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Summary. - -  The accepted outlook in quantum mechanics (q.m.) is based 
entirely on its theory of measurement. Quantitative results of observ- 
ations are regarded as the only accessible reality, our only aim is to pre- 
dict them as well as possible from other observations already made on 
the same physical system. This pattern is patently taken over from the 
positional astronomer, after whose grand analytical tool (analytical me- 
chanics) q.m. itself has been modelled. But the laboratory experiment 
hardly ever follows the astronomical pattern. The astronomer can do 
nothing but  observe his objects, while the physicist can interfere with 
his in many ways, and does so elaborately. In  astronomy the time-order 
of states is not only of paramount  practical interest (e.g. for navigation), 
but  it was and is the only method of discovering the law,  known by now 
in its general features (NEWTON). The physicist is nearly always still 
out for discovering the law (technically speaking; a Hamiltonian); this 
he rarely, if ever, attempts by following a single system in the time- 
succession of its states, which in themselves are of no interest. The ac- 
cepted foundation of q.m. claims to be intimately linked with exper- 
imental science. But actually it is based on a scheme of lneasurement whicll, 
because it is entirely antiquated, is hardly fit to describe any relevant 
experiment that  is actually carried out, but  a lmst of such as are for ever 
confined to the imagination of their inventors. 

1. - Th e  A c c e p t e d  S c h e m e .  

I n  q u a n t u m  theory  (as used a t  p resen t  in  t h i n k i n g  a bou t  e x p e r i m e n t a l  inves t -  

iga t ions)  t he  fol lowing concept ions  p r eva i l :  some phys ica l  s y s t e m  with  which 

we are concerned,  no t  necessar i ly  isola ted b u t  possessing an  i n d i v i d u a l i t y  a n d  

more  or less c lear ly  d e m a r c a t e d  f rom other  pa r t s  of the  phys ica l  world;  t i le 

n a t u r e  of this  sys t em a n d  of i ts  i n t e r a c t i o n  wi th  the  s u r r o u n d i n g  which inc ludes  
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the  exper imenter  and his measur ing appliances;  the  .~tate in which the sys t em 

finds itself (some prefer  to say:  is found) a t  a given m o m e n t ;  measurements  

per formed on the system. 

The object ive  of physical  science according to the  mos t  reserved and cautious 
group is to foretell  wha t  might  be called the (~ orbit  >) of the  s ta te  of the  
system,  its development  in t ime. The means  bo th  for making  the  p rophecy  
and for checking it  are measurements .  Hence  it ~mounts  to forecast ing the  
results  of la ter  measurements  f rom those previously performed.  Though the  

forecast  is usual ly not  precise but  of probabi l i ty ,  there is an unambiguous  

representa t ive  of the  state, the  s ta te -vec tor  or s tate-function,  which is sup- 

posed to change between measuremen t s  in a precisely known fashion (if the  

na tu re  of the  sys tem is known) and to de termine  precisely the  proba.bility 

forecast  for any  measurement  at  any  given moment .  

I t  is to be noted here tha t  the te rms  <( prophecy  >~, (< forecast  >), << previously >), 

(~ la ter  )) mus t  be unders tood to include in the  l imit  the case of t ime difference 

zero between the two measurements ,  the  one f rom which and the  one for which 
the forecast  is made.  This l imiting case is not tr ivial  "rod not at a.ll simple, 
since m a n y  different pairs of measu remen t  can be per formed on the same 

sys tem in immedia te  succession, and not even then does the result  of the first 

as a rule permi t  a unique forecast  on t ha t  of the  second, bu t  only of probabi l i ty .  
The nature of the system is described by  first indicating the variables  on 

which its s ta te-funct ion depends and then  the  so-called Hami l ton ian  operator ,  
which determines  the par t ia l  differential equat ion according to which the  
s ta te-funct ion changes while undis turbed by  the  observer.  The nature  of the 

in teract ion between the sys tem and the observer ' s  appliances is described by  
a par t icular  operator ,  s'~.id to be associated with ~my par t icular  measur ing  

device; it is required for making  the forecast.  
Excep t  in the  limiting case of t ime  difference zero, ment ioned just  before, 

the na ture  of the sys tem mus t  be complete ly  known, if the result  of a measu-  
r ement  is to serve for pronouncing on the  probable  results of a la ter  measu-  
rement ,  t ha t  is to say if it is to serve any  purpose ~t all. For  unless the 

H a m i l t c n i a n  is known one does not know how the s ta te  of the sys tem has 

changed in the  meant ime.  There may ,  of course, be ~, constants  of the mot ion >> 

i.e. measur ing  devices for which the predict ion does not change with t ime.  

