52

ISv—#—HH L BIKEHEEOBHIIC>NWT

RRE—H - B

On the IS-Radar Theory and Observations of
the Polar Ionosphere

Abstract: The application of the incoherent scatter radar technique to the
observation of the earth’s ionosphere is described. The basic theory of the
incoherent scatter is reviewed briefly and the radar parameters for these in-
vestigations are roughly estimated using the radar equation. Ionospheric
parameters obtained directly from the incoherent scatter radar measurements
are then described. The scheme for derivation of the E-region parameters—
neutral winds, electrical conductivities, electric fields and currents—is discussed.
The parameters of the Chatanika incoherent scatter radar which is the only
radar of this type existing in the polar region are referred to and such
ionospheric quantities that being obtained by this radar are also presented.
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BICOWT wNB. 3, Wb IS OGS HHL, Zhd Tk
IS =2 —% FETHLDLC, BERV—F—DHEAT2—2% 1 -4 -TTER
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—BEMBHEOBNA T bhb—F, ZOEMEFREAKOLAMF Iy 72AD) %
— VIV I ANGRTENY, ol HLUOHELSTLAFEIhOOHD (Wo-
opmaN and GUILLEN, 1974; CZECHOWSKY et al., 1976; B R - Fi4E, 1976). EiERTd, 7
SANDF £ =7 (CHATANIKA; HIREKHEE 64.9°N, R 103.3°W) T 1971 Eh b
A7 B BIH BALG X iz (LEADABRAND et al., 1972).

L x5 GhBENE, FOBMECR-THLPLETARETHD2, B L FHRZEL
oMETERR L. IS V=X =1, T T FE— AR HBD D ED BB Y
i LCHEITE 525, BAFARI Y — 4 —AQ0 EZBCBE SRS, BIH B RE
Z, BBEIRESBECI VERTWS. HEIRLTHEAET2L0TLRL, BWiTH
WESNRELDOTHS. MBBHEREORED BIEL, ERALFEHEEMEZEACHEEC
5 LS RMATEH—m %/ BRRORA - BREFEO BHeHs LT, IS v-
B—PPRITREBRENL, BLx 5BRCHRTHRLTHS D LD TR LN AD.

IFTi, IS v—&—o FEEVEER L, B ickds IS v—2—-DFEEY -,
ZBRNAT5.

2. S v—&F—DFEHE

HWERASIT, - BEEAS %Y 4 VHF 3 X0 UHF SEHRICH LT, 3EALE
BUTHZN, KZDOBEHE (H2VIEFEER) wPLEnHbiUL, £oPLEDAXY
FdD 75 7 (Bragg) FHERSIC L o Th i #1fl Shd (o & xi¥, BOOKER
and GORDON, 1950). #HHELULBEOFEEROAE IODPL EERTZ. CHILDH
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ShDPHLEL, BV BED EREED NERAFr—ADIDTHYH, KRDOLD
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R —2ZARZMADLE, 77 —RFBENS.
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x£1 #4,2=2%1S v—&~,35 2~ % (LEADABRAND et al., 1972)
Table 1. Parameters of the Chatanika IS radar (LEADABRAND et al., 1972).

Parameter Adissmen orm

Transmitter

Frequency 1280-1300 MHz 1290 MHz

Peak power 0-5 MW 3-4 MW

Duty cycle (max) 3% 2.7%

Pulse length 10-500 ps 50 and 320 ps

: (alternate interpulse periods)

Polarization Right-hand-circular |
Antenna ’

Diameter 27 m

Aperture 180 m?

Beamwidth 0.6°

Gain 47.1dB
Receiver

System noise temperature 110°

Video bandwidth 4-200 kHz 32 kHz

IF bandwidth <10 MHz 50 kHz

Polarization Left-hand-circular

2, —ODHEM LML LT, P,=10° (W), g=10% L0 a=10* (m) OF—X—D
hORELRE. Zhrb EREHEN SO =2 -2 FETHDIL, i LI EEER
LT, 2F7 » VROBEHANMETHY, 7vFFELTUL, ATRTELLY
Ait, ER 100m BEOKORT7 v FHN LB AZ Enbnb. BInAILF v &
= IS V=K =10\ ThbE, P~4x108 (W), g~10¢ a~2x10® (m?) TH5.
R, R Q) THEHLIhDEHIMAERKZ, 107 (m?) BEO/NILLOTHE. BE
300km OEBMENLSD IS =2 —%FEFETHZ &L, ez, FAHRC BV IAAF vV
2EXHRDOV— X —THHTIORFELVWET LS.

