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' i e l d  t e s t  was conducted  i n  t h e  e a s t e r n  U n i t e d  States 
LL.,- 

. *  
Sast Coast Loran-C c h a i n  and r e q u i r e d  two i d e  
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(NAVORSY). The van o c c u p i e d  1 0  f i e l d  s i t e s  d u r i n g  t h e  c o u r s e  
o f  t h e  t e s t .  See P i g .  1. The p o s i t i o n s  o f  a l l  s i t e s  were 
p r e c i s e l y  s u r v e y e d  b y  t h e  Defense  Mapping Agency Topographic  
C e n t e r  ( D M A T C )  u s i n g  t h e  Navy Nav iga t ion  S a t e l l i t e  System 
and a r e  l o c a t e d  on r a y  p a t h s  from Loran-C s t a t i o n s  t h r o u g h  
NAVORSY. The c o l l e c t e d  d a t a  i n c l u d e  v e r y  a c c u r a t e  measure- 
ments  o f  t h e  Loran-C ground wave p h a s e  and p u l s e  enve lope  
t i m e s  o f  a r r i v a l  a t  t h e  10 f i x e d  s i t e s  and s i m u l t a n e o u s l y  a t  
NAVOBSY . 
AFI, was a s s i s t e d  i n  t h i s  t e s t  b y  NAVOHSY and DMATC. I n  
a d d i t i o n  t o  t h e  s a t e l l i t e  s u r v c y ,  UMATC computed a l l  r e q u i r e d  
g e o d e t i c  d i s t a n c e s .  NAVOBSY e x e c u t e d  t ime  t r a n s f ' e r s  
on e a c h  t e s t  day u s i n g  low n o i s e  cesium beam c l o c k s .  The APL 
development  e f f o r t  i n c l u d e s  measurement sys t em d e f i n i t i o n ,  
assembly  and checkout  o f  equipment ,  a c q u i s i t i o n  and a n a l y s i s  
o f  f i e l d  t e s t  d a t a ,  and a f i n a l  r e p o r t  documenting the t e s t  
and i n c o r p o r a t i n g  p e r t i n e n t  t e s t  r e s u l t s .  C u r r ~ n t l y ,  APL i s  
performing a n a l y s i s  of  f i e l d  t e s t  d a t a .  

