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Abstract: A full wave treatment including the ground effect 1s bnefly de
scnbed 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 
Stat10n are taken as the 1onosphenc models, one 1s in disturbed condition and the 
other in qmet cond1t1on. 

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 in the disturbed model 1s much greater than that in the 
qmet one (2) The absorpt10n increases as the frequency grows higher. (3) The 
absorption decreases as the dip angle increases Finally, seasonal vanat10ns of 
the colhs1onal damping in the polar region are discussed 
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vt 6 JE�fj.iJlU:t:6' cl: cf i=z Jr ';/ r, ffi £ 'la::{iJ:§ Lt-.: 11§']�.ll. f;;}fj.tflUil;fihh -C '-, 6. c. h G fj.{J!U -r 
- !J O)'flU�Hf.5j}j)c.M-t 6 'lw¥!Hi, 1ttiltl0)¥£�,} -JJ =- 7- 1.,. O)M§FJ, -t L L��{�Ifi]x'.O) 5 x. -C' 

t �F71tvcm:�-c- cf:, 6. Wl'AEffiL 9£� Lt-: VLF § �\�rltlvi, J:.fffi�14ftli 'la::K& "'CFOO��Jl'la:: 

jj:if.?g Lt-tgJ:.vc.JIJ*-t 6. -t O)� VLF iltlO)T{l£ffl:�m11zv1xvc.M-t 6 �HeJdfUvi, tJiWv:.r::�rfJJt& 

:fmjj�;<J*C L"--Cr!H�i-'�h-C'-'0i'.I' (TSURUDA, 1973), ffi.1'1QjjO)��m-c-rJHC.ML-c full 

C. Cl) pftllY.: L vi, RB5Fn lttill L p Jr / J, vc cl: 9 fj. 1-RU � ;h k l1 fij.J� 0) Mt ,f,%RiJ C :,i- - p 7 3£ �JF-4: 0) 

1[-=f � flt 0' 1fi 'la:: t!h , -C, J:. {ill /J � G A !J -t �) VLF Zit. O) :Lill J:. vc J� vt 6 ;-J� 1 '/ 5- ,r '/ !l 7 '7 ';/ 

!l 7' O)jc ��'la:: full wave it�v-=. cl: 0 -c ;iZob -C '-, 6. c. O)�t�vtY.8-JHl'.!J''i!Wt." (NAGANO 

et al, 1975) 7a::�JJ1i, iijjt!Jl�-_ttce;b�1ltm�-§ m�rt311-jc:Ltgvc(c;;J:§ Lt-: t 0)-C 3!> iJ, 

-7c O)N_�vc. "'J\,, -Ct ��1�v:=-ic� L -c 1,,, Q. tt�17n L -c, ffitfilvC:t:6'(rJ- 6 VLF Zit. 0)-F iw�* 
@JJZU£r=-oo L'� r�OCO){t1f11, :ltl!Ji��1v�fi3 0){1{f¥'11:'la::��t-: . .!&1�:VC, ��i)O)N{Uc ct 

c. 0) �-l·Ji[-c �t, {J� 0) i�zJE7a::f&vt-c"', 6. Cl) AM,;-:M!�vt :5f@i&-c ct> 6. (2) '�;ij:m 113 vi ::i 

- Jl,; 1 7
° 7 7-'--;' t L, 1 :,i- '/ O)ft?f'la::�ti-t 6. (3) 7t��vt7Xf�� t-t 6. c. O)J:��. 

fffi17Jc::;p:NJil�th1:Jit,J�O)�gi)Jjjf,¥j\fi!Zl 1 O)�iPf�-C{'XO) ct 25 vc.tce 6. 
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2 0C7)�i1?BE (TE, TM .:r:- - F) v-c..ts:. '7;J. 2 0C7)�:f{7a:-t;h.f ;h n, m Jlv::.73-tH,,, -*llviY>J 
JU::: �5£--t Q. ;l:J::iqrij, J&riqfiji7)�1/fJW.� J r /V'a:' e(zn), e(Z-m) c -t" QC;:_ ;h G C7)1*jffivi, 

?-iJlvctoH" '7;J:fl�fi7U Qi vc J: "? --cJtntt, �ntti7)lz:J.11Jts:. < ?J(il) J: 5 vc��ti,'7;J. 

