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ABSTRACT 

On 16 May 1974, t h e  S e c r e t a r y  of T r a n s p o r t a t i o n  
and Commandant of t h e  Coast  Guard announced t h a t  
Loran-C had been chosen as t h e  n a v i g a t i o n  system 
t o  s e r v e  t h e  U, S .  C o a s t a l  Confluence Zone. A t  
t h e  p r e s e n t  t ime,  r e l i a b l e  CONUS Loran-C ground- 
wave timing coverage ex tends  westward on ly  abou t  
a s  f a r  a s  Boulder ,  CO. T h i s  paper  i l l u s t r a t e s  
t h e  groundwave h y p e r b o l i c  and t iming  coverage 
which w i l l  r e s u l t  from t h e  planned CONUS expansion.  
Time frames a r e  provided.  
While n o t  d i r e c t l y  r e l a t e d  t o  t h e  s u b j e c t  of t h e  
paper ,  a s t a t u s  r e p o r t  on t h e  planned r e d u c t i o n  
i n  Loran-C PTTI t o l e r a n c e s  i s  p r e s e n t e d ,  

INTRODUCTION 

A f t e r  s e v e r a l  y e a r s  of t h e o r e t i c a l  and p r a c t i c a l  e v a l u a t i o n s  of s e v e r a l  
n a v i g a t i o n  s y s  terns th or an-A, T,o~&-c, Decca, and D i f f e r e n t i a l  Omega) , 
t h e  U. S .  Coast  Guard recommended t o  t h e  Department of T r a n s p o r t a t i o n  
(DOT) t h a t  a s i n g l e  n a v i g a t i o n  system,  Loran-C, could  b e s t  s e r v e  t h e  
d i s p a r a t e  n a ~ i g a t i o n / ~ o s i t i o n i n g  needs  i n  t h e  U .  S .  C o a s t a l  Confluence 
Zone (CCZ) .  The S e c r e t a r y  of T r a n s p o r t a t i o n  subsequen t ly  approved t h e  
recommendation and,  w i t h  t h e  suppor t  of t h e  O f f i c e  of Telecommunication 
P o l i c y  and General  Accounting O f f i c e ,  announced t h e  cho ice  on 1 6  May 
1974. Follow-on announcements have d e s c r i b e d  t h e  expansion n e c e s s a r y  
t o  cover  a l l  of t h e  CCZ.  

L O N - C  EXPANSION 

F i g u r e  1 i l l u s t r a t e s  t h e  e x i s t i n g  Loran-C h y p e r b o l i c  coverage i n  t h e  
CCZ. N o t i c e  t h a t  i n  F i g u r e  1 t h e  range  l i m i t s  a r e  e s t a b l i s h e d  f o r  a  
r e c e i v e r  t h a t  r e q u i r e s  a s igna l - to -no i se  r a t i o  (SNR)  o f  a t  l e a s t  -1OdB 
i n  o r d e r  t o  a c q u i r e  t h e  Loran-C s i g n a l s .  While t h i s  i s  a  l i m i t i n g  f a c -  
t o r  w i t h  t h e  new, low-cost ,  c i v i l - u s e  r e c e i v e r s ,  i t  i s  n o t  f o r  a  t iming  
r e c e i v e r .  I n  t iming  r e c e i v e r  a p p l i c a t i o n s ,  of c o u r s e ,  i t  i s  a l s o  n o t  
n e c e s s a r y  t o  r e c e i v e  more than one s t a t i o n .  F i g u r e  2 i s  a p r o j e c t i o n  
of the  groundwave t iming  coverage c u r r e n t l y  a v a i l a b l e  i n  the  U.  S .  I n  
t h i s  c a s e  t h e  range l i m i t s  a r e  based on my p e r s o n a l  e x p e r i e n c e .  1 as- 
sume t h a t  s i g n a l  a c q u i s i t i o n  i s  accomplished by i d e n t i f y i n g  t h e  L o r a n - C  



