


Six m a j o r  t e s t  f l ights w e r e  conducted between May 10 -18, 1975. The 
rou tes  w e r e  des igned to  include va r i ed  t e r r a i n ,  over -wate r  l eg s ,  and 
the max imum number  of es tabl ished a i rways .  T h r e e  addit ional  un-  
scheduled f l ights w e r e  made .  Signal outages  and  malfunctions in the 
t e s t  a i r c r a f t  in te r rup ted  t h r e e  of the  planned fl ights s o  that  nine 
f l ights w e r e  made  in a l l .  

OMEGA Equipment--See Specifications 

A low c o s t  OMEGA navigation r e c e i v e r ,  which was procured for these tests, 
was the Dynell Corporation Mark 111 OMEGA Navigation Set .    he equip- 
ment is a prototype model that was designed f o r  g e n e r a l  aviation operations 
a t  max imum speeds  of 400 knots under  opt imum signal  conditions. 
The m a j o r  un i t s ,  r e c e i v e r  and ind ica to r ,  w e r e  designed and packaged 
to  s t andard  f o r m  f a c t o r s  and cos t  the  Government  approximately  
$3000. The  indicator  contained a constant  sensi t iv i ty  c r o s  spo in te r ,  
d igi ta l  d i s tance  display,  t o / f r o m  f lag  and cou r se /d i s t ance  s e t  controls .  

T h e  r e c e i v e s  panel  contained a l l  p rogramming  swi tches ,  syachron iza -  
tion and r e s e t  controls .  Th is  unit housed t h r e e  subsys t ems ,  These  
included clock generat ion and synchronization,  phase  t racking and  
e r r o r  -s ignal  p rocess ing  c i rcu i t s .  

The  Dynell  Mark  111 accepted only s ingle  f requency,  10 .2  KHz OMEGA 
navigation s ignals  and did not have provis ions  f o r  ra te-a iding inputs 
such  a s  compas s  heading o r  t r u e  a i r speed .  The  s y s t e m  w a s  coupled 
to  a n  E-f ie ld  <intenna fo r  s ignal  recept ion.  Normal ly  the AI3F s e n s e  
long w i r e  on a n  a ~ r c r a f t  would be  coupled to  such a n  eyulprnent in  
pa ra l l e l  wlth o ther  avionics .  Recause  of i t s  re la t ively  s imp le  des ign,  
the  Dynell Mark  111 was  appl icable  to  lower  p e r f o r m ~ n c c  a i r c r a f t  of 
the gene ra l  aviat ion ca tegory  and not to  high pe r fo rmance  types.  The  
Dynell r e ce ive r  did not contain c i r cu i t r y  f o r  d iurnal -shi f t  compensa-  
tion while enroute .  The vendo r ' s  suggested method of d iu rna l  compen-  
sa t ion f o r  l a r g e  shi f ts  enroute  was to modify the  manual ly  computed 
l ane  c ro s s ing  on inputs dur ing preparat ion f o r  each  flight. The r e su l t  
of such a ref inement  would be a f l i g h t  pa th ,  which was not  q u i t e  linear, 
but with a min imized  end point e r r o r .  This  p rocedure  was  riot e m -  
ployed f o r  any of the Alaskan t e s t  f l ights.  

Operat ion of the Dynell s e t  was  f a i r l y  s imple .  Before  flight the  
r e c c l v e r  w a s  synchronized autorndtically. The  de s i r ed  dest ination 
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. PRODUCTION MODEL-DYNELL MARK 111 OMEGA NAVIGATION 
R E C E I V E R  



in te r r r l s  oS OMEGA l a n e s  w a s  i n s e r t e d  b y  o p e r a t i n g  thurnbwheel  
s w i t c h e s  ; t h e  E n r o u t e  Uevia t ion  Ind ica to r  (CDI)  was ze roed ;  and known t h e  
m i l e s  t o  t h e d e s t i n a t i o n  w a s  set i n t o  the  d i g i t a l r e a d o u t .  The e n t i r e  

p r o c e s s ,  exc luding  t r i p  cornputat ion, took a p p r o x i n ~ a t e l y  2 m i n u t e s .  
Sirrlple p re - f l i gh t  col-1-lputations e s t a b l i s h e d  the  n u m b e r  of l a r ~ c s  to  be 
t r a v e r s e d  f o r  two s e l e c t e d  st.at:ion p a i r s .  'The calculatecl n u ~ n b c r  of 
l a n e  c r o s s i n g s  was  the  r l i f fcrence be tween the  OMEGA c o o r d i n a t e s  of 
t he  ciestil-iation a n d  t h e  o r i g i n .  

In f l ight  the pi lot  ~naint i~ir lc-d tile C:DZ a.t z e r o  deflectioxl a n d  the  ~ m i l e -  
a g e  clisplay c o ~ i n t c d  rlown. IVl~crl the  d e s t i i ~ a t i o n  was reached, a f l a g  

a p p e a r e d  o n  the  iliciicator. S~r r lp ly  s t a t e d  t h e  o p e r a t i o n  invo lved  syn- 
c h r o n i z i n g  tlle r e c e i v e r  to  OMEGA t r a n s r r l i s s i o n s ,  z e r o i n g  a l l  
c o u n t e r s ,  g e n e r a t i n g  a v e c t o r ,  a n d  apply ing  a m i l c a g e  - s c a l i n g  f a c t o r  
and  c n d  poi.nt to  t h e  v e c t o r .  Tlle c r o s s p o i n t e r  s e rve t i  a s  a nul l  
r n e t e r  t o  h e l p  thc  pi lot  111aint.ain the  v e c t o r .  

TEST B E D  

In i t ia l  plal-lning f o r  f l ight  t e s t s  of t he  l o w - c o s t  r e c e i v e r  i n  A l a s k a  had 
spec i f i ed  in s t a l l a t i on  of thc: Dyne11 r c c c i v e r  and r e l a t e d  d a t a  c o l l e c t i o i ~  
d e v i c e s  i n  a n  FAA a i r c r a f t ,  t he  Doug las  hTodel D C - 6 U .  T h i s  a i r c r a f t  
had  b e e n  s e l e c t e d  b e c a u s e  of i t s  o p e r a t i n g  r a n g e ,  r e l a t i v e l y  low o p e r a -  
t ing  s p e e d  (240 kno t s )  and  the fac t  t ha t  it llacl long w i r e  E - p l a n e  
a n t e n n a s  a v a i l a b l e  f o r  OMEGA r c c e p t i o r ~ .  F l i g h t s  w e r e  conducted  in  
t he  v ic in i ty  of N A F E C  arlci be tween  NAFEC and Anchora j i e ,  A l a s k a ,  
d u r i n g  January  1975.  tiowever, t h e  planned f l i g h t  tests i n  

