


s ! ) h e r e .  I n  a d d i t i o n ,  t h i s  s y s t e m  h a s  t h e  c a p a b i l i t y  o f  

a p p l y i n q  a f i e l d ,  known t o  a n  a c c u r a c y  o f  1 nT o v e r  t h i s  

v o l u m e ,  w i t h  a m a g n i t u d e  a s  l a r g e  a s  6 0 , 0 0 0  nT.  

B o t h  t h e  t r a n s v e r s e  a n d  a x i a l  s h i e l d i n g  f a c t o r s  o f  a 

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

d e t e r m i n e d  u s i n q  a f l u x g a t e  m a g n e t o m e t e r  w i t h  0 . 1  nT r e s o l u -  

t i o n  a n d  a  g u p e r c o n d u c t i n g  A- Q u a n t u m  - I n t e r f e r e n c e  D e v i c e  - 

( S Q U I D )  r n a g n c t o m e t e r  w i t h  0 . 0 0 1  nT r e s o l u t i o n .  A t t e n u a t i o n  

was s t u d i e d  a s  a  f u n c t i o n  o f  e x t e r n a l  m a g n e t i c  f i e l d ,  

p o s i t i o n  w i t h i n  t h e  s h i e l d ,  z e r o  f i e l d  m a g n e t i c  momen t  

( p e r m ) ,  a n d  t h e r m a l  c y c l i n g .  

S i n g l e  S h i e l d  R e s u l t s  -. 

R * 
A s i n g l e  l a y e r  s h i e l d  o f  Moly P e r m a l l o y  o f  t h e  t y p e  

shown i n  F i g .  1 was p l a c e d  a t  t h e  c e n t e r  o f  t h e  c o i l  f a c i l -  

i t y .  D a t a  w e r e  t a k e n  p r i m a r i l y  w i t h  a t h r e e  a x i s  f l u x g a t e  

m a g n e t o m e t e r ,  h o w e v e r  a  l i m i t e d  number  of m e a s u r e m e n t s  w e r e  

a l s o  t a k e n  w i t h  a  f l i p  c o i l  S Q U I D  m a g n e t o m e t e r .  

M e a s u r e m e n t s  w e r e  made o f  t h e  i n t e r n a l  f i e l d  a n d  the 

d i f f e r e n t i a l  s h i e l d i n g  E a c t o r  ( t h e  change  i n  e x t e r n a l  f i e l - d  

d i v i d e d  by t h e  c h a n g e  i n  i n t e r n a l  f i e l d )  a s  a f u n c t i o n  o f :  

a p p l i e d  f i e l d ,  a x i a l  d i s t a n c e  f r o m  tile c e n t e r  o f  t h e  

s h i e l d ,  a n d  " z e r o "  f i e l d  m a g n e t i c  momen t  ( p e r m )  o f  t h e  

s h i e l d .  

T h e s e  m e a s u r e m e n t s  b a s i c a l l y  f e l l  i n t o  t h r e e  c a t e g o r i e s  





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

l a r g e  t h a t  the pprm a n d  p r e v i o u s  1 3 a g n e t i c  h i s t o r y  a r c  n o t  

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

was  d e t e r m i n e d  r a t h e r  t h a n  the differential o n e .  R e s u l t s  f o r  

t h e  twc o r i e n t a t i o n s  a r c  i n c l i l d e d  i n  F i . g u r c  3 .  F o r  a 

m a x i ~ n ! ~ r ~  applied f i e l d  o f  55,000 n T ,  t h e  i n t e r n a l  f i e l d  n e v e r  

c x c e e d e d  1gUO nT a t  t h e  c c n t c r  a n d  3 4 0 0  n T  a t  a x i a l  d i s t a n c e  

of 2 0 0  nin from t h e  c e n t e r  of t h e  s h i e l d .  