Figure 1. Ex i s t ing  U.S. CCZ Loran-C Hyperbolic Coverage 

pu l se s  v i s u a l l y  on an osc i l l o scope .  Third-cycle i d e n t i f i c a t i o n  i s  as- 
sumed t o  be accomplished through t h e  use of t h e  S igna l  Strobe of an 
Austron 2000-C r ece ive r  t o  draw o u t  t h e  pu l se .  These assumptions, i n  
s h o r t ,  g ive  conserva t ive  range l i m i t s  when compared wi th  ranges ava i l -  
a b l e  through t h e  use  of a synchronous f i l t e r ,  o r  knowledge of time 
and va r ious  de lays  t o  b e t t e r  than 5 microseconds s o  t h a t  s i g n a l  ac- 
q u i s i t i o n  and cyc le  i d e n t i f i c a t i o n  can take  p l ace  without  "seeing" t h e  
s i g n a l .  Figure 3 i l l u s t r a t e s  t h e  approximate l o c a t i o n s  of t h e  CONUS 
Loran-C s t a t i o n s  a f t e r  t h e  expansion i s  completed. The s t a t i o n s  a r e  
arranged i n  seven cha ins  ( inc luding  t h e  e x i s t i n g  North P a c i f i c  Chain). 
Again, t h e  coverage shown i s  hyperbol ic  coverage f o r  a c iv i l -u se  re- 
ce ive r .  Figure 4 i s  a schedule f o r  t h e  implementation. The f i r s t  s t a g e  
of the implementation, t h e  U .  S .  West Coast Chain, was funded t h i s  f i s -  
c a l  year  (FYI. The next  two chains  t o  t h e  North, t h e  Northwest U. S .  
and Gulf of Alaska cha ins  were o r i g i n a l l y  scheduled f o r  completion i n  
l a t e  1977, but  due t o  t h e  programed completion of t h e  Trans-Alaska 
P i p e l i n e ,  t h e  on-air d a t e  f o r  a l l  t h r e e  of t h e s e  cha ins  w a s  s e t  as 1 
January 1977 (assuming o rde r ly  approval  of funds f o r  t h e  o t h e r  two 
cha ins ) .  

One of the new cha ins ,  t h e  Cape ~ a c e / C a r i b o u / ~ a n t u c k e t  chain, shown on 
Figure 3, i s  not n e c e s s a r i l y  p a r t  of t h e  expansion program. Since no 
a d d i t i o n a l  funds a r e  requi red  t o  implement t h i s  cha in  o t h e r  than t h e  
additional op-erating and maintenance expenses,  and s i n c e  i t  provides  
e x c e l l e n t  Coverage i n  a prime f i s h i n g  a r e a ,  such an o p e r a t i o n a l  chain 
m y  be  e s t ab l i shed .  



F i g u r e  2. E x i s t i n g  U.S. Loran-C Groundwave Timing Coverage 

Figure 3 .  Proposed U.S .  CCZ TLoran-C Hyperbo l i c  Coverage 

CONUS TIMING COVERAGE EXFANDED 

F igure  5 i l l u s t r a t e s  t h e  t i m i n g  coverage t o  h e  expected upon completion 
o f  the Loran-C CONUS expans ion .  There a r e  at p r e s e n t  n o  s p e c i f i c  re- 
qu i rements  t o  t i m e  any of t h e  new c h a i n s .  A s  a r e s u l t ,  F i g u r e  5 ,  and 
the plans  o u t l i n e d  i n  t h e  f o l l o w i n g  d i scuss i .on  arc n o t  f i n a l .  



