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TRIANGTTLATION TESTS AT THE 
WW YORK, PITTSBURGH AND WASHINGTON 

DIRECTION FINDER STATIONS 

INTRODUCTION 

This note describes the triangulation tests which were conducted during the 
period of December 3 to 12, 1942, on three Civil Aeronautics Administration direc­
tion finders located at New York, N.Y., Pittsburg, Pa., and Washington, D.C. The 
tests were conducted primarily to determine the limitations and accuracy of the equip­
ment when used to establish the position of an airplane by triangulation methods. 

EQUIPMENT 
The ground equipment at each station consisted of a Western Electric Azimuth 

Indicating Radio Receiver with calibrating test oscillator and remote indicating unit 
supplied by the Graybar Electric Company. 

The airplane used for flight testing was the CAA Boeing, NC-11. The trans­
mitting equipment in the plane was a 50-watt commercial Type TA-26 Bendix transmitter. 

METHOD OF TESTING 
The method of testing consisted of taking simultaneous bearings at the three 

stations on transmissions from NC-11. The course of flight of the airplane was not 
known to the operators of the ground equipment. Transmissions were made over known 
points and lasted about 25 seconds with voice identification at the beginning and end 
of each transmission. In order that tests of several frequencies could be made during 
each flight, a time schedule was maintained as follows: 

Frequency 

4152.5 kc 
4937.5 kc 
5572.5 kc 
5612.5 kc 
6210.0 kc 

Airline 
Frequency 

EAL 
TWA 
UAL 
AA 

Itinerant 

Time 
Minutes (any hour) 

00-06 and 30-36 
06-12 and 36-42 
12-13 and 42-48 
1&-24 and 48-54 
24-30 and 54-60 

The information obtained and recorded at each station for each transmission 
received, included: time, frequency, class of bearing and observed bearing. The class 
of bearing indicates the amount of angular deviation in degrees that the bearing indi­
cation varied during the 25-second transmission. The following bearing classifications 
were used for these tests: 

Class A - Angular deviation of not more than ± 1° 
Class B - Angular deviation of not more than ± 5° 
Class C - Angular deviation of not more than ±10° 
Class D - Angular deviation of more than ±10° 

The observed bearing in any class is the average of the indicated bearing plus 
the correction obtained from the station's calibration curve. 

A-3060-0(42)-
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TESTS 
Flight Ho. 1 

This flight was made December 3, 1942, from Pittsburgh to New York rift Harris-
burg, Washington, Baltimore and Philadelphia. A total df 81 transmissions was made 
during the period 2:48 p.m. to 5:54 P«nu On this flight test the Pittsburgh equipment 
was inoperative on two frequencies and the New Tort station experienced high noise in­
terference which greatly affected th© bearing indications and made Toiee identifica­
tion nearly unintelligible. 

The data obtained on this flight are tabulated in table I. 
Flight No. 2 

This flight was made December 4, 1942, from New York City to Washington via 
the New Jersey coast to Cape Hay, N.J. A total of 59 transmissions was made during 
the period 3:45 p.m. to 6:01 p.m. On this flight test the Pittsburgh station was not 
in operation. 

The data obtained on this flight are tabulated in table II. 
Flight No. 3 

This flight was made December 5, 1942, from Washington to Pittsburgh via 
Roanoke, Va. A total of 63 transmissions was made during the period 10>55 a.m. to 
1:46 p.m. On this flight test the Pittsburgh station TOS not in operation. 

The data obtained on this flight are tabulated in table III. 

Flight No. 4 
This flight was made December 12, 1942, from Pittsburgh, Pa., to Indianapolis, 

Ind., via Dunkirk, N.T., Cleveland and Toledo, Ohio. A total of 95 transmissions was 
made during the period 11:01 a.m. to 3:22 p.m. 

The data obtained on this flight are tabulated in table 17. 

DISCUSSION 

The method of obtaining bearings with this type direction finder equipment 
is to observe the position of a light spot on a cathode ray tube and obtain the azi­
muth angle in degrees from a scale located around the periphery of the tube's screen. 
Under favorable conditions of transmission, the light spot shows a steady deflection 
in both amplitude and aaijmith angle. The bearings obtained under these conditions 
are considered as class "A," bearings. Under unfavorable conditions of transmission 
caused mainly by polarization changes, diversity effects, atmospheric disturbances 
and high noise levels, the light spot does not have a steady deflection but varies 
in both amplitude and direction. Bearings obtained under these conditions are 
classed "B", H C n or "D" depending on the degree of variation of the light spot de­
flection. The type of variation in the light spot deflection indicates -when bear­
ings are questionable. 

In observing and recording bearings during these triangulation flight tests, 
all indicated bearings were recorded if it was possible to identify the transmission. 
No attempt was made to discard bearings which showed erratic behavior or gave only 
a small deflection of the light spot even though they were known to be baa bearings. 
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To a s s i s t i n ana lyz ing the r e s u l t s o f these t e a t s , the f o l l o w i n g curves have 
been p l o t t e d from the recorded da ta : average error, F l i g h t No. 1, Washington a n a 

New York ; average e r r o r , F l i g h t No. 2, Washington and New York ; average e r r o r , 
F l i g h t No. 3, Washington and New York ; average e r r o r , F l i g h t No* 4, Washington, New 
York , and P i t t s b u r g h ; maximum and average e r r o r , F l i g h t Nos. 1 and 4j P i t t s b u r g h ; 
maximum and average e r r o r , a l l f l i g h t s , Washington; maximum and average e r r o r , a l l 
f l i g h t s , New York ; i n d i v i d u a l f requency e r r o r , F l i g h t No. 4, P i t t s b u r g h ; i n d i v i d u a l 
f requency e r r o r , a l l f l i g h t s , Washington; average e r r o r v s . d i s tance , a l l f l i g h t s , 
New York ; average e r r o r v s . d i s t a n c e , a l l f l i g h t s , Washington; average e r r o r v s . 
d i s tance , F l i g h t No. 4j P i t t s b u r g h . 

CONCLUSIONS 

These t es t s which were conducted over land i nd i ca te t h a t : 

1. The d i r e c t i o n f i n d e r s g i v e bear ing accurac ies which v a r y w i d e l y 
w i t h d i s t a n c e . The average e r r o r which may be expected i a as 
f o l l o w s : 

Distance i n Mi les Average E r r o r 

0-75 ± 5° 
75-300 ± 15° 
300-600 ±3° 

2. The system does not show any pronounced d i f f e r e n c e i n accuracy 
f o r d i f f e r e n t f requenc ies . 

3. I t w i l l be necessary to reduce p o l a r i z a t i o n e r r o r s and e r r o r s 
due to d i v e r s i t y e f f e c t s i n order t o obta in more accurate a i r ­
c r a f t p o s i t i o n f i x e s . 

4. The accuracy of determining the p o s i t i o n o f an a i r c r a f t by 
t r i a n g u l a t i o n methods would be g r e a t l y improved by the use of 
a network o f s i x or more d i r e c t i o n f i n d e r f a c i l i t i e s , inasmuch 
as bear ings w i t h i n the sk ip d is tance cou ld be d i sca rded . 

5. Cons iderab ly d i f f e r e n t average e r r o r v s . d is tance curves were 
obtained from i d e n t i c a l d i r e c t i o n f i nde rs when i n s t a l l e d a t 
three d i f f e r e n t l o c a t i o n s . Th is would i n d i c a t e t ha t i t i s 
e s s e n t i a l t o compare d i f f e r e n t types of d i r e c t i o n f i n d e r s a t 
the same s i t e i n order t o draw any d e f i n i t e conc lus ions as to 
t h e i r r e l a t i v e performance. 
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TABLE I 

DECEMBER 3, 1942 

POSITION 
NUMBER 1 2 3 4 5 6 7 

TIME 2:48 P .M. 2:50 P.M. 2:51:30 P.M. 2:53 P.M. 2:57 P .M. 2i57t30 P.M. 3i02 P.M. 

FREQUENCY 
EC 5572.5 5612.5 5612.5 5612.5 6210 6210 4122.5 

LOCATION 
OF PLANE McKee s p o r t I r w i n J e a n e t t e 

N o r t h o f 
Greensburg L a t r o b e 

DISTANCE FROM 
PITTSBURGH I N POLES 4.5 12 17 21 30 31 44 

TRUE BEARING 
ITCHl PITTSBDHGH 70* BB° 90* 91.5° 92* 92* 90* 

OBSERVED BEARING 
FROM PITTSBURGH * 82°B 83*B 78°B 104*B 93° B 79*B 

AZIMUTH ERROR 
FROM PITTSBURGH • - 6° - 7 ° - 3 - 5 * + 12* + 1* - 1 1 * 

DISTANCE FROM 
WASHINGTON I N MILES 192 185 181 182 170 168 159 

TRUE BEARING 
FROM WASHING-TON 305.5° 306° 307° 307.5* 309* 309.5* 313* 

OBSERVED BEARING 
PROM WASHINGTON 309° D 309* D 3 U ° D 313°D 315* D 298*D 

AZIMUTH ERROR 
FROM WASHINGTON + 3° + 2* + 6.5° + 4° + 5 .5 * - 1 5 ° 

DISTANCE FROM NEW 
TORK I N MILES 315 308 304 299 291 289 276 

TRUE BEARING 
FROM NEW TORE 268.5° 266° 268* 268* 267.5° 267.5° 267.5* 

OBSERVED BEARING 
FROM NEW TORK 279° B 279° C 

AZIMUTH ERROR 
FROM NEW TORK + 11.5* + 11.5* 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSIT ION USING 
« P T " & " L O " BEARINGS 
H U E S AND DIRECTION 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
-ipTu & "WATT BEARINGS 
H U E S AND DIRECTION 

35 W l . S . E . 24 H l . E . 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSIT ION USING 
nWA" & "LO« BEARINGS 
MILES AND DIRECTION 

87 Ml .N .W. 76 Ml .N .W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OP TRIANGLE 
HUES AND DIRECTION 

* P i t t s b u r g h Equipment n o t O p e r a t i n g on F r e q u e n c i e s 4937.5 and 5572.5 k e . 

TRIANOULATION TESTS 0? NC-11 BT WASHINGTON, NEW TORK, AND PTTTSBURGH DIRECTION FINDERS 
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TABLE I 

DECEMBER 3, 1942 
•POSITION 
NUMBER 3 9 10 11 12 13 14 

TIME 3=04 P.M. 3:05i3O P.M. 3i07 P.M. 3I09I30 P.M. 3:14 P.M. 3il6:30 P.M. 3il8t30 P - H . 

FREQUENCY 
KC 4122.5 4122.5 4937.5 4937.5 5572.5 5572.5 5572.5 

LOCATION 
OT PLANE J o h n s t o w i 

DISTANCE FROM 
PITTSBURGH Df MILES 54 60 64 63 80 B4 91 

TRUE BEARING 
FROM PITTSBURGH 91* 90° 88° 90.5° 90° 90° 90° 

OBSERVED BEARING 
FROM PITTSBURGH 91* C * * # # # 

AZIMUTH ERROR 
FROM PITTSBURGH + 1° 

DISTANCE FROM 
WASHINGTON I N H U E S 152 148 K7 145 134 130 128 

TRUE BEARING 
FROM WASHINGTON 315° 317° 318.5° 317-5° 323° 325° 327° 

OBSERVED BEARING 
FROM WASHINGTON 309°D 300° D 317°D 315° D 320° D 317°D 

AZIMUTH ERROR 
FROM WASHINGTON -6° - 17° -1 .5° -2.5° - 3° - 8* 

DISTANCE FROM NEW 
TORE I N MILES 266 260 256 257 240 235 229 

TRUE BEARING 
FROM NEW YORK 267° 267° 267.5° 267° 266.5° 266° 266° 

UBSEHVED KKJkHJNU 
FROM NEW YORK N .E . tJuad . 75° D 75° D 

AZIMUTH ERROR 
FROM NEW YORK + 178° + 178.5° 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
" F T " & " I O " BEARINGS 
MILES AND DIRECTION 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
up?* 4 nwA« BEARINGS 
MILES AND DIRECTION 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"MA" tt flLGn BEARINGS 
MILES AND DIRECTION 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
MILES AND DIRECTION 

* P i t t s b u r g h Equipment n o t O p e r a t i n g on F r e q u e n c i e s 4937.5 and 5572.5 k c . 

TRIANGULATION TESTS OF N C - l l B I WASHINGTON, HEW T O M , AND PITTSBURGH DU2CTIOW FINDERS 
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DECEMBER 3, 1942 
POSITIOI 
NUMBER 15 16 17 18 19 20 21 

TDK 3:19I30P.M. 3 I21 P.M. 3I23 P.M. 3I25L30 P.M. 3:28 P.H. 3I34 P.M. 3:36 P.H. 
FREQDESCT 
KG 5612.5 5612.5 5612.5 6210 6210 4122.5 4152.5 

LOCATION 
OF PLANE 
DISTANCE FROH 
PITTSBURGH. IN HUES 94 101 101.5 106 119 130 135 
TRUE BEARING 
FROM PITTSBURGH 90° 91° 90° 90° 90° 93° 93° 

OBSERVED BEARING 
FROH PITTSBURGH n.7°D 128°D ,128*0 131° D 135PD 133° B 
AZIMUTH ERROR 
FROH PITTSBURGH + 27* + 37° + 36* + a ° + 45° + 40° 
DISTANCE FROM 
WASHINGTON IN MILES 126 121 122 120 114 104 101 

TRUE BEARING 
FROH WASHINGTON 328° 330.5° 331° 333° 338° 343° 345° 

OBSERVED BEARING 
FROH WASHINGTON 325* D 33S°D 328°D 3366D 339°INT. 342°D 

AZIMUTH ERROR 
FROH WASHINGTON - 3 ° + 7.5° -3° + 3° - 4° -3° 

DISTANCE FROM NEW 
YORK IN HUES 226 220 219 215 202 192 1S7 

TRUE BEARING 
FROM NEW YORK 266' 265.5° 265.5° 265.5° 265° 262.5° 262° 
OBSERVED BEARING 
FROM NEW YORK 260-290* D 276*B 276°D 260-290°D 

AZIMUTH ERROR 
FROH NEW YORK + 9° ' + 10.5° + 10.5° + 9.5° 
INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
TT* & "LG" BEARINGS 
HUES AND DIRECTION 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"PT" & IRWA" BEARINGS 
HUBS AND DIRECTION 

87 HI.S.E. —-

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"HA" & "LG" BEARINGS 
HUES AND DIRECTION 

50 ML.N.W. 41 ML.N. 53 ML.N.W. 37 MI.N.N.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
HUES AND DIRECTION 

* PITTSBURGH EQUIPMENT NOT OPERATING ON FREQUENCIES 4937-5 AND 5572.5 KO. 

