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FIFTY years ago the theory of quantum 
mechanics shaak the foundations of 
physical science. 

It swept away many old ideas about the 
nature of matter. replacing them with a 
theory (quant um mechanicsl wh ich was 
baffling but which worked . 

With the emergence of the new physics, 
subatomic particles, like the electron, 
became somew hat " fuzzy" . They retained 
some particle-like characteristics, but quan­
tum theory also accorded them wave-like 
behaviour. 

Most baffl ing of all perhaps, the " certain­
ty " of classical phys ics was dethroned at the 
subatomic level and replaced by the concept 
of " probability". 

Quantum mechanics asserts that the 
results of measurement in the subatomic 
world cannot generally be predicted with cer­
tainty. Only predictions about the probability 
of any particular outcome are possible. 

Today , desp ite its baffling concepts and its 
somewhat esoteric mathematics, quantum 
mechanics is the foundation stone of modern 
physics. Much of modern physics - lasers. 
the elect r on m i croscope and recent 
developments in mi cro-electronics, for 
example - depends upon an understanding 
of it . Th is is true of chemistry also and even of 
biology - molecular biology, for example. 

Heisenberg Uncertainty 
Principle 

Monash t heoretica l physicist Dr Harry 
Perlman. who i s working on the 
mathematics that forms the foundation of the 
quantum theory. says the difference between 
c lassic al and quantum mechanics is 
illustrated by the often misunderstood 
Heisenberg Un certainty Principle. 

"In classical mechanics, if you know the 
state of a particle (it s position and momen­
turn] you can predict with certainty the result 
of a measurement of any observable 
property," he says . 

" In quantum mechanics, if you know the 
state of the system {the state function}. you 
cannot predict the result of the measurement 
of an observable. 

" How ever, if you keep repeating the 
measurement with the particle in the same 
state each time, you will get a distribution of 
results which determines the probability that 
the observable has a particular value. 

'The standard deviation (the measure of 
spread) of the distribution you obtain when 
you carry out these measurements has 
nothing to do with experimental error. It 
depends upon the state the particle is in." 

Quantum mechanics asserts that if you 
measure the standard deviations of. say , a 
particle 's pos ition and its momentum. the 
product must be equal to or greater than a 
constant h. known as Planck's constant. This 
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IS a mea sure of the uncertainty in the 
measurements. 

" It means th at jf the standard deviation 
{the spread} of , say, the momentum is very 
small. the standard deviation of the particle's 
position Will be correspondingly large : ' he 
says . 

Uncertainty 
measurement 

Perlman says that some think that this un­
cerra .ntv is due to the fa ct that the 
measurement of one (say, position) upsets 
the measurement of the other. That however 
is not the case, 

" Indeed:' he says, " if f d id a set of 
measurements of a particle 's position in 
Mel bourne and a set of measurements of a 
part icle 's momentum in London and 
multiplied the standard deviations together I 
would get a figure equal to or greater than 
Planck 's constant. 

" Cl ea r ly that is not be cause my 
measurements in Melbourne upset my 
measu rements in London. The un certainty is 
inherent in the particl e's state." 

Perlman's cont ributi on to quantum theory 
is to extend a technique, which, to the 
layman , appears to involve some odd 
features. but to the physicist , is a very useful 
device in solving problems in quantum 
mechanics. 

Quantum rnecharucs employs two basic 
kinds of mathematical constru cts ­
observable operators (which are associated 
with constructs such as energy and momen­
tum). and " state vectors in Hilbert space", a 
highly sophisticated mathematical concept 
which specifies the states of particle systems. 

It turns out that when you attempt to 
determine the " t im e evolution" of a particle 
system li .e. the behaviour of the system at 
some subsequent t ime} it makes no 
difference to observational results whether 
you take " st at e vectors" to be time­
independent and blame all the time ­
dependence on the operators, or whether the 
operators are regarded as time-independent 
and the time-dependence is blamed on the 
" st ate vectors" . or whether the time­
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dep endence is shared between "state vec­
tors" and ope rators. 

" W hich approach we use, " Perlman says, 
" w ill depend on w hich is th e most convenient 
for the particular problem at hand. " 

What Perlman has done is to generalise 
this technique of arbitrarily sharing the blame 
for the effects of " time t ranslations" between 
operators and " state vectors" , to the effe cts 
of rotations In four -dim ensional space-time. 

This permits him to share the blame in 
such a way that operators which are normally 
vectors (quantities that have both magnitude 
and duecnonl behave like scalars (quantities 
tha t do not have direction and ar 
independent of the frame of reference]. 

" Trus can be of cons iderable con­
veruence." he says. 

Pe rlman bel ie ve s hi s con ceptual 
development could have applications in areas 
suc h as elementary particle theory, the 
relation between quantum theory and 
general relativity, and perhaps. solid state 
p hy SICS. W ork on its app li cation is 
pro ceeding. 

Modern physics. particularly quantum 
mechanics, raises profound philosophical 
questions. Does science. at this level , present 
to us a picture of reality which becomes 
clearer as knowledge increases? Or are the 
phvsicrst's electrons and the like simply intel­
lectual constructs which help US make sense 
of the world around us? 

Approaches to 
the problem 

There are two extreme approa ches to th is 
pr oblem the realist and th 
instrumentalist. 

To the realist. the scientific view of the 
world, is, in some sense, a pi cture of reality. 
Scientific theories, in this view. are either true 
or false . 

The instrumentalist view (which is held by 
Perlman) is that ent iti es such as particles are 
convenient fi ctions and that scientific 
theories are mn emoni cs, so to speak. which 
serv e to correlate observations and enable 
pred ict ions to be made. 

In thi s view, scientific the ories are not true 
or false . They are simply successful or 
tenable . unsuccessful or untenable. 

The instrumentalist does not deny that the 
realist position is appropriate for some 
th eories, Perlman says , He merely asserts 
that it need not be appropriate to all. 

Later this year Perlman will present an 
elementary lecture on quantum theory to 
HSC students as part of an " enrichm ent" 
senes of lectures wh ich have been prepared 
for the st udents by the Monash physics 
department. 
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