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Frequency Characteristics of Atmospheric Turbulent Flow in the Troposphere
and Disturbance of Boundary under the Ionosphere
Observed with the Radio Seeing Monitors.

—To Realize Phase Compensation of the ALMA Observations.

Hideharu ISHIZAKI

Abstract

Frequency response of observational data of the Radio Seeing Monitors installed at the ALMA
site were analyzed. The phenomena to be called screen of the troposphere generally and the events
that we call fast phenomena of the ionosphere are included in the data observed in RSMs. The
fast phenomena are the phenomena that synchronized with occurrence of the plasma bubble of
the ionosphere. It was confirmed that frequency response of phase fluctuation by the screen and
frequency response of fluctuation with the fast phenomena based on different systems of motion, by
analysis that regarded the atmosphere as a signal transmissive system. By spectral analysis of the
phase fluctuations, a pattern known as the turbulent energy spectrum in the atmosphere appeared.
A spectrum specific to the fast phenomena was identified from background noise by the pattern used
as an index. These phenomena were different in frequency ranges. The system identification for the
spectrum of the fast phenomena was made as oscillation of the ionospheric boundary. The oscillation

modelled an external gravity wave, which was good approximation.
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AT Em I3 TH .

EoT, wxk THAHHBEIK 5 ORI IREIC
BEMZ5CLETEBIRTTHS. LL,
WML EIcs Dleo T—DDRA 7 Y=
—EDME T RSM _Ze% i Uil 5 2 & 13%E
ZIc < L, BHREKBEHROZA 7)) = BAULD
ENDEEZEETEERLTVWSIETTHS. L
=5 T, 8192 RN H T2 % Fimdiz kb % T
ENTERNVEEZX 5 ORI EIRBOEE T
AR, FEUCHBIL TR ERETENTES.

X 5 OHEfIE KSR DEIR T 2V F— AT ML
Ek)ICHBILTWE EZBNS. @H, Ek)
FRIHMELTm?2s ! = (m sfl)2 Hz~! %M
WA, 5 OHERNI NI T— R DT — 2R
MVEEZR L, HALE deg? Hz ! TH> T E(k)

10

10

10

1 |
0000 - 1999/12/04
k_5/3
1000 £
?g
=1
z 100 1
£ kocf
3
3 10 ¢ i
] 12:00~17:00
w
energy-c inertial energy-dissipative
1 range range range
01 AN 1 1 L
1e-05  0.0001  0.001 0.01 0.1 1
f[Hz]
5 (b) Examples of Energy spectrum (2).
IXNVF—=ZAXT M)V (2) —HHPOR, ZD2.
10000 ;
- 1999111117
-3 —5/3
1000 £ k k
=
=1
z 100 E
kA
3 10 |
energy-containi inertial ‘ A 7 20:00~24:00
1 Y\
range range “"W'v\M‘ﬂ 26:10
0.1 . A ; s
1e-05 00001  0.001 0.01 0.1 1
f[Hz]
5 (d) Examples of Energy spectrum (4).

IFRIVF—=ZAXRT ML (4) —KBOH, ZD2.

LI EE 2D THOMEIZNIHTH S, K5D%T
T BT L, K5 (a) D 10:50~12:00 & X
(b) @ 0.01 Hz M E(k) < k=%/% TH D, K
(a) D 13:10~16:10 BLEXTK (c) @ 0.01 Hz mifk
MEKEk) xk3THs. ZLT, K5 (a),(b),(d)
TRARNZ (Zx)VF—D2R) LTVBE
77 (f =~ 0.03 Hz) DEIENS. TNHEDOFEED
5, K5 IEREAKICH T 2ERT xIVF— R
NI MR LTWE EHESNS.

LT IVF—ZART V&, TxVF—RE
FH3 (energy containing range) & EMEE (in-
ertial range) , T 3I)VF—HGRME (energy dis-
sipative range) IZ/FH5N5. TRIVF—(REH
BWIIHEBD S TV F—NFEA S NETKTH 2
MK 5 TIERAZ WA, EEERO T 3V F—
E(k) B koL cavedn o —5/3 3
HI (Kolmogorov’s minus five-thirds law) ZH€
B E0EliiE L iz o Tna T LR L,
E(k) < k73 D& ZI0tHLiiE 2R LT3
EEZBND. TX)VF—HORMEE TELIROMHE)
IRV F—DRATIVF—L LTHRENS.