AREA 

WEST COAST 

DATE 

1  J A N U A R Y  1 9 7 7  

GULF OF A L A S K A  1  J A N U A R Y  1 9 7 7  

E A S T  COAST R E C O N F I G U R A T I O N  1  JULY 1 9 7 8  

G U L F  OF M E X I C O  1  JULY 1 9 7 8  

GREAT L A K E S  1  FEBRUARY 1 9 8 0  

Figure 4. Implementation Schedule For CONUS Loran-C Expansion 

Figure 5 .  Proposed U.S. Loran-C Groundwave Timing Coverage 

The basis f o r  t h e  t iming coverage i s  t h a t  all p o i n t s  i n  CONUS must b e  
within groundwave range of a t  least one s t a t i o n  of a timed chain.  The 
Coast Guard d e f i n i t i o n  of a timed chain is a cha in  t h a t  has  a specified 
t i m e  t o l e r ance  with r e spec t  t o  UTC(USNO). A s  can be  seen  from Figure  5, 
t h i s  b a s i c  t iming c r i t e r i o n  i s  met if only t h r e e  of t h e  CONUS cha ins  a r e  
timed (East  Coast,  West Coast,  and North P a c i f i c ) .  This would al low the  
use of a frequency o f f s e t  i n  t h e  o t h e r  chains wi th  a t t e n d a n t  advantages 
i n  minimizing c ros s  r a t e  i n t e r f e r e n c e .  These untimed chains  could s t i l l  



b e  used to t r a n s f e r  t i m e  between two p o i n t s  t h a t  are bo th  w i t h i n  the 
coverage area of any one cha in .  I n  a d d i t i o n ,  t h e y  cou ld  b e  used i n  t h e  
a b s o l u t e  s e n s e  i f  a s u i t a b l e  N u l l  Ephemeris Tab le  were developed. 

LORAN REPLACEMENT EQUIPMENT 

While t h e  expansion of Loran-C under t h e  N a t i o n a l  Implementation P l a n  
(NIP) is  t h e  Loran-C program r e c e i v i n g  t h e  most p u b l i c i t y ,  t h e r e  i s  an- 
o t h e r  program w i t h  less d r a m a t i c ,  b u t  still r e a l  impact on PTTI.  Th is  
program i s  the Loran Improvement Program (LIP) .  

The f i r s t  major s t e p  i n  modernizing t h e  Loran-C ground s t a t i o n  equip- 
ment w a s  t h e  development of the  AN/FPN-~~ (COLAC) t i m e r  a t  t h e  U.  S .  
Coast  Guard E l e c t r o n i c s  Engineer ing  Center  (EECEN) i n  1969-1970. An 
improvement i n  t h e  o p e r a t i o n a l  performance of COLAC-equipped s t a t i o n s  
w a s  demonstra ted i n  t h e  p e r i o d  1971-1972. This  improvement was d i r e c t -  
l y  a t t r i b u t e d  t o  t h e  COI,ACts s o l i d - s t a t e  c i r c u i t r y ,  modular maintenance 
phi losophy,  and o p e r a t o r  o r i e n t e d  des ign .  A f t e r  n o t i n g  t h e  s u c c e s s  of 
COLAC and r e a l i z i n g  t h e  e x t e n t  and p o s s i b l e  consequences of tlre remain- 
i n g  Loran-C problems, an  ambi t ious  ground s t a t i o n  equipment improvement 
program was i n i t i a t e d  a t  EECEN d u r i n g  ea r ly  1973. The g e n e r a l  g o a l  of 
t h i s  program w a s  t o  improve t he  Loran-C c h a i n  o p e r a t i o n a l  performance 
w h i l e  simultaneously reduc ing  t h e  p e r s o n n e l  manning l e v e l s  and equip- 
ment c o s t s .  B a s i c a l l y  t h i s  program c o n s i s t e d  o f  t h e  development of a 
s o l k d - s t a t e  Loran Replacement Equipment (LIE) package which would re-  
p l a c e  t h e  o l d e r  g e n e r a t i o n  t i m e r s  and low s i g n a l - l e v e l  pu l s e  genera t -  
ing equipment and,  i n  a d d i t i o n ,  modify t h e  e x i s t i n g  Loran-C t r a n s m i t -  
t e r s .  

