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A b s t r a c t 

P r e s e n t space t r e a t i e s b a n deployment 
o f n u c l e a r weapons and o t h e r weapons 
o f mass d e s t r u c t i o n i n o u t e r space. 
Q u e s t i o n s o f v e r i f i c a t i o n a r e n o t 
d i s c u s s e d i n t h e s e t r e a t i e s . Here, 
however, t h e p r o s p e c t s o f v e r i f y i n g 
p r e s e n t and p o s s i b l e f u t u r e space 
t r e a t i e s a r e d i s c u s s e d . I n t h i s 
c o n t e x t a l s o c o n c e i v a b l e space 
weapons a r e d i s c u s s e d and 
e x e m p l i f i e d . The p o s s i b i l i t i e s o f 
d i s c e r n i n g between space weapons and 
non-weapons s a t e l l i t e s have t o be 
t a k e n i n t o a c c o u n t when n e g o t i a t i n g 
space weapons r e g u l a t i o n s . I t seems 
as i f s u c h a d i s c e r n m e n t w o u l d be 
p o s s i b l e , a t l e a s t t o some e x t e n t . 
There a r e v a r i o u s t e c h n i q u e s 
a v a i l a b l e f o r v e r i f i c a t i o n o f space 
weapons t r e a t i e s . V e r i f i c a t i o n 
t e c h n i q u e s a r e t o be d e s i g n e d 
a c c o r d i n g t o t r e a t y p r o v i s i o n s i n 
r e l a t i o n t o weapons c h a r a c t e r i s t i c s . 
P o s s i b l e t e c h n i c a l v e r i f i c a t i o n means 
a r e e x e m p l i f i e d . We c o n c l u d e t h a t t h e 
p r o s p e c t s f o r v e r i f y i n g many t y p e s o f 
space weapons r e g u l a t i o n s , i n v o l v i n g 
v a r i o u s weapon t y p e s , a r e good. 

I n t r o d u c t i o n 

The i d e a o f weapons i n space i s much 
o l d e r t h a n t h e space age, and a l r e a d y 
i n t h e b e g i n n i n g o f t h e 1960's, soon 
a f t e r t h e f i r s t s a t e l l i t e l a u n c h , 
t h e f i r s t t r e a t y c o n c e r n i n g space 
weapons was s i g n e d . I t was t h e T r e a t y 
B a n n i n g N u c l e a r Weapons T e s t s i n t h e 
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Atmosphere, i n O u t e r Space, and under 
Water. L a t e r i n t h e 1960's, t h e O u t e r 
Space T r e a t y ( t h e T r e a t y on 
P r i n c i p l e s G o v e r n i n g t h e A c t i v i t i e s 
o f S t a t e s i n t h e E x p l o r a t i o n and Use 
o f O u t e r Space, i n c l u d i n g t h e Moon 
and o t h e r C e l e s t i a l B o d i e s ) was 
s i g n e d . 

These t r e a t i e s b a n t e s t i n g o f n u c l e a r 
weapons i n space and t h e p l a c i n g o f 
weapons o f mass d e s t r u c t i o n i n space. 
S t i l l , 35 y e a r s a f t e r t h e b e g i n n i n g 
o f t h e space age, t h e r e a r e o n l y two 
t r e a t i e s d e a l i n g p a r t i a l l y w i t h 
weapons i n space. 

To t h e b e s t o f o u r knowledge, t h e r e 
a r e no weapons i n space t o d a y . 
However, space weapons r e s e a r c h i s , 
under g r e a t s e c r e c y , b e i n g c o n d u c t e d 
i n l a b o r a t o r i e s a r o u n d t h e w o r l d . 
Some o f t h e weapons c o n c e p t s have 
been t e s t e d w i t h r e d u c e d power and 
pe r f o r m a n c e s as compared t o t h e f u l l y 
d e v e l o p e d weapons. Examples o f t h e s e 
l a t t e r weapons a r e v a r i o u s l a s e r 
weapon d e s i g n s . 

T h i s l a c k o f knowledge o f space 
weapons c h a r a c t e r i s t i c s w i l l a f f e c t 
the whole d i s c u s s i o n i n t h e pa p e r . 
A l s o , t h e d e t e r m i n a t i o n o f t h e 
p r o s p e c t s o f v e r i f y i n g space weapons 
t r e a t i e s w i l l depend on t h e f u t u r e 
t r e a t y r e g u l a t i o n s . T h i s means t h a t 
t h e b e s t we c a n do i s t o d i s c u s s 
p o s s i b l e space weapons and t h e i r 
c h a r a c t e r i s t i c s i n r e l a t i o n t o 
v a r i o u s m o n i t o r i n g t e c h n i q u e s . From 
t h a t , one c a n t h e n i n f e r t h e t y p e s o f 
space t r e a t i e s t h a t a r e v e r i f y a b l e 
and what c a n be r e g u l a t e d i n them. 
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Space weapons 

Dp.fi n i H n n s 

Even though t h e p u r p o s e o f t h i s p a p e r 
i s n o t t o r i g o r o u s l y d e f i n e t h e term 
"space weapons", a s h o r t d i s c u s s i o n 
on t h a t i m p o r t a n t i s s u e seem 
a p p r o p r i a t e . One o f many p r o p o s e d 
d e f i n i t i o n s o f space weapons i s t h e 
f o l l o w i n g 1 : 

"A space weapon i s a d e v i c e 
s t a t i o n e d i n o u t e r space ( i n c l u d i n g 
t h e moon and o t h e r c e l e s t i a l b o d i e s ) 
o r i n t h e e a r t h e n v i r o n m e n t d e s i g n e d 
t o d e s t r o y , damage, o r o t h e r w i s e 
i n t e r f e r e w i t h t h e n o r m a l f u n c t i o n i n g 
o f an o b j e c t o r b e i n g i n o u t e r 
s p a c e , o r a d e v i c e s t a t i o n e d i n 
o u t e r space d e s i g n e d t o d e s t r o y , 
damage, o r o t h e r w i s e i n t e r f e r e w i t h 
t h e n o r m a l f u n c t i o n i n g o f an o b j e c t 
o r b e i n g i n t h e e a r t h e n v i r o n m e n t . 
Any o t h e r d e v i c e w i t h t h e i n h e r e n t 
c a p a c i t y t o be u s e d as d e f i n e d above 
w i l l be c o n s i d e r e d as a space 
weapon." 

