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Direction Finding of ELF Emissions in Auroral Zone
Natsuo SATo* and Kanji HAyAsHI*

Abstract: The observation of arrival direction for elliptically
polarized ELF and VLF electromagnetic waves, based on a new method
developed by TsurubaA and HAyvasHI (1975), was carried out at Syowa
Station in Antarctica from March, 1974 to January, 1975. Some prelim-
inary results are described concerning the arrival direction of daytime
ELF emissions at the frequency of 0.75 kHz from December 24, 1974 to
January 31, 1975. Statistically, the arrival direction depends on local
time. The emission is mostly incident from north in the early morning,
from south in the late morning, from south-west in the afternoon, and
from north-west in the evening. In individual cases, it was often found
that the arrival direction remained almost unchanged for several hours,
or shifted gradually. The polarization of the emission is generally
right-handed and is highly elliptical.
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Fig. 1(b). Relation in TM mode wave. In this

Fig. 1(a). Relation among electric field (E)’ mode, magnetic field is parallel to XY plane.

magnetic field (E) propagation vector (72),
incident angle (0) and azimuthal angle (¢)in
TE mode wave. In this mode, electric field
is parallel to XY plane.
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B,=Bry cos 8 sin ¢ cos (wt+a)
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'(EZ observed EE'z='E'TM sin Gcoswt=A CcOS wt

Je?2l, A=Erysin @ \
B=Brg cos § cos ¢
C=Bry sin ¢ »
D=Brgcos 0 sin ¢
E=Bgy cos ¢ ;
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(B2)observea =By =Brg cos 6 cos ¢ cos (wt+a)— Bry sin ¢ cos ot =B cos (wt+a)—C cos wt

®

(By)ovservea =By=Brg cos 0 sin ¢ cos (wt+a)+ Bry cos ¢ cos wt =D cos (wt+a)+E cos wt

®

(10)
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/\ . .
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A A A
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A
E,-B,— E *B,=—ABsina

N

A A
E,.B,—E,-By=— ADsina

A A .
B,-B,—B,-B,=(BE+CD) sin «

(1H~(16) % AT TOEERTS

¥ sin 6 cos 1]
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HAEASHEWH R &, a L rICESL, THbbLbERRECESSHELTHY, £
DL ERRUBREZIREL LB OTEEYETS.

4 ¥ TOWEIX, E, Bs, By D 3 RAMOMHEMHEL € r L L TUT-%. AL, 3%
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E,=A cos (wt+f) (20)
B.=B cos (wt+a)—C cos wt 1)
B,=D cos (wt+a)+E cos wt (22)
Eo—— A sin (01 +f) 23)
B,=—B sin (wt+a)+C sin ot 4)
I/B\y=—D sin (wt+a)—E sin ot (25)
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VaN .
E,-B,— Ez B, sin @ cos ¢ sin (e—pB) | Bry tan 6 sin ¢ sin B

~ A = : + =k,’ (26)
B,-B,—B.-B, sin a Bry sin a

/\ /\ . . . .
E,-B,—E,-B, sinfsingsin(a—p) Brytanfcosésinf , ,

N A = : - : =k, 27
B,-B,—B.-B, sin « Bry sin a

(26), Q) Ric X v, BErF EOGEE~7 bk, k) CEOKREMA 60) LA (9) & DB
FRIZTRD L 5 FEe 5.

| sin o= YETT TR SEaT
a

tan ¢=tan (¢’ +7) (29

(28)
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a=sin (a¢—p)/sin a

b=Bzy sin B/Brg sin a

| K=vk'2Fk,?=sin 6’

tan ¢’ =k,’ |k,

. tan y=b/a cos 6

SEIOGA AT ACTFHEIRD B DEIZ3EDAS 251 F—CTRTA, 0.75kHz T 3
ETHB. £2T, (28),Q) Ry 0, ¢’ L0, ¢ LOBARY f=3 F, Brul/Brp=1
SUTHELRERAR 2, 3 ThHs. ZoBRLY, 6 CBLT, a=5°15°25° 0%
ERAREC LT, EOKIEMA I 2% 50, 65, 70 ELTOBAWIL 0’ OfEis 6 i\, Fr
Ad WL T, 0 I XL, a2t 10 B EoBRRE ORFICEEINE RS,
DEDZ LD, a»f ThiuE, BEONPIVWHRBRALTETHD LELD. RETR
T2, RERe OkXILABRAALTH 20 TREREDBRCES. &k, MEXV
W BHEELSNT, REBOLL 73 v 7 VY ORRWEDIC, BERCEVETLS L O
H5.
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8 (oecreE)