TVF =AY MV HiHTCR U 7B R
DN T— 2T LT, #FIERHEIC Bals Uikt U
T 8192 KRN B A0 392 il (LHBHINICK 5
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WRT X107 T LIcHEz LI-2E) Y5
THlEolz. TNEDT S TR LI-ET A,
f ~ 0.03 Hz TLFEAZHE L TV 2 DIFEBIIC
HENERBTH-720T, TNLLEDREEEER
DEARHE TE T IV F—HORER L LS, L
L, ERICIEE o & @O FEBEE TIEME bk
L COWBAREMEIRZ DICH B EEZABENS.

B IC B 24 N5, SHREAKOELR
BN =R Dot D5 T Tz, H]
Wi LI WEEBEDNKETH 7D, winh—7
ICikDIzE T A, 2RO 60 % =TT TH D
K140 D ot & Ix o Tz, BRI ARIET
HBH, TNLOENE, BRI EHED
J7A - JRoH 7R £ & DR RSB EIZRDN - T
Wi, NS ROFETHS. LrL, Bk
IRV F—=ART FIVOBIEEN 5 ZRIeih — R
TERIMDOHEN TE B AREEN T T E 2.

Ks5Z7may hLizc kicks, AREOHM
g %, EKESEEEE f Z0.03 Hz OEB5Y
Thsb. TOHEEHRERDOEER DT
IWFE=DEL BV, FEALRELEWVIIET T
HHM5, WRELUNOFEIC KB/ Ny 7 TS5
R4 RTCHBEEZENS. M5 (c),(d) EEH
HSEHDHBEL TV L 2DV F—AXRT ML
Thsb. TOLEEFHIC, 0035 f$0.1Hzldk
ETHBM, f20.1Hz T E(k) oc k™ BifED
Rk m->TW05.

X5 (c) TlEKRHE ORI NI T 2V
F—IMET T BHTTDARY FIVBIRAME T E
FIH - 725 E, K (d) Tl 20:00 LKEIC 0.1 Hz
HEDTZFIVF— ER LT ERLDAXT bIVIE
K2R TOEEETH S, FERADEIZ> TV
T, RN TH0BE AR MVBRIG &SRS
FELTWAEEICEARNEZR > T0s. L
oo T, TRIVF—AXRY F)VD T ORI
ISR — VDN ETRB R OEB) D > AT LTS B 5
MEREL TS EEZDNS.

F7z, HPIZBWT f 2 0.1 Hz OFEOT )V
F—Z, FF—ETHOHBMSENRE RE RS
T3 (K5 (a),b) . AfdzERi>7z A7 b
B, 758 5 MTIKEFRBICER L TWVaB T &5, 28
T—h 10 dB (10 %) RELR AL 4L L ZEH LT
WA EMND, TOEREMEEEERRTIERL
BEEOBHSOKRMEEZ NS, T&hkbb, H
e RRNCBID B, O JEEGE X EEEE O
BERELEZATVS. THUELRE LT 4 < ik
FEI TR ARNE S ICEbNnS.

FEHEHSHNHEHLTWS EED f ~ 0.1 Hz fhHkE

DARYT FVSZ—VFHICFE U X 5 % Tk
THB. £ T, Tz 2 ITERELALEM
BEEHZD, —RNEEROLEREZE DR
KDY AT LIERT BHINEEZD/NT—AXT b
WEEZTHDB. 12120, WEDE T AR
ANE= & & BARINEBIEIE /85 X —ZI3AH
Ths (B, AMESOREBEBURIFIEE O H f£!
FREOHMALOLIESTS). I5&, f~0.1
Hz LRZZENTES. f> f. TE(f) o f!
BT, BE(f.) dLicmO¥—7 NEEFEICIERS
NIEZNEWVS RN D 5.

(e BRI 3510 2 Yl A R fo 13 A IREH £
(natural frequency) PHAREHEL (resonant fre-
quency) ZRLTW5. miRBISIIEMEFET
HEREOD S EICHKT Z2EZAE5NED, O
FEBNCO U TR RIS X B BT s < i < &
BEZICKW. TOHE, LEKRY AT LTRIR
BRI IR GHREEED —D) DLETREN
H5EE RO —I 0N ENS 13T THS. &
TAMDKS5 (c),(d) ICIFEERE—T N &y
5, (RIS I 5 L 0.1 Hz hE DKt &
LT—XENEE (first order lag element) 7R
3 (EHRENOEDD) P AT LTHZI LN
HEENs.