(2) 

Anti�:f{vctoH-'7;J:fl�fi7U Qi vi T il)ffiAts:. '7;J 4 0il)�fif[l[ J: � f'F Gn '7;Jn\ �:ntt 

�:f{--C vi, T <7):,jlJAts:. '7;J �fif[l[v:t. 2 ffi (±A) c ts:. �, Qi vi?k":t: c ts:. '7;J. 
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(3) 

:. :. vc a =koAh, ko vi§ EB�r1=19C7)?Bl�, h vi]IC7)}J�. A=(s*-S2)1 12

, s* vi�ntt�J�O) 

�*�ffl$ s'-js" ··cj; '7;J. i t..:AMrisultvctoH-'7;J�J:f{O))retfi$7a: n c-t" '7;J c s vi n sin th 

(Bi viAM�) --c·.lj..ft G;h'7;J. 

�f[l[H�Hi?k O)��--c·rrbn 0. 

1> E11, E1. n· G1*: '7;Jff:�O)fimti7)mttJ;�:ntt�� < § ru�r1=1i> 'a:'��--r Qt 0) c 1-, --c:1:r 

)frffi--C'Ww.lf[l[;,j;�60 G;h '7;J. J&riqfflO)��w� J r /V e(Z-m) vi?X":t: c ts:. '7;J. 
e(z-m)=E11((l-S2/s*)112, 0, 0, -s*112)t +E1.(0, -1, (s*-S2)1 12, O)t . (4) 

:. n G O)?BEO)ffl�l¥Jtt�vt, :k:i:t!!O)�ffl$, ��$:to J: tf?BE0)7J(f1*:73-vc J: "? --C�6b Gn '7;J. 
2) ;t: (2) VC l.,f._:i};\.,,;t: (4) il)m 1 �. m 2 �vCJ.11].?.zvC Qi 'a:'*•l.,"(\.,, <. -tO)r1=19vC.:c. 

,,� :t � --t: / r ?BEO) )@�ts:.1*::tHcxt L. nX:"* O)z L \.,, ��� C7) �f[l[tm�'z'lw <''f-=6b, Gram
Schmidt O)i][�11::?!iJ;�ffl � ;h 0. 

3) fi7U*•iJ;;l:J::iqrij i --c·;ii--t '7;J c, �IE� ntdi:tlts:.rHE (.:c./� :t � --t: :/ r ?BE c ���) 

iJ; AMrltlta J: U NM� c AM�Jt--c·�m � n 0. 

4) �W�{47a:�ffl L,f._:O)'tJ, J&l:Yffij7J• G:l:r)frffivC[PJ(,J"--C�it-1*:7a:fi 5. :. O)��vc J: -? 

--C, -*risuJ!ti7)��Ji!.7a:;j(6b '7;J:. c iJ�--c-� '7;J. 

3.1. �Tffil3f�� 

�f[i[gfjl)Cffl\., ,f._:ffl-=fWJt.:i:-7'1vvi, m 17 ?kmffi:l:t!!�lU!U�vc J: "? --Ctr'bJ::vf G;ht..: S-

210JA-22 %�vc J: 0 r���-=fWJ!t cm 14 ?kmffi:l:t!!�W!J!U�vc J: 0 S-210JA-18 %�0)r 
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� 2 261:{@�t�r::.�ffl Lt-:�rWJ.t53';;(µ c!::��jj�@I�. ::t- P 5 -'f 5- ;L,,vi 11t�l!lh�!Lh 

-n <{)rl-i', S-210JA-18 �-t':IH-=-J:: 0 -Cl!illlU �ht-.:11tr1£!.t--C � 0. Mtffi�-t T ;L,,vi 

?it/$:�iJ�Mt/J,t.i:Jr°f, S-2IOJA-22 %t.�K-J:: 0-Cfm,J"!U�ht-.:'�.::_f;¥,'J.l--C�0. verr rtl3 

