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The Fundamental Paradox of the Quantum Theory 

THE question of the logical consistency of quantum 
mechanics has recently been discussed by Prof. G. 
Temple1 and by Dr. H. Frohlich and Dr. E. Guth 2 • 

Temple arrives at an apparent contradiction, starting 
from principles which he states to be an essential 
part of quantum theory. From these principles 
contradictory results follow, as Temple shows by a 
perfectly rigorous deduction. (The existence of this 
deduction seems to have been ignored by Frohlich 
and Guth.) 

The main assumption used by Temple is that to 
every function of the classical variables of motion 
(momentum, co-ordinate, etc.) there corresponds one 
unambiguously defined operator which may be taken 
as the representative of this function in quantum 
mechanics. Although this assumption can be found 
quite frequently in papers discussing the principles 
of quantum theory, and even in some text-books, I 
would like to emphasise that it is not at all necessary 
and-as one can see from Temple's argument-not 
even possible in quantum mechanics. 

Quantum mechanics requires operators as repre
sentatives of physical variables for two purposes : 
to connect wave functions with experiments, actual or 
possible, and to calculate the time dependence of the 
wave function. In order to be able to apply quantum 
mechanics unambiguously to actual problems, one 
must, therefore, know (a) the operator representing 
the quantity measured by any given apparatus, and 
(b) the energy operator for any given physical 
system. Properly speaking, (a) is a special case of 
(b), for the properties of a measuring apparatus can 
always be analysed if its interaction energy with the 
object in question is known. 

If, then, we had an apparatus built in such a way 
as to measure, say, qp 2q (p denoting the momentum, 
q the co-ordinate of a particle), this apparatus would be 
different from an apparatus measuring f(p 2q 2 + q 2p 2 ), 

although in the limiting case of classical mechanics, 
where quantum effects are negligible, both would 
measure the same quantity. 

Before applying such an apparatus (assuming, for 
the sake of argument, that it exists although it 
probably does not) one would have to make sure, 
either by experimental investigation or by applying 
quantum mechanics to its working mechanism, which 
operator actually is to be associated with it. In 
other words, an apparatus which is quite suitable 
for measuring a certain quantity in the classical limit 
may not satisfy our requirements if we rebuild it on 
a smaller scale, because then quantum effects will 
have to be taken into consideration. 

That one never meets with any difficulty about 
the order of factors in the usual applications of 
quantum theory is due to the fact that only very 
simple operators occur in practice. The most typical 
of them is the energy of an electron in a field of 
force, p 2 j2m + V(q) (m = mass, V = potential 
energy). One generally assumes that the function 
in this exact form, without quantum corrections, has 
to be taken as the energy operator of a particle the 
energy of which would be given by the same ex
pression in classical mechanics. This assumption 
seems very natural, but it cannot be proved on mere 
theoretical grounds. All one can say is that this 
expression is the most plausible amongst a variety 
of different expressions, which all become equal in 
the classical limit but differ by terms like, for example, 
pV- Vp = (h/2rri)grad V (h =Planck's constant). 

It is for the experiment to show that the most plausible 
choice corresponds to reality and that such correction 
terms are absent. 

That the absence of these correction terms cannot 
be inferred from mere theoretical considerations is 
proved by the fact that when relativity and spin 
corrections are taken into account, such terms 
actually do occur. 
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Uncertainty Principle and the Zero-Point Energy 
of the Harmonic Oscillator 

AccoRDING to quantum mef)hanics, an Oscillator 
possesses a definite zero-point energy of vibration, 
and an attempt has been made to express this result 
directly in terms of some general principle. It has 
been found that the result may be deduced from the 
uncertainty principle, in view of the particular 
relation between position, momentum and energy in 
a simple harmonic field. 

In a state of zero energy the vibrating particle 
would be at rest at the centre of the field, and its 
position and momentum would both be known 
accurately. But this would contradict the uncertainty 
principle, and the state is therefore not possible. 
The value of the minimum energ:y may be calculated 
from the uncertainty relatid'h l:.p f:.q;;;,. hj2rr. 
The linear harmonic oscillator is defined by the 
energy equation 

W = if-lw 2q 2 + tp 2
/[-l = constant. 

If we interpret 

amplitude of q = !:, q = uncertainty in position, 
amplitude of p = !:, p = uncertainty in momentum, 

then W = if-lw 2( l:.q) 2 = -!( 6p) 2
/[-l, 

giving [-lW 6q = ± 6p. 

For real 6 p the positive sign must be taken, and 
from the uncertainty relation, ( 6p) 2 ;;;,. h[-tw/2rr, and 
therefore W ;;> fhwj2rr. Taking the equality sign for 
the least value of the energy, it follows that the 
zero.point energy is thw/2rr. 
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The Problem of a Plant Virus Infection 
IN a recent publication1 an account was given of 

a new virus disease which occurred spontaneously in 
tobacco plants growing under insect-proof conditions 
in sterilised soil and sand. It was shown that the 
cowpea (Vigna sinensis), on account of its extreme 
sensitivity to the virus, was a valuable experimental 
plant. In continuing studies upon this disease, some 
observations have been made which will be of interest 
to virus workers. 

It has been found by inoculation tests that a high 
percentage of healthy tobacco plants of the variety 
White Burley carry the virus in the roots. These 
plants are absolutely normal in appearance and under 
the present conditions of light and temperature in 
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