They  are those ~:hose associated operator  co.minutes with the H.mfil tonian.  

B u t  to tell whether  it  does the Hami l ton ian  mus t  be known. 
In  the l imiting case this knowledge is i rrelevant .  Bu t  this l imit ing case 

applies only to a handful  of basic k inemat ic  concepts,  mos t ly  such as p layed  
a l ready a p rominent  pa r t  in dynamics  ever since it exists, long before the  

adven t  of quan tu m  theory.  The predict ion is in these cases based on the  mutua l  

commuta t ion  relat ions between the associated operators.  A well known example  
is the cartesian coordinates of the mass  centre and the components  of its ve- 
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locity. A precise determinat ion of one of the la t te r  m~kes any  value of the 
corresponding coordinate equally probable.  More generally,  the same holds 

for any  observable  pa.rameter and its canonically conjugate ;  e.g. for ~ so-cMled 
angle var iable  and its corresponding action var iable  (in a condit ionally periodic 

system).  A different instance of considerable interest  is the to ta l  angular  

m o m e n t u m  a.nd its three  car tes ian components .  I f  the  former  and one of the  

la t te r  be de termined with precision (which can be done, because their  asso- 
ciated operators  commute) ,  then  the  absolute value (but not the direction) 
of the  component  or thogonal  to the  one t h a t  has been measured  egn be in- 
dicated with precision, while for the component  in any par t icular  direction 

in tha t  or thogonat  plane the exact  probabi l i ty  distr ibution can be computed  
f rom the mutua l  commuta t ion  relations be tween the  associated operators.  

I t  is not necessary to know the analyt ical  expressions of the l a t t e r  in t e rms  
of the  var iables  on which the s ta te  funct ion of the  sys tem depends, indeed 

it is not  necessary to know anyth ing  about  these  variables,  nor any  details 

abou t  the nature  of the system. But  these are except ional  eases, and posi- 
t ive ly  res t r ic ted to the l imit  <~time difference zero ~> (physicists dub them 
q u a n t u m  kinemat ics  as against  quan tum dynamics).  In  this paper  we shall 

be concerned with the o'eneral ease. 

2. - The Accepted Scheme Claims Philosol~hical Purity.  

The point  I wish to make  is this. The me thod  of forecast ing tha t  I have  

outl ined above (without the analyt ical  details, which the physicist  knows well 

enough, while they  would bother  the non-mathemat ic ian)  forms the ma ins t ay  

of the accepted  quan t um  theory;  it m a y  or m a y  not be appropr ia te  where 
it applies. But  whether  or no it is so, we ought  to consider if its claim is 

justified to be an accomplished theory  of mea.surement tha t  applies, in prin- 
ciple, to all cases. I hope to show by  a brief anaylsis tha t  it is ve ry  far  f rom 
doing so. To say the least, the vas t  major i ty  of measu remen t s  ac tual ly  per- 
formed in the labora.tory halve an ent irely different character  and s imply do 
not fall under  the adopted scheme. The question whether  there are any  tha t  
do is compara t ive ly  of minor impor tance  and m a y  be touched upon later .  
Fo r  if only m y  first contention is true,  it character izes the scheme as a mere  

ingenious thinking-device,  a scheme of the writ ing desk. This in itself is no 

degradation.  Indeed  the ingredients from which the great  theories of the  

X I X t h  and X X t h  centuries were formed (Maxwell's, Gibb 's ,  Boltzma.nn's 