*l!i��,b{f!r�@l��jf- L, *�)£K.J:tf7Ui" 0 Vm 17' G14} Gh0 }�*lvi MIYAZAKI 

(1975) v:.10-C¥liE�ht-.:oo�@J�5t:;f!J-c·�0. 
F!g 2 The electron density profiles and the collision frequency profile used m the full 

wave calculation The electron density profile labeled 'Aurora' was observed by 
the rocket S-2JOJA-18 when the ionosphere was m a disturbed condition and the 
one labeled 'Quiet' was observed by the rocket S-210JA-22 when the ionosphere was 
quiet The curve verr is the effective collision frequency profile which is derived 
from vm bemg proportional to the atmospheric pressure The broken /me for the 
collwon frequency is after MIYAZAKI (1975) 

�if.!J:vclUJlU � nt�'ffl:rWoc�{tJ=IH.J: (� 2). 1W:1!H:t:.;Nllftl! (1976) vc J: 0 --C$!Ht· �ht: J: 

5 vcttlHtt5<tB"Jvcfftn,t,tif.!J:vc, �JJtv'rcJJftJvc.¥eM�nt-:. P 1r 'Y t- vc J: ofliJ!U:f- Y 't: tZ) 0. � 

/di-:. 0)5J';fµ��ffilf.!J:.:i:- "f 1v c Lt-:. �jj, MIYAZAKI (1975) O)�!i"a"vc J: o c 18 %�v'il: 

�lf.!jvc ;;;l- - p 79£7G�VC�A LiJ,"-::>tl fil 0 --c I_,' 0. -t O)f�c,;0� LI_, ,ffl:-J-W!Jt0)��7J:Wimu � 

;h, r�if.!J:vctuv-ro:B-1!Jtn,f,t 9�1_,,ffl:-J-Woc�if-L--C'-''0. �/zvi, C;h�;;;l-- P 79£7G 

if.!J:vcflmU � n t-:. 'ffl: rWJJt:B-113 c '-', 5 ��-c, * - P ::, .:i:- :f 1v c Lt-:. 

c;hGO)m�B"Jt,t.:i:-7';1,,��0 --C�Gn0*6*vi�/dC?J(O)J: 5 f,tC c�1.G�'1"0. ;;;l-

p::, .:i:-:r 1vv11 f!O) c J: 5 !Llf.!J:O)�-=r-Woc:B-113 c di-t,t L--c J: '-' ,. Lt-:17;0 --c c O):B-111��0 

--C it�'i" o -:. c vc J: IJ 'ffl:�JI vc C J: 5 '§Lb;� C 0 t-:. c t, VLF � O)if-'1"{�11&4�tt ��D 0 -:. 

c 17;--c- t, 'it-:. lfffeffi� c J:t®l'i" o -:. c vc J: 0 --C l�tt 0) :zl:� � Ji!. "-::>vf 0 c c iJ:--c- t 0. � G 

vc, rtm'ffl:�Ji O)'ffl:rWOCO)�{�iJ:, 'ffl:�JIJ::tffin, G ""fjjvcrt]iJ, 5 � 1 7-. '7 -�O){�!f&vc.:to 
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1 vi-t�e. � ",�;t 0 ft:. G vi, Wl'AlliJ; G mMJI. @ EE�rf3,��-c::k:11fHc:it-t 0 rf3ivc rtm 

fflMJln�1A-�vcj!:t-:-t�tU��0 (_ cn;-e� Q. 

3.2. fij�@]l!(,t;ffi 

r$fflMJl���R�05x.tOO�@�O)&��fttffl���0. •-�*��-��-t 

0 m-1-c i=f:tttf_ft-J-O)ffi�@J� ).)m vi::k'AEE1JvcJtf7U-t Q (_ c iJ;�D GtL -C \,, Q (THRANE and 

PIGGOTT, 1966). i"ft:.b'b, 

(5) 

(_ (_ vc P vi::k'AEEJJ (N/m2
) t, '.fx; ,;" vi 70°N, 1 2 J=j 0) 7 - !7 (COSPAR, 1972) �ueffl L 

"(\,, 0, -JJ"m-J-0)� * /V� -53-::ffj��� Lt-:�}::hffi�@J� ).)eff ��Q vCvi;f Jv './ "7' Yjj°� 

A�mn\:bvfft:. G ft:_\,'· .:ctuc l 0 c ).)eff c ).)m vi{XO)'*}f*vc� 0 (BUDDEN, 1965). 

