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ULF Waves in the Magnetosphere
—A Review for 1978—

Kanjyi HAayAsHI*

Abstract: Pc 3-5 geomagnetic pulsations which are currently considered to
be generated in the magnetosheath and resonated to a matched period of toroidal
oscillations in the magnetosphere have added an advanced recognition of azimuthal
wave characteristics propagating from the noon meridian in the magnetosphere,
based upon multipoint observations both along the geostationary orbit and along

the auroral zone on the ground.
Examples supporting a local field line resonance model are found for Pc 4

within the plasmasphere Another class of micropulsations which are generated
within the magnetosphere associated with ring-current proton and auroral zone

disturbances are also reviewed

BE: ToREVBIBEONTORBEICGRSEFE LTS Pc3-5 2o, #
1EBGE Eis s 0 i B BT T ORES 0% S B ISV e EToiis S h,
BEHMOWEH 5-15 (1/2r rad) OENIEFFHEXRSCES, £HoHHE~ L-
shell 12> TEboTWWAZ LRI, X BT plasmapause O |0 Pc4
O WTIRIFHR T RIS 2% S BA X b IR ORFTRIHIE O EHH VR &
hic., SLIEHMKBRTCRERAZFH> Pcl, P [RE)Z DiIC W TREDH
AEER, BRaBR~5.

1.

RN & L C OMBESUNRE) D DFFEIL IR, (1) magnetosheath % H.(y & L7 magneto-
sphere @5, (2) plasma sheet & = DIEE i » %W {A] ® auroral zone, ring current f51%
SZONMBUSECREERT DR TS, ZhbORIFILS S DBRIFEEIRT Lo, EE
DRERE 72 D G 2BHAFREC KV TL, 77 X~ DOREIRREIC T & od TEEIRY
Ths. Cokdle [REFEE] <k, LaL, BEORRAL K 3#EE L EHRROEE
BREL, BUHKROMBR, HERmA) e 7 LD ETOREN—PICKZ.
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UAERE.A -2 2 b v (HucHEs et al , 1978).

Fig 1 An example of autospectra and cross- dbha. 36 mHz TORMHIZOWLTUWL 2
spectra of azimuthal magnetic field meas- . s L0 s

, ATS-6 ® s 64 TWT, £
ured by ATS-6 and SMS-2(HUGHES et al , % e EA T, REEE

1978) FE O OPEEH 34 2° (P 10 5) OFESH

6 mHz @ Pc 3, Pc 4 |2 R\~ coherence 737,
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2 BREHFAOELONETFIC X 5. ALHEOEFOMBIIER TRINA TN
(HUGHES et al., 1978),

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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3 3 EIEBOARTRIC X o T FRIl TR S e HIBEIRE) O E S IR, B R T A
WHrDRy —227 rVEHE 2~V v 4 — (HUGHES et al , 1978).
Fig 3. Spectra and cross-spectral coherency of the radial and azimuthal magnetic fields
obtained by the three spacecraft on the geostationary oibit during a typical morning
pulsation event (HUGHES et al , 1978)
Re LRDT %, BEHE T RICZEFEM D IRENT DO\ CUxZER/IY coherence 735 ¢,
REHZEEY D FEEST M O RIBHNS L, BEH RO FEFILIFEFZKEWH L L, storm-time
Pc 5 (BARFIELD and MCPHERRON, 1978) Dt & LT 5.

FoER L EMRIC X WA EER A auroral zone DFETEIZIZIE 5° BIfE T A F- BN S O
Pc4, Pc5 iz o\WTE BTV % (OusoN and ROSTOKER, 1978). [X 5 3R DiERT H
By, D& bicflicimams L, FAER (f-mHz) L35 m) 12 m=(144+04) f+0.26
LS EMBERIZR B, RO local time 1233 HBRIXK 6 o X 512 18-19 UT (10-11
MLT) iz 51 ZEH 5.

o TRV LES =& L H A 5 Hy, HucHEseral (1978) L Orson and
ROSTOKER (1978) D#ERIIL LA DBNZD b b, 1L HE -T2/ coherence 73 f1
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R4 3HEHERRC X > CTFARCERA I MEKIREY ORE H RS, BEHE
A DRT —AL2 b EHEa2e ~ v v 4 — (HUGHES et al., 1978).
Fig. 4. Same as Fig. 3 but for a typical local afternoon event (HUGHES et al., 1978)