TRIANGULATTON TESTS OF NC-11 BT WASHINGTON, HEW YORK, AND PITTSBURGH DIRECTION FINDERS 
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TABLE I 

TRIANOOLATION TESTS 07 NC-11 BT WASHINGTON, HEW YORK, AND PITTSBURGH DIRECTION FINDERS 

DECEMBER 3, 1942 
POSITION 
NUMBER 22 23 24 25 26 27 26 

TIME 3t38 P.M. 3i40 P.H. 3tili30 P.M. 3:43t30 P.M. 3t44i30 P.M. 3.48 P.M. 3:52 P.M. 

FREQUENCY 
EC 4937.5 4937.5 4937.5 5572.5 5572.5 5572.5 5612.5 

LOCATION 
OF FLAKE Plaiafield Carlisle 

Wilson 
Airport 

Mechanics— 
burg Dover,Pa. 

DISTANCS FROM 
PITTSBURGH IN MILES 140 145 151 155 15B 159 165 

TRUE HEARING 
FROM PITTSBURGH 93° 93° 92* 

a 
92 92* 94° 97* 

OBSERVED BEARING 
7R0M PITTSBURGH * # * * * * 124° D 

AZIMUTH ERROR 
FROM PITTSBURGH + 27° 

DISTANCE FROM 
WASHINGTON IN MILES 100 99 101 99 99 94 84 

TRUE BEARING 
FROM WASHINGTON 348° 351° 354-5° 356° 358* 359° 1.5* 

OBSERVED BEARING 
FROM WASHINGTON 347°D 353° C 356° C 356°D 359°D 0°D 10* D 

AZIMUTH ERROR 
FROM WASHINGTON -1° + 2° 4-1.5° 0° + 1° + 1* + 8.5° 

DISTANCE FROM NEW 
TORE IN MILES 182 177 171 167 164 164 163 

TRUE BEARING 
FROM NEW YORK 262°' 262° 262° 261.5° 261° 259° 255.5° 

OBSERVED BEARING 
FROM NEW TORE 80-3CO°D 90-270°D 90-270°D 90-270°D 260*C 

AZIMUTH ERROR 
FROM NEW TORE + 4.5° 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"PT" & "LG" BEARINGS 
MILES AND DIRECTION 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"PT" "WA" BEARINGS 
HUES AHD DIRECTION 

— 113 Ml.W.S.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"HA" & "LG" BEARINGS 
MILES AND DIRECTION 

23 Hi . N. 26 HI* B. 22 Mi. N.E. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
MILES AND DIRECTION 

* Pittsburgh Equipment not Operating on Frequencies 4937-5 and 5572-5 kc. 
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TABLE I 

DECEMBER 3, 1942 
POSITION 
NUMBER 29 30 31 32 33 34 35 

TIME 3:53:30 P.M. 3t55 P.M. 3:57 P.M. 3t59 P.M. 4:03 P.M. 4:04 P.M. 4:05 P.M. 

FREQUENCY 
KC 5612.5 6210 6210 6210 4122.5 4122.5 4122.5 

LOCATION 
OF PLANE T h a m a 3 v i l l e Spring Grove Silver Run Weŝ tanlnster 

DISTANCE FROM 
PITTSBURGH IN MILES 166 166 165 164 160 I64 165 

TRUE BEARING 
FROM PITTSBURGH 99° 100° 101.5° 103 105.5° 107° 108° 

OBSERVED BEARING 
FROM PITTSBURGH 124° D 126°D 117°D h7°d 117°B 117° B 117° B 

AZIMUTH ERROR 
FROM PITTSBURGH + 25° + 26° + 15.5° + 11.5° + 10° + 9° 

DISTANCE FROM 
WASHINGTON IN MILES 78 75 71 69 61 57 54 

TRUE BEARING 
FROM WASHINGTON 1.5° 1° 0° 359" 353° 355° 354° 

OBSERVED BEARING 
FROM WASHINGTON 10° D 0°D 353° D 355° D 

AZIMUTH ERROR 
FROM WASHINGTON + 8.5° + 7° - 2° + 1° 

DISTANCE FROM NEW 
YORK IN MILES 165 167 169 172 130 180 161 

TRUE BEARING 
FROM HEW YORK 254° 253 252° 251° 249.5° 248° 247° 

OBSERVED BEARING 
FROM NEW YORK 270°C 

AZIMUTH ERROR 
FROM NEW YORK + 6° 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"PT" & "LG" BEARINGS 
HUES AND DIRECTION 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"PT" & "WA» BEARINGS 
MILES AND DIRECTION 

51 Ml.N.N.E. 42 Mi. S. 36 Mi, S. 32 Mi. S. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"WA" & "IO" BEARINGS 
MILES AND DIRECTION 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
MILES AND DIRECTION 

# Pittsburgh Equlpnent not Operating on Frequencies 4937.5 and 5572.5 kc. 

TRIANGULA TION TESTS OF NC-11 BY WASHINGTON, NEW YORK, AND PITTSBURGH DIRECTION FINDERS 
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TABLE I 

TRIANGULATION TESTS 07 NC-11 BY WASHINGTON, NEW TORK, AND PITTSBURGH DIRECTION FINDERS 

DECEMBER 3, 1942 
POSITION 
NUMBER 36 37 38 39 40 41 42 
TIME 41II P.M. 4il2 P.H. 4il3 P.M. 4il7 P.H. 4i20t30 P.H. 4i22t30 P.M. 4i25 P.M. 

FREQUENCY 
KC 4937.5 4937.5 5572.5 5572.5 5612.5 5612.5 6210 
LOCATION 
OF PLANE Sandy Spring Garrett Park 

DISTANCE FROM 
PITTSBURGH IN MILES 166 170 171 175 179 177 175 

TRUE BEARING 
FROM PITTSBURGH 109° 13.3° 113° 117° 119* 120° 122* 

nRSFronm HKARTWO 
FROM PITTSBURGH * • # * 129*C 124* C 143° D 

AZIMUTH ERROR 
FROM PITTSBURGH + 11° + 4° + 21° 

DISTANCE FROM 
WASHINGTON IN MILES 50 40 37 25 20 20 20 

TRUE BEARING 
FROM WASHINGTON 355° 352* 352° 343* 340° 324° 314' 

OBSERVED BEARING 
FROM WASHINGTON 355° B 352°B 34S*A 340° A 326*B 310°A 

AZIMUTH ERROR 
FROM WASHINGTON + 3* 0* + 5° 0° + 2" -4* 
DISTANCE FROM NEW 
YORK IN MILES 162 188 189 197 200 205 209 

TRUE BEARING 
FROM HEW YORE 246° 243° 242° 239.5* 238* 238* 238° 

OBSERVED BEARING 
FROM NEW YORK 250* D 240°D 235°C 230° c 
AZIMUTH ERROR 
FROM NEW YORK + 8° + 0.5° -3* - 8° 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
«PT" & "LG* BEARINGS 
MILES AND DIRECTION 

33 Hi.S.W. 25 m.s.E. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"FT" & "WA" BEARINGS 
MILES AND DIRECTION 

— 
INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"WA" k "LG" BEARINGS 
HUES AND DIRECTION 

26 Mi.N. 3 Mi.N. 11 M.S. — 
INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
MILES AND DIRECTION 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
MILES AND DIRECTION 

* Pittsburgh Equipment not Operating on Frequencies 4937.5 and 5572.5 ko. 
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TfcBT.TE I 

DECEMBER 3, 1942 
POSITION 
NUMBER 43 44 45 46 47 43 49 
TIME 4i26 P.M. 4:28 P.M. 4I29 P.M. 4:31 P.M. 4i33 P.M. 4I35 P.M. 4I37 P.M. 

FREQUENCY 
KC 6210 6210 6210 4122.5 4122.5 4122.5 4937.5 

LOCATION 
OF PLANE 

DISTANCE FROM 
PITTSBURGH IN MILES 176 179 179 179 185 190 192 

TRUE BEARING 
FROM PITTSBURGH 123° 124° 124.5° ua6° 127° 126° 125° 

OBSERVED BEARING 
FROM PITTSBURGH 143°D 138°D 143° D 129°D 

AZIMUTH ERROR 
FROM PITTSBURGH + 20.5° + 14° -16° + 3° 
DISTANCE FROM 
WASHINGTON IN MILES 19 16 17 20 18 13 10 
TRUE BEARING 
FROM WASHINGTON 305° 290° 283° 265° 249° 238° 230° 
OBSERVED BEARING 
FROM WASHINGTON 304° A 292°A 283° B 260°A 246* A 233°A 239°A 

AZIMUTH ERROR 
FROM WASHINGTON -1" + 2° 0° -5° -3° - 5° + 9° 
DISTANCE FROM NEW 
TORK IN MILES 212 215 217 222 223 219 215 

TRUE BEARING 
FROM NEW TORK 237.5° 236° 237° 235° 234° 233° 232° 

OBSERVED HEARING 
FROM NEW TORK 238° 0 
AZIMUTH ERROR 
FROM NEW TORK 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"PT" & T1LGR BEARINGS 
MILES AND DIRECTION 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"PT" & T1LGR BEARINGS 
MILES AND DIRECTION 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USDJG 
IPT" & "WA" BEARINGS 
MILES AND DIRECTION 

171 KL.H.H. 96 Mi. 52 Mi.S.W. 10 MI.S.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
BWA« k "LO" HEARINGS 
MILES AND DIRECTION 

40 Mi.W.S.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
BWA« k "LO" HEARINGS 
MILES AND DIRECTION 

40 Mi.W.S.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
MILES AND DIRECTION 

* Fittaburgh Equipment not Operating on Frequencies 4937.5 and 5572.5 ko. 

TRIANGULATION TESTS OF NC-11 BT WASHINGTON, NEW YORK, AND PITTSBURGH DIRECTION FINDERS 
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TABLE I 

TH1ANGULATI0N TESTS 07 NC-11 BY WASHINGTON, NSW TORE, AND PITTSBURGH DIRECTION FINDERS 

DECEMBER 3, 1942 
POSITION 
NUMBER 50 51 52 53 54 55 56 

TIME 4:41I30 P.M. 4:43 P.M. 4:45 P.M. 4:48 P.M. 4i50:30 P.M. 4I53 P.M. 4:56 P.M. 

FREQUENCY 
EO 4937.5 5572.5 5572.5 5572.5 5612.5 56L2.5 6210 

LOCATION 
OF PLANE 

UPPER 
MARLBORO LA ELAND COLLINGTON ODENTON 

LINTHIEUM 
HEIGHTS 

DISTANCE FROM 
PITTSBURGH IN HUES 200 201 199 195 193 192 192 

TRUE BEARING 
FROM PITTSBURGH 122* 121° 120° lie.5° 116* 113.5* 112.5° 

OBSERVED BEARING 
FROM PITTSBURGH * # # -* 131* D 117° C 131* D 

AZIMUTH ERROR 
FROM PITTSBURGH + 15* + 3.5° + 18.5* 
DISTANCE FROM 
WASHINGTON IN MILES 6 8 9 13 22 31 36 

TRUE BEARING 
FROM WASHINGTON 115° 90° 63* 34° 27* 26° 25° 

UBSEKVKD BEARING 
FROM WASHINGTON 137°A 86*B 58°A 30* A 28*A 22* B 25*C 
AZIMUTH ERROR 
FROM WASHINGTON + 22° - 4 ° - 5° - 4 ° + 1* - 4 * 0* 

DISTANCE FROM NEW 
YORK IN MILES 204 200 197 193 186 178 173 
TRUE BEARING 
FROM NEW YORE 231° 231° 232* 233.5° 235' 236.5° 238* 

UBSEHVED BEARING 
FROM NEW YORK N.E.QUAD. 230* D 230° D 230° D N.W.QUAD. 

