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ABSTRACT 

Time  c o m p a r i s o n s  by m e a n s  o f  GPS a r e  now w i d e l y  u s e d .  T h e  
c a l i b r a t i o n  of t h e  r e c e i v e r  d e l a y  and t h e  d e l a y  i n  t h e  a s so -  
c i a t e d  c o a x i a l  c a b l e s  i s  v e r y  i m p o r t a n t  t o  r e a c h  a c c u r a c i e s  
b e t t e r  t h a n  10 ns. 

T h i s  p a p e r  d e s c r i b e s  a n d  c o m p a r e s  t w o  m e t h o d s :  o n e  u s i n g  
p u l s e s  o f  s h o r t  r i s e  times a n d  o n e  u s i n g  i n t e r f e r o m e t r y  o f  
f r e q u e n c i e s  i n  t h e  v i c i n i t y  o f  t h e  nomina l  f r e q u e n c y  used. The 
r e s u l t s  o f  t h e  tests a r e  desc r ibed .  U n c e r t a i n t i e s  < t h a n  1  n s  
were a t t a i n e d  f o r  a  c a b l e  l e n g t h  o f  1 0 0  m a t  t h e  75 MHz I F  
f r e q u e n c y  o f  t h e  NBS d e s i g n e d  GPS r e c e i v e r s .  

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

The compar i son  o f  time s c a l e s  by means o f  GPS r e c e i v e r s  and by means of o t h e r  PRN 
m o d u l a t e d  s i g n a l s  s u c h  a s  t h e  m e t h o d  r e a l i z e d  by  P r o f .  H a r t 1  r e a c h e s  t h e  
u n c e r t a i n t y  l e v e l  o f  1 t o  10 ns. The  d e l a y s  i n  t r a n s m i t t e r s  and r e c e i v e r s  can  be  
measured d u r i n g  t h e  m a n u f a c t u r i n g  p r o c e s s .  C a b l e  d e l a y s ,  however ,  a r e  d e p e n d e n t  
on t h e  l o c a l  s i t u a t i o n ;  t h e  d i s t a n c e  of a n t e n n a  t o  r e c e i v e r  o r  t r a n s m i t t e r  may 
e x t e n d  t o  1 5 0  m. S o m e t i m e s  t h e  p r o p a g a t i o n  time o f  t h e  c a b l e  c a n  b e  meas 'ured  
b e f o r e  t h e  i n s t a l l a t i o n ,  o r  t h e  c a b l e  c a n  b e  r e m o v e d  f o r  m e a s u r e m e n t .  I n  t h i s  
c a s e  t h e r e  i s  a c c e s s  t o  b o t h  e n d s  of t h e  c a b l e ,  w h i c h  m a k e s  t h e  m e a s u r e m e n t  
e a s i e r .  

Two methods  f o r  a c c u r a t e  d e t e r m i n a t i o n  of t h e  p r o p a g a t i o n  t i m e  w i l l  be  d e s c r i b e d  
a n d  a t h i r d  p r o p o s e d .  A l s o ,  a  s o l u t i o n  i s  g i v e n  f o r  t h e  c a s e  o f  a n  a l r e a d y  
i n s t a l l e d  c a b l e .  The f i r s t  method u s e s  p u l s e s  w i t h  s h o r t  r ise times. t h e  s econd  
u s e s  a s e t  o f  f r e q u e n c i e s  i n  t h e  v i c i n i t y  o f  t h e  n o m i n a l  f r e q u e n c y  and t h e  t h i r d  
i n c o r p o r a t e s  a  b i -phase  modu la to r .  

2.0 De lay  D e t e r m i n a t i o n  w i t h  P u l s e s  of Shor t  Rise Times  

T h e  v e l o c i t y  o f  a s i g n a l  i n  a c a b l e  i s  know t o  b e  V a n d  e q u a l s  C x 
pp C ~ I ' ' ~ ,  w h e r e  C i s  t h e  s p e e d  o f  l i g h t  (3  x 10' r n l s ) ,  &'' is  t h e  r e l a t i v e  
p e r m e a b i l i t y  (1 f o r  a  non-magnetic  medium), and E, is t h e  r e l a t i v e  p e r m i t t ' v i t y  

3 P  
8 ( 55: 2.25 f o r  s o l i d  p o l y e t h y l e n e ) .  F o r  a t y p i c a l  c o  x i a l  c a b l e  V = 2 x 10 m/s. 

