      With  an  Introduction  to 
the  Theory  of  Binary  Algebraic  Forms.     2  vols.     8vo.,  gi.  6(i.  each. 

AN    INTRODUCTION    TO    DETERMINANTS:    being    a 
Chapter   from   the  Theory  of  Equations  (being  the   First  Chapter  of  the 

Second  Volume  of  '  The  Theory  of  Equations ').     8vo. ,  sewed,  2s.  td. 

CRACKJVELL.—VRKCTlCkl.  MATHEMATICS.      By  A.  G. 
Cracknell,  M.A.,  B.Sc,  Sixth  Wrangler,  etc.  With  Answers  to  the 
Examples.      Crown  8vo.,  3J.  (>d. 

GRIFFIN.~W orks  by  Rev.  WILLIAM  NATHANIEL  GRIFFIN, 

B.D.,  sometime  Fellow  of  St.  John's  College,  Cambridge. 
THE  ELEMENTS  OF  ALGEBRA  AND  TRIGONOMETRY, 

•  Fcp.  Bvo.,  3J.  6d.  ' 

NOTES    ON     THE    ELEMENTS     OF     ALGEBRA     AND 
TRIGONOMETRY.      With    Solutions   of   the   more   Difficult   Questions. 
Fcp.  8vo.,  y.  6d. 

MFLLOR.— HIGHER    MATHEMATICS    FOR    STUDENTS 
OF  CHEMISTRY  AND  PHYSICS.  With  special  reference  to  Practical 
Work.  By  J.  W.  Mellor,  D.Sc,  Research  Fellow,  The  Owens  College, 
Manchester.     With  142  Diagrams.     8vo. ,  12s.  6d.  net. 

WELSFORD  AND  MA  FO.— ELEMENTARY  ALGEBRA.     By 
J.  W.  Welspord,  M.A.,  formerly  Fellow  of  Gonville  and  Caius  College, 

Cambridge,  and  C.  H.  P.  Mayo,  M.A.,  formerly  Scholar  of  St.  Peter's  College, Cambridge;  Assistant  Masters  at  Harrow  School.  Crown  8vo.,  3J.  bd.,  or 
with  Answers,  41.  (yd. 

CONIC   SECTIONS,   ETC. 

CASEY.— ^  TREATISE  ON  THE  ANALYTICAL  GEO- 
METRY OF  THE  POINT,  LINE,  CIRCLE,  AND  CONIC  SECTIONS. 

By  John  Casey,  LL.D.,  F.R.S.      Crown  8vo.,  i2.r. 

RICHARDSON.— GEOWSr^RlQKL  CONIC  SECTIONS.  By 
G.  Richardson,  M.A.    Crown  8vo. ,  4s.  td. 

SALMON.— K  TREATISE  ON  CONIC  SECTIONS,  containing 
an  Account  of  some  of  the  most  Important  Modern  Algebraic  and  Geometric 

Methods.      By  G.  Salmon,  D.D.,  F.R.S.      8vo.,  i2j. 

i'J/'/ri?:— GEOMETRICAL  CONIC  SECTIONS.  By  J. 
Hamblin  Smith,  M.A.      Crown  8vo.,  3J.  td. 
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THE  CALCULUS,  LOGARITHMS,  ETC. 

BARKER.  — GKKY'&lQh.l.  CALCULUS.  By  Arthur  H. Barker,  B  A.,  B.Sc.  With  an  Introduction  by  John  Goodman,  A.M.I.C.E. 
With  6i  Diagrams.     Crown  8vo. ,  4?.  td. 

MURRAY. ~A^  Introductory  course  in  dif- 
ferential EQUATIONS.  By  DANIEL  ALEXANDER  Murray,  Ph.D. 

Crown  8vo.,  /^s.  td. 

r.4r^.— PRINCIPLES    OF    THE     DIFFERENTIAL    AND 
INTEGRAL  CALCULUS.     Applied  to  the  Solution  of  Useful  Problems  in 
Mathematics  and  Mechanics.    By  Thomas  Tate.    i2mo.,  ̂ r.  (sd. 

TAYLOR.— WorVs  by  F.  GLANVILLE  TAYLOR. 
AN    INTRODUCTION    TO   THE    DIFFERENTIAL   AND 

INTEGRAL  CALCULUS  AND  DIFFERENTIAL  EQUATIONS. 
Crown  8vo.,  gs. 

