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©  Electric  thruster  for  space  propulsion. 
  An  electric  thruster  for  spacecraft  propulsion  has  an  ion- 
isation  chamber  (8),  and  inlet  (9)  for supplying  gaseous  prope- 
llant  into  the  chamber  (8)  via  a  valve  (7)  when  thrust  is  requi- 
red,  a  hollow  cathode  electron  emitter  (11)  and  keeper  (12) 
and  an  anode  (13)  for  ionising  the  propellant  by  electron 
collision,  an  accelerating  grid  (16)  at  one  end  of  the  chamber 

(8),  and  an  alternating  voltage  supply  (201)  connected  to  the 
grid  (16)  such  that  positive  propellant  ions  and  electrons  are 
alternately  accelerated  out  of  the  chamber  (8)  to  provide  an 
exhaust  beam  (17)  which  gives  the  required  thrust  and  has  a 
predetermined  net  electrical  charge  (typically  zero). 



T h i s   i n v e n t i o n   r e l a t e s   to  an  e l e c t r i c   t h r u s t e r  f o r  

s p a c e c r a f t   p r o p u l s i o n ,   the   t h r u s t e r  i n c l u d i n g   a n  

i o n i s a t i o n   c h a m b e r ,   means  f o r   p r o v i d i n g   p r o p e l l a n t   in  t h e  

c h a m b e r   when  t h r u s t   is  r e q u i r e d ,   means   f o r   i o n i s i n g   t h e  

p r o p e l l a n t   in  t he   c h a m b e r ,   a  g r i d   a t   one  end  of  t h e  c h a m b e r  

and  means  f o r   p r o v i d i n g   an  e l e c t r o s t a t i c   f i e l d  t o   a c c e l e r a t e  

p o s i t i v e   p r o p e l l a n t   i o n s   out   o f  t h e   c h a m b e r   t h r o u g h   t h e  

g r i d   as  an  e x h a u s t   beam  wh ich   g i v e s   t he   r e q u i r e d  t h r u s t .  

F i g u r e   1  shows  a  s c h e m a t i c   d i a g r a m   of  a  known  e l e c t r i c  

t h r u s t e r   a c c o r d i n g   to  the   a b o v e   d e s c r i p t i o n .  

R e f e r r i n g   now  to  F i g u r e   1,  p r o p e l l a n t   g a s ,   f o r  

e x a m p l e   x e n o n ,   i s   p r o v i d e d   to  a  p r o p e l l a n t   t a n k   1  t h r o u g h   a 

f i l l   and  d r a i n   v a l v e   2.  The  t a n k   1  f e e d s   a  p l e n u m   t a n k   3 

w i t h   p r o p e l l a n t  g a s  a t   r e d u c e d   p r e s s u r e   t h r o u g h   a  s o l e n o i d  

o p e r a t e d   v a l v e   4.  The  p l e n u m   t a n k   3  i s   m o n i t o r e d   w i t h   a  

p r e s s u r e   s e n s o r   5  and  f e e d b a c k   c o n t r o l   e l e c t r o n i c s   6  u s e d  

t o  o p e r a t e   t h e   v a l v e   4.  When  t h r u s t   i s   r e q u i r e d   a  s o l e n o i d  

o p e r a t e d   t h r u s t e r   i n l e t   v a l v e   7  i s   o p e n e d .   A p p r o x i m a t e l y  

90%  of  t he   p r o p e l l a n t   gas   f l o w i n g   f rom  the   v a l v e   7  i s   s u p p l i e d  

i n t o   an  i o n i s a t i o n  c h a m b e r   8  t h r o u g h   a  main  f l o w   a s s e m b l y  

i n l e t   9  c o n n e c t e d   to  a  back   p l a t e   10  of  t h e  c h a m b e r   8 .  