IS V==L LT, EHAERDOBEVCI - TLD AT 2 2ELLRITT S,
—@lE LT, F2=hIS V=X—=0D 5 2—%%F 112 /~7T (LEADABRAND ef al.,
1972). =D IS v— X =X HEMEVWANERY RuTunbicd, NEoLXRBHIo 7
VIFERES ZENTEDEE, A—wFD s xttza b h5bZ ENTESHEMN
RELHFETHS.
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(a) Electron component
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(b) lIon component

1 ~#52~% a OB 5T D 7 —ARZ P ADEE(L
(Te=T,; O 47 v)
Fig. 1.

The power spectrum for different values of the parameter
a. The positive ions are assumed to be O*.

The ion and
electron temperatures are assumed equal.
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AF VLI BEF T I AR TH a KEEEY #HiWicdbDThHS. 1eREL, v -

A7 b S XFY 7 PR ENES, BERAEHR (0=0) TBELTHFELZDT
0Z0 DENDLE T LTHS. EEHL O 14+ v OFEEEECHTH Ny 77—
AR 2 HMWTESEIhTWS UTORLFER). RN (b) i© 0=0 O
KL DEIRT. Tiebhbiifl7 — A2 b, A7 b AEEIVNEL, FHEK
JEAS ) DR E RS, WA bABERKEL, EX) B3R ERBEEIGCR LS
WD BT h Edvbrk. MERETOFEY, BERAF v OFENLEL
DT, ThERBETERABIO 1+ vy EFEh s, EEEE% VHF %703 UHF %
BRTEATEHET akl THDL. K1nbdbhnda, a<0l OBEIFY7 — AR
Zht a AL EBERTHY, TRWELEIO KERMEA A+ VEICEFTS.
Licio T, UTFTRAAVEASDARIZERL, airtnbiicd.

MBS 7 = AR N AVERRET HNEEY, TOREDMFCL > TANTEE,
I/ D. —DIkAX7 M AD BR%Y ZETA5ET, B0 o EFEA4+ vOEEk
T.(=T./T), A+ vEK q ZhicAS. lio—>%, EFE#HOERIMAFOLICEZ
hBET, BERAEK 2, 1A VR T, 14 vEE m, BFEE N TH5. HiEx
— B o THRELYTLIEIEE, T — AR b, BEN Ned(m Ti)Vic N 21
B, FMEME 2 Gl LTHifT 5723 C, HRPRBIREE LRV, Lidis
T, HEHE S92, Hihh o/ TR, A2zt a, T,, g DROBEKIC 5.

06

S(w)Q

0 05 10 15 Zb 25
w/Q
2 REWK T, OBbed5 27 —AR2 P L OEL
(a=0; O 14 v)
Fig. 2. The power spectrum for different ratios Tr of the electron

temperature to the ion temperature (@=0). The positive
ions are assumed to be O*.
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S{w)Q
=

100

B3 2o 4+ O & H" BWHFEETHHADOLEE g ©
AR T 537 — 2227 v A DT (a=0; T,=1)
Fig. 3. The power spectrum for a plasina containing both O~
and H* ions for different values of the ratio g of their
number densities («¢=0; T,=1).

SwiQ

4 ZEHE oA+ O L NO* & Ot DFEETBHBAED g DF
b+ 527 — 227 b DL (a=0; T,=1).

Fig. 4. Same as Fig. 3 excepr for a plasma containing both O*
and NO* & Os*.

B 1 ciEfuy Q 2 HCTESELTHLDIR OEEIC L 5.
2T = AR v VIE T2 T, OREY R LD THD. ZO»E T,
MKEL LD E, ARIIANRA 4 v 7 7 X~ BERMLICE = 2 2 EoRETcc b o
LD B,
K3 OF 14 vE H 44 vRETHHE, OF 414 vOEE No' /N (=q)
ARG RGO THD. Fe, K4k O 14 v & NO* & Oy 14 v
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(ZDOZBDAF X, HTENLThER30 L 32 TEFGEL, FANNEELOTHT
ENORENAAVELTHRIRS) PRETHHEETHD. mE» HXBLE, O
LEENBMICRELD HY A4 vARETHHAIL ¢=05 DL T, fv—2x7a
DB e T 0y, O LEEBHEVWEER O NO* & Oy [ v 2V BET 55
BT, g OFCHT B AT =27 P ADTALIIFEZ G\, D LIIIC 7 — 2
R MARHEETHIEPRETHE EHEKRT 5.

SO LD FIR=nLD IS, B, WTHERE SLIUAI+ Y I 7 b0
WA OWT L, TTRFELLRULRTWS (Jo &k 1%, EvVans, 1969). #%37 Tli,
RigHAA VDN Y 7 VEEXSHET S AL (VICKReY et al, 1976) = D fHigko IS #%
AAFT v HEEL TR UDRA AR INT WS (Fukuyama, 1978, F4(E).

