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On the Study of the Propagation Phase Difference
of OMEGA in Northern Japan

Kunisaburo YoNETA* and Seiji Sasagr*

Abstract

We collected the records of the propagation phase difference of OMEGA A-D
pair at two points in Hakodate (point H: 41°46'16"N 140°42’53"E, point U:
41°48'25"N 140°43’18”E) and Tokyo (point T: 35°38’15”N 139°45'05"E) from the
15th of February, 1974. The logical phase difference of A-D pair at the points
H and U showed the same value on the OMEGA chart. The otherside, records
of the propagation phase difference were collected at the coast of northern Japan
during the voyage of the T.S. Hokusei Maru from 13th to 26th of April, 1974.
The analyzed results of these data are summarized as follows:

1) Value of the observed phase difference between point H and point U made
a difference. There were differences of 6.7 cels on the maximum average of phase
difference every hour.

2) The observed phase difference of A-D pair was unstability day after day,
and so the phase reappearance was worse.

3) It did not coincide with the range of the logical phase difference and
the observed phase difference between point T and point U. It seemed that there
were specific propagation conditions in the neighborhood of Japan, so that,
we necessitated an amended PPC table.

4) The propagation phase difference of A-D pair showed a variation of about
3 cels for one latitude on the same phase difference line at the coast of northern
Japan.
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1960 FEARIC + 2 HHE S A F A DERE AT irboh, 19704 Rhs & LD BHIC A - TET LS
Do L LANbd A HEEROHBITHILBRTRY, 1974F 4 A OB A TH AN CRETHER
Dt Aldra (A &) & North Dakoda (D)) D 2R Th-te ZhHDRITEANS 4,000 =1 A
LR TRD, ZOGERICIIR A SBEY K’ELbR, LB RDDED PPC pMEC &
RTW3, ThH®RETAEHER L LT Differential HE2 i bbb h I 5L LT3,
BEOWL 1742 ARG X ) BT 1T 5508 235 T A-D OEBMEELEIE L, FRCHEE
TRELLEES I CIEE R KERTHENLENE X 2L B ABROMBIT X » TELRAE
GErRE L, TOERIRY & Differential FRREAK SWTCZ, Z0MRABLOTI I H;ET S,
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(Training Ship ‘“Hokuses Maru”, Faculty of Fisheries, Hokkaido University)

— 249 —

i




Kk K BE & #| O26(3). 1975

RS S UMEER

1974 %2 15 H~3 A 31 B ¥ CHEMEEFSIE (41°46'167N, 140°42'537E, Ll H &S s\ 5)
LACERE R KBS (41°487257'N, 140°43'187E, S UME L\-5) 35 L ORISR (35°38°157N,
139°45°05"E, LAk TH& i \v5) CA-D ONHEEYSELEG LI, $7- 197444 F 13~26 B
DR, BN k 53k A Ao EHEI T Iobh (1), COBOREYLHWT T, U iy
€= K~ & L Differential FRERHN Uiz, #MBEHROMBAILLY — ¥ — F R TEHIETRDI,
RO T 5 BRI AZORER I, BE, HAMED A-Dot w5~ FAnRHAIh T
TedF AT F v — 1+ BL BT -, ZERBPL 10, 2KHz, SEKIMEBTE () 5 NR-
1005 (H, T & CEMA), CERBER (%) M OR-160 (U S CHER) 0 2B TH 5, ks H &
U S o BRMHEE I 851,511 THL L, 2HEL 2.2 <~ AR TW5, THSD * kit
851,991s ¢, Ui L DML 373 =4 A TH D,

F—32{Z®ICEHTS Lop [ HFHALASEMI3Lop 72 4 2ABRHRTH D2, % Lop OfF
BEEHLTFL =L v, £ CERIDIEK, Lopl B, I L1, HHMEDEE,S Lop Hnz
YRHEHLC, chER 25T,