R 2 BRLREEEOMBAY =3 E T, Bru/Brg=10%r &, HOXIAMA 0 (Bi#) &,
Rad EoXIEA 0’ (ftdh) & oBfR%E, REX a 285, 15, 25 EieonTFET.
Fig. 2. Corrections for the incident angle (0”) due to errors in phase angle of the receiving

system.
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Fig. 3. Corrections for the azimuthal angle (4¢) due to errors in phase angle of the

receiving system.
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Fig. 4. Block diagram of the receiving system.
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F AT EEE S (analog calculator) ICAS. BERZ L b, KPEER2Z bk, (sin 0 cos @),
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F v — MRCERIND. Ik, IRFOERFIRY 7 F 1%k FM 7 — 2 v 2 — XICFARRE
L.
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BB S RS LERR SS0m A, HHEEURT v7re2H@Lic. ZEEEBHR
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BAELic. 20292900 —77 vFrOEHEE200mE, [ v X2 & v 230 uH, EHf
EH03Q TH 5.

33, £a54¥ =%

BRUOBSBRAN E TH 554, EHBBRY E) v 2ETHES ], BESREC O
B/E7 V7 FI%, E ORZIZFHFOBEC C #EF LcEBLEMTHD. +—T 7V
T I DZETHKEREERSL, A VI 2 2V AR L, BRER ., BEEE V. 2ET
W LR EEMTH 5. Vi Offlx, BRECBSERS % E, 7 v 7 FDRHEEL S,
YA vo T B &,

Vi=—jo(Salvo) - E

Lin%.

COE|AT VT FEAL—TT VT FOEMRIKDOENY, 1274 F-1C L IRLHED
RIEN, MHEERT v 7+ TZETHUMEE L LS L5 CHET 5.

SEIDEACHWE 7 VT Ry GAR 1 254 — BKRORIE, A EOHEEY
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XS5, 61T, ZORRERCEREOKREDT L, V=TT VFFROAN N VALY
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1
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BS5 1274 —RIKC KT E,
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Fig. 5. Frequency-amplitude response
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34. HEZFH (analog calculator)
ﬁg%@fnyﬁ@%@7m%Lkﬁ,3&%@&%%»@%W%K;% E, B53ix 45
B (E), B B4 45 (B.) & 135 (B.), By Bi4n 135 & (B,”) Fh EhALignE
ha. Zovr7rax (E)x@B,), E)xB,)), (B xB,") SolENMTbhkt, »—
RATZ 4N E—%EB. COMBOEEY 2EOREFTAVTE &, #HESHTLY,

AC

5 sin 2wt

(E,') X (Bx") = ——é;—{sin Qwt+a)—sin a}+

COBEDWNE H v b 7 R 00 (€0) DB —RAT 4 L X —RETE,
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(E)x(B,") — AB sin

tigh, (14)~016) X LRAFLERITS.
LR kyy ky o sina BMBHN5.

LI ZOWPITEERC LY, A7), U8 &

— N\ ]

EzXBX =~ —oKx
— ExBY M|
BBV | - | B 7 %25 (analog calculator) [H

Borrwy 7K.

= [P

B)z('*'sz \ Fig. 7. Schematic illustration of
the analog calculator.
PHASE SHIFTER MULTIPLIER LOW PASS FILIER DIVIDER
4. 8 A & B

0.75kHz X v F D ELF #4DEKFHFicoT 40 B 0BRFER1 B O i,
., event [y7cAiy R L, RICHETHI e B2 B<%.