Lorentz ' ,  Planck 's ,  Einstein 's)  were qll of this k i n d - - p i c t u r e s  in the mind 

f rom which only "alter e laborate  theoret ical  reasoning results, tes table  b y  

exper iment ,  c~m be deduced. But  the  present  ease is different. Qua.ntum 
mechanics claims tha t  it deals u l t imate ly  and direct ly  with nothing but  actual  

observations,  since they  are the only real thint~', the only source of information,  
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which is only abou t  them. The theory  of measu remen t  is caxefully phrased  

so as to m a k e  it epistemologically unassailable.  There  is no question ever  

of wha t  is or is not at  a given ins tant ,  only of what  we should find if we made  
this or tha t  measu remen t ;  and the theory  is only about  the funct ional  con- 
nexion between some group of such findings and some other  group. But  what  

is all this epistemological  fuss for, if we have  not  to do with actual ,  real  findings 
(~ in the  flesh ))~ only with imagined findings? And worse still, is not the whole 

epis temology of the  scheme exploded, if there  are any  measurements  a t  all, 
va luable  sources of information,  tha t  do not full under  the  scheme? 

3. - The Laboratory Pattern is Different.  

I n  the  physical  l abora to ry  (as against  the as t ronomical  observatory)  we 

are  not  ve ry  often interes ted in the  fu ture  his tory of the body  or sys tem on 

which we have  made  a measurement .  I n  the  vas t  ca tegory  of measuremen t s  
concerned with some constant  of the mater ia l  (as density,  compressibil i ty,  
Young ' s  modulus,  specific heat ,  electric o1" thermic  conduct ivi ty ,  surface tens- 
ion, viscosity,  etc.) the physical  object  is just  a sample tha t  m a y  af terwards  

be  th rown into the dustbin.  The results are used on a hundred  later  occasions, 

bu t  not  usual ly  for predict ing the f u t u r e  behaviour  of the sample. When  a 
mot ion  or, more  generally~ a change with t ime  becomes relevant ,  i t  is more 

of ten t h a t  of a measur ing ins t rument  (the needle of a ga lvanomete r  or electro- 
meter ,  the cathode ray  pencil of an oscillograph) than  t ha t  of the object  under  

examinat ion .  These remarks  refer not only to old fashioned routine,  but  also 

to provinces  ve ry  re levant  to quan tum theory:  b lackbody-radia t ion,  spectro- 

me t ry ,  mass -spec t romet ry ,  nuclear magnet i sm,  etc.. 
I t  behoves  me to ment ion  examples  to the cont ra ry :  the direct determin-  

a t ion  of radioact ive  decay, or the observat ion of slow chemical  react ion rates,  
when samples  are t aken  and analysed  f rom hour to hour  or f rom day  to day.  

The closest s imilar i ty  to the scheme of quan tum mechanics,  to m y  mind,  
obta ins  in synthet ic  chemical  manufac tu re  of drugs. Here  we actual ly  perform 

some carefully prescr ibed p repa ra to ry  operations,  including a host  of measu-  

rements ,  with the exclusive scope of producing a substance whose chemical  

proper t ies  we can foretell. This is a wide and impor tan t ,  still a very  special 

b ranch  of physical  science. Ought  one perhaps  to put  the manufac tu re  of a 

scientific ins t rument  on the  same  level? By a certain handling of raw mater ia l  
we produce  a sys tem - -  the ins t rumen t  - -  with very  special, closely predictable  

propert ies.  I will not decide this at  the momen t  and beg to regard it as a 

side remark .  
H o w  is it  now tha t  there  are, at any  rate,  hosts of ac tual  measur ing  devices 

which are cont inual ly  applied and seem to fit so badly  into the  q u a n t u m  
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theory  of measurement?  Is tha t  really so, or could they  be looked upon at  

an other  angle and would then fit into the scheme? No. This is reMly so 

and it is not  difficult to tell the reason, and even to phrase it according to 

quan tum mechanics '  own concepts and terminology. 

4. - As tronomy - The Prototype of Phys ica l  Theory.  

