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Might perhaps Energy be a merely Statistical Concept? (*) 

E. SCHRi)DINGER 

Vie~ttta 

(rieewlto il 21 Giugno 1958) 

Summary. - -  Arguments are given in favour of the opinion that  the 
qua:l tum-nmchanieal  frequency, multit>lied by l ' ]anck's  constant,  has for 
microscopic systems ~,ot the meanin~ of energy. I t  is suggested, tha t  the 
(;on~;ei)t of ener~'y and its conservation, just  like that  of entropy and 
its increase, has merely a statistical meaning, the energy of a macroscopi(~ 
sys/(;rn being" the produ<:t of l'la.nek's ~:onsta,nt and a wei~'hlc<l avera~e 
of the frequencies in question. The wide-sl)read at t i tude that  lhe claim 
for an objective description of physical reality must bc ~'iven up, is 
rejected on the / round  that  the so-called external worhl is buil t  u l) 
exclusively of elements of the single minds, and is characterized as what 
is common to all, recognized by every healthy and sane person. Hence 
the demand for a non-subject ive descril)tion is inevitable, of course 
with(mr prejudice whether it be deterministic or otherwise. 

1. - The  p r ewt i l i ng  o p i n i o n  is to t he  c o n t r a r y .  I t  is e la imed,  th , l t  thc* 

c o n s e r v a t i o n  of e n e r g y  ,~nd m o m e n t u m  holds  for s ingle col l is ions or s imi la r  

e v e n t s  i n  all  cases t h a t  h a v e  b e e n  obse rved .  The  ear l ies t  ,~nd indeed  ve ry  

di f f icul t  i n v e s t i g ~ t i o n s  were  a b o u t  t he  C o m p t o n  effect. A v a s t  n u m b e r  of 

s ing le  processes  h a v e  s ince b e e n  fixed ~nd  a n a l y s e d  in  the  W i l s o n  c loud eh:~mber, 

i n  p h o t o g r a p h i c  emu l s ions  etc. H o w e v e r ,  I be l i eve  t h a t  in  all  cases ttle k ind  

of i n t e r p r e t a t i o n  suffices t h a t  I p u t  f o rwa rd  t h i r t y  years  ago (1927) for the  

C o m p t o n  effect,  viz .  re f lex ion  of one p rogress ive  wave  b y  a n o t h e r  one ;  or t o  

be  q u i t e  a c c u r a t e :  t he  i n t e r f e r e n c e  p a t t e r n  fo rmed  b y  one w a v e  a n d  i ts  re- 

f lec ted  w a v e  serves as ~ sor t  of (mov ing )  B r a gg  eryst~fl m i r r o r  for the  other 

(*) Baaed on a lecture, delivered in Vienna on 26th March 1958 at a joint  meet ing 
of the Austr ian Physical Society and the Chemical-Physical Society. 
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wave, and yice-versa. To this there is, by  the way,  a close analogy in the 
re flexion of monochl 'omatic  l ight  by  the waves of heat  mot ion  or by  ul t rasonic 

waves in a fluid (L~oN BRILLOUIN and others). I t  is no t  m y  objective to go 

into details about  these things here. Bu t  allow me to ment ion :  it is usual ly 

believed, t ha t  the current  or thodox theory  actual ly  accounts  for the ((nice 
line.~r traces ,) observed in the Wilson chamber  etc. I th ink this is a mistake,  

it does not.  
The first to raise serious -rod well a rgued doubts  as to the val idi ty  of the 

conservation laws on the small scale was FRA~'Z EX~'ER in his Vorlesungen 
i~ber die physikalischen Grundlagen der Naturwissenscha]ten (Wien, Deuticke,  

1919). This wa~ six or seven years before the adven t  of quan tum-  or wave- 

meehnnics. After the lat ter  had been developed and adopted,  it became ex- 
t remely  improbable tha t  the conservation of energy retain its meaning  as an 

exact  and sh-trp law. For  the concept  of energy and its conservat ion stems 

from classical mechanics (GALILEO, NEWTON), namely  from an in tegra t ion 
constant  ((( constant  of the motion ~)) whi('h in t ha t  theory  plays a fundamen ta l  
part .  However,  the m~thema,tical scheme and the menta l  image of classical 

mechani('s have turned out to be only an approximat ion ,  tha t  holds on a larg'e 
scale but  breaks down entirely in spatial dimensions of abou t  the order of an .~.. 

I t  cannot  even : tpproximately comprehend tlle details of the mot ion of ele- 
men ta ry  particles (supposing tha t  this concept  is at  all going to survive in 

tile new setting" of ideas). Tha t  is why I consider it prima ]acie ra ther  impro-  
bable, tha t  tile notion of energy conservat ion should hoht good even in the 

domain where the theory from which it ]mils is no longer coinpetent.  