T h i s and s i m i l a r t y p e s o f 
d e f i n i t i o n s , how e x c e l l e n t and 
n e c e s s a r y t h e y may be, c a n n o t be 
us e d i n c o n n e c t i o n s w i t h q u e s t i o n s 
p e r t i n e n t t o m o n i t o r i n g i s s u e s . The 
pr o b l e m o f s p a c e - o b j e c t 
c l a s s i f i c a t i o n w i l l a l w a y s o c c u r , 
i . e . one i s al w a y s c o n f r o n t e d w i t h 
t h e p r o b l e m o f d e c i d i n g whether a 
space weapon i s a space weapon o r 
n o t . 

A l l weapons t h a t a r e , i n some way, 
i n t e n d e d t o i n t e r f e r e w i t h s a t e l l i t e s 
and t h e i r f u n c t i o n s c o u l d be c a l l e d 
a n t i - s a t e l l i t e weapons, f o r s h o r t 
ASATs. The term ASAT w i l l h e r e , 
however, o n l y be u s e d f o r 
ground-based k i n e t i c k i l l weapons. 

I n t h i s p a p e r , we w i l l , f u r t h e r m o r e , 
r e s t r i c t t h e d i s c u s s i o n t o space 
weapons w h i c h a r e e i t h e r s p a c e - b a s e d 
weapons o r a n t i - s a t e l l i t e weapons 
when i n sp a c e . T h e r e f o r e , we s h a l l 
n o t d i s c u s s t h e m o n i t o r i n g o f 
a n t i - s a t e l l i t e weapon l a u n c h s i t e s . 

Space weapons c a n be i n t e n d e d f o r use 
a g a i n s t : 

* s a t e l l i t e s 
* m i s s i l e s 
* ground-base t a r g e t s 

One c a n o f c o u r s e a l w a y s i n c l u d e i n 
the space-weapon d e f i n i t i o n 
a n t i - p e r s o n n e l d e v i c e s , as i n t h e 
example a b o v e 2 , b u t we a r e n o t 
c o n s i d e r i n g t h e s e h e r e . 

Types 
I t i s i m p o s s i b l e t o use d e f i n i t i o n s 
l i k e "a d e v i c e s t a t i o n e d i n o u t e r 
space d e s i g n e d t o d e s t r o y 
an o b j e c t i n o u t e r s p a c e " 3 when 
d i s c u s s i n g m o n i t o r i n g p o s s i b l i l i t i e s . 
F o r t h e p u r p o s e o f d i s c u s s i n g t h e 
p r o s p e c t s o f v e r i f y i n g space weapons 
t r e a t i e s , we a r e c o m p e l l e d t o be more 
c o n c r e t e . We t h u s choose t o d i s c u s s 
space weapons o f th e f o l l o w i n g t y p e s : 

* ASATs, i . e . o b j e c t s l a u n c h e d t o 
c o l l i d e w i t h s a t e l l i t e s 

* space mines, i . e . " h y p o t h e t i c a l 
d e v i c e s t h a t c o u l d t r a c k and f o l l o w 
a t a r g e t i n o r b i t , w i t h t h e 
c a p a b i l i t y o f e x p l o d i n g on command 
o r preprogrammed t o d e s t r o y t h e 
t a r g e t " 4 , o r s i m p l y s a t e l l i t e s 
d e s i g n e d t o e x p l o d e i n t h e v i c i n i t y 
o f a t a r g e t s a t e l l i t e 5 

* beam weapons: 
- l a s e r s 
- n e u t r a l p a r t i c l e beams weapons 
- h i g h power microwave weapons (HPM 

weapons), i . e . weapons e m i t t i n g 
h i g h power microwave r a d i a t i o n , 
u s u a l l y r a d i a t i o n a t powers above 
one GW (one b i l l i o n w a t t s ) 6 

* r a d i o - w a v e s , w h i c h c a n be u s e d t o 
jam t e l e m e t r y s i g n a l s , 
c o m m u n i c a t i o n l i n k s , and d a t a 
t r a n s f e r 

* n u c l e a r weapons 

Weapons c a n be u s e d a g a i n s t o t h e r 
t a r g e t s t h a n o r i g i n a l l y d e v i s e d f o r . 
I t i s , e.g., o f t e n much e a s i e r t o 
d i s a b l e s a t e l l i t e s t h a n 
i n t e r c o n t i n e n t a l b a l l i s t i c m i s s i l e s 
(ICBMs), and t h a t f o r t h e f o l l o w i n g 
r e a s o n s : 
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* ICBMs have t o be d e t e c t e d q u i c k l y 
a f t e r l a u n c h and t h e t r a j e c t o r y 
must be c a l c u l a t e d v e r y r a p i d l y , 
whereas s a t e l l i t e s move f o r l o n g 
t i m e s i n a l m o s t t h e same o r b i t . 

* ICBMs a r e h a r d e n e d , whereas 
s a t e l l i t e s a r e n o t . 

T h i s means t h a t weapons d e v e l o p e d 
a g a i n s t ICBMs w o u l d be more e f f e c t i v e 
a g a i n s t s a t e l l i t e s t h a n a g a i n s t 
ICBMs. 

A weapon c o n c e p t c o n c e i v e d o f a 
c o u p l e o f y e a r s ago i n t h e SDI 
( S t r a t e g i c Defense I n i t i a t i v e ) 
program c o n s i s t s o f a sy s t e m o f a 
l a r g e number o f s m a l l s a t e l l i t e s , 
s o - c a l l e d B r i l l i a n t P e b b l e s . These 
s m a l l s a t e l l i t e s a r e i n t e n d e d t o be 
p l a c e d i n g r e a t numbers i n low E a r t h 
o r b i t where t h e y a r e t o c o l l i d e w i t h 
t h e i r t a r g e t s . The p u r p o s e i s t o use 
them as a d e f e n c e a g a i n s t ICBMs, b u t 
p r o b a b l y t h e y c o u l d a l s o r a t h e r 
e a s i l y be u s e d a g a i n s t s a t e l l i t e s . 