T h e  p r o p a g a t i o n  t i m e  of  a s i g n a l  i s  l / V p  = 5 x 10- s/m o r  5 n s  p e r  meter. T h u s ,  
t h e  s i m p l e s t  way of d e t e r m i n i n g  t h e  p r o p a g a t i o n  d e l a y  of a coaxial c a b l e  is t o  
m e a s u r e  i t s  l e n g t h  a n d  m u l t i p l y  i t  by 5 ns .  An u n c e r t a i n t y  o f  < 5 %  w i l l  b e  
a t t a i n e d .  
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I n  p r a c t i s e  c a b l e s  d o  h a v e  l o s s e s .  T h e  s e r i e s  r e s i s t a n c e ,  R ,  i n c r e a s e s  by t h e  
s q u a r e  r o o t  o f  t h e  f r e q u e n c y  due t o  s i n  effect, t h e  p a r a l l e l  c o n d u c t a n c e  (d i -  
e l e c t r i c  l o s s )  a l s o  i n c r e a s e s  w i t h  f 2 ,  t h e  p a r a l l e l  c a p a c i t a n c e  is f r equency  
i n d e p e n d e n t ,  b u t  t h e  t h e  s e r i e s  i n d u c t a n c e  d e c r e a s e s  f r o m  1  KHz t o  100 K H ~ .  ~ h k  
l a t t e r  l e a d s  to a d e c r e a s e  i n  c h a r a c t e r i s t i c  impedance and a  l o w e r  phase  v e l o c i t y  
by  a  f a c t o r  o f  u p  to 4 a t  1  K H z  w i t h  r e s p e c t  t o  100 KHz. F o r  f r e q u e n c i e s  > 1  MHz 
u p  t o  1  o r  2 GHz, t h e  V g i v e n  a b o v e  o f  2 x l o 8  i s  c o r r e c t ,  b u t  t h e  a t t e n u a t i o n  

P  is f r e q u e n c y  d e p e n d e n t  by fl'*. T h i s  dependence  l e a d s  t o  d i s t o r t i o n  of a v o l t a g e  
s t e p  o r  p u l s e .  The c o r n e r s  of p u l s e s  a r e  rounded b e c a u s e  o f  t h e  l a r g e r  a t t e n u a -  
t i o n  o f  t h e  h i g h  f r e q u e n c y  c o m p o n e n t s  o f  t h e  v o l t a g e  s t e p .  T h i s  l e a d s  t o  a 
p r o b l e m  when u s i n g  p u l s e s  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  p r o p a g a t i o n  d e l a y  o f  a  
c a b l e :  w h a t  s h o u l d  b e  t a k e n  a s  t h e  d e t e c t i o n  p o i n t  o r  t r i g g e r  p o i n t  of t h e  
p r o p a g a t e d  p u l s e ?  And wha t  c o r m r e c t i o n  h a s  t o  b e  a p p l i e d  f o r  t h e  sl.ower r i se  time 
i n  o r d e r  t o  a r r i v e  a t  t h e  c o r r e c t  g r o u p  d e l a y  o f  t h e  c a b l e  f o r  m o d u l a t e d  s i n e  
waves? 

I n  t h e  l i t e r a t u r e  ( 1 )  a n  e x p r e s s i o n  f o r  t h e  w a v e f o r m  o f  a p r o p a g a t e d  p u l s e  is 
g i v e n  : 

M ( t )  = e r f c  C0.032 w ( f C t m  1  /2, 
I 

where: w = t h e  a t t e n u a t i o n  i n  dB a t  t h e  u s e d  c a b l e  f r e q u e n c y ,  f,, 
t = time a f t e r  t h e  r e a l  d e l a y ,  and 
e r f c  = complementary  e r r o r r  f u n c t i o n  (a m a t h e m a t i c a l  f u n c t i o n ) .  