V0rr =2.5 Vm Vm<{w, lw±wHI 

=1 .5 Vm Vm>w, lw±wHI 
(6) 

(_ (_ VC WH vi:/ i' 1 P Jij}WJ��-('� Q. �f@]f.VC ).)eff �}=§\,' Q�{r, {]effl}WJYBl�:;fo J: '(}7( 

'AEE%1ffvc1 IJ"A (6) vt7GiU�i:cft:.ot-=:oof*� 2.5 c 1 .5 0) 2 "".)O)rta��ft:.coGiJ;vc�iw'EL 

(DEEKS, 1966), -z:-;h,��:S<JJffi�@J�c L-C\,'Q (� 2). �q:tO))�tJJHi, MIYAZAKI(1975) iJ� 

1¥:i;fii·c CNA (cosmic noise absorption) iJ; G1l� Lt-: ffi�@J�5J'1ff-C'� Q iJ;, :fx k O)&� L 

t-::�:tiffi�@J�c � t,,-3&�� L-C\,, 0. LiJ; L, rll::k'AJ.:Evcvi*ilii5��1tn�� IJ ��. 

ffi�@J�vc t-z:-O)�ifJiJ;=y� �ho. (_ .ttvc'=*J L�O)Jlip--c��-t Q. 

4. rk {@I it � 
(_ O)gfnt--evi, (_ c b IJ O)ft:_\, ,�i IJ �funt•vi-t�-c::k:l'(gn��rl �.nt-:.�ir-C'ffb.n -c :;l:o 

I), ��i*� (��;)-; 1 YT 1 Y f 7 7 ':I !1 7') Pg iJ�)J<CO G ;h -C \,' Q. (_ 0) Pg vi, mMJI 

O)J:y/ffivc:;l:o\, ,-crJJ"IPJvcf�--t Q ;t; 1 7' '7 -�O) ;J-; 1 YT 1 Y !/ 7 '7 ':I !1 7' O)�xHlic, ffl 

MJI l IJ rO)rJJ"vcf�•-t Q�O)-z:-.n c O)Jt-e���;h,Q. J'cvctcJZl:i Lt-: l 5 vc, § EE�Ff31 

i=pO)�vi TE, TM -'E-- F'O) 2 "".)O)�O)rJJUIJ�ir-C:��ho. (_;h,G0)-1§-kvC"".)\,,-CJ:�YEl 

c r��iJ;� 0. '.fx: k vi, (_ 0) 5 tJO)r���JtM L, mMJIO)rft/mn\ G:;k:l'(gvc!PJvt-Cf�

-t 0 YEl c L -c", Q. J:��vi:;k:l'(gvc l -0 -c NM� h t-:.YEl-C:' � 0. 

c (_ 6-C:', m•11��-c ;t; 1 7- '7 -�iJ�:l'(gJ:vc��-t Q vCvi, mMJIO)J:y/ffivCto\, 'LAM 

}IjiJ;, \, ';f)V9) 0 r 7 :/ 7' � ':I '/ a Y ::t - :/ (� Q \, 'vi 7 !J -t: 7° :7 Y 7' ::t - Y) i*Jvc ft:.vJ".nv:J: 

ft.. G ft:.\,'· .:. 0) ::i - Y l*Jvc�$�0) � oYEliJ;:l'(gJ: "i-C {�� L, .bt-:t-:UmMJlvc!PJvt-C NM 
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� h 0. ::i - :,; 7"1-ir• G AM L t�rElvi, .::r:./� * 'Y --tc:,; r ¥El c f.t. IJ :!ml: -c:·vi� L < �� L -c, r 

IPJ� c-z::nlPJ) O)n\t:5.tviH:cl\icm�L-cL'i ,. TsuRuoA(1973) vi7 !l--t:7° !' :/7'::i

/ fi3vc¥Eti*iitiJ;cl; 0 c � vcvi, -��Ttzlm'i' lli P c L -c, 7c 0) .::r:. � 'Y !J :,; 7' fo3'i' ,.� =; .1- - !J 

vc�fuiH•'i'rr 0 t�iJ;, :ft/" O)�fuiH•vi ••� 0) J:::tzlmvct'Qvt 0{��¥El 0) AM:fi3'i' ,.� =; .1- -

!lcL-C'lt,0. AM:fi3Bi c.::r:.� -y!J:/7'JEJ{}e c0)1*Jf*vt, nsinOi=sin(}e --c:1<�h0. 7c 
O)ffiJ-.O)H•,.� =; .1- - !J o)*JHt� 1 vc�--t. 

