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Abstract

OMEGA navigation system uses VLF radio wave which shows the remarkable stability
and long distant coverage in its propagational characteristics. The stability of radio wave,
however, is sometimes disturbed with strong solar flare produced from sunspot. This dis-
turbance makes the phase of VLF wave rapid phase change (SPA) that introduce the
error in fixing. The phenomena has been studying by many researchers, but these studies
has focused on the higher frequencies in VLF band that means do not made in OMEGA
range.

This paper reveals that the propagation characteristics of SPA in OMEGA frequency,
especially to analysis the relationship between the magnitude of SPA and solar zenith
angle, solar X ray flare flux intensity on VLF propagation. The measurements were made
both phase and field strength of OMEGA Hawaii and Reunion, 10.2kHz and 13.6kHz, dur-
ing 1976 to 1981, at Kagoshima, Japan.

The major conclusion can be described as follows:

1) Occurrence frequency of SPA is proportional to the sunspot number,

2) Magnitude of SPA depends on the distance of propagation path, X—ray radiation below
8A, and solar zenith angle,

3) SPA in OMEGA wave is not relates to the direction of propagation path.
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Table 1. OMEGA stations and propagation parameters

station position frequency diit to
m
(code) lat long (kHz) (n.m.)
Norway (A) 66°25'15"N 13°09'10"E N 7909.7
(4269.8)
Liberia (B) 6°18'19"N 10°39'44"W 15128.8
(8168.9)
Hawaii (C) 21°24'17"N 157°49'53"W 10.2, 13.6 7090.8
r (3828.7)
North Dakota (D) 46°21'52"N 98°20'06"W 10049.9
(5426.5)
Reunion (E) 20°58'27" S 55°17'24"E J 9905.8

(5348.7)
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Fig. 15. Normalizing coefficient © (X) pro-
duced for frequency 10.2kHz &
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Fig. 14. Normalizing coefficient # (X) pro-
duced from Appendix (Table 2) for
13.6kHz based on X = 0°

P(X)LIZIT—FL-MEZ LD, 60°LIETRAEEND, COFERELTEXLLONS
DI, BEBICBIIZ2BTOERLBEAOHRETHS ), T/, KEREMAX IZHBEICE
TAKBOHELEEICLZLDTHS, LAL, BEBESOOBEMIIHE X YEN,C
Buds, KERXEAX 25T, BEE*»RRSELDHEY TR,

4.6 ABRERXIRMGSRE & SPA

BEICR 7=k 912, SPAIRERE1I—100A DABKRXBICE DV ERT B, L LMD,
ZDSPANDKEEAY RKXBORBICIVHEBETLIZEIBLELATHEDTY, &
HLFNICIAHREZHEID L,

KGO X MBS Dk E 57 & SPA

KBk X MBSTI8EE F 12 NOAA 2470 S.G.D. 12X 525, AL#E Solard Il O+ » 40D
HEwEESIE, 0.5—-3.0A,1—-8 A,2—-10A,8—-16A44—60A TH 5,
1978—19794E I BV THE L7127 1 FEF D SPA DK & & A ¢y & KBk X SIS0 E
FOBRIZOWTER L, Adp 4 PERXBOBERJICHI /2D Fig. 18 TH 5, KET
MD0.5—3 A, 1—8A,2—-10A,8—-20A,44—60 A iDW\T, 1978—19794E 1278 7= SPA
L, TDLEOKGRXBBHFEE FLOMBRE T LOH/ADH Table 2 THBH, ZOKER
5, SPARAEIIFESTAHNDRIXBOEES AUTOEBTHAZ LMD o7 T EIC

0.5—3 ACTiE, 1 — 8 ADPE L) b KB X BBETTHEE FAS2HF5< TH, Agp 2K
vy,



44

BRBAFKEFHLE %£39% (1990)

10 T T (N 10 T T T T T T
| 0.5-3n . | 2-1om
° 1 [ ] ° .

E [ T - | ]

L - . - g | * .