A p p r o x i m a t e l y   5%  of  t he   p r o p e l l a n t   gas   f l o w i n g   f rom  t h e  

v a l v e   7  i s   s u p p l i e d   v ia   a  f i r s t   t e e   j u n c t i o n   t h r o u g h   a  

h o l l o w   c a t h o d e  1 1   i n t o   t he   c h a m b e r   8  and  p i c k s   up  e l e c t r o n s  

which  a r e   e m i t t e d   by  t h e  h o l l o w   c a t h o d e   11.  These   e l e c t r o n s  

a re   a c c e l e r a t e d   f rom  the   r e g i o n   of  a  k e e p e r   12  t o w a r d s   a n  

anode   13  by  an  e l e c t r o s t a t i c   f i e l d   p r o v i d e d   b e t w e e n   t h e  



k e e p e r   and  t he   a n o d e   and  t h e y   i o n i s e   t he   p r o p e l l a n t   g a s  

s u p p l i e d   f rom  t h e   i n l e t   9  by  a  c o l l i s i o n   p r o c e s s .   A  s e r i e s  

of  s o l e n o i d s   14  ( o r   p o s s i b l y   p e r m a n e n t   m a g n e t s )   p r o v i d e  

a  m a g n e t i c   f i e l d   w h i c h   c a u s e s   t he   e l e c t r o n s   to  s p i r a l  

b e t w e e n   t h e   k e e p e r   12  and  a n o d e   13  so  i n c r e a s i n g   t h e i r  

p a t h   l e n g t h   and  h e n c e   t h e   n u m b e r   of  c o l l i s i o n s   and  t h e  

i o n i s a t i o n   e f f i c i e n c y .   P o s i t i v e   p r o p e l l a n t   i o n s   p r o d u c e d   i n  

the   c h a m b e r   8  a t   a  v e r y   l o w  p r e s s u r e , f o r   e x a m p l e   10-3   to  1 0 - 4  

T o r r ,   t e n d   to  d r i f t   t o w a r d s   a  s c r e e n   g r i d   15  a t   the   f r o n t  

end  of   t h e   c h a m b e r   8  and  an  a c c e l e r a t o r   g r i d   16  a t   t h a t  

end  of  t h e   c h a m b e r   8  in  f r o n t   of  the   s c r e e n   g r i d   15.   A 

h i g h   n e g a t i v e   v o l t a g e   a p p l i e d   to  the   a c c e l e r a t o r   g r i d   16 

p r o v i d e s   an  e l e c t r o s t a t i c  f i e l d   wh ich   a c c e l e r a t e s   p o s i t i v e  

p r o p e l l a n t   i o n s   ou t   of  t h e   c h a m b e r   8  t h r o u g h   t he   two  g r i d s  

15  and  16  as  an  e x h a u s t   beam  17  wh ich   g i v e s   t he   r e q u i r e d  

t h r u s t .   In  a  t y p i c a l   t h r u s t e r   as  d e s c r i b e d   so  f a r  

a p p r o x i m a t e l y   1000V  i s   a p p l i e d   to  the   a c c e l e r a t o r   g r i d   1 6 ,  

t he   p o s i t i v e   x e n o n   i o n s   h a v e   an  e x h a u s t   v e l o c i t y   of  a p p r o x -  

i m a t e l y   30Km/s   and  t h e   t h r u s t   p r o d u c e d   i s   a p p r o x i m a t e l y  

lOmN.  A c c e l e r a t o r   g r i d   and  beam  s u p p l y   d . c .   power   s u p p l i e s  

20,  21  h a v e   t e r m i n a l s   c o n n e c t e d   to  the   s p a c e c r a f t   p o t e n t i a l  

VO  p r o v i d e d   by  t he   c o n n e c t i o n   SVO  to  t he   s p a c e c r a f t ,   to  t h e  

a c c e l e r a t o r   g r i d   l 6 . a n d   to   t h e   t h r u s t e r   p o t e n t i a l   VI  a s  

shown .   Anode  and  d i s c h a r g e   c h a m b e r   k e e p e r   d . c .   p o w e r  

s u p p l i e s   22,   23  have   t e r m i n a l s   c o n n e c t e d   to  t he   a n o d e   1 3 ,  

t o  t h e   k e e p e r   12,  and  to  t h e   t h r u s t e r   p o t e n t i a l   V1  as  s h o w n .  

