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APPENDIX A 

The following tables list all flights by sequence number. Data 

includes Route. Fix Update (if any), Number of Signal Acquisitions from 

the critical 3 stations over segments of the route, and Landfall Error. 

*Denotes OMEGA Warning Indicators on at the time of the error measurement • 
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Sequence Flight Date Route F:ix Si2na1 Acquisitions Landfall 

, 

UpdateNo. No. Departure Atlantic ErrorTerminal 
A B D A B D A B D 

327 160 078 154 030 000McGuire AFB ­ 106 245 133 
1 1/5/72W010S NoneFrankfurt McGuire Saint John Cork 8.9* 

Saint John Cork Frankfurt 

McGuire AFB 054 175 111 356 350 155 128 004 000: 
2 W0106A 1/6/72 None McGuire Ramea Cork 4.9 

Frankfurt Ramea Cork Frankfurt

Frankfurt 030 131 140177 016 000 378 073 020 

3 W0106B 1/6/72 Belfast Frankfurt Belfast Hopedale 9.3* 
McGuire AFB Belfast Hopedale McGuire 

McGuire AFB 063 110 078 373 319 155 102 024 001 
4 W0107A 1/7/72 Nantucket .McGuire Sab1e Is land Quimper 2.0 

Zurich Sable Island Quimper Zurich 

Frankfurt 176 039 000 419 353 054 001 113 081 

W0107C5 1/7/72 Glasgow Frankfurt Glasgow Wabush 5.3* 
Detroit Glasgow Wabush Detroit 

Bangor 042 085 094 381 418 230 178 153 054 

WOl09A 1/9/726 Halifax Bangor Saint John Cork 2.4 
Frankfurt Saint John Cork Frankfurt 

Amsterdam 149 018 000 344 117 002 019 153 082 
WOl09C 1/9/72 Eagle Amsterdam Eagle Cartwright 52.3*New York7 CartwrightEagle New York 

... .. ...
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Sequence 
No. 

Fl ight 
No. 

Date Route 

.­

Geneva 

Fix 
Update 

.. 

Signal Acquisitions 
Departure Atlantic 

A B D A B D 

132 037 001 359 133 033 

A 

062 

Terminal 
B D 

257 210 

Landfall 
Error 

8 WOl12 1/12/72 
Boston 

Belfast 
Geneva 
Belfast 

Balfast 
Cartwright 

Cartwright 
Boston 

7. 5'~ 

New York Sable Island 004 078 052 273 214 017 060 014 000 

9 WlOlOA 
(Note 1) 

10/10/72 
Madrid 

New York 
Sable Island 

46°N/50oW 
Santiago 

Sant iago 
Madrid 

12.5* 

10 WlOllA 
(Note 2) 

10/11/72 

Malaga 

Bangor 
Marateca 

006 036 

Malaga 
Marateca 

000 
.. 

192 413 334 

Marateca 
Sable Island 

017 037 144 

Sable Island 
Bangor 

2.2 

McGuire AFB 014 127 262 381 185 151 164 008 000 

11 WlO12B 10/12/72 
Frankfurt 

Bangor McGuire 
St. Anthony 

St. Anthony 
Belfast 

Be lfast 
Frankfurt 

5.7 

Amsterdam 137 008 002 371 321 319 022 101 322 

12 W1013C 10/13/72 
Baltimore 

L9.nd's End Amsterdam 
Land's End 

Land's End 
Sable Island 

Sable Island 
Baltimore 

6.0 

Dulles 098 203 318 371 203 397 083 010 006 

13 WlO17A 10/17/72 
Paris 

Kennebunk Dulles 
Gander 

Gander 
Wallassey 

Wallassey 
Paris 

9.1 * 

Paris 076 022 000 203 137 095 012 075 337 

14 W1017B 10/17/72 
Boston 

Cork Paris 
Cork 

Cork 
Gander 

Gander 
Boston 

1.4 
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Sequence 
No. 

Flight 
No. 

Date Route Fix 
Update 

Si~ a1 Acquisitions 
Departure Atlantic 

A B D A B D 
Terminal 

A B D 

Landfall 
Error 

15 W1210A 
(Note 3) 

12/10/72 

Bangor 

Zurich 

108 227 293 

Charlottetown Bangor 
51°N/40 oW 

266 310 322 

51°N/40 oW 
Cork 

188 200 

Cork 
Zurich 

216 

1.6 

16 W1210D 12/10/72 Vienna 

Goose Bay 

Wallassey 
268 062 

Vienna 
Dublin 

003 603 274 

Dublin 
Goose Bay 

351 

Goose Bay 1.,2 

17 W1228 12/28/72 

Los Angeles 

Amsterdam 
Sag1ek 

000 236 490 

Los Angeles 
Sag1ek 

436 454 

Sag1ek 
Glasgow 

419 III 051 

Glasgow 
Amsterdam 

032 

0.6 

18 W1231B 12/31/72 
Amsterdam 

New York 
Machrihanish 

077 024 010 

Amsterdam 
Machrihanish 

556 241 481 

Machrihanish 
Goose Bay 

033 462 

Goose Bay 
New York 

774 

1.2 

19 W0314C 3/14/73 
Bangor 

Keflavik 
None 

011 153 

Bangor 
Hopedale 

330 268 276 

Hopedale 
Keflavik 

299 

Keflavik 
4.6* 

20 W0315 . 3/15/73 
Keflavik 

Bangor 

None 

Keflavik 

285 341 268 

Keflavik 
Cartwright 

050 214 278 

Cartwright 
Bangor 

1.1 

21 W0325A 3/25/73 

New York 

Frankfurt 
None 

055 200 370 

New York 
Sable Island 

471 574 392 

Sa b1e Is land 
land's End 

146 065 037 

Land's End 
Frankfurt 

3.7 

of" 



..• 

;p-
I
 

VI
 

Sequence 
No. 

22 

Flight 
No. 

W0325C 

Date 

3/25/73 

Route 

1-­

London 

Toronto 

Fix 
Update 

Shannon 

Signal Acquisitions 
Departure Atlantic 

A B D A B D 

108 049 000 502 378 163 

London Shannon 
Shannon Springdale 

Terminal 
A B D 

095 229 573 

Springdale 
Toronto 

Landfall 
Error 

2.2 

23 W0326B 3/26/73 

McGuire AFB 

Frankfurt 
None 

003 183 315 

McGuire 
Saint John 

326 264 243 

Saint John 
Land's End 

091 030 005 

Land I sEnd 
Frankfurt 

3.1 
, 

24 W0326C 3/26/73 
Frankfurt 

McGuire AFB 
Ottringham 

238 080 

Frankfurt 
Eagle 

007 486 383 312 

Eagle 
Heath Point 

058 176 245 

Heath Point 
McGuire 

1.1 

25 W0327A 3/27/73 
McGuire AFB 

Frankfurt 
None 

040 264 429 

McGuire 
Springdale 

359 309 258 

Springdale 
Cork 

156 072 

Cork 
Frankfurt 

000 

7 • 5~'( 

26 W0327B 3/27173 

Frankfurt 

McGuire AFB 
Eagle 

227 055 

Frankfurt 
Eagle 

003 607 523 311 

Eagle 
Cartwright 

090 371 551 

Cartwright 
McGuire 

1.2 

27 W0419 4/19/73 

Niagara Falls 

Amsterdam 
St. Anthony 

038 183 403 

Niagara 
St. Anthony 

438 501 195 

St. Anthonv 
Belfast 

084 106 

Be lfast 
Amsterdam 

037 

1.7 

28 W0420 4/20/73 

Amsterdam 

Dulles 
Shannon 

138 037 

Amsterdam 
Shannon 

004 368 292 111 

Shannon 
St. Anthony 

-
039 205 400 

St. Anthony 
Dulles 

0.7 

-



Sequence Flight Date Route Fix Signal Acquisitions Landfall 
No. No. Update Departure Atlantic Terminal Error 

A B D A B D A B D 

Bangor 059 114 288 334 406 339 200 190 129 

29 W0712B 7/12/73 Rome None Bangor Gander Cork 2.0 
Gander Cork Rome 

30 W07l3C 7/13/73 Prestwick 57 c N/100W Prestwick 483 188 190 010 058 252 
New York Prestwick Cartwright 0.9 

Cartwright New York 

New York New York 051 234 530 306 296 316 116 024 022 
31 W0714A 7/14/73 London on New York Gander Shannon 0.8

Taxiway Gander Shannon London 

Prestwick 083 008 005 355 210 221 022 108 300 

32 W0714C 7/14/73 Bangor None Prestwick Eagle St. Anthony 2.0 
Eagle St. Anthony Bangor 

Brussels 152 098 004 451 340 271 044 200 386 
33 W0725D 7/25173 None Brussels Glasgow Cartwright 5.8New York Glasgow Cartwright New York 

Bangor Gander 075 187 282 376 427 355 242 081 045 

34 W0727A 7/27173 (Note 4) Bangor Gander Shannon 3.5Rome Gander Shannon Rome 

Paris 104 045 007 416 281 169 
35 W0727B 7/27/73 None Paris Land's End Gander 0.0Gander Land's End Gander 

Station D went off the air for 3 hours from shortly after takeoff to 48°N/28°W. System was airstarted at 46°N/SOoW. 
Power transient airstarted system at 44°N/59°W. Old system time and position used. 
System airstarted at 5l oN/400w with 'B' fix. 
Fix was made to correct an erroneously entered 3° lat"itude error made at Bangor. 

.W II 
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I 
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Note 1: 
Note 2: 
Note 3: 
Note 4: 



APPENDIX B 

This appendix includes an example of the Data Sheet used during the 

program and the completed Data Sheets from a selected flight (Sequence # 26). 

An explanation of the terms on the Data Sheet follows: 

TIME - Zulu Time at which the data was taken. 

POS UNC/AMB - Status of the Omega Warning Indicators. cn indicates On. 

SYSTEM DATA: 

LAT !LONG - Omega System Position 
BRG/RNG - Omega System Bearing and Range to the selected Destination 

Point (DP) 
TK/GS ­ Omega System Track and Groundspeed 
POS VAR - Omega System Estimated Position Variance 

AIRCRAFT DATA: 

LAT(BRG)!LONG(RNG) - Aircraft Position defined by SOURCE 

SOURCE - Reference used to determine position 
VOR or NDB - Needle Swing On-Top Mark over Radio Checkpoint 
DME - Bearing and Range to VORTAC 
DOP - Doppler Position 

}1AG/TAS - Magnet ic Compass and True Air Speed Readouts 

DFT/DGS - Drift Angle and Groundspeed from Doppler 

POS ERR - Position Error relative to source 

DP ifF - Destination Point (Waypoint) Number 

OMEGA Signal Data: 

10.2/13.6/11.3	 Burst Display giving relative strength of each station 
by frequency. 

A/B/C/D - Signal Acquisition Display giving number acquisitions of 
each frequency by station . 

• 
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AIRBORNE OMEGA
 
FLIGHT DATA SHEET
 

FLIGHT II .:.:,W _ PAGE OF 

SYSTEM DATA AIRCRAFT DATA 

TIME LAT LONG - LAT (BRG) LONG(RNG) SOURCE 
--------­ BRG/RNG TK/GS MAG/TAS DFT/DGSPOS UNCfy') POS ERR COMMENT 
--------­ POS VAR 10.2 13.6 11.3 DPf!AMB (J) 

A B C D 

--------­
1­ ________ 

1--------­
L_...; ______ 

--------­
--------­

--------­
--------­

l- -------­
--------­

r-------­
'--------­ , 

1--------­
-------­

--------­
--------­

B-2 
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DP 
Number 

DESTINATION POINTS 

Coordinates 

Latitude Loallt.ude 

(per rUaht Lei) 

Type 

rliaht fJ lrJo);:n .(3 

- l\J ~Oo 0:>.0 fOO~b:)4,o f'll-I~ ~ ~ h'~ \-\V1­
1 ~ \0 ~o ,a tllO \\,o Vo )-­ ()OV~- .. "­ / I:i.. " 

2 

3 

4 

5 

{}e~'), o' 

S'3°';}Lt ,0 

51°d~\,q 

~4° I~, () 

04°<;\.0 

\)J 0':/ ota 

06~ It4: 

10° o'~.4 

tJov'\QC;. 

' \ 

,\ 

' , 

5'" yh 1:,'0' 
. 

\A)o. \ \ v ':. I; ~~,lr 

O-v.1 \I'" 

~ Uo\L 

!(3·3 

11'1, ~ 

11"i ~, 

117·4 

6 56 D\l.o '10 ob,O 
o~ 

POI~1­ ')(., h ~ . 
7 s'\ OiJ ,\J ~o 00,0 

'\ 
~ll~o 

8 

9 

~ I 00.0 

Sb ()\J.O 

4000,0 

c-
SO OlJ.O 

1\ 

ot 

5'1/ L-f 0 

sbl~o 

I" ~ "-~) ~lo, 0 S~ o~,O 
II 

SCAD 

\l ~ScL\d.O (;'7 D),O NOC3 ~ Y:\- "->.H lrl.i 

\ 2 1.+ ~ <;O,'''J (.,~ )~, ). NO G POYt . Morr--.' 0 \- ­

I 3 

14 

4t" 4\'. S" 
'-lID "; '). \ 

UL.\ <;'0,<; 

~~oC:,~ 
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,,~ I)'J. e;­

JOY~() 

'I 

C. P)'-9~~ ~lQ.., 
~\.r.. 

G~l.-

1/(,... "4 

"Ui,d 

I 5 

16 

I 7 

4'~ )c),x; 
/4:l.a.I.5' 

4- f 'Sl, ':) 
l-l I '-\ ~ • '-I 

!fD \1. '6 

1c \6. ~ 
'10 <;'1,10 

1/ ",0,( 
It;), • iJ 

13~.~ 

" 
, \ 

I I 

l(0,...... r--Q. b........~ 

PBf,>+Q,,"­
CA.. , Y~ "", ­

r,..:,~,.-I..,.,..1. 

I(,,~ 3~ 

111, I 

J)1.4 

II ;; ~ 

! 