F i g u r e  1  p r e s e n t s  t h i s  i n  g r a p h i c a l  form. 

I f  t h e  t r i g g e r  l e v e l  of t h e  s t o p  i n p u t  o f  t h e  t i m e  i n t e r v a l  c o u n t e r  used  to make 
t h e  measurements  is a t  10% o f  t h e  a m p l i t u d e  of  t h e  i n p u t  p u l s e ,  t h e n  t h e  c o r r e c -  
t i o n  t o  be s u b t r a c t e d  from t h e  measurements  c a n  be  r e a d  f rom Fig.  1,  

1  n s  f o r  a  c a b l e  w i t h  10 d B  l o s s  a t  100 MHz, 
3 11 11 11 11 2 0  dB 11 11 I 1  11 
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1  2 11 11 11 i t  40 d ~  11 ii i t  11 

and  s o  on. 

The r e a l  d e l a y  is t h e  e x t r a p o l a t e d  v a l u e  a t  z e r o  a m p l i t u d e ,  t h u s  t h e  t o t a l  d e l a y  
measured i s  c o r r e c t e d  f o r  t h e  d e l a y  a t  t h e  s t o p  t r i g g e r  ampl i tude .  

On a n  o s c i l l o s c o p e ,  p u l s e s  show t h e  a b o v e  f o r m  ( F i g .  2 a n d  3). T h e  250 mV i n p u t  
s t e p  is shown, t o g e t h e r  w i t h  t h e  o u t p u t  v o l t a g e  s t e p .  The h o r i z o n t a l  s c a l e  is 10 
n s  and 50 ns  p e r  d i v i s i o n  f o r  c a b l e s  o f  100m and 260 m r e s p e c t i v e l y .  The l o s s  o f  
t h e  1 0 0  m R G  223 c a b l e  is 4.2 d B  a t  1 0  MHz; f o r  t h e  260 m RG 58/U c a b l e  t h i s  is 
11.4 dB a t  10 MHz and 40 dB a t  100 MHz, 

T h e  d e l a y  o f  t h e  1 0 0  m RG223 c a b l e  was m e a s u r e d  w i t h  a time i n t e r v a l  c o u n t e r  
(HP5370) a t  d i f f e r e n t  s t o p  t r i g g e r  l e v e l s ;  t h e  s t a r t  t r i g g e r  l e v e l  was f i x e d  a t  
+0.20 V ( i n  F i g .  2 a n d  3 the b o t t o m  l i n e  i s  0 V o l t s ,  t h e  c e n t e r  l i n e  is + 0.20 
V o l t s ) .  A s t o p  l e v e l  o f  0.23 v o l t s  (approx. 40% o f  t h e  i n p u t  s t e p )  g a v e  a r e a d i n g  
o f  523.7 n s ,  0.13 v o l t s  ( a p p r o x .  2 0 % )  g a v e  514.7 n s  a n d  a t  t h e  minimum p o s s i b l e  
l e v e l  of 0.08 v o l t s  ( a p p r o x .  0 % )  t h e  r e a d i n g  was 512.3 ns .  T h e s e  v a l u e s  w i l l  be  
compared t o  t h e  r e s u l t s  of t h e  n e x t  method. 



3.0 -- P r o p a g a t i o n  -- Time Measurement b y  Means o f  I n t e r f e r o m e t r y  

3.1 Measurement P r i n c i p l e  

T h e  p r i n c i p l e  o f  t h i s  t y p e  o f  m e a s u r e m e n t  i s  shown i n  F i g u r e  4. T h e  p h a s e  
d i f f e r e n c e  o f  t h e  o u t p u t  s i g n a l  and t h e  i n p u t  s i g n a l  t o  t h e  c a b l e  is measured by 
m e a n s  o f  a p h a s e  d e t e c t o r .  We u s e  a  d o u b l e  b a l a n c e d  mixer a s  a p h a s e  d e t e c t o r .  
I ts o u t p u t  v o l t a g e ,  V d ,  can  b e  c h a r a c t e r i z e d  a s :  

w h e r e  Kd is  t h e  s e n s i t i v i t y  o f  t h e  d e t e c t o r  a n d  (gin a n d  @out are t h e  r e l a t i v e  
p h a s e s  o f  t h e  i n p u t  s i g n a l  and o u t p u t  s i g n a l  o f  t h e  c a b l e .  

