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PrefacePreface

II T iso f tenstT iso f tenstatedthaatedthatthepurpotthepurposeofscienseofscience istomak ece istomak e

measurements,torecordobservations,andtofindcorre-measurements,torecordobservations,andtofindcorre-

lationsbetweenthesame.Thatsuchpursuitsbelonglationsbetweenthesame.Thatsuchpursuitsbelong

properlytotherealmofproperlytotherealmof sciencecannotbedisputed,butsciencecannotbedisputed,but

scienceisnotlimitedscienceisnotlimited topurelyempiricalorinductivetopurelyempiricalorinductive

methodsofinvestigation.Amethodsofinvestigation.A nyprocedurebywhichthefactsnyprocedurebywhichthefacts

ofnaturecanbeascertaineddeservestoofnaturecanbeascertaineddeservesto berecognizedasaberecognizedasa

trulyscientificpursuit.Modernphysicsistrulyscientificpursuit.Modernphysicsis devotedlargelytodevotedlargelyto

theuseofmathematicalsymbolsandetheuseofmathematicalsymbolsande uations,butthesuc-uations,butthesuc-

cessofthismethoddoescessofthismethoddoes notjustifyusinnotjustifyusin condemningtheusecondemningtheuse

ofmechanicalmodelsasunscientific.Mechanicalmodelsareofmechanicalmodelsasunscientific.Mechanicalmodelsare

basedprimarilyongeometry,andgeometryisabranchbasedprimarilyongeometry,andgeometryisabranch of of 

mathematics—afacttodmathematics—afacttod oftenignoredbyphysicists.Theseoftenignoredbyphysicists.These

considerationsareespeciallypertinentinthefieldconsiderationsareespeciallypertinentinthefield ofatomicofatomic

structurewheregeometricrelationshipsmustbepresumedstructurewheregeometricrelationshipsmustbepresumed

toplayanimportantrole,althoughhiddenfromtoplayanimportantrole,althoughhiddenfrom directview.directview.

PhysicistsmaybecorrectinPhysicistsmaybecorrectin theirgeneralpropositionthattheirgeneralpropositionthat

nothingistrulyscientificunlessnothingistrulyscientificunless itcanbeeitcanbee pressedmathe-pressedmathe-

matically,butitismatically,butitis thewriterthewriter scontentionthatnosystemof scontentionthatnosystemof 

atomicstructureistrulyscientificatomicstructureistrulyscientific unlessitcanbeunlessitcanbe ee pressedpressed

geomgeometricaetricallybypictl lybypicturesanuresanddiagraddiagrams—"ms—" strucstructure  ture  by itsby its

verydefinitionbeingsomethingwhichmusthavegeometricverydefinitionbeingsomethingwhichmusthavegeometric

form.form.

 Therehasbeenmuchphilosophicalargumentover Therehasbeenmuchphilosophicalargumentover

w hetw hethertheeherthee ternaternalphysiclphysica lw orldrea lw orldrea llyea llye ists, anists, andd

w hetw hethertheterhertheterm"m" physiphysica lrea lca lrea lity  ity  hasanymhasanymeanineaning. Ig. I fw efw e

adoptthadoptthe idea lie idea list icv iesticv iew ofBw ofB ishopB erk e leishopB erk e leyandIyandI mmanmmanuelue l

KK antthaantthatmatterdotmatterdoesnoteesnote isto f itsowisto f itsownaccordbunaccordbutisonlytisonly

acreationofthemind,acreationofthemind, thentheprimarypurposeoftheoreti-thentheprimarypurposeoftheoreti-

calphysicswouldnotbecalphysicswouldnotbe toascertainanyunknownfacts,buttoascertainanyunknownfacts,but

rathertofindtherathertofindthe clearestandmostsatisfactorysymbolicclearestandmostsatisfactorysymbolic

representationoftheknownfacts.Thisistherepresentationoftheknownfacts.Thisisthe attitudetakenattitudetaken

bymostoftheleadingbymostoftheleading physicistsoftoday,andnearlyallthephysicistsoftoday,andnearlyallthe

recentbooksonqrecentbooksonq uantummechanicsandatomicstructureareuantummechanicsandatomicstructureare
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couchedinsuchlanguagethatitcouchedinsuchlanguagethatit isimpossibletotellisimpossibletotell wherewhere

theworldofphysicalrealityendstheworldofphysicalrealityends andwheretheworldof andwheretheworldof 

mathmathematiematica lfanca lfancybegincybegins. Is. I fw eask anyefw eask anye poneponentof "nto f " thethe

newphysics whetnewphysics whethertheelectronsactuallytravelinhertheelectronsactuallytravelin orbitsorbits

abouttheatoms,wewillprobablygetaabouttheatoms,wewillprobablygeta lessoninJlessoninJ esuitismesuitism

forareplyforareply, butneve, butneveranydirecranydirectansw etansw erof "ro f " yes or"yes or" nono ..

OO ntheotherhandifntheotherhandif weadoptthematerialisticviewof weadoptthematerialisticviewof 

 Thales,Descartes,andahostofother Thales,Descartes,andahostofother ancientandmodernancientandmodern

w ritew ritersthatmarsthatmatterdoetterdoesese isto f itsowisto f itsownaccordnaccord, thenthe, thenthe

primarypurposeoftheoreticalphysicswouldbetoprimarypurposeoftheoreticalphysicswouldbeto ascertainascertain

thetruefactsofthetruefactsof nature,regardlessofwhetherornottheynature,regardlessofwhetherornotthey

willreadilylendthemselvestosymbolicrepresentationorwillreadilylendthemselvestosymbolicrepresentationor

mathmathematiematica ltreaca ltreatmenttment. F. F oreore ample intample inthecaseofathecaseofatomicomic

structstructurethevourethevorte  rte  atomwatomwithitscomithitscomple  ple  interinterna lcircna lcircu-u-

lationofethercurrentsislationofethercurrentsis moredifficulttodealwithsym-moredifficulttodealwithsym-

bolicallyinmathematicalebolicallyinmathematicale uationsthantheBuationsthantheB ohratomwithohratomwith

itsplanetaryelectronstravelinginaitsplanetaryelectronstravelingina groovedether.Thisgroovedether.This

drawdrawback tothevback tothevorte  orte  atomthatomtheoryw aeoryw asrecognsrecognizedbyA . AizedbyA . A ..

MichelsonwhenhewrotethatMichelsonwhenhewrotethat

 Themathematicsofthesubjectis Themathematicsofthesubjectis unfortunatelyverydifficult,unfortunatelyverydifficult,

andthisseemstobeandthisseemstobe oneoftheprincipalreasonsforoneoftheprincipalreasonsfor theslowprogresstheslowprogress

madeinthmadeinthetheoryetheory. (. ( LL ightWavesandthightWavesandthe irUsee irUsess , p. 162., p. 162.))

II fhow evfhow everw eare inquesto f thetruefaerw eare inquesto f thetruefactsofnatctso fnature , theure , thenn

wecannotbeconcernedoverwhetherorwecannotbeconcernedoverwhetheror notthefactswillnotthefactswill

betoourliking.betoourliking.

 Thepresentbooktakesthematerialisticviewpointfor Thepresentbooktakesthematerialisticviewpointfor

grantedandproceedswiththeassumptionthatthegrantedandproceedswiththeassumptionthatthe ee ternalternal

physiphysica lw orca lw orldrea llldrea llyeye ists: Thists: Thevorte  evorte  atomstatomstructurructureses

hereinpresentedpurporttobeathereinpresentedpurporttobeat leastapproleastappro imatelytrueimatelytrue

representationsofwhatactuallyerepresentationsofwhatactuallye istsinnature,andnotistsinnature,andnot

merelyconvenientmathematicalorgeometricfictions.Thismerelyconvenientmathematicalorgeometricfictions.This

ismorethancanismorethancan beconscientiouslyclaimedfortheRbeconscientiouslyclaimedfortheR uther-uther-

ford-Bohrford-Bohr atom.atom.

 Thelastchapterin Thelastchapterin whichmindandconsciousnessarewhichmindandconsciousnessare

discussedwillprobablynotmeetwiththediscussedwillprobablynotmeetwiththe approvaloftheapprovalofthe

religionistswhowouldprefertohaveeverythingofareligionistswhowouldprefertohaveeverythingofa

spiritualnatureremainshroudedinmysteryandenvelopedspiritualnatureremainshroudedinmysteryandenveloped

iv]iv]

   G   G
  e  e
  n  n
  e  e
  r  r  a  a
   t   t  e  e
   d   d
   f   f  o  o
  r  r
  e  e
   j   j   k   k
   6   6
  c  c
   (   (   U   U

  n  n
   i   i  v  v
  e  e
  r  r  s  s
   i   i   t   t
  y  y
  o  o
   f   f
   V   V
   i   i  r  r
  g  g
   i   i  n  n
   i   i  a  a
   )   )
  o  o
  n  n
   2   2
   0   0
   1   1
   4   4
 - -   0   0
   5   5
 - -   2   2
   3   3
   0   0
   6   6
  :  :   3   3
   1   1
   G   G
   M   M
   T   T
   /   /

   h   h
   t   t   t   t
  p  p
  :  :   /   /
   /   /   h   h
   d   d
   l   l . .
   h   h
  a  a
  n  n
   d   d
   l   l  e  e
 . .  n  n
  e  e
   t   t   /   /
   2   2
   0   0
   2   2
   7   7
   /   /  u  u
  c  c
   1   1
 . .   b   b
   4   4
   2   2
   5   5
   3   3
   1   1
   7   7
   7   7

   P   P
  u  u
   b   b
   l   l   i   i
  c  c
   D   D
  o  o
  m  m
  a  a
   i   i  n  n
 , ,
   G   G
  o  o
  o  o
  g  g   l   l  e  e

 - -   d   d
   i   i  g  g
   i   i   t   t
   i   i  z  z
  e  e
   d   d

   /   /
   h   h
   t   t   t   t
  p  p
  :  :   /   /
   /   /  w  w
  w  w
  w  w
 . .   h   h
  a  a
   t   t   h   h
   i   i   t   t
  r  r  u  u
  s  s
   t   t . .
  o  o
  r  r  g  g
   /   /  a  a
  c  c
  c  c
  e  e
  s  s
  s  s
__
  u  u
  s  s  e  e
   #   #
  p  p
   d   d
 - -  g  g
  o  o
  o  o
  g  g
   l   l  e  e



  

PrefacePreface

inanatmosphereofsupernaturalism.Thewriterisinanatmosphereofsupernaturalism.Thewriteris notat-notat-

temptingtodisputetheclaimsoftemptingtodisputetheclaimsof thereligioniststhatthethereligioniststhatthe

activitiesofmindandconsciousnessfallwithinactivitiesofmindandconsciousnessfallwithin therealmof therealmof 

religion,butinhisreligion,butinhis capacityasastudentofcapacityasastudentof sciencethewritersciencethewriter

doesmaintainthatmind,consciousness,andallrelatedsub-doesmaintainthatmind,consciousness,andallrelatedsub-

 jectssuchasmorals jectssuchasmorals andethicsalsofallproperlywithinandethicsalsofallproperlywithin thethe

realmofscience.Irealmofscience.I fscientistsshallnotfscientistsshallnot havetheprivilegeof havetheprivilegeof 

decidingwhatshallbeincludedwithindecidingwhatshallbeincludedwithin therealmofscience,therealmofscience,

thenwhyshouldreligionistshavetheprivilegeofthenwhyshouldreligionistshavetheprivilegeof decidingdeciding

whatshallbeincludedwithinthewhatshallbeincludedwithinthe realmofreligionrealmofreligion

WhetherWhether thehumanmindismerelythethehumanmindismerelythe subjectiveaspectof subjectiveaspectof 

thelivingorganismoristhelivingorganismoris aseparatesoul-likeentitywhichaseparatesoul-likeentitywhich

survivesafterdeath,andwhattherelationofsurvivesafterdeath,andwhattherelationof themindorthemindor

soulistosoulisto theall-pervadingether,areqtheall-pervadingether,areq uestionswhichnotuestionswhichnot

onlymaybe,butmustbeonlymaybe,butmustbe consideredinanythoroughgoingconsideredinanythoroughgoing

treatiseonetherandmatter.Thefacttreatiseonetherandmatter.Thefact thatthecomplethatthecomple

physico-chemicalprocesseswhichgiverisetomentalactivityphysico-chemicalprocesseswhichgiverisetomentalactivity

arenotyetasarenotyetas completelyunderstoodassomeofthesimplercompletelyunderstoodassomeofthesimpler

mechanicalprocessesisnoreasonforemechanicalprocessesisnoreasonfore cludingthesemorecludingthesemore

comple ancomple andlessunderstoodprocessesfromthedlessunderstoodprocessesfromthe fieldof fieldof 

science,becauseasHscience,becauseasH erbertDingletellsus,erbertDingletellsus,

II t isnotfa irto instisnotfa irto insistonaratiistonarationa leona le planaplanationofeationofeasy thingsy thingsandsand

fallbackonsupernaturalismforthedifficultfallbackonsupernaturalismforthedifficult ones.Iones.I fwebringinfwebringin

supernaturalagenciesatonepointwemayassupernaturalagenciesatonepointwemayas well'well' bringtheminatbringtheminat

allpoints,andsaveourselvesthetroubleallpoints,andsaveourselvesthetrouble ofconstructingatrivialofconstructingatrivial

man-man-maderamaderationationalorder. (lo rder. (NN AA TUR ETUR E , J, J une17, 1une17, 1 44, p. 73344, p. 733. ). )

AA lthoughtherelationofmindandlthoughtherelationofmindand consciousnesstotheconsciousnesstothe

etherhasbeendiscussedinetherhasbeendiscussedin thelastchapterofthisthelastchapterofthis book,book,

therehasnotbeenanythingsaidtherehasnotbeenanythingsaid abouttherelationofGodabouttherelationofGod

totheether.Thereasonfortotheether.Thereasonfor thisdiscriminationisthatwethisdiscriminationisthatwe

allunderstandwhatismeantbyallunderstandwhatismeantby mindandconsciousness,butmindandconsciousness,but

thereisnounanimityofthereisnounanimityof opinionastowhatisopinionastowhatis meantbymeantby

"" God God orhow thaorhow thattermshouttermshouldbedef inldbedef ined. Tosay thed. Tosay thatat

Godis"Godis" aspirituaspiritua lbe ing a lbe ing doesnodoesnotmeanmutmeanmuchunleschunlessw esw e

f irstacf irstaccuratecuratelydef inlydef ineboth"eboth" spiritspiritua l and"ua l and" be ingbeing . R. R e li-e li-

gionistshavegivenusdefinitionsofGodgionistshavegivenusdefinitionsofGod rangingallthewayrangingalltheway

fromtheultimategoalofhumanperfectioninfromtheultimategoalofhumanperfectionin thecaseofathecaseofa

[ [ v.v.
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PrefacePreface

personalGod,tomerelawofpersonalGod,tomerelawof natureinthecaseofnatureinthecaseof anon-anon-

personalGod.IpersonalGod.I ftheGodunderconsiderationisftheGodunderconsiderationis oftheofthe

personalvariety,thenthesubjecthasbeensufficientlydealtpersonalvariety,thenthesubjecthasbeensufficientlydealt

withinthelastwithinthelast chapterofthisbookbecauseeverythingthatchapterofthisbookbecauseeverythingthat

wassaidwithreferencetothewassaidwithreferencetothe humanmindwouldalsobehumanmindwouldalsobe

applicabletoapersonalGod.OapplicabletoapersonalGod.O ntheotherhandntheotherhand iftheGodiftheGod

underconsiderationisnon-personalsoastounderconsiderationisnon-personalsoasto beebee uivalenttouivalentto

merelawofnature,thenthemerelawofnature,thenthe subjecthasalsobeensufficientlysubjecthasalsobeensufficiently

dealtwiththroughoutthevariouschaptersofthisdealtwiththroughoutthevariouschaptersofthis book.book.

 Therearealsosomewhohaveattemptedto Therearealsosomewhohaveattemptedto defineGodasdefineGodas

the"the" FF irstC auseirstC ause , butthatisjus, butthatisjustanothtanotherw ayofsaerw ayofsay ingthay ingthatt

theetherisGod,thetheetherisGod,the etherhavingbeenformulatedinsuchaetherhavingbeenformulatedinsucha

mannmannerastomakerastomakeitthef irstcae itthef irstcauseofeveuseofevery thry thing. Iing. I f itbef itbe

arguedthattheetheritselfarguedthattheetheritself musthavebeencreatedoriginal-musthavebeencreatedoriginal-

lybysomeGod,thentolybysomeGod,thento beconsistentitwouldalsobeconsistentitwouldalso havetohaveto

bearguedthatthisfirst-mentionedGodmusthimselfbearguedthatthisfirst-mentionedGodmusthimself havehave

beenproducedbysomeolderGod,andbeenproducedbysomeolderGod,and soonadinfinitum.soonadinfinitum.

OO ntheothentheotherhandif itbeargrhandif itbearguedthauedthataGodmaybeetetaGodmaybeeterna l,rna l,

thenitcouthenitcoulda lsobearlda lsobearguedw iguedw ithethe ua lpropua lpropriety thriety thattheatthe

etheritetheritse lfmase lfmaybeeternybeeterna l. Ia l. I t is, infact, tt is, infact, thew ritehew riterr sopiniosopinionn

thattheetherhasactuallythattheetherhasactually ee istedfrometernityandneveristedfrometernityandnever

w a s " c r e aw a s " c r e at e dt e d ..

 Thereishoweveroneseriousobjectionto Thereishoweveroneseriousobjectionto anyinterpre-anyinterpre-

tationoftheetherastationoftheetheras God,andthatisthatGod,andthatisthat thehistoricalthehistorical

meanmeaningof thew oingof thew ord"rd" God God shoulshouldnotbecomdnotbecompletepletelyly

ignored.TheGodofpasthistoryignored.TheGodofpasthistory (whoisstillbeingwor-(whoisstillbeingwor-

shipedinalltheshipedinallthe churchesoftoday)wasdefinitelyapersonalchurchesoftoday)wasdefinitelyapersonal

ifnotananthropomorphicGod.PeopledonotifnotananthropomorphicGod.Peopledonot sayprayerssayprayers

tothelawsoftothelawsof physicsorworshiptheprinciplesofphysicsorworshiptheprinciplesof chemistry.chemistry.

AA ny inteny interpretarpretationof theetionof theetherornatherornatura llatura llaw as"w as" GodGod

canthereforeonlyleadtoconfusion.canthereforeonlyleadtoconfusion.

C . F . K .C . F . K .

vi]vi]

   G   G
  e  e
  n  n
  e  e
  r  r  a  a
   t   t  e  e
   d   d
   f   f  o  o
  r  r
  e  e
   j   j   k   k
   6   6
  c  c
   (   (   U   U

  n  n
   i   i  v  v
  e  e
  r  r  s  s
   i   i   t   t
  y  y
  o  o
   f   f
   V   V
   i   i  r  r
  g  g
   i   i  n  n
   i   i  a  a
   )   )
  o  o
  n  n
   2   2
   0   0
   1   1
   4   4
 - -   0   0
   5   5
 - -   2   2
   3   3
   0   0
   6   6
  :  :   3   3
   1   1
   G   G
   M   M
   T   T
   /   /

   h   h
   t   t   t   t
  p  p
  :  :   /   /
   /   /   h   h
   d   d
   l   l . .
   h   h
  a  a
  n  n
   d   d
   l   l  e  e
 . .  n  n
  e  e
   t   t   /   /
   2   2
   0   0
   2   2
   7   7
   /   /  u  u
  c  c
   1   1
 . .   b   b
   4   4
   2   2
   5   5
   3   3
   1   1
   7   7
   7   7

   P   P
  u  u
   b   b
   l   l   i   i
  c  c
   D   D
  o  o
  m  m
  a  a
   i   i  n  n
 , ,
   G   G
  o  o
  o  o
  g  g   l   l  e  e

 - -   d   d
   i   i  g  g
   i   i   t   t
   i   i  z  z
  e  e
   d   d

   /   /
   h   h
   t   t   t   t
  p  p
  :  :   /   /
   /   /  w  w
  w  w
  w  w
 . .   h   h
  a  a
   t   t   h   h
   i   i   t   t
  r  r  u  u
  s  s
   t   t . .
  o  o
  r  r  g  g
   /   /  a  a
  c  c
  c  c
  e  e
  s  s
  s  s
__
  u  u
  s  s  e  e
   #   #
  p  p
   d   d
 - -  g  g
  o  o
  o  o
  g  g
   l   l  e  e



  

CC ontenontentsts

PagePage

 TheH TheH ypothesisofaH ypothesisofaH ydromechanicalEydromechanicalE ther...ither...i

CC lassilassica lversca lversusEusE insteinsteinianR elativ iinianR elativ ity7ty7

 TheR TheR edSedS hift.20hift.20

Grav iGrav itatiotation2n2 77

 TheC TheC onstitutionoftheSonstitutionoftheS unandSunandS tars34tars34

EE lectromagnetism3lectromagnetism3

 TheoriesofA TheoriesofA tomicStomicS tructure44tructure44

II ntrodntroductiouctiontotheV ortntotheV orte  Ae A tom4tom4

V orte  A tomSV orte  A tomS tructtructures67ures67

 TheH TheH eavierEeavierE lements8lements8 77

LL iv ingMiv ingMatter10atter10

   G   G
  e  e
  n  n
  e  e
  r  r  a  a
   t   t  e  e
   d   d
   f   f  o  o
  r  r
  e  e
   j   j   k   k
   6   6
  c  c
   (   (   U   U

  n  n
   i   i  v  v
  e  e
  r  r  s  s
   i   i   t   t
  y  y
  o  o
   f   f
   V   V
   i   i  r  r
  g  g
   i   i  n  n
   i   i  a  a
   )   )
  o  o
  n  n
   2   2
   0   0
   1   1
   4   4
 - -   0   0
   5   5
 - -   2   2
   3   3
   0   0
   6   6
  :  :   3   3
   1   1
   G   G
   M   M
   T   T
   /   /

   h   h
   t   t   t   t
  p  p
  :  :   /   /
   /   /   h   h
   d   d
   l   l . .
   h   h
  a  a
  n  n
   d   d
   l   l  e  e
 . .  n  n
  e  e
   t   t   /   /
   2   2
   0   0
   2   2
   7   7
   /   /  u  u
  c  c
   1   1
 . .   b   b
   4   4
   2   2
   5   5
   3   3
   1   1
   7   7
   7   7

   P   P
  u  u
   b   b
   l   l   i   i
  c  c
   D   D
  o  o
  m  m
  a  a
   i   i  n  n
 , ,
   G   G
  o  o
  o  o
  g  g   l   l  e  e

 - -   d   d
   i   i  g  g
   i   i   t   t
   i   i  z  z
  e  e
   d   d

   /   /
   h   h
   t   t   t   t
  p  p
  :  :   /   /
   /   /  w  w
  w  w
  w  w
 . .   h   h
  a  a
   t   t   h   h
   i   i   t   t
  r  r  u  u
  s  s
   t   t . .
  o  o
  r  r  g  g
   /   /  a  a
  c  c
  c  c
  e  e
  s  s
  s  s
__
  u  u
  s  s  e  e
   #   #
  p  p
   d   d
 - -  g  g
  o  o
  o  o
  g  g
   l   l  e  e



  

 Theuniverse,containingallthate Theuniverse,containingallthate ists,hasbeencreatedists,hasbeencreated

neithne itherbyaGodnorbyamaerbyaGodnorbyaman, buthasan, buthasalw aylw aysese istedanistedandd

willeverremainavivifyingfire,beingwilleverremainavivifyingfire,being kindledandekindledande tin-tin-

guishedaccordingtodefinitelaws.(Hguishedaccordingtodefinitelaws.(H eraclitusofEeraclitusofE phesus,phesus,

5 4 05 4 0— 4 7 5 B . C . )— 4 7 5 B . C . )

Matterisnot,astheMatterisnot,asthe countlessfollowersandadherentscountlessfollowersandadherents

ofthatideaassert,dead,unofthatideaassert,dead,un uickened,andlifeless,butonuickened,andlifeless,buton

thecontraryisfullthecontraryisfull ofstirringlife,andnotofstirringlife,andnot anatomofitanatomofit isis

withoutmotion,butinconstantuninterruptedmovementandwithoutmotion,butinconstantuninterruptedmovementand

activity.Nactivity.N orismatter,assoorismatter,asso manyassert,amorphous,butmanyassert,amorphous,but

onthecontrary,form,nolessonthecontrary,form,noless thanmotion,isitseternal,thanmotion,isitseternal,

inalienableattribute.Ninalienableattribute.N orismattergross,asorismattergross,as simplephiloso-simplephiloso-

phersoftencallit,butphersoftencallit,but onthecontrary,soindefinitelyfineonthecontrary,soindefinitelyfine

andcomplicatedinitscompositionasandcomplicatedinitscompositionas tosurpassallourtosurpassallour

conceptions....Iconceptions....I tisnottisnot withoutfeeling,butisfullofwithoutfeeling,butisfullof thethe

mostacutesensibilityinthemostacutesensibilityinthe creaturesitbringsforth creaturesitbringsforth nor,nor,

lastly,isitdevoidoflastly,isitdevoidof spiritorthought,butonspiritorthought,buton thecontrary,thecontrary,

developesintheorgansdestinedtheretobythedevelopesintheorgansdestinedtheretobythe peculiarkindpeculiarkind

ofdelicacyoftheircomposition,thehighestofdelicacyoftheircomposition,thehighest mentalpotenciesmentalpotencies

knowntous.Wknowntous.W hatwecalllife,sensibility,organization,andhatwecalllife,sensibility,organization,and

thoughtareonlythepeculiarandthoughtareonlythepeculiarand highertendenciesandhighertendenciesand

activitiesofmatter,acactivitiesofmatter,ac uiredinthecourseuiredinthecourse ofmanymillionsofmanymillions

ofyearsbywell-knownnaturalprocesses,andwhichinofyearsbywell-knownnaturalprocesses,andwhichin

certainorganismsorcombinationsresultinthecertainorganismsorcombinationsresultinthe self-consci-self-consci-

ousnessofmatter.Wousnessofmatter.W hereforealsomatterisnotunconscious,hereforealsomatterisnotunconscious,

asisoftenproclaimedwithfalseasisoftenproclaimedwithfalse pathos,butinitsgradualpathos,butinitsgradual

earthlyandorganicprocessofdevelopmentiteearthlyandorganicprocessofdevelopmentite hibitsallhibitsall

thecogitabledegreesofconsciousnessfromthelowesttothecogitabledegreesofconsciousnessfromthelowestto thethe

highehighest st (( udw igB uechneudw igB uechner, Fr, F orceandMorceandMatteratter, 1, 1 88 4. )4. )
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 TheH TheH ypothesisypothesis

o faHofaH ydromydromechanechanica lEtherica lEther

II TisgenerallyassertedthatscienceTisgenerallyassertedthatscience canrevealtouscanrevealtous onlyonly

groupstructure,butcangiveusgroupstructure,butcangiveus noinformationastonoinformationasto

anyultimaterealitybehindsuchgroupstructure.Ianyultimaterealitybehindsuchgroupstructure.I tistis

notapparent,however,howtherecouldevenbeanygroupnotapparent,however,howtherecouldevenbeanygroup

structureunlessthereissomethingthatstructureunlessthereissomethingthat isbeinggrouped—isbeinggrouped—

somesubstratewhichisitselfdevoidofsomesubstratewhichisitselfdevoidof structure,butwhichstructure,butwhich

neverthelesshasrealeneverthelesshasreale istence.Thisultimatesubstratewasistence.Thisultimatesubstratewas

themateriaprimaofthescholastics,andthemateriaprimaofthescholastics,and istodayknownasistodayknownas

the"the" etherether , itsvario, itsvariousformusformsofmotiosofmotionbeingthnbeingthemoderemodernn

interinterpretapretationofschtionofscho lasto lastic"ic" formform ..

 Therehasbeenmuchargumentasto Therehasbeenmuchargumentasto whethertheetherwhethertheether

reallyereallye ists,butthedefinitenessoftheists,butthedefinitenessofthe velocityoflightandvelocityoflightand

theabilityoflighttheabilityoflight totravelatalltotravelatall arestrongargumentsif arestrongargumentsif 

notconclusiveprooffortheenotconclusiveproofforthee istenceofanether.Theistenceofanether.The realreal

disagreementisprobablynotsomuchondisagreementisprobablynotsomuchon theethee istenceofanistenceofan

ether,asonitsether,asonits constitutionandproperties.Doestheetherconstitutionandproperties.Doestheether

havemass,inertia,viscosity,compressibility,oranyofthehavemass,inertia,viscosity,compressibility,oranyofthe

otherpropertiesthatarefoundinotherpropertiesthatarefoundin ordinarymatter,orisitordinarymatter,orisit

somethingmoreabstract—somethinginthesomethingmoreabstract—somethinginthe natureofmindnatureofmind

orconscorconsciousniousness ess TheeThee istenistenceofsomesoceofsomesorto fanetherto fanetherisris

alogicalnecessity,butwhetheritalogicalnecessity,butwhetherit isasubstanceorisasubstanceor somethingsomething

tooabstractforustotooabstractforusto visualizewillhavetobevisualizewillhavetobe leftforleftfor

furtherconsideration.furtherconsideration.

II ftherewerenoetherftherewerenoether ofanysort,magnetsandelectricofanysort,magnetsandelectric

chargchargescouldnoescouldnotete ertanymaertanymagnetigneticore lectrcore lectricforceicforcesatasata

distance,norcouldcelestialbodiesactdistance,norcouldcelestialbodiesact gravitationallyupongravitationallyupon

oneanother.Toattributegravitationtoaconeanother.Toattributegravitationtoac urvatureof urvatureof 

space isanespace isanevasiovasionrathenratherthananerthanane planaplanation. C urvedspation. C urvedspacece

hasnomorhasnomoreeee planaplanatoryvatoryvaluethantwluethantwistedtiistedtime. Ime. I t isonlytisonly

onthebasisofonthebasisof ahydromechanicaletherandEahydromechanicaletherandE uclideanuclidean

geometrythatwecanhopetoegeometrythatwecanhopetoe plainthefundamentalplainthefundamental

forceforcesofnatursofnature . Undee. UnderErE insteinsteinianreinianrelativla tivitynosucheitynosuche --

[ [ ii
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planationwilleverbepossiblebecauseasplanationwilleverbepossiblebecauseas EE insteinhimself insteinhimself 

admits,themodernrelativitytheorydoesnotpermittheadmits,themodernrelativitytheorydoesnotpermitthe

ethertobevisualizedasethertobevisualizedas asystemeasysteme istinginspaceandistinginspaceand time:time:

DerADerA therdarfnichtausdurchtherdarfnichtausdurch dieZdieZ eitverfolgbarenTeileneitverfolgbarenTeilen

bestebestehen hen derB ew egungderB ew egungsbegsbegrif fdarrif fdarfauf ifauf i hnnichtanhnnichtangew egew endetndet

w erdw erden. (A therundRen. (A therundR elatie la tiv itav itats-Thts-Theorieeorie, p. 15, 1, p. 15, 1 20. )20. )

 ThisassertionofE ThisassertionofE insteinissopreposterousthatitinsteinissopreposterousthatit shouldshould

notbeaccenotbeacceptedunlptedunlesstheeessthee perimperimenta lprenta lproofo f it issooofo f it isso

conclusiveastoleavenoalternative.Theeconclusiveastoleavenoalternative.Thee perimentalperimental

facts,however,donotjustifysuchafacts,however,donotjustifysucha conclusion.TheEconclusion.TheE in-in-

steinianrelativitytheorywasbasedprimarilyonthenegativesteinianrelativitytheorywasbasedprimarilyonthenegative

resulresulto f theMichto f theMiche lsone lson-Morl-Morleyeeye perimperiment, buent, butthisetthise peri-peri-

mentcouldnothavebeenementcouldnothavebeene pectedtogiveanythingbutpectedtogiveanythingbut

negativeresults.Inegativeresults.I twasperformedwithaninterferometertwasperformedwithaninterferometer

inahorzontalplane,andallinahorzontalplane,andall horizontaldirectionsarephysi-horizontaldirectionsarephysi-

ca llyeca llye uivauivalent. Ilent. I tshouldhatshouldhavebeenpevebeenperformrformedw ithanedw ithan

interferometerinaverticalplane(rotatingoninterferometerinaverticalplane(rotatingon ahorizontalahorizontal

aa is)soasis)soas tocomparethevelocityoflighttocomparethevelocityoflight perpendiculartoperpendicularto

thegravitationalforcewiththevelocityinthegravitationalforcewiththevelocityin thedirectionof thedirectionof 

suchforce.Isuchforce.I tisonlyintisonlyin thedirectionofthegravitationalthedirectionofthegravitational

l inesof folinesof forcethatwrcethatwecaneecane pectto f inpectto f indanydrifdanydrifto f theto f the

etherrelativetotheearth.etherrelativetotheearth.

AA nothenotherere perimperimentthatshentthatshouldbetrouldbetriedistoarraiedistoarrangeanngean

interinterferomferometerofapetero fappropro imateimately sly s uarefouareformononeof thrmononeof thee

endfacesofaendfacesofa largeelectromagnetasshowninFlargeelectromagnetasshowninF ig.12soasig.12soas

tocomparethevelocityoflighttocomparethevelocityoflight inthedirectionofinthedirectionof thethe

solenoidalelectriccurrentwithitssolenoidalelectriccurrentwithits velocityintheoppositevelocityintheopposite

direction.direction.

SS til lanotil lanotherethere perimperimentthatshentthatshouldbetriouldbetriedistosetupedistosetup

aninteraninterferomferometerofapetero fappropro imatimate ly se ly s uarefouareformandsuprmandsuper-er-

imposeastrongelectrostaticpotentialgradientalongoneof imposeastrongelectrostaticpotentialgradientalongoneof 

thebifuthebifurcatercatedbeamdbeamsasshow ninF ig. 17soas, totestfosasshow ninF ig. 17soas, totestforara

flowofetheralongelectrostaticlinesofflowofetheralongelectrostaticlinesof force.force.

AA ndstil lanndstil lanothereothere perimperimentthaentthatshouldbetrtshouldbetriedisshoiedisshow nw n

inFinF ig. 1 ig. 1 w herw here inabeamofpe inabeamofplanepolanepolarizelarizedlightispasdlightispassedsed

transverselyandslightlytoonesideoftransverselyandslightlytoonesideof anelongatedelectro-anelongatedelectro-

staticfield.Theadvantageofthislaststaticfield.Theadvantageofthislast ee perimentisthatperimentisthat
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 TheH TheH ypothesisofaHypothesisofaH ydromechanicalEydromechanicalE therther

thereisalmostnolimitthereisalmostnolimit tothepossiblelengthoftothepossiblelengthof theelectri-theelectri-

fiedwireswhichcanbefiedwireswhichcanbe used,sothatthesensitivenessoftheused,sothatthesensitivenessofthe

ee perimentcanbeincreasedalmostwithoutlimit.perimentcanbeincreasedalmostwithoutlimit.

AA ndinadditndinadditiontotheabiontotheaboveeovee perimperiments, tents, themagnhemagneto-eto -

opticaleopticale perimentwithabeamofplanepolarizedlightperimentwithabeamofplanepolarizedlight

shouldberepeated,butwithmagnetsmuchlongerthanshouldberepeated,butwithmagnetsmuchlongerthan thosethose

heretoforeused.Withheretoforeused.With amagneticfieldsufficientlylong,aamagneticfieldsufficientlylong,a

measurablerotationoftheplaneofpolarizationmaybemeasurablerotationoftheplaneofpolarizationmaybe

obtained,evenwithoutthepresenceofanymaterialsub-obtained,evenwithoutthepresenceofanymaterialsub-

stanceinthemagneticfield.stanceinthemagneticfield.

II f anyoneof thfanyoneof theaboveeeabovee perimperimentsshoentsshouldbefouuldbefoundtondto

givepositiveresults,itwouldbegivepositiveresults,itwouldbe almostconclusiveproofof almostconclusiveproofof 

theethee istenistenceofanetheceofanether, becaur, becausetheabosetheaboveevee perimperimentsdoentsdo

notdependonthepresenceofnotdependonthepresenceof matterinthepathofmatterinthepathof thelightthelight

ray.Wray.W heneverlighttraversesamovingmaterialmedium,heneverlighttraversesamovingmaterialmedium,

thelatterimpartsafractionthelatterimpartsafraction (i-i//(i-i// 2)ofits2)ofits velocitytothevelocitytothe

lightwherenislightwherenis theinde theinde ofrefractionofthemedium,thisofrefractionofthemedium,this

f ractf ractionbeinionbeingk nowgk nownas"nas" FF resneresnell sconvesconvectioncoctioncoef f ice f f icientient ..

SS ucheuche perimperimentsw eentsw ereperforeperformedbyF izeauusingarmedbyF izeauusinganinter-ninter-

ferometerwithcirculatingwaterandbySferometerwithcirculatingwaterandbyS agnacusingaagnacusinga

rotatingglassdisk.Arotatingglassdisk.A lthoughpositiveresultswereobtainedlthoughpositiveresultswereobtained

intheseeinthesee perimperiments, tents, theydonotprheydonotprovetheeovethee istenistenceofaceofa

hydromechanicalether.hydromechanicalether.

II twouldnotbeconsistenttwouldnotbeconsistent withscientificcautiontopredictwithscientificcautiontopredict

positiveresultsforepositiveresultsfore perimentswhichhaveneverbeentried,perimentswhichhaveneverbeentried,

butregardlessofwhattheresultsbutregardlessofwhattheresults oftheabovesuggestedoftheabovesuggested

ee perimentsmaybe,itisnoneperimentsmaybe,itisnone thelessunscientifictoassertthelessunscientifictoassert

dogmaticallythattheconceptofmotionisdogmaticallythattheconceptofmotionis notapplicabletonotapplicableto

theetherwhenthemostobviousetheetherwhenthemostobviouse perimentsfortestingperimentsfortesting

suchadoctrinehavenotsuchadoctrinehavenot yetbeenperformed.yetbeenperformed.

 Theethermustbea Theethermustbea fluidratherthanafluidratherthana solidbecauseifitsolidbecauseifit

wereasolidtheentirewereasolidtheentire worldwouldbefrozen.Iworldwouldbefrozen.I tcannottcannot

havecompressionalelasticitybecauseitwouldthenhavetohavecompressionalelasticitybecauseitwouldthenhaveto

becapableoftransmittingwavesoflongitudinaldisplace-becapableoftransmittingwavesoflongitudinaldisplace-

mentwhichhaveneverbeenfoundtooccurmentwhichhaveneverbeenfoundtooccur therein.Itherein.I tistis

eithernotcompressibleatall,oreithernotcompressibleatall,or itisinfinitelycompressible.itisinfinitelycompressible.

BB y"y " inf ininf inite lycoite lycompresmpressible  sible  ismeanismeantitsabil it itsabil ity to f lowty to f low

continuallyintosinksoroutcontinuallyintosinksorout ofsources.Iofsources.I tmustalsocom-tmustalsocom-
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pletelyfillallspace,becauseanypletelyfillallspace,becauseany voidsorvacantspacesvoidsorvacantspaces

wouldgiveitatleastwouldgiveitatleast alimitedcompressionalelasticity.Ialimitedcompressionalelasticity.I tt

musthaveinertia,becausewithoutinertiaanyportionofmusthaveinertia,becausewithoutinertiaanyportionof itit

whichwouldhappentobeinwhichwouldhappentobein motionatanyinstantwouldmotionatanyinstantwould

immediatelycometoastandstill,whileattheimmediatelycometoastandstill,whileatthe sametimeanysametimeany

stationaryportionofitcouldstartstationaryportionofitcouldstart movingatrandom.With-movingatrandom.With-

outinertiaitwouldbeoutinertiaitwouldbe difficulttoaccountforradiantenergydifficulttoaccountforradiantenergy

andradiantpressure,orfortheandradiantpressure,orforthe finitevelocityandrectilinearfinitevelocityandrectilinear

traveloflight.Ftraveloflight.F urthermoreiftheetherwouldnothaveurthermoreiftheetherwouldnothave

inertia,itwouldbedifficultinertia,itwouldbedifficult toaccountfortheinertiatoaccountfortheinertia of of 

matteriftheelementaryparticlesofmatterconsistmatteriftheelementaryparticlesofmatterconsist ofetherofether

inmotion.inmotion.

AA notherinterestingqnotherinterestingq uestioniswhetherthelawsofther-uestioniswhetherthelawsofther-

modynamicsandtheprincipleofconservationofeneryandmodynamicsandtheprincipleofconservationofeneryand

momentumareapplicabletotheether.Wmomentumareapplicabletotheether.W iththeirusualiththeirusual

restrictedmeaningsthesefundamentallawsandprinciplesrestrictedmeaningsthesefundamentallawsandprinciples

areapplicableonlytoisolatedmaterialsystems,buttheareapplicableonlytoisolatedmaterialsystems,butthe

etherisnotanetherisnotan isolatedsystemnorisitisolatedsystemnorisit composedofmatter.composedofmatter.

OO ntheotherhandwithntheotherhandwith anetherwhichisanetherwhichis randomorfortuit-randomorfortuit-

ousinitsousinits behavioritwouldbedifficulttobehavioritwouldbedifficultto accountfortheaccountforthe

orderlybehaviorofmatterunlesswerepudiatethedoctrineorderlybehaviorofmatterunlesswerepudiatethedoctrine

thatmatterconsistsofetherinthatmatterconsistsofetherin motion,andnoothersatis-motion,andnoothersatis-

factofactoryerye planaplanationforthtionfortheeee istenistenceofmattceofmatterhaseveerhaseverr

beensuggested.beensuggested.

 Theterms" Theterms" random random and"and" fortuitous fortuitous arereallymis-arereallymis-

nomerswhenusedinthedescriptionofnomerswhenusedinthedescriptionof physicalsystems.physicalsystems.

 Theyarenotdescriptiveofthe Theyarenotdescriptiveofthe systemsthemselves,butonlysystemsthemselves,butonly

oftherelationofsuchoftherelationofsuch systemstotheobserver.Thuswhensystemstotheobserver.Thuswhen

wesaythatthemoleculesofwesaythatthemoleculesof agashavearandombehavioragashavearandombehavior

orthattheiractionsorthattheiractions areindeterminatewedonotmeanthatareindeterminatewedonotmeanthat

theyarenotgovernedbydefinitephysicallaws,buttheyarenotgovernedbydefinitephysicallaws,but ratherrather

thatwearenotablethatwearenotable toobservetheindividualmoleculestoobservetheindividualmolecules

andmakemeasurementsthereon.Sandmakemeasurementsthereon.S imilarlyourinabilitytoimilarlyourinabilityto

measureaccuratelyboththevelocityandpositionofanmeasureaccuratelyboththevelocityandpositionofan elec-elec-

trondoesnotnecessarilymeanthatthetrondoesnotnecessarilymeanthatthe electrondoesnotelectrondoesnot

havedefinitevelocityandposition.Whavedefinitevelocityandposition.W ecanconceiveofaecanconceiveofa

pointchargeofelectricitypassingapointchargeofelectricitypassinga certainpositionwithacertainpositionwitha

definitevelocityataparticularinstant,evendefinitevelocityataparticularinstant,even thoughwethoughwe
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 TheH TheH ypothesisofaHypothesisofaH ydromechanicalEydromechanicalE therther

cannotobtainsuchinformationecannotobtainsuchinformatione perimentally.Onperimentally.On theothertheother

handif theehandif theelectrolectronbeassumnbeassumedtoconsedtoconsisto favortisto favorte  e  inin

theetherandasnottheetherandasnot havinganydefiniteboundaries,thenwehavinganydefiniteboundaries,thenwe

cannoteveninourimaginationconceiveofitcannoteveninourimaginationconceiveofit ashavingdefi-ashavingdefi-

nitevelocityandposition.Nnitevelocityandposition.N everthelessitmustbeassumedeverthelessitmustbeassumed

thatscientificlawsandprinciplesgoverneverythinginthatscientificlawsandprinciplesgoverneverythingin

nature,includingtheether,andtherearenature,includingtheether,andthereare othermethodsof othermethodsof 

ascertainingsuchlawsandprinciplesthanhand-to-mouthascertainingsuchlawsandprinciplesthanhand-to-mouth

empiricism.Oempiricism.O urrealizationthatthebehaviorofurrealizationthatthebehaviorof theethertheether

isinsomerespectsisinsomerespects indeterminateshouldthereforenotdis-indeterminateshouldthereforenotdis-

courageusfromfurtherstudyofcourageusfromfurtherstudyof thesame.thesame.

SS incetheetherdoestransmitlightincetheetherdoestransmitlight andelectricwavesof andelectricwavesof 

transversedisplacementitmusthaveshearelasticity,not-transversedisplacementitmusthaveshearelasticity,not-

withstandingitsabilitytoflow.Thesetwopropertiesarewithstandingitsabilitytoflow.Thesetwopropertiesare notnot

mutuallyemutuallye clusive.Theshearelasticityoftheclusive.Theshearelasticityofthe etherhasetherhas

beendebeendesignasignatedas"tedas" qq uasifuasifrict iorict ion n or"or" idea lidea lizedv isizedv iscositcosityy

byHbyH ermannFermannF rickeinGermanywhohasbeentherickeinGermanywhohasbeenthe leadingleading

ee ponentofthehydromechanicalethertheoryduringtheponentofthehydromechanicalethertheoryduringthe

manyyearswhiletheoreticalphysicsremainedsubservientmanyyearswhiletheoreticalphysicsremainedsubservient

toEtoE insteinianrelativity.Iinsteinianrelativity.I nhisastrophysicaltheorycorrelat-nhisastrophysicaltheorycorrelat-

ingtemperaturewithgravitationalforce,Fingtemperaturewithgravitationalforce,F rickeassumedrickeassumed

thattheetherpossessesapropertyanalogoustothattheetherpossessesapropertyanalogousto frictionbyfrictionby

virtueofwhichnotitsvirtueofwhichnotits energybutitdirectionofenergybutitdirectionof flowisflowis

affected—aconceptwhichaffected—aconceptwhich waslateradoptedbythewriterwaslateradoptedbythewriter

asthebasisforasthebasisfor thenewvorte thenewvorte theoryoftheatom.Thistheoryoftheatom.This

qq uasifuasifrict iorict iona lprinna lprinciplew aciplew asa lsousedbsa lsousedbySyS irGeorgirGeorgeSeS tok estok es

inhiseinhise planaplanationof thtionof theMiche leMiche lson-son-MorleMorleyeye perimperiment, a l-ent, a l-

thoughhelaterreluctantlyandperhapserroneouslyaban-thoughhelaterreluctantlyandperhapserroneouslyaban-

donedhdonedhiseise planaplanation.t ion.

EE versincethetimeofversincethetimeof SS tokes,theoreticalphysicshasbeentokes,theoreticalphysicshasbeen

socompletelydominatedbyEsocompletelydominatedbyE insteinianrelativitythatthereinsteinianrelativitythatthere

havebeenonlyafewisolatedphysicistswhohavebeenonlyafewisolatedphysicistswho havedaredtohavedaredto

appearopenlyinfavoroftheappearopenlyinfavorofthe hydromechanicalethertheory.hydromechanicalethertheory.

FF oremoremostamoostamongthemhangthemhavebeenA . AvebeenA . A . Miche. Michelson(lson( ightight

W a v e s aW a v e s an d t hn d t he i r Ue i r Us e ss e s) , O . W i e n e r () , O . W i e n e r (P H YP H Y S . ZS . Z EE II T . 1T . 1 2 4 ,2 4 ,

pp. 552pp. 552-55-55 ), O.), O. CC . H. H ilgerfi lgerfberg(Ubberg(UberGrav ierGrav itatiotation, Tromn, Trom--

ben, unben, undWellen, 1dWellen, 1 31), L. Z31), L. Z ehndeehnder(r( ecturecturebeforebeforetheethe

SS cientcientif icMeeif icMeetingatStuttgartt ingatStuttgart, 1, 1 35), H. E35), H. E . I. I vesves
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EE therandMtherandMatteratter

(( C IC I E NE N C EC E , g i, g i, 2 3, 2 35 25 2, p p, p p. 7. 7 -- 4 , 1 4 0 ) ,4 , 1 4 0 ) ,a na nd H e r md H e r ma na nnn

FF rickewhohasalreadybeenmentioned.Thepresentsitu-rickewhohasalreadybeenmentioned.Thepresentsitu-

ationhasbeenterselysummarizedbyFationhasbeenterselysummarizedbyF rickeinanunpub-rickeinanunpub-

lishedmanuscriptinwhichhelishedmanuscriptinwhichhe stated:stated:

II nsteansteadof theethedof theetherw enow havrw enow haveformueformulasandelasande uatiouationsaccornsaccord-d-

towhichsomestarsaretowhichsomestarsare millionsoftimesmoredenseandothersmillionsoftimesmoredenseandothers

millionsoftimeslessdensethanmillionsoftimeslessdensethan thesun,althoughcomposedofthethesun,althoughcomposedofthe

samechemicalelements.Wesamechemicalelements.We arenowsupposedtobeablearenowsupposedtobeable toascertaintoascertain

(viamathematics)thediameteroftheentireworld,and(viamathematics)thediameteroftheentireworld,and alsothealsothe

numberofprotonsandelectronsinnumberofprotonsandelectronsin it.Ait.A ndfinallywearesupposedndfinallywearesupposed

to 'to ' beabletocabeabletocalculalculatetheetethee acttimewacttimewhenthew ohenthew orld(inclrld(includinguding

spaceanspaceandtimethedtimethemselvmselves)begaes)beganw iththeenw iththee plosiplosionofapo int onofapo int AA ss

toallthis,thetoallthis,the 20thcenturyphysicistmayharangueasmuchas20thcenturyphysicistmayharangueasmuchas hehe

pleaspleases. A llo f thisisacceptees. A llo f thisisacceptedasw ell-dasw ell-nighcernighcerta in. Itta in. It isonly theisonly the

mechanicsoftheetherandthemechanicsoftheetherandthe vorte vorte atomtheorywhichhemaynotatomtheorywhichhemaynot

writeaboutortakeupwriteaboutortakeup forseriousstudy—thatforseriousstudy—that isanathema.isanathema.

II f there isanf there isanyonew hyonew hoisqo isq ua lifua lifiedtosaywiedtosaywhethehethertherthe

MicheMichelson-lson-MorlMorleyeeye perimperimenthasdisenthasdisprovprovedtheeedthee istenistenceof  ceof  

anetheanether, itshoulr, itshouldbeAdbeA . A. A . Miche. Michelsonhimlsonhimself , anse lf , andhehasdhehas

nevercometoanysuchanevercometoanysucha conclusion.Oconclusion.O nthecontrary,nthecontrary,

MichelsonhasalwaysvigorouslydefendedthedynamicMichelsonhasalwaysvigorouslydefendedthedynamic

etherandvorte atomtheory,andhasemphaticallytoldetherandvorte atomtheory,andhasemphaticallytold

usthatusthat

...all...all thephenomenaofthephysicaluniverseareonlydifferentthephenomenaofthephysicaluniverseareonlydifferent

manifestationsofthevariousmodesofmotionofoneall-pervadingmanifestationsofthevariousmodesofmotionofoneall-pervading

substsubstance—theetance—theether. {Lher. {L ightWavesandthightWavesandthe irUsee irUses, p. 162, 1s, p. 162, 1 03. )03. )
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CC lassilassica lVca lV rsusEinste iniarsusEinste inianRnR elatie la tiv ityv ity

 TH TH EE RR E E havebeenrepeatedattemptstodemonstratehavebeenrepeatedattemptstodemonstrate

theethee istenistenceofanetheceofanetherbymeansof trbymeansof theMicheheMichelson-lson-

MorleMorleyeye perimperiment, f irent, f irstperfstperformedin1ormedin1 88 5, butthe5, butthe

resulresultshavea ltshavea lw aysbew aysbeennegaennegativeorapptiveorapproro imatimate ly so . Ie ly so . I f  f  

theearthmovesthroughastationaryether,thentheearthmovesthroughastationaryether,then itshoulditshould

takelightalongertimetakelightalongertime totravelbackandforthintotravelbackandforthin thethe

directionoftheearthdirectionoftheearth smotionthroughtheetherthansmotionthroughtheetherthan inaina

directionperpendicularthereto.Idirectionperpendicularthereto.I tmayappearatfirsttmayappearatfirst glanceglance

thatwhatevertimewouldbelostbythatwhatevertimewouldbelostby lightwavestravellinglightwavestravelling

againstthedriftoftheagainstthedriftofthe etherwouldbegainedwhiletravell-etherwouldbegainedwhiletravell-

ingwiththeetherduringingwiththeetherduring theirreturntrip,buttheirreturntrip,but thisisnotthisisnot

true.Strue.S upposeaboatcanbeupposeaboatcanbe rowedthreemilesanhour,androwedthreemilesanhour,and

anattemptbemadetogoanattemptbemadetogo toaplacedownstreamandbacktoaplacedownstreamandback

onariverwhichonariverwhich flowsthreemilesanhour.Theboatflowsthreemilesanhour.Theboat wouldwould

getthereinhalfgetthereinhalf thetime,butwouldnevergetback.thetime,butwouldnevergetback.

