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1N"RODUCTION 

The e l e c t r o s t a t i c  hyperveloci ty  p a r t i c l e  accelerator' has  
been used i n  a v a r i e t y  of experiments concerned with micrometeoroid 
s imula t ion  and hyperve loc i ty  impact? 
a s soc ia t ed  with t h e  use of t h e  acce le ra to r  is t h e  i n a b i l i t y  t o  
spec i fy  i n  advance t h e  parameters of a p a r t i c l e  p r i o r  t o  impact 
upon an experimental  complex. T h i s  occurs because of t h e  size 
d i s t r i b u t i o n  of p a r t i c l e s  comprising t h e  p a r t i c l e  supply.  As has  
been shown, t h e  charge-to-mass r a t i o  (and the re fo re ,  t h e  f i n a l  
ve loc i ty )  is an inve r se  func t ion  of p a r t i c l e  size. The i ron powder 
which has  been used ex tens ive ly  conta ins  p a r t i c l e s  ranging from a 
f e w  t e n t h s  t o  s e v e r a l  microns i n  diameter.  Thus, wide v a r i a t i o n s  
i n  p a r t i c l e  ve loc i ty  and mass a r e  observed. 

One of t h e  major problems 
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The use of f i n e l y  graded powders i n  s e v e r a l  size ranges would 
p a r t i a l l y  a l l e v i a t e  t h e  problem. Unfortunately,  the  s t a t e  of f i n e  
p a r t i c l e  technology has  not  advanced t o  the  po in t  of providing 
s u i t a b l e  p a r t i c l e s .  An a l t e r n a t i v e  method is t o  make t h e  p a r t i c l e  
s e l e c t i o n  fo l lowing  a c c e l e r a t i o n  and p r i o r  t o  impact. 

Since t h e  p a r t i c l e  charge-to-mass r a t i o  is a func t ion  of 
p a r t i c l e  size , s p e c i f i c a t i o n  of p a r t i c l e  ve loc i ty  a l s o  specifies 
p a r t i c l e  size t o  an  accuracy determined by v a r i a t i o n s  in t h e  
charging process .  A system which p e r m i t s  p a r t i c l e s  with v e l o c i t i e s  
wi th in  a small i n t e r v a l  t o  reach  the  t a r g e t  while  r e j e c t i n g  a l l  
o the r s  is a s a t i s f a c t o r y  s o l u t i o n  t o  the  da t a  c o l l e c t i o n  problem. 
A s y s t e m  embodying t h i s  concept has  been cons t ruc t ed  and t e s t e d .  

* 
This work supported under NASA Contract NASw-936, ooInves t iga t ion  
of Hypervelocity Impact Phenomena". 



The main elements of t h i s  system a r e  an e l e c t r o s t a t i c  d e f l e c t o r ,  
a ve loc i ty  sensing and ga t ing  c i r c u i t ,  and a high vol tage  pulse  
c i r c u i t ,  Eack of these  elements a r e  d iscussed  below. 

The E l e c t r o s t a t i c  Def lec tor  

The func t ion  of the  e l e c t r o s t a t i c  d e f l e c t o r  is t o  d e f l e c t  
unwanted p a r t i c l e s  from the  beam w h i l e  permi t t ing  s e l e c t e d  
p a r t i c l e s  t o  pass  through unperturbed. The d e f l e c t o r ,  c o n s i s t i n g  
of a p a i r  of p a r a l l e l  p l a t e s  with a p o t e n t i a l  d i f f e r e n c e  Vd be- 
tween them,  is shown schematical ly  i n  Fig.  l. Upon e n t e r i n g  t h e  
reg ion  between the p l a t e s s ,  p a r t i c l e s  from the  a c c e l e r a t o r  ex- 
per ience a fo rce  perpendicular  t o  t h e  o r i g i n a l  d i r e c t i o n  of motion 
given by 