Both forms of quantum meehanies (the matrix-  and the wave-form) ori- 
ginated from analytical mechanics (a.m.). They  both leaned against the great  
central  theorems,  due to Hamil ton and Jaeobi,  of this most accomplished 
and highly archi tectural  theory  in physics. Le t  us note, by the way, tha t  

though both  groups of discoverers used this archi tecture  as a guide for init- 

iat ing a new science, they  did this in so entirely different ways tha t  it  was 
a great  surprise to find them willy-nilly running into the same mathematical  

construct .  The earlier form (HEIsESBERG, BONN) led very  directly to, nay 
it consisted in, adopting an axiom (now usually called a theorem) of dan- 

gerously fascinating beau ty :  the equations of motion must  be taken  over 
f rom a.m. au pied de la lettre, but  the variables whose change in t ime they  
control  and whose numerical values at any moment  of t ime would in a.m. 
indicate the instantaneous state  of the system must  now be looked upon as 
something entirely different. They are not ordinary numbers;  the product  
of any  two of them depends in ~'eneral on the order of the factors;  their  
(~ commuta t ion  relations ,) are of outstanding importance.  They are moment-  
ously contributory to our knowledge of the state  of the system; however alone 
by  themselves,  even when completely known, they  tell us absolutely nothing 
about  the  state (not even by  probabili ty),  bu t  only about  the  nature of the 
system, a.bout possibilities (see Section 1 for the distinction between s ta te  
and nature).  That  is why I called this axiom-theorem dangerously faseinating. 
I ts  apparent  s i m p l i c i t y - - t h e  same equations of motion between quantities, 
habi tual ly  given the same names and represented by  the same s y m b o l s -  se- 
duces us to underrate  the change tha t  has taken  place. And tha t  the more, 
because the analogy with a.m. goes even further .  In the early stages of matr ix  
mechanics the state  function (alluded to in Section 1) was missing; it was 

supplied by  wave-mechanics. Now, if it be given for any time, e.g. for t =  0, 
then those non-commuting quantit ies controlled by  the equations of motion 

do give us full information about  the state  at any other  time. Thus the know- 

ledge of the state-fimetion for one moment  is apparent ly  the analogue of the 
initial conditions (or integration constants) in a.m.. Moreover, just  as in a.m., 

interest ing information of a general kind can be obt ' l ined from the equations 
of motion alone: e.g. when they  assert, than  the non-commuting representat ive 
of a quant i ty  does not change with time, this tells us tha t  any information 
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we might have or obtain about this quantity (whether precise or of probability) 

will not change with time. (But patently this general information concerning 
constancy is about the nature, not the state.) 

I must apologize for going into these details perhaps more than necessary, 
thereby deterring non-mathematical readers. I return to the main argument. 
A.m. has descended from celestial mechanics, initiated by :NEWTOn'. The 
marvellous precision with which the motions of the heavenly bodies are pre~ 
dieted from ~ewton's  l ~ w s -  a precision unparalleled in any other branch of 
knowledge up to the present d a y -  has made mechanics the prototype of 
exact physical science. :Newton's pattern was closely followed in all the at- 
tempts of constructing models of the material world in order to account for 
its behaviour. I t  was followed not only as long as the hope or tendency pre- 

vailed to explain everything mechanically, but far beyond. For it does not 
really matter  in principle (though the mathematical methods vary considerably), 

whether I give myself the initial positions and velocities of a number of part- 
icles that  at tract  or repel each other by forces, known or assumed known, 
and ask myself what aspect will they offer at a given later t i m e , -  or whether 
my system includes field variables, distributed continuously throughout space 
and governed by laws that  relate them to each other and to the motion of 
the particles. The close proximity to the ~ewtonian pattern consists in the 

peremptory demand that  the said laws should, from a given initial state of 
particles and field, entail a definite state of the same at any later time, a 

definite orbit, as it were, of the whole system (notwithstanding the utter  im- 
possibility of actuall$ checking the infinitely many data implied by even one 

such state). 

5 . -  But Not of Physical Experimenting. 

So this ideal of exactitude in physical science was inherited from astronomy : 
for any theory we think out the touchstone shall be that  it enables us to predict 
the observable features of a physical system at any later time from sufficiently 

accurate observations made on the same system at an earlier time. This seems 

to be a sound basis for thinki,~g about physical events, and I dare say the only 
sound one that  has been conceived till now. If in our time it has been found 
out that  nature is not such as to make accurate prediction possible in all cases, 

but sometimes only of probability, this is decidely of very great interest, but 

it does not change the pattern of thought fundamentally, provided the pro- 
babilities are predicted with accuracy (as is universally agreed that  they are}. 
At any rate this is not the point I wish to analyse here. 