 ThenegativeresultoftheMichelson-Morleye ThenegativeresultoftheMichelson-Morleye perimentperiment

wouldbecompletelyaccountedforonthebasiswouldbecompletelyaccountedforonthebasis ofcorpuscu-ofcorpuscu-

laroremissiontheoriesoflaroremissiontheoriesof lightbecausetheobservedvelo-lightbecausetheobservedvelo-

cityoflightwouldthencityoflightwouldthen bethevectorsumofbethevectorsumof thevelocitythevelocity

withwhichitiswithwhichitis emitted,andthevelocityofthesource.emitted,andthevelocityofthesource.

AA stronomicalevidence,however,isagainstsuchanassump-stronomicalevidence,however,isagainstsuchanassump-

tion. B inarystation. B inarystars, forers, fore ampleample, w ouldno, w ouldnotbeobservtbeobservedtoedto

obeyKeplerobeyKepler slaw s, asthslaw s, astheyactuaeyactuallydo , if thllydo , if the lightf roe lightf romm

thempartookofthemotionofthethempartookofthemotionofthe source.source.

 Todayphysicistsusuallyaccountforthenegativeresult Todayphysicistsusuallyaccountforthenegativeresult

oftheMichelson-MorleyeoftheMichelson-Morleye perimenteitheronthebasisof perimenteitheronthebasisof 

theLtheL orentorentz-z- itzgeitzgera ldconra ldcontracttractionformionformula , oronthula , oronthebasisebasis

o fEofE insteinsteinin sspeciasspecialtheoryoltheoryof re latif re la tiv ityv ity. A. A ccordccordingtotheingtothe

LL orentz-orentz- itzgeraldtheory,theabsenceofanobservedetheritzgeraldtheory,theabsenceofanobservedether

driftistodriftisto beattributedtoacontractionofbeattributedtoacontractionof theinterfero-theinterfero-

meterinthedirectionofmeterinthedirectionof itsmovementthroughtheether,itsmovementthroughtheether,

whichhoweverhasnoewhichhoweverhasnoe planatoryvalueaslongastheplanatoryvalueaslongasthe

contrcontractioactionitse lf isnonitse lf isnotete pla inpla ined. Einste ined. Einste in sese uatiouationsof  nsof  

specialrelativity,whicharebasedonthespecialrelativity,whicharebasedonthe assumptionthattheassumptionthatthe
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velocityoflightremainsconstantregardlessofthevelocityoflightremainsconstantregardlessofthe relativerelative

movementoftheobserverandthesourceofmovementoftheobserverandthesourceof radiation,areradiation,are

essentiallynothingmorethanparaphrasedversionsoftheessentiallynothingmorethanparaphrasedversionsofthe

LL orentorentz-z- itzgeitzgera ldconra ldcontracttractionformionformula(i—vV c2)ula(i—vV c2)54, and54, and

thelatterwasderivedonthethelatterwasderivedonthe assumptionthatthevelocityof assumptionthatthevelocityof 

lightremainsconstant.Thiswasclearlyrecognized'lightremainsconstant.Thiswasclearlyrecognized' byby

EE insteinsteinw henhesainw henhesaid:id:

OO fcoursethfcoursethis[is[ constconstantve loantve locityof l igcityof l ight ht isnotsurpisnotsurprisingrising, since, since

theethee uationsoftheLuationsoftheL orentztransformationwerederivedconform-orentztransformationwerederivedconform-

ablytothispointablytothispoint ofview.(Rofview.(R elativity,p.34.)elativity,p.34.)

RR egardlessofwhetherthevelocityoflightegardlessofwhetherthevelocityoflight isactuallyisactually

constconstant, it isrenant, it isrenderederedconstadconstantintheEinste iniantintheEinste inianene uatiouationsns

bytheuseofbytheuseof variableunitsofmeasurement.Ivariableunitsofmeasurement.I tisthereforetistherefore

notsurprisingthattheenotsurprisingthatthee uationsofspecialrelativityhaveuationsofspecialrelativityhave

succesuccessfulssfullymeta llthlymeta lltheso-ca leso-ca lled"led" ee perimperimenta lteenta ltestssts , be-, be-

causetheyareinsubstancenothingcausetheyareinsubstancenothing morethanmathematicalmorethanmathematical

trueisms,andanyviolationofamathematicaltrueismistrueisms,andanyviolationofamathematicaltrueismis

unthinkable.unthinkable.

II fthevelocityoflightfthevelocityoflight wereactuallyconstantregardlesswereactuallyconstantregardless

oftherelativemovementoftheobserverandtheoftherelativemovementoftheobserverandthe source,source,

thentheqthentheq uestionwouldimmediatelyariseastowhywedouestionwouldimmediatelyariseastowhywedo

notmeenotmeetw ithasim itw ithasim ilarparalarparado do  ineine perimperimentsw ientsw ithsoundthsound..

 TheE TheE insteinianrelativistshavenotyetgivenainsteinianrelativistshavenotyetgivena satisfactorysatisfactory

answertothisqanswertothisq uestion,butneverthelesstheytellusthatuestion,butneverthelesstheytellusthat

EE insteinianrelativityisnolongerarguedaboutinsteinianrelativityisnolongerarguedabout bythephy-bythephy-

sicistsoftoday,butissicistsoftoday,butis actuallyusedbythemintheiractuallyusedbythemintheir work.work.

 TheonlypartofE TheonlypartofE insteininstein sspecialrelativitytheorythatissspecialrelativitytheorythatis

usedtodusedtoday forpraay forpractica lpuctica lpurposerposesistheLsistheL orenorentz-tz- itzgeitzgera ldra ld

contractionformula,andthatwasnotoriginatedbyEcontractionformula,andthatwasnotoriginatedbyE instein.instein.

EE xx perimperimenta lveenta lverif icarif icationofEinste intionofEinste in sgenerasgeneraltheoryoltheoryof  f  

relativityhasbeenclaimedontherelativityhasbeenclaimedonthe basisoftheprogressionbasisoftheprogression

oftheperihelionofMercury,theoftheperihelionofMercury,the bendingofstarlightwhilebendingofstarlightwhile

passingclosebytheedgepassingclosebytheedge ofthesun,andtheofthesun,andthe gravitationalgravitational

redshift.Theeffectsactuallyobservedinredshift.Theeffectsactuallyobservedin eachcase,how-eachcase,how-

ever,areveryminute,beingalmostattheever,areveryminute,beingalmostatthe limitofaccuracylimitofaccuracy

ofeofe perimperimenta lmeenta lmeasureasurementments, andasO. Cs, andasO. C . H. H ilgenilgenberghaberghass

ee plainedindetailinhisplainedindetailinhis recentlypublishedbooklets,therecentlypublishedbooklets,the
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CC lassilassica lversca lversusEusE insteinsteinianR elativ iinianR elativ ityty

observedeffectscanbeaccountedforundertheobservedeffectscanbeaccountedforunderthe hydro-hydro-

mechanicalethertheoryaswellas,andmechanicalethertheoryaswellas,and evenbetterthanevenbetterthan

underEunderE insteinianrelativity.insteinianrelativity.

II nsteansteadofclarifdofclarify ingthecoy ingtheconceptof renceptof relativla tivity , Einste inity , Einste in ss

interpretationthereofhasonlyintroducedconfusionbecauseinterpretationthereofhasonlyintroducedconfusionbecause

assoonaswetamperwithassoonaswetamperwith theconceptsofspaceandtheconceptsofspaceand timetime

themselves,wearenolongerinthethemselves,wearenolongerinthe realmofscience.Physi-realmofscience.Physi-

ca lconcca lconceptscanbeueptscanbeundersnderstoodontoodonly totheely tothee tenttow htenttow hichich

theycanbevisualizedagainstthetheycanbevisualizedagainstthe backgroundofEbackgroundofE ucideanucidean

spaceandNspaceandN ewtoniantime,andsuchvisualizationofEewtoniantime,andsuchvisualizationofE in-in-

steinstein ssecondpostulateisimpossible.Theusessecondpostulateisimpossible.Theuse ofvariableofvariable

unitsforthemeasurementofspaceandunitsforthemeasurementofspaceand timeinEtimeinE insteinianinsteinian

fashionleadstoaconfusionoffashionleadstoaconfusionof thechronologicalorderof thechronologicalorderof 

eventsandamisunderstandingoftherelationshipofcauseeventsandamisunderstandingoftherelationshipofcause

toeffect.Stoeffect.S uchmisunderstandings,saysJuchmisunderstandings,saysJ amesMackaye,amesMackaye,

inevitablyarisefromtheattempttoignoremechanismsandmodelsinevitablyarisefromtheattempttoignoremechanismsandmodels

andacceandacceptasaguide 'ptasaguide ' somemsomemathemathematicaaticalele presspression. . . Whichion. . . Which

cannotbefurtheranalyzed. Thisprocess,thoughrecommendedbycannotbefurtheranalyzed. Thisprocess,thoughrecommendedby

EE ddingtonandvariousothermodernphysicists,istooddingtonandvariousothermodernphysicists,istoo blindtobeblindtobe

s as affe .e .{ J{ J O U R N A L  OO U R N A L  O F  T H E  F R AF  T H E  F R A N K LN K L I N  II N  I N S TN S T T UT UTT , S e, S ep tp t..,,

11 3 4 , P3 4 , PP - 3 5P - 3 57 - 37 - 355 - )- )

SS irOirO liverLodgehaslik eliverLodgehaslik ew iseew isee presspressedhisdisaedhisdisapprovpprova la l

oftheEoftheE insteinianrelativitytheorywhenhesaidininsteinianrelativitytheorywhenhesaidin acom-acom-

municmunicationtotationtotheBheB rit isrit ishAhA ssociassociationeartionearly in1ly in1 21:21:

EE speciallydoI speciallydoI attackthatpropositionwhichassertsthattoattackthatpropositionwhichassertsthatto everyevery

observerthevelocityoflightwillobserverthevelocityoflightwill notonlybeconstantinnotonlybeconstantin reality,butreality,but

willalsosuperficiallyappearconstantevenwhenheignoreswillalsosuperficiallyappearconstantevenwhenheignores hisownhisown

motionthroughthelight-conveyingmedium—apropositionormotionthroughthelight-conveyingmedium—apropositionor postu-postu-

la teoralateora iomw hiomw hichhasbeeichhasbeenshow ntnshow nto leadtocurio leadtocuriousandousand, asI, asI

think,illegitimatecomplications,threateningtolandphysicistsinthink,illegitimatecomplications,threateningtolandphysicistsin

regionstowhichtheyhavenoregionstowhichtheyhaveno righttoenter,andtemptingthemtorighttoenter,andtemptingthemto

interferewithmetaphysicalabstractionsbeyondtheirproperken...interferewithmetaphysicalabstractionsbeyondtheirproperken...

[[ Thespecialprincipleofrelativity Thespecialprincipleofrelativity isacontradictoryproposition.isacontradictoryproposition.

GiventheconstancyoftherealGiventheconstancyofthereal velocityoflight—velocityoflight— ifanobserverifanobserver

traveltomeetit,ittraveltomeetit,it mustappeartoarrivemoreqmustappeartoarrivemoreq uicklythanifheuicklythanifhe

travelawayfromit,providedhehastravelawayfromit,providedhehas anymeansofmakingtheobser-anymeansofmakingtheobser-

vationatall...vationatall...

mathemathematicmatica ldoctra ldoctrineof [ineof [ specispecia l a l re la tre lativ itymaiv itymaybebasedupybebaseduponon

thisethise perimperimentaentalresult[lresult[ theto-theto-and- fand- fro journro journeyofabeamoeyofabeamof lightf l ight ,,

andmaybeconvenientforreasoningpurposes,butnoandmaybeconvenientforreasoningpurposes,butno suchdoctrinesuchdoctrine

t9t9
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EE therandMtherandMatteratter

isreisre uiredby tuiredby thefactshefacts. Thefact. Thefactsarepatiesarepatiento f thedocntof thedoctrine  trine  theythey

donotcompelit,nordonotcompelit,nor dotheyjustifyit.Wdotheyjustifyit.W hy,then,proceedtobuildhy,then,proceedtobuild

uponaneuponane uationanelaboratemetaphysicalstructureuationanelaboratemetaphysicalstructure

 Thecorrecte Thecorrecte planationfortheMichelson-MorleyeplanationfortheMichelson-Morleye peri-peri-

mentsementseemstohavemstohavebeengivebeengivenbySenbyS irGeorgirGeorgeSeS tok etok esw hosw ho

assumedthattheetherintheassumedthattheetherinthe vicinityoftheearthisvicinityoftheearthis carriedcarried

a longwalongwiththeeaiththeearth, asw ewrth, asw ewouldeoulde pectittobe if itpectittobe if it

possepossessesv issesv iscositscosityorqyorq uasifuasifrict iorict ion. Sn. S tok etok es s theortheoryhasbeenyhasbeen

discardedbyphysicistsinfavorofdiscardedbyphysicistsinfavorof EE insteinianrelativitybe-insteinianrelativitybe-

causeitwassaidtocauseitwassaidto becontradictedbyastronomicalaber-becontradictedbyastronomicalaber-

ration,butsubseration,butsubse uentandmorethoroughstudieshaveuentandmorethoroughstudieshave

shownthatastronomicalaberrationdoesnotinanymannershownthatastronomicalaberrationdoesnotinanymanner

contrcontradictStok es adictStok es theotheory . (H. Fry . (H. F rick erick e, Weltatherf, Weltatherforschorschung,ung,

p pp p. 1 2. 1 2, 8 2 , &  1 1 5, 8 2 , &  1 1 5, 1, 1 33 ;  ;  a na nd L . Zd L . Z e he hn dn de re r, A S, A S T R O NT R O N O M ,O M ,

N AN A C H RC H R . ,. ,11 2 12 1. ). )

SS incetheMichelson-MorleyeincetheMichelson-Morleye perimenthasalwaysbeenperimenthasalwaysbeen

performedwithapparatusrotatingonaverticalaperformedwithapparatusrotatingonaverticala is,ithasis,ithas

notdisprovedtheenotdisprovedthee istenceofethercurrentsflowingverti-istenceofethercurrentsflowingverti-

ca lly inthca lly inthedirectedirectionof theeaionof theearthrth sgrav itsgrav itationationa lf ie lda lf ie ld. I. I f  f  

suchverticallyflowingethercurrentsesuchverticallyflowingethercurrentse ist,thenitshouldist,thenitshould bebe

possibletodetectthemwithanpossibletodetectthemwithan interferometermountedforinterferometermountedfor

rotatrotationonahoriiononahorizontazontalala issothate itissothate itheroneof thheroneof thebeamsebeams

canbepositionedverticallyandthecanbepositionedverticallyandthe otheronehorizontally.otheronehorizontally.

PreparationsforcarryingoutsuchanPreparationsforcarryingoutsuchan ee perimenthavebeenperimenthavebeen

madebyO. CmadebyO. C . H. H ilgenilgenberginGerberginGermanymany, buthispla, buthisplansw erensw ere

interinterrupteruptedby thew ardby thew ar. A. A ccordccordingtoHilgenbergingtoHilgenberg sca lcu-sca lcu-

lations,theetheratthelations,theetheratthe surfaceoftheearthshouldhaveasurfaceoftheearthshouldhavea

vertivertica lve loca lve locityof2, 0cityof2, 074k ilom74k ilometerspeeterspersecondrsecond. (O.. (O. CC . H. H il-i l-

genberg,UberSgenberg,UberS trdmungsversuchemitStrdmungsversuchemitS enkenundSenkenundS nellen,nellen,

diedasWesenderSchw erk rdiedasWesenderSchw erk raf tgruaf tgrundlegndlegenderkenderkll dren,dren,

1 31 3 ..))

 Thosewhowishtomakeadetailed Thosewhowishtomakeadetailed studyofthedynamicstudyofthedynamic

ethertheoryinitsethertheoryinits physicalandastronomicalapplications,physicalandastronomicalapplications,

andofthemathematicaldevelopmentthereofwithspecialandofthemathematicaldevelopmentthereofwithspecial

referencetoproblemsofrelativity,cannotdobetterthanreferencetoproblemsofrelativity,cannotdobetterthan toto

readthireadthis1s1 3 book l3 book leto fHilgenbergetofHilgenberg, anda lsohi, anda lsohis1s1 3131

bookletUberGravitation,Tromben,undWellenbookletUberGravitation,Tromben,undWellen inbeweg-inbeweg-

10]10]
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tenMedtenMedien, anien, andhis1dhis1 33book33bookletUberdeletUberdenMagnunMagnus-s- fek tfek t

undseineUmkehrung.A completetranslationoftheseundseineUmkehrung.A completetranslationofthese

workscannothepresentedhere,butsomeofworkscannothepresentedhere,butsomeof thepertinentthepertinent

portionsthereofhavebeencollectedandthesubstancethere-portionsthereofhavebeencollectedandthesubstancethere-

o fw il lbe inofw illbe includecludedinthisandsubdinthisandsubsese uentchuentchapterapters.s.

II ntheinterestsofclarity,ntheinterestsofclarity, andalsobecausetheformulasandalsobecausetheformulas

tobederivedwillbetobederivedwillbe usedfurtheron,weshallbeginwithusedfurtheron,weshallbeginwith

fundamentalprinciplesbyfirstinvestigatingasimpleprob-fundamentalprinciplesbyfirstinvestigatingasimpleprob-

lemofmotioninwhichlemofmotioninwhich theclassicalprincipleofrelativitytheclassicalprincipleofrelativity

ofmotionwillbemadeuseofmotionwillbemadeuse ofinaofina thorough-goingmanner.thorough-goingmanner.

II ndealingwiththeDopplereffectndealingwiththeDopplereffect andthecloselyrelatedandthecloselyrelated

phenomenonofaberrationitiscustomarytodealphenomenonofaberrationitiscustomarytodeal withonlywithonly

tw osystw osystemstems—thesourceof lig—thesourceof lightS htS andtheobandtheobservserverOerO —but—but

inourpresenttreatmentweshallinourpresenttreatmentweshall introduceasathirdintroduceasathird systemsystem

theetherormediumMtheetherormediumM inwhichthelightinwhichthelight wavesaretrans-wavesaretrans-

mitted.Themovementsofthesethreesystemsrelativetomitted.Themovementsofthesethreesystemsrelativeto

oneanothercanbeclearlyvisualizedifoneanothercanbeclearlyvisualizedif wecoordinatethemwecoordinatethem

relativetoafirelativetoafi edbackgroundofabsolutespaceasaedbackgroundofabsolutespaceasa fourthfourth

system.Theintrinsicnatureofthesystem.Theintrinsicnatureofthe wavesisonlyofsecond-wavesisonlyofsecond-

aryimportance,andtheformulastobearyimportance,andtheformulastobe derivedwillbevalidderivedwillbevalid

notonlyforlightnotonlyforlight wavesbutalsoforsoundwaves,waterwavesbutalsoforsoundwaves,water

waves,etc.Awaves,etc.A ssumingthatthewavetransmittingmediumisssumingthatthewavetransmittingmediumis

homogeneousandthatwhenitmovesitdoeshomogeneousandthatwhenitmovesitdoes soinitsentiretysoinitsentirety

relativetoabsolutespace,wearriveatrelativetoabsolutespace,wearriveat thefollowingtabularthefollowingtabular

coordinationofthevelocitysofcoordinationofthevelocitysof thesourceofradiation,thethesourceofradiation,the

velocity0oftheobserver,andvelocity0oftheobserver,and thevelocitymofthemedium,thevelocitymofthemedium,

the23possiblecombinationsbeingdeterminedbywhichof the23possiblecombinationsbeingdeterminedbywhichof 

theve lotheve locit iesacit iesareeree ua ltozeroua ltozero::
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 Thefollowingsymbolswillbeused: Thefollowingsymbolswillbeused:

cthevelocityofcthevelocityof thewavessentintothemediumthewavessentintothemedium

/theirfre/theirfre uency,withreferencetothebodyfromwhichuency,withreferencetothebodyfromwhich theythey

aresentaresent

ftheirfreftheirfre uency,asmeasuredbytheobserveruency,asmeasuredbytheobserver

atheangleofatheangleof aberration,bywhichSaberration,bywhichS ,whenobservedfromO,whenobservedfromO ,ap-,ap-

pearstobelaterallydisplacedpearstobelaterallydisplaced

dtheactuadtheactualdistanldistancebetwcebetweenO eenO andS;andS;

d d thedistthedistancebywancebywhichS,hichS, asobseasobservedf rrvedf romO,omO, appeappearse itharse ithertoerto

bedisplbedisplacedfuacedfurtherawrtheraway inthedireay inthedirectionOSctionOS , ortobebroug, ortobebroughtht

closertotheobserver.closertotheobserver.

CC ases2,3,and4ases2,3,and4 inwhichonlyoneofinwhichonlyoneof thethreesystemsisthethreesystemsis

inmotionareespeciallyinteresting,andtheinmotionareespeciallyinteresting,andthe differencesbe-differencesbe-

tweenthesethreecasesarenottweenthesethreecasesarenot merelyrelative.Thediffer-merelyrelative.Thediffer-

encesbetween2and5,3encesbetween2and5,3 and6,and4and6,and4 and7arehoweverand7arehowever

onlyrelativeifthosevelocitieswhichareonlyrelativeifthosevelocitieswhichare notenote ualtozeroualtozero

areofeareofe ualmagnitudeandoppositeindirection.ualmagnitudeandoppositeindirection.

II ncases2andncases2and 3theobserverwillencounterthe3theobserverwillencounterthe phenome-phenome-

nonofaberrationconsistingofanonofaberrationconsistingofa lateraldisplacementofthelateraldisplacementofthe

sourceofradiation,andalsothesourceofradiation,andalsothe Dopplereffectconsistingof Dopplereffectconsistingof 

achangeoachangeof f ref f re uencyuency. Mostphy. Mostphysicstesicste tbootbook sdonotgivk sdonotgivee

adeade uateconsiderationtotheapparentdisplacementoftheuateconsiderationtotheapparentdisplacementofthe

sourceoflightinsourceoflightin thedirectionofthelightthedirectionofthelight ray,whichwillray,whichwill

occurincases3occurincases3 and4.and4.

WeWe shallconsidersuccessivelycases2,3,andshallconsidersuccessivelycases2,3,and 4ofTable4ofTable

II ,andespeciallythevariouscases,andespeciallythevariouscases subordinatetheretowhichsubordinatetheretowhich

dependonwhetherthemovementwhichgivesrisetodependonwhetherthemovementwhichgivesriseto thethe

Dopplereffect,ortoanDopplereffect,ortoan apparentdisplacementofthesourceapparentdisplacementofthesource

oflight,isparalleloflight,isparallel tothedirection05ortothedirection05or perpendicularperpendicular

thereto.thereto.

II twillbeassumedthattwillbeassumedthat thewavevelocitycrelativetothewavevelocitycrelativeto thethe

mediuminwhichthewavestravelismediuminwhichthewavestravelis independentoftheindependentofthe

movementofthesourceSmovementofthesourceS ,ascanbe,ascanbe observedinthecaseof observedinthecaseof 

w atew aterw avesrw aves, andw hi, andw hichaccordchaccordingtodeSitter, (PHYingtodeSitter, (PHY SS . Z. Z SS . ,. ,

14, 42 14, 42 and126and1267, 17, 1 13, ) isa l13, ) isa lsotrueforlisotrueforlightw avghtw aves. Thees. The

wavesthathavebeensentoutfromawavesthathavebeensentoutfroma movingsourceof movingsourceof 
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radiationwillthenbespreadoutradiationwillthenbespreadout assphericalwavefrontsassphericalwavefronts

concentricwiththeiroriginalsource.concentricwiththeiroriginalsource.

II ncase2thesouncase2thesourceS rceS andthemeandthemediumMinw hdiumMinw hichtheichthe

wavestravelareabsolutelyatrest,whilethewavestravelareabsolutelyatrest,whilethe observerO observerO isis

movingwithavelocityo.Thefollowingconditionsmaymovingwithavelocityo.Thefollowingconditionsmay

ee i si st :t :

(a )Theve(a)Thevectoro isinthedirctoro isinthedirectioectionf romS nf romS toO;toO;

(b)Theve(b)Thevector0isinthedirctor0isinthedirectioectionf romO nf romO toStoS ;;

(c)Theve(c)Thevector0isinadirecctor0isinadirectionpertionperpendipendiculartoOSculartoOS ..

(a )0isdirec(a)0isdirectedf romS tedf romS to0. A tto0. A t thetimthetimew henthefew henthefirstirst

wavereachesOwavereachesO ,thesecondwavewillbe,thesecondwavewillbe atadistancec/f atadistancec/f 

from0.Wfrom0.W earenbwconfrontedwiththeearenbwconfrontedwiththe oldproblemof oldproblemof 

AA chil lechil lesandtheturtsandtheturtle inascele inascerta inirta iningthetimngthetimetw reetw re uireduired

forthesecondwavemovingwithaforthesecondwavemovingwitha velocityctoovertakevelocityctoovertake

theobserverOtheobserverO ,whoishimselfrecedingwith,whoishimselfrecedingwith avelocityoavelocityo

andisinitiallyatandisinitiallyat adistancec/ffromtheadistancec/ffromthe secondwave.Wesecondwave.We

nowhave:nowhave:

ctw = otw +c/ f ,ctw = otw +c/ f ,

tw =  c/tw =  c/f (c-of (c-o)= i/ f)= i/ f ,,

II tw il lbeseetw illbeseenthatthef rnthatthef ree uency fasouency fasobservbservedbyO isedbyO is

smallerthantheactualfresmallerthantheactualfre uency/.Therewillbeneitheruency/.Therewillbeneither

aberrationnoranapparentdisplacementofthesource,soaberrationnoranapparentdisplacementofthesource,so

thattheactuallocationofthattheactuallocationof S S anditslocationasobservedbyanditslocationasobservedby

O O willcoincide.Thiswillbewillcoincide.Thiswillbe readilyunderstoodifwebearreadilyunderstoodifwebear

inmindthattheinmindthatthe amplitudeoftheemittedwavesdecreasesamplitudeoftheemittedwavesdecreases

astheyspastheyspreadoureadoutinthemediutinthemedium. Im. I nthepresnthepresentcasethentcasethee

decreaseinamplitudedependsontheactualdecreaseinamplitudedependsontheactual distancefromdistancefrom

0 t o S .0 t o S .

(b)0isdirect(b)0isdirectedf romO edf romO to5. B ymak inganappto5. B ymak inganappropriaropriatete

alterationintheabovecalculations,weobtain:alterationintheabovecalculations,weobtain:

cc
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HH erealsotheactuallocationerealsotheactuallocation ofS ofS coincideswithitslocationcoincideswithitslocation

asobseasobservedbyO.rvedbyO.

(c)o isperpe(c)o isperpendicundicularto0larto0 . A. A nobservnobserveratO eratO doesnodoesnott

detectanychangeoffredetectanychangeoffre uency,butratheranaberrationoruency,butratheranaberrationor

la terla tera ldispla ldisplacemeacementofSntofS . F. F orthesakorthesakeofclariteofclarity thiscondy thiscondi-i-

tionwillbeconsideredwithreferencetotionwillbeconsideredwithreferenceto case5,whichdifferscase5,whichdiffers

onlyrelativelyfromcase2.O wonlyrelativelyfromcase2.O willthenbeabsolutelyatillthenbeabsolutelyat rest,rest,

w hileMmow hileMmovesw itvesw ithave locithave locitym=  ym=  — — o(incase2)o(incase2), andS, andS

.isstationaryrelativetoM.W.isstationaryrelativetoM.W eshallconsiderthesituationeshallconsiderthesituation

atthe instatthe instantw heantw henO nO iscloseisclosesttoS sttoS andisencandisencounteounteredbyaredbya

wavecrestpreviouslyemittedfrom5.wavecrestpreviouslyemittedfrom5.

FF ig.1.(Mediumandsourceareig.1.(Mediumandsourceare movingwithatransversevelocitymmovingwithatransversevelocitym

relativetoastationaryobserveratOrelativetoastationaryobserveratO ..

 Thewavecrest,whichispartiallyrepresentedin Thewavecrest,whichispartiallyrepresentedin FF ig.1,ig.1,

hastwovelocitycomponents,namelycinthehastwovelocitycomponents,namelycinthe directionSdirectionS OO

andm(eandm(e uiva luiva lentto—o)perpenentto—o)perpendiculadiculartoSrtoS 0. Thisis0. Thisis

moreclearlyshownintheperspectiveviewinmoreclearlyshownintheperspectiveviewin FF ig.2.Wig.2.W henhen

thewavecrest,namelyhalfawave,hasmovedpastthewavecrest,namelyhalfawave,hasmovedpast OO ,then,then

therectilinearlyrepresentedwaveelement,whicherstwhiletherectilinearlyrepresentedwaveelement,whicherstwhile

arrivarrivedat0, w il lhaedat0, w il lhavemovevemovedtoW. AdtoW. A nobservnobserveratO eratO w illw il l
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thereforereachtheconclusionthatthewavecamethereforereachtheconclusionthatthewavecame intheinthe

directdirectionSionS '' O.O. TheangTheangleofaberleofaberratiorationaw illthenbedenaw illthenbedeter-ter-

m inedbminedby theey thee uatiouation:n:

tana=  m/ c.tana=  m/ c.

II tw il lbereatw illbereadily seedily seenthattheapnthattheappareparentdistantdistanceofS nceofS iseise ua lua l

toitsactualdistance.toitsactualdistance.

 Therelationshipsofcase5 Therelationshipsofcase5 arereadilyapplicabletocasearereadilyapplicabletocase

2. A2. A sapracticasapracticalele amplamplew emayconew emayconsiderthsiderthemoveemovementof  mentof  

asurf rideasurf riderashe isdraw ninarashe isdraw ninalongtheshlongtheshore . Io re . I fheclosefheclosess

hiseyeshewillhiseyeshewill gettheimpressionthatthewaterwavesgettheimpressionthatthewaterwaves

strikehim,notsidewise,butoblistrikehim,notsidewise,butobli uelyfromthefront.uelyfromthefront.

II ncase3theobsncase3theobserveerverO rO andthemandthemediumMarediumMareabso-eabso-

lutelyatrest,whilethelutelyatrest,whilethe sourceofradiationS sourceofradiationS moveswithamoveswitha

velocitys.Threesubordinatecaseswillagainbevelocitys.Threesubordinatecaseswillagainbe considered:considered:

(a)Theve(a)Thevectory liesinthctory liesinthedirectedirectionf roionf romO mO toStoS ;;

(b)Theve(b)Thevector$ ctor$ l iesinthedil iesinthedirectirectionf romS onf romS toO;toO;

(c)Theve(c)ThevectoriisperpectoriisperpendicundiculartoOSlartoOS ..

(a )i isdirect(a)i isdirectedf rom0toS. Aedf rom0toS. A tthe instatthe instantw henantw hena

w aveissew aveissentout, S ntout, S w il lbeatSo. Duringthef iw il lbeatSo. Duringthef irstoscilrstoscilla tiola tionn

sentoutfsentoutfromS,romS, w hichow hichoccupieccupiesatime1/ / , tsatime1/ / , thesourchesourceS eS w il lw il l

havemovedthroughapaths/ftohavemovedthroughapaths/fto SS i,wherebyeverypointi,wherebyeverypoint

betwbetweenSoeenSo andSiandSi w il lhavw illhavebecomebecomethecenteethecentero fasphericro faspherica la l

waveinsuchamannerthatwaveinsuchamannerthat acertaindisplacement,asindi-acertaindisplacement,asindi-

catedinFcatedinF ig.3,willspreadoutig.3,willspreadout fromeverysuchpointwithfromeverysuchpointwith

ave lociave locityc. A  tyc. A  displdisplacemeacementatSntatS iw il lbesentouiw il lbesentoutla terthatla terthann

adisplaadisplacemecementSntS obyaninterobyaninterva lo f t imvalo f t imei/ f , andree i/ f , andre uiresauiresa

times/times/cf toarrivcf toarriveatSeatS o, thatiso , thatis, itre, itre uiresatimuiresatimee

t w =  t w =  i / fi / f+ s / c f+ s / c f= {= { c + s ) / cc + s ) / cf  f  

forthepointSforthepointS otochangefromitsotochangefromits stateofvibrationwhenstateofvibrationwhen

thefirstwaveisemittedtothefirstwaveisemittedto thecorrespondingstateofvib-thecorrespondingstateofvib-

ratiorationof theseconof thesecondw avndw ave. Thew ae. Thew avetra inf rvetra inf romSoomSo toStoS ii

w hichaw hicharriverrivesatO satO hasaf rehasaf re uencyuency

f  f  =  i / t w =  c f /=  i / t w =  c f /( c + s ) .( c + s ) .
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FF ig. 3. SourceS ig. 3. SourceS ismov iismov ingaw ay fngaw ay fromtheobromtheobservserver0.er0.

Duringthetime/whichDuringthetime/which transpireswhilethefirstwavesenttranspireswhilethefirstwavesent

outf romSomovestoO, thesourceS outf romSomovestoO, thesourceS w illhavw illhavemovedaemoveda

distadistancest=  d ncest=  d toStoS '' . Theactu. Theactua ldistaa ldistancedbetwncedbetween0andSeen0andS

atthetimatthetimew henthef iew henthef irstw avrstw avearrivearrivesatO esatO isthereistherefore05fore05 ..

 Thedistancectis Thedistancectis thereforeethereforee ualtod—ualtod— dd ,andwehave:,andwehave:

d  d  =  s d / (=  s d / (c + s ) .c + s ) .

 Thesourceofradiationwillthereforeappearto Thesourceofradiationwillthereforeappearto theob-theob-

serveserverO rO asbe ingclasbe ingcloserthoserthanitactuaanitactually is, byadislly is, byadistancedtanced ..

 Thesederivationswouldbemorecomplicatedifa Thesederivationswouldbemorecomplicatedifa pointpoint

adjacenttheobserverO adjacenttheobserverO weretobeusedasweretobeusedas thecenterof thecenterof 

reference.reference.

(b)sisdirect(b)sisdirectedf romS edf romS to0. Wethenhave:to0. Wethenhave:

f  f  =  c f / ( c=  c f / ( c- s )- s )

a n d da n d d = s d / ( c — s )= s d / ( c — s )..

 Thesourceofradiationnowappearsfurtherawayfrom Thesourceofradiationnowappearsfurtherawayfrom 00

thanitactuallyis.thanitactuallyis.

(c)sisperpe(c)sisperpendicundiculartoOSlartoOS . Thesour. ThesourceS ceS w illbeconw illbecon--

sidersideredatthe instedatthe instantw heantw henit isatthepo intS' nit isatthepo intS' (( ig. 4)ig. 4)

closeclosesttotheobssttotheobserverO. AerverO. A tthisinstatthisinstantthesphentthespherica lw arica lw aveve

whichwasemittedfromSwhichwasemittedfromS o,whereS o,whereS waslocatedpriortothewaslocatedpriortothe

ee pirationofthetime/,willpirationofthetime/,will havetraveledthedistancehavetraveledthedistance

SS oO =  oO =  ct. A nct. A n obserobserveratO w illtherefveratO w illthereforeseethoreseethesourceesource

displacedbyanangleadisplacedbyananglea fromitsactualposition,andfurtherfromitsactualposition,andfurther
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CC lassilassica lversca lversusEusE insteinsteinianR elativ iinianR elativ ityty

FF ig.4.Sig.4.S ourceismoving-withatransversevelocitysourceismoving-withatransversevelocitys relativetoastation-relativetoastation-

arymediumandastationaryobserver.arymediumandastationaryobserver.

aw aybyadiaw aybyadistancstanced ed thanitactthanitactua lly isua lly is. A. A nincreanincreaseof  seof  

frefre uencywillalsobeobserved,fortheuencywillalsobeobserved,forthe followingreason:followingreason:

sina=sina=

cc

tana= -^ / (i- s3/ ctana= -^ / (i- s3/ c )X)X

dd = d= d i /i /( i( i- s- s2 /2 /cc ) y) y> - i -> - i -

r = f /r = f /( i( i- s- s / c/ c ))

FF oracerta ioracerta inva luebof thnva luebof theanglew heanglew hichjmak eichjmak esw iththesw iththe

linef rolinef romS toO, theobservmS toO, theobservedf reedf re uencuency /  w il lbeey /  w il lbee ua ltoua lto

theactutheactua lf rea lf re uencuency / . Thisangy / . Thisanglew illbelew illbe

b =  —b =  — ^ —  ^ —  +  a r c t a n (+  a r c t a n (s / cs / c))

II ncase4, S ncase4, S andO andO areabsareabso luteo lutelyatrest. Tlyatrest. Thetranshetransmit-m it-

t ingmedtingmediumMmoviumMmovesw ithave lesw ithave locitymocitym. I. I tcanbereadtcanbereadilyily

seenfromwhathasalreadybeeneseenfromwhathasalreadybeene plainedthatregardlessplainedthatregardless

ofthedirectioninofthedirectionin whichMmoves,therecanneverbewhichMmoves,therecanneverbe aa

[ [ i7i7
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changeoffrechangeoffre uencyoranaberrationaldisplacementob-uencyoranaberrationaldisplacementob-

servedby0becausetheeffectservedby0becausetheeffect ofS ofS movingrelativelyto0movingrelativelyto0

atrestinMw ilatrestinMw illele actlyneactlyneutra liutra lizetheef fzetheef fecto fO ecto fO mov imov ingng

relativelytoS relativelytoS atrestinM.atrestinM. ThustherecanbenoThustherecanbeno changeof changeof 

pitchinsoundfromapitchinsoundfroma stationarysourcetransmittingthroughstationarysourcetransmittingthrough

awindofuniformvelocity,providedthereisawindofuniformvelocity,providedthereis noshiftingof noshiftingof 

thewind.thewind.

 TheapparentdisplacementofS  TheapparentdisplacementofS inthedirectionOinthedirectionO SS ,which,which

willoccurincasewilloccurincase 3butnotin3butnotin case2,willnotbecase2,willnotbe compen-compen-

sated.Fsated.F ig.5showsfortheig.5showsforthe relationshipc/m— relationshipc/m— T,thevariousT,thevarious

magnitudesofthisdisplacement,dependingonthedirectionmagnitudesofthisdisplacement,dependingonthedirection

FF ig. 5. Medig. 5. Mediumismoviumismovingw itingw ithave locithave locityminthedirecyminthedirectionSO tionSO re latre lativeive

toastationarysourceandatoastationarysourceanda stationaryobserver.stationaryobserver.

ofthestationaryvectorm.S ofthestationaryvectorm.S maybeatanypointmaybeatanypoint onaona

circleof racircleof radiusOSdiusOS ^d^d w ithO asthecenter, aw ithO asthecenter, andinanyndinany

particularpositionofitthereparticularpositionofitthere willbeadefiniteangularwillbeadefiniteangular

re latre lationshionshipbetwipbetweenmandOSeenmandOS . S. S ' '  w il l ineacw ill ineachcasebeathcasebeat

somepointonthedottedcirclesomepointonthedottedcircle ofradiusrandofradiusrand eccentricityqeccentricityq ,,

sothatthefollowingrelationshipswillesothatthefollowingrelationshipswille ist:ist:

andand

1 1 11
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AA sanesane amplampleof theappaeof theapparentdisrentdisplaceplacementofaw amentofaw ave-ve-

emittingbodyS inthedirectionofradiation,thespreadingemittingbodyS inthedirectionofradiation,thespreading

outofsououtofsoundw avendw avesby thew indmsby thew indmay 'ay ' bementbementionedioned. I. I t ist is

truethatthedisplacementofthetruethatthedisplacementofthe sourceinthiscasesourceinthiscase cannotcannot

bedeterminedbyobservationsfrompointsadjacentO be-bedeterminedbyobservationsfrompointsadjacentO be-

causethedirectionofS willnotbechanged.TheapparentcausethedirectionofS willnotbechanged.Theapparent

displacementofthesourceinthedisplacementofthesourceinthe directionofradiationwilldirectionofradiationwill

howeverbemadeknownbyanincreaseinhoweverbemadeknownbyanincreasein theamplitudeof theamplitudeof 

thesoundwavesastheyarethesoundwavesastheyare beingreceivedatObeingreceivedatO ..

 Thegeneralizedcases5,6,7, Thegeneralizedcases5,6,7, and8 and8 ofTableI ofTableI canbecanbe

readilycorrelatedwiththecasesthatreadilycorrelatedwiththecasesthat havealreadybeenhavealreadybeen

discussedindetail.discussedindetail.
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 TheR TheR edSedS hifthift

WE WE havethusfarconsideredonlythehavethusfarconsideredonlythe idealcasewhereidealcasewhere

theetherishomogeneousandmovableonlyasantheetherishomogeneousandmovableonlyasan

entirety,'entirety,' butweshallnowconsiderabutweshallnowconsidera casethatiscasethatis

closertotheconditionsthatclosertotheconditionsthat actuallyeactuallye istininterstellaristininterstellar

space.Wespace.We shallnowassumethatthelightshallnowassumethatthelight wavesmigratewavesmigrate

fromastationarymediumacrossatransitionplanefromastationarymediumacrossatransitionplane intoaintoa

mediumofthesameconstitutionwhichismediumofthesameconstitutionwhichis inuniformmotioninuniformmotion

paralleltothisplane,andparalleltothisplane,and thatuponcontinuedmovementinthatuponcontinuedmovementin

thesamedirectiontheypassoutthesamedirectiontheypassout ofthemovingmediumandofthemovingmediumand

intothestationarymediumagain.Iintothestationarymediumagain.I tisgenerallyagreedthattisgenerallyagreedthat

theraysorrathertheraysorrather thewave-frontnormalsofthewavesthewave-frontnormalsofthewaves

comingfromthestationarymediumwillundergorefractioncomingfromthestationarymediumwillundergorefraction

inthedirectionofinthedirectionof motionofthemediumbecauseofthemotionofthemediumbecauseofthe

carryingalongofthewavesbythecarryingalongofthewavesbythe movingmedium.Imovingmedium.I f f 

everyportionofthemediumbeimaginedtoeveryportionofthemediumbeimaginedto possessthepossessthe

attributesofanobserver(orreceiver)andattributesofanobserver(orreceiver)and anemitter(oranemitter(or

sender),andifonlyasender),andifonlya singlestationaryhomogeneoussinglestationaryhomogeneous

mediumispresent,thenthepathandmediumispresent,thenthepathand thedirectionofradia-thedirectionofradia-

tion(whicharecoincidentintion(whicharecoincidentin thiscase,althoughnotalwaysthiscase,althoughnotalways

so,)canbesoso,)canbeso dennedthateverymovingelementinthewavedennedthateverymovingelementinthewave

willcontinuetomoveinwillcontinuetomovein thesamedirectioninwhichitthesamedirectioninwhichit

arrived,theraybeingthusrenderedrectilinear.Thearrived,theraybeingthusrenderedrectilinear.The normalnormal

tothewavefrontistothewavefrontis inthiscasecoincidentinthiscasecoincident withthepathwiththepath

anddirectionoftheray.anddirectionoftheray.

OO nthebasisofnthebasisof thisdefinitionoftheconceptsofthisdefinitionoftheconceptsof pathandpathand

directionofradiation,thepassageofadirectionofradiation,thepassageofa rayoflightfromarayoflightfroma

stationaryintoamovingmediumwillnowbestationaryintoamovingmediumwillnowbe followedonfollowedon

FF ig.6.Theratioofig.6.Theratioof thevelocitymofthethevelocitymofthe mediumtothemediumtothe

w avevw avevelocie locitycinthemeditycinthemediumistheretaumistheretak enasm/k enasm/c=  c=  yy ..

FF orthesakeofclarityorthesakeofclarity weshalldesignateallpointswhichweshalldesignateallpointswhich

areatrestrelativetoareatrestrelativeto thestationarymediumbyunprimedthestationarymediumbyunprimed

capitals,andthosewhichareatcapitals,andthosewhichareat restrelativetothemovingrestrelativetothemoving

mediumbyprimedcapitals.Fmediumbyprimedcapitals.F orsimplicityweshalldesig-orsimplicityweshalldesig-

nateastheangleofnateastheangleof incidenceb,nottheangleincidenceb,nottheangle betweenthebetweenthe
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EE therandMtherandMatteratter

incidentrayandthenormaltoincidentrayandthenormalto thesurfaceoftransition,butthesurfaceoftransition,but

rathertheanglewhichtherathertheanglewhichthe raymakeswiththedirectionof raymakeswiththedirectionof 

motionofthemovingmedium.Amotionofthemovingmedium.A spositivevaluesofbspositivevaluesofb willwill

bedesigbedesignateda lnateda llanglelanglesupto1supto1 00. A n00. A n obserobserverattheveratthe

pointPonthepointPonthe interfacePR interfacePR whoisatrestwhoisatrest relativetotherelativetothe

movingmedium,andwhoreceivesaraycomingfrom0movingmedium,andwhoreceivesaraycomingfrom0

alongthelineOalongthelineO PperpendiculartotheinterfacewillPperpendiculartotheinterfacewill find,find,

becauseofaberration,thattherayappearstobecauseofaberration,thattherayappearsto comefromcomefrom

thepo inthepo intQ tQ soastomaksoastomakeanangleg—b+  eanangleg—b+  a iw iththa iw iththe inter-e inter-

face,theangleofaberrationbeingdeterminedbytanface,theangleofaberrationbeingdeterminedbytan ai=ai=

m/ c(casm/ c(case2cofTable Ie2cofTable I ). A). A nypartnyparticleA ' icleA ' o f themoof themov ingv ing

mediumediumw illbeaf fmw illbeaf fectedineectedine actly thactly thesamemaesamemannernner. S. S inceince

theparttheparticleA ' icleA ' isatrestre lisatrestre lativetativetothemov iothemov ingmedingmedium, theum, the

undulatorymovementwhichtheparticlereceivedwhileatPundulatorymovementwhichtheparticlereceivedwhileatP

willspreadoutasawillspreadoutasa waveimpulsewithavelocitycwaveimpulsewithavelocityc (the(the

sameasinthsameasinthestatioestationarymenarymedium)inthdium)inthedirectedirectionAionA '' D D inin

thelineQthelineQ P,andinaP,andina unitintervaloftimewillunitintervaloftimewill travelalongtravelalong

thislinetthislinetothepo intGothepo intG . Duringth. DuringthistimethistimetheparticeparticleAleA ''

hasmovhasmovedaloneda longthepathPR  gthepathPR  tothepo itothepo intR  ntR  w ithave lw ithave locityocity

meme ualtothaua ltothato f themedito f themedium. Durum. Duringthesaingthesametimethmetimethee

pointG hapointG haslikewisemovedtothestationarypoint5,slikewisemovedtothestationarypoint5, thatthat

is, thew ais, thew aveimpuveimpulseproclseproceedineedingf romA ' gf romA ' hasmovhasmovedintheedinthe

directionP directionP relativetothestationarymedium.Orelativetothestationarymedium.O therparti-therparti-

clesB ' clesB ' andC  andC  o f themovof themovingmedingmediumw hiiumw hicharrivcharrivesubse-esubse-

qq uentlyatthepointPuentlyatthepointP willsendoutotherwaveimpulsesinwillsendoutotherwaveimpulsesin

directdirectionsB 'ionsB ' EE ' '  andC Pre lativetothemandC Pre lativetothemov inov ingmediugmedium, butm, but

inadirectionP relativetothestationarymedium,sothatinadirectionP relativetothestationarymedium,sothat

anobserveratrestrelativetoanobserveratrestrelativeto thestationarymediumwhoisthestationarymediumwhois

locatlocatedatanypoedatanypointTontheraypaintTontheraypathP  thP  w il lrecw illrece ivea le ivea lll

thew avthew aveimpule impulsesf romtsesf romthepartiheparticlesA 'clesA ' , B, B '' , C, C , etc. Since, etc. Since

thestationaryobservedatTmoveswithathestationaryobservedatTmoveswitha velocity—mvelocity—m

relativetothemovingmedium,hewillnotrelativetothemovingmedium,hewillnot receivetheray»receivetheray» ..

f romadirf romadirectioectionpara llnpara lle ltoAe ltoA '' DD , butbeca, butbecauseofabeuseofaberratiorrationn

willreceiveitfromawillreceiveitfroma directionTU,theangleofaberrationdirectionTU,theangleofaberration

«« 2beingdeterminedbytherelationship:2beingdeterminedbytherelationship:

msingmsing

tana2=tana2=

cc
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 TheR TheR edSedS hifthift

 Thepathofradiationandthe Thepathofradiationandthe directionofradiationthere-directionofradiationthere-

foreappeartothestationaryobserveratforeappeartothestationaryobserverat TtoheatTtoheat anangleanangle

toeachother.Ftoeachother.F urthermoresuchanobserverwillnoturthermoresuchanobserverwillnot

receivethewaveimpulsesattheiroriginalreceivethewaveimpulsesattheiroriginal frefre uency/,butuency/,but

sincethsincethe impulse impulseemitt ieemitt ingpartingparticlesA \  clesA \  BB '' , O, O , etc. rece, etc. recedede

fromhimwithavelocitymfromhimwithavelocitym cosg,hewillcosg,hewill receivesuchim-receivesuchim-

pulses,inaccordancewithcase3pulses,inaccordancewithcase3 ofTableIofTableI ,ata,ata diminisheddiminished

f r ef r e u e nu e nc yc y

c + m c o s gc + m c o s g

AA tthepo intV w htthepo intV w herethe linerethe linesP  esP  interintersectsthsectstheothereother

boundarysurfacebetweenthestationaryandthemovingboundarysurfacebetweenthestationaryandthemoving

media,therayleavesthemovingmedium.A particleatVmedia,therayleavesthemovingmedium.A particleatV

inthestationarymediumcontinuallyreceiveswaveimpulsesinthestationarymediumcontinuallyreceiveswaveimpulses

f romadirf romadirectioectionpara llnpara lle ltoQeltoQ P , andjusP , andjustasinthecaseof  tasinthecaseof  

theobserveratT,thesewaves,becauseoftheobserveratT,thesewaves,becauseof aberration,willaberration,will

appeartocomefromthedirectionappeartocomefromthedirection VW VW paralleltoTU.BparalleltoTU.B utut

theywillnotcontinuetotheywillnotcontinueto travelinthisdirectionintravelinthisdirectionin thethe

stationarymediumbecauseintheinfinitesimalregionof stationarymediumbecauseintheinfinitesimalregionof 

transitionbetweenthetwomediathewavevelocitydoesnottransitionbetweenthetwomediathewavevelocitydoesnot

remainc,butisremainc,butis reducedtoreducedto

c  c  —  c —  m—  c —  mc oc os (s (ii oo -- ) .) .

