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ABSTRACT 

Two common methods f o r  synchroniz ing remote c locks  a r e  

c a l l e d  one-way and two-way. Both o f  these methods, when 

operated i n  t h e  t r a d i t i o n a l  fash ion  are sub jec t  t o  a 

number o f  d i f f i c u l t i e s  r e l a t e d  t o  propagat ion per turban-  

ces. This  paper p o i n t s  o u t  however, t h a t  under c e r t a i n  

circumstances, these d i f f i c u l t i e s  can be circumvented 

f o r  t he  two-way scheme. Th is  p o s s i b i l i t y  i s  explored 

t h e o r e t i c a l l y ,  i n  some d e t a i l ,  w i t h  respec t  t o  t he  

Loran-C nav iga t i on  system. 

*Cont r ibu t ion  o f  t h e  Nat ional  Bureau o f  Standards, no t  sub jec t  t o  

copy r i gh t  i n  t he  Un i ted  States. 



INTRODUCTION 

Radio s igna ls  a re  commonly employed t o  compare c locks  a t  remote 

l oca t i ons .  The two m o s t  commonly used schemes are c a l l e d  "one-way" 

and "two-way." I n  t h e  one-way scheme a  s igna l  i s  t ransmi t ted  from 

l o c a t i o n  A,  where c l o c k  A i s  located,  t o  l o c a t i o n  B  where c l o c k  B  

i s  located.  The t ime, tAB, i t  takes the  s igna l  t o  t r a v e l  from A 

t o  B depends upon t h e  s igna l  pa th  d is tance,  d, between A and B and 

upon t h e  average s igna l  speed, s, over t h e  path. O r  i n  simple 

mathematical terms 

To accura te ly  compare t h e  c locks  i t  i s  necessary t o  know tAB. A1 - 
though 1) i s  mathemat ica l ly  simple i t s  de terminat ion  i n  the  " r e a l  

world" can be very d i f f i c u l t .  There are  a  number o f  reasons f o r  

t h i s .  F i r s t ,  t h e  s igna l  may no t  t r a v e l  a  " l i n e - o f - s i g h t "  pa th  

between A and B. I f  the  s igna l ,  f o r  example, i s  i onospher i ca l l y  

propagated the  ac tua l  s i gna l  pa th  i s  a  complex f u n c t i o n  o f  t h e  

d i s t r i b u t i o n  o f  e lec t rons  i n  the  ionosphere. Second, the  s igna l  

speed may change along the  path. Again, i n  the  ionosphere, t h e  

s igna l  speed i s  a  f u n c t i o n  o f  e l e c t r o n  d i s t r i b u t i o n .  Th i rd ,  t h e  

s igna l  may change i t s  shape du r ing  propagation. This  means t h a t  

the  p o i n t  on t h e  s igna l  wave form t h a t  i s  "tagged" as t h e  t ime 

re ference p o i n t  as the  s igna l  leaves A may be "washed out"  by the  

t ime t h e  s igna l  a r r i v e s  a t  B. Fourth, i t  i s  necessary t o  accur- 

a t e l y  know t h e  geographic l o c a t i o n s  o f  A and B. 

The f i r s t  t h ree  f a c t o r s  are u s u a l l y  discussed i n  terms of :  

1) homogeneity o f  t h e  medium; 

2) i s o t r o p y  o f  t h e  medium; 

and 3) frequency dependence o f  the  medium (d ispers ion) .  

As mentioned e a r l i e r  t h e  ionosphere i s  n o t  homogeneous because i t s  



e l e c t r o n  dens i t y  changes w i t h  he igh t ,  which leads t o  non-constant 

s igna l  speed and t o  complicated s igna l  paths. Furthermore, the  

propagat ion medium may be non-homogenous i n  t h e  sense t h a t  i t  

conta ins  i r r e g u l a r i t i e s  which s c a t t e r  t h e  s igna l .  Thus, a l though 

on l y  one s igna l  i s  t ransmi t ted  from A, several s i gna ls  may a r r i v e  

a t  B  v i a  several d i f f e r e n t  paths. 

