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Abstract: SSC on 21st September 1977 is found to have given impact to VLF 

emission source m the magnetosphere and also to a power hne system on the ground. 

A new feature of SSC effects to VLF emission was obtamed on the basis of 

dlfection-findmg technique for VLF waves, and revealed that the emission zone 

m the north expands southward durmg the nsmg phase of the SSC, adding to the 

known SSC effects, mcreases m average frequency, band width and mtegrated 

power of VLF emission 

Power lme harmomc noise, specifically m even harmomcs, mcreased prom

mently and oscillated correlated with geomagnetic pulsation after the SSC This 

phenomenon 1s explamed as the result of wave distortion effect m transformers m a 

power lme system when the electnc current ongmated to the earth current mduced 

at the time of the SSC flowed through a pair of neutral pomts of the transformers 

grounded to the earth 
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:;t�J{.r=pO)�jl�ITfiO)jj�iJ;, m5<t�O)ff:milwHI� t t-:. G L, :l:tfff-jU::--c·� + nT �71-0)m 
�;S£ifJ C L'-CtitJlU �;h, SSC, SI fJ: CC Pfvih--Cl \ Q. t. ;h G O)m�;t£ibvi1*1zi;liJ;vi ":) � IJ 
C LLl'L;/f;cb iJmitttJ: 0)--C', Jen GO)��� t. J fro �m��Mf!l3i"" oJ::f:::.��fJ:'li¥��� 
�L�o.i]i�tJ: SSC, SI vi�F13j 30@]�/t�1:i""oiJ;JtO)����vtom�,kc.*.vi VLF 

.::r. � y '/ 3 '/0)�1:JJ/t� 1 B3f-;ley 50% ci""hvi, VLF .::r. � y '/ 3 '/vc:xti""omi�tJ: SSC 

tb o l, vi SI :t:11:!fJi, JHc 1 @J�/t c tJ: 'J, t. 0) J: 5 td7°U�tm *-o vcvt, iJ•tJ: 'J W/tO) r'i!ul ,Ji 
�tt!UiJ;&f� c tJ: o. 

ffl.tEj:--c·vc�GiJ·�CtJ:":)Ll'o vLF .::r. � y '/ 3 '/""-O)Jitt��O)EE*mJwHiO)�='Jt, m� 
�O) ff:fflvcx;ffti"" o SSC 2t> o l, vi s1� vc1fl ,, r§Jrt/tO) ::z � '7 ;<. � 0) VLF .::r. � Y '/ 3 :di, 
1) .IjZ-jeyO) m]rE[�O) J::�, 2) mJr&:�mO)i;t7(, 3) mJr&:�vc "Jl, --Cffl5} �;h k15Jtfil5j)tiJ; Lvi 

Ui�*i""o. �vc, m5<t�O)��vcxtfti""o SI- vc�L--cvi, I) 3f-;leymJrE[�O)�j;', 2) 
mJr&:�ffiJiO)�j;-, 3) ffi5Bj/tvi�i� L� < O)��ffl.�iJq��i"" o t. c iJ;�l ,. Jc O)ftMtm 
1¥Jvc, VLF .::r. � Y '/ 3 '/L'O) SSC, SI 3<:V*O)MftiHi, jEJ t:tt!U,�--r·tttU�ho��;S£ifJO)M 
ft& J: IJ t � 30 f;b,'f;fii"" o t. c, � G vc 3) vc "Jl, --Ctm.@ L --c tovtvi, 1»tM5$0C0)5$l ,, � l, 
ffi:.*.hvi, �"Ffir-y}R0)7(�l' C ,�bho J: J fJ:'lt�--c-�1: Lt-: SSC :t:1J*vCtol'LVi, ffl5} 
5$0CO);S£{t,iJ;,J\ � l, cl, 5 {tJrt]iJ;tb o. 

