
It is interesting to consider the case a < 0 which corresponds to a converging electron 
beam. It is clear from (4) that the solution increases exponentially; i.e., if sufficiently 
large values of ~ are possible, the beam current must be considered suppressed for all values 
of a < 0. It follows from (5) that there is no turning point of the trajectory of a beam elec- 
tron. Evidently, for a < 0 the nonlinear nature of the equation of motion has a stabilizing 
effect~ but an exact analysis requires a numerical solution of Eq. (3). 

Thus, an analysis of the motion of a test electron in a neutralized conical electron beam 
shows first that there is a range of values of the parameter a and the initial angular diver m 
gence of the beam for which there is no motion outside the limits initially set for the beam. 
In this case two types of motion are possible. The first possibility is that an initial small 
angular deflection is decreased as r + = (a < I/2). Evidently, this implies a certain self- 
focusing of the beam (with a possibility of its becoming cylindrical), which must lead to an 
oscillatory motion of the electrons. The second possibility (a > :/2) corresponds to an oscil- 
latory motion of the electrons. This does not imply suppression of the beam current. 

Finally, there is a range of values of a and eo for which the beam current clearly will 
be suppressed. This range can be defined in the following way: a tan(eo/2) > i. 

The author thanks A. V. Zharinov for helpful discussions. 
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w Theoretical investigations of the electromagnetic radiation generated by currents 
of Compton electrons, formed in air near an impulse y-ray source, have been performed in 
many studies (for example, [1-3]). On the other hand, much less attention has been paid 
to comparison of theory with experimental data, evidently because at first glance such a com- 
parison rew~als significant divergence between theory and experiment as to the form and dura- 
tion of the signals generated. Thus, the theoretically calculated pulse has two semiperiods 
with duration of several ~sec, while experiment [4] has recorded a three-semiperiod pulse 
with duration of tens and hundreds of ~sec. There is a similar discrepancy in the ratios of 
field amplitudes in the different semiperiods; theory predicts a ratio of the order of 
decades, while experiment shows ratios near unity. A new approach to comparison of theory 
and experiment can be achieved if we assume that the total recorded electromagnetic impulse 
is in fact the sum of two signals of different nature. This may be confirmed by dividing the 
total signal into two components, with the parameters of one being close to those predicted 
for Compton radiation by theory, and the parameters of the other explicable by sufficiently 
general physical considerations. 

To reliably confirm the conclusions of Compton electron radiation theory, it is de- 
sirable to establish some general property of the signal produced which is not related to 
detailed characteristics of the electron current, which vary in theoretical calculations de- 
pending on the assumptions made, and also vary from experiment to experiment. The presence 
of such a property in the experimental signai is then the criterion of the theory validity. 

Since the published quantitative results on irradiated fields (see, for example [2, 5]) 
have been obtained by numerical integration of the Maxwell equations, while to detect general 
properties of signals it is more convenient to use analytic expressions for the fields, we 
will consider below the question of analytic description of the radiated signal characteris- 
tics. We will consider the signal connected with the disruption of symmetry of Compton elec- 
tron signals upon their reaching the surface of the earth. 
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w We will assume that radial currents are produced, excited by a spherically symmetric 
y-quantum production in air, the quantum source being located at a height h above an under- 
lying surface of infinite conductivity, an asymmetrywhlch ensures radiation of wave fields 
influenced by the underlying surface. We make the following assumptions with respect to the 
radiating currents: In the region above the underlying surface they are symmetric; their time 
dependence is that of a pulse moving with the speed of light of duration To (in reality To 
i0-7-i0 -6 sec [5]), with amplitude dropping sufficiently rapidly at large distance that the 
convergence of the integrals considered below is ensured. As was noted above, the theoretical 
determination of the radiating currents is an independent problem outside the scope of the 
present study. 

With the assumption made, the vertical component A v of the vector potential A on the 
underlying surface in the wave zone may be determined by the integral over the volume V oc- 
cupied by the currents [6], 

v 

where R is mean distance; n is the unit vector directed from radiating volume to detection 
point; Jv is the vertical component of radial currents; the coefficient 2 reflects the con- 
tribution to radiation of currents induced in the underlying surface. If we neglect the 
slight deviation of the vector n from the horizontal direction, then in a spherical coordi- 
nate system (r, if, ~) with z axis along m (Fig. i, where A is the source, 0 is the source epi- 
center, and B is the detection point) and axial angle ~ measured from the upward vertical, we 
have (n, r) = r cos if, the underlying surface equation 

and, moreover (see Fig. i), 

where j is 
written as 

r s i n f f e o s ( a - - q o )  = h  

Iv= /sinffc~ 

the absolute value of the currents. Equation (2.1) in this coordinate system is 

A v =  ~ sin zO 

�9 o 

3 
-Z ~ h/sinvcos(~--,-~) 

eosr~dq~,tr~jdr-}-. ~ cos qgdq~ ~ r2jdr 
o ~ o 

2 

dO.. ( 2 . 2 )  

Addition to the sum in curved brackets of the term 

3 

i j 
h/sin 0cos(.~--~) 