But the great difference between (positional) astronomy and physical science 
in general is this. Is a~stronomy, both before and after its fundamental law 
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had been discovered by  ~NEWTON, the actual  observat ions were and are of pre- 

cisely the  type  of the ideal pa t t e rn  (which, as ] said, has been modelled af ter  

them) .  Several  positions of a planet  are o b s e r v e d - - n o t  just  one, since its 

ve loc i ty  is required, moreover  only two angles are observable,  while the tMrd 

space coordinate mus t  be inferred somehow. F rom these data. la ter  positions 

are compu ted  and compared  with observation.  In  this we assume 57ewton's 

law to be known. But  even before it was known, the actual  observat ions were 

of exac t ly  the same kind. Only no very  reliable prediction was possible. Bu l  

it is known how KEPLER'S genius suececded in determining f rom a. vas t  number  

of posi t ional  observat ions the actual  facts,  known as Keepler ' s  laws, from 
which :NEWTO~ read off, as it were, both  the general  law of mot ion and tha t  

of g rav i ty ,  making" then(.eforward accurate  prediction possible. 

In  physical  science, however,  as it has developed since, while this same 
p a t t e r n  of thought has been copied and retained,  it is found much too narrow, 

indeed mos t ly  quite inadequate ,  to cover the actua.l observations.  They  are 

of ent i re ly  different, indeed of ex t remely  mult ifar ious types  (as explained 

before in Section 3). Not  only are we usually not in the post-57ewtonian 

pos i t ion  of knowing the laws and test ing them by prediction, but  in the po- 

sition of KEPLEI~. Our quest is af ter  the ~ature of the sys tem not af ter  its 

state. Moreover  for finding out what  we want  to know we do not follow the 

me thod  of Kepler.  We axe not, or hardly ever, faced with a sys tem tha t  
moves  or changes its s ta te  of its own in a wa.y that  we would find out by ca.re- 

ful ly register ing its observable  featm'es as fun(.tions of the t ime, as the po- 
sitiomfl a s t ronomer  does. I once had the good luck of having to supervise 
for three  years  an advan(.ed practical  (me:~suring) course in physics. Excep t  

for Atwood 's  machine (which was ra ther  on an e lementa ry  side-track) and, 
perhaps,  observat ions  on a pendulum and the like, I do not  r emember  a single 

exper imen t  tha t  followed these lines, but  many,  m a n y  along different lines. 
~ o w ,  this wa.s in the early teens of this ( 'entury : but I do not  think the siting(ion 
has (.hanged sine(,, nei ther  in the com'ses of pracl ical  exercises, nor in the 

research laboratories.  

6. - The Bl ind Spot in Quantum Mechanics .  

Q u a n t u m  mechanics (q.m.) has been slmped af ter  analyt ical  mechanics 

(a.m.), which in turn  has descended from as t ronomy,  g i g h t  at  the outset  

the  fascinat ing and intr iguing novel feature  presented itself, t ha t  the pre- 

dictions of q.m. mus t  not be regardod as unique but  only as of probabil i ty .  

So much  keen interest  and honest  work was spent  on elaborat ing a scheme 

which fitted the new si tuat ion and yet  remained (,lose enough to its proto-  
type  (a.m.) for awdling it~self of its benefits, lha t  no t ime or s t rength  or inclin- 
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ation was left  for noticing how far  the methods  of exper imenta l  l abora to ry  

research had drawn away  f rom those of a s t r o n o m y - - t o  which they  were 

never  ve ry  close. Or was it bel ieved tha t  the new scheme (q.m.), t ha t  is a .m.  

read jus ted  so as to make  only probabi l i ty  forecasts,  was now equipped to app ly  

directly to ac tual  l abora tory  measu remen t s  (which a.m. never  c laimed except  

for simple cases as Atwood 's  machine or a pendulum)?  
Anyhow, the claim is made.  The new science (q.m.) arrogates  the r ight  

to bul ly our whole philosophical outlook. I t  is p re tended  tha t  refined measure-  

ments  which lend themselves  to easy discussion b y  the  quan tum-mechan ica l  
formal i sm could ac tua l ly  be  made.  They  could not. (I a m  alluding to the  

gamma-ray-microscope ,  to the  location of the electron in a ((given ~) hydrogen 

a tom,  and the sort). Actual  measuremen t s  on single individual  sys tems are 

never  discussed in this fundamen ta l  way, because the  theory  is not fit for it. 