& s i d e  from t h e  d c t e r n i n a t i o n  of t h e  d e t a i l s  o f  t h e  

s h i e l d j . n q  c h a r a c t e r  i s t i c s  of t h i s  s h i e l d ,  3 n o t h e r  s i g n i . f  i- 

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

u n a f f e c t e d  ( t o  t h c  1 n7' level) by uniEorrn f i . c l d s  of up to 

590 n T .  ' T h u s  i n  a n y  s h i c l d  clesi! jn  w h c r c  t h e  p e r m  m u s t  

r e m a i n  s t a b l e  t o  this l e v e l ,  a n  u p p e r  l i z l i t  o n  t h e  f i e l d s  

t h a t  a s i m j . l a r l y  f a b r i c a t e d  s h j . c l d  c a n  be e x p o s e d  t o  and  

h a v c  t h e  perm r e m a i n  u n c h a n g e d  h a s  b e e n  e s t a b l i s h e d .  

F o u r  Laycr . Nes t - ed  .- -. - . - S h i e l d  . - . Set - . - R e s u l t s  

T h e s ~  r n c a s u r e m e n t s  w e r e  made on  a s e t  of  f o u r  s h i e l d s  

a c q u i r e d  f r o m  A l l e g h e n y  Ludluril  C o r p .  a n d  b u i l t  t o  S 4 . O  

s p e c i f i c a t i o n s .  T h e  o u t e r m o s t  s h i e l d  of t h i s  s e t  is e s s e n -  

t i a l . l y  o f  t h e  same d e s i g n  a s  t h c  s i n g l e  shield d i s c u s s e d  

a b o v e .  7'0 p r e s e r v e  t h e  h i g h  p e r m e a b i l i t y  of t h e s e  s k i e l d s  

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

r u b b e r  b e t w e e n  s u c c e s s i v e  l a y e r s .  T h e  s p a c i n g  o f  t h e  

s h i e l d s  was i n  c o n f o r m a n c e  w i t h  s p c c i f i c t i o n s  s u p p l i e d  by 





e i t h e r  m e a s u r e m e n t .  D a t a  w c r c  o b t a i n e d  by i n c r e a s i n g  t h ~  

apglied f i e l d  i n  i n c r e m e n t a l  s t e p s  f r o m  0 t o  6 0 , 0 0 0  n T  

p a r a l l e l  t o  t h e  Z a x i s  ( u p  d i r e c t i o n ) ,  t h e n  i n c r e m c n t a l l v  

6 0 , 0 0 0  n T  d i r e c t e d  a n t i p a r a l l e l  t o  t h e  Z a x i s  (down d i r e c -  

t i o n )  a n d  t h e n c e  b a c k  t o  z e r o .  

T h e  f l u x g a t e  m a g n e t o m e t e r  w a s  s u s p e n d e d  a t  t h e  c e n t e r  

of t h e  s h i e l d  w i t h  its s e n s i n y  a x i s  a l o n q  t h e  Z a x i s .  T h p  

SQUID m a q n c t o m e t e r  h a d  a s e n s i n g  c o i l  w h i c h  c o u l d  be r o t a t e d  

3 6 0 '  i n  t h e  h o r i z o n t a l  p l a n e  a n d  2 7 0 O  i n  t h e  v e r t i c a l  

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

T r a n s v e r s e  m e a s u r e m e n t s  with t h e  f l u x g a t e  m a g n e t o m e t e r  were 

inconclusive d u e  t o  a l a c k  o f  s e n s i t i v i t y ,  t h e  S Q U I D  m a g n e t o -  

m e t e r  p e r f o r m e d  w i t h  s a t i s f a c t o r y  p r e c i s i o n .  R e s u l t s  f o r  

t h e  a x i a l  f i e l d s  a r e  s h o w n  i n  P i q .  6 a n d  t h e  t r a n s v e r s e  

m e a s u r e m e n t s  a r e  s h o w n  i n  i .  7 .  I n  F i g .  6 ,  w e  see  tha t :  

f o r  a t o t a l  f i e l d  c h a n g e  o f  1 2 0 , 0 0 0  nT ( + 6 0 , U 0 0  t o  - 6 0 , 0 0 0  

n T )  t h e  t o t a l  i n t e r n a l  f i e l d  c h a n g e  w a s  a p p r o x i m a t e l y  2nrS, 

