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Arrival Direction Finding for Narrow-Band Auroral 
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and Takeo HIRASA WA** 

Abstract: From the direction finding (DF) observations based on the 

measurement of wave arrival time differences among three spaced points around 

Syowa Station (geomagnetic lat. -70.0°), the arrival direction of narrow-band 

auroral hiss was examined. It is found that the ionospheric exit from which the 

narrow-band auroral hiss comes out is usually located in the lower latitude side 

than the position of quiet auroral arcs. These results demonstrate that the propa­

gation path of auroral hiss is deviated from the geomagnetic field lines along which 

auroral particles precipitate. Therefore, it is concluded that the waves propagate 
downwards to the ionosphere in a non-ducted mode. Comparing the location of 
the ionospheric exit of auroral hiss with the ratio of 8 kHz hiss intensity at Syowa 

to that at Mizuho, it is estimated that the loss rate of auroral hiss is, on the average, 

2-3 dB/100 km with respect to the horizontal direction. 

�ti: 1978 �wJ&flB;ftJ�!t!n:·OOje � .tt t-= 3 ,1��ri"li�HJUr:. J: Q :;t- p =; 1::. A (J) 

¥1J*nJPJ�ffltlM*iJ· G, jj1&', !lfMil��1tmrffi�v;::.flB;ft:l�!ff!(l)fitt1¥J::1JJPJ*9 200 km 

UJ:(l)flJ�-c:·l±lm-t Q :;t- p =; 7 - � r:. ct tJ:b.n --c9e1=_-t o,Hif�:;t- p =; 1::. A 

(�20 kHz) (J)jlj*jj"JP](J)!f;ftt��t-:. flB;ft]�!if!-C:'i!itltl�.no�Tif�:;t- P =J l::. A 

vi, flB;ftJ�!lf! (J) littwJnJP.J 200 km U l*J (J) m•ll /J. G ��-to .:. c /J �� < , -l- (J) �� 

0(7)7(���t�-f-km Ul*J-c:-�o. "it-:;i!�ovt:;t- P =J9e�fl]{�J: IJ 300-500 
km fi&�ntiJlUr::.&ffll-t Q.:. c /J��" ,. .:. .n G O)M*fi, �ffi�:;t- P =J e. A/J!!lf!3* 

�JJ�n·G�.n�pti·' � 1-{��-c:·�•Jlv::.r�-tQ.:. c �5F�L--c"'o. 
:;t- P 7 l::. AO)'ilt·Jl��t=l O){ftffltc, flB;ft], .7;.fvl:�!if!-C:'O) 8 kHz l::. A5$t!t 

Jtc O)Jt�iJ·G, :;t- p =; 1::. Ai'J��-Jl?r!�oiJ.G:I:mJ::���-to�, r:i:m�•JI 
c·�vt o��$�t:tt!Lf::7J(.f!Ee.v::.� l,--C z,..., 3 dB/100 km -c:-� o ctl5E �.:ho. 
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ffi�-e:-)l:{8 � :h G VLF m�w11JzMC7) 'J �. :;t - P 5 c J: \, ,ffimJii;� G :;t- P 5 e 7,. Cl)il! 

illtl�t.. ffi�r::..tot,t G ��Ji4m:EJgm&C7)Wf ljJH=-* � ts:.�itlz-t§. "? -C \,, G. :;t- P 5 e 7,. C7)�1:_ 

r:. � --t Q �IJJ c L -C Cl)� !f¥tt Cl) � < � t., .::. :h 'i -e:· Cl) wJffi ll?f¥o £:!1fH:::. .to it Q l1! illlJ ii· G WH:d) • v::. 

� :h ts: (NISHINO and TANAKA, 1969; TANAKA et al., 1970, 1976). 'its:, :;t - P 5 e 7,. v:::.�t. 

