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Abstract: Pc 3-5 geomagnetic pulsations which are currently considered to 

be generated in the magnetosheath and resonated to a matched penod of toroidal 
osc1Ilat10ns in the magnetosphere have added an advanced recogmtion of azimuthal 
wave characteristics propagatmg from the noon meridian in the magnetosphere, 
based upon multipomt observations both along the geostationary orbit and along 
the auroral zone on the ground. 

Examples supportmg a local field lme resonance model are found for Pc 4 
w1thm the plasmasphere Another class of m1cropulsations which are generated 
within the magnetosphere associated with rmg-current proton and auroral zone 
disturbances are also reviewed 
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Fig. 2. The variation of the azimuthal wave number as a function of time observed at the 
geostationary orbit. Dashed lines indicate local noon (HUGHES et al., 1978). 
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Fig. 6. Azimuthal wave number as a function of universal time. Local magnetic noon is 
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� 7 �'Attlt 60°-52° O) jf3'] 0) 5 ttl2,�-C fuMltl 2-ttt� Pc 4 �Ek t.tmWH/JO) 7 1 /V ;;l - � 

3i Ltd�;{i0)�:J'f_10)5t;;{ff. H nx:5t-C·ffi:m:ttJh'.l; rE1Jtl!.t-OlU , W /%'JWHtfMtJ.t{llU-c·JfiP/ii:i& 
::kf::.f.t-?L \, ' 0  (GREEN, 1978) 

Fig 7 Examples of filtered wave packets in varwus frequency ranges for Pc 4 events 
observed at 5 statzons d1strzbuted in the geomagnetic latitudes between 60° -52° (the 
upper corresponds to the higher latitudes) (GREEN, 1978) 

J-l- 1¥.n=:. -l- O)t¥t£n:�lJ G h  -c \, ,  � t-.= vt -c·4-1i 0) 7 - !;J O)�J U:: mvrv=-f�"'J};�n ;� \, , .  ��jjjfB"Jv=­

v:t TAMAO ( 1978) v=. J: iJ c. 0) J: :"J tJ:.ff!J.O) mode O)jff.t/TiJ;fi:hh -c \, ,  � .  
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� s � 7 O)ffeuvc"':) �,  �fj\t/Jt{JWz-£1f c Lt.: 
{ftJ§O)f:leyO) L vcxt-t Q 5Hff. ��P vt� 
$!:i:::kO):i'lt!}�Z-ffi-t (GREEN, 1978). 

Fig. 8. Average wave phase obtained from the 

data used for Fig. 7, relative to the phase 

at the highest latitude station vs. L-value. 

Arrows indicate amplitude-maximum loca­

tions (GREEN, 1978) 

lf�-Olij O)J'i-tm��!ll--C ffll::¥ft:i!Hw£v:::. J: IJ J: < llm!J � ti 0. ��mt O)  ::tf§, partial ring 

current O)JE;i}U:: W�vc1*]:ii L --C \, , 0 (BARFIELD and McPHERRON, 1978). �� O)fJ£tfJSZ:B­

�trlfffi l73 vCljilf:l&i"" 0 compressional tJ:� ""C:'m!OC:JJfP.J O)��h�* � \, ,  (HUGHES et al., 1978). 

3.2. Pc 1 

Ring current proton vc J: 1) )$27� � ,n, -t O) �{t.:r. ;t. 1v =t- - 7° '7 ;( "' 0)WOCh�ll� tJ: ,,{ '7 

.J. - !J � vC tJ: 0 c \, ,  0 .:  c -e, plasmasphere c 0)1*jf* --C i[if.� l_, \, , -1::- 7- ;v H•h ;�� G nk 

(CORNWALL et al. , 1970) h ; ,  ROTH and ORR (1975) �t Pc 1 O)JB� c plasmapause 0)1*jf*� 

f!:OC O) �fJ: 9 4 Jfil )i�( 0) 7' - !J �{f \, , Kp �t�ffl c L --C � l_, \, , irrfctt�fi 0 t.:*s-*, pearl type 

0) Pc 1 O)JB��h� plasmapause #i[--c-j; 9 .:  c �� Lt.:. 