I f  t h e  i n p u t  s i g n a l  V i ( t )  = A c o s d t  ( A i s  t h e  maximum a m p l i t u d e  o f  t h e  s i n e  
wave, UJ is t h e  a n g u l a r  f r e q u e n c y ) ,  t h e n  a t  t h e  o u t p u t  t h e  s i g n a l  is:  

where  emax is t h e  a t t e n u a t i o n  f a c t o r ,  t is t h e  p r o p a g a t i o n  time o f  t h e  s i n e  wave 
t h r o u g h  t h e  c a b l e .  P  

Combining t h e  i n p u t  and o u t p u t  s i g n a l  i n  t h e  p h a s e  d e t e c t o r ,  w e  o b t a i n :  

T h e  o u t p u t  a f  t h e  p h a s e  d e t e c t o r  i s  z e r o  i f  U) tp  = %/2 o r  3 ' W  / 2  o r  a n y  
m u l t i p l e  of %' a d d e d ,  s o  t h a t ,  i n  g e n e r a l ,  i f  

t~ 
= 4'f / 2  +n* o r  3 t p  = (2n -1 )  ')1/2. 

T h u s  t = ( 2 n - 1 ) / 4  En, w h e r e  f n  i s  t h e  f r e q u e n c y  o f  t h e  n t h  o r d e r  z e r o .  When t h e  
P  

f r e q u e n c y  i s  c h a n g e d  f r o m  z e r o  t o  h i g h e r  f r e q u e n c i e s ,  t h e n ,  a t  t h e  l o w e s t  r: 2 
f r e q u e n c y  f o r  which V d  is z e r o  t h e r e  i s  a /2  p h a s e  change  i n  t h e  c a b l e ,  which  
m e a n s  a q u a r t e r  o f  a w a v e l e n g t h  f o r  t h e  f r e q u e n c y .  When t h e  f r e q u e n c y  i s  
i n c r e a s e d ,  V d  w i l l  become p o s i t i v e ,  p a s s i n g  a maximum and t h e n  g o i n g  back t o  z e r o  
a t  3 V/2, f o l  l o w i n g  t h e  c o s i n e  c u r v e  o f  t h e  p h a s e  d e t e c t o r  c h a r a c t e r i s t i c .  S o  '$ 
" n e g a t i v e  go ing"  z e r o s  can b e  d i s t i n g u i s h e d  f rom " p o s i t i v e  go ing"  z e r o s .  

Z e r o s  o f  t h e  same p o l a r i t y  h a v e  phase d i f f e r e n c e s  o f  2 ' ; Y r a d i a n s .  I f  t h e  o u t p u t  
of t h e  p h a s e  d e t e c t o r  h a s  a b i a s ,  t h e n  t h e  z e r o s  a r e  d i s p l a c e d :  T h e  f r e q u e n c y  
d i f f e r e n c e s  f o r  c o n s e c u t i v e  p o s i t i v e  and n e g a t i v e  g o i n g  z e r o s  a r e  u n e q u a l ;  b u t  
t h e  f r e q u e n c y  d i f f e r e n c e s  f o r  z e r o s  of t h e  same p o l a r i t y  w i l l  n o t  s u f f e r  f rom t h e  
p h a s e  d e t e c t o r  o f f s e t s .  T h i s  w i l l  be d e m o n s t r a t e d  l a t e r .  U s u a l l y  t h e  p r o p a g a t i o n  
t i m e  a round  o n e  f r e q u e n c y  is o f  i n t e r e s t .  When a  f i l t e r  i s  i n s e r t e d  i n  t h e  s i g n a l  
f l o w  w e  a r e  a l s o  l i m i t e d  t o  t h e  b a n d w i d t h  o f  t h a t  f i l t e r .  How t h e n  c a n  t h e  
p r o p a g a t i o n  t i m e  b e  d e t e r m i n e d  i n  t h e  d e s c r i b e d  way i f  t h e  v a l u e  of  n i s  n o t  
known? 