We are remind(~d of the Second Law, which ac~,ording to phe~tomenological 
thernmdynamics  says tha t  in an isolated sys tem the en t ropy  never decreases 
and as a rule increases. Statistical thermodynamics ,  by  revealing an insight 

into tile true nature  of this theorem, at  the same t ime annulls it as a s t r ic t  
law; and theft in two ways. First it is t ru ly  inval idated for systems with ~ 

small number  of degrees of freedom, and for any  sys tem in the ne ighbourhood  
of t he rmodynamic  equil ibrium; nay,  in these cases it is hard ly  possible to 

offer a sound definition of en t ropy  or to give it with sufficient precision. 
Secondly, and even more relevantly,  the statist ical  theorem seems prima ]acie 
to  imply ~t logical contradict ion,  because it makes bold to deduce f rom re- 
versible models the unidirectional running down which is the gist of the Second 

Law. As everybody  knows, this dangerous hi tch can only be overcome by  

allowing the ~ arrow of time ~-- the direction from past  to f u t u r e - - t o  be de- 
fined by  the very  law of increasing en t ropy  itself. Thus we eventual ly  hit  on 

the problematies of the concept  of time. 

According to the new physics energy too has something to do with time, 

though not  with t ime's  arrow. There is ~m unce r t a in ty  relation stating,  for 

simultaneous determinations of energy and of time, a lower bounda ry  for the 
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produc t  of their respective lacks of precision. Moreover some difficulties arise 
for tlle concept  of an isolated sys tem (whose energy might  prove to be constant),  

no t  only because "~ system under  observat ion is by  principle not isolated, but  
also because the intera.etion with the t~'eneral heat  radiation can in actual  fact  
never  be excluded. 

The said uncer ta in ty  relation is usually taken to mean tha t  in prin(.iple an 

infinite t ime is required for filming out the exact  value of tile energy. I t  is 
difficult to see how (( after  ,) doing so we should still m 'mage  to ~tscertain theft 

tile wtlue we have found does not  eha.nge with time. In  addition, within a 

comp~ra t ive ly  short  span of time, an appreciable interaction with the radiation 
is to be expected,  and t h u s ~ i f  we keep to the idea of energy conse rva t ion- -  

s o m e  c~hanffc of the cnertzy of the sys tem under consideration. I t  may  seem 
t h a t  in these rem~trks we are maliciously pushing thin~'s to extremes (which 

one ought  never to do), while in actual  fact  the si tuation is not as bad as all 

tha t .  Please wait, I hope to show tha t  it is even worse. 
In tile old m~('hani('s the energ'y was a. function in phase-space (y~,., q~,). 

In  the new me(.hanies this cannot  be, sin(.e from the general um.er ta inty re- 

lations no point in phase space can be exa(,tly determined. Ih)w does lhe 
q u a n t u m  statisti( ' ian meet this i)redi(.amcnt? lie writes out what is often 

called the energy-eigenvalue-equat ion (or t ime-independent  SchrSdinger equa- 
tion, or most, ap t ly  the ampl i tude  equation). I t  determines tile eigenwdues 
of the frequency.  These, multiplied by h, are declared to be the o~dy admis- 
sible values of the energy;  whi(.h means falling back into the foot  steps of 
~NIELS g()[[l~'s pioneer work of 1913, duly hailed then and for ever, for the 

immense  advancemen t  of physics tha t  it b rought  about ,  bu t  now (1(.)58) after 
all superseded for more than  th i r ty  years. Anyhow,  this (~ energy spectrum )) 

replaces the phase space of Bo l t zmann  and Gibbs. The weight to allot to 

every  (( level ~) is easily made out  f rom analogy with Liouville 's theorem, viz. the 
same for every single eigenvalue, and for degenerate ones according to their 
mult ipl ici ty.  Very sat isfactory agreement  with observations is obtained hy 

this procedure,  which might  pass for impeccable, were it not  in Klaring eontra- 
dict ion to the foundat ions of q u ' m t u m  meehanics. This heretic s ta tement  and 

the  following a rgument  refers in the first place to systems of few degrees of 
f reedom 7 when tile multiplicities to() are not  very  great ;  these are the cases 

of p r imary  interest. 
Then,  since every privileged quan tum level is associated with a volume h ~ 

of phase space when single, or a small multiple thereof when degenerate (] being 
the n u m b e r  of pMrs of canonical ly conjugate  variables) it is easily seen tha t  

tile levels are just  so densely packed as to disallow one to distinguish unequi- 
vocal ly  between neighbouring levels, on account  of the uncer ta in ty  relations 

t h a t  hold between the pairs of conjugate  variables. Hence it does not seem 
to ma consistent  to declare those levels 0s tile only admissible ones, sin(.e in 
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doing so one taei t ly admits  any th ing  between them. I ~tm sure tha t  if an 

advocate  of the or thodox view cares to argue tile ease with me, the first th ing 
he  is going to tell me is, would I please have a look at  a line spect rum and see 

tha t  the levels are not  blurred bu t  very  sharply  dist inguished and privileged. 