UJ::O)J: 5tJ:��vi�rtoc::x -'77,� VLF .::r. � y '/ 3 '/7J;, mr-if-1 !J p "p '/�:t(fE 

2.1. iJU{IJ(7)lt� 

IMS 7° 
p. :/ :r. !J " O)�� C LL' � k iJ; 7J -r !l' 0) �::::. "/� j,[,1--C' fi ":) t-:. tt!U:MF13j"(·, %vc 

1977 � 9 JI 21 B vc� Gnt-:. VLF .::r. � y '/ 3 '/�O) SSC :t:1J*vc "Jl \ L jzt"" Q. 

t. 0){7Uvt� 1 �F13j cl, 5 ffi:M O)j!J!UJJF13jvc t iJ,iJ,b G f, ¥ilvc t �a�--c-� t-:. t 0) --c· tb o 
t. C, VLF rB[O)JU*JJrtJ���L�o fftffi�f*O)vi":) � IJ Li-: fil@11t�c 7.Kfm�=st5} 
vc "Jl 'L 0) ll!Jt O)m5<t T - 7°§G� c LL vii&W 0) cb 0) "c' tt> o t. c, ffl,jfu--c· A� !J r /VO)�� 
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F13j�ffi�fi":) t.::;: c vc J: 1:J, VLF = � v-,;.,, 3 :/q=tO)�'ffi'ir• G SSC 0)¥£':E��D 1:J, :L-ttt..1::--C:'O) 

Wl��I/JO)��a�tl.J 20 f;b:5t;Ai l>f�D Ltdi1JJO){JLl"C't5 0,�, � G vc;: 0) SSC vt*vcWl�ml 

ci., 5 §�fflm'.vc����x_t.::t.:vt-c,tJ:: <, 1fvcJZ!l�Gh0 J: 5 vc, :L'ttt�O)AID'9oii!�--c:-2!; 

0�:1:J*�* c 1., 5 ,�,1. ,iJ;vttc1:1. ,{;mvc, ����*- -c:1. ,t.::;: c � J[�-c < h t.::,�tJ:: c·--c,!l; 

��"' ,--fJU-C:'25 0. 

2.2. SSC (�1-=f? VLF I� ·y � 3 :....O)!M:1i 

VLF UitO)fliJ!LliJ;tJ: �nf.::O)vt Riverton (51 °N, 97 ° W, :t-ttL��*&tOC 62.2 ° , L-=4 6) --c,;:;: � 

SEPT, 21 1977 
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lgj 2 VLF=� V './ 3 :/1::::..xt-t 0 SSC�))* .zH�JO)T 1 1ILt I) o�s kHz (1) 3< 1 T � / !7 
7-- � !7 r 1v, 1 75 kHz ""it-: vi 2 25 kHz 0) pei] ilU9:-C 0) VLF 13[ 0) llJ*::Jj fPJ 0) jJrtiJ *5! 
0) r4-I �titit5t, * Jts St 5}}, J:: u, lr:iJ L-F.'D iBz� -c 0) rlk1 'J}j 1-t :if i�x/,} 0) :t�111� iJ, � � :n -c \, , 0 . 
SSC ::<3J*vi 20 h 44 m 30 s v::::..fr-& i 0 20 h 45 m ti,ff 180� 720 Hz ,n; -c 180 Hz 0) ,'i'IJ 
�{]tliJ:�z;-c � 0 

Fig 2. SSC effects for VLF enmswn From the bottom to the top zn each /ram, dynamic 
spectrum between O Hz and 5 kHz, N-S and E-W components of arnval direction of 
waves represented m directional coszne, and amplitude of hortzontal magnetic field for a 
selected frequency (1 75 kHz m lower pannel and 2 25 kHz zn upper pannel) SSC 
effects for VLF enussion start at 20h44m30s, but harmomc nozse from power lzne zs 
promznent after 20h45m 
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1!;00 Thompson c Star Lake v::::.:j:ol.,,"Cvi ULF O)�JI!Uil;�offf �:ht-.: (� 1). 