- ) ~ LN

8 s ¢ — 9 5—

N : e .. ]
- [ o . - * o .
3 o

& I _ Ky - -

° L . i 3 | . _

L1
(a)gd L '““Ll3 . T (c) 93 "'“_l |
logF (erg/cm?2/sec) logF (exg/cm2/sec)
10 T T — T 10, T T T T TT7T] T T T T 17170
. 8-20A
| 1-8a . . ] - « 1
z | = ]
- ° - oo
°
g): 5):- ® * -1 g SL ° —
B ! 9 ' J
. 3} [ J

o L
s+ i . F i

2 L ° & - . i

= -]
o 11l [ NN EET

(b) O—1—1 R L1 @ % Ll 2

logF (erg/cm2/sec) logF (exg/cm?/sec)
Fig. 16. Relationship between the magnitude of SPA A ¢, and the wavelength of solar X-ray, OMEGA

Hawaii, 10.2kHz, 1978-1979

Table 2. Relationship between the magnitude of SPA, and the
intensity of solar flare flux F. OMEGA Hawaii,
10.2kHz, 1978-1979
Adp4=alog F+b

vaengh ) @ b eettdient
0.5 - 3 5.3 20.8 0.87
1 -8 5.0 12.2 0.80
- 10 1.6 7.6 0.18
8 -20 10.2 13.3 0.83
4 -6 5.5 3.7 0.51

A dp 4 : (mag. of SPA)/(dist(Mm)) is normalized by coefficient
solar flux is made by SMS—GOES
7 : correlation coefficient
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Table 3. Magnitude of SPA, A ¢, vs. the intensity of solar X—ray flux
A $py=a log F+b

year transmitter frequency(kHz) a b r

1977 Hawaii, C 10.2 6.5 36.0 0.96
1978 Hawaii, C 10.2 4.6 26.0 0.81
1979 Hawaii, C 10.2 6.6 37.1 0.89
1979 Hawaii, C 13.6 4.2 24.3 0.80
1977 Reunion, E 10.2 4.6 25.8 0.31
1978 Reunion, E 10.2 3.2 18.5 0.73
1979 Reunion, E 10.2 4.9 27.8 0.87
1979 Reunion, E 13.6 4.5 25.1 0.88
1980 Hawaii, C 10.2 6.4 36.5 0.77
1980 Hawaii, C 13.6 5.0 27.9 0.80
1980 Reunion, E 10.2 6.1 33.9 0.92
1980 Reunion, E 13.6 4.6 25.8 0.89

A ¢p, - (mag. of SPA)/(dist(Mm)) is normalized by coefficient solar flux is made by SMS—GOES
7 : correlation coefficient

= #

DED#ER, kOZex T Lol

1 SPARBEBUIKREEENCKE(EE SN, ERFIBRIZH S,

2 SPADKESAGICIE, ELLTEREES d KEREAXBLUSALUTOKRX K
BREE F 257 %,

3 SPADKEIICHMETAIRBREACEEZRL, RBEEe(X)ORAR, K
FBRTEANE0 L ETIRBEI TV, SHIBEFMEL-BFHEICHVS cos X %
BRATELZWILZ2ERT S, T4P(X)XABEBILICHDHERETH S,

4 FAHEEPAE D SPA DK E S IMEWAM L TEMBRTH S,

ARFREITLD 2N Y, Hr TEREZAVEGEETIREEPAEUTEFHIRIOR
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Table 1. Magnitude of SPA per distance (Mm) vs. the intensity of solar X-ray flux F,
1-8A, 1980, 10.2kHz

Apy= gX*X108+pX2X103+¢

time Ad,(cel/Mm) F time | A¢,(cel/Mm) F
date (W/nf)| date (W/mt)
(UT) | @ b ¢ |x10° (UT) | a b | ¢ X107
JAN.13| 0330 | 4.5( 1.2 8.8 3.0 | OCT.13 | 04 15| 24 0.4] 4.1 1.8
JAN. 27 | 23 40 |11.9| 1.8| 9.7 OCT.14 | 06 15| 2.9| 10.3| 10.3| 30.0
JAN. 28 | 03 10 | 57 1.3 7.5 NOV. 3 | 0210 | 4.8| 7.0 7.0 2.0