I 
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AIRBORNE OMEGA 
FLIGHT DATA SHEET 

FLIGHT # \J O~)Jt3 PAGE _1_ OF If-

SYSTEM DATA AIRCRAFT DATA 

TIME LAT LONG LAT (BRG' LOr-K; (RNG) SOURCE 

--------­ BRG/RNC TK/CS MAC/TAS DFT/DGS POS ERRPOS UNC(v') 

-AMB-(J)­ POS VAR 10.2 13.6 11.3 DPfl 

A B C D 

\1.~ \ ~ <;0 o~,u f:_ o~ 3~,0 

--------­

1--------­ ~IOO ~ 1(\ v;}o} 

l~~~:-~_ 
~ 0 0\, c:; o~ :S\ ,(., f I Q.\d-
ols/Lto 'h~"'<)O Ib (, 

.S' 'A,r:; b d- \ 0 Ii Ill- Ilo\ C) 

V­ 1 Co- t:J - ­ a - e -­ D 

\1<;') ~ d--. SI)..\,Co Clb),~ <; \ )0,0 01 \\,0 Vo)­

J.'(~?____ n\j 1'3,(, JJ4/t.j;)4 "Y~'l J<-lW3 oo){3(Cl 3,Co 
lL9AJ.4­ <7101 ~~ I d---­ ',} J- I I I-------­
').~J",- c \ 3 '--- ­ o -­ 0 

l'6I\4.t) r; d-- 3t-t,Lt eLI 43."\ l)d­ )),0 0'-+ <)\, I;) Vor-

I),) ISt ~ 1J.l., q1'-+ Sc;­ o/it 3~ a).~ 
--------­
---_V _ '.) I '~I 'A S1~ GJ 'd-(!) 5100 0'&-0\ 'd-

L\ I '--t':) - l ,.~ G 6 ... 0 
,- ­

lS)'i ~(., s~ :,LLC W 00 d-4,C:. ('). 1?<::» ( roo) Df"\. b 

~ r\1 crlq ';)''lY /441 :J-~ lllf.(,b-) 01 L-f <) c:; ~. \ r--v=---­ s\'l? "4,Q (, I :jo 100 I / '(}Oo 100 io ") 
,- ­ - - - - --­

0~ V5­ rs L\ to - I t 0 
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I \:>0 I \J.6 '~ 14/tf~3 J)'4- It.f b ~ f)')] (UL{O , ), fo---7--­ 1, J- x1.1 c; /10 : ~d <t) \ O?oo <3 
--------­
I 1~ 71 ~ '_~ l \2:, ,I 

-_. \ \() 
, 

[ --\ I -5 I) 'Sy 0 S' ({ , c:· ';)~,~~ i !,-, ,~.,1 (IOQ) o(Y\ t:.:.. :-1' \ I 
I 
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--~:/--- l(j,,,'j..~," 1:-L')J- I 1\.00 D400 loo'tQ C)

.--­ ----­
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r -
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I\,\ y. ((J,~ '130\ lloO I J. \) -&­ L,­
--------­

\')­ I" ­ t) )'}';)~ - \ 'de> 
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AIRBORNE OMEGA
 
FLIGHT DATA SHEET
 

FLIGHT /1 wQ')Jl.6 PAGE ,'2.... OF i:L. 
1 SYSTEM DATA AIRCRAFT DATA
 

TIME i LAT LO~ LAT (BRG' LO~(RNG) SOURCE
 

POS UNC(v') BRG/RNG TK/GS MAG/TAS DFT/DGS POS ERR COMMENT
 

-AMB-<Jj"-'J POS VAR 10.2 13.6 11.3 DPI
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AIRBORNE OMEGA
 
FLIGHT DATA SHEET
 

FLIGHT II w0') ),13 PAGE ~ OF !:L. 
SYSTEM DATA AIRCRAFT DATA 

LAT LONG LAT (BRG' LONG(RNG) SOURCETIME 

pas UNceJ )~B.::::RG:..!../ RN:.::.:.::::..G+-:T;.:.:K.:...;/G:,=.S_it-....:..:MA:..:::G~/ T::.:..;A=..S-.+=D;;;..FT=.,:./-=.;DG=S--+-P::..,:O;,.=..S-=E=RR~ 
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APPENDIX C 

The following tables are extracts from the monthly Progress Reports sub­

mitted during the program. Data consists of position error over the entire 

flight route and in reverse order by Sequence Number • 

• 
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ClfEGA VERSUS LORAN AND voR/l»E
Sequence #35 
FLT I W0727B 

n 
I
 

N
 

I Omega Position LORAN LORAN Position VORiatE Position Radial 

Time 

1722 

Latitud 
(BRG)IN48 c 57.( 

Longitude 
(RNG) . 

E02 v 26. i 

Data Latitude Longitude Latitude 
(BRG) 

N48°S7.0 

Longitude 
(RNG) 

E02~26.1 

Error 

N.Mlles 

0 

CoaDent 

Takeoff. Paris Le Bourget. 
resolved. Lights out. 

System 

~(m) ('9.~) (311) (101) -1.2 Land's End 101 Miles. 
North Dakota. 

Receiving 

'8'6 "0.0':1. ,05"38.4 NSOo08.2 WOSo38.2 1.3 Land's End.' No 
under 1 mile. 

lights. Variance 

1828 (093) (92.5) C (9,9) (92) 0.5 Land's End 92 miles. 

1837 (096) (171) 

I~ 
(102) (172) 1.0 Land's End 172 miles. 

1900 -
___ I --­ --­ --­ --­ Normal 3-stati~n operation. No 

~200 lights. Small varIance. 

--­ --­ --­ --­ --­ Position close to LORAN and Doppler 

~ 
2208 (298) (100.0) (294) (lOO) 0.0 Gander 100 miles. Variance down 

to .5 miles. 

2225 (296) (50.0) (294) (50) 0.0 Gander SO miles. 

2234 N48°S6. W54°34.5 N48°S6.4 W54°34.2 0.0 Touchdown. Gander. Position 
shown at Ramp. 

I 

• ....
 



--- --- ---

--- --- --- ---
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Sequence #34 
Page .1 of 1 ~GA VERSUS LORAN AND voR/DME 

FLT # W0727A 

(") 
I..., 

, 
I Omega Position LORAN LORAN Position VOR/mm Position Radial 

ErrorData CommentTime LatitudE Longitude Latitude Longitude Latitude Longitude 
N.Klles(RNG) .(BRG) (liRe) (RNG) 

N4l048.5 W68°49.50316 N44°48.9 W68°49.6 180.0 Takeoff - Bangor. Present Position 
insert 3° South. Both lights on. 

N4)o12.4 W66°40.60336 N4~024.4 W6S052.3 137.0 Saint John. Both light:; on. 
Receiving Norway now•. 

N4S030.3 WS9°28.40416 N47°34.0 WS9°07.S 124.7 Channel Head. 

00440 I I 
N48°S4.0 WS4°32.2 126.S Gander. "B" fix to correct 

erroneous Bangor position. 
IN46 4S.61 WS4°S4.3 

System resolved 3 minutes after0440 -I --- --­
0800 fix. Normal 3-station operation.

1 I I, 

-
0753 (109) 

080S NS2°44.9 

0823 NS2°02.6 

OS31 NS1°43.2 

NSl026.l 

PosLtion close to LORAN and 
Doppler. No lights •--. 

(100.7) (107) (100) 0.7 Shannon 100 miles. No lights. 
Small variance. 

NS2~42.1WOSoS8.6 W08°SS.l 3.S .Shannon. Still receiving North 
Dakota. 

WOSo02.1 WOSo02.3INs 1°59.7 2.9 Strumble. 

NSl 0 43.4W03°17.S W03°IS.7 1.1 Brecon. Variance still about .5 
miles 

WOOoS7.4 !N5l027.2 WOOoS2.7 3.1 Woodley. 

I
 N48~39.2
 EOloS9.7 2.4 R_bouillet. Losing North Dakota 
now. Variance growing. 

0904 IN48 
0 

38.5r E02°03.2 

I
 N46 °/.8.4
 E04°15.6 3.0 Autun.0919 IN46 
6 
SL If EOl;"13.S 

0842 



--

Sequence 134 
ClfEGA VERSUS LORAN AND VOR/DMBPage.! of .! 

FLT , W0727A 

n•I>­

1 OlIIega Position LORAN LORAN position VOR/II4E position Radial 
Error 

N.Hiles 

Passeiry. 

Torino. 
North 

Genova. 

Pisa. 

Grossetto. 

Touchdown. 
flight • 

Dakota. 

Time LatitudE 
(BRG) 

Longitude 
(RNG) . 

Data Latitude Longitude La (;1tude 
(BRG) 

Longitude 
(RNG) 

0928 N46 °11. 6 E05°57.1 !N46°09.8 E06°00.4 2.9 

0941 N44°54.l E07°J7.7 !N44°55.5 E07°51.7 2.5 

0947 N44°27.2 E09°03.7 !N44°25.4 E09°04.9 1.9 

0958 N43°31.6 £10°16.7 !N43~35.2 £10°17.8 3.7 

1004 N42°48.6 Ell °03.4 ~42°42.7 Ell °01.6 6.1 

leW ..1°49.1 El2°31.5 !N41047.8 E12°35.4 3.2 

- ..... ",;,: . _..-.r.- .,-._­
.­ -"---

Coument 

Still receiving a little 

No lights. 

Rople • No lights entire 
Variance out to 1 mile. 

.• ..
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Sequence /F33 <JolEGA VERSUS LORAN AND VOR!DME 

FLT IW0725D 

Omega Position LORAN PositionLORAN VOR/DME Position 

DataTime Latitud~ Longitude LatitudelLongitude LatitudelLOngit~de 
(BRG) I (~~G) (BRG) (RNG) 

Radial 
Error COIIIIlent 
!I.Miles 

2219 N50054.0j E04"30.0 NSO"S4.0 I E04 Q 30.0 0.0 Takeoff - Brussels. Resolved. 
No North Dakota yet. 

2225 NSl"lO.71 E04"IO.5 :-iSl °10.0 I E04°ll.l 0.8 Nicky. Varianc~ growing. 

2325 IN5S042.0 I W04°21.0NS5°4l.ll W04"17.S 2.2 Glasgow. POS UNC on. Variance 
out to 4 miles. Weak North Dakota. 

0030 Position uncertainty resolved with 
North Dakota signal. Lights out. 

n 0030 -I --- I --- f -~ ~-- --- --- Normal 3-station operation. NoI 
I 

<.n 0330 

~~ c-.~ ---=~- -, ' 
-l~ 

~N53046.31 W57·08.6 

0416 N49 0 52.31 W64°21.1 

0447 N46 0 46.ll W68°02.5 

0527 j --- L 
0531 N4l0bo.51 W~~~.5 

;0;-1 N40047. 71 W73°33.4 

-' 

,___ 
N5J042.6 W57°0Ll 

N49°50.0 W64°17.0 

~46°46.51 W68°0S.7 

5.8 

5.3 

2.2 

N41 °33.41 Wnooo.o 14.8 

.1 
I I 

N40038.0 I W73°47.0 14.2 

lights. Small variance. 

Position close to LORAN' and 

Doppler. 

Cartwright. No lights. 

Port-Menier. No lights. Variance 
still small. 

Presque Isle. Lost Norway signal. 
Variance growing. 

System kicked. Both lights on. 
Variance 5 miles. 

Norwich. Both lights still on. 

Touchdown. New York. Both 
lights on. Large variance. 



1 

Sequence 1f32 Cl'lEGA VERSUS LORAN AND voR/DMB 

FLT I W0714C 

Prestwick. Resolved. 

Omega Position LORAN LORAN Position VOR/mm Position Radial 

Data Error 
COIIIItentTime LatitudE Longitude Latitude Longitude Latitude Longitude 

(RRG) (RNG) . (Br..G) (roo) N.Mlles 

1403 NSSoJO.8 \.;0l. °36.8 NSSo29.l \~04 °35.6 1.9 Takeoff -
Lights out. 

lll22 (257) (99.(') (256) (100) 0.3 Eagle 100 miles. 
North Dakota signal. 

1436 NS4°lB.7 WlOo07.0 N54°l6.0 WlOo03.4 1.5 Eagle. Passed 
it. Error approximate. 

1500 - ---
I. 

--- I --- --- --- Normal 3-station operation. 
1800 lights enroute . 

~ LORAN and Doppler 
1810 N51028.4 W55°55.6 

I~ 
N5l.o32.8 W55°55.6 2.0 St. Anthony. 

few miles. 

1847 IN4.900j.~1 °40.4 N49°05.l W6lo42.1 1.0 Heath Point. 
I mile. 

1914 I(247) I (94.8) 

J 
(245) (95) 0.2 Frederickton 95 miles. 

Norway. 

1932 (101. 2)I(259) 

I (2S6) 

1 I (257) (100) 1.2 .Bangor 100 miles. 
to over 1 mile. 

1939 I (52.3) (255) (50) 2.3 Bangor SO miles. 
growing. 

19S7 N44°52.0 W68°44.6 N44°4B.0 W6Bo50.0 5.6 Touchdown. 
ambiRuous. 

I I I 

. 
Getting some 

now. , 

to the right of 

No 
Posit ion close 

(") Passed to the south
I 

C1' Error approximate. 

-Passed south about _ 
Losing Norway. 

No IIIOre 

Variance out 

Variance still 

Bangor. System 

.- # 

1 
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Sequence #31 <H:GA VERSUS LORAN AND VOR/DHE 

__.....-·r_._ 
,.. --- .._.....,.~ 

umega Position I Radial 
ErrorData I N.Miles_~~~~_ _1~~1~lL~~~te__ t===, 

0238 IN400)(,.5 Wno47.() W73°46.4 I 1.7 

\\71°25.8 

LatitudelLongitude 

VORll'.MF. 

t I 
-1L(;~)d'~~~' 

N40037.8 

N4l °43.5 C.SUJu3 

w'70036.9 0.9 

(':J, 
" 

COlJU1ent 

Takeoff - New York. "A" fix on 
taxiway. Lights out. 

Providence. Getting some Norway 
signal already. 

Kennebunk. Variance under a mile. 

Good signal all 

Variance under 

0759 (112) I (99.1) 

-----+1--- I l I00811 N52 41'1 W08°53.9 

----1-1- ,---­
0818 I (118) (89.8) 

NS2°00.Q WOSoOO.40829 

0841 (311 ) (30.6) 
I 
i 
09~' WOOo12.SNS1°08.6 

I 
I =r 

(100)(109) 

NS2°42.1 
I I 

(l18) I (90) 

-
NSloS9.71 W05°02.3 

I 

1. 7 

0.2 

0.8 

0.9 

I 

I 

I 

Shannon 100 miles. Still getting 
North Dakota. 

Shannon. Still good signal. 
Variance of .5 mile. 

Strumb1e. Variance growing. 

Strumb1e 90 miles. Losing North 
Dakota now. 

r,(,30~;'ot::12. u 

0.6 

0.5 

f 

J 

Brecon 30 miles. On descent. 

Touchdown. Gatwick. Still gett~ng 

some North Dakota. Variance less 
than 1 mile. 



ClmGA· VERSUS LORAN AND wR/mmSequence #30 

nT # W0713C 

C":l 
I 

0:> 

Time 

lSl6 

1 Omega 

LatitudE 
(BRG) 

tl5S030.7 

Position 

Longitude 
(RNG) . 

W04°34.S 

LORAN 

Data 

LORAN Position 

Latitude Longitude 

VOR/J:ME Position 

Latitude Longitude 
(BRG) (ROO) 

N5S030.0 W04°3S.0 

Radial 
Error 

N.Hlles 

1.1 

COJIIDent 

Takeoff-Prestwick. 
Dakota signal. 

No North 

1548 --­ -'-­

1702 .-­ L --­

l7~1 --­
1930 

---­ I --­ I --­

1925 INS3 
0
43.3i . W57°00.3 

~ N49°:l1.1 W64°Zl.l 

2046 N46 0 S0'sl W67°S8.9 

ZlOl N44 0S7' 

J
W68°46.3 

220S N40043.l W73°43.S 

I 
I 
I 
I 

,i 
, 
! 

) I 

I D 
[J 
I I 
I J 

I 
I . 