AN    INTRODUCTION    TO    THE    PRACTICAL  USE    OF 
LOGARITHMS,  WITH  EXAMPLES  IN  MENSURATION.  With 
Answers  to  Exercises.      Crown  Bvo. ,  zs.  6d. 

WIX.LIAMSOJ\r.— Works  by  BENJAMIN  WILLIAMSON,  D.Sc. 
AN  ELEMENTARY  TREATISE  ON  THE  DIFFERENTIAL 

CALCULUS;  containing  the  Theory  off^Plane  Curves  with  numerous 
Examples.      Crown  8vo.,  io.r.  6d. 

AN    ELEMENTARY    TREATISE    ON    THE    INTEGRAL 
CALCULUS;  containing  Applications  to  Plane  Curves  and  Surfaces,  and 
also  a  Chapter  on  the  Calculus  of  Variations,  with  numerous  Examples. 
Crown  8vo.,  ioj.  bd. 

GEOMETRY  AND   EUCLID. 

*^  Far  other  Works,  see  Longmans  if  Co.'s  Catalogue  of  Educational  and  School  Boolis. 

ALLMAJV.  — GREEK    GEOMETRY     FROM     THALES    TO 
EUCLID.      By  G.  J.  Allman.      8vo.,  ioj.  6d. 

CASEY— Works  by  JOHN  CASEY,  LL.D.,  F.R.S. 

THE  ELEMENTS  OF  EUCLID,  BOOKS  I. -VI.  and  Pro- 
positions, I.-XXI.  of  Book  XI.,  and  an  Appendix  of  the  Cylinder,  Sphere, 

Cone,  etc.  With  Copious  Annotations  and  numerous  Exercises.  Fcp.  8vo., 
4^.  6d.     Key  to  Exercises.     Fcp.  8vo. ,  6s. 

A  SEQUEL  TO  THE  ELEMENTS   OF  EUCLID.      Part  I. 
Books  I.-VI.     With  numerous  Examples.     Fcp.   8vo.,  y.  6d. 

A  TREATISE  ON  THE  ANALYTICAL   GEOMETRY  OF 
THE  POINT,  LINE,  CIRCLE  AND  CONIC  SECTIONS.     Containing 
an  Account  of  its  most  recent  Extension.     Crown  8vo.,  izs. 
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CEOMETRY  AND  ^\iC\~\^— Continued. 

IfAMIZrOM— ELEMENTS    OF    QUATERNIONS.      By    the 
late  Sir  WILLIAM  ROWAN  HAMILTON,  LL.D.,  M.R.I. A.  Edited  by  CHARLES 
Jasper  Joly,  M.A.,  Fellow  of  Trinity  College,  Dublin.  2  vols.  4to.  21s. 
net  each. 

IflME.— THE  OUTLINES  OF  QUATERNIONS.     By  Lieut.- 
Colonel  H.  W.  L.  Hime,  late  Royal  Artillery.     Crown  8vo. ,  10s. 

ZO  jr.— TEXT-BOOK  ON  PRACTICAL,  SOLID,  AND  DE- 
SCRIPTIVE GEOMETRY.  By  DAVID  Allan  Low,  Professor  of  Engineer- 

ing, East  London  Technical  College.     Crown  8vo. 

Part  I.     With  114  Figures,  2S. 

Part  II.     With  64  Figures,  3^-. 

MOJiJilS.— Works  by  I.  HAMMOND  MORRIS. 
PRACTICAL  PLANE  AND  SOLID  GEOMETRY,  including 

Graphic  Arithmetic  fully  Illustrated  with  Drawings  prepared  specially  by  the 
Author.     Crown  8vo.,  zs,  6d, 

GEOMETRICAL     DRAWING     FOR     ART     STUDENTS. 
Embracing  Plane  Geometry  and  its  Applications,  the  Use  of  Scales,  and  the 
Plans  and  Elevations  of  Solids  as  required  in  Section  I.  of  Science  Subjects. 
Crown  8vo. ,  ss. 

SMITH.— ELEMENTS    OF    GEOMETRY.      By   J.    Hamblin 
Smith,  M.A.  Containing  Books  i  to  6,  and  portions  of  Books  11  and  12,  of 
Euclid,  with  Exercises  and  Notes.  Crown  Bvo.,  y.  6d.  Key,  crown  8vo., 
8s.  6d. 