WORBEHROMBEGTH L O L, #ETix H, D Ky TH CIEDHEEN B L h
TWwb. ZHLERERE TO Hall current OFHFIC L 2 F¥#EOREI4E (HUGHES, 1974) 73R
EEZE2bhs. BROEICOWTE, Pc 4 CcR2 LM ETIX 8-15(X5), #iE#uE LT
2 0-10(K 2) &A7ebTELDELKRE V. A 100 B, HEH S 25185 % magneto-
pause iz U2 AZAHRE 900 km/s &\~ 5 fE T magnetosheath f1> solar wind JHEE X b
A7 k&, Kelvin-Helmholtz NLEMRE 2 2 Lo bz EE2E V. #IEELE LD
BRI oW Tix Leshell DFhic X 2MHETHORHRIBEL LTEEh TV 2RSS
bbb,

LasLiehi b, LA Eo#ERIT CumMinGs et al. (1978) 1z X » "T85 7= Poynting vector

HRELHEE 5T, Pc3-Pc5 DEENCIEFfERRRAE LTES, #Ji~E %5 mode »*
BETAHZEPBEENEC7F .7 —¢ L1
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Fig. 5. Azimuthal wave number versus frequency, and correlation between mg and my
All three panels show m=(1 44-0.4)f+0 26 mHz (OLSON and ROSTOKER, 1978).
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Fig. 6. Azimuthal wave number as a function of universal time. Local magnetic noon is

near 2015 UT. Note the change in sign near 1800 UT, indicating a change in ap-
parent phase motion. The data indicate apparent phase motion away from 1800 UT
toward the terminators (OLSON and ROSTOKER, 1978).

it mRERA I Lo Bh e LTRERWT 2 Zbe R0 8 Tth b, Hy
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wEch BEIShDE 57 Pe3-Pe5 wonTiR B ERTE L X 5 1T BBRIVEKRTO
sy BB TEDOHZDECHL, M ETRESETBHEILIT W,
onance model DEFE A DIFTH BIEHkME D mode DI OWTIIEHEBINC X - THr
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Fig 7 Examples of filtered wave packets in various frequency ranges for Pc 4 events
observed at 5 stations distributed in the geomagnetic latitudes between 60°-52° (the
upper corresponds to the higher latitudes) (GREEN, 1978)

THICZ DFEDRH DN T BT TEHRD T — 2 OFR & BINCE o805 . BiRAC
13 Tamao (1978) 1z & v = D X 5 i mode DEHTHITHhI T\ 5.
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Fig. 8. Average wave phase obtained from the

data used for Fig. 7, relative to the phase
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3. WERBEWNERARE T 2KE
3.1. Storm-time Pc5
FHAOABUEE CEEFEEHERC X » X<BAIIh 5. BRED EHM, partial ring
current DX L BECBI®E LT\ 5 (BARFIELD and MCPHERRON, 1978). Réi5 DZEENRL Ly
W FFEPNCE#T 5 compressional 7o CREEES A DA IK X\ (HUGHSEs et al., 1978).

3.2. Pcl

Ring current proton IZ X W &N, TOBE=R L F —F T A2 DEENEE L5
A= X —=TIe%H &\ H & LT, plasmasphere & DBFRCHFEF L\ T 7 AGHHRI RS BRI
(CorNWALL ef al., 1970) 73, RorH and OrRr (1975) |% Pc1 D F4: L plasmapause DE%%
MEDORND 4RO T — x%{fvy Kp 2R E UTHE LWHET 21T - 7ofER, pearl type
» Pc1 oFpAREHS plasmapause 3L TH 5 = & &R L.

Pc1 OFEHER F & (Alfvén REE/]MK) wave guide (RH0I2BI L C (1) {RZHRER ISR > T O,
B4 () (ZIGEEE (3) polarization (4) FHE» LN CEIHOFEL ENDEMEKN LS 1
BHIMNEN ST X . Fraser (1975a) 13 auroral zone * I ICEWT % Fla @M L, =
Wk EE & LT 500-2500 km/s %87, Pc1l o polarization =B L C, auroral zone (2 i )
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ErpigEE (1350 OBIFERIC X h RBAFIE & B b auroral zone T3, 40-50% A3
ER D R¥ETH D, polarization DRSS D X 57 & ¥E D L 5 ALz & BRLET
AFHCBI D & G ST % (FrASER, 1975b).

ALTHOUSE and DAvis (1978) 3 L=188-3.2 DD 5 Mt S BE T v 2 MY (12 &
DREEE DR\ BB & FEYTA 4T » 2. Group velocity % EEE model & &35 model X1z

2243 N\

I/

a8

105 09'6/0924

H

338 024170230

119 0809/0818

( 338 0251/0300 338 0301 /0310 338 0631/0639

9 (E¥EOER (B LT L FHMEZRE LIcHE&D Pel OERAM @R ©
Moz, B Pel DR RA QL ARE LcB & O ER T (ALTHOUSE and DAVIS,
1978).

