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PREFACE 

The  papers  which  make  up  this  volume  have  been 

selected  because,  although  they  deal  with  different 

aspects  of  various  scientific  ideas,  yet  they  do  illus- 
trate, more  or  less,  one  point  of  view.  That  point 

of  view  may  be  described,  perhaps  as  aesthetic,  but 
rather  better  as  humanistic.  Scientific  ideas  have  a 

history;  they  arose  to  satisfy  certain  human  needs; 

to  see  them  in  their  context  is  to  see  them  as  part  of 

the  general  intellectual  and  emotional  life  of  man. 

What  they  exist  to  do  they  do  better  than  does  any- 

thing else,  and  the  needs  they  satisfy  are  not  pecu- 
liar to  scientific  specialists.  These  papers  try  to 

show  one  or  two  of  the  many  reasons  why,  for 

people  who  are  not  specialists  as  well  as  for  those 

who  are,  science  may  be  interesting. 

J.  W.  N.  SULLIVAN 
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THE    INTEREST   OF  SCIENCE 

★ 

I 

The  conception  of  science  as  a  body  of  thought 

embracing  the  whole  of  our  rational  convictions 

about  reality  has  hardly  yet  been  generally  reached. 

Man  is  still  so  far  from  being  a  rational  animal  that 

the  application  of  rational  methods  of  inquiry  to  all 

branches  of  his  experience  is  still  instinctively  re- 
sisted—as if  reason  were  an  alien  and  hostile  in- 

truder. Beliefs  which  are  held  with  passion,  being 

the  expression  of  instinctive  preferences,  are  felt 

not  to  belong  to  the  ̂ sphere'  of  science.  On  all 
questions  where  his  passions  are  strongly  engaged, 

man  prizes  certitude  and  fears  knowledge.  Dispas- 
sionate inquiry  is  welcomed  only  when  the  result 

is  indifferent.  Nearly  every  great  scientific  genera- 

lization has  incurred  the  odium  theologicum  —  which  is 

not  the  exclusive  possession  of  theologians  —  from 

the  Copernican  hypothesis  to  the  theory  of  herd  in- 

stinct. That  science,  although  continually  wound- 

ing men,  should  nevertheless  have  progressed,  is 

evidence  that  it  serves  impulses  deeply  rooted  in 

man's  nature.  The  great  scientific  innovator,  like 
the  great  altruist,  is  treated  with  ignominy  by  the 

society  whose  deepest  instincts  he  lives  to  serve. 1 1 
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Science,  the  child  of  irrational  impulse,  has  in- 
herited something  of  the  parental  character.  Its 

history  reveals  it  as  purblind  and  fumbling,  with 

no  clear  vision  of  its  aim,  no  premonition  of  its  im- 

perial state.  Unlike  philosophy,  it  did  not  aspire 
to  universal  dominion.  It  was  content  to  investi- 

gate the  particular  instance,  and  did  not  reject  a 

certain  incoherence  in  explanation  rather  than 

accept  a  generalization  which  did  not  spring  from 

its  own  ground.  It  refused  foreign  assistance,  but 

kept  its  independence.  That  scientific  men  did 

not  always  understand  that  science  must,  from  its 

nature,  be  autonomous,  is  evident  from  the  history 

of  every  particular  science.  Even  as  late  as  Des- 
cartes it  was  considered  quite  natural  to  deduce 

phenomena  from  metaphysical  principles;  and  an 

admixture  of  mythical  elements  is  not  entirely 
absent  from  some  branches  of  science,  even  at  the 

present  day.  Science  has  not  yet  reached  full  con- 
sciousness of  its  proper  ground  and  aims. 

The  values  served  by  science,  in  terms  of  which 

its  claim  to  consideration  is  to  be  judged,  have 

become  more  numerous  as  science  has  developed. 
The  earliest  scientific  researches  were  concerned 

wholly  with  the  particular  event,  with,  at  most,  the 
12 
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vaguest  inkling  of  large  perspectives.  The  savage 

who  discovers  that  the  branch  lying  partly  in  the 

stream  is  not  really  bent,  is  prompted  by  the  same 

localized  and  detached  curiosity  which  led  to  most 

of  the  early  scientific  discoveries.  Interest  in  the 

oddity  of  an  event  is  undoubtedly  the  root  of  scien- 
tific observations.  The  more  closely  the  events 

concern  us,  the  more  pregnant  they  may  be  with 

possible  pleasure  or  pain,  the  greater  the  degree  of 

abstraction  necessary  to  see  them  in  their  relations. 

Human  beings  remain  miracles  to  us  long  after  we 

have  learned  to  predict  the  motion  of  a  planet. 

Psychology  is  the  latest  of  the  sciences,  not  so 

much  because  of  the  intrinsic  difficulty  of  its  sub- 

ject-matter as  because  our  interest  in  the  subject- 
matter  is  so  vehement  that  it  is  almost  impossible 

to  be  indifferent  to  the  results.  An  intelligent  fish 

would  probably  have  found  most  of  the  pain- 

fully won  results  of  human  psychology  fairly 
obvious. 

From  the  accumulation  of  facts  and  the  attempt 

to  see  them  in  relation  springs  the  scientific  theory. 
With  the  construction  of  theories  science  enters  on 

a  new  phase  in  its  development,  and  serves  a  differ- 
ent set  of  human  values.  Its  facts,  the  products  of 

13 
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local  curiosities,  now  take  on  an  order,  and  serve 

the  desire  for  comprehension.  The  apparently  dis- 
similar becomes  related ;  law  supervenes  on  chaos. 

The  desire  for  knowledge  becomes  transformed 

into  the  desire  for  significant  knowledge  —  signifi- 
cant primarily  for  contemplation,  and  secondarily 

for  practice.  It  is  the  scientific  theory  alone  that 

gives  to  science  its  true  being  and  makes  it  worthy 

of  a  deep  concern.  The  desire  for  comprehension 

is  deeply  rooted  in  human  nature.  Religious  myths 

and  philosophical  systems  arose  in  obedience  to 

this  impulse.  Science  also  exists  to  satisfy  this 

craving,  and  the  terms  on  which  it  does  so  are  alto- 

gether to  its  advantage.  The  fact  that  it  is  an  ex- 
tension of  common  knowledge,  and  infers  nothing 

that  cannot  be  verified,  differentiates  it  from  myth, 

and  is  the  secret  of  the  grave  and  serious  satisfac- 
tion it  affords.  Those  accustomed  to  this  homely, 

invigorating  atmosphere  find  the  rarer  air  of  much 

traditional  philosophy  quite  insupportable.  A  cer- 
tain indifference  to  other  methods  of  describing 

reality  becomes  more  evident  as  the  years  advance 
and  the  domain  of  science  becomes  more  and  more 

extended.  Peaceful  penetration  takes  the  place  of 

open  warfare,  and  in  face  of  rival  systems  men  of 

14 
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science  feel  less  inclined  to  disprove  what  they  feel 

more  at  liberty  to  ignore. 

Science  still  falls  far  short  of  affording  complete 

comprehension  or  of  providing  so  finished  a  picture 

of  reality  that  we  feel  no  need  of  other  speculations. 

The  different  sciences  do  not  yet  conspire  to  form 

one  single  coherent  body  of  truth.  The  interstices 

between  them  are  still  sufficiently  large  to  admit 

foreign  interpretations.  But  the  impulse  to  com- 
prehension, which  created  science,  will  be  justified 

by  it:  we  may  have  so  much  faith.  Even  that 

moiety  of  mankind  who  care  for  little  beyond  pure 

immediacy  will  find  that  science  alone  can  give 

them  much  of  what  they  desire.  Scientific  theories 

possess  a  value  even  to  those  who  are  strangers  to 

the  pleasures  of  contemplation,  for  science  has 

powerful  reactions  in  the  world  of  practice.  To 

those  who  have  lost  their  birthright  it  can  offer  a 

mess  of  pottage. 

Besides  serving  curiosity,  comprehension  and 

practice,  science  offers  richly  satisfying  objects  to 

the  aesthetic  impulse.  The  language  of  aesthetics 

is  not  far  to  seek  in  the  writings  of  men  of  science, 

and  were  it  not  that  the  word  arouses  such  a  pro- 

prietary fury,  we  should  agree,  reviewing  their 

15 
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motives  and  the  kind  of  their  satisfactions,  to  call 

them  artists.  The  matter  of  the  highest  art,  like 

that  of  true  science,  is  reality,  and  the  measure  in 
which  science  falls  short  as  art  is  the  measure  in 

which  it  is  incomplete  as  science.  All  good  philo- 
sophy, art  or  science  partakes  of  the  nature  of  the 

other  two.  When  these  three  are  regarded  as  one, 

each  will  have  reached  its  apotheosis. 

II 

It  is  unfortunately  true  that  as  a  science  advances 

it  grows  more  complex.  Not  only  does  its  language 

depart  more  and  more  from  ordinary  speech  by 
the  accumulation  of  technical  terms,  but  the  terms 

in  current  use  at  any  time  are  defined  in  terms  of 

others  which  are  defined  in  terms  of  others  -  some- 

thing after  the  manner  of  the  description  of  the 

house  that  Jack  built.  The  most  obvious  case  of 

this  Chinese  box  kind  of  language  is,  of  course, 
that  of  mathematics.  A  mathematical  theorem 

occupying  one  line  of  type  might  very  well  occupy 

a  volume  if  written  out  in  ordinary  prose  in  which 

no  terms  were  used  which  were  not  common  pro- 

perty. For  this  reason  modern  mathematical  dis- 
coveries, except  in  very  special  instances,  cannot 
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be  made  intelligible  except  to  mathematicians.  To 

learn  the  language  of  a  highly  developed  science 

like  mathematics  takes  about  as  long  as  to  learn 

Chinese,  but  the  task  of  translation  into  English  is 

very  much  harder.  For  this  reason  mathematicians 

cannot  hope  for  intelligent  popular  recognition; 

they  must  be  content  to  be  regarded  either  as 

vaguely  impressive  figures  or  else  as  mild  lunatics 

busied  with  incomprehensible  and  probably  tri- 

fling abstractions.  Compared  with  writers,  musi- 
cians or  painters,  they  are,  for  social  purposes, 

mental  outlav/s.  It  is  apparent,  however,  that 

mathematics  was  not  always  so  remote.  It  was  pos- 
sible for  Voltaire  to  take  an  interest  which  was,  at 

any  rate,  enthusiastic,  in  the  work  of  Newton. 

This  was  doubtless  due,  in  some  degree,  to  the 

obviously  dramatic  quality  of  Newton's  dis- 
coveries, but  it  was  also  due  to  the  fact  that  his 

discoveries  could  be  expressed  in  comparatively 

simple  language.  Again,  physics  and  chemistry  at 

that  time,  and  for  some  years  later,  were  not  only 

intelligible  to  men  without  special  training,  but 

such  men  could  actually  make  valuable  discoveries 

in  these  sciences.  As  these  sciences  progressed 

their  language  became  more  and  more  forbidding 
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and  their  fundamental  notions  more  and  more 

abstract.  Men  without  special  training,  but  with 

scientific  curiosity,  turned  their  attention  to  the 

biological  sciences.  They  collected  birds'  eggs  and 
butterflies;  they  bought  microscopes  and  wrote 

little  papers  on  the  sea-shells  they  discovered  in  a 

morning's  walk.  But  biology  has  now  developed  a 
technical  language,  and  the  days  of  the  untrained 
observer  are  almost  over.  The  one  science  which 

is  still,  to  some  extent,  accessible  to  these  amiable 

people  is  psychology.  It  is  growing  more  techni- 
cal, it  is  true,  but  the  majority  of  the  books  dealing 

with  psychology  may  still  be  read  almost  as  easily 

as  a  treatise  on  the  history  of  the  Balkans.  And 

the  'psychological'  novelist  can  still  regard  himself 
as  being,  from  one  point  of  view,  a  scientific  man. 

Psycho-analysis  is,  as  yet,  a  favourite  subject  of 

discussion  in  advanced  drawing-rooms  where  dis- 

cussions of  the  principle  of  relativity  are  compara- 
tively rare. 

The  divorce  between  science  and  the  general 

intellectual  world  is  unfortunate,  but  inevitable. 
It  is  unfortunate  both  for  the  scientific  man  and 

for  the  general  intelligentsia.  The  scientific  man, 

mentally  companionless  except  for  the  little  circle 
i8 
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of  his  immediate  co-workers,  becomes  less  com- 

plete as  a  human  being;  he  fails  as  a  humanist.  He 

too  often  accepts  his  outlawed  position  and  turns 

his  special  interests  into  his  exclusive  interests, 

as  if,  through  some  inverted  generosity,  he  refused 

to  take  where  he  could  not  give.  He  may  grow  to 

ignore  the  other  intellectual  activities  of  his  time, 

as  Darwin,  to  his  distress,  found  he  had  grown  to 

ignore  poetry,  or  he  may  actually  become  intol- 
erant of  such  activities  and  so  add  contempt  to  the 

ignorance  with  which  his  preoccupations  are  re- 
garded by  the  outside  world.  For  the  outside 

world,  also,  this  divorce  is  unfortunate.  For 

science,  in  its  own  way,  satisfies  just  the  same 

impulses  as  do  other  intellectual  interests,  and 

some  of  them  it  satisfies  more  completely  and  in  a 

richer  way.  A  great  waste  of  mental  energy  and 
much  inconclusive  discussion  would  be  avoided 

were  certain  scientific  results  more  generally 

known,  and,  more  particularly,  were  the  advan- 

tages of  the  scientific  method  more  widely  recog- 
nized and  the  method  itself  more  extensively 

practised.  An  air  of  superiority  is  often  noticed  in 
the  references  of  scientific  men  to  certain  current 

discussions.  It  is  a  fault  of  manner,  but  one  diffi- 
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cult  to  avoid.  *Inside'  information  usually  has  this 
effect  on  the  possessor,  and  when  it  is  information 

that  cannot  be  shared  the  attitude  is  apt  to  become 

chronic.  Both  sides,  then,  are  the  poorer  for  their 
lack  of  intercourse.  But  this  state  of  affairs  seems 

to  be  inevitable.  The  claims  of  the  Latin  and 

Greek  literatures  to  attention,  whether  they  are 

justified  or  not,  have  led  to  the  study  of  these  lan- 

guages being  imposed  on  perhaps  the  majority  of 

the  people  in  this  country  who  are  predominantly 

interested  in  intellectual  affairs.  It  is  a  training 

which  consumes  several  years :  is  a  training  in  the 

sciences  to  be  added?  This  is  manifestly  impos- 
sible. Even  if  our  whole  educational  system  were 

radically  altered,  only  those  sciences,  such  as  bio- 

logy and  psychology,  which  may  be  understood 

with  comparatively  little  training,  could  ever  be- 
come objects  of  common  knowledge.  But  sciences 

where,  in  addition  to  a  severe  and  prolonged  dis- 
cipline, special  aptitude  is  necessary,  must  always 

be  the  property  of  the  fev/.  As,  every  year,  all  the 

sciences  grow  m.ore  complex,  so  the  difficulty  of 

obtaining  an  adequate  knowledge  of  them  in- 
creases. A  dead  language  may  be  learnt  once  for 

all,  but  the  language  of  a  science  must  be  learnt 
20 
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afresh  every  few  years.  The  popular  article  of 

Huxley's  day,  the  link  between  the  man  of  science 
and  the  general  public,  is  now  the  link  between 
the  more  and  less  advanced  students  of  the  same 

science.  A  so-called  'popular'  account  of  Rela- 
tivity Theory,  for  instance,  is  like  an  annotated 

edition  of  Pindar;  a  very  fair  knowledge  of  the 

language  is  assumed  beforehand.  It  might  be 

thought  that  the  process  of  reduction,  as  it  were, 

could  be  continued,  until  finally  an  account  was 

prepared  where  no  technical  terms  were  used.  But 

such  an  account  would  be,  at  best,  like  a  transla- 

tio  n  of  Greek  poetry ;  the  essential  quality  would  be 

gone.  Such  translations  have,  of  course,  their 

uses,  but  the  attraction  of  science  for  the  scientific 

man,  like  the  attraction  of  a  poem  for  the  poet,  is 

not  to  be  communicated  in  this  way.  In  art  the 

separation  of  matter  and  form  is  not  really  pos- 
sible, and  the  same  is  true  of  the  sciences. 

Ill 

In  their  apologias,  w^hich  have  now  become  so 
common,  men  of  science  never  weary  of  pointing 

out  that  it  is  the  method  of  science  which  is  really 

worthy  of  adoption  by  philosophers  and  that  the 
21 
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results  of  science  are  merely  provisional.  The 

philosopher  who  bases  his  system  upon  the  results 

reached  at  any  given  time  by  any  given  science  has 

ensured  the  ultimate  downfall  of  his  system.  He 

is  sometimes  told  that  the  adoption  of  scientific 

methods,  on  the  other  hand,  will  enable  him  to 

make  sure  progress.  At  first  sight  there  seems  to 

be  a  contradiction  here,  for  if  the  scientific  method 

is  infallible  why  are  the  results  reached  by  it  pro- 
visional? To  judge  from  the  history  of  science,  the 

scientific  method  is  excellent  as  a  means  of  obtain- 

ing plausible  conclusions  which  are  always  wrong, 

but  hardly  as  a  means  of  reaching  the  truth.  The 

contradiction  is  only  apparent,  however,  for  it  will 

be  found  that  there  is  a  part  of  every  discarded 

hypothesis  which  is  incorporated  in  the  new 

theory.  The  discarded  hypothesis  proves  to  have 

been  too  general;  the  scientific  man  made  a  mis- 
take of  the  same  kind  as  the  philosopher  who  uses 

the  hypothesis  as  the  basis  of  a  general  system.  It 

is  now  known,  for  instance,  that  Newton's  theory 
of  gravitation  is  very  probably  not  exactly  true;  in 

most  cases,  however,  it  remains  very  nearly  true, 

and  there  are  large  regions  of  dynamical  astronomy 

which  are  unaffected  by  the  alteration.  The  New- 
22 
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tonian  laws  of  motion,  again,  are  not  sufficient  to 

describe  the  motion  of  bodies  moving  with  very- 
large  velocities,  but  they  are  very  nearly  true  for 

all  ordinary  velocities.  That  the  theories  which 

have  taken  the  place  of  those  abandoned  are  exactly 

true  is  very  improbable;  they  are,  however,  nearer 

the  truth.  We  may  say,  therefore,  that  while  the 

scientific  method  may,  quite  possibly,  never  enable 

us  to  reach  the  exact  truth,  successive  applications 

of  it  enable  us  to  approximate  nearer  and  nearer  to 
the  exact  truth.  In  this  lies  its  chief  difference 

from  the  methods  usually  adopted  in  philosophy, 

which  aim  at  obtaining,  at  one  blow,  theories  which 
shall  never  need  revision.  It  is  for  this  reason  that 

philosophy  does  not  progress. 

In  what,  then,  does  the  scientific  method  con- 

sist.'^ It  would  be  difficult  to  give  a  precise  defini- 
tion ;  it  has,  however,  two  main  characteristics  —  the 

choice  of  facts  and  the  treatment  of  facts.  It  does 

not  seem  to  be  generally  recognized  that  scientific 

men  do  choose  their  facts ;  there  are  many  people 

who  suppose  that  all  facts  are  of  equal  interest  to 

scientific  men,  and  that  information  respecting  the 

number  of  nightingales  heard  in  Hertfordshire 

during  a  certain  month,  for  instance,  is  a  contribu- 
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tion  to  scientific  knowledge.  It  should  be  obvious, 

however,  that  a  mere  random  collection  of  facts  is 

very  unlikely  to  aid  either  practice  or  theory.  The 

aim  of  science  is  not  to  form  catalogues,  but  to 

form  theories  describing  phenomena,  and  to  this 

end  some  facts  are  pertinent  and  a  very  great 

number  are  not.  All  men,  faced  with  a  problem  of 

any  kind,  choose  such  facts  for  examination  as  they 
consider  relevant.  Sherlock  Holmes  often  bewil- 

dered Watson  by  pondering  over  facts  that  Watson 

considered  irrelevant,  but  Watson's  surprise  v/as  a 

proof* that  even  he  had  a  standard  of  relevance. 
The  history  of  any  science  shows  that  the  facts  first 

chosen  were  those  mxost  likely  to  be  repeated. 

Such  facts  obviously  lead  to  statements  which  have 

a  greater  or  less  degree  of  generality.  That  an  un- 
supported stone  falls  to  the  ground  is  a  fact  of  this 

kind.  The  facts  chosen  by  the  man  of  science  are 

those  that  permit  generalization.  For  this  reason 

they  usually  differ  entirely  from  the  facts  of  interest 

to  historians.  After  selecting,  in  accordance  with 

this  principle,  the  facts  which  are  to  be  examined, 

the  next  step  consists  in  establishing  relations 

between  sets  of  these  facts.  The  precise  expression 
of  these  relations  is  called  a  law  of  nature,  to  U5e  a 
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somewhat  old-fashioned  terminology.  If  now  all 
the  relations  between  certain  sets  of  facts  can  be 

expressed  in  one  general  statement,  that  general 

statement  is  called  a  scientific  theory.  The  ulti- 
mate aim  of  the  scientific  method  is  to  create 

scientific  theories.  The  scientific  theory,  however, 

usually  introduces  an  element  which  has  not  been 

or  cannot  be  directly  observed,  and  also,  as  we 

have  seen,  usually  proves  to  have  been  too  hasty 

a  generalization.  Its  function  is  to  co-ordinate 

known  phenomena  and  to  predict  hitherto  unob- 
served phenomena.  The  extent  to  which  it  does 

this  is  the  measure  of  its  success  as  a  scientific 

theory,  and,  since  the  primary  object  of  the  scien- 
tific theory  is  to  express  the  harmonies  which  are 

found  to  exist  in  nature,  we  see  at  once  that  these 
theories  must  have  an  aesthetic  value.  The 

measure  of  the  success  of  a  scientific  theory  is,  in 

fact,  a  measure  of  its  aesthetic  value,  since  it  is  a 
measure  of  the  extent  to  which  it  has  introduced 

harmony  in  what  was  before  chaos. 

It  is  in  its  aesthetic  value  that  the  justification  of 

the  scientific  theory  is  to  be  found,  and  with  it  the 

justification  of  the  scientific  method.  Since  facts 

without  laws  would  be  of  no  interest,  and  laws 
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without  theories  would  have,  at  most,  a  practical 

utility,  we  see  that  the  motives  which  guide  the 

scientific  man  are,  from  the  beginning,  manifesta- 
tions of  the  aesthetic  impulse.  The  reason  why 

certain  facts  and  not  others  interest  the  scientific 

man,  the  reason  why  he  makes  a  choice,  is  because 

truth  without  beauty  is  as  uninteresting  to  him  as 

to  any  other  artist.  In  the  words  of  Poincare:  *Le 

savant  n'^tudie  pas  la  nature  parce  que  cela  est 
utile;  il  Tetudie  parce  qu  il  y  prend  plaisir,  et  il  y 

prend  plaisir  parce  qu'elle  est  belle.  Si  la  nature 

n'etait  pas  belle,  elle  ne  vaudrait  pas  la  peine 

d'etre  connue,  la  vie  ne  vaudrait  pas  la  peine 
d'etre  v^cue.' 
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★ 

I 

The  well-meant  and  industrious  efforts  of  profes- 

sional metaphysicians  to  explain  to  men  of  science 
in  what  sense  science  is  true,  in  what  sense  it  has 

meaning,  and  in  what  its  value  really  consists, 

practically  all  suffer  from  the  defect  that  men  of 

science  do  not  recognize  the  subject  of  investiga- 
tion as  being  science  at  all.  It  is  almost  true  to  say 

that  the  professional  philosopher  is  only  convinc- 
ing when  he  is  talking  about  the  Absolute,  for 

that  is  a  subject  with  which  nobody  else  is  con- 
cerned; but  when  he  devotes  his  attention  to  sub- 

jects  with  which  other  people  are  familiar,  it  often 

becomes  possible  to  put  the  book  down  before 

finishing  it.  Thus  treatises  on  aesthetics  are  usually 

convincing  to  everybody  but  poets,  painters  and 

musicians,  and  philosophical  writings  on  science 

are  probably  in  great  demand  amongst  classical 

scholars.  Nevertheless,  since  philosophising  on 

these  subjects  is  an  agreeable  mental  exercise,  we 

find  that  some  artists  are  now  engaged  in  develop- 
ing an  aesthetic  for  themselves,  and  some  men  of 

science  are  engaged  in  trying  to  find  out  what 

science  is.  In  each  case  the  work  consists  chiefly 
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in  making  explicit  processes  which  are  instinctive. 

This  fact  is  of  the  greatest  importance,  for,  if  the 

instinctive  equipment  be  lacking,  the  results  will 

inevitably  be  unsatisfactory.  There  are  treatises  on 

aesthetics,  for  instance,  whose  chief  effect  on  the 

poet  is  to  make  him  doubt  whether  the  author 

could  tell  a  good  poem  from  a  bad  one ;  this  is  an 

absolutely  fatal  objection.  If  poets  cannot  recog- 
nize what  they  call  poetry  as  being  the  subject  of 

the  discussion,  then,  as  a  discussion  of  poetry,  that 
discussion  is  worthless.  Practitioners,  whether 

artists  or  men  of  science,  seldom  have  the  inclina- 
tion to  uncover  and  dissect  what  is  to  them  an 

instinctive  and  delightful  process;  but  it  is  quite 

easy  for  them  to  see  (or,  rather,  to  feel)  that  a  sug- 
gested explanation  is  unsatisfactory,  although  they 

may  find  it  wholly  impossible  to  give  reasons  for 

their  dissatisfaction.  Nevertheless,  when  this  dis- 

satisfaction is  due  to  an  inability  to  recognize  the 

subject-matter,  the  explanation  must  be  con- 
demned. It  is  perfectly  possible,  for  instance,  that 

psycho-analysis,  by  introducing  a  mother-complex, 

an  inferiority-complex,  and  two  or  three  more, 

might  'explain'  the  Ode  to  a  Nightingale.  But  if 
this  explanation  left  out  everything  which  made 
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poets  regard  that  composition  as  a  poem,  it  would 

not  be  a  satisfactory  explanation. 

We  have  treated  this  point  at  some  length 

because  Dr,  Campbell,  in  a  recent  valuable  book  on 

the  Elements  of  Physics,  insists  that  the  physics 

he  is  talking  about  is  that  of  physicists.  He  has 

endeavoured  to  supply  a  criticism  of  the  terms 

used  in  Physics,  to  find  what  is  meant  by  a  Law, 

by  a  Theory,  what  a  physicist  m^eans  when  he  says 

a  proposition  is  *true,'  or  that  something  ̂ exists,' 

or  that  a  theory  has  'meaning.'  Mr.  Campbell  is 
perfectly  aware  that  all  these  subjects  have  already 

been  treated  by  the  professional  m.etaphysician, 
but  he  claim.s,  and  we  have  no  doubt  that  his  claim 

is  just,  that  he  is  speaking  not  only  for  himself  but 

for  the  great  majority  of  scientific  men  when  he 

says  that  in  these  discussions  he  not  only  does  not 

recognize  the  subject-matter,  but  he  does  not 

recognize  any  subject-matter.  Such  words  as 

'reality'  and  'existence,'  as  they  are  em.ployed  by 
metaphysicians,  he  finds  productive  of  nothing  but 

great  discomfort  and  intense  mental  confusion.  As 

he  unhesitatingly  rejects  the  hypothesis  that  meta- 
physicians are  im.beciles,  he  thinks  this  confusion 

can  be  due  only  to  the  fact  that  these  words  are 
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used  by  metaphysicians  in  senses  quite  different 

from  those  they  bear  to  men  of  science.  He  has  not 

been  able  to  explain  precisely  in  what  the  differ- 
ence consists,  since  he  has  not  been  able  to  dis- 

cover what  meanings  metaphysicians  attach  to 

these  words.  Accordingly  he  has  confined  himself 

to  explaining  the  meanings  these  words  have  in 

science.  The  result  is  a  subtle,  fairly  clear,  and 

frequently  entertaining  piece  of  analysis.  He 

acknowledges  that  his  two  masters  have  been 

Poincar^  and  Bertrand  Russell,  and  he  shows  com- 

plete familiarity  with  other  writers  of  the  kind. 

But  part  of  his  reason  for  publishing  the  book,  he 

tells  us,  is  that  even  the  mathematical  philosophers 

occasionally  misrepresent  science  as  the  experi- 

mental physicist  knows  it.  That  they  are  mathema- 
ticians and  not  physicists  is  a  little  too  evident  in 

some  of  their  conclusions.  Thus  Mach's  idea  that 
the  object  of  science  is  to  economize  thought  is 

only  plausible,  he  thinks,  to  a  mathematician ;  and 

a  fundamental  proposition  that  Russell  and  White- 

head find  quite  necessary  to  thought  Mr.  Camp- 
bell does  not  find  necessary  at  all.  He  thinks  it 

quite  likely,  also,  that  scientific  thinking  is  illo- 
gical, but  not  therefore  invalid.  The  point  of 
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view,  in  fact,  is  that  there  are  different  kinds  of 

minds  with  different  needs  and  different  satisfac- 

tions, and  Mr.  Campbell  claims  that  physicists, 

for  example,  belong  to  a  certain  species  and  that 

the  science  of  physics  is  something  which  exists  in 

the  minds  of  physicists.  Therefore  this  book,  as  he 

insists,  is  not  only  written  by  a  physicist,  but  it  is 

written  for  physicists.  He  is  confident  that  what 

he  has  to  say  will  be  found  an  explicit  statement 

of  their  instinctive  processes,  and  he  thinks  the 

highest  compliment  that  could  be  paid  to  his  book 

would  be  for  physicists  to  say  they  knew  it  all 
before. 

Now  it  is  true  that  nobody  but  a  physicist  could 

have  written  this  book  and  that  nobody  ignorant 

of  physics  could  understand  it.  It  may  also  be 

true  that  none  but  a  practising  physicist  could 

understand  it  with  the  intimacy  that  Mr.  Camp- 
bell desires.  But  any  reader  who  is  not,  in  Mr. 

Campbell's  sense,  half-educated  (the  other  half 
consists  of  science — preferably  physics)  will  find 
the  book  not  only  valuable,  but  delightful.  The 

slight  touch  of  brusquerie  that  the  metaphysician  or 

the  equally  unfortunate  *half-educated'  person 
might  attribute  to  Mr.  Campbell  from  the  above 
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exposition  is  not  in  the  least  that  of  the  horny- 
handed  son  of  toil,  but  is  the  half-humorous 

impatience  of  a  subtle  and  vigorous  thinker  who  is 

by  no  means  naive.  There  is  no  reason  why  the 

audience  that  reads  Poincares  popular  four 

volumes  should  not  also  read  this  book,  and  there 

are  many  reasons  why  it  should.  Many  of  the 

questions  raised  there  are  here  developed  more 

fully;  most  of  the  questions,  in  fact,  raised  by  the 

speculations  of  such  men  as  Poincarfe,  Russell, 

Mach,  etc.,  in  so  far  as  they  affect  science,  are  here 

given  systematic  treatment.  We  hope  to  devote  a 

future  article  to  the  exposition  of  some  of  Mr. 

Campbell's  more  interesting  results;  we  are  con- 
cerned here  to  indicate  the  nature  and  scope  of  the 

book. 

The  present  volume  is  in  two  pretty  distinct 

parts,  the  first  part  being  concerned  with  the  pro- 
positions of  science,  and  the  second  part  with 

measurement.  These  are  to  be  followed  by  Part 

III.  on  Space  and  Time,  Part  IV.  on  Force,  and 

Part  V.  on  Energy,  although,  regarding  these 

parts,  Mr.  Campbell  says:  'I  have  not  the  remotest 

idea  v/hen,  if  ever,  they  will  be  published.'  With- 
out anticipating  a  future  discussion  of  the  more 
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technical  parts  of  Mr.  Campbeirs  work,  we  may 

refer  here,  because  of  the  general  interest  taken  in 

the  subject,  to  the  explanation  he  gives  of  the  fact 

that  while  the  outside  world  resolutely  marks  off 

Science  from  Art,  yet  this  distinction  is  not  at  all 

clear  to  scientific  men.  It  is  difficult,  for  example, 

in  studying  the  life  of  a  great  man  of  science,  to 
resist  the  conclusion  that  his  incentives  and  satis- 

factions are  indistinguishable  from  those  of  a  great 

artist.  Yet  it  seems  to  be  undoubtedly  true  that 

a  work  of  Art  is  something  personal,  whereas 

Science  is  obviously  impersonal.  Mr.  Campbell 

asks  us  to  distinguish  between  truth  and  meaning. 

The  truth  of  science  is  something  impersonal,  but 

its  meaning  is  personal.  The  achievement  of  New- 
ton and  Maxwell  is  as  personal  as  that  of  Giotto, 

Shakespeare  and  Bach.  Their  dreams  were  not 

less  personal,  nor  less  delightful,  and  it  is  nothing 
to  their  discredit  that  their  dreams  also  came  true. 

And  the  fact  that  the  meaning  of  a  scientific  theory 

is  something  that  exists,  perhaps,  only  for  men  of 

science,  has  an  obvious  parallel  in  Art.  The  fol- 

lowing passage  from  Mr.  Campbell's  book  is  one 
to  which  every  man  of  science  would  give  instant 
assent: 
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"Nobody  who  has  any  portion  of  the  scientific 
spirit  can  fail  to  remember  times  when  he  has 

thrilled  to  a  new  discovery  as  if  it  were  his  own. 

He  has  greeted  a  new  theory  with  the  passionate 

exclamation,  '  It  must  be  true !'  He  has  felt  that 
its  eternal  value  is  beyond  all  reasoning,  that  it  is 

to  be  defended,  if  need  be,  not  by  the  cold-blooded 
methods  of  the  laboratory  or  the  soulless  processes 

of  formal  logic,  but,  like  the  honour  of  a  friend,  by 

simple  affirmation  and  eloquent  appeal.  The  mood 

will  and  should  pass ;  the  impersonal  enquiry  must 
be  made  before  the  new  ideas  can  be  admitted  to 

our  complete  confidence.  But  in  that  one  moment 

we  have  known  the  real  meaning  of  science,  we 

have  experienced  its  highest  value;  unless  such 

knowledge  and  such  experience  were  possible, 

science  would  be  without  meaning  and  therefore 

without  truth.'' 

II 

What  kind  of  Physics  would  be  developed  by  a 

man  alone  on  an  island?  We  are  assuming,  of 

course,  that  this  favourite  figure  of  speculative 

writers  enjoys  the  properties  usually  attributed  to 

him;  he  is  remarkably  intelligent,  and  can  create 
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by  a  word  any  scientific  apparatus  he  requires. 

The  point  is  that  he  has  no  need  to  take  into 

account  the  judgments  of  other  people.  Let  us 

choose  an  experiment  designed  to  make  clear  the 

consequences  of  his  isolated  state.  Suppose  our 

islander,  after  looking  at  a  red  patch,  glances  at  a 

white  ceiling.  He  sees  a  green  patch.  Now  sup- 
pose that  he  heats  a  copper  wire  in  the  flame  of  a 

Bunsen  burner.  The  flame  turns  green.  Will  our 

islander  proceed  to  construct  a  physics  which  shall 
embrace  both  these  observations?  Before  we  can 

answer  this  question  we  must  consider  why  our 

own  physics  distinguishes  so  sharply  between 

them.  In  the  first  place,  it  may  be  said  that  all 

observers,  except  the  man  who  contemplated  a 

patch  of  red,  agree  that  the  colour  of  the  ceiling  is 

unchanged,  whereas,  in  the  case  of  the  copper 

wire,  all  observers  agree  that  the  flame  has  turned 

green.  In  the  first  case,  therefore,  we  say  that 

there  has  occurred  a  change  in  the  observer,  and  in 

the  second  case  a  change  in  the  flame.  We  invoke 

the  criterion  of  universal  assent.  But  it  can  readily 
be  shov/n  that  we  have  not,  in  fact,  invoked  this 

criterion,  for  in  saying  that  the  flame  has  turned 
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blind  persons.  Not  everybody  would  agree  that 

the  flame  has  turned  green,  and  on  what  principle 

are  we  to  decide  between  the  conflicting  opinions 

of  different  observers?  Mr.  Campbeirs  examina- 
tion of  this  question  appears  to  take  us  to  the  root 

of  the  matter.  Universal  assent  is  involved,  but 

also  something  more,  and  it  is  the  something  more 

which  will  probably  enable  our  islander  to  form  a 

physics  like  our  own.  Let  us  first  consider  the  way 
in  which  universal  assent  is  involved  in  science. 

We  must  obviously  leave  out  judgments  of 

colour;  similarly,  science  does  not  now  measure 

electrical  quantities  in  the  manner  of  Cavendish, 

by  comparing  the  intensities  of  electric  shocks 

experienced  by  the  observer.  Science  make  a 

choice  of  the  judgments  it  shall  consider;  it  does 

not  even  embrace  all  judgments  for  which  univer- 
sal assent  may  be  obtained.  The  judgments  on 

which  science  is  based,  and  for  which  universal 

agreement  may  be  obtained,  are  divided  by  Mr. 

Campbell  into  three  groups:  (i)  Judgments  of 

simultaneity,  consecutiveness  and  *betweenness' 

in  time;^  (2)  Judgments  of  coincidence  and  'be- 

^  Assuming,  in  accordance  with  the  principle  of  Relativity, 
that  all  observers  have  the  same  motion. 
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tweenness'  in  space;  (3)  Judgments  of  number, 
such  as.  The  number  of  the  group  A  is  equal  to, 

greater  than  or  less  than,  the  number  of  the  group 

B.  Now  it  is  judgments  of  this  kind  that  are  in- 
volved in  physical  observations :  the  deflection  of  a 

spot  of  light  on  a  scale,  the  reading  of  a  stop-watch, 
and  so  on.  These  judgments  are  fundamental  to 

science  and  are  such  that  universal  assent  may  be 
obtained  for  them.  Let  us  now  consider  the  case 

of  the  copper  wire  in  the  Bunsen  flame.  We  have 

said  that  not  all  people  will  agree  that  the  flame 

has  turned  green.  But  the  light  from  the  Bunsen 

has  other  properties  than  its  colour;  it  has  a 

measurable  refrangibility  and  a  measurable  wave- 
length. The  important  point  for  physics  is  that  all 

observers,  both  ̂ normal'  and  colour-blind,  would 
agree  on  these  measurements,  since  they  are  con- 

nected with  the  fundamental  judgments  mentioned 
above.  The  fact  that  different  observers  associate 

these  same  measurements  with  different  colours  is 

a  fact  of  no  importance  for  physics;  ̂ colour'  is  not 
a  notion  essential  to  physics  at  all;  when  phrases 

containing  such  words  as  *red'  or  *ycllow'  occur  in 
physics  they  may  always  be  replaced  by  words 

depending  for  their  meaning  solely  on  fundamental 
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time,  space  and  number  judgments.  It  is  for  this 

reason,  then,  that  science  builds  on  perfectly  sure 

foundations;  its  foundations  can  only  be  denied  by 

an  imposter,  that  is,  by  one  whose  actions  show 

that  he  actually  believes  what  he  says  he  denies. 

Now,  how  does  this  apply  to  our  islander?  We 

may  assume  that  he  can  measure  refrangibility  and 

wave-length.  He  finds  that,  in  these  particulars, 
the  light  from  the  ceiling  is  unaltered,  while  the 

light  from  the  Bunsen  flame  is  altered.  But  these 

observations  have  no  greater  support  than  his 

colour  judgments.  On  both  occasions  the  only 

testimony  is  his  own.  But  he  would  notice  a  great 

difference  directly  he  began  to  establish  the  laws 

connecting  these  phenomena.  The  laws  derived 
from  the  second  set  of  observations  would  be  much 

more  satisfactory  than  those  derived  from  the  first 

set.  He  would  undoubtedly  prefer  them  and 

would  unhesitatingly  adopt  them.  When  it  is  put 

in  this  way,  there  certainly  seems  something  arbi- 
trary about  the  process  by  which  science  selects  its 

fundamental  judgments.  They  are  selected  be- 
cause they  fall  neatly  and  satisfactorily  into  laws. 