Books  I  and  2,  limp  cloth,  if.  6d.,  may  behad  ̂ ^parately. 

SFOOJVEJi.— THE  ELEMENTS  OF  GEOMETRICAL  DRAW- 
ING :  an  Elementary  Text-book  on  Practical  Plane  Geometry,  including  an 

Introduction  to  Solid  Geometry.  Written  to  include  the  requirements  of  the 
Syllabus  of  the  Board  of  Education  in  Geometrical  Drawing  and  for  the  use  of 
Students  preparing  for  the  Military  Entrance  Examinations.  By  HENRY  J. 
Spooner,  C.E.,  M.Inst.M.E.  ;  Director  of  the  Polytechnic  School  of  Engineer- 

ing, etc.     Crown  Bvo. ,  ■y.  fid. 

WATSON.— ELEMENTS  OF  PLANE  AND  SOLID  GEO- 
METRY.    By  H.  W.  Watson,  M.A.    Fcp.  Bvo.,  3^.  td. 

WILSON.— GEOMET^YCKL    DRAWING.      For    the    use    of 
Candidates  for  Army  Examinations,  and  as  an  Introduction  to  Mechanical 
Drawing.    By  W.  N.  Wilson,  M.  A.    Parts  I.  and  II.    Crown  8vo. ,  41.  6rf.  each 

^/tVZE^.— ELEMENTARY  GEOMETRICAL  DRAWING. 
By  S.  H.  Winter. 

Part  1.  Including  Practical  Plane  Geometry,  the  Construction  of 
Scales,  the  Use  of  the  Sector,  the  Marquois  Scales,  and  the  Protractor. 
With  3  Plates  and  1000  Exercises  and  Examination  Papers.     Post  8vo. ,  sj. 
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TRIGONOMETRY. 
CASEY.— A  TREATISE  ON  ELEMENTARY  TRIGONO- 

METRY. By  John  Casey,  LL.  D.  ,  F.  R.  S. ,  late  Fellow  of  the  Royal  University 
of  Ireland.    With  numerous  Examples  and  Questions  for  Examination.    i2mo., 
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advanced  Propositions,  Solution  of  Problems  and  a  complete  Summary  of  For- 
mulae, Bookwork,  etc. ,  together  with  recent  Examination  Papers  for  the  Army, 

Woolwich,  etc.  With  Answers.  By  the  Rev.  A.  Dawson  Clarke,  M.A.,  St. 

John's  College,  Cambridge.     Crown  8vo.,  55. 

GOODWIN.— Works  by  H.  B.  GOODWIN,  M.A. 
PLANE  AND  SPHERICAL  TRIGONOMETRY.      In  Three 

Parts,  comprising  those  portions  of  the  subjects,  theoretical  and  practical, 
which  are  required  in  the  Final  Examination  for  Rank  of  Lieutenant  ,at 
Greenwich.     8vo, ,  Ss.  6d. 

ELEMENTARY  PLANE  TRIGONOMETRY.    With  numerous 
Examples  and  Examination  Papers  set  at  the  Royal  Naval  College  in  recent 
years.     With  Answers.     8vo.,  is. 

/ONES.— THY,   BEGINNINGS   OF  TRIGONOMETRY.      By 
A.  Clement  Jones,  M.A.,  Ph.D.,  late  Open  Scholar  and  Senior  Hulme 
Exhibitioner  of  Brasenose  College,  Oxford ;  Senior  Mathematical  Master  of 
Bradford  Grammar  School.      Crown  8vo.,  zs. 

MC/EEA  y.— PLANE  TRIGONOMETRY  FOR  COLLEGES 
AND  SECONDARY  SCHOOLS.  By  Daniel  A,  Murray,  B.A.,  Ph.p., 
Instructor  in  Mathematics  in  Cornell  University,  Crown  8vo. ,  35.  6d.  With 
Logarithmic  and  Trigonometric  Tables.     Crown  8vo. ,  v- 

SMITJI.— ELEMENTARY  TRIGONOMETRY.    By  J.  Hamblin 
Smith,  M.A.     Crown  Svo. ,  4s.  6d.     Key,  7^.  6d. 

OPTICS,  PHOTOGRAPHY,  ETC. 