Fig. 9. Polarization major axis projection compared to computed direction of arrwval 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 comparison, the direction of arrwal for
the group wave solution 1s shown for the plane wave, flat earth method (dashed line)
and for the source location method (dotted line) (ALTHOUSE and DAvIs, 1978)
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DUTEH L TR ICHERREOHVRANEL, BRITEAXTFFENAORE NS &L
£, REOEMOFGECEV2BT LI —FK L (K 9. BRGEE L 444-1523 km/s,
BARDHEEFERIT 13 dB/1000 km, {RH DAL DV T —ERIEAE - & 5 R WG
ThTW\b.

X 10, [ 11 138 57k2%, Unversity of British Columbia, University of Victoria 7 1976
EHFED= = AMTEMR LK, BRIZIh Pcl ofFEICK3T 5EIEZ{L & polariza-
tion DFEFHERTH 5. IRBAMHFRA ORFETRIL 70 dB/1000km 1E L, KRAIRIEH A
TRE[MYDRETH Y, Pcl ORAFCOIeA D BIFED B FCE -z L% RT &
# %2 bhb. Polarization (P) %45 (R) 7 (L) DRI OIRIEDEIG & LT P=(R—L)/

4B T T T T dy T T T T T T I
NE, N5 90K 1 3 €302 01H _ |

’ T
N

T .
AY

~

%®° 65° 0 €3° 65° o 60° 65° 0

10 IMS #imid 1976 £ 9 B), Fgik®, UBC,U.Vic X FxD~< =+ T
FEiE LI ERBRC X > TB bR Pcl DIREOKRESM., EHUT f1 A7 b
VTR EMEOECRE, BRIECA—A 2 A FOELE TS0, A¥
s LoRECHE»> TRIGEAORBOBADHRC Lt THEHIR T3S,
AR5 DIRIE DFEIHE 0.2 7rms 23 36 dB IZHH247 5.

Fig. 10. Amplitude distribution of Pc 1 events observed in Mamitoba, Canada, in Sept.
1976, during IMS joint campaign of U. Tokyo-U.B.C -U.Vic Dashed line indicates

pearl type structured enussions and solid line ndicates unstructured emissions.
Emission events are plotted separately according to the frequency range and to the
criterion whether an amplitude maximum is found or not n the latitude coverage.
Horizontal vector magnitude of 0.2 7.ms at 1 Hz 1s scaled to the value of 36 dB.
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500 km L FEER F-HISTO P D SRESAR,

Fig 11. Occurrenceof polarization, P, which 1s defined by two opposite circular polarizations
with amplitudes, R and L, as P=(R—L)[{(R+L) (a) Occurrence of P at the place
where latitudinal maximum in amplitude is found. (b) Occurrence of P at the place
more than 500 km distant from the amplitude-maximum place

(R+L) L3 L, SmAME AL SR hE AL D 500 km DL ERE Aol 8 &2 & Hiatas
IR ENT 5. BAIRIEM S TR DR D 2NRIERET, RARIEG AL D EE o A
TRAECERRESEBT 2. 2hb ORI, SME#mS D Pcl 23 near source
M & REINC Db - TG, L O RRIRT B 7cdici & 0 BE DR\ 2 S8 ALN WD
ETHHEZR LTV 5.

Pcl ICBALTH FEEHED & EEHM» R Eh T, REBROFEVERIN T2

(GLANGEAUD et al , 1978)

3.3. Auroral activity &BE& L7z PcS

Auroral zone @ Pc 5 4, #2912 13 field line resonance model DfD e CELG I N T X 7o
—Jj, auroral zone {3+ D U 3 5 HLIEAHEF AT 5 GBS T H D, FcHh
SEMHC T T EDEADGR L, = OREHICHEET S Pes i U Tk RINEREVER A H
T HDITHEMTHS. Lam and RoOsTOKER (1978) 1XBA » Pc 5 120&, RATAIITH
T BP DT — 2 205 e auroral electrojet DFFE LV o 22ZELE DBIfR %
Ntz WBBEEO FES O BAIEEL, Jet current DT T3 EROTIZ S ER (K
12), FOEEER L OERKE ORI Pcs OB CIEREICHI: » TE#T 2 (K 13).
& DB E T OIREY O MR E R  EME ©HE < 7o » T\ T, field line resonance model
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7i & westward electrojet (g Tl I Eh B1 13 Westward electrojet Dt Tu+2 GO
7-483%) (LaM and ROSTOKER, 1978). SR OEBLT7 4 12 _?ﬁ LI Z 5y
Fig. 12. The example of latitudinal profile of DHHEAE T O g B8R CONT &

FTCH DEBEOMRE LD ED CT &
X 0' 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).

power and relative phase changes for Pc 5
event associated with westward electrojet
(the region indicated by WJ) (LAM and
ROSTOKER, 1978).