This in itself is no blame.  W h a t  is object ionable is the philosophical pre- 
sumption,  which claims real i ty  for any th ing  the  quan tum theor is t  chooses to 

imagine as measurable ,  while he closes his eyes to the fact  tha t  few, if any,  

ac tual  measur ing  devices are amenable  to discussion under  his scheme. 
One can cer ta inly  make  a case for the view tha t  the sum to ta l  of all observ- 

at ions which have  been and ever  will be  made  is a f ter  all the  only real i ty,  
the only th ing tha t  physical  science is concerned with. This view is not self- 
evident,  bu t  it  is wor th  discussing. However  to main ta in  the same abou t  

all observat ions  tha t  some school of theoret icians fancies, while in ac tual  fact  
such observat ions  are not  made  and differ in bulk  f rom those t ha t  have  been 
m a d e  and on which physical  science is based,  such a view is not  founded on 
reason and cannot  p re tend  to passing for serious philosophy. In  using such 
plain language I ha te  to give offence to those of m y  friends who adhere  to this 

k ind of view (without realising t ha t  i t  is of this kind). Bu t  I wish to make  
it  clear, t ha t  I shoulder now and ever  af ter  the fifll responsibi l i ty for m y  
refractoriness.  I am moving against  the  s t ream.  ]~ut the t ide will change. 

7. - Our Ob|ective is the General Laws.  

At the  end of Section 3 I promised  to express in q .m. ' s  own language why  

mos t  ac tua l  l abora to ry  devices do not  fit into its scheme of prophecy.  When  

their  r ight  place within the accepted  theory  is pointed out, i t  becomes per- 

fec t ly  clear t ha t  and why  they  do not  fit into the  wrong place. 

The s i tuat ion is fair ly obvious. The prophecy  scheme (in all bu t  a few 
outs tanding  except ional  instances,  see Section 1) deals with measu remen t s  on 

sys tems  whose nature is known. Expe r imen ta l  research is near ly  a lways con- 
cerned with finding out the na ture  of the  sys tem under  examinat ion.  I t  has  
its place earlier, b y  a well marked  step, t han  the  p rophecy  scheme. I t s  t a sk  
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ranges with tha t  of KEPLER, not  with tha t  of the  as t ronomers  af ter  NEWTOn. 

(Let it be mentioned,  by  the way, t ha t  they  too have  questions about  the  

nature of their  sys tem left  to tl~em: the masses of the  planets ;  the inertial  

f rame;  the appropr ia te  t ime variable,  since the ro ta t ion  of the ear th  is not 

uniform.) To pu t  it briefly: exper imenta l  research is interested in general 

laws, not  in accidental  states. 

So is as t ronomy.  But  here it happens tha t  the accidental  s ta te  of the 

p l ane t a ry  sys tem is of pa ramoun t  pract ical  in~portance for geography and for 

navigat ion.  And, secondly, i t  so happens  t ha t  a pa ins taking record of the  

t ime  sequence of stotes is the only appropr ia te  means  for answering questions 

of nature, whether  pre-Newtonian,  as in the work of KEPLER, or post -Newtonian,  
as e.g. in ascertaining the t idal re ta rda t ion  of the ro ta t ing  earth.  The reason 
for this being so is tha t  the as t ronomer  has no means  of interfering with his 

sys t em:  he can do nothing but  observe it. 
I t  might ,  of eom.se, be the ease, tha t  in experinlental  physics the me thod  

for establishing general laws were the same as in as t ronomy.  I f  this were so, 