Because o f  the  presence o f  the  e a r t h ' s  magnetic f i e l d ,  t h e  iono- 

sphere i s  a l so  non- iso t rop ic  f o r  r a d i o  waves. I n  general,  t h i s  

means t h a t  the  s igna l  speed and t h e  a t tenua t i on  o f  t h e  s igna l  

depend upon d i r e c t i o n  o f  propagation. F i n a l l y ,  f o r  rad io  waves, 

t h e  ionosphere i s  frequency dependent because the  s igna l  speed 

depends upon s igna l  frequency. Th is  e f f e c t  i s  u s u a l l y  r e f e r r e d  t o  

as frequency d ispers ion  o f  the  s igna l .  A l l  t h ree  o f  these f a c t o r s  

lead t o  shape d i s t o r t i o n  o f  the  s igna l ,  i l l u s t r a t e d  schematical ly:  

~ommerfeld['' and o thers  have considered d i spe rs ion  i n  considerable 

d e t a i l .  These treatments are h i g h l y  mathematical, and I s h a l l  

o n l y  b r i e f l y  sketch the  main r e s u l t s  o f  these i nves t i ga t i ons .  

F i r s t ,  some very small p a r t  o f  the  s igna l  t r a v e l s  w i t h  t h e  speed 

o f  l i g h t  independent o f  the  d ispers ive  p rope r t i es  o f  t h e  medium. 

Th is  p a r t  o f  t h e  s igna l  c a l l e d  t h e  "Sommerfeld precursor"  i s  q u i t e  

weak and o s c i l l a t e s  very r a p i d l y .  A sho r t  t ime l a t e r  the  " B r i l l o u i n  

precursor"  a r r i v e s  w i t h  g rea te r  ampl i tude and longer dura t ion .  

F i n a l l y ,  depending upon the  s t r u c t u r e  o f  t h e  t ransmi t ted  s igna l  

and upon the  d e t a i l e d  d i spe rs i ve  p rope r t i es  o f  the  medium, the  

s igna l  s e t t l e s  i n t o  some steady s t a t e  value. The Sommerfeld and 

B r i l l o u i n  precursors have been exper imenta l l y  v e r i f i e d  i n  t h e  

l abo ra to ry  a t  micro-wave frequencies,[*' a l though t o  my knowledge 

no one has i nves t i ga ted  t h e  p o s s i b i l i t y  o f  us ing  them i n  t i m i n g  

and nav iga t i on  systems. 



TWO-WAY MEASUREMENTS 

To avo id  some o f  t he  d i f f i c u l t i e s  discussed i n  p rev ious  paragraphs, 

i t  i s  sometimes eas ie r  and perhaps even necessary t o  measure TAB 

when one wants t o  make a  c l o c k  comparison. Usua l l y  a  "two-way 

scheme" i s  employed t o  measure lAB i n  the  f o l l o w i n g  way. As i n  

t h e  one-way method, a  s i gna l  i s  t r a n s m i t t e d  from A which a r r i v e s  

some t ime  l a t e r  a t  B. A t  t h e  i n s t a n t  t he  s igna l  a r r i v e s  a t  B  ( o r  

a f t e r  some known delay t ime) ,  it i s  re tu rned  t o  A. To determine 

t h e  round t r i p  p a t h  delay between A and B, an observer a t  A notes 

t h e  t ransmiss ion and recep t i on  t imes o f  t h e  s igna l  a t  A w i t h  

respec t  t o  t he  c l o c k  a t  A. I f  t h e  propagat ion medium i s  i s o t r o p i c ,  

then pa th  delay r e c i p r o c i t y  can be assumed; t h a t  i s ,  t he  pa th  

delay from A t o  B  equals t h e  pa th  delay from B  t o  A. Thus, TAB = 

(round t r i p  delay)/2. 