DLUE, SRR OELRT 3V F—AXT Ml
EWVO IR S Z—V b Eic kb, T
NDMERRE 3> TEBBIGEDNNY 7 TSV R /A
AT TFINELTFLELTEREVAS. £
DFERE LT, MREDA 7 ) —2hRdBIG L
THHERE DL T B 2 mid B G SRR Y 7 e
SNTHES N, EdBRO B2 7
IWEA LICRES 2 RN R A TE e 5.

4. MHREAKELARSEDEE

THRBE KRR DELFIC IS % 2 A7 LIAERTT
9. 12720, FEMICELRIISICN T 2 8&MN 7k
EERB ORI RTRETH A0 5, X5 %28E
&L TEMEtEmZ RS I E 5.

DT, THILVFE—ZARY MLGER 910

%E@w):fmm%ﬂhﬂ+Tm¢HJth(®
BEAT S, T2, Bk, t) m® s 23 x)bF—
AR MVEEEL, T(k,t) m® s73 B3T3 )VF—1Ix
R, F(k,t) m® s394V (&30 )bF—
AJD THY, vm? sTHFEMEREL, Em—t i
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W, ts IERRITH S, Ez,
/WT®¢Mk:O M)
0

EWVIEIENRENS.

X (6),(7) (FELFRT RV F— DRI TR 2 I
ZEMTO TRV F—DIRNZ iR 5 7z DRB
ThHa. FHICBL TRBEUZSRE N0,
R (6) &, Fiz, THXIVF—AXRT MVORFFE
Rk L7e i Te 5 5.

9, TRIVF—AXT MVBIE E(k, t) DI
MMCELE TIC—ETHI2GEEEZS. Tk
bbb,

F(k,t) + T(k,t) — D(k,t) ~ 0. (8)

7z72U, D(k,t) = 2vk?E(k,t) m® s [HGER A
N7 FVBETH %, L (8) 33X (6) DALDH
HOBEIDDOE>TETHD, NIhbDI*
IWF—FEAE TV F—HEEDEL B> TS
TEERTEEILNS.

CTOEEDIRIVF—ARYT N VBB DE MR
TA A—=DIEK 6 DS« FBITRT AR Bb
BIRE 75> TOT, ARPEEER ST F(k,t) I
XOFEASNIET AN F =N 3V F— (5K
T(k,t) IC &> TEPEEPINRENT, =x)LF—
BORBIE — D (k, t) IC X b EoRE N T IREEAVE
HWIRhTwbEEZBNS. £LT, iz
BUIM 6 251 « RO K 5 IS sihiia WEIC 7k
D, ZO—FIANK 3 (a) THBEEZLNS.

KL OELFEENC 1) 5 T3V F—1itiai,
BIEMIC, WiiicitTbnTwabDEEZILN
5. VWE, TXIVF—AN F(k,t) =0 L7xo 7t
WSO RISzt = IcBI 5T %
WFE—ZAXRT MV Ek, ) ZEZD L,

a / / /

o B t) = T(k,t') = D(k.1') (9)
T, T(k,t') I X DARPEEGEH O T3 )V F—DVE
BB ~GEIX N 2 O TG T E(k, ') DI
DO B, UKL, SRR TR T RV
F—HERNETC D & &8I Bk, ') RN
29, TOHBEOIRIIVF—AXYT M)LK 6
gl « FROXSICERT S &IcikD, niE
BEE EAThs (K6 dhis]. FED . fle L
TK 3 (b) HMEITENS.

THOICHFEDRE L Tt =", t/ >t ICBWVT
IRV F—REOAMEIxo1z & F,

%E(k,t”) = —2wk*E(k,t") (10)

L%, X (10) BEBICHITET
Bk, t") = E(k,t)e 2kt (11)

135 10, T3OVF—IE R L OBnE L&
ICEUHICHERT % (M6 455 LD . COgE
BB Micm > TN T (K6 4%« FED ,
M3 (c) DESICHB LRIGEEND.

time 1t =1t t=1t t=1t"
x x x
N N N
&0 50 50
g g g
Tk, t) ~D(k, t)
Energy spectrum (a)

B Q) Q)
= = ‘ =

S S Je S Je!

a0 a0 | a0 I

8 8 | 8 |

! |

log / Hz log / Hz log / Hz
Transfer function (a) (b)Y ()
for example : X 3 (a) 3 (b) 3 (¢)

6 Energy spectrum function and Transfer function.
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DL EoigamlE, SHREOELRE N =20t TH
BHYETC, (KBEEGEE S S EGEAN T 3L F—
HAT—RLTWAZ EREBELTVWS. KT
LR DY A T 3 )V F—DVE B0 s S AR B E
WANEESNDE ) OTHBH, BllE N izE
BIK 3 (a)~(c) &ARETH D, THINF—AX
2 FIVER5 (a) D 13:10~16:10 £[X (¢) &7
B & LT =20cllintaona L K2RV, <
n&, K3 (c) DEIHR DO ERE, AEOHRT
FH—INCHIATEZ DD E BITHRHDRETH 5.