TEST DESCRTPTION 

The t e s t  i n s t r u m e n t a t i o n  i s  shown f u n c t i o n a l l y  i n  F i g .  2 .  
Two i d e n t i c a l  sys t ems  were d e s i g n e d  and assembled ,  one f o r  
t h e  van and  one f o r  t h e  NAVOBSY s i t e .  R e f e r r i n g  t o  F i g .  2 ,  
t h e  Loran-C s l g n a l  i s  i n p u t t e d  t o  a  f i x e d  g a i n  t u n e d  r e c e i v e r  
v i a  a  wide-band v a r i a b l e  a t t e n u a t o r .  The purpose  o f  t h e  wide- 
band a t t e n u a t o r  i s  t o  s t a n d a r d i z e  t h e  Loran-C p u l s e  a m p l i t u d e  
as s e e n  by t h e  t u n e d  r e c e i v e r  w i t h o u t  d i s t o r t i n g  t h e  s i g n a l  
waveform o r  c a u s i n g  a p h a s e  s h i f t  which v a r i e s  wi th '  s i g n a l  
s t r e n g t h .  A t  l e a s t  3 dB o f  a t t e n u a t i o n  always remains  i n  t h e  
a t t e n u a t o r  t o  minimize mismatch e f f e c t s  between t h e  a n t e n n a  
and t h e  i n p u t  t o  t h e  t u n e d  r e c e i v e r .  The o u t p u t  o f  t h e  t u n e d  
r e c e i v e r  i s  a d j u s t e d  by t h e  wide-band a t t e n u a t o r  t o  g i v e  a 
Loran-C p u l s e  a m p l i t u d e  o f  0 . 5  v o l t  a t  t h e  p o s i t i v e  peak o f  
t h e  f i f t h  c y c l e  ( i . e . ,  w i t h  p o s i t i v e  phase  c o d e ) .  The 
r e c e i v e r  o u t p u t  c o n n e c t s  t o  an  a n a l o g - t o - d i g i t a l  c o n v e r t e r ,  
which d i g i t i z e s  wave samples  a t  sample p o i n t s  on t h e  Loran-C 
p u l s e .  Sample t r i g g e r s  open a sample and  h o l d  c i r c u i t  a t  
t h e  i n p u t  o f  the a n a l o g - t o - d i g i t a l  c o n v e r t e r ,  and t h e  con- 
v e r t e r  t h e n  d i g i t i z e s  t h e  a n a l o n g  v o l t a g e  a t  t h e  o u t p u t  of 
t h e  sample and ho ld  c i r c u i t  t o  1 3  bits p u l s e  a s i g n  b i t ,  
Data  sampl ing  was done a s  shown i n  P i g .  3. Only t h e  f i r s t  
p u l s e  o f  e a c h  group was sampled and  a t o t a l  o f  3 2  v o l t a g e  
measurements were t a k e n  on e a c h  o f  t h e s e  p u l s e s .  The f i r s t  
16 were a t  2 . 5  microsecond i n t e r v a l s ,  and t h e  second  1 6  were 
a t  7 . 5  microsecond i n t e r v a 1 . s .  The sample t r i g g e r s  a r e  
g e n e r a t e d  by sample g a t e s .  Timing o f  t h e  sample g a t e s  i s  
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de r ived  from a g r o u p  r e p e t i t i o n  i n t e r v a l  ( G R I )  p r e s e t  c o u n t e r .  
The p h a s e  o f  t h e  p r e s e t  c o u n t e r  can b e  a d j u s t e d  i n  p l u s  or 
minus  0 . 1  p s  t i m e  i n t e r v a l s  by  p h a s e  s l e w i n g  c i r c u i t r y .  The 
p h a s e  o f  t h e  G R I  c o u n t e r  i s  a d j u s t e d  s u c h  t h a t  t h e  s amp le  
t r i g g e r s ,  d i s p l a y e d  on one  c h a n n e l  o f  an  o s c i l l o s c o p e ,  must  
n e a r l y  match  t h e  d e s i r e d  s amp le  p o i n t s  on t h e  Loran-C p u l s e  
which  i s  d i s p l a y e d  on  a s e c o n d  c h a n n e l  o f  t h e  o s c i l l o s c o p e .  
The p r 3 e c i s i o n  t i m i n g  f o r  t h e  G R I  p r e s e t  c o u n t e r > ,  and  a l s o  for 
a U n i v e r s a l  Time C o o r d i n a t e d  ( U T C )  c l o c k ,  i s  d e r i v e d  f rom a  
low n o i s e  Cesium beam f r e q u e n c y  s t a n d a r d .  

The d i g i t i z e d  Loran-C p u l s e  waveforms ,  a l o n g  w i t h  a sync i i ronous  
o u t p u t  f rom t h e  UTC c l o c k  and f i x e d  d i t a  i n p u t  information 
s t o r e d  i n  d i g i s w i t c h e s ,  a r e  formatted b y  a d i g i t a l  f o r m a t t e r  
and s t o r e d  on  c o m p u t e r - c o m p a t i b l e  d i g i t a l  m a g n e t i c  t a p e .  The 
t a p e  b l o c k  s i z e ,  i . e . ,  t h e  number o f  e i g h t - b i t  c h a r a c t e r s  
w r i t t e n  i n  o n e  c o n t i n u o u s  b l o c k ,  i s  j l ? .  T h i s  number o f  
c h a r a c t e r s  a l l o w s  f o r  p o i n t  v a l u e s  f rom s e v e n  Loran-C p u l s e s ,  
a UTC c l o c k  t i m e ,  a n d  t h e  i n p u t  i n f o r m a t i o n  s t o r e d  i n  t h e  
d i g i s w i t c h e s  t o  b e  s t o r e d  on e a c h  t a p e  b l o c k  i n  a  s t a n d a r d i z e d  
f o r m a t .  