Pc 1 0)��/1 F II (Alfven JfilOCld"�) wave guide 1��vc1*) L --C (1) 1A��ivcfB 0 --C O)� 

��It (2) 1A�JfilOC (3) polarization (4) rlfffih� G 7f.nt.: 1�� 0)1f1Wd.ci: c' ""'- O)��h� G �,� 

amuh��ni!i �n --C � t.: .  FRASER (1975a) �t auroral zone �Jlfiffi vc1Am-t 9 {JU�Mtn L, 1� 

�JfilOC c L --C 500-2500 km/s � f�t.:. Pc 1 0) polarization vc 1*] L -C , auroral zone (2 :Lm ,�) 
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c r=pjj\tjjt (1 tlg,i�) O)f&mU*s*vc J: 9 961:�vCJlr\., ,  c ,'GU"J;h ;s auroral zone "c' vi ,  40-50 % '/J; 

ti:@J 9 {i¥Et-c· cl; 9 , polarization O)t,kJt�'/J:�,�'"f ;s J: '5 tJ:. c � k 0) J: '5 tJ:.�{tvifr:f&{RU,�·-c 

fq]�v::.ffl,n 0 c ¥!H�r 2- :h--c " , ;s  (FRASER, I975b). 

ALTHOUSE and DAv1s (1978) vi L = l  88-3.2 O)j131 0) 5 ,�v::.fl{RU,�'i'M� T v .1- i-- y 1 vc J: 

9 ffijjt O)�\., ,f!mU c MVr'i'fi -') t-.: .  Group velocity 'i'.3firo¥l?l model c ,�¥Bl� model e ve 

106 072 0/0726 

196 051 1 /0520 
1 1 9 0809 /0818  l 19 OB 19/062 7 

338 0301 /0310 338 0631 !0C59 

� 9  ���±� (��) cfOO� c flli�OO��� Lk��� Pc l ���jJ� (��) � 

Jtlfl3(. A\�vi Pc 1 �9€1:.ilm�-� c �� Lk���{:2�J5"JP1 (ALTHOUSE and DA vis, 
1978). 

Fig. 9. Polarization maJor axis pro1ection compared to computed direction of arnval for 
plane wave, flat earth and source location models. The average inclination of the 
polarization ellipses at each site is projected to test the hypothesis that the projections 
point to the secondary source region. For companson, the direction of arrtval for 
the group wave solution zs shown for the plane wave, flat earth method (dashed !me) 
and for the source location method (dotted !me) (ALTHOUSE and DA VIS, 1978) 
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v::;,1., -c;(fHJr L-C�t::..*s*��O))]iJ�AiriJ�,& < '  1AYtt1f 1PJvtrlfOOiJ�G:k� < ?1}:h, Q :: c v:t. 

t<h < .  ii� 0):3:.ijim 0) 1f !P] v:.Jlii. ,iJ;�,-f L t -f{c Lt<}.. i.,  (� 9). 1AYttJfil/lHl 444-1523 km/s, 

:a:k 0)��$vt 13 dB /1000 km, {i�O)iiicv:. v::>1.  , -c  vt-�EfJJEJi lPJiJ�� '- , c 1.i , 5 *s*iJ�¥fi11r 

� ;h,-C l. ' Q ,  

� 10, � 11 vtJl�Jit:k$, Urn ve rsity of B ri ti sh Co lumbi a, U nive rsity of Vic to ria iJ; 1976 

� n  -r !i'O) ""? .:=.. r /� 1-M -c-�htti Lt::..�, W!iRU � nt::.. Pc 1 O)illft v:.:xt-?- Q :IJ.Hi�1�c po lan z a­

tio n O)iirft:H*s*--c· ti) Q .  ti�i01n*1:a:k 0)��)¥vi 70 dB /1000 km v:.;ii L, :a:k:tBHittg,� 

--c·vtic@J 9 O){i�--c-ti) 9, Pc 1 0)951:.�v:. v::>t<hiJ; Q wl1Jfv'j 0) fi[rv:.Jliil� 0 t::.. :: c 7a: �-t c 

� x. G;h, Q .  Polarization (P) 7a:i:i" (R) ti: (L) O) fq {i�fflt0 0) t}N�jO)!ij�c L -C  P=(R-L)/ 

24 24 

16 16 

8 8 

IL GL CH SL CH 
0 I--�'--'---'-.......___,__,__._....___..__._ 

10 · ES ' Ii)' 65' 70' 65" ln° ro· 
d.E��--�---,-----,-, dB 

3'2 

24 

16 

0 

D 9 0 8, 0.7 hz 

...... ',', .,, 
'\�?f�� '\ 

SL L GL CH 

3'2 

24 

16 

6S° 70" f']' 

SL 

32 

24 

16 

8 

I L  GL CH 

65° 72° 60' 65' 70' 