AA tthe instatthe instanto f tranntof transit iosit ionthesameconthesamecondit indit ionsw ilonsw illele istasistas

whenaraypassesfromawhenaraypassesfroma rarerintoadensermedium,rarerintoadensermedium,

where:where:

coseccosec

cos: c—mcosgcos: c—mcosg

eandieandi beingtheangleswhichtheincidentbeingtheangleswhichtheincident andrefractedandrefracted

raysmakewiththeplaneofraysmakewiththeplaneof transitionbetweenthetwotransitionbetweenthetwo

media.Imedia.I nthestationarymediumthedirectionofnthestationarymediumthedirectionof therayistherayis

againidenticalwiththepathofagainidenticalwiththepathof theray.Theraydirectionstheray.Theraydirections

beforeandaftertraversingthemovingmediummakewithbeforeandaftertraversingthemovingmediummakewith

eachotheachotheranangleberanangleb , andthesam, andthesamediminediminutionof futionof frere uencyuency

whichoccurredatTwillwhichoccurredatTwill alsobeobservedatV.alsobeobservedatV.

II nFnF ig. 7the incig. 7the incidentraidentray isshow ny isshow n, notatrigh, notatrightangletanglestosto
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EE therandMtherandMatteratter

themovingmedium,butatanoblithemovingmedium,butatanobli ueanglethereto.Aueanglethereto.A

stationaryobserverinthemovingmediumwillfindthatstationaryobserverinthemovingmediumwillfindthat thethe

pathoftheray,aspathoftheray,as wellasthedirectionofwellasthedirectionof theray,arere-theray,arere-

fractedintheup-streamdirection,althoughthecontraryhasfractedintheup-streamdirection,althoughthecontraryhas

beenstatedbynearlyallwritersbeenstatedbynearlyallwriters onthissubject.onthissubject.

FF ig. 7. SameasFig. 7. SameasF ig. 6, butwig. 6, butwiththeray tiththeray traverraversingthecusingthecurrentatanrrentatan

obliobli ueangleueangle..

II nFnF ig. 7thef reig. 7thef re uencuency fw hichw ily fw hichw illbemeasulbemeasuredbyanredbyan

observerwhoisatrestobserverwhoisatrest relativetothemovingmedium,relativetothemovingmedium,

accoraccordingtocasdingtocase2aofTable2aofTable Ie I , w il lbe :, w il lbe :

f  f  =  f ( c —  m c o s b )=  f ( c —  m c o s b )/ c/ c

w herw here/ isthef ree/ isthef re uencyauencyatthesourtthesourceof radiaceof radiation. Ttion. Thehe

f ref re uency f  uency f  w hichww hichwillbemeaillbemeasuredbyasuredbyanobservnobserveratresteratrest
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 TheR TheR edSedS hifthift

inthestationarymediumafterthewaveshavetraversedtheinthestationarymediumafterthewaveshavetraversedthe

movingmediumandhavereturnedintothestationarymovingmediumandhavereturnedintothestationary

mediumediumw illbe , acmw illbe , accordicordingtocase3aofTngtocase3aofTable Iable I ::

f  f  =  c f=  c f / (/ (c -c -m cm co so sgg ))

=  =  f (c—mcosb)/ (cf (c—mcosb)/ (c—mcosg1)—mcosg1)

w herw hereg eg istheanglistheanglew hichthew hichtheray inthemoeray inthemov ingmev ingmediumdium

mak emak esw ithm. Since(f forva lusw ithm. Since(f forva luesofm/ c^  esofm/ c^  1isa lw ay1isa lw ayss

greatgreaterthanb, f  erthanb, f  w il la lww illa lwaysbe lesaysbe lessthan/ .sthan/ .

 Thesamediminutionoffre Thesamediminutionoffre uencywhichoccurredinuencywhichoccurredin

FF ig. 6w illthig. 6w illtherefoereforea lsobeobrea lsobeobserveservedinFdinF ig. 7byanob-ig. 7byanob-

serverinthestationarymediumontheserverinthestationarymediumonthe remotesideoftheremotesideofthe

movingmedium.Imovingmedium.I ftherayisftherayis inclinedinthedirectioninclinedinthedirection oftheofthe

current,thediminutionoffrecurrent,thediminutionoffre uencyuponenteringthemov-uencyuponenteringthemov-

ingmediumwillbegreaterthaningmediumwillbegreaterthan theincreaseoffretheincreaseoffre uencyuency

uponleavingthesame,whereasiftherayuponleavingthesame,whereasiftheray isinclinedinisinclinedin aa

directionoppositetothatofthedirectionoppositetothatofthe current,theincreaseof current,theincreaseof 

frefre uencyuponenteringthemovingmediumwillbeuencyuponenteringthemovingmediumwillbe lessless

thanthedecreaseoffrethanthedecreaseoffre uencyuponleavingthesame.uencyuponleavingthesame.

 Thefollowingisthereforeuniversallytrueforall Thefollowingisthereforeuniversallytrueforall media:media:

WheneveraWhenevera trainofwavestraversesamediumthattrainofwavestraversesamediumthat hashas

currentsflowingacrossit,anobserverwhocurrentsflowingacrossit,anobserverwho isatrestrelativeisatrestrelative

tothesourceoftothesourceof radiationwillobserveadiminutionoffre-radiationwillobserveadiminutionoffre-

qq uency,andasimultaneousrefractionoftherayuency,andasimultaneousrefractionoftheray inadirec-inadirec-

tionoppositetothedirectiontionoppositetothedirection ofthecurrentitofthecurrentit traverses.traverses.

II nthecaseof linthecaseof lightw avghtw aves, thies, thisphenosphenomenomenonisenise hibithibiteded

bytheredshiftbytheredshift ofthelightfromdistantofthelightfromdistant nebulaewhichisnebulaewhichis

todaygenerallyinterpretedasaDopplereffect,andistodaygenerallyinterpretedasaDopplereffect,andis ac-ac-

ceptedbyalmosteverybodyasproofoftheceptedbyalmosteverybodyasproofofthe actualrecessionactualrecession

ofsuchnebulae.Iofsuchnebulae.I fthiswereafthiswerea trueDopplereffect,thenthetrueDopplereffect,thenthe

velocityofrecessionofnebulaeatavelocityofrecessionofnebulaeata distanceof5,000lightdistanceof5,000light

yearswouldbeonekilometerpersecond.Iyearswouldbeonekilometerpersecond.I tisdifficulttisdifficult toto

understandwherealltheenergycouldcomefromunderstandwherealltheenergycouldcomefrom thatwouldthatwould

benecessarytogivethesenebulaetheirbenecessarytogivethesenebulaetheir outwardvelocityandoutwardvelocityand

acceleration,orwhyourownMilkyWacceleration,orwhyourownMilkyW ayshouldbetheayshouldbethe

centeroftheuniverse.Thistheoryiscenteroftheuniverse.Thistheoryis sounreasonableonthesounreasonableonthe

faceofitthatfaceofitthat wefeelcompelledtolookforwefeelcompelledtolookfor someothersomeother

ee planplanationation. I. I tw ouldsetw ouldseemmorereemmorereasonaasonabletoattrbletoattributethibutethee
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 TheR TheR edSedS hifthift

redshifttoetherredshifttoether currentsininterstellarspaceascurrentsininterstellarspaceas ee plainedplained

intheprecedingpages,orintheprecedingpages,or tosomethinganalogoustothetosomethinganalogoustothe

RR amanor'amanor' CC omptomptonef feonef fects. Icts. I ne ithene ithercasethefurrcasethefurtherathera

nebulaisawaythegreaterwouldbenebulaisawaythegreaterwouldbe theregionsofflowingtheregionsofflowing

andturbulentetherwithrarifiedgasesthroughandturbulentetherwithrarifiedgasesthrough whichthewhichthe

lightwaveshavepassed.lightwaveshavepassed.

 Theforegoinge Theforegoinge planationoftheredshiftplanationoftheredshift onthebasisof onthebasisof 

interinterste llaste llarethercurrethercurrentsw arentsw aspresenspresentedbyO. CtedbyO. C . H. H ilgenilgen--

bergin1bergin1 31, inopp31, inopposit iosit iontotheeontothee pandipandingunivnguniversetheersetheoryory

ofEofE insteinandLinsteinandL emaitre.Thevaguenessandambiguityof emaitre.Thevaguenessandambiguityof 

theEinste inianftheEinste inianfie ldeie lde uatiouationsisshownsisshownby thecontnby thecontradicradictorytory

conclusionswhichhavebeendrawntherefrom,namelytheconclusionswhichhavebeendrawntherefrom,namelythe

f initf in itebutendleebutendlessunivessuniverseofA . ErseofA . E insteinsteinandtheeinandthee pandpandinging

butmasslessuniverseofWbutmasslessuniverseofW .deS.deS itter,withthetheoriesof itter,withthetheoriesof 

G. LG. L emaitemaitreandA . FreandA . F riedmriedmanasthe irf ianasthe irf ina lprona lproduct. Thduct. Thatat

therearelimitstotherearelimitsto whatcanbelearnedaboutthefactswhatcanbelearnedaboutthefacts of of 

naturefromsuchmathematicalenaturefromsuchmathematicale uationsalone,wasrealizeduationsalone,wasrealized

b yb ydde S i te S i tt et er { N A T Ur { N A T UR W IR W I S SS S E N SE N S C H AC H A F TF T N , iN , ig ,g ,3 6 ,3 6 ,

11 31)w he31)w henheremarnheremark ed: " Uberdiemathk ed: " Uberdiemathematematischeischenn

Gleichungenkonnenwirnichthinausgehen.Gleichungenkonnenwirnichthinausgehen.

BB esidesthenebularredshiftesidesthenebularredshift referredtoabove,thereisreferredtoabove,thereis

alsothegravitationalredshiftproducedbyalsothegravitationalredshiftproducedby thegravitationalthegravitational

fieldoftheradiatingbody.Thisfieldoftheradiatingbody.This canalsobeaccountedforcanalsobeaccountedfor

underthedynamicethertheorybecauseinunderthedynamicethertheorybecausein theneighborhoodtheneighborhood

ofalargegravitatingbodylikeofalargegravitatingbodylike thesunorathesunora starthereisstarthereis

presumablyagreaterturbulenceofetherthaninpresumablyagreaterturbulenceofetherthanin interstellarinterstellar

space.Ispace.I nanswertotheEnanswertotheE insteinianrelativistswhowouldinsteinianrelativistswhowould

faintamperwithspaceandtimefaintamperwithspaceandtime themselvesinordertothemselvesinorderto

accountfortheredshift,accountfortheredshift, wethereforeneedonlyreplywithwethereforeneedonlyreplywith

thefamiliaraphorismofLthefamiliaraphorismofL ichtenberg,therebeingmoreichtenberg,therebeingmore

thingsinheavenandonthingsinheavenandon earththanaredreamedofinearththanaredreamedofin

EE insteinianrelativity.insteinianrelativity.
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GravitationGravitation

II TseemstobetheTseemstobethe prevailingopiniontodaythatallat-prevailingopiniontodaythatallat-

temptemptstoetstoe pla inthpla intheforceofgreforceofgrav ityoav ityonthebasiso f  nthebasiso f  

ethermechanicshavebeenunsuccessful,butthataethermechanicshavebeenunsuccessful,butthata satis-satis-

factoryefactorye planationhasbeenarrivedatontheplanationhasbeenarrivedatonthe basisof basisof 

curvatureofspace.Theattemptedhydromechanicalecurvatureofspace.Theattemptedhydromechanicale pla-pla-

nationsmayhavebeenimperfect,buttheywerecertainlynationsmayhavebeenimperfect,buttheywerecertainly

stepsintherightstepsintheright direction.Odirection.O ntheotherhandtontheotherhandto attributeattribute

gravitationtoacurvatureofspacegravitationtoacurvatureofspace isscientificallynoeisscientificallynoe pla-pla-

nationatall,butonlynationatall,butonly ametaphysicalevasion.Gravitationametaphysicalevasion.Gravitation

isdefinitelyaphysicalforce,andisdefinitelyaphysicalforce,and thereforerethereforere uiresaphysi-uiresaphysi-

ca leca le planaplanation.t ion.

 Theforceofgravitymustact Theforceofgravitymustact throughtheinterveningthroughtheintervening

ether,andiftheetherether,andiftheether isafluidrisafluidr atherthanasolid,asatherthanasolid,as itit

obviouslymustbe,thengravitationmustbecausedbyobviouslymustbe,thengravitationmustbecausedby aa

pressureofthisfluidfrompressureofthisfluidfrom behindratherthanbyabehindratherthanbya pullfrompullfrom

infront,andsuchainfront,andsucha pressurecanonlybecausedbypressurecanonlybecausedby aflowaflow

oftheetherinoftheetherin thedirectionofthegravitationalforce.Thusthedirectionofthegravitationalforce.Thus

LL eSeS agein175agein1750compa0comparedtheforedtheforceofgrarceofgrav ityw iv ityw iththeththe

effectofahailstormoneffectofahailstormon twocirculardisksheldintwocirculardisksheldin parallelismparallelism

ashortdistancefromeachashortdistancefromeach other.Iother.I fthestormisfthestormis ratherrather

turbulentsothatthehailstonesstriketurbulentsothatthehailstonesstrike thedisksfromallthedisksfromall

directions,thenthetwodiskswilldirections,thenthetwodiskswill bedriventowardeachbedriventowardeach

otherwithaforcethatotherwithaforcethat becomesgreateriasthedistancebe-becomesgreateriasthedistancebe-

tw eetw eenthedisknthedisksbecomsbecomesless. LeSesless. LeS ageassageassumedthumedthattheatthe

etherconsistsof"etherconsistsof" ultra-mundanecorpuscles ultra-mundanecorpuscles flyingaboutinflyingaboutin

alldirections,andcausingmaterialbodiestoalldirections,andcausingmaterialbodiesto beforcedbeforced

towardeachotherinthetowardeachotherinthe abovemanner.abovemanner.

LL eSeS ageage stheorydstheorydidnotmeeidnotmeetw ithgentw ithgenera lappera lapprova lrova l

becauseitwasthoughtthatsuchbecauseitwasthoughtthatsuch anactionoftheanactionofthe etheruponetherupon

materialbodieswouldcauseheatingthereof,butthatseemsmaterialbodieswouldcauseheatingthereof,butthatseems

tobeanargumentintobeanargumentin favorofratherthanagainsthisfavorofratherthanagainsthis theory,theory,

becausethelargecelestialbodiesdobecausethelargecelestialbodiesdo havesurfacetempera-havesurfacetempera-

tureswhichareproportionaltothetureswhichareproportionaltothe gravitationalforcesatgravitationalforcesat

theirsurfaces.Htheirsurfaces.H istheoryalsometwithistheoryalsometwith disapprovalbecausedisapprovalbecause
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EE therandMtherandMatteratter

itwasthoughtthatanitwasthoughtthatan ethercomposedofsuchultra-mundaneethercomposedofsuchultra-mundane

corpusclesshouldbecapableofbeingcorpusclesshouldbecapableofbeing screenedinamannerscreenedinamanner

similartoelectrostaticandmagneticforces.Hsimilartoelectrostaticandmagneticforces.H owever,theowever,the

apparentscreeningofelectrostaticandmagneticforcesisapparentscreeningofelectrostaticandmagneticforcesis

reallyneutralizationratherthanscreening.Theredoesnotreallyneutralizationratherthanscreening.Theredoesnot

seemtobeaseemtobea singleelementaryforceinnaturewhichissingleelementaryforceinnaturewhichis trulytruly

screescreened, sowned, sowhyehye pectthefopecttheforceofgravrceofgravity toeity toe hibitsuhibitsuchch

anunprecedentedbehavioranunprecedentedbehavior

AA ttemttemptshaveaptshavealsobeenmlsobeenmadetoeadetoe pla ingrpla ingrav itaav itationontionon

thetheorythatmaterialbodiesfunctionasthetheorythatmaterialbodiesfunctionas ethersinks,sinceethersinks,since

itcanbeitcanbe showneshowne perimentallythatwhentwobodiesareperimentallythatwhentwobodiesare

connectedwithsuitableconduitssoasconnectedwithsuitableconduitssoas tosuckinthetosuckinthe sur-sur-

roundingfluid,theywillattracteachroundingfluid,theywillattracteach other.Aother.A llethersinkllethersink

theoriesofgravitation,however,areconfrontedbythediffi-theoriesofgravitation,however,areconfrontedbythediffi-

cultyofecultyofe plainingnotonlywhatcausessuchplainingnotonlywhatcausessuch inwardflowof inwardflowof 

ether,butalsowhathappenstotheether,butalsowhathappenstothe etherafteritisetherafteritis absorbed.absorbed.

ZZ enneckincoordinatingthevarioushypothesesontheme-enneckincoordinatingthevarioushypothesesontheme-

chanicalechanicale planationofgravitationwithnumerousreferencesplanationofgravitationwithnumerousreferences

toliterature,statedasfollows:toliterature,statedasfollows:

 Theassumptionthattheetherbehaveslikea Theassumptionthattheetherbehaveslikea lili uidorauidora gasleadsgasleads

totheconclusionthatthetotheconclusionthatthe ethercurrentsmustflowintotheethercurrentsmustflowintothe atomsof atomsof 

mattematter. Ar. A ccordccordingto Jingto J . B. B ernoernouil l i , B . Ruil l i , B . R iemaiemann, andJnn, andJ . Y. Y ark oark ovsk iv sk i

theseethercurrentscarrythetheseethercurrentscarrythe materialbodieswiththemandthusmaterialbodieswiththemandthus

causegravitation....Acausegravitation....A mongthemanydifficultieswhichconfrontmongthemanydifficultieswhichconfront

thistheory,thereisalsothistheory,thereisalso theqtheq uestionastowhatbecomesofuestionastowhatbecomesof theethertheether

WhichWhich flowsintothesematerialbodies.Thereareonlytwoflowsintothesematerialbodies.Thereareonlytwo possiblepossible

answers—eithertheetheranswers—eithertheether accumulatesinthem,oritdisappearsinaccumulatesinthem,oritdisappearsin thethe

same.iBsame.iB ernouilli,Hernouilli,H elm,andYelm,andY arkovskihavedecidedinfavorofthearkovskihavedecidedinfavorofthe

formformer, andR iemanninfaer, andR iemanninfavorof the lavorof the latter. (tter. ( NN ZZ YY KK LL . D.. D.

M A T H . PM A T H . PTT S SS S E NE N S CS C H , 5 ,H , 5 ,P H Y S IP H Y S I K  1 , 5K  1 , 54 ,4 ,11 0 30 3- 1 2 1 .- 1 2 1 .))

HH ilgenbergassumedthatatleastailgenbergassumedthatatleasta portionoftheab-portionoftheab-

sorbedetherisconvertedintomatter,butsorbedetherisconvertedintomatter,but thedifficultywiththedifficultywith

thatethate planaplanationisthationisthattheethettheetherw ouldstrw ouldstil lhavetobeil lhavetobe

compressibleifitiscompressibleifitis toaccumulateinanyform,andfurther-toaccumulateinanyform,andfurther-

moretheproductionofmatterdemoretheproductionofmatterde novowouldrenovowouldre uiremuchuiremuch

moreenergythantheinwardlyflowingetherwouldpossess.moreenergythantheinwardlyflowingetherwouldpossess.

AA ninfinitelycompressibleetherwouldhelptoninfinitelycompressibleetherwouldhelpto solvethesolvethe

problem,butthatwouldagainleadtoproblem,butthatwouldagainleadto otherdifficulties.otherdifficulties.
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nn
  e  e
  r  r  a  a
   t   t  e  e
   d   d
   f   f  o  o
  r  r
  e  e
   j   j   k   k
   6   6
  c  c
   (   (   U   U  n  n

   i   i  v  v
  e  e
  r  r  s  s
   i   i   t   t
  y  y
  o  o
   f   f
   V   V
   i   i  r  r
  g  g
   i   i  n  n
   i   i  a  a
   )   )
  o  o
  n  n
   2   2
   0   0
   1   1
   4   4
 - -   0   0
   5   5
 - -   2   2
   3   3
   0   0
   6   6
  :  :   3   3
   1   1
   G   G
   M   M
   T   T

   /   /   h   h

   t   t   t   t
  p  p
  :  :   /   /
   /   /   h   h
   d   d
   l   l . .
   h   h
  a  a
  n  n
   d   d
   l   l  e  e
 . .  n  n
  e  e
   t   t   /   /
   2   2
   0   0
   2   2
   7   7
   /   /  u  u
  c  c
   1   1
 . .   b   b
   4   4
   2   2
   5   5
   3   3
   1   1
   7   7
   7   7

bb
   l   l   i   i
  c  c
   D   D
  o  o
  m  m
  a  a
   i   i  n  n
 , ,
   G   G
  o  o
  o  o
  g  g
   l   l  e  e - -
   d   d
   i   i  g  g
   i   i   t   t
   i   i  z  z
  e  e
   d   d

   /   /
   h   h
   t   t   t   t
  p  p
  :  :   /   /
   /   /  w  w
  w  w
  w  w
 . .   h   h
  a  a
   t   t   h   h
   i   i   t   t
  r  r  u  u
  s  s
   t   t . .
  o  o
  r  r  g  g
   /   /  a  a
  c  c
  c  c
  e  e
  s  s
  s  s
__
  u  u
  s  s
  e  e   #   #

  p  p
   d   d
 - -  g  g
  o  o
  o  o
  g  g
   l   l  e  e



   G   G
  e  e
  n  n

   P   P
  u  u
   b   b

  

GravitationGravitation

NN everthelessitseemsinevitablethatgravitationmustbeeverthelessitseemsinevitablethatgravitationmustbe

causedbyadriftcausedbyadrift oftheetherthroughthegravitatingbodyoftheetherthroughthegravitatingbody

inthedirectionofinthedirectionof itsacceleration,somewhataspicturedbyitsacceleration,somewhataspicturedby

LL eSeS age. Iage. I f theprotf theprotonsandelonsandelectroectronsofw hicnsofw hichgrav ithgrav itatingating

bodiesarecomposedweremerelypointchargesasphysicistsbodiesarecomposedweremerelypointchargesasphysicists

havebeenassumingfornearlyhalfahavebeenassumingfornearlyhalfa century,thenitwouldcentury,thenitwould

bedifficulttoaccountforbedifficulttoaccountfor suchanetherdrift.Osuchanetherdrift.O ntheotherntheother

handiftheelementaryorsubatomicparticlesarehandiftheelementaryorsubatomicparticlesare vorticesinvorticesin

theether,thenitwouldtheether,thenitwould bereasonabletoassumethatsuchbereasonabletoassumethatsuch

vorticeskeeptheetherinvorticeskeeptheetherin aturbulentandstreamingcon-aturbulentandstreamingcon-

dition.Theabundanceofcosmicraysindition.Theabundanceofcosmicraysin theupperatmos-theupperatmos-

phereseemstocorroboratethetheorythatphereseemstocorroboratethetheorythat theetherisactivetheetherisactive

andnotquiescentandnotquiescent..

A A dynamicallyactiveetherwillreadilyaccountforadynamicallyactiveetherwillreadilyaccountfora uni-uni-

directionaletherdriftthroughthegravitatingbodyindirectionaletherdriftthroughthegravitatingbodyin thethe

directdirectionof itsaccionof itsacce lerae leration. A setion. A se pla inpla inede lseedelsew herw hereby theeby the

writer,theelementaryparticlesofmatterandelectricitywriter,theelementaryparticlesofmatterandelectricity

probablyconsistofdipolarvorticesarrangedsoprobablyconsistofdipolarvorticesarrangedso astohaveastohave

outwoutwardpo laardpo larf lu rf lu andinwandinwardearde uatoruatoria lf luia lf lu , orv iceve, orv iceversa ,rsa ,

FF ig.8ig.8 .Twogravitatingbodieswiththeirassociatedether.Twogravitatingbodieswiththeirassociatedether currents.currents.

dependingonwhethertheyareprotonsorelectrons.Adependingonwhethertheyareprotonsorelectrons.A ssum-ssum-

ingthattheetheringthattheether isincompressible,thetotalamountof isincompressible,thetotalamountof 

etherwhichflowsoutwardlymustbeeetherwhichflowsoutwardlymustbee ualtothetotalualtothetotal
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EE therandMtherandMatteratter

amountofetherwhichflowsinwardly,buttheoutwardlyamountofetherwhichflowsinwardly,buttheoutwardly

flowingcurrentswilltravelmuchgreaterdistancesthanflowingcurrentswilltravelmuchgreaterdistancesthan thethe

inwardlyflowingcurrents.Thiscanbeillustratedwithinwardlyflowingcurrents.Thiscanbeillustratedwith anan

electricfanwhichwillsendelectricfanwhichwillsend theoutwardlyflowingaircurrenttheoutwardlyflowingaircurrent

adistanceoftenfeetadistanceoftenfeet ormore,whereastheinwardlyflowingormore,whereastheinwardlyflowing

aircurrentcannotbefeltaircurrentcannotbefelt atadistanceofthatatadistanceofthat manyinches.manyinches.

CC onseonse uentlywhentwogravitatingbodies(liketheearthuentlywhentwogravitatingbodies(liketheearth

andthesun)areandthesun)are atafinitedistancefromeachatafinitedistancefromeach other,itwillother,itwill

beprincipallytheoutwardlyflowingethercurrentswhichbeprincipallytheoutwardlyflowingethercurrentswhich

willencountereachotherinwillencountereachotherin thespacebetweenthetwothespacebetweenthetwo

bodies,andwillspreadoutradiallyinbodies,andwillspreadoutradiallyin alldirections,event-alldirections,event-

uallyreturningintothesamebodiesfromuallyreturningintothesamebodiesfrom thesidesorfromthesidesorfrom

therear.Thiswillresulttherear.Thiswillresult inanon-uniformdistributionof inanon-uniformdistributionof 

ethercurrentsoverthesurfacesofethercurrentsoverthesurfacesof thegravitatingbodies,thegravitatingbodies,

sincemorethanhalfofsincemorethanhalfof thetotalinwardlyflowingetherwillthetotalinwardlyflowingetherwill

enterthebodiesthroughthesidesenterthebodiesthroughthesides awayfromeachother,awayfromeachother,

andlessthanhalfofandlessthanhalfof itthroughthesidestowardeachitthroughthesidestowardeach other.other.

 Theamountofetherthatcan Theamountofetherthatcan bedrawninonbedrawninon thesidesthesides

towardeachotherisalsotowardeachotherisalso limitedineachcasebylimitedineachcaseby thepresencethepresence

oftheotherbodywhichdrawsoftheotherbodywhichdraws etherfromthesamespaceetherfromthesamespace

butintheoppositedirection,whereasonbutintheoppositedirection,whereason thesidesawayfromthesidesawayfrom

eachotherthetwobodiescaneachotherthetwobodiescan drawinetherinunlimiteddrawinetherinunlimited

amouamounts. Ints. I nFnF ig8 ig8 thesecothesecondit indit ionsareshoonsareshow nsomew nsomew hatw hat

ee aggeaggeratedfratedforthesakorthesakeofclariteofclarity .y .

 Thesameprinciplesapplywhenoneof Thesameprinciplesapplywhenoneof thebodiesisverythebodiesisvery

largeanlargeandtheotherbodtheotherbodyverysmdyverysmall, ea ll, e ceptthaceptthatinthiscasetinthiscase

theoutwardlytravelingethercurrentsofthetheoutwardlytravelingethercurrentsofthe smallerbodysmallerbody

willbedeflectedmuchmorethanwillbedeflectedmuchmorethan thoseofthelargerbody,thoseofthelargerbody,

andthesmallerbodywillthereforehaveaandthesmallerbodywillthereforehavea muchgreatermuchgreater

acceleration.Iacceleration.I twillbeseentwillbeseen fromtheforegoingthatwhenfromtheforegoingthatwhen

twogravitatingbodiesarebroughtintothetwogravitatingbodiesarebroughtintothe presenceofeachpresenceofeach

other,theirsurroundingethercurrentswillnotother,theirsurroundingethercurrentswillnot remainuni-remainuni-

formlyandsymmetricallydistributedovertheirsurfacesbutformlyandsymmetricallydistributedovertheirsurfacesbut

willbecomeorganizedinsuchawillbecomeorganizedinsucha mannerastoformamannerastoforma largelarge

doubldoublevorte  evorte  w ithinww ithinwardpo lardpo larf lu arf lu andoutandoutw ardew arde uatouatoria lria l

f luf lu , eachbod, eachbodybeingatorneybeingatornearthecentarthecentero fonevoerofonevorterte . A. A ss

isplainlyshownintheisplainlyshowninthe diagram,thiswillproduceanetherdiagram,thiswillproduceanether

driftthrougheachbodyindriftthrougheachbodyin thedirectionofitsthedirectionofits gravitationalgravitational
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GravitationGravitation

accelerationtowardtheotherbody.Iaccelerationtowardtheotherbody.I ftheatomsorsubato-ftheatomsorsubato-

micparticlesofwhicheachmicparticlesofwhicheach bodyiscomposedconsistof bodyiscomposedconsistof 

vorticesinthesameether,thenvorticesinthesameether,then itisreasonabletoassumeitisreasonabletoassume

thattheywillbepushedthattheywillbepushed orcarriedalongbytheorcarriedalongbythe etherwhichetherwhich

driftsthroughthem.driftsthroughthem.

 Thesituationcanalsobe Thesituationcanalsobe presentedinasomewhatdiffer-presentedinasomewhatdiffer-

entway.Wentway.W hentwobodiesareinhentwobodiesarein thepresenceofeachother,thepresenceofeachother,

theymusteitherattracteachother,repeltheymusteitherattracteachother,repel eachother,oreachother,or

remainindifferenttowardeachother.Sremainindifferenttowardeachother.S incetheethercur-incetheethercur-

rentsintheregionsrentsintheregions aroundthetwobodiesmustbepresumedaroundthetwobodiesmustbepresumed

toactuponeachtoactuponeach other,theywillnotremainsymmetricalother,theywillnotremainsymmetrical

aboutthecentersoftheaboutthecentersofthe twobodies,andwithanunsymmetri-twobodies,andwithanunsymmetri-

caldistributionofethercurrentscaldistributionofethercurrents itisnotitisnot likelythatthetwolikelythatthetwo

bodieswillbeinbodieswillbein ee uilibriumwithrespecttoeachuilibriumwithrespecttoeach other.other.

 Theywilleitherattracteachother Theywilleitherattracteachother orrepeleachother.orrepeleachother.

SS ince itcanbeshince itcanbeshow neow ne perimperimentaentally thatinlil ly thatinli uidsasw euidsasw elll l

asingasesaasingasesa sinkalwaysattractsasinkandsinkalwaysattractsasinkand asourcealwaysasourcealways

attractsasource,itattractsasource,it seemsmoreprobablethattheforcere-seemsmoreprobablethattheforcere-

sultingfromsuchanunsymmetricaldistributionofethersultingfromsuchanunsymmetricaldistributionofether

currentswillbeancurrentswillbean attractionthanthatitwillattractionthanthatitwill bearepulsion.bearepulsion.

Wesha llnow consWesha llnow considerthefiderthefancifancifuleule perimperimentofA .ento fA .

EE insteinforprovingtheidentityofinsteinforprovingtheidentityof gravitationalandinertialgravitationalandinertial

m a sm a ss . ( A . Es . ( A . E i n si n st e it e in , P H Yn , P H Y S . ZS . Z SS . 1 4 ,. 1 4 ,1 2 51 2 54 , 14 , 1 1 3 .1 3 .) A  b o  ) A  b o  i si s

suspendedbyacableinsuspendedbyacablein freespaceundertheinfluenceoffreespaceundertheinfluenceof aa

grav igrav itatiotationa lf iena lf ield. Ild. I nthisbo  nthisbo  there isapethere isapersonw hrsonw hore leaore leasesses

astonef rastonef romhishanomhishand. Thestod. Thestonedropnedropsdow n. Isdow n. I f thebof thebo

werenotinawerenotina gravitationalfield,butwouldbeacceleratedgravitationalfield,butwouldbeaccelerated

bythepullofbythepullof thecable,thenthestone,afterthecable,thenthestone,after beingreleased,beingreleased,

althoughnotfallingundertheinfluenceofalthoughnotfallingundertheinfluenceof thegravitationalthegravitational

field,wouldneverthelessappeartothepersoninfield,wouldneverthelessappeartothepersonin thebo thebo toto

behaveinthesamemanneraswhenthebehaveinthesamemanneraswhenthe bo wbo wassuspendedassuspended

inthegravitationalfield.inthegravitationalfield.

 Theq Theq uestionwillnowbeconsideredwhetherthetwouestionwillnowbeconsideredwhetherthetwo

casessetforthabovewillcontinuecasessetforthabovewillcontinue todifferonlyrelativelytodifferonlyrelatively

fromeachotherifwefromeachotherifwe bringintothefieldofbringintothefieldof actionathirdactionathird

relativelymovingsystem,namelytheether,andalsoafourthrelativelymovingsystem,namelytheether,andalsoafourth

systemorframeofreference,namelyabsolutespace.systemorframeofreference,namelyabsolutespace.

II finthefirstfinthefirst case(withthestonefallingincase(withthestonefallingin agravitationalagravitational
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EE therandMtherandMatteratter

f ie ldf ie ld)theethe)theetherandthe 'randthe ' bo  bo  arebothstarebothstationationary , thary , thenintheeninthe

secondcase(withthebo acceleratedandthestoneremain-secondcase(withthebo acceleratedandthestoneremain-

ingstationary),inordertoingstationary),inorderto maintainthepurelyrelativemaintainthepurelyrelative

relationship,theetherwouldhavetoberelationship,theetherwouldhavetobe putintoacceleratedputintoaccelerated

motiomotiontogethntogetherw iththeberw iththeboo . I. I f inthesecof inthesecondcase(wndcase(withith

thestoneabsolutelyatrest)thethestoneabsolutelyatrest)the etheralsoremainsatrest,etheralsoremainsatrest,

thenintheftheninthefirstcase(wirstcase(withthebo iththebo abso labso lute lyaute lyatrest)thetrest)the

etherwouldhavetofallwithetherwouldhavetofallwith thestone.thestone.

Uponcarefulstudyofthesetwocases,Uponcarefulstudyofthesetwocases, whichdifferonlywhichdifferonly

relativelyfromeachother,thelastpairrelativelyfromeachother,thelastpair ofsuppositionsofsuppositions

appearsthemoreprobablewhenwetakeintoconsiderationappearsthemoreprobablewhenwetakeintoconsideration

thebenthebendingofarayof lidingofarayof lightiniagravghtiniagravitatiita tiona lf ieona lf ield. Ild. I f (asf (as

inthefirstpairinthefirstpair ofassumptions)theetherremainsstation-ofassumptions)theetherremainsstation-

ary re laary re lativetothtivetotheboebo , theninthef i, theninthef irstcasethrstcasethepersoepersoninnin

thebo thebo mighmightattributattributethebentethebendingofarayof lidingofarayof lighttotheghttothe

gravitationalfield gravitationalfield butwewouldgetintobutwewouldgetinto difficultiesinthedifficultiesinthe

secondcasewiththebo secondcasewiththebo acceleratedbythepulloftheacceleratedbythepullofthe cablecable

intheabsenceofanyintheabsenceofany gravitationalfield,becauseinthislattergravitationalfield,becauseinthislatter

casethepersoninthecasethepersoninthe bo bo wouldnotobserveanybendingof wouldnotobserveanybendingof 

arayof ligharayof light. Ont. On theothetheotherhandif (asintheserhandif (asinthesecondpacondpairir

ofassumptions)theethermovesrelativetotheofassumptions)theethermovesrelativetothe bo anbo andd

withthefallingstoneinwiththefallingstonein thedirectionofthegravitationalthedirectionofthegravitational

field,thenthepersoninfield,thenthepersonin thebo thebo (ifprovidedwiththeneces-(ifprovidedwiththeneces-

saryapparatus)shouldbeabletosaryapparatus)shouldbeableto detectabendingofadetectabendingofa rayray

oflight,andshouldalsooflight,andshouldalso beabletodetectsuchbeabletodetectsuch bendingbending

ifthegravitationalfieldwereabsentandifthegravitationalfieldwereabsentand thebo wethebo werere

acceleratedbythepullofacceleratedbythepullof thecable.thecable.

 Theconclusionthattheetheris Theconclusionthattheetheris alwaysatrestrelativetoalwaysatrestrelativeto

thestone(absolutelyatrestwiththestone(absolutelyatrestwith thestoneinthethestoneinthe caseof caseof 

theacceleratedbo theacceleratedbo butdescendingatthesameratebutdescendingatthesamerate astheasthe

stoneinthecasestoneinthecase ofthebo ofthebo suspendedinagravitationalsuspendedinagravitational

field)ishoweveruntenablebecauseiftwostoneswerefield)ishoweveruntenablebecauseiftwostoneswere drop-drop-

pedinsuccessionthenthepedinsuccessionthenthe etherwhichmovesinunisonwithetherwhichmovesinunisonwith

thefirststonecouldnotthefirststonecouldnot beatrestrelativetobeatrestrelativeto thesecondthesecond

stone.stone.

WeWe shallthereforeconsiderathirdschemeandshallthereforeconsiderathirdschemeand assumeassume

thatagravitationalfieldactinguponthatagravitationalfieldactingupon amaterialbodycorres-amaterialbodycorres-

pondstoaflowofpondstoaflowof etherthroughthebodyinetherthroughthebodyin thedirectionthedirection
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GravitationGravitation

of thef ieof thef ield. A  ld. A  bo  bo  positpositionedinsuionedinsuchaf ie ldw ichaf ie ldw illhaveallhavea

uniformethercurrentflowingdownwardlythroughit.Auniformethercurrentflowingdownwardlythroughit.A

stonehestoneheld'ld' byanobsebyanobserverinthebo rverinthebo w illa lsw il la lsobetraveobetraversedbyrsedby

theethercurrent,andwilltheethercurrent,andwill fallifreleased.Afallifreleased.A ndarayof ndarayof 

l ighttralighttraversiversingthebo ngthebo (unle(unlessit isessit ise actly inthactly inthedirectedirectionion

of theethof theethercurreercurrent)w il lbebent)w il lbebent. Int. I nthecaseof thnthecaseof theacce l-eacce l-

eratedbo eratedbo intheabsenceofaintheabsenceofa gravitationalfield,thebogravitationalfield,thebo

willbetraversedbyanwillbetraversedbyan ethercurrentinaethercurrentina directionoppositedirectionopposite

toitsacceleration.Itoitsacceleration.I fthestonehasbeenfthestonehasbeen releasedjustpriorreleasedjustprior

totheaccetotheacceleratlerationof theboionof thebo , thenitw il, thenitw illnotbetravlnotbetraversedersed

byanethercurrentandbyanethercurrentand itspositioninabsolutespaceitspositioninabsolutespace willnotwillnot

changchange. B utarayof lighttravee. B utarayof lighttraversingthrsingthebo ebo w illappw illappeartoearto

anobseanobserverinthebo rverinthebo tobebenttobebent..
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 TheC TheC onstitutionoftheSonstitutionoftheS unandSunandS tarstars

UR UR studyoftheetherandgravitationshouldstudyoftheetherandgravitationshould notbenotbe

concludedwithoutabriefconsiderationoftheconcludedwithoutabriefconsiderationofthe astro-astro-

physicaltheoriesofHphysicaltheoriesofH ermannFermannF rickewhohasbeenrickewhohasbeen

sponsoringthetheoryofadynamicethersponsoringthetheoryofadynamicether withqwithq uasifrictionaluasifrictional

properties,inoppositiontotherelativitytheoryofproperties,inoppositiontotherelativitytheoryof EE insteininstein

andthequiescentetandthequiescentetherthehertheoryofLoryofL orenorentz. (H. Ftz. (H. F rick erick e, Die, Die

im innerim innernerdahnerdahnlicheSonne, inlicheSonne, i ^ ^^ ^ ndWeltathndWeltatherforerforschunschung,g,

11 33 . ) I. ) I t i s F r i c k et i s F r i c k e s c o ns c o nt e nt e nt i ot i on t h an t h at t h e st t h e su n a nu n a nd s t ad s t ar s a rr s a ree

nothotandgaseousinsideasnothotandgaseousinsideas taughtbytheastronomersof taughtbytheastronomersof 

today,butthattheyareearthlikebodiescoveredwithtoday,butthattheyareearthlikebodiescoveredwith greatgreat

depthsofoceanwater,andwithonlydepthsofoceanwater,andwithonly theirouteratmos-theirouteratmos-

pheresincandescent.Apheresincandescent.A ccordingtoFccordingtoF rickethehighsurfacerickethehighsurface

temperaturesofthesunandstarstemperaturesofthesunandstars arecausedbyafrictionalarecausedbyafrictional

effectoftheforceofeffectoftheforceof gravityuponthegaseousatmospheres,gravityuponthegaseousatmospheres,

asforeasfore amplamplebyaf low ofetebyaf low ofetherinthedirherinthedirectioectionof thenof the

gravitationalforce,orbylargenumbersofcosmicgravitationalforce,orbylargenumbersofcosmic rayray

particlesbeingdrawninbyparticlesbeingdrawninby theforceofgravity.theforceofgravity.

 Theargumentmostfre Theargumentmostfre uentlypresentedinoppositiontouentlypresentedinoppositionto

FF rick erick e stheorstheory isthatthehigy isthatthehighsurfachsurfacetempeetemperaturratureofaeofa

bodylikethesunwouldsoonbodylikethesunwouldsoon ee aporateanywaterintheaporateanywaterinthe

interior.Iinterior.I tisatisa wellestablishedprincipleofphysics,how-wellestablishedprincipleofphysics,how-

ever,thatheatcantravelonlyever,thatheatcantravelonly byradiation,conduction,orbyradiation,conduction,or

convection.Rconvection.R adiationisimmediatelystoppedbythethinnestadiationisimmediatelystoppedbythethinnest

layersofopalayersofopa uematerial,arid,thereforecannotpenetrateuematerial,arid,thereforecannotpenetrate

foranydiforanydistancstance intothesue intothesunn sinterisinterio r. C onductioor. C onductionisenise ua l-ua l-

lyinadelyinade uatewherethousandsofmilesofpoorlyconductinguatewherethousandsofmilesofpoorlyconducting

materialhavetobetraversed.Thereremainsthenonlymaterialhavetobetraversed.Thereremainsthenonly

convection,andtheeffectofconvectionistoconvection,andtheeffectofconvectionisto producestratifi-producestratifi-

cation—thecoolercation—thecooler massessinkingtolowerlevelswhilethemassessinkingtolowerlevelswhilethe

hottermassesrisetothehottermassesrisetothe top.Etop.E verylargegravitatingbodyverylargegravitatingbody

thereforeactsasanautomaticrefrigerator,theinteriorthereforeactsasanautomaticrefrigerator,theinterior

beingkeptcoolwhileanyheatedmaterialisbeingkeptcoolwhileanyheatedmaterialis broughttothebroughttothe

surface.Ssurface.S incethereseemstobeincethereseemstobe noobviousfallacyinnoobviousfallacyin
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 TheC TheC onstitutionoftheSonstitutionoftheS unandSunandS tarstars

FF rick erick e stheorstheory , hisreay , hisreasonsw ilsonsw illnow beprelnow bepresentesentedindeta ildindeta il

asfollows:asfollows:

(1)Themoonwhichis(1)Themoonwhichis relativelysmallhasalowsurfacerelativelysmallhasalowsurface

temperatureandnowater.Theearthwhichistemperatureandnowater.Theearthwhichis ofmoderateofmoderate

sizehasasomewhathighersurfacetemperatureandasizehasasomewhathighersurfacetemperatureanda

limitedamountofwater.Ilimitedamountofwater.I twouldnaturallyfollowthere-twouldnaturallyfollowthere-

forethatthesunwhichforethatthesunwhich isoflargesizeisoflargesize shouldhaveahighshouldhaveahigh

surfacetemperatureandmuchwater.surfacetemperatureandmuchwater.

(2)Thesunhas(2)Thesunhas asharplydefinedcircularoutline,whichasharplydefinedcircularoutline,which

w oulw ouldbedif f icdbedif f iculttoeulttoe pla inonapla inonanyothenyotherbasistharbasisthanthatnthat

thereisatransitionthereisatransition ;; atitssurfacefromtheatitssurfacefromthe gaseousstatetogaseousstateto

the lithe li uidstatuidstate .e .

(3)S(3)S unspotsplainlyshowthatthesunisunspotsplainlyshowthatthesunis darkinside.darkinside.

PhotographsofsunspotstakenfromdifferentanglesclearlyPhotographsofsunspotstakenfromdifferentanglesclearly

showthatthedarkregionsareshowthatthedarkregionsare belowandnotabovethelevelbelowandnotabovethelevel

o f the lumof the luminouslainouslayer. Iyer. I f the intef the interioro f thesurioro f thesunw ereatanw ereata

temperatureofmillionsofdegrees,thenitwouldtemperatureofmillionsofdegrees,thenitwould becontrarybecontrary

toa llthe lawtoa llthe lawsofphysiso fphysicsforthesuntcsforthesuntobedark insobedark inside . Iide . I tt

maybetruethattemperaturesofseveralthousanddegreesmaybetruethattemperaturesofseveralthousanddegrees

havebeenfoundtoehavebeenfoundtoe istinthesunspots,butistinthesunspots,but thatisprobablythatisprobably

duetohotgasesfromduetohotgasesfrom higherlevelsofthephotospherehigherlevelsofthephotosphere

whichoverliethecratersofthewhichoverliethecratersofthe sunspots.Theundisputedsunspots.Theundisputed

factisthatsunspotsarefactisthatsunspotsare atalowertemperaturethantheatalowertemperaturethanthe

luminoussurface,whereasifthesunwereatluminoussurface,whereasifthesunwereat atemperatureatemperature

ofmillionsofdegreesinside,thensunspotsofmillionsofdegreesinside,thensunspots shouldbebril-shouldbebril-

liantlyincandescent.liantlyincandescent.

(4)S(4)S unspotsalwaysoccurinthesameportionsunspotsalwaysoccurinthesameportions oftheofthe

s us unn s s us s ur fr fa ca ce . ( Ce . ( C II E NE N C EC E , Q 2 , 3, Q 2 , 300 , 1, 1 4 04 0. ) T. ) Th ih is i s rs i s re ae ad id il yl y

ee pla inpla inable if thesuable if thesunhasaso lidintnhasaso lidinterio rerio r, butif itw ere, butif itw ere

gaseousinside,thenthesunspotsshouldnotbegaseousinside,thenthesunspotsshouldnotbe confinedtoconfinedto

anyparticularportionofitsanyparticularportionofits surface.surface.

(5)Theaveragedensityofthe(5)Theaveragedensityofthe sunis1.41,oronlysunis1.41,oronly

slightlygreaterthanthatofoceanslightlygreaterthanthatofocean water.Thisisjustwhatwater.Thisisjustwhat

wouldbeewouldbee pectedifitconsistedpectedifitconsisted ofasolidinteriorcoveredofasolidinteriorcovered

byagreatdepthofbyagreatdepthof oceanwater.oceanwater.

(6)I(6)I f theheatof tf theheatof thesunw erhesunw eregeneregeneratedinthe inatedinthe interioterior,r,
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EE therandMtherandMatteratter

thenitcouldonlythenitcouldonly betheresultofthebetheresultofthe highpressuresinside.highpressuresinside.

EE normouspressureshavebeenproducedartificially,butnonormouspressureshavebeenproducedartificially,butno

spontaneousheatingeffectshaveeverbeenobserved.spontaneousheatingeffectshaveeverbeenobserved.

(7)I(7)I f thesunf thesun sheatiscaussheatiscausedbygravedbygravitatiita tiona lactona lactionationat

itssurface,thenothercelestialbodies,asitssurface,thenothercelestialbodies,as forefore ampletheamplethe

earthearth, shoul, shouldede hibitsihibitsim ilarefmilareffectsfects. I. I nthepo lanthepo larregionrregionsthesthe

temptemperatueraturenevereneverfa lls'rfa lls' be lobe low about—67w about—67 CC , w hichis20, w hichis206060

absolute.Withabsolute.With thepoorthermalconductivityoftherocksthepoorthermalconductivityoftherocks

formingthesurfaceoftheearth,thisformingthesurfaceoftheearth,this residualtemperatureresidualtemperature

of2060absolutewouldsoonberadiatedawayduringof2060absolutewouldsoonberadiatedawayduring thethe

longwinternightofthelongwinternightofthe polarregionsifitpolarregionsifit werenotbeingwerenotbeing

continuallyreplenished.Icontinuallyreplenished.I fitisfitis thegravitationalforceofthethegravitationalforceofthe

sunw hisunw hichk eepchk eepsupthesunsupthesun sheat, thsheat, thenitshouenitshoulda lsobethlda lsobethee

gravitationalforceoftheearthwhichkeepsupgravitationalforceoftheearthwhichkeepsup theresidualtheresidual

heatoftheearth.Thegravitationalforceatheatoftheearth.Thegravitationalforceat thesurfaceof thesurfaceof 

theearttheearthbe ingi/hbe ingi/22 ththatatthesuththatatthesurfaceof thrfaceof thesun, theesun, the

residualtemperatureatthesurfaceoftheresidualtemperatureatthesurfaceofthe earthshouldalsoearthshouldalso

be1/ 2be1/ 2 ththatatthesuththatatthesurfaceof thrfaceof thesun. A nd1/ 2esun. A nd1/ 2 thof  thof  

5757 00isabout2000isabout2060.60.

FF rick erick e stheorstheoryhasbeenusyhasbeenusedw ithreedw ithremarkmarkablesuablesuccessfoccessforr

thecalculationofthemassesandthecalculationofthemassesand densitiesofthefidensitiesofthefi edstars,edstars,

especiallythosewhichareoftheespeciallythosewhichareofthe sametypeasoursun.Osametypeasoursun.O nn

accountofthegreatdistancesofaccountofthegreatdistancesof allstars,theyappearmere-allstars,theyappearmere-

lyaspoint-sourcesoflight,evenlyaspoint-sourcesoflight,even inthemostpowerfultele-inthemostpowerfultele-

scopes.Theirdiametersthereforecannotbemeasuredscopes.Theirdiametersthereforecannotbemeasured

directly,butmusthecalculatedondirectly,butmusthecalculatedon thebasisofotherfactors.thebasisofotherfactors.

AA ndsincetheirdensitiesdependonndsincetheirdensitiesdependon theirdiameters,itistheirdiameters,itis

obviousthatwecannotascertaintheirdensitieswithobviousthatwecannotascertaintheirdensitieswith anyany

greatercertaintythantheirdiameters.Hgreatercertaintythantheirdiameters.H owunreliabletheowunreliablethe

usualmethodsofcalculatingstellardensitiesareusualmethodsofcalculatingstellardensitiesare willbewillbe

apparentfromthefactthatsomestarsapparentfromthefactthatsomestars aresupposedtobearesupposedtobe

thousandsoftimesmoredensethananyknownsubstance,thousandsoftimesmoredensethananyknownsubstance,

whereasothersaresupposedtobemoreattenuatedthanwhereasothersaresupposedtobemoreattenuatedthan thethe

insideofa.vacuumtube.Sinsideofa.vacuumtube.S urelythesevaluescannotbetrueurelythesevaluescannotbetrue

tofact,notwithstandingthedogmaticcertaintywithwhichtofact,notwithstandingthedogmaticcertaintywithwhich

theyhavealwaysbeenannounced.theyhavealwaysbeenannounced.

OO ntheotherhandifntheotherhandif stellardiametersanddensitiesbestellardiametersanddensitiesbe
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 TheC TheC onstitutionoftheSonstitutionoftheS unandSunandS tarstars

ca lculca lculatedonthatedonthebasiso fF rick eebasiso fF rick e stheorstheory , theproy , theproportiportiona l-ona l-

ity'ity' betweensurfacetemperaturesandgravitationalforcesbetweensurfacetemperaturesandgravitationalforces

willleadtothewillleadtothe followingformulas:.followingformulas:.