--­

--­

--­

--­
N53°42.6 

..­
N49°S0.3 

N46°46.5 

N44°S0.S 

N40038.0 

--­

--­

--­

--­

W57°01.l 

W64°Z3.2 

W68°0S.7 

W68°S2.S 

W73°47.0 

--­

--­

--­

--­

0.9 

~ 
6.2 

7.8 

6.1 

I 

57 N/10 W. "B" fix from Doppler. 
POS UNC on. , 

Resolved uncertainty with North 
Dakota reception. Lights out. 

Normal 3-station operacion. 
Position close to LORAN & Doppler. 

No lights. Small variance enroute. 

Cartwright. Still getting Norway. 
No lights. 

Port Menier. Losing Norway. 
Variance growing. 

_. ­
Presque Isle. NOlvay signal co~ 

pletely gone. 

Bangor. Variance out to 2 miles 
now. 

Touchdown. New York. POS UNC 
on. Variance out to 4 miles. 

~._.......~ 

• ,. •
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Sequence /;29 
<»mGA VERSUS LORAL'q AND VOR/DHE 

FLT I W07l2B 

I Omega	 Position LORAN I LORAN Position IVOR/DME Position 
I I

DataTime Latitud Longitude LatitudelLongitude LatitudelLOngitude 
(BRG) (RNG) (BRG) (Rl\TG) 

Q Q2250 IN44 48.5 W6B 51.0 N44 C 48.U W068°S0.0 

N.Miles 

I Radial 
Error 

COIIIIIent 

0.7 Takeoff - Bangor. 
North Dakota only. 

Trinidad and 

N4S'24.5 W6So52.32313 IN4)Q26.21 W6SoS~.O 1~9 I	 Saint John. POS UNC on. No 
Norway yet. 

"'--- ­-
W59"007.5 1.5	 I Channel Head. ,Lights out. 