Fp = qE 9 (1  1 

where q is t h e  p a r t i c l e  charge and E is t h e  e l e c t r i c  f i e l d  be- 
tween the p l a t e s .  In t eg ra t ing ,  w e  g e t  

where v is the  v e l o c i t y  component perpendicular  t o  the  o r i g i n a l  
t r a j e c t o r y ,  m is the  p a r t i c l e  mass, and t is t h e  t i m e  spen t  i n  
t h e  d e f l e c t i o n  region.  The t i m e  r equ i r ed  t o  t r a v e r s e  t h e  l eng th  
of t he  p l a t e s  L is determined by the  i n i t i a l  v e l o c i t y  v and is 
given by 

P 

1/2 t = - = L ( & )  V L 9 (3 1 

where V is t h e  acce -e ra t i sg  vol tage ,  The p e r p e n d i c u a r  v e l o c i t y  
component a t  t h e  e x i t  plane of the  p l a t e s  is 

1/2 
P = E  (2%) L e  

2 

(4 1 
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Furthermore , 

where 8 is t h e  angle  between t h e  i n i t i a l  and f i n a l  t r a j e c t o r i e s .  
It should be noted t h a t  t h i s  express ion  is independent of 
p a r t i c l e  parameters and a l l  p a r t i c l e s  t r a v e r s i n g  t h e  d e f l e c t i o n  
reg ion  descr ibe i d e n t i c a l  t r a j e c t o r i e s  r e g a r d l e s s  of t h e i r  charge- 
to-mass ra t io .  

By i n t e g r a t i n g  Eq. (2) and combining the  r e s u l t  with Eq. (51, 
it is a simple matter  t o  determine t h e  t o t a l  displacement D i m -  
par ted  t o  t h e  p a r t i c l e  a t  any d i s t ance  L' downstream from t h e  

p a r t i c l e  d e f l e c t o r .  For va lues  of E = 2 x 10 vol ts /meter ,  
V = 2 x 10 v o l t s ,  L = 0.15 meter, and L' = 0.15 meter, t h e  d i s -  

placement is 1.25 c m .  Since p a r t i c l e s  from t h e  a c c e l e r a t o r  a r e  
focused i n t o  a much smal le r  spo t  than  t h i s ,  t h e  magnitude of t he  
d e f l e c t i o n  is more than  adequate t o  d e f l e c t  p a r t i c l e s  from t h e  
entrance ape r tu re  of an experimental  chamber. 
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The Velocity Sensing and Gate C i r c u i t  

A s  was mentioned above , spec i fy ing  p a r t i c l e  ve loc i ty  determines 

p a r t i c l e  mass f o r  a g iven  se t  of condi t ions .  Accordingly, p a r t i c l e  
parameter s e l e c t i o n  is made on t h e  b a s i s  of a ve loc i ty  measure- 
ment. The ve loc i ty  s e l e c t i o n  s y s t e m  is i l l u s t r a t e d  schematical ly  
i n  Fig.  2. The ve loc i ty  sensor  c o n s i s t s  of a p a i r  of s h o r t ,  
capaci t ive- type d e t e c t o r s  (see Ref. 3) sepa ra t ed  by a f i x e d  
d i s t ance .  The s i g n a l s  f r o m  each of t h e  d e t e c t o r s  a r e  ampl i f ied  
and presented t o  vol tage d i s c r i m i n a t o r s  where uniform Pulses  a r e  
generated f o r  each s i g n a l  exceeding t h e  d i sc r imina t ion  l e v e l .  The 
output  pulse from t h e  f irst  d i sc r imina to r  t r i g g e r s  a "one-shot'' 
mu l t iv ib ra to r  which produces a pulse  of a d j u s t a b l e  length .  The 
t r a i l i n g  edge of t h i s  pulse t r i g g e r s  another  one-shot m u l t i -  
v i b r a t o r  of v a r i a b l e ,  but p r e s e t  l ength .  This pulse  opens t h e  
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g a t e  of an electronic g a t i n g  c i r c u i t  f o r  t h e  du ra t ion  of t h e  
pulse .  The output pulse  from the  second d i sc r imina to r  is f ed  t o  
t h e  g a t e  and i f  i t  appears while t h e  g a t e  is open, an  output 
t r i g g e r  p u l s e  is generated.  The t r i g g e r  pulse  is de l ive red  t o  
t h e  high vol tage s e c t i o n  of t h e  sys t em.  