Mr.  Campbell  further  suggests  that  the  laws  used 

in  science  are  selected  from  amongst  other  possible 
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laws  because  the  selected  laws  fit  into  theories,  *the 
form  of  which  is  dictated  chiefly  by  preconceived 

ideas  of  what  a  theory  should  be/  It  may  be  stated 

at  once  that  Mr.  Campbell  admits  the  presence  of 

an  arbitrary  element  in  science,  but  it  is  precisely 

his  case  that  this  arbitrary  element  gives  to  science 
its  value. 

We  cannot  here  summarize  his  exposition, 

because  it  would  be  unintelligible  except  to  readers 

with  a  scientific  training,  since  Mr.  Campbell  has 

adopted  the  very  sound  of  method  of  analysing  the 

actual  laws  and  theories  current  in  physics.  We 

may  indicate,  however,  the  general  lines  of  his 

investigation.  He  attempts  to  analyse  the  kind  of 

relation  involved  in  a  scientific  *law.'  It  has  been 

generally  assumed  by  philosophers  that  this  rela- 

tion is  the  ̂ casual'  relation,  but,  in  fact,  it  is  very 
doubtful  whether  this  relation  is  ever  used  in  the 

statement  of  laws.  It  is  a  very  special  kind  of  rela- 
tion, and  its  supposed  importance  to  science  seems 

to  rest  on  a  confusion  between  the  psychological 

process  in  an  observer  performing  an  experiment 
and  the  relation  stated  to  exist  between  his  obser- 

vations. Thus,  in  Ohm's  Law,  does  the  potential 
difference  enter  as  cause  or  effect  of  the  current.'^ 
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The  question  is  sufficient  to  show  that  the  causal 

relation  is  not  concerned.  Mr.  Campbell  admits 

that  he  has  not  succeeded  in  making  a  final  analysis 

of  the  propositions  called  laws,  but  we  think  that 

he  has  certainly  established  several  points  of  great 

value.  It  is  more  to  our  present  purpose,  however, 

that  this  analysis  shows  more  clearly  how  an  arbi- 
trary element  enters  into  scientific  laws.  A  law 

does  not  simply  relate  concepts  in  a  manner  con- 

sistent with  observation;  it  would  be  perfectly 

possible,  for  instance,  to  replace  Ohm's  Law,  ex- 
pressing simple  proportionality  between  current 

and  potential  difference,  by  a  much  more  compli- 
cated expression  which  should  agree  equally  well 

with  observation.  There  are  always  several  laws 

which  will  satisfy  the  observations;  the  one  that  is 

chosen  is  chosen  for  its  simplicity,  i.e.  because  of 
the  mental  satisfaction  it  affords.  The  fact  that  it 

does  fit  the  observations  gives  it  what  Mr.  Camp- 

bell calls  its  *truth,'  and  the  fact  that  it  affords 
intellectual  satisfaction  gives  it  what  he  calls  its 

'meaning.' 
When  we  pass  from  laws  to  theories  we  find  that 

the  element  of  ̂ meaning'  becomes  much  more  pro- 
minent. Now  the  truth  of  a  law  is  something  that 
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rests  on  universal  assent;  this  is  not  the  case,  how- 

ever, for  the  meaning  of  a  law.  It  may  be  that  the 

contemplation  of  Ohm's  Law  gives  you  no  satis- 
faction whatever ;  if  it  satisfies  me,  however,  then 

to  me  it  has  meaning.  It  is  only  necessary,  there- 
fore, that  scientific  laws  should  have  meaning  for 

scientific  men;  their  truth,  however,  is  the  same 
for  all.  When  we  come  to  consider  theories  we  find 

that,  concerning  their  meaning,  there  is  much 

more  difference  of  opinion.  This  difference,  in 
fact,  almost  follows  national  lines,  so  that  of  the 

two  great  classes  of  theories,  the  ̂ mechanical'  and 

the  ̂ mathematical,'  the  former  is  largely  a  product 
of  British  physicists,  while  Continental  physicists 

prefer  the  second  type.  Mr.  Campbell  analyses 

very  acutely  the  differences  between  the  two  classes 

as  well  as  the  elements  they  have  in  common.  As 

he  says,  there  may  be  a  'taste'  for  certain  kinds  of 
theories,  as  there  is  a  taste  for  oysters.  The  result 

of  this  analysis  is  to  show  very  clearly  in  what 

respects  science  is  impersonal  and  in  what  respects 

personal;  it  also  helps  to  make  clear  what  science 

is.  It  is  true  that  the  impersonal  element  in 

science  is  the  m.ost  important,  in  this  sense,  that  if 

any  law  or  theory  can  be  shown  not  to  be  true, 
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then,  however  much  meaning  it  may  have,  it  must 

be  at  once  rejected.  It  is  also  true  that  it  is  the 

meaning  of  laws  and  theories,  particularly  theories, 

which  gives  them  their  value  to  scientific  men.  We 

therefore  reach  once  more  the  conclusion,  suffi- 

ciently familiar,  but  seldom  so  satisfactorily  pre- 
pared, that  the  value  of  science  is  in  the  aesthetic 

satisfactions  it  affords.  In  Mr.  Campbell's  words, 
^Science  is  the  noblest  of  the  arts.' 
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The  influence  of  scientific  discoveries  on  that 

vaguely  defined  complex  of  beliefs  and  intellectual 

interests  called  culture  seems,  at  first  sight,  to  have 

something  paradoxical  about  it.  There  can  be  no 

question  that  this  influence  is  very  widespread,  and 

there  can  be  as  little  question  that  ignorance  of 

scientific  discoveries  is  equally  widespread.  If  our 

admittedly  cultured  classes  were  submitted  to  such 

a  questionnaire  as  the  workers  in  Sheffield  were 

recently  called  upon  to  answer,  we  should  doubt- 

less find  that  such  questions  as  Who  was  Dante.'^ 
Who  was  Plato?  would  act  like  holes  in  a  dam;  but 

it  is  to  be  feared  that  the  questions  under  the  head- 

ing Science  would  evoke  the  merest  trickle  of  in- 
formation. And  yet  many  of  the  questions  in  other 

parts  of  the  questionnaire  would  be  answered  very 

differently  were  it  not  for  those  scientific  dis- 

coveries of  which  the  examinee  can  give  no  satis- 

factory description.  The  apparent  paradox  is  re- 
solved by  remembering  that  it  is  only  the  broadest 

generalizations  of  science,  and  only  certain  aspects 

of  those,  which  exert  a  marked  influence  on  the 

rest  of  a  man's  beliefs.  The  varied  and  highly 
complicated  studies  which  make  up  modern  astro- 43 
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nomy,  for  instance,  can  be  known,  in  any  real 

sense,  to  but  a  few  specialists;  the  one  significant 

thing,  for  purposes  of  general  culture,  that  emerges 

from  these  studies,  is  that  the  earth  is  materially 

insignificant  in  the  universe.  We  need  not  mind  if 

so  much  knowledge  and  no  more  percolates 

through  the  barriers  of  a  literary  education;  the 

damage  is  done;  the  rest  of  the  man's  beliefs  begin 
to  be  profoundly  affected.  In  the  papers  on  geo- 

logy and  biology  the  majority  of  cultured  people 

would  fail;  they  would  all  be  amused,  however,  at 

the  idea  that  the  earth  was  formed  in  4004  B.C. 

and  that  man  was  a  special  and  separate  creation. 

Psychological  studies  have  not  yet  reached,  per- 
haps, a  great  and  easily  understood  generalization, 

but  there  is  a  growing  charity  vis-a-vis  the  'crimi- 
nal classes'  and  other  moral  outcasts.  Our  Vic- 

torian parents'  hearty  condemnation  of  everybody 
they  disliked  is  now  just  a  little  more  difficult. 

Such  generalizations  as  we  have  been  mentioning 

are  important  to  general  culture  because  of  what 

we  may  call  their  perspective  effect.  Their  bear- 

ing on  the  rest  of  a  man's  mental  furniture  is  not 
direct;  they  put  the  furniture  in  a  different  setting, 

A  change  of  residence,  if  the  difference  between 
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the  two  houses  be  sufficiently  marked,  may  well 

lead  to  a  change  of  habits,  and  the  furniture  which 

looked  quite  well  in  four  rooms  may  seem  a  little 

inadequate  in  forty.  Those  writers  who  declare 

that  there  is  no  Veal'  conflict  between  science  and 
religion,  for  instance,  may  be  perfectly  good 

logicians;  the  point  is  whether  a  particular  religion 

looks  adequate  in  the  modern  universe  of  science. 

It  is  not  a  question  of  destroying  the  furniture;  it 

is  whether  the  contents  of  a  bijou  villa  adequately 

furnish  Salisbury  Plain.  The  influence  of  science 

on  philosophy  is  similarly  indirect.  Perhaps  there 

is  no  philosophy  which  does  not  still  find  defen- 
ders; our  objection  to  many  of  these  philosophies 

is  not  that  they  are  illogical,  but  that  they  look  so 

funny. 

When  we  come  to  study  the  influence  of  science 

on  the  arts,  we  see  that  there  is  yet  another  way  in 

which  science  modifies  culture.  Many  of  the 

pleasurable  emotions  associated  with  the  arts  are 

not  unknown  to  the  student  of  science.  The  study 

of  such  sciences  as  astronomy,  physics  or  biology 

awakens  emotions  not  readily  distinguishable  from 

those  evoked  by  even  the  greatest  works  of  art.  It 
is  as  if  the  universe  wdth  which  science  deals  was 45 
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itself  a  work  of  art;  it  is,  to  an  increasing  number 

of  people,  the  greatest  of  all  works  of  art.  Such 

students  often  acquire  a  new  standard  of  aesthetic 

excellence.  Darwin's  indifference  to  poetry  in  his 
later  years  was  probably  the  result,  not  of  the 

atrophy  of  a  faculty,  but  of  its  fuller  exercise  else- 
where. The  young  William  Thomson,  reading  at 

night  in  the  library,  and  drawing  great  breaths  of 

rapture  over  Lagrange's  Mecanique  Analytique^  was 
experiencing  emotions  probably  not  very  different 

from  those  of  Swinburne  when  reading  Shake- 

speare. Before  such  satisfactions  become  acces- 

sible to  the  ordinary  cultured  classes  more  is  re- 

quired than  that  vague  acquaintance  with  out- 
standing generalities  to  which  we  have  referred. 

In  such  a  science  as  astronomy  the  mere  results  are 

often  sufficiently  attractive  to  rouse  pleasurable 

emotions  in  the  reader,  although  the  actual  march 

of  the  investigation  by  which  the  results  were  ob- 
tained is  often  of  equal  interest.  At  the  present 

day  both  results  and  the  broad  lines  of  the  investi- 
gations  are  in  many  cases  accessible  to  the  ordinary 

cultured  person,  with  the  result  that  his  intellectual 

interests  are  added  to,  or  at  least  find  a  new  field 

for  deployment.  A  greater  number  of  aesthetic 
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objects  people  his  world,  and  it  may  even  happen 
that  the  new  arrivals  affect  the  estimate  in  which  he 

held  the  old.  He  may  discover  an  unsuspected 

futility  in  some  of  his  earlier  occupations ;  he  may, 

in  fact,  change  his  ideals  of  culture. 

But  it  is,  in  truth,  impossible  to  trace  precisely 
the  effect  on  an  individual  of  a  new  belief  or  of  a 

new  interest.  Psychologists  have  made  us  aware 

of  the  fact  that  the  mind  is  not  only  immensely 

complex,  but  that  the  connections  between  its  ele- 
ments are  often  of  the  most  unsuspected  character. 

Destruction  of  an  old  belief  or  the  grafting  of  a 

new  interest  may  issue  in  results  as  unlike  their 

cause  as  the  butterfly  is  unlike  the  chrysalis.  The 

effect  of  the  impact  of  science  on  the  old  culture 

cannot  be  foreseen;  it  has,  however,  already 

produced  such  changes  that  the  culture  of  the 

comparatively  near  future  will  probably  differ 

from  ours  by  more  than  ours  differs  from  that  of 

Babylon. 
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The  place  that  will  be  held  by  James  Clerk  Max- 

well in  the  history  of  physics  is  not  easy  to  deter- 
mine. That  it  will  be  a  very  high  place  is  obvious, 

that  he  will  emerge  as  the  greatest  of  the  physicists 

of  the  nineteenth  century  is  probable,  but  the 
student  of  Maxwell  must  feel  that  this  kind  of 

ranking  is  somehow  irrelevant,  or  likely  to  become 

irrelevant,  to  his  peculiar  effect.  The  unique  im- 

pression produced  by  Maxwell's  achievement  is 
not  adequately  described  by  being  referred  to  his 

'originality.'  There  are  different  ways  of  being 
original;  it  is  not  a  sufficiently  penetrating  term. 

A  number  of  Maxwell's  scientific  contemporaries 
were  original  men,  but  one  is  conscious  that  they 
had  more  in  common  with  one  another  than  Max- 

well had  with  them.  An  exception  from  this  state- 
ment is  found  in  W.  K.  Clifford,  who,  as  has  often 

been  remarked,  had  a  genius  curiously  akin  to 

Maxwell's.  Both  men  were  exceptionally  indepen- 
dent thinkers,  both  men  resisted  the  attraction  of 

the  high  road;  both  men,  if  the  term  may  be  per- 

mitted, had  a  personal  and  unique  angle  of  ap- 
proach to  the  problems  of  their  time.  But  this, 

though  true,  is  not  a  sufficient  description.  It  is 
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important  that  in  neither  case  do  we  feel  their  indi- 
vidual quality  to  be  an  eccentricity;  their  work  has 

a  power,  and,  still  more,  a  comprehensive  serenity, 

which  is  never  the  product  of  mere  oddity  —  the 
oddity,  for  instance,  of  a  Samuel  Butler.  If  we  try 

to  get  closer  to  this  elusive  and  important  charac- 
teristic we  do  not  meet  with  much  success;  but  we 

may  suggest  that  the  ideas  of  these  men  have  the 

effect  of  springing  from  an  unusually  rich,  subtle 

and  comprehensive  context.  The  fundamental  ideas 

of  the  science  of  their  time  were  subtly  modified  by 

reception  into  these  minds;  they  were  connected  in 

a  personal  and  unusual  web  of  implications. 

It  is  doubtless  worth  noting  in  this  connection 

that  Maxwell,  unlike  most  of  the  scientific  men  of 

his  time,  was  genuinely  interested  in  metaphysical 

speculation.  This  was  not  merely  another  interest 

of  his;  it  was,  at  most,  another  field  of  attention; 

he  brought  the  same  attitude  of  mind  to  all  the 

objects  with  which  he  was  concerned.  We  cannot 

make  an  exception  even  in  the  case  of  his  religious 

views ;  to  this  man  the  problems  of  metaphysics,  of 

physics,  of  morality,  are  almost  arbitrary  divisions 

of  the  one  object  of  his  thought.  He  was  express- 
ing a  real  difference  from  himself  when  he  said  that 
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some  men  seem  to  have  water-tight  compartments 

in  their  minds.  When  we  study  the  kind  of  homo- 

geneity characteristic  of  Maxwell's  mental  life  it 
is  easy  to  understand  those  who  call  him  a  mystic. 

Even  as  a  purely  scientific  man,  his  rational  faculty, 

as  evidenced  by  his  mathematical  reasoning,  was 

a  distinctly  more  fallible  thing  than  his  intuition. 

This  is  not  to  say  that  he  was  not  a  fine  mathe- 

matician, but  it  is  his  intuitive  grasp  of  a  physical 

problem  which  gives  him  his  high  position,  and 

not  his  purely  mathematical  verifications.  His 

mathematics,  in  fact,  was  not  always  impeccable, 

as  Sir  Joseph  Larmor  points  out  in  the  new  edition 
of  Matter  and  Motion.  But  it  is  characteristic  of 

Maxwell,  that,  even  when  his  proofs  were  faulty, 

his  results  were  usually  sound.  His  own  way  of 

confirming  a  difficult  intuition  was  not  to  provide 

a  formal  mathematical  verification,  but  to  make 

appeal  to  easier  intuitions  —  in  fact,  to  construct 
mechanical  models.  He  always  liked  to  see  the  way 

things  worked.  It  is  important  to  remember  that 

this  desire  for  a  particular  kind  of  verification  was 

not  due  to  any  lack  of  power  to  form  abstractions; 

it  was  due  to  something  quite  different,  to  a  lack  of 

ease  when  faced  by  a  purely  logical  chain  of  deduc- 
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tion.  On  Maxwell's  famous  Treatise  on  Electricity 
and  Magnetism^  Poincar^  comments  that  its  diffi- 

culty resides  precisely  in  its  great  abstraction.  It 

is  this  presentation  of  his  theory  to  which  one  has 

to  turn ;  nevertheless  Maxwell,  as  if  for  his  private 

satisfaction,  developed  some  extremely  compli- 
cated models  which  seemed  to  him  to  make  his 

theory  clearer.  It  was  doubtless  this  combination, 

a  great  power  of  abstraction  on  the  one  hand,  and 

a  desire  for  very  definite,  even  unnecessarily  defi- 
nite, confirmation  on  the  other,  which  enabled  him 

to  be  at  once  extremely  original  and  remarkably 
sound. 

In  his  boyhood  he  was  constantly  making  all 

kinds  of  experiments  with  common  substances, 

drawing  complicated  diagrams,  constructing  solid 

geometrical  figures,  even  knitting  elaborate  pieces 

of  wool-work;  practically  all  these  pursuits  were 
dictated  by  the  same  desire,  the  desire  to  see  an 

abstract  principle  embodied  in  a  concrete  instance. 

No  man  was  less  at  the  mercy  of  words.  But  it 

was,  nevertheless,  the  abstract  principle  with  which 

Maxwell  was  concerned;  he  merely  wished  to  be 

quite  sure  that  he  understood  it.  His  occasional 

trick  of  supplying  an  unexpectedly  simple  proof  of 

51 



ASPECTS    OF  SCIENCE 

a  difficult  theorem  is  due  to  this  habit  of  realiza- 

tion. Platitudes  acquired  a  wealth  of  implication 

in  MaxwelFs  hands.  During  his  student  life  at 

Cambridge,  when  he  seems  to  have  been  chiefly 

occupied  in  making  a  survey  of  things  in  general, 

we  find  the  same  desire  to  reduce  everything  to  a 

few  principles;  but  the  principles  must  first  stand 

a  rigorous  examination.  Merely  vague  unifications 

provoked  his  irony,  and  where  no  principle  could 

be  made  to  work,  then,  in  spite  of  his  love  for 

coherent  and  inclusive  systems,  he  would  admit 

ignorance.  And,  in  spite  of  his  need  for  principles, 

and  the  tenacity  with  which  he  clung  to  those  that 

met  his  need,  he  claimed  no  ̂ absolute'  quality 

for  his  beliefs.  In  his  own  words,  ̂ Nothing  is  to 
be  holy  ground  consecrated  to  Stationary  Faith, 

whether  positive  or  negative.'  And,  later,  *Again, 
I  assert  the  Right  of  Trespass  on  any  plot  of  Holy 

Ground  which  any  man  has  set  apart.  .  .  Such 

questioning  as  Maxwell  applied  to  himself  was  to 

be  applied  to  all  other  men.  He  was  conservative, 

but  not  on  exterior  authority.  His  scepticism  was, 

in  truth,  very  profound,  and  it  was  always  present. 

It  informs  his  criticism,  which  is  often  extremely 

penetrating.  The  letters  he  wrote  on  the  death  of 
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his  friend  Pomeroy,  shortly  after  Maxwell  had 

become  a  Fellow  of  Trinity,  are  very  instructive 

from  this  point  of  view.  His  distrust  of  the  Vation- 

alizations'  that  men  give  of  their  beliefs  extends  to 

the  beliefs  themselves.  As  he  says,  men  'are  ignor- 
ant even  of  their  own  true  faith  till  something 

brings  it  into  action.'  This  was  a  deep-rooted  con- 
viction with  him,  and  is  responsible  for  the  flavour 

of  irony  which  is  never  long  absent  from  his  com- 

ments on  philosophic  matters,  indefatigable  stu- 
dent as  he  was.  He  can  direct  this  scepticism 

against  himself,  as  in  the  entry  in  his  programme 

of  future  study:  '4..  Metaphysics  -  Kant's  Kmik  of 
Pure  Reason  in  German,  read  with  a  determination 

to  make  it  agree  with  Sir  W.  Hamilton.'  On  an- 
other occasion  he  writes  to  a  friend  pointing  out 

that,  in  reading  an  author,  he  had  to  find  out  first 

of  all,  not  what  the  author  meant,  but  that  it  was 
not  what  he  was  convinced  must  be  meant.  A  little 

experience  of  criticism  persuades  us  that  this  is, 

indeed,  a  very  necessary  procedure. 

This  aspect  of  Maxwell,  as  a  critic  at  large,  as  it 

were,  would  well  repay  study,  and  it  is  unfortunate 

that  our  material  for  it  is  contained  in  a  scarcely 

ideal  biography.  He  differed  from  the  run  of 
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scientific  men,  whose  absorption  in  one  pursuit 

makes  their  mental  life  unrepresentative ;  his  chief 

problems  are  not  found  in  his  scientific  writings, 

and  they  are  the  problems  of  us  all.  There  was 

nothing  superficial  in  Maxwell,  and  he  had  no 

easily  won  conclusions.  It  is  the  path  he  followed 

that  gives  interest  to  his  goal.  We  should  like  to 

know,  for  instance,  what  experiences,  v/hat  reflec- 

tions, enabled  him  to  write :  *Long  ago  I  felt  like  a 
peasant  in  a  country  overrun  with  soldiers,  and  saw 

nothing  but  carnage  and  danger.  Since  then  I  have 
learned  at  least  that  some  soldiers  in  the  field  die 

nobly,  and  that  all  are  summoned  there  for  a  cause.' 
That  Maxwell,  either  suddenly  or  gradually,  de- 

veloped a  mystic  consciousness  of  life,  is  borne  out 

by  m.any  passages  of  his  correspondence.  We  can 

attach  no  other  significance  to  his  description  of 

his  'nostrum':  *an  abandonment  of  wilfulness  with- 
out extinction  of  will,  but  rather  by  means  of  a 

great  development  of  will,  whereby,  instead  of 

being  consciously  free  and  really  in  subjection  to 

unknown  laws,  it  becomes  consciously  acting  by 

law,  and  really  free  from  the  interference  of  un- 

recognized laws' ;  and  his  letters  to  his  wife,  deal- 
ing with  passages  from  the  Bible,  abound  in  inter- 
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pretations  which  are  indubitably  mystical.  Yet 

we  have  no  evidence  that  he  was  acquainted  with 

the  Hterature  and  terminology  of  mysticism;  he  is 

speaking  of  personal  experiences,  not  of  acquired 
doctrines. 

The  maintenance  of  a  mystical  outlook  on  life, 

together  with  a  perfect  realization  of  the  implica- 
tions of  physical  science,  was  accomplished,  in 

Maxwell's  case,  by  denying  the  ordinary  concep- 
tion of  the  direction  of  scientific  progress.  It  is  the 

idea  which  would  inevitably  occur  to  him,  for  it  is 

the  peculiar  merit  of  his  own  work  that  it  was  not 

the  result  of  straightforward  progress.  He  made  a 

new  way  of  thinking  necessary  just  as,  in  our  own 

time.  Quantum  Theory  and  Relativity  Theory 

have  fundamentally  disturbed  our  most  unques- 
tionable assumptions.  The  way  Maxwell  actually 

approached  the  problem  we  have  mentioned  was 

by  insisting  on  what  he  called,  by  a  mathematical 

analogy,  the  ̂ singular  points'  of  existences,  that  is, 
the  points  where  the  equations  break  down,  and  he 

postulated  that  the  more  there  were  of  these  singu- 
lar points  the  higher  the  rank  of  the  existence.  At 

a  'singular  point'  influences  which  are  usually 
negligible  may  assume  a  dominating  importance^ 
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and  Maxwell  saw  the  science  of  the  future  as  being 

largely  concerned  with  these  lapses  in  continuity 

—  as,  in  fact,  science  since  his  time  has  been.  In 

this  way  he  escaped  determinism.  In  his  own 
words : 

If,  therefore,  those  cultivators  of  physical 

science  from  whom  the  intelligent  public  deduce 

their  conception  of  the  physicist,  and  whose  style 

is  recognized  as  marking  with  a  scientific  stamp 

the  doctrines  they  promulgate,  are  led  in  the  pur- 
suit of  the  arcana  of  science  to  the  study  of  the 

singularities  and  instabilities,  rather  than  the  con- 
tinuities and  stabilities  of  things,  the  promotion  of 

natural  knowledge  may  tend  to  remove  that  pre- 
judice in  favour  of  determinism  which  seems  to 

arise  from  assuming  that  the  physical  science  of 

the  future  is  a  mere  miagnified  image  of  that  of  the 

past. 

This  speculation,  the  problem  of  evil,  and  in 

what  sense  the  individual  may  be  said  to  persist 

in  Time,  are  the  kind  of  questions  which  concerned 

him  during  the  last  years  of  his  life.  It  would  be 

merely  fanciful  to  mention  these  things  as  evi- 

dence of  that  ̂ context'  of  which  we  spoke,  but  we 
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think  it  is  possible  to  understand  more  intimately 

the  origin  of  the  Electromagnetic  Theory  of  Light 

if  we  remember  that  it  originated  in  a  mind  which 

also  constantly  entertained  these  other,  and 

apparently  disconnected,  speculations. 
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★ 

I 

It  has  been  remarked  that  man's  senses  were  given 
him,  not  to  philosophize  with,  but  to  help  him  in 

the  struggle  for  existence;  Boltzmann,  the  great 

German  physicist,  was  frankly  distrustful  of  many 
of  the  natural  motions  of  the  mind.  He  could 

admit  that  Science,  although  often  very  abstract, 

had  a  certain  validity,  since  it  issues  in  the  predic- 

tion of  events  which  are  accessible  to  sense  percep- 

tion. But  philosophy,  he  insisted,  was  in  an  alto- 
gether different  case,  and  he  thought  the  chances 

considerable  that  its  impalpable  conclusions  were 

the  merest  moonshine.  It  is  a  speculation  that 

must  have  exercised  every  one  who  has  whole- 
heartedly accepted  the  evolutionary  account  of  the 

rise  of  intelligence.  Why  should  this  instrument 

be  adapted  to  other  than  its  original  uses?  Doubts 

of  this  kind,  however,  are  both  too  vague  and  too 

comprehensive  to  serve  any  useful  purpose.  They 

do  not  tell  us  in  what  way  and  to  what  extent  our 

intelligence  is  untrustworthy;  they  do  not  enable 

us  to  make  one  step  towards  drawing  up  an  Index 

of  Forbidden  Subjects.  At  the  most  they  enable 

a  man  with  a  constitutional  dislike  of  philosophic 
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speculations  to  indulge  his  contempt  for  that 

occupation  with  an  easy  conscience.  Neverthe- 
less, a  tincture  of  this  doubt  is  very  wholesome, 

and  more  particularly  if  it  be  the  result  of  an 

acquaintance  with  the  history  of  human  thought 

rather  than  the  product  of  a  kind  of  lazy  a  priori 

scepticism.  A  student  of  the  history  of  science,  for 

instance,  is  inevitably  led  to  reflect  on  the  curious 
nature  of  the  barriers  to  further  advance  which  the 

mind  itself  has  set  up.  It  is  as  if  the  mind  could 

only  take  exercise  within  some  imaginary  pri- 

soner's yard,  and  that  the  great  advances  were 
really  the  result  of  liberations.  These  liberations 

are  only  partial ;  the  mythical  boundaries  are  set  a 

little  further  off,  but  it  is  agreed  that  the  high  walls 
exist. 

It  is  interesting  to  review  the  progress  of  Science 

from  this  point  of  view,  to  see  it  as  a  gradual 

secession  from  unwarrantable  assumptions.  The 

exceedingly  cautious,  the  almost  groping  char- 
acter, of  the  advance  of  knowledge,  becomes  very 

apparent.  And,  although  such  a  survey  may  lead 

us  to  become  very  conscious  of  this  particular 

mental  limitation,  we  are  not  one  whit  nearer  being 

enfranchised.  It  is  still  the  prerogative  of  genius 
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to  be  innocent,  to  turn  surprised  eyes  on  one  of  our 

most  arbitrary  assumptions,  and  to  say :  But  that  is 

not  necessary.  The  history  of  Astronomy,  of 

course,  provides  some  of  the  best  examples  of 

mental  prison  yards.  That  the  planets  must  move 

in  circles  because  the  circle  is  the  perfect  figure  is 

an  assumption  now  sufficiently  remote  from  our 

acquired  sense  of  probability  to  seem  exceedingly 

strange.  That  it  was  an  assumption  possessing  a 

high  degree  of  obviousness  is  apparent  from  the 

fact  that  even  Copernicus  did  not  question  it.  The 

attempt  to  enter  into  this  assumption,  to  see  it  as 

obviously  reasonable,  would  be  a  useful  exercise 

for  the  historian,  since  it  involves,  very  largely,  a 

reconstitution  of  the  mental  life  of  that  age.  It 

acquired  its  obvious  character  from  the  fact  that  it 

fitted  in\  it  was  the  natural  companion  of  a  great 

number  of  other  equally  obvious  assumptions;  it 

was  not  an  isolated  eccentricity  of  the  mind.  It  is 

for  that  reason  that  Copernicus  never  freed  himself 

from  it,  and  that  Kepler  only  succeeded  after  a 

difficult  struggle.  Kepler  was  required  to  question 

not  merely  an  isolated  doctrine,  but  to  escape  from 

a  veritable  Zeitgeist.  The  Inquisitorial  examination 

of  Galileo,  also,  was  not  directed  merely  to  correct- 
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ing  the  erroneous  statement  of  an  isolated  fact;  it 

was,  in  truth,  a  whole  system  of  thought  that  stood 

on  trial.  It  is  this  double  aspect  of  any  given  aban- 

doned assumption  that  accounts  for  our  unimagi- 
native surprise  on  learning  that  very  intelligent 

men  once  mistook  it  for  an  obvious  truth.  We  are 

judging  the  assumption,  not  on  its  own  merits,  as 

it  were,  but  from  the  standpoint  of  an  alien  system 

of  thought. 

We  can  form  a  juster  estimate  of  the  degree  of 

credulity  manifested  by  the  contemporaries  of 

Copernicus  by  considering  assumptions  that  have 

been  but  recently  questioned,  or  rather,  which 

have  only  recently  been  generally  questioned.  The 

assumptions  regarding  animal  psychology  form  a 

vivid  example.  Such  men  as  Darwin  and  Romanes 

found  it  quite  natural  to  assume  that  the  emotions 

and  many  of  the  intellectual  processes  of  which 

they  were  conscious  in  themselves  furnished  an 

adequate  key  to  animal  behaviour.  It  is  an  assump- 

tion which  the  average  educated  man  of  to-day 

makes  quite  readily,  although  he  may  not  share 

Aristotle's  views  on  the  perfection  of  circles.  We 
now  know  that  there  is  no  reason  whatever  to  sup- 

pose, for  example,  that  the  psychology  of  snails  has 
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the  slightest  resemblance  to  the  psychology  of 

human  beings.  We  may  be  confident  that,  in  a 

very  few  years,  the  assumptions  of  Darwin  and 

most  other  people  will  appear  almost  inexplicably 

gratuitous.  It  will  take  longer,  we  think,  for  the 
Freudian  ideas  about  man  himself  to  become  accli- 

matized ;  man  will  take  a  long  time  to  learn  that  in 

trusting  his  immediate  awareness  of  himself  he  is 

making  a  number  of  unwarrantable  assumptions. 

The  system  of  thought  into  which  his  present 

assumptions  fit  is  so  profound  and  extensive  that  it 

is  impossible,  even  now,  to  picture  the  thoroughly 
enfranchised  man. 

A  general  acceptance  of  the  Einsteinian  ideas  of 

space  and  tim.e  is  easier  to  predict.  The  current 

conceptions  of  space  and  time,  although  Euclidean 

when  reduced  to  a  logical  scheme,  are  not,  in  fact, 

present  as  a  logical  scheme  in  the  mind  of  the 

ordinary  m.an.  He  is  sufficiently  vague  about  his 

fundamental  assumptions  to  offer  no  strenuous 
resistance  to  their  subtle  modification.  We  think 

that  part  of  his  general  bewilderment  about  Ein- 

stein's space  and  time  is  due  to  his  bewilderment 
on  thinking  about  space  and  time  at  all.  His 

assumptions  on  these  questions,  whatever  those 
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assumptions  may  be,  are  not  really  part  of  a  general 

scheme  of  beliefs.  Nothing  that  greatly  concerns 

him  is  incompatible  with  non-Euclidean  geometry, 
and  we  confidently  expect  that  the  grandchildren 

of  the  ordinary  man  will  as  blandly  believe  they 

have  swallowed  Einstein  as  the  contemporary 

ordinary  man  believes  he  has  swallowed  Euclid* 

For  an  assumption  which  is  not  an  integral  part 

of  a  general  scheme  of  thought  is  readily  aban- 
doned. It  is  the  lopping  of  connections  which  the 

mind  resists.  It  is  no  paradox  to  say  that  the 

mathematician  and  philosopher  finds  it  harder  to 

accept  Einstein  than  does  the  ordinary  man.  That 

is  because  the  mathematician's  acceptance  involves 
both  believing  more  and  disbelieving  more. 

II 

Probability  is,  of  course,  the  guide  of  life.  If  all 

our  assumptions  were  expressed,  we  should  find 

the  phrase  *it  is  reasonable  to  suppose'  occurred 
more  frequently  than  any  other,  whether  we  were 

engaged  in  crossing  a  street  or  in  writing  a  philoso- 

phical essay.  Yet  our  perception  of  the  reasonable- 
ness of  anything  rests  on  a  sentiment  which  is  often 

very  delicate  and  extremely  difficult  to  define.  The 
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mathematicians  have  succeeded  in  giving  exact  ex- 

pression to  some  of  the  simplest  manifestations  of 
this  sentiment,  but  most  of  the  cases  we  are  called 

upon  to  solve  in  ordinary  daily  life  cannot  be  dealt 

with  by  their  analysis.  It  is  the  great  strength  of 

science  that  it  builds  wholly  upon  this  sentiment. 

We  are  not  called  upon  to  ̂ transcend'  reason  by 
faith;  we  are  asked  to  believe  nothing  that  sins 

against  our  sense  of  probability.  It  is  admitted,  of 

course,  that  there  are  scientific  theories  that  do  not 

sound  reasonable  on  a  first  hearing;  indeed,  they 

sometimes  outrage  common  sense,  and  every 

scientific  engineer  knows  the  difficulty  of  persuad- 

ing the  ̂ practical'  man  that  the  obvious  thing  is 
not  always  the  right  thing.  Nevertheless,  it  is 

claimed  for  science  that,  on  the  evidence,  its  con- 
clusions are  the  most  reasonable  ones  even  when 

they  are  wrong.  The  sense  of  what  is  reasonable 

depends  upon  the  evidence,  but  the  word  *evi- 

dence'  must  often  be  taken  to  include  a  great  deal 
of  which  the  mind  is  not  fully  conscious.  It  was  at 

one  time  thought  quite  reasonable  that  the  hea- 
venly bodies  should  move  in  circles  round  the 

earth.  The  belief  was  not  wholly  a  matter  of  astro- 
nomical evidence.  It  was  considered  that  there 
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was  something  peculiarly  and  inherently  reason- 
able in  circular  motion  for  heavenly  bodies.  We 

can  see  that  this  expectation  was  connected  with 

the  aesthetic  properties  of  the  circle,  and  we  now 

think  that  expectations  based  on  such  considera- 
tions are,  in  astronomical  matters,  illegitimate. 

Something  akin  to  such  considerations  still  plays  a 

part  in  science,  however,  although  in  a  less  obvious 

form.  Other  things  being  equal,  a  simple  expla- 
nation of  natural  phenomena  is  preferred  to  a  more 

complicated  one,  although,  as  Fresnel  remarked, 

there  is  no  a  priori  reason  to  suppose  that  Nature 

takes  any  account  of  analytical  difficulties.  The 

history  of  the  Copernican  theory  of  the  solar 

system  is  instructive  from  this  point  of  view.  The 

notion  that  the  Earth  and  other  planets  went 

round  the  sun  immediately  made  a  number  of 

puzzling  things  clear.  It  seemed,  on  the  whole,  a 

very  reasonable  notion.  It  was  attended,  however, 

by  one  great  difficulty.  If,  at  the  end  of  six  months, 

the  earth  were  really  at  opposite  ends  of  a  long  line, 
it  should  follow  that  the  stars,  viewed  from  these 

two  points,  should  seem  to  shift  their  relative  posi- 
tions in  the  sky,  just  as  the  trees  in  a  wood  seem 

to  change  their  relative  positions  as  we  pass  them 
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in  a  train.  Tycho  Brahe,  one  of  the  greatest  astro- 

nomers who  ever  lived,  was  so  impressed  by  the 

fact  that  this  expected  change  does  not  occur,  that 

he  could  not  accept  the  Copernican  theory  as  it 

stood.  He  invented  a  curious  hybrid  theory  of  his 

own,  according  to  which,  while  the  other  planets 

went  round  the  sun,  they,  together  with  the  sun, 
revolved  round  the  earth.  He  does  not  seem  to 

have  made  many  converts  to  this  view;  it  somehow 

offends  one's  sense  of  probability.  The  Coperni- 
can hypothesis  persisted,  in  spite  of  the  difficulty 

we  have  mentioned,  but  not  without  causing  con- 
siderable mental  discomfort.  When  Horrebow  at 

last  thought  that  he  had  obtained  evidence  of  the 

apparent  annual  motion  of  the  stars  he  published 

his  discovery  under  the  title  Copernicus  Trium- 
phans.  It  was  found,  however,  that  the  supposed 

differences  were  caused  by  temperature  changes 

affecting  the  observer's  clock,  and  the  old  difficulty 
persisted.  It  might  be  thought  that  the  correct 

solution  was  obvious;  one  had  only  to  assume  that 

the  stars  are  so  far  away  that,  with  such  instru- 
ments as  were  then  used,  their  apparent  motion  is 

imperceptible.  We  now  know  that  this  solution  is 

the  right  solution,  but  in  the  eighteenth  century 
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it  did  not  appear  a  reasonable  solution.  It  was  felt 

that  if  the  stars  were  really  at  such  immense  dis- 
tances as  this  hypothesis  required,  then  Nature 

showed  a  grave  lack  of  economy  in  space.  Such 

enormous  stellar  distances  pointed,  so  far  as  these 
astronomers  could  see,  to  a  most  unreasonable 

waste  of  space.  No  farmer  would  behave  in  such 

a  fashion,  and  although  the  eighteenth-century 
astronomers  would  have  denied  that  they  viewed 

the  universe  as  a  gigantic  farm,  yet  this  delicate 
and  elusive  notion  of  what  is  reasonable  was,  in 

this  case,  greatly  influenced  by  farming  considera- 

tions. It  is  not  possible  to  form  reasonable  expec- 
tations except  on  the  basis  of  experience,  and 

sometimes  the  most  irrelevant  considerations  play 

a  part  in  our  estimate. 