the  quan tum mechanical  theory of measurement  might  be all right. But  it 

is no t  so. And tha t  is small  wonder. The physicis t  has full l iber ty to inter- 

fere wi th  his object  and to sel the conditions of exper iment  at  will. This 

empowers  him to invent  methods  widely different from, and largely superior 
to, the placid observat ion of the as t ronomer.  I t  is not astonishing tha t  the  
s t r ic t ly  astronomical  scheme of quan tum me(.hani(.al prophecy is too narrow 

to embrace  them.  
I n  q u a n t u m  nu~ehanieal language l wouhl say, tha t  tim physicist 's  ex- 

pe r imen t  is usually not a imed at  finding out the s ta te-funct ion of his physical  

object ,  bu t  a t  discovering character is t ic  featm'cs of its Hamil tonian  (very 
of ten:  its eigenvalues). For  the /-/amiltonian is the representa t ive  of the 
na ture  of the system,  of the general laws tha t  govern it in any state.  Now 

I mus t  repea t  myself.  I t  is perfect ly  th inkable  t ha t  a good way of finding 
out  about  the I t ami l ton ian  were the inversion of the prophecy scheme:  you 
measure  initial  and final values m a n y  t imes and ask what  Hami l ton ian  will 
correlate them correctly.  I f  this were so (as it is in as t ronomy),  the quan tum 
mechanical  theory  of measu remen t  might  be all r ight.  Bu t  it is not so. The 
fac t  tha t  f rom a known Hami l ton ian  the predict ion is only of probabi l i ty  
makes  the  inverse problem exceedingly involved,  as everybody  who has an 

insight into the ma themat ic s  of the subject  will admit .  It, is small wonder  

tha t  the ext)erimenter  hardly  ever follows this course. The. most  interest ing 

questions are those about  the discrete eigenvalues of some physical var iable  

(most ly:  the energy) or about  some other matr ix-e lements  of some such 

quan t i ty  (most ly:  per turba t ion  energy). These questions a.re somet imes ans- 

wered by  producing suitable exper imenta l  conditions repeatedly,  never  by  
following an individual sys tem through a long course of its orbit,  because this 
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is not  possible. Repea ted  short  period observat ions on similar sys tems are 

then  pu t  together  and t aken  to form v i r tua l ly  the potent ia l  h is tory of one 
and the same system.  

The la t te r  r emark  refers mabf ly  to the  t racing of the orbits of individual  

p~rticles and of the  events  produced by  t hem (as nuclear disintegrations) in 

the  cloud chamber  and in photographic  emulsions. I n  these exper iments  we 

are in a similar  posit ion to t ha t  of the as t ronomer  with regard to our not being 

able to influence the  event.  Yet  the s i tuat ion is not  quite as bad, for we pre- 
scribe the med ium in which the events  take  place (the nature  and pressure 

of the  gas or the composit ion of the photographic  emulsion), and we can app ly  

a magnet ic  field of known strength,  which gives valuable  informat ion b y  
curving the paths .  

8 .  - C o n c l u s i o n .  

There is a habi t  in some quarters  to answer objections of the kind raised 
here  b y  saying t h a t  they  are a m a t t e r  of philosophical tas te  and not re levant  

to any  question physics is real ly concerned with. This a t t i tude  is all instance 

of the  fact  t ha t  scientists are inclined to t ake  their  own outlook for the  na tura l  

w a y  of looking a t  things~ while the outlooks of others,  in asmuch as they  

differ f rom theirs, are adul te ra ted  b y  preconceived and unwarran ted  philo- 
sophical  tenets ,  which unprejudiced science mus t  avoid. 