AZIMUTH ERROR 
FROM NEW YORE - 1 ° - 2° - 5* 
INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"PT" & "LGFL BEARINGS 
MIXES AND DIRECTION 

52 MI.S.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"PT" 4 "HA" BEARINGS 
MILES AND DIRECTION 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"KA" 4 "LG" BEARINGS 
MULES AND DIRECTION 

10 MI.E. 46 ML.N.E. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
MILES AND DIRECTION 

* Pittsburgh Equipment not Operating on Frequencies 4937.5 and 5572.5 ko. 
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TABLE I 

DECEMBER 3, 1942 
POSITION 
NUMBER 57 59 60 61 62 63 
TIME 4i59 P.M. 5)02 P.M. 5i04 P.M. 5:06 P.M. 5:03 P.M. 5til130 P.M. 5:14 P.M. 
FREQUENCY 
EC 6210 4122.5 4122.5 4122.5 4937.5 4937.5 5572.5 
LOCATION 
OF PLANE KlnggviUe Bel Air Ch&rrynlll 

DISTANCE FROM 
PITTSBURGH IN HUES 194 197 199 205 207 218 223 

TRUE BEARING 
FROM PITTSBURGH 108° 107° 105° 103° 102° 102* 101° 

OBSERVED BEARING 
FROM PITTSBURGH 131° D 117°D 113*0 113° C * * * 
AZIMUTH ERROR 
FROM PITTSBURGH + 23° + 10° + 8° + 10° 

DISTANCE FROM 
WASHINGTON IN MILES 48 52 59 70 73 77 83 

TRUE BEARING 
FROM WASHINGTON 27° 30- 30* 33° 34* 41° 43* 
OBSERVED BEARING 
FROM WASHINGTON 26°D 33*D 34* D 31° D 32°D 38*0 38°D 

AZIMUTH ERROR 
FROM WASHINGTON -1* + 3° + 4* - 2° - 2* -3° - 5 ° 
DISTANCE FROM NEW 
YORK IN MILES 162 158 152 141 137 130 124 
TRUE BEARING 
FROM NEW YORK 239° 239° 240.5° 242° 241° 233° 238* 

OBSERVED HEARING 
FROM NEW YORK 251° B NE-SW D NE-SW D 

AZIMUTH ERROR 
FROM NEW YORK + 12° 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"PT" & "La* BEARINGS 
HUES AND DIRECTION 

78 Hi,W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"FT" & "WA" BEARINGS 
MILES AND DIRECTION 

34 Mi.¥.S.¥. 28 m.s.s.w. 39 Hi.&.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"HA" St «LG*r BEARINGS 
MILES AND DIRECTION 

6 Ml.N.E. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
MILES AND DIRECTION 

21 Ml.S.W. 

* Pitta burgh Equipment not Operating on Frequencies 4937.5 and 5572.5 ko. 

TRIANGULATION TESTS or BC-U HT WASHINGTON, HEW TORI, AND PITTSBURGH DIRECTION moras 
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TABLE I 

TRIANGULATTON TESTS OF NC-LL BI WASHINGTON, HEW YORK, AND PITTSBURGH DIRECTION FINDERS 

DECEMBER 3, 1942 
POSITION 
NUMBER 64 65 66 67 68 69 70 

TIME 5IL5 P.M. 5:17 P.M. 5:20 P.M. 5I21 P.M. 5:22 P.M. 5:24 P.M. 5:26 P.M. 

FREQUENCY 
KC 5572.5 5612.5 5612.5 5612.5 5612.5 6210 

LOCATION 
OF PLANE NEWARK,PA. MAPSHALLTOIM 

SKYCRAFT 
AIRPORT 

CLAYNONT 
AIRPORT 

PDTER-
CHEATER,PA. 

P h i l a d e l p h i a 
R.R. 

DISTANCE FROM 
PITTSBURGH DF MILES 227 232 237 238 243 245 248 

TRUE BEARING 
FROM PITTSBURGH 100.5° 99° 98° 98° 97.5° 97° 96° , 
OBSERVED BEARING 
FROM PITTSBURGH * • 112° C 107°C 108° C 

AZIMUTH ERROR 
FROM PITTSBURGH + H° + 9° 4 11° 

DISTANCE FROM 
WASHINGTON IN MILES 67 95 99 102 107 110 115 

TRUE BEARING 
FROM WASHINGTON 44° 45° 

a 
47 47° 47.5° 48.5° 43.5° 

UBSEHVKU HEARING 
FROM WASHINGTON 34° D 42°D 44°D 45° D 35°D 

AZIMUTH ERROR 
FROM UASHDIOTON - 10° - 5° - 3 ° - 2.5° - 13.5° 

DISTANCE FROM NEW 
YORK IN MILES 119 112 106 104 98 96 91 

TRUE BEARING 
FROM NEW YORK 237° 236.5° 236° 236° 236° 235° 235° 

UBSKRVKU BEARING 
FROM NEW YORK SW 229° D 240° B 

AZIMUTH ERROR 
FROM NEW YORK — - 7 ° + 4° 

INDICATED POSITION 
WITH RESPECT TO i 
TRUE POSITION USING 
"PT" & "LG" BEARINGS 
MILES AND DIRECTION 

57 MI.S.W. 56 MI.F.S.W 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"PT" & "WA" BEARINGS 
MILES AND DIRECTION 

62 MI.S.W. 45 MI.S.W. 62 MI.S.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"UA* & "LG" BEARINGS 
MILES AND DIRECTION 

16 MI.N.E. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
MILES AND DIRECTION 

41 MI.S.W. 

* PITTSBURGH EQUIPOENT NOT OPERATING ON FREQUENCIES 4937.5 AND 5572.5 KC. 



TABLE I 

TRIANQULATION TESTS OF HC-11 BY WASHINGTON, NEW YORK, AND PITTSBURGH DIRECTION FINDERS 

DECEMBER 3, 1942 
POSITION 
NUMBER 71 72 73 74 75 76 77 

TIME 5:28 P.M. 5I31 P.M. 5:32I30 P.M. 5I35 P.H. 5T33 P.M. 5I41I30 P.M. 5I44 P-H. 

FREQUENCY 
KC 6210 4122.5 4122.5 4122.5 4937.5 4937.5 5572.5 
LOCATION 
07 PLANE 

PHILADELPHIA 
CITY HALL 

W. END OF 
PALAYRA B. 

ACROSS R±TSR 
DELANCO BRISTOL TRENTON 

MONMOUTH 
JUNCTION 

DISTANCE FROM 
PITTSBURGH IN MILES 255 260 264 270 275 281 286 

TRUE BEARING 
FROM PITTSBURGH 95° 93.5° 92.5° 92° 90° 88.5° 87.5* 
UJDSKHVEO BEARING 
FROM PITTSBURGH 109°D 103* B 91° B 89° B •H- * 
AZIMUTH ERROR 
FROM PITTSBURGH + 14° + 9.5° - 0.5° -3° 
DISTANCE FROM 
WASHINGTON IN MILES 124 131 137 143 152 162 169 

TRUE BEARING 
FROM WASHINGTON 48.5° 49° 49° 50° 49° 48* 48° 

OBSERVED BEARING 
FROM WASHINGTON 38° D 38° D 36° D 35°D 38°D 39° D 

AZIMUTH ERROR 
FROM WASHINGTON - 11° - 11° -14° -14° - 10° - 11° 

DISTANCE FROM NEW 
TORE IN MILES 82 74 69 62 53 44 38 

TRUE BEARING 
FROM NEW YORK 235° 235° 235.5° 235° 237.5° 241° 244.5* 
OBSERVED BEARING 
FROM NEW YORK 235* B 235° B 235°B 235*6 237*B 250° A 

AZIMUTH ERROR 
FROM NEW YORK 0° -0.5° 0° - 2.5* + 6* + 5.5° 
INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USJNG 
«PT« 4 "LG" BEARINGS 
MILES AND DIRECTION 

55 MI.S.W. 13 MI.N.E. 20 MI.N.E. 
INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USJNG 
«PT« 4 "LG" BEARINGS 
MILES AND DIRECTION 

55 MI.S.W. 13 MI.N.E. 20 MI.N.E. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"PT" ST "WA" BEARINGS 
MILES AND DIRECTION 

63 MI.S.W. 29 HI.W.N.W. 34 HL.N.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"WA" & "LG1* BEARINGS 
MILES AND DIRECTION 

97 MI.S.W. 103 MI.S.W. 114 MI.S.W. 123 MI.S.W. 105 HI.S.W. 48 MI.TT.S.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
MILES AND DIRECTION 

65 MI.S.W. 25 MI.S.W. 28 HI.W. 

* PITTSBURGH EQUIPMENT NOT OPERATING ON FREQUENCIES 4937.5 AND 5572.5 KC 
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TAEIX I 

D E C E M B E R 3 , 1942 

P O S I T I O N 
N U M B E R 7B 79 so 81 
T I M E 5:46 P . M . 5:49 P.M. 5:51 P . M . 5:54:30 P.M. 

F R E Q U E N C Y 
K C 5572.5 5612.5 5612.5 62IO 
L O C A T I O N 
O F P L A N E K e t u c b e n 

C e n t e r o f 
R a h n a y 

D I S T A N C E F R O M 
P I T T S B U R G H I N H U E S 266 295 300 3 0 4 

T R U E B E A R I N G 
F R O M P I T T S B U R G H 8 7 ° 85° 84.5° 85° 
U B t f E K V E L I H E A K 1 H U 
F R O M P I T T S B O R Q H * -— 
A Z I M U T H E R R O R 
F R O M P I T T S B O H O H 

B I S T A N C E 7 H C M 
K A S K D J Q T O K D S H I L E S 1 7 0 1 8 3 169 192 
T R U E B E A R I N G 
F R O M W A S H I N G T O N 47° 47° 47° 48° 
O B S E R V E D B E A R I N G 
F R O M W A S H I N G T O N 46 D 46°D 42°D 45*D 
A Z I M U T H E R R O R 
F R O M W A S H I N G T O N - 1" - 1 ° - 5° - 3 ° 

D I S T A N C E F R O M N E W 
T O R E I N M I L E S 3 7 26 20 16 
T R U E B E A R I N G 
F R O M N E W Y O R K 250° 259° 269° 268° 
O B S E R V E D H E A R I N G 
F R O M N E W Y O R K 258°A 260°A 270°A 260* A 
A Z I M U T H E R R O R 
F R O M N E W Y O R K + 8 ° + 1 ° + 1 * - 8° 
I N D I C A T E D P O S I T I O N 
W I T H R E S P E C T T O 
T R U E P O S I T I O N U S I N G 
- p j m t t f L G " B E A R I N G S 
H U E S A N D D I R E C T I O N 

I N D I C A T E D P O S I T I O N 
W I T H R E S P E C T T O 
T R U E P O S I T I O N U S I N Q 
- P T " & " H A " B E A R I N G S 
H T L E S A N D D I R E C T I O N 

I N D I C A T E D P O S I T I O N 
W I T H R E S P E C T T O 
T R U E P O S I T I O N U S I N G ' 
" H A " & " L G " H E A R I N G S 
M I L E S A N D D I R E C T I O N 

a m . N . B . 3 m.w. 21 K l . W . 1 8 Ml.S.W. 

I N D I C A T E D P O S I T I O N 
W I T H R E S P E C T T O 
T R U E P O S I T I O N U S I N G 
C E N T E R O F T R I A N G L E 
M I L E S A N D D I R E C T I O N 

* Pittsburgh Equipment not Operating on Frequencies 4937.5 and 5572.5 kc. 

TRIAKODULTTON T B 3 T 3 OT NC-11 B Y WASHINGTON, NEW TORE, AND PITTSBOKE DIRECTION FINDERS 
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T f L D W G U L A T I O N T E S T S O F N C - 1 1 H J V A S E T S Q T O N A K D N E W T O R J . D I R E C T I O N F D I E E R S 

D E C E M B E R A, 1 9 4 2 

W A S H I N G T O N N E W T O R E I N D I C A T E D P O S I T I O N 
W I T H R E S P E C T T O T M E W I T H R E S P E C T T O T M E 

D I S T . 0 B S E B . D I S T . O B S K R P O S I T I O H U S I N G 
P O S . T I M E F R E Q . I B T B U E B E A R I N G D J T H U S B E A R I N G • B " & " L G " B E A R I N G S 
H O . P . M . K C L O C A T I O N O F P L A N E V T T . V S B E A R I N G I C O R R . ) E R R O R LTTT.Wl S E A R I N G . ( C O R E . ) E R R O R M I L B S A N D D I R E C T I O N 

1 3)45:30 5 5 7 2 . 5 G e o r g e W a s h i n g t o n B r i d g e 2 1 4 46.5° 46° B - 0 . 5 1 7 352.5° 3 5 0 ° A -' 2.5° 1 . 5 N . W . 
r, 5 5 7 2 . 5 B e n d i x A i r p o r t 2 0 9 4 5 . 5 1 9 3 3 3 5 5 7 2 . 5 B e n d i x A i r p o r t 2 0 9 4 5 . 5 1 9 3 3 3 

3 3 : 5 5:00 6210 N e w a r k A i r p o r t 1 9 7 46-5 1 6 295.5 2 9 7 A + 1 . 5 
4 3153:00 6210 M i l l e r F i e l d 1 9 4 49 12 2 5 6 2 5 6 A 0 
5 4t02il5 4 1 2 2 . 5 A t l a n t i c H i g h l a n d s 1 9 1 5 2 . 5 46 B - 6.5 16 207 210 A + 3 
6 4IQ4I45 4122.5 N . H p o f L . B r a n c h 1 9 0 54 43 0 - 6 20 1 9 2 . 5 199 A + 6.5 
7 4 : 0 7 i 2 5 4937.5 H . T i p A a b u r y P a r k 1 8 5 56 5 1 B - 5 2 7 1 9 2 1 9 5 A + 3 2 2 N . 
6 4IO9IO0 4937.5 I n l e t a t B e ] n a r 1 8 2 57 5 5 D - 2 31 1 9 2 1 9 5 A + 3 6 . 5 , N . 
9 4 i l l i 0 0 4937.5 I n l e t a t H a n a a a u B E 1 7 9 58 46 D - -12 37 192 1 9 4 A + 2 