As  instruments  improved,  however,  the  ex- 
pected motion  was  observed,  and  the  distances  of 

some  stars  calculated.  They  proved  to  be  enor- 
mous; the  great  waste  of  space  does  occur.  God  is 

not  a  farmer.  This  being  established,  one  could 

approach  the  general  problem  of  stellar  distribu- 

tion free  from  certain  prepossessions.  One's  sense 
of  the  reasonable  acquired  a  different  orientation,  as 

it  were.  But  it  still  remains  reasonable  to  suppose 

67 



ASPECTS    OF  SCIENCE 

that  the  brighter  stars  are,  on  the  whole,  nearer  to 

us  than  the  fainter  stars.  This  assumption  must, 

however,  be  employed  with  caution.  If  a  list  be 

formed  of  the  nearest  stars  from  amongst  those 

whose  distances  have  actually  been  determined,  we 

reach  some  rather  unexpected  results.  Knowing 

the  apparent  m.agnitudes  of  these  stars,  and  their 

distances,  we  can  calculate  their  actual  luminosity 

compared  with  the  sun  as  a  standard.  The  appar- 

ent magnitudes  range  from  Sirius,  which  is  con- 

siderably brighter  than  a  first-magnitude  star,  to 
stars  of  more  than  the  ninth  magnitude,  that  is,  to 

stars  quite  invisible  to  the  naked  eye.  Some  of  the 

nearest  stars  may  be  fainter  yet,  for  determinations 

of  the  distances  of  stars  fainter  than  magnitude  9-  5 
are  lacking.  The  actual  luminosities  of  these  stars 

range  from  forty-eight  times  that  of  the  sun  to 
four-thousandths  that  of  the  sun.  The  actual  dis- 

tribution of  the  nearer  stars  is  not  at  all  that  which 

would  appear  reasonable  if  we  were  guided  by  con- 
siderations of  apparent  brightness.  Some  of  the 

very  brightest  stars,  such  as  Canopus,  must  be  at 

inconceivable  distances,  and  their  actual  bright- 

ness must  be  thousands  of  times,  perhaps  very 

many  thousands  of  times,  that  of  the  sun.  Here 
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again  our  unsophisticated  notion  of  what  is  reason- 

able is  apt  to  be  more  of  a  hindrance  than  a  help. 

Excellent  as  a  guide  through  not  too  unfamiliar 

country,  it  is  apt  to  lead  us  sadly  astray  when  we 

advance  into  completely  unknown  territory. 

Nevertheless,  it  is  the  only  guide  we  have. 

Ill 

If  we  contrast  ancient  with  modern  scientific 

theories  we  find  that  the  chief  distinguishing  char- 

acteristic of  the  former  is  that  they  employ  prin- 
ciples drawn  from  other  branches  of  knowledge  or 

speculation.  It  would  be,  perhaps,  rash  to  say  that 

modern  science,  in  all  its  branches,  is  yet  com- 
pletely autonomous;  sometimes,  for  instance,  it 

seems  to  make  assumptions  which  are  the  result  of 

an  uncritical  philosophy,  but  even  the  grossest  of 

these  examples,  compared  with  many  celebrated 

early  scientific  theories,  shows  how  great  is  the 

purification  that  has  been  effected.  The  chief  error 

of  the  old  speculators  consisted  in  imagining  that 

the  world  is  a  more  obvious  unity  than  we  have 

now  any  reason  to  suppose.  Hence  they  were 

always  willing  to  argue  by  'analogy'  comparing 
terms  between  which  we  cannot  now  find  the 
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slightest  resemblance.  The  method  was  not  only 

illegitimate,  but  sometimes  led  to  quite  unneces- 
sary complexities  of  explanation.  The  Ptolemaic 

system  of  astronomy,  for  instance,  conceived  as  the 

theory  that  the  heavenly  bodies  revolve  round  the 

earth,  was  a  perfectly  reasonable  and  satisfactory 

theory.  It  was  capable  of  explaining  all  the  ob- 
served planetary  motions,  except  a  few  minute 

irregularities  requiring  precise  measurements  for 

their  detection.  Its  proper  development  required, 

of  course,  complete  docility  in  face  of  the  facts. 

But  in  its  actual  development  it  was  forced  to 

accommodate  itself  to  quite  other  considerations. 

It  had  to  take  into  account  the  venerable  principle 

that,  the  celestial  bodies  being  obviously  sublime, 

incorrupt  and  perfect,  their  orbits  must  be  perfect 

and  described  with  uniform  velocities.  The  only 

possible  perfect  orbit  was  as  obviously  a  circle. 

Hence  the  Ptolemaic  theory  was  loaded  with  the 

task  of  explaining  the  observed  heavenly  motions 

on  two  grounds :  first,  that  the  earth  was  stationary 

and  at  the  centre  of  the  system,  and  second,  that 

the  planetary  orbits  were  circular  and  described 

with  unvarying  velocities.  Alternative  hypotheses 

were  not  only  stupid  but  impious.  The  task  thus 

70 



ASSUMPTIONS 

set  to  the  early  astronomers  was  one  of  consider- 
able difficulty. 

The  observed  path  of  a  planet,  say  Mars,  or 

Jupiter,  or  Saturn,  is  by  no  means  simple.  If  its 

motion  amongst  the  stars  be  watched  from  night  to 

night  it  is  seen  to  be  moving  sometimes  from  east 
to  west  and  sometimes  from  west  to  east.  Further, 

in  changing  its  direction  of  motion  it  does  not 

retrace  its  path  amongst  the  stars.  Its  actual  ob- 
served path  exhibits  irregular  loops,  and,  more 

rarely,  a  twisted  line.  It  was  at  once  obvious  that 

a  circular  orbit,  traversed  with  uniform  velocity, 

would  not  suffice  to  explain  these  appearances. 

Nevertheless,  the  principle  must  be  preserved. 

The  astronomers  overcame  this  difficulty  by  a 

device  that  strikes  one  as  being  almost  disingenu- 
ous. They  imagined  a  small  circle  whose  centre 

traversed  the  circumference  of  the  big  circle  with  a 

constant  velocity  and  round  whose  own  circum- 
ference the  planet  moved  with  a  constant  velocity. 

By  assigning  suitable  velocities  to  these  two 

motions  the  crude  features  of  the  planet's  actual 
observed  motion  could  be  represented  —  it  would 
sometimes  be  retrograde  and  sometimes  direct. 

This  is  ingenious,  but  it  is  questionable  whether  it 
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preserves  the  principle.  The  planet's  motion  is 
obtained  by  circular  motions,  it  is  true,  but  it  is  not 
itself  a  circular  motion  with  reference  to  the  earth 

as  centre.  The  astronomers  have  entered  on  a 

slippery  path.  We  view  them  with  the  same  sus- 
picion with  which  v/e  watch  a  Broad  Churchman 

expounding  the  Thirty-Nine  Articles.  But  they 

had  to  go  further.  The  theoretical  and  the  ob- 
served motions  did  not  fit  well  enough.  On  the 

little  circle  it  was  necessary  to  imagine  a  still 

smaller  circle,  and  to  place  the  planet  on  its  cir- 

cumference. After  all,  this  interpretation  of  *circu- 

lar  motion'  once  admiitted,  there  was  no  reason 
why  it  should  not  be  followed  up.  But  progress  in 
this  direction  soon  came  to  a  halt.  It  became  evi- 

dent that  this  method  would  not,  by  itself,  recon- 
cile observation  and  theory.  The  principle  had  to 

be  strained  again,  and  this  time  in  an  alm.ost  inde- 
fensible manner.  It  was  declared  that  the  big  circle 

was  eccentric  with  respect  to  the  earth  and  that  the 

little  circles  were  eccentric  with  respect  to  their 

supposed  former  centres.  This  assertion  must 

have  been  a  great  strain  on  the  faith  of  the  ortho- 
dox believer.  He  may  well  have  wondered 

whether,  by  this  time,  the  pure  doctrine  of  his 
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fathers  had  not  been  subtly  undermined.  Circular 

motion  was  still  preserved,  in  a  way,  it  is  true,  but 

with  so  many  circles,  and  their  centres  all  over  the 

place  —  this  must  have  appeared  something  very 
different  from  what  he  supposed  the  principle  to 
mean. 

The  same  difficulty  was  felt  by  simple  minds  in 

modern  times,  when  the  correct  explanations  of 

statements  in  Genesis  were  worked  out  by  the 

theologians.  And  just  as  the  simple  story  of  the 
Creation  in  Genesis  became  transformed  into  an 

extremely  obscure  and  ambiguous  anticipation  of 

the  discoveries  of  Geology,  so  the  interpretation 

of  circular  motion  advanced  from  complexity  to 

complexity.  Immutable  principles  must  exist,  of 

course  —  it  is  part  of  the  glory  of  man  that  he 
should  have  been  able  to  discover  so  many  of  them 

—  but  they  sometimes  seem  more  trouble  than  they 
are  worth.  The  old  astronomers  found  that  yet 

again  a  more  liberal  interpretation  must  be  given 

to  the  principle  of  circular  motion.  This  time  it 
was  found  that  the  circles  do  not  all  lie  in  one 

plane.  Each  circle  has  its  own  plane,  which  may 

be  inclined  at  any  angle  to  the  others.  By  this  time 

the  theorists,  whom  we  might  call  the  *commenta- 
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tors/  had  forged  a  very  powerful  method.  Circles 

could  be  multiplied;  their  centres  could  be  placed 

anywhere;  their  planes  could  be  inclined  at  any 

angle.  The  rich  content  of  the  principle  of  circular 

motion  was  now  fully  revealed.  With  all  these 

variables  to  play  with  a  very  close  correspondence 

between  theory  and  observation  was  effected. 

The  rise  of  the  'higher  criticism'  of  this  system 
leads  to  the  history  of  modern  astronomy.  It  is  to 

be  noted,  however,  that  the  first  higher  critic,  like 

the  first  higher  critics  in  other  departments,  was 

not  wholly  emancipated  from  his  early  teaching. 

Copernicus  effected  the  immense  revolution  of 

placing  the  sun  in  the  centre  of  the  system,  but  he 
did  not  abandon  circular  motion.  So  he  had  to 

retain  parts  of  the  epicyclic  apparatus.  The  revo- 
lution was  first  completely  effected  by  Kepler,  but 

even  he  conducted  his  early  researches  as  a  semi- 
believer,  a  kind  of  very  Broad  Churchman.  He 

made  nineteen  successive  attempts  to  explain  the 

motions  of  Mars  by  the  arrangements  of  eccentric 

and  epicyclic  motions,  and  only  then  did  he  frankly 

throw  the  great  principle  of  circular  motion  over- 
board, and  state  that  the  actual  paths  of  the  planets 

were  ellipses.  And  so,  in  a  few  years,  a  great  im- 
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mutable  principle,  a  whole  system  of  beliefs,  the 

industry  and  thought  of  generations  went  for 

nothing,  and  now  exist  merely  as  an  occasional 

cold  reference  in  a  treatise  on  Astronomy  to  the 

Ptolem.aic  system  as  a  ̂ monument  of  misplaced 
ingenuity/ 

IV 

We  may  divide  scientific  theories  into  two 

classes,  which  have  recently  been  distinguished  by 
Einstein  as  theories  of  construction  and  theories  of 

principle.  His  ow^n  theory  of  relativity  is  a  theory 
of  principle,  and  its  attraction  resides  in  its  logical 

perfection.  Such  theories,  whatever  charm  they 

may  have  for  the  logician,  are  not,  man  being  con- 
stituted as  he  is,  felt  to  be  sufficient.  A  principle 

which  natural  phenomena  obey,  and  which  enables 

equations  to  be  deduced  expressing  the  relations 

between  phenomena,  is,  to  a  few  austere  souls,  all 

with  v/hich  science  need  concern  itself,  but  the 

majority  of  men  require,  in  addition,  something 

they  call  an  ̂ explanation'  of  the  relations  deduced 
from  the  principle.  They  desire  to  see  events  des- 

cribed in  terms  v/ith  which  they  are  familiar. 
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ASPECTS    OF  SCIENCE 

universe  in  terms  of  the  mutual  impacts  of  little 

billiard  balls  would  afford  genuine  satisfaction  to 

the  mind,  and  important  advances  have  been  made 

in  science  by  the  attempt  to  describe  phenomena  in 

these  terms.  The  assumptions  which  underlie 

some  such  attempts  may  seem,  to  the  logician,  pre- 
posterous, but  there  is  no  doubt  that  the  mind  is 

impelled  to  make  such  assumptions.  Our  fami- 
liarity with  the  motions  of  matter  in  bulk  makes  it 

quite  natural  that  we  should  endeavour  to  give,  as 

far  as  possible,  dynamical  explanations  of  events, 

although,  if  we  stop  to  ask  ourselves  why  nature 

should  be  flexible  enough  to  admit  of  descriptions 

in  such  terms,  we  are  at  a  loss  for  an  answer. 

The  history  of  theories  of  the  asther  is  parti- 
cularly instructive  from  this  point  of  view,  because 

the  irrational  nature  of  the  impulse  is  here  most 

clearly  apparent.  The  attempt  to  explain  pheno- 
mena in  terms  of  an  aether  has  led  to  some  very 

remarkable  theories  of  the  nature  of  matter  itself. 

It  has  been  supposed,  for  instance,  that  the  ulti- 
mate particles  of  matter  are  vortical  whirls  in  the 

aether,  or,  again,  points  of  a  very  special  kind  of 

strain  in  the  aether.  Nevertheless,  a  theory  of  the 

aether  is  regarded  as  unsatisfactory  which  is  not 

76 



ASSUMPTIONS 

couched  in  terms  of  the  observed  behaviour  of 

ordinary  matter  as  we  know  it.  A  dynamical  ex- 

planation is  always  sought  after,  and  a  great  part  of 

the  scientific  effort  of  the  nineteenth  century  was 

devoted  to  describing  the  aether  as  an  elastic  solid. 

But  men  of  science  were  not  content  with  showing 

that  the  laws  of  dynamics  could  be  applied  to  the 

aether;  many  of  them  endeavoured  to  devise 

models  which  should  represent,  on  a  large  scale, 
the  actual  construction  of  the  aether.  It  is  difficult 

to  know  to  what  extent  their  authors  supposed 

these  models  to  correspond  to  the  reality;  it  is 

probably  not  sufficient,  however,  to  say  that  they 

regarded  them  merely  as  furnishing  useful  tools 

for  subsequent  investigations.  The  models  were 

usually  extremely  complicated,  for,  from  the  very 

beginning,  the  aether  proved  som.ewhat  recalci- 
trant to  this  attempt  to  represent  it  as  an  elastic 

solid.  The  most  obvious  objection  to  this  repre- 
sentation was  provided  by  the  observed  motions  of 

the  planets.  It  could  be  proved  that,  if  there  were 

any  resistance  to  their  motions  round  the  sun,  it 

must  be  excessively  minute,  and  how  was  this  to  be 

combined  with  the  hypothesis  that  they  were  mov- 

ing with  great  speed  through  an  elastic  solid?  The 
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answer  was  found  in  cobbler's  w^ax.  Sir  George 

Stokes  noticed  that  cobbler's  wax,  although  rigid 
enough  to  be  capable  of  elastic  vibration,  is  yet 

sufficiently  plastic  to  permit  other  bodies  to  pass 

slowly  through  it.  We  have  only  to  imagine  that  in 

the  aether  these  qualities  are  much  exaggerated, 

and  the  motion  of  the  planets  presents  no  diffi- 

culty. If  no  substance  like  cobbler's  wax  happened 
to  be  known  it  is  difficult  to  know  what  satisfactory 

answer  could  be  returned  to  the  objection.  Here 

we  have  the  first  glimpse  of  the  remarkable  combi- 

nation of  qualities  with  which  it  was  found  neces- 

sary to  dower  the  asther.  The  mathematical  exam^- 
ination  of  the  properties  of  the  aether,  undertaken 

by  such  men  as  Navier,  Cauchy,  Poisson,  Green, 

was  continually  leading  to  queer  and  unsatis- 
factory results,  unsatisfactory,  that  is,  in  the  light 

of  our  experience  of  the  properties  of  matter. 

Cauchy,  in  particular,  deduced  a  number  of  re- 

markable physical  properties  which  were  irrecon- 
cilable with  one  another,  although  one  of  his 

theories,  that  of  the  asther  considered  as  a  kind  of 

foam,  attracted  the  attention  of  Lord  Kelvin. 

With  the  rise  of  Maxwell's  electromagnetic 
theory,  the  elastic  solid  aether  received  less  atten- 
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tion.  Maxwell  himself,  in  his  great  treatise,  gives 

no  mechanical  explanation  of  his  theory;  he  merely 

shows  that  an  infinite  number  of  mechanical  expla- 

nations are  possible.  With  the  publication  of  Ein- 

stein's first  principle  of  relativity  in  1 905,  however, 
the  sether  began  to  disappear;  and  now,  with  the 

generalized  theory  of  relativity,  it  has  become  a 

mere  ghost.  There  are  still  sturdy  champions  of 

the  aether,  and,  indeed,  it  seems  a  pity  to  have  to 

abandon  the  mechanical  explanations  it  promised. 

But  possibly  the  attempt  to  fi.nd  dynamical  expla- 
nations of  this  kind  is  doomed  to  failure;  perhaps, 

after  all,  nature  is  not  flexible  enough.  The 
orientation  of  modern  science  is  in  another  direc- 

tion. It  is  towards  a  more  abstract  class  of  theories 

altogether  —  theories  which  tell  us  nothing  about 

the  m.echanism  of  a  process,  but  tell  us  the  prin- 
ciples the  process  must  obey.  Such  theories  effect 

a  vast  unification  of  knowledge.  They  are  magni- 
ficently comprehensive,  and  it  is  possible  that  they 

contain  all  that  we  can  really  know,  although  men 

will  long  be  reluctant  to  abandon  all  hope  of  ever 

approaching  reality  with  the  intimacy  that  the 

theory  of  the  aether  seemed  to  promise. 
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V 

Whether  or  not  it  be  true  that  the  proper  study 

of  mankind  is  man,  it  is  certain  that  he  finds  great 

difficulty  in  studying  anything  else.  His  first 

impulse,  when  he  thinks  about  the  universe  at 

large,  is  to  consider  it  in  reference  to  himself,  and 

to  explain  it  in  terms  of  his  own  actions  and  desires. 

In  Astronomy,  for  example,  it  long  seemed  quite 

reasonable  that  in  the  peculiarities  of  men's  bodies 
should  be  found  the  system  on  which  the  universe 

is  constructed.  The  arguments  of  Galileo's  con- 
temporaries amuse  us  now,  for  we  have  learned 

modesty,  but  the  tendency  to  explain  all  things  in 

purely  human  terms,  as  it  were,  is  by  no  means  yet 
extinct,  and  is  still  a  hindrance  to  science.  It  is 

even  hinted  that  man's  explanation  of  himself  is 
not  free  from  bias;  psychologists  inform  us  that  a 

man's  account  of  his  own  actions  is  not  always  to 
be  trusted,  that  the  true  springs  of  his  conduct  are 

usually  those  he  would  blush  to  own.  But  if  we  are 

to  say  that  man's  speculations  about  the  universe 
show  an  overwhelming  sense  of  his  own  impor- 

tance we  must  allow  him  also  a  certain  generosity. 

Until  quite  recent  times  he  was  willing  to  dower 
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almost  anything,  animate  or  inanimate,  with  his 
own  attributes.  He  credited  stones  with  life  and 

trees  with  desire,  while  the  whole  animal  world 

were  his  brothers.  He  could  admire  the  loving 

sentiments  of  the  dove  and  weep  for  the  sorrows  of 

the  crab.  A  pathetic  confidence  in  man  as  the  type 

and  exemplar  of  the  universe  informed  nearly  all 

the  early  writings  on  animal  psychology,  and 

Descartes'  theory  that  animals  were  automatic 
roused  a  sentimental  indignation  which  has  not 

yet  subsided.  Nevertheless,  comparatively  recent 

investigations  tend  to  overthrow  the  natural  as- 
sumption that  worms  and  insects  are  little  men 

inhabiting  strange  bodies.  The  modern  biologist 
refuses  to  be  conscience-stricken  when  referred  to 

the  industry  of  the  bee  or  the  conjugal  perfections 

of  the  dove.  It  is  only  recently  that  he  has  become 

so  heartless.  Darwin,  in  a  celebrated  passage, 

describes  with  simple  reverence  the  mutual  ajffec- 
tion  existing  between  snails.  The  intelligence  of 

these  little  creatures  was  also  estimated  highly  by 

Romanes.  Loeb,  the  great  American  biologist,  did 

much  to  upset  this  naive  anthropomorphism.  He 

took  some  worms  who  are  'always  attracted  by 

light,*  and  showed  that  this  movement  did  not 
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testify  to  a  *more  light'  cry  in  these  Kttle  souls,  but 
was  a  purely  automatic  proceeding.  The  worm 

places  itself  so  that  both  sides  of  its  body  are 

equally  illuminated.  It  is  a  mechanical  action  due 

to  the  influence  of  light  on  the  living  matter  of  its 

body.  If  there  are  two  lights  the  worm  passes 

between  them,  thus  securing  equal  illumination  of 
its  two  sides. 

The  crab  which,  being  held  by  a  claw,  sheds 
that  claw  and  hurries  to  the  nearest  rock  for  shel- 

ter, is  found  to  do  the  same  thing  after  its  eyes  or 

brain  have  been  destroyed.  Dr.  Georges  Bohn, 

who  has  made  many  experiments  to  determine  how 

far  the  actions  of  the  lower  animials  are  purely 

mechanical,  gives  an  interesting  account  of  a  cer- 
tain parasitic  worm  which  attaches  itself  to  the  fish 

called  the  torpedo.  He  finds  (i)  that  if  the  amount 
of  salt  in  the  water  be  varied  the  reactions  of  the 

worm  alter;  (2)  that  if  light  be  allowed  to  play  first 

on  one  part  and  then  on  another  part  of  the  worm, 

its  reactions  alter;  (3)  if  the  animal  has  already 

taken  up  its  position,  attached  to  the  glass,  for 

instance,  and  a  shadow  be  passed  over  the  top  of 

the  vessel,  the  whole  body  of  the  worm  turns  itself 

into  the  vertical  in  such  a  way  that  if  the  shadow 
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were  caused  by  a  passing  torpedo,  the  worm  could 

attach  itself  to  the  fish.  If>  however,  it  be  already 

attached  to  a  torpedo,  it  does  not  raise  itself  at  a 

passing  shadow.  Here,  then,  is  an  association  be- 
tween the  region  of  the  body  excited  by  light  and 

the  part  fixed  to  the  fish.  It  was  found,  also,  that 

the  crab  which  abandons  its  claw  only  does  so 

when  held  by  a  certain  part.  The  action  appears  to 

be  purely  automatic.  If  it  were  dependent  in  any 

way  on  the  crab's  simultaneous  visual  perceptions, 
for  instance,  an  associative  phenom.ena  would  be 

established.  But  experimental  tests  find  no  such 

correspondence.  As  the  result  of  numerous  experi- 
ments of  this  kind  biologists  have  becom.e  very 

wary  of  offering  psychical  explanations  of  the 

actions  of  the  lowxr  animals.  Even  when  genuine 
associations  are  established  one  must  be  careful 

not  to  interpret  them  in  terms  of  human  psycho- 
logy. In  the  very  description  of  experiments  an 

unwarrantable  turn  may  be  given  to  the  pheno- 
mena by  the  fact  that  words  of  ordinary  language 

inevitably  call  up  associations  which  miay  be  out  of 

place  in  the  discussion.  To  say  that  an  amoeba 

learns  to  reject  certain  foreign  particles  in  a  solu- 

tion, for  instance,  is  a  statement  that  requires  care- 
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ful  interpretation.  How  are  we  to  picture  an 

amoeba  learning  something? 

But,  indeed,  the  danger  of  anthropomorphic 

interpretations  becomxcs  very  obvious  when  we 

reflect  on  the  purely  physical  phenomena  which 

accompany  m.an's  own  emotions.  If  the  James- 
Lange  theory  be  correct,  it  is  in  terms  of  these 

physical  phenomena  that  we  must  understand 

man's  emotions.  Now  consider  the  example  given 

in  Washburn's  book.  The  Animal  Mind.  An  angry 
man  has  a  quickened  heartbeat,  altered  breathing, 

a  change  in  muscular  tension,  and  a  change  in  the 

blood.  Consider  a  wasp.  It  has  no  lungs,  but 

breathes  through  its  tracheae ;  the  circulation  of  its 

blood  is  fundamentally  different  from  that  in  man; 

all  its  muscles  are  attached  internally  because  its 

skeleton  is  everywhere  external.    What,  then,  is 

an  *angry'  wasp?  It  seems  clear  that  if  a  man  is  to 
study  anything  but  man  he  must  forget  himself  as 

far  as  possible. 
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★ 

It  is  a  well-known  fact  that  a  really  intelligent 
child  finds  great  difficulty  in  believing  that  the 

earth  is  round.  Stupid  children,  on  the  other  hand, 

believe  anything  they  are  told.  The  difficulty  ex- 
perienced by  the  first  child  is  due  to  the  fact  that, 

in  however  elementary  a  way,  it  is  conscious  of  the 

implications  of  the  statement.  The  stupid  child 

seems  to  be  unaware  that  the  statement  has  any 

implications;  it  seems  able  to  accept  almost  any 

statement   in   some   curiously   bare,  unrelated 

fashion.  Hermann  Bahr  has  an  interesting  and 

amusing  story  of  how  profoundly  his  faith  in  hia 

father  was  shaken  when  the  latter,  d  propos  of  a 

sunset,  told  the  young  boy  that  in  reality  it  was  the 
earth  that  turned  round  and  not  the  sun.  Com- 

pletely overwhelming  objections  to  this  statement 

rose  instantly  in  young  Hermann's  mind,  and, 
outraged  by  this  insult  to  his  intelligence,  he  pre- 

served a  hurt  and  dignified  silence  that  lasted  for 

days. 
We  notice  the  same  essential  difference  in 

schoolboys  and  university  students,  and,  in  fact,  in 

men  of  any  age.  Perhaps  the  majority  of  men,  and 

less  certainly  of  children,  have  but  little  sense  of 
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the  implications  of  a  statement.  The  sense  of  im- 

plications does  not  necessarily  involve  the  ability 

to  discover  the  implications  —  that  is  a  compara- 
tively rare  gift.  It  acts  rather  in  a  negative  manner, 

making  the  student  restless  under  a  subtly  illogical 

presentation  of  a  case,  or  leaving  the  schoolboy 

frankly  mutinous  at  the  end  of  a  sermon.  It  is  not 

a  gift  which  makes  a  rapid  learner,  although  its 

absence  will  prevent  a  man  from  ever  knowing  a 

subject  properly.  It  is  unfortunate  that  education, 

as  practised  in  this  country,  does  not  sufficiently 

take  into  account  this  very  desirable  inhibition. 

The  text-book  plays  a  very  large  part  in  contem- 

porary education,  and  most  text-books  are  designed 
for  those  who  can  swallow  statements  at  great 

speed.  That  delicate  web  of  doubt,  of  half-seen 
alternative  explanations,  which  comes  into  the 

mind  of  the  intelligent  student  when  confronted 

with  the  highly  dogmatic  statements  and  some- 

what perfunctory  'proofs'  of  many  modern  text- 
books, counts  as  sheer  loss  in  the  examination 

race.  This  is  especially  true  of  scientific  text- 
books, which  are  usually  conceived  on  an  entirely 

wrong  plan,  judged  from  the  standpoint  of  rational 

education.  Statements  which  are  the  final  expres- 
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sion  of  very  difficult  and  slowly  acquired  abstrac- 
tions are  presented  in  all  their  nakedness,  and 

followed  by  a  collection  of  ̂ examples/  The  glib 
student  learns  these  statements  as  if  he  were  learn- 

ing a  foreign  language,  and  soon  masters  the  tricks 

necessary  to  apply  them.  I  have  known  such 

students  able  to  solve  very  difficult  problems  and 

yet  entirely  unable  to  meet,  in  any  way,  a  sceptical 

attack  upon  the  fundamental  theorem  they  employ. 

The  fact  is  that  this  method  of  teaching  science  is 

psychologically  unnatural,  and  the  knowledge 

acquired  on  this  method  is  largely  sham  know- 
ledge. While  it  may  not  be  true  that  the  child 

passes  through  ̂ cultural  epochs'  in  its  mental 
growth,  it  is  true  that  it  will  feel  many  of  the  hesi- 

tations and  difficulties  experienced  by  the  men  who 

first  formulated  the  concepts  now  presented  to  it 

for  its  instant  acceptance.  It  is  for  this  reason  that 

the  best  method  of  teaching  a  science  is  probably 

the  historic  method.  In  this  way  not  only  are 

many  doubts  fairly  met  instead  of  being  merely 

repressed,  but  the  exact  portee  of  a  statement  and 

possible  lines  of  extension  are  much  more  clearly 
seen.  The  effect  of  the  modern  text-book  is  to 

make  the  intelligent  student  feel  that  he  is  remark- 
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ably  unintelligent;  the  text-book  writer  is  so  ter- 
ribly cocksure. 

But  if  the  historic  method  must  be  rejected  as  too 

lengthy  one  may  plead  for  its  partial  application. 

Let  the  text-book  give  the  broad  outlines,  and  let 

the  student  supplement  these  by  reading,  wher- 
ever possible,  the  standard  memoirs  written  by  the 

original  discoverers.  In  this  way  he  will  gain 

something  much  more  valuable  than  a  more 

thorough  acquaintance  with  his  subject;  he  will 

learn  something  of  the  mental  gesture  of  the  true 

man  of  science,  something  very  different  from  the 

glittering  efficiency  of  the  text-book  writer.  Con- 
sider, for  instance,  the  following  passage  from 

Newton,  writing  on  the  theory  of  light:  He  dis- 
cusses a  corpuscular  theory,  and  continues: 

But  they,  that  like  not  this,  may  suppose  light 

any  other  corporeal  emanation,  or  any  impulse  or 

motion  of  any  other  medium  or  aethereal  spirit  dif- 
fused through  the  main  body  of  aether,  or  what 

else  they  can  imagine  proper  for  this  purpose.  To 

avoid  dispute,  and  make  this  hypothesis  general, 

let  every  man  here  take  his  fancy;  only  whatever 

light  be,  I  suppose  it  consists  of  rays  differing 
88 



ON    LEARNING  SCIENCE 

from  one  another  in  contingent  circumstances,  as 

bigness,  form,  or  vigour. 

The  subject  here  becomes  alive  in  a  way  it  never 

does  in  the  text-book.  It  is  of  the  greatest  impor- 
tance that  the  student  should  see,  not  merely  the 

results,  but  the  avenues  of  approach.  He  will  gain 

more  confidence  in  his  ov/n  powers  and  more 

interest  in  the  subject. 

For  those  people  also  who,  without  being  stu- 
dents, take  an  interest  in  science,  the  reading  of 

original  memoirs  may  be  recommended.  Much  of 

the  science  they  learn  in  this  w^ay  will  be  wrong, 
but  they  will  see  it  as  something  thoroughly  human 

and,  it  may  be,  as  something  thoroughly  sym- 

pathetic. The  text-book  has  an  air  of  infallibility 
which  is  very  repellent,  and  it  is  difficult  to  avoid 

associating  this  with  the  scientific  man.  But  it  is 

merely  a  manifestation  of  the  same  tendency  that 

produces  stereotyped  restaurants.  A  reading  of 

the  old  memoirs  shows  science  as  tentative,  imagi- 

native, courageous.  They  show  that  the  man  of 
science  is  a  humanist. 89 
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★ 

Those  who  are  interested  in  current  'serious' 
literature,  and  more  particularly  that  branch  of  it 

which  deals  in  a  speculative  way  with  those  vague 

but  impressive  problems  which  have  always 

haunted  men,  the  existence  of  God,  the  'meaning' 
of  the  Universe  and  so  on,  cannot  have  failed  to 

notice  the  unaccustomed  prestige  now  enjoyed  by 

science.  The  supposed  contributions  of  science  to 

these  discussions  are  now  listened  to  with  a  gravity 

and  politeness,  with  a  kind  of  serious  hush,  which 

was  formerly  reserved  for  quotations  from  Plato 

and  Aristotle.  Compared  with  the  crude  materia- 

lists of  Huxley's  day,  it  is  evident  that  the  modern 
man  of  science  has  greatly  improved  his  social 

standing;  he  now  frequently  talks  to  the  best 

people,  on  equal  terms,  on  such  subjects  as  the 

Good  and  the  Beautiful.  The  underbred,  pushing, 
clamorous  self-assertion  of  the  Victorian  scientist 

is  a  rare  note  in  these  improving  conversations  be- 
tween philosophers  and  men  of  science.  A  man  like 

Haeckel  is  dismissed  as  a  mere  vulgarian ;  no  one 

would  trouble  to  refute  him;  his  loud  voice  and 

hob-nailed  boots  are  sufficient  condemnation. 

Even  Huxley  is  felt  to  be  a  rather  noisy  person; 
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the  modern  expositor  of  the  relations  of  Science 

and  ReHgion  or  Science  and  Philosophy  no  longer 

borrows  his  technique  from  the  Hyde  Park  orator; 

he  has  adopted  rather  the  insinuating  charm  of  the 
curate.  There  are,  of  course,  survivals  on  both 

sides;  sweetness  and  light  are  not  yet  universal; 

the  general  atmosphere  of  mutual  forbearance  and 

respect  is  still  occasionally  marred  by  the  harsh 

note  of  some  exceptionally  fanatic  or  insensitive 

partisan.  One  or  two  grave  lapses  of  this  kind 

may  be  detected  amongst  the  mass  of  recent  books 

devoted  to  cosmical  questions.  There  are  still  one 

or  two  literary  men  and  philosophers  who  hint  at 

those  dreadful  early  days  of  science,  before  it  went 

to  Oxford,  and  there  are  still  one  or  two  provincial 

men  of  science,  farouche^  suspicious,  who  attend  a 

modern  cultured  salon  carrying  their  obsolete  life- 
preserver  in  their  pocket.  But  on  the  whole  good 

manners  prevail  everywhere.  It  is  realized  that 

there  is  no  reason  why  anybody  should  feel  awk- 
ward at  meeting  anybody  else  in  a  world  which  is 

so  indulgent  of  the  difference  between  a  man's 
private  and  public  capacities. 

To  be  on  amiable  terms  with  everybody  is  worth 

a  sacrifice,  and  in  our  relief  at  escaping  from  the 
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ferocious  savagery  of  the  Victorian  controversial- 
ists we  may  well  endure  the  minor  discomforts  of 

a  reconciliation  between  science,  philosophy  and 

religion  so  effective  as  to  render  indistinguishable 

the  separate  persons  of  this  trinity.  The  particular 

advantage  of  this  amalgamation  that  concerns  us 

here  is  the  fact  that  it  has  brought  a  new  branch  of 

literature  into  existence.  As  is  usual  in  an  amalga- 

mation,  each  member  profits  by  the  custom 

brought  by  the  others,  until  finally  a  composite 

article  is  evolved  which  is,  as  it  were,  simultane- 

ously buff  and  blue.  That  is  how  we  get  these  very 

curious  and  interesting  modern  works  on  cosmical 

questions  —  works  which  seem  to  result  from  a 
close  collaboration  between,  say,  a  professor  of 

physics,  an  archdeacon  and  a  Bond  Street  crystal- 
gazer.  A  very  comprehensive  Weltanschauung  is 

thereby  afforded,  and  doubtless  a  truly  ̂ balanced' 
mind  m.ust  result  from  the  perusal  of  such  works, 

but  we  may  doubt  whether  each  component,  as  it 

were,  is  presented  in  its  purity.  The  advantages  of 

association  are  only  obtained  by  a  certain  loss  of 

individuality.  We  cannot  speak  for  the  philosophy 

and  religion  of  these  works,  but  we  are  impelled  to 

these  reflections  by  detecting  a  certain  quality 
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which  pervades  the  scientific  part  of  the  exposi- 
tions. It  is,  as  we  have  admitted,  a  good  thing  for 

science  that  it  has  been  taken  up  in  this  way.  It 

moves  in  an  atmosphere  of  culture ;  it  finds  itself 

being  described  in  chapters  headed  with  Greek 

quotations;  it  is  complimented  on  its  strong  vein  of 

poetry;  its  peculiarities  are  explained,  inaccurately 

but  sympathetically,  in  columns  of  literary  causerie, 

and  the  unexpected  but  gratifying  discovery  is 

made  that  it  by  no  means  lacks  the  bump  of  rever- 
ence and  proper  respect  for  constituted  authority. 

Yet,  kindly  as  are  the  surrounding  faces,  and 

pleasant  as  is  the  consciousness  that  one's  clothes 
and  accent  excite  no  comment,  there  is,  on  the  part 

of  many  scientific  men,  a  persistent  uneasy  feeling 

that  one  has  gained  this  position  on  false  pretences. 
It  is  these  remarkable  modern  books  to  which  we 

have  referred  which  render  the  feeling  acute.  At 

the  same  time,  it  is  very  difficult  to  state  precisely 

the  elements  of  this  feeling.  We  understand,  how- 
ever, that  there  are  young  poets  and  novelists  v/ho 

experience  very  much  the  same  emotion  when  one 

of  the  great  ̂ official'  men  of  letters  talks  about 
literature.  It  appears  that  such  people  often  get 

everything  subtly  wrong,  that  their  criticism  never 
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pierces  to  the  real  heart  of  the  matter,  that  they 

make  literature  at  once  more  pompous  and  more 

tame  than  it  really  is.  These  new  cultured  exposi- 
tors of  science  affect  one  very  much  like  that. 

Their  indisputable  intelligence  and  their  wide 

knowledge  do  not  save  them ;  they  lack  something 

—  it  may  be  a  mere  familiar  way  of  talking  —  which 
marks  the  practitioner;  we  feel  they  touch  their 

subject  with  padded  fingers.  We  attribute  no 
occult  influence  to  laboratories,  but  we  think  the 

expositor  of  science  who  is  not  also  a  creator  is 

something  like  that  curiously  unconvincing  crea- 
ture —  the  theoretical  sailor  who  has  never  been  to 

sea.  For  that  reason  we  are  uneasy  in  the  presence 

of  these  numerous  modern  expositions.  Such 

work  of  the  kind  as  was  done  in  the  old  days  was 

done  by  real  men  of  science  in  their  spare  time. 

They  had  the  competence,  if  also  something  of  the 

crudity,  of  the  workman  in  the  factory  who  ex- 
plains to  you  how  his  machine  v/orks.  The  modern 

writers  are  so  much  more  like  those  frock-coated 

'attendants'  at  Exhibitions.  One  is  oppressed  with 
the  same  suavity,  the  sam^e  incredible  readiness, 
the  same  secret  doubt  whether  he  has  ever  handled 

a  tool  in  his  life.  .  .  . 
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Such  being  our  estimate  of  our  modern  teachers, 

we  may  be  permitted  to  be  sceptical  concerning  the 

complete  satisfactoriness  of  their  account  of  the 

present  disposition  and  relations  of  science.  When 

they  vouch  for  the  complete  respectability  and 

harmlessness  of  science  we  wonder  if  they  are  not  a 

little  too  kind.  We  have  an  absurd  nervousness,  as 

in  the  presence  of  a  reformed  burglar.  He  looks 

well-dressed  enough  and  his  hands  are  not  impos- 
sibly horny;  moreover,  we  are  told  that  the  two 

very  respectable  gentlemen  with  him  find  him  a 

most  charming  companion.  We  are  prejudiced, 

we  suppose ;  but  to  our  thinking  there  is  a  coarse- 
ness about  the  jaw,  an  occasional  hard  glint  in  the 

eye,  which  would  make  us  reluctant  to  accept  him 

as,  at  any  rate,  a  sleeping  companion.  We  wonder 

if  those  two  gentlemen,  the  one  reverend  and  the 

other  nearly  so,  ever  feel  a  little  apprehensive 

during  the  night? 
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The  Victorian  Age  was  unquestionably  the  great 

age  of  physical  science.  It  was  not  only  the 

number  and  quality  of  the  scientific  men  whose 

working  lives  were  covered  by  this  period  that 

were  responsible  for  this  -  although  no  period  in 

history  makes  a  braver  show  —  but  it  was  due  also 
to  the  fact  that  the  scientific  discoveries  of  that  age 
were  often  of  the  kind  that  rouses  a  vast  amount  of 

public  attention.  The  attention  of  a  cultured  mino- 
rity was  no  new  thing  in  the  history  of  science. 

