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This le t te r  contains exper imenta l  ver i f ica t ion of two methods for obtaining th ree -d imens iona l  images hav-  
ing constant  altitude contours  on thei r  su r faces .  Such images a re  obtained by wavefront  r econs t ruc t ion  
with the modification that  the i l lumination cons is t s  of two sources  in one case ,  and a single two f requen-  
cy source  in the other .  

In a l e t t e r  [1] p u b l i s h e d  p r e v i o u s l y ,  the  a u t h o r s  
i n d i c a t e d  a m e t h o d  f o r  o b t a i n i n g  t h r e e - d i m e n s i o n a l  
i m a g e s  c o n t a i n i n g  c o n s t a n t  r a n g e  c o n t o u r s .  In t h a t  
p a p e r  a t t e n t i o n  was  c a l l e d  to the  s i m i l a r i t y  b e -  
t w e e n  a h i g h - r e s o l u t i o n  r a d a r  s y s t e m  and  h o l o -  
g r a p h y .  The  m e t h o d  d e s c r i b e d  w a s  t h a t  of m a k i n g  
a h o l o g r a m  in l i g h t  c o n t a i n i n g  two d i s c r e t e  f r e -  
q u e n c i e s  and  r e c o n s t r u c t i n g  in  l i g h t  of a s i n g l e  
f r e q u e n c y .  The  r a ~ / e  i n t e r v a l  b e t w e e n  c o u n t o u r s  
w a s  s t a t e d  to b e  ~ t l /2A~ 1 w h e r e  ~t 1 w a s  the  m e a n  
f r e q u e n c y  a n d  A~ 1 was  the  f r e q u e n c y  s e p a r a t i o n .  
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We  now w i s h  to r e p o r t  a s e c o n d  m e t h o d ,  and  
to show e x p e r i m e n t a l  r e s u l t s  o b t a i n e d  f o r  b o t h  
m e t h o d s .  T h e s e  r e s u l t s  w e r e  r e p o r t e d  a t  the  
S p r i n g  m e e t i n g  of t he  O p t i c a l  Soc i e ty  of A m e r i c a  
a t  W a s h i n g t o n ,  D . C .  [2].  

T h e  new m e t h o d  f o r  g e n e r a t i n g  c o n t o u r e d  i m -  
a g e s  is  to m a k e  the  h o l o g r a m  w i t h  two s p a t i a l l y  
s e p a r a t e d  i l l u m i n a t i n g  s o u r c e s  of the  s a m e  f r e -  
q u e n c y .  The  h o l o g r a m  i s  m a d e  in  the  c o n v e n t i o -  
na l  m a n n e r  bu t  a t  a d e f i n i t e  p o s i t i o n  a s  i n d i c a t e d  
in  f ig .  1. The  a n a l y s i s  s h o w s  t h a t  the  r a n g e  i n t e r -  
v a l  b e t w e e n  c o n t o u r s  i s  ; t l / 2  s i n  Ay w h e r e  ,xy i s  
the  a n g l e  b e t w e e n  t he  p r o p a g a t i o n  v e c t o r s  of the  
two i l l u m i n a t i n g  b e a m s .  F ig .  2 i s  a p h o t o g r a p h  
of the  i m a g e s  so  p r o d u c e d .  The  o b j e c t  i s  a f lood 
l a m p .  The  r a n g e  o r  d e p t h  i n t e r v a l  b e t w e e n  f r i n g e s  
in  t h i s  c a s e  i s  2.2 m m .  The  h o l o g r a m  w a s  m a d e  
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as  a double  e x p o s u r e  wi th  the i l l u m i n a t i o n  s o u r c e  
m o v e d  b e t w e e n  e x p o s u r e s .  

An e x p e r i m e n t  d e s i g n e d  to d e m o n s t r a t e  the  
two f r e q u e n c y  m e t h o d  was  p e r f o r m e d  wi th  an  
a r g o n  l a s e r  us ing  two f r e q u e n c i e s  s e p a r a t e d  by 
about  65 ~ .  The  o b j e c t  was  a s p h e r e  t h r e e  i n c h e s  
in d i a m e t e r .  F i g .  3 shows  a p h o t o g r a p h  of the 
i m a g e  of the  s u r f a c e  of the  s p h e r e .  S ince  the  
r a n g e  i n t e r v a l  f o r  th is  f r e q u e n c y  s e p a r a t i o n  i s  
v e r y  s m a l l ,  0.02 m m ,  c o n s i d e r a b l e  m a g n i f i c a -  
t ion  i s  n e c e s s a r y .  Th i s  pho tog raph  d e m o n s t r a t e s ,  
a s  e x p e c t e d ,  tha t  the  f r i n g e s  b e c o m e  c l o s e r  t o -  
g e t h e r  a s  the c u r v a t u r e  of the s p h e r e ,  a s  s e e n  
f r o m  the o b s e r v e r ' s  pos i t i on ,  i n c r e a s e s .  

Fig. 3. 
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A method originally developed for the Kerr  solution is adapted in order to obtain the complete analytic 
continuation of the Reissner-Nordst r~m metr ic  in the special case e 2 = m 2. This case is the exterior  
field of a static spherical  charged dust cloud. 

The  p u r p o s e  of th is  note  is  to show how the 
c o m p l e t e  ana ly t i c  e x t e n s i o n  of the R e i s s n e r -  
N o r d s t r S m  m e t r i c  f o r  e 2 = m 2 may  be  ob ta ined  
by s l i g h t l y  adap t ing  a m e t h o d  d e v e l o p e d  f o r  the 
K e r r  so lu t ion  [1]. 

The  nul l  f o r m  of the R e i s s n e r - N o r d s t r S m  m e t -  
r i c  i s  

ds  2 = -(1 - 2m/r  + e2/r  2)) du 2 + 2dudr  + 

+ r2(d02 + s in20  dq~ 2) . (1) 

By in t roduc ing  w s u c h  that :  

u + w = F ( r )  (2) 
w h e r e  dF/dr = 2(1 - 2m/r + e2/r2) -1, we obta in  

the double  nul l  f o r m  

ds 2 = (1 - 2m/r  + e2/r  2) dudw + r2 (d0  2 + s in  2 8 d~p 2) . 

(3) 
In o r d e r  that  r be  s p e c i f i e d  by (2) when e 2 --< m2 
we m u s t  s t a t e  w h e t h e r  it  i s  in a r e g i o n  of type I 
( r  > r+), type II ( r+ > r > r_ ) ,  o r t ~ I  
(r_ > r > 0 ) ,  w h e r e r +  = m  + v ' m Z - e Z .  Both 
f o r m s  a r e  i n c o m p l e t e  when e2 --< m2.  

When e 2 = m 2, a c o m p l e t e  man i fo ld  m a y  be 
bui l t  out  of o v e r l a p p i n g  p a t c h e s  of the f o r m  (1), 
t r a n s f o r m i n g  f r o m  one to the o t h e r  v i a  the f o r m  
(3) us ing  the  s y m m e t r y  of u and w, in the m a n n e r  
d e s c r i b e d  in s e c t .  5 of r e f .  1. 
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