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On the Error of Loran Lines of Position due to Sky Waves

Shoji Sarro

Abstract

In order to obtain the probable error of Loran lines of position measured by
a ship at sea, on the cruises of the training ship ‘‘Oshoro Maru’ of the Faculty
of Fisheries, Hokkaido University, the writer observed a number of errors of
Loran lines of position during the period from 2nd of Nov. 1961 to 11th of Jan.
1963. An object of observation were sky waves at distances as shown in Fig. 2.

The method of obtaining error is as follows:

Estimating the ship’s position fixed by cross bearing with gyro compass and
radar at coasting.

The error is represented by the length of a perpendicular drawn from the
ship’s position to the Loran line of position.

Here, the error of the Loran line of position can be expressed as formula (1)
of the present article.

Letgeooscvcecenn. error of Loran line of position
A geometrically non-variable error
b } . .
-+sgrror on the baseline due to error of measurement of time
‘ 0.081 X 4t difference
dtvesceccanen. error of measurement of time difference (u sec)

@ sessesananns the angle between the two directions from the observer to
the two stations

Thus, then substitute the number of observed errors ¢ and their angle ¢ in
formula (1); the values of a® and 3 can be obtained by the method of least
squares.

Transforming them into probable errors, one obtains formula (3).

The results of the calculation are shown in Table 3; it is expressed as the
curve in Fig. 1.
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Table 1. Distribution of frequency of ZOEBTIE, (JTHFTRD 21 Bl 24 B
observation to each rate T TOMIZfThbhzb DA 46 I THREDOK 8 &
mutes | Approx. base | Froueney % fiXHEEEOW 1~2 RUNRORIC
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2H5 795 17 Rt E, BRORIOBEL YE 2H5, 2H6
2H6 600 5 OREELIE 22 FTHREORK § T, MR
281 274 1  DEELALEND, XTHEEDS Y OEBROE
1L4 48T ‘ 1 Xi2# 300 mile A4 & XAER 200~400 mile
1L5 410 12 BhTRISN5A, o 2Hs, 2H6 1118, &
1L6 228 8 KB, KB b ERT, ERIECHR
1L7 240 1 FRBORTIZBFCRIA TP DT, RBE
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Table 2. Observational results of errors of Loran lines of position

