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mI^¥- zloi(^J^lluw vm fej‘'^ ’T t nMty d tA  eAUjiHrpuertteM'
Afrit, h- J r t f i f o / f l LAi i j / >

k j f y i / r v & r v d o t l i A A ' l  ten d  <J ̂ uuAUHr litqukcc/t
/Irtlledljof enau A s A n d e A ^ tT iiu fA ^ n  

td&M tyiuf' tunes ^ttdi/hckeomJ'tcM ^t'tt du /jy^ /dt'fC tiit, d^do^unte
d d u te  / ^  Cf kdkf' CfrUslonduti. Wslb^ jid iA u d e iX ^ k -le lt d m il

thltddJt-eiielks A4'hiil̂ (jCeMi' /WtuM A
d d /r m  /u x a  tj a a  ( j e n a c o e M . m d & d t d  iM td q ^ < A u z u A -

m J \ d p s -d 'A /i'/lv /A A  ^ u  ̂ j^ id b iA v  t j 4/ s t i d q ■ h d t j ' s i t k t j t  u e td -  *t&

q d  ,yrilA>A//L̂ l/fr fceAd&A&L 'tux̂ dfuAect dtA 
% t» A sd ta d  d ^ M e u is tis r i^ ^ n i> l lk,(Lh j t r f ' c k f f c  d e l  9  d .  'I f r t ju A  

d jid 'Q 'y b - . Q sttu -.tj.c k 6  O id cfcfc> w i/e~ -.,xnct j i '  Wd>Au&i>

U u L e d n t / r y i o A ^ i & u y e l A / m ,  k t i ' t v n  o r i d k / t -  'n u y fM tu  

d e ir fg y is  /f ta  fA i/fo  < ld  d ? y d tA /e A A A ^ % tj^ o ld  I d t d h d iA ic h e c v i-- 

d le k J U ltA Y n u M  o til ifV M ie n -  A & ti d s f  M ip e fp o d ltu fe t eh9 ^ 2^

'id e M e n  - n u d e y / L u A A u % ( M  ( M i l  a tH c tA ^ C ^

^ Q U fu tM -ld e 'h i' t i , d d d d ^ ^ e ln e s jle ^ 'U A i ̂  'fr& n  

H uA /Q M M A A nJflfl/fitf lit/A la f f id lu f - e * f - e u lU  e/U P A s

nA



'ft, 'fr&IV oM  JkwrtM M
<j a M jM tW J l' . M d  O A ld U 'ftt, id v  4 M A P lsu fe 'J d a 4 A  c le f :

^ $y%YuretMisfiobt~ e u i £ e o n  ofie/wirviAj/i
jttfd~dsyL<l le j d t e i i o i f  % aisH eM ^dddV '/W i
o&ntgiAiM  ̂d. k  M s %cH.ieA^ ed&ff /Wai44c}ieo%li<kk ei &
tlnjdkfaQ w n/y. id d  id s 6̂ilji<Jv& 
I'Y I ih }̂ a UUa  oluA> d&
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oi't&tiQ K̂ffidt' c//Âu/y&''t(t€ v rt y 'ffi 0(Z4Ci Jy <̂€4441
tU  f l Q M c i h a n M s t A P i j s i d h k J v  j^ b ^ O tO te  ^ a f r i i t e  'Up A o l

T ^ >  ejLefx
rvc hemei Uuceed^ Au_ 4wOiAnj nettle-

o th ij the* iOneA f li t # ' H ttftte '& l' w  w ould  410%- w f  
ifr'KAtctalt oa pioA€ A/otAAf̂ocAtnH/jeuetliitutn y  
QUm a Lom- vl tch dYUpS j h t t  pc-t a 4 f

ifr

r
rf>H
c

’ , «^W»^ <v nov
At kk%r̂ l?T,k~ ff1l Th€



n

l/n p/\ '-&p3̂ AlJ t ( P A o i & t

&

■ te n #  CCM7A .J
C&TLfrlotLQ l̂ ~tkaj£

fiddm is

fylhA&voZU Ja  02t^@ 4i£dl
u r M -fia td k e .'L d < iJ v  t k & / ? !z£ , J U < £ ^ .(p e J k e w z  d d u & d c d  A m id d  - 

j^ Q P d d d z / u x d e -A  (jp u d g , ffth v i& H tJ !' c iM -& A iJ id 'x i4 /  d & 'd & X 'M s  