� 10 IMS Wrnc1'Jr=p (1976 � 9 J D, }f[�:*:�, U.B C, U. Vic iJ• 7J -r �-IJ) � =- r /�j+[ -e 
�� Lt::..�!Ajifl?llUv::. J: "? --C�Gnk. Pc 1 IJ)ffi$/iilJ)jJtJ.t%;:fp. �IHi f-t 7-� !7 r 
Jv'"(·JU::.. c �m�IJ)�\, -:m�. �ilUaHi:±.v:::.--� - /V � 1 71J)1Jh��,f:fi" Q Jb /J) , n,jil!l 
�to J: 'O'�/t)::.fJ"? --c JU:�,frlJ)ffi$/ii IJ);ffi:*:IJ),f:f�v:::. Lt::..iJ• "'.) --c %� � n --c 1, , Q .  

7](5¥nx;5J'IJ)ffi$jlJ)�X'1{[i[ 0.2 7rms iJ• 36 dB v:::.;t§�i" Q .  
Fig. 10. Amplitude distribution of Pc 1 events observed in Manitoba, Canada, m Sept. 

1976, during IMS joint campaign of U. Tokyo-U.B.C -U. Vic Dashed !me indicates 
pearl type structured emissions and solid line indicates unstructured emissions. 
Emission events are plotted separately according to the frequency range and to the 
criterion whether an amplitude maximum is found or not m the latitude coverage. 
Horizontal vector magnitude of 0.2 7rms at 1 Hz is scaled to the value of 36 dB. 
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N 
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-1 . 0  
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10 

OL- F'--i---.----,----.--� 
0 1 . 0  -1 . 0  

(a) 

R I GHT LEFT 
0 1 . 0  

RIGHT 

(b) 

� H ;filiw}o) Pc 1 O)Jfu!IBZ. 11JHiBt P ��1!11J R, L O)li:150)FJ {iiBtult5tv:::. l i; P=(R-L)/ 
(R+ L) -C Jz L ts.:��. (a) �1!1i:/&:f::tlli,Q -C'O) P O)}tJ[�5t1Ji. (b) :j)if1!1i:1&::k:tfili.U 1? 

soo km tJJ::liJln ts.::.ttt� -C'O) P O)fJ,JU!l5t1Ji. 
Fig 11. Occurrence of polanzatwn, P, whzch zs defined by two opposite crrcular polarizations 

wzth amplitudes, R and L, as P=(R -L)/(R+L) (a) Occurrence of P at the place 
whe, e latztudmal maxzmum m amplttude is found. (b) Occurrence of P at the place 
more than 500 km du,tant from the amplttude-maximum place 

(R + L) c :t� L, �:*-J�1!rfil:tfu };'�( c l&X[z1!1filtih,rA\ J: 9 500 km tJJ::�th t-.:-.:tfuiU:: vc "".) � �Hil; 

ts= � :h ---c '-' ,  6 . �=*iHH&i:tm ,i;� --nt1:i@J 9 ir:@J 1? il;v-.Hi !PJ�---c,, �XtllH�:ttl!,r� J: 9 �tth t..::Lih ,12' 

---C' vi 1:i i t..: vi@JiirruiBliJ;lji�--_t 0 .  ;: ;;h, G O)�J!Hi , ?Ejf$:)!tt-Jhjj 0) Pc 1 ii; ne ar s ou rce 0) 

rA, � C *�B"Jvc iJ , iJ ,:h 0 "( \, \ "( '  � O)Htcr���?f §}j-t Q f-.: 6'.)vC vi J: 9 Woc 0) ?Ej \, \ � }�ti£1=!UiJ;�, 

�---c 2i) 6 ;:  c �lf L ---C 1, , 6 . 

Pc 1 vc i;JJ L ---c t iUEOCJJ ffi1 o) � l�fm11Uil :  ts= 0 h ---c 1, , ---c ,  JB� �JU!l!< O)!fjJ � il; �§ila 0 :h ---c 1, ,  6 

(GLANGEAUD et al , 1 978) 

3.3. Auroral activity c rM!i! L t.::. Pc 5 

Au roral z one 0) Pc 5 t �tts"Jvc vt fie ld lme res on an ce mode l O),j;:'t1: 0) i=j::i ---c,�;1iH 0 h ---C �t..:. 