10 5 5 7 2 . 5 I n l e t a t L a u r e l t o n 1 7 7 5 9 4 0 191 
1 1 4 : l 6 i 3 0 5 5 7 2 . 5 H i g h w a y a t T o n s H i r e r 169 6 0 . 5 50 D - 1 0 . 5 49 1 9 4 1 9 0 A - 4 
12 5612.5 I n l e t a t L e n o k a H a r b o r 1 6 5 62 5 5 193 - • • 
1 3 4i21i00 5612.5 I n l e t 2 M i . N . o f V a r e t o w n 1 6 2 63 46 D - 1 7 59 195.5 1 9 4 A - 1 .5 » 
1 4 4 ( 2 2 . 3 0 5612.5 I n l e t o p p o o l t e B a r o e g a t 1 5 3 64 60 D - 4 64 196 1 9 3 A - 3 1 9 N . N . E . 
1 5 4 : 2 5 1 1 7 6210 H l g h v s i y a t K a n a h a w f c L n 1 5 5 65 68 196.5 1 9 1 A - 5.5 
16 4 t 2 7 i O O 62IO 1 M i l e E a s t o f T u c k e r t c r w n 1 4 9 67 76 1 9 7 . 5 191 B - 6 . 5 
1 7 4 : 3 0:00 6210 S o u t h E d g e o f Q r e a t B a y 1 4 4 69 _ 8 3 1 9 3 1 8 7 E - 1 1 
I B 4 : 3 3 : 0 0 4122.5 O c e a n v U l s 140 7 0 8 7 199 .5 2 0 3 B + 3 . 5 
19 4i34i30 4 1 2 2 . 5 A b a e o o n 137 7 0 . 5 -—- 9 0 200 .5 202 B + 1 . 5 
2 0 4i35 « 3 0 4 1 3 2 - 5 P l e a s a n t v i l l e 1 3 5 7 1 93 201 202 A + 1 
21 4v?8-.30 4937.5 H i g h w a y t o L o n g p o r t 1 3 0 73 64 D - 9 9B 202 2 0 5 £ + 3 1 8 N . H . E . 
2 2 4i40t3O 4937.5 H i g h w a y H a r k e d o n M a p 126 74 55 D - 2 4 1 0 4 202.5 2 0 4 B + 1 .5 73.5 N . N . E . 
2 3 4 9 3 7 . 5 R a i l r o a d H a r k e d o n M a p 1 2 4 75 106 2 0 3 204 b + 1 
24 4i45=0O 5 5 7 2 . 5 H i g h w a y t o S e a l a l a n d C i t y 120 77 64 D -13 1 1 1 203.5 203 B - 0 .5 4 2 N . H . E . 
2 5 4I47IOO 5 5 7 2 . 5 H i g h w a y o n H a p 1 1 8 7 6 70 D - 8 1 1 5 204 1 9 5 D - 9 3 7 H . E . 
26 4t48:00 5 5 7 2 . 5 E . H . H i g h w a y t o S t o n e H a r b o r 1 1 5 7 9 . 5 70 D - 9 . 5 1 1 9 204.5 150 - 2 1 5 55 N . B . 
37 4 t 5 0 ! 0 0 5612.5 H i g h w a y t o W i l d w o o d 1 1 3 8 1 7 5 D - 6 122 2 0 4 . 5 200 D - 4 .5 2 2 H . E . 
2 6 4:53«30 5 6 1 2 . 5 C a p s M a y 1 0 8 84 70 D - 1 4 1 3 1 2 0 5 
2 9 4:57:30 6210 L i g h t S h i p H . o f C a p e E e n l o p o n 101 89 70 D - 1 9 U l 2 0 6 2 0 5 D - 1 4 7 N . N . E . 
30 5 : 0 0 : 0 0 6210 L e m e 9 8 91.5 75 D -16.5 1 4 6 2 0 6 . 5 210 D + 3 . 5 3 1 N . 
3 1 5 i 0 1 t 3 0 4 1 2 2 . 5 H i g h w a y a t H e h o b o t b 97 9 3 8 0 D - 1 3 1 4 9 206 _ 
3 2 5 i 0 2 i 4 5 4122-5 I n l e t a t R e h o b o t h 98 96 8 6 D -10 1 5 4 205.5 
3 3 5.04(15 4122.5 S . S h o r e O a k O r c h a r d I n l e t 98 98 3 8 D - 1 0 158 2 0 5 -—-
34 5r06)0O 4 1 2 2 . 5 C l * r k a v i l l e H i g h w a y 97 100.5 8 6 D -14.5 1 6 1 2 0 5 • 
35 5tOS:00 4937.5 H i g h w a y M a r k e d o n M a p 9 9 104 9 1 D -13 1 6 7 204 45 D -159 
36 5 i l 0 i 5 O 4937.5 H i g h r a y J u n c t i o n - S h o n e 1 1 96 1 0 6 . 5 94 D -12.5 1 7 1 205 160 D - 45 1 3 7 E . 
37 4937.5 W h a l e y s r l l l e 9 2 1 0 8 1 7 5 206 ^ 37 4937.5 W h a l e y s r l l l e 9 2 1 0 8 1 7 5 206 
38 5:14 : 2 0 5 5 7 2 . 5 W i l l a r d s 9 0 1 0 9 103 D - 6 1 7 6 2 0 7 
39 5il5f50 5 5 7 2 . 5 P i t t a r i l l B 8 7 110 103 B - 6 1 7 8 2 0 7 . 5 1 8 0 D - 2 7 . 5 8 4 I . 
4 0 5:17 :10 5 5 7 2 . 5 P a r e o n s o u r g 84 1 1 1 . 5 106 D - 5 . 5 1 8 0 2 0 8 - - • 
4 1 5 t20:45 5612.5 S a l i s b u r y R i v e r 7 6 1 1 4 1 0 9 D - 5 1 8 5 210 1 9 0 D - 2 0 6 5 E . 
42 5 i 2 3 i 2 5 5 6 1 2 . 5 H e b r o n 7 1 112.5 1 0 4 D - 8 . 5 1 8 3 212.J 1 8 0 D - 3 2 . 5 loo E . 
A3 5 i 2 7 : 3 0 6210 W a n t i c o k a R i v e r 64 1 1 5 103 D -12 1 8 7 214-5 . . -

4 4 H i g h w a y M a r k e d o n K a p 6 1 116.5 1 8 8 2 1 5 —— 
45 R i v e r a J u n o t i o n 57 1 1 8 —— 191 216.5 
46 5:33i40 4 1 2 2 . 5 H i g h w a y H a r k e d o n K a p 53 1 2 0 . 5 1 1 7 D - 3 . 5 1 9 3 2 1 8 
47 5 i 3 5 = 3 0 4 1 2 2 . 5 H i g h w a y M a r k e d o n M a p 49 122 116 B - 4 1 9 5 2 1 9 
48 5:38i30 4937.5 H i g h w a y - T a y l o r s I a l a n d 43 126 1 2 7 D + 1 1 9 8 221 45 D - 1 7 6 
49 5 i 4 1 i O O 4937.5 J a m e a I s l a n d T i p 4 0 1 2 6 . 5 1 3 2 B + 3 . 5 200 221 .5 4 0 D - 1 7 8 . 5 
5 0 5 i 4 5 i 3 0 5 5 7 2 . 5 W . E d g e C h e s a p e a k e B a y 3 1 136 140 C + 4 2 0 5 224 1 8 0 D - 4 4 
5 1 5 :47t l5 5 5 7 2 . 5 1 M i l a N . P r i n o * F r e d e r i c k 2 6 1 3 8 1 4 0 1 + 2 206 2 2 5 
52 E . B d g » P a t o x e n t R i v a r - 2 4 1 4 7 . 5 209 2 2 6 
53 5 i 5 1 : 2 0 5613.5 H i g h i w y I h t e r s e a t i o n 21 1 5 6 . 5 1 5 6 A - 0.5 212 2 2 7 
54 5i52'50 5612.5 R . B . C r c a s - O v e r o n H a p 20 164 1 6 2 A - 2 214 2 2 8 180 D - 4 3 
55 B r y a i v t o w n 1 9 1 7 0 2 1 5 2 2 8 . 5 55 B r y a i v t o w n 1 9 1 7 0 2 1 5 2 2 8 . 5 
56 5i56iOO 6210 R a i l r o a d & H i g h w a y C r e a s i n g 1 7 1B9.5 1 8 8 A - 1 . 5 2 1 6 2 2 9 . 5 
5 7 5158:40 6 2 1 0 H i g h w a y N , o f F o n f r e t 1 7 200.5 2 0 4 A + 3 . 5 220 2 3 0 . 5 214 B - 16.5 
58 6 t 0 0 ; 0 0 6210 P o B O n k a y I B 2 1 2 2 1 6 A + 4 2 2 2 2 3 1 
59 6 [ 0 1:30 4 1 2 2 , 5 H e a t S h o r e o f P o t o « a o R i v e r 1 9 2 2 6 226 A 0 2 2 3 2 3 2 
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T t B T J C i n 

H H i K H J L i T I O f l T E S T S O T I G - 1 1 B T H A 3 H I M H * A N D H E W T08L M H O H O B 7ZSDBBB 

B E C f f l B g R 5 , 1 9 4 2 

poa. 
W D . 

T U B 
P . M . 

F R j q . 
E C 

LOCATION 0 7 F U S E 

rev T O R E I H D I O A T E D P O S I T I O N 
W I T H B J O F S C T T O T E E S 

P 0 9 I T I C 9 U B X B Q 
*u." k "Lo* Bcisms 
uiles tsD mtacxim poa. 

W D . 
T U B 
P . M . 

F R j q . 
E C 

LOCATION 0 7 F U S E 
D I S T A N C E 

IB 
MTTiHfl 

isns 
FKARTTQ 

O B S E E V m 
B E A B I H Q 

( G O E H E C . ) E R E O f i 

mflTWBB 
I B 

H U B S 
THUS 

B Z A B D K J 

Q B S H Z 7 S D 
B K A B U G 

( C O H E E C . ) EHBOE 

I H D I O A T E D P O S I T I O N 
W I T H B J O F S C T T O T E E S 

P 0 9 I T I C 9 U B X B Q 
*u." k "Lo* Bcisms 
uiles tsD mtacxim poa. 

W D . 
T U B 
P . M . 

F R j q . 
E C L A T U T O B L O H O I T O D B 

D I S T A N C E 
IB 

MTTiHfl 
isns 

FKARTTQ 

O B S E E V m 
B E A B I H Q 

( G O E H E C . ) E R E O f i 

mflTWBB 
I B 

H U B S 
THUS 

B Z A B D K J 

Q B S H Z 7 S D 
B K A B U G 

( C O H E E C . ) EHBOE 

I H D I O A T E D P O S I T I O N 
W I T H B J O F S C T T O T E E S 

P 0 9 I T I C 9 U B X B Q 
*u." k "Lo* Bcisms 
uiles tsD mtacxim 

1 1OI55IO0 6210 38•41'30" 77*05'30* 9.5 2 2 8 ° 2 3 7 ° A. + 9° 2lB 2 3 2 ° 2 1 0 ° - 2 2 ° 
2 58.00 6210 38 3 8 30 7 7 05 00 1 6 2 2 0 226 k + 6 2 2 1 231.5 205 B - 26.5 
3 11)00i35 412 2 . 5 3 8 3 5 40 77 0 7 3 0 2 0 . 5 216 2 1 7 1 + 1 2 2 5 231 ,— 

0 3 i 4 5 4 1 2 2 . 5 3 8 3 1 3 0 7 7 1 3 3 0 2 8 220 2 2 0 1 0 2 3 2 2 3 1 — 5 0 5 . 4 0 4 1 2 2 . 5 38 2 9 40 7 7 1 6 1 0 3 2 2 2 4 2 2 3 A. - 1 2 3 7 2 3 1 . 5 — 
6 0 8 . 3 5 4 9 3 7 . 5 3 6 2 7 2 0 7 7 24 1 0 38 2 2 7 222 A - 5 242.5 2 3 2 60 - 1 7 2 
7 3 6 23 00 7 7 3 2 30 4 7 228.5 — 251.5 2 3 2 2 1 0 C - 22 
S 3 8 2 1 1 0 7 7 3 6 00 5 1 2 2 9 — 2 5 5 232.5 2 1 0 0 - 22.5 
9 3 8 1 9 4 0 7 7 4 1 30 5 4 2 3 0 — 259 232.5 2 0 0 C - 32.5 