Ui^ o&ride, f c i ^ o t n c ^ \ddfduz,

/1̂ c t’( t 0̂ dit& 'S/T da. idA'i 
4f&ce$d'i ix idteud cla^Astg'#/' /pv&cJtâ ttiei l j  *&/
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1 he following considerations are founded on the conviction that Nernst’s 
1 heorem is a fundamental law of nature and is really the third law of 

thermodynamics (3. L.). Wave mechanics is not only compatible with 
the 3. L. but I believe that it should be possible, under quite general 
assumptions, to derive the content and formalism of wave mechanics 
with the help of the 3. L. One of the general assumptions would cer­
tainly be that classical mechanics is a limiting case of wave mechanics.
1 am not able to prove my conjecture but in the following present some 
arguments for the validity of the proposal in the hope that a proof will 
be forthcoming.

I suallv the 3. law is derived from wave mechanics, however I propose 
to reverse this procedure. It might be necessary for this purpose to 
generalize the 3. L. An evident generalization would be the assumption 
that the entropy -S' -> 0 not only for the temperature T -> 0 but for any 
process diminishing the entropy of a system, e.g. the isothermal com­
pression of gas in a temperature bath.

1 o apply the 3. L. to a mechanical system we have to use statistical 
mechanics. There the entropy is determined by the volume 0  of the phase 
space 0  = j  d I or in the case of one mass point 0  — (dp dq (p momen­
tum, q coordinate). We cannot measure simultaneously p and q with 
arbitrary accuracy but we have to assume that we have only a probability 
of measuring certain values. 1 his probability cannot be arbitrary but 
has to have the following property. If we measure q very accurately and 
iind a value between q and q + dq and then measure p with greater 
accuracy than dp =  dqfp we destroy the result of the measurement of q.
I his consequence of the 3. L. requires -  so it seems to me -  an interference 
effect. I hat means that the probability of a certain value of q is deter­
mined by the superposition of wave functions with p 's as parameters and

IS



f-

in the right phases and that the measurement of p destroys this phase- 
connection. It puts in its place the corresponding superposition of wave- 
functions with q s as parameters and the right phases. In other words, 
I conjecture that the 3. L. applied to a mechanical system already re­
quires the dependence of the probability on wavefunctions, i.e. the 
existence of a probability amplitude xp. That the probability is simply 
the absolute square of -xp should follow from Ehrenfest’s theorem which I 
propose to assume as a premise rather than a conclusion.

The connection between energy and frequency would thus follow rather 
indirectly, e.g. for the mass point by equating the group velocity to the 
macroscopic velocity.

Finally I would like to mention how the idea of the ’pure case’ follows 
directly from an idealized experiment. We make a molecular ray experi­
ment by splitting the beam into different energy states and collecting 
every state in a different vessel. With some idealization the separation 
can be considered as reversible*). The 3. L. requires that it should be 
impossible to further split a definite energy state. If we try to make this 
splitting using some property of the atom completely determined by the 
energy, e.g. the total angular momentum, then of course we do not get 
any further splitting. (The property is ’exchangeable’ with the energy.) 
If however we use any other property, e.g. a component of angular mo­
mentum, the law requires that it is impossible to obtain any splitting 
without disturbing the energy measurement. Again we have to assume 
interference which is destroyed by the measuring apparatus.

If one could succeed in working out the theory along the lines of the 
proposal it would not only constitute a more satisfactory foundation for 
wave mechanics but might also be of help in giving a new approach to 
unsolved problems.