V e r i f y i n g c o m p l i a n c e w i t h a space 
t r e a t y r e g u l a t i n g , i n some way, t h e 
deployment o f space mines c o u l d be 
d i f f i c u l t , f o r t h e f o l l o w i n g r e a s o n s . 
F i r s t l y , a space mine c o u l d be 
d i s g u i s e d as a non-weapon s a t e l l i t e . 
S e c o n d l y , a space mine c o u l d be made 
t o e x p l o d e f a r f r o m i t s t a r g e t 
s a t e l l i t e : t h e space d e b r i s o f a 
d e t o n a t e d space mine c o u l d be u s e d 
f o r d e s t r o y i n g a s a t e l l i t e i n a 
c r o s s i n g o r b i t under t h e r i g h t 
c o n d i t i o n s . The advantage o f t h i s 
mode o f p r o c e d u r e w o u l d be t h a t t h e 
e x p l o s i o n c o u l d n o t f o r c e r t a i n be 
c l a i m e d as i n t e n t i o n a l l y . The 
d i s a d v a n t a g e w o u l d be t h e low h i t 
p r o b a b i l i t y , due t o t h e d i s p e r s i o n o f 
the e x p l o s i o n f r a g m e n t s , and t h e 
p o s s i b i l i t y o f damaging o t h e r 
s a t e l l i t e s n o t aimed a t . 

To use n u c l e a r weapons a g a i n s t 
s a t e l l i t e s , w h i c h a r e f a i r l y f r a g i l e , 
do n o t seem t o be v e r y c o s t 
e f f e c t i v e . However, such weapons 
c o u l d be u s e d a g a i n s t t h e E a r t h . An 
o r b i t i n g n u c l e a r weapon c o u l d be s e n t 
down towards t h e E a r t h and made t o 
d e t o n a t e e i t h e r h i g h up i n the 
atmosphere ( i n o r d e r t o c r e a t e a 
w i d e s p r e a d e l e c t r o m a g n e t i c p u i s ) o r 

c l o s e t o t h e ground o v e r a c h o s e n 
t a r g e t . 

Space t r e a t i e s 

NTBT 

The f i r s t t r e a t y w i t h b e a r i n g on 
space weapons i s t h e 1963 T r e a t y 
B a n n i n g N u c l e a r Weapon T e s t s i n t h e 
Atmosphere, i n O u t e r Space, and under 
Water ( a l s o c a l l e d N u c l e a r T e s t Ban 
T r e a t y (NTBT)). A r t i c l e I o f t h e 
t r e a t y s t a t e s 7 : 

"Each o f t h e P a r t i e s t o t h i s T r e a t y 
u n d e r t a k e s t o p r o h i b i t , t o p r e v e n t , 
and n o t t o c a r r y o u t any n u c l e a r 
weapon t e s t e x p l o s i o n , o r any o t h e r 
n u c l e a r e x p l o s i o n , a t any p l a c e under 
i t s j u r i s d i c t i o n o r c o n t r o l : 
(a) i n t h e atmosphere; beyond i t s 
l i m i t s , i n c l u d i n g o u t e r s p a c e ; o r 
under w a t e r , i n c l u d i n g t e r r i t o r i a l 
w a t e r s o r h i g h s e a s . 
(b) " 

I t s h o u l d be n o t e d t h a t t h e e x i s t e n c e 
o f n u c l e a r weapons i n o u t e r space i s 
n o t banned, o n l y n u c l e a r e x p l o s i o n s 
a r e . 

OST 

The o t h e r o f t h e two t r e a t i e s 
r e g u l a t i n g space weapons i s t h e 1967 
T r e a t y on P r i n c i p l e s G o v e r n i n g t h e 
A c t i v i t i e s o f S t a t e s i n t h e 
E x p l o r a t i o n and Use o f O u t e r Space, 
i n c l u d i n g t h e Moon and o t h e r 
C e l e s t i a l B o d i e s ( a l s o c a l l e d t h e 
O u t e r Space T r e a t y ( O S T ) ) . A r t i c l e IV 
o f t h e t r e a t y s t a t e s 8 : 

" S t a t e s P a r t i e s t o t h e T r e a t y 
u n d e r t a k e n o t t o p l a c e i n o r b i t 
a r o u n d the E a r t h any o b j e c t s c a r r y i n g 
n u c l e a r weapons o r any o t h e r k i n d s o f 
weapons o f mass d e s t r u c t i o n , i n s t a l l 
s u c h weapons on c e l e s t i a l b o d i e s , o r 
s t a t i o n s u c h weapons i n o u t e r space 
i n any o t h e r manner. 

th e t e s t i n g o f any t y p e o f 
weapons on c e l e s t i a l b o d i e s 
s h a l l be f o r b i d d e n . " 

The t r e a t y f o r b i d s t h e p r e s e n c e o f 
weapons o f mass d e s t r u c t i o n 
( i n c l u d i n g n u c l e a r weapons) i n o u t e r 
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space. T h i s means t h a t weapons u s i n g 
n u c l e a r e x p l o s i o n s as ene r g y s o u r c e 
( e . g . X - r a y l a s e r s ) a r e banned from 
s p a c e . 9 T h i s i s , however, o n l y t h e 
case i f t h e n u c l e a r e x p l o s i o n d e v i c e , 
u s e d f o r t h e e n e r g y p r o d u c t i o n o f a 
space weapon t h a t i s n o t mass 
d e s t r u c t i n g , i s c l a s s i f i e d as a 
n u c l e a r weapon and n o t j u s t a weapon 
component. 