DATA ANALYSI'S 

One segmer.t o f  t h e  dat:,a c o n s i s t s  ? ?  37 neesu rhemen t s  of v o l t a g e  
on e a c h  o f  17 ,000  g u l  s c s .  These  <st? i r e  o b t a i n e d  i n  2 0  
m i n u t e s  o f  I - e c o r d i n g  i n  the E a s t  C o a s t  Lorarl-C c h a i n .  Simul-  
t a n e o u s  r e c o r d i n g s  c o n s i s t i n g  o f  t h r e e  c o n s e c u t i v e  70 m i n u t e  
s e g m e n t s  were  made a t  the ?,;AVORSY s i t c  and e a c h  van s i t e ,  
b o t h  o f  which  a r e  a c c u r a 5 e l y  l o c a t e d  on t h e  r a y  p a t h  frcirl a 
t r a n s m i t t e r .  The l o c a t i o n  !>f a l l  thr sites a l o n g  w i t h  the 
d i s t a n c e  be tween  t h e r 1  and +:he Lorari-C 5 tati8:>ns are p r e s e n t e d  
i n  T z b l e  1.. P a i r s  o f  t;hesc :;im~.lltar!ec?us r.'ec.or.clinps a l c n g  
w i t h  t h e  d i s t s n z e  b e t w e e l  their. per7r;:lt r-.r.:2.l:;sc-s o f  p r o p a g ; l t i o n  

1 e f f e c t s  c x p e r i e n c c c !  b y  t h e  ? u l s e  Z I J Y l E F  j.ts f : , r - ~ v c l  frorr! ope  
s i l , e  t o  t h e  o t h e r .  

 measurement,^ o f  t h e  p u l s e  matic at I 3 i i v j  d u a l  sites were 
a n a l y z e d  in s e v e r a l  ways.  ';he s t a t i s t i c s  cf t h e  raw measure -  
n c n t s  on i n d i v i c l u a l  l : )u?ses  :$!ere computed a s  well. as t h e  
s t ; a t i s t 7 i c , s  o f  the :ive:rages nornpul:ed f'or 5C p u l s e s  and  f ' c ~ r  
700 p u l s e s .  S t n t i c L i c s  gf' r d i t e d  de t a  were s l s o  c a n p u t e d .  
Rg " e d i t , e d t 1  we mean t h a t  1 .  the i . e ? . s u r > e m ~ - ; t ~  or. e a c h  p l ~ i s e  
aye r e j e c t e d  and  t h c  u u l s e  ia n o t  counted if a n y  cf t h e  

,, _ more 'rlial-1 {.xi' stand::,.r>d crle~riatinn:? m e a s u ~ e r n e n t s  o n  t h e  pu7 s e  -,I->- 
d i f f e r e n t  from t h e  mear v;:iige or t k x t  mtsrl .sr~ernfnt  b;iset? t h e  
yaw cJ,ata, (:)f t h e  13_,09C: ci.l!ses rneasllr7eti i n  a 72 minut t -  TC- 
c o r d i n a ,  r d j t i n g  t h r e w  o u t  1.180 tr ;503 n ? l s r s  depcndink?, dl-i 

the c h a r a c t e r  of' t h e  T ' . c : ~ ~ s E .  