F igu re  6. Loran Replacement Equipment 



The LRE performs t h e  b a s i c  Loran-C s i g n a l  genera t ion  i n  a  more p r e c i s e ,  
s t a b l e ,  r e l i a b l e ,  and c o n t r o l l a b l e  manner than  was p o s s i b l e  wi th  t h e  
o l d e r  genera t ion  equipment. F igure  6 i s  a b lock  diagram of a  t y p i c a l  
LRE conf igura t ion .  A d e s c r i p t i o n  of t h e  major u n i t s  which comprise t h e  
LRE package i s  presen ted  h e r e i n .  

Frequency Standard System. (Figure 7) This  u n i t  p rovides  t h e  5 MHz 
and 1 MHz t i m e  ba se  f requenc ies  t o  t h e  remaining LRE. The phase micro- 
s t e p p e r  and phase s h i f t e r s  a l low f o r  p r e c i s e  c o r r e c t i o n  of the cesium 
5-MHz ou tpu t s .  Two l i n e a r  phase r eco rde r s  provide continuous monitor- 
i n g  of  t h e  t h r e e  cesium ou tpu t s .  

ANfFPN-54 Loran-C Timer. The COLAC r ep l aces  t h e  t iming func t ions  of 
t h e  AN/PPN-38, 41, and 46 t imer s .  The COLAC i s  a s o l i d - s t a t e  t i m e  gen- 
e r a t o r  whose b a s i c  func t ion  i s  t o  provide t h e  s i g n a l s  necessary  t o  d r i v e  
t h e  t r a n s m i t t e r s .  More s p e c i f i c a l l y ,  t h e  COLAC provides  t h e  accu ra t e  
and r e l i a b l e  tim-ing waveforms which c o n t r o l  t h e  t i m e  of em-ission of the  
r a d i a t e d  Loran-C pu l se s .  

Transmi t te r  Control  Se t  (TCS).  The TCS r e p l a c e s  e x i s t i n g  Transmit- 
ter Cont ro l  Groups. The func t ions  performed by t h e  TCS a r e  a i d i n g  i n  
genera t ion  of  a s t anda rd  Loran-C pu l se  shape,  monitor ing t h e  pu l se  amp- 
l i t u d e ,  and au toma t i ca l l y  swi tch ing  t r a n s m i t t e r s  i n  t h e  event  of a 
t r a n s m i t t e r  f a i l u r e .  The TCS equipment u n i t s  and t h e i r  primary func- 
t i o n s  a r e  : 

(a) Pu l se  Generator (PGEN): Develops a  t r a n s m i t t e r  d r i v i n g  wave- 
form (TDW) from t h e  t iming s i g n a l s  rece ived  from t h e  COLAC. The TDW is  
shaped w i t h i n  t h e  PGEN t o  i n s u r e  t h a t  t h e  t r a n s m i t t e r  r a d i a t e s  a s tand-  
a rd  p u l s e  shape w i t h  proper  phase code and droop c h a r a c t e r i s t i c s .  

(b) Transmi t te r  Automatic Con t ro l l e r  (TAC): Automatical ly  
switches t r a n s m i t t e r s  i n  t h e  event  of a f a i l u r e  of t h e  ope ra t e  t r ans -  
m i t t e r .  The TAC performs t h i s  func t ion  by monitor ing t h e  on-air  Loran-C 
s ignal  and t h e  a v a i l a b i l i t y  of  t h e  t r a n s m i t t e r  d r i v e  waveform. It a l s o  
al lows f o r  manual swi tch  of t r a n s m i t t e r s .  