1 0 19133 5612.5 3B 1 6 2 0 7 7 4 7 4 0 6 2 . 5 2 3 1 234 C + 3 2 6 7 232.5 2 2 0 0 - 12.5 
11 21 1 1 0 5612.5 38 1 3 4 0 7 7 52 00 6 8 231.5 235 B + 3.5 2 7 2 232.5 222 C - 10.5 
1 2 2 3 i 4 5 5 6 U 2 t 5 3 8 11 30 7 7 5 6 00 7 4 2 3 3 2 3 6 C + 3 2 7 7 2 3 3 2 2 8 C - 5 
13 2 9 1 1 5 6210 3 8 0 6 3 0 7 8 0 8 00 84 2 3 3 - 5 2 3 8 D + 4.5 288.5 2 3 3 - 5 2 3 5 0 +• 1.5 3 4 3.U. 
1 4 30;30 4122.5 3 8 0 5 3 0 7 8 1 0 3 0 86.5 234 2 2 8 D - 6 2 9 1 2 3 3 - 5 — 
1 5 32i 2 5 4 1 2 2 . 5 3 6 04 00 7 8 1 3 4 0 9 0 2 3 4 226 C - 8 2 9 5 233.5 — 1 6 3 4 t 3 0 4 1 2 2 . 5 3 8 0 1 00 7 8 1 9 00 9 6 2 3 4 224 c - 1 0 3 0 0 233-5 — — 
1 7 3 7 . 5 0 4937.5 3 8 0 1 00 7 8 25 C O 1 0 0 2 3 6 2 2 8 C - 8 304 2 3 4 — — IB 3 7 58 3 0 7 8 2 7 00 104 2 3 5 3 0 8 2 3 3 . 5 7 0 -163.5 
1 9 3 7 55 3 0 7 8 33 00 110.5 2 3 5 3 1 5 2 3 4 2 3 2 - 2 
2 0 3 7 5 4 3 0 7 8 3 6 00 114.5 2 3 6 318.5 2 3 4 . 5 2 3 0 - 4-5 
21 3 7 5 2 00 7 8 4 2 C O 1 1 9 2 3 6 3 2 3 234.5 — — 22 5 2 i l O 5612.5 3 7 5 0 2 0 7 8 4 9 10 1 2 ? 236.5 2 3 0 D - 6.5 329 2 3 5 2 3 5 B 0 
2 3 5 7 : 2 0 6210 3 7 42 3 0 7 6 4 9 3 0 1 3 1 2 3 4 236 D - 6 3 3 6 2 3 4 2 3 5 c + 1 33 a.v. 
2 4 5 9 i 4 0 6210 3 7 36 00 7 8 5 6 00 1 4 2 2 3 3 2 3 7 D + 4 3 4 7 233.5 230 C - 3.5 
2 5 12.03:55 4 1 2 2 . 5 3 7 31 00 7 9 0 7 00 1 5 2 . 5 233 2 2 4 D - 9 357.5 233-5 — — 2 6 3 7 26 1 0 7 9 0 9 00 1 5 7 2 3 2 362 2 3 3 — — 2 7 3 7 22 20 7 9 1 3 4 0 164 2 3 2 3 5 3 2 3 3 — — 2B 3 7 21 30 7 9 1 6 30 166.5 2 3 2 3 7 1 2 3 3 — — 
2 9 Q 7 i 5 0 4 9 3 7 . 5 3 7 21 1 0 7 9 22 30 1 7 1 233 2 2 8 D - 5 3 7 6 2 3 3 . 5 — — 3 0 1 0 i l 5 4 9 3 7 . 5 37 2 0 00 7 9 3 1 30 1 7 8 234-5 226 D - 8.5 3 6 3 2 3 4 2 1 0 D - 2 4 
3 1 1 5 : 4 5 5572.5 3 7 2 0 4 0 7 9 3 7 00 1 8 2 2 3 6 228 D - B 3 8 6 2 3 5 — — 
3 2 15.55 5572.5 3 7 22 3 0 7 9 44 00 1 8 5 2 3 7 . 5 2 3 0 D - 7 . 5 3 8 9 . 5 236 2 3 0 D - 6 
33 1 7 : 2 5 5 5 7 2 . 5 3 7 22 00 7 9 4 8 00 189-5 238 2 3 6 D - 2 3 9 4 236.5 2 3 0 D - 6.5 
3 4 1 9 . 4 5 5 6 1 2 . 5 3 7 2 0 1 0 7 9 5 2 30 1 9 3 . 5 238 2 3 6 E - 2 3 9 8 236.5 2 3 7 B + 0.5 
3 5 21.55 5612.5 3 7 1 9 00 7 9 5 8 00 1 9 9 2 3 9 2 4 2 D + 3 4 0 4 236.5 2 3 7 B + 0.5 65 H . B . 
36 26.40 6 2 1 0 3 7 2 1 00 7 9 5 7 00 196.5 2 3 9 2 4 8 S + 9 4 0 1 2 3 7 238 B + 1 105 If. 3. 
3 7 35.00 412 2 . 5 3 7 4 9 00 7 9 5 0 00 1 7 5 2 4 7 2 3 6 D -11 3 7 7 2 4 0 — 3 S 3 8 . 3 5 4 9 3 7 . 5 3 7 56 3 0 7 9 4 9 3 0 1 7 2 249.5 232 D -17.5 3 7 2 2 4 1 2 3 8 B - 3 
3 9 40.35 4937.5 3 8 00 30 7 9 4 9 3 0 1 6 9 . 5 2 5 1 2 3 6 D - 1 5 3 6 9 2a.5 — — 
4 0 4 5 : 5 0 5 5 7 2 . 5 3 8 1 0 4 0 7 9 4 9 3 0 1 6 5 . 5 2 5 5 2 4 5 D - 1 0 362 243.5 2 4 0 B - 3.5 4 8 3.W. 
4 1 47.50 5 5 7 2 . 5 3 8 1 7 30 7 9 4 9 00 1 6 3 257.5 2 4 5 D - 1 2 . 5 357.5 244.5 — — 
4 3 5 2 . 2 5 5612.5 3 8 25 00 7 9 5 0 00 1 6 1 . 5 260.5 2 4 6 D -14.5 354 246 — — 4 3 55.30 6210 3 8 3 2 4 0 7 9 4 8 00 1 5 8 263.5 247 D -I6.5 349 247 2 4 7 B 0 
44 li 00.45 4122.5 3 8 4 2 30 7 9 4 9 30 159 267.5 2 4 2 D -25-5 3U.5 249 — — 
4 5 3 8 50 3 0 79 52 3 0 1 6 0 2 7 1 343 2 5 0 — — 46 3 8 5 2 30 79 5 1 30 159.5 2 7 4 3 3 9 2 5 1 — — 4 7 1 3 : 5 0 5572.5 3 9 0 5 00 7 9 5 3 00 I6I.5 2 7 7 268 D - 9 3 3 7 2 5 3 — — 48 3 9 1 0 3 0 7 9 5 4 00 163 279.5 336 2 5 4 — — 4 9 3 9 1 7 10 7 9 5 4 00 164.5 2 8 2 333 255 — — 5 0 131 J O 5612.5 3 9 20 00 7 9 5 4 00 1 6 5 2 6 3 2 6 8 D - 1 5 3 3 2 256 2 5 5 D - 1 1 6 0 9.H. 
5 1 21.00 56 1 2 . 5 3 9 2 3 1 0 7 9 5 4 00 166 2 8 5 273 D - 1 2 3 3 1 256.5 2 5 5 D - 1.5 7 2 S.H. 
5 2 3 9 2 7 3 0 7 9 5 4 00 1 6 7 2 6 6 3 3 0 2 5 7 2 5 5 B - 2 
5 3 2 7 . 1 5 6210 3 9 3 5 30 7 9 5 4 00 1 7 0 2 8 9 2 8 0 D - 9 3 2 7 2 5 9 2 7 0 D + 11 
5 4 29.00 6210 3 9 3 8 3 0 7 9 5 3 00 1 7 0 290.5 2 8 3 D - 7-5 3 2 5 259.5 — — 55 3 9 4 0 4 0 7 9 5 3 00 1 7 1 291.5 324.5 2 6 0 — — 56 3 9 4 7 00 7 9 5 4 1 0 1 7 5 2 9 3 . 5 — 3 2 4 2 6 1 — — 57 3 5 : 3 0 4 1 2 2 . 5 3 9 5 0 30 7 9 5 4 00 1 7 6 295 2 8 8 D - 7 3 2 3 262 — — 
5 8 3 7 . 1 5 4 9 3 7 . 5 3 9 52 00 7 9 55 00 1 7 B 295.5 293 D - 2.5 323.5 262.5 — — 5 9 3 8 . 3 0 4937.5 3 9 5 4 2 0 7 9 5 4 3 0 1 7 8 2 9 6 293 D - 3 3 2 2 2 6 3 — — 6 0 4 0 . 3 0 4937.5 40 01 30 79 5 4 3 0 1 6 2 298.5 2 9 3 D - 5.5 3 2 0 . 5 264 — — 6 1 40 04 40 7 9 55 00 1 B 4 2 9 9 3 2 1 265 — — 6 2 4 3 . 4 0 5572.5 4 0 0 8 3 0 7 9 56 00 1 8 7 300.5 301 D + 0.5 3 2 1 266 — — 6 3 46.OO 5572.5 4 0 11 3 0 7 9 5 6 3 0 1 B 9 301.5 3 0 0 D - 0.5 3 2 1 266.5 — — 
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TABLE IT 

DECEHBER 12, 1942 
POSITION NQHBER 1 2 3 4 5 6 7 
HUB UiOil45 A.M. Il:03i30 A.H. 11i06i00 A.H. lit 03:00 A.H. 111101CO A.H. 11(11.30 A.H. 11j13i30 A.H. 
frequehci SO 4122.5 4122.5 4122.5 4937.5 4937.5 4937.5 5572.5 
LOCATION 
OF PLANS St*te Idck 
DISTURB FSOK 
PITTSBDRfZ ID HUBS 16 20 24.5 34 41 43.5 48 
BtOX wiBmn 
FfiOH PITTSBDROB 12" 15° 17° 26° 24° 24* 24.5° 
OBSERVED BSARDIO 
racn pirrsBuam a'A 24°A 27°A 23 B 
AZLHUTH EEBQR 
FflCK PITTSECRCH + 9" + 9° + 10° -1.5° 
DISTANCE FHCB 
WASHING Ml IN MILES 200 201 201.5 201 204 205 206 
TBDE HUHDJO 
FfiOH WASHTHOTOH 309* o 

310 311° 314* 316' 316.5* 317.5° 
OBSERVED BEAEJNO 
FROR WASHINGTON 309°B 311* C 315*0 317*B 338*0 

1KB HLSEnraTON - 2* -3° -1* + 0.5* + 20.5° 
DISTANCE FHT HEW 
TOBE IN HUES 315 312 310.5 302.5 301 300 298 
TRUE BUBINO 
ncn HEW TORE 271.5° 272° 273' 774* 275* 276* 276.5° 
OBSERVED BEAHINO 
TBOH HEW TORE 275° 272* 272*D 270° D 270* D 282*B 
AZIOTTH ERROR 
1B0B HEW TORE + 3° -1° -2° -5* -6* + 5.5* 
m m OA TED POSITION 
with respect to 
thje posisoh using 
•PT* k "LG» BSARDHS 
HUES AND DIRSCTION 

4 Hi.E. 5 M.S.E. - 30 m.s. 

HDIOATED POSITION 
WITH RESPECT 10 
TEOI POSITION USING 
•PT" & "WA« BEARIMS 
IQLE3 AND DIRECTION 

9 Hl.S. 101 Hl.S. 

INDICATED POSinOB 
WITH RESPECT TO 
TRUE P03ITI0H USING 

4 "LQ" BEARINGS 
KLUE3 AND DIRECTION 

9 Hl.S.W. 12 m.s.w. 34 XI. S.B. 40 H..S.B. 71 Hl.S.W. 

DTOICirSD POSI TICS 
WITH RBSPBOT TO 
TRUE POSITION usnia 
OTiTUt 07 *mTiBm.TC 
HUES AND DIRK TI Of 

6 M.S. 62 Hl.S.W. 
DTOICirSD POSI TICS 
WITH RBSPBOT TO 
TRUE POSITION usnia 
OTiTUt 07 *mTiBm.TC 
HUES AND DIRK TI Of 

6 M.S. 62 Hl.S.W. 

TKLUMOIATION TESTS OF HC-ll BT HASHISOTOS, NEW TORT, AND PITTSBUHQH DIRECTION FINDERS 
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TABLE 17 

DECEMBER 12, 1942 

POSITION NUMBER 8 9 10 11 12 13 14 

TIME 11:15I45 A.M. LLLL7.30 A.M. 111201 CO A.M. 11122100 A.M. 11124:00 A.M. 11I26ICO A.M. UI29*30 A.M. 