Getting Norway now. 
N47°35.2350 IN47°34.51 W59 c 06.0 

J 
0013 I~~I W54°31.6 1 I I I N48°54.q W54°32.2 

--,-	 I I ___ l ___I 

~~~~ _I _u I~u,	 ,i 
I	 

--I 
I

-.0	 I --- I --- I, --~, , C1	 

_J I . 
I --I ------n100)~ (112) '(97.5) ,-- I 

I	 
I I 

_J.
 
0329 N51 °49. 01 W08°27. 2 I
 NSl °SO.~ W08°29.6

I. 
N50008. W05°38.20347 N50008.21~	 I 

I I r 
N48°39.d E02°00.00425 IN48 C 38.31 E01°S7.4 ,- ­

-
0441 IN46°47. 71 E04°14.8 I N46°48.d E04°16.0 

--; I i N44°02.d Ell °00.0 

0)50 
I 1 ,- N41 °48.ol E12°36.0 

1.8 Ramboui11et. Still getting some 
North Dakota. 



Sequence 1/28 <»fEGA VERSUS LO~ AND voR/IH: 

FLT # W0420 

Cl
 
I
 ,.... 
o 

Time 

Omega 

LatitudE 
(BBG) 

Position 

Longitude 
(m;) . 

LORAH 

Data 

LORAN 

Latitude 

Position 

Longitude 

VOR/Ilm 

Latitude 
(BBG) 

Position 

Longitude 
(00) 

Radial 
Error 

N.Miles 
Coament: 

1620 N53°19.( EOO4° 44.8 N52°19.0 EOO4° 46.0 0.7 Takeoff. Schipol. 
coming in. 

Only Norway 

1646 (133) (85.0) (140) (80) 5.0 Schipol 80 miles. No North 
Dakota. In·difference frequency. 

1718 (287) (39.1) (288) (40) 0.9 
Dublin 40 miles. 
No North Dakota. 

Both lites on. 
Weak Trinidad. 

1723 

1736 

1800 
2100 

-

153. 28.~ W06· 16.5 

I--­ I --­
--­ --­

I I 
53· 29.9 

52· 42.1 

--­

W06° 18.4 

08° 55.0 

--­

2.2 

--­

--­

Dublin on top. Both lites on. 
Laree variance 

Shannon. "A" fix. Getting some 
North Dakota now. 

Normal 3-station operation enroute~ 

Excellent navi~ation. 

2110 ---­ --­ --­ --­ --­ System kicked into difference 
frE'(1I't'f'cv. 

2114 51° 33., 55° 55.5 51° 32.6 55° 55.7 0.7 St. Anthony. 
getting weak. 

Landfall. Norway 

2207 (253) (101. 7) (250) (100) 1.7 Fredrickton 100 miles. 
ance frequency. 

In differ­

2219 45· 53.~ 66° 30.7 45° 53.7 66° 25.2 3.8 Fredrickton on 
on. 

top. Ambiguity 

2234 44° 47. 68° 54.9 44· 50.5 68° 52.5 3.0 Bangor on top. 
No Norway. 

Ambiguity on.' 

2248 

2351 

43° 26.( 

38° 59.6 

70° 38.3 

77° 15.1 

I 
I 

43° 25.5 

38° 57.0 

70° 36.8 

77° 27.0 

1.2 

9.6 

Kennebenk on top. Got some 
Norway. Resolved. Lites out. 

Touchdown. Dulles. In difference 
frequency. Large variance. 

-
 ", 
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<JoIEGA VERSUS LORAN AND voR/DHESequence #27 

FLT # W0419 

Time La t1tud~ Long i tude 
(BRC) I (Rt«;) 

Omega Position LORAN 

oata 

vOR/mm Position 

Latitude Longitude 
(BRC) (100) 
--­

Radial 
Error 

N.Mlles 
Coament 

1957 N43°06.91 W078° 56.3 N43 °06.01 wo 78° 57. 0 I 1.0 Takeoff. Niagara Falls, No Norway 

2023 

2053 

(257) (53.2) 

146° 53.3l710 29.9 I .. 1 I 
(255) 

46° 42.3 71° 

(50) 

37.6 

3.2 

12.2 

Stirling 50 miles. Weak 
Trinidad. 

Quebec on top. Large variance. 
~ --l-- In difference frequency. 

-2~~8j·640~9.l f -'-1 I 49°50."64°17.1 9.3 Port Menier on top. No Norway. 

-2-21-9 j -~J ~I·~·- I I In difference frequency. 
St. Anthony. "A" fix. Starting51° 32.6155° 55.7 to get Norway now. . . 

2230 Normal 3-station operation. 
0130 Excellent enroute navigation.I ,... 

..... Isle of Man 130 miles. No0148 I (13~) r~131.0) ~]-~. -­ (135) (130) 1.0 lites. 

~·-J~03l.~1~052.61 +---+-----~---~----~---~~B-e-l-f-a~s-t-o-n-t-o-p-.--u-n-d-f-a-l-l-.--N-o-rt-h-
Dakota weak. No lites. 

(114) (100) 1.5 Ottringham 100 miles. 

1 I I I
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Sequence #26 
CHGA VERSUS LORAN AND voR/DML 

FLT I W0327B 

l.l 
I 

...... 
N 

I Omega Position LORAN LORAN Position VOR/IME Position Radial 
ErrorData CammentTime Latitud Longitude Latitude Longitude Latitude Longitude N.MUes(BRG) (RNG) (RNG)(BRG) 

~ 

NSOo01.'1737 NSOo02.0E008°31.6 Takeoff. Frankfurt. Only Norway. 
In difference frequency. 

E008°34.0 1.6 

52°34.l Spijkeboor. On-top. SOme Trinidad. 
No North Dakota. 

1812 04°43.3 52°"32.0 04°51.0 5.3 

Eagle. "A" fix. Getting some Nortr 
Dakota now. 

54°16.0 W 10°03.4

-=J~~--_._.._,-____..______.__ .._ 
Excellent enroute navigation. No 
1 ites. Small variance.~L __J__~J~ 
Cartwright. On-top. Landfall. No 
liteS. 

53°42.0 57°02.0 1.20013 I53.43t~:3. ~J -_.J 1= 
Port Menier. On-top. Norway gett·ilng 
weak . 

49°50.3 64°23.2 1.30104 I 49 0 49.{ 64°24.2 

( 230) Kennebunk. 100 mUes. No lites.(100) 0.3~~ (l00.3) J Small variance. 

43°25.5 Kennebunk. On-top.70°36.8 0.40206 43°25. 70°36.1 

Boston. On-top.42°21.5 70°59.6 1.30214 42 °21. 71 °0.13 

41 °43. 4 Providence. On-top.71 °25.8 0.971°25.441 °44.0219 

Hampton. On-top.40°55.1 72°19.0 1.172°18.70228 40°56. 

Coyle. 40 miles. Variance growing.0.1(40)(272)( 40.1)(276)0239 

Touchdown. McGuire AFB. Variance74°36.0 1.840°01.074°34.840°02.0258 out to 1 mile. No liteS. 

-
 ~ 
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~GA VERSUS LORAN AND voR/DMlSequence in5 

FLT # W0327A 

(") 
I .... 
l"J 

I Omega Position LORAN LORAN Position VOR/ilm Position Radial 

nata Error CoamentTime LatitudE Longitude Latitude Longitude Latitude Longitude 
(BRG) (ROO) (BRG) (m;) N.Hiles 

0555 N40002 0 l W074°35.2 40°01.0 W074°36.0 1.7 Takeoff. McGuire AFB. Getting Nor 
way. No lites. 

0618 40°56.2 72°18.6 40°55.1 72°19.0 1.2 Hampton. On-top. No lites. 
, 

0653 (075) (99.5) (074) (100) 0.5 Fredrickton. 100 miles. Norway 
getting stronger. 

0704 145055.21~~~'-~__J 45°53.7 66°25.2 1.5 Fredrickton. On-top. No lites. 

0741 148032.41 58030.~__~ 48°32.3 58°33.7 2.~henvil1e. On-top. 

~~o~-_J 49°29.4 56°11.1 2.4 Springdale. On-top. No lites. 

0800 I -- L- J J -- -- -- Good enroute navigation. Close to 
Doppler. No lites.1000 . 

-~~- ··~·--r--10l~~1 -- J -- -- -- Both 1!tes on. Weak North Dakota 
signal at 15° west. 

1053 (05)_J (96.~ (104) (100) 3.1 Cork. 100 miles. In difference 
frequency. 

1103 51°45.9 08°19.9 51°50.4 08°29.6 7.5 Cork. On-top. Landfall. No North 
Dakota. Weak Trinidad. 

1149 51 006.7/ E 01 °31. 9. 51°10.0 E 01 °21.0 7.6 Dover. On-top. In difference freq. 

1210 tOO""1 05°53.3 
50°35.0 05°43.0 11.8 01no. On-top. 

1240 4~~08053.1 I 50°02.0 08°34.0 14.4 Touchdown. Frankfurt. In differenc 
frequency. 

e 



<JmGA VERSUS LOIWI AlID VORl ~ .Sequence #24 

FLT # W0326C 

n 
I 

~ 

Omega Position LOIWI LOIWI Position voR/I141 Position belLa1 

Time Latitud4 
(BIlG) 

Longitude 
(lUI;) . 

Data Latitude Longitude Latitude 
(BIlG) 

Longitude 
(lUI:;) 

Error 

N.Kilea 

1637 N50002.5 E008°36.5 N50002.0 E008°34.0 1.7 

1658 51 °21. 9 07°08.1 51°20.0 07 °Il. 0 2.6 

1712 52°36.0 04°45.2 52°32.0 04°51.0 5.3 

1738 -­ -­ -. -­ -­
1822 I(293) , (33.6) 

J~J_ (290) (40) 6.4 

1828 54°22.6 W 10°12.3 54°16.0 W 10°03.0 8.5 

1900 
2300 

1-­ I -­ -
-"'-.----.-­ ---­

-­ -­ -­
2315 [49

0 

06.21 61"42.61 49°05.1 61·42.1 1.1 

2355 (252) (39.4) (250) (40) 0.6 

0002 45°54.1 66°26.2 45°52.7 66·25.2 0.8 

0021 44°50.5 68°52.7 44°50.5 68°52.5 0.1 

0038 43°25.7 70°38.2 43°25.5 70°36.8 1.0 

012Q 40·02.3 74°34.8 40°01.0 74°36 ..0 1.4 

Ce-ent 

Takeoff. 
Norway. 

Barmen. 

Frankfurt. 

On-top. 

g 

q. 

Only receivin 

In difference fre' 
No North Dako~a yet. 

Spijkerboor. On-top. Still no 
North Dakota. 

Ottringham. "A" fix. Weak North 
Dakota now. 

Eagle. 40 miles. Varianees growing 
No 1iteB. 

Eagle. On-top. North Dakota gettiaa 
Btronger. lIIo lites. 

Good enroote navigation relative to 
Doppler. No lites. 

Heath Point. On-top. Landfall. No 
Lites. 

Fredrickton. 
lI:ettimz weak. 

40 miles. 

Fredrickton. On-top. 

Bangor. On-top. 

Kennebunk. On-top. 

Touchdown. McGuire AFB. 

Norway 

No lites. 

#-
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OMEGA VERSUS LORAN AND VOR/DM<.
Sequence {;23 
FLT # W0326B 

II	 I I -----,----.. ---... -- ..-.,,------;-,------.--- ­

Time 

Omega Position LORAN 

Data 

LORAN Pos i tion VOR/DME Position 

N.Miles 

Radial 
Error 

COIIIIIentLatitudq 
(BRG) 

Longitude
I (RNG) 

LatitudelLongitude Latitudel
(BRG) 

LOngitude 
(RNG) 

0645 ~40001. 7 I W074°36.3 N40001.01 W074°36.0 O.S Takeoff. McGuir~ AFB. Only Trinid
and North Dakota. 

ad 

0720 41°12.5 70°13.3 41 °1.6. 9 70°01. 6 9.S Nantucket. 
frequency. 

On-top. In difference 
No ~orwav. 

:46J~'48:8L66"~'L1~ 43°49.S	 .Yarmouth. On-top.6600S'SI~'2
0

OSlS 1:6011.21 60 0.4.SJ 46°09.2 60°03.4 2.2	 Sydney. On-top. Still in difference 
frequency. 

(') 
--OSS-l--l::;S'~l-S2~~~~S J=.~-_J__._ S2°S1.2 -~~t'~~'~~' On-top.47°29.1 Norway coming 

I .... 
VI 

0930 I --1 -- J. . J -- -~ --	 Out of difference frequency. Ambig 
~ I	 uity on. Small error. 

Resolved. Lites out. Small variance.~ooJ=-_~[=== ,---=t---.-­ I	 .-- I 
Small error. 

LOOO Good enroute navigation. Doppler 
1200 off to North.

L 
1217 tSOOlO'sI OS041.4	 05°3S.2 Land's End. On-top. Landfall. Weak 

North Dakota. 
: Slo14. SI-E-O-l-013. 4 I~- ---If------1f-----..,-+---+-----t----t---------------- ­

1251 51°10.01 E 01°21.0 6.8 Dover. On-~op.
 

1312 I S003S'SI OS037.6 50 03S.0 05°43.0
 4.9 Olno. On-top.
 

Touchdown. Frankfurt. No North
6." 
Dakota. 

1335 I S~OS033.1	 SOo02.0 OS034.0 

-l r i 



CliEGA VERSUS LORAN AND voR/DML. 
Sequence //22 

FLT {/ W0325C 

Time 

Omega Position LORAN 

Data 

LORAN Position VOR/DME Position Radial 
Error 

N.Miles 
Comment

Latitud

(BRG) 
~ Longitude
I (HI«;) 

LatitudelLongitude Latitude
(BRG) 

ILongit.Ude 
(HI«;) 

1527 IN51°08.91 WOOOo13.7 N51 °09.01 WOOOo12. 0 1.1 Takeoff. Gatwick. Only receiving 
Norway. 

1559 52°04.9 05°09.0 52°00.0 05°02.0 6.5 Strumb1e. 
frequency. 

On-top. In difference 
No North Dakota 

1620 52°42.0 

-­
08°55.0 

-­ -­
Shannon. "A" fix. Still no North 
Dakota. 

1630	 IGood pos ition to Doppler !I;;0RAN.u __-I I 
2000	 In difference freq. to 45 west. 

2044 56°13.9	 49°29.l 56°11.1 2.2 Springdale. On-top. Landfall. LitesLJ 
out. 

n 
I .... 2102 58°31.2 . ~-	 48°32. 58°33.7 2.0 StePhen8~i11e. On-top. 

C1' 

47°22.E 61°54.4 2.0	 Grinatone. On-top. Norway and 
Trinidad weak. 

--	 ~-46°02. 67°50.1 3.8	 Houlton. On-top. Lites on. No 
Norway. 

2250 I 45°33.41 74°03.3 

~----

45°37.C 73°58.3 

._---­

5.0 I St. Eustache. 
on. 

On-top. Ambiguity 

2302 45°26.4 75°57.2 45°26.~ 75°53.8 2.4 Ottowa. 
nidad. 

On-top. No Norway or Tri ­

2344 43°43.0 79°38.5 43°41.0 79°38.7 2.0 Touchdown, Toronto. Ambiguity, on. 

..
 



•
 

<H:GA VERSUS LORAN AND voR/~Sequence 4,21 

FLT # W0325A 

. Omega Position LORAN LORAN Position VOR/DHE Position§ DataTime Latitud Longitude LatitudelLongitude LatitudelLOngitude
(BRG) (RNG) (BRG) (lUI;) 

0155 rN40038.8 N40037.~ W073°46.3W073°48.1 

0214 I (085) (80.6) (088) (80) 

. 0225 I41°15.61 70°04.8 41°16,« 70°01.6 

I I I (265) (60)~)J-(-59:~)J_.~ 
I I 

43°56.( 60°00.70322 43057.4l __6~_~~ II 
('), ! 

I ...... ..... 0330 -- - ­ I -- -­
0700 -+------+---~_f l- I •
0719~ (096) I (134.1) ---·-~I (098) (130) 

....,- ­

--0-7-2~ 1-~100) -I---~~7~' ;- --- i (096) (50) 

50°08. 05°38.250°11.6 05°40.50735 

-

Radial 
Error Coument 
N.Kiles 

Takeoff. Kennedy. Receiving a 
little Norway signal. 

1.7 

0.6 I Nantucket 80 miles. No lites. 

Nantucket on-top.2.8 

Land's End on-top. Variance growing.3.7 

50.53.1 01·... 70753 ~058.91 01°51.1 J I 
Dover on-top.51°10. E 01°21.0 8.8~ I I0808 j 51 °16. 3] E01° 11. 3 

-'--;;'9- T··50~To~~·Rr 

.

---1 L 5•d 05°43.0 I 10.3 I 01no on-top. 

0859 08°18.2 50°02. 08°34.0I 50 0 11.sl --l I Tou~h~own. ~rankfurt. Large
POS1t1on var1ance. 



CH:GA VERSUS LORAN AND voR/DHI.Sequence 4120 

FLT I W0315 

Very weak 

Re-
In difference frleq. 

Not receiving 

Still in 

re 
Small error. 

() 
I No 1ites...... 

00 

No lites. Norl"W", 

Norway. 

1 
Omega Position LORAN LORAN Position VOR/~ Position Radial 

Data Error coumentTime LatitudE Longitude Latitude Longitude Latitude Longitude 
(BllG) (m;) . (BBG) (m;) N.Klles 

0230 N63°58.1 W022°36.4 N63°59.2 W022°36.6 1.2 Takeoff. Keflavik. 
North Dakota on 13.6 KHz. 

0234 -- -- -- -- -- System kicked on North Dakota. 
solved ambigu~ty. 

0237 (118) (39.5) (106) (30) 9.5 Keflavik 30 miles back. 
North Dakota. In difference freq. 

0253 (106) ( 138.1) (105) (130) 8.1 Keflavik 130 miles back. 
difference frequency. 

0321 1-- I II -- -- -- -- Out of difference frequency with 
I- ception of North Dakota. 

0330 -- -- -- -- -- Good navigation enroute. 
0515 Small variance. 

0521 (297) (96.7) 

J 
(296) I/JA (95) I 1.7 IGoose B.a y _ 95, miles. 

0601 49 049.21 64°22.9 49°50.3 64°23.2 1.1 Port Menier on-top. 
signal fading. 

0618 (244) (99.5) (240) (100) 0.5 Presque Isle 100 miles. 

0633 (224) (96.2) ( 225) (95) 1.2 Bangor 95 miles. No more 

0641 (221) (41.6) ( 218) (40) 1.6 Bangor 40 miles. 

-
0656 44°48.8 68°48.4 44°48.( 68°50.0 1.1 Landing. Bangor. No lites. 

•
 



--
-- --- -

.. 

Sequence 1f19 ctfEGA VERSUS LORAN AND VOR/DM.­

FLT# ~ 
_.~--	 ~ ~~_.	 .... - _. 0_ --- I i --", - -,.... , .. _..._._- .. - .... ---_.... _.._----_._-------- ­

a posit~ LORAN_ Omeg .....__. _ LORAN Pos i tion VOR/LME position Radial 
Error COImIentTime 

L(~~)d ~~~~~.~J:atdLatitudet:ngi::JL(~~)delLont~~e Ic=N=.M=i=l=e=s:::II================= 

1937 N44°48.3Iw06S0S0.6 Takeoff. Bangor. Only -receiVing 
North Dakota and Trinidad. 

t:i44°48.0 I W068°50.0 0.5 

2000 46°48.8 Presque Isle on-top. No Norway 
received yet. 

68°03.1 46 °46.. 5 68°05.7 2.9 

2006 -- ,Ambiguity on. Received a Norway-- 1·­ 10.2 signal. 
! I I I ~-

I 50°13.91 66°16.3 

n 
I 2055 151°54.0 J ~:~2 J-~" J--	 51°51.3 63°16.8 1- 2-:; 

...... 
~ t'" 

--2-1-26 1~-5500-22-7-·~-1-~00~11~.-0 1-- J--------~ 55°27.7 60°13.2

L 
22003;:--I~-~'-~---- ~----	 -- -­
2330
 

-- ~99)--1 (123.4) •. _- (103) (125)
 

(lOS) ( SO) 2350 I (l09) I (49.7) 

I
 
2359 I-- I -­

-- 1___
 +_..__. 
0005 22°44.4	 63'59.~ 22°36.6 

0009 -­ I-­--l--I
 

I---~~; 

- 1.6 

0.3 

4.6 

2.5 

Norway. Ambiguity off.
 

~E~n on-top. -~ystem-normal with
 
3 stat~ons • 

Hopedale o-n--~to-P-'- Small position 

variance.
 

Good navigation enroute. No lites.
 
Small variance. 

Keflavik 125 miles. 
weak. 