The p r e s e n c e , i n o u t e r space o r on 
c e l e s t i a l b o d i e s , o f weapons t h a t a r e 
n o t mass d e s t r u c t i n g i s n o t banned. 
The t e s t i n g o f weapons on c e l e s t i a l 
b o d i e s i s , however, f o r b i d d e n . The 
q u e s t i o n o f weapons on c e l e s t i a l 
b o d i e s w i l l n o t be d e l t w i t h i n t h i s 
p a p e r . 

Future regu la t ions 

There a r e s e v e r a l p o s s i b l e ways t o 
t a c k l e t h e q u e s t i o n o f weapons i n 
space: 

* No a c t i o n a t a l l , i . e . t h e l e g a l 
s i t u a t i o n o f t o d a y i s j u d g e d t o be 
adequate. 

* L i m i t a t i o n : 
- on c e r t a i n weapon p a r a m e t e r s 
- on th e number o f weapons a l l o w e d 

t o be d e p l o y e d 

The p o s s i b i l i t i e s o f v e r i f y i n g a ban 
on weapon r e s e a r c h w i l l n o t be 
d i s c u s s e d i n t h i s p a p e r . T e c h n i c a l 
means o f v e r i f y i n g o t h e r t y p e s o f ban 
and l i m i t a t i o n s w i l l , however, be 
d i s c u s s e d i n t h e f o l l o w i n g . 

Verification techniques 

Space weapons c a n be i n s p e c t e d : 

* on ground ( b e f o r e l a u n c h ) 
* from ground 
* from space 

On-ground i n s p e c t i o n s a r e a l s o , i n 
t h i s c a s e , c a l l e d p r e - l a u n c h o r 
on-pad i n s p e c t i o n s . 

O b t a i n i n g i n f o r m a t i o n o f space 
weapons, o r p o t e n t i a l space weapons, 
from a d i s t a n c e has t o be made by 
means o f d e t e c t i n g e l e c t r o - m a g n e t i c 
r a d i a t i o n , o r maybe by d e t e c t i n g 
p a r t i c l e s . Examples o f t e l e m o n i t o r i n g 
a r e : 

* t a k i n g p h o t o g r a p h s o f th e o b j e c t s , 
u s i n g : 
- cameras mounted on ground-based 

t e l e s c o p e s 
- cameras on s a t e l l i t e s 

* B a n n i n g o f : 
- w e a p o n - t e c h n o l o g y components 
- weapons r e s e a r c h 
- weapons t e s t i n g 
- weapons deployment 
- weapons usage 
- c e r t a i n t y p e s o f weapons 

The b a n n i n g o f n u c l e a r r e a c t o r s i n 
E a r t h o r b i t , p r o p o s e d by 
o r g a n i z a t i o n s o f A m e r i c a n and ( t h e n ) 
S o v i e t s c i e n t i s t s , c a n be seen as a 
weapon - t e c h n o l o g y components ban. 
Such a ban c o u l d c o n s t i t u t e a way o f 
im p e d i n g t h e development o f many 
sp a c e - b a s e d weapons, and t h a t f o r two 
r e a s o n s : 

* a t p r e s e n t , t h e r e seem t o be no 
a l t e r n a t i v e f o r t h e e n e r g y 
p r o d u c t i o n o f some t y p e s o f 
sp a c e - b a s e d weapons 1 

* n u c l e a r r e a c t o r s a r e e a s i l y 
d e t e c t i b l e 1 1 

* s p e c t r a l r e g i s t r a t i o n , w h i c h c a n be 
us e d t o draw c o n c l u s i o n s about t h e 
o b j e c t 

* m e a s u r i n g t h e p o s i t i o n o f t h e 
o b j e c t s i n o r d e r t o d e t e r m i n e i t s 
o r b i t , as g i v e n by i t s o r b i t a l 
e l e m e n t s 

The o r b i t o f a s a t e l l i t e ( r e l a t i v e t o 
the E a r t h o r r e l a t i v e t o o t h e r 
s a t e l l i t e s ) g i v e s i n f o r m a t i o n about 
i t s f u n c t i o n . 

L a r g e s p e c i a l l y c o n s t r u c t e d 
t e l e s c o p e s a r e needed i f t h e 
t e l e s c o p e s a r e t o be ground-based i n 
o r d e r t o o b t a i n images w i t h adequate, 
i . e . h i g h , r e s o l u t i o n . However, u s i n g 
s p a c e - b a s e d cameras, s m a l l e r l e n s 
systems w o u l d be s u f f i c i e n t i f t he 
o b s e r v i n g s a t e l l i t e were t o make 
c l o s e e n c o u n t e r s w i t h t h e s a t e l l i t e 
under o b s e r v a t i o n . A t a d i s t a n c e o f 
1000 km (f r o m - g r o u n d m o n i t o r i n g ) t h e 
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l e n s o r m i r r o r d i a m e t e r w o u l d need t o 
be a f a c t o r 100 t i m e s l a r g e r t h a n a t 
a d i s t a n c e o f 10 km ( i n - o r b i t 
m o n i t o r i n g ) , i . e . a t e l e s c o p e on 
ground w i t h a d i a m e t e r o f 10 m w o u l d 
g i v e t h e same r e s o l u t i o n o f 10 cm as 
a 10 cm l e n s i n s p a c e . 1 2 The b i g g e s t 
a s t r o n o m i c a l t e l e s c o p e s o f t o d a y have 
m i r r o r d i a m e t e r s on t h e o r d e r o f 5 m. 

T h i s c l a s s i c a l p h o t o g r a p h i c 
m o n i t o r i n g t e c h n i q u e u s e s r e f l e c t e d 
l i g h t , o r e m i t t e d i n f r a - r e d l i g t h . 
However, new r a d a r t e c h n i q u e s t h a t 
make i t p o s s i b l t o o b t a i n d e t a i l e d 
images o f s a t e l l i t e s , even i n t h r e e 
d i m e n s i o n s , a r e e n v i s a g e d f o r t h e 
f u t u r e . 