(c) E l e c t r i c a l  Pu l se  Analyzer (EPA): Provides  a  c a p a b i l i t y  f o r  
p r e c i s e  and,unambiguous measurements of Loran-C pu l se  shape and ampli- 
tude.  By app rop r i a t e  p r o g r a m i n g ,  via f r o n t  pane l  sw i t ches ,  t h e  follow- 
i n g  measurements may be  made: ampl i t i de  of pu l se  peak f o r  any p u l s e ,  
amplitude of ha l f - cyc l e  peaks ( 1  - 19) w i t h i n  the f i r s t  pu l se ,  and enve- 
lope-to-cycle d i f f e r e n c e  (ECD) of the first pu l se .  A l l  measurements a r e  
d i sp layed  on a  f r o n t  pane l  d i g i t a l  meter and provided a t  a r e a r  pane l  
connector  i n  e i t h e r  analog o r  BCD form. I n  a d d i t i o n ,  t h e  EPA genera tes  
a r e f e r ence  envelope waveform which i s  used i n  conjunc t ion  wi th  an os- 
c i l o scope  and t h e  ope ra t e  PGEN t o  permit  pu l se  a n a l y s i s  t o  be  
accomplished. 
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F i g u r e  7 .  Frequency Standard System 



Auxi l ia ry  Rack. The Auxi l ia ry  Rack conta ins  u n i t s  which perform the  
fol lowing func t ions :  

(a) S t a t u s  Alarm Unit (SAU): Provides a c e n t r a l i z e d  alarm node 
and d i sp l ay  p o s i t i o n  f o r  a l l  LFS alarm i n d i c a t i o n s .  I n  add i t i on ,  t he  SAU 
monitors alarms f o r  o t h e r  important  parameters ( f a i l u r e  of 5 MHz, exces- 
s i v e  ECD f l u c t u a t i o n s ,  e t c . )  which a f f e c t  t h e  a b i l i t y  of t he  s t a t i o n  t o  
s t a y  on-air i n  to l e rance  (Figure 8) .  
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ERROR OFF A I R  FAIL FAIL ERROR 
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Figure  8. S t a t u s  Alarm Unit 

(b) Remote Control  I n t e r f a c e  (RCL): The RCL p re sen t ly  being 
i n s t a l l e d  wi th  t h e  LRE permits  the  fol lowing commands t o  be en tered :  lo- 
c a l  phase adjustments (LPA), s t a r t  and s top  b l i n k ,  and c a l l  watch. The 
CALL WATCH command a c t i v a t e s  t he  audio alarms of t h e  SAU t o  awaken t h e  
s t a t i o n  watchstander i n  t h e  event  of an emergency. The RCI-2, p re sen t ly  
under development, w i l l  expand the R C I  c a p a b i l i t i e s ,  and permit  a remote 
computer t o  c o n t r o l  t he  LRE and perform a l l  of t h e  c o n t r o l  and log- 
keeping func t ions  f o r  a Loran-C chain.  

(c) Austron 2000-C Timing Receiver:  Replaces t h e  monitoring 
func t ion  of the o l d e r  genera t ion  t imers  a t  secondary s t a t i o n s .  A s t a t i o n  
"cont ro l  number" i s  generated by comparing the  r ece ive r  sampling s t r o b e ,  
t r ack ing  t h e  master  s t a t i o n ,  t o  the 112 Group Repe t i t i on  Rate (112 GRR) 
generated i n  t h e  COLAC a t  t h e  secondary s t a t i o n .  

KELTABLLITY AND MAINTAINABILITY 

One LRE design goal  was t o  improve the r e l i a b i l i t y  of t h e  Loran-C 



ground s t a t i o n  equipment,  and hence t h e  sys tem o p e r a t i o n a l  perform- 
ance.  Improved equipment reliability was ach ieved  through c a r e f u l  de- 
s i g n  o f  the L I E  u n i t s  and o v e r a l l  system. 