*) By providing th e  oven and the  receivers each w ith  a parabolic  m irror we can 
a tta in  equilibrium . E ach reveicer works finally  as oven and th e  oven as receiver. 
By providing p istons we get the  usual arrangem en t as w ith sem iperm eable walls.
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©a a proposal to base wave mechanics on Hemst's Theorem

Otto Stern, Berkeley, Calif, USA

The following considerations are founded on the conviction that Hemst’s Theorem is 
& fundamental law of nature and is really the third law of thermodynamics (3*L.).
Wave mechanics is not only compatible with the 3*h* but I believe that it should be 
possible, under quite general assumptions, to derive the content and formalism of 
wave mechanics with the help of the 3*L. One of the general assumptions would cer­
tainly be that classical mechanics is a limiting case of wave mechanics. X am not able 
to prove my conjecture but in the following present some arguments for the validity 
of the proposal in the hope that a proof will be forthcoming.

Usually the 3. law is derived from wave mechanics, however I propose to reverse this 
procedure. It might be necessary for this purpose to generalize th© 3-b. An evident 
generalization wouiArbe the assumption that the entropy S 0 not only for the 
temperature T~* 0  but for any process diminishing the entropy of a system, e.g. the
isothermal compression of gas in a temperature bath.

To apply the 3* L* to a mechanical system we have to use statistical mechanics. There 
the entropy is determined by the volume $  of the phase space $  z or
in the case of one mass point $ *  ( p ôrncntiun , ̂  Coordinate ) p
»o cannot measure simultaneously p and ^  with arbitrary accuracy but we have 
to assume that we have only a probability of measuring certain values. This probabi­
lity cannot be arbitrary but has to have the following property. If we measure ^  
very accurately and find a value between \  and and then measure f with
• r r  " T "  —  we destroy the result of the measurement
of ^ . This consequence of the 3-L. requires - so it seems to me - an interference
affect. That means that the probability of a certain value of ^  is determined by the 
superposition of wave functions with f's as parameters and in the right phases and 
that the measurement of f destroys this phaeeoomnection. It puts in its place the 
corresponding superposition of wavefunetions with as parameters and the right 
phases. In other words, I conjecture that the 3.L. applied to a mechanical system al­
ready requires the dependence of the probability on wavefunetions, i.e. th© existence

bt .
of a probiiity amplitude y  . That the probability is simply the absolute square
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of H* ahouid follow from Ihx*nfest*s theorem which I propose to
rather than a conclusion.

as a premise

j m / Vr (j^  i'he&ff/ma'lU'fo ^ 'P 9

r^ sMgis t̂ H n u l ly, .... 
for ths mass point by squfitlng the group velocity to too macroscopic n lo c tty e trM

WjJKliy i Mould like to aantion how the idea of the "pure case" follows directly 
frea an idealised experiment. He neks » molecular r«y experiment by splitting the 
* “  into different energy states and collecting every state in a different vessel. 
*lth sene idealization the separation can be considered an reversible* By providing
tSe 0Ven fcl® reo<,i™ *  OM>b * parabolic mirror we oan attain equilibrium.

receiver T O M  finally as oven and the oven as reoeiver. %  providing pistons 
w« get the usual arrangement ss with semlpermeable walls. The 3.L. requites that it 
ahould bo impossible to further split a definite energy state. If we try to make this 
splitting using sons property of the atoa completely determined by the energy, e.g. the 
total angular momentum, then of course we do not get any further splitting. (The pro­
perty is "exchangeable" with the energy.) If however we use w  other property, e.g. 
a component of angular momentum, the law requires that it is impossible to obtain any 
splitting without disturbing the energy measurement. Again we.have to assume interfe- 
,-ui.ce which is destroyed by the measuring apparatus.