Weapons u s i n g n u c l e a r r e a c t o r s w o u l d 
e m i t c h a r g e d p a r t i c l e s ( s u c h as 
p o s i t r o n s ) , n e u t r o n s , and gamma r a y s . 
The d e t e c t i o n o f t h e s e w o u l d most 
e a s i l y be done from s p a c e . The 
r a d i a t i o n t y p e s and t h e i r e n e r g i e s 
c o u l d p r o b a b l e be u s e d t o 
d i f f e r e n t i a t e s a t e l l i t e s e q u i p e d w i t h 
weapons u s i n g n u c l e a r r e a c t o r s f r o m 
o t h e r t y p e s o f n u c l e a r r e a c t o r 
e q u i p e d s a t e l l i t e s . However, t h e most 
e a s i l y d e t e c t e d r a d i a t i o n f r o m 
n u c l e a r r e a c t o r s i s i n f r a - r e d 
r a d i a t i o n . 1 3 

S i n c e many weapons pr o d u c e h e a t (more 
h e a t t h a n t h a t o f c i v i l i a n 
s a t e l l i t e s ) when a c t i v a t e d , space 
weapons c o u l d be r e v e a l e d d u r i n g 
weapons t e s t i n g . The e m i t t e d 
i n f r a - r e d r a d i a t i o n makes th e h e a t 
s o u r c e s e a s y t o d e t e c t . I n many 
c a s e s , h e a t i s e m i t t e d e ven some ti m e 
a f t e r t h e weapon has been u s e d , t h u s 
making i t p o s s i b l e t o d e t e c t a space 
weapon even a f t e r a weapon t e s t i n g , 
e.g., has been c a r r i e d o u t . 

Many space weapons w i l l need l a r g e 
amounts o f e n e r g y , e i t h e r f o r o r b i t a l 
m a n o e u v r i n g o r f o r t h e weapon e f f e c t . 
T h i s w i l l e s p e c i a l l y be t h e c a s e f o r 
e x o t i c weapon t y p e s , s u c h a s : 

* l a s e r weapons 
* n e u t r a l p a r t i c l e beam weapons 
* h i g h power microwave weapons 

Depending on l a s e r weapon t y p e , l a s e r 
weapons w i l l need e i t h e r l a r g e amount 
o f c h e m i c a l o r e l e c t r i c e n e r g y . 

N e u t r a l p a r t i c l e beam weapons m i g h t 
need f u e l s u p p l i e s o f maybe 50 o r 
100 t o n s . 1 4 H i g h power microwave 
weapons need enormous amount o f 
e l e c t r i c a l e n e r g y . S t o r i n g l a r g e 
amount o f e n e r g y i n space i s , a t 
l e a s t t o d a y , one o f t h e m a j o r 
o b s t a c l e s c o n f r o n t i n g t h e new e x o t i c 
weapon t e c h n o l o g i e s . U n t i l new 
t e c h n i q u e s f o r s t o r i n g e n e r g y a r e 
d e v e l o p e d , t h e s t o r a g e f a c i l i t i e s 
w i l l be e a s i l y d e t e c t i b l e . 

T here a r e no r e a l i s t i c c h ances o f 
d e t e c t i n g l a s e r beams i n s p a c e . A t 
low a l t i t u d e s ( a b o u t 200 km) t h e r e 
a r e , however, a s m a l l p o s s i b i l i t y o f 
d e t e c t i n g l a s e r l i g h t ^ s c a t t e r e d by 
a t m o s p h e r i c m o l e c u l e s i f t h e s e n s o r 
i s w i t h i n a few km f r o m t h e l a s e r . A t 
a l t i t u d e s o f a b out 250 km ( o r more) 
t h i s i s , however, p r a c t i c a l l y 
i m p o s s i b l e . 1 5 Due t o t h e d r a g c a u s e d 
by t h e atmosphere a t low a l t i t u d e s , 
l a s e r weapons w i l l p r o b a b l y be p l a c e d 
a t o r b i t s above 250 km. 

Each weapon t y p e w i l l a l s o p r e s e n t 
c h a r a c t e r i s t i c f e a t u r e s s p e c i f i c f o r 
t h a t weapon. The k i l l mechanisms w i l l 
p r e s e n t f e a t u r e s t h a t w o u l d i n most 
c a s e s d i s t i n g u i s h a space weapon f r o m 
a non-weapon. L a s e r weapon systems 
c o u l d use l a r g e m i r r o r s ; some t y p e s 
o f l a s e r s w o u l d have t o be v e r y 
e l o n g a t e d , as w o u l d a l s o n e u t r a l 
p a r t i c l e beam a c c e l e r a t o r s and 
r a i l - g u n s , o r , w i t h a n o t h e r name, 
e l e c t r o m a g n e t i c guns. A r a i l - g u n i s 
an e l e c t r o m a g n e t i c l a u n c h e r , i . e . a 
huge gun u s i n g e l e c t r o m a g n e t i c f o r c e s 
i n s t e a d o f c h e m i c a l s as p r o p e l l a n t . 
The b a r r e l m i g h t be as l o n g as 25 m 
and o n l y about a t h i r d o f a meter i n 
d i a m e t e r . 1 6 A n e u t r a l p a r t i c l e beam 
weapon u s e s a l i n e a r a c c e l e r a t o r i n 
w h i c h c h a r g e d p a r t i c l e s a r e 
a c c e l e r a t e d by e l e c t r o m a g n e t i c 
f o r c e s . The p a r t i c l e s ' c h a r g e s a r e 
n e u t r a l i z e d b e f o r e t h e y l e a v e t h e 
weapon. The l e n g t h o f s u c h 
a c c e l e r a t o r s m i g h t be f r o m 25 m t o 
maybe 100 m.17 Thus, t h e s e new t y p e s 
o f e x o t i c weapons, w h i c h s t i l l a r e 
o n l y i n t h e r e s e a r c h o r development 
phase, w o u l d be r a t h e r e a s y t o 
m o n i t o r . 