2 '"':>Cl)� 1' 7
°
ii;fftE L, .::. :h G C7)�1:_ c :;t- P 5 Cl)�Fsj{ftii: c C7)mJ% t mcitl¥Jv:::.fW;t:Jr �:ht-: 

(5§EB • tMI§, 1973). .::. Cl) J: 5 ts:. iW.iJl!Jv:::. tmx., :;t- P 5 e 7,. Cl) JU*JJrtJz- j[j� (Direction 

Finding, DF) --t G.::. ca, -l-0)3€:E, �����--t G 5 x_v:::.]t�ts:.�*--c-� I), 1978 �. 

ffi'lf0£!fuz-rp,C..,�:::.*9 20 km �:ht-: 3 }�--C·:;;t- - P 5 e 7,. O)��m'tFsj�z-mlJ�--t Q DF i*� ffl 

\,,fc.ll!mlJii��ntti�:hk. (!§!J • fiR, 1981) . .::. C7) DF t*--C·tt., 3 ,12-isjCl){�lim'fisjzl:n:*- P 

5 e 7,. C7)13liBCl)ffl]LfflmJz-��--t Q::. c �:::. J: "? -C;j(c;b G:h G ,i�(iJ�t-'HlJ.z--C·� G. VLF JflJ � i1z 

(17.8 kHz) 'a:.'�18 L -CJJU,[JEJ�IE L tda=*, .::. 0) DF -;., 7,. TA �t.. AMJEJ 20-70 OCCl)frilffl 

--c-�t.JJ{ftftEJ, AMJEJ c t *9 10 OCCl)iJllj�ffioc c ts:. IJ, ?t*O)�wl:W-Mtfr�z-ffi\,, tc. DF � 

(TANAKA, 1972; TSURUDA and HAYASHI, 1975) v;::.Jt""rr--u�tlilllJJEii�AJ�i=- tee"? tc.. *�isj� 

ft DF �cJ: Gifl.il!il*6=*C7) 5 �. *-P 5 7' v- !7 7 'Y 7°
�v:::.JB1:.-t°G impulsive fJ:lhm�:;t 

- p 7 1:. A C7)JJJ*:1JrtJ}t., *- p 7 3€:YtilmxCl) i:p ---e:-ml./Jl¥JtJ::-$5t c J:: ",-fz�5f;-t-*5=*tM� 

G:h t::. (N1smNo et al., 1981). 

*�10-i 1978 �. fft1'.t0£:rth�:::.�(t G DF �illlJ*6=*C7) 5 �. :!mw17'Vlf1[:0)�ffi��=-• .It� 

B�JB7f:iisiIJ'.C7)�St,:;t- P 57- !7r::.c ttJ:5�Hrfmx:;t- i:i 51:.7,. (:S20kHz) �x-tin::., � 

f, ��l¥Jts:. DF l!ilJ*a*z-5f; L, .::. ;h G O)i!tI!IJ*6=*C7)�Hii· G�m�*-P 5 e 7,. Cl)j[j* 

JJ!tJC7)!f¥ttz-!c--t. ?Xv:::., RB%0£!fu (geomag. lat. -70.0° , long. 79.4°) c-t.::.n,Glitlf-WJJfwJ 

v:::.¥; 270km Jtfthf-:,7,,.fEt£:rth (geomag. lat. -72.3
°, long. 80.6

°) c --C·r§'.J��:::.)l:{��;hf-::;t 

-P7t.7,.C7)�f.l�JEOOcDF�-�cC7)M��ffl� . .:cCl)�-���K�itG�m%ttz­

��--tQ. 

2. 11Ew:wx ;d"" - o =;; 1:: A nF wu1tu�* 

�mt�*- p 7 1:. A a!lB%0£!fuO)litl!¥IJJrtJ-e:-.1:t�l¥J¥e::lt:%i�O)ij�", * - p 7 7 - ;7 ,::. t t 

tJ:b:h -Cfm.illU �:hG::. c ii;�\,'· ;:_ 0) J: 5 tJ: :;t- P 5 e 7,. (1) DF il!illlJ*a*�, :;t- P 5 �� 

�•.toJ:a!lB%0, �f�£:!mC7)8klli*-P7e.7,.%iMc�ftL-c��K��-
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2.1. July 30, 1978 (Im 1) 

;t- µ :n:taB��jfgO)�mm*1Jrti.J0)7J(ftlJ::··e&nt��:z. fi§ <, ;bfiJ:.tc16���:z. 