A l a s k a  had  to  h e  cancell.ec1 due  t o  a  shiltciown of t he  OMEGA Hawai i  
t r a n s m i t t e r .  A l a s k a n  t e s t s  w e r e  rescheciuled in  May.  Uniurtuxlatel.y, 
the  D C - 6  w a s  not a v a i l a b l e  anci the  e n t i r e  t e s t  s y s t e m  had to  be r e -  
cun f igu red  a n d  in s t a l l ed  in  a n o t h e r  FAA, a i r c r a f t  C o ~ ~ v a i r  Model  880. 
This  j e t  a i r c r a f t  w a s  founci a c c c p t a b l c  a f t e r  insurir lg  t h a t  i t  could b e  
f lown a t  s p c c d s  a s  low a s  2 5 0 - 3 0 0  lcrlots ciuring a c t u a l  t e s t  o p e r a t i o n s  
in A l a s k a .  A b o a r d  t h i s  a i r c r a f t  t h e r c  w a s  a n  i n e r t i a l  nav iga t ion  
sy-stern, IJittoxl Model  L ' l 'N-51 .  i t  w a s  11scd a s  a n  onboa rd  pos i t ion ing  
r e f e r e n c e .  

The  a n t e n n a s  a v a i l a b l e  on  the  C V - 8 8 0  irlcl~idccl a n  AD$- E - p l a n e  p l a t e  
s e n s o r ,  a n d  a n  a c t i v e  E - p l a n e  blacle. The  b lade  an tenna  was  s e l e c t e d  
f o r  a l l  t e s t s  in Ai .aska on  the  b a s i s  of performance. cor-nparisons 
rrlade wh i l e  e n r o u t e  t o  t h e  t e s t  a r e a  f r o m  NAE-EC.  'The 1:)rirrlary t e s t  





inst ,a l la t ion wllicti was mounted on a rack in the airplane, consisted of 
t h e  Dyncl.1 Mark 111 prototype OMEGA navigation recetver, recording 
interface aIld incremental inagnetic tape recorder. Ac1J.itional. instrumentation 
jn(:luded it11 Oh,l,k.:GA s igna l  ii*c-,~litol- and  nrlalug ~ ~ c n  r e c o r d e r ,  a v O R /  
TIME I-ec:ordi.ng conso le  anri a c a m e r a  i r ~ s t a l l a t i u n  on ~hc? i!.ight d e c k  
f o r  pl-lotographing r~ll i :  L ' - I N -  3 1 IT'U'S po.-;itioil r c : f e r e~>ce .  A prodllc:tiox~ 
vers i .on  oI  the  Dyne11 Marlc 111 rece iv t ? r  was  31.50 irislallecl on the  C V -  
880. -1his w a s  1.0 s a i e g ~ ~ a r c l  t.he .L-riissiol.~ to ~llasi.;a and would h a v e  been  
t e s t e d  in the  event  of failure of' 1 .11~  p ro t c~ type  hIark III r e c e i v e r .  ' I h e  
inclicator 01 t.he pro to type  Xlarh 1,il sb*steril v . 7 ~ ~  r e m o t e l y  ins ta l lc t i  101- 

I viewirlg a t  thc: pil i~its p o s i t i o ! ~ .  Suint: add i t i ona l  test. instrun-lerltation 

S e v e r a l  operat ior la1 prorc-.cliit+es which a r e  d ~ s c r i h e d  below, were 
followed f o r  all test f l i g h t s  i11 Alaska.  

I All flights except numbers 24, 25 and 26 began and terminated with 
an overflight of the Anchorage Vortac to secure a datum for data proces- 

I sing. Data collection was terminated and restarted on t w o  occasions 
when a fuel stop became necessary part way through a planned flight. I 

'l'k~e L ' I N - 5 1  1NS a n d  tlic f ea s ib i l i t y  I-I-iodtl OLIEGA r c c e i v e r  w e r e  
p r o g r a n ~ m e d  wi th  the  sanlt. rs-aypoirit coorci inales  i n s e r t e d  in t h e i r  
own r e s p e c t i v e  I.ang11age. Tlle INS w a s  ~ ~ r o g r a l ~ l r r i e c l  p r i o r  to  f l ight  
a n d  thc  OMEGA r e c e i v e r  w a s  p r o g r a r n n l e d  wit11 t r a c k  change  infor r r la -  
tiorl at e v e r y  waypoin t .  T h i s  illforrrlation c:orlsisted of l a n e  c ros s i r lg  
n u n ~ b e r s  re ta in i t la  the  point of I l ight  o r i g i n  a s  r e f e r e r ~ c c  in  t he  
m a j o r i t y  of i n s t a n c e s .  

T h e  pi lot  f lew the  t e s t  r o u t c s  using OMEGA c o u r s e  d e v i a t i o ~ i  and  
d i s t a n c e - t o - g o  l o r  a i r c r a f t  gu idance .  T h e  orlly excep t ions  t o  t h i s  
p r o c e d u r e  w e r e ,  made j u s t  p r i o r  to waypoint passage and where OMEGA 
navigatiorl  w a s  nut p o s s i b l e .  A cons t an t  heading  was m a i n t a i n e d  p r i o r  
t o  a p p r o a c h i n g  a waypoin t  i n  o r d e r  t o  a l l ow t i m e  to  inser t  new lane 
i n f o r m a t i o n  into the  OMEGA r e c e i v e r .  Waypoint passage w a s  m a r k e d  
by  convent iona l  nav iga t ion  a i d s .  A t  t h i s  point  a  t r a c k  change  w a s  

I made i n  the  OMEGA r e c e i v e r .  



All  f l ights w e r e  flown in s t andard  a i r  rou tes  a t  published 
min imum enrou te  a l t i tudes  and a t  ground speeds  of approximately 300 
knots. 

Al l  f l ights w e r e  accomplished dur ing daylight h o u r s ,  commenc  - 
ing at approximately  1000 local  t ime .  Anchorage t ime  in May w a s  
GMT -9 hours .  

FLIGHT ROUTES 

Dyne11 Fl ight  2 1 (AL Tes t  # l )  May 10,  1975 

Airway to Waypoint Dis tancc  , nmi  M . E . A .  it. 