5Z9)]

2

DEC. 31,1974

2 m\\\X\\\\\\\&\\\\\\\\\ [/ <\

T T T T T T T T ]

04 DIRECTION ANGLE

02

T

0.2

sino
0.5 p

B 8 LEEAZERRIMO KA sin 6 & 1A ¢ & 10 HFH LIfE B 0.75kHz i
SRR TERAMRER sine ¢, RIZE@Y R{E, LIXA@EY [HE. ORI, 08h
~13h ¥C, ERFEINTIF—ETHDPTHS.

Fig. 8. The upper pannel shows 10 minute average values of arrival direction of 0.75 kHz
ELF emissions. The middle pannel shows the emission intensity and lower pannel

shows polarization angle. R, sin a=1, and sin a=0 denote right handed polariza-

tion, circular polarization, and linear polarization, respectively. Arrival directions

between 08h UT-11h UT on December 31, 1974 are almost unchanged.
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—Dec. 31, 1974 event (E] 8)—

K 8 1%, 0.75kHz -3 ¥ ELF gt oIk Fa%w LB, BELPEIC, RIERL TR
F3. FERFAMIHAA ¢ CHRER DR LRICH N 5 /) ERIAA 0 CRIA» b T4 H A
D% 0 L L, sinf THER) % 10 0EEH Lic BTr L. 7ok, BAECO R ©
B HEAE X MWASERERCHS. Z0OHD ELF #h (#—~352—35 &) 13 05h S0m
UT (~MLT) S < 7o b #8:> TLISK 14h 20m UT 65 % CF 8 e ¥R E S hic. Bk
13, 06h~07h I3 RKIECIEAEA 2 HEK L5, 07h 10m i3, KIERE h R A
A~ %5. 07h 10m~08h 00m % C, HrAITEEEREFIE EBL Lz, REANKE K
%. 08h~13h F-TD 5kef, HhrA, RKIEANZE—ETHD. 0L 5 CRHH—ESH
E2LERT S O, HAOEA S BRI D, I E “corotation” LTw5% &E 2 b h
%. 13h~14h OHEHREEN T % HRe DERSF AN, FEARLOCEEN LHEANBETZ. X
D TBRII IR/ RIR sin a 2R TH, BIROFGCH LTEEY CEET 5% R,
ERbCEEETsEY L & L. ZOR» 6, ELF HEHIREER « 330 ELLTORED
CFEFREE Ll TH 5.

—Jan. 30, 1975 event (] 9)—

05h UT~19h UT % ¢ ELF Hhiaise <. 05Sh~06h UT DfE, b EER LTuiens,
06h 10m GZAREEA G5 & 5. FHEESRE O Lic 06h 30m D BSEA 13 LART & iz oAk
HC, Ao b RIS 09h40m bE, FRETREEA S G5 Lichivy, BRI

sin 8

08 JAN. 30,1975

a6

04

02

0 ===

0.2

Bl 9 0.75 kHz fst o kA1 & BbtshE & oBIfk. = DX, 10h~11h30m % Ci3F|
kFHENRE—FTHY, 11h30m~15h30m % i HARIE—ETH BN, K
BEAZELLTWBHTHB.

Fig. 9. Arrival direction and emission intensity on January 30, 1975.
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EECBE;T5. 10h20m~11h30m %G, FITEHRFEHCEE I T 5, 11h30m )
#% 14h 30m B ¥ CRIEAM LEEWCHEINE FET, 14h00m i3 FRcr3< . HRA
ORI, LREWICENBEIT5. 14h30m D2 O EE D5 ¥ 5 19h BHE TofE, X
HANEBY Lihib, HEALErOHENLBETS.

—Dec. 29, 1974 event (X] 10)—

CORTRERSG Y 4 HRIEBETRLTH 2. FTER & 2 113, 09h UT ik
DHRETH%. 0Oh URIORZCBIL-Cid, BERELHIN%E taD% 08h 10m B BK 1A
PEEEBETH - lcDh, Ffé & BHEHBEL, 0Oh 12X, RIFEBE»LIIKRTS.
0h LIk, BHECEDHLD, BUOBENELBETS. ZOFXFAOBETHRRIKDOL S
R T& 5. ELF O AHIBEOREEM L oM 2 SICEAEIhTWT, R
(BERR) PNEEBT X Y BESHRO TE@B 1% icdic, BRARANIELDLBENBET 5.

sl DEC.29.1974

DIRECTION ANGLE
SINB

R ATAY ///%&\\\ s \"

0.2

o

3
0.2|— .
Tm
! ] 1 I T |
h .
08 og" 10T

. v
= M oj 4
=

10 0.75 kHz st oFISE T 1A & st 3R & OB %. 08h10m~0% ¥ X ¢t, 09h~10h
TEWT, FREHAIMELE &L ICAENBEHTLHTHS.
Fig. 10. Same as for Fig. 9, except for the data on December 29, 1974.