Lop I-1 D3 &, n=89, X=0.4cel, s=0,79¢cel, Lop I -0 OE L, n=89, =2, 1cels, s=0,89
cel THole, BIIFHITIEL, BE-ETHD, BELELOND, Lo TL% Lopl o %
LHBZ izl

AE{t MLLTR3I2A 17~28 H¥Cco Hib & WEEED P, Bk, SMEkIY
PPC HIEHOME L 2D 95% FERMERT, #HMI LOMEEIRRE Y AESEL, 058
B)DIBILEK 47 cels, B/ 18 ceds Rl , VHE T 32cels Thote, WMEERD fHLERME L 12—
Be?, TOTAEL 19cels, BIEL dcels THo7z,

K42 A%¥E, 3 AHE, S0 1M Lo T.H U o BB EE O BEEY R L, &
HEBHE BV TRFSAMEZHBRCETORMIRD LR S5, Siirh—E L g
T5, 08 FERICR/IMERZEHL, 20~2L BEBER LD 2~ vt S DEIR TS, 3 A
O H #i5ih 00~08 BTt T L R B OREHRBRDLHTH 5,

N woa o
O © o o 8
v T T —

Frequency (%)

140N

© o

21 0 1 2 3 a
Difference (cels)

Fig. 2. Difference of each Lop value of the
receiver. ,
—eo—: Jop [-I --e--:Lop I-1

Fig. 1. Track of T.S. Hokusei Maru to the coast
135N of northern Japan from 13th to 26th of
April, 1974.
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Fig. 3. Observed phase difference of A-D pair at point H from 17th to 28th of February,

1974.

A: Average of phase difference. B: Maximum of phase difference.
C: Minimum of phase difference.
D: Average of corrected phase difference and 95%, confidence limit.

882.501

Ee5200 |\

Phase difference (is)

85150

85100 * ~
00 04 o8 12 6 20 24

2 G.M.T. (hour)
8 85250+
g . Fig. 4. Average of observed phase difference
Ees200f \ ‘ of A-D pair at points T, H and U.
o A: From l5th te 28th of February.
2esiso B: From lst to 15th of March.

C: From 16th to 31lst of March.

85100 .
00 04 08 12 16 20 24

cj GM.T. (hour) T
"o 85250 |
It
<
o
o
O
=
Zes200 M\
(]
@
2
Eesiso [

858006 0a o8 12 16 20 24

G.M.T. (hour)

— 281 —



4 k& & E & # 26(3). 1975.

BREBIUVER

i 2 A (LU) Of# K528 17 A~ 3 A 31 B ¥ o WS HE0% (H-UlomBUE
EART. T3 2. 430, 3(te.0s) cels, EEERE 4.59 cels Th ot H, U MR OB HZELF
U<, BRI bW Enb, 202 EMoRBEoRERNCHE 57 Th s, PHiEiks
*1c Fl—2E I 3513 5 Lop fHDETH~ 7 Lop Mo L &b bic\ o, BEREIAE SR D,
CREBEROBEOEC L BEC L EE LT, BHEMORBIHERHEC 7 v 7 T REEO
BEE ) DHEE L LTV EELDRD, SFIC 1K L0 2lRDEDFHLELD
95% EHEXE AR 6 17T THERDOBEIC L W2 /s ) DEBINDB D, BAET6.Tcels H o7
00~08 B ¥ TCOEDTHII LB K E L, 9~18 Bt/hX L, FOUBUIAE{A->TVT, <
D 2 H R DEC KRR ARENEZ DR S,

R (T) &EME (U) &0l R72A 15805303l HESCTHRELA T & UllldD
L - VIBDEAME, BME, PSS L0 1RMS L oRE L F0 95% EEKHE, EREREYRT.
C D 2HSE OB AEOIEL 48 cels TH B, BUIhicr — VIRILT# 25, 7cels TH->7o &
B L OEEIc BB D D, ERE DN 2 A0 £ PH L AR RMEs AL h B, B
BRI T 3,45 1D 6,63 cels TH B A, Ak Seels fHER AL T, WER—FMEIC T £ U
WA CHBUHEY ab &L, FhERD PPC % ¢,d 15 L RAMRID, (atc)—(b+d)
=48 cels BIEIX M AfrAHEN D (a—b) (XFH 25.7cels THHMD (c—d) =22, 3cels 72, T
bbb T & UHiAD PPC m3Eps 22,8 cels Thithidic b pd, ERERR1ICFTI 5 —8~
+5cels TH B, DI ERELWRBIE LI TV LTk,

