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The p rob lem of the connect ion between the init ial  p a r a m e t e r s  of an e lec t ron  b e a m  and its in tegra l  
(effective) range  in an absorb ing  med ium has  now been inveet igated in cons iderab le  detai l ,  both theore t i ca l ly  
and exper imen ta l ly ,  f o r  e l ec t rons  with energ ies  E > 1 keV [1-3]. The da ta  on ranges  for  e l ec t rons  with e n e r -  
gies  of l e s s  than 1 keV a re  inadequate and are  not re l i ab le  enough to cons ider  the connection between the 
ene rgy  and range  as es tab l i shed  for  E <1 keV [3-9]. Here  attention mus t  be drawn to the fact  that  the 
dependences  between the range  and the ini t ial  ene rgy  obtained in  [3-9] per ta in  only to  e l ec t ron  b e a m s  with 
veloci ty  vec to r s  perpendicu la r  to the s u r f a c e  of the a b s o r b e r .  

The a im of the p resen t  r e p o r t  is to inves t igate  the influence of the oblique incidence of a p r i m a r y  e l ec -  
t r o n  b e a m  on its  in tegra l  range  in a gaseous  medium.  The t r a n s f e r  p roce s s  was modeled on the bas i s  of the 
method of s t a t i s t i ca l  t r i a l s  within the f r a m e w o r k  of the scheme  of "individual" col l is ions in a t h r ee - componen t  
gas  mix tu re  (O, O 2, N 2) in the p r e s ence  of a dipole magnet ic  field B. A detai led desc r ip t ion  of the t r a n s f e r  
a lgor i thm and the model  med ium was presen ted  in [10]. Since the motion of the e l ec t rons  took place in a mag-  
netic field, the angle of en t ry  of the b e a m  iato the a b s o r b e r  is the pitch angle (the angle between the veloci ty  
vec to r  and the  d i rec t ion  of the magnet ic  field). Here  perpendicu la r  incidence of the e l ec t ron  b e a m  co r r e sponds  
to a pitch angle of z e ro .  The ca lcula t ions  were  made for  e lec t ron  b e a m s  with initial pitch angles  lying in the 
in te rva l  of 0-70 ~ The t r a j e c t o r i e s  were  modeled on an M-40-30 compute r  in an amount  of  6000, which 
a s s u r e d  the obta inment  of  a s ta t i s t i ca l  e r r o r  of  no m o r e  than 10% at  a confidence coeff icient  of  0.95. 

To find the r anges  we calcula ted and analyzed cu rves  of the t r a n s m i s s i o n  o r ,  as they  a re  s o m e t i m e s  
cal led,  the coeff ic ients  of t r a n s m i s s i o n  T N with r e s p e c t  to number  of pa r t i c l e s ,  

T~v(Eo, 00, z) = n(Eo, 0o, z)/N, 
where  n(z) is the number  of pa r t i c l e s  of the p r i m a r y  b e a m  of intensi ty N whose t r a n s v e r s e  depth of penet ra t ion  
(along the no rma l  to the su r face  of the abso rbe r )  is equal  to a m a s s  z; E 0 and 00 a re  the init ial  energy  and pitch 
angle of an e l ec t ron .  

E x a m p l e s  of cu rves  of T N calcula ted  for  E0=0.1 and 1.0 keV and 00=0, 20, 40, 60, and 70 ~ (curves  1-5,  
r e spec t ive ly )  a re  p resen ted  in Fig .  1, a and b. The main fea tu re  of the evolution of the dependence T =TN(Z) 
with an i nc rea se  in e 0 is a s y s t e m a t i c  breakdown of the exponent ia l  c h a r a c t e r  of this dependence,  which was 
wel l  obse rved  fo r  e l ec t ron  b e a m s  with 00 = 0 (perpendicular  incidence).  And whereas  a sec t ion  of the curve  of 
TN(Z) c lose  to s t ra igh t  could be dis t inguished quite c l ea r ly  for  ~0=0, with an inc rease  in 00 such dis t inguishing 
b e c o m e s  imposs ib le .  Consequent ly,  the concept  that  has  come to be adopted as the ex t rapola ted  range  also 
b e c o m e s  inde te rmina te .  Only the concepts  of the no rma l  and ave rage  r anges  R e and R r e m a i n  physical ly  d e t e r -  
minate  in the en t i re  in te rva l  of init ial  angles of ent ry  of e l ec t rons  into the a b s o r b e r .  R e m e m b e r  that  the nor-  
mal  range  R e is unders tood as the amount of m a s s  of m a t e r i a l  a f te r  pass ing  through which the  intensi ty of the 
p r i m a r y  b e a m  d e c r e a s e s  by e t i m e s .  The ave rage  r ange  R is understood as the ma thema t i ca l  expecta t ion of 
the d is t r ibut ion  densi ty  of r anges  of the p r i m a r y  e lec t rons :  

--  ~ 01' N(z) �9 / ~  01' N(z) . 
R = J z ~ a z / J ~ a z .  

0 l u  

Before  calcula t ing R e and R ,  however ,  let us cons ider  pecu l ia r i t i es  in the behavior  of TN(Z) whose causes  are  
ef fec ts  of re f l ec t ion  of e l ec t rons  by the magnet ic  field due to the longitudinal field gradient .  F o r  00 >60 ~ the 
l a t t e r  leads to the fact  that  some of the e lec t rons ,  without having undergone a single coll ision,  a re  re f lec ted  by 
the magnet ic  field even  in the f i r s t  mean f r ee  path. Then a region of a sha rp  d e c r e a s e  in the intensi ty of the 
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TABLE 1 

O ~ . O a  0 20 40 50 60 70 

0,i 
0,3 
0,5 
0,7 
i,0 

Note.  