Th is  approach a l l e v i a t e s  two problems. F i r s t ,  i t i s  n o t  necessary 

t o  know the  geographic p o s i t i o n s  o f  A and B, and second, i t  i s  no t  

necessary t o  know average s igna l  speed. The disadvantage i s  t h a t  

t r a n s m i t t i n g  and r e c e i v i n g  equipment a re  requ i red  a t  bo th  ends o f  

t he  path.  There may a l s o  be a  problem due t o  d ispers ion .  I f  t h e  

s igna l  a r r i v i n g  a t  B  i s  a  d i s t o r t e d  ve rs ion  o f  t he  one t r a n s m i t t e d  

from A, then i t i s  no longer  c l e a r  when the  t ime re fe rence p o i n t  

has a r r i v e d  a t  B  so i t  can be " r e f l e c t e d "  t o  A. S i m i l a r i l y ,  t he  

s igna l  t r a v e l i n g  from B  t o  A w i l l  be d i s t o r t e d  so t h e r e  i s  aga in  

t h e  problem o f  determin ing s igna l  a r r i v a l  t ime a t  A. 

The problem o f  s i gna l  shape d i s t o r t i o n  can be considered from a  

somewhat d i f f e r e n t  p o i n t  o f  view. As s t a t e d  above, i f  r e c i p r o c i t y  

holds and i f  the re  i s  no s igna l  shape d i s t o r t i o n ,  then  t h e  observer 

a t  A,  us ing  the  two-way method, can determine t h e  one-way pa th  

delay tAB from A t o  B. The concept o f  s i g n a l  delay, zAB, i nvo l ves  



the  no t i on  o f  average s igna l  speeds and pa th  d is tance (as shown 

e x p l i c i t l y  by equat ion 1). The two-way measurement on l y  prov ides 

IAB' 
t h a t  i s ,  i t  on ly  prov ides the  r a t i o  o f  d is tance d  t o  speed s. 

I f  e i t h e r  d  o r  s  i s  known by some independent means then t h e  

o the r  q u a n t i t y  can be determined. 

Consider t h e  case now where the re  i s  some d e f i n i t e  known pa th  

d is tance d, say a  l i n e  o f  s i g h t  path,  b u t  t he re  i s  d ispers ion  

a long the  pa th  so t h a t  a  d i s t o r t e d  s igna l  a r r i v e s  a t  B and t h e  

r e t u r n  s igna l  a l so  a r r i v e s  d i s t o r t e d  a t  A. I n  t h i s  case, tAB 

cannot be measured, so no meaningful value can be assigned t o  s, 

even though d  i s  known. We cou ld  say t h a t  t h e  no t i on  o f  s igna l  

speed o r  "group" v e l o c i t y ,  as i t i s  u s u a l l y  c a l l e d ,  has f a i l e d .  

I n  a  s i m i l a r  fash ion  suppose t h a t  t he re  i s  no t  d ispers ion ,  bu t  

t he re  are  many i r r e g u l a r i t i e s  i n  the  pa th  which s c a t t e r  the  s igna l  

so t h a t  a l though on l y  one s igna l  i s  t ransmi t ted  from A,  many 

over lapping b u t  s i m i l a r l y  shaped s igna ls  a r r i v e  a t  B. Again the  

composite s igna l  a t  B  i s  a  d i s t o r t e d  vers ion  o f  the  one t h a t  l e f t  

A ,  so t h a t  no meaningful a r r i v a l  t ime can be assigned. For t h i s  

case, s  has a  d e f i n i t e  value (assuming i so t ropy ) ,  b u t  d  i s  no t  

meaningful s ince  no s i n g l e  pa th  i s  involved.  I f  a  s i n g l e  p a t h  can 

be i s o l a t e d  (e.g. t h e  Loran-C ground-wave s igna l ) ,  then the  problem 

can be resolved. 