VLF .:c. � 'Y s.,, 3 '/0) SSC JjJ*iJ;�ai � lru, ��"'' ::z - :5 7--�0).:c. � 'Y s.,, 3 '//J; 1 kHz UT 

vc., 2-2.5kHz vc.ff39XEI�vc.5'"· 1 7, !7 lJ - 1' .:c. � 'Y s.,, 3 '//J;,#tEL-C'-.,,fs.: (� 2). SSC 0)�11 

�:t 20 � 44 :;t 30 fY� l /J ftis i 9 , l kHz tJ T vc. �"':)ts.: VLF .:c. � 'Y / 3 '/ m 0) RarBZ��tl: 

�. iJtj;;: L, c::. O){y�vC.:j:ol., ,-c vHl0'" 5Iu!Jf0)7(�itJ:J:ft/jJQi)\j[ G:ht-: (� 3). � 2 0) 3i'1 -r � 'Y 

!17--"" !! 1' 1v0) l:vc.v:t 1.75 kHz, 2 25 kHz -C 0) {BlO) f!J*JJl�JO) JJJPJ5RiJtO) 7J(.:ifln\t% c-t:h 

.f;h,O) Ra1E:l-C'O)t)NrµjiJ��� �h "(l.,, Q. � 4 vi Thompson, Riverton, Star Lake -c-0)��� 

>f 
< l 

20 40 :104'$ IJT ' ' 

, 21 SEPl'1917 RIVERTON, ,-

� 3 f�ktJ:Jm1El!PJ:.tovt0 SSC fJi=O) VLF 1ElO)J!JHi'i\�1t 

Fzg 3 Vauatzons of wave amplztude at vanous f1equenc1es 
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Fzg 4 Honzontal components of mductwn magnetog,ams at Thompson, Riverton and 
Star Lake 
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:1JHO)Jt3¥-JtZ5tO)!d�-C:'tl) Q. 1itt��jbO)fra'i I) vi 20 ffi¥ 45 %--C'tl) I)' VLF .:r. � 'Y '/ 3 :/!=p 

0) SSC �jJ*O)fr&'i IJ J: IJ *9 30 '.f;b�;h--C\,, 0. ;: O)ffifFs1�� L=4.6 0)1itt�l!liJFJ1[1:miJ, G� 

b Q Alfven iBU:: Whistler �O)f��J!�O)jl\,, c -t" 0 c, fjeyO) Alfven 3!istvi*9 1500km/sec 

c\,, 5{@:v:.f.t0iJ;, .l;J,rvcjzt�Q J: 5K. VLF .:r. � 'Y -;,,  a :/i:pO) SSC �jJ*iJ:l I) r@itJf£�{JWJ: 

IJ fr& 'i Q t 0) � J! --C \,, Q c -t" Q c ;: 0) f@: vi t 0 c * � < f.t 0 . 

z&:O)JU3/(nJPJf:. "J\,, --CJ! Q c, 1 75 kHz --C'vi SSC :tjJ*O)Mfra@rffvUi:itJJmU'f.#Jli�ffi 

L--r.1,,t:.t O)iJ;, 15 ��--C':;RffiJlf < i-C:'�JlrL, flfO�j.,-L:itJJ���'iJ,0. 2.25kHz -C:'vi 

SSC O)�ViJ;t±:lfra&001W J: IJfFtELf-:.7' 1 A !7 � - }, • .:r. � 'Y '/ 3 :/vi, Hvt::RffiJJJPJiJ,G 

f�m L --r.1,, k. SSC O)�IHc J: IJ {ft\,, ml��ffi= J: IJ J.tiJ; 0 --C � t.:. t 0) vc "J\,, --Ct, :;Rffi;[ < 

J: I) O)f���ffiL--C\,,9. SSC:tjJ*iJ;�'i 0L 30�ib�LtdfvUi, �mi��ffl=v::.�0--C� 

O)fU*JJJPJvi7(td?:;Rffi--C tI0 0 t.:.. SSC O)J:�jl:JHcffi�-t" 0 Mfr& 30 �vc, gglfiff.tflJ*JJltJO) 

W:11::iJ;i{c?,i',b Gh0 c \,, 5;: c L'tl) Q. � 5 vc;: O),��� L < j!Q;: c iJ; -C:' � 0. � 5 --evi 