 TT TT

Mass=  Mass=  DensiDensity=ty=

S S S S dd

w herw herethemassanethemassandthedensdthedensityare inteityare intermsof thesurmsof thesunn ss

massanddensity,andthesurfacetemperatureTofmassanddensity,andthesurfacetemperatureTof thestarthestar

isintermsofisintermsof thesurfacetemperatureS thesurfacetemperatureS ofthesun,dbeingofthesun,dbeing

thediameterofthestarthediameterofthestar intermsofsun-diameters.intermsofsun-diameters.

CC alcula lculationationsof thedenssof thedensit iesof lait iesof largenumrgenumbersof f ibersof f i eded

starshavebeenmadebyFstarshavebeenmadebyF ricke,andthedensitieshaveal-ricke,andthedensitieshaveal-

w aysbew aysbeenfounenfoundtobeaboutwdtobeaboutwhatw ouhatw ouldbeeldbee pectepectedif thedif the

starconsistedmainlyofwater,orinstarconsistedmainlyofwater,orin thecaseofathecaseofa giantstar,giantstar,

o fw ateofw atervaporrvapor. E. E xx tremetremelyhighorelyhighore tremtremely low deely low densit insit ieses

neveroccuriftheneveroccurifthe calculationsaremadeonthebasiscalculationsaremadeonthebasis of of 

FF r i cr i ck ek e s t h es t h eo r yo r y..

OO newouldthinkthatafterallnewouldthinkthatafterall thepreceptswhichhavethepreceptswhichhave

beenpromulgatedabout"beenpromulgatedabout" thescientificmethod, thescientificmethod, itshoulditshould

notbedifficulttonotbedifficultto inducethescientificprofessiontogiveinducethescientificprofessiontogive

FF rick erick e stheorstheorydueconsydueconsideraiderationonthebtiononthebasiso f itsmasiso f itsmeritserits

insteinsteadofmereadofmerely ignorly ignoringit. Iingit. I f FfF rick erick e stheorstheory isobv ioy isobv iouslyusly

wrong,thenitisthewrong,thenitisthe dutyofthoseinauthoritativepositionsdutyofthoseinauthoritativepositions

toetoe poseitsfallacies,whereasifitposeitsfallacies,whereasifit isobviouslycorrect,thenisobviouslycorrect,then

it isthe irduit isthe irduty topublity topubliclyendoclyendorse it. A ndif it isnotpossiblrse it. A ndif it isnotpossiblee

tocometoanyimmediateconclusioneitherfortocometoanyimmediateconclusioneitherfor oragainstit,oragainstit,

thenitisthenitis thedutyofthoseinthedutyofthosein authoritativepositionstoauthoritativepositionsto

presepresentita longntita longsidethethsidethetheoryofEddingtoeoryofEddingtonandJnandJ eansineansin--

steadofgivingpublicityonlytosteadofgivingpublicityonlyto thelatterandthusmakingthelatterandthusmaking

itappearthatthegas-ballitappearthatthegas-ball theoryistheonlyavailabletheoryistheonlyavailable

ee planplanationation..
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EE lectromagnetismlectromagnetism

MA GNMA GN EE TT C  f ie ldseemssocoC  f ie ldseemssocomplemplete lydifte lydiffereferentf romntf rom

anelectrostaticfieldthattherewouldanelectrostaticfieldthattherewould appeartobenoappeartobeno

relationshipbetweenthetwo,wereitnotforrelationshipbetweenthetwo,wereitnotfor thefactthefact

thatbothhavetheirseatthatbothhavetheirseat ororiginintheororigininthe sameelectrifiedsameelectrified

particlesandthatbothcanparticlesandthatbothcan coecoe istintheistinthe samespacearoundsamespacearound

suchparticles.Theelectrostaticfieldissuchparticles.Theelectrostaticfieldis usuallyconsideredusuallyconsidered

asaconditionofasaconditionof stressorstraininstressorstrainin theether(orintheether(orin freefree

spacewithoutanyether),butthedifficultywithspacewithoutanyether),butthedifficultywith suchacon-suchacon-

ceptisthaceptisthatacondit itacondit ionofstreonofstressorstra issorstra incanencane istonly inaistonly ina

solidbodyhavingrigiditywhereastheether,(orsolidbodyhavingrigiditywhereastheether,(or freespacefreespace

ifwepreferthatterm)ifwepreferthatterm) cannotpossessrigidity.Icannotpossessrigidity.I ftheetherftheether

isnotaisnota rigidsolidthenitrigidsolidthenit mustbeafluid,andmustbeafluid,and ifthisfluidisifthisfluidis

incompressiblethentheelectrostaticfieldcanbeincompressiblethentheelectrostaticfieldcanbe nothingnothing

otherthanastateofotherthanastateof floworcirculationtherein.floworcirculationtherein.

II nFnF ig. 9 ig. 9 theethetheetherisshow nasf lrisshow nasf low inow inginadirectlineginadirectline

fromtheprotontothefromtheprotontothe electron,andreturningthroughout-electron,andreturningthroughout-

sidepatsidepaths. Whenaprotohs. Whenaprotonisinclosepronisinclosepro im ity toaimity toanelec-ne lec-

tron,thefirstqtron,thefirstq uestionthatconfrontsusisuestionthatconfrontsusis whethertheyhavewhethertheyhave

anyorientingeffectuponeachother.Ianyorientingeffectuponeachother.I ftheetherisftheetheris aviscousaviscous

orqorq uasifrictionalfluid,thenthisquasifrictionalfluid,thenthisq uestionmustbeanswereduestionmustbeanswered

intheaffirmative,andconsiderationsofsymmetrycompelusintheaffirmative,andconsiderationsofsymmetrycompelus

toassumethatthemoststabletoassumethatthemoststable configurationwillbethatinconfigurationwillbethatin

whichtheprotonandthewhichtheprotonandthe electronareinaelectronareina ialalinementialalinement

becausethisisthebecausethisisthe configurationinwhichthesymmetryisaconfigurationinwhichthesymmetryisa

mama imumimum. Theedg. Theedge- to -e- to -edgearedgearrangerangementw omentw ouldbeneuldbene tintin

orderofsymmetry,butthispresentssuchorderofsymmetry,butthispresentssuch insuperablediffi-insuperablediffi-

cultiesinthebuildingcultiesinthebuilding ofthemorecomple ofthemorecomple atomsthatitatomsthatit

E L EE L E C TC TR O NR O N

FF ig.9ig.9 .Thehydrogenatomwithits.Thehydrogenatomwithits associatedethercurrents.associatedethercurrents.
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EE lectromagnetismlectromagnetism

doesnotneedtobedoesnotneedtobe consideredseriously.Therelationshipconsideredseriously.Therelationship

ofthiscoaofthiscoa ialarrangementtothemagneticfieldwillialarrangementtothemagneticfieldwill bebe

ee pla inpla inedlateredlater..

 Themagneticfieldissometimesenvisionedasa Themagneticfieldissometimesenvisionedasa circu-circu-

lationofetherinlationofetherin circlesorspiralsaroundthecirclesorspiralsaroundthe electriccur-electriccur-

rentsothatinrentsothatin asolenoidalwindingtheetherwouldflowoutasolenoidalwindingtheetherwouldflowout

ofthenorthpoleandofthenorthpoleand intothesouthpole.Thisintothesouthpole.This interpreta-interpreta-

tioncannothoweverconstituteatruepicturetioncannothoweverconstituteatruepicture ofwhatactual-ofwhatactual-

lytakesplacebecauseiflytakesplacebecauseif twocurrentsflowinthesametwocurrentsflowinthesame direc-direc-

tioninparallelwirestheirtioninparallelwirestheir surroundingethercurrentswouldsurroundingethercurrentswould

thenrubeachotherinthenrubeachotherin oppositedirectionsinthespacebe-oppositedirectionsinthespacebe-

tweenthewiressoastweenthewiressoas tocauserepulsioninsteadofattraction.tocauserepulsioninsteadofattraction.

 Thiscanbedemonstratedbytwoparallel Thiscanbedemonstratedbytwoparallel shaftssuspendedshaftssuspended

verticallyinwater.Iverticallyinwater.I ftheyarerotatedinftheyarerotatedin thesamedirectionthesamedirection

theywillrepeleachother.Thetheywillrepeleachother.The etherthereforecannotbeetherthereforecannotbe

consideredasflowingincircularorconsideredasflowingincircularor spiralpathsaroundthespiralpathsaroundthe

current-carryingwires.current-carryingwires.

II thasalsobeenthasalsobeen suggestedthatthemagneticfieldmaysuggestedthatthemagneticfieldmay

consistofaflowofconsistofaflowof etherlongitudinallyofthewirecarryingetherlongitudinallyofthewirecarrying

theelectriccurrent,theethertheelectriccurrent,theether presumablybeingcarriedpresumablybeingcarried

alongbythemovingelectrons.Thistheorywillalongbythemovingelectrons.Thistheorywill ee plaintheplainthe

attractionandrepulsionbetweenparallelelectriccurrentsattractionandrepulsionbetweenparallelelectriccurrents

flowinginthesameandinflowinginthesameandin oppositedirectionsrespectively,oppositedirectionsrespectively,

butitbreabutitbreak sdowk sdownw henw etrnw henw etry toey toe pla inwpla inwhyastreahyastreamof  mof  

electronsrepelsaparallelstreamofelectronsrepelsaparallelstreamof protons(inavacuumprotons(inavacuum

tube)travellinginthesamedirection.Itube)travellinginthesamedirection.I fthemagneticfieldfthemagneticfield

iscausedbysomeofiscausedbysomeof thesurroundingetherbeingcarriedthesurroundingetherbeingcarried

alongbythemovingelectriccharges,thenalongbythemovingelectriccharges,then itwouldseemthatitwouldseemthat

astreamofprotonsshouldbeastreamofprotonsshouldbe magneticallyattractedtoamagneticallyattractedtoa

wirecarryingacurrentofwirecarryingacurrentof electronsinthesamedirection,electronsinthesamedirection,

whereasactuallytheyaremagneticallyrepelledfromeachwhereasactuallytheyaremagneticallyrepelledfromeach

other.Theetherthereforecannotbeconsideredasother.Theetherthereforecannotbeconsideredas beingbeing

merelycarriedalongbythemovingelectronsormerelycarriedalongbythemovingelectronsor protons.protons.

 Thesedifficultiesareavoidedbytheether Thesedifficultiesareavoidedbytheether vorte vorte theorytheory

whichteachesthatprotonsandelectronsdowhichteachesthatprotonsandelectronsdo notmerelynotmerely

carrytheadjacentetheralongwithcarrytheadjacentetheralongwith them,butthattheykeepthem,butthattheykeep

itincirculationbetweenthemasitincirculationbetweenthemas shownintheabovedia-shownintheabovedia-

gram.Igram.I foneprotonandonefoneprotonandone electronproduceanetherelectronproduceanether
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circulcirculationof tationof thek indshhek indshow ninF ig. 9ow ninF ig. 9 , thenit isrea, thenit isreasonabsonablele

toassumethatmanyprotonsandmanyelectronswilltoassumethatmanyprotonsandmanyelectronswill pro-pro-

duceasimilarcirculation,butduceasimilarcirculation,but onalargerscale.Oonalargerscale.O rdinarilyrdinarily

theprotonsandelectronsintheprotonsandelectronsin acopperwirearearrangedatacopperwirearearrangedat

random,butwhenacurrentflowsalongtherandom,butwhenacurrentflowsalongthe wirethefreewirethefree

electronsduringtheirmovementwilltendtoelectronsduringtheirmovementwilltendto alinethem-alinethem-

selveswiththeirassociatedprotonsinaselveswiththeirassociatedprotonsina directionparalleltodirectionparallelto

theathea isofthewire,andisofthewire,and thecirculatingethercurrentswillthecirculatingethercurrentswill

orientthemselvesaccordingly.Forientthemselvesaccordingly.F orreasonseorreasonse plainedelse-plainedelse-

where,itseemsmoreprobablethatthedirectwhere,itseemsmoreprobablethatthedirect aa ialorpolarialorpolar

flowofetherisfromflowofetherisfrom theprotonstotheelectronsinsteadtheprotonstotheelectronsinstead of of 

inthereveinthereversedirersedirectionction. Thea. Thea ia lorpo laia lorpo larf low w ilrf low w illthenbelthenbe

confinedtotheinsideofconfinedtotheinsideof thecurrent-carryingwire,whilethethecurrent-carryingwire,whilethe

returnflowwillbeprincipallyonreturnflowwillbeprincipallyon theoutsideofthewiretheoutsideofthewire andand

intheoppositedirection.Twoparallelwiresintheoppositedirection.Twoparallelwires carryingelec-carryingelec-

triccurrentsflowinginthetriccurrentsflowinginthe samedirectionwillthenattractsamedirectionwillthenattract

eachotherbecause,asshowninFeachotherbecause,asshowninF ig.10,ig.10,

FF ig.10.Twoelectriccurrentsflowinginig.10.Twoelectriccurrentsflowingin thesamedirection.Thearrowsthesamedirection.Thearrows

indicatethedirectionofflowofindicatethedirectionofflowof theether.A theether.A comparisonofthisdiagramcomparisonofthisdiagram

withthatofthehydrogenatomwillwiththatofthehydrogenatomwill showthatthereisashowthatthereisa closerelationshipcloserelationship

betweentheelectrostaticandthemagneticfield.betweentheelectrostaticandthemagneticfield.

theethee ternalflowofetherwillbeternalflowofetherwillbe inthesamedirectionalonginthesamedirectionalong

bothwires.Thiswillalsobebothwires.Thiswillalsobe trueifinplacetrueifinplace ofoneoftheofoneofthe

wireswesubstituteavacuumtubethroughwhichwireswesubstituteavacuumtubethroughwhich issentaissenta

streamofprotonsinastreamofprotonsina directionoppositetothedirectionof directionoppositetothedirectionof 
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traveloftheelectrons,becauseamovementofelectronsintraveloftheelectrons,becauseamovementofelectronsin

onedirectionwillproducethesameonedirectionwillproducethesame orientationofetherorientationofether

currentsasamovementofprotonsincurrentsasamovementofprotonsin theoppositedirection.theoppositedirection.

II tisonlytheirtisonlytheir relativemovementthatisnecessary.relativemovementthatisnecessary.

II fthecurrentsinfthecurrentsin thetwowiresareinthetwowiresarein oppositedirections,oppositedirections,

theethee ternaternaletherf loletherf low ofonew irw ofonew irew ill 'ew ill ' be inadirectbe inadirectionion

oppositetothatoftheoppositetothatofthe otherwire,sothattheotherwire,sothatthe twocurrentstwocurrents

willthenrepeleachother.willthenrepeleachother.

EE lectromagneticinductionisusuallyattributedeithertoalectromagneticinductionisusuallyattributedeithertoa

"" cuttincutting g o f themagof themagneticlinneticlinesof forceesof force, ortothepres, ortothepresenceence

of "o f " k ink s k ink s inthee leinthee lectrosctrostaticlintaticlinesof forcesof forceof theacceeof theacceler-ler-

atedorretardedelectrons.Hatedorretardedelectrons.H oweverconvenientthesecon-oweverconvenientthesecon-

ceptsmaybeformakingpracticalceptsmaybeformakingpractical calculations,theycannotcalculations,theycannot

constitutetherealcauseofconstitutetherealcauseof electromagneticinductionbe-electromagneticinductionbe-

causeneithermagneticnorelectrostaticlinesofcauseneithermagneticnorelectrostaticlinesof forceareforceare

physicalrealities.Theyaremerelymathematicalfictions,physicalrealities.Theyaremerelymathematicalfictions,

andtotalkaboutaandtotalkabouta mathematicalfictioncoactingwithamathematicalfictioncoactingwitha

materialparticletoematerialparticletoe ertaforcethereon,doesnotertaforcethereon,doesnot makemake

sense.sense.

Undertheethervorte theorywhenanelectriccurrentUndertheethervorte theorywhenanelectriccurrent

isstartedinaisstartedina wiretherewillbeestablishedawiretherewillbeestablisheda returnflowof returnflowof 

ethereethere ternaternallyo f thew illyo f thew ire inadirectre inadirectionoppionoppositetothositetothee

directionofmovementoftheelectrons.Wdirectionofmovementoftheelectrons.W henthisreacheshenthisreaches

£ ± E E D£ ± E E D

FF ig. 11. A nincreasinig. 11. A nincreasingcurrengcurrentintheprimtintheprimary induary inducingacurrecingacurrentinthentinthe

secondaryintheoppositedirection.Thearrowsindicatethesecondaryintheoppositedirection.Thearrowsindicatethe directionof directionof 

flowoftheether.flowoftheether.

anadjacentwireparallelthereto,itanadjacentwireparallelthereto,it willcausethefreeelec-willcausethefreeelec-

tronsandtheirassociatedethercurrentstronsandtheirassociatedethercurrents inthesecondwireinthesecondwire

toorientthemselvesinsuchatoorientthemselvesinsucha mannerthattheqmannerthattheq uasifrictionaluasifrictional

[ [ 4i4i

rr  a  a
   t   t  e  e
   d   d
   f   f  o  o
  r  r
  e  e
   j   j   k   k
   6   6
  c  c
   (   (   U   U
  n  n
   i   i  v  v
  e  e
  r  r  s  s
   i   i   t   t
  y  y
  o  o
   f   f
   V   V
   i   i  r  r
  g  g
   i   i  n  n
   i   i  a  a
   )   )
  o  o
  n  n
   2   2
   0   0
   1   1
   4   4
 - -   0   0
   5   5
 - -   2   2
   3   3
   0   0
   6   6
  :  :   3   3
   1   1
   G   G
   M   M
   T   T

   /   /   h   h

   t   t   t   t
  p  p
  :  :   /   /
   /   /   h   h
   d   d
   l   l . .
   h   h
  a  a
  n  n
   d   d
   l   l  e  e
 . .  n  n
  e  e
   t   t   /   /
   2   2
   0   0
   2   2
   7   7
   /   /  u  u
  c  c
   1   1
 . .   b   b
   4   4
   2   2
   5   5
   3   3
   1   1
   7   7
   7   7

cc
   D   D
  o  o
  m  m
  a  a
   i   i  n  n
 , ,
   G   G
  o  o
  o  o
  g  g
   l   l  e  e
 - -   d   d

   i   i  g  g
   i   i   t   t
   i   i  z  z
  e  e
   d   d

   /   /
   h   h
   t   t   t   t
  p  p
  :  :   /   /
   /   /  w  w
  w  w
  w  w
 . .   h   h
  a  a
   t   t   h   h
   i   i   t   t
  r  r  u  u
  s  s
   t   t . .
  o  o
  r  r  g  g
   /   /  a  a
  c  c
  c  c
  e  e
  s  s
  s  s
__
  u  u
  s  s
  e  e   #   #
  p  p
   d   d
 - -  g  g
  o  o
  o  o
  g  g
   l   l  e  e



   G   G
  e  e
  n  n
  e  e
  r  r

   P   P
  u  u
   b   b
   l   l   i   i
  c  c

  

EE therandMtherandMatteratter

orv iscoorv iscousoppousopposit iosit ionw ill 'nw il l ' beaminimbeaminimum. Sincetheprotoum. Sincetheprotonsns

areanchoredinfiareanchoredinfi edpositions,thiscanonlybeedpositions,thiscanonlybe accomplishedaccomplished

byamovementofthefreeelectronsbyamovementofthefreeelectrons inthesecondwireininthesecondwirein

thesamedirectionasthethesamedirectionasthe ee ternaletherflowoftheternaletherflowofthe firstwire.firstwire.

AA nincreasingelectriccurrentinnincreasingelectriccurrentin theprimarythereforein-theprimarythereforein-

ducesacurrentinducesacurrentin thesecondaryintheoppositedirection.thesecondaryintheoppositedirection.

II fnow thecurfnow thecurrentintheprentintheprimarrimarydoesnotinydoesnotincreascreaseanyeany

furtherbutcontinuestoflowatfurtherbutcontinuestoflowat aconstantrate,thesecond-aconstantrate,thesecond-

arywillstillbearywillstillbe inthemagneticfieldofinthemagneticfieldof theprimary.Theretheprimary.There

willthennolongerbewillthennolongerbe anyactualflowofelectronsoranyactualflowofelectronsor anyany

inducedelectromotiveforceinthesecondary,buttheinducedelectromotiveforceinthesecondary,butthe condi-condi-

tionofelectronicorientationthatwaspreviouslyestablishedtionofelectronicorientationthatwaspreviouslyestablished

w illconw illcontinuetoetinuetoe ist. Thiist. Thisisev idesisev idencedby thncedby theabil iteabil ityo fayofa

magneticfieldtocauserotationofmagneticfieldtocauserotationof theplaneofpolarizationtheplaneofpolarization

oflightasitoflightasit traversesamaterialmedium.traversesamaterialmedium.

II fthecurrentinfthecurrentin theprimarynowdecreases,thereversetheprimarynowdecreases,thereverse

oftheaboveprocesswilloccur.oftheaboveprocesswilloccur. TheeThee ternalflowofetherternalflowofether

inthespacearoundtheinthespacearoundthe primarywilldiminish,sothattheprimarywilldiminish,sothatthe

freeelectronsinthesecondaryandfreeelectronsinthesecondaryand theirassociatedethertheirassociatedether

currentswillagainassumerandompositions.Scurrentswillagainassumerandompositions.S incethepro-incethepro-

tonsmutonsmustremaistremaininf ininf i edpositedpositions, tions, thiscanocchiscanoccuronlybyuronlyby

movementofthefreeelectronsinthemovementofthefreeelectronsinthe reversedirection,reversedirection,

namelyinthesamedirectioninnamelyinthesamedirectionin whichtheelectronsarewhichtheelectronsare

movingintheprimary.A decreamovingintheprimary.A decreasingelectriccurrentinsingelectriccurrentin thethe

primarythereforeinducesacurrent(orprimarythereforeinducesacurrent(or electromotiveforce)electromotiveforce)

inthesecondaryintheinthesecondaryinthe samedirection.samedirection.

 Theforegoingconceptofthemagneticfieldis Theforegoingconceptofthemagneticfieldis capableof capableof 

directedirecte perimperimentaentaltestw iththltestw iththeapparaeapparatusshowtusshowninFninF ig. 12ig. 12

inwhichthecircleinwhichthecircle representstheendfaceofarepresentstheendfaceofa verylargeverylarge

electromagnet,andthecurvedarrowsrepresentthedirectionelectromagnet,andthecurvedarrowsrepresentthedirection

offlowoftheether.Wofflowoftheether.W ithaninterferometerarrangedasithaninterferometerarrangedas

shownthereshouldbeashiftshownthereshouldbeashift oftheinterferencefringesoftheinterferencefringes

whenthesolenoidalcurrentisturnedwhenthesolenoidalcurrentisturned on,providedtheetheron,providedtheether

flowswithsufficientvelocity.Thedirectionoftheflowswithsufficientvelocity.Thedirectionofthe shiftshift

shouldbesuchasshouldbesuchas toindicateaflowoftoindicateaflowof etherinadirectionetherinadirection

oppositetothedirectionofoppositetothedirectionof travelofthenegativeelectronstravelofthenegativeelectrons

inthesolenoidalcurrent.inthesolenoidalcurrent.

 Thereisnomethodknownbywhich Thereisnomethodknownbywhich thevelocityofthethevelocityofthe
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FF ig.12.Aig.12.A ninterferometerarrangedontheendfaceninterferometerarrangedontheendface ofalargeelectromagnet.ofalargeelectromagnet.

etherinamagneticfieldetherinamagneticfield ofgivenintensitycanbeofgivenintensitycanbe calculated,calculated,

butthefactthatbutthefactthat amagneticfieldintheamagneticfieldinthe absenceofanysolidabsenceofanysolid

orliorli uidsubstancedoesnotrotatetheuidsubstancedoesnotrotatethe planeofpolarizationplaneofpolarization

of lighttoameof lighttoameasuraasurableeblee tentenatentenablesustoplablesustoplaceanuppeceanupperr

limitonsuchvelocity.limitonsuchvelocity.

WhetherWhether theflowofetherintheflowofetherin themagneticfieldisactuallythemagneticfieldisactually

inthedirectionindicated,orinthedirectionindicated,or intheoppositedirection,de-intheoppositedirection,de-

pendsonwhichofthependsonwhichofthe twodipolarvorticesisthetwodipolarvorticesisthe protonandprotonand

w hichisthw hichisthee lectree lectron. F orreasonsw hon. F orreasonsw hichw illbeeichw illbee pla inpla ineded

later,theonewithoutwardpolarflu hasbeeninterpretedlater,theonewithoutwardpolarflu hasbeeninterpreted

astheproastheprotonandtheotonandtheonew ithounew ithoutw artw ardede uatoruatoria lf lu ia lf lu asas

theelectron.Thisconclusionseemstobetheelectron.Thisconclusionseemstobe corroboratedbycorroboratedby

thefactthatnearlyallthefactthatnearlyall substanceswhenplacedinamagneticsubstanceswhenplacedinamagnetic

fieldwillrotatetheplanefieldwillrotatetheplane ofpolarizationoflightinofpolarizationoflightin thethe

directionofthesolenoidalelectriccurrent,namelyindirectionofthesolenoidalelectriccurrent,namelyin aa

directionoppositetothedirectionofdirectionoppositetothedirectionof movementofthenega-movementofthenega-

tivee letivee lectronsctrons. I. I nthosefenthosefew cases(fw cases(ferriccherricchlorideflo rideforeore --

ample)wheretherotationisinample)wheretherotationisin thereversedirectionitisthereversedirectionitis

probablyduetosomepeculiarityoftheprobablyduetosomepeculiarityofthe molecularstructure.molecularstructure.
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 TheoriesofA TheoriesofA tomicStomicS tructurestructures

HH atomatomictheorictheory isusua lly isusua lly thougy thoughttohavebehttohavebeenen

originoriginatedbyDaatedbyDaltonanltonandHdH igginigginsintheearlypsintheearlyparto f  arto f  

thenineteenthcentury,butactuallyithadthenineteenthcentury,butactuallyithad itsorigininitsoriginin

ancieancientGreecntGreeceandIeandI ndiandia. I. I ntheo ldSansk rit l itentheo ldSansk rit l iteraturratureof  eof  

II ndia , dndia , datingfuatingfurtherbartherback than50ck than500B0B . C. C , K, K anadanadahadahad

formulatedanatomictheoryinwhichallformulatedanatomictheoryinwhichall atomsconsistedof atomsconsistedof 

thesameelementaryparticles.Ithesameelementaryparticles.I nGreecetheatomictheorynGreecetheatomictheory

w asf irsw asf irstdeve lotdeve lopedindetapedindetailbyLilbyL eucipeucippusofMilpusofMiletus, Ionia ,etus, Ionia ,

whoprobablyderivedhisideasfromthewhoprobablyderivedhisideasfromthe moreancientHmoreancientH induindu

writings.Wewritings.We havetodayonlyonefragmentoftheoriginalhavetodayonlyonefragmentoftheoriginal

writingsofLwritingsofL eucippus,andinthatwereadeucippus,andinthatweread theremarkablytheremarkably

advanceddoctrinethat"advanceddoctrinethat" NN othinghappenswithoutacause,othinghappenswithoutacause,

buteverythingwithacauseandbuteverythingwithacauseand bynecessity. Demobynecessity. Democrituscritus

w how aw how asastudentosastudentofLfL eucipeucippusw ropusw roteabook " Oteabook " O nthenthe

OO rderof theUrderof theUniveniverse  rse  inw hichthinw hichthev iew sofLeucippusev iew sofLeucippus

werecloselyadheredto,anditwerecloselyadheredto,andit isDemocritusratherthanisDemocritusratherthan

LL eucippuswhoistodaygenerallyhonoredastheeucippuswhoistodaygenerallyhonoredasthe founderfounder

ofGreekatomism.ofGreekatomism.

 TheatomsofL TheatomsofL eucippusandDemocritusdifferedfromeucippusandDemocritusdifferedfrom

oneanotherinshapeandsizeoneanotherinshapeandsize andinthearrangementswhichandinthearrangementswhich

theyassumed,buttheywerephysicallyindivisible.Theytheyassumed,buttheywerephysicallyindivisible.They

wereprovidedwithdifferentmechanicalcontrivancesforwereprovidedwithdifferentmechanicalcontrivancesfor

attachingthemselvestootheratomsindefinitespatialrela-attachingthemselvestootheratomsindefinitespatialrela-

tionships,thusdifferingfromthemodernatomictheoriestionships,thusdifferingfromthemodernatomictheories

onlyintheuseonlyintheuse ofmechanicalratherthanelectricalcontriv-ofmechanicalratherthanelectricalcontriv-

ances.Iances.I nfact,thecontrivancessuggestedbythenfact,thecontrivancessuggestedbythe ancientancient

GreekatomistswouldseemtobemoresuitableGreekatomistswouldseemtobemoresuitable foreffectingforeffecting

chemicalcombinationsthantheplanetaryelectronsofthechemicalcombinationsthantheplanetaryelectronsofthe

BB ohratoohratom.m.

II nthetenthete tbootbook sof todak sof todayw egeneyw egenera lly f ira lly f indmentndmentionedioned

onlytwotheoriesofatomicstructure—onlytwotheoriesofatomicstructure— theBtheB ohrtheoryandohrtheoryand

theLtheL ew is-ew is- angmangmuirtheouirtheory , botry , bothofw hicharhofw hichareversieversionsof  onsof  

theRtheR utherfordnucleartheory,andbothofwhichhaveutherfordnucleartheory,andbothofwhichhave beenbeen

combicombinedandrenedandreconciconciled(orshaled(orshallw esay" erasedllw esay" erased ?? )by the)by the

SS chroedingerwave-atomtheory.TheBohrchroedingerwave-atomtheory.TheBohr theoryisbesettheoryisbeset
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 TheoriesofA TheoriesofA tomicStomicS tructurestructures

withsomanydifficultiesthatitwithsomanydifficultiesthatit cannotbeseriouslyconsider-cannotbeseriouslyconsider-

edasconstitutingevenanapproedasconstitutingevenanappro imatepictureofphysicalimatepictureofphysical

reality.Themainargumentinfavorofitreality.Themainargumentinfavorofit hasbeenthatithasbeenthatit

furnishediaphysicalbasisforthefurnishediaphysicalbasisforthe derivationoftheBderivationoftheB almeralmer

formulaforthecalculationofspectralformulaforthecalculationofspectral frefre uencies,butitisuencies,butitis

nowknownthattheBnowknownthattheB almerformulacanbederivedonthealmerformulacanbederivedonthe

basisoftheqbasisoftheq uantumtheoryalone,independentlyoftheuantumtheoryalone,independentlyofthe

conceptoforbits.TheLconceptoforbits.TheL ewis-ewis- angmuirtheoryprobablyhasangmuirtheoryprobablyhas

ascintillaoftruthascintillaoftruth initsinceinitsince itassignstheelectronstoitassignstheelectronsto defi-defi-

nitepositionsintheatoms,butnitepositionsintheatoms,but liketheBliketheB ohrtheoryitialsoohrtheoryitialso

rere uiresagauiresagalala yofarbitryofarbitraryposarypostulattulatesinordeesinordertoproducrtoproducee

anoperativeworkingmodeloftheatom.anoperativeworkingmodeloftheatom.

 Theunsatisfactorycharacterofthepresent-daytheories Theunsatisfactorycharacterofthepresent-daytheories

ofatomicstructurehasdemonstratedthatwecannothopeofatomicstructurehasdemonstratedthatwecannothope toto

gainacompleteunderstandingofthestructuregainacompleteunderstandingofthestructure oftheatomoftheatom

untilwehavefirstascertainedtheuntilwehavefirstascertainedthe structuresofprotons,structuresofprotons,

electrons,andneutrons.Thesesubatomicparticlesmustelectrons,andneutrons.Thesesubatomicparticlesmust

havephysicalstructures,anditishavephysicalstructures,anditis inconceivablehowtheirinconceivablehowtheir

structurescanconsistof(anythingestructurescanconsistof(anythinge ceptstableformsof ceptstableformsof 

motionintheether.motionintheether.

II thasa lreathasa lreadybeenedybeene pla inpla inedthatthedthattheethermueethermustbestbe

eitherentirelyincompressible,or.itmustbeeitherentirelyincompressible,or.itmustbe infinitelycom-infinitelycom-

pressible.Therelationshipofthesetwoetherconceptstopressible.Therelationshipofthesetwoetherconceptsto

thevarioussystemsofatomicstructureisthevarioussystemsofatomicstructureis asfollows:asfollows:

II ncomncompresspressibleible

etherether

II nfinitelycompressiblenfinitelycompressible

etherether

V orte  atomV orte  atom

WaveatomWaveatom

SS ource-sinkatomource-sinkatom

AA nysystemofatomicstructurewhichreallynysystemofatomicstructurewhichreally goesdowntogoesdownto

fundamentalsisclassifiableunderoneoranotheroffundamentalsisclassifiableunderoneoranotherof thesethese

headiheadings, atlengs, atleastnoothastnootherbasisonwerbasisonwhichtoehichtoe pla inthpla inthee

ee istenceofatomicparticleshaseverbeenistenceofatomicparticleshaseverbeen suggested.Thesuggested.The

ee istenistenceofatomceofatomsisnotesisnote pla inpla inedbymereedbymerely say inly say ingthatgthat

theyconsistofprotons,electrons,andneutronsastheyconsistofprotons,electrons,andneutronsas longaslongas

theethee istenceofthesesubatomicparticlesthemselvesisnotistenceofthesesubatomicparticlesthemselvesisnot

ee plained.Themostoutstandingcharacteristicofallele-plained.Themostoutstandingcharacteristicofallele-

mentaryparticlesofmatteristheirmentaryparticlesofmatteristheir localizedpersistenceof localizedpersistenceof 

individuality,anditisinconceivablehowthisindividuality,anditisinconceivablehowthis canbeecanbee --
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EE therandMtherandMatteratter

plainedonanyotherbasisthanplainedonanyotherbasisthan vorte motionvorte motion,wavemotion,,wavemotion,

ormotionintooroutormotionintoorout ofacenterfunctioningasofacenterfunctioningas asinkorasinkor

source.source.

II ftheetherisftheetheris incompressible,thenitcanhaveonlytwoincompressible,thenitcanhaveonlytwo

formsofmotionwhicharedynamicallyself-sustaining,formsofmotionwhicharedynamicallyself-sustaining,

namelyvorte motionandwavemotion.Thestabilityof namelyvorte motionandwavemotion.Thestabilityof 

thesetwthesetwoformsofmoformsofmotionisnootionisnotduetoanyuntduetoanyunii uepropeuepropertyrty

ofthemedium,butisofthemedium,butis inherentintheformofinherentintheformof motionitself.motionitself.

AA ninfinitelycompressibleethermaybeabletoninfinitelycompressibleethermaybeableto supportsupport

wavemotionbutcannotsupportvorte motionbecauseif wavemotionbutcannotsupportvorte motionbecauseif 

theetherisfreelycompressiblethentheetherisfreelycompressiblethen itmustalsobefreelyitmustalsobefreely

ee panspansible , anible , andany formodany formofvorte  fvorte  motimotionw oulonw ouldimmeddimmedi-i-

atelybecomedispersedinitbyatelybecomedispersedinitby centrifugalforce.Acentrifugalforce.A ninfinite-ninfinite-

lycompressibleetherishoweverideallysuitableforlycompressibleetherishoweverideallysuitablefor etherether

sourcesandsinksbecausesuchansourcesandsinksbecausesuchan ethershouldbecapableof ethershouldbecapableof 

flowingcontinuallyoutoforintoflowingcontinuallyoutoforinto pointlikesourcesorsinkspointlikesourcesorsinks

inaccorinaccordancewdancewithNew tonithNew ton s's' f irst laf irst law ofmotiow ofmotion. Thisw on. Thisw oulduld

accountforthelocalizedpersistenceofaccountforthelocalizedpersistenceof individualityoftheindividualityofthe

elementaryparticlesofmatter,andwouldalsofurnishaelementaryparticlesofmatter,andwouldalsofurnisha

satisfactorybasisforasource-sinktheoryofgravitationsuchsatisfactorybasisforasource-sinktheoryofgravitationsuch

asthatofO. Casthato fO. C . H. H ilgenilgenberg. Uberg. Untiltheprntilthepresenttiesenttime, howme, how--

ever,therehasnotbeenanyever,therehasnotbeenany source-sinktheoryofatomicsource-sinktheoryofatomic

structureworkedoutinsufficientdetailtostructureworkedoutinsufficientdetailto justifyitspresen-justifyitspresen-

tationhere.tationhere.

BB y the"y the" w aveaw aveatom tom intheabointheaboveclassveclassif icatif icationismeaionismeantnt

anatomwhichconsistsentirelyofanatomwhichconsistsentirelyof waveformations,iandnotwaveformations,iandnot

atomsofothertypeswhichmerelycarryatomsofothertypeswhichmerelycarry waveformationswaveformations

a longwalongwiththemiththem. A  . A  vorte  vorte  atomfoatomforere amplamplemaybeas-emaybeas-

sumedtocarryanarraysumedtocarryanarray ofstandingwiavesalongwithitinofstandingwiavesalongwithitin

theformofnodesandloopstheformofnodesandloops inthestreamlinesoftheinthestreamlinesofthe circu-circu-

latingether,asislatingether,asis evidencedbyelectrondiffractionpatterns,evidencedbyelectrondiffractionpatterns,

butthisisbutthisis somethingverydifferentfromtheusualconceptsomethingverydifferentfromtheusualconcept

o f " w a v e ao f " w a v e at o m .t o m .

WaveWave motion,althoughdynamicallyself-sustainingmotion,althoughdynamicallyself-sustaining,isnot,isnot

localizedinspacelikethelocalizedinspacelikethe elementaryparticlesofmatterandelementaryparticlesofmatterand

isthereforenotsufficientinisthereforenotsufficientin itselfasabasisitselfasabasis foratomicstruc-foratomicstruc-

ture,althoughitmaybeancillaryture,althoughitmaybeancillary thereto.Thewaveatomof thereto.Thewaveatomof 

modernphysicscouldnotemodernphysicscouldnote istofitsownistofitsown accord,butwouldaccord,butwould
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 TheoriesofA TheoriesofA tomicStomicS tructurestructures

havetodependonsomethingelsewithinithavetodependonsomethingelsewithinit togiveitshapetogiveitshape

andform,becauseatrainofandform,becauseatrainof waves,eitheraloneorincon-waves,eitheraloneorincon-

 junctionwithotherwave-trains,willnotremainlocalizedin junctionwithotherwave-trains,willnotremainlocalizedin

spaceliketheelementaryparticlesofmatter.Perhapsthespaceliketheelementaryparticlesofmatter.Perhapsthe

waveatomshouldnothavebeenincludedatwaveatomshouldnothavebeenincludedat allintheaboveallintheabove

classification.Theveryfactthatweareclassification.Theveryfactthatweare stillwithoutanystillwithoutany

satisfactorypicturesordiagramsofthesupposedwaveatomsatisfactorypicturesordiagramsofthesupposedwaveatom

structuresofprotons,electrons,andneutronsshouldmakestructuresofprotons,electrons,andneutronsshouldmake

usskepticalaboutthemeritsofusskepticalaboutthemeritsof wavemotionasabasisforwavemotionasabasisfor

atomicstructure.atomicstructure.

Whatisgenera lWhatisgenera llyk nowlyk nownasthe"nasthe" w aveaw aveatom tom isonly . aisonly . a

sophisticatedversionoftheRsophisticatedversionoftheR utherford-Bohrnucleatedutherford-Bohrnucleated

atom.Thepresentpopularityofthenucleartheory,how-atom.Thepresentpopularityofthenucleartheory,how-

ever,isnotduetoever,isnotdueto anyintrinsicmeritsofthatanyintrinsicmeritsofthat theory,buttheory,but

rathertothefactrathertothefact thatthenuclearconceptofthethatthenuclearconceptofthe atomhasatomhas

beenworkeduponbytheentirescientificbeenworkeduponbytheentirescientific professionforprofessionfor

nearlyhalfacentury,whereasthemodernvorte conceptof nearlyhalfacentury,whereasthemodernvorte conceptof 

theatomisonlyabouttheatomisonlyabout onedecadeoldandhasneveronedecadeoldandhasnever beenbeen

publishedinsuchapublishedinsucha mannerastobringitmannerastobringit effectivelytotheeffectivelytothe

attentionofphysicistsandchemists.Iattentionofphysicistsandchemists.I nordertocorrectlynordertocorrectly

evaluatetherelativemeritsofthesetwotheories,theevaluatetherelativemeritsofthesetwotheories,the vortevorte

theoryshouldthereforenotbecomparedwiththetheoryshouldthereforenotbecomparedwiththe nuclearnuclear

theoryoftoday,butratherwiththetheoryoftoday,butratherwiththe nucleartheiryasitnucleartheiryasit

ee istedtwistedtwentyorthentyorthirtyyeirtyyearsago. Eventhatw oarsago. Eventhatw ouldgivethuldgivethee

nucleartheoryanunfairadvantagebecausethenuclearnucleartheoryanunfairadvantagebecausethenuclear

theoryhasneverhadtofacetheoryhasneverhadtoface theemotionalprejudiceandtheemotionalprejudiceand

ridiculewhichthevorte theoryhasalwaysbeenconfrontedridiculewhichthevorte theoryhasalwaysbeenconfronted

with.Thereasonforthisemotionalprejudiceandwith.Thereasonforthisemotionalprejudiceand ridiculeridicule

hadbeehadbeentw ofontw ofold: istbeld: istbecausethcausetheverynameveryname"e" vorte  vorte  atomatom

hasalwaysbroughttomindthehasalwaysbroughttomindthe obsoleteandunsuccessfulobsoleteandunsuccessful

vorte  vorte  atomthatomtheryofLordKeryofLordK elv ine lv in, and2ndbe, and2ndbecausevocausevorterte

ringssuggestsmokeringswhichareringssuggestsmokeringswhichare usuallyblownforamuse-usuallyblownforamuse-

mentratherthanforseriousscientificmentratherthanforseriousscientific study.Thescientificstudy.Thescientific

professionoftodaydoesnotgiveseriousconsiderationtoprofessionoftodaydoesnotgiveseriousconsiderationto thethe

vorte vorte theorybecauseitisnottheorybecauseitisnot endorsedbyauthoritiesof endorsedbyauthoritiesof 

recognizedstanding,andtheauthoritiesrefusetoendorseitrecognizedstanding,andtheauthoritiesrefusetoendorseit

becauseitisnotbecauseitisnot recognizedbythescientificprofession.recognizedbythescientificprofession.

FF romsuchav iromsuchav iciousciciouscircle it isdif frcle it isdif ficultto f iicultto f indaw ayoutndaw ayout..
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II ntrodntroductiouctiontotheV ortntotheV orte  Ae A tomtom

II Tw asR eneDescartTw asR eneDescartesearly iesearly inthe17thcennthe17thcenturyw hturyw how asow as

thef irsthef irsttomak eettomak ee tensitensiveuseof theeveuseof theethervothervorte  rte  theortheoryy

fortheeforthee planaplanationofnationofnatura lphtura lphenomenomena. Iena. I n16n16 00

Descartes Descartes theoryofvorticeswasrevivedbyCtheoryofvorticeswasrevivedbyC hristianhristian

HH uygeuygensinhisDisconsinhisDiscoursesurlaC ausedelaPcsaursesurlaC ausedelaPcsanteurnteur, but, but

afterthatnothingfurtherseemstoafterthatnothingfurtherseemsto havebeendonewiththehavebeendonewiththe

vorte  thevorte  theoryuntoryuntil1il1 3 w henJ3 w henJ amesMaamesMacC ullaghinhiscC ullaghinhis

EE ssaystossaystow ardw ardsaDynamisaDynamica lTheca lTheoryofC rysta ll inoryofC rysta ll ineReR ef lecef lec--

tionandRtionandR efractiondevelopedatypeofelasticityfortheefractiondevelopedatypeofelasticityforthe

etherwhichwaswhollyrotational,resistingangulardeflec-etherwhichwaswhollyrotational,resistingangulardeflec-

tionsomewhatlikeaflywheel.MacCtionsomewhatlikeaflywheel.MacC ullaghullagh sideasweresideaswere

f u rf u rt h et h er er e p o up o un d en d ed b y W . Jd b y W . J . M a. M acc u o ru o rn R a n k i nn R a n k i ne i n 1e i n 1 5 05 0

(( c i ec i en t in t if i c Pf i c Pa p ea p er s , ir s , i 8 i , p . 1 78 i , p . 1 7. ) a n. ) a nd i n 1d i n 1 7  7  C l e r k M a w e l lC l e r k M a w e l l

commcommentedfentedfavoraavorablyonR ank ineblyonR ank ine stheorystheory. (. ( cientcientif icif ic

Papers,Vol.2,p.662.)Papers,Vol.2,p.662.)

II nthemeannthemeantimetheatimetheatomicthtomictheoryofDaeoryofDaltonandHigginsltonandHiggins

hadbecomefirmlyestablished,anditwasHhadbecomefirmlyestablished,anditwasH ermannvonermannvon

HH elmholtzwhofirstcorrelatedthestabilityofelmholtzwhofirstcorrelatedthestabilityof vorte vorte motionmotion

withthepermanenceoftheelementaryparticlesofmatter.withthepermanenceoftheelementaryparticlesofmatter.

HH elmholtzbroughtthistotheattentionofelmholtzbroughtthistotheattentionof WilliamWilliam Thorn-Thorn-

FF ig. 13. 1oig. 13. 1othcentuthcenturyvorteryvorte -atomm-atommodelsode ls..

son(son( ordKordK elv ie lv in)w hothen)w hothenbecamnbecameoneof the leeoneof the leadingading

ee poneponentsof the1ntsof the1 thcentuthcenturyvortryvortee -atomt-atomtheoryheory, a long, a long

w ithJw ithJ oseposephLhL armoarmour, Aur, A . A. A . Miche. Michelson, anlson, andmanyothdmanyothers.ers.

NN earlyaearlyallphysil lphysicistso f thcistso f the1e1 thcentuthcenturyassumryassumedthatthedthatthee

etherisafrictionlessetherisafrictionless fluidandthatavorte filamfluidandthatavorte filamentwouldentwould
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II ntrodntroductiouctiontotheV ortntotheV orte  Ae A tomtom

notenote ertanyeffectuponitsertanyeffectuponits surroundings,whichwasreallysurroundings,whichwasreally

aninconsistentpositionforthemtoaninconsistentpositionforthemto takesincetheentiretakesincetheentire

classicaltheoryofelectrodynamicstooktheeclassicaltheoryofelectrodynamicstookthee istenceofanistenceofan

etherwithviscosityforgranted.The1etherwithviscosityforgranted.The1 thcenturyphysiciststhcenturyphysicists

attemptedtoaccountforthedifferentchemicalelementsbyattemptedtoaccountforthedifferentchemicalelementsby

differentformsofknottingorinterlinkingofthedifferentformsofknottingorinterlinkingofthe vorte vorte fila-fila-

ments.Sments.S uchknottingorinterlinking,however,willalwaysuchknottingorinterlinking,however,willalways

bringadjacentbringadjacent filamentsintosuchrelationshipthattheywillfilamentsintosuchrelationshipthattheywill

rubeachotherinrubeachotherin transverseoroppositedirections.Itransverseoroppositedirections.I tisonlytisonly

,instructuresformedofsimplecircular,instructuresformedofsimplecircular vorte vorte ringswhereringswhere

thereisnointernalthereisnointernal rubbing,andthelatterhaveaccordinglyrubbing,andthelatterhaveaccordingly

beenadoptedbythewriterasbeenadoptedbythewriteras theultimatestructuralunitsof theultimatestructuralunitsof 

allatomicparticles.allatomicparticles.

 Thenewvorte  Thenewvorte atomshouldthereforenotbeconfusedatomshouldthereforenotbeconfused

w iththeKelv invorw iththeKelv invorte  te  atomwatomwithw hicithw hichithaslitt lhithaslitt le ifany -e ifany -

thingincommon.Ithingincommon.I tmayhoweverberegardedasatmayhoweverberegardedasa furtherfurther

developmentofthedynamicatomofPhilippLdevelopmentofthedynamicatomofPhilippL enardwhichenardwhich

precededtheRprecededtheR utherford-Bohrutherford-Bohr atomandwasacompetitoratomandwasacompetitor

o f the lato f the latter. TheLenardatomwter. TheLenardatomwasbaseasbasedentiredentirelyonelyone --

perimentalevidenceanddidnotdependonanyperimentalevidenceanddidnotdependonany theory.Itheory.I tt

consiconsistedofanumstedofanumberof "berof " dynadynamids mids w hichww hichwerecouperecoupletslets

ofpositiveandnegativechargesofdefinitemoment.Theseofpositiveandnegativechargesofdefinitemoment.These

weredistributedthroughouttheatomandwereassumedtoweredistributedthroughouttheatomandwereassumedto

besoconstitutedthattheywouldbesoconstitutedthattheywould captureslowly-movingcaptureslowly-moving

electronsfromastreamofcathoderays,butelectronsfromastreamofcathoderays,but wouldallowthewouldallowthe

morerapidlymovingelectronstopassbymorerapidlymovingelectronstopassby uncaptured.Theuncaptured.The

scatteringofelectronswasattributedbyLscatteringofelectronswasattributedbyL enardtocloseenardtoclose

approachesoftheelectronstotheapproachesoftheelectronstothe dynamids.dynamids.

II nthevortnthevorte  e  atomof toatomof today the" dynamidday the" dynamids s arethearethe

heliumgroupswhicharedistributedthroughouttheatomheliumgroupswhicharedistributedthroughouttheatom

withanabundanceofvacantspacebetweenthem,ewithanabundanceofvacantspacebetweenthem,e actlyasactlyas

postulatedbyLpostulatedbyL enard.Theseheliumgroupsshouldbecapa-enard.Theseheliumgroupsshouldbecapa-

bleofcapturingslowlymovingelectronswheneveroneof bleofcapturingslowlymovingelectronswheneveroneof 

theoutermostvorte ringsisknockedofffromaneutraltheoutermostvorte ringsisknockedofffromaneutral

heliumgroupsoastoheliumgroupsoasto ee poseiapositivecharge.Thiscaptureposeiapositivecharge.Thiscapture

ofelectronscannotbesatisfactorilyeofelectronscannotbesatisfactorilye plainedundertheplainedunderthe

nucleartheory.Whennucleartheory.When cathoderayspassthroughanalumi-cathoderayspassthroughanalumi-

numfoil,thereisnonumfoil,thereisno reasonwhythealuminumatoms,if reasonwhythealuminumatoms,if 
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EE therandMtherandMatteratter

constitutedaccordingtothenucleartheory,wouldcaptureconstitutedaccordingtothenucleartheory,wouldcapture

anyoftheelectrons,andespeciallynotanyoftheelectrons,andespeciallynot theslowlymovingtheslowlymoving

oneswhichareactuallycapturedinoneswhichareactuallycapturedin greatestnumbers.greatestnumbers.

 Thedeflectionofalphaparticlescan Thedeflectionofalphaparticlescan beebee plainedasplainedas

readilyunderthenewvorte theoryasunderthenuclearreadilyunderthenewvorte theoryasunderthenuclear

theory.Theetheory.Thee perimentsmerelyprovethatallpartsofperimentsmerelyprovethatallpartsof thethe

atomarefirmlyboundtoaatomarefirmlyboundtoa tinycentralregion,butdonottinycentralregion,butdonot

provethattheentiremassofprovethattheentiremassof theatomiscontainedwithintheatomiscontainedwithin

thiscentralregion.A thiscentralregion.A structuralcenterisnotstructuralcenterisnot necessarilyanecessarilya

nuclenucleus. Ius. I nthenew vonthenew vorte  rte  atomaatomallpartsarefl lpartsarefirm lyboirmlyboundund

tothecentralheliumgroup,althoughnottothecentralheliumgroup,althoughnot containedwithincontainedwithin

thesame.Thesecentralheliumgroupswillhavethesame.Thesecentralheliumgroupswillhave thesamethesame

effectasatomicnucleiwhenbombardedbyhigheffectasatomicnucleiwhenbombardedbyhigh velocityvelocity

partiparticles. Icles. I nthevortnthevorte  e  atomatom, justasinthenu, justasinthenucleatcleatedatomedatom,,

abruptdeflectionswillbeproducedonlywhentheabruptdeflectionswillbeproducedonlywhenthe atomisatomis

strucksomewherenearitscenter.strucksomewherenearitscenter.