V4381456  B ig  Lake 26 2000 

V 4  56 Gulkana 133 10000 

V456 Northway 109 11000 

V 4 4 4  Rig Delta 12 1 8000 

V444  Fa i rbanks  7 7 5000 

V 4  3 8  R i g  Lake 202 10000 

V 4 3 8 / 4 5 6  Anchorage 2 6  2000 

This  ini t ial  re la t ively  sho r t  flight in  the southeast cen t r a l  port ion of 
the s ta te  demons t ra ted  operat ion and signal  recept ion ove r  high 
r anges  and deep val leys .  The l egs  f r o m  Northway to Fa i rbanks  w e r e  
flown in a valley with high ranges  between the a i r c r a f t  and the coas t -  
l ine.  Close o b s e r v ~ t l o n s  w e r e  m a d e  of the signal  r ece ived  f r o m  
Norwdy in o r d e r  to detect  any degradat ion a s  the flight proceeded 
eastbound toward the Canadian Borde r .  T h i s  flight w a s  flown with 
only t eam m e m b e r s  aboa rd  in o r d e r  to shakedown equipment and 
opt imize  t eam effort .  Signal recept ion f r o m  OMEGA Stations A ,  C ,  
D and H w a s  recorded .  



V440 McG rath 187 11000 

V456  A n c h o r a g e  .I 3 2 0  0 0 

D u r i n g  th is  f l i gh t  t o  the w e s t e r n  p o r t i o n  of t h e  A l a s k a n  ~ r ~ a i n l a n c l ,  r e -  
c e p t i o n  o f  OMEGA s i g n a l s  A .  C ,  1) and  T T  w a s  v e r i f i e d  o v e r  and a d -  
j a c c n t  to h igh  r a n g e s  a n d  a l o n g  and o v e r  thc w a t e r  s e g r n c n t .  'Therc 
w e r e  n o  i r ~ d i c a t i o r l s  of Kl' i n t e r f e r e n c e .  '1-11e a i r w a y s  flowrl a l o n g  thc  
w e s t  c o a s t  of t h e  m a i n l a r ~ d  w c r e  o n  thc: c : d ~ e  o f  the VOKIDIV~E ne twork .  

V4  36 5 9 3000 

V436 N c  ndnd 141 10000 

V504 lL3ettlcs 1 52 7000 

V504 D e a d  Horsct  2 1 1  10000 t o  7000 

A 15  P t .  Earrow 1 7 7  -6000  A c t u a l  

Cdpe  L ~ s b t ~ r n c  2 40 -6000 Actual 

K o t ~ e b u c  143 -6000 Actual 

G ~ l e ~ z d  (fuel) 1 0 2  8000 



Dyne11 Fl ight  2 3 (AL T e s t  # 3 )  May 13, 1975 (continued) 

Airway to  W aypoin t  Dis tance ,  nmi M. E. A. , ft. 

V 4  9 8 McGrath  112 6000 

V440 Anchorage 187 10000 

This  flight was  thc  longest  one of the s e r i e s  requir ing a fuel s top  a t  
Galcna.  The fllght covered  m o s t  of the North Slope a r e a  a f t e r  c r o s s -  
ing over  thc  Brooks  liange. Some a r e a s  did not have Navaids o ther  
than non-directional beacon (NDR)  equipment.  Signal coverage  f r o m  
OMEGA A ,  C ,  D and H w a s  moni to red  with A s ignals  displaying a 
d r a m a t i c  I nc r ea se  in quali ty as we  p rog re s sed  northbound. 

OMEGA Demons t ra t ion  F l i ~ h t  Mav 14. 1975  

Ai rway  to Waypoint Dis tance ,  nmi  M. E. A .  , ft. 

~ 4 3 8 1 4 5 6  Big Lake 26 2000 

V 4 3 8  Fa i rbanks  202 10000 

V438 Big Lake  202 10000 

~ 4 3 8 1 4 5 6  Anchorage 26 2000 

This  flight was  a demons t ra t ion  of OMEGA navigation f o r  the 
D i r e c t o r ,  Alaskan Region, and m e m b e r s  of h i s  staff.  Operat ion of 
low cos t  OMEGA and  a l l  r e l a t ed  s y s t e m s  onboard w e r e  demons t ra ted  
and explained. Multiwaypoint operat ions  and functions of the con t ro l s  

were examined. OMEGA signals A ,  C ,  D and H were monitored. 

Dvnell Fl ight  2 4  (AL T e s t  #4) Mav 15,  1975 

Ai rway  to W aypoint Dis tance ,  nmi  M. E.  A .  , ft. 

V4 56 Kenai  43 2000 

King Salmon 204 

Cold Bay 
Adak 



T h i s  t e s t  p rov ided  in fo rn i a t i on  on OMEGA s i g n a l  c o v e r a g e  i n  t h e  
A l e u t i a n  Cha in  be tween  Cold Bay a n d  ,Ac.lak. nmi. c o u r s e  was  

i'1ow1-r over watey  or ig i r la t ing  :at. Cold U a y  and l.i:rr-~-li~lating al Adalz. 
'The Tacarl  at  A d a k  w a s  irlcjperativct d u r i ~ i ~  ~ l i c :  t c t s t  p e r i o d .  

A l ~ p r o x .  300 nr-ni NE ol' -Adi~l< 1 S O O O  ac tua l  

' l 'his i l igh t  was  plan~~i+c. i  t o  ;)rr.is7ic1c: a sill21 F: 1 i:;; tha t  was 793 l lautical  miles 
long f o r  navigation t es t i t lg  r.ivc:r t h e  R ( : . ~ - ~ I - L $  See. erll.i.lill(:: t c )  : l l~chcjragct.  
T h e  iliglit w a s  a b o r t c d  whi:rl .:I. [-)rol>lc.rl-1 c l r ~  elol.)c:ci in  the I d T N - . 5  I 
1.efert:nce. A ~111-11 of 1 XO cit-,grt:es \\.as i i~lrlateci : I - I  lhi: OMb:G~l t c s t  

sys terr l  s .  Pl-(>pe r l jp(:!r~itl(:~r~ . ) C  C)?vIE(iA < . I I . I I - ~ I - \ ~  :.1-1<:: ~~~ t> ( - )u t ld  1 ~ 2  L V F ~ S  

confirrl-lecl b y  hc:lal< l < ; ~ C i r l ~  ; i t  ;i ( ( i i ~ t i * ~ l i . ~ ' ~ f  70 I-117ii. Tht' l i T V - 5 1  

Thls  flight., t he  f'ii'tll (.)I !.hc j.iisrlne(.i s e r i c s .  c-ii+~llorlstr;.ttec:l opera.t.ion 
01 a l o w - c o s t  OA'TFGX !>;I ;I ; ~ ~ ; . g l . e  -1c:g t h a t  w a s  793  nmi. f l i g h t  over water. 

