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A Full Wave Calculation of VLF Waves 1n Auroral Zone

Isamu NAGaNO*, Masayoshi MaMmBo*, Hideo YAMAKAWA*
and Iwane KIMURA**

Abstract: A full wave treatment mncluding the ground effect 1s briefly de-
scribed for a whistler wave incident onto the ionosphere from above. The absorp-
tion of the VLF hiss and chorus waves in the lower ionosphere of the polar
region 1s computed Two kinds of electron density profiles observed at Syowa
Station are taken as the 1onospheric models, one 1s in disturbed condition and the
other 1n quiet condition.

Intensities of the Poynting flux on the ground are calculated as parameters of
the frequency and the dip angle of the geomagnetic field. The results are as
follows; (1) Absorption 1n the disturbed model 1s much greater than that in the
quiet one  (2) The absorption increases as the frequency grows higher. (3) The
absorption decreases as the dip angle mcreases Finally, seasonal variations of
the collisional damping 1n the polar region are discussed

EE: EEE RS VLF RIS A LS &2 E B Ui EhRn B b+
BIRCOWTHER L, VLF b &, 22— 5 AWK LTBEBRFRORENHE IR T
Wh, TREMEET L LT, BRI THM IR A — e T R4 LB
BFHBESTAMEA IR TS, BRI SRS v 7 4 v 7 REN, BEREE
R JOMREE O SHBERFECOWTHE IR TS, F0ER, Bz R
% VLF O BEHBRIVCBE LR D = &3 bl o 7,

(1) TEHEFHBEORFEIAIEFITRKE .

2) FABEREL 0D EBIRAKE L,

() HWEIKSHDEKFEIRDLND. SHIKRZCIEE, BN Dic ik s,

IR, PUERTF-EFOHREBSMHOEHNE(csh, BAEZREI S
WTEHELRTUWER LTS,

1. A
AR, BURCIETHER T & VLF BRI EI A BIdi LC, VLF HAE O Ficts

* SRAFTHMELZTHEE. Department of Electrical Engineering, Kanazawa Unuversity, 40,
Kodatsuno 2-chome, Kanazawa 920.
*EMAETHERBER T ¥ " #%. Department of Electrical Engineering, Kyoto Unuversity, Sakyo-
ku, Kyoto 606.



204 RE B BRIEE « WIIFHH « RESER (g bt

FHEFBME L7y b, HEELER LCRABIABNI TR TV 5. Ch BT
— 2 OEBABECE T 2 EHL, BHEORE 2 » = A L0, & L TCEBERD > 2T
LIEFICEECH L. WABETHRAE L VLF AAERL, EREMEYS CTREHEY
Mol L B k3 5. £ oFR VLF l o T EEMERIUC BT 25 B o, LIaTcrhiEE
Wha gl LT ST %20 (TSURUDA, 1973), 5 OBRERE =5 vicBg LT full
wave T B LIcliniz L A Lo,

DT, MBI T e L, M X D B S oL ORI & 4 — m T R ERED
HEFBES MY TNT, EE2S AS 35 VLF oM ke B35 £EA4vF 4 v 275
7 ADHKE &4 full wave SHEIC X » TRO TS, & 0t EIRE— %Y, (NAGANO
et al, 1975) % 5Jjlk, SHEEE T chbREME-BB2ER-BCIEH L D TH b,
TOEECOVCTHHEICEMB LTS, SHEFIE LT, Bk % VLF § o T EE
JERIO B U TR E ORI, MIRBERS A ORFE TR, R, FHOZAIC X
o THREE AT 2 2 L aBEL, TOFELZL N

2. 4 /o4 O
COGE T, WORERERT S, () ASERBEFEECH L. (2) BEEAL=
—n TIAEL, AAVORERENTS. Q) BHEIKERINE TS C084h,
ST K S R B Y O BY A2 | OEEEER TR D L YT .

——=—7k,Te . )

s, e=(Ey —Ey, 8, ), T IBE OB & ARG RS D 434 f550T

»

[3)

WM i (D) o T OBEAECEIT 5 4 oDfEN L7 b, FHERE T
AZ

~

) \7k {wave vector)

B(Geomagnetic field)

.~ (North)Y

1 EEX%
X (East) Fig. 1. The coordinate system



No. 68. 19807 BXH T I 5 VLF F o Full Wave 31 205

2 00K (TE, TM £— V) 1/t b, 2 00BEYThTh n, m By, £Bi1H
BLRETS. BEi, BETHOBRANZ bk ez,), ez-n) £T5 & b DRI,
HRCRTHEBRTI Qic k- TR, FHEORBLIRD LI >CEINS.
e(2,)=0n-1Q0-2--- Qo .. Q-ne(z_y) . )]
RGMEECKT 2BBG5 Q13 T ORK? 4 o0EEEL v ELh 225, itk
WECx, TOMRLHERMER2MHE (£ Ly, QixkRNEiD.

cos a 0 0 —Jj(A[e*) sin a
0 cos a —j(sin a)/4 0
= 3
Q. 0 —j2 sin a Cos a 0 ’ 3
—j(e*/2) sin 0 0 cos «
—m<Il<—1.

Z 21 a=koth, ko (X EEZERIOWE, hIZBOES, A=(*—SH'" & 3L H M EE D
BEEFER /—j¢" ThbH. FAHBECRTAREDORETEL n 35L& St nsinb;
0. 3 A8 THEZLR%.

B ERROBETCTHLIS.