TREQUSTCT EC 5572.5 5572.5 5612.5 5612.5 5612.5 6210 6210 

LOCINC* 

07 PLANE RLBORSBORG SLLGS I.1NHN*TILLE ENDAAROR 

DISTANCE FROH 
PITTSBURGH IN MILES 55.5 60 66 70 75.5 90 93.5 

TRUE BEARIHQ 
7B0H PITTSBURGH 23.5° 23* 23* 22.5° 22.5* 21* 22' 

OBSERVED BBARINO 
FROM PITTSBUROH 23° B 23*B 23*B 24° B 24*B 19 0 21* C 

AZIMUTH ERROR 
TFLOM PITTSBUROE -0.5° 0* 0* + 1.5° + 1.5* - 2* - 1* 

DISTANCE FROM 
WASHINGTON IN MILES 210 213 215 217.5 221 224.5 236.5 

TRUE BEARTNO 
FROM WASHINGTON 319.5° 320.5° 322* 323* 324* 325° 328* 

OBSERVED BEARING 
PROM WASHINGTON 329°D 338°D 338°D 327*D 313*D 317* D 

AZIMUTH ERROR 
FROM WASHINGTON + 9.5° -•-17.5° + 16° + 4* -12* - 11* 

DISTANCE FROM NEW 
TORE IN MILES 296 295.5 293 292.5 291.5 292 295.5 

TRUE BEARING 
FROM NEW TORE 278° 278.5* 260* 280.5* 281.5* 282.5* 285* 

OBSERVED BEARING 
FROM NEW TORE 281°B 285* B 279* 279°B 279* B 282*A 

AZIMUTH ERROR 
FROM NEW TORE + 3* + 6.5* -1° -1.5* -2.5* -0.5* 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"PT" & *LG" BEARINOS 
HUES AND DIRECTION 

16 HI.S.S.T. 34 HI.S.S.T. 5 HL.S. 7-5 HI.3. 14 ML J.3.W. 5 HI.W.S.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
•PT" k "WA" BEARINGS 
HTLES AND DIRECTION 

AL HI.S.S.T. 88 ML. S.3.T. 81 HL.S. 17 HI.S.S.T. 29.5 HI.S.S.T. 48 HI. S.3.T. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"HA* IT "LO* BEARINOS 
MILES AND DIRECTION 

35 ML.S.W. 64 MT.S.W. 69 MI.W. 28 NL.S.S. 42 HI.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
MT7.ES AND DIR5CTI0N 

29 M1.S.S.¥. 59 HI.S.S.T. 40 HI.S.W. 12 HI.W. 19 MI.S.N. 

TRIANGULATTON TESTS- 07 HO-11 BT HASKTMICJL, AIH TORE, AND PITTSBURGH DIRECTION THEBES 
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T1BLB JT 

TfilAMttLATIOlI TESTS 07 NC-11 BT HiSHTJIOTOB, HEH TOBE, AMD PITTBBOHOH DUBCTTOH FINDERS 

D E C T K B E B 1 3 , 1 9 4 2 

POSITION HUHBER 15 16 17 IB 19 20 21 

T3HK 11.31.30 A.M. 1105130 A.M. 11I39IOO A.M. I l i 41 i00 A . H . I l t43 i00 A.M. II1461OO A.M. 11150i00 A . H , 

raEQuraci KC 4122.5 4122.5 4937.5 4937.5 5572.5 5572.5 5612-5 

LOCATION 
OF PLANE T ld lou te 

DISTANCE FROH 
PITTSBURGH IN HCLES 100 112.5 135.5 141 149 155 157 
TRUE BEARING 
FHOH PITTSBURGH 23.5° 21° Q 

22.5 23° 22° 22° 22° 

OBSERVED BEARING 
FBOH PITTSBURGH 27°C 27° C 32°D 

AZIHUTH ERROR 
FROM PITTSBURGH + 3.5° + 6° + 10° 

DISTANCE FHOH 
WASHINGTON IN H U E S 242 251 263 267.5 272 277 279.5 

THUS BEARING 
FROM WA3RTNQT0H 330° 332° 335° 336° 338° 339° 339.5° 

GBSHZVED BEARING 
FBOH WASHINGTON 322°D 326°A 328°C 329° C 340*1) 

AZIMUTH ERROR 
FROM WASHINGTON - 8 ° - 6° - 7 ° - 7 ° + 2° 

DISTANCE FBOH NEW 
TORE I N MILES 297.5 297 293 293.5 293 294 296 

TRUE BEARING 
FROH NEW TOBE 2 8 6 . 5 ° 289.5° 292.5* 293.5° 296C 297° 297.5° 

OBSERVED HEARING 
FROH NEW YORK 2 8 2 ° B 282°B 297°D 297°D 289° C 293° B 294° B 

AZIMUTH ERROR 
FBOH NEW YORK -4 .5° - 7 . 5 ° + 4.5° + 3.5° - 7* - 4 ° - 3 . 5 ° 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
•PT" & •LG" HEARINGS 
WILES AND DIRECTION 

22 M . S . 37 M l . S . 31 M . 3 . K . 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"FT" & •WA" BEARINGS 
H U E S AND DIRECTION 

39.5 M . S . 37 M . S 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"FT" & •WA" BEARINGS 
H U E S AND DIRECTION 

39.5 M . S . 37 M . S 

INDIQATED POSITION 
WITH RESPECT T O 
TRUE POSITION USING 
"WA* At *LG* BEARTSQS 
MILES AND DIRECTION 

32 MI.S.W. 37 M . 8 . 94 M.H.W. 37 M J I . W . 50 H l . S . E . 

INDICATE) POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
H U E S AND DIRECTION 

29.5 M . S . 37 M i . S . 

INDICATE) POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
H U E S AND DIRECTION 

29.5 M . S . 37 M i . S . 
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TABLE IT 

DECEMBER 13, 1942 
POSITION NUMBER 22 23 24 25 26 27 28 

11.57.00 A.M. 12IQ4I00 P.H. 12109100 P.M. 12.10:00 PJL 12.14:30 P.H. 12:17.00 P.H. 12IL9IOO P.H. 
FREQUENCY EC 6210 4122.5 4937.5 4937.5 5572.5 5572.5 5612.5 
LOCATIOH 
OF PLANE 3PRTNGRM» SURER CREEK DUNKIRK BROOTCN 
DISTANCE FROB 
PITTSBOFFIB IN HUES 167 163 163 161 157 151 148 
TRUE BEARING 
FROH PITTSBURGH 22.5° 18.5° 15° 14° 12° 11° 10° 
OBSERVED BEARING 
FROM PITTSBURGH 33°D 25°C 30°D 29°D 
AZIHOTH ERROR 
FROM PITTSBURGH + 10.5° + 6.5° + 18° + 18° 
DISTANCE FROM 
WASHINGTON IN MILES 277 282 289.5 289 289.5 287 286 
TRUE BEARING 
FROH WASHINGTON 340.5° 338.5° 337° 336.5° 335° 333.5° 333° 
OBSERVED BEARING 
FROH WASRTNQTCN 333°B 328°B 333° B 
AZIMUTH ERROR 
FROH WASHINGTON - 2° -5.5° 0° 
DISTANCE FROH NEW 
TORE IN HUES 282 293.5 304 305.5 310 313.5 314.5 
TRUE BEARINQ 
FROH NEW TORE 299.5° 298.5° 298° 297.5° 297° 296° 295° 
OBSERVED BEARING 
FROH NEW TORE 304° B 303° A 304° C 304° B 304° B 
AZIMUTH ERROR 
FROH NEW TORE + 4.5° + 4.5° + 7° + 8° + 9° 
INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
•PT" ST "LG" HEARINGS 
MILES AND DIRECTION 

38 M.E. 28 HL.S.W. 59 62 HI.E.N.E. 
INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
•PT" ST "LG" HEARINGS 
MILES AND DIRECTION 

38 M.E. 28 HL.S.W. 59 62 HI.E.N.E. 

INDICATED POST TICK 
WITH RESPECT TO 
TRUE POSITION USING 
"PT" 4. "WA" BEARINGS 
MILES AND DIRECTION 

62 ML.S.S.B. 74 HL.A.S.B. 

INDICATED POST TICK 
WITH RESPECT TO 
TRUE POSITION USING 
"PT" 4. "WA" BEARINGS 
MILES AND DIRECTION 

62 ML.S.S.B. 74 HL.A.S.B. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"WA" & "LG" BEARINGS 
HUES AND DIRECTION 

80 HI.S.B. 130 ML.N.W. 83 KUS.S.I. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"WA" & "LG" BEARINGS 
HUES AND DIRECTION 

80 HI.S.B. 130 ML.N.W. 83 KUS.S.I. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
HUES AND DIRECT!ON 

12 HUB. 10 HL.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
HUES AND DIRECT!ON 

12 HUB. 10 HL.W. 

TRIANGULATION TESTS OF NC-LL BT WASHINGTON, H W TOEK, AND PITTSBUKFFL DIRECTION FINDERS 
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TABU 17 

DECEMBER 12, 1942 
POSITION IDHBB8 29 30 31 32 33 34. 35 
TUB 12i2?i00 P.M. 12x25*30 P.M. 12i26i45 P.M. 12t28i30 P.M. 12.31.00 P.M. 12133.30 P.M. 12i35»00 P.M. 
7BBQB2NCT XO 5612.5 6210 6210 6210 4U2.5 4122.5 4122.5 
LOCJITTOH 
07 FLUB Heatfl-ld Rlpl«7 North lAflt 
DISTANCE 7R0R 
PITT3BUH0H IN HTLES 142.5 139.5 138 134.5 133 130 US 
THOE BEARING 
TBCfl PTTTSmROE 7.5° 6* 5* 3* 2* 0* 358* 
OBSERVED BEARING 
TECH PITTSBURGH 10*0 5*0 S*C 
A7THIHW ERROR 
FBOH PITT3BUR0H + 8* + 5* + 10* 
DISTANCE FROM 
WASHINGTON TN MILES 285.5 285.5 285.5 286 266 286 287 
TRITE BEARUIO 
TROH ULSELNGTON 331' 330° 329.5° 328.5° 328* 327* 326* 
fTHffmyg) BEARING 
TfiOH WASHINGTON 338*0 328° D 327*0 330°D 325*B 323° i 322°B 
AZIMUTH ERROR 
TROH NASBJNGTON -3° -2* -2.5* + 1.5 -3° -4° -4° 
DISTANCE FROM NEW 
TORE IB HUES 320 323 325 328 330 334 337 
TpftB BUSIKO 
TBCfl REV TORE 294° 293.5* 293° 292.5* 292* 291* 291* 
OBSERVED BEARING 
FROM NEV TORE 294*A 290* B 294*0 296* B 304*B 298*B 
A7.1WITB EBBOR 
TBOH NEW TORE 0* -3.5* + 1* + 3.5° + 13° + 7* 
INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
•TT" k "LG» BEARINGS 
TTTTJtfl AND DIRECTION 

83 HI.S.S.T. 44 H1.S.W. 
INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
•TT" k "LG» BEARINGS 
TTTTJtfl AND DIRECTION 

83 HI.S.S.T. 44 H1.S.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
TT» k "VA" BEARINOS 
MILES AND DIRECTION 

43 m.s.s.s. 43 Hl.S. 54 Hl.S.S.B. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 

i "LG" BEARINGS 
MILES AND DIRECTION 

25 Hl.E.S.E. 24 m.s. 3i m.s.E. 27 Bl.W.N.W. 187 BL.I.V. 134 KL.S.I. 

INDICATED POSITION 
WITH RESPECT TO 
sane POSITION USING 
CENTER 07 TRIANGLE 
W T T J M AMD DIRECTION 

60 Hl.S,2. IB H1.3.S.B. 

TRIANGBLATIQH TESTS 07 HO-11 BT HASHDBTOM, Hltf TUX, AND PITTBBDBGE DTEEOTXOK FTHDESS 
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TABLE IT 

DBCSFLBEE 12, 1942 
POS1TIO¥ HDAUUT 36 37 38 39 40 41 42 
TUN 12(37IA0 P.M. U2«45:00 P.M. 12IA7I30 P.M. L2I50I30 P.M. 12I52T30 PJI. L2«55IOO P.M. 12137130 P.M. 

FBSQIJEHOT EC 4937.5 5572.5 5572.5 5612.5 5612.5 6210 6210 
LOCATION 
OF PLANE N. QIR*RD OOTMAANT 
LOCATION 
OF PLANE N. QIR*RD OOTMAANT 
DISTAHCB FROM 
PITTSBURGH ID MILES 127 121.5 120.5 120 119.5 119 US 
TRUE BEARTJO 
FROM PITTSBURGH 357° 350* 348° 344* 342.5° 341° 338° 

OBSERVED BEARING 
FHOM PITT3B0RGH 135° 120* 343*D 340° D 33B*D 
17. iMiriw ERROR 
FROM PITTSBURGH + 147° + 136* + 0.5* -1* 0* 

DISTANCE FROM 
WASHING TW IN HUBS 287.5 291.5 292 295 296 296.5 298.5 
THUS BEARINQ 
FROM WASHDHOTOS 325.5* 322.5° 321.5° 320° 319.5* 319* 317.5° 
OBSERVED BEARING 
FROM WASHINGTON 322° B 314*B 317*0 317*C 314* 315° 317*0 
AZIMUTH ERROR 
ram WASHTNOTOH -3.5* -8.5* -4.5° -3* -5.5* -4° -0.5* 
DISTANCE FSOH NEW 
TORE IF MILES 339.5 352 355 361 364 367 371.5 
TRTTB BEARING 
FROM HEW TORE 290.5° 289* 288.5* 287.5° 267.5° 287* 286.5* 
OBSERVED BSAEENA 
FROM NEW TORE 304° B 284°B 287°B 2B8°A 284* 288* 290*B 
AZIMUTH ERROR 
FROM NEW TORE -M3.5* -5* -1.5* + 0.5° -3.5° + 1° + 3.5* 
INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"PT* & "LG" BEARINGS 
MILES AND DIRECTION 

23 ML. 8.S.E, U HI, S.S.E. 31 HL.N.W. 

INDICATED POSITION 
UXTR EE8PECT TO 
THDE POSITTOII OSDJO 
*PT" & "WA" BEARINGS 
MILES AND DIEBCTICS 

53 M.S.S.B. 40 MI.S.S.E. 7 ML.S.B.B-

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
•WA" tt "LG" BEARINGS 
MILES AND DIRECTION 

193 MI.H.W. 43.5 ML.N.E. 31 HUB. 36 HU.S.I. 26 m.H.E. 54 M.E.5.E. 56 KI.S.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
WILES AND DIRECTION 