Suppose now t h a t  tAB cannot be meaningfu l ly  determined by the  

two-way method, e i t h e r  because o f  s igna l  shape d i s t o r t i o n  o r  

because o f  a  mu l t i t ude  o f  paths, o r  perhaps both. Are e i t h e r  one 

o f  these cond i t ions  s u f f i c i e n t  t o  destroy the  u t i l i t y  o f  t h e  

two-way scheme? That i s ,  i s  t h e  no t i on  o f  d e f i n i t e  pa th  delay, 

IAB' 
and d e f i n i t e  average group v e l o c i t y ,  s, necessary f o r  the  

two-way scheme t o  work? 



L e t ' s  consider t h e  f o l l o w i n g  s i t u a t i o n .  The propagat ion medium 

between A and B i s  bo th  d i spe rs i ve  and non-homogeneous, b u t  i so -  

t r o p i c .  That i s ,  t h e  s igna ls  propagat ing between A and B a re  bo th  

d ispersed and scat te red  i d e n t i c a l l y  i n  bo th  d i r e c t i o n s  because o f  

i so t ropy .  Suppose s i m i l a r y  shaped s igna ls  are launched simul ta -  

neously from A and B. The s igna ls  a r r i v i n g  a t  A and B w i l l  have 

i d e n t i c a l  shapes, though very d i f f e r e n t  from the  t ransmi t ted  

shapes, and f u r t h e r ,  bo th  s igna ls ,  s ince they were launched simul- 

taneously, w i l l  f l u c t u a t e  i n  ampl i tude and phase i d e n t i c a l l y  as a  

func t i on  o f  t ime a t  A and 0. I f  the  s igna ls  a re  no t  launched 

s imul taneously (and i f  t h e  propagat ion medium remains constant  

w i t h  t ime), then t h e  two s igna ls  a r r i v i n g  a t  A and B w i l l  s t i l l  be 

i d e n t i c a l l y  shaped, b u t  d isp laced i n  a r r i v a l  t ime by an amount 

t h a t  i s  j u s t  equal t o  t h e  d i f f e r e n c e  i n  launch t imes o f  t h e  two 

s igna ls .  

Thus, a l l  t h a t  i s  requ i red  t o  compare t h e  c locks  a t  A and B i s  t o  

determine the  amount o f  t ime displacement o f  t h e  two s igna ls  i n  

s p i t e  o f  the  f a c t  t h a t  the  no t ions  o f  group v e l o c i t y  and d e f i n i t e  

p a t h  delay have no meaning. Thus, i so t ropy  ( w i t h  the  two-way 

scheme) i s  t h e  on l y  c o n d i t i o n  requ i red  t o  compare c locks.  Homo- 

gene i ty  and d ispers ion less  media are no t  requ i red .  

Th is  f a c t  does no t  seem t o  have been e x p l i c i t l y  po in ted  ou t  before,  

perhaps because o f  t h e  i n t i m a t e  assoc ia t i on  between t i m i n g  and 

nav iga t i on  systems where t h e  n o t i o n  o f  pa th  delay i s  c r i t i c a l .  

I n  summary then, if t h e  medium i s  despersionless, i s o t r o p i c  and 

homogeneous, the  n o t i o n  o f  p a t h  delay can be employed and the  

two-way scheme may be employed i n  the  usual way. However, i f  t h e  

medium i s  d i spe rs i ve  and non-homogeneous, the  two-way scheme can 

s t i l l  be used i f  t h e  rece ived s igna ls  a t  the  two ends o f  the  pa th  



are brought together  t o  determine t h e i r  d i f f e r e n c e  i n  a r r i v a l  

t ime. I n  f a c t ,  we might  say t h a t  b r i n g i n g  t h e  records together  i s  

the  e x t r a  p r i c e  we must pay t o  remove t h e  d i spe rs ion  and non-homo- 

genei t y  problems. 

A p r a c t i c a l  implementat ion o f  t h i s  procedure would be t o  sample, 

a t  h igh  r a t e ,  and s t o r e  on magnetic tape, t h e  amplitudes o f  t h e  

two rece ived s igna ls  as a  f u n c t i o n  o f  t ime w i t h  respect  t o  t h e  

c locks a t  A and B. The tapes cou ld  then be brought together  and 

l a g  c ross-cor re la ted  t o  determine the  c lock  o f f s e t s .  