··Cjf:,-? -C\, ,f.::.. ;:_ O)ra,, f!Bf0£j(g--c·v:tra,?(1¥Jtc, .7;. fVil£j(g··e:-v:tJfJ!� l.,-C ;t- P 7 e. 7-. iJ�ji 

ilt6�:ht..:. PR�£:1:1!!--c·iJtll��;ht..:;t- µ 3 e. 7-.0)JU*15rti.Jv:t, 21 ffi3: 07 7t (UT)(� la tj:r, 

-1-, subevent 1) --c·�:tmm1Jrti.JO)A_AfflEJ 45,_,55 J.!t (IZJ lb i:p, 1), 21�127t (UT) (IZJ la tj:r, 

-2-, subevent 2) --c·v:tAMflEJ 40,_,70 ��ffii"" (� lb tj:r, 2). ;t- P =; e. 7-. 0)1:!MJI�� i::t 0) 

� � :z- 100 km c m�i"" G c, ;t- µ =J e. 7-. v:taB�£:I:tg cl: iJ ch .7;. fvl£:i:1!! (� lb tj:r, MI) �c 

Jli:1.,,1:tMJlti:.G�rL-t..:.:. eve.ts:. IJ, .;2;.fv1£:i:1!!0):1JtJ;IIBf0£:1:1!!J: lJ t;t- p =; e.7-.0)�J.f 

v:t�i, (� la). lZJ lb iJ:.G§f;!GiJ:.t.i:J: '5 f::., ;t- P =; e. 7-.0)ft/.111��1:H:t;t- µ =;JeJ'f:,ffi 

� J: lJ t ����Uvc&ii: L--C 1.,, Q. 
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� 1 1978 if. 7 J3 30 13 21-22 n=!f (UT) O)iflil!U*-8:!f:, (a) aB*1J£!filc/j.--fti�:11BO):;;t- P 

7 l:: 7- 8 kHz 5!\i.!!t, (b) :;;t- i:r 7 t: 7,. O)Jlj*1JIPJ 

Fig. 1. Temporal evolution of observed results at 21-22 h UT, July 30, 1978. (a) Hiss 

intensity at 8 kHz at Syowa and Mizuho Stations. (b) Estimated arrival direction 

of auroral hiss at 5-8 kHz. 

2.2. July 5, 1978 (� 2) 

� 2c O)fi:.JtJff.'l(tJ� G, ;t- P =; v:tl1Bfn£:I:tgO)mm:1Jrtu--c·9e� L, ¥e1t��O)Jtt°ll¥J�1.,, 
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(a) 

{c> 

JULY 5, 1978 

20:liOUT :55 

20:so:so 20:51:10 

w 

� 2 1978 if 7 fl 5 B 20-21 U-Jy (UT) O)fl_ffi1J*5j!;. (a) �RfQ�Jtl?.c � f1l�i1£.0):;t- P =J 
1:: 7-. 8 kHz ��ft, (b) :k - P '7 1:: 7-. O)j:lj*:1.fl[,1, (c) �t- P 7 O)fjf�:!ff.1{ 

Fig. 2. Temporal evolution of observed results at 20-21 /z UT, July 5, 1978. (a) Hiss 

intensity at 8 kHz at Syowa and Mizuho Stations. (b) Estimated arrival direction 
of auroral hiss at 5-8 kHz. (c) All-sky photographs of aurora. 
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��;a; 20,_,30 ,fJ,O)JillfI�ifl1--C·Jf!t. r, G rii� c U-\n; ":> --c1.,, �. t. O)ft;iy, ���iFlj 2 5t�J.l0) ::t­

p :J 1:: 7-. tJ;f!B;;¥o£:11'2 c ;;z,.. f ;� �:11'2-c·fP]r
r
-r-r::.fflltRIJ � tL t� (lgj 2a). � 0) ::t - p :J 1:: 7' O)JIJ3tfJJ fiiJ 

�t., filtf¥JO) AAfjq 20,_,45 Dt��-:t (CTsJ 2b). -:ttJ:b't�, 'i���m� 1=1 O)&mht!lBfn t .7;,t.fv'l 

O)tj:tiAi,� (AM%1t0 53 !Jt) 1 IJ aB'.fD�:tfu-Olij�:.ci; 1?, IJBfo�!'tl!O):k- p =; 1:: 7-.�JiJt, �fvi 

�jfuO)-l-;h, J: 9 ���\,, (!� 2a). t. 0) event �::_:t-51.,, --Ct ::t- P :J e. 7' O)'��Pi�� n fi, 

::t - P :J 9e7t'pJi:b.ix J:: tJ t f1IJu'tr!rffiU v:::. ft� L -ct,�. 