I f  s l s  A - ,  E , t . ~~c ;  H wt:rc: 1-r-:oi)i ttjri_:r! i~r lc l /or  1.1tiiizec1 f o r  
TI y n c i l  nav iga t ion .  



This  flight w a s  abor ted  approximately  100 nmi. nor th  of Anchorage 
because  of a n  unscheduled outage of the OMEGA Station a t  Hawaii. 
Ra ther  than l o se  da t a  legs  enrou te ,  while w a i t i n g  f o r  Hawaii t o  resume 
t r an smi s s ion ,  a n  unknown f ac to r ,  the t e s t  w a s  t e rmina ted .  P r i o r  to 
turning back to Anchorage,  pilot conf i rmed that  enough flight t i m e  
remained  on N-42  to  r epea t  the t es t .  Signals f r o m  Hawaii  w e r e  r e -  
ceived again  p r i o r  to  landing a t  Anchorage.  Telephone contact  was  
made  with OMEGA Hawaii which conf i rmed that  approximately  30 
minu tes  outage had been due to component fa i lure .  The t e s t  w a s  r e -  
scheduled next day;  t h e  planning included the alternate selection of 
station pairs in case,that Hawaii should again prove unreliable. 

Dynell Fl ight  #28  ( A L  ~ i s t  #6A) May 19, 1975 

Ai rway  to  W aypoint Dis tance ,  nrni M. E. A. , 

V4381456 Big  Lake 26 2000 

V4  3 8 Fa i rbanks  202 10000 

V 347 Chandalar  Lake 164 11000 

A 15 Dead H o r s e  I. 6 3 10000 

B a r t e r  Is land 9 8 10000 ac t .  

EZ6 F-ort Yukon 2 17 12000 

V438 Fair banks 127 8000 

V438 Big Lake 202 10000 

' ~ 4 3 & / 4 5 6  Anchorage 26 2000 

This  t e s t  was  the l a s t  of the planned s e r i e s  conducted in Alaska .  'The 

c o u r s e  w a s  designed to t r a v e r s e  the remainder of the North Slope 
e a s t  of P rudhoe  Bay and the a i rway  roughly para l le l ing the Canadian 
bo rde r  between B a r t e r  Is land and Fa i rbanks .  In addit ion,  this  route  
provided a repea t  leg  ove r  V438 between Fa i rbanks  and  Anchorage 
f o r  da ta  compar ison.  





The  low -cos t  OMEGA r e c e i v e r  was  connected interfacing i t  t o  an incre- 
men t a l  digital  t ape  r e c o r d e r .  The sampl ing r a t e  w a s  1. 3 seconds  
Records w e r e  synchronized t o  the OMEGA transmission format. 

A delay a f t e r  the s t a r t  of the "A" pulse w a s  introduced in o r d e r  to  
s e c u r e  r e c o r d s  of the re la t ive  ampl i tudes  of rece ived  OMEGA signals .  
Unfortunately,  a defective in tegrated c i r cu i t  in the  r e c o r d e r  prevented 
collect ion of ampl i tude informat ion and LOP 1 l ane  counts.  Other  
p a r a m e t e r s  w e r e  recorded  successful ly .  These  included c o u r s e  devi-  
a t ion ,  distance-to-go, L O P  2 lane  counts ,  weak signal  warning,  to /  
f r o m  f lag ,  and r e s e t l a u t o  z e r o  switch functions.  Desp i te  the l o s s  of 
magne t ic  tape  s ignal  data  a perrnanent r e c o r d  of rece ived  re la t ive  
signal  ampl i tude was  obtained by moni tor ing the detected envelope of 
the  OMEGA r e c e i v e r  continuously with a s t r i p  cha r t  r e c o r d e r ,  

Stop act ion photography w a s  employed a t  a 1 minute  sampl ing r a t e  to 
r e c o r d  p r e sen t  posit ion in lat i tude and longitude f r o m  the  INS display 
while the a i r c r a f t  was  heing navigated by OMEGA s t ee r i ng  and d i s  - 
t ance  to  go information.  

vOR/DME position informat ion w a s  recorded  continuously whenever  
s igna l s  w e r e  avai lable  a t  a  flight inspection record ing  console.  This 
da ta  w a s  ga thered  to d e s c r i b e  coverage  avai lable  with the conventior~al  
navaid s y s t e m s  a~nd to n ~ a i n t a i n  a check on the per fo rmance  of the 
LTN-51 ine r t i a l  ndvipation sv s t em as a l~os i t i on  r e f e r ence .  

The  total  p r o c e s s  f o r  reducing ancl compiling the data  collected 
dur ing the Alaskan t e s t s  wl l l  include the  f o l l o w i n g :  t o t a l  usage of a l l  
INS  present position samples  f o r p o s i t i o n r e f e r e n c e p u ~ ~ o s e s .  c o r r e l a t i o n o f  
VOR/DME data  with OMEGAIINS s a m p l e s ,  co r r ec t i on  f ac to r s  to  
compensa te  f o r  IN,'. d r i f t  e r r o r  and r e f e r r a l  to published announce- 
m e n t s  concerning s ta t ion outages and anomal ies  during the per iod of 
t e s t  f l ights .  

'rota1 p rocess ing  and arlslysis  of al l  inforrrlation gathered in Alaska 
w a s  not complete  a t  th is  wri t ing.  In o r d e r  to provide  a n  approx imate  
m e a s u r e  of low-cost  OMEGA accu racy  under  good signal  rcccpt ion 
conditions in Alaska  random samp le s  uf da ta  w e r e  p roce s sed  arld a r e  
exp re s sed  h e r e  in t e r m s  of compara t ive  c r o s s - t r a c k  and a long- t rack  
e r r o r s .  C r o s s  - t r a c k  e r r v r  informat ion was  developed by f i r s t  



c o n v e r t i n g  a s a m p l e  of CDI de f l ec t ion  vo l t age  t o  nau t i ca l  m i l e s ,  
o f fse t t ing  t h e  I N S  p r e s e n t  pos i t ion  f o r  t h a t  tirrle f r a m e  a n d  f ina l ly  
c o m p a r i n g  t h e  r e s u l t a n t  p o s i t i o ~ l  to  a computed  g r e a t  c i r c l e  t r a c k  
from waypoirlt t o  waypoint .  A l o n g - t r a c k  e r r o r  is  the  d i f f e r e n c e  be - 
tween  the r e a d i n g  c.)f OMEGA d i s t a n c e - t o - g o  and t he  c o m p u t e r  
d i s ta r lcc  be tween the  c o r r e c t e d  p r e s e n t  pos i t ion  and the  t ies t ina t ion  
waypoint .  