�jJ,  auroral z one vi1Ju" 0) t, .i: 25 tLffl,*tJ;ma�3Je�-t 6 fl§ruf.JEJ'jfct:Lm:Lgk ---C 2i) l.J , �vc �i:f:iJJ, 

G �Jtmc ?J"v-J ---C  .7c O)j'tj rti] iJ; g� < ,  .:::. O) ffi!Jr1=1i'i!Hc¥e�-t 6 Pc 5 vc xt L ---C viru{iz§�ilaITTm,r�JJ; t±l 

---C < 0 O)vi § �"( 2i) Q .  LAM and RoSTOKER (1978) vilMJJ 0) Pc 5 vc "".) �, m�-=t-Lf ffivc rB 

0 tdt\ltJJU AUt-'J': o) 'T - ;7 /J ,  G 1R:6b t-.:-. au roral e le ct rojet O)� L \, , a�11=19 " �i1=19�1t c O)�f*�Wiil 

.r-::.t..:. T���ffJ O) 1§.ni<:71 0) �*t��i vt, Jet current O)lfIE;;h, "( \_, , Q  itmJjO)i:pvC'2i' i :h  (!:61 

12) ,  �O)�ft!.f :t� J: u{lHu'tJ!tO)�lU'F- vi Pc 5 O)m:lm---c q1j�J!tvcbt-.:: 0 ---C �lti-t 0 ( !:61 1 3) . 

;: O):r�i;- .7c O):t).&i!J 0) JJWWHt �tii1.l!t ---C :&: < {.t£tuitl!t -efJI < ts= 0 ---C \, , ---C , field line resonance model 
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� 12 ljiJjjJ (J) Pc 5 (J)�1pjf11:;t§ (J)t$1J)c:Mi" 9 % 
:;fp c westward electrojet (filR� -ev:t � i .n 

tdl�) (LAM and RosTOKER, 1978). 
Fig. 12. The example of latitudinal profile of 

power and relative phase changes for Pc 5 

event associated with westward electrojet 

(the region indicated by WJ) (LAM and 

ROSTOKER, 1978). 

• 
60  

ST 

FH 

NU 

111( 

LU 

1 2  1 3  
U.T. 

1 4  

� 13 Westward electroJet (l)lTJE:h, --C 1., , 9 �]l�(J) 
m� (J)�� c 7 1 � � - �� Lk Z �5t 
(!)��� � (J) Jt i!Bt. ill JIU ,¢1. CONT c 
FTCH (J)��(J)t$!.tv:tti:(J)IjiiaJ::(J) CT to 
J:: O' FH (LAM and ROSTOKER, 1978). 

Fig. 13. Location of the convection westward 

electrojet and the filtered magnetograms 

(Z) for the observation sites, CONT and 

FTCH (latitudinal locations are found on 

the vertical axis as CT and FH) (LAM and 

ROSTOKER, 1978). 

c 0)*5c1v:> @' h;�;t ;ri,--C < Q -:.  c �� 1_,--c 1, , Q . -:. ;ri, G O)Mi* c polarization O)fl§t�11::0) 
,,,:. f; - :,,,�m�-t � t-:6b vc ,  1BP:::> �t@j��11vft.* c jet current 0) 3 ?x5cl¥J*ait.* O)�l[J c 
L --C Pc 5 0) model 1l:��� --C \, , Q (ROSTOKER and LAM, 1978) . 

3.4. Auroral zone <l) Pi 1 c:!: pulsating patch 

ARTHUR and McPHERRON (1977) vc J: ;h�f:l:t!U:-c·tum � n -Q Pi 1 vct§�-t Q t  O) v'ili-ll:t't 
Jfill: -c- vt vi c Iv c0 lMlU � n fJ:: 1, , c 1, , ? -:. c -c-cl; � , � :15:!'!!!J:: -c- vt Pi 1 v'i aurora, VLF emis-
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�00 � 0)���� 0 k�n O) � h� L m�� m�L � Q .  ��*�•m 6 u� O)•��ff 

c ;w.j�* TV vc J: 6 aurora 0)1!9({iv.:. J: 9 ,  �n0)�5E% 0) puls at ing patch c Pi 1 IDiZ!JifJ O) 

�f*il�JmD« G ;h, aurora 0) puls atmg regi on O)@rL vi���lfj c aurora �J}J c 0) c ohe r­

ence il ;R1i ' il;�i$!,�fbvc vi fqj�v.:.tfa't" 6 rl� O)  puls atmg regi on iJ :. G O)�_lj.iJ;Yc o):}( � 

� . Re� 0)1Pf1!1il:rtliJ:. 0 t-.:%L tftt:'t" 6 .  Puls atmg regi on O)[til; 9 vi 100 km ;£f*ts: O) L', 

-��v.:. C 0) J: 5 tJ: P i  1 vi 300 km tJJ:..;h f-.::!:tg,12� 0) Ff3J L vi c ohe re nce ii�� < ts: '6 (Ooun 

et a! ,  1979) . P1 l il��rf1-=ff.:. J: 6 ffl:J;JftJilffl:V!E O)�{r,L � 6 vc L L t , .7c O)�jJJJIB":J ( "' 10 

;f:'J;) fj'[-=f�r 0) EEJ 71E� c c  v-=-*� 6 iJ :.iJ� Fr=iJ�L � 6 5 .  