4 
r e s u l t i n g  i n  a s h i e l d i n g  f a c t o r  o f  6 x 1 0  . T h e  r e s i d u a l  

moment  o r  p e r m  a f t e r  t r a v e r s i n g  t h i s  one  c ~ ~ c l e  c h a n g e d  by 

0 . 2 5  n T .  T h e  t r a n s v e r s e  s h i e l d i n q  f a c t 0 1  was d e t e r m i n e d  t o  

S h i e l d i n g  f a c t o r s  a s  a f u n c t i o n  of a x i a l  d i s t a n c c  f r o m  

t h e  c e n t e r  o f  the s h i e l d  were d e t e r m i n e d  i n  t h e  f ~ l l o w i n s  

f a s h i o n .  A x i a l  f i e l d s  o f  - + 6 0 , 0 0 0  nT were a p p l i e d  t o  t h e  





w h e r e  1, i s  t h e  f r e q u e n c y  a n d  I l  i s  t h e  f i e l d  i n  nT r e q u i r e d  

t o  p r o v i 3 e  t h e  q u a n t i z a t i o n  d i r e c t i o n .  F o r  s t a t e - o f - t h e - a r t  

m a s e r s ,  !I i s  i n  t h e  r a n g e  1 0  t o  50  nT. T h u s  a n  a x i a l  A 9  o f  

2 nT a s  m e a s u r e d  a t  t h e  c c n t e r  o f  t h e  s h i e l d  w o u l d  p r o d u c e  

a f r e q u e n c y  s h i f t  o f  from 0 . 7  p a r t  i n  1 0 1 4  f o r  a f i e l d  o f  

1 0  nT a n d  o n e  o f  3 . 5  parts i n  1 0  l4 f o r  a F i e l d  o f  5 0  n T .  

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

i n d i c a t e s  t h a t  t h i ~  e s t i m a t e  o f  f r e q u e n c y  s t a b i l i t y  i s  

o w t i m i s t i c ,  s i n c e  t h e  m a s e r  c a v i t y  t a k e s  up a s i g n i f i c a n t  

p o r t i o n  o f  t h e  i n n e r  s h i e l d  v o l u m e  a n d  t h e r e f o r e  t h e  e f f e c : -  

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

v a l u e  a t  t h e  c c n t e r .  T h e  l a c k  o f  a n y  m e a s u r a b l e  e f f e c t  o f  

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

s i n c e  n o  d e g r a d a t i o n  o f  t h e  s h i e l d i n g  w a s  o b s e r v e d .  

C o n c l u s i o n s  -- 

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

u s e  w i t h  g r o u n d  b a s e d  m a s e r s  p r o v i d e s  o n l y  m a r g i n a l l - y  

a d e q u a t e  f i e l d  a t t e n u a t i o n  f o r  a m b i e n t  e x c u r s i o n s  o f  6 0 , 0 0 0  

nT.  T h i s  is b a s e d  o n  t h e  s t a b i l i t y  r e q u i r e m e n t  o f  o n e  p a r t  

1 4  i n  10 . I f  space  a p p l i c a t i o n s  r e q u i r e  s h i e l d i n g  o f  

6 0 , 0 0 0  nT a m b i e n t  f i e l d s ,  some m o d i f i c a t i o n s  i n  t h e  s h i e l d  

d e s i g n  a p p e a r  n e c e s s a r y  i n  o r d e r  t o  a s s u r e  t h e  r e q u i r e d  





F I G U R E  CAPTIONS 

1. F o u r  s h i e l d  n e s t e d  a r r a y .  

2. A r t i s t s  c o n c e p t i o n  o f  NASA-Goddard S p a c e c r a f t  M a g n e t i c  
T e s t  F a c i l i t y .  