T 
[whose a b s e n c e  i n  Eq. ( 2 . 2 )  i s  due t o  " c u t o f f "  o f  t h e  c u r r e n t s  by t h e  u n d e r l y i n g  s u r f a c e ]  
l e a d s  ~o e q u a l i t y  to  z e r o  o f  t h e  e x p r e s s i o n  f o r  k v .  Th is  i s  a r e s u l t  o f  a p h y s i c a l l y  ob -  
v i o u s  f a c t :  A s p h e r i c a l l y  s y m m e t r i c  c u r r e n t  s y s t e m  i n  a homogeneous medium does n o t  r a d i a t e  
electromagnetic waves. Therefore, Eq. (2.2) may be written [by adding and subtracting Eq. 
(2.3) to the sum in curved brackets in Eq. (2.2)] in the form 

3 

A v = -- ~ j sin 29d0 '( cos q:dq) i j r 'dr .  (2.4) 

o L~ --h,'sin ~'cos 

We note also that it is desirable to describe the current pulse moving at the speed of 
light by a function dependent not on r and t, but on r and t- r/c (the dependence on the 
first argument then describes the change in pulse amplitude and relatively slow changes in 
its form with distance, while the dependence on the second argument describes the pulse form). 
In this case the arguments of the function j in Eqs. (2.1)-(2.4) will be r and T- r(l -- 
cos @ )/c, where T -= t- R/c is time measured from the moment of signal arrival at the detec- 

tion point. 

Integrating over angle tF, of which j is independent, and introducing instead of @ the 

new variable ~' = T -- r(l -- cos O)/c, we finally obtain 
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Av = 4c~ ..11 dr oi' dT'] (r, x') I (T_ - -  z') (z' - -  x+), (2.5) 
h z.+ 

T,_ "~ - -  t • F - t  - -  (:~/~ :'). 

The integration range on the plane (r, ~') is shown in Fig. 2, where the region with 
vertical lines is the integration range in Eq. (2.5) and the region with oblique lines is 
that in which the radiating currents are not equal to zero. Line i--2 describes the equation 
I;' = ~_(r); line 1--3, the equation ~' = ~+(r). For further consideration it is significant 
that at significantly small �9 (x < "Co) =he upper limit in the integral of Eq. (2.5) passes 
through the region where the currents are nonzero. Then the time dependence of Av and, cor- 
respondingly, the time dependence of the radiating field are determined by the time structure 
of the currents. At subsequent times, i.e., at T > T0, the upper integration limit in Eq. 
(2.5) leaves Ehe current zone and the time dependence of the radiated field is determined by 
the spatial dependence of the integrals over current characteristic time. We note that an 
analogous property is inherent to radiation of transverse currents produced by curvature of 
the trajectory of Compton electrons in an external magnetic field [7]. 

For x > Xo Eq. (2.5) may be written approximately in the form 

oo 

4y 2c~ j d r I  (r)V r - -  P, ( 2 . 6 )  Av R 
P 

where 
co 

h h , c7: 
I ( r )  ~-  j ( r ,  ~ ' )d 'd ;  9 ( 'Q~=~-  c~ t ~ �9 

The signal described by Eq. (2.6) has the property that it is invariant with respect 
to spatial dependence of the radiating currents. The ratio Av/~-~ is of one and the same value 
at �9 = T, and �9 = T2, if ~i + T~, but 

h,'cTl @ c'~l/h : h,/c~ + c~.,/h, 

i.e., if p(T~) = P(~a). The fact that the quantity Av//~ is dependent solely on p may be 
verified by experimental recording of the signal if the height of the source h is known. 

In a number of cases a priori information on this height is absent. However, this 
parameter may be determined directly from the signal recording. The method of determining h 
is based on the fact that at the time �9 = h/c the function Av/~ must be at a maximum. In 
fact, at �9 = h/c the derivative 

c~ 

dz R dz dp 
~p 

is equal to zero, since the derivative dp/dz is then zero. Aside from making i t  possible to 
ver i fy  the dependence of the quantity Av/V~T on p(z) alone, the indicated property of the slg- 

\ \~i 
A \ 

\ i qlJ!i]~i i 
�9 r - / ~ / c , - - - ~  ii 

' i ~ i ~  ~ i  ; ] i  ' , ~ ' ~  

2 ,'7 , i : 1  

' , ; t , ,  t ;  i 

..,q 

F i g .  1 F i g .  2 
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Fig. 3 

nal makes it possible to determine the height of the source, which in a number of cases is of 
independent into res t. 

w The experimental recording of a wave signal presented in [4] was used for verifica- 
tion of the theory of Compton electron radiation. The separated Compton current signal is 
shown in Fig. 3 (curve i). Also shown are the time dependence of the vector potential Av(T) 
(curve 2) and the function Av//[~ (curve 3). As in [4], information ontheheightof thesource 
is not presented, and to determine the value of h the extremality of the function Av//T at r = 
h/c was used. The h value thus obtained was equal to approximately 0.9 km. This h value was 
used to calculate the function O(T) shown b_y curve 4 of Fig. 3. It is obvious from the graphs 
that identical values of the function Av/#T correspond to identical values of : points cor- 
responding to O = i, 1.5, and 2 km are noted in Fig. 3. 

Thus, the verification performed here demonstrates the applicability of the theory of 
Compton electron current radiation to description of the electromagnetic effects of impulse 
y-radiation in air. 
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