Bu t  this a rgument  is based on tile idea t lmt  ~n observed spectral f requency is 
emit ted by  single a toms jumping  from a eert~in higher  level to a certain lower 

level, each a tom producing in this process a photon  with energy equal to the 
difference of the two levels. This, of course, presupposes the detailed va l id i ty  

of the conservat ion law, which is just  the point  under  discussion tha t  I do no t  
take for granted.  

For  macroscopic systems with a very  large number  of degrees of f reedom 

the multiplicities may,  and will as a rule, be ve ry  large numbers,  so tha t  our  
above a rgument  breaks down. Still it is known tha t  in this case the eigenvalues 

are so closely packed, tha t  their discreteness is pract ical ly  unobservable,  whether  
you regard them as frequencies or as energy levels. They  do have an im- 

por tan t  say in determining the st~tistieal t he rmodynamics  of the sys tem in 
question. In  this the cus tomary  relation between the frequency (of the whole 

macroscopic system!) and its energy must  of course be ~dmitted,  bu t  the re- 

lation may  quite conceivably be itself only of a statistical nature.  Anyhow 

the situation is not quite as simple as it might  seem. The following discussion 

is m~finly aimed ~t macroscopic systems. 
Must we, in view of the the rmodynamica l  i~pplivation, regard an eigen- 

fum'.tion of it sharply determined (~ energy ~>-eigenv~tlm~ as representing a s tate  

in which our system has this sharply determined enertz'y'?~t~erti~inly not.  

VVhy not  ? 
The energy ah)ne or to~'ether with a few other  macroscopic parameters  as 

volume etc., does not  determine the state of the sys tem uniquely, bu t  at  best  

the st~tte of the rmodynamic  equilibrium t lmt it is going to reach even tua l ly  
when left to itself. In  other words the system cltn ha rbonr  the same a m o u n t  
of energ'y in very m a n y  different ways, among" which there are states of equi- 

librium, bu t  also m a n y  far away from equilibrium, e.g. with considerable 

tempcr~ture ta'radieuts, arbitr~try distr ibutions of pressurc, con(,entration, den- 

sity etc. At  first sight it may  seem tha t  this var ie ty  is fully ~Lccounted for' by  
the hig'h degree of mult ipl ici ty (degenera, cy) of the eigenv~lue in quest ion;  it 

ought  to be possible to associate the eigenfunctions with the empirical s tates  
in su('h a way tha t  each of the latter' is represented by  at  least one of the former.  

But  this is not  so. A non-equil ibrium state  c~mnot be represented by  an 
energy eigenfunction. For  it is well known and easily seen tha t  when the 

wave function depends on the t ime just  by  one im~ginary exponent ia l  (one 
frequency) the system is (~ completely dead ~). No change t~tkes place, nothing'  

depends on time. The proposed ~tssoeiation would therefore in every  case 

reduce the system in question to the (( sleeping beau ty  )) of the fairy ta le :  



I66 n. SCIIRODINGER 

grad ien t s  of t e m p e r a t u r e  or concen t ra t ion  frozen in, chemical  react ions s topped 
m i d w a y ,  a fall ing br ick hung  m i d w a y  in the  open air b y  wi tchcraf t ,  a radio 
w a v e  e m i t t e d  f rom London  no t  reach ing  Cambrid~'e e t c . - - i nc lud ing  the i rate  
chef  de cuisine, whose h a n d  remains  b rand i shed  ((for a hundred  years  ~), 
t h r e a t e n i n g  to box  the  ears of the  negl igent  lad, who is petrif ied in mot ion-  
less f r ight ,  t ry ing  to ward  off the  b l o w . - - B u t  jokes apar t ,  there  is ano ther  
more  serious aspec t  of the same thing,  n a m e l y  tha t ,  according to the accepted  
v iew an  abso lu te ly  precise m e a s u r e m e n t  of to ta l  energy of a physical  sys tem 
would  br ing  the  s y s t em  into the  s t a t e  of t h e r m o d y n a m i c  equi l ibr ium or max-  
i m u m  en t ropy ,  however  far  a w a y  f rom this s ta te  it m a y  have  been when the  
m e a s u r i n g  device was applied.  J u s t  imagine  your  walking into a pha rmac i s t ' s  
shop and  asking h im to m a k e  out  you r  weight quite exact ly .  Could he comply  
with  y o u r  reques t ,  which of course he c~mnot, he would become gui l ty  of murder .  