North Dakota 

Kef1avik SO miles. Not much North 
Dakota. 

System kicked. Both lites on. Re­
solved ambiguity. Position okay. 

Touchdown. K.flavik. In difference 
frequency. 

At ramp. Still in difference fre­
quency. I;ot much North Dakota. 



CI1EGA VERSUS LORAN AND voR/DtlESequence 1t18 

FLT I l231B 

C".l 
I
 

N
 
o 

Time 

I Omega Position LORAN 

Data 

LORAN Position VOR/I:J!OlE Position Radial 
Error 

N.Miles 
Coument 

Takeoff. Amsterdam. Norway only. 
In Diff F"l'eq 

Talla on top. NOl"Way off 15 
mins. In Diff Freq and ambiguous 

Machrilanish. "A" fix. Getting 
3 stations. Lites out. System
a"r....s wit:h I.oran No 

LatitudE 
(BRG) 

Longitude 
(IOO) 

Latitude Longitude Latitude 
(BRG) 

Longitude 
(IOO) 

1620 N52°18.l E004°45.0 !N52°l9.0 E004°46.0 1.4 

1715 55°44.9 W003°20.9 55°29.9 W003°21.0 14.9 

1726 55°26.~ 05°41.3 - - -
lights. 

Goose Bay on top. Landfall. 
Still "l'eceiving 3 stations.2153 53°19. 60°27.8 53°18.0 60°27.6 1.2 

2235 50°14.( 66°14.5 50°13.9 66°'t6.5 1.3 
Sept lIes on top; :Norway 
fading. 

Mont JoB on top. Only Trinidad 
and North Dakota DOW. 

. 
She"l'brooke on top. 

Touchdown. New YO"l'k. In holding 
holding pattern 90 mins. Some 

2254 48°21. '68°21.8 48°31.5 68°22.4 0.4 

2329 45°19. 

i 
71°48.6 45°19.0 71°47.3 1.1 

0205 40°38.0 73°46.4 13.6 

ttawa11 came ~n. ...n U~J;J; I'"l'eq• ., 
-

-

"
 



OMEGA VERSUS LORAN AND VOR/DME 
Sequence itl7 
FLT H 1228 

Time 

2330 

\ 
Omega Position LORAN 

Data 

LORAN Position VOR/rME Position Radial 
Error 

N.Miles 

0.7 

Comment 

Takeoff. Los Angeles. Only 
receiving Hawaii & No. Dakota. 

LatitudE 
(BRG) 

N33°56.5 

Longitude 
(RNG) 

W118°24.5 

Latitude Longitude Latitude 
(BRG) 

N33°56.0 

Longitude 
(100) 

W118°24.0 

0028 38°26.3 113°00.9 --­ --­ --­
Milford. "B" Fix. Getting 
some Trinidad now. 

Delta on top. In diff. freq. 
and amiguous 

Crazy Woman on top. Inside North 
Dakota limit. In Diff FreQ. 
Red Lake, Ont. On top. Outs ide 
North Dakota now. In Ditf 
Frp<I .. 

0035 

0124 

39°20.6 

43°56.3 

112°30.7 

106°29.4 

39°18.2 

44°00.0 

112°30.3 

106°26.1 

2.4 

4.3 

0241 50°54.5 
I 

'93°57.1 51 °04. ~ 93°45.5 12.3 

Poste-Baleine On tOp. Still in 
0354 55°18.3 77°47.4 55°17.1 77°45.1 1.8 Diff Freq. Variance decreasing 

0500 58°30.4 . 62°34.0 - - -
Sag1ek "A" Fix. Hawaii out. 
Getting Norway now. 

North Dakota off 30 minutes. 
Resolved after. No lites enroute

0520 
0555 

t 

0830 ( 140) (99.4) (140) (100.0) 0.6 
Glasgow DME 100 miles. Still re­
ceiving 3 stations. No lites. 

Glasgow on top. Landfall. No 
lites. 

Touchdown. Amsterdam. In Diff 

0842 55°42.3 04°22.0 55°42.( 
. 

04°21'.0 0.6 

0940 52°15.3 E004°45.8 52°19.( E004°46.0 3.8 Freq. and ambiguous. 

No Trinidad or North Dakota. 

(') 
I 

N 
I-' 



(IofEGA VERSUS I..ORAN AND VOR/DMESequence fH6 
FLT f1 12100 

"""-----------_. ,~ ... -._-- -_..•-._._---_.- -' -._- ..--_. _._.__. - .._- -..---._--~~~-- --~-

Omega Position LORAN LORAN Position VOR/r.t-m Position Radial ---- Error 
Time LatitudE Longitude Data Latitude Longitude Latitude Longitude 

(BRG) (RNG) (BRG) (RNG) 
N.Miles 

1359 ~48°08.1 EOI6°33.9 N48°07.3 E016°33.6 0.9 

1444 49°35.4 10°39.9 49°31.0 10°49.0 7.4 

1613 53°23.9 WQ03°26.5 --- --- ---. 

1629 53°29.8 06°17.1 53°30.0 06°18.0 0.6 _. .-.~._.  __. 

2105 53°18.8 60°27.0 53°19.0 60°25.0 1.2 

, 

I 

, 

-

Cooment 

Takeoff. Vienna.
 
Only receiving Norway.
 

Nuremberg on top. Little
 
Trinidad now. In diff. free.
 

Wallassey. "A" Fix. Starting
 
to get North Dakota now.
 

Dublin on top. System resolved.
 
No li tes • Getting North Dakota.
 

System close to LORAN. No
 
lights enroute. Small Variance.
 

Touchdown. Goose Bay. Still
o, receiring 3 sta I ns-. No lights.>., 
N 

-

K 



•
 

~GA VERSUS LORAN AND VOR/DHESequence #15 

FLT il 1210A 

Time 

I 
Omega 

Latitudt 
(BRG) 

Position 

Longitude 
(RNG) 

LORAN 

Data 

LORAN 

Latitude 

Position 

Longitude 

VOR/llif. Position 

Latitude Longitude 
(BRG) (RNG) 

Radial 
Error 

N.Miles 
COImIent 

0151 N44°47.5 W068°49.7 N44°48.0 W068°50.0 0.5 Takeoff. Bangor. 

0227 46°09.5 63°14.2 --­ --­ ---
Charletown. "A" Fix. 
signal coming in now. 

Norway 

0248. (086) (173.0) (088) (172) 1.0 
Gander OME 172 miles. 
In diff. frequency. 

0300 (060) (77.8) (060) (76.5) 1.3 
Gander OME 76.5 miles. 
In diff. frequency and ambiguous. 

0406 S0058.0 
I 

40°00.0 --­ --­ --­
"B" Fix off doppler. Airstart 
system resolved. All lights off. .. 

0601 (106) (98.1) (lOS) (100) 1.9 Cork OM!!: 100 miles'. 

0612 Sl°49.3 , 08°27.7 Sl°S0.4 08°29.6 1.6 
Cork on top. Landfall. 
No lights since air.tart. -

0630 SOo07.0 
I 

OS034.6 SOo08.2 05°38.2 2.6 Lands End on top. 

06S4 49°08.6 00°24.4 49°10.3 00°27.3 2.6 Caen on top. 

0728 47°42.1 E 06°20.1 47°41.0 E06°l8\0 1.8 Luxeil on top. 

0749 47°27.6 08°29.7 47°28.0 08°33.0 2.3 
Touchdown. Zurich. No lights. 
Still receiving 3 stations. 

co 
I 

N..., 



I 

ClfEGA VERSUS LORAN AND VOR/DHE
Sequence #14 

FLT IW1017B 
--

Omega Position LORAN LORAN position VOR/Ilm Position Radial 

Data Error 
Time LatitudE Longitude Latitude Longitude Latitude Longitude 

N.Hiles(BRG) (RNG) (BRG) (100) 

1350 N48°57.f E02°27.0 !N48°57.8 E02°27.0 0 

1457 51°50.0 W08°30.0 -- -- --
1837 48°52.6 54°32.3 48°54.0 54°32.1 1.4 

2028 43°24.5 70°44.6 43°25.5 70°36.9 5.7 

2050 42°26.2 7e054.0 42°22.0 71 °00.0 6.1 

I 

. 
\ 

, 

Comment 

Paris. Takeoff. No sync. 

Cork. "B" Fix 

Gander. Landfsll 

Kennebunk 

Boston. Touchdown 
(') 
I 

N 
.l:­

..
 



(MGA VERSUS UJRAN AND VOR/DHESequence #13 

FLT # YlQl7A« e. 

, -:- _._----- --------------
Omega Position LORAN LORAN Position VOR!DMP. Position Radial 

Data Error 
Time LatitudE Longitude Latitude Longitude Latitude Longitude 

(~~L ._-i~g>- (BRG) . (~) 
N.Mlles -_.. ---~--"" -~. ..' t::::c- :~ --- -----. -" r--' .- . . . 

0434 N38°57.C W077°27.0 N38°57. W077°27.0 0 

._- ~,~-- _._'... _- -- -- ---_._. 

J532 43'25.5 70°36.9 --
0653 49°00.2 54°30.9 48°54.0 54°32.1 3.9 

I 

1051 53°32.3 03°13.9 53°24.0 03"08.0 9.1 

1146 49°03.8 EOz025.1 48°57.8 E02°27.0 6.2 

I 

. 
\ 

\ 

COII'IlIent 

Dulles. Takeoff 

IIBI!Kennebunk. Fix 

Gander 

Wallassey. Landfall 

Paris. Touchdown 
Cl 
I 

IV 
\J1 



- --

-- --

G1EGA VERSUS LORAN AND VOR/DMESequence #12 

FLT (I W1013e 
- -,.. -­_-~-

VOR/r»re Position Radial 
Error COIlIIIentLatitude Longitude N.Miles(BRG),: ,:::::..;;;;:, .= "::--~~~:-

2.0 Amsterdam. Takeoff52°19.0 E04°46.0 

Midhurst. 0t:lly receiving 
Norway. 

8.851°03.0 00°37.0 

.. ­ Lands End. "A" Fix 

..-

Sable Island. Landfall.43°56.0 60°01. 0 6.0 

Hampton 90 miles. Only receiving 
(270) 4.2 Trinidad & North Dakota(90)n 

I 
N 
C1' (240) (100) Sea Isle 100 miles2.5 

! 
_.. ~.-----

Omega Position LORAN LORAN Position 

DataTime Latitude Longitude Latitude Longitude 
(BRG) (RNG) . ~-.- -:-,.:.. ,- -- _ .... _.... _-.. -~-'~~ ~ 

E 04°46.2 I' -"~_.,_ 

1303 N52°21.0 

1338 51°09.6 W00°27.8 IL1403 50°08.2 
05°38.2 __ .. __ 

~-'-I ... _. .... .. 
1851 43°59.3 60°08.0 I 

... _~~ 

. 
2003 (269) (85.8) 

2023 (241) (102.5) 

2037 1(276) 1~75.6) I I I I (277) I (75) 0.6 Baltimore 75 miles 

2042 (276) 1(51. 2) 

2100 39°10.8 76e38.6 

I (276) 

39°10.2 

(50) 1.2 Baltimore 50 miles 

76°39.7 1.0 Baltimore. Touchdown 

\ 



--

CH:GA VERSUS LORAN AND vOR/DHE 
Sequence #11 
FLT # W1012B 

~ ~  ~ ~.. ________.__.___ __~___ •._~ .•_ . _'T.__ __"',. _____._._...._·_ ..........,.,,_._=_- _____
.~  

.<--- .... --"....------.......
'-"".-- -- - - -->-­-" I 
Omega Position LORAN LORAN Position VOR/IME Position Radial 

ErrorData CoumentTime Latitud Longitude Latitude Longitude Latitude Longitude N.Kiles(RNG)(BRG) (BRG) (RNG) 
~..--._ .• -i--' _-:.. .' ....--...--. 

1143 40°00.5 W075°35.8 2.0N39°59.4 W075°37.4 McGuire AFB. Takeoff 
-_._--­

Bangor 100 oiles. No signal on1230 (056) (114.8) 14.8(052) (100). climbout. 

Bangor. "A" Fix. Outside 
1242 69"22.444°31.8 New York limit now. 

Heath Point. Norway coming 
1328 49°00.7 61°54.8 [+9°05.1 61°42.1 9.4 in now. 

I 

1358 51°35.2 56°04.8 ~1°32.8 55°55.6 6.3 St. Anthony 

Belfaat. Landfall. Only1726 54°25.6 05°58.7 54°29.6 05°51.9 5.7 receiving Norway now. 

1732 54°00.4 64°52.8 54°04.0 04°46.0 5.4 Iale of Man 

EOOo02.6 EOOo06.01754 53°33.2 53°41.0 9.4 Ottringham 

1837 (171) (68.7) (165) (80) 11.3 Frankfurt 80 miles 

1858 08°5,'.2 50°02.049.°50.0 08°34.0 15.9 Frankfurt. Touchdown 

n 
I
 

N
 

" 



- -- -- --

--

Sequence #10 OMEGA VERSUS 40RAN AND VOR/DHE 

FLT flWl01lA 

C'"l 
I 

N 
00 

I 
Omega Position LORAN LORAN Position VOR/IMP. Position Radial I 

ErrorData COIIBIIentTime Latitud( Longitude Latitude Longitude Latitude Longitude 
N.Uiles ____ (RNG)(BRG) (m;)-- e-. ___ (BRG) 

Malaga. Takeoff. No sync 

Marateca. "A" Fix. No signal 

1.61504 36°41. 1 W04°31.5 w04°30.0!N 36°40.0 

1545 38°40.0 08°37.0 on c1imbout. Getting Norway now. 

Lajes 89 miles abeam1730 0.5(244) (240) (89),(89.5) 

(159) 3.0 Lajes 156 miles behind1753 (142) (140) ::156) 

2058 43°55.9 60°04.1 2.2 Sable Island. Landfall43°56.0 60°01.0 

" .Bangor 180 miles. Only Trinidad2127 (308) (177.8) (305) (180) 2.2 and North Dakota now.
 

2137
 (99.5) (100)(307) (305) 0.5 Bangor 100 miies 
Start descent. 

, 
Bangor. Touchdown. Error was2201 [+4°42.4 ~8°50.4 44°48.5 68°50.2 6.1 
2.8 crossing YORe 

, 

. 

I 



Cl4EGA VERSUS LORAN AND VOR/DME
Sequence J19 

FLT II 1011 n1 0.6< 

() 
I 
N 

'" 

Time 

Omega Position LORAN 

Data 

LORAN Position VOR/rtm Position Radial 
Error 

N.Miles 
COIlIlIent 

Takeoff. Field coordinates 
JFK 

Nantucket. "A" Fix. 
No signal on c~imbout 

Latitud 
(BRG) 

Longitude 
(RNG) 

Latitude Longitude Latitude 
(BRG) 

Longitude 
(RNG) 

1320 ~40038.5 W073° 47.8 40°37.8 73°46.3 1.3 

1350 41016.~ 70°01. 6 -. 

1406 43°56,0 60 01. 0 -­
Sable Island. "A" Fix. 
North Dakota off at 1400 

Santiago. Landfall. Only 
receiving Norway now.1856 43°06.0 08°34.9 42°55.6 08°25.6 12.5 

1937 ,+0°37.3 03°47.5 40°28.0 03°34.0 13.8 Madrid. Touchdown 
, 

I 

\ 

-. 



Time 

Sequence #8 

FLT IJ WOil2 

OMEGA VERSUS LOIIAN AND VOR/DME 

POSit:~~RAN--~O~ p05i~:;~-- -~~~:/~.ffi---;O;itionI Omega 

LatitudE Longitude Ditta Latitude Longitude Latitude Longitude 
(PoRe) (RNG) (BRG) (RNG) 

Radial 
Error 

N.Miles 
COUIDent 

. 

1436 N46013.7'E006° 06.1 946° 13. EOO6° 06.2 0.1 Takeoff. 
Geneva. 

Field Coordinates. 

1617 -- MontdicHer. "A" Fix 
Norway and Trinidad only. 

1651 -­ Lichfield. "A" Fix. 

1658 -- Wallassey. "A" Fix 

-­
1707 54 03.3 W004° 41.0 54 04.0 W004° 46.0 2.4 Isle of Man on top. 

1713 

2123 53 37.0 57 02.6 53 44.0 56 58.0 7.5 

Belfast. "A" Fix 
Norway ,and TrinlcIM only. 

CArtwright. "B" Fix 
Receiv1q Mew York 

2219 49 50.3 64 22.7 49 50.0 64 17.0 3.7 Port Menler on top. 
Three s~tiona coming in. 

2259 46 44.9 68 02.7 46 46.4 6805.8 2.6 Presque Isle on top. 

2336 

2358 

43 

42 

25.2 

26. 

70 36 •.3 

7048.7 

43 

42 

25.5 

21.5 

70 36.8 

71 00.0 

0.4 

9.9 

KennebuDk on top. 
b:naide Mew York limit.Norway faded. 

Touchdown. Field coordinates. 
Boston. TrlnlcIM only. 

(")

\..>•
o 



; 

Sequence 417 
CI1EGA VERSUS LORAN AND VOR/DHE 

r-LT /I WOI09C-

n 
I 

W 
..... 

I Omega Position LORAN LORAN Position VOR/rtm Position Radial 

Data Error COIm1entTime Latitud"E Longitude Latitude Longitude Latitude Longitude 
(BRG) (RNG) (BRG) (100) N.Miles 

, Takeoff. Field Coordinates. 
1221 ~52° 18.!) EOO4o 48.7 N52° 18. EOO4o 46.0. 1.7 Alllsterdam Schiphol 

WallasBey 100 miles. 
1255 (270) (97.9) (269) (100.0 2.1 Norway and Trinidad only. 

, 
Wallassey on top. 

1309 53 26.6 W003° 19.1 53 24.0 W003008.0 7.1 Very little Trinidad. 

1323 53 24.9 0608.1 53 30.0 06 18.0 7.8 Dublin on top. 

l6.C 
!i=agle. "A" Pix 

1342 54 10 03.0 -­ Strong Norway. weak Trini~ad 

I 

1554 57 09. 40 04.9 lL2 7110 
40 15.0 9.5 Only Norway and Trinidad. 

I~~ !.~~ 
57 17.0 

LORAN 

1717 54 05. j 58 18.5 53 44.0 5658.0 52.3 Cartwright on top. 
Still only Norway aad Trinidad. 

1809 49 SO.: 64 23.2 Port-Menier. "A" Fix-­ Getting New York now.Norway faded. 

48.~ 68 05.3 
Presque Isle on top.

1&43 46 46 46.4 68 OS. 7 2.0 Trinidad and New York only. 

Kennebunk 100 miles. Inside 
1902 (225) (98.6) (233) (100.0) 1.4 New York 11mit. Trinidad only. 

74 S9.~ 40 37.0 7346.3 58.2 Touchdown. Field Coordinatea •.
2009 40 21 •• Kennedy. 



Sequence it6 C»'.EGA VERSUS LO\?AN AND VOR!DHE 

FLT 1M0109A 

C"l 
I...., 

N 

Time 

0140 

021S 

I 
Omega 

Latitud 
(llRG) 

~o 48.5 

Position 

Longitude 
(RNe) 

W068° 50.2 

LORAN 

Data 

LORAN 

Latitude 

Position 

Longitude 

VOR!~ 

Latitude 
(BRG) 

Position 

Longitude 
(RNe) 

RaJial 
Error 

N.Niles 

-­

-­

Comment 

Takeoff. 

Bangor 

Halifax. "A" Fix. 
New York Incoherent 

0222 (114.0) (112.0) 2.0 Sydney 112 miles. 

0244 -­ Sydney "A" Fix. Good ("oher.ftcy 
on Norway, Trinidad and New York 

0315 

0641 

r>7 29.2 

51 49.3 

52 

Ob 

50.7 

26.2 

47 

51 

28.1 

50.4 

52 

08 

51. 2 

29.6 

1.2 

2.4 

Sainl John on top 
Good 3 atat10ns. No 84"'aU.. 
COrk on top. 
St111 gettiat Norway, Trinidad 
avclJlttw YOrk, 

0713 50 51.7 01 42.2 50 5~.E 01 44.7 2.5 Ibs1ey on top. 

51 07.3 E001° 25.5 51 10.( ~OOl° 21.0 3.9 Dover on top. 

0734 51 01.0 02 44.1 51 05.( 02 42.0 4.2 Wulpen on top. 

0748 50 33.3 05 44.5 50 35.( 05 43.0 1.9 0100 on 
CHIl 

top. 
111_ V"rk 

0826 50 00.1 08 34.2 SO 00.2 08 34.0 1.9 Touchdown. 

PraaJtfurt. 

Field coordinate. 



i 

<H:GA VERSUS LORAN AND voR/DMESequence #5
 
FLf I W0107C
 

("l 
I 

...,""

Omega Position. LORAN LORAN Position VOR/il'IE Position Radial 

Data Error ConaentTime Latitud Longitude Latitude Longitude Latitude Longitude 
(BRG) (RNe) (BRG) (RNe) N.Kiles 

Takeoff. Pield Coordinates 
1842 N500 02. E008° 34 •• N500 02. E008034.0 0.5 Prankfurt 

lwOO1043.0 