2,08(--7)* 
6,72(--7) 
1,35(--6) 
i,94(--6) 
2,94(--6) 

t,90(--7) 
6,32(--7) 
t 24(--6) 
1,89(--6) 
2,73(--6) 

*2 .08( -7)  =2.08 �9 10 -7. 

i,73(--7) 
5,53(--7) 
~,00(--6) 
1,6t(-6) 
2,41(--6) 

1,53(-7) 
4,86(--7) 
0,932(--6) 
1,43(--6) 
2,18(--6) 

f,13(--7) 
3,18(--7) 
0,748(--6) 
,~ j 8 ( - 6 )  
1 , 7 6 ( - - 6 )  

0,895 
2,48(--7) 
0,41(--6) 
0,62i 
0,85l 

T A B L E  2 

0 E o ,  k ~ e  O~ x 0 20 40 50 60 70 

0,i 
0,3 
0,5 
0,7 
i,0 

2,3(--7) 
7,85(--7) 
t,5(--6) 

2,32(--6) 
3,47(--6) 

2,i2(--7) 
7,40(--7) 
t40(--6) 
2,24(--6) 
3,30(--6) 

i,72(--7) 
0,45(--7) 
t,2i(--6) 
t,91(--6) 
2,90(--6) 

i,52(--7) 
5,65(--7) 
i,06(--6) 
1,65(--6) 
2,5 (--6) 

ij5(--7) 
3,25(-7) 
8,85(--7) 
1,3o(-6) 
1,95(--6) 

8,40(-7) 
2,55(--7) 
5,1(--7) 
7,22(--7) 
t o9 ( -6 )  

p r i m a r y  b e a m  lying within  l imi t s  of z-< z 1 is f o r m e d  on the c u r v e s  of TN(Z) (z 1 is the m a s s  of a b s o r b e r  
m a t e r i a l  pas sed  t h r o u g h  by an e l e c t r o n  be fo re  the f i r s t  col l i s ion) .  T h e r e f o r e ,  in ca lcu la t ing  the n o r m a l  r anges  
we wil l  d e t e r m i n e  t h e m  at the leve l  of a t tenuat ion of TN(z) by e t i m e s  r e l a t i ve  to the value of TN(Z) a% z =z l ,  

~'N(z~) = i - F(Oo), 

w h e r e  F(00) is the f r a c t i o n  of e l e c t r o n s  of the unit p r i m a r y  b e a m  which w e r e  r e f l ec t ed  by  the magne t ic  field 
be fo re  the f i r s t  co l l i s ion .  Such an app roach  to  the d e t e r m i n a t i o n  of Re in the case  of the  p r e s e n c e  of a non- 
un i fo rm magne t i c  f ield p e r m i t s  th is  quant i ty  to  be r e t a ined  as the c h a r a c t e r i s t i c  e n e r g y  of the  p r i m a r y  e l e c -  
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t ron  beam~ The calculated R e and R f o r  E0=0.1 , 0.3, 0.5, 0.7, and 1.0 keV (curves 1-5, respect ively)  as func- 
t ions of the initial pitch angles are presented in Fig.  2, a and b, f rom which it is seen that R e and R undergo a 
smooth dec rease  with an increase  in the initial angle of ent ry  of the beam into the absorber  at all initial ene r -  
gies.  The numer ica l  values of the calculated normal  and average ranges are presented in Tables  1 and 2 (the 
values are  given in g rams  per  square  cent imeter ) .  

The authors thank G. V. Starkov for  a discussion of the resu l t s  obtained and L. K. Khvostenko for  help in 
making the calculations.  
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INFLUENCE OF THE CATHODE LAYER ON THE 

CHARACTERISTICS OF A DISCHARGE EXCITED 

V O L T -  A M P E R E  

BY AN E L E C T R O N  B E A M  

A.  M. O r i s h i c h ,  A .  G.  P o n o m a r e n k o ,  UDC 533.915 
a n d  V. N.  S n y t n i k o v  

The volumetr ic  d ischarge  with preionizat ion of the gas by an e lec t ron  beam has found wide application in 
the c rea t ion  of powerful l a se r  sys tems ,  since it can provide the exci tat ion of large volumes of gas at a p re s -  
sure  p ~  1 atm [1, 2]. However,  the physical  p roces se s  de termining the basic laws of energy absorpt ion have 
c lea r ly  been inadequately investigated, and this  per ta ins  especia l ly  to the e lec t rode  layers  of the discharge.  
The importance of studying the cathode and anode potential  drops  is due to the i r  decisive ro le  in maintaining 
the cur ren t  in the d ischarge  at the level  assigned by the ex te rna l  source  and by the conductivity of the gas of 
the d ischarge  gap [3], as well  as by the influence on the stabil i ty of the volumetr ic  d ischarge  [4]. 

Numer ica l  modeling of the cathode layer  (see [5-7]) has been limited to the drif t  approximation and does 
not allow for  many p rocesses  - photoionization, a change in the ra te  of impact ionization at a high densi ty of 
absorbed energy,  cascade p roces se s ,  e t c . -  which can significantly affect its actual p a r a m e t e r s .  

In the present  r epor t  the e lec t ron  concentrat ion n is measured  for  the f i r s t  t ime by the in t e r f e rome t r i c  
method, the v o l t - a m p e r e  cha rac t e r i s t i c s  (VAC) of the d ischarge  are  investigated, and the cathode po te~ ia l  
d rop  is de termined as a function of jc/p 2 in a powerful vo lumetr ic  discharge at p=0.25-1  arm of nitrogen (Jc is 
the d ischarge  cu r ren t  density at the  cathode). 
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