F i g u r e s  4 a n d  5 a r e  two-dimensional  h i s t r o g r a m s  o f  two 
a d j a c e n t  measurements  on t h e  l e a d i n g e d g e  of' t h e  p u l s e  2.5 
mic roseconds  a p a r t .  The f i r s t  o f  t h e  two a d j a c e n t  measure- 
ments ,  &, i s  i n  q u a d r a t u r e  w i t h  t h e  c a r r i e r  and  t h e  second ,  
I ,  i s  i n  phase .  I i s  p l o t t e d  as t h e  a b s c i s s a  and Q a s  t h e  
o r d i n a t e .  The h i s t o g r a m  i s  g e n e r a t e d  by c o n s i d e r i n g  each  
p a i r  o f  I s  and  Qs t o  be  c o o r d i n a t e s  of  a p o i n t  i n  t h e  p l a n e  
and  c o u n t i n g  how many p o i n t s  l i e  i n  e a c h  c e l l  o f  p r e s e l e c t e d  
s i z e .  The c e l l  s i z e  i s  0.0032 v o l t s  f o r  F i g u r e  4 and 0,0210 
vol . t s  f o r  F i g u r e  5 which c o r r e s p o n d  t o  0.017 and 0.365 micro-  
seconds  o f  phase  r e s p e c t i v e l y .  It i s  v e r y  c l e a r  t h a t  t h e  
d a t a  a r e  n o t  no rmal ly  d i s t r i b u t e d .  If t h e y  were,  we would 
e x p e c t  5 d a t a  p o i n t s  t o  be  o u t s i d e  a  1 6  by 16 c e l l  s q u a r e  
c e n t e r e d  on F i g u r e  5 ,  whereas  t h e  a c t u a l  number i s  215. The 
p r o b a b i l i t y  t h a t  t h i s  would h a  pen  by chance f o r  a normal  E d i s t r i b u t i o n  i s  l e s s  t h a n  10-3 . 
These h i s t o g r a m s  can  b e  c o n s i d e r e d  t o  be  p h a s o r  d iagrams which 
show t h e  f r e q u e n c y  w i t h  which t h e  t e r m i n u s  o f  t h e  e l e c t r i c a l  
v e c t o r  f a l l s  i n  e a c h  c e l l .  The a n g l e  o f  t h e  v e c t o r  de te rmin-  
a b l e  t h e r e f r o m  w i t h  r e s p e c t  t o  t h e  v e r t i c a l  i s  t h e  e r r o r  i n  
phase  w i t h  r e s p e c t  t o  t h e  phase  t r a c k  p o i n t .  

The h i s t o g r a m s  can  a l s o  be  c o n s i d e r e d  a  r e p r e s e n t a t i o n  o f  t h e  
i n p u t  t o  a t h i r d  c y c l e  phase  t r a c k i n g  l o o p  which h a s  no l o o p  
c l o s u r e .  Superimposed on t h e  f i g u r e s  a r e  e d i t i n g  windows 
e q u i v a l e n t  t o  20.102 mic roseconds  f o r  F i g .  4 and k1.82 micro- 
seconds  f o r  F i g .  5. The e f f e c t  o f  a c c e p t i n g  o n l y  d a t a  t h a t  
f a l l s  w i t h i n  t h e  window i s  c l e a r l y  b e n e f i c i a l  s i n c e  many d a t a  
o u t s i d e  t h e  window i n d i v i d u a l l y  would c a u s e  l a r g e  d i s t u r b a n c e s  
t o  t h e  p h a s e  t r a c k i n g  loop .  

The o u t p u t  o f  a p h a s e  t r a c k i n g  l o o p  i s  e s t i m a t e d  by a v e r a g i n g  
700 c o n t i g u o u s  e d i t e d  p u l s e s .  Such a t r a c k i n g  l o o p  i n  t h e  
E a s t  Coast  Chain would have a t i m e  c o n s t a n t  o f  a b o u t  9 
s econds  i f  a l l  of  t h e  group o f  e i g h t  p u l s e s  were u s e d  e a c h  
G R I .  The s t a n d a r d  d e v i a t i o n  o f  t h e  e s t i m a t e d  o u t p u t  was 
computed f o r  all f i r s t  20-minute segments  o f  d a t a .  These 
r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  2 .  The s t a n d a r d  d e v i a t i o n s  o f  
t h e  d i f f e r e n c e s  between t h e  o u t p u t  of  s u c h  t r a c k i n g  l o o p s  a t  
van and NAVOBSY a r e  a l s o  p r e s e n t e d  i n  T a b l e  2 .  