R e l i a b i l i t y .  
components . The 
i n s u r i n g  t h a t  a1 

The LIEF: was designed u s i n g  h igh  q u a l i t y  s o l i d - s t a t e  
p r i n t e d  c i r c u i t  modules were c o n s e r v a t i v e l y  des igned ,  

1 components f u n c t i o n e d  at f a r  below maximum r a t i n g s  
d u r i n g  normal o p e r a t i o n .  These e f f o r t s  c o n t r i b u t e  t o  a  v e r y  h i g h  Mean 
Time Between F a i l u r e  (MTBF) f o r  t h e  LRF: u n i t s ,  and t h u s  t o  the h i g h  
r e l i a b i l i t y  of  t h e  Loran-C system,  For example, under normal circurn- 
s t a n c e s ,  t h e r e  i s  no  need t o  s w i t c h  from t h e  o p e r a t e  t o  t h e  s tandby 
timers, T h i s  i s  i n  c a n t r a s t  t o  t h e  o p e r a t i o n  of t h e  o l d e r  g e n e r a t i o n  
t i m e r s  w i t h  weekly s w i t c h e s  t o  perform p r e v e n t a t i v e  maintenance.  

The complete LRE package i s  p r e s e n t l y  i n s t a l l . e d  at  LORSTA's Nantucket ,  
Dana, J u p i t e r ,  and E s t a r t i t .  Da i ly  message r e p o r t s  on t h e  performance 
of t h e  U, S. E a s t  Coast  Chain s t a t i o n s  s o  equipped w e r e  e v a l u a t e d  a t  
Coast  Guard Headquar te r s .  The o v e r a l l  performance of t h e s e  s t a t i o n s  
f o r  t h e  p e r i o d  J u l y  1973 through September 1974 i s  i l l u s t r a t e d  i n  
Table  I. 

TABLE I UNUSABLE T I M E  BEFORE L R E  V S  AFTER L R E  

B E F O R E  L R E  I N S T A ~ L A T I O H  A f T i R  L R E  I H S T A l l A T l O H  P E R C E N T  

( m i n u t e r ]  [ m i n u t e s 1  R E O U C T l O l  IN 

L O R S T l  1971 1972 1973 A V E R A G E  1974 U N U S A l l E  T I M E  

J U P I T E R  889 506  6 2 3  6 7 3  317 5 2 . 9  

NANTUCKET 5 3 0  4 7 9  9-91 6 6 7  231 65 .4  

Table  I. S t a t i o n  R e l i a b i l i t y  Before  and A f t e r  LRE I n s t a l l a t i o n  

M a i n t a i n a b i l i t y .  Use of t h e  complete I,RE package has s i g n i f i c a n t l y  
reduced t h e  r e q u i r e d  maintenance.  Tab le  T I  i l l u s t r a t e s  t h e  Loran-C 
equipment maintenance (excluding t h a t  f o r  t r a n s m i t t e r s )  r e q u i r e d  a t  
LORSTA's Dana and Nantucket f o r  p e r i o d s  b e f o r e  and a f t e r  I,KE i n s t a l -  
lat i o n .  



BEFORE LRE AFTER LRE P E R C E N T  

AVERAGE REDUCTION IN 

1971,1972, A N D  1973 1974 M A I I T E N A N C E  

LORSTA [ h o u r s )  ( N o t e  11  ( h o u r s ]  ( N o t e  11 EFFORT 

NANTUCKET 717 8 1 89 .8% 

T O T A L  9 3 . 7 x  

NOTE 1. INFORMATION TAKEN FROM LORSTA'S REPORT OF LORAN STATION OPERATION AND ELlCTRONlCS ENGINElllNO (C0-2899). 