3 .  ' T r a n s v e r s e  a n d  a x i a l  s h i e l d i n g  f a c t o r s  a s  a f u n c t i o n  
o f  a x i a l  d i s t a n c e  f r o m  t h g  c e n t e r  o f  t h e  s h i e l d  f o r  
a s i n g l e  M o l y  P e r m a l l o y  s h i e l d .  F o r  t h e  u p p e r  
t w o  c u r v e s ,  t h e  s h i e l d i n g  f a c t o r  w a s  c a l c u l a t e d  b y  
d i v i d i n g  t h e  a p p l i e d  f i e l d  by t h e  i n t e r n a l  f i e l d .  F o r  
t h e  l o w e r  two c u r v e s ,  t h e  s h i e l d i n g  f a c t o r  w a s  c a l c u l a -  
t e d  by d i v i d i n g  t h e  a p p l i e d  f i e l d  by t h e  c h a n g e  i n  t h e  
i n t e r n a l  f i e l d  p a r a l l e l  t o  t h e  a p p l i e d  f i e l d .  T h e  
f i l l e d  c i r c l e s  a r e  t h e  S Q U I D  d a t a .  

4 .  T h e  i n t e r n a l  a x i a l  f i e l d  a s  a f u n c t i o n  of t h e  e x t e r n a l  
a x i a l  f i e l d  1 5 0  rnm f r o m  t h e  c e n t e r  o f  t h e  s i n g l e  
s h i e l d .  T h e  d a t a  w e r e  t a k e n  a s  f o l l o w s :  t h e  f i e l d  w a s  
i n c r e a s e d  f r o m  , " z e r o w  w i t h  t h e  a x i a l  pe rm smal l  u n t i l  
5 5 , 0 0 0  nT w a s  r e a c h e d  ( t h e  maximum f i e l d  t h a t  c o u l d  be 
u n i f o r m l y  a p p l i e d ) .  T h e  f i e l d  was t h e n  d e c r e a s e d  t o  
zero a n d  t h e n  i n c r e a s e d  t o  5 5 , 0 0 0  nT i n  t h e  o p p o s i t e  
d i r e c t i o n .  T h e  f i e l d  w a s  d e c r e a s e d  t o  z e r o  a g a i n  a n d  
r e v e r s e d  a n d  i n c r e a s e d  t o  5 5 , 0 0 0  nT i n  t h e  o r i g i n a l  
d i r e c t i o n .  T h e  f i e l d  was d e c r e a s e d  t o  z e r o  a g a i n  a n d  
r e v e r s e d  a n d  i n c r e a s e d  t o  5 5 , 0 0 0  nT.  T h i s  c y c l e  i s  
s h o w n  b y  t h e  s o l i d  c u r v e .  T h e  f i e l d  w a s  t h e n  
d e c r e a s e d  t o  z e r o  a n d  i n c r e a s e d  t o  5 5 , 0 0 0  nT i n  t h e  
s a m e  d i r e c t i o n  a s  i t  h a d  j u s t  b e e n  b e f o r e .  T h i s  
l a s t  c y c l e  is i l l u s t r a t e d  by t h e  d a s h e d  c u r v e .  N o t i c e  
t h a t  t h e  i n t e r n a l  f i e l d  a t  5 5 , 0 0 0  nT always r e p r o d u c e s .  

5 .  ( a )  Dcperrn ing  c o i l s  u s e d  t o  r e d u c e  the i n t e r n a l  f i e l d  
t o  a p p r o x i m a t e l y  5 nT.  

( b )  T h e  2 5 0  amp c a b l e  u s e d  t o  r e d u c e  t h e  r e m m a n t  
i n t e r n a l  f i e l d  t o  0 . 1  nT i s  v i . s i b l e  a s  i t  i s  p a s s e d  
a x i a l l y  t h r o u g h  t h e  s h i e l d s  i n  t h e  b o x .  

I n t e r n a l .  f i e l d s  o f  a  4 l a y e r  nested Moly P e r m a l l o y  
R 

6 .  
s h i e l d  s e t  a s  a  f u n c t i o n  o f  a p p i i e d  a x i a l  F i e l d s .  