L e t  u s  t a k e  a f r e q u e n c y ,  f n  i n  t h e  v i c i n i t y  o f  t h e  c e n t e r  f r e q u e n c y  o f  i n t e r e s t  
f o r  which a  z e r o  o c c u r s .  Then: 

Far t h e  n e x t  h i g h e r  t t z e r o t t  f r e q u e n c y ,  f,: tpp = (2m-1114 f b e c a u s e  f m  i s  t h e  4 
n e x t  h i g h e r  l t z e r o t l  f r e q u e n c y  m = ( n + l )  s o :  tp n + l )  = ( 2 n + l ) / $  f ( n , l ) .  T h e  c a b l e  

"I 



p r o p e r t i e s  f o r  f n  a n d  f, a r e  s u p p o s e d  t o  b e  e q u a l ,  so  t = t = tp; when t h i s  
i s  worked  o u t  it is  f o u n d  t h a t  t = 1 / [ 2 ( f m - f n ) l  f o r  m Znn +Emns c a n  be  seen, 

P t h e  v a l u e  o f  n  n e e d  n o t  b e  known, t h e  o n l y  t h i n g  is t o  be s u r e  t h a t  f m  i s  t h e  
n e x t  h i g h e r  "ze row f r e q u e n c y  a b o v e  fn, However, i f  t h e  p h a s e  d e t e c t o r  o f f s e t  i s  
t o  be  a v o i d e d ,  fm s h o u l d  b e  t h e  n e x t  h i g h e r  "zeron  f r e q u e n c y  o f  ?,he - same p o l a r i t y  
as t h  f n  "zero1' f r equency .  
I n  t h a t  case t h e  a v e r a g e  p r o p a g a t i o n  time becomes: 

tp = l / l f m - f , l  f o r  m = n+2. 

3.2 The R e a l i z e d  Measurement 

The two  i n p u t s  t o  t h e  m l x e r  a r e  b u f f e r e d  t o  i s o l a t e  t h e  n o n - l i n e a r  i n p u t  
impedance from t h e  c o a x i a l  l i n e ;  o t h e r w i s e  m u l t i p l e  r e f l e c t i o n s  may o c c u r  and 
d i s p l a c e  t h e  " z e r o  f r e q u e n c i e s .  A t  t h e  f a r  end  a  v e r y  low VSWR s h o u l d  e x i s t .  A DC 
c o u p l e d  a m p l i f i e r  i n c r e a s e s  t h e  s e n s i t i v i t y  o f  t h e  p h a s e  d e t e c t o r  a n d  g i v e s  a 
b e t t e r  "zerow f r e q u e n c y  r e s o l u t i o n .  

A wide  band s i g n a l  s p l i t t e r  d r i v e s  t h e  cable u n d e r  t e s t  and t h e  b u f f e r e d  LO i n p u t  
of t h e  p h a s e  d e t e c t o r .  The s i g n a l  s o u r c e  is o f  good s p e c t r a l  p u r i t y :  " ze rosw are 
d i s p l a c e d  i f  f r e q u e n c i e s  o t h e r  t h a n  t h e  wanted a r e  p r e s e n t .  Ground l o o p s  a r i s i n g  
from m u l t i p l e  g r o u n d i n g  must  b e  a v o i d e d ,  o t h e r w i s e  i s o l a t i o n  t r a n s f o r m e r s  s h o u l d  
be  u s e d .  

T h e  minimum d i f f e r e n c e  b e t w e e n  t h e  f r e q u e n c i e s ,  f n  and fm decreases w i t h  t h e  
l e n g t h  of t h e  c a b l e ,  i.e., i f  t h e  a l l o w e d  bandwidth  is 10% o f  f n ,  t h e n  t h e  c a b l e  
s h o u l d  be Longer t h a n  10 h a l f  wavelengths .  