I t  can be seen t h a t  t h e  d u r a t i o n  of t h e  f i rs t  m u l t i v i b r a t o r  
pulse  determines t h e  upper v e l o c i t y  l i m i t  of t h e  s y s t e m  while t h e  
du ra t ion  of t h e  second mul t iv ib ra to r  pulse  determines t h e  v e l o c i t y  
i n t e r v a l  over which t r i g g e r  pu lses  a r e  generated.  The du ra t ions  
of both of these  pulses  a r e  ad jus t ed  by switching t h e  mult i -  
v i b r a t o r  coupling c a p a c i t o r s ,  The switching is accomplished by 
mul t i -pos i t i on  wafer switches and a wide v a r i e t y  of v e l o c i t y  
i n t e r v a l s  may be s e l e c t e d .  

I t  should be pointed out t h a t  t he  ve loc i ty  sens ing  s y s t e m  
can be used t o  advantage i n  o the r  ways, a s  wel l .  FOP example, 
t he  t r i g g e r  pulse  can be used t o  g a t e  an osc i l l o scope  i n  order  t o  
d i sp lay  only d e s i r e d  s i g n a l s ,  while ignoring a l l  o the r s .  The use 
of t he  s y s t e m  a l s o  inc reases  t h e  apparent  s ignal- to-noise  r a t i o  
of t h e  de t ec to r s .  The l a t t e r  mani fes ta t ion  is d iscussed  more 
thoroughly i n  another  report '  which a l s o  inc ludes  a d e t a i l e d  
d e s c r i p t i o n  of the  e l e c t r o n i c  c i r c u i t r y .  

The High Voltage Pulse Sec t ion  

When a t r i g g e r  pulse  is received,  t he  high vol tage pu l se  
c i r c u i t  discharges the  vol tage  ac ross  t h e  d e f l e c t i o n  p l a t e s ,  
thereby allowing the p a r t i c l e  t o  proceed on t o  the  t a r g e t .  With 
t h e  exception of t h e  method by which the  g r i d  d r i v e  pulse  is 
generated,  t h e  opera t ion  of t h e  high vol tage  pulse  c i r c u i t  is 
conventional i n  a l l  r e spec t s .  

5 

The t r i g g e r  pu lse  from t h e  ve loc i ty  sens ing  and ga te  c i r c u i t  
is f i r s t  f e d  t o  a one-shot m u l t i v i b r a t o r  whose per iod is a d j u s t -  
ab le  t o  seve ra l  values  roughly corresponding t o  t h e  time r equ i r ed  
f o r  t h e  s e l ec t ed  p a r t i c l e  t o  t r a v e r s e  t h e  d e f l e c t i o n  region.  The 
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output  pu lse  from t h e  m u l t i v i b r a t o r  is app l i ed  t o  the  g r i d  d r i v e  
pulse  genera tor .  T h i s  c i r c u i t  produces a moderately f a s t  r i s i n g  
high vol tage  pulse  (about 1,000 v o l t s  nega t ive)  of a du ra t ion  
equa l  t o  the  l eng th  of t h e  input  pulse.  For a d e t a i l e d  d e s c r i p t i o n  
of t h e  g r i d  d r i v e  pulse  genera tor  which employs a l l  s o l i d - s t a t e  
e l e c t r o n i c s ,  see Ref. 5.  