C T 3 DR ZFIAT 278D, U&D
OFfFRZRLIZEDTH D, I ORJHEMEDIER
IIEHR IS 31 2 KD ELFEENIC R4 2 56
IOFEMN AN ETH 5.

5. BRERREWY S EDEE

R HSUEERE R A O S EREHIL
DEEZLHN, TNIEEFEZEDTIIEL,
08T XA—=Z N0 & DFEE DR E L 1122 X
T LCRZBEBERETE DT E0nh T
Ih3 (2, 3f). TTETOLEEBERT R
IWF—=ARY MVIRE, HilisHROBREICKD,
ERBSIC NG 25712 ET IV R TE S
SMHEZ Ao, TOR, HEEIROfT 2 5
R EISR OgAf & E 2 BTV B YN E SRt
THMHREN TV, ZTT, AEITIEID
HIEDETILIC K D VAT LFRIETE S
RERSH

5. 1 BHhiRE

BEEE FEO FEREERmICA U510 5 ERHNE
BEAREOAHIREIFE S U T 5. #HEh 5
RIFHTR 2 O (5)~(7) ZHVS. HiETS L

I 4 V- (njv;) =0, (12)
a’l}j
mjnj W —+ (’U]"V) ’Uj = anj (E + ’Uj XB)
—Vpj + mjnjg — njm;vin (v; —va), (13)

VxB = g <J+€aal:). (14)

relzL,

J = niqiv; + NeGeVe,

nim; + NeMee N nM

T TR

TTIT, my kg FFEASUARL TOHETHD, T
MRTE ] =1DEESTY, j=eDEEETE

. y
Vertically upward

Eastward
0] x

IS

L | X

z = 2

Southward = |97

<8

The Equator -

7 Coodinate system

K9, n; m? FEEUARI T OBEEE, v; ms™!
S EESUAHEE, ¢ CIEEHXADOER, EV
m~ ' FER, B T IIRREE, p; Pa ldEEE<IA
A1, g m s™2 IFEIIHEE, v, s~ IFEHESUA
K HR P SRR T E 2S8R, v, mos™ 3T
SURHIE, 1o N A=2 IZBEZEDBWHETH D, ¢ F
m~ L IZFHZEDFEELRTHS.

JERESR LB OB OER L AT 2 DX 3 LXK
11 Thb, FELTKNT, M8LT%. TCT
£, B UNOEE L @8 {x,y} 1 GRéEm) N
IKRENZDT LTS, EoTV =
(0/0x)x + (0/0y)y TH 5. {,9,2} & {z,y,2}
FEREDHNNRT MV TH .

AFVEF—FfEET S XoTn=n=n.T
H5. JETHERAEARET ZDT, n=n+n' =
n = const. BRI Z—E& L B =B+ B' =
B = -Bz. BEHHEIODSEICX>TELSER
WE=E+E =F =E,2 £t9%. BH%{kD
HENRT MV v; = 0) + 0] = v THS. HE
SUAEEIE LT T0W28DE LT, =087
5. YU EOTROGORIC (), HEOLORIC
( ) ZfLTHERRT S.

HE)DOBIIME L TH D ERETS. T5&H
ERT VvV @j(z,y,t) m? s~ DMEET HDT

’U;» = V@]

THB. koT, X12) M5

V2p; = 0. (15)
£ (13) &
op; v?
vix (Vxvf) =V (atj+é+gy

4 , B
P Gy 6By anq;j)
m;n; m; my;
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E E
E'xl?l E'xl?l
8 Ionospheric boundary

LEZHMALNS. IEL,

12

(v, V), =V (g) — v x (V xv})