MARCH THRU OCTOBER FOR YtARS INDICATED 

NOTE 2. TRANSMITTER MAINTENANCt NOT INCLUDED IN THIS 1AI)ULATION 

Table 11. S t a t i o n  Maintenance-man-hours Before and A£ t e r  LRE 

ALL CHAIN LORAN-C TIMI? SYNCHRONTZATION 

A r e p o r t  on t h i s  program was presented  at the 1973 PTTI P lann ing  Meeting 
by LCDR Sherman. No s i g n i f i c a n t  changes have occurred i n  the  program 
since t h a t  time save  f o r  an un fo r tuna te  delay of almost a year .  This 
de lay  was caused by personnel  shor tages  (witness  the absence of LCDR 
Sherman a t  t h i s  y e a r ' s  meeting) and procurement de lays .  A l l  of  t h e  
requi red  equipment i s  now i n  t h e  procurement process ,  and i n  f a c t ,  most 
of the  equipment has  been de l ive red  t o  our l abo ra to ry .  The p r o j e c t  t o  
assemble t h e  equipment i n  a rack, p r i n t  s u i t a b l e  t e c h n i c a l  manuals, and 
sh ip  t h e  equipment t o  t h e  s t a t i o n s  has  been i n i t i a t e d .  We expect the  
first equipment t o  be i n  t h e  f i e l d  i n  the  Spring of 1975.  I n  t he  mean- 
t ime, t h e  Coast Guard, w i th  t h e  cooperat ion of the U. S. Naval Observa- 
to ry ,  is  a t tempt ing  t o  maintain the va lues  f o r  ( UTC(USN0)-Loran-C ) 
within 5 microseconds f o r  t he  timed chains.  This w i l l  of course be  
much e a s i e r  t o  accomplish when t h e  equipment i s  i n  t h e  f i e l d  t o  make 
t h e  values independent of c lock  t r i p s .  

My thanks t o  LCDR G. R.  Goodman and LT R. P .  O s w i t t  f o r  the information 
on the  LRE. 



GJUESTION AND ANSWER PEII;COD 

MR. DOHERTY: 

I wanted to correct  any misimpression that I gave on ground wave signal at 
Boulder. F i rs t  of all, we get strong. ground waves from Dana. Also in  
that slide I was rcfcrrjng to the Carolina Beach master  station and my comments 
were that the visible signal that you saw on the slide was slry wave, it was not 
ground wave. However, we do measure ground waves ho rn  Carolina Beach too. 

LCDR. ROEBER: 

I have been trying to  keep my range on it very conservative. 

MR. DOIIERTY: 

Yes,  I'm sure  your ranges a r e  very conserv:ttive. 

LCDR. ROEBER: 

Where a signal would be visible, where it coultl be acquired from looking at the 
oscilloscspe. 

MR. DOEIERTY: 

Right. We do not have a visible ground wave there but we definitely have meas- 
urable ground wave at Eoulder. 

MR. OSBORN: 

I have a continuing question on what is the position on installing prccision t imcrs 
throughout both thc East anti thc Wcst Coast chains '? It is my understanding that 
up until rather  recently you had not had cesium bcarn frequency stantlards in this. 

LCDR. ROEBER: 

That's not true. We always planner1 on cesjum heat11 frequency standards in the 
West Coast. 

MR. OSBORN: 

And you have thcm on the East Coast, too? 



The question is whether it has been timed or  not, and there a r e  various defini- 
tions of time. To my own personal definition and because of my temporary po- 
sition, I guess the Coast Guard position on what a timed chain i s ,  is one that 
has a tolerance with respect to VFC (USNO) and at  the moment there is no re -  
quirement to maintain any such tolerance on any of the new chains. 

I would say I havc no feeling of nationality in seeing these stations encroaching 
an Canadian territory. I'm very, very pleased to see it. I hope that they will 
be timed. In fact, they've relieved one of my worries in short how we could 
meet what I can see  as a potential requirement for microsecond timing a t  thc 
major airports. 

LCDR. ROEBER: 

Well, onc thing to note. I showed those stations as  untimed. Kcep in mind thiit's 
untimed by my definition, meaning there is no tolerance with respect to the 
Naval Observatory. Thesc chains could still  be used for relative transfers be- 
tween two points that a r e  within range of the same chain. They could be used 
in an absolute sense if somebody wanted to develop a Null ephemeres that took 
intcntional frequency offset into account. 

MR. LIEBERMAN: 

Ted Lieberman, NAVE LEX. 

I was wondering which of your chains had improved timing in the last  year or 
so  ? 