F i g u r e  6 s h o w s  t h e  m e a s u r e m e n t  r e s u l t s  o f  t h e  100 m R G  223 c o a x i a l  c a b l e .  The 
i n f l u e n c e  of t h e  p h s e  d e t e c t o r  o f f s e t  i s  c l e a r l y  v i s i b l e .  T h e  r e s u l t s  o f  t h e  
"equa l  p o l a r i t y  zero t1  f r e q u e n c i e s  show a  p r e c i s i o n  o f  1 n s  o r  l e s s .  The a v e r a g e d  
d e l a y  be tween 69.4 MHz and 80.1 MHz is 513.0 ns. A l s o ,  t h e  r e s u l t  u s i n g  a v o l t a g e  
s t e p  g i v e s  t h e  same answer  w i t h i n  1 n s .  

4.0 - Delay  D e t e r m i n a t i o n  w i t h  Bi-phase Modula ted  C a r r i e r  
I 

There  a r e  c o m m e r c i a l l y  a v a i l a b l e  g roup  d e l a y  measu r ing  i n s t r u m a n t s  which h a v e  t h e  
o p t i o n  of m e a s u r i n g  t h e  t o t a l  g r o u p  d e l a y  i n  a  c a b l e ,  w h i c h  is i t s  p r o p a g a t i o n  
d e l a y .  However, f o r  P R N  b i -phase  modu la t ed  s y s t e m s  t h e  b e s t  method f o r  a c c u r a t e  
d e l a y  measurement is t h e  u s e  of a  bi-phase m o d u l a t e d  carrier.  The d e l a y  i n  a  wide  
band d o u b l e  b a l a n c e d  mixer used  a s  a  b i -phase  m o d u l a t o r  c a n  be  much power t h a n  1 
ns .  I n  t h i s  way a GPS r e c e i v e r  o r  t h e  H a r t 1  d e m o d u l a t o r  c a n  be t e s t e d  by a 
s i m u l a t i o n  o f  t h e  n o r m a l l y  r e c e i v e d  s i g n a l .  

A PRN c o d e  g e n e r a t o r  i s  i n s t a l  l e d  c lose  t o  t h e  r e c e i v e r  a n d  c o n n e c t e d  t o  t h e  
c a r r i e r  g e n e r a t o r  and b i -phase  m o d u l a t o r  by means o f  c o a x i a l  c a b l e  (Fig. 7). The ~3 
d e l a y  f o r  t h e  PRN c o d e  of  t h i s  c a b l e  can  be d e t e r m i n e d  by t h e  d e s c r i b e d  method 2 3 

o r  i n  p r a c t i s e  by f i r s t  i n s t a l  l i n g  t h e  c a r r i e r  g e n e r a t o r  n e x t  t o  t h e  r e c e i v e r  
w i t h  a minimum l e n g t h  c o a x i a l  c a b l e .  Then t h e  l o n g  c o a x i a l  c a b l e  is i n s e r t e d .  The 
e x t r a  d e l a y  between t h e  PRN g e n e r a t o r  o u t p u t  and t h e  r e c e i v e r  is t h e  d e l a y  o f  t h e  
l o n g  c o a x i a l  c a b l e .  Then t h e  c a r r i e r  g e n e r a t o r  and m o d u l a t o r  are p o s i t i o n e d  a t  
t h e  l o c a t i o n  of  t h e  a n t e n n a ,  w h i l e  b e i n g  c o n n e c t e d  t o  t h e  PRN code  g e n e r a t o r  by $ 
means o f  t h e  c a l i b r a t e d  l o n g  c o a x i a l  cable. Now t h e  d e l a y  o f  t h e  a n t e n n a  c a b l e  9 
o r  I F  cable can be de t e rmined .  The u n c e r t a i n t y  is d e p e n d e n t  on t h e  r e c e i v e r  and 

4 

its i n p u t  c a r r i e r  t o  n o i s e  r a t i o ,  o n  t h e  o r d e r  o f  1 ns.  