EEEL, g=—gy THH, EBRE IIHLTE

RTFVI¥ IV VEEZ

E = -V&.
¥; m? s~ IdIRNEIEL
! %aﬁ—%A—u z + ;Y
J Oy ox J 7Y
THo,
T Y 2
(g on N _|on ow
v = (8$w+ 8yy> dy Ox 0
0 0 1
=V.XZ
CNE -B = 2-B%Z#F5L —Bvjxz =

x(—Bz) =vjx B £i5%.
7 LEGGEL TWBOT Vs, =0 THB.
X o TH (13) FHER

9 1}/2
n @ o
(815 T ) * 2 oyt mjnj

T Wej (d; - “"j) = F(t).
CNFEBRICHE BIE/ AR TS B, 1721
F(t) 3R ERTHY wej = (¢;B)/m; st Cib‘
A0 bOVEEETHS. TTIT, ¢ = +e, go =
—eThHs (e ClEEBESXER) .
CHERBE T y = 1, T p; = pjo THEDD
i

B 0 P; 1 2
77] - (315 + ]n) g - 29 (VQSJ)

-2 (5-n)- w

foC L, F(t) :pjo/(mjnj) }:E/uf:
BRI C R THD, ZOMETEH g, —
nj(xz,t) £33 &

dy; , In; on;

at T T Ty,

ThHaM5

0%; _ On;  0%; 0n;
oy 0t oz oz (17)
X (16),(17) D n; Ay = 0 O THEBR/ MR
OWeB R THE, XU LOHEZAKT S,
DET, ZAhSn ZHETDE

82 9 0 o (&

X (14) Dz K05

0Pb; 0P, 9?d’ _
')’LC% — neg — Em = 0 (19)
LLEMS, &5, &, v I LTy > 0BT
K (15),(19) & y = 0 ICBVTR (18) B, &
7z, y e 40 lCBNVT P, # to (B THS
TELRETHD. £,

o0, 0w, 0b; v

or oy’ Giy Oz

DERD 5 BRiT#EEHWTR (18) 1 b v, ZiHE:
LTHL,

02 o 0\ ov,
(mf*”m+”@)ay
*P;  we; PP
~ i 9t0x T B otoy

SRz iR 7ol

(pl(y) i(kz—wt)

= po(y)e’t
& — Qj) <y)ez(kaz wt)

i(kx— wt)

B 22U, (BEBENITHS.
(15),(19),(20) IcfRAT % &,

d? Pi
Lr K=o, (21)

d*p,

dy?

iknep; — iknepe — ewkg’ = 0, (23)
do; | dPg;

@*”@

Qew d¢’

—Qewkp; — B dy =0, (24)

— k%p. =0, (22)

(fwz — iwuin)

dy d?¢
_ 2 YPe e
w dy +gdy2

cw do’
Fwewkpe + in“’ % —0. (25)
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72720, Q¢ = we, we =
LTW5.
X (21),(22) ZfEL &

—Wee THD, Ve =028

@i = C1eM 4 Che™,
Yo = Csye + Cue v,

y «— +00 T i, e MARTHB7DICCL = C3 =
0THs. £oT

V= Cohe™", @, = Coe Fveilka—wt) (26)

e = Cue™, @, = Cye Fyeilho—wt) (27)

X (23),(26),(27) 15

¢/ = —_ (CQ - C4) 6—/{:2/7
_ iB
T Quw
X (24)~@27) 5 y=0T

&' (02 _ 04) e—kyei(kx—wt)_

(w2 + pw — Qew — QS + gk) Cs + QEC4 =0,
(29)

WOy + (W? + wew — Wl + gk) Cy = 0. (30)
722U, ne/(eB) = Q. TH%. X (29),(30) Atk

WAL L Cy # 0, Cy # 0 TH B DIIIRETT
AN TRINE SRV S,

(w2 + ivpw — Qew — Qg + gk)
X (w2 4 Wew — w2 + gk;) — wCQg’ =0. (31)
X (31) 2 w IC DWW THEIC R LffBAATIEE
ENHV. ISTA—RELT
1072 5wS10Y2 67
3x107° k51072 m™ Y,
we 4.4 x10%s7! Q. ~ 150 571,

Vin &~ 10 3_17 g = 9.8 m S_2

e L ORI iR &

gk
w R zg; (32)
EWVS THBIRAZES. w DEENETH 5D
BARLETH BT LMol ThE LAY —-
TA T ALZENTHD. Fiz, wiR? TRLE
NELEPEDRER
g dn/dy

v = Smfw] &~ P
m

XLz T

F5 i

5. 2 &kiRS)

F ERBIOfiE (26)~ (28) RN EE > TED
3, ExB RU T 2 LOBRLHETHRY. Z
CTC, EEMIC ExB RV 7 b EDBGREHRHNS
72lc, BEEEFEICD S EWNECT2HICE
WE Vm ! hFEINZEEZ, ThICE>T
5 it & N 2 EEESUAR DS 2 T s 5.