1) Ey, EL DR AZEEDRE DT FHUEE (BH2EMH) 2ER/T550E LTKRT
Vi CHIIELr RO O D. B TMOBRANZ bV e(zon) KA LE LS.

e(z-n)=E(1—S8%/e*)'", 0,0, —e*'*)* +-E, (0, —1, (*—S"'*, 0)" . @
IhD O DBEBAIEE, RHOFER, BILRE LOFEDKFRSIT L - THRD OIS,

2) XKQurelih X @ OF1H, F2HEHNAZ QEFAELTL. TOHI=
AE oy eV FED BRI L, BEOZ L\ FHEWE O FEER A <, Gram-
Schmidt DEZLE,EH I 5.

3) TPIEEIRLWMECET S L, BEIRICHN LW (=% v L FBIY)
DAGHE R IO RS EAFNSE CERINS.

4) BREFETEALLOL, EEE»LRETRCHT CEARETY. 0B8Rl
T, EREOBERRAEZRDDZENTE S,

3. BEERE=E 7
31. BFRENH
FEAECHW-ETFEE 7V, £ 17T REBMBEAKC X - TITH EFbh i S-
210JA-22 S X 2 TRERETFRE L 8 14 KBS X 5 S-210JA-18 BT



206 KB B MRIES « (WIFRE « RAEE (R okt

Collision ;requency g s™)

10° 10* 10 10 10” 10°
Quiet
00} (S-210JA-22)
'E‘ Aurora
£ (S-210JA-18) |
»80+
©
2
s 0 MIYAZAKI
60 __——-z0
107 10° 10° 0 10" 107

Electron density ( m™3)

B2 BERCHER LBETHEESN L EYERER. - e 527 ML BEREIELL
TV 5, S210JA-18 BHIC X - THINISh BT HEE CH 5. B 11T
EHE D e, S-210JA-22 BRIC X o THIIS M- BT BETH D, vore Ml
BFAEREEEZ R L, KKECHMATS v, 1 HBLRD  REIT MIvAZAKT
(1975) I\ X » THRE SRIHRERSHTH 5.

Fig 2 The electron density profiles and the collision frequency profile used wm the full
wave calculation  The electron density profile labeled ‘Aurora’ was observed by
the rocket S-210JA4-18 when the 1onosphere was in a disturbed condition and the
one labeled ‘Quiet’ was observed by the rocket S-210JA-22 when the ionosphere was
quiet  The curve verr 15 the effective collision frequency profile which is derived
from v,, bemng proportional to the atmospheric pressure  The broken line for the
collision frequency 1s after Miyaz4kr (1975)
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Table 1  Parameters used in the numerical calculation.
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Fig. 3. Penetration coefficients as a function of angle of incidence in N-S and E-W
azimuths for a whistler wave incident onto the ionospheric models, Fig. 2, from
above. The solid curves show the results for model ‘Quiet’ and the broken curves for
model ‘Aurora’.
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Table 2. Parameters used in the numerical calculation.
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Jitify ¢ 0°

K5 Dip 70°

HERTE S 0 443 gauss (v + 1 = B 239 MHz)
BHEE 5 R & 4 — = T R e 5 L

R 2kHz UF Tl BN E e,
%ﬂ@éﬁﬁkmkiﬁ%fwfgﬁ85@1&?®%k&%ﬁb1v5.:hm,bﬁx
NOBHEEB =7 1B WTh, BE 8Skm DT CRIVEE TS L3R LTS,

6. F & 2

BB BT % VLF SO THREMERICBIL, ktiomhBse Ahs full wave g%
fTole. TDERBRIKRDL > TH 5.
O BB FEESTCKRECKEL, FTHROBTFHBEN A E T & B ik & %

U
Q) BB R e LBESKE .
Q) BRI S AORERDE D, B EEIT 3 SR,
%mﬁ—m9%&%Kd@%@ﬁ@bfﬁk%%ﬂﬂlﬁ;\mFﬁ@@%E%uk%<
ZALT B 2 LEIR LI, Liehis THEXHIC ST 53 LT VLF BES NG 54 510
X, TEEMEOIEMICETEES M L A HRER DL DETHL 5.

E ] £
MO =7y PR & 5 BT EE ORI RS LTy fo o\ 2 BBS B U BRI I
Bt NIRESLcR#oBErE LT

X ik

Buppen, K. G. (1965): Effect of electron collision on the formulas of magneto-ionic theory. Radio
Sc1., 69 D (2), 191-211.

COSPAR (1972): COSPAR International Reference Atmosphere, ed. by StickLanD, A C., Berline,
Acadimee-Verlag, 202 p.

Deeks, D. G (1966). Generalized full wave theory for energy-dependent collision frequencies  J.



214 EH 5 BRIEE < IWIFHM « RIEIR CRaf&

Atmos. Terr. Phys , 28, 839-846.

Miyazaky, S. (1975). Relation between lower tonospheric electron density profiles and cosmic noise
absorption during auroral zone disturbances. J. Geomagn. Geoelectr., 27, 113-129.

NAGANO, 1., MamBo, M. and HutAaTsuisHl, G. (1975): Numerical calculation of electromagnetic waves
1n an anisotropic multi-layered medium. Radio Sci., 10, 611-617.

ANIEBE « # B « B % (1976) Fike 7 v + S-210JA-22 & S-310JA-1 (2 L B BT %L «
EoBAl RBIRET S, T-22.

VEREETHE » BRI 25 o )11 B o TRPE 05 o SR (1979): WEREH-7 1 A 5 v b BB R
W, AN, 64, 146-158.

THRANE, E. V. and Piccorr, W. R. (1966) The collision frequency in the E- and D-regions of the
1onosphere. J. Atmos. Terr. Phys., 28, 721-737.

TsSurRUDA, K. (1973). Penetration and reflection of VLF waves through the 1onosphere. Full wave
calculations with ground effect. J. Atmos. Terr. Phys., 35, 1377-1405.

(1979 48 4 A 15 A XH)