FEB.27 [ 04 00 | 1.4 0.5 4.7 1.5 |NOV. 7 | 0210 | 4.7|13.3|13.3| 25.0

JUN.29 | 02 40 | 5.7| 1.0| 61 3.5 |[NOV.13 | 01 10 | 0.0| 4.8| 4.8| 5.5

SEP. 310220 ( 5.2| 0.7 4.4| 1.8 [NOV.13 | 0320 | 2.3| 4.7| 4.7 0.6

SEP. 4 [ 02 15 [27.7| 3.5| 1.3| 6.0 |NOV.13 | 0520 | 2.8| 4.6| 4.6 0.4

SEP. 8 | 0510 (11.9] 1.5| 81| 3.0 |[NOV.16 | 0545 | 4.9| 7.1| 7.1 3.0

SEP.23 | 04 45 | 3.2| 5.3| 3.2| 1.2 |NOV.19 | 0450 | 4.5| 9.0| 9.0| 7.5

OCT.11 (0410 | 4.2| 0.9 6.5 3.8 |DEC.12 | 0510 | 36 7.7 7.7 4.5
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Table 2. Magnitude of SPA per distance (Mm) vs. the intensity of solar X-ray flux F,
1-8A, 1980, 13.6kHz, for Station A, B, C, D, and E

Ad, = aX*X108+bX X1073+¢

time Ad,(cel/Mm) F time | A¢,(cel/Mm) F
date (W/mt) date (W/nt)
(UT) | a b ¢ | x10°° (UT) | a b ¢ | x10°°
JAN. 13| 03 30 1.3|-1.1| 7.6 3.0 |JUN. 7 (0320 | 29 |-2.5| 7.1 5.0
JAN., 27| 0350 | 4.0|-0.9| 7.0 JUN. 21 {0120 11 [-1.6| 7.7 2.8
JAN. 28| 03 10 3.4({-0.8]| 5.3 JUN. 23 | 04 00 16 | -1.3| 3.5 2.1

FEB. 27 0400 | 2.2|-0.6| 4.3 1.5 |SEP. 3 | 0415 | 4.6 |-0.7| 3.7 1.8

APR. 0130 | 5.1|-0.9| 49| 2.0 |SEP. 4 | 0200 | 3.3|-0.8| 5.0| 6.0

APR. 0400 | 3.0/-0.5| 40| 1.0 |SEP. 8 | 0530 | 8.4|-1.2| 6.3| 3.0

APR. 0535 | 5.7|-0.7| 6.1| 9.0 |OCT.13 | 0420 | 2.0|-0.4| 3.2| 1.8

3
5
APR. 6| 0420 | 4.2({-0.6| 6.2 OCT.11 [ 0405 | 9.0({-0.9( 5.3 3.8
7
8

APR. 0310 7.8|-1.1| 6.4| 4.0 |OCT.14 | 06 10 | 5.3(-0.9( 7.7| 30

APR. 131 04 20 | 6.1|-0.7| 3.9 1.3 [NOV. 3 [ 0210 | 2.5(-0.6| 4.8 2.0

APR. 26 | 0330 | 1.3|-1.2( 4.5| 2.0 |NOV. 4 | 0200 | 2.3|-0.6| 5.3 2.5

MAY. 8 | 01 00 | 3.1(-0.4| 4.0 NOV. 6 | 0350 | 3.0|-1.0[ 1.2| 90
MAY.11 | 04 20 | 3.5|-4.5| 2.9 NOV. 7 | 0210 | 11 (-2.3| 1.4| 25
MAY.11 [ 2345 | 8.1|-1.0( 4.0 NOV.12 | 0500 | 4.8|-1.0| 8.7 20

MAY.18 | 01 10 | 2.3|-1.7| 5.1| 0.4 |NOV.19 | 0450 [ 6.9|-1.5] 9.5 7.5

MAY.28 | 0220 | 5.8|-0.7( 3.1| 0.4 |OCT.12 | 0510.| 2.6 |-0.7| 6.3 4.5

MAY.28 | 2345 | 9.1(-1.3| 6.1 7.0

MAY.29 | 0530 | 5.5|-0.6| 2.7 1.9