30 KL.B.S.W. 16 KUX. 29 FLT.N.H. 
INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
WILES AND DIRECTION 

30 KL.B.S.W. 16 KUX. 29 FLT.N.H. 

TBUWDLITICAR TK3TS OF NC-11 BT HUHTHQ10H, FEW TORE, AH) PTTTSHOT NIWBLTLFFL FDOOA 



TABLE IT 
TBUHQDLLTI08 TE3T3 OF 30-11 BI WASEJXITDH, D V TOST, AND PITTSFLDBOH DD0ETIO1I FINDERS 

DECEMBER 12, 1942 
POSITION NUMBER 43 44 45 46 47 48 49 
TUB 12J5900 P.H. 1I02I00 P.M. 1IQ4I30 P.H. IR07I00 P JU 1I09I30 P.H. LILLI30 P.H. 1.13100 P.M. 
FREQUEHCT EC 6210 4122.5 4122.5 4937.5 4937.5 4937.5 5572.5 
LOCATICW 
or PLAICE GanoTR HADLAON PAINE IRRILLE 
DISTANCE PBOn 
PITTSBURGH IN MILES 117 117 117.5 11B.5 120 120 120.5 
TRUE BEARINQ 
FROM PITTSBURGH 335° 333° 330.5° 328° 326* 324° 322.5* 
OBSERVED BEARING 
FROM PITTSBURGH 343° D 335°C 327°D 
OBSERVED BEARING 
FROM PITTSBURGH 343° D 335°C 327°D 
AZIMUTH ERROR 
FROH PITTSBURGH + 8° + 2° -3.5° 
DISTANCE FROH 
WASHINGTON IN UTTER 299.5 303 304 305 309 308.5 309.5 
TRUE BEARING 
FROM WASHINGTON 316.5° 316° 315° 314° 313° 312.5° 312° 
OBSERVED BEARING 
FRCW WASHINGTON 313° 314°B 310°B 3H°C 309° C 310 C 307*B 
AZIMUTH ERROR 
FROH WASHINGTON -3.5° -2° -5° -3° -4° -2.5* -5* 
DISTANCE FROH NEW 
TORE IN HUES 375 379 383.5 388 393 395 397.5 
TRUE BEARING 
FROH NEW YORK 265.5° 285-5° 285* 284° 284° 283.5* 283' 
OBSERVED BEARING 
FROH NEW TORE 290° B 285°D 281° 0 279° B 282°B 279* B 

AZIMUTH ERROR 
FROM NEW TORE + 4.5° -0.5° -3° -5° -1.5° -4* 
INDIOATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"PT» St *LG" BEARING 
HUES AND DIRECTION 

26 HL.S.W. 7 KUS.E. 
INDIOATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"PT» St *LG" BEARING 
HUES AND DIRECTION 

26 HL.S.W. 7 KUS.E. 

INDIOATED POSITION 
WITH RESPECT TO 
TRUE POSITION UBINO 
"PT* k "WA" BEARINGS 
HUES AND DIRECTION 

65 TTT.S.E. 32 RT.S.a.B, 60 M..B.S.E. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"WA" k "LG" HEARINGS 
HUES AND DIRECTION 

102 H1.W.3.W. 13 HUE. 22 HL.S. 36 HI.3.S.I. 12 M..H.E. 28.5 HI.S.S.N. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
HUES AND DIRECTION 

8 ML.S.E. 10 KU S.S.E. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
HUES AND DIRECTION 

8 ML.S.E. 10 KU S.S.E. 



25 
TABLE IT 

T E L U r a U I A T I C W T E S T S OP NC-11 BY WASHINGTON, NEW YORK, AND PTTTSBOBQH DIRECTION FINBEKS 
DECEMBER 12, 1942 

P O S I T I O N N U M B E R 50 51 52 53 54 55 56 
T I M E l iU:30 P . M . Itl7i30 P . M . l»19i00 P . M . 1I23IO0 P . M . 1I25.I30 P.M. Ii33i00 P.M. 1:34I3C P.M. 

F H E Q J I E M C Y K E 5572-5 5572.5 5612.5 5612.5 6210 4122.5 4122.5 

L O C A T I O N 
O F P L A N E N . E . C l s T o l a n d 

W.End 
o f O l e r a L i n d 

L o r r a i n e 
A i r p o r t 

D I S T A N C E F R O M 
P I T T S B U R G H I N M I L E S 1 2 1 151.5 121 121.5 133 159 140 

T R U E B E A R I N G 
F R O M P I T T S B U R G H 321° 319° 316.5° 3U.5° 312° 304° 304° 
O B S E R V E D B E A R I N G 
F R O M P I T T S B U R G H ' 315°C 299° C 
O B S E R V E D B E A R I N G 
F R O M P I T T S B U R G H ' 315°C 299° C 

A Z I M U T H E R R O R 
F R O M P I T T S B U R G H + 11° -5° 

D I S T A N C E F R O M 
W A S H I N G T O N I N M I L E S 311 312 3 1 2 . 5 314 315.5 332 33* 

T R U E R K A R T N O 
F R O M W A S H I N G T O N 3 1 1 . 5 ° 310.5° 310° 310° 306° 303° 303° 
O B S E R V E D B E A R I N G 
F R O M W A S H I N G T O N 307° B 3 0 6 ° B 309° B 307° B 303° 296° C 

A Z I M U T H E R R O R 
F R O M W A S H I N G T O N - 4 . 5 ° - 4 . 5 ° - 1° -3° -3° -7° 
D I S T A N C E F R O M N E W 
Y O R K I N M I L E S 400 404 406.5 410 413.5 434 437 
T R U E B E A R I N G 
F R O M N E W Y O R K 283° 282.5° 282° 281.5° 281 279° 279 

O B S E R V E D B E A R I N G 
F R O M N E W Y O R K 281° A 282* B 279" B 279° B 281° B 
A Z I M U T H E R R O R 
F R O M N E W Y O R K - 2° -0.5° -3° -2.5° + 0.5° 

I N D I C A T E D P O S I T I O N 
W I T H R E S P E C T T O 
T R U E P O S I T I O N U S I N G 
" P T * " L G " B E A R I N G S 
M I L E S A N D D I R E C T I O N 

I N D I C A T E D P O S I T I O N 
W I T H R E S P E C T T O 
T R U E P O S I T I O N U S I N G 
" P T * " L G " B E A R I N G S 
M I L E S A N D D I R E C T I O N 

I N D I C A T E D P O S I T I O N 
W I T H R E S P E C T T O 
T R U E P O S I T I O H U S I N G 
" F T " 4 * W A " B E A R I N G S 
M I L E S A N D D I R E C T I O N 

I N D I C A T E D P O S I T I O N 
W I T H R E S P E C T T O 
T R U E P O S I T I O H U S I N G 
" F T " 4 * W A " B E A R I N G S 
M I L E S A N D D I R E C T I O N 

I N D I C A T E D P O S I T I O N 
W I T H R E S P E C T T O 
T R U E P O S I T I O N U S I N G 
*VA" & " L G * B E A R I N G S 
M I L E S A N D D I R E C T I O N 

37 H l . N . E . 53 M 1 . W . 3 . W . 34 H t . f l . E . 24 H l . S . S . E . 64 m.w.N.w. 

I N D I C A T E D P O S I T I O N 
W I T H R E S P E C T T O 
T R U E P O S I T I O N U S I N G 
C E N T E R O F T R I A N G L E 
M I L E S A N D D I R E C T I O N 

I N D I C A T E D P O S I T I O N 
W I T H R E S P E C T T O 
T R U E P O S I T I O N U S I N G 
C E N T E R O F T R I A N G L E 
M I L E S A N D D I R E C T I O N 



26 
TABLE IT 

DECEMBER 12, 1942 

POSITION NUMBER 57 53 59 60 61 62 63 
TIME 1:37:30 P.M. 1i38J30 P.M. 1i40i30 P.M. 1:42100 P.M. 1:43130 P.M. 1:46:00 P.M. It47r00 P.M. 

FREQUENCY EC 4937.5 4937.5 4937.5 4937.5 5572.5 5572.5 5572.5 

LOCATION 
OF PLANE VbtbHIOT Huron Sandusky 

DISTANCE FROM 
PITTSBURGH I N MILES 143 146 149 152 157 163 165 
TRUE BEARING 
FROM PITTSBURGH 302° 301° 302° 299° 300° 299° 298* 

OBSERVED BEARING 
FROM PITTSBURGH 286* C 110* 

AZIMUTH ERROR 
FROM PITTSBURGH -14° + 172* 

DISTANCE FROM 
WASHINGTON IN MILES 337 339 342 347 350 357 359 

TRUE BEARING 
FROM WASHINGTON 302° 302° 301° 301° 301° 300° 300° 
OBSERVED BEARING 
FROM WASHINGTON 298° B 296° C 296°B 297° B 301° B 304° B 303° B 

AZIMUTH ERROR 
FROM WASHINGTON - 4 ° - 6 ° 

a 
- 5 - 4 ° 0° + 4° + 3* 

DISTANCE FROM NEW 
TORE IN HTLES 441 444 446 453 457 463 465 
TRUE BEARING 
FROM NEW TORE 278° 278° 278* 278° 279* 279* 279* 

OBSERVED BEARING 
FROM NEW TORE 276° B 276*C 276° B 284° 277*0 

AZIMUTH ERROR 
FROM NEW YORK - 2° - 2° -3 C + 5* - 2° 
INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USTNO 
"FT" k "LG f l BEARINGS 
MILES AND DIRECTION 

53 Mi.S.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USTNO 
"FT" k "LG f l BEARINGS 
MILES AND DIRECTION 

53 Mi.S.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"PT" & "WA" BEARINGS 
MILES AND DIRECTION 

118 M l . S . E . 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USINO 
flWA" & "LG" HEARINGS 
MILES AND DIRECTION 

100 Hl.W.S.W. 134 Hl.W.S.W. 42 M l . S . E . 48 M l . S . E . 19 M l . S . E . 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USINO 
CENTER OF TRIANGLE 
MILES AND DIRECTION 

47 M l . S . E . 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USINO 
CENTER OF TRIANGLE 
MILES AND DIRECTION 

47 M l . S . E . 

TRIANGULATION TESTS OF NC-11 BT WASHTNGTOH, NEW TORE, AMD PITTSBURGH DIRECTION FINDERS 
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TAHT.ff IT 

TRIANOULAnOH T E S T S O F NC-11 BT WASHINGTON, NEW TORE, AND PITTSBURGH DIRECTION TINDERS 
DECEMBER 1 2 , 1 9 4 2 

P O S I T I O N N U M B E R 64 65 66 67 68 69 70 
T I M E 1I49I45 P . M . I t 5 2 t 0 0 P . M . 1I54I00 P . M . 1I57J45 P . M . 2:00100 P . M . 2 i 0 1 i l 5 P . M . 2102i40 P . M . 
F R E Q U E N C Y E C 5612.5 5612.5 6210 62IO 6210 4122.5 4 1 2 2 . 5 

L O C A T I O N 
OF P L A N E 

V i c t o r y 
A i r p o r t 

D I S T A N C E F E O M 
P I T T S B U R G H JS M I L E S 1 7 0 1 7 5 1 7 9 1 8 4 1 9 2 1 9 4 1 9 8 

T R U E B E A R I N G 
F R O M P I T T S B U R G H 2 9 7 ° 2 9 7 ° 2 9 5 ° 2 9 5 ° 296° 2 9 5 ° 2 9 5 * 

O B S E R V E D B E A R I N G 
F R O M P I T T S B U R G H 2 8 6 ° D 2 6 6 ° D 2 9 7 ° A 2 9 4 * B 

A Z I M U T H E R R O R 
F R O M P I T T S B U R Q 3 -11° -11° + 2 ° -1° 
D I S T A N C E F R O M 
W A S H I N G T O N I N M I L E S 3 6 3 3 6 8 3 7 3 3 7 9 3 8 6 3 8 8 3 9 2 

T R U E B E A R I N G 
F E O M W A S H I N G T O N 300° 2 9 9 ° 2 9 9 * 2 9 9 ° 299° 2 9 9 ° 2 9 8 ° 

O B S E R V E D B E A R I N G 
F R O M W A S H I N G T O N 303* c 2 9 9 ° B 2 9 4 ° C 2 9 4 ° a 

A Z I M U T H E R R O R 
F R O M W A S H I N G T O N + 3 0° - 5 ° -4° 

D I S T A N C E F R O M N E W 
T O R E I N M I L E S 4 7 0 4 7 7 4 8 1 4 8 7 4 9 3 4 9 7 500 

T R U E B E A R I N G 
F R O M N E W T O R K 2 7 9 ° 2 7 9 ° 2 7 8 ° 2 7 8 ° 2 7 9 ° 2 7 9 ° 2 7 9 ° 

O B S E R V E D H U U U N U 
F R O M N E W T O R E 2 7 8 ° 2 7 9 ° 2 7 7 ° 2 7 7 ° 

A Z I M U T H E R R O R 
F R O M N E W T O R K - 1 ° 0° - 1° - 2 ° 

I N D I C A T E D P O S I T I O N 
W I T H R E S P E C T T O 
T R U E P O S I T I O N U S I N G 
" P T » & " L G " B E A R T J J O S 
M I L E S A N D D I R E C T I O N 

117 H l . W . 2 0 4 H i . W . 

I N D I C A T E D P O S I T I O N 
W I T H R E S P E C T T O 
T R U E P O S I T I O N U S I N G 
* P T " & " W A " B E A R I N G S 
M I L E S A N D D I R E C T I O N 

1 6 0 M l . S . E . 8 8 H i . S . E . 

I N D I C A T E D P O S I T I O N 
W I T H R E S P E C T T O 
T R U E P O S I T I O N U S I N G 
" K A " & " L G " B E A R I N G S 
H U E S A N D D I R E C T I O N 

5 M l . W . S . W . 45 H i . W . 

I N D I C A T E D P O S I T I O N 
W I T H R E S P E C T TO 
T R U E P O S I T I O N U S I N G 
C E N T E R O F T R I A N G L E 
M I L E S A N D D I R E C T I O N 

2 2 M l . N . E . 5 0 M i . W . S . W . 