^^A^^K— A  TREATISE  ON  PHOTOGRAPHY.  BySir William 
DE  Wiveleslie  Abney,  K.C.B.,  F.R.S.,  Principal  Assistant  Secretary  of  the 
Secondary  Department  of  the  Board  of  Education.  With  134  Illustrations. 
Fcp.  8vo.,  55. 

DEUBE.— THE  THEORY   OF   OPTICS.     By  Paul  Drude, 
Professor  of  Physics  at  the  University  of  Giessen.  Translated  from  the  German 
by  C.  RiBORG  Mann  and  Robert  A.  Millikan,  Assistant  Professors  of 
Physics  at  the  University  of  Chicago.     With  no  Diagrams.     8vo.,  151.  net. 

GLAZEEEOOJs:.— PHYSICAL  OPTICS.  By  R.  T.  Glaze- 
brook,  M.A.,  F.R.S.,  Principal  of  University  College,  Liverpool.  With  183 
Woodcuts  of  Apparatus,  etc.     Fcp.  8vo.,  6s. 

VANDERPOEL.—COLOP.   PROBLEMS  :   a  Practical  Manual 
for  the  Lay  Student  of  Color.  By  Emily  Noyes  Vandrrpoel.  With  117 
Plates  in  Color.     Square  8vo. ,  2ii.  net. 

WEIGHT.— OPTICAL  PROJECTION  :  a  Treatise  on  the  Use 
of  the  Lantern  in  Exhibition  and  Scientific  Demonstration.  By  Lewis  Wright, 

Author  of  '  Light :  a  Course  of  Experimental  Optics '.  With  232  Illustrations. Crown  8vo.,  6s. 
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SOUND,  LIGHT,  HEAT,  AND  THERMODYNAMICS. 

Z>£^7:ei?.— ELEMENTARY  PRACTICAL  SOUND,  LIGHT 
AND  HEAT.  By  JOSEPH  S.  Dexter,  B.Sc.  (Lond.),  Physics  Master, 
Technical  Day  School,  The  Polytechnic  Institute,  Regent  Street.  With  152 
Illustrations.     Crown  8vo.,  2i.  bd. 

EMTAGE.—IAGWY.     By  W.  T.  A.  Emtage,  M.A.,  Director  of 
Public  Instruction,  Mauritius.    With  232  Illustrations.     Crown  8vo.,  ds. 

HELMHOLTZ.—Oii  THE  SENSATIONS   OF  TONE  AS   A 
PHYSIOLOGICAL  BASIS  FOR  THE  THEORY  OF  MUSIC.  By  HER- 

MANN VON  Helmholtz.     Royal  8vo.,  28J. 

MAXWELL.— T'R^OVi.Y  OF  HEAT.     By  J.  Clerk  Maxwell, 
M.A.,  F.R.SS.,  L.  and  E.  With  Corrections  and  Additions  by  Lord  Ray 
LEIGH.     With  38  Illustrations.     Fcp.  8vo. ,  4s.  6d. 

SMITH.— lYlK  STUDY  OF  HEAT.      By  J.  Hamblin  Smith, 
M.A.,  of  Gonville  and  Caius  College,  Cambridge.     Crown  8vo. ,  jr. 

TYNDALL.—^oxV%    by    JOHN    TYNDALL,    D.C.L.,    F.R.S. 
See  p.  36. 

WORMELL.—K    CLASS-BOOK    OF    THERMODYNAMICS. 
By  Richard  Wormell,  B.Sc,  M.A.    Fcp.  8vo.,  is.  6d. 

iVE/GIfr.— Works  by  MARK  R.  WRIGHT,  M.A. 

SOUND,    LIGHT,    AND    HEAT.      With   160   Diagrams   and 
Illustrations.     Crown  Bvo. ,  zs.  6d. 

ADVANCED    HEAT.       With    136    Diagrams   and   numerous 
Examples  and  Examination  Papers.     Crown  Bvo. ,  4s.  6d. 

STEAM,  OIL,  AND  GAS  ENGINES. 

BALE.— A  HAND-BOOK  FOR  STEAM  USERS;  being  Rules 

for  Engine  Drivers  and  Boiler  Attendants,  with  Notes  on  Steam  Engine  and 

Boiler  Management  and  Steam  Boiler  Explosions.  By  M.  Powis  Bale. 

