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experiment.7 We therefore believe that computa
tions of the total cross section for a diffuse sur
fac~ nucleus is of definite interest. 

In conclusion we take this opportunity to thank 
I. A. Kropin and B. F. Chumakov for carrying out 
a large part of the numerical calculations. 
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FEYNMAN'S method,1 which is usually used to 
obtain radiative corrections, cannot be applied in 
practice to bremsstrahlung because of the much 
greater calculational difficulties than those en
countered, for instance, in the application to the 
corrections to Compton scattering.2 In the pres
ent work, we use the so-called mass-operator 
method, 3•4 which has many advantages over the 
Feynman method. 

The expression for the renormalized mass op
erator to the necessary order in e2 has been ob
tained by Newton.4 Not only the mass operator, 
but also vacuum polarization contributes to the 
radiative corrections to bremsstrahlung. In order 
to avoid the infrared catastrophe, as usual, we 
make use of the fictitious photon mass A. We 
eliminate A from the final expression by adding 
to the usual bremsstrahlung cross section the 
cross section for double bremsstrahlung, when 
two photons are emitted simultaneously and the 
energy of one of these photons is less than some 
quantity ~ determined by the accuracy of the 
measurement. 

The total cross seetion is conveniently written 
in the form 

dcr ~ dcro [1 - (e2 I 7t) (oR+ on)], e2 = 1/137, 

where da0 is the cross section for the basic 
process and is given by the Bethe-Heitler for
mula,5•6 c5R gives the radiative corrections, and 
c5n gives the double bremsstrahlung. 

Exact expressions for c5R and c5n, together 
with a description of the method by which they 
have been calculated, will be presented in a de
tailed article. Here we shall give only some lim
iting values of c5R and c5n. We choose units in 
which ti = c = m = 1, and make use of the follow
ing notation: p1 and E1 are the initial, and P2 
and E2 are the final electron momentum and en
ergy; k and w = E 1 - E2 are the momentum and 
energy of the emitted photon; 

/'-

)( =- 2w (s2 - p 2 cos 02), 62 = kp2 ; 

't = 2w (s1 - p 1 cos 01), 

rt.=c><+'t; 
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/'. 

i' =- 2 +ex + 2 (8Is2- PIP2 cos&), U = PIP2; 
X 

4 sinh2 x"' p, 4 sinh2y = p-ot; xh (x) = ~ u coth u du. 
0 

1. The limiting case of low frequencies ( WE1 

« 1) . In this case 

I xI, '<;::: I, p = 4p2 sin2 (6 1 2); 

oR= 2 [I- 2x coth(2x)] (In A+ I)+ xtanx + 4xcoth(2x) 

X [h (2x)- h (x)] + si,;(~) 4e/- P + w (x) + 0 (wsi); (1) 

2!:iE ov = 2 [l- 2xcoth(2x)]ln T 

+ __!_ In 1- v + (1- ~2)cosi_1 (2x)G (v,&)+O(w8I); (2) 
v 1 + v v sm e; 2 

where 

I 

G (v, 6) = \ du In 1 + vu. 
~ (1- v2u2) (u2 _ cos2 (6/2))'/a 1- vu' 

cos(6/2) 

PI= p2 = p, ei =e.= e, v =pI e. 

Here and below we use 

W (x) = 2 ( 1 -X coth x) ( l - Il3 coth2 x)-% 

to denote the contribution from vacuum polariza
tion. Expressions (1) and (2) coincide, as may 
have been expected, with the radiative corrections 
to elastic scattering as calculated by Schwinger7 

(see also Akhiezer and Berestetskii,6 Sec. 45). 

2. The relativistic case ( E1 and E2 » 1) with 
low energy losses ( w « E1 and E2 ) at small an
gles ( e, e1, and e2 ...., 1/E « 1; we note that at 
high energies it is just such small angles that 
give the main contribution). In this case 

I x I = - x = w I 82 + w:o26i <;::: 1 , 
-c = w /81 + ws/J~ ~ I, p = e18202 ~ I; 

oR= 2 [I- 2xcoth(2x)] (In A+ I) +xtanhX + 4xcoth(2x) 

X [h (2x)- h(x)] + w (X) + 0 (x, -c); (3) 

2!:i£ 
3v.=2 [l- 2xcoth (2x)] In-,-- 4xcoth(2x) (h (2x) - h (x)] 

t2In(28)[2xcoth(2x)-IJ+0(: Ins,:). (4) 

It should be noted that cases 1 and 2 overlap in the 
region €1, E2 » 1; WEt « 1; (}, (}1, (}2"' 1/€ 
« 1), and that in this region Eqs. (1) and (2) be
come (3) and (4). 

3. In the extreme relativistic limit, when 

81> s2, w::'?>I; In(p-oc), lnp, ln/xl, In-c::'?>!, 

but 

p-a I p-a 
In ---rxf , n -"- , In~, 

the quantities oR and on are 

ln_f_~ I, 
T 

aR = 2(I -2y) InA+ 2y2- 3y+ 4laX + O(I); (5) 

Bv = 2 (I- 2y) In 2M+ 2y2- 2y In p4- a -In 8I82 + 0 (I), 
A eie2 (6) 

where 

2x = Inp, 2y =In (p -oc). 

In the nonrelativistic limit 

0R = 2Ja {- (Pl- P2)2 (In I.+ Il6) 

+ 2 (PI - P2) k In w} + 0 (p3); 

0v = 2fa (PI- P2)2 (+-In 2~£) + 0 (p3); 

2w = p; -p~. 

(7) 

(8) 

In the limit as w - 0 when p 1 = p2 = p these ex
pressions lead to the nonrelativistic limit of the 
corrections to elastic scattering, 7 namely 

aR + Bv = f p2 sin2 f [ !~ - In (2~£)] . 

From (7) and (8) it follows that in the limit as p 1 

- 0, the corrections vanish. 
The author is grateful for valuable advice and 

discussions to Professors A. I. Akhiezer, V. F. 
Aleksin, D. V. Volkov, and S. V. Peletminskii. 
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