2.75kHz -C:'O)flJ*JJJPJO)W'.{l::tffi�;ht\,,9iJ;, 1 75kHz vc< G�0 c'J\�\,,iJ;m":itO)jb� 
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� s 3 fni?I:Uic--c 0) VLF �0)3::IJ�::hrnJ lc1P1k=-ffi�tr&1;}'0);r:�J;:. -{=;{niJ,-=.*rJ§"DX:;}o)1Yri,J 
�,Ji, O)):_ � � IJ,7], � n-c 1,, � 

Fig 5 Va, zatwns of a, 11val duectwn of VLF waves at the t/11 ee fi eque11c1e11s, 1 75 kHz, 
2 25 kHz, 2 75 kHz, whe1 e N-S components and E-W components of d11 ectwnal c mllle 
a, e ,  ep1 esented on the left-hand and nght-hand sides, respec//vely 

tJ_l:::0)#:t!f�t cvC, SSC D��tnliHCvi:::1-77'�JI.::r:. � ,! / 3 :/a, rm,JrJ,r�O)vi0iJ,�t)70) 

ti & v::=. J<"1)t-t 0 {til�� � ii]� ill o'u L ' -rJ- 1 ;J p j, p / ;pt( ;L 0) :t\ Fl] r::. J:: 1) JE :'.:E LL I_ \ L ' -�)]{I£ 

ll!Jt�Jj-C liwt (!):1e1: �c '"':l\t, -C vi, iJ� f;r__ 1) fSJUf2zJE:'. vc;rr_ \t, :ttt� v::. � -::i k.. c � f __ 0 � c fJ: Ttffi§-c

� 0. � 0)1;�, SSC vc{=j:? {1_li.lJ}lj;ijQ;o:·�+O) 1::
0 

,! -:r-fI§�1J11_0)l�j\� t tc.. G L, FlU�'t:itO) 

GtLo. 

� 6 vtriii�:t�11t:1vc J:: 0 Jlu ll!l� O) _l:::�- c J:.�� 0) tk:m � +iJs�,l,ZJ 11:: L tc. t 0) -c- ,;1, 0 M'i.1I!IJA1
, 0)�,4t 
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� 6 ll?,iRUia::�H::.�--j1,,-c{'FG:hk. 9 JJ 21 B 0) SSC O)�O) ::z - =J 7--lli!= � 'Y '/' 3 :,;O)Jm 

rJH�O)R�F13j1¥J�r13'JiYJOC{t0)�5f:� r��'ia:'Ht-.:.:htdiJijiJJ� 1-4 O)J!�-c,�Fia'JtfJv;::.:fEJ! L 
-C(1) <. 

Ftg 6. A schematic zllustratwn of prog, esszve changes of VLF emisswn zone m the fre
quency-lafltude coordmates du1tng the SSC on 21st September 1977. 
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ocvt:�RJP--C'ffi�:h-n,,Q. Miffv1Ht%flocn;xHt.-t-Q?iil3fl.���ffi-eO)-v1 !l pr p :/m�� 

vcJ:"'.)--cHU1Ht�:hk.§�--C'tl!>Q. t.75kHz --C.:r.. � v v 3 :,/O)js�pJ�0):1JfPJ��Fl=liO)�� 

}C1J1: "'.) L jglfi!mil.., L d;,(, QC' �t:1JiJ. G 3(Jffii{tJli""'-O)�!W], � G vc�-a�t""'-0) <b c' I? C \.,'? {I� 

n?1E·t:i!¥Jvcvt�§Jj--C' t Q. 

� 3 vcvi 500 Hz c 750 Hz }jHc::k t tJ:})Jfrµ[tim:ihn;�fob G:h Q n:, ;:. :hvi� 2 �� L < J!:h 

vibiJ•9 J:? vc, 60 Hz O)r'.WJ�{BlO)i\i,'R?-� !l r 1Hc�izs1'1" Q, SSC :t�*O)�fri Q iHCvi, 60 

Hz O),wj��/ 1 �'vi 180Hz c 540Hz c��tk-eLiJ•<b 180Hz O)��ffivc-&'[�L--C\.,,f.:. 