The s h o r t e l e c t r o m a g n e t i c i m p u l s e s 
u s e d i n r a i l - g u n s t o p r o p e l t h e 
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p r o j e c t i l e s , o r t h e ones from n e u t r a l , 
p a r t i c l e a c c e l e r a t o r s , w o u l d c r e a t e 
e l e c t r o m a g n e t i c r a d i a t i o n t h a t s h o u l d 
be d e t e c t i b l e o u t s i d e t h e weapon and 
wou l d t h u s c o n s t i t u t e a m o n i t o r i n g 
means. R a i l - g u n s a r e , however, n o t 
o n l y d i s c u s s e d f o r p o s s i b l e weapons 
usage b u t a l s o as l a u n c h e r s o f c a r g o . 
T h i s non-weapon usage o f r a i l - g u n s 
c o u l d be d i f f i c u l t t o d i s t i n g u i s h 
f r o m t h e weapon usage o f r a i l - g u n s i f 
b o t h t y p e s were t o be d e p l o y e d i n 
space. 

E l e c t r i c a l l y pumped l a s e r s m i ght a l s o 
be m o n i t o r e d by e l e c t r o m a g n e t i c f i e l d 
d e t e c t i o n . O t h e r t y p e s o f l a s e r s a r e 
c h e m i c a l l y pumped. C h e m i c a l s r e l e a s e d 
i n t o space w o u l d p e r m i t , n o t o n l y t o 
d e t e c t t h e l a s e r , b u t a l s o t o 
d e t e r m i n e t h e e x a c t t y p e o f c h e m i c a l 
l a s e r b e i n g m o n i t o r e d . 

K i n e t i c k i l l weapons, i . e . weapons 
s h o o t i n g as more c o n v e n t i o n a l weapons 
o r u s i n g the whole s a t e l l i t e as a 
b u l l e t , o r space mines b l o w i n g i t s e l f 
up, c o u l d be more d i f f i c u l t t o 
d e t e c t . A space mine c o u l d , e.g., be 
h i d d e n i n s i d e a s a t e l l i t e h a v i n g an 
appearance o f a o r d i n a r y non-weapon 
s a t e l l i t e , o r even be a r e a l 
s a t e l l i t e w h i c h c o u l d be s a c r i f i c e d . 

The l a r g e s t r u c t u r e s m e n t i o n e d w o u l d 
be e a s i l y d e t e c t i b l e from l o n g 
d i s t a n c e s , f r o m ground f o r i n s t a n c e . 
S m a l l e r , and maybe h i d d e n , f e a t u r e s 
w o u l d need t o be e i t h e r m o n i t o r e d on 
ground a t l a u n c h , i . e . on-pad 
i n s p e c t i o n , o r fr o m a c l o s e p a s s - b y 
o f a s p e c i a l o b s e r v a t i o n s a t e l l i t e . 

Some t y p e o f weapons a r e b e s t 
m o n i t o r e d w h i l e i n use. A jamming 
d e v i c e , e.g., i s more o r l e s s an 
o r d i n a r y r a d i o t r a n s m i t t e r , a l t h o u g h 
i t may be s e n d i n g a more p o w e r f u l 
r a d i o s i g n a l . The jamming t r a n s m i t t e r 
c o u l d be l o c a l i z e d u s i n g o r d i n a r y 
b e a r i n g t e c h n i q u e s , i . e . t h e s i g n a l 
r e g i s t e r e d f r o m two, o r more, 
s p a t i a l l y s e p a r a t e d s p a c e - b a s e d 
r e c e i v e r s . A h i g h power microwave 
weapon c o u l d a l s o be d e t e c t e d and 
l o c a l i z e d i n t h i s way. 

Methods f o r i n - s p a c e m o n i t o r i n g t h a t 
a r e under d i s c u s s i o n i n c l u d e t he 
p r o b i n g o f s a t e l l i t e s u s i n g , e.g., 

3.51 

s o f t X - r a y s o r n e u t r a l p a r t i c l e 
beams. The p u r p o s e i s t o o b t a i n 
i n f o r m a t i o n o f the i n t e r i o r o f 
s a t e l l i t e s n o t see n f r o m t h e o u t s i d e . 

Problems and p r o s p e c t s 

Ambiguities 

S a t e l l i t e s and t e c h n i c a l f a c i l i t i e s 
c a n sometimes be p e a c e f u l d e v i c e s and 
sometimes weapons. J u s t a few 
examples o f t h i s t y p e o f a m b i g u i t y 1 8 : 

* a solar power s a t e l l i t e , i . e . a 
s a t e l l i t e f o r t h e c o n v e r s i o n o f 
s o l a r e n e r g y t o microwave r a d i a t i o n 
c o u l d perhaps a l s o be u s e d as a 
high power microwave weapon 

* a mass driver f o r l a u n c h i n g 
m a t e r i a l i n t o o r b i t f r o m moons and 
a s t e r o i d s c o u l d be a rail-gun 
weapon 

* a l a r g e optical telescope c o u l d be 
m i s t a k e n f o r a laser weapon 
f a c i l i t y 

* an i o n rocket c o u l d have f e a t u r e s 
i n common w i t h neutral p a r t i c l e 
beam weapons 

* a p a r t i c l e accelerator f o r r e s e a r c h 
have f e a t u r e s i n common w i t h 
neutral p a r t i c l e beam weapons 

* a m i c r o s a t e l l i t e c o u l d be a 
B r i l l i a n t Pebble 

* a laser communication s a t e l l i t e 
c o u l d be m i s t a k e n f o r a laser 
weapon 

* a n u c l e a r r e a c t o r f o r c i v i l i a n 
p u r p o s e s i s s i m i l a r t o a n u c l e a r 
r e a c t o r p o w e r i n g a weapon 

Even i f t h e r e a r e a m b i g u i t i e s a t 
s u p e r f i c i a l l e v e l s t h e s e a m b i g u i t i e s 
c a n i n many c a s e s be r e s o l v e d . 
D i f f e r e n t m o n i t o r i n g t e c h n i q u e s c a n 
o f t e n be us e d f o r m o n i t o r i n g one and 
the same space o b j e c t . The combined 
use o f d i f f e r e n t m o n i t o r i n g 
t e c h n i q u e s w o u l d n o t o n l y i n many 
c a s e s r e s o l v e a m b i g u i t i e s by 
i n c r e a s i n g t h e p r o b a b i l i t y o f 
p o s i t i v e l y d i s c r i m i n a t i n g weapons 
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from non-weapons b u t , when 
a p p r o p r i a t e , a l s o i d e n t i f y t h e weapon 
t y p e . 