2.3. September 3, 1978 (� 3) 

::t-P:J�. �;;¥o�:1lf20)�m��O)�����w:•���--r. �<1t0t.::.9m�t.::.9LL 

1.,,t.::.. t.O)iA9, :k- p:; 1::,7,,aaRtn, d;,l.fff£}fgt t:ilttL--Cll.iU�n. :k- p =;O)tfH�qc 

fA'.j:jt§ LL, -t0)5$]_fiJ;�J)J L l: (CTs] 3a). tlB'.fQ£:i't!HC�VJ" � 8 kHz :;t-- i:z '7 e. 7-. 0)5$�ia� 

O);g. l::0 
- !I� 4 ---::->O) subevent t:::. 53-vt t DF *5* � CTs] 3b :,:::.�-:t. � t.::.., � 4 vc filff£:1lf2--(·� 
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(a) SEP. 3, 1978 

SYOWA 

MIZUHO 

w 

AURORA 

E 

� 3 1978 :¥9 J3 3 B 19-20 !l'!i= (UT) O)�iJllJ*a:!f:. (a) �Bfll�it!U::7;,,.fij;�imO):t-- P =J 

t: 7- 8 kHz �/Jt, (b) ;t- - P =J t:: 7-- O)jrJ*nfPJ 
Fig. 3. Temporal evolution of observed results at 19-20 h UT, September 3, 1978. (a) 

Hiss intensity at 8 kHz at Syowa and Mizuho Stations. (b) Estimated arrival di­

rection of auroral hiss at 5-8 kHz. 

*::1JIPJ�i�i§ 0) AMfiJ 40,_,651:l�� L, 1[-Ji�:i&J 1=1 �:tdi-f vi£:L'll! J: IJ 13B�£:L'll!1JlUvcili:lt ,fft 

-��-.r. Lt-:iJ�0-Clll1�£:Lfuvc:tovt-0:t-- µ =J l:::7'0)59:i1:li-.tdi-fVit£:LfuO)-t.:hJ: IJ%it,,. 

:.:. 0):.:. c �i.lEI 4 0) 7- ""- !7 r ,qc:tot,, -C 1b 13§*1]£:tJgO)jJ;o:di-f vi£:Lm J: IJ 1b � < mtL -C\,, .75 

:.:. 0) subevent 1 �-.t. 19 � 37 £--�iJ"�, --z:-o_)7-""- !7 r ;r,,o_){J£,mJtBtf{:l.ltiJ� 5 kHz� -crt;n: IJ, 

19 � 38 %1Jlvc�b .75 . Subevent 2 �;t subevent 1 iJ��:b .75 IJliJ, G 9£1::. L, -t 0) JI] *jJ IP] fi 

13B�£!f!!O)�m::1J1P10)AM� zo,_,40 J:l��-t". -t"tJ::b't:i, subevent 2 O);t-- P ::y 1::: ;.1-0)1[ 

••�:i&i1=1�13B*11£:Lmru��<&RL, m*11£:tJi!�O):t--P=J1:::;,_n��di-fa£!t!!O)--z:-.n 

J: 1J t 5.§i\.,,. 19 � 44 %1Jivc �i subevent 2 0) ;t-- P =J 1::: 7- 0) ��Ji�b �di';, -t O)�, D 

�*5&1.,,,-c subevent 3 O);t-- µ =J 1::: ;i_iJ� subevent 2 O)JU*::1JIPJ J: IJ <b��mm::1J1PJO)i::pF,,tra 

J: 1J 13B*11£!t!!1Jllln, Gm.n, --z:-0)���-.t, ��-.t 1J m*11£:LfuO)::fitJ:di-fvi£:Lm J: 1J n"'· 19 � 47 

%�iJ,0 subevent 4 O);t-- µ =J 1::: A]J;9B1:=. L, --z:-O)J(j*::1J[P]�-.tmw£:i:!BO)flflggjJIP)O)J!JU: 
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SEP. 1978 
SYV .1JA 

� 4 aBl0£:li!U:J,..fff�JtlrC-fmlllU�t1.J::.-:;t-- P '7 e ;t...u)fi'-1 -J- �,:; !l 7--"'"'!l 1- 1v, 1978 

:¥- 9 fl 3 B 19-20 lt;y (UT) 