We a l s o  e s t i m a t e d  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  measurement 
of  p r o p a g a t i o n  t i m e  between van and NAVOBSY u s i n g  t h e  a v e r a g e s  
of  t h e  20 minute  e d i t e d  d a t a  segments  f o r  a l l  s i t e s  as s i n g l e  
samples.. T h i s  s t a n d a r d  d e v i a t i o n  i s  4 . 8  nanoseconds  which 
i n c l u d e s  t h e  d e v i a t i o n s  due t o  d i s t a n c e ,  w e a t h e r  o r  r e s i d u a l  
n o i s e .  



These same 20-minute averages were used t o  c o n s t r u c t  an  
a n a l y t i c  nodel o f  the t r a n s m i t t e d  Loran-C pulse. Assuming 
that the pu1,se is formed b y  m o d u l a t i o n  o f  s 0 0  l i H ~  c a r J r i e r ,  
the measured data can be rt?presented over t h ~  data so:in b y  
an e q u a t i o n  of the r'orm 

::<(t,.) I s  thc I c r 2 n  ~l, . : lse ::.;::r-pr7or?.?.~atil?g,: 

:[(t> tl;? sine ?nlod.u?atlox'~ 

Q ( t )  is the cosine m o d u 7 a t i o n , a n d  

w is t l l? 198 kFIz ? ~ T " c u ~ ; L I "  2'-?equenzy 

'"he f ' l ~ n t i o r , ~ ;  I(t) :7:.r.C: :;,-;(::,) :':uT'F~~ C ~ ~ O S ~ Y ,  +,:: 172 18th deprbee  
palynoniais , , c c c ; u t e i  z ~ ~ h  t h ? t  ?nzrp:hy r7 5r;  the L j ( 5 )  
modula l ; ion  eve.!‘ t;he :?;<!,,a sr:ar: f - sc :  ! 3 !,:: ; C  ric:r11sec3nds was . . . - 
:: , 1 1 ;  I T !  . h e G J : , ?. . L- c 7 r c s .c. 1: t t !: c 3 5 t :: ~;w it: 1: e 17 1 i - 

, ,- g i b l e  i r r c r ,  typic3 : y ki:? z t a d i r f :  ? r 3 r i . t i ; . r  i~ one T L ~ ,  lIv0: 5 
. .  . at lout  m e a r ;  e r ror : .  : q r i~ , -~?  ".~'f:: 1 ~ ~ 2  ++-"1 . - '  7"' 

r 
I . , c t .  .!t;ese 

~ ~ o ~ j e l s  y U ( 2 r . e  :~nrn&l.lyr.c? tc -:?le :<aye c: :o:-,:~.:: :it :?-.e f i ? l c .  ~ j . . t * s  
>. , 

at :Jfl'';T;SEY a,:.llj. i j . :~ ,~ j~ l  5;: : 1 ~ . t : ,  'r,h~ + - 2 ,  f'ur:ct.,ionc 
T : c - ~ > r . a = ~  rr ZI.;,-? - 3b;,,y, j~~x~r~~~y,~ pr tllc>;e observec! at 3 c t h  .<,ites. . - - . -  ..,- . 

p l c t s .  

- (.efc.y -,G ~i~~~~~~ (:, r-.,., ~2 : ? ' f . ~ ~ : ~ i 2 ~ ~ ~ ~  fL7! 8 - . - r 7 '  .. ~ - ~ l ] w : ~ ~ ]  = :y  tkA<:\F<e :2S?:? 

fL i7 vJ 1; fL (: r: 1, ;; 1- 5 y, ; - r .: ",,, p- (7 -. , . + >,?I c: ;-, .- . 1 - -- 3 -  ., .c z> 
L A  ,.- , L,. a ,.: 8. .- . A ,..> L: :?, c?, ? :::. Y: e j- 

. ., .l - 
act: -..;e;, t h e  r>;l';t,. , - , 1 -  a :: , +? r.77,- I>< f b z 4 -  7 ~ : l l x  ' ,,: 

. .. . .,. . 
. . 