LORAN-C 

Loran-C i s  t h e  backbone o f  t h e  system f o r  i n t e r n a t i o n a l  c lock  com- 

par isons.  Loran-C has t h e  advantage t h a t  i t s  s igna ls  a re  pulsed 

so t h a t  ground wave and sky-wave s igna ls  can be separated i f  t h e  

observer i s  s u f f i c i e n t l y  c lose t o  t h e  Loran-C t ransmi t te r .  However, 

a t  distances beyond several thousand k i lometers ,  the  ground wave 

weakens r e l a t i v e  t o  the  sky wave s igna l  and the  d i f f e r e n c e  i n  

a r r i v a l  t ime between the  sky and ground wave s igna ls  becomes small 

so t h a t  i t  i s  d i f f i c u l t  t o  separate them. Even a t  d is tances where 

t h e  separat ion can be made, i n t e r n a t i o n a l  c lock  comparisons are  

compromised by the  f a c t  t h a t  t h e  ground wave delay i s  sub jec t  t o  

an annual v a r i a t i o n  w i t h  a  magnitude o f  about one microsecond a t  

s i t e s  as f a r  removed as t h e  NBS t ime sca le  i n  Boulder, Colorado. c31 

The d iscuss ion  i n  t h i s  paper suggests t h a t  more accurate c l o c k  

comparisons cou ld  be made i f  Loran-C were employed i n  a  two-way 

mode. F i r s t  o f  a l l ,  v a r i a t i o n s  i n  pa th  delay (annual o r  otherwise) 

cancel out. Second, i t  i s  no t  necessary t o  separate the  ground 

and sky waves i f  the  c ross -co r re la t i on  technique i s  u t i l i z e d .  

Th i rd ,  t h e  Loran-C sky wave has been detected a t  distances exceeding 

, 



5 thousand  kilometer^,'^' so i t  would no t  be necessary t o  "br idge" 

l a r g e  distances by in tercompar ing observat ions o f  Loran-C s igna ls  

which were a l l  w i t h i n  "groundwave" d is tance o f  each other .  Fourth, 

t o  improve s igna l  t o  noise, the  s igna ls  cou ld  be averaged f o r  long 

per iods  o f  t ime a t  bo th  ends o f  the  path,  s ince s igna l  pa th  delay 

v a r i a t i o n s  have no e f f e c t  on t h e  c ross -co r re la t i on  de terminat ion  

o f  c lock  o f f s e t .  

S t r i c t l y  speaking, f o r  t h e  two-way measurements, t h e  observers a t  

bo th  ends o f  the  pa th  should be co- located w i t h  the  t r a n s m i t t i n g  

antennas a t  A and B, b u t  as a  p r a c t i c a l  mat ter ,  t h i s  i s  no t  possib le.  

However, o the r  measurementsC5' suggest t h a t  the  observer cou ld  be 

as f a r  as a  few k i lometers  from the  t r a n s m i t t i n g  antenna before  

any s i g n i f i c a n t  d i f f e r e n c e  forward and r e t u r n  i n  t h e  propagat ion 

paths developed. Another d i f f i c u l t y  r e l a t e d  t o  be ing  near the  

t r a n s m i t t e r  antennas, i s  t h a t  the  t r a n s m i t t e r  s igna ls  might i n t e r -  

f e r e  w i t h  one's a b i l i t y  t o  rece ive  d i s t a n t  Loran-C s ignals.  

However, because o f  the  s h o r t  pu lse  w id th  o f  the  s igna ls ,  i t  

appearsL6' t h a t  g a t i n g  procedures can be developed which w i l l  

so lve t h i s  problem. 