A  h e a t e r   24  f o r   t h e   h o l l o w   c a t h o d e   11  i s   a l s o   c o n n e c t e d  t o   t h e  

p o t e n t i a l   V1.  The  s u p p l i e s   2 0 , 2 1 , 2 2 , 2 3   and  t h e   h e a t e r   24  a r e  

c o n t r o l l e d   t o g e t h e r   w i t h   t h e   t h r u s t e r   i n l e t   v a l v e   7  from  a 

c e n t r a l   p r o c e s s o r   ( n o t   s h o w n )   and  s w i t c h e d   on  s i m u l t a n e o u s l y  

when  t h r u s t   i s   r e q u i r e d  

In  t h e   a r r a n g e m e n t   as  d e s c r i b e d   so  f a r ,   t he   e m i s s i o n  

of  t h e   p o s i t i v e   ion   e x h a u s t   beam  would   r e s u l t   in  t he   t h r u s t e r  

and  s p a c e c r a f t   b e c o m i n g   e l e c t r i c a l l y   n e g a t i v e l y   c h a r g e d  

w h i c h   w o u l d   i m p a i r   t he   p e r f o r m a n c e   of  t h e   t h r u s t e r   and  b e  

g e n e r a l l y   u n d e s i r a b l e .   To  o v e r c o m e   t h i s   p r o b l e m ,   a  

s e p a r a t e   e l e c t r o n  e m i t t e r ,   known  as  a  n e u t r a l i s e r ,   is   u s e d  



to  d i s s i p a t e   e l e c t r o n s   and  in  e f f e c t   p r o d u c e   a  n e t   n e u t r a l  

e x h a u s t .   The  n e u t r a l i s e r  i n c l u d e s  a   s e c o n d   t e e   j u n c t i o n  

which   s u p p l i e s   a p p r o x i m a t e l y   5%  of  t h e   p r o p e l l a n t   g a s  

f l o w i n g   f rom  t h e   t h r u s t e r   i n l e t   v a l v e   7  t h r o u g h   a  s e c o n d  

h o l l o w   c a t h o d e   30  w h i c h  e m i t s   e l e c t r o n s   to  a  s e c o n d   k e e p e r  

31.  The  e l e c t r o n s   p i c k e d   up  by  p r o p e l l a n t   gas   f rom  t h e  

r e g i o n  o f   t he   k e e p e r  3 1   t e n d   to  be  c a u g h t   up  in  t he   i o n  

beam  e m i t t e d   f r o m  t h e   c h a m b e r   8  a n d   so  e f f e c t i v e l y  

n e u t r a l i s e   t he   i on   beam  to  p r e v e n t   t h e   t h r u s t e r   and  s p a c e -  

c r a f t   b e c o m i n g   c h a r g e d .   A  n e u t r a l i s e r   b i a s   d . c . , p o w e r   s u p p l y  

32  has  one  t e r m i n a l   c o n n e c t e d   to  t he   s p a c e c r a f t   p o t e n t i a l   V0 

and  the   o t h e r  t e r m i n a l   p r o v i d e s   a  n e u t r a l i s e r   p o t e n t i a l  

V2.  The  h o l l o w   c a t h o d e   30  and  k e e p e r   31  a r e   c o n n e c t e d   t o  

the   t e r m i n a l s   of  a  n e u t r a l i s e r   k e e p e r   d . c .   power   s u p p l y   33 

c o n n e c t e d   to  t he   n e u t r a l i s e r   p o t e n t i a l   V2  and  a  h e a t e r   34- 

f o r   t h e  h o l l o w   c a t h o d e   30  i s   a l s o   c o n n e c t e d   to  t he   n e u t r a l i s e r  

p o t e n t i a l   V2.  T h e  n e u t r a l i s e r   power   s u p p l i e s   a r e   a l s o  

s w i t c h e d   on  u n d e r   c o n t r o l   of  t h e   c e n t r a l   p r o c e s s o r   w h e n  

t h r u s t   i s   r e q u i r e d .  