—Jan. 23, 1975 event (] 11)—

10 g LicBIR AR &, BOHRE, RERER 11 ERT. ZofITEETNERE
&, BEHMEELENTS 10h 30m AT % 14h LHECOMK, FERAMIER->RKE
SR -EE-EANEBET5. S0 X5 RERFEARAME (5 v F ATy OBDD
5 b EBEITHHE S “convective” XA S LIFE S LI B, —F, 05h30m~07h ‘CD
EIXRJ7 DB 13 10h 30m~14h DFYE L T2 L 5 v £ A TH%. 0Th~10h DRI
ZIIE—FETHDH, Dec 31,74 OF LEKEK “corotative” X4 7 ChHB. RIERIL 06h~
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sine
M"_ Jan.23,1975
m_— ‘%\\ ssine
: \\\\\\\\ W, 1A @S
7T SN
i "
’ T50H INTENSITY
T .
sin‘*L:R[ T T T T T T T v T T Tt T T
. POLARIZATION
i Uk oh uls ' 0[9 l {UWT

Fig. 11.

Bl 11 HoHsEE & Sk miamd. FERA AP 5 < D REL T 5 DA bl
Same as for Fig. 8 except for the data on January 23, 1975. In this event, it is
clear that the arrival direction displaces slowly during 09h UT-14h UT.

JAN.23.1975 N
12243 2yt

B 12 12 o, 12h24m~13h12m i\
T4 5y EFH L IEBRTRA.
Fig. 12. The locus of 4 minute average values of
arrival direction between 12h24m UT ~
13h12m UT on January 23, 1975.

¢

N

ST0P

E

START

(.

Sin@

06h 30m 1T b A ¥ < 7B 2%, Dec. 31,74 i & [fEC, 30 BT 0B b EFRETS
5. K121z, K11 o CHIZEISR R OBEIN G 2 CH 5 12h2dm~13h12m OfJ% 4

SRS Lic Bk FH sy 3
—Jan. 28, 1975 event (4 13)—

BB MO B i B 08 i “convective’ 2 4 7 DG C, 10h~I15h CoZE|kH % 10

SEFFR LicEr T
—iEtER—

Dec. 23, 1974~Jan, 31, 1975 @ 40 [, 05h00m UT~18h00m UT = 0.75 kHz .S v F'T
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B 13 Frc BRSO BEEE 5 22 BT,
10h~15h UT 2\ T 10 fEFEH L
2=EIKTT ).

Fig. 13. The locus of 10 minute average values
of arrival direction between 10h UT-15h
UT on January 28, 1975.

BOOp=~

61718UT
TR

YR T R TSR

\

NN

14 40 Ao 05h~19h UT Ric=fE L 1=
it o ERT, & 1 BEATOMSE
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Fig. 14. Local time distribution of arrival
direction of ELF emissions in the north-south
component for 40 days from December 23,
1974.

3%f5 U7 ELF W5 O FIRFG R O 21T » fe.

B 1) 5 Bt OFIR T R Bl 15

JAN.28, 1975
10’00-15"00ut

7

NN
.
AN ) g%\

Q“\\

200—

400|~—

7/

600~

soo—= WEST

MIN

15 HFEAH BT AR RO METHER.
12h [, #E2O 0 Bk EERYC £ e
5.

Fig. 15. Local time distribution of arrival
direction of ELF emissions in the east-west
component for 40 days from December 23,
1974.
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Fig. 17. The left pannel indecates arrival direction, emission intensity and polarization angle at 0.75 kHz.

The right pannel shows emission intensity in B, (N-S) and By (E-W) components corresponding to
the interval of A, B, and C in the left pannel.
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