Newton's  discoveries,  largely  through  the  influence 
of  his  indefatigable  popularizer  Voltaire,  speedily 

became,  in  a  more  or  less  adequate  form,  the  com- 
mon property  of  the  cultured  part  of  Europe,  But 

from  the  time  of  Newton  to  that  of  Davy  there  was 

no  such  general  attention  paid  to  science;  England 

and  the  Continent  largely  lost  touch,  even  techni- 
cal students  working  in  comparative  isolation,  so 

that  the  great  French  advances  in  Newtonian 

philosophy  were  not  appreciated  for  several  years 

in  England,  and  the  cultured  public  in  England 

itself  no  longer  considered  the  intelligent  observa- 
tion of  scientific  progress  to  be  one  of  its  chief 

duties.  It  never  did  regain  this  outlook;  science, 
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becoming  increasingly  technical,  became  more 

and  more  completely  the  affair  of  a  small  and 

specialized  class,  until,  by  the  middle  of  the  nine- 
teenth century,  it  was  the  most  dissociated  of 

intellectual  activities.  The  great  recrudescence 

of  general  interest  in  science  was  brought 

about  by  the  discovery  that  this  dissociation 

was  merely  a  consequence  of  lack  of  attention, 

and  that,  in  fact,  scientific  discovery  was  not 

unconnected  with  the  major  interests  of  man- 
kind. 

The  publication  in  1859  of  Darwin's  Origin  of 
Species  persuaded  the  men  of  that  time,  rightly  or 

wrongly,  that  science  and  religion  were  very 

intimately  connected,  and  science,  at  one  blow, 

obtained  a  degree  of  public  attention  without  pre- 
cedent in  its  history.  The  interest  thus  evoked 

was  not  always  very  intelligent,  but  it  was  intense 

and  widely  diffused;  it  extended  to  other  branches 

of  science,  influenced  the  educational  system  of 

the  country  and  gave  rise  to  an  enormous  extension 

of  'popular'  science  lectures  and  articles.  This 
popular  interest  was  of  a  different  kind  from  the 

leisurely  interest  previously  shown  by  the  cultured 

classes.  The   latter  was,   indeed,   much  more 
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genuinely  an  interest  in  science  for  its  own  sake; 
the  former  had  a  different  emotional  basis  and  was 

merely  the  diversion  of  an  interest  in  religious  or 

social  questions.  There  is  a  controversial  air  about 

nearly  all  the  popular  scientific  writings  of  that 

time;  the  scientific  man,  like  his  audience,  was 

fully  aware  that  he  was  talking  about  a  good  deal 

more  than  the  ostensible  subject  of  discussion. 

Science,  the  creature  of  the  least  popular  of  man's 
activities,  patient  and  unprejudiced  ratiocination, 
became  associated  with  violent  emotions.  With 

Biology  and  Geology  this  association  was  inevit- 

able and  immediate;  their  subject-matter  happened 
to  be  that  of  the  first  few  chapters  of  Genesis.  But 

the  more  exact  sciences,  when  public  attention 

turned  their  way,  could  offer  no  such  excitements. 

They  seem  to  have  compromised  by  specializing  on 

'marvels.'  The  'Marvels  of  Science'  became  a 

familiar  heading,  and  the  unsophisticated  public 

were  stunned  by  figures :  the  distances  of  the  stars, 
the  number  of  molecules  in  a  cubic  centimetre  of 

water,  the  weight,  in  tons,  of  the  earth,  the  incre- 

dible minuteness  of  light-waves,  and  so  on,  the 
whole  object  of  such  discourses  being,  as  Maxwell 

unkindly  put  it,  to  prevent  the  audience  realizing 
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that  intellectual  exhaustion  had  set  in  until  the 

hour  had  elapsed. 

We  readily  admit  that  popular  science  of  a  very 

different  kind  was  also  provided.  Faraday,  Kelvin, 

Huxley,  Tyndall,  Maxwell  himself,  did  their  best 

to  make  the  lay  public  acquainted  with  scientific 

methods  as  well  as  results,  to  present  their  results 

as  part  of  a  coherent  theory  instead  of  as  items  in 

catalogue  of  marvels.  But  it  is  the  marvel-mongers 
who  have  proved  most  tenacious  of  life,  so  that 

'popular'  science  has  now  become  a  term  of  con- 
tempt, and  any  statement  whatever,  provided  it  has 

the  right  marvellous  flavour,  may  be  printed  in  our 

newspapers  as  scientific  information.  In  America 

such  marvellous  statements,  not  only  inaccurate 

but  meaningless,  occupy  pages  of  the  Sunday 

supplements,  so  that  that  meritorious  organ.  The 

Scientific  American^  has  to  announce,  in  self- 

defence,  that  it  publishes,  not  ̂ popular*  science, 
but  merely  non-technical  science.  In  our  own 

country  that  sober  periodical  Nature  used  to  print 
extracts  from  the  more  marvellous  scientific  items 

provided  by  the  daily  press,  thus  furnishing  a  little 

light  relief  from  its  own  austere  pages.  The  fact 

that  this  quackery  exists  is  not  unimportant.  If  it 
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does  no  more,  it  often  leads  to  a  waste  of  time,  for 

there  has  been  more  than  one  worthy  gentleman 

who  has  imagined  himself  to  be  attacking  the  per- 

nicious doctrines  of  science,  when,  as  his  argument 

makes  clear,  it  is  this  kind  of  quackery  he  has  in 

mind.  The  cure  for  this  kind  of  thing  would  seem 

to  be  the  development  of  a  conscience  in  news- 

paper editors,  unless  we  prefer  to  wait  patiently 

until  a  tincture  of  science  forms  part  of  the  educa- 
tion of  an  English  adult. 

But,  turning  to  the  popular  but  accurate  scienti- 
fic article,  we  may  ask  what  purpose  it  serves. 

Should  its  object  be  to  supply  the  deficiencies  of  a 

defective  general  education,  to  provide  an  easy 
introduction  to  science?  Doubtless  such  articles 

or  lectures  have  served  such  a  purpose;  Faraday 

himself,  as  we  know,  was  won  over  to  science  by 

the  blandishments  of  Mrs.  Somerville,  and  there 

is  more  than  one  case  where  the  current  of  a  man's 

life  has  been  definitely  changed  by  a  lantern  lec- 
ture. It  is,  nevertheless,  a  mistake  to  suppose  that 

the  attentive  perusal  of  a  number  of  popular 

science  articles  is  equivalent  to  a  scientific  educa- 

tion, a  mistake  which  is  unfortunately  very  com- 
mon. The  fact  is  that  the  scientific  treatise  and  the 
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popular  science  article,  so  far  from  being  rivals, 

serve  entirely  different  ends,  and  may  be  read  with 

profit  by  the  same  man.  Broadly  speaking,  the 

function  of  the  popular  science  article  is  to  present 

science  in  its  humanistic  aspect.  It  should,  while 

dealing  with  as  definite  a  scientific  problem  as  the 

author  chooses,  hint  at  the  relations  between  this 

problem  and  the  other  interests  of  mankind.  Very 

often  these  relations  are  implicit  in  the  subject; 

such  subjects  are,  in  fact,  usually  chosen,  and  for 

that  reason.  But  there  is  another  type  of  article 

which  has  for  its  object  the  exposition  of  relations 

which  are  not  obvious,  and  this  exposition  may  be 

the  result  of  a  genuine  and  valuable  intellectual 

effort  on  the  part  of  the  writer.  Such  articles  are 

really  essays  in  criticism  and  are  not  essentially 

different  from  the  best  type  of  literary  criticism. 
Some  of  the  best  articles  of  this  kind  —  some  of 

those  by  W.  K.  Clifford,  for  example  —  are  as  truly 

'research'  work  as  is  the  technical  paper.  A  third 
type  of  article  may,  either  by  way  of  history  or  by 

way  of  logic,  show  the  position  occupied  by  a  given 

theory  or  fact  in  a  scheme  of  knowledge.  This 

type  is  usually  of  more  interest  to  the  scientific 

student  than  to  the  general  reader,  since  a  general 
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acquaintance  with  the  whole  subject  is  presup- 
posed, and  in  this  connection  it  is  interesting  to 

note  that  a  powerful  plea  has  recently  been  made 

for  the  more  effective  endowment  of  the  teaching 

of  the  history  of  science. 

If  a  popular  science  article  serves  none  of  these 

three  purposes,  it  must  inevitably  be  nothing  but 

the  description  of  a  ̂marvel.'  In  competent  hands 
this  may  be  agreeable  enough;  the  appetite  for 

marvels  is  vigorous  and  universal,  and  its  indul- 
gence cannot  be  condemned  as  a  vice.  To  look  at  a 

marvel  for  the  pleasure  of  gaping  is  not,  however,  a 

very  intelligent  occupation,  and,  to  judge  from  the 

number  and  kind  of  phenomena  unhesitatingly 

ascribed  to  *the  electricity  in  the  air,'  merely  in- 
creases credulity.  Regarded  as  a  marvel,  wireless 

telegraphy  is,  of  course,  merely  a  miracle,  a  fact 

extensively  exploited  by  spiritualists.  The  human 

tendency  to  seize  on  the  merely  marvellous  should, 

in  fact,  be  carefully  allowed  for  by  the  writer  of 

popular  science  articles ;  he  should,  if  anything,  be 

even  more  reserved  and  pedantically  precise  than 

when  addressing  a  scientific  audience;  an  incauti- 
ously flamboyant  remark  is  very  likely  to  be  seized 

upon  to  support  some  preposterous  philosophy  or 
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religion.  Usually,  however,  the  popular  science 

writer  yields  to  the  temptation,  to  epater  his 

audience,  to  make  himself  more  readable,  as  read- 

ability is  now  understood,  and  so  he  may,  while 

speaking  the  truth,  have  all  the  effect  of  telling  a 
lie. 

Thus  the  division  between  the  genuine  and  the 

quack  science  article  is  not,  in  practice,  clearly 
defined.  The  difference  between  the  writers  is 

definite  enough;  but  it  is  writer  and  public 

together  which  make  the  popular  science  article. 

Lack  of  education  is  just  as  great  a  hindrance  to 

perception  as  is  lack  of  sensitiveness.  The  poet 

may  be  subtly  and  completely  misunderstood 
because  his  audience  lacks  sensitiveness,  and,  to 

compare  small  things  with  great,  the  conscientious 

retailer  of  scientific  information  may  be  in  a  like 
case  for  a  different  reason.  So  that  if  it  is  true  that 

the  best  type  of  poetry  is  that  written  by  the  poet 

*for  himself,'  it  is  perhaps  true  that  the  best  type 
of  popular  science  article  is  written  for  a  similar 

reason  —  because  the  writer  is  genuinely  interested 
in  working  out  certain  speculations  or  treating 

certain  facts  in  a  certain  way.  Some  of  the  very 

best  popular  articles  ~  those  by  Helmholtz,  for 
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example  -  are  of  this  kind,  and  have  achieved  a 
relative  immortality,  although,  like  the  poetry 

which  is  read  chiefly  by  poets,  they  are  probably 

read  chiefly  by  scientific  men. 
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★ 

It  is  a  melancholy  fact  that  the  estimable  qualities 

of  patience  and  industry  do  not,  by  themselves, 

enable  their  possessor  to  attain  eminence  in  the 

arts.  There  is  very  good  reason  to  suppose  that 

character,  particularly  a  certain  simple  type  of 

integrity  and  sincerity,  is  necessary  to  great  artistic 

achievement,  but  it  is  certain  that  such  gifts  are 

not  sufficient;  they  must  be  allied  with  very  un- 
usual mental  qualities.  In  the  sciences,  however, 

we  often  find  work  of  very  great  importance  being 

performed  by  men  of  quite  average  intelligence, 

but  of  exceptional  tenacity.  A  pure  heart  seems  to 

be  all  that  is  necessary.  This  is  not  true,  of  course, 

of  the  mathematical  sciences  —  mathematicians,  like 

musicians,  are  *born'  —  but  it  is  very  obviously  true 
of  what  are  called  the  'observational'  sciences.  A 
history  of  Astronomy,  in  particular,  is  interesting 

from  this  point  of  view.  The  fact  that  the  whole  of 

our  knowledge  of  the  heavens  comes  through  the 

sense  of  sight,  and  that  we  cannot  experiment,  in 

the  ordinary  way,  upon  the  heavenly  bodies,  means 

that  the  patient  observer,  by  merely  accumulating 

observations,  is  performing  an  absolutely  essential 

function.  There  is  no  other  subject  which  yields 
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such  rich  rewards  to  mere  patience.  There  is  no 

other  subject  which  has  so  long  a  record  of  valu- 

able discoveries  achieved  by  purely  average  ability. 

It  is  interesting  to  notice  how  often  a  telescope 

and  a  capacity  for  sitting  still  have  made  their 

owners  immortal.  In  the  region  of  stellar  astro- 

nomy the  minuteness  of  the  phenomena  which  may 

be  observed  has  narrow^ed  possible  competitors  to 
those  possessing  large  instruments,  and  that 

usually  means  public  institutions  and  professional 

astronomers.  But  the  history  of  our  knowledge  of 

the  nearer  heavenly  bodies,  the  sun,  the  planets 
and  the  moon,  owes  much  to  the  industrious 

amateur.  No  history  of  planetary  and  lunar  dis- 
coveries would  be  complete  without  mention  of 

Schroter,  the  ̂ Oberamtmann*  of  Lilienthal,  who 
watched  the  moon  and  planets  incessantly  for 

thirty-four  years-  with  a  patience  only  equalled  by 

his  enthusiasm.  He  died  of  a  'broken  heart,*  the 
result  of  a  French  atrocity,  for  after  firing,  on  the 

night  of  April  20,  18 13,  the  Vale  of  Lilies  and 

thereby  destroying,  amongst  other  things,  the 

whole  of  Schroter's  books  and  writings,  the  French 
army  under  Vandamme  broke  into  and  pillaged 

his  observatory.  The  old  man,  then  sixty-eight 
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years  of  age,  had  not  the  means  to  repair  the  catas- 
trophe, and,  deprived  of  his  one  great  interest, 

he  died  three  years  later,  leaving,  amongst  his 

published  works,  some  of  the  most  long-winded 
and  entertaining  observations  in  the  history  of 

astronomy. 

But  although  Schroter  is  undoubtedly  the  most 

amusing  of  all  amateur  observers,  he  has  had  his 

prototypes  in  all  countries.  Francis  Baily,  the 

'philosopher  of  Newbury,*  is  a  good  example  of 
our  more  sober  English  product.  We  may  have 

doubts  as  to  what  sort  of  chief  magistrate  old 

Schroter  was,  but  we  know  that  Baily  took  his  pro- 

fession of  stockbroking  with  the  utmost  serious- 
ness. He  did  not  allow  astronomy  to  interfere 

with  business.  Beginning  in  1 799,  he  remained  on 

the  Stock  Exchange  in  London  for  twenty-four 

years,  devoting  his  leisure  largely  to  solar  observa- 
tions, particularly  those  connected  with  eclipses. 

It  is  with  two  of  these  phenomena,  the  first  annu- 
lar, a  ring  of  the  sun  being  visible  round  the  moon, 

and  the  second  total,  that  Baily's  name  is  parti- 
cularly associated,  in  each  case  for  the  vivid  and 

accurate  account  he  gave  of  what  he  witnessed. 

The  first  phenomenon,  a  ring  of  bright  points 
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extending  round  that  part  of  the  moon's  circum- 
ference which  has  just  entered  on  the  solar  disc, 

is  merely  a  consequence  of  the  lunar  edge  being 

serrated  with  mountains.  These  *BaiIy's  beads/  as 
they  were  called,  were  successful,  however,  in  stimu- 

lating interest  in  the  physical  aspect  of  eclipses, 

with  the  result  that  the  next  total  eclipse,  that  of 

1842,  was  looked  for  with  an  unprecedented 

degree  of  enthusiasm.  Astronomers  like  Airy, 

Otto  Struve  and  Arago  travelled  to  Central  or 

Southern  Europe  to  observe  the  eclipse,  and  the 

indefatigable  Mr.  Baily  accompanied  them.  He 

fitted  up  his  telescope  in  an  upper  room  of  the 

University  of  Pavia.  The  result  was  magnificent 

At  the  instant  of  totality  the  sun  appeared  deco- 
rated with  a  glorious  aureole^  the  famous  corona. 

It  was  not,  of  course,  an  unknown  phenomenon, 
but  it  had  never  before  excited  so  much  attention. 

Mr.  Baily,  in  particular,  was  moved  to  write  a  most 

eloquent  description  of  this  flaming  object.  He 

calls  it  splendid  and  astonishing,  but  continues: 

*Yet  I  must  confess  that  there  was  at  the  same 
time  something  in  its  singular  and  wonderful 

appearance  that  was  appalling;  and  I  can  readily 

imagine  that  uncivilized  nations  may  occasionally 
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have  become  alarmed  and  terrified  at  such  an 

object.  .  .  /  Besides  being  a  specialist  on  eclipses, 

Baily  was  an  untiring  editor  of  star-catalogues,  and 

he  also  made  no  fewer  than  2, 1 53  laborious  experi- 

ments, on  Cavendish's  method,  to  determine  the 
density  of  the  earth.  He  was  indeed  a  zealous 

worker  in  what  Sir  John  Herschel  called  the 

'archaeology  of  astronomy.'  He  was  noted  for  his 
unvarying  health,  undisturbed  equanimity  and 
methodical  habits. 

Another  testimonial  to  the  importance  of  such 

qualities  in  astronomical  discovery  is  furnished  by 

the  career  of  Heinrich  Schwabe,  of  Dessau.  In  the 

hope  of  escaping  his  fate  as  an  apothecary  he 

bought  a  small  telescope  in  1826,  and  began  to 

observe  the  sun,  being  advised  to  do  so  by  a  friend. 

He  continued  to  observe  the  sun  daily  (weather 

and  health  permitting)  for  forty-three  years. 
Every  day  he  counted  the  number  of  spots  visible 

on  the  surface  of  the  sun.  It  was  a  simple  occupa- 
tion, but  it  led  to  important  consequences.  His 

immense  record  of  sun-spot  statistics  showed  that 
the  increase  and  decrease  in  the  number  of  sun- 

spots  did  not  occur  in  a  random  manner,  but  fell 

into  periods,  maxima  alternating  with  minima,  a 
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Complete  period  occupying  about  ten  years.  This 

figure  has  been  modified  since,  but  the  fact  of  sun- 

spot  periodicity  is  established  and  is  at  the  present 

time  one  of  the  most  suggestive  and  probably  far- 
reaching  of  solar  phenomena.  Schwabe  displayed 

no  striking  quality  of  mind  or  character  beyond  an 

almost  incomprehensible  patience.  He  was  buoyed 

up  in  his  spot-counting,  however,  by  the  hope  of 
discovering  a  planet  between  Mercury  and  the 

sun,  and  in  order  to  distinguish  between  the  tiny 

disc  of  the  planet  crossing  the  face  of  the  sun  and  a 

sun-spot,  he  found  it  necessary,  in  virtue  of  his 
instrumental  equipment,  to  count  the  spots.  When 

he  found  that,  as  a  consequence  of  this  pastime,  he 

was  world-famous,  he  likened  himself  to  Saul  who, 

going  forth  to  seek  his  father's  asses,  discovered  a 
kingdom.  His  magnificent  serenity  of  body  and 

mind  enabled  him  to  attain  the  age  of  eighty-six. 
Part  of  his  mantle  fell  on  Richard  Carrington 

(born  1826),  who  built  an  observatory  at  Redhill 

with  the  intention  of  devoting  himself  to  a  study  of 

sun-spots  throughout  a  complete  cycle.  He  failed 
to  finish  the  cycle  completely,  as  the  death  of  his 

father  made  it  necessary  for  him  to  divert  his 

energies  to  controlling  a  brewery.  He  achieved 
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results  of  great  importance,  however.  His  obser- 
vations were  concerned  with  the  positions  and 

movements  of  the  spots,  and  from  a  series  of  5,290 

such  observations  he  was  enabled,  amongst  other 

things,  to  clear  up  the  uncertainties  attending  the 

period  of  rotation  of  the  sun.  Galileo,  apparently 

not  appreciating  the  importance  of  the  matter,  had 

said  that  the  sun  rotated  in  *about  a  lunar  month,' 
and  a  number  of  other  observers  gave  figures  vary- 

ing from  twenty-seven  to  twenty-five  days.  Car- 
rington  illuminated  this  darkness  by  remarking 

that  there  is  no  single  period  of  rotation  for  the 

sun.  The  polar  regions  rotate  more  slowly  than 

those  in  the  neighbourhood  of  the  equator;  the 

equator  rotates  in  a  little  less  than  twenty-five  days, 

while  in  latitude  50°  the  period  is  twenty-seven 
and  a-half  days.  Thus  the  mystery  v/as  cleared  up 
and  a  fresh  direction  given  to  solar  investigation. 

It  is  difficult  to  say  whether  Astronomy  still 

offers  such  rewards  to  industry.  It  is  probable, 

however,  that  it  still  yields  more  to  character,  as 

distinguished  from  ability,  than  any  other  science, 

and  incomparably  more,  alas!  than  the  arts. 
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* 

The  indiifference  of  the  Englishman  is,  considered 

pragmatically,  the  same  thing  as  tolerance.  It 

bestows  freedom  and  leaves  every  man,  within 

fairly  wide  limits,  at  ease  to  pursue  his  bent.  There 

is  doubtless  a  relation  between  this  English  charac- 
teristic and  the  fact  that  England,  above  any  other 

country,  is  the  home  of  the  amateur.  In  England, 

compared  with  the  Continent,  there  are  compara- 
tively few  men  whose  dominant  activity  is  their 

exclusive  activity.  There  are  many  fair  specialists, 

but  there  are  few  specialized  men.  There  are  coun- 
tries such  as  France,  where  the  Gemeinplatz  of 

intelligent  men  is  probably  larger  and  more  richly 

furnished  than  it  is  in  England,  but  it  is  compara- 
tively difficult  to  meet  the  type  of  man  who  is  an 

eminent  lawyer,  an  authority  on  Eastern  poisons, 

and  a  really  good  judge  of  horseflesh.  Such  mani- 
festations of  a  national  quality  may  sometimes 

appear  almost  grotesque,  but  we  believe  that  the 

quality  of  which  they  are  partial  manifestations  is 

the  most  splendid  and  individual  characteristic  of 

the  English  intellect.  It  is  not  a  quality  which 

produces  many  thrice-arm.ed  specialists,  but  it  is  a 

quality  which  produces  a  great  number  of  ama- 
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teurs.  The  English  amateur  in  the  arts  belongs  to 

a  family  well  worth  consideration,  but  our  more 
immediate  conceJrn  is  with  the  amateur  in  science. 

There  was  a  time  when  the  scientific  amateur 

abounded  in  England.  In  the  time  of  Huxley  and 

his  contemporaries,  as  we  s6c  from  their  letters, 

amateur  zoologists,  botanists,  and,  more  rarely, 

amateur  mathematicians  and  physicists,  were  scat- 

tered all  over  England  and  occasionally  had  some- 
thing of  interest,  or  even  of  value,  to  report.  In 

the  days  when  R.  A.  Proctor  edited  Knowledge  the 

country  seemed  to  be  full  of  reverend  gentlemen 

who  owned  small  observatories  and  home-made 

telescopes.  This  large  and  interesting  family 

seems  now  to  be  making  towards  extinction.  The 

increasing  complexity  of  the  various  sciences,  to 

say  nothing  of  the  variety  and  cost  of  m.odern 

apparatus,  has  made  anything  but  trifling  dis- 
coveries difficult  to  the  verge  of  impossibility  for 

an  amateur  equipment.  Perhaps  the  amateur  who 

has  suffered  least  from  these  changes  is  the  ama- 

teur astronomer.  There  is  good  reason  for  suppos- 
ing that  his  numbers  have  increased.  In  this 

branch  of  science  the  English  amateur  has  always 

been  particularly  strong,  and  this  cannot  be  attri- 
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buted  to  the  ofEcial  encouragement  accorded 

astronomy  in  this  country.  There  are  many  more 

amateur  astronomers  in  England  than  in  France, 

although  astronomy  counts  for  more  in  France 

than  in  England,  and  although,  since  Newton, 

France  has  played  the  leading  role  in  the  history  of 

astronomy. 

The  popularity  of  amateur  astronomy  in  Eng- 
land certainly  needs  explanation,  for  it  is  a  pursuit 

attended  by  many  disappointments  in  so  capricious 

a  climxate,  and  Englishmen  have  few  opportunities 

of  seeing  a  really  impressive  display  of  stars.  Per- 
haps the  Englishman  is  sufficient  of  a  Northerner 

to  be  profoundly  attracted  by  the  sheer  vastness 

and  the  mystery  of  stellar  phenomena.  Then  the 

actual  telescope  and  its  accessories  probably  appeal 

to  the  English  love  of  mechanism.  There  are  few 

instruments  more  delightful  in  themselves  than  a 

properly  mounted  telescope  of  moderate  aperture. 

Its  adjustment  affords  a  pleasure  as  refined  as  that 

given  by  operating  a  small  hand  printing-press, 
and  superior  to  that  of  mending  a  bicycle.  Every 

telescope  has  its  distinctive  'performance,'  and  one 
can  grow  as  enthusiastically  partisan  about  makes 

of  telescopes  as  one  can  about  makes  of  motor-cars 
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or  pianos.  Whether  or  not  these  be  the  reasons  it 

is  certain  that  astronomy  is.the  science  which  most 

attracts  the  English  amateur.  The  existence  of  the 
British  Astronomical  Association,  an  amateur 

society  with  some  hundreds  of  members,  is  suffi- 
cient proof  of  this.  It  would  perhaps  be  difficult  to 

justify  by  the  results  the  amount  of  time  and 

money  spent  in  amateur  star-gazing,  if  one  esti- 
mated results  from  the  severe  standpoint  of  the 

professional  astronomer.  But  if  one  adopts  a 
broader  outlook  and  estimates  the  results  in  rather 

more  human  terms,  then  there  is  probably  no  pur- 
suit which  affords  more  innocent  pleasure  and 

provides,  in  itself,  a  more  liberal  education.  It  is 

said  that  the  vast  photographic  telescopes  of  the 

present  day  have  rendered  the  small  instrument 
valueless.  Even  Mr.  Hinks,  in  his  excellent 

volume  Jstronomy  in  the  Home  University  Library, 

says  that  the  would-be  amateur  would  do  well  to 
hesitate  before  buying  a  small  telescope,  and  that  a 

measuring  machine,  to  measure  photographs  taken 

by  big  instruments,  would  be  a  far  better  invest- 
ment. This  is  the  severely  professional  point  of 

view;  it  is  to  mistake  the  psychology  of  the  ama- 
teur observer.  The  amateur  likes  to  think  that  he 
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might  some  day  make  a  discovery,  but  that  is  only 

by  the  way.  His  real  joy  is  in  doing  precisely  what 

the  professional  cannot  do,  and  that  is  to  enjoy  the 

spectacle  of  the  heavens.  The  ordinary  run  of  work 

in  a  big  observatory  is  not  much  more  exciting 

than  work  in  an  ordinary  business  office.  To  sit  up 

half  the  night  measuring  photographs  would  con- 
ceivably add  to  scientific  knowledge,  and  there  are 

doubtless  stern  men  who  are  willing  to  do  it. 

These,  like  computers,  are  the  martyrs  of  science. 

The  average  amateur  will  continue  to  prefer  his 

present  pleasant,  if  ineffectual,  method  of  adding 

to  scientific  knowledge.  It  is  to  be  feared  that,  as 

one  result  of  the  war,  this  aimable  occupation  will 
decline.  A  little  before  the  war  the  amateur  could 

purchase  a  modest  but  thoroughly  good,  instru- 
ment at  a  reasonable  price.  The  same  instrument 

to-day  would  cost  at  least  twice  as  much,  and  there 

would  probably  be  an  interval  of  several  months 

between  the  order  and  the  delivery.  One  large 

firm  of  optical  instrument  makers  announces  that 

it  is  not  now  making  astronomical  telescopes  at  all. 

At  the  present  time,  when  astronomy  is  entering 

on  perhaps  the  most  pregnant  phase  in  its  history, 

and  when  men  are  more  than  ever  attracted  by 
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anything  which  promises  escape  from  the  fret  of 

daily  Hfe,  this  lessening  of  the  opportunities  for 

acquaintance  with  the  most  serene  of  the  sciences 

is  a  minor  calamity.  The  decline  in  amateur  astro- 

nomy will  probably  have  no  appreciable  reaction 

on  the  progress  of  science,  but  it  will  lead  to  a  real, 

if  small  decrease  in  the  intellectual  pleasures  and 

spiritual  wealth  of  the  nation. 
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It  would  be  an  entertaining  pursuit  to  compile  the 

characteristics  of  the  man  of  science  —  usually  a 

Professor  —  as  he  is  depicted  in  popular  fiction,  on 

the  stage,  and  in  the  writings  of  exasperated  con- 
servatives in  religious  and  social  matters.  It  would 

be  found  that  these  characteristics  combine  to  give 

one  dominant  and  entirely  untruthful  impression: 

the  man  of  science  is  represented  as  being  scienti- 
fic on  all  occasions.  We  may  ignore  the  inferior 

school  that  portrays  him  as  being  constantly  ob- 

sessed by  his  work  —  like  Dickens'  learned  gentle- 
man who  mistook  the  nature  of  a  dark  lantern  — 

and  confine  our  attention  to  the  Professor  who  is 

represented,  not  as  imbecile,  but  merely  as  homo- 
geneous. This  imaginary  individual  is  never  to 

be  diverted  from  his  passion  for  precise  state- 
ment and  strictly  logical  inference.  Whether  the 

subject  be  politics  or  the  state  of  the  weather,  he 

brings  the  same  preliminary  scepticism,  the  same 
demands  for  verification,  that  he  carries  into 

his  scientific  researches.  As  we  have  said, 

this  picture  is  untruthful;  we  think,  however, 
that  this  is  an  unfortunate  fact,  and  that  it  is 

highly  desirable  that  men  of  science  should  begin 
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to  live  up  to  the  story-teller's  conception  of 
them. 

We  think  that,  at  the  present  stage  of  man's 
evolution,  science  is  the  one  activity  in  which  he 

displays  himself  as  a  truly  rational  creature.  The 

reason  is,  of  course,  that  success  is  granted  on  no 

other  terms;  in  everything  else,  philosophy,  theo- 
logy, politics,  reason  is  usually  the  handmaid  to 

prejudice.  The  penalties  that  visit  error  in  these 

fields  are  not  so  swift  nor  so  unambiguous.  The 

ideal  of  truthfulness  is  probably  more  rigorous 

with  the  scientist,  cjua  scientist,  than  with  any 

other  kind  of  man.  But  it  would  appear  that  this 

dispassionate  rationality  is  hardly  won  and  precari- 
ously maintained.  Outside  his  laboratory  the 

scientist  may,  and  usually  does,  show  himself  as 

simple,  as  kindly,  as  credulous,  as  irrational  as  any 

other  man.  On  Bolshevism,  Disestablishment,  the 

Morality  of  the  Public  Parks,  his  opinions  will  be 

indistinguishable  from  those  of  any  other  comfort- 
able member  of  the  lower  middle  class;  that  is  to 

say  that  opinions  on  all  such  matters  are  *distri- 

buted'  amongst  scientific  men  according  to  the 
same  statistical  rules  as  they  are  distributed 

amongst  ordinary  citizens.  Outside  their  views  on 
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purely  scientific  matters  there  is  nothing  character- 

istic of  men  of  science.  The  Royal  Society  may 

conceivably  issue  a  unanimous  report  on  some 
scientific  matter;  it  would  issue  a  unanimous 

report  on  nothing  else  whatever.  Now  on  the 

assumption  that  men  of  science  are  truly  rational 

beings  this  is  a  very  strange  state  of  affairs.  Dis- 

passionate attempts  to  sift  evidence,  to  argue  cor- 
rectly and  to  base  judgments  solely  on  the  outcome 

of  these  processes  could  hardly  result  in  so  remark- 
able a  multiplicity  of  opinions.  We  must  assume 

that,  for  scientific  men  as  a  body,  their  'scientific' 
methods  of  thought  function  only  within  very 

narrow  limits.  As  a  distinct  community  they  are 

far  less  coherent  than,  for  instance,  the  community 

of  artists —musicians,  poets,  painters.  The  com- 

munity of  artists,  with  the  exception  of  a  few  pros- 

perous members,  exhibits  a  really  remarkable 

homogeneity  in  matters  outside  art.  Doubtless 

this  homogeneity  is  based  on  feeling  —  unless  we 
are  prepared  to  admit  that  artists,  as  a  whole,  are 
more  rational  than  are  men  of  science  —  and  it  is 

probable  that  the  scientist's  difference  from  his 
fellow-citizens  is  more  an  intellectual  than  an 

emotional  difference.  But  it  is  surprising  that 
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greater  emotional  sensitiveness  should  prove  so 

much  more  pervasive  and  dominating  a  peculiarity 

than  greater  intellectual  subtlety. 

It  is  time  that  men  of  science  assumed  a  greater 

position  in  the  general  community.  If  a  scientific 

training  has  a  tithe  of  the  genera/  educational  value 

that  is  claimed  for  it,  it  is  time  we  had  some  evi- 

dence of  that  fact.  Men  of  science  must  adopt  a 

higher  ideal  of  personal  honour.  At  present  the 

man  who  will  conduct  a  laboratory  experiment 

with  meticulous  precision  and  describe  his  results 

in  an  agony  of  honesty  will  be  content  to  be  a  pre- 
judiced observer  and  a  slovenly  and  inaccurate 

thinker  in  all  other  matters.  This  is  the  chief 

reason,  we  are  convinced,  why  men  of  science  count 

for  so  little  in  public  aiffairs.  If  the  Royal  Society 

elected  its  own  member  of  Parliament,  who  would 

bother  about  the  political  opinion  so  expressed.^ 

What  greater  weight  would  it  have  than  the  poli- 
tical opinion  of  an  equal  number  of  moderately 

prosperous  ordinary  citizens?  Does  not  the  scien- 
tific man  waggle  his  head  just  as  solemnly  over  his 

morning  newspaper  as  does  any  unsophisticated 
voter? 

We  plead  for  the  development  of  a  class  con- 
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sciousness  on  the  part  of  the  man  of  science.  We 

want  scientific  men  to  regard  their  ideal  of  evi- 

dence, their  conception  of  proof,  their  really- 
admirable  scientific  detachment,  not  merely  as 

rules  making  for  success  in  their  particular  game, 

but  as  principles  applicable  to  every  subject  that 

concerns  a  citizen.  Why  should  a  man  of  science 

be  merely  a  Liberal  or  a  Conservative  in  politics? 

The  alternative  belongs  to  the  stage  of  mental 

development  that  explained  the  material  universe 

by  saying  that  its  moving  principle  was  fire,  or, 

alternatively,  water.  We  expect  a  more  sober  con- 

tribution to  political  questions  from,  say,  a  distin- 

guished physicist,  than  the  panacea  *  Shoot  the 

miners.'  All  the  questions  on  which  scientific 

men  now  adopt  ̂ sides'  as  uncritically  as  any  simple 
dupe  of  the  daily  press  are  amenable  to  scientific 

investigation.  They  can  reach  a  solution  only  by 

the  application  of  scientific  methods,  and  the 

modern  world  badly  needs  deliverance  from  the 

method  of  charms  and  incantations  by  which  these 

questions  are  at  present  treated.  How  long  are 
these  vital  matters  to  remain  in  the  hands  of  the 

witch-doctors?  With  scientific  men  content  to  sit 

in  the  circle  and  help  beat  the  tom-toms  what  hope 
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is  there  of  real  advance  founded  on  real  knowledge? 

The  artists  cannot  help  us;  they  are  useful  indica- 

tors of  the  value  of  the  product,  as  it  were;  they 

look  pleased  or  they  look  disgusted,  and  that  is 

very  helpful  in  showing  us  where  we  are.  It  is  the 

scientific  man  who  must  show  us  how  to  go  some- 

where else.  So  we  plead  for  the  conscious  forma- 

tion of  a  community  of  men  of  science,  for  scientific 

men  who  are  at  least  as  pervasively  and  constantly 

scientific  as  a  good  Jesuit  is  Roman  Catholic. 
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It  is  only  youth  that  has  the  energy  to  be  bothered 

with  everything.  There  comes  a  time  when  one's 

mind  is  *made  up'  on  all  sorts  of  things  that  were 
once  matters  of  inquiry;  we  have  profited  by  ex- 

perience ;  we  know  that  some  things  are  not  worth 

investigating.  It  is  one  of  the  marvellous  laws  of 

growth  that  this  increase  in  wisdom  should  accom- 

pany physical  decay.  As  our  teeth  and  hair  start  to 

fall  out  our  judgment  grows  riper.  The  law  of 

growth  is  not  really  as  simple  as  this,  for  there  are 

many  silly  old  men  and  there  are  one  or  two  wise 

youths.  The  rich,  mellow,  balanced  period  is  never 

reached  by  some  people:  Solomon,  on  the  other 

hand,  was  noted  for  his  wisdom  while  still  a  young 

man.  There  is,  it  must  be  admitted,  something 

mechanical  about  old  men's  wisdom.  Truth  is  one, 
of  course,  so  that  we  should  expect  a  certain 

unanimity.  The  answers  of  the  old  can  usually  be 

predicted.  Wisdom  can  be  simulated;  all  that  one 

lacks  is  the  conviction,  the  spirit  that  animates  the 
letter. 

Deep  conviction  is  a  very  impressive  quality, 

especially  to  youth,  which  secretly  doubts  every- 
thing. The  man  of  strong  convictions  is  a  cause  of 
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optimism  in  others,  for  life  would  appear  a  sad 

cheat  if  the  payment  for  sixty  years  of  it  did  not 

include  one  certainty.  Youth's  certainties  make  as 
much  noise,  but  everybody  detects  the  bluff.  A 
fearful  man  shouts  to  hearten  himself,  as  all  the 

world  knows.  Between  the  certainties  of  youth  and 

age  there  is  scepticism,  a  fine  fleur  of  brief  life,  an 

exquisite  tempering  of  the  soul,  neither  too  soft 

nor  too  hard,  an  infinite  flexibility.  It  is  a  state  of 

intense  activity;  life  lived  at  this  pace  cannot  long 

endure;  the  tired  spirit  relaxes  and  one  finds  rest 

either  in  credulity  or  in  dogmatism,  accident  deter- 

mining which  attitude  affords  the  soundest  slum- 

ber. It  is  not  always  easy  to  detect  the  true  sceptic ; 

that  honourable  title  has  often  been  wrongly 

bestowed  -  Voltaire,  for  instance,  was  a  dogmatist. 
Sceptics  exist  in  all  ages,  but  they  are  more  clearly 

revealed  at  those  periods  that  see  the  birth  of  some 

new  inquiry.  It  is  essential  to  their  indubitable 

manifestation  that  the  inquiry  should  be  attended 

by  the  passionate  interest  of  a  large  number  of 

people.  At  the  present  day  a  very  good  test  inquiry 

is  spiritualism.  It  is  a  very  much  better  test  than 

Free  Trade  and  Tariff  Reform,  for,  owing  to  its 

comparative  remoteness,  the  true  sceptic  of  that 
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alternative  might  live  and  die  in  obscurity.  But 

spiritualism  is  a  subject  on  which  no  one  is 

genuinely  indifferent  and  towards  which  hardly 

anyone  is  genuinely  sceptical.  Dispassionate  in- 
quiry on  this,  as  on  all  matters  where  human 

interests  are  strongly  engaged,  is  usually  a  pre- 
tence. We  need  not  suppose  that  the  great  ones  of 

the  Psychical  Research  Society  are  less  credulous 

than  the  majority  of  believers  or  less  intolerant 

than  their  louder  opponents;  it  is  merely  that, 

their  traditions  being  scientific,  they  have  better 
manners. 

Psychical  literature,  as  a  whole,  is  as  wearisome 

as  theological  literature,  as  incredible  but  less 

amusing  than  the  lives  of  the  saints.  We  lack  the 

quality,  be  it  faith,  hope  or  charity,  which  would 

enable  us  to  share  these  strange  excitements.  The 

'exposers,'  on  the  other  hand,  are  too  sturdy  in 
their  common  sense.  We  hear  the  mallet  fall,  but 

we  are  not  always  sure  that  the  eggshell  is  broken. 