�:L$j;{ll!J0)'713�ft c [PJ�vc, _blli 0) 180 Hz, 540 Hz 0)5.§iocn:� L < m::k-t-Q c c <b vc, 360 Hz, 

720 Hz c \.,, "'.) t.: 60 Hz, ti!> Q \.,, vi 180 Hz 0)11��{.g. 0) $<;£-n: /±1 m L --C, � c L --C ��{.g-0) $<;£

��iJ; L "(\.,, Q. � 2 � J!:hvf, ;:_ :h G t6��$(;5t0)5.§iociJ\ 1 £-�7t0)�,mj;Jt§!¥J�ib� L 

--C\.,,QO)iJ:!fobG:h9. Riverton "c'O)��wl:1JitO)X$(;5tO)!a� (�4) c.lt'3tL--Cd;,(,Q c, 

��¥£ibO)�t§cx1J;tL--c\.,,QO)vt, Ml1JJO) ssc O)�O)vttJ.JI& 1?$£-t-:t-t--c', ftl!vt1Et§O)$ 

£-c O):><tr,t--c, ti!> Q. ffe:. 1 vt:xtr,t.-t-Q �rl=l,*�• t /±1 Lt.: t 0) --c, ti!> Q. tb��nx:£-n:si 'i Q � 

Fl=li0)1.sU§n:, ���:hQ;:. c n:tl!>Qn:_&\.,,xtJ;tc � x:. J: '.5. 

t. 0) J: ? tJ:-�vitXO) J: ? vc�x:_ Q O)iJ;*� c }�,b:h Q. SSC vc#? 11t��O);llibn:, m 

:1J�'m7*vC1�t)1'R�0){1f::)fi�:to J: �f L --C\.,, Q;:. c 7J• G, ��j!ff�DJEO)�tfBiJ:="JO)}�:ttt��illi 
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� 1 �1J� J: fJ O)��l1i�$/JtO)j(� 1,  ,�f'a'HiL!: xtfit-t" 0 
��� 1J ttm�tnlt 5t O)��:; 0) * � 1, ,  B:f'aj 

Table I .  Intervals in which intense harmonic noise from power lzne and 
corresponding large amplztudes in X-component of 

znduction magnetogram are observed. 

Geomagnetic 
field 20h:5:-2�h45m;�s T-;�h� 5m40s:20h46m25� I ;Oh���! �s-20h4�m;Os -

Power lme 
harmonics  

- - - iO-h45m-20h45m30s I 20h45m45s-20h46m40s I 20h47m20s-20h48m20s 

____ _ _ __ __ __ _ __ ---� _ __ _ __ __ _  i ---------�---- i 
th� end of the tape 

_ __ _ 

(b) (c) 

� 7 (a) .=1El�OIE¥£E£�0)�:l1Jrtlc1R. c ��ttl!/E!t 6tE11 , �Jm,r�, � ;m Vt gf:E[if?:� OIEh 0 tl 
3-��-t°�A� 

(b) �tt'Asj,,-: 1 7 :;z,. O)�\, ,:I:£if 0)¥£EE�O)�,c..,0)�1taa� t xf¥its:i1i1fJ:ffi 
(c) 11.ti'AB';;�::. ,, , 1 7 :;z,. {'FJfl��vtk�if0)�1taa�c �vfEO)�px;jfffts:i1flf1:ffi 

Fzg 7 (a) Induced em th current can flow through the power transmzssion system vza two 
neutral points of transformers grouncled to the earth 

(b) Magnetic hysterzsis curve and distortion of alternatmg current (no bzas magne
tzzatwn) 

(c) The same as case b, but wzth bzas magnetzzatwn 

l, --cm:EE�vcvft:tL0c!v t� c -t Q c TI[vfEffi:mEB"J ,, , 1 7 :;z,. 3<JJ*K- l fJ az%�iJ:� c. Q nJfEl§ti.iJ:� 
9 o  C. O) -=E:- 7';HCvJ:\., <:::.ffl3tvfE'&�x.tLv£, �:�fq§j�{Izc V--C 180Hz iJ ;lfl� L, /� 1 7 7-. 