? - \  -. ,-, <., ,.. - ;377e r,e,3F,jy,e(-: .?Ls y h =  , - -  .L b - 8 .  -7, - l - C ! >  A . b.. 1 - - '-i1-:;,7 ,- - ,.;;f: , ,-,,.- , . .  . . 
\> ,.,- 7 1 -, <: 7 7 [, -; ;\ e ,* ,; ,-, 8 r L-! :! 

+ ,  . - 
x : . ; , . r , ;+  : 

, , . , , : : ,. - . L. . , 
!.;-),: .- - , - , < , r \ c 2  L, $ ; y-.c 

-, ',.< . ,<I  .,.# : , -  . . < L A  L > L  

- .  . - 
7 7 n  - -, 7 - ; ! 4 , -, -; c- 2, t-:owr.vey, :c:,s.i UE:> .r ' I. - .. L y < , A ,  ). l .. . . ,. :- .*:-A,:ir:c::f:: '-, *:.;: L., 2 9  -, A 

- . . >, - -. , .> ,- -. - ,- i. : j + ( ' , : ,  : 1:. - .  , ., . - ,. . .. -) ' . - '  
. t '2 1 ! .: :J Ci t 

) 2 .  . A L. , 

y , + - , -/",i"-(.,- -. :- -.<,& , ; ,., : -,., . > - ;  ~73y(; x e  :A z 1.; l7 c: rr] e T: 4; . _ .. . A . .I. - .*+. . _ .  .<.. , - . .  . , <  .,,( _.... d,.. 

: , - - : -  , c- . , -?:-ac-::i~;r:: t h e  t:r)an:-;if 
. . .  - .  ,,,,.A c>(. 2 ,. - . 

-k TL~!le . I :-I;? j , p I.:? ::li-":: !- r ,.. -ir,-:: ' ~jh :cn  :~;hows t?:e 
L~~~ c! ,> (, :; <;; L!., ;;. p ;, ;;; .: P .r. .... -j. (; !: <-; ;> 1 ,. -: 7 --, 7 3  --,,= .. ,- c: L.,l:.~l,d ,- -.. '-7 .i T\ f: 4.- L,L> 

- - - .  . . ;,1-:, n lc) , - i - iLF.  \;i(>K c L ,  # * 7  - ...v,,L.-: ,. :--< r !  - ,- - L. 1- c . -  - '  , i.l k: (j 2 .c> 1:' - . -<. .. .. . ... . . . . .. . ..<.. , ,: 1 .. - ?T'el.' ce  
A ;. - ,> ,- lj .; ;v y: 1; I-; t j r> ;-: ,-, - . I  - i  0 ,- ,- .. -. y c\ L: ,!: tL .:-A :' .) 

.. , %.,.- . - . 2. , , . .  7,.Ll, ?,jL!.,? :+:. 
,. ,- , " .  - : , -  , + -. --..7<.;&,. - v  -ic:. T;jk!<-I,:2::L:; i:;-i,TNfpr; 3 1 , . . . . . .... I . i . .  .xi- \, , , g . , c 2 y T ;  . - -  5rA,f; T , 3 y t y T 7  i T  ;.? T..,.-t:,...,,,;; '-, I ,  '- ,. ,.-.,-..,7c .>;,,- . r.. 