It  is  a  situation  for  the  sceptic.  In  the  late  Lord 

Rayleigh's  presidential  address  to  the  Psychical 
Research  Society  we  find  that  the  sceptic  has  at 

last  appeared.  It  is  merely  a  record  of  his  own 

experiences,  very  plain,  very  simple,  and,  like  the 
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experiences  themselves,  singularly  elusive.  Many 

years  ago,  in  a  friend's  rooms  at  Cambridge,  he 
witnessed  an  exhibition  of  the  powers  of  Madame 

Card,  the  hypnotist.  When  she  had  completed  her 

passes  over  the  closed  eyes  of  those  present  she 

asked  them  to  open  their  eyes.  *I  and  some  others 
experienced  no  difficulty;  and  naturally  she  dis- 

carded us  and  developed  her  powers  over  those  - 
about  half  the  sitters  -  who  had  failed  or  found 

difficulty.'  From  hypnotism  he  passed  to  spiritua- 

lism, his  interest  aroused  by  Sir  William  Crookes' 
experiences.  He  induced  the  medium,  Mrs. 

Jencken,  and  her  husband,  to  visit  this  country 

house  as  guests.  He  describes  the  results  as  dis- 

appointing : 

I  do  not  mean  that  very  little  happened,  or  that 

what  did  happen  was  always  easy  to  explain.  But 

most  of  the  happenings  were  trifling,  and  not  such 

as  to  preclude  the  idea  of  trickery.  One's  coat-tails 
would  be  pulled,  paper  cutters,  etc.,  would  fly 
about,  knocks  would  shake  our  chairs,  and  so  on. 

I  do  not  count  messages,  usually  of  no  interest, 

which  were  spelt  out  alphabetically  by  raps  that 

seemed  to  come  from  the  neighbourhood  of  the 
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medium's  feet.  Perhaps  what  struck  us  most  were 
lights  which  on  one  or  two  occasions  floated  about. 

They  were  real  enough,  but  rather  difficult  to 

locate,  though  I  do  not  think  they  were  ever  more 

than  six  or  eight  feet  away  from  us. 

Another  incident  was  the  gradual  tipping  over 

of  a  rather  heavy  table  at  w^hich  they  had  been 

sitting.  *Mrs.  Jencken,  as  well  as  ourselves  [i.e. 
Lady  Rayleigh  and  himself.  The  husband  was  not 

admitted  to  these  seances]  was  apparently  standing 

quite  clear  of  it.'  He  found  it  very  difficult  to 
reproduce  the  phenomenon  himself,  using  both 

hands.  He  endeavoured  to  'improve'  the  condi- 
tions for  some  experiments.  After  being  shown 

some  writing,  'supposed  to  be  spirit  writing,'  he 
arranged  paper  and  pencils  inside  a  large  glass 

retort,  which  he  then  hermetically  sealed.  Nothing 

then  appeared  on  the  paper  at  these  seances.  'Pos- 
sibly this  was  too  much  to  expect.  I  may  add  that 

on  recently  inspecting  the  retort  I  find  that  the 

opportunity  has  remained  neglected  for  forty-five 

years.' And  so  he  has  left  the  matter.  The  experiences 

were  certainly  strange,  yes,  but  in  his  judgment, 
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not  strange  enough.  On  the  other  hand,  he  is  re- 
luctant to  believe  they  were  due  to  fraud,  and  he  is 

quite  convinced  that  he  was  not  a  victim  of  hallu- 
cinations. If  Mrs.  Jencken  were  a  clever  fraud 

*her  acting  was  as  wonderful  as  her  conjuring.'  She 
practically  never  made  an  intelligent  remark  on 

any  occasion.  *Her  interests  seemed  to  be  limited 

to  the  spirits  and  her  baby.'  In  investigating  this 
subject  he  finds  that  the  attitude  of  convinced 

believers  makes  a  difficulty.  They  *take  no  pains 
over  the  details  of  evidence  on  which  everything 

depends.'  Others  attribute  all  these  phenomena  to 
the  devil  and  will  have  nothing  to  do  with  them. 

*I  have  sometimes  pointed  out  that  if  during  the 
long  hours  of  seances  we  could  keep  the  devil 

occupied  in  so  comparatively  harmless  a  manner 

we  deserved  well  of  our  neighbours.' 
The  general  disbelief  in  scientific  circles  that 

meteorites  really  came  from  outer  space  occurs 

to  him.  This  disbelief  was  due,  he  points  out,  to 

the  impossibility  of  producing  the  phenomena  at 

pleasure  in  our  laboratories.  Nevertheless,  the  dis- 

belief was  unjustified.  Spirit  manifestations  may 

be,  he  thinks,  just  such  sporadic  phenomena.  The 

situation  is  made  worse  by  the  fact  that  there  has 
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undoubtedly  been  a  great  deal  of  fraud  in  connec- 

tion with  spiritualist  phenomena,  Eusapia  Palla- 

dino,  for  instance,  undoubtedly  practised  decep- 

tion, *but  that  is  not  the  last  word.'  Telepathy 
puzzles  him.  If  there  is  such  a  means  of  communi- 

cation, why  should  Nature  have  adopted  the 

laborious  method  of  building  up  our  very  compli- 
cated senses?  An  antelope  in  danger  from  a  lion, 

for  instance,  depends  on  his  senses  and  speed. 

*But  would  it  not  be  simpler  if  he  could  know 

something  telepathically  of  the  lion's  intention, 
even  if  it  were  no  more  than  vague  apprehension 

warning  him  to  be  on  the  move?'  He  advises  the 
society  to  continue  their  investigations,  and  men- 

tions that  it  is  quality,  not  quantity,  that  is  so 

desirable  in  evidence.  He  concludes  by  saying 

that  he  fears  his  attitude,  or  want  of  attitude,  will 

be  disappointing  to  some  members  of  the  society. 

He  suggests  that  after  forty-five  years  of  hesita- 

tion *it  may  require  some  personal  experience  of  a 

compelling  kind  to  break  the  crust.'  He  apolo- 

gizes for  this.  *Some  of  those  who  know  me  best 
think  that  I  ought  to  be  more  convinced  than  I  am. 

Perhaps  they  are  right.' There  he  leaves  us.  We  do  not  believe  more  or 
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disbelieve  less,  yet  we  are  completely  satisfied. 

His  massive  sincerity,  his  obvious  competence 

and,  above  all,  that  impression  of  exquisite  balance, 

have  charmed  us.  So  far  as  present  evidence  is  con- 
cerned we  feel  that  while  he  has  said  nothing  he 

has  also  said  the  last  word.  That  is  the  function  of 

the  sceptic. 
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It  is  quite  commonj  in  reading  and  in  conversa- 

tion, to  find  references  to  the  'scientific  mind/  but 
it  is  difficult  to  ascertain  precisely  how  this  mental 

structure  is  supposed  to  differ  from  other  sorts  of 

mind.  The  difficulty  of  defining  an  object  does 

not,  perhaps,  affect  the  probability  of  the  existence 

of  the  object;  although  it  is  difficult  for  some 

people  to  refrain  from  concluding  that  because  a 
man  cannot  define  what  he  mxeans  he  does  not  mean 

anything.  We  must  suppose  that  there  is  some 

particular  kind  of  mind  called  the  scientific  mind, 

in  spite  of  the  fact  that  the  num.erous  references  to 

it  tell  us  little  about  it  except  that  it  is  somewhat 

extensively  disliked.  So  far  as  can  be  judged  from 

a  superficial  comparison  of  different  references,  the 

'scientific  mind'  is  characterized  by  an  inordinate 
appetite  for  facts  and  an  absence  of  generosity  in 

drawing  conclusions  from  facts.  In  ordinary  tim.es 

this  absence  of  generosity  is  dismissed  by  most 

people  as  quibbling,  while  in  time  of  war  it  be- 

comes unpatriotic.  During  the  war  every  English- 
man was  supposed  to  believe  a  great  number  of 

things  on  very  slender  evidence  or  even  on  no  evi- 
dence. It  v/as  considered  that  a  right  patriotic 
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feeling  not  only  could,  but  should,  supply  the  place 
of  evidence,  and  lead  to  correct  conclusions.  The 

majority  of  people  in  every  class  of  the  community 

found  themselves  able  to  adopt  this  method  of 

thought  without  discomfort,  and  it  became  evident 

that  the  scientific  mind  is  as  rare  amongst  scienti- 
fic men  as  amongst  any  other  men,  while  those  who 

could  not  give  this  supreme  proof  of  patriotism 

were  found  pretty  evenly  distributed  amongst  the 

diflrerent  classes.  As  a  type  of  mind,  therefore,  it  is 

not  peculiar  to  scientific  men  nor  do  they  all  pos- 
sess it.  It  cannot  be  regarded  as  a  distinguishing 

mark  of  this  class.  But  while  a  just,  cautious  tem- 
perament need  not  belong  to  the  man  of  science  as 

a  human  being,  it  might  be  thought  that,  as  a 

mental  habit,  it  is  necessary  to  his  work.  There  is 

much  truth  in  this,  although  it  is  not  wholly  true. 

Alternative  explanations  are  not  always  explored 

by  scientists,  and  if,  as  sometimes  happens,  the 

alternative  explanations  are  wrong,  the  scientific 

man  may  have  reached  a  correct  result  although  he 

worked  in  a  partisan  spirit. 

But  while  the  characteristics  of  what  is  popu- 
larly knov/n  as  the  scientific  mind  are  not  peculiar 

to  scientific  men,  it  is  true  that,  in  their  actual 
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scientific  work,  these  characteristics  have  a  greater 

survival  value  than  they  possess  in  almost  any 
other  kind  of  work.  The  extent  to  which  mental 

habits  may  be  local,  confined  to  some  only  of  a 

man's  mental  activities,  has  been  made  apparent  by 

the  war.  The  majority  of  men's  minds  are  split 
up  into  water-tight  compartments  in  a  way  truly 
astonishing,  and  the  various  eloquent  addresses 
on  the  moral  value  of  scientific  studies  now  make 

melancholy  reading.  We  must  assume  of  scientific 

men,  as  of  any  other  class,  that  such  qualities  of 

fairness  and  deliberation  as  they  exhibit  in  their 

work  are  imposed  upon  them  as  conditions  of  suc- 

cess, and  are  not,  in  general,  the  natural  m.anifesta- 
tions  of  an  exceptionally  delicate  moral  sensibility. 

If  we  adopt  William  James'  classification  of  human 
beings  into  tender-minded  and  tough-minded  the 
dividing  line  runs  through  the  scientific  camp  as 

through  any  other.  We  see  this  most  clearly  in  the 

case  of  mathematicians,  for  idealist  or  empiricist 

assumptions  seem  to  be  equally  reconcilable  with 

the  results.  Such  sciences  as  physics  and  chemis- 
try seem,  at  first  glance,  to  be  given  over  to  the 

tough-minded ;  the  official  language,  as  it  were,  is 

the  language  of  the  tough-minded,  but  directly 
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controversy  arises  on  a  point  having  philosophical 

bearings  we  see  the  dichotomy  establish  itself. 
Nevertheless,  it  remains  true  that  while  scientific 

men,  as  human  beings,  are  of  all  sorts,  they  do 

exhibit,  in  their  own  work,  a  degree  of  mental 

honesty  which  is  unusual.  It  is  easy  to  see  that 

this  virtue,  at  any  rate,  has  a  strictly  utilitarian 
basis.  A  scientific  man  is  honest  because  he  cannot 

succeed  on  any  other  terms  in  the  long  run.  The 

experimental  verification  always  looms  ahead.  He 

cannot,  like  the  mystic  who  maintains  his  opinion 

in  face  of  the  world,  take  refuge  in  the  deeper 

insight.  His  results  are  communicable  and  verifi- 
able or  they  are  not  science.  Philosophies  may  be 

constructed  which  no  man  can  verify  and  no  man 

can  refute.  Their  authors  may,  with  complete 
assurance,  remain  satisfied  of  their  truth  and 

lament  the  universal  blindness  of  mankind,  just  as 

a  poet  may  present  a  front  of  unconquerable  self- 
esteem  to  the  ignorant  derision  of  the  world.  But 

the  whole  claim  of  science  is  that  it  is  communi- 

cable and  capable  of  verification.  It  is  found,  as  a 

matter  of  experience,  that  results  of  this  kind  are 

not  usually  obtained  unless  a  certain  mental  habit 

is  first  acquired.  It  is  this  mental  habit  which  is 
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usually  called  the  scientific  mind.  Where  it  is  the 

outcome  of  a  natural  predisposition  it  may  be 

classed  as  a  moral  quality,  and,  as  such,  is  not 

peculiar  to,  or  widely  distributed  amongst,  scienti- 
fic men.  But  as  a  tool,  as  a  kind  of  technique,  it  is 

of  more  obvious  value  and  is  more  extensively 

employed  in  the  sciences  than  in  any  other  human 
activities. 
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For  something  like  seventy  years  science  has  been 

the  dominant  intellectual  activity  of  the  Western 

world.  During  that  period  the  range  of  its  material 

has  greatly  increased  until  now  the  scientific 

method  is  regarded  as  the  method  proper  to  almost 

any  investigation.  Philosophy  is  still  a  partial  ex- 
ception, but  there  is  a  strong  tendency  to  regard 

such  philosophic  problems  as  are  not  susceptible 

to  the  application  of  the  scientific  method  as  being 

essentially  incapable  of  solution,  or  else  as  incor- 
rectly stated.  But  although  the  prestige  of  science 

is  so  great,  and  the  general  attitude  towards  it  so 

reverential,  there  is  still  m.uch  confusion  respecting 
its  function  and  achievement.  Its  relations  to  other 

human  interests  and  activities  are  not  yet  clearly 

defined.  The  attempts  to  define  them  by  allotting 

to  science  its  *sphere'  have  proved,  in  the  result,  to 
be  so  ill-judged  that  it  is  now  considered  safer  to 
waive  the  question  of  limitations  altogether.  The 

question  is  not  settled.  Everything  is  left  open, 
but  it  is  not  therefore  assumed  that  science  con- 

tains or  will  contain  all  we  know  or  all  we  need  to 

know.  Science  is  not  yet  the  one  object  of  our  con- 
templation :  we  have  a  number  of  interests  which 
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still  lead  separate  lives.  The  separation  is  not  com- 

plete. Science,  if  not  openly,  then  indirectly,  has 

invaded  every  province  of  the  mind,  and  even  a 

modern  musical  composition  counts  Copernicus  as 

well  as  Beethoven  amongst  its  ancestors.  But  it  is 

admitted,  of  course,  that  we  are  not  usually  re- 
minded of  astronomy  in  listening  to  music;  there 

is  a  sense  in  which  music,  and  many  other  things, 

are  autonomous.  But  it  is  interesting  to  notice 

that  science,  to  a  greater  extent  than  any  other 

pursuit,  can  be  isolated,  although  its  historical 

direction  has  been  influenced,  of  course,  by  social 

and  political  accidents.  Science  has  given  gener- 
ously, but  has  taken  comparatively  little,  and  its 

few  borrowings  are  in  process  of  being  handed 

back  with  regret  as  being,  after  all,  unsuitable. 

What,  then,  is  the  precise  nature  and  extent  of 

the  contribution  of  science  to  our  total  stock.?^ 

Although  we  do  not  intend  its  practical  applica- 
tions by  this  question,  we  cannot  wholly  ignore 

them.  It  is  impossible  completely  to  separate  the 

'material'  and  'spiritual'  aspects  of  life,  and  the 
sum  of  the  practical  applications  of  science  has 

even  profoundly  affected  much  of  our  abstract 

thinking.  Where  it  has  not  originated  questions 
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it  has  at  least  made  them  acute,  if  by  no  other 

process  than  by  creating  or  transforming  social 

conditions.  It  is  easy  to  trace  the  ancestry  of  whole 

schools  of  social  philosophy  to  the  steam  engine 

and  the  dynamo,  and  it  is  probable  that  the  in- 
fluence of  future  applications  will  be  even  more 

extensive.  The  morality,  art  and  philosophy  of, 

for  example,  a  disease-less  world,  where  the  aver- 
age span  of  human  life  v/as  tv/o  or  three  times  its 

present  value,  would  certainly  differ  greatly  from 

our  own.  We  cannot,  then,  ignore  the  practical 

applications  of  science,  although  they  are  not,  in 

themselves,  pertinent  to  our  question.  But  when 

we  turn  to  consider  the  direct  spiritual  value  of 
science  we  are  conscious,  at  the  outset,  of  some 
hesitation. 

It  was  a  common  article  of  the  Victorian  scien- 

tist's creed  that  scientific  study  was,  in  itself,  an 

'ennobling'  and  purifying  influence.  He  stressed 
the  complete  detachment  required,  in  scientific 

research,  from  all  prepossessions;  the  man  of 

science  was  completely  candid,  completely  docile 
in  face  of  the  facts.  Until  one  became  as  a  little 

child  it  was  no  use  entering  a  laboratory.  We  have 
realized  since  then  that  scientific  men  are  human, 
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and  have  their  full  share  of  the  unfortunate  char- 

acteristics proper  to  that  state.  But  it  remains  true 
that  the  scientific  ideal  of  detachment  and  the 

scientific  ideal  of  evidence  are  higher  than  the 

corresponding  ideals  elsewhere.  In  spite  of  the 

evidence  furnished  by  our  newspapers  we  may,  if 

we  are  optimists,  believe  that  science  is  gradually 

infecting  the  whole  community  with  its  conception 
of  these  ideals.  If  this  is  indeed  the  case  it  must 

be  counted  a  direct  and  very  important  moral  gain, 

as  an  indisputably  valuable  contribution  which 

may  be  set  over  against  those  somewhat  ambiguous 

practical  applications, 

A  third  contribution  is  to  be  found  in  the  large 

store  of  aesthetic  objects  provided  by  science. 

Many  of  its  theories  are  objects  of  surpassing 

beauty.  This  is  particularly  true  of  the  mathe- 
matical sciences  —  indeed,  there  are  a  number  of 

mathematicians  who  have  felt  impelled  to  write  of 

their  science  in  a  kind  of  prose-poetry  —  but  it  is 
almost  equally  true  of  such  a  science  as  Geology. 

We  can  contemplate  schemes  which,  in  their  own 

way,  are  as  all-embracing  as  that  of  the  Divina 
Commediaj  and  it  does  not  detract  from  their 

'^.sthetic  charm  to  know  that  they  are  also  true. 
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The  processes  by  which  the  theories  are  obtained 

are  often  as  aesthetically  important  as  the  theories 
themselves.  A  subtle,  elaborate  and  economical 

piece  of  reasoning  often  affords  great  aesthetic 

pleasure,  none  the  less  real  because  comparatively 

few  people  enjoy  it.  The  fact  that  the  history  of  a 

big  scientific  investigation,  such  as  the  Electro- 

magnetic Theory  or  Einstein's  Theory  of  Relati- 
vity, is  not  generally  regarded  as  a  poem  is  due 

merely  to  an  accident  of  language  and  education. 

But  we  have  to  admit  that  most  people  are  affected 

by  these  accidents,  and  that  the  aesthetic  objects 

provided  by  science  count  almost  as  few  admirers 

as  do  the  ̂ beauties'  of  chess.  If  we  may  judge  from 
the  number  of  popular  books  and  articles  dealing 

with  science,  there  is  some  hope,  however,  that 

this  particular  contribution  is  receiving  more 
attention.  The  results  of  such  increased  attention 

will  not  be  simple,  but  if  it  did  no  more  than  add 

fresh  aesthetic  objects,  the  contribution  would  be 

important. 
The  fourth  contribution  of  science,  both  in  itself 

and  for  its  reaction  on  other  interests,  is  perhaps 

the  most  important  of  all.  This  contribution  is, 

put  briefly,  the  light  thrown  by  science  on  man's 
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place  in  the  universe.  Every  branch  of  science 

conspires  directly  to  this  end.  With  some  the 

emphasis  is  on  the  universe  as  distinct  from  man; 

others  are  concerned  chiefly  with  man  himself.  To 

the  general  mind  the  result  has  been  to  make  the 

universe  bigger  and  man  smaller,  and  this  is,  per- 
haps, no  unfair  summ.ary.  It  is  probably  difficult, 

after  hearing  a  duet  sung  by  an  astronomer  and  a 

psycho-analyst,  not  to  feel  depressed.  But,  such  as 
it  is,  there  can  be  no  doubt  that  any  conception  of 

man's  destiny  that  is  to  command  attention  must 
conceive  that  destiny  as  played  against  the  back- 

ground of  the  scientific  cosmos.  Whether  the 

vision  be  that  of  a  prophet,  philosopher  or  poet,  it 

must  accept  those  postulates.  The  cosmos  revealed 

by  science,  both  in  its  direct  influence  upon  the 

mind  and  in  its  almost  equally  direct  influence 

upon  religion,  philosophy  and  the  arts,  is  the  most 

important  part  of  the  scientific  contribution  to  our 

spiritual  life.  So  far  as  philosophers  and  artists  are 

concerned,  this  influence  is  recognized.  It  is  prob- 
ably desirable  that  the  influence  upon  philosophy 

should  increase,  but  in  the  case  of  the  artist  we  are 

faced  with  a  special  problem.  Its  discussion  would 

be  interesting,  the  more  so  in  view  of  the  fact  that 
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artists  themselves  have  contributed  very  little  that 

is  helpful  to  its  elucidation.  We  think  it  essential 
to  its  solution  to  remember  that  the  artist,  like  the 

scientist,  starts  with  facts.  But  the  system  within 

which  the  facts  are  related  is  entirely  different  in 
the  two  cases.  The  scientific  scheme  must,  of 

course,  be  accepted  by  the  artist  en  bloc  if  his  work 

is  to  be  more  than  a  pure  fantasy.  But  this  is  very 

different  from  identifying  his  own  scheme  with  the 

scientific  scheme.  That  is  to  fail  signally  to  per- 
ceive the  limitations  of  the  scientific  contribution. 

An  interesting  particular  case  of  this  problem  is  to 

be  found  in  the  question  of  the  right  relations  of 

the  psychological  novelist  to  the  science  of  pyscho- 
analysis.  A  scientific  investigation  is  often,  as  we 

have  said,  a  work  of  art,  but  not  necessarily  a  work 

of  literary  art.  The  scientific  contribution  is  very 

considerable,  but  offerings  from  the  older  bene- 
factors are  still  gratefully  received. 
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That  a  scientific  theory  is,  in  some  sense,  a  per- 
sonal achievement,  becomes  evident  when  we 

study  a  number  of  theories  lying  within  the  same 

branch  of  science.  The  ordinary  belief  that  science 

is  completely  impersonal  is  certainly  not  true.  And 

yet  it  is  not  easy  to  see  how  a  scientific  theory  can 

express  the  personality  of  its  author;  it  is  difficult, 

that  is  to  say,  to  understand  in  what  way  a  scientific 

theory  can  resemble  a  work  of  art.  It  seems  that 

the  fact  that  a  scientific  theory  must  have  *objec- 

tive  truth'  renders  it  an  altogether  different  thing 
from  a  work  of  art.  It  would  be  more  just  to  say 

that  the  element  of  objective  truth  radically  differ- 
entiates a  scientific  theory  from  those  works  of  art 

which  are  independent  of  all  experience  of  life  —  as 
certain  musical  compositions  may  be,  for  instance. 

But  it  is  not  clear  that,  in  general,  works  of  art  are 

independent  of  objective  truth;  all  those  works  of 

art  which  assume  experience  claim  assent  —  they 

do,  in  their  intention,  claim  universal  assent  —  to 

the  truth  of  their  assumptions.  The  serious  artist 

believes  his  personal  vision  to  be  true;  he  will  not, 

probably,  claim  'absolute'  truth  for  it,  but  neither 
does  a  scientific  theory  profess  to  be  absolutely 
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true.  And,  further,  works  of  art  and  scientific 

theories  exist  to  serve  the  same  purpose  —  to  aid 

comprehension.  An  artist's  chief  title  to  considera- 
tion is  to  be  found  in  the  depth  and  extent  of  his 

vision,  in  the  profundity  and  range,  that  is  to  say, 

of  the  comprehension  he  makes  possible.  The 

value  of  a  scientific  theory  is  judged  by  the  same 

criteria.  So  far,  therefore,  it  would  appear  that  the 
chief  difference  between  a  work  of  art  and  a 

scientific  theory  is  to  be  found  in  their  subject- 

mxatter.  It  cannot  even  be  said  that  the  subject- 
matter  is  arranged  to  serve  different  ends  in  the 

two  cases,  for  in  each  case  the  end  which  is  aimed 

at  is  aesthetic  satisfaction.  Comprehension  is  one 

of  the  elements  of  what  is  loosely  termed  the 

aesthetic  emotion,  and  it  is  the  most  important 

element.  Even  when  we  descend  to  particulars, 

and  study  the  quality  of  similes  in  poetry,  and, 

indeed,  'ornamentation'  generally,  we  shall  find 
the  criterion  we  employ  is  still  the  degree  of  com- 

prehension afforded  by  the  device.  But  we  cannot 

here  work  out  the  analogy  in  detail.  It  is  sufficient 
to  show  that  works  of  art  that  have  a  reference  to 

experience,  to  an  external  world,  in  short,  are,  in 

important  respects,  similar  to  scientific  theories. H5 
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Since,  then,  a  work  of  art,  although  conditioned 

by  experience,  may  nevertheless  be  a  personal 

achievement,  we  need  have  no  a  priori  objection  to 

conceding  personality  to  a  scientific  theory.  In 
each  case  it  is  the  method  of  transformation  from 

what  we  may  call  the  raw  material  to  the  finished 

product  which  is  the  personal  thing.  The  artist's 
raw  material,  whether  it  be  the  Thames  in  a  fog,  a 

number  of  incidents  from  Holinshed,  or  the  lives 

of  the  inhabitants  of  a  Russian  village,  is  no  more 

and  no  less  common  property  than  are  the  donnees 

from  which  a  scientific  man  constructs  a  theory; 

the  end  product,  also,  in  each  case,  claims  universal 

assent  and  bestows  comprehension.  What  is  per- 
sonal is  the  law  of  transformation  by  which  the  one 

objective  thing  is  changed  into  the  other  objective 

thing.  The  law  of  transformation  is  different  for 

each  individual  mind,  and  this  is  as  true  of  scienti- 

fic men  as  of  any  other  sort  of  men.  In  this  sense, 

then,  both  works  of  art  and  scientific  theories  are 

personal  achievements.  A  history  of  science  written 

from  this  point  of  view  would  be  instructive. 

It  would  be  interesting  to  trace  the  personal  ele- 
ment in  each  great  scientific  achievement,  to  show 

what  kinds  of  personalities  have  dominated  us,  to 
146 



THEORIES    AND  PERSONALITIES 

see  what  meaning  eccentricity  can  have  as  applied  to 

the  thought  of  a  scientific  man.  But  although  a 

detailed  history  of  this  kind  has  not  yet  been 

written,  certain  national  differences  have  long  been 

recognized. 
There  is  almost  as  marked  a  difference  between 

English  and  French  science  as  between  English 

and  French  literature.  The  English  scientific 

mind  is,  on  the  whole,  intuitive,  mobile,  illogical, 

and  very  prone  to  imagery  of  a  curiously  practical 
kind.  The  French  scientific  mind,  on  the  other 

hand,  likes  to  simplify  the  complicated  reality  to  as 

few  terms  as  possible,  and  then  to  build  up  an 

impeccable  logical  edifice.  Maxwell  was  a  very 

fine  type  of  the  great  English  man  of  science,  but 

we  have  Poincare's  authority  for  saying  that  the 
great  Treatise  on  Electricity  and  Magnetism  awakens 

in  the  French  reader  feelings  of  distrust.  So  far 

from  finding  an  impeccable  logical  structure,  he 

finds  that  different  parts  of  the  book  are  written 

from  different  points  of  view,  and  that  these  points 
of  view  are  even  irreconcilable  with  one  another. 

Maxwell's  liking  for  immensely  complicated 
mechanical  models,  designed  to  illustrate  some 

abstruse  equation,  is  also  a  stumbling-block  to  the 
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French  reader.  What  are  such  models  supposed  to 

prove?  Surely  Maxwell  did  not  suppose  that  the 

aether  contained  trains  of  geared  wheels  with  *idle 

wheels'  in  between?  What  mysterious  satisfaction 
did  he  derive  from  such  unnecessary  and  irrelevant 

pictures?  But  this  curious  liking  for  models  is 

characteristic  of  the  English  school,  and  it  is  a 

characteristic  that  Continental  physicists  have 
never  been  able  to  understand.  It  is  doubtless  a 

manifestation  of  the  English  reluctance  to  get  out 

of  touch  with  experience.  The  English  man  of 

science  trusts  logic  much  less  than  he  trusts  experi- 
ence. The  Frenchman  has  much  less  respect  for 

experience.  He  is  willing  to  simplify  in  a  way 

which,  to  the  English  mind,  is  almost  outrageous  — 
to  see  the  Universe  as  a  collection  of  little  billiard 

balls  with  forces  varying  inversely  as  the  square  of 

the  distance.  And  on  such  assumptions  he  is  will- 

ing to  proceed  as  far  as  logic  can  take  him.  There 

is,  indeed,  a  school  in  France  which  asserts  that  all 

we  can  ever  know  of  the  Universe  is  its  equations; 

we  can  never  know  what  they  'mean*  in  the  Eng- 
lish sense.  From  the  aesthetic  point  of  view  there  is 

no  doubt  that  the  French  method  is  to  be  pre- 

ferred. We  can  all  share  Lagrange's  satisfaction 
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when  he  says,  in  the  Avertissement  to  his  Mecan- 

ique  Analytique:  *Je  me  suis  propose  de  reduire  la 
theorie  de  cette  Science,  et  Tart  de  resoudre  les 

problemes  qui  s'y  rapportent,  a  des  formules 
generales,  dont  le  simple  developpement  donne 

toutes  les  equations  necessaires  pour  la  solution  de 

chaque  probleme/  But  we  must  remember  that 

when  the  interest  is  chiefly  in  the  'developpement' 
the  assumptions  may  remain  uncriticized.  The 

English  way  is  to  hold  the  assumptions  tentatively, 

and  to  be  always  open  to  the  suggestions  of  experi- 
ence. The  German  way,  which,  if  we  are  to  judge 

by  the  workof  Riemann  and  Einstein,  seems  to  be 

to  concentrate  an  immense  critical  apparatus  on 

the  assumptions,  is  equally  interesting.  The 

'philosophic'  tendency  which  is  supposed  to 
characterize  German  thought  in  other  depart- 

ments, is  certainly  apparent  in  its  science.  The 

three  tendencies  are  sufficiently  marked  to  con- 
stitute national  differences  and  suggest  that  a 

detailed  analysis  of  individual  achievements  would 

yield  equally  interesting  results. 
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★ 

Is  the  scientific  man  really  a  distinct  kind  of  man, 

or  is  it  merely  that  science  is  a  distinct  occupation? 

To  answer  the  question  we  must  make  the  elemen- 
tary distinction  between  the  scientific  man  and  the 

man  who  practises  science,  and  when  we  do  that 

the  answer  is  obvious.  There  is  as  certainly  the 

*born*  scientific  man  as  there  is  the  born  artist. 

But  in  saying  this  we  are  referring  to  ideals.  Per- 
haps there  has  never  been  a  perfect  man  of  science, 

and  perhaps  there  has  never  been  a  perfect  artist. 
But  in  order  to  understand  the  distinction  between 

one  kind  of  man  and  another  it  is  helpful  to  con- 

struct ideals  -  extrem.e  cases  which  may  be  used  as 

measuring  rods.  What,  then,  are  the  character- 

istics of  the  ideal  man  of  science?  We  may  ap- 

proach the  solution  by  trying  to  make  precise  the 

characteristics  which  have  led  us,  vaguely,  to  con- 
struct the  hierarchy  we  already  possess.  We/^^/, 

for  instance,  that  Henry  Cavendish,  that  passion- 

less reclus^e,  was  a  much  more  *purely  scientific' 
man  than,  say,  Thomas  Henry  Huxley.  If  we 
examine  this  conviction  of  ours  we  make  the  inter- 

esting discovery  that  it  is  chiefly  for  his  negative 

characteristics  that  we  assign  this  greater  purity  to 
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Cavendish.  Huxley  was  passionately  interested  in 

the  questions  which  concern  every  good  citizen,  in 

politics,  in  social  reform,  in  religion ;  he  took  sides 

on  these  questions  and  fought  for  his  side.  Of 

Cavendish  we  can  only  say  that  it  is  inconceivable 

that  he  would  have  taken  sides  on  these  questions, 

and  very  difficult  to  believe  that  he  was  even 

remotely  interested  in  them.  Take  another  point. 

Huxley  abounded  in  ordinary  human  affections. 

He  was  a  devoted  husband,  a  good  father,  a  faith- 
ful friend,  a  resolute  opponent.  Cavendish  never 

manifested  a  vestige  of  any  of  these  qualities.  He 

had  no  wife,  no  children,  no  friends,  and  never 

showed  the  faintest  dislike  of  anybody.  Huxley 

was  a  champion  of  what  he  thought  the  truth,  and 

strained  every  nerve  to  enable  it  to  prevail. 

Cavendish,  who  was  one  of  the  greatest  investi- 
gators,  one  of  the  clearest  and  most  subtle  minds,, 

in  the  history  of  science,  kept  his  discoveries  to 

himself.  For  years  Huxley  bore  the  brunt  of  the 

attacks  on  Darwin's  theory.  Cavendish  blandly 
watched  the  growth  in  popularity  of  theories  he 

had  privately  demonstrated  to  be  wrong,  and 

never  stirred  a  finger  to  rebut  them.  And  finally, 

Huxley  was  a  man  who  suffered  his  alternations  of 
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high  spirits  and  despondency,  hope  and  despair, 
while  Cavendish,  from  the  evidence  we  have,  was 

imperturbably  serene. 

Now,  the  interesting  point  that  emerges  from 

this  comparison  is  that  Cavendish,  in  virtue  of  his 

scientific  purity,  could  not  have  exhibited  those 

qualities  which  allied  Huxley  to  the  ordinary  run 

of  mxen,  A  man's  characteristics  are  not  discon- 

nected. Cavendish's  cold  passion  for  knowledge 
required  for  its  gratification  qualities  of  the  spirit 
as  well  as  of  the  mind.  No  man  was  ever  more 

single  in  his  desire  to  know\  no  man  ever  was  so 

little  hindered  by  having  other  interests  to  serve; 

no  man,  therefore,  had  a  greater  measure  of  the 

purely  scientific  spirit.  This  is  the  important  point 

for  our  question ;  it  is  comparatively  irrelevant  that 

very  few  men  have  ever  had  so  great  a  mind  to 

place  at  the  service  of  their  passion.  That  his 

actual  scientific  standing  should  be  so  much 

greater  than  Huxley's  is  an  accident;  he  would 
still  have  been  more  purely  scientific  than  Huxley 

had  his  ability  been  less  than  Huxley's.  Cavendish 
is  all  of  a  piece.  His  very  perfection  as  a  recording 

and  measuring  instrument  tended  to  deprive  him 

of  'personality.'  The  less  personal  he  was,  in  fact, 
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the  more  dispassionately  open  he  could  be.  Other 

passions  were  incompatible  with  his  perfection; 

they  would  derange  this  exquisite  instrument. 

Judgments  of  good  and  evil  would  not  have  been 

natural  to  him.  His  reaction  to  anything  was 

exhausted  in  the  act  of  understanding  that  thing. 

So  far  as  we  have  gone,  it  would  seem  that 

Nietzsche's  description  of  what  he  calls  the  *objec- 

tive  man'  is  exactly  what  we  mean  by  the  ideal  man 

of  science.  *The  objective  man  is  in  truth  a  mirror : 
accustomed  to  prostration  before  everything  that 

wants  to  be  known,  with  such  desires  only  as 

knowing  or  **reflecting"  implies  .  .  .'  he  v/ill  re- 
gard such  personality  as  he  has,  Nietzsche  goes  on 

to  say,  as  accidental  and  arbitrary.  He  cannot  take 

himself  seriously  and  devote  time  to  himself.  His 

love  is  constrained,  his  hate  artificial.  He  is  only 

genuine  so  far  as  he  can  be  objective;  he  is  unable 

to  say  either  *Yea'  or  *Nay'  to  life;  he  is  concerned 

solely  to  understand,  to  ̂ reflect.'  He  says,  with 

Leibniz:  *Je  ne  meprise  presque  rien.'  This  des- 
cription is  undoubtedly  the  result  of  genuine  psy- 

chological insight.  When  we  try  to  disentangle 

the  purely  scientific  element  in  a  man  of  science  we 

find  that,  so  far  as  he  is  scientific,  he  approximates 
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to  Nietzsche's  objective  man.  If  this,  then,  is  the 
ideal  scientific  man,  what  place  does  he  occupy? 
Where  does  he  stand  in  relation  to  the  rest  of  man- 

kind? According  to  Nietzsche  he  is  merely  an 

instrument;  *he  is  an  instrument,  something  of  a 
slave,  though  certainly  the  sublimest  sort  of  slave, 

but  nothing  in  himself/  He  is  no  goal,  no  termina- 
tion, no  complementary  man  in  whom  the  rest  of 

creation  justifies  itself.  As  compared  with  the  true 

philosopher,  the  philosopher  in  Nietzsche's  sense, 
the  man  who  gives  a  new  direction  to  life,  the  ideal 

man  of  science  is  merely  the  most  costly,  the  most 

easily  tarnished,  the  most  exquisite  of  instruments. 

We  need  not  quarrel  with  this  valuation,  but  we 

would  point  out  that  there  is  an  omission  in  it. 

The  scientific  man  is  an  instrument,  but  he  is  an 

indispensable  instrument.  The  human  race  has 

endured  all  the  different  *new  directions'  given  to 

it  by  the  'true'  philosophers  of  the  past  without  any 
marked  increase  in  its  spiritual  stature.  The  philo- 

sopher, however  commanding,  who  would  really 

lead  us  in  any  but  a  circular  direction  must  have 

knowledge.  This  knowledge,  to  be  valuable,  must 

be  clear  and  trustworthy;  it  must  be  scientific. 

And  if  the  inspirations  and  impulses  of  our  leaders 
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should  prove  to  be  incompatible  with  deductions 

from  scientific  knowledge,  then  we  may  be  sure 

that  the  Promised  Land  does  not  lie  their  V7ay. 

The  scientific  man  is  merely  an  instrument.  But  it 
is  this  instrument  alone  that  can  show  to  mankind 

which,  of  all  the  goals  it  desires,  are  possible  goals, 

and  which,  of  all  the  leaders  it  trusts,  are  trust- 

worthy leaders.  The  scientific  man  is  an  instru- 
ment, but  it  is  by  this  instrument  that  those  who 

would  use  it  are  first  tested.  Scientific  knowledge 

is,  if  you  like,  as  dispassionate  and  inhuman  as  is 
the  universe  with  which  it  concerns  itself — and  it 

can  as  little  be  ignored. 
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Geometry^  it  has  been  satisfactorily  shown,  had  a 

purely  empirical  origin.  It  appears  that  the  earliest 

geometrical  formulae  which  have  been  discovered 

belong  to  ancient  Egypt,  and  that  all  these  formulae 

served  a  useful  purpose.  The  oldest  of  them  are 
concerned  with  the  measurements  of  areas,  a  class 

of  problem  which  the  yearly  sinking  of  the  Nile 

rendered  of  great  importance.  The  formulae  ob- 
tained by  the  ancient  Egyptians  were  usually 

wrong,  although  they  were  approximately  correct; 

they  evidently  rested  on  no  theoretical  basis,  but 

were  compendious  statements  of  the  results  of 

somewhat  rough  measurements,  a  point  of  view 

which  is  borne  out  by  the  fact  that  no  proof,  nor 

even  an  attempt  at  a  proof,  is  anywhere  hinted  at. 

So  far  as  the  evidence  goes,  it  seems  to  be  estab- 

lished that  geometry,  as  consisting  of  logical  de- 
ductions from  stated  premises,  began  with  the 

Greeks.  A  number  of  theorems  of  a  fair  degree  of 

complexity  had  been  developed  before  they  were 

reduced  to  a  system;  before,  that  is,  the  assump- 
tions on  which  they  were  based  were  made  explicit. 