LDREOODENETNTL B EHRLTWS. 2 b DFEE & polarization DFEEEZ(LD
AE—VEHGAT L0, EHIIKKEERSRE et current D 3 RICAVFE &R DIRE) &
LT Pc5 ®© model {k%&34& T\+% (ROSTOKER and LAMm, 1978).

3.4. Auroral zone @ Pi 1 & pulsating patch
ARTHUR and McPHERRON (1977) i L T L cBlBI S 2 Pil o Y3 5 b & IE#
B LETIIEALBBINIEWS ZECh Y, —HHL iz Pil i1 aurora, VLF emis-
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sion EDFEEY & - LHISG O Ebd THERBR CH 5. B E2 ULF OB«
EERRE TV iC X % aurora OBMEIZ X v, HIHDAEN, D pulsating patch & Pil JRE)D
BAGRAN-X 5 4, aurora o pulsating region DA F CILREZE) & aurora Z§) L © coher-
ence 7B\ O\EEETNCII FERCELET 565D pulsating region b DHFE N FDA X
X, EREDOTED H 2 » 7 TH LT 5. Pulsating region ®J55 v 1% 100 km fEEE 74 DT,
—HHCZ D X 578 Pil iz 300 km Bl EER A SO Tk coherence AL 75 (OGuTE
etal,1979). P11l TR TIC X 2BEHMBEEROCZEILTHAHICLTLH, LDOHERPHY (~10
P BFHEToRERY Eickd 200 MWETHS .

3.5. Substorm @ expansion [Zf¥ 5 & EHANREN

TDHhTa2) —zgEhns Pi2, Ps6 (P13) 11 substorm % FHICHE 2 AR b RIS
MRS IRENTH % .

P12 % substorm @ onset & LU R FJEAYH » (SAKURAI and Sarto, 1976), 45 & 1, substorm
[ALGIH > dynamics (SATTO et al , 1976) & DRLRCE DL HIFE SN DB G THAH 5. Pcd
AT W AR D % & 1 Z OB EBRANIIE D B OB ged /s STy T, isotropic mode
L toroidal oscillation DFEE A A &\ & & 2 5 b plasmapause, auroral-electrojet current o
RO TIRESBRE LY, £ 2ie UTHRET B L OERHREZ i LT o polariza-
tion DMEEAFRD LD T &R T % (FukunisHr, 1975; KuwAsHIMA, 1978).

Ps 6 (P13) 13, auroral electrojet [ D4 800 km it 10-30 2 DUETHIEEH &\~ 5
morphology 7 FE17 & #u - (SArTo, 1978; SarTo and YumorTo, 1978). ZEH) D4k 1L jet current
PRCRITET 2%, BHERE, jet current ® driving source, % k. SZ8HE DMhvd © B~ 1
model 23 LB A D,

3.6. O

WANG et al. (1978) 13, whf&EE-GH % & pre-substorm 12 LA 30 4 D RRENHER S A B L4
T FEA L, X5z substorm HRIZE ] D sector (90°-100°) T JHM 2 BRI EE L H v,
ZhFh plasmapause ¢ poloidal #EF) & tail DIRFHTILic\V & LTV 5.

4. & 6N
DL ERAdTER X1, Pc3-Pc5, 5\ i3 P12, Pil ofE@HRAYR\ M ATEE SR AIT
DWW EH AT EEIC X B HABRANL, BHEOEED BRI EHhD CHRATH
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Pc1

PCS 7~/
e Sl

RN £

-~

14 #EOMBKIRE OFALR GBE) & EHUBHE (v A) LS EREE L TR
LK, Pil REEETIXBEAIIRNE WS D THERLTH 5.
Fig. 14. Schematic illustration for source regions (dotted) and propagation and resonance
regions (\/\A))) of various geomagnetic pulsations. Pi 1 is bracketed because it is
rare by observed in the equatorial plane.

D, SHhEdOEAIFES LEZLDNS.
—7%, Pc3-Pc5 o driving source %' magnetosheath bow shock DZEENICH 5 = L1,

bow shock @ upstream “C D E) & #Hi_E D JRE) DBRLA DRI A 5 % (upstream 12 LRI &
T 5 D IE h ik F) #3# S h 5 (PLYASOVA-BAKOUNINA ef al., 1978) = » ¢, REGED
BT h b OFRRFROHEDORALFLh 5.

mBICRERM L IRENCOWC, JREMEEL & resonance i 0 W THESEREZ#H\VTH R
12, M14DX5kcdnitics.
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