T h e r m o d y n a m i c  equi l ibr ium is only  an abs t rac t ion ,  a l imi t ing case t h a t  
in ac tua l  fac t  is never  m e t  with.  :No s y s t em t h a t  we observe has a s lmrply 
d e t e r m i n e d  energy  value,  nay  we m u s t  not  even admi t  this in the men ta l  
images  we inven t  in order  to describe wha t  is going on. F o r  nothing t ha t  
t akes  p a r t  in what  is going on ha.s a well defined energy.  Is  t h a t  not r,~ther 
in f a v o u r  of the view I a m  advoca t ing ,  t lmt  energy,  jus t  like en t ropy ,  is :~ 
s t~t is t ica l  concept?  Any  display  of phys ica l  evcnts ,  while to the classical 
v iew it  was t ak ing  place wi th in  or be tween  sys tems of well defined energies, 
is q u a n t u m m e c h a n i c a l l y  represen ted  b y  s ta te  functions t ha t  do not depend on 
t i m e  jus t  b y  one imag ina ry  exponen t i a l  fac tor  with one single f requency,  but  
b y  a superpos i t ion  of several ,  as a rule a grea t  m a n y  such terms,  covering 
a discrete  or cont inuous  range  of frequencies,  though it m a y  be res t r ic ted to 
a na r row domain  of the  spec.trum. Only in this way  can one obta in  a re- 
p r e s e n t a t i o n  of someth ing  happening, :tn evolu t ion  in t ime. (The s i tua t ion  is 
m a t h e m a t i c a l l y  ana.logous to the  well known,  not  to say i l l-famed (because 
wrongly  used), wave  parcel.)  These considerat ions for t i fy  m y  convict ion t h a t  
for  small  s y s t e m s - - w i t h  few degrees of f r e e d o m - - o n e  ought  not  to consider 
the  p r o d u c t  of P l anck ' s  cons t an t  and  the  f requency  "~s meaning  a definite 
a m o u n t  of energy,  while for  macroscopic  sys tems  this re la t ion is, of course, 
ind ispensable  for the  theory  of t h e r m o d y n a m i c s  and ought  itself to be given 
a s ta t i s t ica l  foundat ion .  

The  theore t ica l  facts  adduced  in tile preceding pa rag raphs  have  been fa- 
mi l ia r  for  t h i r t y  years.  Le t  me still recall  :~ theoret ic~l  d iscovery t h a t  a t  the 
t i m e  a roused  keen in teres t  and  is closely re la ted  to the  same order  of ideas. 
In  the  case of some smal l  and  e o m p a r a t i v e l y  simple sys tems  the  s ta tes  which 
the  classical phys ic i s t  w i thou t  hes i t a t ion  deems s ta tes  of equi l ibr ium, are f rom 
the  q u a n t u m m e c h a n i c a l  po in t  of v iew not  equilibria.  Take  for ins tance the 
molecule  of a m m o n i a  (NH3). I t  is p ic tu red  as an equi la teral  py ramide  with 
t he  n i t rogen  a t o m  a t  the  apex  (N), tile basis being an equi la tera l  t r iangle  
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fo rmed  b y  the  three  hydrogens .  B u t  since the  n i t rogen migh t  as well be si- 
t u a t e d  on the  other  side of the  said t r iangle  a t  the  mi r ro r  po in t  (say a t  5 r ') 

one migh t  expec t  t h a t  in the q u a n t u m m e c h a n i c a l  descr ip t ion this gives rise 
to a twofold degeneracy,  two eigenfunct ions belonging to the  same eigenvalue.  
H o w e v e r  f rom very  general  and  ve ry  f u n d a m e n t a l  considera t ions  this is not  so. 
Nei ther  the posi t ion a t  N~ nor  t h a t  a t  AT' is associa ted  with  an eigenfunct ion.  
There  are indeed two of them~ bu t  the i r  e igenvalues  differ slightly~ moreover ,  
bo th  are quite (( impar t i a l  ,> as regards  the  posi t ions N and N ' ,  t hey  leave this 
a l t e rna t ive  in abeyance .  The essential  difference be tween  t h e m  is t h a t  one 
is symmet r i c  wi th  respect  to the  p lane  of the  th ree  hydrogens ,  the  o the r  ant i -  
symmet r i c .  Sui table  l inear  aggregates  of the  two funct ions  represen t  the  
N-conf igura t ion  or the  N ' -conf igura t ion  respect ive ly ,  ~ccording as the  phase  
difference is adjusted.  N a t u r a l l y  none of t h e m  is permanent~  since the  dif- 
ference in phase  is subjec t  to slow seculur change  on accoun t  of the  s l ight ly  
different  frequencies of the two p roper  modes.  