Vorte Vorte ringscandiffergreatlyinringscandiffergreatlyin sizeandproportions.sizeandproportions.

 Thesizeofthe Thesizeofthe elementaryvorte elementaryvorte ringsisprobablydeter-ringsisprobablydeter-

minedbytheaveragedensityofmatterinminedbytheaveragedensityofmatterin theuniverse,buttheuniverse,but

theratiooffilamentdiametertotheratiooffilamentdiameterto ringdiameterprobablyringdiameterprobably

dependsonotherfactors.Theupperlimitdependsonotherfactors.Theupperlimit ofthisratioisofthisratiois

y2,butthereisy2,butthereis notheoreticallowerlimit.Inotheoreticallowerlimit.I tisobvious,tisobvious,

however,thatifthevorte filamentweretobecomeindefi-however,thatifthevorte filamentweretobecomeindefi-

nitelyattenuatedandthediameterofthevorte ringnitelyattenuatedandthediameterofthevorte ring

indefinitelyincreased,theringwouldeventuallybecometooindefinitelyincreased,theringwouldeventuallybecometoo

fragiletomaintainitsintegrity.Ifragiletomaintainitsintegrity.I tmustthereforebeas-tmustthereforebeas-

sumedthattheelementaryvorte ringseitherdonothavesumedthattheelementaryvorte ringseitherdonothave

anytendencyatalltoanytendencyatallto changetheirsize,orthatchangetheirsize,orthat theytendtotheytendto

shrinktoaminimumringshrinktoaminimumring diameterwithamadiameterwithama imumfilamentimumfilament

diameter.Idiameter.I tseemsthatviscousoppositionfromthetseemsthatviscousoppositionfromthe sur-sur-

roundings,whichalwaysactsinwardlytowardthecenterof roundings,whichalwaysactsinwardlytowardthecenterof 

thering,wouldgivesuchringsthering,wouldgivesuchrings atendencytoshrinktoatendencytoshrinkto aa

minimumover-allsize.Iminimumover-allsize.I tisthereforethoughtthattisthereforethoughtthat theele-theele-

mentaryvorte mentaryvorte ringseitherdonotringseitherdonot haveanycentralopeninghaveanycentralopening

atall,oroneatall,orone thatisrelativelysmall.thatisrelativelysmall.

II tisalsotisalso possiblethattheelementaryvorticesmaynotbepossiblethattheelementaryvorticesmaynotbe

ringswithdefinitesurfacesanddiameters,butratherringswithdefinitesurfacesanddiameters,butrather centerscenters

ofconvergentanddivergentflowintheofconvergentanddivergentflowinthe ether.Nether.N everthelessevertheless
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theconventionalformofvorte theconventionalformofvorte ringwillbeusedringwillbeused intheinthe

diagramsforthesakeofclarity.diagramsforthesakeofclarity.

II ftheetherpossessesaftheetherpossessesa propertyanalogoustoviscosityorpropertyanalogoustoviscosityor

fluidfriction,thenitmustfluidfriction,thenitmust '' beassumedthatwhentwovortebeassumedthatwhentwovorte

ringscomeintocloseproringscomeintoclosepro imitywitheachothertheywillimitywitheachothertheywill

assumeonlythosepositionsinwhichthereassumeonlythosepositionsinwhichthere isaminimumof isaminimumof 

rubbingcontactandamarubbingcontactandama imumofrollingcontactbetweenimumofrollingcontactbetween

them.Theseconditionswillbesatisfiedifthem.Theseconditionswillbesatisfiedif theyarearrangedtheyarearranged

coacoa iallywithbothoftheiriallywithbothoftheir adjacentsurfacesmovingeitheradjacentsurfacesmovingeither

inwardlyoroutwardlyintheeinwardlyoroutwardlyinthee uatorialplane,butnotinuatorialplane,butnotin

oppositedirections.Thegeometricpossibilityoftwosuchoppositedirections.Thegeometricpossibilityoftwosuch

arrangementsimmediatelysuggestsastructuralbasisforarrangementsimmediatelysuggestsastructuralbasisfor

protonsandelectrons.protonsandelectrons.

FF ig.14.Nig.14.N eutron(left)andhydrogenatom(right).eutron(left)andhydrogenatom(right).

 Thehydrogenatomwouldthenhaveappro Thehydrogenatomwouldthenhaveappro imatelytheimatelythe

structureshowninthediagramatstructureshowninthediagramat theright,butwearetheright,butweare notnot

yetinapositionyetinaposition tosaywhichhalfoftosaywhichhalfof itistheitisthe protonandprotonand

whichhalftheelectron.whichhalftheelectron.

LL etusf irstcoetusf irstconsidensiderthisquestionf romtrthisquestionf romthetheorhetheoreticaeticall

standstandpo intpo int. I. I nFnF ig. 15inthediig. 15inthediagramaagramatthe le f t isshotthe le f t isshow naw na

pairo fvopa iro fvorte  rte  ringswringswiththe iiththe irere uatoruatoria lf lu ia lf lu direcdirectedin-tedin-

wardlyandtheirpolarflu directedoutwardly,whileinthewardlyandtheirpolarflu directedoutwardly,whileinthe

diagramattherightisdiagramattherightis showntheconversearrangement.showntheconversearrangement.

 Thelongarrowsineach Thelongarrowsineach caserepresentrandomethercur-caserepresentrandomethercur-

rentswhichencounterthesevorte ringsfromtheoutside.rentswhichencounterthesevorte ringsfromtheoutside.

[ [ 5i5i

tt  e  e
   d   d
   f   f  o  o
  r  r
  e  e
   j   j   k   k
   6   6
  c  c
   (   (   U   U
  n  n
   i   i  v  v
  e  e
  r  r  s  s
   i   i   t   t
  y  y
  o  o
   f   f
   V   V
   i   i  r  r
  g  g
   i   i  n  n
   i   i  a  a
   )   )
  o  o
  n  n
   2   2
   0   0
   1   1
   4   4
 - -   0   0
   5   5
 - -   2   2
   3   3
   0   0
   6   6
  :  :   3   3
   2   2
   G   G
   M   M
   T   T

   /   /
   h   h
   t   t   t   t
  p  p
  :  :   /   /
   /   /   h   h
   d   d
   l   l . .
   h   h
  a  a
  n  n
   d   d
   l   l  e  e
 . .  n  n
  e  e
   t   t   /   /
   2   2
   0   0
   2   2
   7   7
   /   /  u  u
  c  c
   1   1
 . .   b   b
   4   4
   2   2
   5   5
   3   3
   1   1
   7   7
   7   7

DD
  o  o
  m  m
  a  a
   i   i  n  n
 , ,
   G   G
  o  o
  o  o
  g  g
   l   l  e  e
 - -   d   d

   i   i  g  g
   i   i   t   t
   i   i  z  z
  e  e
   d   d

   /   /
   h   h
   t   t   t   t
  p  p
  :  :   /   /
   /   /  w  w
  w  w
  w  w
 . .   h   h
  a  a
   t   t   h   h
   i   i   t   t
  r  r  u  u
  s  s
   t   t . .
  o  o
  r  r  g  g
   /   /  a  a
  c  c
  c  c
  e  e
  s  s
  s  s
__
  u  u
  s  s
  e  e
   #   #  p  p

   d   d
 - -  g  g
  o  o
  o  o
  g  g
   l   l  e  e



   G   G
  e  e
  n  n
  e  e
  r  r  a  a
   t   t

   P   P
  u  u
   b   b
   l   l   i   i
  c  c
   D   D

  

EE therandMtherandMatteratter

II f therotaf therotatingf ilatingf ilamentmentsofethervosofethervorte  rte  ringsarringsaresubjecesubjecttotto

theMagnuseffect,astheypresumablymustbeintheMagnuseffect,astheypresumablymustbein aviscousaviscous

I II I I  I  iillll

^  ̂  ̂  ̂  ̂  ̂^  ̂  ̂  ̂  ̂  ̂

FF ig.15.TheMagnuseffectonprotonsig.15.TheMagnuseffectonprotons andelectrons.andelectrons.

orqorq uasifrictionalether,thentheeffectoftheuasifrictionalether,thentheeffectofthe horizontalhorizontal

arrowsinthediagramatarrowsinthediagramat theleftwillbetotheleftwillbeto maketheringsmaketherings

increaseindiameter,whiletheverticalarrowswillincreaseindiameter,whiletheverticalarrowswill makethemakethe

tw oringtw oringsmovemosmovemoreclosereclosely toeachotly toeachother. Exher. Ex actly thactly theop-eop-

positeofthesetwoeffectswillpositeofthesetwoeffectswill beproducedinthediagrambeproducedinthediagram

attherighattheright. It . I nthe irenthe ire uil ibuil ibriumposriumposit ionthit ionthetw o. rinetw o. ringsatgsat

theleftwillthereforebetheleftwillthereforebe morefirmlyjoinedtoeachothermorefirmlyjoinedtoeachother

thanthetworingsatthanthetworingsat theright.Itheright.I nthesediagramstheethernthesediagramstheether

currentsfromoutsidesourceshavebeenrepresentedasact-currentsfromoutsidesourceshavebeenrepresentedasact-

ingdirectlyontheingdirectlyonthe vorte vorte filaments,butsimilarresultswillfilaments,butsimilarresultswill

beproducediftheelementaryparticlesofbeproducediftheelementaryparticlesof matterdonotmatterdonot

consistofvorte consistofvorte filamentsatall,butonlyoffilamentsatall,butonlyof centersofcircu-centersofcircu-

lation.Theeffectineachcaselation.Theeffectineachcase shouldbeadilationofshouldbeadilationof thethe

polarsources,acontractionofthepolarsources,acontractionofthe polarsinks,awideningof polarsinks,awideningof 

theethee uatouatoria lsouria lsources, anrces, andapinchindapinchingtogethgtogetherof theeerof thee ua-ua-

torialsinks.Btorialsinks.B earinginmindthattheearinginmindthatthe protonhasmoremassprotonhasmoremass

thantheelectron,andisthantheelectron,andis thereforemoredifficulttodestroy,thereforemoredifficulttodestroy,

itseemsthatthestructureitseemsthatthestructure attheleftmustattheleftmust betheprotonandbetheprotonand

thestructureatthethestructureatthe righttheelectron.righttheelectron.

 TheforegoingdescriptionoftheMagnuseffectis TheforegoingdescriptionoftheMagnuseffectis how-how-

everoneveronlyaqlyaq ua litua lita tivativestatemestatementofw haentofw hathappethappens. Ins. I t isnottisnot

likelythatalltheseeffectsoccurlikelythatalltheseeffectsoccur ineine ualamount,andweualamount,andwe

stilldonotknowwhichstilldonotknowwhich ofthempredominates.Iofthempredominates.I tisimpor-tisimpor-

tanttobetanttobearinmindthaarinmindthatprotontprotonsareabousareabout1,t1, 00time00timesmoresmore
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II ntrodntroductiouctiontotheV ortntotheV orte  Ae A tomtom

massivethanelectrons,andthemassofamassivethanelectrons,andthemassofa protonmusthaveprotonmusthave

itsorigininitsoriginin thegyrostaticeffectofthecirculatingthegyrostaticeffectofthecirculating orrotatingorrotating

ether,eitherinsideoroutsidetheether,eitherinsideoroutsidethe vorte vorte rings.Thegreaterrings.Thegreater

massoftheprotonasmassoftheprotonas comparedwiththeelectronmaythencomparedwiththeelectronmaythen

beattributedeithertoabeattributedeithertoa greaterspeedofcirculatorymove-greaterspeedofcirculatorymove-

mentoftheether,ormentoftheether,or toagreatervolumeofcirculatingtoagreatervolumeofcirculating

ether,ortotheether,ortothe differenceingeometricstructures.differenceingeometricstructures.

II ftheprotonisftheprotonis largerthantheelectron,anditslargerthantheelectron,andits greatergreater

sizeistheresultsizeistheresult oftheMagnuseffect,thenthevorte oftheMagnuseffect,thenthevorte fila-fila-

mentitselfmustbethickerinmentitselfmustbethickerin theprotonthaninthetheprotonthaninthe electron.electron.

 Thisassumptionleadstodifficulties,however,whenwetry Thisassumptionleadstodifficulties,however,whenwetry

todrawapicturetodrawapicture oftheneutron,becausethemiddlevorteoftheneutron,becausethemiddlevorte

ringispartringispart oftheelectronaswelloftheelectronaswell aspartoftheaspartofthe proton.proton.

II tthereforeseemsmorelikelythatthetthereforeseemsmorelikelythatthe greatermassofthegreatermassofthe

protonisduetoprotonisdueto itsuniitsuni uegeometricstructure,ratherthanuegeometricstructure,ratherthan

toadif fetoadif ference insirence insize . Ize . I ta lsoappta lsoappearsthaearsthatthespeetthespeedof  dof  

circulatorymovementintheprotonmustbethecirculatorymovementintheprotonmustbethe sameasinsameasin

theelectron,becauseotherwisethethreevorte ringsofthetheelectron,becauseotherwisethethreevorte ringsofthe

N E U TN E U TR O IR O I t Pt PR O T O NR O T O N

EE lectrolectronn

FF ig.16.Doubleweightneutron,formedbythecollisionig.16.Doubleweightneutron,formedbythecollision ofanordinaryofanordinary

neutronandaproton.neutronandaproton.

neutroncouldnotbeinneutroncouldnotbein rollingcontactwitheachother.rollingcontactwitheachother.

 TheneutronshowninF TheneutronshowninF ig.14hastheig.14hasthe samemassasthesamemassasthe

proton,butwhensuchaneutronproton,butwhensuchaneutron collideswithaprotoncollideswithaproton

travellinginetravellingine actlytherightdirectionandactlytherightdirectionand attheproperattheproper

speed,soastobringspeed,soastobring theadjacentsurfacesintorollingcon-theadjacentsurfacesintorollingcon-
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tact,therewillbeformedatact,therewillbeformeda doubleweightneutronasshowndoubleweightneutronasshown

inFinF ig.16.Theelectronwhichisig.16.Theelectronwhichis formeddenovoattheformeddenovoatthe

instantofcollisionservestoinstantofcollisionservesto holdtheneutronandtheprotonholdtheneutronandtheproton

togetherbyaforceoftogetherbyaforceof attractionwhichhasbeencalledattractionwhichhasbeencalled

"" supergravitationsupergravitation .Thisforceofattractionwas.Thisforceofattractionwas predictedpredicted

by thew riby thew riterin1terin1 31inthefo ll31inthefo llow inow ingw ordsgw ords::

II fbothchargesareoffbothchargesareof thesamesign,then...asthesamesign,then...as thetwochargesthetwocharges

arebroughtmorecloselytogether..arebroughtmorecloselytogether.. .theforceofrepulsion.theforceofrepulsion willwill

graduallydisappearandleavethetwochargesfirmlyunited.(Cgraduallydisappearandleavethetwochargesfirmlyunited.(C anan

SS c i ec i en c e E xn c e E x p l ap l ai n L i f ei n L i f e , p . 9 2 . ), p . 9 2 . )

 Thesamepredictionwasrepeatedbythewriter Thesamepredictionwasrepeatedbythewriter in1in1 33.33.

(TheMechanisticA(TheMechanisticA utonomyofNutonomyofN ature,p.23.)Threeyearsature,p.23.)Threeyears

laterla ter, in1, in1 36, thisfo36, thisforcew asdisrcew asdiscovercoveredeede perimperimenta lenta lly .ly .

FF ig.17.Aig.17.A ninterferometerwithanelectrostaticpotentialgradientallongninterferometerwithanelectrostaticpotentialgradientallong

oneofthebifurcatedbeams.oneofthebifurcatedbeams.

II foneprotonandonefoneprotonandone electronproducesthesystemof electronproducesthesystemof 

ethercurrentsshownintheethercurrentsshowninthe diagramofthehydrogenatomdiagramofthehydrogenatom

inFinF ig.14,thenmanyprotonsandmanyelectronsig.14,thenmanyprotonsandmanyelectrons shouldshould

produceasimilarsystemofetherproduceasimilarsystemofether currents,butonalargercurrents,butonalarger

sca lesca le. I. I nordertotenordertotestfortheprestforthepresenceosenceofsuchethefsuchethercur-rcur-

rents,thearrangementofapparatusshowninFrents,thearrangementofapparatusshowninF ig.17mayig.17may

beusedbeused. A. A ninterfninterferomerometerofapetero fappropro imatimate ly se ly s uarefouareformrm

hashollowmetalspheresorcylindersplacedhashollowmetalspheresorcylindersplaced overtwoof overtwoof 

thecorners.Thesespheresorcylindersarethecorners.Thesespheresorcylindersare thenchargedthencharged

electrostaticallyasshownsothattherewillelectrostaticallyasshownsothattherewill beanelectro-beanelectro-

II

II
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II ntrodntroductiouctiontotheV ortntotheV orte  Ae A tomtom

staticpotentialgradientalongoneofthestaticpotentialgradientalongoneofthe bifurcatedbeams.bifurcatedbeams.

II fthereisafthereisa flowofetheralongelectrostaticlinesofflowofetheralongelectrostaticlinesof forceforce

asindicatedbytheshortasindicatedbytheshort straightarrows,thenthereshouldstraightarrows,thenthereshould

beashiftofbeashiftof theinterferencefringeswhentheelectrostatictheinterferencefringeswhentheelectrostatic

fieldisapplied,providedtheetherfieldisapplied,providedtheether flowswithsufficientflowswithsufficient

velocitytoproduceanobservableeffect.Fvelocitytoproduceanobservableeffect.F urthermoretheurthermorethe

directionoftheshiftwouldtelldirectionoftheshiftwouldtell uswhichoftheuswhichofthe twoarrange-twoarrange-

mentmentsshow ninF ig. 15istheprotosshow ninF ig. 15istheprotonandw hicnandw hichisthee lec-histhee lec-

tron.Thesameinformationwouldalsobeobtainedfromtron.Thesameinformationwouldalsobeobtainedfrom

themagthemagneticenetice perimperimentil luentil lustratestratedinFdinF ig. 12, if thig. 12, if the lattere latter

shouldbefoundtogiveshouldbefoundtogive positiveresults.positiveresults.

AA nothenotherere perimperimentthatshentthatshouldbetrouldbetriedistoarraiedistoarrangetw ongetw o

w iresinpaw iresinpara llera llelismassholismasshow ninFw ninF ig. 1ig. 1 , andthenpa, andthenpassassa

beamofplanepolarizedlightalongabeamofplanepolarizedlightalonga pathparalleltothepathparalleltothe

wiresandaboutmidwaybetweenthem,butslightlyabovewiresandaboutmidwaybetweenthem,butslightlyabove

orbelowtheleveloforbelowthelevelof thewires.Ithewires.I ftheelectrostaticfieldftheelectrostaticfield

consistsofadirectconsistsofadirect flowofetherfromthepositivetoflowofetherfromthepositiveto thethe

negativecharge,(orviceversa,)andanegativecharge,(orviceversa,)anda returnflowthroughreturnflowthrough

outsidepaths,thenthereshouldbeaoutsidepaths,thenthereshouldbea rotationoftheplanerotationoftheplane

ofpolarizationwhenthewiresaregivenofpolarizationwhenthewiresaregiven oppositeelectro-oppositeelectro-

staticcharges.staticcharges.

FF ig. 1ig. 1 . Trans. Transversesversesectioectionthrougnthroughapairo fparahapa iro fparalle lw irl le lw ireschargeschargeded

electrostatically,withabeamofplanepolarizedlightelectrostatically,withabeamofplanepolarizedlight paralleltothewiresparalleltothewires

andslightlyabovetheplaneinandslightlyabovetheplanein whichtheylie.whichtheylie.

 Thediagramofthehydrogenatomin Thediagramofthehydrogenatomin FF ig.14clearlyig.14clearly

showswhytheelectroncannotfallintoshowswhytheelectroncannotfallinto theproton,thetheproton,the

reasonbeingthatuponcloseapproachthereasonbeingthatuponcloseapproachthe surfacesof surfacesof 

thesetwoparticleswillrubthesetwoparticleswillrub eachotherinoppositedirectionseachotherinoppositedirections

asindicatedbytheshortasindicatedbytheshort curvedarrows.Underthenuclearcurvedarrows.Underthenuclear

theorytheonlyetheorytheonlye planationthatcanbeofferedisplanationthatcanbeofferedis thatthethatthe

centrifugalforceoftheorbitalelectroncentrifugalforceoftheorbitalelectron willkeepitawaywillkeepitaway
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EE therandMtherandMatteratter

fromtheproton,buteventhenitfromtheproton,buteventhenit wouldradiateawayitswouldradiateawayits

energyandeventuallyfallintothecenterenergyandeventuallyfallintothecenter ofattraction.Oofattraction.O nn

theotherhandifwetheotherhandifwe maketheadhocassumptionthatanmaketheadhocassumptionthatan

orbitalelectrondoesnotradiateawayitsorbitalelectrondoesnotradiateawayits energy,thenweenergy,thenwe

arereallynotdealingwithanarereallynotdealingwithan electronatall,butwithelectronatall,butwith some-some-

thinge lthinge lse . Thise . Thisistypicasistypicalo f thesorto f " elo f thesorto f " e planplanationationss

offeredunderthenucleartheorywhereinthebehaviorsof offeredunderthenucleartheorywhereinthebehaviorsof 

theatomsareattributedtocertaintheatomsareattributedtocertain arrangementsofelec-arrangementsofelec-

trons,andthenthoseelectronsaretrons,andthenthoseelectronsare madetobehaveinamadetobehaveina

mannerinwhichpointchargesofmannerinwhichpointchargesof electricityneverdobe-electricityneverdobe-

have.Ihave.I tmaybetruethattmaybetruethat thenucleartheoryhasbeensuc-thenucleartheoryhasbeensuc-

cessfullyfittedtosomeofthecessfullyfittedtosomeofthe factsofphysicsandchemistry,factsofphysicsandchemistry,

butitwouldbebutitwouldbe difficulttoinventanytheoryofdifficulttoinventanytheoryof atomicstruc-atomicstruc-

turewhichcouldnotbeturewhichcouldnotbe fittedtoanyfacts.Thenuclearfittedtoanyfacts.Thenuclear

theoryhasnotbeenanywherenearassuccessfultheoryhasnotbeenanywherenearassuccessful asitshouldasitshould

havebeenifithavebeenifit weretrueinitsweretrueinits majorfeatures.Omajorfeatures.O urpresenturpresent

tete tbooksdonotmakeafairtbooksdonotmakeafair appraisalofthesituation.appraisalofthesituation.

 Theyplacee Theyplacee aggeratedemphasisonthefewandratheraggeratedemphasisonthefewandrather

dubious"dubious" successes successes ofthenucleartheory,butgenerallysayofthenucleartheory,butgenerallysay

nothingaboutitsdifficultiesandcontradictions.nothingaboutitsdifficultiesandcontradictions.

II tisgenerallystatedthattisgenerallystatedthat likeelectricchargesrepeleachlikeelectricchargesrepeleach

other,whereasunlikechargesattract.This,however,isnotother,whereasunlikechargesattract.This,however,isnot

thewholetruth.Ithewholetruth.I fwechargeonebodyelectrostaticallytofwechargeonebodyelectrostaticallyto

minus1,000volts,andanotherbodytominusminus1,000volts,andanotherbodytominus 2,000volts,2,000volts,

theywillrepeleachothertheywillrepeleachother becausetheyhavelikecharges.becausetheyhavelikecharges.

BB utifwetaketheseutifwetakethese twochargedbodiesintosomeregiontwochargedbodiesintosomeregion

oftheupperatmospherewherethereisoftheupperatmospherewherethereis anabsolutepoten-anabsolutepoten-

tialof—tialof— 1500volts,theywillattracteach1500volts,theywillattracteach other.Eother.E lectro-lectro-

staticattractionandrepulsionisstaticattractionandrepulsionis thereforenotmerelyathereforenotmerelya

functionofthecharges,butalsofunctionofthecharges,butalso dependsonthecooperationdependsonthecooperation

oftheenvironment,namelyonthewayinoftheenvironment,namelyonthewayin whichthecircu-whichthecircu-

latingetheroftheprotonslatingetheroftheprotons andelectronsencountersthatandelectronsencountersthat

f romef rome tranetraneoussououssources.rces.

II tw il lnotbenetw illnotbenecessacessary toery toe pla ine lpla ine lectroectrostatistaticattractcattractionion

andrepulsionseparately,becausetheonedependsontheandrepulsionseparately,becausetheonedependsonthe

other.Themovementofunlikechargestowardeachotherother.Themovementofunlikechargestowardeachother

necessarilyinvolvesthemovementofeachoftheseawaynecessarilyinvolvesthemovementofeachoftheseaway

fromotherlikechargesinfromotherlikechargesin theenvironment.Itheenvironment.I nthehydrogennthehydrogen
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II ntrodntroductiouctiontotheV ortntotheV orte  Ae A tomtom

atom,foreatom,fore ample,theprotonandtheelectronwillample,theprotonandtheelectronwill keepkeep

thesurroundingetherincirculation,sothesurroundingetherincirculation,so thatitwillencounterthatitwillencounter

andrubagainsttheetherandrubagainsttheether currentsfromecurrentsfrome ternalsourcesandternalsourcesand

berepelledthereby.Theprotonandtheberepelledthereby.Theprotonandthe electronoftheelectronofthe

hydrogenatomwillthereforeberepelledfromallhydrogenatomwillthereforeberepelledfromall sides,sides,

ee ceptf roceptf romthesidemthesidesadjacesadjacenteachotnteachother. Whenaprotoher. Whenaprotonn

isincloseprisincloseproo imity tim ity toanelectroanelectron, theouon, theoutw ardptw ardpo laroro laror

( D( DO D O  O D O  M O MM O M

HH yrogenmoleculeDeuteriummoleculeyrogenmoleculeDeuteriummolecule

0 0 O 0 0 C D - Z - G D0 0 O 0 0 C D - Z - G D

HH eliumaeliumatomA lphaparticltomA lphaparticlee

FF ig. 1ig. 1 . H. H ydrogydrogenmoleenmolecule(upcule(upperle f tperle f t) , anddeu), anddeuteriummteriummolecuo lecule(uppele(upperr

right).Hright).H eliumatom(lowerleft),andalphaparticle(lowerright).eliumatom(lowerleft),andalphaparticle(lowerright).

aa ia lf lu ia lf lu f romthf romtheprotoeprotonw illf o rmaconw illf o rmacontinuntinuouslineoouslineof  f  

flowwiththecorrespondinginwardflu oftheelectron,andflowwiththecorrespondinginwardflu oftheelectron,and

willfindanewillfindane ternalreturnpaththroughtheradialternalreturnpaththroughtheradial orperi-orperi-

pheralflupheralflu .Thesecirculatingstreamsofether.Thesecirculatingstreamsofether whichinter-whichinter-
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linktheprotonwiththelinktheprotonwiththe electronwillassumetheformofaelectronwillassumetheformofa

largervorte alargervorte asindicatedbythesindicatedbythe longcurvedarrows,andlongcurvedarrows,and

willbeendowedwiththesamestabilitywillbeendowedwiththesamestability whichischaracteris-whichischaracteris-

ticofvorte ticofvorte motiongenerally.Amotiongenerally.A ttractionbetweenunlikettractionbetweenunlike

chargesnecessarilyresultsfromtheformationofsuchchargesnecessarilyresultsfromtheformationofsuch largerlarger

vorte  vorte  becabecause it isonlyonituse it isonlyonitsese ternaternalsidesw hlsidesw here itw il le re itw il l

rubaga irubaga instandberenstandberepulsepulsedbyethercudbyethercurrentsfrrentsfromerome --

traneoussources.Itraneoussources.I nternallyitwillencounteronlyitsnternallyitwillencounteronlyits ownown

aa ia lf luia lf lu , w hichw, w hichwilla lw ail la lw aysbe inthesaysbe inthesamedirecmedirectionantionandd

willthereforenotcauseanyrubbingandwillthereforenotcauseanyrubbingand conseconse uentre-uentre-

pulsion.pulsion.

II nanytheoryofatomicstructure,physicalnanytheoryofatomicstructure,physical andchemicalandchemical

propertiesmustbedeterminedbytheperipheralarchitecturepropertiesmustbedeterminedbytheperipheralarchitecture

oftheatomormolecule.Ioftheatomormolecule.I nthenucleartheory,asnthenucleartheory,as wellaswellas

inthevorte theinthevorte theory,thehydrogenmoleculeissimilartoory,thehydrogenmoleculeissimilarto thethe

deuteriummoleculeinthatbotharefour-sidedstructuresdeuteriummoleculeinthatbotharefour-sidedstructures

withtworemovableelectronswhichaccountsfortheirsimi-withtworemovableelectronswhichaccountsfortheirsimi-

larityinproperties.Thenucleartheory,however,doesnotlarityinproperties.Thenucleartheory,however,doesnot

ee plainwhyheliumisinert.Theplainwhyheliumisinert.The nucleatedheliumatomisnucleatedheliumatomis

alsosupposedtohavetworemovableelectrons,andshouldalsosupposedtohavetworemovableelectrons,andshould

thereforebechemicallyactive,justlikethethereforebechemicallyactive,justlikethe hydrogenmole-hydrogenmole-

cule . Thcule . Thisdif f iisdif f icultydocultydoesnoteesnote istinthevorist inthevorte  te  theortheoryy

whereintheheliumatomconsistsoftwoordinarywhereintheheliumatomconsistsoftwoordinary protonsprotons

andtw oneandtw onegativgativeprotoeprotonsasshownsasshowninFninF ig. 1ig. 1 . Whenit is. Whenit is

subjectedtoroughtreatment,asduringansubjectedtoroughtreatment,asduringan electricdischarge,electricdischarge,

oneorbothofoneorbothof thesenegativeprotonsmaylosetheirtermi-thesenegativeprotonsmaylosetheirtermi-

nalvorte nalvorte ringssoastoringssoasto eliminatetheiroutermostelectrons,eliminatetheiroutermostelectrons,

resultingintheformationofsinglyresultingintheformationofsingly ordoublychargedheliumordoublychargedhelium

ions(e.g.alphaparticles).Theions(e.g.alphaparticles).The erstwhilenegativeprotonserstwhilenegativeprotons

arethusconvertedintoneutrons.Earethusconvertedintoneutrons.E achoftheseneutronsachoftheseneutrons

consistsofthreevorte consistsofthreevorte rings,theinnertwoofrings,theinnertwoof whichcon-whichcon-

stituteanelectron,whoseconnectionswiththetwoneighbor-stituteanelectron,whoseconnectionswiththetwoneighbor-

ingprotonshavenotbeendisturbedbyingprotonshavenotbeendisturbedby suchionization.Isuchionization.I nn

thehydrogenordeuteriummolecule,ontheotherthehydrogenordeuteriummolecule,ontheother hand,thehand,the

integrityoftheentirestructurewillintegrityoftheentirestructurewill bedestroyedifthebedestroyedifthe

peripheralelectronsareremoved.peripheralelectronsareremoved.

 Theproponentsofthenucleartheorytell Theproponentsofthenucleartheorytell usthattheusthatthe

peripheralpropertiesofatomsandmoleculesaredeterminedperipheralpropertiesofatomsandmoleculesaredetermined
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II ntrodntroductiouctiontotheV ortntotheV orte  Ae A tomtom

bythenumberofouterelectrons,butbythenumberofouterelectrons,but theydonotetheydonote plainplain

whyheliumwithonlytwoouterelectronsiswhyheliumwithonlytwoouterelectronsis sosimilartososimilarto

neonwitheightinitsneonwitheightinits outershell,whileberylliumwhichalsooutershell,whileberylliumwhichalso

hasanoutershellofhasanoutershellof two,orcarbonwithitstwo,orcarbonwithits outershellof outershellof 

four, ofour, ororo ygenwygenwithitsoutithitsoutershe llo f siershe llo f si , a resodif f, a resodif ferenerentt

fromneon.Ifromneon.I fitisfitis amatterofsymmetry,asnuclearphy-amatterofsymmetry,asnuclearphy-

sicistssayitis,sicistssayitis, thentheberyllium,carbon,andothentheberyllium,carbon,ando ygenatomsygenatoms

shoulshouldbeqdbeq uite ineuite inert. Undrt. Underthevorerthevorte  te  theortheory theneoy theneonn

atomconsistsofonecentralandatomconsistsofonecentraland fourperipheralheliumfourperipheralhelium

groupssothatitsgroupssothatits peripheralpropertiesshouldbesubstan-peripheralpropertiesshouldbesubstan-

tiallythesameasthosetiallythesameasthose ofhelium.ofhelium.

AA notherinconsistencyofthenucleartheoryisnotherinconsistencyofthenucleartheoryis thatthethatthe

emissionofradiationbyinertgasemissionofradiationbyinertgas atomsisattributedtoatomsisattributedto

theirabilitytobecomeseparatedfromtheirtheirabilitytobecomeseparatedfromtheir peripheralelec-peripheralelec-

trons,whereastheirchemicalinertnessisattributedtotrons,whereastheirchemicalinertnessisattributedto theirtheir

inabilitytoseparatefromtheirelectrons.Undertheinabilitytoseparatefromtheirelectrons.Underthe vortevorte

theorytheemissionofradiationdoesnottheorytheemissionofradiationdoesnot rere uirethebodilyuirethebodily

removalofelectrons,butmaybeaccomplishedbytheremovalofelectrons,butmaybeaccomplishedbythe re-re-

movamovalo f singlevlo f singlevorte  orte  ringssoastoeringssoastoe posepeposeperipheriphera lra l

cdo-:-oc0ocdo-:-oc0o

'' FF ig. 20. A  ig. 20. A  peripperiphera lhehera lheliumgroliumgroupw ithacapupw ithacapturedeturedelectrolectron. Hn. H eliumelium

groupsoccurinthegroupsoccurinthe peripheralstructuresofnearlyoil peripheralstructuresofnearlyoil atoms,andwhensuchatoms,andwhensuch

aheliumgroup'aheliumgroup' becomesionizedandcapturesanelectronitbecomesionizedandcapturesanelectronit formsanatomicformsanatomic

oscillatorsimilartothehydrogenatom.Thereisoscillatorsimilartothehydrogenatom.Thereis stillmuchuncertaintyastostillmuchuncertaintyasto

theethee actmodeofvibrationofatomicoscillators,iandactmodeofvibrationofatomicoscillators,iand theshowinginthetheshowinginthe

abovediagramisintendedonlyasaabovediagramisintendedonlyasa symbolicrepresentation.symbolicrepresentation.

positivechargesontheheliumgroupsaspositivechargesontheheliumgroupsas showninFshowninF ig.20.ig.20.

AA nystrayelectronthatisnystrayelectronthatis capturedbysuchaperipheralcapturedbysuchaperipheral

heliumgroupshouldthenbecapableofheliumgroupshouldthenbecapableof absorbingandabsorbingand

emittingradiation.emittingradiation.

[ [ 55

ee
   d   d
   f   f  o  o
  r  r
  e  e
   j   j   k   k
   6   6
  c  c
   (   (   U   U
  n  n   i   i
  v  v
  e  e
  r  r  s  s
   i   i   t   t
  y  y
  o  o
   f   f
   V   V
   i   i  r  r
  g  g
   i   i  n  n
   i   i  a  a
   )   )
  o  o
  n  n
   2   2
   0   0
   1   1
   4   4
 - -   0   0
   5   5
 - -   2   2
   3   3
   0   0
   6   6
  :  :   3   3
   2   2
   G   G
   M   M
   T   T

   /   /
   h   h   t   t

   t   t  p  p
  :  :   /   /
   /   /   h   h
   d   d
   l   l . .
   h   h
  a  a
  n  n
   d   d
   l   l  e  e
 . .  n  n
  e  e
   t   t   /   /
   2   2
   0   0
   2   2
   7   7
   /   /  u  u
  c  c
   1   1
 . .   b   b
   4   4
   2   2
   5   5
   3   3
   1   1
   7   7
   7   7

oo
  m  m
  a  a
   i   i  n  n
 , ,
   G   G
  o  o
  o  o
  g  g
   l   l  e  e
 - -   d   d
   i   i  g  g
   i   i   t   t
   i   i  z  z
  e  e
   d   d

   /   /
   h   h
   t   t   t   t
  p  p
  :  :   /   /
   /   /  w  w
  w  w
  w  w
 . .   h   h
  a  a
   t   t   h   h
   i   i   t   t
  r  r  u  u
  s  s
   t   t . .
  o  o
  r  r  g  g
   /   /  a  a
  c  c
  c  c
  e  e
  s  s
  s  s
__
  u  u
  s  s
  e  e
   #   #  p  p

   d   d
 - -  g  g
  o  o
  o  o
  g  g
   l   l  e  e



   G   G
  e  e
  n  n
  e  e
  r  r  a  a
   t   t  e  e

   P   P
  u  u
   b   b
   l   l   i   i
  c  c
   D   D
  o  o

  

EE therandMtherandMatteratter

HH ydrogengasconsistsoftwoallotropicforms,orthohy-ydrogengasconsistsoftwoallotropicforms,orthohy-

drogenandparahydrogen,whichordinarilyoccurinthedrogenandparahydrogen,whichordinarilyoccurinthe

ratioof3toratioof3to i,andwhichdifferonlyslightlyi,andwhichdifferonlyslightly intheirprop-intheirprop-

erties.Aerties.A tverylowtemperaturesandunderpressure,andtverylowtemperaturesandunderpressure,and

especiallyinthepresenceofcharcoal,thereespeciallyinthepresenceofcharcoal,there isarapidisarapid con-con-

versionoforthohydrogenintoparahydrogen.Aversionoforthohydrogenintoparahydrogen.A thigherthigher

temperaturestheparahydrogengraduallyrevertsintoortho-temperaturestheparahydrogengraduallyrevertsintoortho-

hydrohydrogenuntigenuntiltheelthee uil ibuil ibriumratriumratioof3to I ioo f3to I isreachisreached.ed.

OO rthohydrogenParahydrogerthohydrogenParahydrogenOnO rthohydrogenrthohydrogen

FF ig.21.Oig.21.O rthohydrogen(leftandright)andparahydrogen(center).rthohydrogen(leftandright)andparahydrogen(center).

CC anthesetwoformsofmolecularhydrogenbeanthesetwoformsofmolecularhydrogenbe accountedaccounted

forstructurally,orisitforstructurally,orisit necessarytoinvokemysteriousnecessarytoinvokemysterious

"" spins spins w hichdonw hichdonotobey thotobey theordinaeordinary law sofmry law sofmechanechanicsics

andelectrodynamics andelectrodynamics UnderthenucleartheoryitUnderthenucleartheoryit ismani-ismani-

festlyimpossibletoaccountforthemstructurallybecausefestlyimpossibletoaccountforthemstructurallybecause

thenucleatedatomhasnostructure—thenucleatedatomhasnostructure— atleastnonethatcanatleastnonethatcan

berepresenteddiagrammaticallyasaplausiblepictureof berepresenteddiagrammaticallyasaplausiblepictureof 

physiphysica lrea lca lrea lity . Iity . I nthenew vonthenew vorte  rte  theortheoryw edohavyw edohavetheethe

rere uiredstuiredstructuructure—acomple  re—acomple  systesystemofcircumofcirculatinla tingethergether

currentswhichshouldbecapableofcurrentswhichshouldbecapableof assumingdifferentcon-assumingdifferentcon-

figurationsofstableefigurationsofstablee uilibrium.uilibrium.

 Thehydrogenmoleculeinthevorte  Thehydrogenmoleculeinthevorte theoryconsistsof theoryconsistsof 

twoatomswhichmaybeinterlinkedeitherbytwoatomswhichmaybeinterlinkedeitherby meansof meansof 

the irpothe irpolarf lu la rf lu asinthediagasinthediagramatthe leramatthe lef t, o rbymef t, orbymeansof  ansof  

the irpethe irperipheriphera lf lu ra lf lu asinthediagasinthediagramattheriramattheright, orbyght, orby

bothasinthebothasinthe diagraminthecenter.Thefactdiagraminthecenter.Thefact thattwothattwo

differentstructuresaretheoreticallyavailableforortho-differentstructuresaretheoreticallyavailableforortho-

hydrogenneednotworryusbecauseoneofhydrogenneednotworryusbecauseoneof thesemaybethesemaybe
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II ntrodntroductiouctiontotheV ortntotheV orte  Ae A tomtom

unstable.Iunstable.I tisbettertisbetter tohavetoomanypossibilitiesthantootohavetoomanypossibilitiesthantoo

fewasunderthenucleartheory.fewasunderthenucleartheory.

AA sisclearlyshowninsisclearlyshownin thediagrams,theparahydrogenthediagrams,theparahydrogen

moleculeisflatandsymmetricalandwillmoleculeisflatandsymmetricalandwill retainitssymmetryretainitssymmetry

whiletraversingataperingmagneticfieldaswhiletraversingataperingmagneticfieldas intheSintheS ternandternand

GerlacheGerlache periment.Theinertgasatomsbehaveinaperiment.Theinertgasatomsbehaveina similarsimilar

manner,asmightbeemanner,asmightbee pectedfromthestabilityandsymme-pectedfromthestabilityandsymme-

tryoftheiratomicstructures.Otryoftheiratomicstructures.O ntheotherhandthentheotherhandthe ortho-ortho-

hydrogenmoleculewilhydrogenmoleculewil lalwaysbemoreorlalwaysbemoreor lesstetrahedrallesstetrahedral

andunsymmetricalsoastoeandunsymmetricalsoastoe istintwoenantiomorphicistintwoenantiomorphic

forms,whichwillbedeflectedinforms,whichwillbedeflectedin oppositedirectionsinaoppositedirectionsina

taperingmagneticfield.Wtaperingmagneticfield.W hiletraversingsuchafieldhiletraversingsuchafield thethe

protonswillbeacteduponbyprotonswillbeacteduponby atransverseforceinonedirec-atransverseforceinonedirec-

tionandtheelectronsbytionandtheelectronsby atransverseforceintheatransverseforceinthe oppositeopposite

direction.Bdirection.B oththeorthohydrogenandtheparahydrogenoththeorthohydrogenandtheparahydrogen

moleculeswillthereforebedrawnintothemoleculeswillthereforebedrawnintothe tetrahedralform,tetrahedralform,

butonlytheorthohydrogenmoleculeswillbeunsymmetrical.butonlytheorthohydrogenmoleculeswillbeunsymmetrical.

MonovalentatomslikesodiumbehaveinamannersimilarMonovalentatomslikesodiumbehaveinamannersimilar

toorthohydrogen,asmightbeetoorthohydrogen,asmightbee pectedfromtheresem-pectedfromtheresem-

blanceoftheirvalencebondstoblanceoftheirvalencebondsto hydrogenmolecules.hydrogenmolecules.

SS incehydrogengroupsarepresentinincehydrogengroupsarepresentin allotheratomsallotheratoms

ee ceptthoseoftheinertceptthoseoftheinert gases,itwouldbereasonabletogases,itwouldbereasonableto

ee pectsupectsuchhydrochhydrogengrogengroupstoeupstoe hibitsihibitsim ilarcomilarconf igunf iguratiorationsns

intheatomsofotherintheatomsofother elements,andthisiswhatseemstoelements,andthisiswhatseemsto bebe

indicaindicatedetede perimperimenta lenta lly . F orely . F ore amplample , thesode, thesodiumatoiumatomismis

deflectedbyataperingmagneticfieldindeflectedbyataperingmagneticfieldin thesamemannerasthesamemanneras

hydrogen,butheliumandneonarenothydrogen,butheliumandneonarenot deflected.Adeflected.A pparent-pparent-

lytheinertgaslytheinertgas atomseatomse istonlyintheistonlyinthe para-configuration.para-configuration.

 Thisisnotsurprising Thisisnotsurprising becauseinertgasatomsconsistentirelybecauseinertgasatomsconsistentirely

ofheliumgroups,andweknowthattheofheliumgroups,andweknowthatthe heliumatomisheliumatomis

strongerandlessflestrongerandlessfle iblethanthehydrogenmolecule.iblethanthehydrogenmolecule.

 Thetwonegativeprotonsoftheheliumatom Thetwonegativeprotonsoftheheliumatom carryecarrye --

posedelectronsattheirouterends,posedelectronsattheirouterends, andtherearereasonsandtherearereasons

forbelievingthatthesemaintainastrongforbelievingthatthesemaintainastrong flowofetherflowofether

laterallyoutwardinalldirectionssolaterallyoutwardinalldirectionsso astobehavelikelargeastobehavelikelarge

disks.Idisks.I nthehydrogenmoleculethisoutwardflowofnthehydrogenmoleculethisoutwardflowof etherether

fromtheelectronsistakenupfromtheelectronsistakenup bytheadjacentprotons,bytheadjacentprotons,

whereasintheheliumatomtherearewhereasintheheliumatomthereare noprotonsimmediate-noprotonsimmediate-
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lyadjacenttheouterelectrons.Theheliumlyadjacenttheouterelectrons.Thehelium atomwillthere-atomwillthere-

forebeshapedsomewhatliketwoparalleldisks,andforebeshapedsomewhatliketwoparalleldisks,and thesethese

willnotpermitsufficienttiltingwillnotpermitsufficienttilting fortheatomtoremainfortheatomtoremain

permanentlyinthetetrahedralform.permanentlyinthetetrahedralform.

 Thefactthatatomsof Thefactthatatomsof differentelementsproduceseriesdifferentelementsproduceseries

ofspectrallinesverysimilarofspectrallinesverysimilar tooneanotherseemstoindi-tooneanotherseemstoindi-

catethattheatomicoscillatorsofcatethattheatomicoscillatorsof thedifferentelementsarethedifferentelementsare

likewiseofsimilarconstitution.Flikewiseofsimilarconstitution.F oreore ample,thePickeringample,thePickering

seriesoftheheliumspectrumisseriesoftheheliumspectrumis sosimilartothesosimilartothe BB almeralmer

seriesofthehydrogenspectrumthatitseriesofthehydrogenspectrumthatit wasatonetimemis-wasatonetimemis-

takenforthelatter.Stakenforthelatter.S incethehydrogenatomconsistsof incethehydrogenatomconsistsof 

onlyoneelectronandoneproton,itonlyoneelectronandoneproton,it mustbeassumedthatmustbeassumedthat

thesuccessivelinesofthethesuccessivelinesofthe BB almerseriesrepresentsuccessivealmerseriesrepresentsuccessive

positionsoftheelectronrelativetopositionsoftheelectronrelativeto theproton.Theheliumtheproton.Thehelium

atomhasnoremovableelectrons,butwemayassumethatatomhasnoremovableelectrons,butwemayassumethat

thetwooutermostvorte ringsofthenegativeprotonscanthetwooutermostvorte ringsofthenegativeprotonscan

bereadilyknockedoff.Thisisabereadilyknockedoff.Thisisa reasonableassumptionreasonableassumption

becausetheenergyebecausetheenergye uivalentofanelectronisuivalentofanelectronis only500,000only500,000

volts,asagainst9volts,asagainst9 30millionvoltsofthe30millionvoltsofthe proton.Theelec-proton.Theelec-

tronisthereforemuchmoreeasilytronisthereforemuchmoreeasily destroyedthanthepro-destroyedthanthepro-

ton,sothatifton,sothatif anypartoftheheliumatomanypartoftheheliumatom isruptured,itisruptured,it

willbeoneofwillbeoneof theelectrons.theelectrons.

RR emovemovalo fanouta lo fanoutermosermostvorte  tvorte  ringf roringf romoneof themoneof the

negativeprotonswillleavetheheliumatomwithannegativeprotonswillleavetheheliumatomwithan ee posedposed

positivecharge,sothatitpositivecharge,sothatit shouldbehavesimilarlytotheshouldbehavesimilarlytothe

hydrohydrogenion. Ifgenion. If itpick supastritpick supastraye lecaye lectronasshotronasshow ninw nin

FF ig.20(whichmaybeig.20(whichmaybe produceddenovofromtheknockedproduceddenovofromtheknocked

of fvoro f fvorte  te  ringsrings), thenw em), thenw emayeaye pectthipectthise lectrse lectricdoublicdoublettoetto

behaveinamannersimilartobehaveinamannersimilarto thehydrogenatomandpro-thehydrogenatomandpro-

duceasimilarseriesofduceasimilarseriesof spectrallines.Bspectrallines.B esidesthePickeringesidesthePickering

series,heliumalsoproducesseveralotherseriesofseries,heliumalsoproducesseveralotherseriesof lines,lines,

whichmaybeaccountedforbywhichmaybeaccountedforby assumingthattheothernega-assumingthattheothernega-

tiveprotoncanalsoundergoativeprotoncanalsoundergoa seriesofsimilartransfor-seriesofsimilartransfor-

matiomations. Ins. I tmaysimptmaysimply lose itstely lose itsterminarminalvorte  lvorte  ringsoastoringsoasto

be le f tw ibe le f tw ithanethane poseposedposit idposit ivechargvecharge, oritmay the, oritmay thenpickenpick

upanotherstrayelectronwhichcanupanotherstrayelectronwhichcan alsoassumeaseriesof alsoassumeaseriesof 

differentpositions.differentpositions.

 Theassumptionwhichhasjustbeenmadeconcerningthe Theassumptionwhichhasjustbeenmadeconcerningthe
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formationofelectronsdenovoiscorroborated'formationofelectronsdenovoiscorroborated' bythecon-bythecon-

tinualformationofnegativeelectricityinthetinualformationofnegativeelectricityinthe earth.Theearth.The

entiresurfaceoftheearthentiresurfaceoftheearth isatalltimesisatalltimes negativelychargednegativelycharged

tosuchanetosuchane tentthattheatmosphereinthetentthattheatmosphereinthe neighborhoodneighborhood

oftheearthisoftheearthis keptunderaconstantpotentialgradientof keptunderaconstantpotentialgradientof 

1 51 50 v0 vo lo lt s pt s pe re rm em et et er .r .(( C IC I E NE N TT F IF I M O N T H L YM O N T H L Y , J u l y, J u l y

11 35,p.50.)Thiscausesa35,p.50.)Thiscausesa continualoutwardflowofaboutcontinualoutwardflowofabout

1,000amperesintointerstellarspace,whichwouldcom-1,000amperesintointerstellarspace,whichwouldcom-

pletelydischargetheearthinapletelydischargetheearthina shorttimeiftheshorttimeifthe electricityelectricity

werenotreplenished.Thismustresultfromanwerenotreplenished.Thismustresultfroman actualsyn-actualsyn-

thesisofelectronsfromnon-electricmaterial,andthethesisofelectronsfromnon-electricmaterial,andthe vortevorte

theoryfurnishestheonlyavailableetheoryfurnishestheonlyavailablee planation.planation.