The pr imary p o i n t  t h a t  remains i n  quest ion i s  t h e  degree o f  an 

i s o t r o p y  f o r  Loran-C sky-wave s igna ls .  As s t a t e d  e a r l i e r ,  t h e  

presence o f  the  e a r t h ' s  magnetic f i e l d  i n  the  ionosphere makes i t  

an isopt rop ic .  Using a  procedure developed by Joh ler ,  C71 some 

p r e l i m i n a r y  c a l c u l a t i o n s  have been made t o  determine t h e  degree o f  

anisotropy f o r  Loran-C sky waves. Table I shows t h e  r e s u l t s  o f  

these c a l c u l a t i o n s  f o r  bo th  l o c a l  noon and l o c a l  midn igh t  a t  the  

mid-point  o f  t h e  path. When the  observer i s  f a r  enough from t h e  

t r a n s m i t t e r  s t a t i o n  so t h a t  t h e  s igna ls  r e f l e c t  from the  ionosphere 

a t  g raz ing  incidence, i . e . ,  a t  o r  exceeding 2000 k i lometers,  t h e  

t a b l e  shows du r ing  t h e  daytime t h a t  t h e  pa th  delay non - rec ip roc i t y  



a t  100 kHz i s  49 nanoseconds f o r  east-west propagat ion and 3 

nanoseconds f o r  nor th-south propagat ion. A t  n i gh t ,  t he  non-rec i -  

p r o c i t y  amounts t o  190 nanoseconds f o r  east-west propagat ion. 

Other r e l a t e d  ca l cu la t i ons [81  suggest t h a t  one can always expect a 

g rea te r  non - rec ip roc i t y  a t  n i g h t .  

Based on these r e s u l t s  f o r  g raz ing  inc idence,  i f  t h e  non-reciproc- 

i t y  component o f  t he  100 kHz s igna l  de lay i s  ignored, t he  e r r o r  i n  

t he  two-way c l o c k  comparison would be h a l f  t he  t o t a l  non-reciproc- 

i t y  o r  about 25 nanoseconds. 

O f  course these c a l c u l a t i o n s  depend upon a p a r t i c u l a r  model o f  t h e  

ionosphere. However, as l ong  as the  s igna l s  r e f l e c t  from t h e  

ionosphere a t  g raz ing  incidence, I do no t  an t i cpa te  t h a t  t h e  

degree o f  non- rec ip roc i  t y  wi 11 be p a r t i c u l a r l y  s e n s i t i v e  t o  t he  

d e t a i l s  o f  t he  ionospher ic  model. [ g l  

The t a b l e  a l s o  shows t h a t  as t he  observer 's  d is tance t o  t h e  Loran-C 

t r a n s m i t t e r  decreases the  degree o f  non - rec ip roc i t y  increases. 

Th is  i s  probably  due t o  t he  f a c t  t h a t ,  a t  sho r te r  d is tances,  t he  

s igna l  penet ra tes  more deeply i n t o  t he  ionosphere du r i ng  the  

r e f l e c t i o n  process, so t h a t  t he  s igna l  pa th  through the  non-iso- 

t r o p i c  p o r t i o n  o f  t he  t o t a l  pa th  between A and B increases. My 

p r e l i m i n a r y  conc lus ion  from these c a l c u l a t i o n s  i s  t h a t  two-way 

Loran-C comparisons should be made du r i ng  the  daytime over d i s -  

tances l a r g e  enough f o r  g raz ing  inc idence t o  hold. 