L. t. 1 .  . , > ,  . - . , . d m  



C O N C L U D I N G  REMARKS 

A n a l y s i s  o f  t h e  measurements made on t h e  f i r s t  p u l s e  o f  groups  
o f  eight i n  t h e  E a s t  Coast  Loran-C cha in  i n d i c a t e  t h a t ,  o v e r  
t h e  s h o r t  t e rm,  i.e., 1 h o u r ,  t h e s e  t r a n s m i t t e d  p u l s e s  a r e  
v e r y  s t a b l e .  Averages of  700 c o n t i g u o u s  p u l s e s  e x h i b i t  
s t a n d a r d  d e v i - a t i o n s  between 5 and 40 nanoseconds r e l a t i v e  t o  
t h e  mean of  t h e  p u l s e s  o b s e r v e d  d u r i n g  one h o u r ,  p r o v i d e d  t h e  
p u l s e s  ave raged  a r e  l i m i t e d  t o  t h o s e  a c c e p t e d  by t h e  e d i t i n g  
p r o c e d u r e .  T h i s  o b s e r v a t i o n  a p p l i e s  t o  a l l  t h e  d i s t a n c e s  over> 
which t h e  o b s e r v e d  p u l s e s  were t r a n s m i t t e d ,  a  wide v a r i e t y  o f  
w e a t h e r  conditions, and man-made i n t e r f e r e n c e .  The same s t a -  
t i s t i c s  a p p l y  t o  t h e  measurement o f  t h e  t r a n s i t  t i m e  o f  t h e  
p u l s e  o v e r  t h e  d i s t a n c e s  used  i n  t h e  t e s t .  In a r e l a t e d  pape r  
p r e s e n t e d  by D r .  Klepczynski  a t  t h i s  mee t ing  h e  i n d i c a t e s  a  
p r o b a b l e  e r r o r  o f  29 nanoseconds i n  making c l o c k  t r a n s f e r s  
o v e r  t h e  d i s t a n c e s  o f  t h e  t e s t .  It s h o u l d  be  p o s s i b l e  t h e r e -  
f o r e  t o  c o o r d i n a t e  t ime  b y  Loran-C t o  w e l l  under  a  microsecond.  

The Loran-C s t a t i o n s  t r a n s m i t  b o t h  a m p l i t u d e  and  p h a s e  modu- 
] .a t ion  o f  t h e  1.00 kHz c a r r i e r .  Over p a t h s  which d i d  n o t  
s u b s t a n t i a l l y  modify t h e  phase  modu la t ion ,  b o t h  group and 
p h a s e  a r r i v a l  t i m e s  can  be i d e n t i f i e d .  When t h e  phase  modu- 
l . a t i o n  i s  s u b s t a n t i a l l y  m o d i f i e d  o v e r  t h e  p a t h ,  we have  n o t  
y e t  d i s c o v e r e d  a c o n s i s t e n t  e s t i m a t o r  f o r  group o r  phase  
a r r i v a l  t i m e s  . 
During  t h e  e x t e n s i v e  a n a l y s e s  which have been  under  way s i n c e  
t h e  f i r s t  o f  l a s t  J u l y  ( i . e . ,  J u l y  1 9 7 5 ) ,  n o t h i n g  h a s  been 
d i s c o v e r e d  which d e f i n i t i v e l y  r u l e s  o u t  t h e  e v e n t u a l  accom- 
p l i s h m e n t  o f  o u r  g o a l ,  which i s  t o  r e l a t e  group and phase  
v e l o c i t i e s  t o  t h e  vacuum s p e e d  of l i g h t .  We e x p e c t  t o  a c h i e v e  
t h i s  g o a l  when t h e  p r o p a g a t i o n  o f  t h e  phase  modu la t ion  i s  
f i n a l l y  under s tood .  
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Fig. 1 LOCATIONS O F  FIELD TEST SITES 
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QUADRATURE, Q 
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Fig. 4 HISTOGRAMS OF IN-PLACE AND QUADRATURE DATA TAKEN AT 
DANVILLE, IN. Q A N D  I (AT BOTTOM) ARE ONE-DIMENSIONAL 
HISTOGRAMS 
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Fig. 5 HISTOGRAMS OF IN-PHASE A N D  QUADRATURE D A T A  T A K E N  A T  
BLUEFI ELD, WV. Q A N D  I (AT BOTTOM) A R E  ONE-DIMENSIONAL 
HISTOGRAMS 
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Fig. 7 LORAN-C SIGNAL VOLTAGE PLOTTED AGAINST TIME I N  
MICROSECONDS: 1975 DAY NO. 181 