, I

If one could succeed in working out the theory along the lines of the proposal it would 
not only constitute a sore satisfactory foundation for wave mechanics but might also 
fee of help in giving a new approach to unsolved problems.
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The following considerations are founded on the conviction that n®rrmV& Theorem i® 
a fNmdameatal law of nature and is really the third law of tfcereiodymiaica ,3-U). 
wave sent) mice is net only compatible with the 3.1. but X believe that It should be 
possible, under quite general assumption®, to derive the content and foenalian of 
wave mechanics with the help of the 3*1* One of the general assumption® would cer­
tainly be that cl&esioel fisecbaaioa is a Halting case of wave meohanice. X m  not able 
to prove ay conjecture but in the following present some arguments for the validity 
of the proposal in the hope that a proof will be forthcoming.
Usually the 3* law is derived from wave neohaaios, however X propose to reverse this 
procedure. It saigfrt be necessary for this pompoee to getseraliae the 3*1* An evident 
PMMMSiastdMI WHtti It tbs CCNdptiift H H  H e  eHMfl $ * * H i  ortl 0 M  i I 
tsnperatur© T-> O  but for aay yreoess diminishing the entropy of a eyetao, e.g. the
leotliemaal cornsres^ion of gee in & temperature bath.

TO apply tbs 3* la to a system we have to use statistical mechanics. There
ti» « t » H  r 1• dateirtMd ttr tt. TOlU- |  Of « w  itaM 8P*°* f  = «
in the case of one ease point ^ «ocrriiaAta )
We sennet Measure eisultaneously f and ^  with i-rbitrary accuracy but we have 
to assune that we have only a probability of measuring certain values. This probabi­
lity OMBOt be arbitrary but has to have the f&lcwiiig property. If we measure ^  
very accurately and find a value between ^ sad and then aaeeure f with
greater accuracy than if - /p we destroy H e  result of H e  neastaxenent 
of \  . This ooeaeqauwe of the 3*1* requires - so it seem to ns • an interference 
effect. That scans Hat H e  pebbebilltr of a certain value of ^  la detmined by H e  
euperpoaitiqi of wets fusctioes with as psraaster® and in H s  right phasss and 
that tlie measuxensnt of f  dsstvoys His phassooensctictt. It put® in its place H e  
orrespoodlag superposition of w&vedtoactlens with <£i a® parameters and the rl^it 
phases. In other words, X conjecture Hat the 3*1* applied to a mechanical system al­
ready requires H e  dependence of H e  probability on wavefbnctione, i.e. H e  exieteaoe
of a probolity amplitude ^  . That the probability is simply the absolute squareA



./
\r

•  2 -

*i*oui4 folio* firos ..hrenfeat ’ a theoren w- icli I propose to 
lather than a conclusion.

asaune as a premise

* “  0OaBO0Uo° betww“ “ *'0 a«« frequency would thus follow rather indirectly, e.g. 
for tea aaaa point by equating the group velocity to tea macroscopic velocity.

WJUiliy X would like to Motion bow the idea of the "pure oaa»- follows directly 
free an idealised expert**,*. *  ask. * Mlooular ray experiment by splitting the 
beaa into different ..energy states and oollecting every state la a different vessel, 
dlte e « e idealisation the separation can be considered a. revereibla. By providing 
the oven end tea receivers each with a parabolic mirrer we can attain oquiUtarire.
B*‘*  rOC9iV8r mtkM tt**11* M  own and tee oven as receiver. $y providing plateaa 

4 tee usual arra^auat an with seaiperaeabl# walls. She 3.1. requires teat it 
Should be impossible to further split a definite energy state. If w. try to sake this 
splitting using sons property of tee stem ooapletely determined by tee ener©, e.g. the 
tota angular noaentun, then of course we do not got any further splitting. (The pro­
perty is "exchangeable" with tee energy.) If however w. use w  other property, e.g.

foam t o. angular nooontun, tee law requires that it is impossible to obtain any 
splitting without disturbing the energy measurement. Again we have to sreure interfe- 
ywc® A® d#atroped by the mmuring Mppomtm.