It should be emphasized t h a t  these c a l c u l a t i o n s  app ly  o n l y  t o  t h e  

100 kHz Fou r ie r  component o f  t h e  Loran-C pulse. To determine i n  

d e t a i l  what happens t o  t he  e n t i r e  pu lse  du r i ng  propagat ion, re -  

qu i res  making s i m i l a r  c a l c u l a t i o n s  f o r  a l l  o f  t he  s i g n i f i c a n t  



Four ie r  components o f  t h e  pu lse  and then adding up these compon- 

ents w i t h  the  proper  phases a t  t h e  observer 's  l oca t i on .  I n  addi- 

I t i o n ,  t h e  degree o f  a t tenua t i on  o f  t h e  amplitudes o f  the  Four ie r  

components dur ing  propagat ion i s  a l so  a  f u n c t i o n  o f  Fou r ie r  f r e -  

quency and propagation d i rec t i ons .  Therefore, a  complete ana lys i s  

o f  what happens t o  t h e  Loran-C pu lse  dur ing  propagation must take 

i n t o  account bo th  ampl i tude and phase delay v a r i a t i o n s  as a  func- 

I t i o n  o f  d i r e c t i o n  and ~ o u r i e r  frequency. 

I The advantage o f  such an ana lys is  i s  t h a t  the  f u l l  energy i n  t h e  

pu lse  a t  a l l  Fou r ie r  components can be used. Such c a l c u l a t i o n s  

are  now under way and wi 11 be repor ted  i n  a  l a t e r  paper. 

As a f i n a l  p o i n t ,  s ince  the  procedures discussed here imply t h a t  

c locks  comparisons i n  t h e  tens o f  nanoseconds range be accomplished, 

r e l a t i v i t y  e f f e c t s  cannot be ignored. For example, i n  the  east-west 

d i r e c t i o n  a t  40' Lat . ,  over a  d is tance o f  about 4000 k i lometers,  



. 
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QUESTIONS AND ANSWERS 

DR. STEIN: 

Any questions? 

DR. VICTOR REIhHARDT, Goddard Space Flight Center 

What practical method do you propose to compare the two signals? 
What correlation scheme do you think would be best for Loran-C 
signals? 

DR. JESPERSON: 

I think-- We have been considering several things. One of them is 
to maybe do something like the VLBI people do, put something on 
tape so we can bring the tapes together and do a lag cross cor- 
relation scheme between them. 

So, we haven't gone into great detail yet, but some scheme 
of that sort. 

DR. REINHARDT: 

You then propose to look at the analog signals rather than measure 
the phase at zero crossing? 

DR. JESPERSON: 

What I would like to do is sample at a very high rate so we could 
get the whole signal. Then once we have got it we can do anything 
to it. We can Fourier analyze it and say pick out the 100 kilo- 
hertz component and look at the phased bit, and we can pick out 
all the other Fourier components and we can see then, in detail, 
how those components are matching up to our theoretical notions 
as to what should happen. 

DR. REINHARDT: 

Thank you. 

DR. LESCHIUTTA, IEN, Turin, Italy 

Thank you. The Loran-C is usually a one-way system, but in one 
case it is a two-way system. I refer to use made by the Loran-C 
station to control each other making reception time with the 
pulses coming from the other stations participating in the same 
network. And I am wondering if you think that if the data were 



a v a i l a b l e ,  it would be  a v a i l a b l e ,  I mean, i n  order  t o  c o r r e c t  o r  
t o  compensate some of t h e  problems found across  t h e  A t l a n t i c  Ocean 
i n  order  t o  c o r r e l a t e  t h e  c locks  from both  s i d e s  of t h e  ocean? 

DR. JESPERSON: 

Yes. That i s  obviously one of t h e  th ings  t h a t  we a r e  th inking  
about  he re  t h a t  i n s t ead  of us ing  t h e  ground wave over a  number of 
s h o r t  hops t o  span t h e  A t l a n t i c  Ocean, i n  f a c t ,  one could use a  
one-hop sky wave e s s e n t i a l l y .  Yes. That i s  one of t h e  impli- 
c a t i o n s ,  I hope, of t h e  work we a r e  doing. A s  I say,  it hopeful ly  
does away wi th  some of t h e  seasonal  problems too,  because whatever 
t h e  seasonal  p a r t  i s ,  it d isappears  because you a r e  not  looking a t  
t h e  ground wave and even i f  t h e r e  is some seasonal  e f f e c t  i n  t h e  
ionosphere, t h a t  a l s o  drops out .  