The  task  of  discovering  the  necessary  and  suffi- 
cient assumptions  on  which  a  system  of  geometry 
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rests  is  one  of  the  greatest  difficulty;  the  necessary 

combination  of  subtlety  and  rigour  is  rare.  The 

great  systematization  of  Greek  geometry  was 

effected,  of  course,  by  Euclid,  and  although  his 

reduction  of  the  system  to  its  essential  assumptions 

was  not  final,  his  performance  was  such  as  to 

awaken  the  admiration  of  great  mathematicians  in 

every  succeeding  century.  But  there  is  one  point 

in  which  this  great  reduction  is  notably  imperfect  — 

the  so-called  parallel  axiom.  It  says,  essentially, 
that  through  a  given  point  only  one  line  can  be 

drawn  parallel  to  a  given  straight  line.  It  was  felt, 

even  by  the  earliest  commentators  on  Euclid,  that 

this  postulate  did  not  possess  quite  the  same  degree 

of  self-evidence  as  v/as  manifested  by  the  others. 

It  was  necessary,  they  felt,  to  give  a  proof  of  this 

postulate;  they  attempted  to  improve  on  Euclid's 
work  in  a  num.ber  of  minor  ways,  but  it  was  the 

parallel  axiom  which  they  were  most  concerned  to 

revise;  the  proof  of  this  postulate  should  be  con- 
tained, they  thought,  in  the  other  postulates.  The 

attempts  to  supply  this  proof  were  all  fruitless,  and 

the  sixth  century  was  reached  with  this  nine-hun- 

dred-years-old disfiguremient  still  persisting.  For 
some  time  after  the  sixth  century  the  world  rested 
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from  Euclid's  parallel  axiom ;  indeed,  it  rested  from 
geometry  altogjether,  and  the  old  empirical  outlook 

of  the  Egyptians,  and  even  their  formulae,  again 

became  current.  But  the  Greek  culture  penetrated 

to  the  Arabs,  and  with  the  Greek  culture  came  the 

riddle  of  Euclid's  axiom.  Again  proofs  were  at- 
tempted; a  famous  attempt  is  that  of  Nasir  Eddin, 

who  flourished  in  the  thirteenth  century.  In  1663 

John  Wallis  made  the  important  discovery  that 

unless  the  parallel  axiom  be  assumed,  similar 

figures  of  different  sizes  are  not  possible,  that  is  to 

say,  that  if  we  are  to  assume  that  shafe  is  indepen- 

dent of  size^  then  we  must  assume  Euclid's  parallel 
axiom.  Many  of  these  attempts  brought  out  points 

of  interest,  but  none  of  them  were  successful.  In 

the  year  1733,  however,  the  whole  research  took 

on  a  new  complexion  with  the  publication  of  Giro- 

lamo  Saccheri's  Euclides  ah  o?nni  naevo  vindicatus. 
The  importance  of  this  work  consists  in  the  fact 

that,  although  it  was  written  to  vindicate  Euclid's 
parallel  axiom  once  for  all,  it  contains  the  first  real 

outline  of  a  non-Euclidean  geometry. 
Saccheri  was  a  Jesuit,  and  it  was  in  1690,  while 

he  was  teaching  grammar  in  Milan,  that  he  first 
studied  the  Elements  of  Euclid.  He  was  a  man  of 
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very  great  acumen,  and  when  he,  in  turn,  suc- 
cumbed to  the  spell  of  the  parallel  postulate,  he 

brought  to  bear  on  it  a  more  subtle  and  rigorous 

logic  than  had  yet  been  applied  to  it.  Thirty-six 
years  before  he  published  his  treatise  on  Euclid  he 

had  published  a  book  on  logic  which  gives  him  a 

high  place  as  a  logician.  In  it  he  is  particularly 

concerned  with  investigating  the  compatibility  of 

different  assumptions  or  postulates.  His  method 

was  to  determine  whether  a  member  of  a  group  of 

postulates  is  independent  of  the  others  by  finding  a 

particular  case  in  which  the  postulate  in  question  is 
not  true  while  all  the  others  remiain  true.  If  such 

a  case  can  be  found,  it  is  obvious  that  the  postulate 

in  question  cannot  be  deduced  from  the  others, 

else  it  would  be  true  whenever  they  were  true. 

This  was  the  method  he  applied  to  the  parallel 

postulate  of  Euclid.  He  showed  that  the  parallel 

postulate  is  equivalent  to  saying  that  the  three 

interior  angles  of  a  triangle  are  equal  to  two  right 

angles.  He  proceeds,  therefore,  in  accordance 

with  his  method,  to  develop  the  consequences  of 

supposing  them  less  than,  or  greater  than,  two 

right  angles.  In  the  latter  case  he  succeeds  in 

showing  that  we  are  led  to  impossible  conclusions, 
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since  he  assumed,  as  everybody  assumed  for  more 

than  a  century  after,  that  the  straight  line  is  of 

infinite  length.  But  in  the  former  case,  the  hypo- 
thesis that  the  interior  angles  of  a  triangle  are 

together  less  than  two  right  angles,  Saccheri, 

although  he  struggled  very  hard,  did  not  succeed 

in  falling  into  contradictions.  He  does  not  seem 

to  have  had  the  boldness  necessary  completely  to 

trust  his  own  logic,  but  the  fact  remains  that, 

accepting  the  rest  of  Euclid's  axioms  and  denying 
the  parallel  axiom,  he  developed  a  logically  con- 

sistent geometry. 

There  is  reason  to  suppose  that  Saccheri's  work 
had  some  influence  on  subsequent  thought, 

although  its  full  significance  was  certainly  not 

perceived.  The  parallel  axiom  continued  to  be 

investigated,  and  the  total  effect  of  all  these  efforts 

w^as  to  induce  a  doubt  concerning  the  absolute 
necessity  of  the  Euclidean  geometry.  Such  a  doubt 

was  very  daring;  for  two  thousand  years  the  postu- 
lates of  Euclid  had  been  accepted  as  absolutely 

true;  the  fact  of  their  existence  had  profoundly 

influenced  philosophy,  and,  indeed,  theology.  But 

the  doubt  persisted  and  grew,  until  finally,  early  in 

the  nineteenth  century,  a  perfectly  logical  and  con- 
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sistent  non-Euclidean  geometry,  one  explicitly 
denying  the  parallel  postulate,  was  published  to 

the  world.  As  so  often  happens,  the  great  step  was 

taken  by  two  men  independently  of  one  another, 

Lobatschewski,  a  Russian,  and  Bolyai,  a  Hunga- 
rian. It  appeared,  however,  that  both  had  been 

preceded  by  that  great  mathematical  genius. 

Gauss,  although  he  had  been  too  timid  to  publish 

his  conclusions.  The  new  geometry  developed  the 

consequences  of  that  one  of  Saccheri's  alternatives 
which  supposed  the  interior  angles  of  a  triangle  to 

be  less  than  two  right  angles.  The  whole  outlook 

on  geometry  now  assumed  a  new  complexion. 

Riemann  tried  the  effect  of  denying  the  infinity  of 

the  straight  line  and  of  developing  Saccheri's  other 
alternative.  He  found  he  was  led  to  no  contradic- 

tions. But  with  Riemann *s  work  we  come  to  a  yet 
further  extension  of  geometry  —  the  extension  to 
space  of  four,  five,  or  any  number  of  dimensions. 

And  these  investigations,  which  seemed  for  some 

time  to  constitute  the  most  gratuitous,  although 

the  most  profound  and  subtle,  exercises  of  the 

mind,  have  now  received  their  complete  justifica- 
tion by  flowering  into  the  Generalized  Principle  of 

Relativity. 
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★ 

About  current  scientific  speculations  there  is  one 

characteristic,  subtle,  perhaps,  but  profound  and 

far-reaching,  which  distinguishes  them  from  the 
scientific  speculations  of  the  Victorian  age.  We 

can  best  isolate  this  characteristic  by  considering  it 

as  a  particular  manifestation  of  something  which  is 

met  with  in  nearly  every  phase  of  contem.porary 

life  —  something  which  may  fairly  be  called  the 
Zeitgeist  of  our  time.  This  spirit  is  chiefly  a  sense 

of  unlimited  possibilities,  a  sense  that  the  radically 

new  and  unprecedented  m/ay  be  upon  us;  with  this 

feeling  comes  a  recrudescence  of  the  spirit  of 

adventure;  there  are  unknown  paths  leading  to 

vague   but  —  probably  —  splendid   goals.  In  the 
Victorian  age  the  main  lines  of  everything  were 

settled;  the  chief  features  of  the  universe  were 

known.  There  were  matter  and  energy,  and  there 

was,  of  course,  the  sether.  The  astronomical  and 

geological  scales  were  known  in  broad  outline^  and 

a  first  survey  of  the  march  from  amoeba  to  man  had 

been  taken.  The  work  of  future  ages  was  to  fill  in 
the  details.  The  universe  of  the  Victorians  was  a 

large  and  rather  grand  affair,  but  it  was  Sombre. 

Those  emotional  barometers,  the  poets,  in  Sq  far  as 
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they  were  aware  of  the  scientific  outlook,  either 

'transcended'  it  or  were  crushed  by  it.  Jules  La- 
forge  furnishes  an  excellent  example  of  the  effect 

of  the  Victorian  scientific  outlook  on  an  intelligent 

and  sensitive  mind.  His  reaction  was  to  compose 

funereal  dirges  on  the  death  of  the  earth  and  the 
extinction  of  m.ankind.  The  universe  of  the  Vic- 

torians was  objective,  indifferent,  tracing  a  pur- 

poseless pattern  in  obedience  to  *iron'  laws.  It  was 
a  universe  which  held  no  great  surprises. 

It  is  obvious  that  a  very  different  spirit  is  abroad 

to-day.  At  the  present  time  the  general  conscious- 
ness seems  to  hold  that  almost  anything  is  possible. 

In  part  this  may  be  accounted  for,  as  in  other  ages, 

by  credulity  based  on  ignorance,  but  there  is  also  a 

credulity  based  on  knowledge,  and  it  is  this  aspect 

of  the  general  attitude  which  deserves  attention. 

The  two  kinds  of  credulity  may  be  observed  in 

different  believers  of  the  same  statem.ents.  Spirit- 
ualismx,  for  instance,  has  its  followers  amongst 

those  who  are  unfamiliar  with  investigations  in  the 

subject  and  amongst  those  whose  belief  has  been 

compelled  by  their  very  knowledge  of  the  investi- 
gations. And  disbelievers  form  two  exactly  similar 

classes.  There  is  also  a  credulity  -  the  most  com- 
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mon  kind  —  based  on  neither  ignorance  nor  know- 

ledge, but  on  partial  knowledge.  Thus  knowledge, 

but  incomplete  knowledge,  of  such  phenomena  as 

wireless  telegraphy  or  telephony,  seems  to  predis- 

pose many  people  to  believe  Vonders'  which  have 
no  real  connection  with  those  phenomena,  but 

which  are  merely  as  inexplicable  by  partial  know- 
ledge. Undoubtedly  the  recent  developments  in 

science  are  responsible  for  much  of  this  kind  of 

credulity.  But  the  new  indulgence  of  possibilities, 

as  exhibited  by  the  man  of  science,  is  dependent  on 

quite  different  considerations.  To  the  student  of 

physics,  at  any  rate,  the  work  of  the  last  two  or 

three  decades  has  been  peculiarly  disturbing.  He 

has  been  called  upon,  not  merely  to  revise  and 

extend  his  knowledge,  hut  to  alter  his  assumptions. 

It  is  in  this  respect  that  the  physics  of  our  own  day 

chiefly  differs  from  Victorian  physics. 

The  distinctively  modern  epoch  began  with  the 

promulgation  of  the  Electron  Theory.  That  *mat- 

ter'  could  be  ̂ electrified'  was  easily  granted.  The 

fact  that  the  famous  question.  What  is  electricity.'^ 
could  not  be  answered  was  no  difficulty  in  admit- 

ting the  fact  that,  as  a  result  of  certain  processes, 

matter  could  be  made  to  exhibit  certain  pheno- 
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mena  which  could  conveniently  be  referred  to  the 

fact  that  it  possessed  an  ̂ electric  charge/  And  the 
discovery  of  particles  very  much  smaller  than  a 

hydrogen  atom  presented  no  conceptual  difficul- 
ties. The  fact  that  the  ultimate  particles  of  matter 

were  smaller  than  had  been  supposed  could  easily 

be  granted;  the  new  assumption  was  of  the  same 

kind  as  the  old  one.  And,  further,  to  admit  that 

each  of  these  particles  possessed  an  electric  charge 

made  no  unfamiliar  demands  on  the  imagination. 

But  the  next  step,  that  these  particles  consisted  of 

nothing  but  an  electric  charge  —  that  was  a  very 
different  thing.  The  early  popularizations  of  the 

idea  show  something  of  the  mental  confusion  it 

caused.  *Disem.bodied  charges  of  electricity'  was 
a  favourite  descriptive  phrase;  many  physicists 

fought  hard  to  retain  even  a  nucleus  of  ̂ ordinary 

matter'  on  which  this  charge  could  be  supposed  to 
be  lodged.  That  an  electric  charge  could  exist 

apart  from  matter  seemed  to  many  people  as  diffi- 
cult to  conceive  as  motion  without  anything  which 

moved.  But  the  conception  speedily  became  fami- 
liar; that  useful  entity,  the  aether,  soon  made  things 

easier.  For  the  disem.bodied  charge,  the  electron, 
could  be  conceived  as  a  local  distortion  of  some 
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kind  in  the  asther,  and,  by  endowing  the  aether 

with  some  sort  of  substantiality,  the  hypothesis 

that  matter  was  in  somie  way  built  up  out  of  this 

primitive  substance  could  be  tolerated.  But  the 

general  effect  of  the  theory  was  to  give  a  more 

philosophical  tinge  to  science.  The  gross,  easy 

assumptions  of  everyday  thinking  about  ̂ matter' 
had  to  be  revised;  articles  were  written  showing 

that  matter  v/as  really  immaterial,  and  materialism 

was  conjectured  to  have  received  a  severe  set-back. 
The  mind  had  barely  become  accustomed  to  the 

new^  assumptions  before  it  was  again  profoundly 

disturbed  by  the  publication  of  Planck's  Quantum 
Theory.  The  theory,  w^hich  was  invented  to 
explain  certain  radiation  phenomena,  asserted, 

briefly,  that  energy  was  atomic.  One's  most 
intimate  assumptions  were  disturbed.  Men  of 

science  are  not  usually  accustomed  to  philosophic 

exercises,  and  the  idea  that  energy,  which  they 

regarded  as  necessarily  continuous,  had  an  atomic 

structure  seemed  at  first  almost  meaningless.  If 

we  consider,  for  instance,  the  energy  possessed  by 

a  moving  body,  it  seems  natural  to  suppose  that 

this  energy  can  be  increased  or  diminished  in  a 

continuous  m^anner;  the  idea  that  its  energy  can 
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only  increase  or  decrease  by  finite  jumps  was  a  very 

strange  idea,  and  led  again  to  a  scrutiny  of  assump- 
tions which  had  appeared  fundamental  in  science. 

Here,  again,  objections  to  the  new  theory  were 

sometimes  the  outcome  purely  of  mental  inertia, 

of  an  inability  to  examine  and  discard  a  way  of 

thinking  which  seemed  almost  a  necessary  con- 
sequence of  the  structure  of  the  mind.  The  last 

great  bouleversement  of  one's  fundamental  assump- 

tions has  been,  of  course,  Einstein's  generalized 
theory  of  relativity.  Here  we  are  asked  to  revise 

our  most  deep-rooted  assumptions  —  so  deep- 
rooted  that  we  are,  for  the  most  part,  unconscious 

of  them  -  our  assumptions  regarding  space  and 
time. 

It  is  this  thorough  overhauling  of  primary 

assumptions  which  distinguishes  the  modern  pro- 

gress in  physics  from  all  the  progress  of  the  Vic- 
torian age.  Physics  has  not  merely  been  extended, 

it  has  become  a  radically  new  thing,  and  there  are 

very  good  reasons  for  supposing  that  it  is  going  to 

change  still  more.  A  certain  sense  of  unknown 

possibilities  is  therefore  natural,  even  if  it  be  the 

product  merely  of  bewilderment.  The  total  effect 

of  the  new  ideas  is  to  make  the  universe  of  physics 
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less  objective;  to  an  unsuspected  extent  this  indif- 
ferent universe,  with  its  iron  laws,  is  a  product  of 

our  own  minds.  To  some  extent  this  fact  was 

always  recognized,  particularly  by  the  Continental 

physicists,  but  as  a  general  persuasion  it  is  com- 
paratively recent.  We  cannot  escape  the  structure 

of  our  own  minds,  it  is  true,  but  we  do  not  yet 

know  what  that  structure  is ;  we  do  not  know  what 

barriers  are  breakable;  we  do  not  know  what 

thoughts  are  thinkable  by  man.  A  universe  in 

whose  construction  so  plastic  and  mysterious  an 

entity  as  the  mind  of  man  collaborates,  may  very 

well  hold  great  surprises. 
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It  is  not  an  unfair  judgment,  we  think,  that 

decides,  on  a  survey  of  contemporary  intellectual 

activities,  to  grant  science  the  first  place.  Whether 

we  consider  the  quality  of  the  work  which  is  being 

done,  its  importance  to  mankind,  or  the  spirit  in 
which  the  work  is  done,  we  think  science  earns 

that  place.  Our  age  is  a  scientific  age  to  an  extent 

which  is  certainly  not  generally  realized.  Contem- 

porary scientific  work  is  of  a  quality  fully  compar- 
able with  that  of  the  greatest  periods  of  its  history; 

it  is  inevitable  that  our  age  should  emerge,  in  the 

history  of  the  future,  as  an  age  of  science.  It  has, 

indeed,  already  established  a  perspective  which 

leads  to  a  revaluation  of  the  Victorian  age.  There 

have  already  been  many  writers  who  have  thought 

that  age  more  memorable  for  its  science  than  for  its 

other  achievements,  that  its  significance  to  huma- 

nity lay  more  in  the  work  of  Darwin,  Faraday,  and 

Maxwell  than  in  that  of  Tennyson  and  Matthew 

Arnold,  or  even  in  that  of  Mr.  Gladstone,  but  the 

perspective  we  have  now  obtained  puts  the  matter 

almost  beyond  doubt.  With  most  of  us  our  out- 
look is  the  result  of  a  decrepit  tradition.  Our 

orientation  towards  life,  so  far  as  we  are  conscious 
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of  having  one,  is  based  upon  the  values  we  attri- 

bute to  the  various  objects  of  our  thoughts,  and 

these  values  are  determined  partly  by  our  instinc- 

tive desires  and  partly  by  the  suggestions  of  our 

education  —  using  the  term  'education'  to  include 
all  converse  with  the  minds  of  our  fellows.  Educa- 

tion, so  defined,  is  the  result  very  largely  of  a  long 

and  widespread  tradition,  a  general  tradition  of 

European  culture.  It  is  a  curious  fact  that 

although  the  history  of  science  goes  as  far  back 

as  the  history  of  the  arts,  science  is  not  an  integral 

part  of  this,  nevertheless,  very  catholic  culture. 

There  are  periods,  it  is  true,  when  some  scientific 

theory  is  sufficiently  dramatic,  or  appears  suffi- 

ciently pertinent  to  man's  destiny,  to  secure 

general  attention;  Newton's  theory  of  gravitation, 

Darwin's  theory  of  evolution,  and  Einstein's 
theory  of  relativity  have  each  given  rise  to  such  a 

period.  Einstein's  theory,  we  are  informed,  is  now 
the  favourite  topic  of  enlightened  conversation  in 

Parisian  salons,  as  Newton's  theory  once  was. 
Some  of  this  interest,  no  doubt,  is  the  product  of 

disinterested  curiosity,  and  in  that  respect  is  vastly 

different  from  the  once  general  interest  in  Darwin's 
theory.  But  we  fear  that  many  of  those  who  are 
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curious  about  Einstein's  theory  would,  if  they 
understood  it,  find  it  uninteresting.  We  dare  not 

interpret  this  curiosity  as  a  sign  that  people  are 

beginning  to  be  as  naturally  interested  in  science 

as  they  are  in  literature,  for  instance. 

Nevertheless,  we  believe  that  the  old  culture  is 

moribund  in  the  sense  that  its  particular  scale  of 

values  is  undergoing  revision.  Science  is  becoming 

less  an  affair  for  specialists;  it  is  acquiring  a 

'human'  value.  An  increasing  number  of  people 
are  beginning  to  realize  that  a  great  science,  such 

as  Physics,  may  offer  objects  for  contemplation 

which  are  as  delicate,  as  subtle,  as  exquisitely  har- 
monious as  the  dreams  of  Plato  —  and  much  better 

founded.  And  in  relation  to  man,  his  present  state 

and  possible  future,  science  alone,  to  those  who  are 

not  satisfied  with  less  than  verifiable  knowledge, 

speaks  with  the  accent  of  authority.  The  great 

constructions  of  science  are  grandiose  without 

being  chimerical;   they  are  beautiful  but  not 

deceiving.  Indeed,  one  sometimes  has  the  feeling 

that  it  is  only  in  science,  nowadays,  that  one  still 

meets  with  the  spirit  of  adventure,  the  sense  of 

boundless  and  glorious  possibilities,  with  an  exul- 
tant hope.  Our  poets  and  men  of  letters  generally 

171 



ASPECTS    OF  SCIENCE 

are  extraordinarily  tame  and  disillusioned  creatures 

compared  with  our  romantic  and  daring  men  of 

science.  It  is  refreshing  to  turn  from  the  lamenta- 
tions of  our  literary  men  to  such  a  book  as  the 

Space^  Time^  Matter  of  Hermann  Weyl,  if  only  for 
the  fervour,  the  immense  enthusiasm  with  which 

that  highly  accomplished  mathematician  writes. 
Einstein  is  his  Columbus,  with  the  difference  that 

his  America  has  indicated  the  existence  of  yet 

vaster  continents.  And  this  enthusiasm  is  justified 

by  its  fruits;  it  has  inspired  Herr  Weyl  to  make 

what  is  unquestionably  the  greatest  advance  on 

Einstein's  own  work  which  has  yet  been  made.  It 
is  not  in  Physics  alone  that  we  find  this  note.  To 

the  biologists,  also,  the  world  has  become  young 

again.  Should  our  ignorant  and  unimaginative 

politicians,  and  our  still  more  ignorant  and  unima- 
ginative business  men,  succeed  in  turning  the 

whole  heroic  effort  and  age-long  struggle  which 
has  produced  our  present  culture  to  a  mockery, 

they  will  put  an  end  to  a  curiously  interesting  and 

promising  transition  age,  to  an  age  which  is  at  once 

Jin  de  siecle  and  at  the  morning  of  a  glorious  renais- 
sance. But  if  they  do  not  succeed,  if  the  ordinary 

man  shows  himself  even  a  little  worthy  of  the 

172 



THE    HOPE    OF  SCIENCE 

immense  travail  of  his  species,  then  we  prophesy- 
that  science  will  become  an  integral  part  of  the 

culture  of  the  future.  The  new  physics,  the  new 

biology,  the  new  psychology,  will  be  too  obviously 

pertinent  to  all  man's  chief  preoccupations  for  us 
to  be  able  to  pretend  that  the  present  narrowly 
conceived  humaniora  furnish  a  liberal  education. 

We  even  believe  that  if  the  old  arts  are  to  become 

youthful  again,  it  must  be  by  a  transfusion  of 

blood.  It  will  not  be  sufficient  that  the  philosophy 

and  literature  of  the  future  should  ̂ accommodate' 
themselves  to  the  scientific  outlook;  they  must  be 

inspired  by  it. 
Meanwhile,  scientific  men  must  be  charitable; 

they  must  believe  the  best.  If  science  is  to  become 

an  integral  part  of  culture,  scientific  men  must  help 

to  make  this  possible.  We  believe  that  much  of 

the  present  interest  in  science  is  genuine;  that  it 

springs  from  a  serious  attempt  on  the  part  of  many 

people  to  find  out  what  science  can  tell  them  about 

themselves  and  the  Universe  they  live  in.  Science 

is  not  hunted  purely  for  its  dividend-earning 
capacities  or  for  its  power  of  providing  new  thrills. 

Einstein,  we  understand,  is  suspicious  of  the 

popular  interest  his  theory  has  evoked;  *a  mere 
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tashion/  he  says.  And  doubtless  his  suspicion  is 

largely  justified.  But  we  believe  there  is  more  in 

it  than  that  ~  that  there  are  many  who,  besides 

valuing  the  delightful  dreams  of  the  poets  and 

philosophers,  have  an  affection  for  knowledge.  And 

when  they  find  that  the  constructions  of  science 

are  not  one  whit  less  delightful  than  the  dreams  of 

the  poets,  this  affection  may  give  rise  to  a  per- 
manent attachm.ent.  And  with  these  new  objects 

of  interest  will  come  a  change  in  values.  Men  v/ill 
learn  to  differentiate  in  their  beliefs  between  those 

which  are  mere  indulgences  of  emotion  and  those 

which  correspond  to  objective  truth.  This  is  the 

path  by  which  the  mind  becomes  mature.  It  m.ay 

not  be,  in  all  stages,  a  pleasant  process,  but  it  leads 

to  increased  freedom  and  increased  power.  The 

impossible  will  no  longer  be  attempted,  but  the 

region  of  the  possible  will  be  seen  to  be  vastly 

greater.  Man  will  see  in  what  directions  he  can 

shape  his  destiny,  and  he  will  be  able  to  enter  on 

the  task  with  a  rational  hope.  All  his  courage  and 
endurance  will  have  a  chance  of  victorious  achieve- 

ment; he  will  know  that  he  is  not  engaged  in  a 

forlorn  hope;  the  world  will  become  young  again* 174 
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*It  is  a  universal  condition  of  the  enjoyable  that 
the  mind  must  believe  in  the  existence  of  a  law  and 

yet  have  a  mystery  to  move  about  in/— James 
Clerk  Maxwell. 

That  our  thinking,  and  with  it  our  feeling,  is 

largely  conditioned  by  assumptions  which  have  no 

logical  necessity,  is  a  commonplace  of  philosophy, 

and  is  indeed  apparent  to  the  slightest  introspec- 
tion. Characteristic  of  any  age  is  a  body  of  beliefs, 

resting  on  more  or  less  good  evidence,  and  a  group 

of  feelings  associated  with  those  beliefs.  The  Ger- 
man language,  so  rich  in  indefinite  but  valuable 

general  terms,  afforded  the  word  Zeitgeist  for  this 

complex,  a  word  we  have  directly  translated  into 

the  Spirit  of  the  Age.  The  name  is  a  good  one ;  it 

indicates  that  we  are  dealing  with  something  which 

is  widely  diffused  and  also  subject  to  change.  It  is 

subject  to  change,  but  it  pays  a  dominating  role  in 

the  age  to  which  it  belongs.  The  Spirit  of  the  Age 

is  something  that  practically  all  the  intellectual  life 

of  the  age  has  in  common.  It  is  not  manifested 

only  in  philosophical  treatises  or  in  works  of  art;  it 

is  often  manifested  even  more  strikingly  in  states- 
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men's  speeches  and  a  country's  domestic  and 
foreign  policy.  It  is  a  kind  of  intellectual  and  emo- 

tional atmosphere  of  which  everybody  is  aware,  but 

which  probably  nobody  could  define.  We  see, 

however,  that  a  very  important  part  of  it  consists  of 

a  sense  of  probability,  of  a  tendency  to  accept 

certain  kinds  of  explanation  and  to  reject  others. 

For  the  last  few  decades,  at  any  rate.  Science  has 

been  the  chief  factor  in  forming  this  omnipresent 

sense  of  probability.  As  a  matter  of  fact,  it  is 

probable  that  the  influence  of  Science  in  forming 

the  Spirit  of  the  Age  can  be  traced  a  very  long  way 

back,  as  far  back  as  Copernicus.  Not  that  we  assert 
the  existence  of  a  close  connection  between  the 

Science  and  the  other  intellectual  activities  of 

Copernicus's  ov/n  age.  The  influence  of  which  we 
speak  is  likely  to  manifest  itself  gradually;  in  parti- 

cular, it  may  take  a  long  time  to  afi^ect  the  arts. 
And  by  the  time  it  has  percolated  so  far  its  origin 

may  be  forgotten ;  it  may  appear  as  a  subconscious 

rather  than  as  a  conscious  group  of  assumptions. 

By  the  time  a  scientific  discovery  becomes  part  of 

the  mental  furniture  of  an  age,  many  of  what  were 

originally  its  possible  implications  will  have  be- 
come an  integral  part  of  it.  The  original  discovery 
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will  then  be  merely  the  nucleus  of  a  rich  intellec- 

tual and,  possibly,  emotional  complex,  of  which 

the  parts  are  no  longer  envisaged  separately.  The 

work  of  Newton,  for  example,  and  the  great  body 

of  exact  investigations  he  made  possible,  influenced 

the  outlook  of  the  nineteenth  century  chiefly  in  the 

direction  of  making  determinism  plausible.  Such 

lecturers  as  Tyndall  could  confidently  appeal  to 

this  mental  predisposition  on  the  part  of  their 

audience,  although  they  had  no  need  to  postulate 

any  direct  acquaintance  with  the  work  of  Newton 
and  of  his  successors.  The  fact  that  Newton  suc- 

cessfully formulated  exact  laws  for  the  description 

of  natural  phenomena  is  the  important  aspect  of 

his  work  from  our  present  point  of  view.  The 

influence  of  Copernicus  was  rather  different. 

From  the  point  of  view  of  the  history  of  Science 

his  importance  is  that  he  made  Newton  possible; 

from  our  present  point  of  view  his  importance  is 

that  he  made  Darwin  possible.  Copernicus*  des- 

truction of  the  isolated  position  of  man's  planet  in 

the  solar  system  prepares  the  mind  for  Darwin's 
destruction  of  the  isolated  position  of  man  in  the 

animal  kingdom.  They  each  shocked  the  same  set 

of  prepossessions. 
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The  'materialistic  philosophy'  which  was  so 
marked  a  feature  of  the  latter  part  of  the  nineteenth 

century,  and  which  still  forms,  we  believe,  the  pre- 
valent intellectual  complexion,  owed  the  whole  of 

its  plausibility  to  its  supposed  scientific  backing. 

Its  basis  was  not  merely  biological;  physics  played 

quite  as  great  a  part  as  biology.  The  notion  of 

determinism  derived  its  strength,  as  v/e  have  said, 

chiefly  from  physics;  biology  was  not  in  a  position 

to  demonstrate  the  exact  correspondences  re- 
quired. The  ultimate  grandiose  vision  of  the 

purely  natural  and  inevitable  march  of  evolution 

from  the  atoms  of  the  primitive  nebula  to  the 
British  Association  for  the  Advancement  of 

Science,  as  outlined  by  Tyndall  in  his  Belfast 

Address,  assumed  the  results  of  physics  and  astro- 

nomy as  much  as  Darwin's  Origin  of  Species,  It 
was  because  biology  was  not  the  only  science  in- 

volved that  it  was  possible  to  found  a  'materialistic' 
philosophy  on  Darwinism.  One  primary  assump- 

tion of  that  philosophy,  that  life  arises  from  'dead' 
matter,  not  only  had  no  biological  support,  but  had 

been  decisively  refuted  by  the  experiments  of 

Pasteur.  But,  as  related  to  the  general  movement 

of  science,  the  hypothesis  had  the  necessary 
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plausibility.  Considering  the  then  existing  evi- 

dence, this  hypothesis,  together  with  the  hypo- 
thesis that  mental  states  are  produced  by  atomic 

movements  in  a  strictly  determinist  mxanner,  are, 

indeed,  striking  instances  of  the  way  in  which  the 

Zeitgeist^  as  much  as  the  evidence,  determines  the 

direction  of  our  thinking. 

The  importance  of  such  conceptions  cannot  be 

over-estimated.  Directly  or  indirectly  they  in- 
fluence the  whole  life,  if  not  of  their  time,  then  of 

an  age  which  succeeds  them.  The  philosophy  in 

question  had  existed  for  centuries,  of  course;  what 

made  it  influential  was  the  scientific  backing  it 

received,  for,  in  these  matters.  Science  has  for 

some  time  past  played  the  dominant  role.  Neither 

religion  nor  philosophy  has  been  able  successfully 

to  oppose  it;  nowadays,  indeed,  they  seem  con- 
cerned only  to  agree  with  it.  And  if,  here  and 

there,  a  few  artists  have  felt  themselves  outraged 

by  what  were  supposed  to  be  the  teachings  of 
Science,  their  influence  has  not  been  sufficient  to 

deflect  the  stream.  Such  isolated  protestants  have 

had  nothing  but  their  feelings  to  oppose  to  what 
were  considered  to  be  facts,  and  the  world,  with 

what  may  have  been  a  stupid  honesty,  has  followed 
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after  the  supposed  facts.  But  the  influence  of 

Science  on  the  arts  would  require  a  separate  in- 

vestigation. A  certain  stability  is  given  to  some 

serious  art  by  its  own  tradition,  and  this  may  lessen 

its  sensitiveness  regarded  merely  as  an  indication 

of  the  spirit  of  its  age.  It  is,  nevertheless,  very 

sensitive.  In  a  history  of  modern  literature,  for 

example,  it  is  impossible  to  exclude  direct  refer- 
ences to  Darwin;  it  is  usual,  indeed,  to  devote  some 

space  to  such  'influences.'  And  the  artist  v/ho  is 
not  at  home  in  his  age  may  be  reduced  to  impo- 

tence by  it.  Dostoevsky  is  a  magnificent  example 

of  a  writer  who,  extremely  sensitive  to  the  spirit  of 

his  age,  and  profoundly  understanding  it,  strove  to 

transcend  it.  A  smaller  Dostoevsky  might  well 

have  been  nothing.  And  is  a  post-Darwinian 

Beethoven,  or  a  post-Darwinian  Dante,  really 

conceivable.'^ 
Now  it  is  unfortunate  that,  so  far  as  scientific 

discoveries  form  the  Spirit  of  the  Age,  they  do  so 

at  second-hand.  The  Origin  of  Species  happens  to 
be  easy  to  read,  but  even  so  that  body  of  thought 

known  as  'Darwinism'  owes  its  influence  chiefly  to 
such  expositors  as  Huxley  and  Tyndall.  The  thing 

becomes  set;  it  assumes  hard,  bold  outlines;  the 
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issue  has  to  be  presented  with  something  of  the 

simpHcity  of  an  election  cry.  The  universe  of 

Science  becomes  finally  a  universe  from  which  all 

mystery  is  banished  and  where  the  only  ultimates 

are  small,  incompressible  spheres  whose  move- 

ments and  combinations  produce  -  everything. 
The  chasm  separating  this  conclusion  from  the 

actual  scientific  evidence  is  not  realized.  Very 

tentative  and  almost  fantastic  hypotheses  become 

dogmas,  and  it  is  as  dogmas  that  they  become 
influences.  As  a  matter  of  fact  the  scientific  evi- 

dence, even  of  Darwin's  day,  suggested  quite  other 

possibilities  than  those  popularized  as  a  *materia- 

listic'  philosophy.  James  Clerk  Maxwell,  who  had 
a  profounder  insight  into  physical  reality  than  any 

other  man  of  his  time,  in  a  very  little  known  essay, 

draws  attention  to  the  ̂ singularities'  characteristic 
of  certain  natural  phenomena,  and  suggests  that 

there  are  more  singular  points  the  higher  the  rank 

of  the  existence.  'At  these  points,  influences  whose 
physical  magnitude  is  too  small  to  be  taken  account 

of  by  a  finite  being,  may  produce  results  of  the 

greatest  importance,'  and  he  warns  his  readers 

against  *that  prejudice  in  favour  of  deter^ninism 
which  seems  to  arise  from  assuming   that  the 
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physical  science  of  the  future  is  a  mere  magnified 

image  of  that  of  the  past.' 
MaxwelFs  remark  is  now  seen  to  have  been  pro- 

phetic. The  extraordinarily  profound  and  far- 
reaching  philosophical  implications  of  the  theory  of 

relativity  have  hardly  yet  begun  to  be  investigated, 

but  we  have  already  a  general  sense  of  their  direc- 
tion. Hermann  WeyFs  Raum^  Zeit^  Materie^  for 

instance,  the  most  thorough  mathematical  exposi- 
tion of  the  whole  theory  which  has  yet  appeared, 

hints  not  obscurely  at  the  philosophical  bearing  of 

the  new  investigations.  Now  that,  by  Weyl's  own 

work.  Maxwell's  electromagnetic  equations  are 
included  by  the  theory,  it  seems  to  be  scientifically 

complete.  It  presents  us  with  a  picture  of  the 

universe  which  is  wholly  unlike  the  picture  of  the 

early  physics.  In  particular,  an  altogether  different 

role  is  assigned  to  the  human  mind.  So  far  as  the 

exterior  universe  and  the  laws  of  nature  are  con- 

cerned, we  see  that  the  prim.ary  entity  is  the  mind 

itself.  It  is  the  mind  which  has  created,  not  only 

space  and  time,  but  the  matter  it  has  put  within 
that  framework.  The  mind  has  not  created  the 

universe  out  of  nothing,  it  is  true.  But  it  is  almost 

impossible  to  say  anything  intelligible  in  the  old 
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sense  about  the  fundamental  entities  to  which  Ein- 

stein's theory  leads  us.  Professor  Eddington  sug- 

gests that  they  may  be  *the  very  stuff  of  our  con^ 

sciousness,'  a  somewhat  mystical  rem.ark  which 
nevertheless  shows  the  trend  of  the  new  specula- 

tions. And,  as  a  striking  confirmation  of  Max^ 

welFs  view  of  the  possible  development  of  physical 

science,  we  may  quote  one  of  the  last  sentences  of 

Weyl's  profound  discussion:  'It  must  be  emphati- 
cally stated  that  the  present  state  of  physics  lends 

no  support  whatever  to  the  belief  that  there  is  a 

causality  of  physical  nature  which  is  founded  on 

rigorously  exact  laws.'  Unfortunately  not  all  men 
are  mathematicians.  The  great  and  wonderful 

vista  now  opened  up  by  Science  -  greater  and  more 
significant,  we  believe,  than  has  existed  at  any 

previous  time  in  the  history  of  thought  -  is  at  pre- 
sent a  consequence  of  highly  abstruse  investiga* 

tions.  The  sheer  technical  difficulty  of  these  in- 

quiries will  long  hinder  them  from  exerting  their 

due  influence  on  philosophy  and,  through  philo- 
sophy, on  the  whole  of  the  intellectual  life  of  the 

age.  But  the  new  conceptions  exist,  and  they 

derive  their  unshakable  strength  from  the  fact  that 

they  are  the  result  of  the  severest  Science.  And 
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surely  no  one  can  fail  to  see  that  they  promise 

not  only  fascinating  regions  for  thought,  but  a  new 

liberation  of  the  human  spirit.  Mystery,  but  more 

wonderful  and  full  of  promise  than  ever,  has  been 
restored  to  the  universe. 
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★ 

It  is  possible  that  the  old  heading  *Arts  and 

Sciences'  has  been  responsible  for  some  of  the 
barrenness  which  is  so  conspicuous  a  feature  of 

aesthetic  theory.  For  the  heading  seems  usually  to 

have  suggested,  not  only  that  there  is  a  difference 
between  the  arts  and  the  sciences,  but  that  the 

difference  is  of  a  fundamental  kind.  For  the  pur- 
poses of  aesthetic  theory  the  various  arts  are 

assumed  to  have  more  in  common  than  any  one  of 

them  has  with  any  of  the  sciences.  We  find  the 

writer  on  aesthetics  expounding  his  principles  in 

chapters  headed  Painting,  Sculpture,  Poetry, 

Music;  but  it  is  rare  indeed  to  find  the  argument 

extended  to  mathematics  and  physics.  Yet  there 
is  no  evidence  that  such  omissions  are  due  to 

deliberate  reflection;  the  philosopher  has  not 

decided,  after  examination,  that  the  sciences  are 

unaesthetic  objects;  we  must  assume  that  accidents 

of  taste  and  education  have  prevented  him  from 

paying  attention  to  what  may  conceivably  be  useful 

data  for  the  formulation  of  a  theory  of  aesthetic. 