WeWe shallnowconsiderthespectrumoftheshallnowconsiderthespectrumofthe neutralsodiumneutralsodium

atomasproducedbyitsatomasproducedbyits valenceelectron,alltheheliumvalenceelectron,allthehelium

groupsremainingintact.Metallicsodium,whensufficientlygroupsremainingintact.Metallicsodium,whensufficiently

heated,producesamonatomicvaporwhoseabsorptionheated,producesamonatomicvaporwhoseabsorption

spectrumisaconvergingseriesofspectrumisaconvergingseriesof lines,knownasthe"lines,knownasthe" prin-prin-

cipalseriescipalseries ,eachofwhichrepresentsa,eachofwhichrepresentsa transitionfromonetransitionfromone

of theabnof theabnormaormalorelore citedstcitedstatesof thatesof the"e" P  seP  se uencetouenceto

thenormthenormalstatea lstate, the latt, the latterbe ingtherbe ingthe low ese low eststateof thtstateof the"e" SS ""

sese uenceuence. Uponclo. Uponcloseresere aminaminationeaationeachlineof thepchlineof theprinciprincipa la l

serieswillbefoundtoserieswillbefoundto beadoublet,whichisbeadoublet,whichis knownastheknownasthe

"" f inestrf inestructuructuree . E. E achlineofeachlineofeachdouachdoubletcanbefubletcanbefurtherrther

resolvedintoasmallerdoublet,knownastheresolvedintoasmallerdoublet,knownasthe "" hyperfinehyperfine

structstructureure . A. A ccordccordingtothenuingtothenuclearthecleartheory , thory , theprincipeprincipa la l

seriesisproducedbytransitionsofseriesisproducedbytransitionsof thevalenceelectronfromthevalenceelectronfrom

thoseorbitswhichhaveanangularmomentumof2(h/2ir)thoseorbitswhichhaveanangularmomentumof2(h/2ir)

tothesmallestorbitoftothesmallestorbitof zeroangularmomentum.Thelatterzeroangularmomentum.Thelatter

issuppoissupposedtobeeitsedtobeeithera"hera" stra istra ight- lght- lineorbiineorbitt , a", a" spherspherica lica l

cloudofecloudofelectrilectrif icatf icationion , ora", ora" probaprobabil itbil ity regiony region —w hat-—w hat-

everthesemaymean.Ieverthesemaymean.I nordertoaccountnordertoaccount forthefineforthefine

structure,thenucleartheoryassumesthattheelectronsstructure,thenucleartheoryassumesthattheelectrons cancan

spinonthespinontheiraira esinonedireesinonedirectionorthctionortheothereother, butinorde, butinorderr

toaccountforthehyperfinestructuretoaccountforthehyperfinestructure asimilarspinisasimilarspinis attri-attri-

butedtothenucleus.Doesitbutedtothenucleus.Doesit notseemstrangethattwonotseemstrangethattwo

structuresasdifferentfromeachotherasstructuresasdifferentfromeachotheras theelectronandtheelectronand

thenucleusshouldhavethesamespinningthenucleusshouldhavethesamespinning movement,andmovement,and

withsimilareffectsonthespectralwithsimilareffectsonthespectral lineslines
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 Therearenosuchinherent Therearenosuchinherent difficultiesinaccountingfordifficultiesinaccountingfor

thefineandhyperfinestructuresunderthethefineandhyperfinestructuresunderthe vorte theovorte theory.ry.

II nthevortnthevorte  e  atomthatomtheperipheperiphera lhydera lhydrogenanrogenandheliumdhelium

groupsarejoinedtothegroupsarejoinedtothe centralheliumgroupbyelasticcentralheliumgroupbyelastic

swivelconnectionswhichwillpermittheseperipheralgroupsswivelconnectionswhichwillpermittheseperipheralgroups

toarrangethemselvesinanyoneoftoarrangethemselvesinanyoneof severaldifferentposi-severaldifferentposi-

tionsofstableetionsofstablee uilibrium,somewhatlikethegear-shiftuilibrium,somewhatlikethegear-shift

leverofaleverofanautomnautomobileobile. S. S incethef rincethef ree uenciuenciesofosciesofoscil la tiolla tionn

oftheatomicoscillatorswilloftheatomicoscillatorswill dependontheelectricfieldsindependontheelectricfieldsin

whichsuchoscillatorsarepositioned,andsincewhichsuchoscillatorsarepositioned,andsince theseelectrictheseelectric

fieldsaredeterminedbythelocationsorfieldsaredeterminedbythelocationsor orientationsoftheorientationsofthe

adjacenthydrogenandheliumgroups,itappearsthatalladjacenthydrogenandheliumgroups,itappearsthatall thethe

necessaryconditionsarepresentinthevorte atomforthenecessaryconditionsarepresentinthevorte atomforthe

productionofthefineandhyperfinestructures.productionofthefineandhyperfinestructures.

 Theallegedsuccessofthe Theallegedsuccessofthe nucleartheoryhasbeenpredi-nucleartheoryhasbeenpredi-

catedprincipallyonthecalculationofcatedprincipallyonthecalculationof spectralfrespectralfre uenciesuencies

bytheuseofbytheuseof theBtheB almerandRalmerandR ydbergformulas,buttheseydbergformulas,butthese

canbederivedindependentlyoftheconceptofcanbederivedindependentlyoftheconceptof orbits.Theorbits.The

onlyassumptionwhichneedstobemadeinonlyassumptionwhichneedstobemadein thederivationof thederivationof 

theseformulasisthatenergyistheseformulasisthatenergyis absorbedorradiatedinabsorbedorradiatedin

integralmultiplesofaunitintegralmultiplesofaunit qq uantum,andthetheoryofquantum,andthetheoryofq uan-uan-

tizationofenergyisjusttizationofenergyisjust ascompatiblewiththevorteascompatiblewiththevorte

theoryaswiththenucleartheory.Theretheoryaswiththenucleartheory.There isalsonothinginisalsonothingin

anyofthewaveatomcalculationsofanyofthewaveatomcalculationsof thenewqthenewq uantumuantum

mechamechanicsthanicsthatretre uiresthuirestheeee istenistenceofanatomceofanatomicnucleicnucleusasusas

distinguishedfromthestructuralcenterordistinguishedfromthestructuralcenteror centerofinertiacenterofinertia

o f thevorof thevorte  te  atom.atom.

WeWe havethusfarbeenconsideringonlythosehavethusfarbeenconsideringonlythose particlesparticles

whicharepermanentstructuralunitsofthewhicharepermanentstructuralunitsofthe atoms.Thereatoms.There

arealsootherparticleslikearealsootherparticleslike thepositronandthemesotronthepositronandthemesotron

whichappeartohaveonlytransitoryewhichappeartohaveonlytransitorye istenceanddifferistenceanddiffer

fromotherknownparticlesonlyinmass.Ifromotherknownparticlesonlyinmass.I tisbelievedthattisbelievedthat

thesecanbereadilyaccountedforthesecanbereadilyaccountedfor onthetheorythattheonthetheorythatthe

electricchargeofaelectricchargeofa particleisdeterminedbythenumberparticleisdeterminedbythenumber

andarrangementofitsconstituentvorte rings,whereasitsandarrangementofitsconstituentvorte rings,whereasits

massisdeterminedbytheemassisdeterminedbythee ternalethercurrentsinterlinkedternalethercurrentsinterlinked

therewith.Stherewith.S incetherecannotbeaincetherecannotbea fractionalnumberof fractionalnumberof 

vorte vorte rings,andsincethereisrings,andsincethereis onlyalimitednumberof onlyalimitednumberof 
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waysinwhichsuchringswaysinwhichsuchrings canbearrangedwithrespecttocanbearrangedwithrespectto oneone

another,itnecessarilyfollowsthattheelectricanother,itnecessarilyfollowsthattheelectric chargesofthechargesofthe

elementaryparticlesmustheintheelementaryparticlesmustheinthe relationofsmallwholerelationofsmallwhole

numberstooneanother.Onumberstooneanother.O ntheotherhanditntheotherhandit isconceivableisconceivable

thattheinterlinkedethercurrentsmayhaveanythattheinterlinkedethercurrentsmayhaveany arbitraryarbitrary

magnitudesothatthemassesofthemagnitudesothatthemassesofthe elementaryparticleselementaryparticles

,mayvaryaccordingly.W,mayvaryaccordingly.W hysomeparticleslikethepositronhysomeparticleslikethepositron

andthemesotronareunstablecannotbeandthemesotronareunstablecannotbe ee plainedintheplainedinthe

presentstateofourknowledge,butneithercanpresentstateofourknowledge,butneithercan itbeeitbee --

plainedunderthenucleartheory.plainedunderthenucleartheory.

 Themesotronunderthevorte  Themesotronunderthevorte theorywouldhavethetheorywouldhavethe

generalformofoneofthegeneralformofoneofthe negativeprotonsoftheheliumnegativeprotonsofthehelium

atom,butthetwoinnervorte rings(whichwouldnormallyatom,butthetwoinnervorte rings(whichwouldnormally

constitutetheproton)wouldhavelessthanconstitutetheproton)wouldhavelessthan theusualvolumetheusualvolume

ofcirculatingetherassociatedtherewith.Thisinterpreta-ofcirculatingetherassociatedtherewith.Thisinterpreta-

tionofthemesotronhasbeentionofthemesotronhasbeen corroboratedbyarecentcorroboratedbyarecent

photographwhichshowedamesotrontrackterminatinginphotographwhichshowedamesotrontrackterminatingin

agas,andaagas,anda fastelectrontrackemergingfromitsend.fastelectrontrackemergingfromitsend.

(NA(NA TUR ETUR E , J, J an. 20, 1an. 20, 1 40, pp. 1040, pp. 102-1032-103. )Thek in. )Thek ineticetic

energyoftheelectrontrackwasenergyoftheelectrontrackwas foundtobemuchgreaterfoundtobemuchgreater

thanthekineticenergyofthethanthekineticenergyofthe mesotron,butwascomparablemesotron,butwascomparable

w ithitsmw ithitsmassenerassenergy , w hgy , w hichiseichise actlywactlywhatw ouhatw ouldbeeldbee --

pectedifoneofthepectedifoneofthe electronsofthemesotronbecamecap-electronsofthemesotronbecamecap-

turedbyapositiveionturedbyapositiveion andtheotherelectronthenbrokeandtheotherelectronthenbroke

awaywiththeeliminationofthepartiallyformedprotonatawaywiththeeliminationofthepartiallyformedprotonat

thecenter.thecenter.
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 TA TA BB LL E E II II

MassesofEMassesofE lementaryParticleslementaryParticles

EE lectronNlectronN eutronProtonDeuteronTritoneutronProtonDeuteronTriton

. 00051. 00051. 00. 00 01. 0001. 00 12. 01412. 01473. 01773. 01711

HH ybridybridiumium

3.01713.0171

HH eliumLithiumB ery ll iumB oronC arbonNeliumLithiumB ery ll iumB oronC arbonN itrogeitrogenOnO xx ygenF luorineygenF luorine

4. 003 4. 003 6. 0166. 0167979 -014 -014 10. 0110. 016112. 06112. 003614.03614.007316.007316.0000100001 . 004. 004

7. 017. 01 011. 01011. 012 2 13. 0013. 007315. 07315. 004 04 17. 017. 0046046

11 . 0. 00 30 3

NN eonSodiumMagneonSodiumMagnesiumA luminumSiliconPhoesiumA luminumSiliconPhosphosphorusSrusS ulphuulphurCrC hlorihlorinene

11 .. 9 8 6 2 29 8 6 2 2.. 9 7 29 7 23 - 9 33 - 9 3 8  8  2 62 6.. 9 1 1 29 1 1 277.. 8 6 0 38 6 0 300.. 8 4 4 38 4 4 311.. 8 1 2 38 1 2 344.. 77 66

2 12 1.. 9 8 5 29 8 5 2 .. 8 6 48 6 43 33 3-- 77 9  3 69  3 6-- 777 77 7

2 .2 . 8 48 455

AA r g or g onn

3 53 5.. 7 67 6

3 7 -3 7 - 7 5 37 5 3

33 -- 775544
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SS II NN C E C E thehydrthehydrogenmogenmolecuo leculeconsileconsistso f tw oprstso f tw oprotonsotons

andtwoelectrons,andthealphaparticleandtwoelectrons,andthealphaparticle oftwopro-oftwopro-

tonsandtwoneutrons,itappearsthattonsandtwoneutrons,itappearsthat electronsandelectronsand

neutronsareinterchangeableinsuchstructures.Lneutronsareinterchangeableinsuchstructures.L etusetus

thereforesubstituteaneutronforoneofthereforesubstituteaneutronforoneof theelectronsinthetheelectronsinthe

hydrogenmolecule.Shydrogenmolecule.S incetheresultingstructurewillincetheresultingstructurewill haveahavea

netchargeofplusone,netchargeofplusone, itshouldbepossibletoitshouldbepossibleto substituteitsubstituteit

foroneoftheforoneofthe protonsofaheliumatomasprotonsofaheliumatomas shownintheshowninthe

HH OO lll l l- l-Ml- l-M)ll l l- l- l l lk) l l l l- l- l l lk- l j)- l j)

x  ̂  - ~  — ' —x  ̂  - ~  — ' —

MMiill- l- l \ \ V j \\ \ V j \ ))

^ ^^ ^ --

FF ig.22.Fig.22.F ourtheoreticallypossibleformsofthelithiumourtheoreticallypossibleformsofthelithium atomofatomicatomofatomic

■weight6.■weight6. EE achheavylinerepresentsonevorte achheavylinerepresentsonevorte ring,viewededgewise.ring,viewededgewise.

 Thepreferredformisshownin Thepreferredformisshownin theupperleftdiagram.theupperleftdiagram.

( I( I --M MM M O I IO I I

(11-2111112(11^-11)(11-2111112(11^-11)

FF ig.23.Lig.23.L ithiumatom(above)andberylliumatom(below),ofatomicithiumatom(above)andberylliumatom(below),ofatomic

numbers3>numbers3> and4andatomicweights7and4andatomicweights7 and9 and9 respectively.respectively.

[ [ 6767
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EE therandMtherandMatteratter

upperleftdiagramofFupperleftdiagramofF ig.22,andthusproduceaig.22,andthusproducea newkindnewkind

ofatomwhichcanonlybeofatomwhichcanonlybe thelithiumatom.Bthelithiumatom.B ymakingaymakinga

similarsubstitutionontheothersidesimilarsubstitutionontheotherside ofthesameheliumofthesamehelium

atom,itshouldbepossibletoatom,itshouldbepossibleto producetheberylliumatom.producetheberylliumatom.

AA sshow ninF ig. 22, thereasshow ninF ig. 22, therearethreeorethreeotherw atherw aysinw hichysinw hich

itappearstheoreticallypossibletoattachaitappearstheoreticallypossibletoattacha hydrogenmole-hydrogenmole-

culetoaheliumculetoahelium atom,buttheresultingstructureswouldnotatom,buttheresultingstructureswouldnot

accountforthephysicalandchemicalaccountforthephysicalandchemical propertiesoflithiumpropertiesoflithium

andberyandberyll iumllium. I. I t isnotlik e lt isnotlik e ly , forey , fore amplample , thatthe, thatthe lithiumelithium

andberylliumatomshaveprotonsatthefreeandberylliumatomshaveprotonsatthefree endsoftheendsofthe

hydrogengroups,becausesuchprotonswouldreadilydis-hydrogengroups,becausesuchprotonswouldreadilydis-

sociatetherefromandleavetheremainingstructuresstrong-sociatetherefromandleavetheremainingstructuresstrong-

lyelectronegative.Ilyelectronegative.I tisalsotisalso notlikelythatthelithiumatomnotlikelythatthelithiumatom

wouldhaveanegativeprotonatthewouldhaveanegativeprotonatthe freeendoftheheliumfreeendofthehelium

group,becauseifanotherhydrogengroupwereaddedtogroup,becauseifanotherhydrogengroupwereaddedto

formtheberylliumatom,thelatterwouldnotformtheberylliumatom,thelatterwouldnot haveanyhaveany

ee posednegativeprotonstofurnishtheneutronsthatareposednegativeprotonstofurnishtheneutronsthatare

actuallyproducedingreatabundancewhenberylliumisactuallyproducedingreatabundancewhenberylliumis

bombarded.Fbombarded.F urthermorethemeltingpointsoftheseele-urthermorethemeltingpointsoftheseele-

mentscouldnotbesatisfactorilyaccountedformentscouldnotbesatisfactorilyaccountedfor onthebasisonthebasis

ofsuchalternativestructures.ofsuchalternativestructures.

II nthepreferredformofthenthepreferredformofthe lithiumatomtheportionlithiumatomtheportion

withinthedottedcircleiswithinthedottedcircleis notanordinaryhydrogenmole-notanordinaryhydrogenmole-

0 C D0 C D00 000 ' ( D0 ' ( D E } *E } *

FF ig.24.Hig.24.H ybridiumatomandionofatomicnumber1.5ybridiumatomandionofatomicnumber1.5 andatomicandatomic

'' w e igw eight3.ht3.

cule,buthasacule,buthasa neutroninplaceofoneneutroninplaceofone oftheelectronssoasoftheelectronssoas

toconstituteahybridoftoconstituteahybridof hydrogenandhelium.Shydrogenandhelium.S uchastruc-uchastruc-

tureisprobablyidenticalwithwhattureisprobablyidenticalwithwhat hasbeendescribedinhasbeendescribedin

recentpublicationsastheheliumisotopeofrecentpublicationsastheheliumisotopeof atomicweight3,atomicweight3,

6 6 ]]
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butaccordingtothevorte theorytherecannotbeanylowerbutaccordingtothevorte theorytherecannotbeanylower

isotoisotopeofhe lipeofhe lium. Thevum. Thevorte  orte  theortheorydoeshowydoeshoweverreeverre uireuire

theethee istenistenceofaparticeofaparticlethatiscoclethatisconstitunstitutedasshotedasshow ninw nin

FF ig. 24, anig. 24, andw hichhadw hichhasbeennamsbeennamed"ed" hybrihybridium dium w iththw iththee

symbsymbolHo lH ybyV . M. Waage.ybyV . M. Waage.

II nitscompletelyionizedconditionshowninnitscompletelyionizedconditionshownin thediagramthediagram

attheright,thisattheright,this particlewillhaveapositivechargeparticlewillhaveapositivecharge oftwo,oftwo,

andmightreadilybemistakenforaandmightreadilybemistakenfora lowerisotopeofhelium.lowerisotopeofhelium.

{ P H Y S I{ P H Y S I C A L  C A L  R E VR E V E W , 5E W , 566, 3, 37  7  &  6 1&  6 13 ,3 ,11 33 . ). )S u cS u ch ah a

particleshouldconstituteatrueparticleshouldconstituteatrue atomandnotamoleculeatomandnotamolecule

becausethenegativeproton(ortheneutronwhenbecausethenegativeproton(ortheneutronwhen intheinthe

ionizedcondition)willkeepitfromionizedcondition)willkeepitfrom goingtopiecesasingoingtopiecesasin

thecaseofthethecaseofthe hydrogenmolecule.Ihydrogenmolecule.I tshouldhaveachemi-tshouldhaveachemi-

calvalenceofone,andshouldcalvalenceofone,andshould bestronglyelectropositivebestronglyelectropositive

becausethetwoprotonsatthebecausethetwoprotonsatthe sidesarenotguardedbysidesarenotguardedby

heliumgroupsaseffectivelyasinheliumgroupsaseffectivelyasin theatomsoftheelec-theatomsoftheelec-

tronegativeelements.Itronegativeelements.I tshouldbehavelikethefirsttshouldbehavelikethefirst membermember

ofthealkalimetalgroup,andofthealkalimetalgroup,and shouldoccupytheplaceusual-shouldoccupytheplaceusual-

lya llo tlya llo ttedtohydtedtohydrogerogenw hichisreanw hichisreallynotamellynotameta lata ll. Ita la ta ll. I tt

isalsosignificantthattheisalsosignificantthatthe heliumspectrumhasnotyetbeenheliumspectrumhasnotyetbeen

obtainedfromthisallegedheliumisotope,andtheatomicobtainedfromthisallegedheliumisotope,andtheatomic

weightsalsodiscredittheconclusionthatweightsalsodiscredittheconclusionthat itisaitisa heliumhelium

isotope.isotope.

NN ormalheliumhasatomicweight4.003 ormalheliumhasatomicweight4.003 whileitsallegedwhileitsalleged

isotoisotopehasatopehasatomicw eimicw eight3. 0ght3. 0171. Th171. Thedif feedif ference is0.rence is0. 88 66 ,,

orconsiderablylessthan1.0,whereasthedifferenceinorconsiderablylessthan1.0,whereasthedifferencein

atomicweightbetweentheisotopesofallotheratomicweightbetweentheisotopesofallother elementsinelementsin

theneighborhoodofheliumisgreaterthantheneighborhoodofheliumisgreaterthan 1.0.I1.0.I fitwerefitwere

reallyanisotopeofhelium,thenitsreallyanisotopeofhelium,thenits atomicweightshouldatomicweightshould

beaboutthree-fourthsthatofordinaryhelium,orbeaboutthree-fourthsthatofordinaryhelium,or aboutabout

3.0027,whichisfarless3.0027,whichisfarless thanitsobservedatomicweightthanitsobservedatomicweight

of3.0171.of3.0171.

OO ntheothentheotherhandif it isthef irrhandif it isthef irstmembstmemberof thea lkero f thea lka lia li

metalseries,thenitmaybemetalseries,thenitmaybe consideredasretainingonlyone-consideredasretainingonlyone-

qq uarterofthenormalheliumstructure,namelytheuarterofthenormalheliumstructure,namelythe onenega-onenega-

tiveproton,whichwouldhaveaweightoftiveproton,whichwouldhaveaweightof about4.003about4.003 /4=/4=

1.0010.Thetworemainingprotonsmaythenbeconsidered1.0010.Thetworemainingprotonsmaythenbeconsidered

aspartsofaaspartsofa hydrogengroupandwillhaveahydrogengroupandwillhavea combinedcombined

[ [ 66
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w eigw eightof2(i. 0hto f2(i. 000 1)= 2. 0162. A ddingup, thi1)= 2. 0162. A ddingup, thisgivesatotasgivesatotall

atomicweightof3.0172whichisalmostatomicweightof3.0172whichisalmost ee actlytheob-actlytheob-

servedatomicweight.servedatomicweight.

II f thissystf thissystemofconemofconstructstructionw erionw ereto 'eto ' becontibecontinuednued, then, then

theboronatomwouldappearasshownintheboronatomwouldappearasshownin FF ig.25withtwoig.25withtwo

ofitshydrogengroupshavinganofitshydrogengroupshavingan electronoutermost,butelectronoutermost,but

thethirdonehavingathethirdonehavinga protonoutermost.Iprotonoutermost.I tseemsimprob-tseemsimprob-

able,however,thatthehydrogengroupswhichconstituteable,however,thatthehydrogengroupswhichconstitute

thevalencebondsshouldbeofthevalencebondsshouldbeof twodifferenttypes,andfortwodifferenttypes,andfor

reasonspreviouslygivenitalsoseemsimprobablethatanyreasonspreviouslygivenitalsoseemsimprobablethatany

ofthesehydrogengroupscarryprotonsatofthesehydrogengroupscarryprotonsat theiroutertheirouter

ee tremtremetieseties..

FF ig. 25. A  ig. 25. A  hypohypothetithetica l ca l structstructureappureapproro imatimatingthato f tingthato f theboronaheboronatom,tom,

butnotbelievedtobebutnotbelievedtobe entirelytruetofact.entirelytruetofact.

FF ig. 26. B oronatomoig. 26. B oronatomofatomifatomicnumbecnumber5andatomir5andatomicw eighcw eight11.t11.

II tseemsmorelikelythatthetseemsmorelikelythatthe boronatomisconstitutedasboronatomisconstitutedas

showninFshowninF ig.26.Theonlydifficultywithig.26.Theonlydifficultywith thislatterstruc-thislatterstruc-

tureisthatthetureisthatthe neutralatomcontainselevenprotonsbutonlyneutralatomcontainselevenprotonsbutonly

tenelectrons,whereasitisgenerallythoughtthattenelectrons,whereasitisgenerallythoughtthat inaina

neutralatomtheremustbeasneutralatomtheremustbeas manyelectronsasprotons.manyelectronsasprotons.
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HH owever,therecentlydiscoveredforceofattractionbe-owever,therecentlydiscoveredforceofattractionbe-

tweenprotonsatcloserange(sometimescalled"tweenprotonsatcloserange(sometimescalled" supergravi-supergravi-

tationtation )provesthatelectricallychargedparticles)provesthatelectricallychargedparticles donotdonot

ee erttheirusualelectrostaticforcesaterttheirusualelectrostaticforcesat intra-atomicdistancesintra-atomicdistances

butbehaveinananomalousmanner.Ibutbehaveinananomalousmanner.I tappears,therefore,tappears,therefore,

thatwearenotjustifiedthatwearenotjustified inmakingthegeneralizedassump-inmakingthegeneralizedassump-

tionthatineveryneutraltionthatineveryneutral atomtheelectronsandtheprotonsatomtheelectronsandtheprotons

mustoccmustoccurineurine ua lnumualnumbers.bers.

FF ig.27.Cig.27.C arbonatomofatomicnumber6andarbonatomofatomicnumber6and atomicweight12.atomicweight12.

II nthediagramsofthenthediagramsofthe lithium,beryllium,boron,andlithium,beryllium,boron,and

carbonatomsinFcarbonatomsinF igs.23,26,and27,igs.23,26,and27, onlythepredominantonlythepredominant

isotoisotope isshowpeisshownineachcasnineachcase. Ie . I nordertopronordertoproducetheducethe

lithiumisotopeofweight6,anlithiumisotopeofweight6,an ordinaryneutronwouldhaveordinaryneutronwouldhave

tobesubstitutedforthetobesubstitutedforthe doubleweightneutronasinthedoubleweightneutronasinthe

upperleupperlef thandcof thandcornerofF ig. 22. SrnerofF ig. 22. S incetheeincethee ternaternalstruc-lstruc-

tureoftheatomistureoftheatomis notappreciablychangedbysuchanotappreciablychangedbysucha sub-sub-

stitution,thephysicalandchemicalpropertieswouldremainstitution,thephysicalandchemicalpropertieswouldremain

thesame.thesame.

II ntheseriesofntheseriesof elementsfromlithiumtocarbon,thecen-elementsfromlithiumtocarbon,thecen-

tralheliumgroupbecomesprogressivelycoveredbyhydro-tralheliumgroupbecomesprogressivelycoveredbyhydro-

gengroups.Sgengroups.S inceheliumisaninceheliumisan inertgas,thepresenceof inertgas,thepresenceof 

heliumgroupsintheperipheryofheliumgroupsintheperipheryof anatomshouldtendtoanatomshouldtendto

keepitinakeepitina fluid(lifluid(li uidorgaseous)condition,whereastheuidorgaseous)condition,whereasthe

hydrogengroups,whichconstitutevalencebonds,shouldhydrogengroups,whichconstitutevalencebonds,should

tendtokeeptheatomsanchoredtotendtokeeptheatomsanchoredto oneanotherasinaoneanotherasina solid.solid.

CC onseonse uentlyasthecentralheliumgroupsuentlyasthecentralheliumgroups becomeprogress-becomeprogress-
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ivelycoveredbyhydrogengroups,themeltingpointsshouldivelycoveredbyhydrogengroups,themeltingpointsshould

becomehigher.Thuslithiumwithitsheliumbecomehigher.Thuslithiumwithitshelium groupegroupe posedposed

onthreesidesmeltsatonthreesidesmeltsat 11 60,berylliumwithitsheliumgroup60,berylliumwithitsheliumgroup

ee poseposedontw osidedontw osidesmeltsat12smeltsat12 00, boro00, boronw ithitshenw ithitsheliumlium

groupegroupe posedononesidemeltsposedononesidemelts at23000,andcarbonwithat23000,andcarbonwith

itshe liuitshe liumgroupemgroupe poseposedonnosideremdonnosideremainssoa inssoliduptoabouliduptoaboutt

4000040000. O. O f the9f the9 2chemic2chemica le lmeale lments, carnts, carbonistheonbonistheonlyonelyone

i A  =  / A  /i A  =  / A  /

// - I- I I II I I O I II O I I I II I I - -I - -U H W -U H W - //

( ( :( ( :_ : )  _ : )  ^̂

FF ig. 2ig. 2 . Dibor. DiboranemolanemoleculeC 2HeculeC 2H g. Sg. S incethiincethisisaring-shsisaring-shapedstapedstructuructure ,re ,

itwasnecessarytosplititwasnecessarytosplit itopenandspreadititopenandspreadit outflattoshowitoutflattoshowit clearly.clearly.

I  I I  I  I  I I  I  J lJ l I I II I I

(iiljii^(iiljii^ injii)injii)

impiiimpii

1111-1111- -1111-1111

iiiij-niiigiiiiij-iiiiiiiij-niiigiiiiij-iiii

II l ll lrr l ll lll

FF ig. 2ig. 2 . O. O xx ygenatygenatom(a ibom(a ibove)anove)andneonatodneonatom(belom(below )ofatow )ofatomicnummicnumbersbers

8 8 and10andatomicweights16and10andatomicweights16 and20respectively.Thenitrogenandand20respectively.Thenitrogenand

fluorineatomsmaybesuppliedbyobviousinterpolation.fluorineatomsmaybesuppliedbyobviousinterpolation.
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(besideshydrogen)whichhasnoe(besideshydrogen)whichhasnoe posedheliumgroups.posedheliumgroups.

 Thisisprobablythereasonwhy Thisisprobablythereasonwhy cafbonisthemostrefrac-cafbonisthemostrefrac-

toryofallelements.toryofallelements.

BB eforeleavingthisseriesofelementsattentionshouldbeeforeleavingthisseriesofelementsattentionshouldbe

directedtodiboraneBdirectedtodiboraneB 2H2H 6,agaseoussubstancewhosemole-6,agaseoussubstancewhosemole-

culesconsistoftwoboronculesconsistoftwoboron atomsandsi hydrogenatomsatomsandsi hydrogenatoms..

{{ N AN A T UT UR ER E , F e b . 2 7 , 1, F e b . 2 7 , 1 3 7 , p3 7 , pp . 3p . 3 1 - 31 - 3 2 . ) N o w t h2 . ) N o w t he b o re b o ro no n

atomunderthenucleartheoryhasonlyatomunderthenucleartheoryhasonly threevalenceelec-threevalenceelec-

trons,whereasthediboranemoleculewouldretrons,whereasthediboranemoleculewouldre uireboronuireboron

atomswithatleastfourelectronsatomswithatleastfourelectrons each.Aeach.A sthediagramsthediagram

shows,biboranecanbeaccountedforwithoutdifficultyundershows,biboranecanbeaccountedforwithoutdifficultyunder

t ht he v oe v or tr te  e  t ht he oe or yr y. { N. { N A T U R EA T U R E , J, J a na n. 8 , 1. 8 , 1 4 44 4, p ., p .55 . ). )

 Thereisstillsome Thereisstillsome doubtastothepositionsofdoubtastothepositionsof someof someof 

theperipheralheliumgroupsinthetheperipheralheliumgroupsinthe elementsfromnitrogenelementsfromnitrogen

toneontoneon. I. I t ispossibtispossiblethatthlethattheymayallbepeymayallbeposit ioosit ionedsoasnedsoas

tohavetheirnegativeprotonsoutermost.tohavetheirnegativeprotonsoutermost.

AA fterpassingcarboninthefterpassingcarboninthe seriesofelementswecannotseriesofelementswecannot

addanymorehydrogengroupstotheaddanymorehydrogengroupstothe peripheryoftheatom,peripheryoftheatom,

butcanonlychangethebutcanonlychangethe hydrogengroups,onebyone,tohydrogengroups,onebyone,to

heliumgroups.Thiswillproducetheatomsheliumgroups.Thiswillproducetheatoms ofnitrogen,ofnitrogen,

oo ygen, fygen, fluoriluorine , andnene, andneon. Ion. I tw il lbenottw il lbenotedthatthenedthatthenumbeumberr

ofelementsinthefirstofelementsinthefirst horizontalrowoftheperiodictablehorizontalrowoftheperiodictable

iseise actlywactlywhatthevohatthevorte  theorrte  theory rey re uiresuires. I. I f therew ef therew ereonereone

moreoroneless,thenmoreoroneless,then theentirevorte atotheentirevorte atomtheorywouldmtheorywould

havetobediscarded.Thatthehavetobediscarded.Thatthe atomicstructuresoftheseatomicstructuresofthese

elementsareactuallyformedinthemannerabovedescribedelementsareactuallyformedinthemannerabovedescribed

isalsocorroboratedbytheirisalsocorroboratedbytheir meltingpoints.Smeltingpoints.S incethereisaincethereisa

progressivelyincreasingnumberofperipheralheliumgroupsprogressivelyincreasingnumberofperipheralheliumgroups

aswepassfromnitrogentoaswepassfromnitrogento neon,themeltingpointshouldneon,themeltingpointshould

godownateachstep,andgodownateachstep,and soitdoes.Nsoitdoes.N itrogenmeltsatitrogenmeltsat

—2100, o—2100, o ygenat—21ygenat—21 °° , f luor, f luorineat—2230, andneineat—2230, andneonon

at—24at—24 0. Thisca0. Thiscannotbemennotbemere lyaserire lyaseriesofchanesofchanceco incceco inci-i-

dences.Thereareninedifferentelementsfromheliumtodences.Thereareninedifferentelementsfromheliumto

neon,andaseriesofneon,andaseriesof ninemeltingpointscanbearrangedinninemeltingpointscanbearrangedin

factofactoria l9 ria l9 or362,or362, 88 0dif fe0dif ferentw arentw ays. Onlyoneof theseys. Onlyoneof these

correspondstotheactualarrangementofthemeltingcorrespondstotheactualarrangementofthemelting pointspoints

oftheknownchemicalelements,andthatisoftheknownchemicalelements,andthatis theveryonetheveryone

thatthithatthisvorte  svorte  theotheory rery re uiresuires. A. A ndfurthndfurthermorermorethisethis
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agreementofmeltingpointswithvorte atomstructuresisagreementofmeltingpointswithvorte atomstructuresis

notlimitedtothefirstnotlimitedtothefirst horizontalrow,butholdstruehorizontalrow,butholdstrue

throughoutthegreaterpartofthethroughoutthegreaterpartofthe periodictable,eperiodictable,e ceptcept

wherethestructuresbecomesocomplicatedthatotherwherethestructuresbecomesocomplicatedthatother fac-fac-

torsenterintothetorsenterintothe problem.problem.

 Theatomicstructuresshowninthe Theatomicstructuresshowninthe diagramshavebeendiagramshavebeen

spreadoutflatinspreadoutflatin theplaneofthepaper,buttheplaneofthepaper,but inrealitytheyinrealitythey

ee tendintothreedimensionsofspace.Thecarbontendintothreedimensionsofspace.Thecarbon atom,atom,

forefore ample,shouldbecapableofbucklingfromtheample,shouldbecapableofbucklingfromthe flatflat

configurationintoeitheroftwoenantiomorphs,anditseemsconfigurationintoeitheroftwoenantiomorphs,anditseems

likelythatsuchbucklingactuallyoccurslikelythatsuchbucklingactuallyoccurs intheWintheW aldenin-aldenin-

versionandduringracemizationbyheat,andperhapsalsoversionandduringracemizationbyheat,andperhapsalso

duringcertainkindsofmetabolism.Sduringcertainkindsofmetabolism.S uchbucklingoftheuchbucklingofthe

carbonatomwillalsoecarbonatomwillalsoe plaintheconversionof/-chloro-plaintheconversionof/-chloro-

succinicacidintoitssuccinicacidintoits d-isomeridebytreatmentwithmoistd-isomeridebytreatmentwithmoist

silverosilvero idetoproduce/-malicacid,andidetoproduce/-malicacid,and thentheconversionthentheconversion

ofthelatterintoofthelatterinto d-chloro-succinicacidbytreatmentwithd-chloro-succinicacidbytreatmentwith

PC IPC I 5. I5. I tw il la lsoetw illa lsoe pla inthpla intheracemieracemizatiozationofmandenofmandelicacidlicacid

(byheatinginheavywater)withoutketo-enoltautomerism.(byheatinginheavywater)withoutketo-enoltautomerism.

{{ N AN A T UT UR ER E , S e p t . 2 6, S e p t . 2 6, 1, 1 3 6 , p3 6 , p. 5 4 7. 5 4 7. ) I. ) I t w i lt w i ll a l sl a l so eo e p l ap l ai ni n

whyglutaconicacidwhyglutaconicacid

C O OC O O H . C H  : C H . C H 2H . C H  : C H . C H 2. C O O H. C O O H

hasbeehasbeenfoundtoenfoundtoe istinonlyoistinonlyoneformneform, andw illpr, andw illprobablobablyy

alsoaccountforthedifficultyofalsoaccountforthedifficultyof separatingtheopticallyseparatingtheoptically

activeformsofallenederivativesofthetypeactiveformsofallenederivativesofthetype

aaaa

\ \ //

c = c = cc = c = c

/\/\

bbbb

 Thereisagradualchange Thereisagradualchange fromelectropositivenesstofromelectropositivenessto

electronegativenesswhilepassingfromtheleftsidetotheelectronegativenesswhilepassingfromtheleftsidetothe

rightsideoftherightsideofthe periodictable.Nperiodictable.N owelectropositivenessowelectropositiveness

simplymeansthetendencytolosenegativeelectrons,where-simplymeansthetendencytolosenegativeelectrons,where-

aselectronegativenessmeansthetendencytohangontoaselectronegativenessmeansthetendencytohangonto

suchelectrons.Isuchelectrons.I nanysystemofatomicstructurenanysystemofatomicstructure itmustbeitmustbe

11
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FF ig.30.Diagrammaticrepresentationoftheelementsofthefirstig.30.Diagrammaticrepresentationoftheelementsofthefirst hori-hori-

zontalrowoftheperiodiczontalrowoftheperiodic table.Etable.E achcirclerepresentsoneheliumgroup,achcirclerepresentsoneheliumgroup,

andeachsolidblackdotandeachsolidblackdot representsonehydrogengrouporvalencebond.representsonehydrogengrouporvalencebond.

 Thedottedlinesindicatethegradual Thedottedlinesindicatethegradual changefromelectropositivenesstochangefromelectropositivenessto

electronegativeness.electronegativeness.

theprotonsthatareresponsiblefortheprotonsthatareresponsiblefor theretentionofthetheretentionofthe

negativeelectrons.Inegativeelectrons.I ftheseprotonsarewellftheseprotonsarewell guardedagainstguardedagainst

attackfromtheoutside,thentheywillattackfromtheoutside,thentheywill beabletohangonbeabletohangon toto

theirelectronsmorefirmlythaniftheirelectronsmorefirmlythanif theyareinetheyareine posedposi-posedposi-

t ionstions. A. A ninspeninspectionof thctionof thediagraediagramsinFmsinF ig. 30w ilig. 30w illshowlshow

thattheprotonsofthethattheprotonsofthe peripheralhydrogengroupsaremoreperipheralhydrogengroupsaremore

ee poseposedintheatomdintheatomicstrucicstructuresatthturesatthe le f tsideoe le f tsideof thef the

periodictablethanintheperiodictablethaninthe structuresattherightside.structuresattherightside. UnderUnder

thenucleartheorynosuchthenucleartheorynosuch ee planationispossiblebecauseplanationispossiblebecause

therearenoperipheralheliumgroupsintherearenoperipheralheliumgroupsin thenucleatedatom.thenucleatedatom.

OO nthecontrary,theelectronsthemselvesbecomemorenthecontrary,theelectronsthemselvesbecomemore

crowdedintheperipheryofthecrowdedintheperipheryofthe nucleatedatomaswepassnucleatedatomaswepass

fromtheleftsidetowardthefromtheleftsidetowardthe rightsideoftherightsideofthe periodictable.periodictable.

UnderthenucleartheorytheelectronegativeelementsUnderthenucleartheorytheelectronegativeelements

shouldthereforeoccurattheleftshouldthereforeoccurattheleft sideandtheelectropositivesideandtheelectropositive

elementsattherightsideelementsattherightside oftheperiodictable,andthisoftheperiodictable,andthis

difficultycannotbeeliminatedbyconjuringwiththedifficultycannotbeeliminatedbyconjuringwiththe mysticmystic

w o rw o rd "d " o c to c te te t ..

Molecularnitrogenremainsveryinert,evenathighMolecularnitrogenremainsveryinert,evenathigh tem-tem-

peratures,whereasmolecularoperatures,whereasmolecularo ygenisoneoftheygenisoneofthe mostmost

reactivesubstancesknown.Thenitrogenmoleculemustreactivesubstancesknown.Thenitrogenmoleculemust

thereforebeamuchmorestablestructurethereforebeamuchmorestablestructure thantheothantheo ygenygen

molecule.Underthenucleartheorytheonlydifferenceinmolecule.Underthenucleartheorytheonlydifferencein

surfacestructuresbetweenthenitrogenandosurfacestructuresbetweenthenitrogenando ygenatomsisygenatomsis

thattheformerhasfiveperipheralelectronsthattheformerhasfiveperipheralelectrons whereasthewhereasthe

[ [ 7575
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la ttelatterhassirhassi . I. I f symmfsymmetryofe letryofe lectroectronicconfnicconfiguraigurationshationshass

anythingtodowithstability,thenitanythingtodowithstability,thenit wouldappear,underthewouldappear,underthe

nucleartheory,thattheonucleartheory,thattheo ygenmoleculeshouldbethemoreygenmoleculeshouldbethemore

stableandthelessreactiveofstableandthelessreactiveof thetwo.thetwo.

FF ig. j1. Nitrogenmig. j1. Nitrogenmolecuo lecule(le f tle ( le f t)ando)ando ygenmygenmolecuo lecule(righle(right).t) .

Underthevorte theorythenitrogenatomistetrahedralUnderthevorte theorythenitrogenatomistetrahedral

informandhasoneinformandhasone peripheralheliumgroupandthreeperipheralheliumgroupandthree

peripheralhydrogengroupswhichserveasvalencebonds.peripheralhydrogengroupswhichserveasvalencebonds.

II nthediatomicnitrogenmoleculetheheliumnthediatomicnitrogenmoleculethehelium groupswillgroupswill

thereforebediametricallyoppositeeachotherwiththethereforebediametricallyoppositeeachotherwiththe

valencebondsmidwaybetweenthem,whereasinthedi-valencebondsmidwaybetweenthem,whereasinthedi-

atomicoatomico ygenmoleculetheheliumgroupsoftheygenmoleculetheheliumgroupsofthe twoatomstwoatoms

willbecloselyadjacenteachotherwillbecloselyadjacenteachother sothattheirthermalsothattheirthermal

vibrationwillcauserepulsionbetweenthetwoatomsinvibrationwillcauserepulsionbetweenthetwoatomsin

oppositiontothebindingeffortofoppositiontothebindingeffortof theirvalencebonds.Thistheirvalencebonds.This

ee pla inpla insonapure lygesonapure lygeometometricbasiricbasisw hyosw hyo ygenischeygenischemi-mi-

callymorereactivethannitrogen.callymorereactivethannitrogen.

II fnitrogfnitrogenmoleenmoleculesarculesareconstieconstitutedasshtutedasshow ninF ig. 31,ow ninF ig. 31,

thentheyshouldbeqthentheyshouldbeq uitesimilarinstructureuitesimilarinstructure andphysicalandphysical

behavbehaviortomoliortomoleculeeculesofcarbosofcarbonmononmono ide, beide, becausethcausetheCeC OO

moleculealsoconsistsofamoleculealsoconsistsofa clusterofvalencebondswithtwoclusterofvalencebondswithtwo

heliumgroupsnearthecenter,andtwoheliumgroupsnearthecenter,andtwo peripheralheliumperipheralhelium

groupsonoppositesidesofthegroupsonoppositesidesofthe molecule.Smolecule.S uchsimilarityof uchsimilarityof 

structureiscorroboratedbythemeltingstructureiscorroboratedbythemelting andboilingpointsandboilingpoints

ofthesesubstances,nitrogenandcarbonmonoofthesesubstances,nitrogenandcarbonmono idemeltingidemelting

a t — 2 1 0a t — 2 1 00 a n d — 2 00 a n d — 2 07 0 , a7 0 , an d b on d b oi l ii l in g a t — 1n g a t — 1 6  6  a n d — 1a n d — 1 2 02 0

respectively.Thefewdegreesdifferencebetweenthemelt-respectively.Thefewdegreesdifferencebetweenthemelt-
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ingandboilingpointsofingandboilingpointsof nitrogenandthoseofcarbonnitrogenandthoseofcarbon

monomono ide isprobide isprobablyduetotablyduetothefactthahefactthatinthenitrotinthenitrogengen

moleculethevalencebondsareclusteredmorecloselyaroundmoleculethevalencebondsareclusteredmorecloselyaround

thecenterandtheperipheralheliumthecenterandtheperipheralhelium groupsareslightlygroupsareslightly

furtherapartthaninthefurtherapartthaninthe carbonmonocarbonmono idemolecule.idemolecule.

I I  I II I  I I

N = N . N = NN = N . N = N

6K 6K 66

FF ig. 32. Iig. 32. I somesomerismoforismofo imes(abimes(above)anove)anddiazocomddiazocompounpounds(bdlods(bdlow ).w ).

 Thetetrahedralformofthenitrogenatomis Thetetrahedralformofthenitrogenatomis alsocor-alsocor-

roboratedbytheisomerismofunsymmetricaloroboratedbytheisomerismofunsymmetricalo imes,diazoimes,diazo

compounds,andhyponitrousacid,eachofwhichoccursincompounds,andhyponitrousacid,eachofwhichoccursin

twodifferentformswithslightlydifferentphysicalandtwodifferentformswithslightlydifferentphysicaland

chemichemica lpropca lpropertieerties. Ss. S uchisomuchisomerismiseerismise actlyWhatthevoactlyWhatthevor-r-

te  te  theotheory rery re uiresuires, w here, w hereasundeasunderthenuclerthenucleartheoartheory itry it

cannotbeecannotbee plained.Thethreevalenceelctronsoftheplained.Thethreevalenceelctronsofthe

nucleartrivalentnitrogenatomwoulddistributethemselvesnucleartrivalentnitrogenatomwoulddistributethemselves

uniformlyaboutthecenteroftheatom.Theuniformlyaboutthecenteroftheatom.The factthatthefactthatthe

threevalencebondscrowdovertoonethreevalencebondscrowdovertoone sideprovesthattheresideprovesthatthere

mustbesomethingontheothermustbesomethingontheother sidetopushthemover,sidetopushthemover,

whichcanbenothingotherthanwhichcanbenothingotherthan aperipheralheliumgroup.aperipheralheliumgroup.

SS uchaneuchane planplanationisnoationisnotpossibtpossibleundeleunderthenuclerthenucleartheoartheoryry

becauseallheliumgroupsofthebecauseallheliumgroupsofthe nucleatednitrogenatomarenucleatednitrogenatomare

inthenucleus,farremovedfromtheinthenucleus,farremovedfromthe peripherywheretheperipherywherethe

valenceelectronsarelocated.Thepresenceofavalenceelectronsarelocated.Thepresenceofa fourthandfourthand

--
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fifthelectronintheperipheryoffifthelectronintheperipheryof thenucleatednitrogenthenucleatednitrogen

atomdoesnothelpany,becausethesewouldtendatomdoesnothelpany,becausethesewouldtend toarrangetoarrange

themselvessymmetricallyatthepoles.themselvessymmetricallyatthepoles.

AA lthoulthoughtheeghthee istenistenceofunsyceofunsymmetmmetrica lorica lo imes, dimes, diazoiazo

compounds,andhyponitritesintwodifferentgeometriccompounds,andhyponitritesintwodifferentgeometric

formsseemstoprovethattheformsseemstoprovethatthe trivalentnitrogenatomistrivalentnitrogenatomis

tetrahedralwiththethreevalencebondsononetetrahedralwiththethreevalencebondsonone sideofthesideofthe

atom,neverthelessthefailureofallattemptstoatom,neverthelessthefailureofallattemptsto produceproduce

opticallyactivesubstitutedaminesofthetypeNopticallyactivesubstitutedaminesofthetypeN abchasabchas

thrownsomedoubtuponthisconclusion.Sthrownsomedoubtuponthisconclusion.S inceopticallyinceoptically

activecarboncompoundsofthetypeQactivecarboncompoundsofthetypeQ abcdcanbeproduced,abcdcanbeproduced,

evenwhenoneofthesubstituentsisevenwhenoneofthesubstituentsis ahydrogenatom,itahydrogenatom,it

appearsthatwhateverispresentattheappearsthatwhateverispresentatthe fourthcornerofthefourthcornerofthe

nitrogenatommustbeslightlysmallerthannitrogenatommustbeslightlysmallerthan thehydridethehydride

groupsoastogroupsoasto permitbucklingofthenitrogenatominpermitbucklingofthenitrogenatomin

substitutedamineswhereeachofthesubstituentsissubstitutedamineswhereeachofthesubstituentsis capablecapable

offreerotation,butatoffreerotation,butat thesametimeitmustthesametimeitmust besomethingbesomething

largeenoughtopreventsuchbucklingwheretwolargeenoughtopreventsuchbucklingwheretwo oftheofthe

valencebondsareinthevalencebondsareinthe formofadoublebondsoformofadoublebondso astoasto

makefreerotationimpossible.Thenitrogenvorte atommakefreerotationimpossible.Thenitrogenvorte atom

w ithitspew ithitsperipheriphera lhe liura lhe liumgrouphamgrouphasese actly thactly thereere uireduired

structure,thisheliumgroupbeingjuststructure,thisheliumgroupbeingjust alittlelessbulkyalittlelessbulky thanthan

ahydridegroup.ahydridegroup.

AA notherdifficultyofthenucleartheoryisnotherdifficultyofthenucleartheoryis thattheaveragethattheaverage

distancebetweenelectronsinthesameshelldistancebetweenelectronsinthesameshell ismuchgreaterismuchgreater

thanthedistancebetweenshells.Ithanthedistancebetweenshells.I tisthereforedifficulttotisthereforedifficultto

understandwhytheelectronsshouldconfinethemselvestounderstandwhytheelectronsshouldconfinethemselvesto

definiteshellsatall,insteadofdefiniteshellsatall,insteadof assumingagenerallystag-assumingagenerallystag-

geredarrangement.Thisdifficultyisfurtheraggravatedbygeredarrangement.Thisdifficultyisfurtheraggravatedby

theintroductionofellipticalorbitswhichtheintroductionofellipticalorbitswhich couldnotpossiblycouldnotpossibly

beconfinedtotheirrespectiveshells.beconfinedtotheirrespectiveshells.

UnderthenucleartheoryitUnderthenucleartheoryit wouldalsobedifficulttowouldalsobedifficultto

accountfortherelativelyhighheatsaccountfortherelativelyhighheats offormationofdoubleofformationofdouble

andtriplebondsbetweencarbonatoms,whichare252andtriplebondsbetweencarbonatoms,whichare252 andand

365gramcaloriesrespectively,ascomparedwith136gram365gramcaloriesrespectively,ascomparedwith136gram

caloriesforsinglebonds.Bcaloriesforsinglebonds.B earinginmindthattwoearinginmindthattwo sphericalspherical

objectscantoucheachotherobjectscantoucheachother atonlyonepoint,andthatatonlyonepoint,andthat

electronsrepeleachother,itappearsthatelectronsrepeleachother,itappearsthat underthenuclearunderthenuclear
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theorytheheatsofformationofdoubleandtheorytheheatsofformationofdoubleand triplebondstriplebonds

couldnotbemuchgreatercouldnotbemuchgreater thantheheatofformationof thantheheatofformationof 

singlsinglebonds. Itebonds. It isdif feisdif ferentinthevrentinthevorte  orte  atomw hatomw heretheerethe

FF ig.33.Oig.33.O rdinaryvalencebond(above)andbranchedvalencebond(below).rdinaryvalencebond(above)andbranchedvalencebond(below).

electronsofonevalencebonddonotelectronsofonevalencebonddonot appreciablyopposeappreciablyoppose

thoseofadjacentvalencebonds.thoseofadjacentvalencebonds.

 Thevalencebondunderthenucleartheory Thevalencebondunderthenucleartheory issupposedtoissupposedto
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beformedofoneorbeformedofoneor moreelectronsfloatingfreelyinthemoreelectronsfloatingfreelyinthe

spacebetweentwoatoms.Bspacebetweentwoatoms.B earinginmindthattheearinginmindthatthe out-out-

standingcharacteristicofavalencebondisstandingcharacteristicofavalencebondis thefirmnesswiththefirmnesswith

w hichithow hichitholdstheatoldstheatomsataf imsataf i eddistaeddistancef romencef romeachotheachother,r,

onecouldhardlyimagineamoreunsuitablemechanismforonecouldhardlyimagineamoreunsuitablemechanismfor

thepurpose.Nthepurpose.N ucleatedatomswiththeiroutershellscon-ucleatedatomswiththeiroutershellscon-

sistingentirelyofnegativeelectricitywouldonlyrepelsistingentirelyofnegativeelectricitywouldonlyrepel eacheach

other,somewhatlikecolloidalparticleshavingsimilarelec-other,somewhatlikecolloidalparticleshavingsimilarelec-

triccharges.triccharges.