Fig. 4. The frequency-time spectra of auroral hiss observed at Syowa and Mizuho Stations 

at 19-20 h UT, September 3, 1978. 
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z-�--t. f!Bf-O £:itl! "U:t, --t 0) � 1jt a J:. � --t o b �, :7;_ f �'j: �:itl! c· t t., --t 0) �1�Ll:: �+i Vil: c Iv 

cJ!GhfJ::\,,, 19 � 52 -5}�, :7;_fi,i£:L'l/!O):;f-- i:r 5 l: 7--�lftV�E=fO)J::�n�J!Gh�>iJ�� 

hv�xti;t--t�J::JH:t IIBfn�:tt!!c·t:tJ!GhtJ:\.'. Subevent 4 tJ:f&O):;t- i:r 5 e. 7--0)��1=1�:t 

� f fj: £:itl! n3 :ill'! t-.: v'!.-t 0) ffi ffitl c � Jt. G h � . tJ J:., � 0) event r:. :tot, , --c t , :t-- i:r 5 t::. .7-. 

0)••���1=1�*-P7��•�i�t�aMM�&aL, aBfn�ftl!O)�J:.�<K<�� 

c <htf0o. 

2.4. June 28, 1978 (� 5) 

20 �·:J 10 0-wiik, :t-- i:r =; af!Bf0£:tti!O)�f¥IJJJPJO)J.l(f*iJlr < -e, ftrfi:�ocx. f�� < 1c--> 
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-ci.; ,t.::.. Lb:. L, ..'tO){&J:�vi.ft IJ, :;;t- - 1=2 7 �3't�)Oi.� G.:h-Ct,, t.ct.;,. 20 itjey{t.r• G 20 

ftj 40 :5}� {! "i "c' tc Fl3i!K L -C .Je1::. L k. :;t - P 7 e: 7- 0) ? 'b, 5$[!t <D 5$ \,, ¥e1::. "a:' 5 '0 <D subevent 

�c:5.}vt--C (� Sa), -t.h.:f ;h,O)JU*nlPJ"a:'� Sb v:.�-t-. Subevent 1 0) :;;t-- i:z 7 e: 7-vi.!lR;f!J 

£:f[g"c'vi.��itjr13,�5J-J;J.Jf9-e�§ < tmiffrr � .tt, .:tO)JrJ*1rJPJvt.!IBflJ£j[g0)1itl�tO) Jdtt� 30,_, 50 

��lJ'-t. -ttJ:ht:i, ;:O):;t-- 1=2 7 e:.7'0)'t1Aft11��1=1vi.di-fvi£j(g.J: IJ�< Arth. di--fvi 

£j[g"(·vi.llillJI � .h -C \,, tJ: 1.,,. 22 � 29 j}ey:{, impulsive tJ: subevent 2 0) :;;t-- i:2 7 1:: 7- tMB;fl] 

£jtg 0) ��t 0) Jdtt� 30 ,_, 40 Jl: 0) 1J IPJ b'-G iUffU � h Q . -t 0) �. 22 ffi3: 32 5} ij:i ;o" G � 5} rl3i tJ 

J:. subevent 3-5 0)5.§it,,:;;t-- 1=2 7 i:: 7-;o�!JB%0, di--fvi£:!1.f!"(·fqlffi3:v:.tmtJtU�;h-Ct,,Q. ;:;hG 

0) :;t-- 1=2 7 i:: 7- O)JfJ*1rfPJvi.WooWl�t:nlAJ"a:'�-t;o�. subevent 4 "(·vi.-tO)JU*1rlPJ&i.r&t*:1J 

JPJv:.� IJ. �{&O) subevent 5 "(·vt., -tO)JU=*1rlPJvi.fiilfflnlPJ<DAM'3 30,.....,55 Jl:"a:'�'t". 

tJJ:. 0) event tc:to t.;' -Ct * - 1=2 7 1:: 7- 0) 'ttlfUI�� 1=ni. * - i:2 7 963'cffl� J: i'J ib {1UiJJtillU v:. 