2T, EEMEC R A4 2 FRBOAAEE 100 cels #EHCHA TS L, A-Cpairid 9.7, A-D
pair ix 16,5, A-H pair i 10,2, C-H pair i3 8,1, D-Hpair 2 8.2, &~ A TH%, A-DDOf
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Fig. 5. Frequency distribution of difference of observed phase difference from point H
to point U.
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Fig. 6. Difference of observed phase difference from point H to point U and its 95%,
confidence limit every hour.
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Fig. 7. Range of observed phase difference between point T and point U from 15th of
February to 31st of March, 1974.
A: Maximum range. B: Minimum range. C: Average range. D: Average range
and 95%, confidence limit every hour. E: Standard deviation.

Table 1. Difference of PPC value from point T to point U with the
previously published correction table.

Feb. Mar. Feb. Mar.
G.M.T. G.M.T.

late early late late early late
00 —4 -2 -3 13 -1 0 -1
01 -3 -3 -1 14 -1 -2 -1
02 -1 -3 —4 15 0 -2 -1
03 2 1 2 16 —14 -2 -2
04 -2 -3 -1 17 -2 —4 —4
05 3 2 1 18 -2 -2 -2
06 0 0 1 19 -3 ] —b
07 b 3 1 20 —6 —4 —8
08 2 2 3 21 -1 -1 —b
09 0 3 1 22 -7 —4 -2
10 1 -1 3 23 -2 —4 -5
11 0 -1 -2 24 —4 -2 -3
12 0 -1 0

HEMBIRLETH Y, 100cels BT HEEIIMOERD 1.6~2,05TH 5, Fhik, A-D pair
OB L YV EROEEHN IR, RELLELOTHRBIIMEBEDORE L TOBENE BDITHL
hTH b, LrLicrdb A-D OoERIHEEIE 4« RESEEL, BEENEL (K3), RA—frfEz
BLEZHDEELL 2HE TR LORHTHRK6.Tcels D EXEL TS (B5), FD5 %
BEOHEREZL DL TLH IWERIBLAT (K3), ERLEHBHOMEEZRI L TLHENE
L fflshbh T WwZ EERL b, 2D X 5 B R2 S Differential AN EAZI 50132
LHRDZ L THA S,

Differential XORHE + 2 FOMEEZINR4AICFIAS L5, bAEHEATIAL X 5 R
BCEETAZ EAMBATHAEY, 202 LRBEFOBEESCSWTH 2 OMEEARIEL, (HH
FrifZE—REMMEZE) #RdhE, ThrromBNKkt s PPC & L THATETH S, 2T
1974 £ 4 A 13~26 Bicdb BARREMERIC LH L7 A-D ofrifzie, T ¥ U ST Roi:
PPC #m L, “hERAOMMEE (Vo) &L, —~HIOROBERBMHEEDMESY Y L LI, 2L
TY 215 Y. DfRZE (Y) 0BEES AR 8ItmT,. THSD PPC %4 by 1BE, Y 0
i —11, 4cels, EIREEZEL 7.82cels TH Y, UHfHD PPC %L B E, Y OFEiT 14, 9cels,
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Fig. 8. Frequency distribution of variations from logical phase difference to actual phase
difference in the differential mode.

T: Used PPC at point T. U: Used PPC at point U.
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Fig. 9. Relationship between variation (Y) and latitude (X), and its regression line.
O: Used PPC at point T. @: Used PPC at point U.