One  d i s a d v a n t a g e   o f  t h e  s e p a r a t e   n e u t r a l i s e r   j u s t  

d e s c r i b e d  i s  t h e  e x t r a   c o s t   in  p r o v i d i n g   t h e   s e c o n d   t e e  

j u n c t i o n   p r o p e l l a n t   s u p p l y ,   t h e   s e c o n d   h o l l o w   c a t h o d e  

d e v i c e ,   and  i t s   a s s o c i a t e d   h e a t e r   a n d  p o w e r e s u p p l i e s .  

A n o t h e r   d i s a d v a n t a g e   i s   t h a t   h o l l o w   c a t h o d e   e l e c t r o n   e m i t t e r s  

p r e s e n t l y  a v a i l a b l e   a r e   i n h e r e n t l y   r a t h e r   u n r e l i a b l e   d e v i c e s  

due  t o ,   f o r  e x a m p l e ,   t h e   use   o f  a   h e a t e r   w h i c h   c o u l d   f a i l  

and  c o n t a m i n a t i o n   p r o b l e m s .   The  use   of  t h e   f i r s t   h o l l o w  

c a t h o d e   d e v i c e  1 1 ,   12  i s   a t   p r e s e n t   r e q u i r e d   as  p a r t   of  t h e  

p r e f e r r e d  m e a n s   f o r   p r o d u c i n g   i o n i s a t i o n   in  t he   c h a m b e r   8 , b u t  

t ne   i n c r e a s e d   r i s k   in  u s i n g   the   s e c o n d   h o l l o w   c a t h o d e   d e v i c e  

is   u n d e s i r a b l e   f o r   s p a c e c r a f t   whe re   r e l i a b i l i t y   i s   a  p r i m e  

f a c t o r .  

An  o b j e c t   of  t h e   i n v e n t i o n   i s   s u b s t a n t i a l l y   to  o v e r -  

come  the   d i s a d v a n t a g e s   j u s t  d e s c r i b e d .  

A c c o r d i n g   to  t he   i n v e n t i o n   t h e r e   i s   p r o v i d e d   an  e l e c t r i c  

t h r u s t e r   f o r   s p a c e c r a f t   p r o p u l s i o n ,   t he   t h r u s t e r   i n c l u d i n g  

an  i o n i s a t i o n   c h a m b e r ,   m e a n s  f o r  p r o v i d i n g   p r o p e l l a n t   i n  

the   c h a m b e r   when  t h r u s t   i s  r e q u i r e d ,   means  f o r   i o n i s i n g   t h e  



p r o p e l l a n t   in  t he   c h a m b e r ,   a  g r i d   a t   one  end  of  t h e   c h a m b e r  

and  means   f o r   p r o v i d i n g   an  e l e c t r o s t a t i c   f i e l d   to  a c c e l e r a t e  

p o s i t i v e   p r o p e l l a n t   i o n s   o u t   of   t h e   c h a m b e r   t h r o u g h   t h e  

g r i d   as  an  e x h a u s t   beam  w h i c h   g i v e s  t h e   r e q u i r e d   t h r u s t ,  

c h a r a c t e r i s e d   in  t h a t   s a i d   means   f o r   p r o v i d i n g   an  e l e c t r o -  

s t a t i c   f i e l d   c o m p r i s e s   an  a l t e r n a t i n g   v o l t a g e   s u p p l y  

c o n n e c t e d   to  t he   g r i d   s u c h   t h a t   p o s i t i v e   p r o p e l l a n t   i o n s   a n d  

n e g a t i v e l y   c h a r g e d   p a r t i c l e s   a r e   a l t e r n a t e l y   a c c e l e r a t e d  

ou t   of   t h e   c h a m b e r   t h r o u g h   t h e   g r i d   to  p r o v i d e   an  e x h a u s t  

beam  h a v i n g   a  p r e d e t e r m i n e d   n e t   e l e c t r i c a l   c h a r g e .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in  more  d e t a i l  

w i l l   r e f e r e n c e   to  t he   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g u r e   1  shows  a  s c h e m a t i c   d i a g r a m   of  a  known  e l e c t r i c  

t h r u s t e r   as  has  been   d e s c r i b e d   a b o v e ,  

F i g u r e   2  shows  a  s c h e m a t i c   d i a g r a m   of  t he   t h r u s t e r  

of  F i g u r e   1  m o d i f i e d   in  a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,   a n d  

F i g u r e   3  shows  a  d i a g r a m   of   t h e   v o l t a g e   w a v e f o r m  

a p p l i e d   to  t he   a c c e l e r a t o r   g r i d   of   t h e   t h r u s t e r   of  F i g u r e   2 .  