Thresholds 

To d i s t i n g u i s h between p e a c e f u l usage 
i . e . non-weapon usage, and weapon 
usage, i t i s o f t e n enough t o measure 
some p a r a m e t e r s o f t h e system. One 
c o u l d a g r e e t o a l l o w deployment o f 
s a t e l l i t e systems where c e r t a i n 
p a r a m e t e r s a r e b e l o w s p e c i f i e d 
t h r e s h o l d s . 1 9 The d e t e c t i o n o f a 
s a t e l l i t e s y s t e m h a v i n g v a l u e s on 
t h e s e p a r a m e t e r s above t h e t h r e s h o l d s 
w o u l d t h e n be an i n d i c a t i o n o f a 
p o t e n t i a l weapon a p p l i c a t i o n . 

The p u r p o s e h e r e i s n e i t h e r t o go 
i n t o any t e c h n i c a l d e t a i l s c o n c e r n i n g 
s u i t a b l e p a r a m e t e r t y p e s n o r o f 
s u i t a b l e t h r e s h o l d v a l u e s . Examples 
o f p a r a m e t e r s t h a t m i g h t be u s e d a r e 
power and b r i g h t n e s s . These c o u l d be 
u s e d t o d i f f e r e n t i a t e between 
c o m m u n i c a t i o n s a t e l l i t e s on t h e one 
hand and HPM and l a s e r weapons on t h e 
o t h e r , because c o m m u n i c a t i o n , e i t h e r 
w i t h r a d i o o r l a s e r , makes use o f 
v e r y much l e s s power t h a n an HPM 
weapon and a l a s e r weapon 
r e s p e c t i v e l y . 

To choose a s u i t a b l e p a r a m e t e r c a n 
n o n e t h e l e s s be a d i f f i c u l t t a s k s i n c e 
t h e most o b v i o u s p a r a m e t e r s c o u l d be 
" h i d d e n " . 2 0 O b s e r v a b l e p a r a m e t e r s 
m i g h t , however, be o b t a i n e d from t h e 
more b a s i c ones. 

Tags 

T a g g i n g , i . e . u s i n g t a g s on 
s a t e l l i t e s , w o u l d be a way t o p e r f o r m 
c o o p e r a t i v e m o n i t o r i n g . I f t h e t a g s 
were mounted on ones own s a t e l l i t e s 
one c o u l d t a l k o f c o o p e r a t i v e 
s e l f - m o n i t o r i n g means. Tags, i n t h e 
f orm o f s e n s o r s mounted on t h e 
s a t e l l i t e s , c o u l d be u s e d f o r : 

* o r b i t change d e t e c t i o n 
* k i n e t i c i m p u l s e d e t e c t i o n 
* h e a t d e t e c t i o n 
* r a d i a t i o n d e t e c t i o n 

B o t h o r b i t change d e t e c t i o n and 
k i n e t i c i m p u l s d e t e c t i o n w o u l d be 
o b t a i n e d by m e a s u r i n g a c c e l e r a t i o n s 

o f t h e s a t e l l i t e . 

The d a t a f r o m t h e t a g s , i . e . t h e 
s e n s o r s , c o u l d be t r a n s m i t t e d down t o 
E a r t h a c c o r d i n g t o one o r a 
c o m b i n a t i o n o f t h e f o l l o w i n g r u l e s : 

* Threshold triggered: 
d a t a a r e t r a n s m i t t e d when a 
p r e d e t e r m i n e d p a r a m e t e r v a l u e i s 
exceeded. 

* Inspection determined: 
d a t a a r e t r a n s m i t t e d when a p a r t y 
wants i n f o r m a t i o n on t h e s y s tem. 

* Time i n t e r v a l determined: 
d a t a a r e t r a n s m i t t e d a t c e r t a i n 
p r e d e t e r m i n e d t i m e i n t e r v a l s . 

* Randomly: 
d a t a a r e t r a n s m i t t e d a t random t i m e 
i n t e r v a l s . 

F u r t h e r m o r e , t e s t s c o u l d be a g r e e d 
upon t o be p e r f o r m e d i n s p a c e , e i t h e r 
on r e q u e s t o r , e.g., s h o r t l y a f t e r 
l a u n c h , i n o r d e r t o v e r i f y t h a t t h e 
s a t e l l i t e s y s t e m do n o t c o n t a i n any 
p o t e n t i a l weapon f u n c t i o n s . A t e s t 
c o u l d be m o n i t o r e d by: 

* on-ground f a c i l i t i e s 

* s p e c i a l s a t e l l i t e s i n o r b i t 

* equipment on b o a r d t h e s a t e l l i t e 
where t h e t e s t i s c a r r i e d o u t ( w i t h 
s u b s equent t r a n s m i s s i o n o f d a t a 
down t o E a r t h ) 

I n o r d e r t o be c e r t a i n t h a t t h e d a t a 
r e c e i v e d on E a r t h a r e c o r r e c t , t h e 
t r a n s m i t t e d d a t a c o u l d be 
a u t h e n t i c a t e d u s i n g v a r i o u s i n g e n i o u s 
t e c h n i q u e s . 