0) ir•iJ,  G fct 1,., , .IE.jtffl;<"tfftJ:�vcvt., 1*�tX 0) fr,b Wi5laziJ:±.� c fct Q .  LiJ,  L, @mEB":l�mE ,, � 1 
7 :;z,. iJ;�EE�vcvft:h Q c, �60 Hz 0)3tlflEK.;<",J" l, :IEf§ c �t§ c K .. :x,J-J;t-t 9 �1�1iafiv'l�p)<,j"ff c 
fct f) ,  *5fµj{��iX 0) fr,bw/i1¥[z]t<:5J-'&'2i' Iv t��p;<",j"ff �C�!v t�az% c fct Q ( �  7). 

c� O)��O)�lflEiJ;, f' O)jzs�ffif:.:tf:Im,S\-&3i L "C mEhtc.iJ, c 1,., , 5 tt¥!Ht., :ffl.tE 'i "C' O) c c.  
JS1lGh --c 1,., , fct 1,.,,iJ\ c. 0) l 5 fct fr,b�¥IzltZ%iJ;5$iJ, ,,::d-.:O) vt.*gg:1JfPJ O) �t];R, -ttctb'bl¥i�t 
r:.� o jzs'J!UaHcj)�� L "C 1,., , Q G L 1,., ,  c 1,., ,  '5 ;:. c --z: , 3lI < 0)3:.fcejzs�ffiiJ; 1¥i�t vc� 0 "C 1,., , Q ,S\ 
t O)�}§vt.�1,.,,. c' O)�ocO)mmt:tJ;mEh� Q tJ, vt.:ImT O)m'.%��oc, �:Im,S\Fl3jlflI�!t Iiti�� 
!f]O)j( ��tctc'iJ; iJ.jpJ� Q fl*ffdct FPjffi---C � Q /J\ -"':) 0) § $:c l, "(  lO nT 0)7:S&��i'Jil;, -
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a�������-a���Ghtc.•��mtt•� �*��� 1M/� fi� c � 9 , L�� 
J: ?  fJ:: 'l'i!f��f1p Q ;::_ C r:::.mfflHi�\,, c �� Gh Q. ;::. hi ""OC 't) ���,00;,j;JJR1zs1 C tJ:: 0 k.ffl 
:1J.*��f¥�vi, 10 �vc-�fi��!U�-c-9e1=_ L-C\,, Q J: 5 -c-25 Q. �EEM:�iJc1C..,iJ;%�vc 
i?lfO L-Cfflvitb;m* L, Joule ��m;uuiJ;� ;::. 9 ,  �EEM:�TiJRffivc �tJ:.iJ; Q J: 5 tJ:. ;::. c vii h 
-c-25 6 5 iJ;, rBlJl"fffi �m*§lt � -c-� :::- c vi t 0 c tJtftvc� � -C \,,-C t 7G}[t�vi tJ:. \,,. � G 
�c;::. � J: 5 tJ:.m�vc# 5 it�¥Btnx:5t �m*iJ;, ffl�rBl c L -c��!ll�:axl±l �h. ��!11 7° ::; 
;Z:: -z c �r�ivc= .t- iv =\=-' - �tl�iJqj-;hh Q PJ§�tt t 25 9 ,  EI � c Ar�9� b�b�:h 9 vi� G vc� 

*1t1tL-c � < J: 5-C'25 Q. 

§ �iJqJd� L-C < h Q JJitJ:. active experiment c t �� Gh Q SSC t3J!l!Hi41&, 1 ) ,WU� 

��fl L -c, ��!11 ��1*tJ:.tt�vcx;fr,Gi"" Q (c.���Jl\,, �!E:l:s"Jvc�:FJ.i"" Q .  2) tfilLffilJ!U �c 
J: 0 -c ii��hQm���r�9a"J$iJ; 9 ��r�WGiJ� �:15r*-C'�7J�()l_) Q. 3) � L,\,,ffllJ!UM* 
iJ\ 7G�;EtJ:. ,.� ::; ;1. - :5< -�wt*, i t-:vi�TI:vc �tJ:.iJ; Q J: 5 tJ:. 1) , 2) �:vu* Lt-:�-:!;TJtJ:: .:r:
-r 1v f1F 9 tJ:. ciJ;�Ji!] c tJ:. 6 5. 
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