R e f e r r i n g   now  to  F i g u r e s   1  to  3,  where   t he   s a m e  

r e f e r e n c e   n u m e r a l s   a r e   u s e d   in  F i g u r e   2  as  in  F i g u r e   1 

t h i s   i n d i c a t e s   t h a t   the   same  c o m p o n e n t   p a r t s   a r e   p r e s e n t  

and  o p e r a t e   in  t he   same  m a n n e r .   The  s e p a r a t e   n e u t r a l i s e r  

of   t h e   t h r u s t e r   of  F i g u r e   1,  t h a t   i s   to  say  t h e   s e c o n d   t e e  

j u n c t i o n   f o r   p r o p e l l a n t   g a s ,   t h e   s e c o n d  h o l l o w   c a t h o d e  

e l e c t r o n   e m i t t e r   30  and  k e e p e r  3 1   and  t h e   a s s o c i a t e d   p o w e r  

s u p p l i e s   32,  33  and  h e a t e r   34  a r e   e n t i r e l y   e l i m i n a t e d   i n  

the   t h r u s t e r   of  F i g u r e   2.  The  d . c .   a c c e l e r a t o r   g r i d   p o w e r  

s u p p l y   20  of   t h e   t h r u s t e r  o f   F i g u r e   1  i s   r e p l a c e d   by  a n  

a l t e r n a t i n g   v o l t a g e   power   s u p p l y   201  in  the   t h r u s t e r   o f  

F i g u r e   2  such   t h a t   p o s i t i v e   p r o p e l l a n t   i o n s   and  e l e c t r o n s  

a r e   a l t e r n a t e l y   a c c e l e r a t e d   o u t   of   t h e   c h a m b e r   8  t h r o u g h   t h e  

g r i d s   15,   16  to  p r o v i d e   an  e x h a u s t   beam  f rom  t h e   c h a m b e r  

h a v i n g   a  p r e d e t e r m i n e d   n e t   e l e c t r i c a l   c h a r g e .   I t   may  a l s o  

be  d e s i r a b l e   to  i s o l a t e   t h e   s c r e e n   g r i d   15  and  p r o v i d e   i t  

w i t h   a  s e p a r a t e   a l t e r n a t i n g   v o l t a g e   power   s u p p l y ,   bu t   t h i s  

w i l l   d e p e n d   upon  the   i n d i v i d u a l   t h r u s t e r   p a r a m e t e r s   i n c l u d -  

ing   t h e   t y p e   of  p r o p e l l a n t   u s e d .  



To  p r o d u c e   a  n e u t r a l   e x h a u s t   beam,   t h a t   is   to  say   o n e  

in  which   t he   p r e d e t e r m i n e d   ne t   e l e c t r i c a l   c h a r g e   of  t h e  

e x h a u s t   beam  i s   z e r o ,   t h e   a m o u n t   of  c h a r g e   c o n t a i n e d   i n  

the   a l t e r n a t i n g   n e g a t i v e   and  p o s i t i v e   s e c t i o n s   of  t h e  

e x h a u s t   beam  must   be  e q u a l .   B e c a u s e   the   e l e c t r o n s   a r e  

much  l i g h t e r   and  m o r e  a b u n d a n t   in  t he   i o n i s a t i o n   c h a m b e r   8 

t h a n   the   p o s i t i v e   p r o p e l l a n t   i o n s ,   much  s h o r t e r   e l e c t r o n  

a c c e l e r a t i n g   p e r i o d s   and  much  s m a l l e r   e l e c t r o n   a c c e l e r a t i n g  

v o l t a g e s   a r e   r e q u i r e d   t h a n   the   e q u i v a l e n t   p o s i t i v e   p r o p e l l -  