Table  1 

DISTANCE FROM LORAN-C S T A T I O N S  TO TEST S I T E S  I N  METEPS 

Test: Sites 

W i l m i n g t o n  , NC 

E m p a r i a ,  VA 

Towanda, PA 

Dexter,  NY 

D a n v i l l e ,  I N  

Mar i e t t a ,  OH 

G e o r g e  town, DE 

T o m s  River, N J  

G r o t t o e s  , VA 

B l u e f  iel d ,  WV 

NAVOBSY 

NAVOBSY 

NAVOBSY 

S t a t i o n  

C a r o l - i n a  Beach 

~ a r o l i n a  B e a c h  

Carol ina Beach 

Carol ina Beach 

Dana 

Dan a 

D a n a  

Nantucket 

Nantucket 

Nantucket 

Carol ina Beach 

Dana 

Nantucket 

D i s t a n c e  

23572.074 

293343.513 

867731.246 

1113945.864 

85946.204 

526905.326 

105 3516.9 79 

384345.877 

827589.501 

1063424.588 

54424 3.95 7 

903083.427 

657576.077 



Table 2 

STANDARD DEVIATTONS I N  MICROSECONDS OF AVERAGES O F  
700 PULSES DURING 1TIE FIRST 20 

MINUTES O F  RECORDING AT EACH S I T E  

Van S i t e  

Wilrnington, N C  

E m p o r i a ,  VA 

T o w a n d a ,  PA 

D e x t e r ,  NY 

D a n v i l l e ,  IN 

Marietta, OH 

Georgetown, DE 

T o m s  River, N J  

G r o t t o e s ,  VA 

B l u e f i e l d ,  WV 

C a r o l i n a  Beach 

Carolina Beach 

C a r o l i n a  Beach 

Ca ro l i na  Beach 

Dana 

Dana 

D a n a  

N a n  tucke t: 

N a n t u c k e t  

N a n t u c k e t  

van - 

.005 

.005 

. 0 2 3  

.008 

.005 

.008 

,022 

.011 

.015 

. 0 2 4  

NAVOBSY Van-NAVOBSY 



Table  3 

TIME OF ZERO CROSSINGS I N  TIIE PULSE TRANSMITTED 
FROM CAROLINA BEACH 

Day Test Site Time of Zero Crossing (usec) 

177  Wilmington 20.3274 25.2266 30.1417 35.0691 40.0045 
20.3272 25.2269 30.1422 35.0697 40.0048 
20.3259 25.2260 30.1416 35.0693 40.0047 

NAVOBSP 20.3380 25.2486 30.1706 35.1021 40.0389 
20.3401 25.2493 30.1705 35 . lo16  40.0384 
20.3354 25.2479 30.1705 35.1020 40.0386 

181 NAVOBSY 20.3299 25.2497 30.1772 35.1124 40.0526 
20.3326 25.2465 30.1756 35.1156 40.0607 
20,3224 25.2368 30.1667 35.1071 40.0527 

Dexter 19.9644 24.9466 29.9347 34.9229 39 .go74 
19.9657 24.9511 29.9394 34.9260 39.9083 
19.9524 24.9419 29.9 332 34.9215 39.9046 



QUESTION AND ANSWER PERIOD 



s u b s t a n t i a l l y  changed  a f t e r  500 k i l o m e t e r s .  

DR.  REINHARDT: 

V ic to r  R e i n h a r d t ,  Goddard S p a c e  F l i g h t  C e n t e r ,  

You m e n t i o n e d  t h a t  t h e  s c a t t e r  f o r  s h o r t - t e r m  da ta  t a k i n g  
w a s  30 nanoseconds .  D i d  you t a k e  any  d a t a  w i t h  r e s p e c t  t o  
d i u r n a l  v a r i a t i o n s ?  

MR. ROLL: 

D a t a  were t a k e n  w i t h  r e s p e c t  t o  d i u r n a l ,  b u t  have  n o t  been  
a n a l y z e d .  We have  several h o u r s  r e p o r t i n g  on a s u n s e t ,  
d u r i n g  s u n s e t ,  a t  b o t h  e n d s  o f  t h e  p a t h  where  t h e  t e r m i n a t o r  
crosses t h e  p a t h .  We have  t h a t  d a t a ,  b u t  i.t h a s  n o t  been  
a n a l y z e d .  