M.LM.E.,  A.M.I.C.E.     Fcp.  Bvo.,  es.  6d. • 

CLEJi.K.—riiE    GAS    AND     OIL     ENGINE.      By    Dugald 

Clerk,  Member  of  the  Institution  of  Civil  Engineers,  Fellow  of  the  Chemical
 

Society,  Member  of  the  Royal  Institution,  Fellow  of  the  Institute  of  
Patent 

Agents.'    With  228  Illustrations.     8vo.,  iji. 
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STEAIVI,  OIL,  AND  CAS  ENGINES— (%»/>««etf. 

HOLMES.— HUE    STEAM    ENGINE.      By    George    C.    V. 
Holmes,  Chairman  of  the  Board  of  Works,  Ireland.  With  212  Illustrations. 
Fcp.  8vo.,  6s. 

NEILSOJV.—THK     steam     turbine.       By    Robert    M. 
Neilson,  Whitworth  Exhibitioner,  Associate  Member  of  the  Institute  of 
Mechanical  Engineers,  Lecturer  on  Steam  and  the  Steam  Engine  at  the 
Heginbottom  Technical  School,  Ashton-under-Lyne.  With  145  Illustrations. 
8vo. ,  7J.  6d.  net. 

NORRIS.—K   PRACTICAL    TREATISE   ON   THE  'OTTO' 
CYCLE  GAS  ENGINE.  By  William  Norris,  M.I.Mech.E.  With  207 
Illustrations.     8vo.,  lof.  6d. 

JilFFEJ?.— Works  by  WILLIAM  RIPPER,  Professor  of  Engineer- 
ing in  the  Technical  Department  of  University  College,  Shefifield. 

STEAM.     With  185  Illustrations.     Crown  8vo.,  2S.  6d. 
STEAM  ENGINE  THEORY  AND  PRACTICE.     With  438 

Illustrations.     8vo.,  gs. 

SENNETT AND  0-RAM.— THE  MARINE  STEAM  ENGINE: 
A  Treatise  for  Engineering  Students,  Young  Engineers  and  Officers  of  the 
Royal  Navy  and  Mercantile  Marine.  By  the  late  Richard  Sennett, 
Engineer-in-Chief  of  the  Navy,  etc.  ;  and  Henry  J.  Oram,  Senior  Engineer 
Inspector  at  the  Admiralty,  Inspector  of  Machinery  in  H.M.  Fleet,  etc. 
With  414  Diagrams.     8vo.,  21s. 

STUOME  YEE.— MARINE   BOILER    MANAGEMENT  AND 
CONSTRUCTION.  Being  a  Treatise  on  Boiler  Troubles  and  Repairs, 
Corrosion,  Fuels,  and  Heat,  on  the  properties  of  Iron  and  Steel,  on  Boiler 
Mechanics,  Workshop  Practices,  ana  Boiler  Design.  By  C.  E.  Stsomeyer, 

Chief  Engineer  of  the  Manchester  Steam  Users'  Association,  Member  of 
Council  of  the  Institution  of  Naval' Architects,  etc.  With  452  Diagrams,  etc. 
8vo, ,  12s.  net. 

ARCHITECTURE,  BUILDING  CONSTRUCTION,  ETC. 

ADVANCED  BUILDING  CONSTRUCTION.     By  the  Author 
of  'Rivingtons'  Notes  on  Building  Construction'.  With  385  Illustrations. 
Crown  8vo. ,  4s.  6d. 

BUJ?J?ELL.~-B\JILDING  CONSTRUCTION.     By  Edward  J. 
Burrell,  Second  Master  of  the  People's  Palace  Technical  School,  London. 
With  303  Working  Drawings.     Crown  8vo. ,  zs.  (id. 

GWILT.—KN    ENCYCLOPEDIA     OF     ARCHITECTURE. 
By  Joseph  Gwilt,  F.S.A.  Revised  (1S88),  with  Alterations  and  Considerable 
Additions  by  Wyatt  Papworth.     With  1700  Engravings.     8vo.,  21J.  net. 

PARKER   AND    UNIV/N.—TUE    ART    OF    BUILDING    A 
HOME  :  A  Collection  of  Lectures  and  Illustrations.  By  Barry  Parker  and 

Raymond  Unwin.     With  68  Full-page  Plates.     8vo.,  loj.  6d.  net.'^ 

RICHARDS.— ERlCK-hAYlNG  AND  BRICKCUTTING.     By 
H.  W.  Richards,  Examiner  in  Brickwork  and  Masonry  to  the  City  and  Guilds 
of  London  Institute,  Head  of  Building  Trades  Department,  Northern  Poly- 

technic Institute,  London,  N.     With  over  200  Illustrations.     8vo.,  3*.  6rf. 
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ARCHITECTURE,  BUILDING  CONSTRUCTION,  V.1C-Co?itinued. 