Of even g rea te r  interest ,  is the  case when the  two conf igurat ions  h a v e  not ,  
as wi th  NH3, exac t ly  the  same physica l  p roper t ies  (since t hey  differ only  b y  
or ienta t ion) ,  bu t  (tan be dis t inguished by  observa t ion ,  though  f rom the po in t  
of view of classical physics  we should have  to al lot  t h e m  exac t ly  the  s ame  
energy.  I a m  alluding to s tereoisomeres,  i.e. molecules t h a t  are mi r ro r  images  
of one another ,  bu t  cannot  be m a d e  to coincide b y  a mere  m o v e m e n t  in space.  
I n  every  other  respect  the s t a te  of affairs is exac t ly  the  same.  Ne i the r  the  
R-s i tuat ion nor the L-s i tua t ion  is represen ted  by  a genuine e igcnfunct ion.  
Bo th  the l a t t e r  arc (( razemi(. )), t h a t  is impa r t i a l  with regard to R and  L, 1)ut 
ag;~in in two different manners  (and therefore  s l ight ly out  of tune  with  one 
another) ,  one being symmet r i c ,  the o ther  a n t i s y m m e t r i c  wi th  respec t  to the  
opera t ion  of space reflexion. Since m a n y  s tereoisomeres  can be kep t  for a lmos t  
indefinitely long periods wi thou t  razemisa t ion ,  the  f r equency  differences m u s t  
in these eases be exceedingly small.  The r e m a r k a b l e  th ing  is t h a t  here  we 
mee t  with s ta tes  t ha t  are ostensible equil ibria,  bu t  (~ sub spe('ie a e t e r n i t a t i s ,  
t h e y  are not~ because they  canno t  be r ep resen ted  b y  one e igenfunct ion  with 
one definite f requency.  

2. - Le t  me join here some remarks  which, though  not  covered  by  the  t i t le  
of this paper ,  have  to do with our enquiry .  The opponen t s  of the K o p e n h a g e n  
view about, complementarity, the  re la t ion  be tween  object ~md subject etc.,  are 
regular ly  reproached  with wrongly  c lamour ing  for a p ic ture  of real i ty ,  of tile 
real  world a round us, wi thou t  reference to the  observer ,  the  sub jec t  of cog- 
nizance. We are b lamed  for shu t t ing  our eyes to the  fac t  (al legedly only dis- 
covered in this cen tu ry  by  q u a n t u m  physicists)  t h a t  the  descr ip t ion of ob jec t ive  
rea l i ty  is impossible,  because our  knowledge  a b o u t  things is based  upon  our  
in te rac t ion  with  them,  which is essent ial ly  mu tua l ,  t h a t  is to say not  only  
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do  t h e  o b j e c t s  m a k e  i m p r e s s i o n s  on us  b u t  a l so  we oi1 t h e m ,  a n d  th,~t in ai~ 

u n c o n t r o l l a b l e  f~sh ion  e tc .  e tc .  

I c a n n o t  s h a r e  th i s  a t t i t u d e  (wh ich  I h o p e  to  h a v e  s u m m a r i z e d  i m p a r t i a l l y ) ,  

i n d e e d  t h i s  k i n d  of d i s c r i m i n a t i o n  b e t w e e n  t h e  ego a n d  t h e  w o r l d  o u t s i d e  

a p p e a r s  to  m e  to  b e  b a s e d  on an  e p i s t e m o l o g y  o u t  of d a t e  for  some  t i m e .  

~Ta tu ra l ly  ou r  u r g e  to  f o r m  a p i c t u r e ,  v a l i d  for  a l l  of us,  of t h e  World  in  space  

a n d  t i m e - - w h i c h  i n c l u d e s  of cou r se  ou r  own  b o d i e s q m u s t  n o t  be  f r a m e d  

o n t o l o g i c a l l y ;  t h i s  w o u l d  be  r a t h e r  n a i v e  sc ience  a n d  ignore  p h i l o s o p h i c a l  

a c h i e v e m e n t s  v e r y  m u c h  o l d e r  t h a n  q m m t u m  m e c h a n i c s .  F r o m  l ) e m o c r i t u s  

to  B e r t r a n d  R u s s e l l  t h e r e  h a v e  been  t h i n k e r s  who  b e c a m e  a w a r e  of t h e  o b v i o u s  