3.5. Substorm (I) expansion (;:{=F 5 :fitm.lM�ih 

c O) fJ T ::r � - vc� i  ;h, 6 P i  2,  Ps 6 (P1 3) vi s ubst orm � �1&vc}}2}x.. 6 �R 9 JJR !z9gHJiif'Hc vi 

8J}fk. tdnH1.rt· � 6 . 

P1 2 vi s ubst orm 0) onset c l<!. \i ,  Jta"Gil� � 9 (SAKURAI an d SAITO, 1976), -0'1& c t s ubst orm 

[}Bfrt-;JtJj 0) dyn amics (SAITO et al , 1976) c 0) � {* -Z: -t" 0) f!:i§:il;:&f � � ;h 6 m* -Z: � 6 5 . Pc 4 

vc3Jh ,mJJtJlnx::S��ts c O) �Wvifrti�5iffiB":J1'z::l:�iJ" G O)Tj]f � t tJ: � ;h -r \i ,  -r ,  is ot ropic m ode 

c t oroi dal osc11l at1 on 0)*5i;-ii;j( � \i , c � ;z_ G ;h 6 pl asm apause, auroral-elect rojet cu rre nt 0) 

tj::i{J,-Z:·ffir�jiJ ;�j( c tJ: 9 , .7c c �m c L -rf-t]jfn rt.J � J: O:J{fltj::Jft:i/f�mvc L L  0) polanza­

t1 on 0) �$iil;�� G ;h 6 C c il ;ff- � ;h, "'( \i , 6  (FUKUNISHI, 1975 ; KUWASHIMA, 1978). 

Ps 6 (PI 3) vi , auroral electrojet § {*O)iBtffe= 800 km J:JJJI 10-30 j:J'- O)itrrB":Jjllb c \i , 5 

morphology il;�i1'z: � ;ht::. (SAITO, 1978 ; SAITO and YUMOTO, 1978). �If] O)'pJi�vi jet current 

113vcJma't" 6 n: ,  1t•Jil. jet current 0) dnvmg source, rffij��*5 ��Ff39 O)iJ:.iJ :.h 9 � 0 t::. 

m odel n:�,�vc tJ: 6 5 .  

3.6. .:C(l){fil 

WANG et al. (1978) vi , tj::if,tfft-eJl 6 c pre-s ubst orm v.=.miw 30 7:}·0) IDKlbiJ;1MniJ:. G IE q: 

vCiJ :.vt¥6� L,  � G vc s ubst orm tj::i vcfl-otij 0) sect or (90°-100°) L fi1DM 2 �rf3J O)�lfjil� � 9 , 

-t".:h� ;h pl asm apause 0) pol oidal ffilfj c t ail O)ffitfJ-c-vi tJ: \i 'i'.l"  c L -Z: \i ,  6 . 

4. *a u 

tJJ:ts: iJ:� -Z: � t::. J: 5 vc , Pc 3-Pc 5, � 6 \i ' v'i P1 2, P1 1 O)��giffiB":Jf&\i ,iJ�J'iJrl!§tJ:fffin-vc 

0 11  , -r  vi:!:iliJ:2i0 6 1i ' v:t iti�vc J: 6 �,�flmUv:t , m*O) 1f� O) Mf:!J3 vc vi � h� -rt;;=*B":1-r·a,  
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Pc 3 

Pi 2 Pi 3 

Pc4 

Im 14 -1§-�0):il!zTifl�JYRib 0)¥B�� (�§ ) c f�iV��ifin� ( �))) �wl�!l��mil:c·� 
Lt.:mi��- Pi 1 vi��ffil:c �ifmillU �.nt.i::1,,, c 1,, , ? 2::. c --Cri§1']1 V( i;f) Q ,  

Fig. 14. Schematic illustration for source regions (dotted) and propagation and resonance 

regions ( �D) of various geomagnetic pulsations. Pi I is bracketed because it is 
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