The ingegnious new-comer to quan t um  mechanics asks m a n y  inconvenient  
questions f rom which, in the considered opinion of the adepts,  he mus t  be  

weaned.  H e  asks for instance whether  the s ta te- t ransi t ions in the  a tom tha t  
a c c o m p a n y  the  emission of a ] ight-quant  are ins tantaneous or whether  they  
take  t ime  and pass through in termedia te  states.  He  is told tha t  this question 

is meaningless  and cannot  be answered. Meaning is only a t t ached  to the value 
we find for the  energy if we measure  it, this can (by axiom} only be  either 

the  value of the  initial s ta te  or t ha t  of the final state,  the probabi l i ty  of finding 

the  l a t t e r  r a the r  t han  the  fo rmer  increases with t ime continuously in a way  

tha t  the  theory  foretells. 
Ano the r  example :  our br ight  disciple m a y  find out for himself,  t ha t  ac- 

cording to his theoret ical  instruct ions nothing prevents  the veloci ty of a par t -  

icle being measured  b y  the  t ime-honoured method  which is pract iced on the  

race-course and b y  the  police (to t race  offenders against  the  speed-limits)~ 
viz.  by  recording the  t ime  t aken  by  the  part icle to cover a known distance;  
and  he is pe r tu rbed  in noticing t ha t  nothing is in the  way  of carry ing the  
accuracy  of this measu remen t  far  beyond the l imit  imposed by  the Unce r t a in ty  
Principle.  The answer he gets f rom the init iates is, t ha t  this is indeed so, 
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b u t  causes no worry ,  since the  eonfl ic t ing data  refer to a bygone  m o m e n t  and  

c a n n o t  be  used  for p r ed i c t i ng  the  fu ture .  

These  examples  could be  mul t ip l i ed .  The  answers  are i n t r i gu ing ;  t h e y  

appea r  to be  unassa i lab le ,  for t h e y  seem to res t  on the  s imple a nd  safe pr inc ip le  

t h a t  sound  a n d  sober  rea l i ty ,  for the  purposes  of science, coincides wi th  what  

is (or m i g h t  be) observed.  B u t  a c t u a l l y  this  is no t  the  whole story.  We  are 

also supposed  to a( tmit  t h a t  the  e x t e n t  of wha t  is, or m i gh t  be, observed  co- 

incides  exac t ly  wi th  what  q u a n t u m  mechani( ' s  is pleased to call observable .  

I have  e n d e a v o u r e d  to  a d u m b r a t e  here t h a t  i l  does not .  A n d  m y  po in t  is 

t h a t  th i s  is no t  an  i r r e l e v a n t  issue of phi losophical  t a s t e ;  it will  compel  us 

to  recas t  the  concep tua l  schema of q u a n t u m  mechanics .  

R I A S S I ' N T ( t  

L'interpretazione pifl eomune della meeeaniea quantistica (m.q.) ~ interamente 
fondata sulla sua teoria della misura. ('ome sola realta accessibile si considerano i risul- 
tat i  quant i ta t ivi  delle osservazioni, il nostxo unico fine essendo quello di predirli per 
quanto possibile a partire da altre osservazioni ~'ih fatte sullo stesso sistema fi- 
sico. Questo schema 6, interamente suggerito dMla astronomia di I)osizione, sul cui 
grande strumento analitico (la meccanic~ analitica) b stata Inodellata la stessa m.q.. 
Male  esperienze di laboratorio ben di rado seguono lo schema dell'astronomia. L'astro- 
nolno non pub che osservare i suoi oggetti, mentre il tisico pus influenzare i propri in 
molte maniere, e anzi lo fa in modo elaborato, in  astronomia la sequenza temi)orale 
degli stall ~ non solo di enorme interesse pratico (per esempio per la navigazione), ma 

stata ed 6 il solo modo di scoprire la legge, ehe si b tiuito per conoscere nei suoi ast)etti 
generali (NEWTON). I1 fisieo ancora oggi si propolw di scoprire la legge (in terrniuo- 
logia tecniea: una Hamil~oniana); iIla. raralnente, o mai, egli cerca di raggiungere lo 
scopo seguendo la successione temporale deg'li stall di un singolo sislem~J, che non sono 
di per s6 di interesse fisico. L'interpretazione piil ('(marne della m.q. si vanta di essere 
intimamente legata alia scienza sperimentale. Ma iu realtA ~ basata su uno schema 
di misura che, essendo interamente antiquato, 6 beu poco adatto a descrivere qua- 
lunque esperienza che venga reahnentc eseguita, m~l piuttosto una schiera di esl)e- 
rienze per sempre limit ate alia immaginazione dei h)ro iuventori. 