Newcastle on top.

1956 55 12.e W001° 21.0 55 Ol.t! 12.0 Norway and Trinidad only. 

2009 55 42. 04 21.0 -- Glasgow. "A" Fix 

1L6 153~ 

2049 57 36.0 12 36.0 1L7 380~ 57 32.0 12 45.0 7.1 LORAH 

1L6 174Cl 57 57.0 14 40.0 5.3 LORAH2057 57 57.0 14 30.0 1L7 340Cl 

2113 58 38.0 18 10.0 lL6 203C 
1L7 2600 58 40.0 18 12.0 2.3 LORAH 

1L4 490< , 
2130 59 07.0 22 50.0 

LL5 25U 59 10.0 22 10.0 20.8 LORAN 
116 188( 

2145 59 35.0 27 10.0 lL4 430< 
20.C1L5 270( 59 26 45.0 19.7 LORAH 

2205 59 56.0 31 46.1) lL4 330( 
lL5 309( 59 40.0 32 40.0 31.6 LOIAN 

53 21.0 
~L2 445C aeceiv1ng New York. Still have 

2326 56 48.0 
ll'll!l~ 56 55.<: I~~~:y aDd Trin1ded.53 20.0 7 0 

66 45.5 
Vabush on top

. 0039 52 58.5 52 55.0 66 52.0 5.3 1Ilorway fadeJ. Trinidad and If.Y. 
0Il1y. 

0119 (259) (50.0) (274) (50.0) 0 Chibougam&u 50 mile. 

49 57.0 74 19.0 5.7 Chiboy,amau on i~0128 49 52.3 74 24.0 N.Y. mit. Tr n aad only 



Time 

Sequence #5 

FLT ~0107C (continued) 

i Onlega Position 

Latitud Longitude 
(BRG) (ROO) 

0151 48 09. 77 39.4 

C»mGA VERSUS LORAN AND VOR!DHE 

LO~ 
Data LatitudelLongitude 

I--;:~RAN Position VOR!DHE Position 

LatitudeILongitude 
(BBG) (RNG) 

148 03.417747.6 

Radial
 
Error
 

N.Kiles
 

8.5 

COUIl\ent 

Val-Dar on top
 

Some Hawaii in now.
 

0301 42 34.9 83 03~5 42 13.0 I 83 21.0 25.4 Touchdown. Field Coordinate•• 
Detroit. Trinidad and Hawaii only. 

() 
I 

\,oJ 
.j>­

- I I I I I I I I I 

I , I I I I I ! I 



Sequence 14 ctmGA VERSUS LORAN AND voR/1H 

FLf # W0107A 

o 
I ....., 
VI 

I Omega Position LORAN LORAN Poaition voR/1Hl Position Wid 

Data Error CoamentTime Latitud Longitude Latitude Longitude Latitude Longitude 
(BRG) (RNG) (BRG) (100) K.Hlles 

0611 ~9° 59.( W074° 38.2 ~Oo 00.6 W074035.8 2.5 Takeoff, Field Coordillat.. 
HcGuire AFB 

Nantucket 100 mlles 
0632 (084) (106.1) (088) (100.0) 6.1 System Ambiguous 

0643 41 16.9 70 01.6 -- lllantuckat. "A" Pix 

lfcltuckat 100 miles revers•• 
0652 (268) (98.0) (270) (l00.0) 2.0 System looks good. 

-
0701 (271) (189.0) (265) (191.0) 2.0 lfcltucket 191 aU.. rayor.. 

I 

0729 43 53.7 59 59.3 43 55.9 60 o&~1 2.5 Sabla Ialead OD top .. 

lL2 3540 
3!S.C0845 47 29.7 42 40.8 1L3 3320 47 42 55.0 12.7 LOMB 

1145 48 00.2 or. 10.3 48 01.0 or. 13.8 2.0 Quialper oil top
llift-av &IIId anlv . 

1156 48 35.3 02 05.3 48 35.0 02OS. 0 0.3 Diaard on top 

1209 (098) (100.3) (097) (100.0) 0.3 Bray Suraeina 100 ai1a. 

1221 48 23.3 1003° 16.7 48 24.0 1003°18.0 1.1 Bray Sura_iIla on top. 

1236 47 110. j 06 18.2 47 41.0 06 18.0 0.3 Luxuell OD top 

12S5 47 28.' 08 30.8. 47 28.0 08 33.0 1.7 ~f~ovn, Pia1e1 Coordinata. 



--

ClfEGA VERSUS LORAN AND voR/DHESequence #3 

FLT Ii WOI06B 

()
 
I
 

0' "" 

I
 

Omega Position Radial 
Error 

LORAN LORAN Position VOR/IJotE Position 

Data CoawnentTime Latitude Longitude Latitude Longitude Latitude Longitude N.Miles(BRG) (RNG) (BRG) lRNG)-
Takeoff. Field Coordinates. 
Frankfurt 

1458
 ~50o 02.C EOOSo34.0 0.7~50o 02.( E008° 35.1 

52 32.C 04 S1. 0 Spijkerboor on top. 
Norway and Trinidad only. 

12.152 41­ 04 38.71536
 

35.4 Isle of Man on toP.54· 26. 54 04.< WOO4046.0W005° 33.11625
 

Belfast. "A" fix.05 57.054 31..3
1631
 

Hopedale on top 
Norway, Trinidad and New.York 

9.355 27.
 60 13.260 28.02034
 55 316
 

Lake Eon on top.3.451 513
 63 16. S 63 21.22109
 51 53.
 

Sept lIes on top.3.350 13.9 66 16.566 21.32130
 50 128
 

2.1 Mont Jo11 on top
 
Trinidad and New York only.
 

48 31.6 68 22.348 29.6 68 23.42149
 

Sherbrooke on top.
 
Inside New York. Trinidad only.
 

19.845 19.1 7147.472, 13.72225
 45 12.1 

Touchdown. Field Coordinates 
McGuire AlB 

40 00.6 74 3S. 8
 33.22339
 75 17.640 09.1 



----

<»4EGA VERSUS LORAN AND wR/DHESequeace 12
 
vLT f,lWOl06A
 

C) 
I 

W ..... 

, -
Omega Position LORAN LORAN Position VOR/mfE Position Radial 

Data Error COIIDentTime LatitudE Longitude Latitude Longitude Latitude Longitude N.Miles(ilRG) (ROO) (BRG) (00) 

0508 N400 00. W074° 36.0 N400 00. W074° 35.ti 0.3 Takeoff. Field coordinate•• 
McGuire APB. . 

0530 40 53.8 72 22.3 40 55.1 72 19.0 2.8 Hampton on top. 

0542 41 43.3 70 15.6 41 42.7 70 13.0 2.0 Hyannis on top. 

-
0605 43 50.5 66 11.2 43 49.5 66 05.0 4.6 Yarmouth on top. 

-
0626 (084) (99.9) (077) (100.0) 0.1 Sydney 100 mil~s. 

-
0632 (086) (50.6) (070) (50.0) 0.6 Sydney 50 mile•• 

. 
0638 46 10.7 60 21.6 46 09.2 60 03.4 l.9 Sydney on top. 

0653 47 31.0 57 27.1 47 30.7 57 24.6 1.7 ~ea on" top • 
. 

IJ.L2 3208 
0747 49 16.2 45 21. 7 1L3 3190 49 03.C 45 33.0 15.2 LOIAN 

L4 2320 

1018 (092) (lOL.1) (092) (100.0) 1.1 Cork 100 miles 
NO.......v only 

1030 51 47. /j 0<., 22.9 51 50.4 08 29.6 4.9 Cork on top. 
Late Hack. Srror closer to 2.0. 

1135 50 32.~ E005OO8.6 50 35.0 EOOSDt.3.0 22.0 01no on top. 

1145 (083) (45.7) (092) (47.0) 1.3 Frankfurt 47 miles. 



-

Sequence 1;2 

fl.T !~ WOI06A(continued) 

<:MEGA VERSUS LORAN MD VOR!DHE 

Tima 

L~e-g-a---p-,:-_s~~on_'--_-r-~O-RAN---r ·.}~O;0~~-P-o~it:~-· \-'O-R-!-~I;' Position 

I aLitudtOI~~ tude Qata~atl "'\de/ Longitude LaLitUde!Longittide 
(BRG) or,c:) It (BRG) , (RNG)-­ .... _. r- -_. i - =-­ - - -- -. -' --::.::... .~ 

115, ',9 53.11 ):' -,,' <:> ISO 02.0108 34.0 

I I I I I I I 

COImient 

Radial 
ErrorIN M" Ie I 

, • 1. S" =========..:::.= 
9.5 Frankfurt. Field Coordi"ates. 

I I 

() 
I..., 

co 



---

.\ 

~GA VERSUS LOP.AN AND VOR/DHESequence #1 
nT IfW 0105 

n 
I
 
V
 
\D 

Time 

! 
Omega 

Latitude 
(!l~) 

Position 

Longitude 
(RNG) 

LORAN 

Data 

LORA.to; 

Latitude 

Position 

Longitude 

VOR/IJm 

Latitude 
(BRG) 

Position 

Longitude 
(100) 

Radial 
Error 

N.Miles 
COImIent 

0810 N40001.0 W074° 34.7 N40000.6 W074035.8 0.9 Takeoff. Field Coordinates 
McGuire APB 

0824 (062) (52.0) K061) (50.0) 2.0 Hampton 50 ~iles. 

0836 (072) (52.1) 
I 

K062) (50.0) 2.1 Hyannis 50 miles. 

01142 41 42.6 70 12.tl ~l 42.7 70 13.0 0.2 Hyannis on top. 

0923 (085) (100.7) (081) (100.0) 0.7 Sydney 100 mil... 

0934 46 08. 60 03.6 .6 09.2 60 03.4 0.7 Sydney on top. 

-
1004 

1030 

1056 

4/ 

49 

51 

31. 

34.l 

11. 

52 

47 

42 

42.3 

53.9 

30.8 

1L2 2800 

lLJ 3080 

lL24400 

lLJ 2627 

49 

51 

53.0 

45.0 

48 

43 

05.0 

25.0 

f+7 29".1 52 51.2 6.6 

20.0 

47.6 

Memory check sum failure 
Saint John on top. 

LOIAN 

!DIAN 

1322 

1334 

(103) 

51 42. 

(92.8) 

08 22.3 

(105) 

51 50.4 

(100.0) 

08 29.6 

7.2 

8.9 

Cork 100 mil•• 
Norway and Trinidad only. 

Cork on top. 

1405 50 43. 01 24.1 50 53.6 01 44.7 16.6 Ibsley on top. 

1419 51 00. £0010 34.6 51 10.0 Eoolo 21.0 12.7 Dover on top. 



------

Sequence In OMEGA VERSUS LORAN AND VOR/DME 

FLT II WOW: (contLmed) 
. -------_._.. -; _._..._------ . --_....__._-,_._--•. ,- ...".~-. 

~- -- .--~. ------_ ....- "-,.. - __--0__' -

Omega Position Radial 
Error 

LORAN LORAN Position positionVOR/me 

Data CommentTime LatitudE Longitude Latitude Longitude Latitude Longitude N.Miles(BRG) (RNG) (BRG) eRNG)_.. 
'--'.~. -

1452 (052) Frankfurt 30 miles.(23.2) b.8(073) (30.0) 

o 02.009 01.11506 ,.9 46.3 08 34·9 Frankfurt, Field Coordinates.23.6 

,() 
I 

J'­
o 



APPENDIX D
 

This appendix is the Operational Manual used by system operators during 

the test program. 

OPERATIONAL 

INSTRUCTIONS 

OMEGA
 

NAVIGATION
 

SET
 

WORLD/FAA
 
DC-8
 

~hrop Corporation Electronics Divielon NDRIMRDP 
1301 West 120th Street Hawthorne. California 90250 
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1.0 GENERAL OMEGA SYSTEM DESCRIPTION 

OMEGA is a radio navigation system which uses eig11t broadcasting trans­
mitters spotted over the globe. Figure 1.1 shows four of the stations 
presently in operation as well as the locations of the other four. Since 
the system is designed to use all eigbt broadcasting stations, this de­
scription will assume that all eight are built and operating. Figure 1.2 
shows the current status of the stations. 

Each of the eight stations transmits a sequence of three CW pulses, here­
after n'ferred to as "bursts". The first burst will J:>e on 10.2 kHz, the 
second r~ 13.6 kHz and the third on 11-1/3 kHz. The duration of each burst 
is about one second; specifically the total span of a burst varies between 
0.9 and 1.2 seconds with a non-transmission time between bursts of 0.2 
second. After the third burst the station will not transmit for about 
6-1/2 se:onds. This OMEGA transmission pattern repeats every 10 seconds. 

Figure 1.3 shows the specific synchronization relationships between stations. 
The eight stations are represented as letters A through H on the left of the 
transmission pattern and pulse length is represented in seconds across the 
top. The separation line between bursts represents the 0.2 second period 
of non-transmission. Notice that at any point in time (except during the 
0.2 second off-time) there are three bursts being transmitted, one from 
each of three stations, one on each of the three frequencies. To receive 
the simultaneous bursts on each of the three frequencies, the Airborne 
OMEGA system uses not one, but three receivers, each tuned to one of the 
OMEGA frequencies. 

Thus thp~e are eight stations and three frequencies; 24 bursts in each 
10-secopd period. How are the frequencies and bursts related? First,each 
OMEGA transmitting station uses an atomic clock to generate all three fre­
quencies. Each frequency is time-synchronized, which here means that for 
each station and each frequency the representative sinusoid will rise from 
zero at universal time-zero. This not only synchronizes the eight trans­
mitters to time but to each other as well. 

Second, the CW burst pattern must he fixed in time. This is done by the 
logic gates that permit a frequency to reach the antenna and become a trans­
mitter burst. Once the opening gate for any burst from any station is fixed 
in time then the entire pattern is fixed and predictable at every moment. 
The gat from Station A, Norway, on 10.2 kHz begins at universal time-zero. 

Each receiver uses a reference oscillator to measure the difference in phase 
between itself and the incoming CW bursts. This oscillator is not as precise 
as the atomic clock of the transmitting stations, and thus may drift a bit. 
Also, when the OMEGA receiver is turned on the oscillator zero time is un­
known. However, the fact that the receiver oscillator is not time-synchronized 
to universal time zero is unimportant, for either the measurements from two 
station can be differenced, thus subtracting out the arbitrary oscillator 

1-1
 



zero tine, or the error in receiver oscillator zero time can be calculated, 
its drif~ measured and tracked, thereby permitting single station phase 
measurements. 

Position fixing by the first method, using two-station, difference measure­
ments, is referred to as hyperbolic navigation; position fixing by the second, 
which uses the phase measurements from each station, is called circular or 
rho-rho navigation. The Northrop Airborne OMEGA system uses rho-rho navi­
gation once the error in oscillator start tirr.e has been calibrated. 

1-2
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OMEGA TRANSMITTER LOCATIONS
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PARTIAL POWER 

FUTURE/UPGRADED TRANSMITTER LOCATIONS 

CURRENTLY TRANSMITTING 

'*: FULL POWER 

o FULL POWER DATE 

73-649B 

FIGURE 1.1
 



--
FUll POWER COMMENTSSTATION STATUS DATE 

-A - NOR\\/AY 
66"25.31 N 12-73
 
13°09.21 E
 

MOVES TO LI BER IA 3-75
 

OFF· FOR UPGRAD ING 

SEM I-OPERAT IONAl 
10°42.11 N 
B-TRINIDAD 

06°18.2' N1 KW OUTPUT POWER 
61"38.31 W 10°39.71 W 
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2.0 AN/ARN-99 EQUIPMENT 

The OMEGA Navigation Set consists of the followidg three units. 

RECEIVER/COMPU~ER 

CONTROL/INDICATOR PANEL 
NOLA II LOOP ANTENNA• 

Input power and rate-aid information are supplied by the aircraft as shown 
in the simplified block diagram. 

AIRCRAFT OMEGA SET 

True Air Speed I 

Magnetic Compass I 
I 

RECEIVER/ 
COMPUTER NOLA II 

26 Volt Excitation I 
I 

ANTENNA 
I 
I 
I 
I 

28V D.C. I 

115V A.C. 
I , CONTROL/ 

INDICATOR 
I PANEL 
I 

All control of the system, including Input and Output. i8 achieved through 
the Control/Indicator Panel. The panel layout is shown in Figure 2.1. 
The remainder of this document will describe the C/I panel and operation 
of the set. 
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3.0 ceNTROL/INDICATOR PANEL DESCRIPTION 

3.1 MODE 

11le M)DE switch is a 3-position, "Pull to Turn," rotary switch which con­
trols pnwer input to the system. In the STBY (Standby) position only 
28 volt D.C. power is applied to the heater circuit of the reference 
oscilla~or. 11le heater circuit temperature stabilizes the oscillator to 
ensure ;:n accurate frequency reference. In the ON position 115 volt A.C. 
power i~ applied to the Receiver/Computer and the C/I Panel. The computer 
begins its initia lization process at this time. 

3.2 MALF 

11le only malfunction inuicator used on the C/I Panel is the SYSTEM indi­
cator. 11lis is a red indicator and it will be on any time a system failure 
has bel' '1 detected by the Self-Test routine. Once set the SYSTEM indicator 
will r~r~in on until power is cycled or the PANEL TEST switch is actuated 
(See P~~EL TEST). A fault isolation routine Jenoting the type of failure 
exists in the program (See Page 4-14 for the procedure). 

Two additional malfunction indicators are located on the front of the 
Receiver/Computer. The first is the BITE (Built-In-Test-Equipment) indi­
cator which will be set to a red state in parallel with the SYSTEM indicator 
when Self-Test detects a failure. The BITE indicator can only be reset 
manual'.y. The second indicator is POWER MALF, a red bulb which will be 
on wh~' the computer power supply fails. 