DATA S A M P L E S  

A l a s k a  T e s t  # 1 May 1 0 ,  1375  - 

GMT W aypoin t  OMEGA C:ornparative E r r o r  rlrni 

- D i s t a n c e  -- C r o s s  - t r a c k  A l o n g - t r a c k  

A n c h o r a g e  
1'337 56 

B ig  Lake 
1947 56 
195256 
105756 
200256 

Gulkana  
201656 
202156 
2026 56 

Nor thway  
203756 
205356 

R i g  D e l t a  
205956 

Fa l  rbanks 
211756 
2 12256 
212756 
213256 
2 13756  
2 142 56 
2 14856 
2 1 5 1 5 6  



1 OMEGA Comwarative Er ror  n m i  

1946 59 51,O 0 . 2 L  1 . 0  
194959 35 .0  0 .  (3 -0.  9 
195159 2 6 . 0  0 .  9R 0 .  5 

McG rath 
201159 192. 0 6.  OR 1 . 2  
20 1559 174 .0  7.  OR 2 .  8 
202559 127 .0  6 .  7R 5. 9 

Nome 
205558 2 2 1 . 0  0 . 2 L  -2. 1 
2 10058 194 .0  1. 7R - 4 . 2  
2 11058 139 .0  6 .  8 R  -9.  0 
211558 112,O 7 .  7R - 1 0 . 5  

Bethel ( r e se t )  
214358 1 8 7 . 0  0.  8R 6 . 2  
2 14958 1 5 1 . 0  0 .  5R - 0 . 2  
2 15458 1 2 1 . 0  0 . 0  -5.  5 
2 15958 (3 3 .  0 6 . 6 L  -8.  8 
220458 78. 0 1. 1R 1 .  1 
220958 50. 0 1 .  7R - 3 .  1 
22 1558 17. 0 1 .  8R -8.  1 

King Salmon ( rese t )  
22 3658 1 3 9 . 0  1. 7R  -2.  7 
2241 58 115 .0  2 .  OR 3 .  5 
224657 32. 0 2 .  5R 2 . 9  

I 
2251 57 60.  0 2 .  5R 2 . 7  
22  56 57 4 4 . 0  4.  8 R  1 . 0  

2 300 57 2 2 . 0  2 . 7 R  1 . 4  

193357 7 . 0  0 .  5L  0 .  3 
Talkeetna 

194557 91. 0 2. OL 3 . 4  
2000 57 19 .  0 3 . 3 L  3 . 7  



Alaska Tes t  # 3  (continued) 

OMEGA 
G M T  Waypoint  Dis ta r lce  

Nenar-la 

L O  I557 1 0 2 . 0  
20 57 57 7 tl . (:I 
202 5 57 5.3. O 
20.3157 23. 0 

R c t t l e s  
L O 4  157 186. 0 
20 5.557 113.0 
2 10556 61. 0 
211556 2 1 .  l) 

Dead I i o r s e  

2 1 3 3 5 6  10L. (3 

2 14556 55.0 
2 1 C4.356 14. 0 

Point Barrow 
Z L O ( j 5 6  160. 0 
222056 11 4.11 
222 556 0 1 . 0 
22 3.556 4 2 .  C) 
2240 51 17. O 

Kot~ ,e t : ,uc  ( r e s e t )  
2 3 3 1  56 116 
2.33556 !.) 7 

2  34C .56 7 3 

225556 L 1 
Galena 

0 12450 ';I 3 
0 13050 h 4  
0 1 35.50 4 9 

0 1-1050 I 
McG.rat1-I 

0 1 50 70 1 7 3  
0 13551) .I 34 
020550 Hb 
022 1 50 C1 

Carrlparativc E r r o r  nmi 

C r u s s  - t rack  -- Along-track 



I OMEGA C o m p a r a t i v e  E r r o r  n r n i  

King S a l m o n  ( rese t )  
20 1600 2 8 0 . 0  1.  3R 5. 5 

205500 81. 0 5. OR 0.  6 
Cold Bay ( r e s e t )  

211500 515 .0  0 . 3 L  2 . 1  
2 12500 4 6 1 . 0  1. 5R 0 . 7  
2 14500 350. 0 0 . 0  -6. 9 
223000 120 .0  1. 8L - 1 . 5  

002848 793 .0  0 . 2 L  5. 7 
004748 706 .0  0 .  5R 8.  7 
025139 7 3 . 0  5. 1R 2 . 7  

King S a l m o n  (reset)  
031539 156.0  2 . 9 L  4 . 4  
033539 57 .0  0. 7R 4. h 

190656 6 - 5 . 0  
Big L a k e  

190956 2 0 0 . 0  - 2 . 2  
191255 183.0  -5. 1 
191555 168.0  -5. 9 
192055 142 .0  -6,  8 
192555 1 16 .0  - 7 . 0  

A b o r t  100 mi north of A n c h o r a g e  

191255 9 . 0  1. 1L 
R i g  L a k e  

192855 129 .0  3.  7 L  
194055 66 .0  0. LL 



A l a s k a  T e s t  #6R (continued) 

OMEGA C o r n l ~ a r a t i v e  E r r o r  n m i  
GM'T W a y p o i ~ i t  D i s t a n c e  C r o s s  - t r a c k  A l o n g - t r a c k  

Chanda la r  L a k e  
16.3. 0 

Dead Hclrsc 
3 3 .  0 

B a r t e r  Islallcl 
150. 0 
'16. 0 

1 - o r t  Yukon 
105.0  

56. 0 
F a i r b a n k s  

181 .0  
106 .0  
60. 0 

DATA ANALYSIS 

In g e n e r a l  reception of s igna l s  Sr t~rn  OMEC;A s t a t i o r ~ s  t r a n s m i t t i n g  
f r o m  Norway ,  Hawai i ,  Nor th  Dakota  and  J a p a n  w e r e  of high qual i ty  
dur ing  V F K  condi t ions  on a l l  f l ights  in Alaskan  a i r s p a c e .  The  N o r -  
wegian  Stat ion w a s  unusab le  f r o m  w e s t  of a l ine  through White H o r s e ,  
Canada ,  to  a n o t h e r  l ine  pass ing  south  of the Yakatut-Si tka a r e a  a long 
the  P a c i f i c  Coast. Stat iun p a i r s  A l l  and AC w e r e  p r o c e s s e d  on a l l  
f l i g h t s  f o r  p r o g r a m m i n g  Dyne11 M a r k  I11 navigat ion a l t e r n a t e  p a i r s  CFT 
a n d  CD w e r e  c o n s i d e r e d  but the r e l i ab i l i t y  oi' J a p a n ' s  s t a t ion  had not 
ye t  beer1 estahlisheci.  A s  expec ted ,  rccorci ings dur ing  f l ight  through 
snow s h o w e r s  and  derise clouds w e r e  c h a r a c t e r i z e d  by high n o i s e  
l e v e l s  and i m p a i r e d  signal. recept ion .  The  effect  on OMEGA Naviga-  
t ion  depended upon the dens i ty  oi' t he  snow o r  c louds  arld a i r c r a f t  
speed .  T h e s e  c f f e c t s ,  c h a r a c t e r i s t i c  of ope ra t ion  with I?-plane 
a n t e n n a s ,  wocllcl have  been l e s s  not iceable  had the  t e s t s  been  con-  
duc ted  in a  t e s t  bed o f  pe r fo rn lance  m o r e  n e a r l y  r e p r e s e n t a t i v e  of the  
m o r e  n u m e r o u s  types  of gene ra l  av ia t ion  a i r  c r a f t  lluwn in A l a s k a .  