SR ER A

E=E+E =E =E=F%
LBV,
E=-Vo

9%, Ikbb, BEOER E Zii50OER
ELLT, EidVHLAEINDEZEDET S,
fiig { REFERFL (15) 20 (19) 1SS T

o 0P, 0

"or " "or T “otox (33)
&, K(20) B y=0ICBNT
oL, 0 0)0%
oz " mar T 98y ) oy
82@j wcj 82@
~“eiger ~ B oy OV

THs. TTTH
B = gi(y)e' BN, By = po(y)e! BT
L. Pl EERELT
& = e Fyeilha—wt)
X (15) S & A U <

$i = O5€7ky, (35)
pe = Coe ™. (36)
X (33),(35),(36) i 5

wo

05—06:—ZQCB. (37)
X (34)~(36) &b
Qc(& w
Cs =i B w? - Quw + ivppw + gk’ (38)
.WC(Z; w
Co = B w?+ww+ gk’ (39)
X (37)~(39) D
Qe
w? — Qew + ivpw + gk
A 1
. (40)

+w2—|—wcw—|—gk - Q.
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X (40) & w IS L TR AR THEMETH 2,
gk KL T = XX i%.

g2k2 + (2w2 + Wew + Wipw — Qew — Qf
—wCQC)gk + wt + (We + i — Q) W

+ (iuinwc — 2w — Qz) w? — i weQew = 0.

gk IZDOWTRS &

—bE Vb2 -4
gk = 2=V 77 (41)
- 2a
Zclg,
a=1,
b=2w?+ wew + ivipw — Qew — Qg — wele,

c=w + (We + iviy — Q) w?

+ (iuinwc — 2w — Qg) W2 — iV weQew.

X (38),(39) THIEBMDHEEL TVBDT,

q; Qew —ky i(kz—
P — —i— y i(kz—wt)
! ZBwQ—QCw—l—z'I/inw—i—gke € ’
(42)
<;~5 Wl —ky ji(kz—wt
b, e kygilke—wt), (43)

- i§w2 + wew + gk
X (42),(43) D HHEZRD B &

E Qew —ky i(kz—
c e kyez(kx u)t)7

YTt 2 o Qew + ivpw + gk
(44)
v = _E ch efkyei(kmfwt)’
B w? — Qew + ivpw + gk
(45)
B Wew —ky ji(kz—wt)
= e ilkz—wt) (46
te ZBwZ—l—wa—i—gke € (46)
E Wew —ky ji(kz—wt)
= — . 47
Ve Bw2—|—wcw+gk€ € (47)

9 Water wave.'?

SR IR OFI & LT D7k,

B T, —EEAORAEE S B R, AR T —
EHES %, TEE D ETE. HOMEOE) TEE, Hizh
NSRS ClIKE#EEId 5. duE ) HREEESRIC
KBFFREDE LR,

Wave number k of external gravity wave

Te+ T
1:: k((D)__ /
1e+07 /
1e+06
100000 ’
F'g 10000 %
= 1000
332, 100
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1
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0-010.01 0.1 1 10 100 1000

Frequency [Hz]

1 0 Wave number of external gravity
wave.

B k(w) R f = w/(2m) ORI

L, E=—ikd THB. gklcid3R (41) TH
Z BN HBAGRAZ VS,

1 (44)~(47) Tl u;y & v; OIRIEITILETH D,
PIFEAY 90° iz > TV BDATHS. TOHEL,
TNE EIANEE N O—FTH B K 12 Ot
TR B L7 #EE) 2175 (M9) .

6. T4 ARAYav

X (4) IKBFRESD S BASZR-> T
k= k(w) OffiiHEiZZ £ &K1 0AE5NS. T
D k(w) Z VT (44)~(47) Otz 515 L
Tz, THUTHEZEOIRIFETH D, Z ORI ZX
1 1ORY. HEOKREZIE, ExB KU T D
[ TH5 E/Bm s~ ZHEMICERENTNS. A
A L BT ORI R E I 5 D31
AoV rnbaVEEE Q. DIUD TH%. /85
A—=ZRF Q. =150, we =4.4x10% 571, vy, =
107, g=98ms2 Zfio7/z.

Frequency response of external gravity wave

o
ion_
electron. — — - —

E/B]
\

—

£
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0.01

0.001

Amplitude of velocity [unit

0.0001

1e-05
0.01 0.1 1 10 100 1000

Frequency [Hz]

1 1 Frequency responce of velocity am-
plitude characteristics.
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