28 
TABLE IT 

DECEMBER 12, 1942 
POSITION NUMBER 71 72 73 74 75 76 77 
TTHE 2.031-40 P.M. 2IL2T00 P.M. 2IL4IOO P.H. 2IL7:00 P.M. 2:20I30 P.H. 2I23I30 P.M. 2I26T45 P.M. 
7REQUENCT EC 4122.5 4937.5 5572.5 5572.5 5612.5 5612.5 62IO 
LOCATION 
07 PLANE TCNTOGANY 
DISTANCE FROM 
PITTSBURGH IN MILES 203 212 214 218 223 227 231 
TRUE BEARING 
FROM PITTSBURGH 295° 292* 290° 288° 287° 285* 284° 
OBSERVED BEARING 
FROH PITTSBURGH 294°B 291° B 282° C 278°C 286°D 
AZIMUTH ERROR 
FROH PITTSBURGH -1° + 3° -5° - 7° + 2° 
DISTANCE FROM 
WASHINGTON IN MILES 395 405 407 411 414 418 421 
TRUE BEARING 
FROM WASHINGTON 298* 297° 296° 295* 294* 293* 293* 
OBSERVED BEARING 
FROM WASHINGTON 293°C 293° C 295° B 294° B 294° 0 294° C 294*C 
AZIMUTH ERROR 
FROM WASHINGTON - 5° -4° + 1° -1° -0° + 1° + 1* 
DISTANCE FROM NEW 
YORK IN HUES 504 516 520 525 530 536 539 
TRUE BEARINQ 
FHOH NEW IORK 279° 278° 278* 277° 277* 276° 276* 
OBSERVED BEARINQ 
FROH NEW TORE 27D°C 277° 279* C 279* C 
AZIMUTH ERROR 
FROH NEW TORE - 8° 0° .+ 2° + 3* 
INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
°PT" 4 "LG" BEARINGS 
MILES AND DIRECTION 

29 HL.E. 26 ML.N.N.T. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
•PR" Sc. "HA* BEARINGS 
MILES AND DIRECTION 

71 HL.N.W. 350 M.N.H. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
•WA" & "LG" BEARINGS 
HUES AND DIRECTION 

106 MI.S.E. 93 HT.E. I30 MI.W.N.W. 140 TTL.W.H.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
MILES AND DIRECTION 

TRIANGULA TI ON TESTS 07 HC-LL B7 WASHBTTTON, HEW TORE, AND PITTSBURGH DIRECTION TINDERS 
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TBIANGULATICN TESTS OF NC-I1 BY NASHINOTCSJ, NEW YORK, AND PITTSBURGH DIRECTION FINDERS 

DECEMBER 12, 1942 

POSITION NUMBER 78 79 BO 81 82 83 84 

TIME 2:28:30 P.M. 2I31:00 P.M. 2T33I30 P.M. 2:36IOO P.M. 2:40:00 P.M. 2:41T30 P.M. 21461OO P.H. 

FREQUENCY KC 6210 4122.5 4122.5 4122.5 4937.5 4937.5 5572.5 

LOCATION 
OF PLANE VEIL WERT 

DISTANCE FROM 
PITTSBURGH DI MILES 234 23S 241 247 252 255 261 

TRUE BEARDIO 
FROM PITTSBURGH 283° 282° 281° 280° 278° 277° 276* 

OBSERVED BEARING 
FROM PITTSBURGH 280° D 278° B 279°B 278°D 

AZIMUTH ERROR 
FROM PITTSBURGH - 3 ° - 4 ° - 2° + 2° 

DISTANCE FROM 
WASHINGTON IN MILES 424 427 430 433 437 440 444 

TRUE BEARING 
FROM WASHINGTON 292° 291° 291* 290' 289° 289° 288° 

OBSERVED BEARING 
FROM WASHINGTON 293° C 291°B 266° C 284° B 203° B 284° B 287° C 

AZIMUTH ERROR 
FROM WASHINGTON + 1° 0° - 5 ° 0° - 6 ° - 5 ° - 1 ° 

DISTANCE FROM NEW 
YORK IN MILES 546 550 554 5&0 566 570 578 

TRUE BEARING 
FROM NEW YORK 275° 275° 275° 274° 274° ,273° 273° 

OBSERVED BEARING 
FROM NEW YORK 270° 

AZIMUTH ERROR 
FROM NEW YORK - 3 ° 

INDICATED POSITION 
WIIH RESPECT TO 
TRUE POSITION USING 
"FT" & "LG" BEARINGS 
MILES AND DIRECTION 

24 MI.S.W. 

INDICATED POSITION 
WIIH RESPECT TO 
TRUE POSITION USING 
"FT" & "LG" BEARINGS 
MILES AND DIRECTION 

24 MI.S.W. 

INDICATED POSITION 
WITH RBSPECT TO 
TRUE POSITION USING 
"PT" & "WA" BEARINGS 
MILES AND DIRECTION 

37 MI.E. ILL ML.W. 435 ML.W. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"WA" & "LG" BEARINGS 
MILES AND DIRECTION 

124 m.w. 

INDICATED POSIITON 
WITH RESPECT TO 
TRUE POSITION USING 
CENTER OF TRIANGLE 
MILES AND DIRECTION 

68 m.w. 



hble it 
TRIANGULATTON TESTS OF MO-11 bt washijotcw, hew toes, and pittsburgh diked HON finders 

decbhbsb 12, 1942 
POSITIOH NDHBEH 85 86 87 88 89 90 91 
TUB 2.47.30 P.H. 2.5O14O P.H. 2.52.30 P.M. 2I56J50 P-H. 2i59i20 P.M. 3:02.30 P.H. 3I05I3O P.H. 
FBEQUENCT EC 5572.5 5&12.5 5612.5 6210 6210 4122.5 4122.5 
LOCATION 
OF PLANE Pamrllle Eaton Gdljwn 
DISTANCE FROM 
PITTSBURGH IN HUES 264 269 275 282 285 292 298 
TRUE BEARINQ 
FROH PITTSBURGH 275° 

0 
274 273° 272° 271° 270 270" 

OBSERVED BEARING 
FROH PITTSBURGH 274° C 274° C 270° C 268° C 266 D 267*C 267°C 
AZIMUTH ERROR 
FROH PITTSBURGH -1° 0° 0 - 3 -4° -5° -3° -3* 
DISTANCE FROH 
HASHING TON IN HUES 447 451 455 460 463 469 475 
TRUE BEARING 
FROH WASHINGTON 287° 286° 285° 284° 284*' 283* 

OBSERVED BEARING 
FROM WASHINGTON 289° B 2e5*B 285°B 285° 284° C 284° C 275°B 

AZIMUTH ERROR 
FROH WASHINGTON + 2° -1° -1° 0° 0° 0° -8° 

DISTANCE FROH 
NEW TORE IN HUES 581 587 591 598 603 609 615 
TRUE BEARING 
FROH NEW TORE 272° , 272° 272° 271° 271° 270° 270* 

OBSERVED BEARING 
FROM NEW TORE 270° 270° 268° 268° 
AZIMUTH ERROR 
FROH NEW TORE - 2° - 2 ° -4° -3° 
INDICATED POSITIOH 
WITH RESPECT TO 
TRUE POSITIOH USING 
"PT» & *LG" BEARINGS 
HTTfffl AND DIRECTION 

123 Hi.E. 124 M l . E . 
INDICATED POSITIOH 
WITH RESPECT TO 
TRUE POSITIOH USING 
"PT» & *LG" BEARINGS 
HTTfffl AND DIRECTION 

123 Hi.E. 124 M l . E . 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
•PT" k "HA" BEARINGS 
HUES AND DIRECTION 

42 m.W. 42 m.W. 102 Hl.N. 62 Hi.E.S.B. 53 Hl.N.B. 453 m.W. 

INDICATED POSITIOH 
WITH RESPECT TO 
TRUE POSITION USING 
«WA" 4 •LQ" BEARINGS 
MILES AND DIRECTION 

36 1B..S.E. 37 Hl.S-E. 82 H1.3.E. ,— 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USINO 
CENTER OF TRIANGLE 
HILES AND DIRECTION 

31 m.E.S.E. 35 Ml.E.S.E. 
INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USINO 
CENTER OF TRIANGLE 
HILES AND DIRECTION 

31 m.E.S.E. 35 Ml.E.S.E. 



31 
TABLE TV 

DECEMBER 12, 1942 

POSITION BOMBER 92 93 94 95 

TIME 3i08i30 P.H. SilitOO P.M. 30.9130 P.M. 3»22i30 P.M. 

FREQUENCY EC A937.5 5572.5 5572.5 5612.5 

LOCATION 
OF PLANE Anderson N. Indianapolis 

DISTANCE FROM 
PITTSBURGH IN HTLES 304 312 318 327 

TRUE BEARING 
FROM PITTSBURGH 268° 267d 266° 265* 

OBSERVED BEARING 
FROM PITTSBURGH 267BC 265°C 262°C 

AZIMUTH ERROR 
FROM PITTSBURGH 0° - 1 ° - 3 ° 

DISTANCE FROM 
WASHINGTON IN HUES 479 486 490 498 

TRUE BEARING 
FROM WASHINGTON 282° 281° 280° 

o 
279 

OBSERVED BEARING 
FROM WASHINGTON 276° i 277°B 276°C 

AZIMUTH ERROR 
FROM WASHINGTON - 6" - 4 ° - 1 ° 

DISTANCE FROM 
NEW YORK IN MIXES 622 631 638 647 

TRUE BEARING 
FROM NEW YORE 269° 269° 268° 263° 

OBSERVED BEARING 
FROM HEW TORE 260° 262°B 

AZIMUTH ERROR 
FROM NEW YORK - 9 ° - 6 ° 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
•PT" &• "LG" BEARINGS 
MILES AND DTRECTIOH 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
"PT* & "WA" BEARINGS 
MILES AND DIRECTION 

30 Ml. S .S. l . 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
BWAn & *LQ" BEARINGS 
BILES AND DIRECTION 

140 Ml. S. E. 182 Mi. 3. E. 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
f! fOi TICK OF TBIABGLE 
MILES AND DIRECTION 

INDICATED POSITION 
WITH RESPECT TO 
TRUE POSITION USING 
f! fOi TICK OF TBIABGLE 
MILES AND DIRECTION 

TBIABQTJLATION TESTS OF SC-11 BY WASHINGTON, NEW TOHI, AND PIxTSHOHOH DIRECTION FDIDBSS 
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AVERAGE ERROR CURVES ON THE WASHINGTON AND NEW YORK DIRECTION FINDERS 

DATA TAKEN ON NC-11 FLIGHT OF DECEMBER 3. 1942 
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Figure 1. Average Error, Flight No. 1, Washington and New York 

DISTANCE FROM STATION IN MILES 
Figure 2. Average Error, Flight No. 2. Washington and New York 
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AVERAGE ERROR CURVES ON THE WASHINGTON AND NEW YORK DIRECTION FINDERS 

DATA TAKEN ON NC-11 FLIGHT OF DECEMBER 5, 1942 

0 50 100 150 200 250 300 350 400 

DISTANCE FROM STATION IN MILES 

Figure 3. Average Error, Flight No. 3, Washington and New York. 
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AVERAGE ERROR CURVES ON THE WASHINGTON, NEW YORK, AND PITTSBURGH DIRECTION FINDERS 
DATA TAKEN ON NC-11 FLIGHT OF DECEMBER 12, 1942 

FREQUENCIES: 
4122.5 KC 
4937.5 KC 
5572.5 KC 
5612.5 KC 
6210.0 KC 

- • - PITTSBURGH 
•o- WASHINGTON 

- X — X — X - NEW YORK 

100 200 300 400 500 

DISTANCE FROM STATION IN MILES 

600 700 800 

Figure 4. Average Error, Flight No. 4, Washington, New York, and Pittsburgh. 
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MAXIMUM AND AVERAGE ERROR CURVES FOR PITTSBURGH 

ALL FLIGHTS OF NC-11 
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FIGURE 6. MAXIMUM AND AVERAGE ERROR, FLIFFHTA NOA. 1 AND 4, PTTTABORGH. 
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FIGURE 6. MAXIMUM AND AVERAGE ERROR, ALL FLIGHTS, WASHINGTON. 
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INDIVIDUAL FREQUENCY ERROR CURVES FOR PITTSBURGH DIRECTION FINDER 

H I DATA TAKEN ON NC-11 FLIGHT OF DECEMBER 12, 1942 I I 
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INDIVIDUAL FREQUENCY ERROR CURVES FOR WASHINGTON DIRECTION FINDER 

DATA TAKEN ON NC-11 FLIGHTS OF DECEMBER 3, 4. 5, 12, 1942 

FREQUENCIES 

• 4122 .5 KC 
O 4 9 3 7 . 5 KC 
X 5 5 7 2 . 5 KC 
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Figure 9. Individual Frequency Error, All Flights, Washington. 
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CURVE (1)SHOWS AVERAGE ERROR FOR BEST 25%OF BEARINGS 
CURVE (2)SHOWS AVERAGE ERROR FOR BEST 50%OF BEARINGS 
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Figure 10. Avenge Error vs. Distance, All Flights, New York. 
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CURVE (1) SHOWS AVERAGE ERROR FOR BEST 25% OF BEARINGS 
CURVE (2) SHOWS AVERAGE ERROR FOR BEST 50% OF BEARINGS 
CURVE (3) SHOWS AVERAGE ERROR FOR BEST 75 % OF BEARINGS 
CURVE (4) SHOWS AVERAGE ERROR FOR 100% OF BEARINGS 
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Figure 11. Average Error VB. Distance, All Flights, Washington 
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CURVE (1) SHOWS ACCURACY FOR BEST 25% OF READINGS 
CURVE (2) SHOWS ACCURACY FOR BEST 50% OF READINGS 
CURVE (3) SHOWS ACCURACY FOR BEST 75% OF READINGS 
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