3.3 S":'ATUS 

3.3.1 SYNC 

This indicator comes on after initialization. It means that the system is 
in the process of synchronization to the OMEGA signal pattern. Under 
normal signal conditions this process will be completeu in less than 2 
minuter- whereupon the indicator will go off. It will remain off until 
power ~ cycled or a failure of the oscillator is detected. 

3.3.2 Q AMB 

This is the OMEGA Ambiguity indicator and it will be on whenever more than 
one estimate of position exists in the system. Its normal implication is 
that signal reception is insufficient to completely resolve position. It 
also may be on initially. if the system has'more than one estimate of 
oscillator starting time. 



3.3.3 JOS UNC 

This is the Position Uncertainty indicator and it will be on whenever 
posHipn variance is greater than 4 miles. The system operates in the 
Difference Frequency mode during this time. The inJicator also is on 
ioitia ... ly unt i1 the osc illator is calibrated. 

" 3.3.4 10 MILE 

This indicator has no function in the present program and will remain 
off. 

3.4 P/\NEL TEST 

Actuat~on of this switch causes a signal to be sent to the computer. The 
computr:r executes a routine whereby all indicators and switches are illu­
minated for 2 seconds. The routine then commands the legend displays to 
cycle through each of their alpha characters. The panel is then returned 
to its quiescent state. 

A secondary function of this switch is to reset the SYSTEM malfunction 
indicator. If. Bt the completion of the Panel Test routine. the indi­
cator remains off the detected failure is of a one-time or an intermittent 
nature. The indicator will remain off until Self-Test has detected another 
failur~. If the indicator remains on the failure is of a hard type. 

3.5 LEGEND AND SEGMENT DISPLAYS 

The two Legend displays contain alpha characters and are used in conjunc­
tion with the numeric characters of the Segment displays to define data 
outputs. 

3.6 DIM 

This is a potentiometer used to vary light intensity on the C/I Panel. 

3.7- SWITCH/INDICATORS 

The remainder of the CII Panel is composed of switch/indicators, most of 
which are multi-function types and are completely under program control. 
In all input or output procedures the program illuminates all valid 
switches in sequence. Actuation of any invalid or dark switch will result 
in the panel being cleared and returned tc? its "quiescent" state. The 
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quiescent state of the panel is defined as the Legend and Segment displays 
blanked out and the NORMAL, DISPLAY, CLEAR and INSERT sWitch/indicators on. 
The STATUS and MALF indicators will remain in their previous state. In 
effect, actuation of an invalid switch will be identical to actuation of 
the CLEAR switch, which is described below. 

3.7.1 HOLD/NORMAL 

This i~ a 2 position switch that controls certain output Jisplays. In 
the NOiMAL position the displays are updated at their usual rate. In the• 
HOLD pcsition these displays are frozen or held until the switch is re­
turned to NORMAL. The HOLD function is used for data taking purposes at 
points of interest (on-top marks, terminal position, etc.). 

3.7.2 DISPLAY 

This switch initiates all output data displays to the panel. Actuation 
of this switch results in all valid lower keyboard indicators being il­
luminated. The specific display is selected at this point. (See Outputs 
for inoividual procedures) 

3.7.3 CLEAR 

This switch is used to clear out erroneously entered data from the Legend 
and Segment displays during data input procedures. Actuation of this 
switch will return the panel to its quiescent state. 

3.7.4 ENT-T/ENT-P 

This switch is used only as an indicator and has no switching function. 
The ENT-T portion comes on after power on requesting a Date/Time input. 
Once [3te/Time have been entered the indicator will remain off until the 
next ~ower cycle. The ENT-P portion comes on after completion of the 
Date/~ Lme input requesting Present Position input. After Present Position 
has been entered the ENT-P indicator goes off. 

3.7.5 ACCEPT/INSERT 

This switch/indicator is used to input all data to the system. The INSERT 
portion initiates all input functions. Actuation of INSERT results in all 
valid lower keyboard indicators being illuminated. At completion of the 
input procedure the ACCEPT portion of the switch/indicator will come on. 
Actuation of ACCEPT results in the input data being accepted by the 
comput0.r. 
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3.7.6 Lower Keyboard 

The Lower Keyboard is comprised of 15 switch/indicators. These are used 
for numeric input, mode/station selection and output display selection. 
Their operation, with the exception of MEMORY, will be described in the 
Input/Output procedures. The MEMORY indicator is used to display computer 
memory locations for checkout purposes. In the present program the nop 
and FLT-RTE indicat9rs have no function. 
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4.0 SYSTEM OPERATION 

4.1 POWER ON/INITIALIZATION 

Power to the system is applied by setting the MODE switch to the STBY 
position whereby 28V D.~. power is applied to the heater circuit. Approx­
imately 3 to 5 minutes are required for temperature stabilization from a 
cold start. Setting the switch to the ON position applies 115V A.C. power 
to the rest of the system which starts the initialization process. 

The computer automatically begins a system self-test routine whereby the 
Computer, Input/Output, and Receiver portions of the system are tested. 
This routine takes about 6 seconds. Successful completion of self test 
is indicated by the MALF SYSTEM indicator remaining off. The SYNC indicator 
comes on at this time and the panel is set to its quiescent state with the 
ENT-T indicator also on. This initialization process will occur every time 
power is cycled, with a ground to airborne (or vice versa) power transfer 
being most common occurrence. 

4.2 INPUT FUNCTIONS 

4.2.1 Date and Time (D-GMT) 

The system requires an initial Julian Date and LUlu Time input for OMEGA 
signal propagation prediction purposes. The time input itself does not 
necessarily have to be accurate (within a few minutes of actual time). How­
ever, if accurate ETA and Time output displays are desired the actual time 
should be inserted. Date/Time is a one-time input and is only valid after 
initialization, i.e., ENT-T indicator is on. 

There are 2 options available for Date/Time insert. The first is so-called 
Old Time which is defined as the last date and time stored in computer 
memory at the previous power off condition. If power to the system has 
been off only a short time, such as in a power transfer or power dropout 
condition, Old Time would still be accurate and valid as an input. Input 
procedure is as follows. 

Switch Indications 

1) INSeRT All Valid Input Functions. 

2) D-GMT Old Time Displayed in Segments; 
0, 1, 2, •.. 9; ACCEPT. 

3) ACCEPT Time Display; D-GMT; 
ENT-P On. 

ENT-T Off; 
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The second option is New Time which would be inserted after a "cold start" 
condition when the computer has been off for a long period 'and Old Time is 
inaccurate. Procedure is as follows. 

Switch Indications 

1) INSERT All Valid Input Functions. 

2) D-GMr Old Time Displayed in Segments; 
0, I, 2, ••• 9; ACCEPT. 

3) XX XX 
(YR) (MO) 

XX XX 
(RR) (MIN) 

xx 
(DATE) 

XX 
(SEC) 

12 Digits Representing Julian 
Date And Zulu Time; 
ACCEPT 

4) ACCEPT Time Display; D-GMT; 
ENT-P On. 

ENT-T Off; 

4.2.2	 Present Position (POS) 

After Date/Time has been entered the ENT-P indicator comes on requesting 
present position input. In addition to latitude and longitude a quality 
of the known position accuracy is required. There are 3 types of quality 
inputs. These are defined as: 

'A' Quality - Known position accuracy of 0.5 miles 

'B' Quality - Known position accuracy of 5.0 miles 

Ie' Quality - Known position accuracy of 36.0 miles 

NOTE:	 Three frequencies from three stations are needed to resolve a lC' 
quality input. If Norway, which presently only transmits two fre­
quencies, is the third station a lC l quality cannot be resolved. 

Position stored in memory at previous power off is displayed at the begin­
ning of the input routine and is available for use if the position is still 
accurate. The program automatically assigns a lB' quality to this input. 
Procedure is as follows. 

Switch	 Indications 

1) INSERT	 All Valid Input Functions 

2) POS	 Previous Position Displayed; N; S; 
ACCEPT 

3) ACCEPT	 Position Displayed; POSt ENT-P Off 
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In most cases, a new position will be entered for present position input. 
Procedure is as follows: 

Switch Indications 

1) INSERT All Valid Input Functions. 

2) POS Previous 
ACCEPT. 

Positi~n Displayed; N; S; 

3) N(S) N(S) In Legend Display; 0, 1, 2, •.• 9. 

4) XXoXX.X Latitude In Segment Display; E; W. 

5) E(W) E(W) In Legend Display; 0, 1, 2, 9. 

6) XXXoXX.X Longitude In Segment Display; A; B; C. 
(Leading Zero Needed 
If Longitude Less 
Than 100°) 

7) A (B, C) A (B, C); ACCEPT. 

8) ACCEPT Position Displayed; POS; ENT-P Off. 
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4.2.3 Rate Aid Modes (STATUS) 

In the present installation there is one speed ahd one heading input to the 
system. These are True Air Speed and Magnetic Compass, both received as 
synchro inputs. The system uses TAS as a gross tracking filter rate aid 
and Dead Reckon source. The Mag Compass is used as a navigational input 
and as an antenna lobe select source. 

There are three possible modes of operation in this installation. These are: 

TAS Mode 

The system uses both the TAS and Mag Compass inputs as rate aids. In 
the present application the TAS mode is the normal flight mode. The 
TAS mode is usually activated at the start of takeoff roll (See 
Checklist). The system begins to use TAS when the synchro input 
represents 205 knots or higher. Any value below 205 knots will be 
read in as 150 knots. The 150 knot value is used to rate aid the 
system in takeoff and landing situations. The Mag Compass is always 
read in. 

MAG Mode 

The system uses Mag Compass input and a manually inserted speed as 
rate aids. The MAG mode is used as the normal ground mode up until 
start of takeoff roll. The MAG mode is automatically selected by 
the program when a New Time is entered. Also, the manually inserted 
speed is forced to zero knots at this time regardless of which mode 
or manual speed was in force at last power off. The MAG mode also 
can be used as a backup in event of a TAS failure. 

MAN Mode 

The system uses both a manually inserted heading and speed as rate 
aids. The MAN mode will have use as a backup in event of both a 
TAS and Mag Compass failure or in event of a system AID failure. 

Mode Selection procedure is as follows. 

Switch Indications 

1) INSERT 

2) STATUS 

3) TAS (MAG, MAN) 
Desired Mode 

All Valid Input Functions 

n; TAS; MAG; MAN. 

Desired Mode; All Others Off; 
ACCEPT. 

4) ACCEPT Desired Mode. 
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4.2.4 OMEGA Station Selection (STATUS) 

Any of the avai 1ab1e stat ions maybe "disallowed'.' or "blocked out" from 
USe by the system. Signals from a "disallowed" station will not be used 
for either synchronization or navigational purposes. Procedure is as 
follows. 

Switch Indicatior.s 

1) 

2) 

INSERT 

STATUS 

All Valid Input Functions. 

n; TAS; MAG; MAN. 

3) 

4) 

n 
A (B. C. D) 
Dis~llowed Station 

A' B' C; D; ACCEPT.• • 
Remaining Stations On; ACCEPT 

5) ACC:-;PT Allowed Stations. 

To enable a previously disallowed station(s) the procedure is the inverse. 
That is. the station(s) to be enabled is left on before actuating ACCEPT. 

4.2.5 Fixpoint Update (POS) 

This input is used. if necessary. to update system position anytime after 
initial Present Position has been inserted. Its usual application is to 
update 1r fix position at an on-top mark over a visual or radio checkpoint. 
The prccedure is identical to Present Position insert with the exceptions 
that the ENT-P indicator is off and the old position is not displayed at 
the start of the routine. The A. B or C quality of known position accuracy 
applies as in Present Position insert. The procedure is not repeated. 

4.2.6 Destination Position Or Waypoint CD-POS) 

A total of 10 Destination Positions or Waypoints can be entered into the 
system ~or flight route or any other purpose. These positions provide end 
points for the output displays of Bearing and Range. Estimated Time Enroute, 
Estimated Time of Arrival. Course and Cross Track Error. Procedure is as 
follows. 
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Swit::h Indications 

1) INSERT All Valid Input Ftmctions.
 

2) D-POS 0, 1, 2, ·.. 9.
 

3) X (DP NO.) N', s.
 
-


4) N (S) 0, 1, 2, ·.. 9.
 

5) XXoXX.X Latitude Displayed; E; W.
 

6) E (\.,1) 0, 1, 2, ·.. 9.
 

7) XXX"XX.X Longitude Displayed; ACCEPT.
 

8) ACCEPT Position Displayed; D-POS;
 
X (DP NO.). 

4.2.7 Manual Speed And Heading (MAN-VEL) 

An estimated speed and true heading can be inserted as back-up rate aids. 
The values inserted are only used when the system is in the MAG or MAN 
modes. Procedure is as follows. 

Swit~h Indications 

I) INSZRT All Valid Input Functions.
 

2) MAN-VEL 0, 1, 2, ·.. 9.
 

3) XXXO True Heading Displayed; 0, 1, 2, ... 9.
 

4) XXX Estimated Speed Displayed; ACCEPT.
 

5) ACCEPT Heading And Speed; MAN-VEL.
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4.3 NPVIGATIONAL OUTPUT FUNCTIONS 

