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gression line of mass on volume : from this line the mass can be found 
by measurements of volume under similar conditions of distributions 
of errors and true values to those in the preliminary sample. The 
regression line of mass on volume provides the best estimate of true 
mass from observed volume. The use of the regression line to estimate 
density is only valid if measurements of volume are free from error : 
the use of the line of best fit to estimate mass from volume or volume 
from mass will, in general, lead to biased estimates. 

Of course, it by no means follows that if the true values are con­
nected by a linear relation then the regression of measured value of 
one variable (the dependent variable) on the measured value of the 
other variable (the independent variable) is linear. However, it is 
possible to prove that under this condition the necessary and sufficient 
condition for linearity is that the cumulant generating function of 
the distribution of errors of the independent variable be a constant 
multiple of the cumulant generating function of the distribution of 
true values of the independent variable. 

The estimate of Kummell's involves a knowledge of the ratio of 
the standard deviations {J: Austen and Pelzer have suggested that, 
If Pis unknown, one should assume {J = p, the slope of the line, leading 
to the estimate 

p = {}.;w2/}.;v 2} 112 • ( 1) 

It should be noticed that this estimate is, in general, inconsistent, 
that is, as the sample size increases indefinitely the estimate, instead 
of tending to the true slope, tends to another value. It is the minimum 
requirement of any estimate that it be consistent, and hence the use 
of (1) is not satisfactory ; it has previously been proposed by Dent•. 
Least squares methods do not enable the slope to be estimated without 
a knowledge of {J, and if the distribution of errors and true values are 
normal, then no consistent estimate of p can be found. 

Seares's solution 

- Jw•-
P - \_v2 - cr! (2) 

requires a knowledge of <rw, "• and not merely their ratio, so that as 
it assumes more known, 1 should have expected it to have given a 
better estimate of fJ than Kummell's. 

It is hoped to publish a fuller discussion of these points elsewhere, 
together with a proof of the above theorem and some generalizations 
of it: the work has been carried out as part of the research programme 
of the National Physical J,aboratory, and this letter is published by 
permission of the Director. 
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Elimination of Certain Divergencies in Quantum 
Electrodynamics 

THE '.!-limiting process', given by Wentzel and improved by Dirac, 
gives a finite classical theory for the interaction of a point-charge 
with its own field. A new mathematical method due to M. Riesz'•' 
of solving the wave equation by means of analytical continuation 
gives the same finite equation of motion for a point-charge as this 
'.<-limiting process'. 

In previous papers we have applied these mathematical methods 
to quantum electrodynamics and to meson theory, solving the ordinary 
and the meson wave equation respectively by analytical continuation. 
In the following we will generalize these calculations. 

We consider the interaction of an electron field tp satisfying Dirac's 
equation, and an electromagnetic field A. When second quantization 
is used, tp, too, becomes a matrix wave function. We work with the 
Heisenberg picture, with matrices varying with t and the state vector 
constant. The equations are 

[in o 'h · o ,_ J 1 e A ,1, c at - '/, rx' oxi - .. me y = c f.<(XI' 'Y· 

D At-< = 47tetjl*rx;tjl. 

We assume the usual commut•tion relations. The self-energy 
terms are, in the second approximation, 

W = W1 + W 2 = tjl 0 * tjl 0*; 

_ [ + tjJ']A•. 
We' have obtained A 1 by analytical continuation with respect to a 
parameter a for a certain value a = 2. Physical expressions containing 
A' can be defined as functions of a and calculated by analytical con­
tinuation. When we apply these methods in quantum theory, some 
formerly divergent expressions become finite (for example, W, = 0), 
but other divergencies still remain, for example, the second self­
energy term W,. Introducing in addition to the '.!-limiting process' 
the hypothesis of positive- and negative-energy photons, Dirac has 
eliminated these divergencies also. 

Hitherto, we have solved the wave equation by analytical con· 
tinuation and the Dirac equation in the ordinary way The Dirac 

equation is also, however, a hyperbolic equation, the solution of which, 
and thereby the corresponding energy expressions, can be given by 
analvtical continuation. We will calculate W, by this method, which 
has no counterpart in classical theory. 

Introducing 

x 0 = ct, e0 = [3, ei mcfh. 
we write the Dirac equation 

As 'V 2 =D. we have ('V - ip) ('V + ip) = 0 + 1'2 

The solution of (0 + p 2 ) tp = f(P) is the analytical continuation to 
a= 2 of 

Vnj(P) = I ( JfrffJ(Q) ePQr 4 
2a1221tr 5::) r.JJj · fL 

2 Ds 
J a - 4([LrPQ)dQ, 
-2-

where TPQ is the Lorentz distance between P and Q, and D) is 
the four-dimensional domain bounded by the retrograde light-cone 
with its top in P and by the space 8. Riesz' has obtained the a­
function corresponding to the operator 'V. We now seek the functions 
L,a and L,a corresponding to the operators 'V +it-< and 'V -it-< 
respectively. We find 

L,nj(P) = [cos VnJ(P) -

i sin 7t; (V' - i[L) Va + 1 j(P)l 

L,af(P) is obtained from L,at(P) by substituting 'V + ip for 'V - ip. 
As ('V +it-<) L,af(P) = L,a-•f(P) and L,0f(P) = f!P). the solution of 
the Dirac equation is obtained by analytical continuation to a = 1. 

We will now, assuming positive-energy photons only, calculate W, 
by analytical continuation. Inserting 

= (V' - i[L)Va + 1 [ A, 0[3rxi'tjl 0
] +(terms 

vanishing for a = 1) for tp 1 in JV 2, we get an expression W 1a. Owing 
to A', the matrix wave function for the electromagnetic field in empty 
space. we get sums over all photons. In the one-electron case. tp0 

contains only one term which is not zero. We perform the operation 

'V - if.<. For an electron at rest the terms containing [3rxi .,
0 . are zero. 

uxt 
After further calculation we get for the other terms, when neglecting 
the retardation, an integrand which contains a sum over all photons 

f exp ({k.< (XQ- Xp)) =I'> (XQ- Xp). 

A calculation analogous to that for w,a gives'•' for w,a an expression 
convergent for 2 < a < 4, which can be continued analytically to 
all a's. As tp has to be a solution of the Dirac equation, we have to 

' find the analytical continuation to a= 1. We find W, =- e(;. 
Thus solving both the wave equation and the Dirac equation by 

analytical continuation, we fl'ttd without further hypotheses flnite 
expressions for the second approximation of the interaction energy. 

A fuller account of this work will be presented in the Arkiv. f. Mat. 
Astr. o. Fys.. Stockholm. • 
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Practical Control of Wireworm with 'Gammexane' 
IN Nature of June 8, Messrs. Golightly and Hogg refer to our state­

ment in an earlier issue that wireworm populations had been reduced 
by as much as 65 per cent following the application of 'Gammexane'. 
In view of a misconception that has evidently arisen, we would state 
that this 65 per cent measured the difference between the populations of 
treated and untreated plots when sampled at the same time, and had no 
counexion with the well-known natural fall in population that occurs 
after ploughing out. 

We realize that the spectacular effect of 'Gammexane' treatment 
may not be dne solely to reduction of the wireworm population, and 
also that other pests may sometimes be affected by these applications. 
It is ho,ped to publish a full account of our trials shortly. 
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