1 5.0 Delay D e t e r m i n a t i o n  o f  I n s t a l l e d  C a b l e s  - 
An i n s t a l l e d  c a b l e  c a n  be measured by t h e  method d e s c r i b e d  unde r  2.0 o r  3.0 when 
two a d d i t i o n a l  c a b l e  a r e  a v a i l a b l e  ( F i g .  8). I f  t h e  c a b l e  t o  b e  m e a s u r e d  i s  "Af1  
a n d  i t s  d e l a y  T,, a n d  t h e  a d d i t i o n a l  c a b l e s  a n d  t h e i r  a s s o c i a t e d  d e l y s  a r e  I1Bl1 

a n d  "C1' a n d  tb  a n d  tc r e s p e c t i v e l y ,  t h e n  t, c a n  b e  c a l c u l a t e d  f r o m  t h e  s u m s  of 
t h e  i n d i v i d u a l  d e l a y s :  

where  ( t b + t c ) ,  etc. is measured  by i n t e r c o n n e c t i n g  t h e  c a b l e  llBll and llC1l, etc. a t  
t h e  f a r  end .  

When a d d i t i o n a l  c a b l e s  a r e  n o t  a v a i l a b l e ,  t h e n ,  by s h o r t i n g  t h e  f a r  end of t h e  
c a b l e ,  a n d  i n v e r t e d  p u l s e  w i l l  b e  s e n t  b a c k  t o  t h e  b e g i n n i n g  a n d  t h e  ( d o u b l e )  
d e l a y  t i m e  w i l l  b e  m e a s u r e d  by a  t i m e  i n t e r v a l  c o u n t e r  w i t h  t h e  a p p r o p r i a t e  
s e t t i n g  o f  t h e  t r i g g e r  l e v e l s  and a  c o r r e c t i o n  a p p l i e d  f o r  t h e  p u l s e  d i s t o r t i o n  
a s  d e s c r i b e d  i n  2.0 ( F i g .  9). 

The method d e s c r i b e d  i n  3.0 migh t  a l s o  be u s a b l e  i f  a d i r e c t i o n a l  c o u p l e  f o r  t h e  
f r e q u e n c y  r a n g e  o f  i n t e r e s t  is added. The p r o p a g a t i o n  d e l a y  o f  t h e  c a b l e  is h a l f  
t h e  measured  v a l u e .  

6.0 c o n c l u s i o n  

From t h e  r e s u l t s  p r e s e n t e d  t h e  c o n c l u s i o n  c a n  be drawn t h a t  t h e  d e t e r m i n a t i o n  of "1 
p r o p a g a t i o n  d e l a y s  i n  c o a x i a l  c a b l e s  i s  p o s s i b l e  t o  an u n c e r t a i n t y  o f  1 n s  by 
a p p l y i n g  t h e  a p p r o p r i a t e  methods d e s c r i b e d .  

7.0 R e f e r e n c e s  1 
( 1 )  K.F. S a n d e r  a n d  G.A.L. R e e d :  T r a n s m i s s i o n  a n d  P r o p a g a t i o n  o f  

E l e c t r o m a g n e t i c  Waves, Cambridge U n i v e r s i t y  P r e s s  1978, 
ISBN 0521 21924 8. 



Fig. 1.Response of a coaxial  cable t o  a vo l tage  s t e p  for dif ferent  

values of a t tenuat ion .  

I 
I 

Fig. 2,Response of 100 m RG 223 cable t o  a 250 mV voltage s t e p  w i t h  

25 p s  r ise  time. 



F i g ,  3.Response of 260 m RG 5 8 / ~  cab le  to a 250 mV voltage s t e p  

with 25 ps  rise time. 

Fig. 4.Principle of lnterferometrlc propagation time measurement. 

Fig. 5.Interferometric delay measurement set-up. 