LCDR. ROEBER: 

I meant to cover that. Here's OMEGA'S chance to get back a t  us  again. A paper 
was given last  year at  this conference by Lieutenant Commander Sherman, 
covering our plans for improving the timing capability or the monitoring capa-. 
bility, more than anything else, at the Loran-C transmitting station. I believe 
he probably gave a prognosis of the time that would take place. It hasn't. 

One of the major reasons is personnel problems-personnel shortage. Witness 
the absence of Ideutenant Commander Sherman this yeas. Another problem is 
procurement cycles. Basically none of them have the equipment which will 
allow us to monitor the transmitting stations better and hence, to my mind even 



though some of the graphs shown in Andy Chi's paper showed that the tolerance 
is 25 microseconds, recently, at least for  the most part ,  wc have been keeping 
the chains within 5 microseconds. 

I don't think we can guarantee this until we have the approved monitoring capa- 
bility and one of the major contributions to  this would be, f i rs t  of al l ,  finishing 
the project which is a t  the radio station-our laboratory at the radio station right 
now here in Washington. To get the equipment into the field and secondly, satel- 
lite time transfer .  

One of the biggest problems right now in reducing the tolerance and maintaining 
the tolerance of 5 microseconds is the necessity for  clock tr ips and the inevita- 
bility that one week after the clock t r ip ,  the operating standard at the station con- 
cerned changes frequency. 

Then your extrapolation is off for  mother three months tj.11 your next clock tr ip.  
I think satellite time transfers  plus getting the equipment into the field a r e  nec- 
essary. I would estimate the f i r s t  equipment, intended to go to  Okinawa, will 
be in the spring of next year,,. but that really won't improve things until such time 
that we have satellite time transfers  and can do away with, o r  a t  lcast lessen,  
the number of required clock tr ips.  

DR. WINKLER: 

You mentioned the problem of c ross  chain intcrferc:ncc and the possibility of re- 
ducing it by deliberately offsetting frequency. Is there any information available 
to the meri ts  of this proccdure as compared to exact timing relationship? 1 
should say exact without offsct, where the timing relationship can be used to gate 
out the interfering signals, which is  eas ier  if you do not offset your own chain. 

LCDR, KOEBER: 

Well, we have not examined that. It is certainly true that if you have an exact 
time relationship development of a. c ross  rate blanker is eas ier .  Unfortunately 
anything, including mdring a new rate s tructure,  that has cost o r  complexity, 
adds complexity to  a user ' s  receiver and is lookecl upon wit11 jaundice eye by the 
use r .  

Howevcr, simple development of a c ross  rate bladrer under those circumstances 
would add cost to the u s e r  and we must f i r s t  look a t  potential solutions that will 
not add costs to the user 's  black box. We don't r e d l y  evcn have hard data on the 
improvement in c ross  rate interference. If we do put in a frequency offsct, wc 
have the reverse situation, We have what happened to the cross  rate interference 



problem when we stopped phase tracking or  phase locking our secondary stations 
and started using cesium stations. 

In addition to the cross rate interference problem, we also got into greater syn- 
chronous interference problems after the first of January, '72 when the UTC off- 
set was eliminated. In effect we do have some data on what happens when we in- 
stitute an intentional frequency offset but not on what happens in the case you de- 
scribed, s i r .  

DR. WINKLER: 

There is, of course, the additonal problem that by destroying the easy o r ,  let's 
say, the simple phase relationship between different rates,  you also will prevent 
the utilization of stations from different chains which is  now possible in the rho- 
rho mode. 

LCDR. ROEBER: 

You don't destroy that capability; you make it more complex. 

MR. PICKETT: 

Bob Pickett , Vandenburg Air Force Base, California. 

What's the chance that you can be presumed upon to bring these stations up as 
they're built rather than waiting for the whole chain ? Particularly, could you 
be so kind as  to bring the three California stations up before 1977? 

LCDR. ROEBER: 

I sort  of mentioned it. Perhaps there is some scepticism on my part of our ab.il- 
ity to meet this schedule-never mind bringing the stations up before January 1, 
1977. 




