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BACKGROUND 

Although i t  has long been recognized t h a t  t h e  e l e c t r o n  i n j e c t i  occur r ing  
during a magnetic substorm have a continuous energy d i s t r i b u t i o n ,  Py monoener- 
g e t i c  beams have been used f o r  laboratory s i  u a t i o n s  of spacec ra f t  changing 
s t a r t i p a  with the  e a r l y  experiments a t  SRI %' and cont inuing f o r  s e v e r a l  
years.  The use  of monoenergetic beams f o r  l abo ra to ry  experiments and simula- 
t i o n s  continued l a r g e l y  because they were easy t o  assemble. It was recognized, 
however, t h a t  t he  r e s u l t s  observed wi th  a monoenergetic s imula tor  might not  
dup l i ca t e  those t h a t  would occur i n  space. Accordingly, when the  prototype of 
an e l e c t r o n  source capable of producing a continuous energy d i s t r i b u t i o n  became 
a v a i l a b l e  a t  SRI, it was appl ied  immediately i n  a s e t  of coarse experiments t o  
compare the  charging p r o p e r t i e s  of a spacec ra f t  m a t e r i a l  under a monoenergetic 
beam and under a cont inuously d i s t r i b u t e d  beam. 

EXPERIMENTAL SETUP 

The t e s t  s e tup  used i n  these prel iminary experiments is  shown i n  
F igure  1. The e l e c t r o n  source was mounted i n  t he  top  of a c y l i n d r i c a l  vacuum 
chamber. A shee t  of 5-mil-thick Kapton was placed on an in su la t ed  metal sub- 
s t r a t e  placed on the  bottom of the  vacuum chamber. P rov i s ions  were made t o  
measure the  dc cu r r en t  a r r i v i n g  on the subs t r a t e .  A f i e l d  meter loca ted  of f  t h e  
edge of t h e  t e s t  sample provided a means f o r  measuring t h e  p o t e n t i a l  of t h e  t e s t  
sample. A r e t a rd ing  p o t e n t i a l  analyzer was used t o  measure the  energy spectrum 
of t he  i n c i d e n t  e l e c t r o n  beam. 

The energy s p e c t r a  of t h e  e lec t ron  beams used i n  t h e  experiments a r e  shown 
i n  Figure 2. These included a 15-keV monoenergetic spectrum shown i n  
Figure 2 ( a ) ,  and two continuous spec t ra  wi th  t h e  c h a r a c t e r i s t i c s  shown i n  
Figures  2(b)  aqd 2(c).  The t o t a l  beam cu r ren t  dens i ty  i n  each case  was a d j u s t e d  
t o  be 10 nA/cm. It should be noted t h a t ,  i n  t h e s e  experiments, no e f f o r t  w a s  
made t o  dup l i ca t e  the  spec t r a  occurring i n  space. The t e s t s  were in tended  
simply t o  compare m a t e r i a l  charging p r o p e r t i e s  us ing  monoenergetic and con- 
t inuous multi-energy beams. Although the  s p e c t r a  i n  Figures  2(b)  and 2(c)  a r e  
shown stepped, they were a c t u a l l y  continuous. The s t e p s  i n  t h e  f i g u r e  a r e  
simply an  a r t i f a c t  of t h e  energy-measurement technique employed. 

TEST RESULTS 

The r e s u l t s  of t he  t e s t s  on the 5-mil Kapton sample a r e  shown i n  Table 1. 
With t h e  monoenergetic beam, the  sample charged t o  12 kV and e l e c t r i c a l  d i s -  
charges occurred. With the  multi-energy spec t r a  t he  samples charged t o  only 
6 kV and 4 kV, and no d ischarger  were observed. 



Although only t h e  most rudimentary experiments have been conducted thus  f a r  
using the  SRI multi-energy e l e c t r o n  g y ,  the  r e s u l t s  of t hese  experiments and 
o the r  work reported a t  t h i s  conference i n d i c a t e  t h e  need f o r  accu ra t e  simula- 
t i o n  of the  space environment i f  w e  a r e  t o  be a b l e  t o  r e l a t e  t he  s imula t ion  
r e s u l t s  t o  in-orbi t  behavior of s a t e l l i t e s .  
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Table 1 

Test Results on 5-mi1 Kapton Sample 

I #I Multi-energy 1 6 LV (no breakdown) 1 0.2 n A / u  
2 I 

2 
Spectrum (10 nA/cm ) 

15-keV Mono-energetic 

ELECTRON GUN 
CURRENT DENSITY - 10 n ~ l c m ~  

Equilibrium Potentkal 

12 kV (at breakdown) 

/I2 Multi-energy 

RETARDING 
POTENTIAL 
ANALYZER 

0 

Equilibrium Bulk-Current 

2 
2 nA/cm (at breakdown) 

5-mil KAPTON fi - ,  , 1 

4 kV (no breakdown) 

FIGURE 1 TEST SETUP 

0.15 n A / u  
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