fnc t  t h a t  o u r  sens ib l e ,  p e r c e i v i n g ,  fee l ing ,  t h i n k i n g  ego, a n d  t i l e  so ca l l ed  

e x t e r m d  w o r l d  c o n s i s t  of t h e  s a m e  e l e m e n t s ,  o n l y  c o m p r e h e n d e d  in  d i f f e r e n t  

a r r a n g e m e n t s .  T h e  e l e m e n t s  in t h e m s e l v e s  (I  a m  fo l lowing  B e r t r a n d  Russe l l )  

m a y  n o t  be  c a l l e d  p s y c h i c  or  p h y s i c a l ,  m e n t a l  or  m a t e r i a l ;  on ly  a f t e r  a r r a n g i n g  

t h e m s e l v e s  in v a r i o u s  p a t t e r n s  do  t h e y  in c o n v e n t i o n a l  l a n g u a / e  a c q u i r e  th i s  

o r  t h a t  c h a r a c t e r i s t i c .  I n  a n y  ca.se t h e  so ca l l ed  e x t e r n a l  w o r l d  is b u i l t  up  

e x c l u s i v e l y  of c o n s t i t u e n t s  of t h e  ego.  I t  is c h a r a c t e r i z e d  as w h a t  is ( .ommon 

to  a l l ,  r e ( .ogn izcd  b y  e v e r y  h e a l t h y  a n d  s ane  pe r son .  T h a t  is w h a t  d i s t i n g u i s h e s  

i t  f r o m  d r e a m s  a n d  ha l l u ( . i na t i ons ,  a l so  f r o m  j o y  or  p a i n ,  t oo th -a ( .hc ,  sor row,  

d e p r e s s i o n  e tc .  

Th i s  (, b e i n g - s h a r e d - b y - e v e r y b o d y  ~), t h i s  c o m m u n i t y  ( ' )  is t h e  one a n d  on ly  

h a l l - m a r k  of p h y s i c a l  r e a l i t y .  N o t  u n f r e q u e n t l y  do  we r e so r t  to  th i s  c r i t e r i on  

in  d a i l y  l i fe :  I h e a r  a h u m m i n g ;  do  y o u  h e a r  i t  too' .  ~ Is  i t  p e r h a p s  t h e  s t o v e  

or  s o m e t h i n g  o u t  in t h e  s t r e e t  or  is i t  o n l y  in m y  ear?  W e l l  i t  s eems  to  m e  

t h a t  t h e  K o p e n h a g e n  e p i s t e m o l o g y  does  n o t  a c k n o w l e d g e  th i s  c r i t e r i on ,  p a y s  

no  a t t e n t i o n  to  i t .  I n  b e i n g  s a t i s f i ed  w i t h  d e s c r i b i n g  t i le  m a t e r i a l  w o r l d  for  

one  o b s e r v e r  (whi le  for  a n o t h e r  one  a d i f f e r e n t  d e s c r i p t i o n  m a y  ho ld )  i t  l e ads  

to  t h e  p h y s i c s  of so l i p s i sm.  This  b e a r s  even  on t h e  l i n g u i s t i c  e x p r e s s i o n  

u s e d  in t h e  a n a l y s i s  of e x p e r i m e n t ;  i n s t e a d  of (, we  f ind )) or  (~ we m e a s u r e  ,) 

( p lu ra l )  t h e  s i n g u l a r  is u s u a l l y  p r e f e r r e d :  (, I f ind ,) or  ( , the  o b s e r v e r  s t a t e s  ,). 

Th i s  is n o t  a s t o n i s h i n g .  I n d e e d  t h e  one  l i g h t q u a n t  wh ich  e.g. in t h e  g a m m a - r a y  

m i c r o s c o p e  is s u p p o s e d  to  r e v e a l  to  m e  t h e  p l a c e  of an e l e c t r o n  h a r d l y  suffices 

fo r  p o o r  me ,  l e t a l o n e  for  o the r s .  