HN r o l e 

A s u i t a b l e i n f r a - s t r u c t u r e , 
c o n s i s t i n g o f an o r g a n i z a t i o n 
r e s p o n s i b l e f o r t h e d a t a c o l l e c t i o n 
and h a n d l i n g , i s l i k e l y t o be 
n e c e s s a r y i n o r d e r t o p r o p e r l y 
m a i n t a i n d a t a b a s e s o f m o n i t o r i n g 
f a c i l i t i e s and space o b j e c t s . 
E s p e c i a l l y , m o n i t o r i n g l a u n c h i n g s o f 
space o b j e c t s and o r b i t t r a c k i n g 
w o u l d have t o be done and r e g i s t e r e d 
i n d a t a b a s e s i n o r d e r t o a l w a y s be 
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a b l e t o d e t e r m i n e who i s l e g a l l y 
r e s p o n s i b l e f o r a space o b j e c t . 

An agency c o u l d be u s e d f o r t h e 
d e t e r m i n a t i o n o f whether o r n o t a 
m a l f u n c t i o n i n g , o r a n o t h e r t y p e o f 
damage, was c a u s e d by a h o s t i l e 
a t t a c k . The i d e n t i f i c a t i o n o f the 
a t t a c k e r w o u l d o f c o u r s e a l s o be o f 
g r e a t i m p o r t a n c e . M e r e l y h a v i n g t h e s e 
c a p a c i t i e s c o u l d d e t e r a p o t e n t i a l 
a t t a c k e r from u s i n g space weapons. 

A g e n c i e s f o r space s u r v e i l l a n c e have 
been p r o p o s e d i n d e p e n d e n t l y by 
s e v e r a l a u t h o r s ; examples a r e ISSA 
( I n t e r n a t i o n a l Space S u r v e i l l a n c e 
Agency) and IASS ( I n t e r n a t i o n a l 
Agency f o r Space S u r v e i l l a n c e ) 2 2 . The 
UN w o u l d be the n a t u r a l p a r e n t 
o r g a n i z a t i o n f o r a space s u r v e i l l a n c e 
agency. 

Conclusions 

I n s p i t e o f t h e f a c t t h a t t h e r e a r e 
numerous t e c h n i c a l means t o c o n s t r u c t 
space weapons, t h e r e a r e o n l y two 
space t r e a t i e s d e a l i n g w i t h space 
weapons. As we have seen, t h e r e a l s o 
e x i s t s e v e r a l t e c h n i c a l p o s s i b i l i t i e s 
t o m o n i t o r s u c h weapons. The mere 
e x i s t e n c e o f t e c h n i c a l means f o r 
m o n i t o r i n g space weapons, o r t h e 
e f f e c t s o f them on s a t e l l i t e s , c o u l d 
d e t e r s t a t e s f r o m d e p l o y i n g o r u s i n g 
space weapons. 

Many o f the p o s s i b i l i t i e s a r e , 
however, f o r t he ti m e b e i n g mere 
t h e o r e t i c a l i d e a s t h a t have t o be 
t h o r o u g h l y s t u d i e d . A l s o , most o f t h e 
weapons m e n t i o n e d h e r e a r e 
h y p o t h e t i c a l making i t d i f f i c u l t t o 
be s p e c i f i c i n s t a t i n g how e f f e c t i v e 
v a r i o u s m o n i t o r i n g t e c h n i q u e s w i l l 
t u r n o u t t o be. 

Even though t h e r e c a n be a m b i g u i t i e s , 
i t seems t o be p o s s i b l e t o m o n i t o r 
a l l t y p e s o f space weapons and t o 
v e r i f y p o s s i b l e f u t u r e space 
t r e a t i e s . T r e a t y - s p e c i f i c 
v e r i f i c a t i o n w o u l d pose c o n s t r a i n t s 
on v a r i o u s p a r a m e t e r s t o be m o n i t o r e d 
and w o u l d t h u s r e d u c e t h e s p e c t r u m o f 
m o n i t o r i n g c a p a b i l i t i e s t o 
i n v e s t i g a t e . A d e t a i l e d a n a l y s i s o f 
v e r i f i c a t i o n p o s s i b i l i t i e s has t o 

combine on t h e one hand space weapons 
t y p e s and c h a r a c t e r i s t i c s and on t h e 
o t h e r space t r e a t y r e g u l a t i o n s , w h i c h 
can o n l y be done when t h e s e a r e known 
o r assumed. 

R e g u l a r l y m o n i t o r i n g o f space 
o b j e c t s , and e s p e c i a l l y o f t h o s e t h a t 
on some grounds l o o k s u s p i c i o u s , 
w o u l d p r o b a b l y be n e c e s s a r y i n o r d e r 
t o d i s c o v e r and d i s t i n g u i s h space 
weapons. I n d i c a t i v e o f weapon 
f u n c t i o n s c a p a b i l i t i e s c o u l d , e.g., 
be some t y p e s o f o r b i t a l m anoeuvring 
o r e x c e s s i v e h e a t r a d i a t i o n . 

C o n n e cted t o v e r i f i c a t i o n i s s u e s a r e 
q u e s t i o n s p e r t i n e n t t o t h e 
o r g a n i z a t i o n a l a f f i l i a t i o n o f t h e 
m o n i t o r i n g d e v i c e s . I t seem n a t u r a l 
t h a t t h e UN s h o u l d , i n some way, be 
r e s p o n s i b l e f o r t h e v e r i f i c a t i o n o f 
UN space t r e a t i e s . 

P l a n e t a r y - b a s e d weapons have n o t been 
i n c l u d e d i n the space weapon 
d e f i n i t i o n u s e d h e r e . However, t h e 
p o s s i b i l i t y o f b a s i n g weapons on 
c e l e s t i a l b o d i e s i n the f u t u r e s h o u l d 
n o t be o v e r l o o k e d i n d i s c u s s i o n s on 
p r e v e n t i n g an arms r a c e i n o u t e r 
s p ace. A d i s c u s s i o n on the m o n i t o r i n g 
p o s s i b i l i t i e s o f t h e s e weapons h a s , 
however, t o a w a i t more I n f o r m a t i o n on 
the weapon t y p e s and t e c h n i q u e s t h a t 
m i g h t be e n v i s a g e d f o r p l a n e t a r y 
b a s i n g . 
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