4.1. m15.lt�fi<tf 1i 

Table 1 Parameters used zn the numertcal calculatzon . 
. �==c====����=��==--=--------

mtBti& f O 1, 0 5 kHz (�ffi�) 
1, 5, 10 kHz (::t- 1=1 5, Mtffiltt) 

}j(i!_fi-J 9 0°, 90°, 180° , 270° 

im7tti'Al, ft] D1p 60°, 70°, 80° 

imf:twJ\% !J 1 ;t; - 1vTitt� 
11t�lt� .:f:- 5- 1v ffittiiJl'f .:£:-7 ;v, :::t - P 5 .:f: T Jv 
*i'fil;E� a = l0- 3 U/m, s'=lO 

--- - ----'----

� 3 viffffi�:foJ:u:-o1-- 1=1 79£��0)-1=71v'i'{f0-C, :tmm�.b:133 60° c 80° O)RlDrBl� 

vc:M-t 0 ��f*� Pg (dB) 'i'�-t. r 7 :/ 7' � 'Y -Y 3 :/ ::i - :/ 0)'.133/.t ((}c) vii]'lt' � - !l O)fft_ 

§Jc cl; 0. AM:133 (Bi) iJ: c. 0):133/.t J: IJ :}( � < f.t. 0 c § 1±1�F1=110) T�rElvt.::r:. ,.� * 'Y --tc :,; r ¥El c 

f.t. 0. AMftEJvc J: 0 -C��vi� L < Ifo,ts:. IJ, ::i - :,;'i'vt-th0 c r�rBtvi O 1 kHz 'i'�'lt,-c 

f@}f{vc m�--t 0. RlDrBt�iJ; ri'b < f.t. 0 c, fir�tJ�vt:}( � < f.t. 0 iJ: ::i - :,; vi$< f.t. 0. Bo #Jlr 

-c:·;;:J--/�- -Y ;;i.- r :m*iJ;J!Gh, Pg iJ: OdB 'i'�x.0 c. c t�c. IJ 5 0, C.hvi, --� 

�Jl3Z.iJ:,J" � 'lt d�i'i-vc, AMftEJiJ; r =;:,; 7' � 'Y -Y 3 :,; ::i - :,;jEJvct.t. 0 c ��rBtO).::r:. * 1v::t--jj 

fP.liJ::}(:tmt3¥-fivctJ: IJ, :*tfulxM�l=f�L 1 �O)�tJJ.&ffl.*lJlt.t.-tt0. AM-t0�iJ;:s:izoo 

rEt-c:·21; 0 tJ: G vffmWEfJvc� c. IJ �0. Lil· L��vcvtAMrElvi'M�f O)�]R-c:·21; 0 iJ-. G, ;;:J--
/� - -Y ::i. - r vi ,j'\ � < f.t. 0 c � x. G h 0. �'i' Jl 0 c, E-W O){��*r-�vtvt c I\; l'M�-c:-
21; 0 iJ:, N-S {��O)�i'tltJrxt�-C ti; 0 . .bjEJ 60

°

, RlD�� 10 kHz -c·, ffi�fj(O):f:�i't. �t 
iJ-. G ffi""-1��-t 0�0)��1*�vi, ffliJ· G�t""- {��-t 0�0)��1*�J: IJ 5-10 dB ;@:*-c:· 
21;0. c. O)fl;JilPJvtRlD��iJ��'lt,Vitl·��vc:mho. 0.1 kHz 0):1:�i'i-'i'�'lt,-c, :filTI[vc7h1 7' 

'7-rEliJ:AMi"°o�, m���1tvc:xt-t6��1*�vtMtffi�-Cvt.bftEJ 60
° vc:xtL-c -12-
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