B u t  j o k e s  a p a r t ,  I sha l l  n o t  w a s t e  t h e  t i m e  b y  t r i t e l y  r i d i c u l i n g  t h e  a t t i -  

t u d e  t h a t  t h e  s t a t e - v e c t o r  (or w a v e  f u n c t i o n )  u n d e r g o e s  an  a b r u p t  change ,  

w h e n  ((I)) choose  to  i n s p e c t  a r e g i s t e r i n g  t a p e .  ( A n o t h e r  p e r s o n  does  n o t  

i n s p e c t  i t ,  hen(,e for  h i m  no c h a n g e  occurs . )  T h e  o r t h o d o x  school  w a r d s  off 

such  i n s u l t i n g  smi le s  b y  ca l l i ng  us  to  o r d e r :  w o u l d  we at  las t  t a k e  no t i ce  of  

(a) This is in itself the  me, st remarkable  t r a i t  of our general experience, eonsiderino~ 
the complete  pr ivacy of an individual ' s  sensations,  tile a, bsolute seclusi(m of every 
mind from every other  mind.  
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the  fa-.t t h a t  according  to them the  wave  func t ion  does no t  i nd ica t e  the  s t a t e  

of the  phys ica l  ob jec t  b u t  i t s  r e l a t ion  to  the  s u b j e c t ;  th is  r e l a t ion  depends  on 

the  knowledge  the subjec t  has acqui red ,  which m a y  differ for di f ferent  sub jec t s ,  

and  so mus t  the  wave  f u n c t i o n . - - V e r y  well,  b u t  th is  s i t ua t ion  is b y  no means  

novel.  Think  of en t ropy .  The e n t r o p y  of, le t  me say,  a g iven  b o d y  of gas 

has a cer ta in  va lue  for h im who only  knows the  energy  and  the  v o l u m e - - h e  

m a y  t ake  for i t  the  l oga r i t hm of the  phase  vo lume  up to t h a t  ene rgy ;  t he  

e n t r o p y  of the  same body  has a different ,  i ndeed  a sma l l e r  va lue  for one W h o  

is in fo rmed  of t i le  inhomogeneous  d i s t r i bu t i on  of de ns i t y  and  t e m p e r a t u r e  in 

the  gas. Ye t  I do not  th ink  t h a t  i t  has ever  occur red  to  anyone  to  dec la re  

t h a t  e n t r o p y  is not a p r o p e r t y  of a physi(,M sys t em per se, b u t  on ly  expresses  

(~ m y  ,~ knowledge  a b o u t  t h a t  sys tem.  In  a cer ta in  w a y  of com'se one m a y ,  

if one l ikes,  say  this a b o u t  all the  numer ica l  resu l t s  of phys i ca l  m e a s u r e m e n t s ,  

e i ther  a b o u t  all of t hem or none;  however  th is  is an old ya rn ,  an e n t i r e l y  

i r r e l evan t  m a t t e r  of taste .  

W e  do feel the  yea rn ing  for a comple te  desc r ip t ion  of t i le m a t e r i a l  wor ld  

in space and t ime,  and  we consider  far  from proven ,  t h a t  this  a im ( 'annot  be 

reached.  This does not  mean t h a t  we wish to ou tw i t  the  u n c e r t a i n t y  re la t ion .  

Yet  i t  ouo'ht to be possible,  so we bel ieve,  to fo rm in our  m i n d  of the  phys i ca l  

ob jec t  an idea (Vorstelhmg) t h a t  conta ins  in sonic way  e v e r y t h i n g  t h a t  could be 

observed in some way  or o ther  by  any  observer ,  and  not  only  the  record  of 

wha t  has been observed s imul t aneous ly  in a pa r t i (mla r  ease. I mean pree i se ly  

wha t  someone (wa.s i t  not  E r n s t  Ma(.h?) has , .ailed the  ( ,omplction (,f fa(.ts 

in t hough t  (Erg/inzung der Tatsa( .hen in Gcdanken) .  ~Ve i)refer to tt'ras I) the  

shape of a solid by  visualizintz i t  in t h reed imens iona l  space ins t ead  of by  a 

set of pe rspec t ive  drawings,  even though  the  eye can  a t  any  m o m e n t  only  

per(.eive one perspec t ive  view. E v e r y d a y  life is based  eve ry  m i n u t e  on (( eom- 

ple t ion in t hough t  ~) since we re ly  on the con t inued  ex is tence  of ob jec t s  whi le  

t hey  are not  observed by  anyone ;  e.g. we surmise  the  noc tu rna l  p r e s e r v a t i o n  

of our  por t fo l io  and its conten ts ,  locked  up in a d r awer  a t  n igh t  and  t a k e n  

out  in the  morning.  

I t  is not  now the quest ion whe the r  the  wave  func t ion  (or s t a t e  vec to r )  

y ie lds  the  desired comple te  descr ip t ion .  I r e m e m b e r  r ead ing  t i le o the r  d a y  

the ve ry  ap t  s t a t e m e n t  t h a t  with a phys ica l  t heo ry  one ought  never  to ask  

whe the r  i t  would stil l  have  to undergo  some change,  b u t  in wha t  d i rec t ion .  