JUNE 28,1978 

SYOWA 

MIZUHO 

E 

Im 5 1978 � 6 J1 28 13 20-23 fic/i= (UT) O)fliJlU*a*· (a) 13BfQ£:l'l!!c .;z,,.. f�:1:£:l'l!!O)*- ri 

'7 t:. 7-. 8 kHz %Hf, (b) *- i:t 7 1:. 7-crJ�J*15'fti1 
Fig. 5. Temporal evolution of observed results at 20-23 h UT, June 28, 1978. (a) Hiss 

intensity at 8 kHz at Syowa and Mizuho Stations. (b) Estimated arrival direction 
of auroral hiss at 5-8 kHz. 
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t'Lii:--t G .:_ c iJ��lco G h G .  L il,. L ,  j!J*JJ (P] iJ�l!R5fll�jtgO)��t-Ol!Jr::.J0 G .�U'l. , C. h � --cic 

L k. 3 v:::> O)�JJlU*5* c �tJ: Q .  

3 .  1:JHif f.91 ;t - o 3 e :A 0) f 1J �!.: 7:f � 0) t=ef ¥-i: 

HUffiJ 0) DF W1Jl!J*6*v::::.�\, , "O'l. ,  �B5f1]£jfu 0)1tij¥fn rt] 200 - 300 km t},�vC lli� --t G !g!g \, , 

:;t - p 5 7 - :nc c "4:dJ:bh --c 3£�--t Q 3YFfff�:;t - p 5 1:: 7- 0)11•11�� P O){ft§:i :t ,  :;t ­

P 7 3fi"J1:il� J: IJ {1Utat-OtU vc J0  G C. c �� Lt::. . [Zl 6 ti. ,  C. 0) J: ? tdi.lU*s* 20 f9U '2mco 

t::.�H*s*��--t.  tltiM!O) ffilH:t ,  :t- - P :1 Je1f:pJi� c :;t - P :1 t:: 7- 0)1JtIJ;ft���vJU� (q:r 

�O){ftii:) c O) � O)ffiIJ;ft��--t. C. C. � :;r - P 7 0):JBJ1:ulifttl, :;t - P 7 0)Je1c��'d: 100 

km c i&5E--t G c �x�J!"c'�:t!Itf�-0£jfu�tj:r,C.., vc-¥f£� 1 100 km (AM�� 85 OC) O)ig� 

"i "c'ffi� � ;rt G t  0) c L '-C3}(cot::. . "i t::.Mtrr Lt::. 20 ffti 0) :;t - P 7 �:t--t�--C !3R:fn£Jt!!O)f�T¥J 

JJ[PJ� 200 km tJJ::t· :t tJ:h t::.il��c{ftfit L --C i,, ,  G .  � 6 71" G filu� O)ffi.�:t 300 - 500 km 0) 

ch O) iJ��" ' c n iJ• Q .  v:::> "i IJ ,  �*�*- P 7 l:: 7,. 0) ffl:-��� 1:J O){ftfif�:t . jtgfi� :11ttic 

fil 0 --C� lOO km O) � � � ��T--t Q :;t - P 7 ��K J: 0 --C�� � ;rL Q :;t - P 7 0) �x�• 

J: 9 300 - 500 km fl&ftoc-O!U vc J0 Q c. c iJ��\.. ,. c. 0) c. c �:t ,  :t- - P :1 1::: 7- O)'lt�Wi J::�-ffn 

7 

6 

w 4 
cc 
� 3 :::> 

2 2 

0 L--'---.L..---'-_.__��-.____._ __ 
1 2 3 4 5 6 7 8  

D I  S T A N C E  ( x 1 00 k m) 
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Fig. 6. Histogram of the distance between the central position of the exit region of auroral 

hiss and the location of auroras at the ionospheric height of 100 km. 
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Fig. 7. Histogram of the exit region of auroral hiss. Solid lines show the histogram for the 
central position of the exit region, and broken lines show the histogram containing the 
spread of the exit region. 
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Fig. 9. Relation between the position of the exit region of auroral hiss and the ratio (SY/ 

Ml) of 8 kHz hiss intensity observed at Syowa to that at Mizuho. Horizontal bars 

indicate the spread of the exit region, and each mark located at the center of the bars 

indicates that the mark O represents the normal ratio, the mark .A. represents the ratio 

for the saturation on 8 kHz intensity record at Syowa, and the mark 'Y for that at 

Mizuho. A broken curve indicates the ratio of the transmitted wave emerging 

towards Syowa to that towards Mizuho below the ionosphere, calculated from the 

full wave method by using the lower ionospheric model (a) shown in Fig. 11.  A solid 
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emission towards Syowa to that towards Mizuho, calculated from the WKB method 

by using the lower ionospheric model (b) shown in Fig. 11. 
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No. 74. 1982] 25 
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