One p l a t e  of t h e  d e f l e c t i o n  system is grounded while t he  
o t h e r  is connected t o  the  p l a t e  of a high vo l t age  pulse modulator 
tube.  Normally t h e  tube is c u t  off  and t h e  d e f l e c t i o n  p l a t e  is 
a t  the power supply vol tage.  Applicat ion of t h e  d r i v e r  pu lse  t o  
the  g r i d  v i a  an i n v e r t i n g  1:l pulse  t ransformer d r i v e s  t h e  tube 
i n t o  s a t u r a t i o n  thereby dropping t h e  vol tage  between t h e  d e f l e c t i o n  
p l a t e s .  

For proper ope ra t ion  of t h e  d e f l e c t o r ,  t he  vol tage  between 

a r r i v e s  and m u s t  remain discharged u n t i l  t h e  p a r t i c l e  has  t r ave r sed  
t h e  p l a t e s .  These requirements impose l i m i t s  upon t h e  r i s e  t i m e  
and d u r a t i o n  of the  high vol tage pulse.  The d e f l e c t i o n  p l a t e s  
c o n s t i t u t e  a c a p a c i t i v e  load  for  the  tube of t h e  order  of 100 
p icofarads  which must be discharged i n  about a microsecond. A 

high vol tage  pulse  modulator tube (English Electr ic  Valve Co., 
C1150/1, equ iva len t  t o  an  Eimac 4PR60B) was used i n  t h i s  ca se  be- 
cause of a v a i l a b i l i t y ,  a l though somewhat lower power tubes  would 
be equal ly  s a t i s f a c t o r y .  

. t h e  p l a t e s  must be completely discharged before  t h e  p a r t i c l e  

SUMMARY 

The p a r t i c l e  parameter s e l e c t i o n  system descr ibed  above is 
I a valuable  a d d i t i o n  t o  t h e  techniques and methods which have been 

developed i n  connection with t h e  e l e c t r o s t a t i c  p a r t i c l e  acce le r -  
a t o r .  Even when used alone,  t h e  ve loc i ty  sens ing  and g a t e  c i r c u i t  
is very u s e f u l  i n  t h e  d e t e c t i o n  and measurement of very smal l  
high speed p a r t i c l e s  because of the  noise  r educ t ion  inhe ren t  i n  
t h e  s y s t e m .  The d e f l e c t i o n  system is m o s t  u s e f u l  i n  c a s e s  where 

- 
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it is des i r ab le  t o  p r o t e c t  t h e  t a r g e t  from bombardment by p a r t i c l e s  
possessing c h a r a c t e r i s t i c s  o t h e r  than  those wi th in  a g iven  range. 
A l s o ,  c e r t a i n  types  of experiments r e q u i r e  ex tens ive  post-bombard- 
ment ana lys i s ,  and t h e  a b i l i t y  t o  p r e f e r e n t i a l l y  select  c e r t a i n  
parameters i n  advance would reduce the t i m e  s p e n t  i n  t h e  a n a l y s i s  
of redundant or unnecessary da t a .  

I n  t h e  present  sys t em,  t he  s e l e c t i o n  mechanism is based 
s t r i c t l y  on a ve loc i ty  measurement. T h i s  determines p a r t i c l e  
mass t o  an accuracy determined by v a r i a t i o n s  i n  the charging 
mechanism. I f  such v a r i a t i o n s  a r e  excessive,  t h e  s y s t e m  can be 

modified t o  e l imina te  them. This can be accomplished by adding 
t h e  requirement t h a t  t h e  s i g n a l  amplitude l i e  wi th in  some small  
i n t e r v a l .  This is equiva len t  t o  spec i fy ing  a charge i n t e r v a l .  
The simultaneous s p e c i f i c a t i o n  of p a r t i c l e  charge and v e l o c i t y  is 
s u f f i c i e n t  t o  spec i fy  p a r t i c l e  mass f o r  a given a c c e l e r a t i n g  
vol tage.  Although t h i s  refinement has not  been included i n  t h e  

present  s y s t e m ,  it is c l e a r  t h a t  a d d i t i o n  of t h i s  f e a t u r e  is a 
s t r a igh t fo rward  process .  
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