My po in t  is t h a t  a t  t i le p resen t  s tage  and  as long as t i le  s t a t e  veo to r  p l ays  

the  role i t  does i t  n lus t  be t a k e n  to r ep resen t  ((the rea l  wor ld  in space ' rod 

t ime ,), i t  ought  not  to be sub l imed  in to  a p r o b a b i l i t y  func t ion  for the  p u r p o s e  

of mak ing  fore(.asts, depend ing  therefore  on the  m o m e n t a r y  s t a t e  of our  

knowledge  and  changing a b r u p t l y  when s o m e b o d y  (who?) eares to  inspec t  a 

pho tog raph  or a regis ter ing t a p e ;  i t  m u s t  no t  be r ega rded  as <~ hover ing  in 

e m p t y  space 0 between sub jec t  and  ob jec t ;  the  ques t ion  w h a t  is now the  wave  
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f u n c t i o n  ( m e a n i n g ,  w h a t  is n o w  the  a c t u a l  s t a t e  of the  phys i ca l  s y s t e m ? )  m u s t  

be  r e g a r d e d  as m e a n i n g f u l ,  e v e n  t h o u g h  i t  c a n  h a r d l y  ever  be  a n s w e r e d  

. e x h a u s t i v e l y .  

I n  t he  f irst  p a r t  of th i s  p a p e r  I have  g i ve n  r e , s o n s  for d o u b t i n g ,  in  the  

.case of ene rgy ,  the  c u r r e n t  a s soc ia t ion  b e t w e e n  wave  f u n c t i o n  a n d  obserw~tion.  

H e r e  I feel i n d u c e d  to  c o n t r a d i c t  e m p h a t i e M l y  a n  op i n i on  t h a t  Professor  L. 

ROSENFELD (2) has r e c e n t l y  u t t e r e d  in  a m e e t i n g  a t  Br i s to l ,  to  the  effect t h a t  

.a m a t h e m a t i c M l y  fu l ly  deve loped ,  good a n d  se l f - cons i s t en t  phys ieM t h e o r y  

c a r r i e s  i ts  i n t e r p r e t a t i o n  in  i tself ,  t h e r e  can  be no  q u e s t i o n  of c h a n g i n g  the  

1,~tter, of shnff l ing  a b o u t  the  concep t s  a.nd f o r m u l a e . - - T h i s  does n o t  m a k e  

m u c h  sense to  me.  I reca l l  a b r ie f  p a r a d o x i c M  r e m a r k  t h a t  E i n s t e i n  ma de ,  

ha l f  in  joke ,  whi le  we were s t ro l l i ng  U n t e r  de n  L i n d e n :  Of course e ve r y  t h e o r y  

is t r u e  p r o v i d e d  t h a t  y o u  s u i t a b l y  assoc ia te  i ts  symbo l s  w i th  obse rved  q u a n -  

t i t ies .  

R o s e n f e l d ' s  s t a t e m e n t  is a d a n g e r  s ignal .  W h a t  is a t  s t ake  t o d a y - - f a r  

m o r e  impor t~mt  t h a n  t he  e v e n t u a l  dec is ion  for th is  or t h a t  v i e w - - i s  the  per i l  

-of a p rogress ive  n a r r o w i n g  of our  field of v i s ion ,  a m e n t a l  g l a u c o m a  as i t  were. 

(2) Proc. o] the Ni,.dh Nymposiu+~, of the Colston Research Society, April 1957. 

R I A S S U N T O  (*) 

8i danno argomehti in favore dell 'opinione ehe in meccanica quantist ica la fre- 
-quenza mottipIieata per la costan~e di Planck non  ha per i sistemi mieroscopici il signi- 
ficato di energ.'ia. Si esprime l 'opinione che i concerti di energia e della sua conserva- 
zione, al pari di quelli di entropia e del suo aumento,  hanno solo un significato stati- 
s t ico,  l 'cnergia di un sistema macroscopico essendo il prodotto della costante di Planek 
per una  media ponderata delle frequenze in questione. L'opinione diffusa ehe il propo- 

s i to  di dare una descrizione obiet t iva della realtg fisiea debba essere abbandonato 
respinta  basandosi sul fatto che il eosiddetto mondo esterno ~ costituito soltanto di 

-elementi delle singole ment i  ed ~ earatterizzato come ei5 ehe 5 comune a tut t i ,  e rico- 
nosciuto da ogni persona sana e ragionevole. Donde ~ inevitabile la riehiesta di una 

• descrizione non soggettiva, na tu ra lmente  senza pregiudizio del fatto the essa sia deter- 
minist ica o di altra na tura .  

(*) T r < ~ d u z i o n ~  ~ <1 <.ttr<t d<'lltt I~( 'd~tz iol+e.  