5^Z»Z>OiV;— BUILDER'S    WORK    AND    THE    BUILDING 
TRADES.  By  Col.  H.  C.  Seddon,  R.E.  With  numerous  Illustrations. 
Medium  8vo.,  i6j. 

T H  O  M A  S.—T-VLY.      VENTILATION,      HEATING      AND MANAGEMENT  OF  CHURCHES  AND  PUBLIC  BUILDINGS.  By 
J.  W.  Thomas,  F.I.C,  F.C.S.,  Author  of  'Coal,  Mine-Gases,  and  Ventila- 

tion,' etc.    With  25  Illustrations.     Crown  8vo.,  zj.  dd. 

VAZn^H. —BOOK  OF  TABLES,  giving  the  Cubic  Contents  of 
from  One  to  Thirty  Pieces  Deals,  Battens  and  Scantlings  of  the  Sizes  usually 
imported  or  used  in  the  Building  Trades,  together  with  an  Appendix  showing  a 
large  number  of  sizes,  the  Contents  of  which  may  be  found  by  referring  to  the 
aforesaid  Tables.     By  Thomas  Valder.     Oblong  410.,  6s.  net. 

RIVINCTONS'  COURSE  OF  BUILDING  CONSTRUCTIOK. 
NOTES  ON  BUILDING  CONSTRUCTION.     Medium  8vo. 

Part  I.      With  552  Illustrations,  gs.  net. 
Part  II.     With  479  Illustrations,  gs.  net. 
Part  III.     Materials.     With  188  Illustrations,  i8s.  net. 
Part    IV.      Calculations    for    Building    Structures.      With   551 

Illustrations,  13^.  net. 

ELECTRICITY  AND  MAGNETISM, 

ARRHENIUS.—P^  TEXT-BOOK  OF  ELECTROCHEMIS- 
TRY. By  SvANTE  Aeehenius,  Professor  at  the  University  of  Stockholm. 

Translated  from  the  German  Edition  by  John  McCrae,  Ph.D.  With  58 
Illustrations.     8vo. ,  <js.  bd.  net. 

C^i?C^5-fF/Z5C7V".— ELECTRO-DYNAMICS  :  the  Direct- 
Current  Motor.  By  CHARLES  ASHLEY  Caeus- Wilson,  M.A.  Cantab.  With 
71  Diagrams,  and  a  Series  of  Problems,  with  Answers.     Crown  Bvo.,  js.  6d. 

C 17M MI JVG.— ELECTRICITY  TREATED  EXPERIMEN- 
TALLY. By LinNjEUSCumming, M.A.  With 242 Illustrations.  Cr.8vo.,^.6d. 

Z).^  K— EXERCISES    IN   ELECTRICAL    AND    MAGNETIC 
MEASUREMENTS,  with  Answers.     By  R.  E.  Day.     i2mo.,  3^.  6d. 

FITZGERALD.— THE   SCIENTIFIC  WRITINGS   OF   THE 
LATE  GEORGE  FRANCIS  FITZGERALD,  Sc.D.,  F.R.S.,  F.R.S.E., 
Fellow  of  Trinity  College,  Dublin.  Collected  and  Edited,  with  an  Historical 

Introduction,  by  Joseph  Larmoe,  SecR.S.,  Fellow  of  St.  John's  College, 
Cambridge.     With  Portrait.      Bvo.,  15^. 

GORE.— TB.E  ART  OF  ELECTRO-METALLURGY,  including 
all  known  Processes  of  Electro-Deposition.  By  G.  Gore,  LL.D.,  F.R.S.  With 
56  Illustrations.     Fcp.  8vo.,  6s. 

^£7VZ'Z:^5CiV:— WorksbyJOHNHENDERSON,D.Sc.,F.R.S.E. 
PRACTICAL  ELECTRICITY  AND    MAGNETISM.      With 

159  Illustrations  and  Diagrams.     Crown  8vo.,  6s.  6d. 

PRELIMINARY  PRACTICAL  MAGNETISM  AND  ELEC- 
TRICITY.   Crown  8vo.,  u. 