a n t   ion  a c c e l e r a t i n g   p a r a m e t e r s .   As  a  r e s u l t   a  w a v e f o r m  

of  the   t y p e   shown  in  F i g u r e   3  i s   r e q u i r e d   to  be  s u p p l i e d  

to  the   a c c e l e r a t i n g   g r i d   16  by  t h e   a l t e r n a t i n g   v o l t a g e  

power   s u p p l y   201 .   The  n o r m a l   c o n v e n t i o n   i s   to  c o n s i d e r  

z e r o   p o t e n t i a l   as  t h a t   w h i c h   e x i s t s   an  i n f i n i t e   d i s t a n c e  

d o w n s t r e a m   of   t h e   e x h a u s t   beam,  bu t   i t   i s   a d e q u a t e   t o  

c o n s i d e r   t he   a b s c i s s a   a x i s   of  F i g u r e   3  r e p r e s e n t i n g   t i m e   t o  

i n t e r s e c t   t he   o r d i n a t e   a x i s   a t   t he   s p a c e c r a f t   p o t e n t i a l   VO. 

The  v a l u e s   of  t he   p o s i t i v e   p r o p e l l a n t   ion  and  e l e c t r o n  

a c c e l e r a t i n g   g r i d   v o l t a g e s   V3  and  V4  a r e   d e p e n d e n t   on  t h e  

t y p e   of  p r o p e l l a n t ,   and  t h r u s t e r   d e s i g n ,   and  a r e   t h e r e f o r e  

w e l l   d e f i n e d   f o r   any  p a r t i c u l a r   t h r u s t e r .   The  p e r i o d s  

t l   and  t2  f o r   w h i c h   p o s i t i v e   p r o p e l l a n t   i o n s   and  e l e c t r o n s  

r e s p e c t i v e l y   a r e   a c c e l e r a t e d   a r e   l e s s   w e l l   d e f i n e d   b u t  

a g a i n   d e p e n d   upon  t h e   t h r u s t e r   d e s i g n .   In  a  t y p i c a l   e x a m p l e  

w i t h   a   xenon   gas   p r o p e l l a n t ,   V3  and  V4  a r e   -1000V  and  +5V 

r e s p e c t i v e l y ,   and  t l   i s   e q u a l   to  98%  of  t he   w a v e f o r m   p e r i o d  

T .  

S p a c e c r a f t   t e n d   to  become  e l e c t r i c a l l y   c h a r g e d   f o r   a  

v a r i e t y   of  e n v i r o n m e n t a l   r e a s o n s   o t h e r   t h a n   t h a t   r e l a t e d  

to  the   t h r u s t e r   as  d e s c r i b e d   a b o v e   and  t h i s   i s   u n d e s i r a b l e .  

S i n c e   a  s y s t e m   i s   n o r m a l l y   f i t t e d   f o r   m e a s u r i n g   s p a c e c r a f t  

p o t e n t i a l   i t   is   e n v i s a g e d   t h a t   t h i s   s y s t e m   can  be  l i n k e d  

w i t h   means  f o r   v a r y i n g   t h e   r a t i o   of  t l   to  t2  so  t h a t   t h e  

e x h a u s t   beam  of  t h e   t h r u s t e r   may  have   a  n e t   p o s i t i v e   o r  

n e g a t i v e   e l e c t r i c a l   c h a r g e   wh ich   b a l a n c e s   t h e s e   o t h e r  

s p a c e c r a f t   c h a r g i n g   e f f e c t s   and  m a i n t a i n s   a  s p a c e c r a f t   z e r o  

p o t e n t i a l .  