Fig. 6.Results lnterferometric delay measurement of 100 m RG 2 2 3 .  
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Fig, 7 ,  Bi-phase  modulated d e l a y  measurement 

Fig. 8.Delay measurement with a w i l l i a r y  cab le s  
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QUESTIONS AHD ANSWERS 

D A V I D  SHAFFER, INTERFEROMETRICS: 
To f i n d  t h e  r e s o n a n t  c o n d i t i o n ,  f e e d  a s i g n a l  i n  o n e  end  w i t h  a s i g n a l  g e n e r a t o r  
a n d  a c o u n t e r  a n d  t a p  o f f  r i g h t  w h e r e  y o u  g o  i n t o  t h e  c a b l e  w i t h  a  s p e c t r u m  
a n a l y z e r .  W a t c h  t h e  s p i k e ,  a n d  a s  y o u  t u n e ,  t h e  s p i k e  wi 11 g o  down a t  r e s o n a n c e  
o f  t h e  c a b l e .  I ' v e  u s e d  t h a t  t o  m e a s u r e  two  meter l o n g  c a b l e s  t o  s u b - c e n t i m e t e r  
e l e c t r i c a l  Length.  

MR.DE J O N G :  
Yes, t h a t  i s  a g o o d  s u g g e s t i o n ,  b u t  o n e  p r o b l e m  i s  t h a t  t h e  s y s t e m  i s  n o t  
t e r m i n a t , e d  a t  t h e  r i g h t  impedance .  T h e r e  i s  some e x t r a ,  s m a l l ,  c a p a c i t a n c e  d u e  t o  
y o u r  t e s t i n g  c o n n e c t i o n .  T h e r e  is a p r o b l e m  i n  e v a l u a t i n g  t h a t .  

LAUREN RUEGER, JOHNS HOPKINS: 
I l a v e  you talcen i n t a  a c c o u n t  t h e  t e m p e r a t u r e  v a r i a t i o n  of y o u r  c a b l e s  when making  
t h i s  measurement?  

M R .  DE JONG: 
T h e  m e a s u r e m e n t  w a s  d o n e  v e r y  q u i c k l y ,  s o  we d i d n ' t  see t e m p e r a t u r e  i n f l u e n c e .  
T h i s  m e a s u r e m e n t  i s  v e r y  u s e f u l  t o  m e a s u r e  t h a t  i n f l u e n c e .  I d i d n ' t  u s e  i t  f o r  
t h i s  p u r p o s e  i n  t h e s e  m e a s u r e m e n t s .  

MR.  RUEGER: 
I h a v e  t w o  s e t s  of  c a b l e s  t h a t  a r e  t w o  h u n d r e d  f e e t  l o n g  e a c h .  I h a v e  m e a s u r e d  
d i u r n a l  v a r i a t i o n s  o f  a b o u t  a n a n o s e c o n d  i f  t h e y  a r e  l a i d  on t o p  o f  t h e  r o o f ,  so 
I h a d  t o  b u r y  them i n  t h e  b u i l d i n g .  

M R .  DE JONG: 
Yes, I. t h i n k  t h a t  I r e c a l l  t h a t  i t  w o u l d  be a b o u t  .003% c o u l d  b e  t h e  i n f l u e n c e  o f  
t e m p e r a t u r e  o n  t h e  l e n g t h .  I 

GERNOT WINKLER, N A V A L  OBSERVATORY: I 
I n  y o u r  conc lus ion  w o u l d  you  a g r e e  t h a t  i n  making  t h e  m e a s u r e m e n t  you s h o u l d  use 
t h a t  rnethod t h a t  a g r e e s  m o s t  c l o s e l y  t o  t h e  a p p l i c a t i o n ?  

M R .  DE JONG: 
C e r t a i n l y .  

MR.  M I N K L E R :  
F o r  i n s t a n c e ,  o n e  d i s a d v a n t a g e  of t h i s  method is t h a t  one c a n n o t  e a s i l y  u s e  t h e  
same f r e q u e n c y  f o r  b o t h  t h e  a p p l i c a t i o n  and  t h e  measurement .  

M R .  D E  JONG: 
If t h e  c a b l e  i s  l o n g  e n o u g h ,  you c a n  come v e r y  close.  