T h e  low-cos t  OMEGA s e t  perforrnecl wel l  c:onsiriering the s c v e r i t y  of 
the  d e m a n d s  rrlade on i t  f o r  navigatiorl. Although sorrle t r i p  in i t i a l ixa -  
tiorls w e r e  perforlr-led e n r o u t e  ( t ransf 'e r  of or ig in)  o v e r  waypo in t s ,  the  
m a j o r i t y  of t e s t  f l ights  r e t a ined  A n c h o r a g e  a s  or ig in .  T h i s  r e su l t ed  



in  long durat ion l egs  with many  waypoint ca l ibra t ions  enroute.  The 
manual  waypoint ca l ib ra t ions  a r e  a s o u r c e  of human e r r o r s  which 
tend to accumulate .  E r r o r s  in the d i s tance  along the  track appeared 
m o r e  l ikely to be long than sho r t  of ac tua l  d i s tance  and m o r e  l ikely 
to occur  than e r r o r s  in c o u r s e  deviat ion indication. 

Dynell Fl ight  2 1 (AL T e s t  # I )  

The  f l ight  was  ini t iated and t e rmina ted  over  the Anchorage Vortac  
with s i x  waypoints enroute .  The westward po r t ion  ind ica t ed  a decrease  

in Norway s ignals  but,had not a f f e c t e d  t h e  OMEGA naviga t ion .  The f l i g h t  
through t h e  clouds near  Gulkana d id  no t  impede OMEGA naviga t ion .  
The end point e r r o r  a t  Anchorage was  l e s s  than 1 nmi. on d i s t a n c e  
and c o u r s e  deviation pointer .  

Dynell Fl ight  22 (AL T e s t  HZ) 

Heavy snow showers  and A T C  d ivers ions  w e r e  encountered a f t e r  
leaving Anchorage.  The d i s t a n c e  e r r o r  was 8 nmis. approaching 

McGrath.  The e r r o r  increased  t o  20 nmi. by the time w e  f lew over 
Bcthel.  Severa l  cloudy a r e a s  w e r e  encountered enroute .  The cou r se  
deviat ion indicator  remained  usab le  f r o m  Anchorage to Bethel .  A 

re se t  ( t r a n s f e r  of  ORIGIN) was  ini t iated over  King Salmon f o r  flight 
to  Anchorage.  The end po in t  e r r o r  was approximately 20 nmi. i n  
d i s tance  and c ro s spo in t e r .  Some of th is  e r r o r  i s  a t t r ibu ted  to  the 

quali ty of the a i r b o r n e  m a r k  over  King Salmon. 

Dynell Fl ight  2 3  (AL Tes t  f f . 3 )  

OMEGA navigation f r o m  Anchorage to Cape L isburne  was  sa t i s fac to ry .  
Waypoint m a r k s  indicated rninirrlal accumulated e r r o r .  Thc  l eg  
f r o m  L i sbu rne  to  Kotzebue was  unusable  because  of difficulty in 
mark ing  Cape L isburne .  A r e s e t  was  accomplished ove r  Kotzebue 

f o r  flight to Galena.  The end po in t  e r r o r  w a s  10 nmi. and approxi- 
ma t e ly  1 nmi. on c rosspo in te r .  Heavy snow showers  w e r e  encount-  
e r e d  enroute .  R r e s e t  was  initiated a t  Galena f o r  flight to 

Anchorage.  The end po in t  e r r o r  w a s  l e s s  than 1 nmi. on d i s t a n c e  and 
c ro s spo in t e r .  

Dyne11 Fl ight  2 4  (AL Tes t  #4) 

Heavy clouds with signal  recept ion p rob lems  prevented OMEGA navi-  
gation between Anchorage ancl King Salmon. Rese t s  w e r e  
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a c c o n l p l i s h e d  a t  King Salrrlon and Cold  Hay.  The end point: error at 
Adak  w a s  approxir-rlately 4 nmi. i n  distance and 2 nmi. on cross- 

The f l i g h t  o r i g i n a t e d  and terminated a t  Adak. OMEGA reception and 
navigation was e x c e l l e n t  throughout flight. The end p o i n t  error was 1 nm. 
i n  d i s t a n c e  and c ros s t r ack .  

S e v c r e  sigrlal d r o p  out w a s  exper lex~cec i  100  nlni. out I rorn Adak.  

5 i g n a . l ~  r e t u r n e d  but  p r o j e c t  p o w e r  hiis i r l t c r r u p ~ c d  s h o r t l y  a f t e r .  
A H  a i rbo rne .  r e s t a r t  o v e r  an INS c h c c k p o i r ~ t  enabl t:d OMEGA nav iga -  
t i on  i'or t he  l a s t  2 7 0  nmi. to King Sa111)on. E r r o r  a t  t h i s  point w a s  

The flight w a s  aborted 100 nmi. north of Anchorage due t o  an unsched- 
u led  ou t age  of OMEGA Hawai i .  

w e r e  erlcourltered for a. s h o r t  per iod  of t i ~ n e .  T h e  d e t e c t e d  s i g n a l  
recorcl ing a l s o  ind ica t ed  t w o  IIawaii  signal. ~ j r o b l e n l s  f o r  p e r i o d s  of 
l e s s  than  f o u r  OMEGA cpoclls whi le  on the  North S l o p e ,  

T h e  low - c o s t  0MEG.A r e c e i v e r  is rclat i .vely s i m p l e  to o p e r a t e .  I 
P r e  -f l ight  plar~nir lg  11y the  u s e r  i s  n e c e s s a r y  but  ~iot e x c e s s i v e l y  
t i m e  consuming .  The cquipnler-lt appeared to be a d e q u a t e  a s  a V F K  
ONLY supplerrlerltal  cr l sou t e  s y s t e m  when o p e r a t e d  i n  t h e  C V  -880 
t e s t  bed. I t  i s  l i k e l y  t ha t  s ignal  i n t e r f e r e l ~ c e , d u c  t o  p e n e t r a t i o n  of 
i c e  c louds  a n d  snow s h o w e r s  when us ing  a n  E - p l a n e  antenn;l, would 

f b e  s u b s t a r ~ t i a l l y  d e c r e a s e d  or avo ided  durinfi-  f l i gh t s  a t  l o w e r  a i r -  
speeds  typ ica l  of l igh t  a i r c r a f t .  H o w e v e r ,  t h e  a n t e n ~ l a  s e e m s  t o  
r e m a i n  the  weak l ink  i n  low - c o s t  OMEG.4 naviga t iun  av io l l ics .  