Rates | ¢ ¢ | Dist. §g£§ Rates | ¢ e | Dist. Eggg

° mile mile kt ) ° mile mile kt
281 | 3.5 | 6.6 724 | 12.5 | 2H4 | 16 0.8 580 | 13.3
1L4 | 4 6.5 888 | 9.7 | 2H3 | 16 1.0 680 | 12.5
2H4 | 5 | 2.5 805 | 0.0 | 1L5 | 16.5 | 0.7 | 1270 | 10.5
2H4 | 55 | 3.6 750 | 12.8 | 1L5 | 17 1.1 820 | 12.5
1L6 | 5.5 | 0.5 595 | 12.2 | 1L5 | 20 0.05 | 693 | 8.7
2HO | 6 4.4 | 1100 | 12.2 | 2H2 | 21 1.2 570 | 8.5
1L7 | 6 0.6 671 | 5.8 | 2H3 | 22 0.65 | 578 | 13.0
1L6 | 6.5 | 2.2 840 | 9.0 | 2H3 | 28 2.3 565 | 13.3
2H3 | 8 0.7 | 1060 | 12.3 | 1L5 | 26 1.5 490 | 9.0
2H2 | 8 1.0 500 | 12.5 || 2H6 | 26 1.6 | 1204 | 10.0
1L6 | 85 | 1.4 860 | 10.0 | 2H5 | 29.5 | 1.4 742 | 12.3
2H2 | 85 | 1.1 505 | 12.5 | 2H5 | 3.5 | 0.2 | 1020 | 0.0
2H3 | 9 1.5 922 | 10.0 | 2H5 | 87.5 | 1.5 952 | 10.2
2H3 | 9 0.95 | 955 | 7.8 | 2H5 | 38 2.0 912 | 12.5
2H4 | 9 4.1 741 | 10.0 | 2H5 | 88 0.15 | 936 | 12.5
2H6 | 10 | 3.2 478 | 0.0 || 2H5 | 48 | 0.4 725 | 10.5
2H2 | 11.56 | 1.4 515 | 0.0 | 2H6 | 49.5 | 0.15 | 690 | 9.0
2H4 | 12 0.3 639 | 10.5 | 2H5 | 52 0.5 648 | 13.0
1L5 | 14 0.15 | 1110 | 9.0 | 2H5 | 54 2.8 629 | 13.3
2H3 | 14 1.05 | 680 | 0.0 | 2H5 | 54 1.6 629 | 13.3
1L5 | 145 | 1.9 | 1210 | 9.7 | 2H6 | 54 0.05 | 598 | 8.7
1L5 | 15 0.8 | 1070 | 9.2 | 2H5 | 54 0.4 630 | 10.5
1L5 | 15 3.4 | 1122 | 10.7 | 2H6 | 55 1.7 593 | 8.8
1L5 | 16 1.8 | 1066 | 11.1 | 2H5 | 62 0.1 599 | 9.7
1L5 | 15 8.6 | 1082 | 12.0 | 2H5 | 63 0.2 606 | 9.7
2H4 | 15 1.4 600 | 13.0 | 2H5 | 63 1.1 606 | 9.7
2H4 | 165.5 | 4.5 583 | 10.5 | 2H5 | 67 1.1 616 | 9.0
1L5 | 15.5 | 0.35 | 910 | 12.0 | 2H5 | 68.5. | 2.6 610 | 9.7
1L5 | 15.5 | 0.5 915 | 12.0 | 2H5 | 73.5 | 0.4 59 | 12.0
2H3 | 15.5 | 2.1 685 | 12.5 | 2H5 | 74 0.3 572 | 11.1

¢: Angle between the two directions from the observer to the two stations
e: Observed errors of Loran lines of position
Dist.: Distance from the observer to the nearer transmitter of a pair
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Table 3. Obtained probable errors
of Loran line of position

DOEBIZL HHBRTH D, @ r ¢ r
BLEABRAIVINE VWG SIBENKE . ’ . ’
S, BBCHMT BT L Abh B, 2 gz‘l’ 2‘5’ 22‘1‘

X, EZBX () © b Ok 0.0127 Th 6 9.97 40 0.79
5 Q) RTEY 8 1.77 60 0.76
0.0127=(0. 081 X 4t)? 10 1.48 80 0.74
44=1.99 800 15 1.18 100 0.74
20 0.97 120 0.73

ki h, MR ORHIZERIE O hRE T 25 0.89

1.39 p sec &7‘&97’:9

¢: Angle between the two directions from the

observer to the stations
Probable errors of Loran lines of position

r:

Error of Loran line of position (mile)
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Angle between the two directions from the observer to the two stations (p)

Fig. 1. Observed errors and curve of probable error of Loran lines of position
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400 3.6 Rigd 70, BERTT - Tl & 2 BEHED BT
500 2.8 FORBRIOHAE COEBZIE - TELT 23D Th
600 2.5 B,
700 2.2 WRIBIC & B BRI R O Fis a3 2 FE#E G0 Table 442
800 2 REA®, EEREEZORSRKCHEMT 5, S, &
1000 1.9 BOKECBEOPLTESEIESC L, BREF~TH

Dist.: ' Distance from the ob- HTRODBZ L2 EBE LTEREIT 70T Table 4 [
server to the nearer g 2t

transmitter of & pair DERFHIZARIR O REES 2 usee L VHYAELRD T00

mile LTOERETHEBCHMTHAT @SR S B Z &

Frequency

-
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500 600 700 800 900 1000 1100 1200 1300 (mile)

Fig. 2. Distribution of frequency of observation to each distance
. from the observer to the nearer transmitter of a pair
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