Within  the  last  two  or  three  generations  scientific 

men  have  been  thinking  and  writing  a  good  deal 

about  the  philosophic  basis  and  implications  of 
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their  study,  and  it  is  significant  that  this  inquiry 

has  led  many  of  them  to  insist  on  the  aesthetic 
character  of  the  satisfactions  that  science  affords. 

The  late  Henri  Poincare,  in  particular,  has  shown 

that  scientific  theories  are  akin  to  works  of  art,  and 

in  this  country.  Dr.  Norman  Campbell  has  asserted 

his  belief  that  great  men  of  science  are  essentially 

great  artists.  The  point  of  view  is  an  interesting 

one,  and  suggests  that  fresh  light  may  be  thrown 

upon  aesthetic  problems  by  a  new  grouping  of  their 

subject-matter.  Instead  of  putting  the  arts  and 
the  sciences  on  opposite  sides  of  the  fence,  it  may 

be  helpful  to  see  whether  certain  members  of  these 

two  groups  have  not  a  natural  affinity  with  one 

another,  and  so  gain  hints  for  a  different  and  more 

comprehensive  classification. 

It  is  noteworthy,  in  this  respect,  that  music  has 

always  occupied  an  exceptional  position  among  the 

arts.  Pater  tried  to  relate  it  to  other  arts  by  saying 

it  was  the  art  to  which  all  others  aspire: 

The  arts  may  be  represented  as  continually 

struggling  after  the  law  or  principle  of  music,  to  a 

condition  which  music  alone  completely  realizes; 
and  one  of  the  chief  functions  of  aesthetic  criticism, 
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dealing  with  the  products  of  art,  new  or  old,  is  to 

estimate  the  degree  in  which  each  of  these  pro-- 
ducts  approaches,  in  this  sense,  to  musical  law. 

It  is  characteristic  of  Pater^s  criticism,  and  of 
much  of  the  criticism  of  his  school,  that  it  exists,  as 

it  were,  within  a  world  of  its  own.  The  meanings 

to  be  attached  to  his  most  important  terms  are 

always  suggested  or  insinuated;  they  are  never 

defined.  The  method  is  useful,  perhaps  even 

necessary,  in  dealing  with  a  complex  and  elusive 

object,  and  where  appeal  is  made  to  perceptions 

which  lie  on  the  fringe  of  consciousness.  But  it 

runs  the  grave  danger  of  becoming  altogether  too 

tenuous  to  be  intelligible  when  v/e  make  direct 

reference  to  the  object  it  is  supposed  to  illuminate. 

When,  for  instance.  Pater  says  of  the  best  music, 

*the  end  is  not  distinct  from  the  means,  the  form 

from  the  matter,  the  subject  from  the  expression,' 
we  become  acutely  aware  of  the  absence  of  defini- 

tion in  each  of  these  primary  terms  directly  we 

think  of  any  actual  composition.  We  feel,  indeed, 

that  the  terminology  is  not  natural;  in  contemplat- 
ing a  poem  the  mind  may  be  naturally  impelled  to 

distinguish  between  subject  and  expression  as  a 
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kind  of  first  effort  in  analysis;  it  is  doubtful 

whether,  in  listening  to  music,  this  direction  for 

analysis  ever  presents  itself.  So  that  to  say  that  in 

music  subject  and  expression  are  identical  is  not  to 

say  anything  useful  about  music,  but  merely  to 

declare  that  that  kind  of  analysis  is  irrelevant.  It  is 

very  probable  that  nothing  is  to  be  gained  by 

first  making  distinctions  which  have  a  meaning  for 

other  arts  and  then  bringing  music  into  the  scheme 

by  saying  that  for  music  such  distinctions  become 

meaningless. 
But  if  we  are  to  maintain  that  this  kind  of 

criticism  is  irrelevant,  then  music  becomes  not  only 
an  isolated  art  but  the  art  of  which  we  know  least. 

If  it  cannot  be  accommodated  as  an  example 

within  the  general  body  of  aesthetic  criticism,  the 
criticism  that  uses  such  terms  as  Pater  uses,  then 

whatever  general  conclusions  the  multifarious 

writings  of  the  last  two  centuries  on  the  'beautiful* 
may  be  considered  to  have  reached  are  not  applic- 

able to  music.  In  this  extremity  it  is  natural, 

nowadays,  to  become  'scientific'  Comparative 
studies  are  undertaken :  the  music  of  Java  is  com- 

pared with  the  music  of  Bach:  the  evolution  of 

musical  devices  is  made  clear;  the  psychological 
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condition  of  the  patient  under  music  is  examined: 

the  time  taken  for  the  right  degree  of  hypnosis  to 
be  induced  is  determined.  That  such  methods 

may  one  day  stumble  upon  important  facts  it 

would  be  rash  to  deny,  but  nothing  has  yet  been 

reached  which  illuminates  the  particular  problem 

that  music  presents.  We  are  frankly  of  the  opinion 

that,  so  far,  the  difficult  utterances  of  certain 

mystical  or  semi-mystical  writers  throw  more  light 
on  the  real  nature  of  music  than  do  those  of 

common  sense. 

Among  such  writers  on  music  Schopenhauer  is 
notorious;  and  it  is  worth  while  to  dwell  a  little  on 

his  speculations,  fantastic  as  they  may  seem,  since 

they  contain  an  element  common  to  all  such  inter- 
pretations, which  does  serve  to  isolate  the  essential 

problem  of  music.  In  Schopenhauer's  aesthetic  the 
object  of  all  arts,  except  music,  is  to  lead,  by  the 

description  of  objects,  to  the  recognition  of  the 

Ideas  (Platonic)  whose  appearance  in  multiplicity 
constitutes  the  world.  All  arts,  therefore,  have  a 

transcendental  function ;  their  aim  is  to  reveal  to  us 
the  Platonic  world  of  eternal  essences  or  Ideas. 

But  they  have  to  raise  us  to  this  region  via  the 

objects  of  experience;  in  that  sense  they  are  also, 
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therefore,  concerned  with  the  world  of  appearance 

and  are  dependent  upon  it.  The  case  is  different 

w^ith  music.  Music  is  not  concerned  with  the 

external  world  either  as  a  symbol  or  as  a  reality.  It 

is  not  even,  in  Schopenhauer's  language,  con- 
cerned with  the  Ideas,  but  refers  directly  to  that 

Wiir  which,  in  Schopenhauer's  philosophy,  under- 
lies the  Ideas  themiselves.  The  essence  of  his 

theory  is  given  in  the  following  passage: 

...  so  ist  die  Musik,  da  sie  die  Ideen  iibergeht. 

auch  von  der  erscheinenden  Welt  ganz  unabhan- 

gig,  ignoriert  sie  schlechthin,  konnte  gewisser- 
maassen,  auch  wenn  die  Welt  gar  nicht  ware,  doch 
bestehen:  was  von  den  anderen  Kiinsten  sich  nicht 

sagen  lasst.  Die  Musik  ist  namlich  eine  so  unmxit- 
telbare  Objektivation  und  Abbild  des  ganzen 

Willens,  wie  die  V/elt  selbst  es  ist,  ja  wie  die  Ideen 

€s  sind,  deren  vervielfaltgite  Erscheinung  die 

Welt  der  einzelnen  Dinge  ausmacht. 

Or,  as  he  says  a  little  later  on,  the  world  may  be 

regarded  as  embodied  music. 

It  is  not  likely  that  anyone  will  take  Schopen- 

hauer's philosophy  of  music  seriously;  and  even 
those  who  are  sym^pathetic  to  his  general  view  are 
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not  likely  to  find  their  sense  of  the  ludicrous  undis- 
turbed by  his  identification  of  bass  notes  with  the 

planets,  tenor  notes  with  the  vegetable  world,  and 

so  on.  The  intensity  of  his  response  to  music  and 

his  humourless  courage  have  led  him  to  what  are 

perhaps  the  most  fantastic  statements  in  all  his 

writings.  But  what  is  worth  noting  is  that  so 

imaginative  and  fertile  a  speculator,  because  he  v/as 

genuinely  sensitive  to  music,  had  to  give  it  a  pro- 
foundly isolated  position  in  his  aesthetic.  In  so 

doing  we  think  he  recognized  one  very  important 
difference  between  music  and  the  other  arts.  It  is 

true  that  music  is  independent  of  the  world  of 

experience  in  a  way  that  other  arts  are  not.  It  is 

true  that  there  is  a  sense  in  which  Schopenhauer  is 

right  when  he  says  that  music  would  exist  even  if 
the  world  did  not.  We  can  see  what  is  meant  if  we 

compare  the  development  of  a  'dramatic'  piece  of 
music,  such  as  the  first  movement  of  Beethoven's 
C  minor  Symphony,  with  a  great  tragedy.  The 

tragedy,  as  a  condition  of  success,  must  make 

reference  to  our  experience  of  life.  The  ostensible 

matter  of  the  tragedy,  the  characters  and  incidents, 

must  not  violate  our  conception  of  reality  if  they 

are  to  be  accepted.  The  tragedy  must  be  plausible. 
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Such  considerations  obviously  do  not  apply  to 

music.  It  is  meaningless  to  say  that  the  develop- 
ment of  a  composition  must  satisfy  our  sense  of 

probability.  Yet  there  is  a  meaning  in  saying  that 

its  development  seems  either  arbitrary  or  inevit- 

able. The  analogy  that  immediately  presents  itself 

is  a  chain  of  logical  reasoning,  as  in  the  sustained 

development  of  a  mathematical  theorem.  Such 

development  is  independent  of  all  experience;  the 

mind  is  obeying  none  but  its  own  laws,  and  is 

paying  no  attention  to  any  alien  elements.  And  it 
is  this  characteristic  of  mathematics  which  seems 

responsible  for  the  fascination  the  study  possesses 
for  its  devotees. 

Remote  from  human  passions,  remote  even 

from  the  pitiful  facts  of  nature,  the  generations 

have  gradually  created  an  ordered  cosmos,  where 

pure  thought  can  dwell  as  in  its  natural  home,  and 

where  one,  at  least,  of  our  nobler  impulses  can 

escape  from  the  dreary  exile  of  the  actual  world, 

says  Mr.  Bertrand  Russell  in  a  typical  passage.  A 

strain  of  romantic  eloquence  seems,  indeed,  to  be 

inseparable  from  the  writings  of  mathematicians 

on  their  subject.  But  the  analogy  can  be  pressed 
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more  closely.  There  are  elegant  and  inelegant 

mathematical  demonstrations,  those  which  merely 

^command  assent/  as  Lord  Rayleigh  said,  and 
those  which  provide  a  very  high  degree  of  aesthetic 
satisfaction.  In  these  latter  demonstrations  the 

mind  seems  to  be  moving  with  more  swiftness  and 
freedom ;  the  whole  demonstration  seems  to  flower 

in  a  natural  and  spontaneous  way;  we  have  the 

impression  of  inevitability.  Mathematical  ele- 

gance, as  Poincare  has  put  it,  *n'est  autre  chose  que 
la  satisfaction  due  \  je  ne  sais  quelle  adaptation 

entre  la  solution  que  Ton  vient  de  decouvrir  et  les 

besoins  de  notre  esprit.*  It  is  as  if  there  were  a 
mode  of  living  natural  to  the  human  spirit,  an 

unadapted  life,  a  life  free  from  the  necessity  of 

accommodating  itself  to  the  elements,  so  largely 
alien,  of  the  actual  world.  Mathematics  is  the 

expression  of  this  life  so  far  as  the  intellect  is  con- 
cerned. Is  it  too  much  to  say  that  music  is  a  fuller 

embodiment  of  this  free  life? 

If  we  are  to  say  this  we  must  acknowledge  that 

more  than  the  intellect  is  capable  of  this  free  life, 

that  there  is  a  logic  of  the  emotions  as  well  as  of 

the  mind.  This  assumption  is  not  difficult  to 

make;  indeed,  if  we  reflect  on  our  experience  of 
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some  compositions,  such  as,  to  take  the  same 

example,  the  first  movement  of  the  C  minor  Sym- 

phony, it  is  difficult  to  avoid  making  it.  And,  in 

considering  the  matter  from  this  point  of  view,  v/e 

may  gain  some  results  useful  for  musical  criticism 

in  general.  The  theme  of  the  movement  in  ques- 

tion is  characteristic  of  many  of  Beethoven's 
themes  in  that  it  does  not  serve  merely  as  a  kind  of 

structural  skeleton  on  which  a  composition  is  to  be 

built.  In  this  respect  it  differs  from,  for  instance, 

many  of  Bach's  themes.  The  theme  immediately, 
in  its  ominous  and  arresting  quality,  throws  the 

mind  into  a  certain  state  of  expectancy,  a  state 

where  a  large  number  of  happenings,  but  only  the 

happenings  belonging  to  a  certain  class,  can 

logically  follow.  As  an  analogous  vague  yet  re- 
stricted initial  preparation  we  m.ay  instance  the 

entry  of  the  witches  at  the  beginning  of  Macbeth, 

As  the  music  proceeds  this  rich,  but  more  or  less 

definite,  state  in  the  hearer  becomes  more  and 

more  precise,  more  and  more  subtle.  It  is,  as  it 

were,  explored  and  shov/n  in  all  its  height  and 

depth.  What  was  pregnant  in  the  theme  is  exhi- 
bited to  us  in  all  its  extent,  its  definiteness,  and  its 

force.  The  theme  was  the  entrance  to  a  world. 
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And  we  have  the  consciousness  of  logic,  of  in- 
evitability^ because  at  no  point  are  we  constrained. 

We  exult  because  we  are  free;  this  is  how^  we,  too, 
would  move  but  for  our  fetters,  our  alien,  arbi- 

trary fetters  from  which,  for  this  time,  we  have 
been  freed.  And  in  none  of  this,  unless  we  have 

incurably  literary  minds,  are  we  ever  reminded  of 

experience.  This  life  is  no  life  that  we  have  lived 

or  that,  on  this  planet,  we  could  live.  Music  is  as 

independent  of  the  w^orld  as  mathematics,  but  it 
cannot,  like  a  system  of  geometry,  even  be  applied 

to  the  real  world  as  a  hypothesis.  It  is  even 

doubtful  how  far  the  em.otions  it  expresses,  when 

it  is  merely  expressing  emotion,  correspond  to 
those  of  real  life.  The  sorrow  of  the  bereaved 

father  is  not  the  same  thing  as  the  sorrow  of  the 

bereaved  lover,  but  music  can  express  sorrow  with 

thousands  of  nuances.  It  is  customary  to  say  that 

the  emotions  of  music  are  generalized  emotions; 

that  its  sorrow,  for  instance,  is  a  kind  of  common 

denominator  of  all  sorrows.  But  the  exact  opposite 
seems  to  be  the  case.  The  situations  of  real  life, 

like  the  resources  of  language,  are  probably  too 

limited  to  afford  correspondences  to  the  immense 

variety  of  emotions  expressible  in  music.  The 
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musician  is  as  free  as  the  non-Euclidean  geometer 

to  create  worlds  which  have  no  objective  counter- 

part. 
It  is  natural,  therefore,  in  comparing  the  arts, 

that  we  should  class  mathematics  and  music  to- 

gether, since  they  resemble  one  another  by  their 
most  intimate  characteristics  and  differ,  in  these 

respects,  from  all  other  arts.  It  is  worth  nothing, 

in  this  connection,  that  it  is  only  in  mathematics 

and  music  that  we  have  the  creative  infant  pro- 

digy. Experience  and  learning,  compared  with 

what  we  vaguely  call  *  instinct'  or  *gift,'  play  a 
comparatively  insignificant  role;  the  boy  mathe- 

matician or  musician,  unlike  other  artists,  is  not 

utilizing  a  store  of  impressions,  emotional  or  other, 

drawn  from  experience  or  learning;  he  is  utilizing 

inner  resources  so  obviously  independent  of  ex- 

perience that,  like  Plato's  slave,  he  seems  to  have 
brought  them  with  him  from,  some  anterior  life. 

And  the  artistic  progress  of  a  musician,  if  it  be  a 

true  progress,  means  primarily  that  he  is  making 
ever  more  accessible  the  riches  of  this  inner  life. 

It  is  difficult  to  avoid  mysticism,  or  at  least  Plato- 
nism,  at  this  point.  But  here  again  it  seems  to  us 

that  Schopenhauer  understood  something  essen- 
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tial.  When  he  says  that  music,  like  the  Platonic 

ideas,  is  an  embodiment  of  the  *Wiir  that  under- 
lies all  things,  he  does  at  least  say  that  what  is 

revealed  to  us  by  a  composition  is  something  other 

than  the  ̂ personality*  of  the  composer.  The  func- 
tion of  music  is  not,  like  that  of  literature,  to 

illuminate  the  world,  but  there  is  a  world  it  illumin- 

ates —  a  world  at  least  as  vast  and  independent  of 

this  one  as  that  mathematical  *cosmos'  described 
by  Mr.  Bertrand  Russell. 

There  is  much  music,  of  course,  which  suggests 

no  such  mystical  fancies.  With  most  of  Wagner's 
music,  for  instance,  there  is  no  hint  of  other 

worlds,  but  rather  a  gorgeous  colouring  of  this  one 

-or  of  those  aspects  of  this  one  which  excite 
romantic  poets  with  strong  bodily  appetites  who 

can  assume  the  background  of  the  vigorous 

material  prosperity  of  the  nineteenth  century. 

Such  music  is  fully  comparable  with  a  certain  kind 
of  literature;  all  it  lacks  is  the  definiteness  of 

statement,  and  hence  the  intellectual  clarity,  which 

the  use  of  language  affords.  It  may  be  even  more 

powerful  and  subtle  than  literature  can  be  —  Tris- 
tan und  Isolde  expresses  certain  emotions  with 

immense  adequacy.  But  it  is  not  doing  something 
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which  music  alone  can  do;  and,  for  that  reason,  it 

throws  very  little  light  on  the  peculiar  problem  of 

music.  For  the  peculiar  problem  of  music  consists 

in  its  independence,  in  its  power  of  transporting  us 
to  a  world  which  is  not  otherwise  revealed.  To 

Schopenhauer,  to  whom  both  the  world  and  music 
were  embodiments  of  the  same  Will,  there  was  a 

musical  equivalent  for  every  experience;  and,  it 

would  seem  to  follow,  for  every  musical  utterance 

there  is  a  corresponding  experience.  The  two 

worlds  are  independent,  but  there  exists  between 

them,  as  a  mathematician  would  say,  a  one-to-one 

correspondence.  Yet  he  very  strangely  goes  on  to 

accept  the  theory  that  a  musical  utterance  is  a  kind 

of  generalization  of  a  number  of  distinct  experi- 
ences. He  points  out  that  the  musical  setting  of  a 

poem,  for  instance,  will  serve  for  a  number  of 

similar  poems.  It  is  the  'kernar  of  all  these  poem.s 
which  is  given  directly  by  the  music.  But  it  is 

equally  true  that  the  same  poem  will  serve  for 

several  musical  settings.  When  Beethoven,  as  one 

of  sixty-three  composers,  composed  his  setting  of 

Carpani's  poem  *In  questa  tomba  oscura,*  he 
probably  composed  the  best  setting,  since  it  is  the 

only  one  that  has  survived;  but  among  the  other 
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sixty-two  there  must  have  been  many  which,  in 

Schopenhauer's  phrase,  were  expressions  of  the 

*kernar  of  the  poem.  The  fact  seems  to  be  that, 
unless  music  is  deliberately  illustrative,  it  is  not 

concerned  with  what  is  otherwise  expressible. 

That  is  why  musicians  are  always  dissatisfied  with 

*literary'  descriptions  of  music.  However  good  in 
their  own  kind  they  may  be,  they  are  always  felt  to 

be  irrelevant  and  even,  in  some  way,  a  degradation 

of  the  actual  musical  utterance.  It  is  felt  that  they 

exhibit  a  certain  insensitiveness  or  lack  of  taste,  as 

in  that  curiously  popular  image  which  likens  twin 

hills  to  a  woman's  breasts. 
As  compared  with  literature,  music  is  abstract. 

It  is  independent,  as  literature  is  not,  of  the  facts 

of  life.  But  just  as  there  is  some  music  which 

approaches  to  the  condition  of  literature,  so  there  is 

some  literature  which  approaches  to  the  condition 
of  music.  Such  literature,  while  it  is  concerned 

with  the  world  of  experience,  as  literature  must  be, 

is  concerned  with  that  world  as  symbol  and  not  as 

reality.  Such  literature,  we  might  say,  is  not  con- 
cerned to  illuminate  the  world  of  what  we  here  call 

experience,  but  to  reveal  something  about  the  soul 

of  man  itself -or,  if  we  prefer  scientific  jargon  to 
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mystical,  to  deal  with  the  normally  subconscious 

rather  than  with  the  normally  conscious.  Both 

kinds  of  literature  have  been  called  realistic,  but 

they  are  realistic  from  entirely  different  points 

of  view.  Dostoevsky,  for  instance,  regarded  the 
realism  of  such  writers  as  Zola  as  trivial.  And  can 

Macbeth  be  regarded  as  a  realistic  work,  on  the 

basis  of  the  French  conception  of  realism?  Mac- 
beth is,  indeed,  a  striking  example  of  the  extent  to 

which  literature  can  approach  the  condition  of 

music.  The  whole  apparatus  of  the  play,  the 

witches,  the  characters,  the  incidents,  are  so 

obviously  not  presented  for  their  ov/n  sakes,  but  as 

symbols  through  which  an  overwhelming  percep- 
tion was  to  be  conveyed.  Here  the  fact  that  the 

literary  artist  must  accommodate  himself  to  the 

laws  of  the  real  world,  that  he  must  satisfy  our 

sense  of  probability,  seems  hardly  a  hindrance. 

Our  sense  of  probability  is,  indeed,  purposely 

lulled  by  the  entrance  of  the  witches  at  the 

beginning.  We  are  made  aware  that  not  the  real 

world  alone  is  concerned.  In  this  respect  the 

supernatural  'machinery'  of  Macbeth  performs  an 
altogether  diifferent  function  from  that  in  Hamlet. 

The  whole  of  Hamlet  is  perfectly  realistic  in  the 
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tight  sense.  But  the  fact  that  literature  must 

always  use  symbols  difFerentiates  it  utterly  from 

music.  And  just  as  we  have  seen  that  real  life  may 

present  no  analogies  to  what  is  revealed  in  music, 

so  it  may  happen  that  the  literary  artist  who  has 

access  to  a  wide  and  deep  inner  life  may  find  no 

symbols,  such  as  are  essential  to  literary  art,  to 

convey  his  perceptions.  Mr.  T.  S,  Eliot  has  stated 
that  Hamlet  is  an  artistic  failure  because  the  whole 

play,  considered  as  presentation  in  terms  of  sym- 
bols, does  not  adequately  convey  the  emotions  or 

perceptions  we  confusedly  feel  Shakespeare  is 

trying  to  express.  Whether  or  not  Mr.  Eliot  is 

correct  in  his  instance,  his  general  thesis  is  per- 

fectly sound.  Even  if  Hamlet  could  be  re-written 
so  as  to  satisfy  Mr.  Eliot,  it  is  still  true  that  there 

are  some  perceptions,  states  of  mind,  emotions,  or 

whatever  one  likes  to  call  them,  which  it  is  very 

difficult  to  believe  are  expressible  in  literature  at 

all.  Santayana  gives  a  neat  but  somewhat  trivial 

instance  in  one  of  his  essays  where  he  says  that 

there  is  no  human  incident  or  group  of  incidents 

which  can  serve  as  a  fitting  symbol  for  pure  radiant 

joy  —  a  sort  of  prolonged,  exultant,  celestial  state 
of  joy.  A  shadow,  to  the  mature  mind,  lies  over 
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the  brightest  and  most  delightful  of  life's  happen- 
ings. He  suggests  that  a  poet  who  should  try  to 

imitate  music  in  this  respect  could  do  little  but 

write  the  word  *Joy  V  with  exclamation  marks.  He 
could  write  nothing  else  that  was  unambiguous. 

And,  indeed,  a  symbol  is  always  ambiguous  unless, 

like  the  symbols  of  the  mathematician,  its  meaning 

is  completely  exhausted  by  its  symbolic  intent. 

The  symbol  distracts;  it  brings  with  it  a  crowd  of 

irrelevant  associations,  and  for  that  reason,  even 

when  the  symbols  are  most  superbly  handled,  as  in 

Macbeth^  the  resultant  communication  is  less  defi- 

nite than  with  music.  But  the  very  great,  the 

immense,  importance  of  literature  lies  in  the  fact 

that  it  can,  partially  at  least,  shape  the  facts  of  life 
so  as  to  make  them  consonant  with  the  nature  ot 

man.  If  experience  can  furnish  symbols  which 

express  the  deepest  needs  and  aspirations  of  the 

soul,  then  life  can  be,  at  least  partially,  illuminated. 

For  man  can  understand  nothing  which  is  not 
consonant  with  his  own  nature.  The  literature 

which  truly  illuminates  life  is  the  literature  which 

interprets  life  most  fully  in  terms  of  our  own  emo- 
tions and  aspirations.  In  this  sense  not  only  all 

literature,  but  all  science,  is  anthropomorphic. 
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Science  is  only  possible  in  so  far  as  it  is  logical. 

That  is  to  say,  the  universe  can  only  be  understood 

in  so  far  as  its  happenings  are  obedient  to  the  laws 

of  man's  own  mind.  In  its  relation  to  mathematics, 
where  the  mind  pays  no  attention  to  the  arbitrary 

conditions  of  experience,  physics  plays  something 

of  the  same  part  as  is  played  by  literature  in  its 

relation  to  music.  Both  physics  and  literature,  in 
their  universal  function,  are  concerned  with  a 

world  which  need  not  obey  the  laws  native  to  the 

spirit  of  man.  Such  illumination  as  they  can  give 

is  dependent  upon,  as  it  were,  what  correspond- 
ences they  can  find.  The  revelation  of  life  afforded 

by  The  Brothers  Karamazov^  for  instance,  consists 

in  relating  the  phenomena  of  life  to  the  deepest 

impulses  of  the  spirit  of  man.  Only  so  does  life 

become  in  any  measure  truly  comprehended;  and 

it  is  in  this  respect  that  such  works  differ  from 

those  reports  on  life  where  we  may  recognize  and 

assent  to  everything,  but  where  our  comprehen- 
sion of  anything  is  not  deepened.  Such  works  as 

The  Brothers  Karamazov  may  be  called  philoso- 
phic, if  we  use  the  word  to  include  something  other 

than  purely  intellectual  understanding. 

We  have  suggested  that,  if  mathematics  may  be 

203 



ASPECTS    OF  SCIENCE 

taken  as  the  intellectual  analogue  of  music,  then  it 

is  not  perhaps  too  far-fetched  to  say  that  such  a 
science  as  physics  may  be  taken  as  the  intellectual 

analogue  of  literature,  since  both  are  concerned  to 

interpret  what  we  call  the  real  in  terms  of  w^hat  we 
call  the  ideal,  while  the  two  former  arts  are  not 

concerned  with  the  real.  And  the  question  arises 

whether  the  arts,  mathematics,  and  music,  which 

are  not  concerned  to  illuminate  experience,  are 

worthy  of  serious  attention.  In  the  case  of  mathe- 
matics the  answer  is  not  doubtful,  since  it  has 

repeatedly  shown  itself  applicable  to  real  happen- 
ings, however  little  notions  of  utility  may  have 

played  a  part,  or  need  have  played  a  part,  in  its 
creation.  Even  the  most  remote  mathematical 

theorems  are  not  certainly  immune  from  practical 

application.  But  no  such  claim  can  be  made  for 

music,  and  it  is  for  that  reason  that  to  some  philo- 
sophers music  is  a  pleasing  but  essentially  trivial 

art.  To  such  philosophers  music,  while  it  may 

suggest  spiritual  profundities,  is,  after  all,  saying- 
nothing  of  any  possible  significance.  The  adven- 

tures of  the  soul  that  it  depicts  are  less  significant 

even  than  a  stage  fight.  Its  one  justification  is  the 

pleasure  it  affords ;  it  takes  us  out  of  ourselves  in  a 
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way  no  other  art  can  do,  and  after  this  refreshing 

interregnum  we  return  to  the  things  that  matter. 

It  may  be  so ;  we  can  give  no  proof  that  it  is  not  so ; 

we  can  only  say  we  find  the  point  of  view  incred- 
ible. On  this  point,  again,  we  certainly  find  the 

mystical  view  of  Schopenhauer,  if  less  intelligible, 

at  least  more  convincing  than  that  of  common 
sense. 
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HUMAN  TESTIMONY 

★  - 

Everybody  normally  acts  on  the  assumption  that 

the  value  of  human  testimony  is  an  extremely 

variable  quantity.  The  rules  by  which  we  assess 

the  value  of  testimony,  in  the  ordinary  affairs  of 

life,  are  of  that  thoroughly  habitual  kind  that 

hardly  involve  conscious  processes;  they  repose  on 

two  judgments,  which  we  are  always  making.  Our 

belief  in  direct  testimony  to  an  event  is  conditioned 

by  the  nature  of  the  event  and  by  our  estimate 

of  the  *  personal  equation'  of  the  witness.  These 
two  factors  are  not  quite  independent;  it  is  very 

seldom,  for  instance,  that  we  attribute  'general  un- 

trustworthiness*  to  anybody  who  is  known  to  us. 
Our  experience  usually  teaches  us  that  there  are 

certain  classes  of  statements  —  e.g.  his  breaks  at 

billiards,  the  number  of  rniles  his  motor-car  runs 

on  a  gallon  of  petrol  -  for  which  that  particular 

witness's  credibility  is  at  a  minimum.  For  some 
other  classes  of  statements  we  m^ay  have  learnt  to 

take  his  word  without  hesitation.  What  the  mathe- 

maticians call  the  'credibility'  of  a  witness  is  not,  in 
the  case  of  any  witness  of  whom  we  have  personal 

knowledge,  a  constant  figure.  It  varies  with  the 

event,  often  in  an  extremely  complicated  way. 
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When  Brown  is  listening  to  Jones  talking  about 

the  enormities  of  Smith  the  extremely  delicate  and 

rapid  weighing  of  probabilities  being  performed 

by  Brown  beggars  any  mathematical  description. 

When  the  witness  is  personally  unknown  to  us  the 

matter  becomes  simpler.  Our  conclusions,  one 

way  or  another,  will  be  held  with  less  confidence, 

but  they  will  be  more  simply  arrived  at.  We  may, 

on  the  evidence  supplied  by  the  testimony  itself  - 

the  tone  of  the  letter,  the  man's  manner  in  the  dock 
—  class  the  witness  as  a  man  of  a  certain  type.  Cor- 

responding to  each  type  we  have  a  rough  scale  of 

credibility  for  different  types  of  events.  In  cases 

where  we  know  nothing  of  the  witness  beyond  his 
bare  statement  that  he  witnessed  the  occurrence  of 

the  event  our  estimate  of  his  credibility  is  based  on 

very  general  and  usually  rather  vague  considera- 
tions. We  are  guided  by  two  things:  the  initial 

credibility  of  the  event  and  our  estimate  of  the 

general  value  of  human  testimony.  Both  of  these 

criteria,  and  in  particular  the  second,  are  exces- 

sively ill-defined. 
In  the  first  place,  what  do  we  mean  by  the  initial 

credibility  of  an  event.'^  There  are  very  few  cases 
where  this  notion  can  be  precisely  defined.  The 
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simple  instances  dealt  with  in  the  elements  of 

mathematical  probability  do^  it  is  true,  permit  of 

precise  definition.  The  chance  that  a  white  ball 

will  be  drawn  from  an  urn  containing  five  black 

balls  and  one  white  ball  can  be  exactly  estimated, 

for  we  are  in  possession  of  all  the  very  simple 

relevant  factors.  But  the  probability  that  Romulus 

founded  Rome  obviously  belongs  to  a  very  differ- 
ent category.  And  what  is  the  initial  credibility  of 

a  miracle.?^  Hume,  as  is  well  known,  thought  that 
the  a  priori  incredibility  of  a  miracle  was  so  great 

that  its  occurrence  could  not  be  established  by 

human  testimony.  He  is  here  trying  to  establish  a 

ratio  between  the  initial  credibility  of  a  class  of 

events  and  the  intial  credibility  of  human  testi- 
mony to  such  events.  He  is  taking  some  kind  of 

average  in  both  cases,  but  it  is  difficult  to  see  how 

such  an  average  can  be  arrived  at.  Vague  consid- 
erations of  this  kind  are  of  no  value  in  forming 

conclusions  on  matters  of  real  interest  to  us, 

although  they  may  be  sufficient  to  warrant  a  lazy 

scepticism  regarding  what  William  James  calls 

*dead  hypotheses,'  or  may  form  the  basis  for  amus- 
ing and  ingenious  mathematical  exercises.  But  we 

have  no  notion  of  an  average  initial  credibility 
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which  is  of  any  use  in  practice;  each  case  must  be 

judged  on  its  own  merits.  And  if,  to  take  the 

second  point,  we  reached  some  average  for  the 

value  of  human  testimony  in  general,  we  should 

never,  in  practice,  apply  it.  The  utmost  we  can 

hope  to  do  is  to  establish  a  more  or  less  constant 

relation  between  the  testimony  of  classes  of  wit- 
nesses and  classes  of  events.  We  have  to  divide 

witnesses  into  types,  and  for  each  given  type 

estimate  the  value  of  its  testimony  to  different 

classes  of  events.  We  must  investigate  the  differ- 
ence it  makes  when  the  witness  is  taken  as  isolated 

and  when  he  is  taken  as  a  member  of  a  group  of 

witnesses.  In  this  way  we  may  hope  to  reach 

results  w^hich  are  of  value  in  judicial  procedure,  in 

the  study  of  history,  and  in  various  particular  in- 
vestigations, including  those  modern  substitutes 

for  miracles,  the  phenomena  of  spiritualism.  We 

are,  in  fact,  to  investigate  man  in  his  capacity  as  a 

truth-recording  instrument. 
The  result  of  such  researches  as  have  been  made 

may  be  said,  briefly,  to  show  that  human  testimony 

has  much  less  value  than  is  normally  assigned  to  it 

and,  in  particular,  much  less  value  than  it  is  held 

to  possess  in  a  Court  of  Law.  The  experimental 
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results  obtained  in  this  field  are,  indeed,  often 

startling.  It  is  hardly  too  much  to  say  that  one's 
first  impulse,  on  becoming  acquainted  with  the 

results  hitherto  reached,  is  to  fall  back  on  a  general 

and  dismayed  scepticism  regarding  the  value  of 

human  testimony  to  anything  whatever.  But  a 
closer  examination  of  the  results  show  us  that  this 

attitude  is  unwarranted,  and  reinforces  the  com- 

mon-sense assumption  that  the  value  of  human 

testimony  is  a  matter  of  degree,  varying  from  com- 
plete worthlessness  to  a  very  fair  presumption  that 

the  event  occurred  as  stated.  The  investigation  is 

useful  chiefly  in  showing  us  what  factors  influence 
this  value. 

It  is  convenient  to  separate  out  these  factors 

according  to  the  scheme  recently  employed  by  Dr. 

Edmond  Locard,  in  his  analysis  of  police  records 

over  a  number  of  years.  The  statements  made  by  a 

witness  repose,  in  the  first  place,  on  sensations 

which  he  has  experienced.  It  might  be  thought 

too  obvious  to  be  worth  mentioning  that  we  re- 
quire the  witness  who  heard  a  sound,  for  instance, 

to  have  reasonably  good  hearing,  and  yet  there  are 

many  cases  where  simple  preliminary  considera- 
tions of  this  kind  are  not  taken  into  account. 
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Professor  Zollner's  famous  book  Transcendental 
Physics^  for  instance,  alleged  marvels  that  occurred 

in  the  presence  of  Slade,  the  medium;  and  these 

alleged  marvels,  of  great  influence  in  spreading  a 

belief  in  spiritualism,  were  witnessed  to  by  four 

professors,  Zollner,  Fechner,  Scheibner  and 

Weber.  But  a  member  of  the  Seybert  Commis- 

sion, Mr.  George  S.  Fullerton,  as  a  result  of  per- 

sonal interviews,  found  that  two  of  these  pro- 
fessors, Fechner  and  Scheibner,  were  partially 

blind  at  the  time.  Their  sensations,  therefore,  in 

this  respect,  were  untrustworthy.  But  defects  of 

this  kind  may  usually  be  determined  and  this 

factor  conditioning  the  witnesses'  credibility 
allowed  for.  Where  a  witness  makes  appeal  to  a 

sensation  which  may  be  checked  the  check  should 

always  be  imposed.  Thus  Dr.  Locard  gives  an 
instance  where  a  witness  stated  that  an  event 

occurred  in  a  mill  at  a. certain  hour.  How  did  he 

know  the  hour.^  By  hearing  a  clock  strike  at  the 
time  the  event  occurred.  A  test  was  made,  and  it 

w^as  found  that  the  noise  of  the  mill  made  the 

striking  of  the  clock  quite  inaudible.  The  witness 
then  remembered  that  he  did  not  hear  the  clock 

strike  until  he  had  left  the  mill.  Similarly,  wit- 2U 
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nesses  have  testified  that  they  saw  a  man  leave  a 

doorway,  their  post  of  observation  being  one  from 

which  the  doorway  could  not  be  seen.  Sensations 

may  often  be  checked,  however,  and,  to  a  careful 

inquirer,  they  need  not  be  a  grave  source  of  error. 

But  the  next  stage  is  concerned  with  the  witness's 
perceptions.  Of  his  sensations  he  will  single  some 

out  for  attention  and  neglect  the  rest.  He  singles 

out  those  which,  for  some  reason  or  another, 

interest  him  most.  It  may  quite  easily  happen, 
therefore,  that  the  sensations  most  relevant  to  the 

inquiry  in  hand  have  been  neglected.  They  have 

been  filtered,  as  it  were,  through  the  medium  of 

the  witness's  interest;  and  it  is  often  the  case  that 
his  interest  has  not  been  excited  by  the  sensations 

most  pertinent  to  the  subsequent  inquiry.  It  is  on 

this  fact  that  conjurers  very  largely  depend  for 
their  success.  The  attention  of  the  audience  is  dis- 

tracted; they  are  invited  to  dismiss  certain  sensa- 
tions as  being  of  no  importance,  and,  in  general,  it 

is  remarkably  easy  to  ensure  this  distraction  of  at- 

tention. Dr.  Hodgson's  case  of  the  English  ofiicer 
and  the  Hindu  juggler  well  illustrates  this  point: 

Referring  to  the  movements  of  the  coins,  he  said 
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that  he  had  taken  a  coin  from  his  own  pocket  and 

placed  it  on  the  ground  himself,  yet  that  this  coin 

had  indulged  in  the  same  freaks  as  the  other  coins. 

His  wife  ventured  to  suggest  that  the  juggler  had 

taken  the  coin  and  placed  it  on  the  ground,  but  the 

officer  was  emphatic  in  repeating  his  statement, 

ana  appealed  to  me  for  confirmation.  He  was, 
however,  mistaken.  I  had  watched  the  transaction 

with  special  curiosity,  as  I  knew  what  was  neces- 
sary for  the  performance  of  the  trick.  The  officer 

had  apparently  intended  to  place  the  coin  upon  the 

ground  himself,  but  as  he  was  doing  so  the  juggler 

leant  slightly  forward,  dexterously  and  in  a  most 
unobtrusive  manner  received  the  coin  from  the 

fingers  of  the  officer,  as  the  latter  was  stooping 

down,  and  laid  it  close  to  the  others.  If  the  juggler 
had  not  thus  taken  the  coin,  but  had  allowed  the 

officer  himself  to  place  it  on  the  ground,  the  trick 

as  actually  performed,  would  have  been  frustrated. 