Careful  p lacement  on the a i r c r a f t  of new types of E-plane p l a t e s  or  
noise  cancell ing antenna units  m a y  be expected to help solve th is  
problcm, 

OMEGA signal  recept ion f r o m  Norway, Hawaii,  North Dakota and 
J apan  provided adequate coverage of Alaska with r e spec t  to geometry .  
F o r  a l l  p rac t ica l  purposes  the world-wide OMEGA s y s t e m  was  
found to be  complete  in Alaska  s ince  t he r e  w e r e  s e v e r a l  stat ion p a i r s  
avai lable  fo r  p r i m a r y  and a l t e rna te  use .  Station outages appea r  to 
be  a deminishing problem based  on these  and previous  OMEGA t e s t  
efforts .  Signals received during a l l  t e s t  flights w e r e  usable  except 
after penetrat ing dense  clouds o r  when a stat ion outage occur red .  
The t e s t  s e r i e s  flown can only be considered a min imal  probe in  
a s s e s s i n g  the cha rac t e r i s t i c s  and re l iabi l i ty  of OMEGA signals .  
Continuous monitoring at var ious  points in Alaska  would provide 
m o r e  thorough and complete  information regarding OMEGA propoga- 
t ion and the na tura l  phenomena which affect  i t .  

M a r k  111 OMEGA Ai rbo rne  Navigation Sys tem Specifications 

Dimensions  
Rece iver  Unit (DR-30) 6"W x 3"H x 13"D 

Indicator Unit (DR-30) 3. 5"Dia. x 5"D 

Weight 
Rece iver  Unit 4 . 5  lbs. 
Indicator Unit 1. 5 lbs. 

P r i m e  Power  ( total)  t 12 Vdc, 1A 

Operat ing Tempera tu r e  -ZOOC to +60°c 

Maximum A i r c r a f t  Speed Approximately 400 knots 

Navigation Range 
Single Leg  Flight  Approximately  1000 nmi. 

Multiwaypoint Flight  Unlimited 

Navigation Readouts 
CDI Meter  Sensit ivi ty nominally 4 f i l es  full s ca l e  
Mi les  t o  go 3 digit display to 999 nmi. 
T o l f r o m  Flag  Indicates  designation a r r i v a l  

On Ground Setup T ime  A P P ~ O ~ O  2 minutes with 
destination number  p rede te rmined  

Antenna Coupler Provided d s  requ i red  
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QUESTION AND ANSWER PERIOD 

MR. SAKRAN! 

C h a r l e y  S a k r a n  , Navy. 

Could  you d e s c r i b e  b r i e f l y  how t h e  problem of d i u r n a l  
p r o p a g a t i o n  c o r r e c t i o n s  i s  a c c o u n t e d  f o r  i n  t h i s  s e t ?  

MR. MOORE: 

I c a n  b e  v e r y  b r i e f  a b o u t  t h a t .  T h e r e  is  no  d i u r n a l  com- 
p e n s a t i o n  b u i l t  i n t o  t h i s  s e t .  I n e g l e c t e d  t o  men t ion  t h a t .  
I t  is  men t ioned  i n  t h e  p a p e r ,  t h o u g h ,  The o n l y  method 
p r e s c r i b e d  by t h e  vendor  t o  compensa te  f o r  d i u r n a l s  e x p e c t e d  
e n r o u t e  would b e  t o  o f f s e t  you r  p r e l i m i n a r y  c o m p u t a t i o n s  t o  
a c c o u n t  f o r  t h e  c h a n g e s  e x p e c t e d  d u r i n g  a  f l i g h t .  T h i s  
would p r o d u c e  a f l i g h t  p a t h  t h a t  would b e  s l i g h t l y  non- 
l i n e a r ,  b u t  would r e d u c e  you r  end  p o i n t  e r r o r .  

MR. S A K R A N :  

Thank you.  Could you a l s o  d e s c r i b e  how you d e c i d e d  what an 
a d e q u a t e  s i g n a l  w a s  d u r i n g  t h e  f l i g h t ?  What c r i t e r i a  was 
u s e d ?  

MR. MOORE 

The equipment  had a weak s i g n a l  i n d i c a t o r ,  and w e  were 
m o n i t o r i n g  w i t h  some T r a c o r  e q u i p m e n t ,  d o i n g  some t r a c k i n g  
of  t h e  p a i r  s e l e c t e d ,  and t h e  i n d i c a t i o n s  on t h e  Omega 
r e c e i v e r  would c o r r e s p o n d  t o  s l e w i n g  o r  would b r e a k  t r a c k .  
The d i s t a n c e  t o  go  would f r e e z e .  T h i s  i n d u c e d  t h e  20  m i l e  
e r ror .  I b e l i e v e  t h a t  o c c u r r e d  i n  two snow c l o u d  p e r i o d s  
o v e r  a  p e r i o d  o f  q u i t e  a b i t  o f  t i m e .  The end p o i n t  e r r o r  
w a s  20 m i l e s ,  o r  a p p r o x i m a t e l y  two l a n e s .  The c o r r e s p o n d e n t  
d i d  n o t  seem t o  be  a f f e c t e d  as  much. I b e l i e v e  i t  j u s t  
g o e s  d e a d  when i t  loses  s i g n a l ,  and you g e t  a  r e d  l i g h t  
t e l l i n g  you you d o n ' t  have any  more s i g n a l s  l e f t .  

MR. SAKRAN: 

Was t h e r e  any i n d i c a t i o n  of  i n t e r f e r i n g  n o i s e ,  o t h e r  t h a n  
p r e c i p i t a t i o n  s t a t i c ,  s p e c i f i c a l l y  o n b o a r d - a i r c r a f t - g e n e r -  
a t e d  n o i s e  w i t h  t h e  E - F i e l d  a n t e n n a ?  