1 6      Scientific   Works  published  by  Longmans,  Green,  6f  Co. 

ELECTRICITY  AND   VlMMEZlSUi— Continued. 

/^iVX/iV:— ELECTRICITY  AND  MAGNETISM.    By  Fleeming 
JENKIN,  F.R.S.,  M.I.C.E.     With  177  Illustrations.     Fcp.  8vo.,  y.  6if. 

/C»C/.5^i?r.— ELEMENTARY  TREATISE  ON  ELECTRICITY 
AND  MAGNETISM.  By  G.  Carey  Foster,  F.R.S.,  Fellow  and  Emeritus 
Professor  of  Physics  in  University  College,  London ;  and  Alfred  W.  Poster, 
B.Sc.,  Fellow  and  Assistant  Professor  of  Physics  in  University  College,  London. 

Founded  on  Joubert's  *  Traits  El^mentair^  d'Electricit^ ',  Second  Edition. 
With  374  Illustrations  and  Diagrams.     8vo.,  las.  bd.  net. 

/OyC^:.— EXAMPLES  IN  ELECTRICAL  ENGINEERING. 
By  Samuel  Joyce,  A.I.E.E.    Crown  8vo.,  5^. 

MACLEAN  AND  MARCHANT.—Kh'E.MEHTKKY  QUES- TIONS IN  ELECTRICITY  AND  MAGNETISM.  With  Answers.  Com- 
piled by  Magnus  Maclean,  D.Sc.,  M.LE.E.,  and  E.  W.  Marchant,  D.Sc, 

A.I.E.E.     Crown  8vo.,  ij. 

ME£JiLFI£:LL>.~M.AGNETIS,M  AND  DEVIATION  OF  THE 
COMPASS.     By  John  Merrifield,  LL.D.,  F.R.A.S.,  i8mo.,  2s.  6d. 

FAJ?/i.— PRACTICAL  ELECTRICAL  TESTING  IN  PHYSICS 
AND  ELECTRICAL  ENGINEERING.     By  G.  D.  Aspinall  Parr,  Assoc. 
M.I.E.E.     With  231  Illustrations.     8vo.,8s.6d. 

PO  KS.£i?.— Works  by  A.  W.  POYSER,  M.A. 
MAGNETISM  AND  ELECTRICITY.    With  235  Illustrations. 

Crown  8vo. ,  zr.  6d. 

ADVANCED   ELECTRICITY   AND    MAGNETISM.     With 
317  Illustrations.     Crown  8vo. ,  4^.  6d. 

HHODES.—A^  ELEMENTARY  TREATISE  ON  ALTER- 
NATING CURRENTS.  By  W.  G.  Rhodes,  M.Sc.  (Vict.),  Consulting 

Engineer.     With  80  Diagrams      8vo.,  js.  dd.  net. 

SLINGO  AND  BROOXER.— Works  by  W.    SLINGO   and  A. 
BROOKER. 

ELECTRICAL  ENGINEERING  FOR  ELECTRIC  LIGHT 
ARTISANS  AND  STUDENTS.    With  383  Illustrations.    Crown  8vo. ,  lai. 

PROBLEMS     AND      SOLUTIONS      IN      ELEMENTARY 
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ESSAYS  ON  RURAL  HYGIENE.     Crown  8vo.,  6x.  td. 

THE  DWELLING-HOUSE.      With   36  Illustrations.     Crown 
8vo. ,  jr.  td. 
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Part  VI.  Section  I.  The  Treatment  of  the  Surgical  Affections  of 
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Part  I.     The  Bones,     ̂ s.  6d.  net. 

■   Part  II.     Limbs,  Abdomen,  Pelvis,     los.  6d.  net. 
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the  Occasion  of  the  Opening  of  the  Winter  Session,  1899-1900,  at  St.  George's 
Hospital  Medical  School,  on  2nd  October,  1899.     Crown  8vo.,  2j.  td. 
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GOADB  K— THE  MYCOLOGY  OF  THE  MOUTH  :  a  Text- 
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Medical  SchooL  The  Fifteenth  Edition  Enlarged,  edited  by  T.  Pickering 
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A    TEXT-BOOK    OF    CHEMICAL    PHYSIOLOGY    AND 
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L^A^G.— THE    METHODICAL    EXAMINATION    OF    THE 
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