I n t e r n a l  f i e l d s  o f  a 4 l a y e r  n e s t e d  Moly P e r m a l l o y  
R 

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

8 .  S h i e l d i n g  f a c t o r s  a s  a  f u n c t i o n  o f  a x i a l  d i s t a n c e  f r o m  



the c e n t e r  of  the shield f o r  a p p l i e d  axial field. 
Shieldinq at the w e l d e d  e n d  i s  much more e f f e c t i v e  t h a n  
a t  the p r e s s  fit e n d .  







SHIELDING FACTOR 









SAO Four Layer Shield AH i n t  ["I - -15 ,+ 
TRANSVERSE SHIELDING / 

' /  

-AT CENTER- 1' / N ,  / 

- . I  ' / 

#' 
/ / 

/ / 

- .05 , / /' 
/ 

/ 
9' a/ 

/ 
/ 

/ 
/ Ar 

I 1 1 I I /I I /  I I I I I 
/ 

-60 -50 -40 -30 -20 ,'-lo 
0 1 0  20 30 40 50 60x103 

/ 0 

/d7 
0 

I A H apn lnTl 
# /dO 
,'/ - -.05 

/ 
/ /  

// / / 
/ / 

- -.1 
/ 

/' ' / ' /  
/ / - -.I5 

C-' 





QUESTIONS AND ANSWERS 

DR. ROBERT VESSOT, Srni t h s o n i  an A s t r o p h y s i c a l  Observa to ry :  

We measured t h r e e  s e t s  o f  s h i e l d s  u s i n g  t h e  maser as i t s  own niagne- 
ton ie ter ,  and we found t h a t  o u t  o f  t h r e e ,  one s e t  was v e r y  much worse 
than  t h e  o t h e r s  by a f a c t o r  o f  a lmost  two. Wc s t r o n g l y  suspec t  
t h a t  p a r t  o f  t h e  acceptance procedure,  i f  you  a r e  g o i n g  t o  b u i l d  
masers, i s  t o  measure each i n d i v i d u a l  magnet ic  s h i e l d  b e f o r e  you  
p u t  i t  i n t o  t h e  assembly. I t  i s  v e r y  l i k e l y  t h a t  t h e r e  i s  some 
l a c k  o f  c o n t r o l  i n  t h e  a n n e a l i n g  process,  o r  perhaps i n  t h e  
m e t a l l u r g y ,  wh ich I doubt .  

The o t h e r  t h i n g  i s  t h a t  I heard  y o u  men t ion  t h a t  t h e  s h i e l d i n g  had 
t o  be over  t h e  whole c a v i t y .  I t a k e  i t  you  meant o v e r  t h e  b u l b ,  
wh ich  i s  much s m a l l e r  than  t h e  c a v i t y .  

MR. WOLF: 

I r e a l i z e  i t ' s  n o t  o v e r  t h e  e n t i r e  c a v i t y ,  b u t  a l s o  i t  i s  n o t  
a p o i n t  f u n c t i o n  a t  t h e  c e n t e r  o f  t h e  c a v i t y  e i t h e r .  

DR. VESSOT: 

No, i t  i s  i n  a r e g i o n  o f  7 - i n c h  d iamete r  above t h e  geomet r i c  c e n t e r  
o f  t h e  a r r a y .  

MR. WOLF : 

We d i d  n o t  do an o f f - a x i s  measurement. As you  can see by  t h e  
c o n f i g u r a t i o n  o f  t h e  s h i e l d s  and t h e  c o n f i g u r a t i o n  o f  t h e  magne- 
tometer ,  i t  was i m p o s s i b l e  t o  do o f f - a x i s  measurements. A l l  we 
c o u l d  do was measure t h e  a x i a l  asymmetry. 

DR. VESSOT: 

I agree w i t h  you. More work i s  c e r t a i n l y  needed on magne t i c  
s h i e l d s  i f  you are  e x p e c t i n g  60,000 n a n o t e s l a  v a r i a t i o n s .  