Now  I  think  it  highly  improbable  that  the 

movement  of  the  juggler  entirely  escaped  the  per- 
ception of  the  officer;  highly  improbable,  that  is  to 

say,  that  the  officer  was  absolutely  unaware  of  the 

juggler's  action  at  the  moment  of  its  happening; 
but  I  suppose  that,  although  an  impression  was 
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made  on  his  consciousness,  it  was  so  slight  as  to  be 

speedily  effaced  by  the  officer's  imagination  of  him- 
self as  stooping  and  placing  the  coin  upon  the 

ground. 

We  have  here  an  instance  of  erroneous  testi- 

mony by  a  witness  to  his  own  actions ;  testimony  to 

the  actions  of  other  people  is  usually  much  less 

trustworthy.  In  this  matter  of  direct  perception  we 

may  discriminate  still  further.  Tactile  perceptions 
are  of  almost  no  value  whatever.  If  a  witness  be 

blindfolded  and  asked  to  determine,  by  touch 

alone,  the  nature,  the  volume  and  the  material  of 

an  object,  it  will  be  found  that  the  responses  are 

very  inaccurate.  Experience  of  tactile  sensations 

is  relatively  small  and  deductions  therefrom  are 

practically  valueless.  Thus  the  shock  of  a  bullet 

entering  the  body  may  be  interpreted  as  a  slight 

blow,  several  dagger  thrusts  in  the  back  as  one 

thrust,  and  so  on.  A  piece  of  ice  drawn  across  the 
neck  of  a  blindfolded  man  and  warm  water  simul- 

taneously poured  on  his  chest  have  been  stated  to 

cause  death  by  fright,  the  man  having  previously 

been  informed  that  he  was  going  to  have  his  throat 

cut.  Perceptions  of  odour  or  of  taste  are  even  less 
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trustworthy;  and  here  the  difficulty  of  expression 

in  precise  terms,  in  the  lack  of  a  precise  vocabulary, 

is  complicated  by  the  fact  that  the  witness  pri- 
marily perceives  odours  and  tastes  as  pleasant  or 

unpleasant,  and  pays  attention  only  to  that  aspect 

of  them.  In  cases  of  poisoning,  therefore,  evidence 

of  this  kind  should  be  given  very  little  value. 

It  is  only  when  we  come  to  the  senses  of  hearing 

and  of  sight  that  we  enter  the  region  where  percep- 
tions may  have  evidential  value.  In  the  case  of 

hearing,  however,  we  must  still  proceed  very 

warily.  Experiment  has  shown  that  estimates  of 

direction,  for  example,  are  quite  valueless,  since 

the  different  estimates  made  by  different  observers 

obey  the  laws  of  pure  chance.  Training  can  do  a 

little,  but  very  little,  to  render  these  perceptions 

more  trustworthy;  in  general,  however,  evidence 

as  to  the  direction  of  a  sound  may  be  neglected. 

Estimates  of  the  distance  of  a  sound,  also,  are  of 

very  small  value.  The  intensity  of  a  heard  sound 

depends  on  the  intensity  of  the  source,  and  also  on 

its  distance;  and  these  two  factors  may  be  appor- 

tioned by  the  observer  in  the  most  arbitrary  man- 
ner. In  the  case  where  the  sound  is  articulate,  as  in 

overhearing  a  conversation,  we  are  in  the  presence 
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of  Still  other  sources  of  error,  due  to  illegitimate 
inference  and  the  association  of  ideas.  For  words 

which  are  not  heard  will  be  supplied  by  the  witness 

in  all  good  faith.  He  will  have  a  theory  of  the  pur- 
port of  the  conversation,  and  will  arrange  the 

sounds  he  heard  to  fit  it.  Edgar  Allen  Poe's  ex- 
ample, in  The  Murders  in  the  Rue  Morgue^  of  the 

cries  of  an  ape  which  were  interpreted  as  remarks 

in  different  languages  by  different  observers,  is 

judged  by  Dr.  Locard  to  be  not  at  all  fantastic. 

The  same  general  source  of  error  applies  to  visual 

perceptions.  Not  everything  is  observed,  and  the 

lacunae  are  filled  in  by  the  witness  in  what  seems  to 

him  the  most  probable  manner.  Oversights  in 

proof-reading  furnish  a  familiar  example  of  this 
kind  of  error.  But  psychological  experiments  have 

produced  much  more  striking  examples.  Clapa- 
rede  arranged  for  a  man,  wearing  the  mask  of  a 

clown,  to  enter  his  lecture-room  while  a  lecture  was 

in  progress.  The  students  were  afterwards  asked 

to  pick  out  this  mask  from  a  series  of  ten,  and  out 

of  twenty-three  who  attempted  the  task  five  only 
were  successful  —  and  even  these  successes  were 

probably  due,  largely  or  wholly,  to  chance.  The 

appreciation  of  distances,  measured  by  the  eye,  is 
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also  very  likely  to  be  erroneous,  the  rule  being  that 

large  distances  are  under-estimated  and  small  ones 

over-estimated.  A  similar  rule  holds  good  of  esti- 
mations of  intervals  of  time.  Errors  of  this  kind 

are  not  pure  errors  of  perception;  they  are  due 

chiefly  to  lack  of  experience.  A  carpenter  or 

builder  would  usually  make  a  much  more  accurate 

estimate  of  the  dimensions  of,  say,  the  side  of  a 

house  than  would  the  ordinary  person;  and  astro- 
nomers who  work  with  transit  instruments  have,  as 

a  class,  very  accurate  perceptions  of  small  intervals 

of  time.  It  is  chiefly  lack  of  experience,  also,  which 

is  responsible  for  the  absurdly  different  estimates 
different  observers  will  make  of  the  number  of 

people  in  a  crowd.  Dr.  Locard  states  that,  on 

questioning  the  policemen  employed  to  keep  order 

during  a  procession  as  to  the  number  of  people 

they  estimated  to  be  taking  part  in  the  procession, 

he  obtained  the  figures  five  thousand,  ten  thou- 

sand, twenty-four  thousand.  The  actual  number, 
he  states,  was  three  thousand.  And  during  another 

procession  two  middle-aged,  intelligent,  educated 
Paris  journalists  gave  as  their  estimates  for  the 

number  of  people  engaged,  the  one  thirty  thousand 
and  the  other  three  hundred  thousand. 
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But  now  let  us  suppose  that  our  witness, 

through  the  medium  of  his  imperfect  senses  and 

his  partial  attention,  has  received  a  certain  image. 

What  deformations  may  it  suffer  before  it  is  pro- 

duced as  his  evidence?  If  his  memory  of  the  inci- 

dent has  iapsed'  the  image  will  undergo  compara- 
tively little  alteration,  but  if  it  has  often  been  called 

to  mind  it  will  probably  suffer  a  very  considerable 

change.  Each  time  the  image  is  recalled  it  will 

suggest  others;  the  creative  imagination  gets  to 

work,  altering  the  emphasis,  adding  particulars, 

obliterating  others,  and  the  result  will  be  as  much 

a  work  of  art  as  the  reproduction  of  a  fact.  This 

tendency  is  particularly  to  be  noticed  with  women, 

and  with  certain  'excitable'  types;  it  may  be  almost 
a  national  characteristic,  as  with  Gascons  and 

Sicilians.  But  all  witnesses  are  prone  to  this  kind 

of  inaccuracy.  Where  the  event  has  often  been 

narrated  by  the  witness  the  deformations  become 

even  more  serious.  For  he  is  here  exposed  not 

only  to  the  suggestions  of  his  own  creative  imagi- 
nation, but  to  the  suggestions  of  other  people. 

Every  one  wishes  to  make  a  success  of  the  story  he 

is  telling,  and  the  perception  of  what  points  to 

stress  and  what  details  to  add  is  wonderfully  ready 
218 



HUMAN  TESTIMONY 

and  alert.  It  has  often  happened  that  a  witness  of 

perfect  good  faith  has  changed  from  the  simple 

spectator  of  a  drama  to  a  prominent  actor  in  it 

under  the  influence  of  repeated  narration.  Finally, 

we  reach  the  point  when  the  witness  has  to  bear 

his  formal  testimony.  His  observations  were  im- 
perfect, he  has  imperfectly  remembered  them,  his 

imagination  has  distorted  them,  and  he  is  now  to 

express  them.  A  very  considerable  additional 

source  of  inaccuracy  is  likely  to  enter  here.  The 

witness  probably  cannot  express  his  complete 

image -words  may  not  be  sufficiently  precise  to 

render  the  fine  shades  of  his  remembered  percep- 
tions. The  nature  of  a  sound,  the  kind  of  emotion 

expressed  by  a  voice  -  he  may  have  no  words  for 
such  things.  And,  in  any  case,  the  witness  will  not 

express  his  complete  image.  He  will  select  —  in 

accordance  with  his  own  estimate  of  what  is  perti- 
nent and  what  trivial.  He  will  do  this  even  if  he  be 

allowed  to  talk  to  his  heart's  content;  but  the 
method  of  question  and  answer  as  pursued  in  our 

Law  Courts  leads  to  even  more  imperfect  expres- 
sion. For  he  is  forced  to  be  precise  where  his 

recollection  is  vague,  and  he  will  either  give  a  false 

precision  to  his  answer  or  else  profess  complete 
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ignorance.  More  often  still  the  witness  sins  by 

exaggeration,  and  these  exaggerations,  in  a  thou- 
sand subtle  ways,  usually  tend  to  add  to  his  own 

importance.  And  it  is  important  to  notice  that, 

besides  tending  to  import  fictitious  details,  the 

witness  will  tend  to  exaggerate  his  degree  of  con- 
viction. Where  he  was  originally  doubtful  he  is 

now  perfectly  sure. 

So  far  we  have  been  considering  the  witness  in 

isolation,  and  we  have  not  considered  the  reaction 

upon  his  testimony  of  the  emotional  state  produced 

in  him  by  the  event.  Yet  the  emotions  accompany- 
ing the  event  have  a  great  bearing  upon  the  value 

of  the  witness's  testimony.  During  the  war  it  was 
noticed  that  the  evidence  of  soldiers  freshly 

wounded  was  often  of  the  most  fantastic  descrip- 

tion. They  would  testify  to  the  details  of  catas- 
trophes which  had  never  occurred;  they  would 

assert  that  so-and-so  had  been  decapitated  in  front 

of  their  eyes,  and  so-and-so  buried  by  an  explosion, 

when,  as  a  matter  of  fact,  nothing  remotely  resem- 
bling these  events  had  taken  place.  And,  under  the 

influence  of  the  comparatively  slighter  emotions  of 

a  spiritualistic  seance,  people  will  identify  the  same 

*|Tiaterialized'  mask  as  the  features  of  their  hiis- 
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bands,  wives,  sons,  daughters.  Under  the  influence 

of  such  emotions  it  may  be  taken  as  a  general  rule 

that  perceptions  deteriorate,  and  illegitimate  in- 

ference, ^unconscious  reasoning,'  becomes  more 
marked.  Unconscious  reasoning,  indeed,  plays  a 

very  great  part  in  nearly  all  cases  of  mal-observa- 
tion.  It  is  well  exemplified  in  the  statement  of  the 

man  sitting  in  a  dark  wood:  *That  dog's  bark  is 
not  really  a  grasshopper,  it  is  the  squeaking  of  a 

cart.'  And  Dr.  Locard  tells  of  one  experiment  he 
made,  while  in  the  Army,  with  a  barometer  which 

bore  a  remote  resemblance  to  a  clock.  His  sugges- 

tion that  it  was  a  clock  was  invariably  accepted, 

even  by  the  most  eminent  people,  and  several  of 

them  acquired  their  knowledge  of  the  time  of  day 

from  its  indications,  even  when  the  hour  so  indi- 

cated was  highly  improbable.  The  testimony  of 

great  and  commanding  figures,  even  to  the  time  of 

day,  may  therefore  be  open  to  suspicion.  But  the 

immense  part  played  by  unconscious  reasoning  is 

best  seen  in  the  psychology  of  conjuring,  under 

which  head  it  is  fair  to  group  the  great  majority  of 

alleged  spiritualistic  phenomena.  In  this  latter 

case  we  have  further  to  recognize  what  Freud  calls 

the  'pleasure-pain  principle,'  as  distinguished  from 221 
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the  *reality-principle/  In  other  words,  the  wit- 
nesses are  seldom  disinterested;  they  strongly 

desire  to  witness  certain  events  rather  than  others, 

and  in  such  cases  the  slightest  suggestion  is  suffi- 

cient to  produce  conviction. 

When  the  witness  is  not  isolated,  but  is  a  mem- 

ber of  a  group,  the  defects  we  have  before  noted, 

due  to  the  creative  imagination,  are  likely  to  be 
accentuated.  The  event  will  have  been  discussed 

and  a  uniform  version  gradually  prepared.  It  is 

almost  impossible,  from  the  unanimous  testimony 
of  a  number  of  witnesses  who  have  been  in  consul- 

tation, to  extract  the  original  perceptions.  The 
phenomenon  of  mimetisme  testimonial  makes  its 

appearance,  and  may  assume  abnormal  dimensions. 

A  kind  of  collective  hysteria  may  be  induced,  and 
there  can  be  little  doubt  that  some  of  the  collective 

denunciations  of  witches  which  took  place  in  the 

Middle  Ages  were  manifestations  of  this  form  of 

mimicry. 
Such  are  some  of  the  results  that  have  been 

reached  by  the  modern  investigations  of  the  value 

of  human  testimony.  They  tell  us  little  we  did  not 

know  before,  for  mankind  has  had  an  immense 

experience  of  human  testimony;  but  they  make  our 
222 



HUMAN  TESTIMONY 

knowledge  more  precise  and  enable  vis  to  see  what 

kinds  of  testimony  are  most  open  to  suspicion. 

The  effect  of  these  researches  on  judicial  procedure 
should  be  considerable,  and  their  influence  on  the 

study  of  history  not  less  marked.  On  this  latter 

subject  their  influence  can  only  be  indirect,  and  in 

the  direction,  probably,  of  throwing  still  more 

doubt  on  the  accuracy  of  historical  records.  The 

'credibility'  of  a  witness  still  remains  a  vague 
quantity,  but  the  chances  are  that  it  is  something 

less  than  the  value  hitherto  assigned  to  it.  The  in- 
vestigation can  claim  no  such  precise  results  as 

those  enunciated  by  Craig  in  1699  Theologta 

Christtan^e  Principia  mathematical  where,  after 

proving  that  the  suspicions  of  any  history  vary  in 

the  duplicate  ratio  of  the  times  taken  from  the 

beginning  of  the  history,  he  shows  that  faith  in  the 

Gospel,  so  far  as  it  depended  on  oral  tradition, 

expired  about  the  year  880,  and,  so  far  as  it 

depended  on  written  tradition,  would  expire  in  the 

year  3150.  The  new  investigations  of  the  value  of 

human  testimony  start  from  humbler,  but  surer, 
foundations. 
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guard against  the  damage  inevitably  associated  with  hasty 
packing.  The  cloth  is  of  a  particularly  attractive  shade  of 

blue  and  has  the  author's  name  stamped  in  gold  on  the  back. 
Each  volume  costs  3s.  6d.  net  (postage  3d.). 

1  CAN  SUCH  THINGS  BE  ?    A  volume  of  Stories 

by  Ambrose  Bierce 

S  *  Bierce  never  wastes  a  word,  never  coins  a  too  startling  phrase  ; 
he  secures  his  final  effect,  a  cold  thrill  of  fear,  by  a  simple,  yet 
subtle,  realism.    No  anthology  of  short  stories,  limited  to  a  score 
or  so,  would  be  complete  without  an  example  of  his  unique 

artistry.'    Morning  Post 
2  THE  BLACK  DOG.    A  volume  of  Stories 

by  A.  E.  Coppard 

5  *  Mr.  Coppard  is  a  born  story-teller.    The  book  is  filled  with 
a  variety  of  delightful  stuff :  no  one  who  is  interested  in  good 
writing  in  general,  and  good  short  stories  in  particular,  should 

miss  it.'  Spectator 

3.  THE  AUTOBIOGRAPHY  of  a  SUPER-TRAMP 
by  W.  H.  Davies.  With  a  preface  by  G.  Bernard  Shaw 

S  Printed  as  it  was  written,  it  is  worth  reading  for  its  literar7  style 
alone.  The  author  tells  us  with  inimitable  quiet  modesty  of  how 
he  begged  and  stole  his  way  across  America  and  through  England 
and  Wales  until  his  travelling  days  were  cut  short  by  losing  his 

right  foot  while  attempting  to  '  jump  '  a  train. 



4  BABBITT    A  Novel 
by  Sinclair  Lewis 

3  '  One  of  the  greatest  novels  I  have  read  for  a  long  time.' 
G.  Wells  '  Babbitt  is  a  triumph.'    Hugh  Walpole 

'  His  work  has  that  something  extra,  over  and  above,  which 
makes  the  work  of  art,  and  it  is  signed  in  every  line  with  the 

unique  personality  of  the  author.'    Rebecca  West 

THE  CRAFT  OF  FICTION 

by  Percy  Lubbock 

'  No  more  substantial  or  more  charming  volume  of  criticism 
has  been  pu Wished  in  our  time.'  Observer 

*  To  say  that  this  is  the  best  book  on  the  subject  is  probably  true  ; 
but  it  is  more  to  the  point  to  say  that  it  is  the  only  one.' 

Times  Literary  Supplement 

6  EARLHAM 

by  Percy  Lubbock 

9  *  The  book  seems  too  intimate  to  be  reviewed.    We  want  to  be 
allowed  to  read  it,  and  to  dream  over  it,  and  keep  silence  about 
it.    His  judgment  is  perfect,  his  humour  is  true  and  ready  ;  his 
touch  light  and  prim  ;  his  prose  is  exact  and  clean  and  full 

of  music'  Times 

7.  WIDE  SEAS  £ff  MANY  LANDS  A  Personal  Narrative 
by  Arthur  Mason. 
With  an  Introduction  by  maurice  baring 

9  *  This  is  an  extremely  entertaining,  and  at  the  same  time,  moving 
book.    We  are  in  the  presence  of  a  born  writer.    We  read  with 
the  same  mixture  of  amazement  and  delight  that  fills  us  through- 

out a  Conrad  novel.'    New  Statesman 

8.  SELECTED  PREJUDICES    A  book  of  Essays 
by  H.  L.  Mencken 

9  '  He  is  exactly  the  kind  of  man  we  are  needing,  an  iconoclast, 
a  scoffer  at  ideals,  a  critic  with  whips  and  scorpions  who  does 
not  hesitate  to  deal  with  literary,  social  and  political  humbugs 

in  the  one  slashing  fashion.'    English  Review 



9.  THE  MIND  IN  THE  MAKING    An  Essay 
by  James  Harvey  Robinson 

S  '  For  me,  I  think  James  Harvey  Robinson  is  going  to  be  almost 
as  important  as  was  Huxley  in  my  adolescence,  and  William 
James  in  later  years.  It  is  a  cardinal  book.  I  question  whether 
in  the  long  run  people  may  not  come  to  it,  as  making  a  new 

initiative  into  the  world's  thought  and  methods.'  From  the 
Introduction  by  h.  g.  wells 

10.  THE  WAY  OF  ALL  FLESH    A  Novel 

by  Samuel  Butler 

3  'It  drives  one  almost  to  despair  of  English  Literature  when  one 
seessoextraordinaryastudy  of  English  life  as  Butler's  posthumous 
Way  of  All  Flesh  making  so  little  impression.     Really,  the 

English.do  not  deserve  to  have  great  men.'  George  Bernard  Shazo 
11.  EREWHON    A  Satire 

by  Samuel  Butler 

3  '  To  lash  the  age,  to  ridicule  vain  pretension,  to  expose  hypo- 
crisy, to  deride  humbug  in  education,  politics  and  religion,  are 

tasks  beyond  most  men's  powers ;  but  occasionally,  very 
occasionally,  a  bit  of  genuine  satire  secures  for  itself  more  than  a 
passing  nod  of  recognition.  Erewhon  is  such  a  satire.  .  .  .  The 

best  of  its  kind  since  Gulliver's  Travels?  Augustine  Birrell 
12.  EREWHON  REVISITED    A  Satire 

by  Samuel  Butler 

3  '  He  waged  a  sleepless  war  with  the  mental  torpor  of  the  pros- 
perous, complacent  England  around  him ;  a  Swift  with  the 

soul  of  music  in  him,  and  completely  sane ;  a  liberator  of 
humanity  operating  with  the  wit  and  malice  and  coolness  of 

Mephistopheles.'    Manchester  Guardian 

13.  ADAM  AND  EVE  AND  PINCH  ME  Stories 
by  A.  E.  Coppard 

3  Mr.  Coppard 's  implicit  theme  is  the  closeness  of  the  spiritual 
world  to  the  material ;  the  strange,  communicative  sympathy 
which  strikes  through  two  temperaments  and  suddenly  makes 
them  one.  He  deals  with  those  sudden  impulses  under  which 
secrecy  is  broken  down  for  a  moment,  and  personality  revealed 

as  under  a  flash  of  spiritual  lightning. 



14.  DUBLINERS    A  volume  of  Stories 

by  James  Joyce 
3  A  collection  of  fifteen  short  stories  by  the  author  of  Ulysses. 

They  are  all  of  them  brave,  relentless,  and  sympathetic  pictures 
of  Dublin  life  ;  realistic,  perhaps,  but  not  crude  ;  analytical,  but 
not  repugnant.  No  modern  writer  has  greater  significance  than 
Mr.  Joyce,  whose  conception  and  practice  of  the  short  story  is 

certainly  unique  and  certainly  vital. 

15.  DOG  AND  DUCK 
by  Arthur  Machen 

5  '  As  a  literary  artist,  Mr.  Arthur  Machen  has  few  living  equals, and  that  is  very  far  indeed  from  being  his  only,  or  even  his 

greatest,  claim  on  the  suffrages  of  EngHsh  readers.'  Sunday Times 

16.  KAI  LUNG'S  GOLDEN  HOURS 
by  Ernest  Bramah 

3  '  It  is  worthy  of  its  forerunner.    There  is  the  same  plan,  exacti- 
tude, working-out  and  achievement ;  and  therefore  complete 

satisfaction  in  the  reading.'    From  the  Preface  by  hilaire  belloc 

17.  ANGELS  y  MINISTERS,  and  other  plays 
by  Laurence  Housman 

Imaginary  portraits  of  political  characters  done  in  dialogue — 
Queen  Victoria,  Disraeli,  Gladstone,  Parnell,  Joseph 

Chamberlain,  and  Woodrow  Wilson. 

5  *  It  is  all  so  good  that  one  is  tempted  to  congratulate  Mr. 
Housman  on  a  true  masterpiece.'  Times 

18.  THE  WALLET  OF  KAI  LUNG 

by  Ernest  Bramah 

5  '  Something  worth  doing  and  done.  ...    It  was  a  thing  in- 
tended, wrought  out,  completed  and  estabhshed.  Therefore 

it  was  destined  to  endure,  and,  what  is  more  important,  it  was 
a  success.'    Hilaire  Belloc 



19.  TWILIGHT  IN  ITALY 
by  D.  H.  Lawrence 

3  This  volume  of  travel  vignettes  in  North  Italy  was  first  published 
in  19 1 6.    Since  then  Mr.  Lawrence  has  increased  the  number 
of  his  admirers  year  by  year.    In  Twilight  in  Italy  they  will  find 
all  the  freshness  and  vigour  of  outlook  which  they  have  come  to 

expect  from  its  author. 

20.  THE  DREAM    A  Novel 

by  H.  G.  Wells 

3  *  It  is  the  richest,  most  generous  and  absorbing  thing  that  Mr. 
Wells  has  given  us  for  years  and  years.'    Daily  News 

'  I  find  this  book  as  close  to  being  magnificent  as  any  book  that 
I  have  ever  read.    It  is  full  of  inspiration  and  life  ' 

Daily  Graphic 

21.  ROMAN  PICTURES 

by  Percy  Lubbock 
3  Pictures  of  life  as  it  is  lived — or  has  been  or  might  be  lived — 

among  the  pilgrims  and  colonists  in  Rome  of  more  or  less 
English  speech. 

*A  book  of  whimsical  originality  and  exquisite  workmanship, 
and  worthy  of  one  of  the  best  prose  writers  of  our  time.' 

Sunday  Times 

22.  CLORINDA  WALKS  IN  HEAVEN 

by  A.  E.  Coppard 

3  '  Genius  is  a  hard-ridden  word,  and  has  been  put  by  critics  at 
many  puny  ditches,  but  Mr.  Coppard  sets  up  a  fence  worthy  of 
its  mettle.    He  shows  that  in  hands  like  his  the  English  language 
is  as  alive  as  ever,  and  that  there  are  still  infinite  possibilities  in 

the  short  story  '  Outlook 

23.  MARIUS  THE  EPICUREAN 
by  Walter  Pater 

3  Walter  Pater  was  at  the  same  time  a  scholar  of  wide  sympathies 
and  a  master  of  the  English  language.  In  this,  his  best  known 
work,  he  describes  with  rare  delicacy  of  feeling  and  insight  the 
religious  and  philosophic  tendencies  of  the  Roman  Empire  at 
the  time  of  Antoninus  Pius  as  they  affected  the  mind  and  hfe  of 

the  story's  hero. 



24  THE  WHITE  SHIP  Stories 
by  Aino  Kallas 

With  an  Introduction  by  john  Galsworthy 

3  *  The  writer  has  an  extraordinary  sense  of  atmosphere.' 
Times  Literary  Supplement 

*  Stories  told  convincingly  and  well,  with  a  keen  perceptive  for 
natural  beauty.'  Nation 

25.  MULTITUDE  AND  SOLITUDE    A  Novel 

by  John  Masefield 

5  '  As  well  conceived  and  done,  as  rich  in  observation  of  the 
world,  as  profound  where  it  needs  to  be  profound,  as  any  novel 

of  recent  writing.'  Outlook 
'  This  is  no  common  book.    It  is  a  book  which  not  m.erely 

touches  vital  things.    It  is  vital.'    Daily  News 

26.  SPRING  SOWING  Stories 

by  Liam  O'Flaherty 
9  'Nothing  seems  to  escape  Mr.  O'Flaherty's  eye;   his  brain 

turns  all  things  to  drama  ;  and  his  vocabulary  is  like  a  river  in 
spate.    Spring  Sowing  is  a  book  to  buy,  or  to  borrow,  or,  yes, 

to  steal.'  Bookman 

27.  WILLIAM    A  Novel 
by  E.  H.  Young 

3  '  An  extraordinary  good  book,  penetrating  and  beautiful.' Allan  Monkhouse 

*  All  its  characters  are  very  real  and  alive,  and  Wilham  himself 
is  a  masterpiece.'    Ma'^  Sinclair 

28.  THE  COUNTRY  OF  THE  POINTED  FIRS 

by  Sarah  Orne  Jewett 

3  '  The  young  student  of  American  Hterature  in  the  far  distant 
future  will  take  up  this  book  and  say  "  a  masterpiece  !  "  as 
proudly  as  if  he  had  made  it.    It  will  be  a  message  in  a  universal 

language — the  one  message  that  even  the  scythe  of  Time  spares.' 
From  the  Preface  by  willa  gather 



29.  GRECIAN  ITALY 
by  Henry  James  Forman 

S  *  It  has  been  said  that  if  you  were  shown  Taormina  in  a  vision 
you  would  not  beHeve  it.    If  the  reader  has  been  in  Grecian 
Italy  before  he  reads  this  book,  the  magic  of  its  pages  will  revive 

old  memories  and  induce  a  severe  attack  of  nostalgia.'  Ft'om 
the  Preface  by  h.  festing  jones 

30.  WUTHERING  HEIGHTS 

by  Emily  Bronte 

5  *  It  is  a  very  great  book.    You  may  read  this  grim  story  of  lost 
and  thwarted  human  creatures  on  a  moor  at  any  age  and  come 

under  its  sway.'    From  the  Introduction  by  rose  macaulay 

31.  ON  A  CHINESE  SCREEN 
by  W.  Somerset  Maugham 

5  A  collection  of  sketches  of  life  in  China.    Mr.  Somerset 
Maugham  writes  with  equal  certainty  and  vigour  whether  his 
characters  are  Chinese  or  European.    There  is  a  tenderness 
and  humour  about  the  whole  book  which  makes  the  reader  turn 

eagerly  to  the  next  page  for  more. 

32.  A  FARMER'S  LIFE 
by  George  Bourne 

5  The  life  story  of  a  tenant-farmer  of  fifty  years  ago  in  which  the 
author  of  The  Bettesworth  Book  and  The  Memoirs  of  a  Surrey 
Labourer  draws  on  his  memory  for  a  picture  of  the  every-day 
life  of  his  immediate  forebears,  the  Smiths,  farmers  and  handi- 

craft men,  who  lived  and  died  on  the  border  of  Surrey  and 
Hampshire. 

33.  TWO  PLAYS.  The  Cherry  Orchard  &  The  Sea  Gull 
by  Anton  TchekolF.  Translated  by  George 
Calderon 

3  TchekofF  had  that  fine  comedic  spirit  which  relishes  the  incon- 
gruity between  the  actual  disorder  of  the  world  with  the  under- 

lying order.    He  habitually  mingled  tragedy  (which  is  life  seen 
close  at  hand)  with  comedy  (which  is  hfe  seen  at  a  distance). 

His  plays  are  tragedies  with  the  texture  of  comedy. 



34.  THE  MONK  AND  THE  HANGMAN'S DAUGHTER 

by  Ambrose  Bierce 

5  '  They  are  stories  which  the  discerning  are  certain  to  welcome. 
They  are  evidence  of  very  unusual  powers,  and  when  once 
they  have  been  read  the  reader  will  feel  himself  impelled  to 

dig  out  more  from  the  same  pen.'    Westminster  Gazette 

35.  CAPTAIN  MARGARET    A  Novel 
by  John  Masefield 

3  *  His  style  is  crisp,  curt  and  vigorous.    He  has  the  Stevensonian 
sea-swagger,  the  Stevensonian  sense  of  beauty  and  poetic  spirit. 
Mr.  Masefield's  descriptions  ring  true  and  his  characters  carry 

conviction.'    The  Observer 

36.  BLUE  WATER 
by  Arthur  Sturges  Hildebrand 

3  This  book  gives  the  real  feeling  of  life  on  a  small  cruising  yacht ; 
the  nights  on  deck  with  the  sails  against  the  sky,  long  nghts  with 
head  winds  by  mountainous  coasts  to  safety  in  forlorn  little  island 

ports,  and  constant  adventure  free  from  care. 

Ready  Skortly. 

37.  STORIES  FROM  DE  MAUPASSANT 
Translated  by  Elizabeth  Martindale 

3  *  His  "  story  "  engrosses  the  non-critical,  it  holds  the  critical  too 
at  the  first  reading.  .  .  .  That  is  the  real  test  of  art,  and  it  is 
because  of  the  inobtrusiveness  of  this  workmanship,  that  for  once 
the  critic  and  the  reader  may  join  hands  without  awaiting  the 

verdict  of  posterity.'    From  the  Introduction  by  ford  madox FORD 

38.  WHILE  THE  BILLY  BOILS    First  Series 
by  Henry  Lawson 

3  These  stories  are  written  by  the  O.  Henry  of  Australia.  They 
tell  of  men  and  dogs,  of  cities  and  plains,  of  gullies  and  ridges, 
of  sorrow  and  happiness,  and  of  the  fundamental  goodness  that 

is  hidden  in  the  most  unpromising  of  human  soil. 



39.  WHILE  THE  BILLY  BOILS    Second  Series 

by  Henry  Lawson 
3  Mr.  Lawson  has  the  uncanny  knack  of  making  the  people  he 

writes  about  almost  violently  alive.  Whether  he  tells  of  jackeroos, 

bush  children  or  drovers'  wives,  each  one  lingers  in  the  memory 
long  after  we  have  closed  the  book. 

41.  IN  MOROCCO 
by  Edith  Wharton 

5  Morocco  is  a  land  of  mists  and  mysteries,  of  trailing  silver  veils 
through  which  minarets,  mighty  towers,  hot  palm  groves  and 
Atlas  snows  peer  and  disappear  at  the  will  of  the  Atlantic  cloud- 

drifts. 

42.  GLEANINGS  IN  BUDDHA-FIELDS 
by  Lafcadio  Hearn 

9  A  book  which  is  readable  from  first  page  to  last,  and  is  full  of 
suggestive  thought,  the  essays  on  Japanese  religious  belief  calling 
for  special  praise  for  the  earnest  spirit  in  which  the  subject  is 

approached. 

43.  OUT  OF  THE  EAST 
by  Lafcadio  Hearn 

J)  Mr.  Hearn  has  written  many  books  about  Japan  ;  he  is  saturated 
with  the  essence  of  its  beauty,  and  in  this  book  the  Hght  and 
colour  and  movement  of  that  land  drips  from  his  pen  in  every 

delicately  conceived  and  finely  written  sentence. 

44.  KWAIDAN 
by  Lafcadio  Hearn 

jl  The  marvellous  tales  which  Mr.  Hearn  has  told  in  this  volume 
illustrate  the  wonder-living  tendency  of  the  Japanese.  The 
stories  are  of  gobHns,  fairies  and  sprites,  with  here  and  there  an 

adventure  into  the  field  of  unveiled  supernaturalism. 



45.  THE  CONQUERED 
by  Naomi  Mitchison 

A  story  of  the  Gauls  under  Caesar 

3  '  With  The  Conquered  Mrs.  Mitchison  establishes  herself  as  the 
best,  if  not  the  only,  English  historical  novelist  nov^  v^riting. 
It  seems  to  me  in  many  respects  the  most  attractive  and  poignant 

historical  novel  I  have  ever  read.'    New  Statesman 

46.  WHEN  THE  BOUGH  BREAKS 
by  Naomi  Mitchison 

Stories  of  the  time  when  Rome  was  crumbling  to  ruin 

3  '  Interesting,  delightful,  and  fresh  as  morning  dew.  The 
connossieur  in  short  stories  will  turn  to  some  pages  in  this 

volume  again  and  again  with  renewed  relish.'    Times  Literary 
Supplement 

47.  THE  FLYING  BO'SUN 
by  Arthur  Mason 

3  '  What  makes  the  book  remarkable  is  the  imaginative  power 
which  has  recreated  these  events  so  vividly  that  even  the 
supernatural  ones  come  with  the  shock  and  the  conviction 

with  which  actual  supernatural  events  might  come.'    From  the 
Introduction  by  edwin  muir 

48.  LATER  DAYS 
by  W.  H.  Davies 

A  pendant  to  The  Autohiography  of  a  Super-Tramp 

3  '  The  self-portrait  is  given  with  disarming,  mysterious,  and 
baffling  directness,  and  the  writing  has  the  same  disarmingness 

and  simpleness.'  Observer 

49.  IN  THE  MIDST  OF  LIFE  Stories 
by  Ambrose  Bierce 

3  It  is  said  that  these  tales  were  originally  rejected  by  virtually 
every  publisher  in  the  country.  Bierce  was  a  strange  man  ; 
in  19 1 4  at  the  age  of  seventy-one  he  set  out  for  Mexico  and 
has  never  been  heard  of  since.  His  stories  are  as  strange  as 
his  life,  but  this  volume  shows  him  as  a  master  of  his  art. 



50.  IN  DEFENCE  OF  WOMEN 
by  H.  L.  Mencken 

3  '  All  I  design  by  the  book  is  to  set  down  in  more  or  less  plain 
form  certain  ideas  that  practically  every  civilized  man  and 
woman  holds  w  petto,  but  that  have  been  concealed  hitherto 
by  the  vast  mass  of  sentimentahties  swathing  the  whole  woman 

question.'    From  the  Author'' s  Introduction, 

51.  VIENNESE  MEDLEY    A  Novel 

by  Edith  O'Shaughnessy 
3  '  It  is  told  with  infinite  tenderness,  with  many  touches  of  grave 

or  poignant  humour,  in  a  very  beautiful  book,  which  no  lover 
of  fiction  should  allow  to  pass  unread.    A  book  which  sets  its 

WTiter  definitely  in  the  first  rank  of  living  English  novelists.' 
Sunday  Times 

52  PRECIOUS  BANE    A  Novel 

by  Mary  Webb 

9  '  She  has  a  style  of  exquisite  beauty  ;  which  yet  has  both  force 
and  restraint,  simplicity  and  subtlety ;  she  has  fancy  and  wit, 
delicious  humour  and  pathos.    She  sees  and  knows  men  aright 

as  no  other  novelist  does.    She  has,  in  short,  genius.'  Mr, Edwin  Pugh 

53.  THE  INFAMOUS  JOHN  FRIEND 
by  Mrs.  R.  S.  Garnett 

S  This  book,  though  in  form  an  historical  novel,  claims  to  rank 
as  a  psychological  study.  It  is  an  attempt  to  depict  a  character 
which,  though  destitute  of  the  common  virtues  of  every-day 
lifcy  is  gifted  with  qualities  that  compel  love  and  admiration. 
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Can  Such  Things  Be  ?    Ambrose  Bierce 
The  Black  Dog    A.  E.  Coppard 

The  Autobiography  of  a  Super-Tramp    W.  H.  Davies 
Babbitt    Sinclair  Lewis 

The  Craft  of  Fiction    Percy  Lubbock 
Earlham    Percy  Lubbock 

Wide  Seas  and  Many  Lands    Arthur  Mason 
Selected  Prejudices    H.  L.  Mencken 

The  Mind  in  the  Making    James  Harvey  Pvobinson 

The  Way  of  All  Flesh    Samuel  Butler 
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1 1 Erewhon    Samuel  Butler 
12 Erewhon  Revisited    Samuel  Butler 13 

Jdam  &  Eve  &  Pinch  Me    A.  E  Coppard 14 
Duhliners    James  Joyce 15 
Dog  and  Duck    Arthur  Machen 

16 
Kai  Lunges  Golden  Hours    Ernest  Bramah 17 
Angels  ̂   Ministers    Laurence  Housman 

18 The  Wallet  of  Kai  Lung    Ernest  Bramah 19 
Twilight  in  Italy    D.  H.  Lawrence 

20 The  Dream    H.  G.  Wells 

21 Roman  Pictures    Percy  Lubbock 
22 Clorinda  Walks  in  Heaven    A.  E.  Coppard 23 

Marius  the  Epicurean    Walter  Pater 24 
The  White  Shipj  and  other  stories    Aino  Kallas 25 
Mtdtitude  and  Solitude    John  Masefield 

X 26 
Spring  Sowing    Liam  O'Flaherty 
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27 
William  :  a  Novel    E.  H.  Young 

28 The  Country  of  the  Pointed  Firs    Sarah  Orne  Jewett 29 
Grecian  Italy    Henry  James  Forman 

30 
Wuthering  Heights    Emily  Bronte 

31 
On  a  Chinese  Screen    W.  Somerset  Maugham 

32 
A  Farmer  s  Life    George  Bourne 

1  33 The  Cherry  Orchard  £3'  The  Seagull    Anton  TchekofF 
34 Monk  and  the  Hangman^ s  Daughter    Ambrose  Bierce 
35 Captain  Margaret    John  Masefield 

36 
Blue  Water    Arthur  Sturges  Hildebrand 

37 Stories  from  de  Maupassant 

38 
While  the  Billy  Boils  (ist  Series}    Henry  Lawson 

39 55              (2nd  Series)  55 
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41 
In  Morocco    Edith  Wharton 

42 
Lrleamngs  in  Buddha- rields    JLarcadio  Hearn 

43 Out  of  the  East    Lafcadio  Hearn 
44 Kwazdan    Lafcadio  Hearn 

45 Ihe  Lo7iquered    Naomi  Mitchison 

46 
/Ti^^w       Bough  Breaks    Naomi  Mitchison 

47 i      r Lying  Bo  sun    Arthur  Mason 

48 
L^/^r  xJ^^x  ;  Recollections    W.  H.  Davies 

49 In  the  Midst  of  Life  :  Stories    Ambrose  Bierce 

50 
In  Defence  of  Women    H.  L.  Mencken 

51 
Viennese  Medley  :  A  Novel    Edith  O'Shaughnessy 

52 
Precious  Bane  :  A  Novel    Mary  Webb 

53 The  Infamous  John  Friend    Mrs.  R.  S.  Garnett 
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