If one could succeed in working out the theory along the Urea ef the proposal it would 
not only constitute a rere eettefactory foundation for wave reohanice but eight also 
be of help l» &iviag a mw »ppro&oh to unsolved problaia®*
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fhe following considerations are founded on the conviction that Ernst’s Theorem is 
a fundamental law of nature and is really the third law of themodyn&nico (3.1#.)* 

mechanics is not only compatible with the 3.1** but 2 believe that it should be 
possible, under quite general assumptions, to derive the content and formalism of 
wave mechanics with the help of the 3.L. One of the general assumptions would cer­
tainly be that classical mechanics is a limiting case of wave mechanics. I am not able 
to prove ay conjecture but in the following present ©one arguments for the validity 
of the proposal in the hope that a proof will be forthcoming.

Usually the 3» law is derived from wav® mechanics, however I propose to reverse this 
procedure. It might be necessary for this purpose to generalise the 3.1*. An evident 
generalisation would be the inwptlow that the entropy $ -> 0  act only fbr the 
temperature T-b 0 but for any process diminishing the entrmtr of a system, e.g. the 
isothermal compression of gas in a temperature bath.

To apply the 3- I*, to a mechanical system we have to use statistical mechanics. There 
the entropy is detendned by the volume §  » of the phase space ^  - j i V  or 
in the case of one ju.as point ^  ( f Memtafeun , CoovJunate )
«• oaanot Meeure e1wiU M .ou.ly p ant ^ with arbitrary aoouruey hut we have 
to assume that we h«ve only a probability of measuring certain values. This probabi- 
Uty cannot be arbitrary but haa to have the following property. If *» m a n  t 
very aocur tel., and find a valua between <(_ and <^+4<^ and tlien measure p with 
greater aoowwey than Af = <M./p we destroy the result of the noaouroment

1  " ®li. ooneequenca of the 3.1*. requires — so it b m u s  to ne — an interference
effect. (hat “ imr that th. probability of a eertain value of <j_ ie deterained by the 
superposition of w n  fractions with p’s mm perwM tere and in the right phases and 
ttat the M n M i t  of p dee troys this pheMMMeotlon. it puts in its pi«oe the 
orreapooding superposition of wavefuaoUone with ( i  m  peraaetars and the right 
phsaes* 18 other MOrd8' 1 «»V}ecture that th. 3.L. applied to a nechanieal system al- 

the deport**. of the probability on wavafunoUcoa, i.a. th. exist**, 
of a probality amplitude ^  • Shot tho probability la alapOy tha absolute square
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of Y  should follow from Ehrenfest’s theorem which X propose to assume as a premise 
rather than a conclusion.

The connection between energy and frequency would thus follow rather indirectly, e.g. 
for the mass point by equating the group Telocity to the macroscopic velocity.

finally I would like to mention how the idea of the "pure case" follows directly 
from an idealized experiment. He make a molecular ray experiment by splitting the 
oeaa into different energy states and collecting every state in a different vessel. 
»ith some idealization the separation can be considered as reversible. By providing 
the oven and the receivers each with a parabolic mirror we can attain equilibrium.
Saeu receiver works finally as oven and the oven as receiver. By providing pistons 
we get the usual arrangement as with semlpermeable walls. The 3.L. requires that it 
should be impossible to further split a definite energy state. If we try to make this 
splitting using some property of the atom completely determined by the energy, e.g. the 
totiil angular momentum, then of course we do not get any further splitting. (The pro­
perty is "exchangeable" with the energy.) If however we use any other property, e.g. 
a component of angular momentum, the law requires that it is impossible to obtain any 
splitting without disturbing the energy measurement. Again we have to assume intarfe- 
reace which is destroyed by the measuring' apparatus.

If one could succeed in working- out the theory along the lines of the proposal it would 
not only constitute a more satisfactory foundation for wave mechanics but might also 
be of help in giving a new approach to unsolved problems.
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