MR. MOORE: 

No, s i r .  Our problem appeared  t o  be mainly  a charge  b u i l d u p .  
There were n o t i c e a b l e  i n c r e a s e s  i n  n o i s e  l e v e l  f o r  v e r y  
s h o r t  p e r i o d s  of  t i m e  a f t e r  t a k e o f f ,  which d i d  n o t  a f f e c t  
Omega n a v i g a t i o n .  The e f fec t s  of c l o u d  p e n e t r a t i o n  w e r e  
obv ious .  They appeared  and d i s a p p e a r e d  when t h e  v i s i b i l i t y  
d e c r e a s e d  and i n c r e a s e d .  I d i d n ' t  n o t i c e  any problems with 
onboard equipment .  The equipment -- by t h e  way, I d i d n ' t  
mention it -- is a  1 2 - v o l t  sys tem and draws about  one ampere 
of power, so I d i d n ' t  n o t i c e  any i n t e r f e r e n c e  on t h e  a i r -  
c r a f t  . 
MR. BARSZCZEWSKI 

Barszczewski ,  N a t i o n a l  Research  Counc i l .  

I n  Canada w e  have some d a t a  on o p e r a t i o n  i n  t h e  e a r t e r n  p a r t  
of  A r c t i c  and Omega. We have been o p e r a t i n g  t h e r e  f o r  t h e  
l a s t  f i v e  y e a r s ,  and it is j u s t  n o t  t h e r e .  I n  p a r t i c u l a r ,  
on low l e v e l .  If you go below 5000 f e e t  w i t h  Greenland 
comple te ly  masking Norway, w e  g e t  F o r e s p o r t ,  t h a t  i s  about  
t h e  o n l y  t h i n g  w e  g e t  t h e r e .  

Do you have any d a t a  on s i g n a l  s t r e n g t h  v e r s u s  a l t i t u d e ?  

MR. MOORE: 

No, s i r .  A l l  o f  t h e  f l i g h t s  i n  Alaska were flown a t  t h e  
minimum e n r o u t e  a l t i t u d e s  f o r  t h e  b e n e f i t  of t h e  t y p e  of 
a i r c r a f t  w e  were t e s t i n g  f o r ,  and one of  t h e  i d e a s  of f l y -  
i n g  a t  low l e v e l s  was t o  g e t  i n t o  t h e  d e p r e s s i o n s  i n  Alaska, 
f o r  i n s t a n c e  between Norway and F a i r b a n k s  t h e r e  is  q u i t e  a  
v a l l e y  of d e p r e s s i o n  area .  The peaks  t o  t h e  r i g h t  and l e f t  
were h i g h e r  t h a n  t h e  a l t i t u d e  of  t h e  a i r c r a f t .  I have no 
i n f o r m a t i o n  t o  c o r r e l a t e  a l t i t u d e  w i t h  s i g n a l  s t r e n g t h  a t  
t h i s  t i m e .  

I can s a y  t h a t  a  subsequent  f l i g h t  f lown i n  September a t  
jet  s p e e d s  i n  t h e  same a i r c r a f t  u s i n g  an a u t o m a t i c  Omega 
s e t  a t  a l t i t u d e s  f a r  above t h e  minimum e n r o u t e  a l t i t u d e s  
produced approx imate ly  t h e  same s i g n a l  coverage  r e s u l t s .  

DR.  REDER: 

I would l i k e  t o  make two comments; i n  f a c t ,  p a r t  of i t  t h e  
gentleman a l r e a d y  answered,  and t h a t  is t h e  e f f e c t  of  
Greenland,  a s  we a l l  know, is t h a t  i t  c u t s  o f f  Omega s i g n a l s  
p r a c t i c a l l y  c o m p l e t e l y ,  That  i s  how he l o s t  i t  on t h e  way 
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. B u t ,  a s  f a r  a s  A laska  is  c o n c e r n e d ,  you d o n ' t  have  
p r o b l e m s ,  and t h e r e  i s  a n o t h e r  a d v a n t a g e  f o r  A l a s k a  and 
i s  t h a t  t h e  d i u r n a l  s h i f t  of most  o f  t h o  Omega s i g n a l s  

b e i n g  u s e d  t h e r e  i s  r e l a t i v e l y  s m a l l .  I n  summer you have  
a l m o s t  none ;  i n  w i n t e r  you h a v e  a l m o s t  n o n e ;  and  t h e  p a t h s  
f rom Hawai i  and J a p a n  a r e  s h o r t .  So t h i s  i s  one  a d v a n t a g e  
o r  A l a s k a ,  p r o b a b l y  t h e  o n l y  o n e .  

O h ,  e x c u s e  m e .  I f o r g o t  t h e  o i l .  

A l l  o t  t h e  t e s t  f l i g h t s  f lown i n  A l a s k a  were  s t a r t e d  a t  
a p p r o x i m a t e l y  1000 l o c a l  t i m e .  Tha t  i s  GbIT minus 9 ,  s o  I 
b e l i e v e  t h e  d i u r n a l  shiIt e f f e c t s  were min ima l  a t  t h a t  t i m e .  

D R .  REDER 

On t h e  p r e c i p i t a t i o n  static, i f  one  c o u l d  use f e r i t e  l o o p  
s t i c k s ,  o r  l o o p s  a n y n a y ,  t h a t  w i l l  d r x s t i c a l l y  r educe  
p r e c i p i t a t i o n  n o i s e .  

MR. RARSZCZEWSKI: 

R e g a r d i n g  y o u r  l o o p s ,  now t h e r e  i s  a s e t  b u i l - t  by Canad ian  
h l a r con i ,  and t h e y  s t a r t e d  t o  o p e r a t e  wi-Lh t h e  l o o p .  What 
h a p p e n s ,  ynu p i c k  up t r emendous  n o i s e  from t h e  a i r c r a f t  
e n g i n e s ,  f rom s p a r k  p l u g s ,  and  s o  o n ,  and  so  t h e y  went t o  
t h e  E-an tenna  just f o r  t h a t  r e a s o n .  So you c a n  have  o n e  o r  
t h e  o t h e r ,  b u t  you c a n ' t  have  them b o t h .  

DR. REDER: 

Well, maybe t h o  a i r p l a n e s  s h o u l d  b e  changed .  What a l t i t u d e  
d i d  you fly? 

MR. MOORE: 

The minimum a l t i - t u d e s  r a n g e d  from 6 , 0 0 0  f e e t  on the n o r t h  
s l o p e  t o  1 3 , 0 0 0  f e e t  e a s t  of Anchorage .  