I t   has   b e e n   s u g g e s t e d   t h a t   m o l e c u l a r   c o m p o u n d s   may 
be  used   as  t he   p r o p e l l a n t   in  t h e   t y p e   of   e l e c t r i c   t h r u s t e r  

to  w h i c h   t h i s   i n v e n t i o n   r e l a t e s ,   t h a t   i s   to  say  as  d e s c r i b e d  

in  t he   f i r s t   p a r a g r a p h   of  t h i s   s p e c i f i c a t i o n .   In  t h i s   c a s e  

n e g a t i v e l y   c h a r g e d   p a r t i c l e s   w i l l   be  p r o d u c e d   in  t he   f o r m  

of  n e g a t i v e   i o n s   in  the   i o n i s a t i o n   c h a m b e r .   I t   i s   e n v i s a g e d  

t h a t   t h i s   i n v e n t i o n   i s   a p p l i c a b l e   to   s u c h   use   of   m o l e c u l a r  

compound   p r o p e l l a n t s   so  t h a t   p o s i t i v e   p r o p e l l a n t   i o n s   a n d  

n e g a t i v e l y   c h a r g e d   p a r t i c l e s   a r e   a l t e r n a t e l y   a c c e l e r a t e d  

ou t   of  t h e   i o n i s a t i o n   c h a m b e r   to   p r o v i d e   an  e x h a u s t   b e a m  

h a v i n g   a  p r e d e t e r m i n e d   n e t   e l e c t r i c a l   c h a r g e .  



1.  An  e l e c t r i c   t h r u s t e r   f o r   s p a c e c r a f t   p r o p u l s i o n ,   t h e  

t h r u s t e r   i n c l u d i n g   an  i o n i s a t i o n   c h a m b e r   ( 8 ) ,   means   (7 ,   9 )  

fo r   p r o v i d i n g   p r o p e l l a n t   in  t he   c h a m b e r   (8)  when  t h r u s t   i s  

r e q u i r e d ,   m e a n s   ( 1 1 ,   12,  13)  f o r   i o n i s i n g   t h e   p r o p e l l a n t  

in  t he   c h a m b e r   ( 8 ) ,   a  g r i d   (16)   a t   one  end  of  t he   c h a m b e r  

(8)  and  means   f o r   p r o v i d i n g   an  e l e c t r o s t a t i c   f i e l d   t o  

a c c e l e r a t e   p o s i t i v e   p r o p e l l a n t   i o n s   ou t   of  t he   c h a m b e r   ( 8 )  

t h r o u g h   t h e   g r i d   ( 1 6 )   as  an  e x h a u s t   beam  w h i c h   g i v e s   t h e  

r e q u i r e d   t h r u s t ,   c h a r a c t e r i s e d   in  t h a t   s a i d   means   f o r  

p r o v i d i n g   an  e l e c t r o s t a t i c   f i e l d   c o m p r i s e s   an  a l t e r n a t i n g  

v o l t a g e   s u p p l y   ( 2 0 1 )   c o n n e c t e d   to  t he   g r i d   (16)   s u c h   t h a t  

p o s i t i v e   p r o p e l l a n t   i o n s   and  n e g a t i v e l y   c h a r g e d   p a r t i c l e s  

a r e   a l t e r n a t e l y   a c c e l e r a t e d   ou t   of  t he   c h a m b e r   (8)   t h r o u g h  

the   g r i d   ( 1 6 )   to  p r o v i d e   an  e x h a u s t   beam  h a v i n g   a  p r e -  

d e t e r m i n e d   n e t   e l e c t r i c a l   c h a r g e .  

2.  An  e l e c t r i c   t h r u s t e r   as  c l a i m e d   in  C l a i m   1,  in  w h i c h  

the   p r e d e t e r m i n e d   n e t   e l e c t r i c a l   c h a r g e   of  t he   e x h a u s t  

beam  is   z e r o .  

3.  An  e l e c t r i c   t h r u s t e r   as  c l a i m e d   in  C l a i m   1  or  C l a i m  

2,  in  w h i c h   t h e   means   ( 7 , 9 )   f o r   p r o v i d i n g   p r o p e l l a n t   in  t h e  

c h a m b e r   i n c l u d e s   an  i n l e t   (9)  f o r   s u p p l y i n g   a  g a s e o u s  

e l e m e n t   p r o p e l l a n t   i n t o   the   c h a m b e r   (8)  and  in  w h i c h   t h e  

n e g a t i v e l y   c h a r g e d   p a r t i c l e s   e x h a u s t e d   f rom  t he   c h a m b e r   a r e  

e l e c t r o n s .  
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