The following are descriptions and display procedures for navigational 
outputs available in the present program. All outputs are initiated by 
actuation of the DISPLAY switch. This action results in all valid output 
functio'ls, represented on the lower keyboard, coming on. The switch 
representing the desired output is then actuated. The first step, actu­
ation of the DISPLAY switch, will not be repeated in the procedures. 

4.3.1 Aircraft Position (POS) 

The sy~tem-derived present position of the aircraft is displayed in lati ­
tude and longitude. 

Switch Indications 

1) POS N(S) E(W)
 
XXoXX.X XXXoXX.X
 

(Lat) (Long)
 

4.3.2 Track Angle and Groundspeed (TK-GS) 

The track angle is displayed relative to True North. Groundspeed is dis­
played in knots along track. 

Switch Ind ica t ions 

1) TK-GS XXX° xxx
 
(Angle) (Knots)
 

4.3.3 Wind Direction and Speed (WIND) 

The wind direction is displayed in True angle in the direction from which 
it is blowing. Speed is displayed in knots. The computation is based on 
the difference between System Track/Groundspeed and True Air Speed/System 
True Heading. 

Switch Indications 

1) WIND xxx° xxx
 
(Angle) (Knots)
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4.3.4 Date and Time (D-GMr) 

This (:'.splay is an updated readback of the initially inserted Julian Date 
and Zl ',I Time, and its accuracy is the same as the input accuracy. 

Switch Indications 

1)	 D-GMT xx XX XX XX XX XX 
(Yr) (Mo) (Date) (Hr) (Min) (Sec) 

4.3.5 Omega Line of Position (LOP) 

The 1i~es of position for two station pairs are displayed in Lane Count 
and p" '::ent of lane on any of the three frequencies. '1l1is display has 
11 tt::'f' .1aviga tiona 1 va 1ue wi thout an OMEGA chart of the area. 

Switch	 Indications 

, 
...	 LOP A,BjC,D,E,F,G,H • 

xx (Pair :lil)
 
XX (Pair In) 4.5.6
 

xx	 xx 
3)	 x (4,5,6) (Stat. Pair :In) (Stat. Pair :In) 

Freq. Select XXXX.XX XXXX.XX 
4 = 10.2 kHz (LOP) (LOP) 
5 = 13.6 kHz 
6 = 11.3 kHz 

4.3.6 Destination Position or Waypoint (D-POS)
 

This display is a readback in latitude and longitude of previously inserted
 
DP's.
 

Switch Indications
 

: ) D-POS 0,1,2, 9.
 

2\ X (0,1,2 ... 9) N(S) E(W)
 
XXoXX.X	 XXXoXX.X 

(Lat) (Long) 
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4.3.7	 Bearing and Range from Aircraft Position to Destinatiort Point 
(BRG-RNG) 

The bearing from the aircraft to any DP is displayed as a Magnetic Great 
Circle bearing. The Magnetic Variation value at aircraft position is used 
in the computation. Range is displayed in nautical miles along the Great 
Circle. 

Switch	 Indications 

1) BRG-RNG	 A/c; 0,1,2, ... 9. .. 
2~ Alc 0, 1,2, 9. 

3) X (DP No.) XXX 0 XXXXX.X 
(Angle) (Hi les) 

4.3.8	 Bearing and Range between any Two Destination Points (BQG-RNG) 

The be~ring from the first DP to the second DP is displayed as 8 Magnetic 
Great Circle bearing. The Magnetic Variation value at the first DP is 
used in the computation. Range is displayed in nautical miles along the 
Great Circle. 

Switch	 Indications 

l', BRG-RNG	 A/c; 0,1,2, 9. 

2) XY (DP NO.'s) XXX 0 XXXXX.X
 
(Angle) (Miles)
 

4.3.9	 Estimated Time Enroute and Estimated Time of Arrival from Aircraft 
Position to any Destination Point (ETE-ETA) 

The estimated time enroute from the aircraft to the selected DP is dis­
played in minutes with a maximum of 600. The estimated time of arrival 
is displayed in Zulu (hours and minutes only) and has a maximum delta of 
10 hours. Both displays indicate time to overfly the selected DP at the 
current groundspeed. 

Switch	 Indications 

1) ETE-ETA 0,1,2, • •. 9 

2) X (DP No.) Min 
XXX 

(Enroute) 
xxxx 

(Zulu Arriva 1) 
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4.3.10	 Course to any Destination Point and Crosstrack Error between any 
Two Destination Points (CSE-CTE) 

The cc rse from the aircraft position to the second selected DP is dis­
played as Magnetic Great Circle course with drift compensation included. 
Crosstrack error between any two D~s is displayed as a perpendicular 
distance in miles right or left of the Great Circle track from the first 
to the second selected DP. The right or left indication means the direc­
tion to	 which the aircraft must steer to intercept desired track. 

Switch	 Indications 

1 CSE-CTE	 0,1,2, ... 9. 

2. XY (DP No. IS)	 R(L) 
xxx 0 XXXXX.X 

(Angle) (Miles) 

4.3.11	 Manual Heading and Speed (MAN-VEL) 

This cisplay is a readback of previously inserted manual values for rate 
aid pv~poses in the MAG or MAN modes. Heading is displayed as True and 
speed Ln knots. 

Switch	 Indications 

1) MAN-VEL XXXO xxx
 
(Angle) (Knots)
 

4.3.12	 Di~plays Affected by NORMAL/HOLD Switch 

The data in the following output displays will be he ld or "frozen" when 
the NO~L/HOLD switch is in the HOLD position. 

1) Aircraft Position (POS) 

~) Track Angle and Groundspeed (TK-GS) 

3) Date and Time (D-GMT) 

4) Bearing and Range (BRG-RNG) 

5) Estimated Time Enroute and Estimated Time Arrival (ETE-ETA) 
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4.4 STATUS OUTPUT FUNCTIONS 

In the present	 program there are ten various ty~es of outputs, under con­
trol o~ the STATUS switch, which are available for display. These outputs 
inc lud' OMEGA signa 1 strength, acquisition and coherency; system position 
variance; local Magnetic Variation; synchro input values; and malfunction 
fault isolation. 

All outputs are initiateu by actuation, in order, of the DISPLAY switch, 
STATUS switch and the number code (0 to 9) which represents the desired 

•	 display. Only the number code will be included in the following descrip­
.tion ald procedures. 

4.4.1	 OMEGA Signal Burst Strength, OMEGA Stations in Use and Selected 
~te Aid Mode (STATUS 0) 

The signal burst strength from the available OMEGA stations is displayeu 
in the segments. The burst strength is a rough signal-to-noise measure­
ment on a scale of 0 to 9. All eight stations are represented although 
all are not transmitting. The last two digits in the segments represent 
a noise measurement on the selected frequency. Frequencies are selected 
by a number code of 4,5,6 representing 10.2 kHz, 13.6 kHz and 11.3 kHz 
respec~ively. The stations in use and the selected Rate Aid Mode are 
displryed on the keyboard. 

Switch	 Indications 

1) 0	 4,5,6 

2) X (4,5,6)	 x X X X X X X X XX 
Selected Frequency (A) (B) (C) (D) (E) (F) (G) (II) (N;i-;;) 

4 = 10.2 kHz 
5 = 13.6 kHz Stations in Use (A,B,C,D) 
6 = 11.3 kHz Rate-Aid Mode (TAS, MAG, MAN) 

4.4.2	 OMEGA Signal Acquisitions (STATUS 1) 

Signal acquisitions from each OMEGA station on all three frequencies are 
displc-Ted in the segments. In addition to the acquisitions, a Tracking 
Filte: count and a Tracking Filter variance are also displayed. The 
s igna ~ acquis itions, a Iso referred to as ilKs lman Dumps II, represent the 
number of times that the specific frequency from the selected station 
has been used by the system for navigational measurements. The range of 
the acquisitions is 00 to 99 and the indicators are reset to 00 when the 
number exceeds 99. The Tracking Filter count is represented by a single 
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digit with a range of 0 to 7. The count must increase to 3, or more before 
an acquisition is made. The Tracking Filter variance is represented by a 
single digit with a range of 0 to 9. The variance must decrease to 3 or 
less before a count is made. 

The	 format of the display is: 

---"'--..., .,.-_....~--...., ,,----+---... 
lu'.l kriz 13 .6 kHz i1.3 kHz 

[K	 K~IK KI~ j. K~ 

K = Signal Acquisitions (00-99) 
N = Tracking Filter Counts (0-7) 
V = Tracking Filter Variance (0-9) 

Procedure: 

Switch	 Indications 

1)	 1 AJBJC,DJEJF,G,H 

2 )	 X (A, B, C, D) KK NV KK NV KK NV
 
Selected Station (See Format)
 

4.4.3 Position Variance (STATUS 2) 

The system position variance is displayed in nautical miles North/South 
and E~st/West. The North and East indications are not directional. 

Switch	 Indications 

1)	 2 N E 
XX.X XX.X 

4.4.4 System Heading and Magnetic Variation (STATUS 3) 

The system derived heading is displayeu in True. Magnetic Variation is 
displ~yed in degrees East or West and is the value at system present 
posit_'Jn. 

Switch	 Indications 

2.)	 3 E(W)
xxx° xxO 

(Angle) (Mag Var) 

4-12
 



4.4.5 True Airspeed Synchro Angle (STATUS 4) 

The TAS synchro angle is displayed in degrees o~ rotation. This output 
has no function other than installation checkout. 

Switch Indications 

1) 4 xxx° 
(Angle)• 

4.4.6 OMEGA Signal Calculated Coherency (STATUS 5) 

The calculated coherency ,of the signals from each station is displayed in 
the segments. Each frequency is represented by a pair of numbers indi­
cating centicycles (CECs), or percent of lane. The three pairs of numbers 
in the left segment are a calculation based on geographic position. The 
three 1'8 irs of numbers in the right segment are a measurement of the 
Trackin,~ Filter output. Ideally, the left and right segments will match. 
In normal operation a strong station will indicate only a few CECs' 
difference between the left and right segments. A weaker station will 
indicate a greater difference. The display format is as follows: 

Geographic Tracking
 
Position Filter
 

110.2 111.3 113.6 J @i] 11.3 113.6 I 

Procedure: 

Switch Indica t ions 

1) 5 A,B,C,D,E,F,G,H. 

2 ; X (A, B,C , D) xx XX XX XX XX XX 
(See Format) 
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4.4.7 Magnetic Heading and True Airspeed (STATUS 6) 

The two synchro inputs from the aircraft are reatl in and scaled by the 
system for rate aid purposes. The display is mainly used for checkout 
purposes. 

Switch Indications • 
1) 6 lQQ{0 XXX
 

(Angle) (Knots)
 

4.4.8 Unmodified Coherency (STATUS 7) 

A coherency output not modified by geographical position is displayed in 
CECs similar to the Calculated Coherency display. However. a large table 
of values is needed to correlate this output. It is used only for instal­
lation checkout purposes. The procedure is identical to STATUS 5 and will 
not be repeated. 

4.4.9 Malfunction Indication/Fault Isolation (STATUS 8) 

A system failure(s) detected by the self-test routine will result in the 
MALF SYSTEM indicator coming on. The program defines which test has 
failed by means of a code in this display. The failure code is as follows: 

A = Memory Checksum o • Phase Counter Up
 
B = RF 10.2 1 = Phase Counter Up-Down
 
C = Phase/Digital 10.2 2 = Direct Memory Access
 
D = RF 13.6 3 = GP Test
 
E = Phase/Digital 13.6 4 = Receiver 10.2
 
F = RF 11.3 5 = Receiver 13.6
 
G =Phase/Digital 11.3 6 = Receiver 11.3
 
H = Analog/Digital
 

Switch Indications 

1) 8 See Code 

4.4.·10 Ca lculated Lines of Position (STATUS 9) 

The OMEGA lines of position are displayed as a geographical position calcu­
lation rather than a Tracking Filter output. This display has use as a 
checkout function only. The procedure is identical to LOP (4.3.5) and 
will not be repeated. 
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4.5 CONTROL INDICATOR PROCEDURES SHORr FORK 

On the following pages a condensed version of t~e most commonly used 
Input/Output routines and a brief Check List are given. 
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CONTROL-INDICATOR PANEL PROCEDURES
 

Insert Routines 

1) Date/T.i~e (ENT-T On Only)
 
rnsr::T .
 
D-Gl":"":'
 
XXJQ{XX (Yr. lob. 'Day)
 
xxxx::< (Rr. Hin. Sec. )
 
ACCET (~T-T Off)
 

2) Prcsen~ Position (ENT-P On) 
rnSER'l' 
POS 
N/S XXoXX.X (J~t) 
E/W XXXoXX.X (Long) 
A (B,C) 
AccrryT (ENT-P-Off) 

3) :1o'ix PC~:1t Update (ENT-P-Off) 
(Sar ~ as Present Posi~ion) 

ACC' ,~JT (at On Top Nark) 

4) Destin~tion Position (Flight 
Plan) 

rnSERT 
D-POS 
X (0 to 9) 
N/S XXoXX.X (Lat) 
E/W XXX·XX.X (Long)
Acr'··,'T 

5) Mode :1ange 
n~; 'RT 
STL'JS 
US (HAG t!1<'u,{) (Desired 
Mode) 
ACCEPT 

6) Block Station(s) 
rnSJ::RT 
STF~US 

~. 

A(1,C,D) 
ACC:~PT 

7) Manual Heading/Speed 
rnSERT 
MAN VEL 
XXXO (True Heading) 
XXX (Knots) 
ACCEPT 

(SHORT FORM) 

Display Routines 

1) Date/Time 10) Manual Heading/Speed
 
- DISPLAY DISPLAY
 

D-Gl..rr MAN-VEL
 • 
2) System Position 11) ¥~g Heading/True Air 

DISPlAY Speed 
POS DISPLAY .. 

STATUS
 
3) Destination Position
 6 

DISPLAY 
12) True Heading/Mag

D-P~ VariationX (0 to 9) DISPL.<\Y
 
4) Track/Groundspeed STATUS
 

DISPlAY 3
 
'l'K-GS
 

13) Position Variance5) Bearing/Range DlSPL.A..Y 
Aircraft to DP STATUS 

DISPlAY 2
 
BRG-PJlG
 

·Alc 14) Burst Data/Stations/
X (0 to 9) Nav Mode
 

DISPIAY
6). Bearing/Range 
STATUSDP to Dl? oDISPlAY 
l~ (5,6)BRG-RNG
 

X (0 to 9)
 
15) Signal AcqL1isi.tionsY (0 to 9) DISPIAY
 

7) Estimated Time STATUS
 
Enroute/Arrival 1
 

DISPLAY A (H,C,D)
 
ETE-ETA
 
X (0 to 9) 16) Error Word
 

(System l-Ialf)
 
DISPlAY
 

8) Wind STATUS
 
'8DISPLAY 

wnm 

9) Course/CroRs Track 
Error
 
DISPlAY
 
CSE-CTE
 
X (0 to 9)
 
Y (0 to 9)
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CHECKLIST 

BEFORE ENG INE START 

1.	 Circu it Breakers (AC & DC) In 
(Bulkhead above cockpit door) 

2.	 System ON 

3.	 Insert Flight Plan in D-POS'Othru 9 
Ensure Airport Position is inserted in D-POSfO 

4.	 System to STANDBY 

AFTER POWER TRANSFER 

1.	 System ON 

2.	 Insert D-GMT 

3.	 Insert POS (D-POSIO Coordinates) Use IA 
I fix 

4.	 Record initial position and time as first entry on data sheet 

START OF TAKEOFF ROLL 

1.	 Insert TAS Mode 

IN FLIGHT 

1.	 Record System Data at Takeoff 

2.	 Verify TAS input after Aircraft reaches 205 knots 
(D ISPLAY STATUS 6) 

r 
3.	 Re-.:ord System and Aircraft Data at Points of interest 

and as des ired 

LANDING 

1.	 Record System Data at Touchdown 

2.	 System to OFF at Ramp or as desired 
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