II tw oulda ltw oulda lsobe imposobeimpossiblssibletoeetoe pla inthpla intherigidierigidityof  tyof  

crystalswiththefreelyfloatingvalenceelectronsofcrystalswiththefreelyfloatingvalenceelectronsof thethe

nucleatedatom.Therigidityofcrystalsprovesipsonucleatedatom.Therigidityofcrystalsprovesipso factofacto

thattheindividualatomsandmoleculeshaveathattheindividualatomsandmoleculeshavea similarglass-similarglass-

likerigidity.Ilikerigidity.I tisconceivablethatskeletalstructuresformedtisconceivablethatskeletalstructuresformed

ofvorte ringswithinterlinkingethercurrentsmighthaveofvorte ringswithinterlinkingethercurrentsmighthave

considerablerigidity,buthowanyconditionofglasslikeconsiderablerigidity,buthowanyconditionofglasslike

rigiditycoulderigiditycoulde istinstructuresformedofistinstructuresformedof nucleatedatomsnucleatedatoms

withtheirwidelyscatteredelectrons(nottowiththeirwidelyscatteredelectrons(notto mentionwavementionwave

atoms)isbeyondtheunderstanding.atoms)isbeyondtheunderstanding.

UnderthenucleartheorythevalencebondUnderthenucleartheorythevalencebond canformacanforma

 junctionbetweenonlytwoatoms,whichisnecessarilyso junctionbetweenonlytwoatoms,whichisnecessarilyso be-be-

causethreeormoresphericalstructurescausethreeormoresphericalstructures cannotbebroughtcannotbebrought

intocontactwithoneanotheratintocontactwithoneanotherat asinglepoint.Jasinglepoint.J unctionsunctions

betweenthreeorevenfouratomsarehoweverpossiblebetweenthreeorevenfouratomsarehoweverpossible

underthunderthevorte  evorte  theortheory , asshoy , asshow ninFw ninF igs. 33anigs. 33and34. Sd34. S uchuch

multiplejunctionsprobablyalsooccurabundantlyinmetals.multiplejunctionsprobablyalsooccurabundantlyinmetals.

MetalliccrystalsaremadeupofMetalliccrystalsaremadeupof singleelectricallyneutralsingleelectricallyneutral

NN itricOxitricOx idePotidePotassiuassiumImI socysocyanideanide
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FF ig.34.Fig.34.F amiliarcompoundswithbranchedvalencebonds.amiliarcompoundswithbranchedvalencebonds.

atomspackedcloselytogetherandjoinedtooneatomspackedcloselytogetherandjoinedtoone anotherbyanotherby

theirvalencebondsinsuchtheirvalencebondsinsuch amannerthateachatomisamannerthateachatomis inin

contactwitheighttotwelveothers.Icontactwitheighttotwelveothers.I nthecaseofnthecaseof mono-mono-

valentmetalssuchastructurecanvalentmetalssuchastructurecan beproducedonlybybeproducedonlyby

branchingofthevalencebonds.branchingofthevalencebonds.

 Thebranchedvalencebondisalso Thebranchedvalencebondisalso ofparticularinterestofparticularinterest
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withreferncetothebenzeneringwithreferncetothebenzenering structure.TheKstructure.TheK ekuleekule

structurewithalternatesingleanddoublebondswillstructurewithalternatesingleanddoublebondswill notnot

accountforthepresenceofonlyaccountforthepresenceofonly oneortho-substitutionpro-oneortho-substitutionpro-

ductunlessweassumethattheductunlessweassumethatthe singleanddoublebondsinsingleanddoublebondsin

thebenzeneringarecontinuallyinthebenzeneringarecontinuallyin astateoftautomericastateoftautomeric

interchange,andweknowfromnumerousothercarboncom-interchange,andweknowfromnumerousothercarboncom-

poundsthatalternatesingleanddoublebondsdopoundsthatalternatesingleanddoublebondsdo notgen-notgen-

erallyactinthiserallyactinthis manner.ThecentricformulaofAmanner.ThecentricformulaofA rmstrongrmstrong

andBandB aeyerisinagreementwithallaeyerisinagreementwithall knownfactsaboutknownfactsabout

benzenederivatives,butrepresentsanimpossiblestructurebenzenederivatives,butrepresentsanimpossiblestructure

underthenucleartheorybecausevalenceelectronsfloatingunderthenucleartheorybecausevalenceelectronsfloating

freelyabouttheatomicnucleioffreelyabouttheatomicnucleiof thecarbonatomswouldthecarbonatomswould

arrangethemselvesontheoutsideandnotonarrangethemselvesontheoutsideandnoton theinsideof theinsideof 

thebenzenering.thebenzenering.

II thasalsobeenthasalsobeen suggestedthatthecarbonatomsofthesuggestedthatthecarbonatomsofthe

benzeneringmaybejoinedtobenzeneringmaybejoinedto oneanotherbyvalencebondsoneanotherbyvalencebonds

consistingofthreeelectronsbetweeneverytwoadjacentconsistingofthreeelectronsbetweeneverytwoadjacent

carbonatoms.Thisthree-electrontypeofbondwouldbecarbonatoms.Thisthree-electrontypeofbondwouldbe

 justassatisfactoryasthe justassatisfactoryasthe centricbond,buthasnotcentricbond,buthasnot beenbeen

adoptedbecauseunderthenucleartheoryitadoptedbecauseunderthenucleartheoryit wouldnotbewouldnotbe

possibletoaccountfornaphthalene,anthracene,andotherpossibletoaccountfornaphthalene,anthracene,andother

condensedringsystemsonthebasisofcondensedringsystemsonthebasisof suchastructure.suchastructure.

AA sshow ninF ig. 35, thevorsshow ninF ig. 35, thevorte  te  atomthatomtheorye lieorye lim inaminatestes

allthesedifficulties.Thebenzeneringunderallthesedifficulties.Thebenzeneringunder thevortethevorte

theoryisessentiallyacentrictheoryisessentiallyacentric structure,althoughitcouldstructure,althoughitcould

alsobeinterpretedasaalsobeinterpretedasa three-electronstructure.Nthree-electronstructure.N aphtha-aphtha-

lene,anthracene,andothercondensedringstructurescanbelene,anthracene,andothercondensedringstructurescanbe

formedinasimilarmannerwithoutdifficulty.Therformedinasimilarmannerwithoutdifficulty.Ther ecentlyecently

developedresonancetheoryofthebenzeneringstructuredevelopedresonancetheoryofthebenzeneringstructure

withsingleanddoublebondsinwithsingleanddoublebondsin tautomericinterchangeistautomericinterchangeis

thereforesuperfluous.thereforesuperfluous.

 Thepeculiarringstructurethat Thepeculiarringstructurethat isshowninFisshowninF ig.35isig.35is

possibleonlywithsi atomrings,whichaccountsfortheirpossibleonlywithsi atomrings,whichaccountsfortheir

uniuni ue"ue" aromaromatic atic propepropertiesrt ies. I. I nthecorrenthecorrespondspondinge ighinge ightt

atomring,knownas"atomring,knownas" cyclo-octatetrenecyclo-octatetrene ,thecentralconnec-,thecentralconnec-

tionscannotbeformedbecausethedistancestotionscannotbeformedbecausethedistancesto bespannedbespanned

aretoogreat,sothataretoogreat,sothat cyclo-octatetrenecanonlyhavealter-cyclo-octatetrenecanonlyhavealter-

natesingleanddoublebondslikenatesingleanddoublebondslike thoseoftheKthoseoftheK ekuleekule
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structure.Thisiscorroboratedbythestructure.Thisiscorroboratedbythe factthatcyclo-octate-factthatcyclo-octate-

trenedoesnotetrenedoesnote hibitanyaromaticpropertiesbutbehaveshibitanyaromaticpropertiesbutbehaves

likeatypicalolefine.Theabsenceoflikeatypicalolefine.Theabsenceof aromaticpropertiesinaromaticpropertiesin

cyclo-octatetreneisalsoastrongargumentagainstthecyclo-octatetreneisalsoastrongargumentagainstthe reson-reson-

ancetheancetheoryof theKek ulestruoryof theKek ulestructurebecturebecause if scause if si i  a tomriatomringsngs

oo

oo

ii111111mimiiii i111111mimiii

i ii ii ii i°  i  °  i  JJ ii

FF ig. 35. Thig. 35. Thebenzeebenzenering, C gHnering, C gH g.g.

werecapableofsuchawerecapableofsucha tautomericresonancecondition,thentautomericresonancecondition,then

eightatomringsshouldalsoeeightatomringsshouldalsoe hibitasimilarcondition.hibitasimilarcondition.

 Thepyridineringwouldhavethesame Thepyridineringwouldhavethesame centralstructurecentralstructure

asthebenzenering,butasthebenzenering,but aheliumgroupwouldtaketheaheliumgroupwouldtakethe

placeofoneoftheplaceofoneofthe peripheralhydrogengroups.Thepres-peripheralhydrogengroups.Thepres-

enceofsuchaenceofsucha peripheralheliumgrouponthepyridineringperipheralheliumgrouponthepyridinering

willewille plainthemiscibilityofpyridineinplainthemiscibilityofpyridinein waterbecausewaterwaterbecausewater

alsocontainssimilarperipheralheliumgroups,anditalsocontainssimilarperipheralheliumgroups,andit istheisthe

genergenera lrulethaa lrulethat"t" l ik edislik edisso lveso lveslik eslik e . Theso lu. Theso lubil itbil ityoryor

miscibilityofthesimplerorganicnitrogenandmiscibilityofthesimplerorganicnitrogenand oo ygencom-ygencom-

poundsinwaterisgenerallydirectlypoundsinwaterisgenerallydirectly proportionaltotheproportionaltothe
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prominenceoftheperipheralheliumgroupsinprominenceoftheperipheralheliumgroupsin theorganictheorganic

molecules.molecules.

II tisinteresting,however,thatorganicchlorinesubstitu-tisinteresting,however,thatorganicchlorinesubstitu-

tionproductsaregenerallynotsolubleintionproductsaregenerallynotsolublein water.Thereasonwater.Thereason

forthisseemstobeforthisseemstobe thatsolubilityinwaterdependsonthatsolubilityinwaterdependson

hydrogenbondformation,andamongthesimplerchemicalhydrogenbondformation,andamongthesimplerchemical

elementshydrogencancoordinateonlybetweenatomsof elementshydrogencancoordinateonlybetweenatomsof 

nitrogen,onitrogen,o ygen,andfluorine,orbetweenoneoftheseandygen,andfluorine,orbetweenoneoftheseand

acarbonatomiftheacarbonatomifthe latterhasstronglynegativegroupslatterhasstronglynegativegroups

attachedtoit.Nattachedtoit.N owthecharacteristicfeatureabouttheowthecharacteristicfeatureaboutthe

NN , O, O , andF  , andF  atomatomsisthateachof thsisthateachof themhasoneoemhasoneormorermore

peripheralheliumgroupsimmediatelyadjacentthecentralperipheralheliumgroupsimmediatelyadjacentthecentral

heliumgroup,whichappearstobeaheliumgroup,whichappearstobea necessaryconditionfornecessaryconditionfor

hydrogenbondformationwithwatermolecules.Theeffecthydrogenbondformationwithwatermolecules.Theeffect

oftheseheliumgroupsinoftheseheliumgroupsin promotinghydrogenbondforma-promotinghydrogenbondforma-

tionseemstobecloselytionseemstobeclosely relatedtotheireffectofrelatedtotheireffectof renderingrendering

theatomsattherighttheatomsattheright sideoftheperiodictablesideoftheperiodictable electro-electro-

negative.negative.

NN ascenascentt tateHydridetateHydride

PositPositive Iive I onNegative IonNegative I onon

FF ig. 36. V aig. 36. V ariousasriousaspectsof tpectsof thevorte  hevorte  atomvaatomvalenceblencebond.ond.

II fvalencebondsareformedfromhydrogengroupsasfvalencebondsareformedfromhydrogengroupsas

taughtbythevorte theory,thenpositiveandnegativeionstaughtbythevorte theory,thenpositiveandnegativeions

wouldhavethebifurcatedstructuresshowninFwouldhavethebifurcatedstructuresshowninF ig.36.Thisig.36.This

ee pla inpla insthef resthef re uentfouentformatirmationofnegaonofnegative iontive ionsf rompossf romposi-i-
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tiveionsratherthanfromneutraltiveionsratherthanfromneutral molecules.Imolecules.I thasbeenthasbeen

foundthatwhenelectronsarepassedthroughafoundthatwhenelectronsarepassedthrougha gas(Hgas(H g,g,

HH 2, N2, O2, N2, O 2, orC O2, orC O 2, )thene2, )thenegativgative ionsarefoe ionsareformednormednotf romtf rom

neutralmoleculesaswouldtoeeneutralmoleculesaswouldtoee pectedunderthenuclearpectedunderthenuclear

theory,butfrompositiveions,eachofwhichtheory,butfrompositiveions,eachofwhich takesontwotakesontwo

electe lectronsw hronsw henitstrikenitstrikesthecathesthecathode. (NAode. (NA TUR ETUR E , J, J u ly25,uly25,

11 3 6  p . 1 63 6  p . 1 62  2  F e b . 2F e b . 27 , 1 3 7 , p7 , 1 3 7 , p. 3 7 ;  . 3 7 ;  a na nd D ed D ec . 3c . 31 , 1 31 , 1 3 ,,

p.1165.)p.1165.)

O *  « 0  A  AO *  « 0  A  A

as•as•

<< §§ >>

cc% »  « § »  « $ »  % »  « § »  « $ »  « § »« § »

H a  MH a  M I 2 A , ,I 2 A , ,3 * ,3 * ,

« g  « § »  « § »  « § »« g  « § »  « § »  « § »

P I S  P I S  fft S  1 6t S  1 6*  C*  C I  I  117 A  17 A  1

K  1  K  1  C a 2 0C a 2 0S c 2 1 •S c 2 1 •

ii ig. 37. A tomicstrucig. 37. A tomicstructuresbuturesbuiltupononestri ltupononestructuructura lcentea lcenter.r.
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 TA TA BB LL E E II II II

PeriodicTableofEPeriodicTableofE lementslements

 Thedensitiesandmeltingpointsaregenerallyhighest Thedensitiesandmeltingpointsaregenerallyhighest nearthenearthe

centerofthetable(incenterofthetable(in Group4)anddiminishtowardeitherside.Group4)anddiminishtowardeitherside.

 Thenumericaldesignationsofthehorizontalrowsindicatethe Thenumericaldesignationsofthehorizontalrowsindicatethe num-num-

berofstructuralcentersorberofstructuralcentersor branchesonwhichtheatomsarebuilt.branchesonwhichtheatomsarebuilt.
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HH E E secondhorizontalrowoftheperiodictablesecondhorizontalrowoftheperiodictable followsfollows

thesamegeneralorderasthethesamegeneralorderasthe firstrow,andthisradialfirstrow,andthisradial

** buildbuildingupprocingupprocessconesscontinuetinuesintothethisintothethirdrow w itrdrow w ithh

progressivelyincreasingmeltingpointsuntilwepasstitan-progressivelyincreasingmeltingpointsuntilwepasstitan-

ium.Thenthereoccursaium.Thenthereoccursa slightdropandlevelingoffofslightdropandlevelingoffof thethe

meltingpointcurvewiththeusheringinmeltingpointcurvewiththeusheringin ofnewproperties,ofnewproperties,

suchascoloredcompounds,irregularchangesofvalence,suchascoloredcompounds,irregularchangesofvalence,

andmetallicstatesofgreathardnesswithandmetallicstatesofgreathardnesswith thesuddenap-thesuddenap-

pearanceofferromagnetism.Apearanceofferromagnetism.A fterpassingthisseriesof fterpassingthisseriesof 

hardmetallicelementswhichdonotfithardmetallicelementswhichdonotfit readilyunderanyof readilyunderanyof 

theprecedingelements,wefinallycometoarsenic,selenium,theprecedingelements,wefinallycometoarsenic,selenium,

bromine,andkrypton,forwhichweagainfindreservedbromine,andkrypton,forwhichweagainfindreserved

places.Fplaces.F romthereonthemeltingromthereonthemelting pointagaingoesupsteppointagaingoesupstep

bystepuntilmolybdenumisreached.Jbystepuntilmolybdenumisreached.J ustastitaniumrepre-ustastitaniumrepre-

sentedtheendofthesentedtheendofthe radialbuildingupprocessfromoneradialbuildingupprocessfromone

structuralcenter,somolybdenumrepresentstheendofthestructuralcenter,somolybdenumrepresentstheendofthe

radialbuildingupprocessfromtworadialbuildingupprocessfromtwo structuralcenters.Thisstructuralcenters.This

alsoealsoe plainswhythereweretwomoreelementsfromplainswhythereweretwomoreelementsfrom

kryptontomolybdenumthantherewerefromargontokryptontomolybdenumthantherewerefromargonto

titanium.titanium.

II f theperiof theperiodictabldictablebenow refebenow referredtoerredto, itw il lbesee, itw il lbeseenn

thattheelementsinrowsia,thattheelementsinrowsia, ib,andichaveib,andichave atomsbuiltatomsbuilt

upf romonupf romonestructestructura lcenura lcenter, thter, those inrowose inrows2a, 2s2a, 2 b, and2Cb, and2C

fromtwostructuralcenters,thoseinfromtwostructuralcenters,thosein rows3a,3b,and3crows3a,3b,and3c

fromthreestructuralcenters,whilethoseinfromthreestructuralcenters,whilethosein rows4a,4b,androws4a,4b,and

4carebuiltup4carebuiltup onamorecomple four-onamorecomple four-branchedpattern.branchedpattern.

 Thedensitiesandmeltingpointsaregenerallyhighest Thedensitiesandmeltingpointsaregenerallyhighest inin

thecenterofthetablethecenterofthetable (ingroup4),becausethe(ingroup4),becausethe numberof numberof 

peripheralhydrogengroupsisthereamaperipheralhydrogengroupsisthereama imumanddi-imumanddi-

minishestowardeitherside.minishestowardeitherside.

 TheelementsMg,A TheelementsMg,A l,Sl,S i,andPofi,andPof thesecondrowhavethesecondrowhave

abnormallylowmeltingpointsascomparedwiththeele-abnormallylowmeltingpointsascomparedwiththeele-

mentsimmediatelyaboveandbelowthem,butthismaybementsimmediatelyaboveandbelowthem,butthismaybe

attributedtogreaterfreedomforthermalvibrationastheattributedtogreaterfreedomforthermalvibrationasthe
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radialdimensionsoftheatomsincreases,especiallyinverti-radialdimensionsoftheatomsincreases,especiallyinverti-

caltransitionsfromthefirstcaltransitionsfromthefirst tothesecondrow.Therela-tothesecondrow.Therela-

t ive lt ive lyhigheyhighermeltinrmeltingpo intsogpo intsofCfC a, Sa , S c, andT i, (wc, andT i, (whicharehichare

immeimmediatediatelyly be low Mbelow Mg, Ag, A l, andSi, )may thenbeatl, andSi, )may thenbeattributtributeded

totheincreaseddistancebetweenthevalencebonds,thetotheincreaseddistancebetweenthevalencebonds,the

effectofwhichnowpredominatesovertheoppositeeffectof effectofwhichnowpredominatesovertheoppositeeffectof 

increasedthermalvibration.Theriseoftheincreasedthermalvibration.Theriseofthe meltingpointmeltingpoint

intheverticaltransitionfromphosphorustointheverticaltransitionfromphosphorusto arsenic,(thearsenic,(the

valencebondsbeingthesamedistanceapartinvalencebondsbeingthesamedistanceapartin bothcases,)bothcases,)

maythenbeattributedtothemaythenbeattributedtothe substitutionoftheargonsubstitutionoftheargon

groupofthearsenicatomforgroupofthearsenicatomfor theoutermostheliumgrouptheoutermostheliumgroup

ofthephosphorusatom.Softhephosphorusatom.S inceargonmeltsatainceargonmeltsata higherhigher

temperaturethanhelium,itwouldbereasonabletoetemperaturethanhelium,itwouldbereasonabletoe pectpect

arsenictomeltatarsenictomeltat ahighertemperaturethanphosphorus.ahighertemperaturethanphosphorus.

 Themeltingpointsofthehalogensincrease Themeltingpointsofthehalogensincrease withincreas-withincreas-

ingatomicweight,whereasthemeltingpointsofingatomicweight,whereasthemeltingpointsof thealkalithealkali

metalsdecreasewithincreasingatomicweights.Thisseemsmetalsdecreasewithincreasingatomicweights.Thisseems

peculiar,sinceboththehalogenandalkalipeculiar,sinceboththehalogenandalkali metalatomsmetalatoms

consistofonevalenceelectronandconsistofonevalenceelectronand aninertgasatomresidue.aninertgasatomresidue.

II nthealkalimetalatom,however,thevalenceelectronisnthealkalimetalatom,however,thevalenceelectronis

onlylooselyassociatedwiththeinertgasonlylooselyassociatedwiththeinertgas atomresidue,atomresidue,

whereasinthehalogenatomthetwowhereasinthehalogenatomthetwo arefirmlyheldtogetherarefirmlyheldtogether

soastoformsoastoform asinglestructure.Hasinglestructure.H alogenatomsalsotendalogenatomsalsotend

touniteinpairstouniteinpairs toformdiscretemoleculeswiththevalencetoformdiscretemoleculeswiththevalence

electronsnearthecentersoftheelectronsnearthecentersofthe molecules,sothattheoutermolecules,sothattheouter

ee posedportionsofsuchmoleculeswillconsistposedportionsofsuchmoleculeswillconsist entirelyof entirelyof 

inertgasatomresidues.Iinertgasatomresidues.I twouldthereforebereasonabletwouldthereforebereasonable

toetoe pectthehalogenmoleculestobehaveinpectthehalogenmoleculestobehavein thesamegen-thesamegen-

eralwayasinertgaseralwayasinertgas atoms,andthatmaybetheatoms,andthatmaybethe reasonwhyreasonwhy

themeltingpointsbecomehigherinthemeltingpointsbecomehigherin bothcasesastheatomicbothcasesastheatomic

ormolecularweightsincrease.Oormolecularweightsincrease.O ntheotherhandinntheotherhandin thethe

alkalimetalstherearenodiscretealkalimetalstherearenodiscrete diatomicmolecules,thediatomicmolecules,the

valenceelectronsandinertgasatomresiduesvalenceelectronsandinertgasatomresidues beingheldbeingheld

togetherbygeneralelectrostaticattraction,sothattheirtogetherbygeneralelectrostaticattraction,sothattheir

effectsarepurelyadditive.Seffectsarepurelyadditive.S incethevalenceelectronsaretheincethevalenceelectronsarethe

sameforallalkalimetals,thesameforallalkalimetals,the meltingpointsofsuchmetalsmeltingpointsofsuchmetals

mustdependentirelyontheinertmustdependentirelyontheinert gasatomresidues,anditisgasatomresidues,anditis

reasonabletoassumethatwhensuchresiduesarereasonabletoassumethatwhensuchresiduesare largeandlargeand
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heavytheywillbemoreeffectiveinheavytheywillbemoreeffectivein keepingthesubstanceinkeepingthesubstancein

afluidconditionthanwhentheyafluidconditionthanwhenthey aresmallandlight.aresmallandlight.

 Thereissomeuncertaintyasto Thereissomeuncertaintyasto wherethetransitionfromwherethetransitionfrom

onestructuralcentertotwoonestructuralcentertotwo structuralcentersoccurs.Therestructuralcentersoccurs.There

issomespectroscopicevidencethatitissomespectroscopicevidencethatit occursinthetransitionoccursinthetransition

FF i g . 3i g . 3 . i n e. i n er t g ar t g as a t os a t omm s .s .

fromcalciumtoscandium,butscandiumandtitaniumfromcalciumtoscandium,butscandiumandtitanium donotdonot

formcoloredcompoundsandtheirmeltingpointsandformcoloredcompoundsandtheirmeltingpointsand val-val-

encesseemtobringthemeencesseemtobringtheme actlyinlinewithpotassiumandactlyinlinewithpotassiumand

ca lciuca lcium. Im. I t istruethattit istruethattitaniutaniumcanbetrivmcanbetriva lenta lent, butit is, butit is

usuallytetravalentandinitstrivalentconditionusuallytetravalentandinitstrivalentcondition twoofthetwoofthe

hydrogengroupsareprobablylinkedtoeachotherhydrogengroupsareprobablylinkedtoeachother intheinthe

formofabranchedvalencebond.formofabranchedvalencebond.
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II fthevanadiumatomhasonlyafthevanadiumatomhasonlya singlestructuralcenter,singlestructuralcenter,

thenitcandifferthenitcandiffer fromtitaniumonlyinthesubstitutionoffromtitaniumonlyinthesubstitutionof aa

heliumgroupforoneoftheheliumgroupforoneofthe hydrogengroups.Thismayhydrogengroups.Thismay

accountforvanadiumwhenconsideredbyitself,butvanad-accountforvanadiumwhenconsideredbyitself,butvanad-

iumclearlybelongstotheiumclearlybelongstothe seriesofpolyvalentelementswithseriesofpolyvalentelementswith

coloredionsimmediatelyfollowingit,andtheentireseriescoloredionsimmediatelyfollowingit,andtheentireseries

cannotbesatisfactorilyaccountedforonthecannotbesatisfactorilyaccountedforonthe assumptionthatassumptionthat

theyareallbuilttheyareallbuilt uponasingleuponasingle structuralcenter.Thefur-structuralcenter.Thefur-

theralongwegointheralongwegoin theperiodictablethemoredifficultiestheperiodictablethemoredifficulties

wegetintoifwegetintoif wetrytocontinuebuildinguponwetrytocontinuebuildingupon onestruc-onestruc-

turalcenter.turalcenter.

 Theinertgasatomsare Theinertgasatomsare especiallydifficulttoaccountforespeciallydifficulttoaccountfor

onthebasonthebasiso fonestruiso fonestructuracturalcenterlcenter, butasF, butasF ig. 3 ig. 3 showshows,s,

theycanbesatisfactorilyaccountedforiftheycanbesatisfactorilyaccountedforif weassumethattheweassumethatthe

heavierelementshavemultiplecenters.Theintermediateheavierelementshavemultiplecenters.Theintermediate

stagesinthetransitionsfromonestagesinthetransitionsfromone inertgasstructuretoinertgasstructureto

anotherarerepresentedintheperiodictableanotherarerepresentedintheperiodictable bythehorizon-bythehorizon-

talrowsofelements.Thesecomprisetwoshorttalrowsofelements.Thesecomprisetwoshort periodsperiods

(heliumtoneonandneonto(heliumtoneonandneonto argon),followedbytwolongerargon),followedbytwolonger

periods(argontokryptonandkryptontoxperiods(argontokryptonandkryptontox enon),andthenenon),andthen

byastil l lonbyastil l longerperigerperiod(od( enontoraenontoradon)don)..

AA lthoughthereisnodirectlthoughthereisnodirect methodofascertainingthemethodofascertainingthe

atomicstructuresoftheheavierelements,neverthelessweatomicstructuresoftheheavierelements,neverthelesswe

cangenerallyarriveatsomeconclusionascangenerallyarriveatsomeconclusionas totheplausi-totheplausi-

bilityofanyproposedstructurebybilityofanyproposedstructureby determiningwhetheritdeterminingwhetherit

hasbeenbuiltinhasbeenbuiltin accordancewiththesameprinciplesthataccordancewiththesameprinciplesthat

werefoundtobeapplicableinwerefoundtobeapplicablein theformationoftheatomstheformationoftheatoms

ofthelighterelements.Theseprinciplesareofthelighterelements.Theseprinciplesare asfollows:asfollows:

(1)A givennumberofheliumandhydrogengroupswill(1)A givennumberofheliumandhydrogengroupswill

alwaysassumeanarrangementofmaalwaysassumeanarrangementofma imumsymmetryimumsymmetry

(2)I(2)I nthesameanthesameatomalltetomallterminarminalhe liumglhe liumgroupsarroupsare ine in

thesameshell(i.e.thesameshell(i.e. atthesamedistancefromtheatthesamedistancefromthe structuralstructural

centertowhichtheyarecentertowhichtheyare attachedattached

(3)I(3)I nthesameanthesameatomallhytomallhydrogedrogengroupsarngroupsare inthee inthe

sameshsameshell e ll  andand

(4)Terminalheliumgroupsareneverfoundoutside(4)Terminalheliumgroupsareneverfoundoutside of of 

theargonshell.theargonshell.

FF romrules(2)and(3)romrules(2)and(3) itnecessarilyfollowsthatheliumitnecessarilyfollowsthathelium
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groupsneveroccurinanygroupsneveroccurinany shellinwhichthereareshellinwhichthereare vacantvacant

placesnotyetoccupiedbyplacesnotyetoccupiedby hydrogengroups.hydrogengroups.

 Thefourrulesstatedabovehavebeendeduced Thefourrulesstatedabovehavebeendeduced fromafroma

studyofthesimpleratomswithstudyofthesimpleratomswith onestructuralcenter,butonestructuralcenter,but

arebelievedtobeofarebelievedtobeof generalaplicability.Igeneralaplicability.I natomswithtwonatomswithtwo

ormorestructuralcenters,thefollowingadditionalrulesormorestructuralcenters,thefollowingadditionalrules

appeartoholdtrue:appeartoholdtrue:

(5)E(5)E verystructuralcenterisoutsideofverystructuralcenterisoutsideof theargonshelltheargonshell

o feverofeveryotherstyotherstructurructura lcentea lcenter r andand

(6)Theargonshellaround(6)Theargonshellaround thecenteroftheatomwillthecenteroftheatomwill

betangenttoeitherthebetangenttoeitherthe neonortheargonshellneonortheargonshell ofeveryofevery

remainingstructuralcenter.remainingstructuralcenter.

FF romrules(5)and(6)romrules(5)and(6) itnecessarilyfollowsthatadja-itnecessarilyfollowsthatadja-

centstructuralcentersalwayshaveatleastcentstructuralcentersalwayshaveatleast twoandnevertwoandnever

morethanfourheliumgroupsbetweenthem.morethanfourheliumgroupsbetweenthem.

 Thereasonforallthis Thereasonforallthis isprobablysomeconditionof isprobablysomeconditionof 

resonanceintheatom,whichwouldprobablyalsoaccountresonanceintheatom,whichwouldprobablyalsoaccount

forthegreaterabundanceofisotopesinforthegreaterabundanceofisotopesin theevenelementstheevenelements

thanintheoddthanintheodd elements,theformerhavingthegreaterelements,theformerhavingthegreater

degreeofsymmetryandthereforethegreaterstability.degreeofsymmetryandthereforethegreaterstability.

II fweassumethateveryheliumgroupcontributesfweassumethateveryheliumgroupcontributes twotwo

unitstotheatomicnumberandunitstotheatomicnumberand everyhydrogengrouponeeveryhydrogengroupone

unit,thenthevanadiumatommusthaveeithernineunit,thenthevanadiumatommusthaveeithernine heliumhelium

groupsandfivehydrogengroups,ortengroupsandfivehydrogengroups,orten heliumgroupsandheliumgroupsand

threehydrogengroups.Sthreehydrogengroups.S incetenheliumgroupswouldbeincetenheliumgroupswouldbe

furnishedbytwoneonatoms,andsincethreefurnishedbytwoneonatoms,andsincethree hydrogenhydrogen

groupswouldaccountforthechemicalsimilarityofgroupswouldaccountforthechemicalsimilarityof vanad-vanad-

tophosphorus,itisbelievedtotophosphorus,itisbelievedto bemostprobablethatthebemostprobablethatthe

vanadiumatomconsistsoftwoneongroupsjoineddirectlyvanadiumatomconsistsoftwoneongroupsjoineddirectly

toeachother,withthreehydrogengroupsontoeachother,withthreehydrogengroupson theirperi-theirperi-

phery.Thesimilarityofvanadiumtophosphorusinitsphery.Thesimilarityofvanadiumtophosphorusinits

chemicalpropertieswouldseemtoindicatethatallchemicalpropertieswouldseemtoindicatethatall threethree

hydrogengroupsofthevanadiumatomareonthehydrogengroupsofthevanadiumatomareonthe samesame

neoncenter,butsuchaneoncenter,butsucha structurewouldnotaccountforthestructurewouldnotaccountforthe

highmeltingpointofvanadium,orforhighmeltingpointofvanadium,orfor theappearanceof theappearanceof 

colorinvanadiumcompounds.Icolorinvanadiumcompounds.I tisthereforebelievedthattisthereforebelievedthat

twoofthehydrogengroupsareontwoofthehydrogengroupsareon oneneoncenter,andtheoneneoncenter,andthe

thirdhydrogengroupontheotherthirdhydrogengroupontheother neoncenter.Thisalsoneoncenter.Thisalso
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accountsmorereadilyforthemultiplevalencesofaccountsmorereadilyforthemultiplevalencesof vanadium.vanadium.

 Thevanadiumatommaythenberegardedasa Thevanadiumatommaythenberegardedasa closeunioncloseunion

ofasodiumatomwithaofasodiumatomwitha magnesiumatom.Thesetwoatomsmagnesiumatom.Thesetwoatoms

donotcombinewitheachotherdonotcombinewitheachother chemically,butitispossiblechemically,butitispossible

thatundercertainconditionstheionizedthatundercertainconditionstheionized gaseousatomsmaygaseousatomsmay

combinewitheachotherthroughtheirheliumcombinewitheachotherthroughtheirhelium groups.groups.

 Thechromium,manganese,andironatomscouldthenbe Thechromium,manganese,andironatomscouldthenbe

formedbytheadditionofhydrogengroupstoformedbytheadditionofhydrogengroupsto theperipherytheperiphery

ofthevanadiumatom.Softhevanadiumatom.S omeofthesewillprobablyformomeofthesewillprobablyform

internalchemicalbonds,whichmayormaynotinternalchemicalbonds,whichmayormaynot bebranched.bebranched.

 Themultiplevalencesoftheseelementscanbe Themultiplevalencesoftheseelementscanbe readilyac-readilyac-

countedforinthiscountedforinthis manner,buttherewouldnotbeanymanner,buttherewouldnotbeany

simplerelationshipbetweenthevalencesoftheseelementssimplerelationshipbetweenthevalencesoftheseelements

andthenumbersofhydrogengroupsonandthenumbersofhydrogengroupson theiratoms,andtheiratoms,and

theirmeltingpointswillalsotheirmeltingpointswillalso notbearanysuchsimplerela-notbearanysuchsimplerela-

tionshiptothenumbersofhydrogengroupsastionshiptothenumbersofhydrogengroupsas wasfoundwasfound

toetoe istinthef irist inthef irsthorizosthorizonta lrownta lrow..

 Thecobalt,nickel,copper,andzincatomscould Thecobalt,nickel,copper,andzincatomscould besimi-besimi-

larlyaccountedforbythelarlyaccountedforbythe successivesubstitutionofheliumsuccessivesubstitutionofhelium

groupsforhydrogengroupsinthegroupsforhydrogengroupsinthe ironatom,whichwouldironatom,whichwould

alsoaccountfortheprogressiveloweringofalsoaccountfortheprogressiveloweringof themeltingthemelting

pointalongthisseriesofpointalongthisseriesof elements.elements.

 Therewillhoweverbealimit Therewillhoweverbealimit tothenumberofheliumtothenumberofhelium

groupsthatcanbethusgroupsthatcanbethus addedbecauseastheperipheryaddedbecauseastheperiphery

becomesmorecrowded,thetensionbetweenthetwostruc-becomesmorecrowded,thetensionbetweenthetwostruc-

turalcenterswillincrease.Thisisturalcenterswillincrease.Thisis probablythereasonwhyprobablythereasonwhy

thenethene telementafterzincistelementafterzincis notamonovalentelement,butnotamonovalentelement,but

rathertrivalentgalliumwiththreeheliumgroupsbetweenrathertrivalentgalliumwiththreeheliumgroupsbetween

thetwostructuralcenters.thetwostructuralcenters.

II fnowwemaketheassumptionthatallfnowwemaketheassumptionthatall hydrogengroupshydrogengroups

inthesameatommustbeinthesameatommustbe atthesamedistancefromtheiratthesamedistancefromtheir

respectivecenters,thenthegermaniumatomcouldnotberespectivecenters,thenthegermaniumatomcouldnotbe

formedbymerelyaddinganotherhydrogengrouptotheformedbymerelyaddinganotherhydrogengrouptothe

peripheryofthegalliumatom,butwouldhavetoperipheryofthegalliumatom,butwouldhaveto beanewbeanew

typeofstructurewithfourheliumtypeofstructurewithfourhelium groupsbetweenitstwogroupsbetweenitstwo

structuralcenters.Twoofthehydrogengroupsofstructuralcenters.Twoofthehydrogengroupsof thethe

germaniumatommayundercertainconditionscombinewithgermaniumatommayundercertainconditionscombinewith

eachothersoaseachothersoas toleavethegermaniumatomdivalent.Thetoleavethegermaniumatomdivalent.The

99 2]2]

ee
   j   j   k   k
   6   6
  c  c
   (   (   U   U
  n  n
   i   i  v  v
  e  e
  r  r  s  s
   i   i   t   t
  y  y
  o  o
   f   f
   V   V
   i   i  r  r
  g  g
   i   i  n  n
   i   i  a  a
   )   )
  o  o
  n  n
   2   2
   0   0
   1   1
   4   4
 - -   0   0
   5   5
 - -   2   2
   3   3
   0   0
   6   6
  :  :   3   3
   2   2
   G   G
   M   M
   T   T

   /   /
   h   h   t   t   t   t
  p  p
  :  :   /   /
   /   /   h   h
   d   d
   l   l . .
   h   h
  a  a
  n  n
   d   d
   l   l  e  e
 . .  n  n
  e  e
   t   t   /   /
   2   2
   0   0
   2   2
   7   7
   /   /  u  u
  c  c
   1   1
 . .   b   b
   4   4
   2   2
   5   5
   3   3
   1   1
   7   7
   7   7

,,
   G   G
  o  o
  o  o
  g  g
   l   l  e  e
 - -   d   d
   i   i  g  g

   i   i   t   t
   i   i  z  z
  e  e
   d   d

   /   /
   h   h
   t   t   t   t
  p  p
  :  :   /   /
   /   /  w  w
  w  w
  w  w
 . .   h   h
  a  a
   t   t   h   h
   i   i   t   t
  r  r  u  u
  s  s
   t   t . .
  o  o
  r  r  g  g
   /   /  a  a
  c  c
  c  c
  e  e
  s  s
  s  s
__
  u  u
  s  s
  e  e
   #   #
  p  p   d   d

 - -  g  g
  o  o
  o  o
  g  g
   l   l  e  e



   G   G
  e  e
  n  n
  e  e
  r  r  a  a
   t   t  e  e
   d   d
   f   f  o  o
  r  r
    

   P   P
  u  u
   b   b
   l   l   i   i
  c  c
   D   D
  o  o
  m  m
  a  a
   i   i  n  n
 , ,

  

 TheH TheH eavierEeavierE lementslements

arsenic,selenium,andbromineatomsthenfollowinregulararsenic,selenium,andbromineatomsthenfollowinregular

order.order.

• ° §• ° § 00C | 3 2 3C | 3 2 3

< f< f ff>  &>  &

oo o oo oo co c

ooc x x x |c x x x | »  | |»  | |

ooc x x cc x x c » £» £

O  O  AO  O  A //..

< x | x o< x | x oc » § £c » § £

FF ig. 3ig. 3 . A. A tomicsttomicstructuructures'res' w ithmostw ithmostructuructura lcentra lcenters. Thers. Theshortstreshortstra ighta ight

linesrepresentinternalchemicalbonds.linesrepresentinternalchemicalbonds.
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II nthenucleatedseleniumatomthetwonthenucleatedseleniumatomthetwo valenceelectronsvalenceelectrons

willbemostlikelytowillbemostlikelyto arrangethemselvessymmetricallyatarrangethemselvessymmetricallyat

oppositesidesoftheatom,whereasthevorte seleniumoppositesidesoftheatom,whereasthevorte selenium

atomhasitstwovalencebondsatatomhasitstwovalencebondsat thecornersofathecornersofa tetra-tetra-

hedronlikethesulphuratom,butdiffershedronlikethesulphuratom,butdiffers fromthelatterinfromthelatterin

havinganargongroupattachedtoonehavinganargongroupattachedtoone oftheremainingoftheremaining

corners.Icorners.I twillreadilybetwillreadilybe seenthatiftheseenthatifthe twoseleniumtwoselenium

atomsoftheselenanthrenmoleculeinFatomsoftheselenanthrenmoleculeinF ig.40arearrangedig.40arearranged

withtheirargongroupsbelowthewiththeirargongroupsbelowthe planeofthepaper,theplaneofthepaper,the

twobenzeneringswillbepermanentlytiltedtowardeachtwobenzeneringswillbepermanentlytiltedtowardeach

other,andelectrondiffractionphotographshaveshownthatother,andelectrondiffractionphotographshaveshownthat

theselenanthrenmoleculeisactuallyfoldedasshown.theselenanthrenmoleculeisactuallyfoldedasshown.

{{ N AN A T UT UR ER E , S e p t . 1 2, S e p t . 1 2, 1, 1 4 2 , p4 2 , pp . 3 2p . 3 21 - 31 - 32 2 .2 2 .))

 Thisstructureoftheseleniumatom Thisstructureoftheseleniumatom isalsoinperfectisalsoinperfect

agreementwiththephysiological'agreementwiththephysiological' behaviorofselenium.Ibehaviorofselenium.I tistis

nowknownthatwhathadpreviouslybeendescribedasnowknownthatwhathadpreviouslybeendescribedas

"" alkalidisease alkalidisease isreallyseleniumpoisoning,theseleniumisreallyseleniumpoisoning,theselenium

atomsevidentlytakingtheplacesofthesulphuratomsevidentlytakingtheplacesofthesulphur atomsinatomsin

theproteinchemicalstructures.Thisistheproteinchemicalstructures.Thisis qq uiteevidentfromuiteevidentfrom

thepathologicalspreadingoutofthehornythepathologicalspreadingoutofthehorny structureswhichstructureswhich

arenormallyrichinsulphur,arenormallyrichinsulphur, theseleniumatomsbeingmoretheseleniumatomsbeingmore

bulkythanthesulphuratoms.Theabilityofbulkythanthesulphuratoms.Theabilityof seleniumtoseleniumto

taketheplaceofsulphurtaketheplaceofsulphur intheproteinchemicalstructureintheproteinchemicalstructure

canbereacanbereadilyedilye pla inpla inedundeedunderthevorte  rthevorte  theortheorybecauybecausethesethe

twovalencebondsoftheseleniumatomaretwovalencebondsoftheseleniumatomare ateate actlytheactlythe

sameangletoeachotherandsameangletoeachotherand ee actlythesamedistanceapartactlythesamedistanceapart

asinthesulphurasinthesulphur atom,whereasinthenucleatedseleniumatom,whereasinthenucleatedselenium

atomthetwovalenceelectronsmustbeatomthetwovalenceelectronsmustbe presumedtobepresumedtobe

furtherawayfromeachotherthaninfurtherawayfromeachotherthanin thesulphuratom.thesulphuratom.

FF ig.40.Theselenanthrenmolecule.ig.40.Theselenanthrenmolecule.
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 TheH TheH eavierEeavierE lementslements

 Thee Thee perimentalinformationaboutmasuriumisveryperimentalinformationaboutmasuriumisvery

scanty,butitappearsfromtheoreticalconsiderationsthatscanty,butitappearsfromtheoreticalconsiderationsthat

themasuriumatomcannotconsistofathemasuriumatomcannotconsistofa furtherdevelopmentfurtherdevelopment

ofthemolybdenumatom.Iofthemolybdenumatom.I tmusthaveatmusthavea differentinternaldifferentinternal

structure,whichcan'structure,whichcan' benothingotherthanagroupbenothingotherthanagroup ofthreeofthree

structuralcenters.Theestructuralcenters.Thee actarrangementoftheheliumandactarrangementoftheheliumand
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FF ig. 41. A tomicstrucig. 41. A tomicstructureswtureswiththreiththreestructestructura l ura l centecenters.rs.

hydrogengroupsinthemasuriumatomis,however,stillhydrogengroupsinthemasuriumatomis,however,still inin

doubt.doubt.

 Therutheniumatomhasitsend Therutheniumatomhasitsend portionscompletelycov-portionscompletelycov-

eredwithhydrogengroups,whicharechangedsuccessivelyeredwithhydrogengroups,whicharechangedsuccessively

toheliumgroupsuntilwetoheliumgroupsuntilwe cometocadmium.Theprogress-cometocadmium.Theprogress-

iveloweringofthemeltingpointiveloweringofthemeltingpoint alongthisseriesofele-alongthisseriesofele-

mentsisevidenceofsuchmentsisevidenceofsuch successivechangeofhydrogensuccessivechangeofhydrogen

intoheliumgroups.Iintoheliumgroups.I fweassumethatsomeoffweassumethatsomeof thehydrogenthehydrogen

[ [ 99 55
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EE therandMtherandMatteratter

groupsforminternalchemicalbondsinthegroupsforminternalchemicalbondsinthe sameatoms,thensameatoms,then

thevalencesoftheseelementscanalsothevalencesoftheseelementscanalso heaccountedfor.heaccountedfor.

AA lthoughsilverhasavalenceoflthoughsilverhasavalenceof onlyone,itshighmelt-onlyone,itshighmelt-

ingpointseemsirreconcilablewiththeingpointseemsirreconcilablewiththe assumptionthatithasassumptionthatithas

onlyonehydrogengrouplikethealkalionlyonehydrogengrouplikethealkali metals.Imetals.I tseemstseems

morelikelythatithasmorelikelythatithas threehydrogengroups,twoofwhichthreehydrogengroups,twoofwhich

areunitedbyaninternalareunitedbyaninternal bond.Ibond.I nthechloride,bromide,nthechloride,bromide,

iodide,andcyanideofsilvertheiodide,andcyanideofsilverthe internalbondisprobablyinternalbondisprobably

FF ig.42.Aig.42.A tomicstructuresofbarium,lutecium,hafnium,andtantalum.tomicstructuresofbarium,lutecium,hafnium,andtantalum.

 Thereisstillsome Thereisstillsome doubtwhetherhafniumandtantalumarethelastofdoubtwhetherhafniumandtantalumarethelastof thethe

rareearths,orthefirstrareearths,orthefirst membersofthetungsten-radonseries.membersofthetungsten-radonseries.

brokenbycongestionwithinthemolecule,whereuponthebrokenbycongestionwithinthemolecule,whereuponthe

liberatedhydrogengroupswouldcombinewiththoseof liberatedhydrogengroupswouldcombinewiththoseof 

adjacentsilveratomstoforminsolublechainlikepolymers.adjacentsilveratomstoforminsolublechainlikepolymers.

 Thefluorineatomhasfewerheliumgroupsthan Thefluorineatomhasfewerheliumgroupsthan theatomstheatoms

oftheotherhalogens,whichmaybeoftheotherhalogens,whichmaybe thereasonwhysilverthereasonwhysilver

fluorideissoluble.fluorideissoluble.

 Thefactthatnearlyall Thefactthatnearlyall therareearthshaveatherareearthshavea valenceof valenceof 

threemustbeduetothreemustbedueto thestructuresoftheentirethestructuresoftheentire atoms,atoms,

ratherthantothenumberofratherthantothenumberof hydrogengroupsineachcase.hydrogengroupsineachcase.

EE very ravery rareearthareearthatomconstomconsistso faxenonstructuistso faxenonstructurew ithrew ith

threeormorehydrogengroups,andprobablyalsosomethreeormorehydrogengroups,andprobablyalsosome
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 TheH TheH eavierEeavierE lementslements

additionalheliumgroups.Iadditionalheliumgroups.I fthehydrogengroupswereat-fthehydrogengroupswereat-

tachedtotheendsoftachedtotheendsof thexthex enonstructure,thenitwouldbeenonstructure,thenitwouldbe

impossibletoeimpossibletoe plaintheinvariablevalenceofthreethrough-plaintheinvariablevalenceofthreethrough-

outtherareearthseries,outtherareearthseries, ortheclosesimilarityofortheclosesimilarityof thethe

successiveelementsintheirchemicalproperties.Isuccessiveelementsintheirchemicalproperties.I fthefthe

hydrogengroupsarenotattachedtothehydrogengroupsarenotattachedtothe endsofthexendsofthex enonenon

structure,thentheymustbeattachedtostructure,thentheymustbeattachedto thecentralargonthecentralargon

group.Thiswouldleavetheendsofgroup.Thiswouldleavetheendsof thexthex enonstructureenonstructure

inert,withthreefreearmsoninert,withthreefreearmson eachend.Thesemaybeeachend.Thesemaybe

presumedtopositionthemselvesinsuchapresumedtopositionthemselvesinsucha mannerastomannerasto

dividethespacearoundtheraredividethespacearoundtherare earthatomintothreeearthatomintothree

symmetricalzonesofelectrificationsoastosymmetricalzonesofelectrificationsoasto furnishonlyfurnishonly

threeregionsthroughwhichotheratomscanthreeregionsthroughwhichotheratomscan enterforenterfor

FF ig.43.Aig.43.A tomicstructuresoftungsten,mercury,anduranium.tomicstructuresoftungsten,mercury,anduranium.

chemicalcombination.Achemicalcombination.A fterthecentralstructurehasfterthecentralstructurehas be-be-

comesufficientlybuiltup,however,thehydrogengroupscomesufficientlybuiltup,however,thehydrogengroups

willnolongerbewithinwillnolongerbewithin thezonesofintenseelectrification,thezonesofintenseelectrification,

butwillbefreebutwillbefree tocombinewithmorethanthreevalencetocombinewithmorethanthreevalence

bondsfromotheratoms.Theappearanceoftetravalentbondsfromotheratoms.Theappearanceoftetravalent
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EE therandMtherandMatteratter

hafniumandpentavalenttantalummaybeehafniumandpentavalenttantalummaybee plainedinthisplainedinthis

manner.Omanner.O ntheotherhanditntheotherhandit isalsopossiblethathafniumisalsopossiblethathafnium

andtantalummaybethefirstandtantalummaybethefirst twomembersofthetungsten-twomembersofthetungsten-

radonseriesassuggestedbytheradonseriesassuggestedbythe diagramsinFdiagramsinF ig.42.Aig.42.A

comparisonofthespectraoughttocomparisonofthespectraoughtto behelpfulinallocatingbehelpfulinallocating

thesetwoelements.thesetwoelements.

II fwestartbackwardsfromtheradonfwestartbackwardsfromtheradon atombychangingatombychanging

theperipheralheliumgroupssuccessivelyintohydrogentheperipheralheliumgroupssuccessivelyintohydrogen

groups,thentheperipherywillbecomeentirelyfilledgroups,thentheperipherywillbecomeentirelyfilled withwith

hydrogengroupswhenwearriveattungsten.Thiswouldhydrogengroupswhenwearriveattungsten.Thiswould

satisfactorilyaccountforthephysicalandchemicalprop-satisfactorilyaccountforthephysicalandchemicalprop-

ertiesoftungsten,andespeciallyforitsertiesoftungsten,andespeciallyforits highmeltingpoint.highmeltingpoint.

FF ig.44.Three-dimensionalviewsoftheplatinumandleadatoms.ig.44.Three-dimensionalviewsoftheplatinumandleadatoms.