BRE2EI 7.T1cels TH Do T HIAD PPC o4 by duid, EROAHEET BHEL Y HEC FHL,
UHSofh 2 b BERBcfT 5, 02 LIXHPEEEDOEMN 26.3cels TH 0, T, U Hhs
MDA EZEE D ER T 25, Tcels TH BT L EJF—KL TH50 Lz AUERSE-S, Thbb
KREDOER HEIF—MHER ECLNBOBRNMCEIIBELTHWEZ L 2R T4 DTH S,

2T U TH4 PPC % iR L - RBOMHZED fE: BRE L 0 (V) LAE (X)), &5
(X2) LDBIRE—RATRDS &,

Y = 115.13-3, 31X, +2, 29X,
(7221, 3B5°<X;<42°N, 10°<X,<13°E, X, = B{BHEE —130°)

OEEFRESAIMEORL, XuX. DEBREOBEMLRET S L, X112 t=5849%, X, 11 t=
1,188, HEBEIL 120 CH 5, L - TIZOEBRIEE (X)) cBEEMAEET, BEDOLTREL
TEL o, 2 (Y) tRE X) toREBRYRHS L,

U #5®D PPC %% HUu oy, Y=121, 04—2, 77X

T #1580 PPC %3 b ioly, Y=104, 293, 01X
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Table 2. Relationship between variation (Y) and latitude (X).

Monitor Regression line r n. B Syx —
U Y=121.04—2. 77X —0. 5909 123 —-3.45< < ~2.09 6.28
T Y=104. 29-3.01X: —0. 6882 63 . —8.:83< f<<—2.19 B.77

U: Used PPC at point U. T: Used PPC at point T. r: Correlation coeficient.
n: Number of sampling. B: Range of regression coeficient in population.
Syx: Variation from regression.

Ligh, B9, R2empTikhThs, MELCHBRRIEECH B, MEOEIREKOEA
BEITEDLAKEV, XoT, ZOBRICEHGTRE LTI o2# Scels DEREN H B LT,
ZhHHEBRND OEZRAMHZE DO S X OBEMHREY 6,28 cels(U) & 5, 77cels(T) ThHhH, B
i Differential FRA T 5 L W b BEXA LTS, LhLAEXASRICLOLAS L5 EADIED
DENKEL, HEAMET A-D g s, XSS ERaMBEY LB LT 584,
FOMERACHEL TS LT eV,

B B

1974 52 FiF s A—frHER B SR\ OEE 2HE R LUERICEWT, A-DOERA
HELRE, BHELI. —77 1974484 A 13~26 HoM, B2k L vibAEABED A-D 02{ER
#2\86h, Zh% Differential FRAC X WAL 7z £ORR, TROZ LHIER R 5,

1) BEEEOEHE 2 MR v THEREIBEC A% bh, B L0t Tl, BK6,7cels
DENRBY, ¥z, B2OBERENELDHTEL,

2) HE (T) LEHE (U) LoBERMUBEEOELERM L OB LIEAELRAD, BRMETOER
R BB DB L E 2 bR, PPCHROREIWMETH 3, .

3) Differential JFRiz L) Rdp ki s BRE L 02 (V) LE (X) Lo ERESRN
BLos THbbRE 17T o 2§ Scels DERENS Y, ZoBBLYISKBETAILICLD
NBEORLLTOBERAETS, LALENLERSABYLELTLES, o A-Drigzn
FERIZBEL TWB LT b2,

ZOREERDLDICSLID, AATZEBEIEC ST ARETHLREI X I A - NWEETE

(B) BFRES A~ 7, b OB iBE R KA RS 2R, SR
EXBARESCEH TS,

X [y

1) Epr—3x (1970). % 2%5/VLF fizky X 7 20% LB, H# 43, 113~120.

2) Beukers, J.M. (1973). Accuracy limitation of the OMEGA navigation system employed
in-the differential mode. Navigation. 20, 81~92.

3) HHERZ - R 8. PIZEE - ixkE (1973). WRF—~7RFSRCL B A HY 2TV
~7— 1 BERERA B 3 TERAORE.  BERITR. 49, 95~101.
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