 TheplatinumatominF TheplatinumatominF ig.44isig.44is shownwithavalenceof shownwithavalenceof 

four,buttheuppermostandlowermosthydrogengroupsfour,buttheuppermostandlowermosthydrogengroups

maycombinewitheachothersoasmaycombinewitheachothersoas toleavetheatomwithatoleavetheatomwitha

valenceoftwo.Ivalenceoftwo.I foneoftherearfoneoftherear hydrogengroupsissub-hydrogengroupsissub-

stitutedbyaheliumgroupthestitutedbyaheliumgroupthe goldatomisproduced,goldatomisproduced,

whereasifbotharesubstitutedbyheliumwhereasifbotharesubstitutedbyhelium groupsthemer-groupsthemer-

curyatomisproduced.Icuryatomisproduced.I tappearsthatintappearsthatin themercuryatomthemercuryatom

abranchedvalencebondmaybeformedbyabranchedvalencebondmaybeformedby theunionofthetheunionofthe

uppermostandlowermosthydrogengroupssotoproduceuppermostandlowermosthydrogengroupssotoproduce

univalentmercury,whereasifthesetwohydrogengroupsunivalentmercury,whereasifthesetwohydrogengroups

remainfreetheatomisremainfreetheatomis divalent.Idivalent.I nmetallicmercuryallnmetallicmercuryall

hydrogengroupsareprobablycombinedwitheachotherinhydrogengroupsareprobablycombinedwitheachotherin

9 8  ]  .9 8  ]  .
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pairs,whichwouldaccountforthepairs,whichwouldaccountforthe lowmeltingpointof lowmeltingpointof 

mercuryascomparedwithelementslikeleadinmercuryascomparedwithelementslikeleadin whichatwhichat

leasttwoofthehydrogengroupsareleasttwoofthehydrogengroupsare alwayspreventedbyalwayspreventedby

theadjacentinertstructuresfromcombiningwitheachtheadjacentinertstructuresfromcombiningwitheach other.other.

MostoftheseatomicstructureshadMostoftheseatomicstructureshad tobearrivedatbytobearrivedatby

interpolationandarestillininterpolationandarestillin thespeculativestage,butethespeculativestage,bute peri-peri-

mentalproofsordisproofswillundoubtedlybeforthcomingmentalproofsordisproofswillundoubtedlybeforthcoming

inthefuture.A stuinthefuture.A studyoftheatomicspectradyoftheatomicspectra fromthestand-fromthestand-

pointofthevorte atopointofthevorte atomtheoryshouldbeofmtheoryshouldbeof valuehere,andvaluehere,and

XX -raydiffractionstudiesofcrystalsshouldgive-raydiffractionstudiesofcrystalsshouldgive valuablevaluable

informationastotheshapesandinformationastotheshapesand dimensionsofthevariousdimensionsofthevarious

atomatoms. Fs. F oreore amplample , the iode, the iodineatoineatomunderthmunderthevorteevorte

theoryisaboutthreetimesastheoryisaboutthreetimesas longasitislongasitis wide,whereasthewide,whereasthe

nucleatediodineatomshouldmeasureaboutthesameinnucleatediodineatomshouldmeasureaboutthesamein allall

directdirections. A neions. A ne aminaaminationofcrytionofcrysta ll ista ll ine iodidne iodidesby theesby the

XX -raydiffractionmethodsnowinuseshouldbe-raydiffractionmethodsnowinuseshouldbe sufficienttosufficientto

decidebetweenthesetwostructures.decidebetweenthesetwostructures.

FF ig.45showsthattheig.45showsthatthe atomsoftheheavierelementsareatomsoftheheavierelementsare

onlyslightlylargerthantheonlyslightlylargerthanthe atomsofthelighterelements.atomsofthelighterelements.

II f theatomf theatomsw ereconsw ereconstitutstitutedeede actlyasshactlyasshow ninthedow ninthedia -ia -

grams,thenthedifferencesinsizegrams,thenthedifferencesinsize shouldbemuchgreatershouldbemuchgreater

thanisactuallythecase.thanisactuallythecase. OO ntheotherhandifntheotherhandif weassumeweassume

thattheelementaryvorte ringsintheheavierelementsarethattheelementaryvorte ringsintheheavierelementsare

smallerthaninthelightersmallerthaninthelighter elements,thenwewouldhaveelements,thenwewouldhave

difficultyinedifficultyine plainingwhytheindividualprotonsintheplainingwhytheindividualprotonsinthe

heavierelementshaveverynearlythesamemassasinheavierelementshaveverynearlythesamemassasin thethe

lighterelements.Theonlyremainingpossibilityisthatlighterelements.Theonlyremainingpossibilityisthat thethe

protons,electrons,andneutronsintheheavierelementsareprotons,electrons,andneutronsintheheavierelementsare

crowdedmorecloselytogetherthaninthecrowdedmorecloselytogetherthaninthe lighterelements.lighterelements.

.Thise.Thise planationseemsreasonablewhenitisconsideredplanationseemsreasonablewhenitisconsidered

thatthedifferentpartsofanthatthedifferentpartsofan atomareprobablyheldto-atomareprobablyheldto-

getherbypushorpressuregetherbypushorpressure fromtheoutsideratherthanbyfromtheoutsideratherthanby

pullortensionfromthepullortensionfromthe inside.Sinside.S incetheheavieratomsincetheheavieratoms

havemohavemorevorte  revorte  ringseringse posedtoeposedtoe ternaternalethercurlethercurrentsrents

thanthelighterelements,itmaybethanthelighterelements,itmaybe presumedthattheyarepresumedthattheyare

undermorepressurefromtheoutside.undermorepressurefromtheoutside.

Underthevorte theoryradioactivityandthesplittingof Underthevorte theoryradioactivityandthesplittingof 

theuraniumatomareperipheralacitivities.Theuraniumtheuraniumatomareperipheralacitivities.Theuranium

ioo]ioo]
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atomhasthesamegeneralstructureasatomhasthesamegeneralstructureas thebariumatomthebariumatom

ee ceptthatbranchedclustersofvalencebondsceptthatbranchedclustersofvalencebonds takethetakethe

placesofthesinglevalencebondsplacesofthesinglevalencebonds ofthebariumatom.ofthebariumatom.

WhenWhen auraniumatom(especiallytheuraniumisotope235)auraniumatom(especiallytheuraniumisotope235)

isbombardedwithneutrons,someofthemwillbecomeat-isbombardedwithneutrons,someofthemwillbecomeat-

tachedtotheperipheryofthetachedtotheperipheryofthe atomsothattheperipheryatomsothattheperiphery

w illbecw illbecomemoomemorecrow drecrow dedandw iledandw illtendtoeltendtoe pandpand. S. S uchuch

ee pansionispreventedonlybythefourpansionispreventedonlybythefour radialarmsoftheradialarmsofthe

centralheliumgroup,andwhenthesearmstear,centralheliumgroup,andwhenthesearmstear, theatomtheatom

fliestopieces.Theproductsoffliestopieces.Theproductsof suchdisintegrationconsistsuchdisintegrationconsist

oftwoseparateanddistinctseriesoftwoseparateanddistinctseries ofelements,namelyBofelements,namelyB r,r,

KK r, R b, Sr, R b, S r, Yr, Y , Z, Z r, C b, andMo, (a llo fw hr, C b, andMo, (a llo fw hichhavetichhavetw ow o

structstructura lcenura lcenters), aters), andSndS n, Sn, S b, Te, Ib, Te , I , X, X e, C s, Be, C s, B a, andLa,a , andLa,

(allofwhichhavethree(allofwhichhavethree structuralcenterswithfourheliumstructuralcenterswithfourhelium

groupsbetweenadjacentcenters).TheelementsRgroupsbetweenadjacentcenters).TheelementsR u,Ru,R h,h,

Pd, A g, CPd, A g, C d, andId, andI nhavenevnhaveneverbeenfoerbeenfoundamoundamongthengthe

uraniumsplitproducts,althoughtheyaretheuraniumsplitproducts,althoughtheyarethe veryonesthatveryonesthat

wewouldewewoulde pecttofindifpecttofindif theuraniumatomwoulddividetheuraniumatomwoulddivide

i n ti n to t w oo t w oa p pa p pr or o i m ai m at e lt e ly ey e u a l pu a l pa r ta r ts . { Ns . { N AA T U R JT U R J V . , A u g . 2V . , A u g . 23 ,3 ,

11 40, p. 5440, p. 543. )I3. ) I tw il lbenotitw il lbenoticedthacedthateachof theteachof these interse inter--

mediateelementshasonlythreeheliumgroupsbetweenatmediateelementshasonlythreeheliumgroupsbetweenat

leastsomeofitsstructuralleastsomeofitsstructural centers.Icenters.I fweassumethatitfweassumethatit isis

alwaystheshorterarmsofthealwaystheshorterarmsofthe uraniumatomwhichtearoff,uraniumatomwhichtearoff,

thentheabsenceoftheseintermediateelementswouldbethentheabsenceoftheseintermediateelementswouldbe

accountedfor.Oaccountedfor.O ntheotherhandwithntheotherhandwith suchanassumptionsuchanassumption

wewouldhavedifficultyinaccountingforwewouldhavedifficultyinaccountingfor thepresenceof thepresenceof 

thee lemtheelementsSntoLentsSntoL a, unlesa , unlessw eassumsw eassumethattheneethattheneutronutronss

convertsomeoftheterminalheliumgroupsintoconvertsomeoftheterminalheliumgroupsinto hydrogenhydrogen

groups.groups.

OO rdinaryradioactivityconsistsoftheemissionofalphardinaryradioactivityconsistsoftheemissionofalpha oror

betaparticles,oftenaccompaniedbygammaradiation.Thebetaparticles,oftenaccompaniedbygammaradiation.The

alphaandbetaparticlesmaybealphaandbetaparticlesmaybe formeddenovoattheformeddenovoatthe

instantofemission,insteadofeinstantofemission,insteadofe istingpreformedwithintheistingpreformedwithinthe

atomsasisgenerallyassumed.Iatomsasisgenerallyassumed.I tisreadilyconceivablethattisreadilyconceivablethat

analphaparticlecouldbeanalphaparticlecouldbe formedwheneverfourneutronsformedwheneverfourneutrons

arebrouarebroughtintocloghtintocloseprosepro im itywimitywithoneanithoneanotheother. Ir. I f tw oof  f tw oof  

theneutronsarrangethemselveswiththeirnegativeendstheneutronsarrangethemselveswiththeirnegativeends

inwardly,andtheothertwowiththeirinwardly,andtheothertwowiththeir positiveendsinward-positiveendsinward-

[  [  1 01 011
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ly,thenallthely,thenallthe essentialpartsofanalphaparticleessentialpartsofanalphaparticle willbewillbe

present.Thetwoneutronswhichhavetheirpositiveendspresent.Thetwoneutronswhichhavetheirpositiveends

positionedinwardlymaythenbeassumedtoshedtheirpositionedinwardlymaythenbeassumedtoshedtheir outerouter

vorte  vorte  ringssoaringssoastobechangstobechangedintoordedintoordinarypinaryprotonrotons. Is. I tt

doesnotseempossiblethatalphaparticlesdoesnotseempossiblethatalphaparticles canalwaysbecanalwaysbe

formedbythesimpleseparationofterminalheliumgroupsformedbythesimpleseparationofterminalheliumgroups

becausethiswouldnotaccountforbecausethiswouldnotaccountfor theconversionofuraniumtheconversionofuranium

intoradiumandthelatterintoradiumandthelatter intoradonwithatotalintoradonwithatotal lossofsilossofsi

valencebonds.valencebonds.

 Theformationofnegativeelectronsdenovoduringbeta Theformationofnegativeelectronsdenovoduringbeta

particleemissionwouldalsomakeiteasierparticleemissionwouldalsomakeiteasier toetoe plaintheplainthe

radioactivityoftritiumwhichhasaradioactivityoftritiumwhichhasa halflifeperiodofthirtyhalflifeperiodofthirty

yearsandistransformedintohybridium(theso-calledyearsandistransformedintohybridium(theso-called

"" he liuhe liumisotomisotopepe )w iththeem)w iththeemissionoissionofanegatifanegativee lectvee lectronron

o f a bo f a bo u t 1o u t 15 k e v5 k e v. ( P H Y. ( P H Y S . RS . R EE V . 5V . 5 , 5 7 4, 5 7 4, 1, 1 4 0 .4 0 .) I) I f w ef w e

assumethatthetritonconsistsofassumethatthetritonconsistsof threeprotonsinathreeprotonsina ialaline-ialaline-

mentwithoneanother,thenitmentwithoneanother,thenit isconceivablethatsingleisconceivablethatsingle

vorte rings(probablyfromcosmicradiation)maylooselyvorte rings(probablyfromcosmicradiation)mayloosely

attachthemselvestothetwooutermostprotons,andthenattachthemselvestothetwooutermostprotons,andthen

combinewitheachothersoascombinewitheachothersoas toformabetaparticle.toformabetaparticle.

 Thetheorythatbetaparticlesmaybe Thetheorythatbetaparticlesmaybe produceddenovoproduceddenovo

bythecombinationoftwosinglevorte ringswillalsohelpbythecombinationoftwosinglevorte ringswillalsohelp

toetoe plaintheproductionofelectronpairsplaintheproductionofelectronpairs (electronsand(electronsand

positrons)duringartificialradioactivity.Fpositrons)duringartificialradioactivity.F oreore ample,itisample,itis

conceivablethatwhenacertainheliumgroupcarriesconceivablethatwhenacertainheliumgroupcarries oneachoneach

sidethereofacapturedelectronassidethereofacapturedelectronas showninFshowninF ig.20,andig.20,and

oneofthesecapturedelectronsisoneofthesecapturedelectronsis struckbyaneutron,thenstruckbyaneutron,then

theimpactedelectronwillswingaroundandtheimpactedelectronwillswingaroundand collidewiththecollidewiththe

othercapturedelectronwithsufficientviolencetocauseothercapturedelectronwithsufficientviolencetocause thethe

fourvorte rinfourvorte ringstorearrangethemselvesinsuchgstorearrangethemselvesinsuch amanneramanner

astoproduceanastoproducean electronpair,whiletheneutronattacheselectronpair,whiletheneutronattaches

itselfinplaceofitselfinplaceof theimpactedelectron.theimpactedelectron.

WhetherWhether ornottheradioactivedisplacementlawisornottheradioactivedisplacementlawis en-en-

tirelycorrectwillhavetotirelycorrectwillhaveto beleftforfuturebeleftforfuture decision.Thisdecision.This

lawwasbasedonthenuclearlawwasbasedonthenuclear theoryoftheatom,andiftheoryoftheatom,andif thethe

nucleartheoryisitselferroneous,thenthenucleartheoryisitselferroneous,thenthe radioactivedis-radioactivedis-

placementlawwillprobablyalsoneedrevision.Bplacementlawwillprobablyalsoneedrevision.B utevenif utevenif 

theradioactivedisplacementlawisentirelycorrect,thetheradioactivedisplacementlawisentirelycorrect,the
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HH presepresentchapntchapterdoesnoterdoesnotpurportpurporttobeatreatittobeatreatisese

onbiochemistry,butratherageneralconsiderationof onbiochemistry,butratherageneralconsiderationof 

.livingmatterfroma.livingmatterfroma theoreticalorphilosophicalstand-theoreticalorphilosophicalstand-

point.Therehasbeensomesomedisputeaspoint.Therehasbeensomesomedisputeas towhetherthetowhetherthe

ee presspression"ion" liv inliv ingmattegmatter r isjustifisjustifiableiable, l if eproc, l if eprocesseessesbe ingsbe ing

usuallyassociatedwithdefinitephysicalorganizationsandusuallyassociatedwithdefinitephysicalorganizationsand

notmerelywiththepresenceofnotmerelywiththepresenceof acertainkindofsubstance.acertainkindofsubstance.

Physicalorganizationdisappears,however,inthedirectionPhysicalorganizationdisappears,however,inthedirection

ofthesimplerformsofofthesimplerformsof life,andinthecaselife,andinthecase offiltrableoffiltrable

virusesisentirelyabsentorvirusesisentirelyabsentor isonsosmallisonsosmall ascaleastoascaleasto bebe

hardlydistinguishablefromthechemicalorganizationofthehardlydistinguishablefromthechemicalorganizationofthe

largerorganicmolecules.Ilargerorganicmolecules.I tisintisin theregionofabout50theregionofabout50

AA ngstromswherechemicalandbiologicalstructuresmergengstromswherechemicalandbiologicalstructuresmerge

intoeachother.Aintoeachother.A nyphysicalstructuresassmallasnyphysicalstructuresassmallas 5050

AA ngstrngstromsmusomsmustbeetbee tremtremelysimpelysimple , anditmule , anditmustobv istobv iouslyously

bethechemicalratherthanbethechemicalratherthan thephysicalbehaviorofsuchthephysicalbehaviorofsuch

structureswhichdetermineswhethertheyarelivingorstructureswhichdetermineswhethertheyarelivingor non-non-

living.living.

II flifeiniflifeini tssimplestformisessentiallyatssimplestformisessentiallya chemicalpro-chemicalpro-

cess,thenitmustbecess,thenitmustbe thefunctionofadefinitekindthefunctionofadefinitekind ofsub-ofsub-

stance,whichcanonlybeofstance,whichcanonlybeof aproteinaceouscharacter.aproteinaceouscharacter.

CC arbohydratesservemerelyasstructuralmaterial,orwhenarbohydratesservemerelyasstructuralmaterial,orwhen

presepresentassugantassugarsmay furrsmay furnishenenishenergyuporgyuponono idatiidation. F atson. F ats

andsubstancesnormallypresentinthedissolvedorandsubstancesnormallypresentinthedissolvedor mole-mole-

cularstatemayservevarioussubsidiarypurposes,butunlesscularstatemayservevarioussubsidiarypurposes,butunless

theyaresoconstitutedastheyaresoconstitutedas tobeabletotobeableto polymerizeorcon-polymerizeorcon-

densefromdilutesolutionsinsuchdensefromdilutesolutionsinsuch amannerastoamannerasto perpetuateperpetuate

definitepatterns,theycouldnotbeconsideredasdefinitepatterns,theycouldnotbeconsideredas anessentialanessential

partoflivingmatter.Ipartoflivingmatter.I tisbysuchtisbysuch aprocessofeliminationaprocessofelimination

thatweeventuallyarriveattheconclusionthatweeventuallyarriveattheconclusion thatlivingmatterthatlivingmatter

mustbesomematerialofamustbesomematerialofa proteinaceouscharacter,builtupproteinaceouscharacter,builtup

ofalphaaminoacidresidues.ofalphaaminoacidresidues.

ProteinsdifferfrommostotherchemicalcompoundsinProteinsdifferfrommostotherchemicalcompoundsin

thatitisthatitis notpossibletorepresentthembynotpossibletorepresentthemby anysimpleem-anysimpleem-

1010 ]]
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piricalformula.Theircompositionisgenerallysomewhatpiricalformula.Theircompositionisgenerallysomewhat

a s f oa s f ol l ol l ow sw s: C  4 0 — 5 5 % , H  6 .: C  4 0 — 5 5 % , H  6 . — 7 . 0 % , N  1 6 — 1— 7 . 0 % , N  1 6 — 1 % , O% , O

20—23% , S 20—23% , S 0. 5—2. 5% , P0. 5—1. 5% . Theper-0. 5—2. 5% , P0. 5—1. 5% . Theper-centof  centof  

hydrogenissomewhatindefinitebecauseofthedifficultyof hydrogenissomewhatindefinitebecauseofthedifficultyof 

removingallthewater,andthisalsoremovingallthewater,andthisalso renderstheper-centof renderstheper-centof 

oo ygenindefinite.Theper-centofcarbondependsinygenindefinite.Theper-centofcarbondependsin partpart

onthenumberandsizesonthenumberandsizes ofthehydrocarbonside-chains,onofthehydrocarbonside-chains,on

whichtheper-centofhydrogenalsodepends.Theper-centwhichtheper-centofhydrogenalsodepends.Theper-cent

ofnitrogen,however,isofgreatersignificance,therebeingofnitrogen,however,isofgreatersignificance,therebeing

reasonsforbelievingthatthelargereasonsforbelievingthatthelarge majorityofthenitrogenmajorityofthenitrogen

atomsoccupyjustoneuniatomsoccupyjustoneuni uepositionwithrespecttouepositionwithrespectto thethe

surroundingstructure,namelyaspartsofpolypeptidechains.surroundingstructure,namelyaspartsofpolypeptidechains.

 Thenumberofo Thenumberofo ygenatomsisaboutone-fifthgreaterthanygenatomsisaboutone-fifthgreaterthan

thenumberofnitrogenatoms,duenothenumberofnitrogenatoms,dueno doubttothepresencedoubttothepresence

ofhydroofhydro ylgroupsonsomeoftheylgroupsonsomeofthe hydrocarbonside-chains.hydrocarbonside-chains.

 Thesulphurandphosphorusatomsarepresentin Thesulphurandphosphorusatomsarepresentin muchmuch

smallernumbersthanthenitrogenatoms,hencesulphurandsmallernumbersthanthenitrogenatoms,hencesulphurand

phosphoruscannotformregularbuildingblocksinthephosphoruscannotformregularbuildingblocksinthe poly-poly-

peptidechains.Thisconclusionisalsopeptidechains.Thisconclusionisalso corroboratedbythecorroboratedbythe

factthatsulphurandphosphoruscanfactthatsulphurandphosphoruscan bereadilyremovedbereadilyremoved

fromproteinsbytreatmentwithhotalkali.fromproteinsbytreatmentwithhotalkali.

 Thetheorythatproteinsconsistessentiallyofl Thetheorythatproteinsconsistessentiallyofl ongpoly-ongpoly-

peptidechainsbuiltupofpeptidechainsbuiltupof aminoacidresiduessoasaminoacidresiduessoas toformtoform

thesethese uenceuence::

H  O  H  H  O  HH  O  H  H  O  H
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hasbeehasbeenadvannadvancedlongacedlongagobyEgobyE milF ischer, buttheques-milF ischer, buttheques-

itionasitionas tohowthesechainscouldbetohowthesechainscouldbe arrangedinspacesoasarrangedinspacesoas

toformatleastatoformatleasta workingmodeloflivingmatterhadworkingmodeloflivingmatterhad

remainedunanswereduntil1remainedunanswereduntil1 27whentheirarrangementin27whentheirarrangementin

theformotheformofpara lfpara lle lspirale lspiralsw assugglsw assuggestedested. (C .. (C . FF . K. K raf f tra f f t,,

SS pina lMopina lMolecullecularSarS tructutructures, theB asiso fLres, theB asiso fL ife . )Thife . )Theseese

spiralsmaybepresumedtogrowendwisebyspiralsmaybepresumedtogrowendwiseby theadditionof theadditionof 

aminoacidresidues,alwaysmaintainingthesamecross-aminoacidresidues,alwaysmaintainingthesamecross-

sectiosectiona lpattna lpattern. Sincethere isno limern. Sincethere isno limitto thecomittothecompleple ityity

ofthepatternwhichcouldofthepatternwhichcould bethusperpetuated,wehavebethusperpetuated,wehave

hereforthefirsthereforthefirst timeamechanicalmodelbywhichthetimeamechanicalmodelbywhichthe

processofhereditycanbeprocessofhereditycanbe representedasafunctionofarepresentedasafunctionofa

physiphysica lstruca lstructurecture. Thisw ase. Thisw ase presspressedinthew riedinthew riterter s1s1 2727

monographinthefollowingwords:monographinthefollowingwords:

 Thesmallestbaoillus...consistsofa Thesmallestbaoillus...consistsofa largenumberofsuchlargenumberofsuch

spiralsinparallelformation...spiralsinparallelformation... .Thearrangementandspacingof .Thearrangementandspacingof 

thedifferentspiralsmustnecessarilybemaintainedthroughoutthedifferentspiralsmustnecessarilybemaintainedthroughout

growth,andwill,upondivision,betransmittedtothegrowth,andwill,upondivision,betransmittedtothe progenybyaprogenybya

processofheredity.processofheredity.

BB esidesaccountingforgrowthandheredity,thespiralesidesaccountingforgrowthandheredity,thespiral

polypeptidetheoryalsoaccountsfortheopticalactivitypolypeptidetheoryalsoaccountsfortheopticalactivity of of 

aminoacidsobtainedbyhydrolyticdecompositionofpro-aminoacidsobtainedbyhydrolyticdecompositionofpro-

teins.A merezigzagfoldingofthepolypeptidechainsasteins.A merezigzagfoldingofthepolypeptidechainsas

taughtbyWtaughtbyW .T.A.T.A stburywouldnotaccountforsuchstburywouldnotaccountforsuch opticaloptical

activactivity . Iity . I tmaybetruetmaybetrue, asA, asA stburstburycontenycontends, thads, thathisfo ldethisfo ldedd

structurescanbebuiltstructurescanbebuilt upofopticallyactiveaminoacids,butupofopticallyactiveaminoacids,but

unlikethespiralstructures,theycanunlikethespiralstructures,theycan alsobeformedealsobeformede uallyually

w ellw iw ellw ithracemthracemicmiicmi turestures..

II n1n1 27w henth27w henthespira lprespira lprote inthote intheoryw aeoryw asf irstsugsf irstsuggest-gest-

ed,itwastheprevailingopinioned,itwastheprevailingopinion thatproteinswerecomplethatproteinswerecomple ,,

almostbeyondcomprehension.Thesuggestionthattheyalmostbeyondcomprehension.Thesuggestionthatthey

mayhaveacomparativelysimpleinternalstructurewithmayhaveacomparativelysimpleinternalstructurewith

theirmain-chainsparalleltooneanotherdidtheirmain-chainsparalleltooneanotherdid notmeetwithnotmeetwith

muchfavor,butafewyearslatermuchfavor,butafewyearslater theethee aminationofpro-aminationofpro-

teinsbyXteinsbyX -raydiffractionmethodsshowedthattheyactually-raydiffractionmethodsshowedthattheyactually

dohavesuchastructure.dohavesuchastructure.

Polypeptidespiralsmayassumemanydifferentforms,aPolypeptidespiralsmayassumemanydifferentforms,a
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fewoftheformsmostlikelytofewoftheformsmostlikelyto occurinproteinsbeingoccurinproteinsbeing

showninFshowninF ig.46.Thesemaybejoinedig.46.Thesemaybejoined laterallytoonelaterallytoone

anotherthroughtheirsidechainsoranotherthroughtheirsidechainsor throughhydrogenthroughhydrogen

bondsordisulphidelinkssobondsordisulphidelinksso astoformhoneycombedstruc-astoformhoneycombedstruc-

tureswithcross-sectionalpatternsofanyform.Stureswithcross-sectionalpatternsofanyform.S uchstruc-uchstruc-

turesareideallysuitableasturesareideallysuitableas modelsoflivingmatterbecausemodelsoflivingmatterbecause

thelargeopenspaceswouldbethelargeopenspaceswouldbe filledwithnutrientsolution,filledwithnutrientsolution,

andasthestructuresareandasthestructuresare notchemicallysymmetricalintheirnotchemicallysymmetricalintheir

longitudinaldirections,theywouldtendtokeepthenutrientlongitudinaldirections,theywouldtendtokeepthenutrient

materialintheirintersticesmovinginmaterialintheirintersticesmovingin onedirection,espec-onedirection,espec-

ia lly ifeia lly ife otheothermicprormicprocessecessesofosofo idatiidationtak eplontak eplacesoastoacesoasto

causepulsationsorotherrhythmicmovementsofthespirals.causepulsationsorotherrhythmicmovementsofthespirals.

AA lthoughthephysico-chemicalcomplelthoughthephysico-chemicalcomple ityofthehigherityofthehigher

formsoflifemaybeformsoflifemaybe almostbeyondcomprehension,never-almostbeyondcomprehension,never-

thelessafterlifeprocessesintheirthelessafterlifeprocessesintheir simplestformhavebeensimplestformhavebeen

accountedfor,thedifficultyinunderstandingoreaccountedfor,thedifficultyinunderstandingore plainingplaining

themorecomple themorecomple formsoflifeisformsoflifeis largelyoneofdetaillargelyoneofdetail

ratherthanoneofprinciple.Thereratherthanoneofprinciple.There aretwotypesofscienti-aretwotypesofscienti-

ficmysteries.Oficmysteries.O netypeischaracterizedbyournetypeischaracterizedbyour ignoranceof ignoranceof 

facts.Thusthetopographyoftheoppositesidefacts.Thusthetopographyoftheoppositeside ofthemoonofthemoon

isascientificmystery,notisascientificmystery,not becauseweareunabletosuggestbecauseweareunabletosuggest

plausiblehypotheses,butbecausewedonotknowthefactsplausiblehypotheses,butbecausewedonotknowthefacts

anddetails.Landdetails.L ifeprocesses,however,haveconstitutedaifeprocesses,however,haveconstituteda

dif fedif ferentk irentk indofscienndofscientif icmytif icmysterystery. I. I nouref fonouref forttoerttoe pla inpla in

aprocesslikeheredityouraprocesslikeheredityour maindifficultyhasnotbeenmeremaindifficultyhasnotbeenmere

ignoranceofdetails,butratherourignoranceofdetails,butratherour inabilitytosuggestanyinabilitytosuggestany

plausiblehypothesisorworkingmodel.Fplausiblehypothesisorworkingmodel.F actsanddetailsweactsanddetailswe

hadinabundance,buttheproblemofhadinabundance,buttheproblemof visualizinghowavisualizinghowa

comple structurecouldreproduceitselfhasheretoforecomple structurecouldreproduceitselfhasheretofore

baffledourunderstanding.baffledourunderstanding.

WithWith ourpresentknowledgeofproteinchemicalstructure,ourpresentknowledgeofproteinchemicalstructure,

themostseriouspartofthemostseriouspartof thedifficultyhasbeeneliminated.thedifficultyhasbeeneliminated.

OO nthebasisofnthebasisof suchastructurewearesuchastructureweare nowabletosuggestnowabletosuggest

howapatternofunlimitedcomplehowapatternofunlimitedcomple itycanbeduplicatedanditycanbeduplicatedand

distributedamongtheprogeny.The"distributedamongtheprogeny.The" pattern pattern herereferredherereferred

toetoe istsonlistsonly inthegermply inthegermplasm, anasm, andw hile itsprdw hile itsprimary fimary func-unc-

tionistotionisto perpetuateitself,itisconceivablethatitperpetuateitself,itisconceivablethatit maymay

divideinsuchadivideinsucha mannerthatoneofthedaughterstructuresmannerthatoneofthedaughterstructures
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suffersaslightchangeofsuffersaslightchangeof patternattheinstantofpatternattheinstantof divisiondivision

sothatonlytheothersothatonlytheother daughterstructurewillbeabletodaughterstructurewillbeableto

perpetuatetheoriginalpattern.Thestructurewiththeperpetuatetheoriginalpattern.Thestructurewiththe alter-alter-

edpatternmaythencontinuetoedpatternmaythencontinueto growandperpetuateitsgrowandperpetuateits

modifiedpatternuntilsomelatertimewhenstillmodifiedpatternuntilsomelatertimewhenstill anotheranother

modificationmayoccur,andinthismodificationmayoccur,andinthis mannerproduceonemannerproduceone

tissueafteranotheruntilthecompletebodytissueafteranotheruntilthecompletebody oftheadultoftheadult

individualisformed.individualisformed.

AA lthoulthoughthisisadmghthisisadmittedittedlyaverygelyaverygenera lannera landede tremtremelye ly

vagueevaguee planation,neverthelessitdoesshowthatwithourplanation,neverthelessitdoesshowthatwithour

presentunderstandingofproteinstructuretheproblemof presentunderstandingofproteinstructuretheproblemof 

ee plaininglifeprocessesisnoplaininglifeprocessesisno longerasdifficultasitlongerasdifficultasit former-former-

lywas.Ilywas.I finsteadofdevotingonlyafinsteadofdevotingonlya fewpagestothisfewpagestothis

subjectwewoulddevoteseveralhundredthereto,andcorre-subjectwewoulddevoteseveralhundredthereto,andcorre-

lateourelateoure planationwiththeinnumerableknownfactsof planationwiththeinnumerableknownfactsof 

biochemistryandcytology,itshouldbepossibletobiochemistryandcytology,itshouldbepossibleto ee plainplain

theprocessesofgrowthandheredityintheprocessesofgrowthandheredityin sufficientdetailtosufficientdetailto

convinceeventhemostskepticalindividualsthattheconvinceeventhemostskepticalindividualsthatthe physico-physico-

chemicalechemicale planationoflifeprocessescanhardlybeplanationoflifeprocessescanhardlybe saidanysaidany

longertobaffletheunderstanding.longertobaffletheunderstanding.

OO urstudyofetherandurstudyofetherand matterwouldnotbecompleteif matterwouldnotbecompleteif 

weweretoconfineourselvestotheweweretoconfineourselvestothe physicalormechanicalphysicalormechanical

aspectsofthesubject,withoutanyconsiderationofaspectsofthesubject,withoutanyconsiderationof itsmeta-itsmeta-

physicalaspects.Theephysicalaspects.Thee istenceofmindandconsciousnessistenceofmindandconsciousness

cannotbedenied,butopinionsdifferwidelyascannotbedenied,butopinionsdifferwidelyas tohowtheytohowthey

shouldbeinterpretedandallocated.Ishouldbeinterpretedandallocated.I tappearsthatalldif-tappearsthatalldif-

ferentviewsonthissubjectcanferentviewsonthissubjectcan beclassifiedintotwogeneralbeclassifiedintotwogeneral

groups.Theolderview,whichistodayacceptedbygroups.Theolderview,whichistodayacceptedby atleastatleast

ninepeopleoutoften,andninepeopleoutoften,and maythereforebecalledthemaythereforebecalledthe

"" orthoorthododo v iewv iew, isthatmin, isthatmindandconsdandconsciousciousnessare innessare indi-di-

catiocationsof theensof thee istenistenceofasoulorspiceofasoulorspirituaritualentitywlentitywhichhich

ee istsinaddistsinaddit iontothit iontothechemiechemica le lemcale lementsC , HentsC , H , N, N , O, O , S, S , P ,, P ,

etc.andstructuralorganizations,althoughincloseassoci-etc.andstructuralorganizations,althoughincloseassoci-

ationtherewith.Oationtherewith.O ntheotherhandthentheotherhandthe viewoftheminority,viewoftheminority,

whichisalsoofwhichisalsoof morerecentorigin,isthatmorerecentorigin,isthat thereisnosepa-thereisnosepa-

ratespiritualentity,andthatmindratespiritualentity,andthatmind orconsciousnessismerelyorconsciousnessismerely

thesubjective\thesubjective\ aspectofthelivingorganism.Naspectofthelivingorganism.N ootherinter-ootherinter-

pretationofmindorconsciousnessispretationofmindorconsciousnessis possible.Thereeitherpossible.Thereeither

[ [ "" 33

66
  c  c
   (   (   U   U
  n  n
   i   i  v  v  e  e

  r  r  s  s
   i   i   t   t
  y  y
  o  o
   f   f
   V   V
   i   i  r  r
  g  g
   i   i  n  n
   i   i  a  a
   )   )
  o  o
  n  n
   2   2
   0   0
   1   1
   4   4
 - -   0   0
   5   5
 - -   2   2
   3   3
   0   0
   6   6
  :  :   3   3
   2   2
   G   G
   M   M
   T   T

   /   /
   h   h
   t   t   t   t  p  p

  :  :   /   /
   /   /   h   h
   d   d
   l   l . .
   h   h
  a  a
  n  n
   d   d
   l   l  e  e
 . .  n  n
  e  e
   t   t   /   /
   2   2
   0   0
   2   2
   7   7
   /   /  u  u
  c  c
   1   1
 . .   b   b
   4   4
   2   2
   5   5
   3   3
   1   1
   7   7
   7   7

  o  o
  g  g
   l   l  e  e
 - -   d   d
   i   i  g  g
   i   i   t   t
   i   i  z  z
  e  e
   d   d

   /   /
   h   h
   t   t   t   t
  p  p
  :  :   /   /
   /   /  w  w
  w  w
  w  w
 . .   h   h
  a  a
   t   t   h   h
   i   i   t   t
  r  r  u  u
  s  s
   t   t . .
  o  o
  r  r  g  g
   /   /  a  a
  c  c
  c  c
  e  e
  s  s
  s  s
__
  u  u
  s  s
  e  e
   #   #
  p  p   d   d
 - -  g  g
  o  o
  o  o
  g  g
   l   l  e  e



   G   G
  e  e
  n  n
  e  e
  r  r  a  a
   t   t  e  e
   d   d
   f   f  o  o
  r  r
  e  e
   j   j   k   k
   6   6

   P   P
  u  u
   b   b
   l   l   i   i
  c  c
   D   D
  o  o
  m  m
  a  a
   i   i  n  n
 , ,
   G   G
  o  o

  

EE therandMtherandMatteratter

does, odoes, ordoesnoterdoesnote istasepaistaseparatemeratemetaphytaphysica lensica lentity . It ity . I t ist is

inconceivablehowtherecouldbeanymiddlegroundbetweeninconceivablehowtherecouldbeanymiddlegroundbetween

thesetwoalternatives.thesetwoalternatives.

II f theredof theredoeseese istaseparistaseparatemetatemetaphysaphysica lentica lentity , thity , thenitenit

mustemuste istinspace,becauseotherwiseitistinspace,becauseotherwiseit wouldnotbeanwouldnotbean

"" entitentityy . A. A ny thny thingthatisreingthatisrea lbutdoea lbutdoesnothavespsnothavespatia la tia l

ee istenistencemaybeanatcemaybeanattributtributeoraspecteoraspect, butcann, butcannotbeanotbean

entitentity . B utif theredoesey . B utif theredoese istaseparistaseparatemetatemetaphysaphysica len-ica len-

tity,thenthespacewhichittity,thenthespacewhichit occupiescouldnotbeoccupiedoccupiescouldnotbeoccupied

bytheether,unlesssuchbytheether,unlesssuch entityisitselfmerelyetherinentityisitselfmerelyetherin

motion.Imotion.I neithercaseitneithercaseit wouldhavetooccupyspacetowouldhavetooccupyspaceto thethe

ee clusionofotherthingssuchclusionofotherthingssuch asatomsandmoleculeswhichasatomsandmoleculeswhich

arek noarek now ntoew ntoe istinspacistinspace, orif itconsie , orif itconsistso fethstsofetherinerin

motiononalargerscale,thenmotiononalargerscale,then itwouldhavetocoactwithitwouldhavetocoactwith

otherphysicalforceswhichpresumablyalsoconsistofotherphysicalforceswhichpresumablyalsoconsistof etherether

inmotion.Iinmotion.I neithercaseitneithercaseit seemsthatifmindorseemsthatifmindor conscious-conscious-

nessisaseparateentity,thennessisaseparateentity,then itshouldhavebeendetecteditshouldhavebeendetected

withscientificinstrumentslongago.withscientificinstrumentslongago.

CC onceroncerningthepningthepreva lreva lentmisentmisconceconceptionof tptionof the"he" mind mind asas

aseparaaseparateentitteentity , HughEy , HughE ll io tstl l io tstatesinhisboatesinhisbook onModok onModernern

SS cienceandMaterialismthatcienceandMaterialismthat

WeWe speakofthemindasthoughspeakofthemindasthough itwereathing,anditwereathing,and sinceitissinceitis

notamaterialthing,itnotamaterialthing,it isregardedaspossessingaisregardedaspossessinga spiritual,consist-spiritual,consist-

ency.Iency.I fwecan,byafwecan,bya greateffort,shakeoffthisparalyzingprejudicegreateffort,shakeoffthisparalyzingprejudice

—a—a prejudicewhichhasbeenimmenselyfortifiedandrefinedbytheprejudicewhichhasbeenimmenselyfortifiedandrefinedbythe

wholeKwholeK antianphilosophy—wemaystillantianphilosophy—wemaystill preservesufficientelasticitypreservesufficientelasticity

toperceivethatweknowofnotoperceivethatweknowofno suchthingasmindsuchthingasmind ...(p.121-122)...(p.121-122)

BB elie f inthe lie f intheeee istenistenceofaseparceofaseparatemetatemetaphysaphysica lorica lor

spiritualentityisdueinspiritualentityisduein alargemeasuretoouralargemeasuretoour innatefeelinginnatefeeling

thatwepossessfreedomofwillbythatwepossessfreedomofwillby virtueofwhichourchoicevirtueofwhichourchoice

ofactionisnotofactionisnot necessitatedbutisvoluntary.Wnecessitatedbutisvoluntary.W emustbearemustbear

inmind,however,thatthewillisinmind,however,thatthewillis itselfdeterminedbyitselfdeterminedby

physico-chemicalactivitiesinthebrainandsympatheticner-physico-chemicalactivitiesinthebrainandsympatheticner-

voussystemofwhichwearenotvoussystemofwhichwearenot directlyaware."directlyaware." HH umanuman

libertl iberty , o fw hicy , o fw hichw eallboahw eallboast,  st,  sa idSpinoza,sa idSpinoza,

consistssolelyinthis,thatconsistssolelyinthis,that manasconsciousofhismanasconsciousofhis will,butuncon-will,butuncon-

sciousofthecauses'sciousofthecauses' bywhichitisbywhichitis determined.determined.
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OO urwillisurwillis merelyoursuperficialawarenessofthecere-merelyoursuperficialawarenessofthecere-

bralconditionswhichinduceusbralconditionswhichinduceus toact,andistoact,andis notitselfthenotitselfthe

causeofouraction.Wcauseofouraction.W ehavethefeelingthatehavethefeelingthat ourwillisourwillis

freebecauseweareunconscious,oratfreebecauseweareunconscious,orat leastnotcompletelyleastnotcompletely

consciousoftheunderlyingphysiologicalprocessesbywhichconsciousoftheunderlyingphysiologicalprocessesbywhich

ourwillisdetermined.Aourwillisdetermined.A lldiscussionabout"lldiscussionabout" thefreedomthefreedom

ofthewill iseventuallygoingtobeabandonedbecauseofthewill iseventuallygoingtobeabandonedbecause

there isnosuthere isnosuchanentitchanentityas"yas" thew illthew ill , e itherf r, e itherf reeoreeor

determined.determined.

OO ntheotherhandthentheotherhandthe interpretationofmindorconscious-interpretationofmindorconscious-

nessasmerelythesubjectiveaspectofnessasmerelythesubjectiveaspectof thelivingorganismisthelivingorganismis

oftensaidtobeconfrontedwithoftensaidtobeconfrontedwith difficultieswhenwetrytodifficultieswhenwetryto

ee pla inhpla inhow thecomow thecompleple ityofhumityofhumanthouanthoughtscoughtscouldbeldbe

accountedforonsuchaaccountedforonsucha basis,orwhyitibasis,orwhyiti sonlythehumansonlythehuman

oranimalorganismthatpossessesasubjectiveaspectoranimalorganismthatpossessesasubjectiveaspect intheinthe

natureofconsciousness.natureofconsciousness.

 Thosewhoattackthisinterpretationofmindor Thosewhoattackthisinterpretationofmindor conscious-conscious-

nessonthegroundofnessonthegroundof insufficientcompleinsufficientcomple ityareusuallyityareusually

physicistswithnospecialtraininginphysicistswithnospecialtrainingin biologyorbiochemistry.biologyorbiochemistry.

 Theythinkofdiscreteelectronsandatoms Theythinkofdiscreteelectronsandatoms whentheyoughtwhentheyought

tobethinkingoforganizedneuroneswithtobethinkingoforganizedneuroneswith theiratheira onesandonesand

synapses.Theyvisualizethebrainas"synapses.Theyvisualizethebrainas" amaelstromof amaelstromof 

scurryscurryingatomingatomsandelecsandelectricchartriccharges ges w hich" inobedienw hich" inobediencece

tothelawsoftothelawsof physicshavecometogetherandbuilthumanphysicshavecometogetherandbuilthuman

bra inbra ins (As (A . S. S . E. E ddingddington, ScienceandtheUton, ScienceandtheUnseenWorld,nseenWorld,

pp. 2 pp. 2 and5and5 ), w he), w hereasthereastheyoughttovyoughttovisua lisua lize itasaize itasa

highlyorganizedbiochemicalsystemthathasdevelopedhighlyorganizedbiochemicalsystemthathasdeveloped

graduallyaftermillionsofyearsofevolution.Theyat-graduallyaftermillionsofyearsofevolution.Theyat-

tempttoemployinbiologyatempttoemployinbiologya methodofreasoningwhichmethodofreasoningwhich

alwaysfallsbackonprotonsandelectronsalwaysfallsbackonprotonsandelectrons insteadofoninsteadofon

thosehighlycomple chethosehighlycomple chemicalstructuresthatoccurinmicalstructuresthatoccurin livingliving

matter.A logicwhichappliesappropriatelytosingleatomsmatter.A logicwhichappliesappropriatelytosingleatoms

maynotapplyatallmaynotapplyatall toanorganizationofatomsandtoanorganizationofatomsand mole-mole-

culescules—abio logica—abio logicalsystemlsystem. I. I t isasifachemistktisasifachemistkeptharpeptharpinging

ontheelementshydrogenandoontheelementshydrogenando ygenwiththeimplicationygenwiththeimplication

thatnosuchpropertiesasthatnosuchpropertiesas wefindinwatercouldwefindinwatercould resultfromresultfrom

thesetwoelements.Fthesetwoelements.F urthermorethefirststageoforganicurthermorethefirststageoforganic
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evolutionwasnotthecomingtogetherofelectronicevolutionwasnotthecomingtogetherofelectronic particlesparticles

inobediencetothelawsinobediencetothelaws ofphysicstobuildhumanbrains,ofphysicstobuildhumanbrains,

butratherthecomingtogetherofbutratherthecomingtogetherof organicmoleculesunderorganicmoleculesunder

thelawsofchemistrytobuildthelawsofchemistrytobuild primitiveprotoplasmiccells.primitiveprotoplasmiccells.

NN odoubtthesimpleelementarylawsofphysicsodoubtthesimpleelementarylawsofphysics haveplayedhaveplayed

animportantpartinbrainanimportantpartinbrain building,buttherewerealsootherbuilding,buttherewerealsoother

lawssuchasthoseoflawssuchasthoseof organicchemistry,biology,geneticorganicchemistry,biology,genetic

psychology,andsocialevolution,allofwhichhavehadpsychology,andsocialevolution,allofwhichhavehad theirtheir

effectonbraindevelopment.effectonbraindevelopment.

EE venasearvenasearlyas1lyas1 61, E.61, E. BB riickriickeclearleclearlya lludeya lludedtothedtothe

physicochemicalorganizationoftheprotoplasmwhenhephysicochemicalorganizationoftheprotoplasmwhenhe

toldusthattoldusthat

WeWe mustthereforeascribetolivingcells,beyondthemustthereforeascribetolivingcells,beyondthe molecularmolecular

structureoftheorganiccompoundsthattheystructureoftheorganiccompoundsthatthey contain,stillanothercontain,stillanother

structureofdifferenttypeofcomplication structureofdifferenttypeofcomplication anditisanditis thiswhichwethiswhichwe

ca llby thenaca llby thename"me" organorganizatioization.  n.  (( lemelementarontarorganirganismensmen. ). )

AA stothedif fstothedif ficultyoicultyofefe pla inpla iningw hy it isoningw hy it isonly thehumly thehumanan

oranimalorganismthatpossessesconsciousness,theansweroranimalorganismthatpossessesconsciousness,theanswer

isthatnosuchisthatnosuch assumptionisnecessary.Iassumptionisnecessary.I tisgenerallyad-tisgenerallyad-

mittedthatananimalpossessesconsciousnessbecauseofitsmittedthatananimalpossessesconsciousnessbecauseofits

physicochemicalorganization,butiforganizationgivesrisephysicochemicalorganization,butiforganizationgivesrise

toconsciousness,thenthereshouldbeconsciousnesswher-toconsciousness,thenthereshouldbeconsciousnesswher-

everthereisorganization,oraseverthereisorganization,oras statedbyLstatedbyL .T.Troland:.T.Troland:

II funif icfunif icationoationofmanycomfmanycomponeponentsisrentsisre uiredtoyuiredtoyie ldconie ldconsciouscious-s-

ness,thenweshouldeness,thenweshoulde pecttofindconsciousnesswhereversuchpecttofindconsciousnesswhereversuch

unif iunif icatiocationene ists. . .ists. . .

SS omethingofthenatureofconsciousnessisomethingofthenatureofconsciousnessis associatedwithallassociatedwithall

physicalrealities..physicalrealities..

FF oreveryrelationbetweenpartsintheoreveryrelationbetweenpartsinthe consciousstructurethereconsciousstructurethere

isacorrespondingrelationinisacorrespondingrelationin thephysicalstructure.(TheMysterythephysicalstructure.(TheMystery

ofMind,pp.227,232,andofMind,pp.227,232,and 235.)235.)

EE veryelementaryparticleofmattermustthereforeveryelementaryparticleofmattermusttherefore

possessaconsciousnesspeculiartoitselfpossessaconsciousnesspeculiartoitself andcommensurateandcommensurate

withitsstructuralorganizationorunification.Swithitsstructuralorganizationorunification.S incetheincethe

specificstructuresofatomicparticlesandspecificstructuresofatomicparticlesand ofhumanbeingsofhumanbeings

areentirelydifferent,theirtypesofconsciousnessmustalsoareentirelydifferent,theirtypesofconsciousnessmustalso
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beentirelydifferent,whichTrolandhasaptlyebeentirelydifferent,whichTrolandhasaptlye pressedpressed

asfollows:asfollows:

NN earlyallthenon-humansentienciesdifferfromanyformearlyallthenon-humansentienciesdifferfromanyform of of 

humanconsciousnessasmuchasthemosthumanconsciousnessasmuchasthemost widelydifferentofsuchwidelydifferentofsuch

formsdifferfromeachother,(p.245)formsdifferfromeachother,(p.245)

 Thispanpsychicdoctrine,inconjunctionwiththe Thispanpsychicdoctrine,inconjunctionwiththe etherether

vorte thvorte theory,throwsopenalargefieldforeory,throwsopenalargefieldfor furtherstudy.furtherstudy.

AA ccordingtothisdoctrineitccordingtothisdoctrineit mustbeinthemustbeinthe etherwhereetherwhere

consciousnesshasitsorigin.Theetherconsciousnesshasitsorigin.Theether wouldthenbethewouldthenbethe

commonsubstrateofbothmindandmatter,andbycommonsubstrateofbothmindandmatter,andby virtuevirtue

ofitssubjectiveandobjectiveaspectsitofitssubjectiveandobjectiveaspectsit wouldhavepsychicalwouldhavepsychical

aswellasphysicalattributes,bothaswellasphysicalattributes,both ofwhichwouldbegov-ofwhichwouldbegov-

ernedbysimilaroranalogouslawsandernedbysimilaroranalogouslawsand principles.Thusinprinciples.Thusin

physicswehavetheforcesofphysicswehavetheforcesof repulsionandattractionwhichrepulsionandattractionwhich

arecloselyrelatedtothearecloselyrelatedtothe psychologicalstatesofpainandpsychologicalstatesofpainand

pleasure.Rpleasure.R epulsiveforcestendtoweakenthemselveswhere-epulsiveforcestendtoweakenthemselveswhere-

asattractiveforcestendtoasattractiveforcestendto strengthenthemselves—are-strengthenthemselves—are-

lationshipcloselyparalleltoonelationshipcloselyparalleltoone sresponsetopainandsresponsetopainand

pleasure.pleasure.

UnityofconsciousnessmayhaveitsbasisUnityofconsciousnessmayhaveitsbasis insomeuniinsomeuni ueue

formofmotionoftheetherformofmotionoftheether inthecentralnervoussystem,inthecentralnervoussystem,

oritmaybeoritmaybe merelytheresultofthemerelytheresultofthe peculiarchemicalpeculiarchemical

organorganizatiizationthateonthate istsinlivistsinlivingmattingmatter. Ier. I f theatomf theatomsof  so f  

matterconsistofvorte formationmatterconsistofvorte formationsinthesinthe ether,thentheseether,thenthese

twointerpretationsofconsciousnesswouldhavethesametwointerpretationsofconsciousnesswouldhavethesame

meaning,becauseunderthevorte theoryorganizedchemi-meaning,becauseunderthevorte theoryorganizedchemi-

calstructuresthemselvesconsistofunicalstructuresthemselvesconsistofuni ueformsofmotionueformsofmotion

intheether.intheether.
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