5 Wy HEE

IS v—s—TCEZENELS 2YHEL, HEABEREV-F -2 AT 208 M,
HZV = =lERTHLULTORDD, BRUREZ2OFEYITHZ LA TES. FHEHY
ik, HECEEOHYEEIY, TRNTHUMINI Y = A7 b A% T 52 LT
L OHEENTRETHS. L l, FBCIIHETNEWHENS kb L, ZHHEEDH
EREENEDL D, LK, REL T, LERK g 28, #Elv =22 b AR RIETE)
BIELULTWT, 2B RESE S H5D. TOHBATIIHITICEE L GEY R REINE
nhn. ek, FRETR, mEEEFE (T.=T) »MRE3h, BMEIx Het 1+
VORENMER IND. i, Fl1 T, T o IB i ig 5B s e LT
MThhdZ £ 5%\ (WAND and PERKINS, 1977).

®2 IS v—4#—-TEENEIhZWEE

Table 2. Quantities obtained directly from IS radar measurements.

Region Directly measured quantities* Note
+ ) Either T.=T; (night-time) or
F2 Ne, Te, To, [O7], [He'l, [H'), Vs [H;]:Oe(dayztime) is assumed.
) ' +1 . | Tiis assumed to be exponentially
F1 Ne, Te, Ty, [07), [NO* & O57], Vs chlanged with height.
E Ne, T; (=Te), vin, V.

Ne, Tofvin, Vi

V; is the ion drift velocity;ion number densities are indicated by [ ].



Observed Derived
F REGION
X
Vi Vu=Ve.L=’E§zB‘ —’
E REGION Ey=0
) v
V, = ion
momentum
equation
Ne v o W
JL(Z)=0-(E_\+ Vn xB)
v k)
n

@\55 ISVv—F—td»CTEBENEINDWEE»S M A v OlfHEFRERX
33 X O — 2 DR A TR RGEEE Va, LREEE 0 LU
W EE LTS E1, BREE JL 2D 575,

Fig™5. A calculation scheme for the derivation of the E-region
electrodynamic parameters, applying the quantities obtained
directly from 1S radar measurements into the ion momentum
equation and the ionospheric Ohm’s law. The derived quantities
are the neutral winds V., electrical conductivities o, and electric
fields E\ and ionospheric currents J1 perpendicular to the magnetic
field.

VA, IS v — & — CHEEHNE SIS S, PR R e RS A FEZIIsk D
HRH NI INT D, fod 21E, E OB FIBIT 2 HREr, A S xR
FTHETRDHEND., T, A4 VN7 FEE v, ¥ESEECHNE TS, F K TRm
BICEZ N Y 7 b Vil 12, EXB N ) 7 MciEBRT 5005, bl ams
7S B RETES. kb EL &, E KT WE IR v, A4 v Ol

FRKCHNT, PEEN 2 bv ve 25FRIND. —F, BREEE 0 13 Ne & v
MHEEIZ L s TRDBNE., 25 LTEMNL E, v, IO 0 O LZ{livad — Dk

AN AT, BEBWCIEECRN D EI JL #RDD L 23CZ % (BREKKE et al., 1974;
HARPER, 1977).

o, AF VY7 VEEOKZESE, BTEER IOCEFREOHEMEX AT,
AGERIEH) T2ETFREERS L =R F —EEXRD DL Z L LA[ETHS (Evans,
1975a, b).

6. # W & X
IS V— & —0OBAERCOWTE, T TEROKLELVWED iGN IhTwE. &
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£33 F42=h IS v -2l ->THEINLHERE (RNO et al, 1977)
Table 3. Quantities measured by the Chatanika IS radar (RINO et al., 1977).

Number Parameter Altitude region (km)
1 Electron density 60 to 500
2 Conductivities Height-integrated
~80 to 150
3 Total energy flux of Height-integrated
precipitating electrons ~80 to 150
4 Number flux of Height-integrated
precipitating electrons ~80 to 150
5 Electron temperature 170 to 500
6 Ion temperature 170 to 500
7 Electric field >170
8 Current density Height-integrated
90 to 140
9 Neutral wind Height-integrated
90 to 140
10 Joule heating Height-integrated
90 to 140

ZTCREx DRI MY, FeX=ATHEIRTW2YEE (1975 FHE) »#H
BIERE LRI BT Rc L&D, ChbOYBEERHET S, X BEMNa
DWW, 7o & z1E Nos. 1~3 122w Tik Evans (1969) 12, 4~10 22\~ Tix BARON
and CHANG (1974) % 7-13 BREKKE et al. (1974) W LLBNHIHTWA. HEILS %
WEEOEHFILR L TEARED D TIX/LL, HILLWRITECESAE AT o0E
AR L > THEZIND 52D THS.

—fic, BUBROBEEXGNT A LT, MoBUFETHEOhLERILR TS
ENDBETHD. IS v—x—-DFg, rry b ATHEOBHE KK IhdZ &2%
W Fex=A IS V=X THASINAEETR IO 4 VEECOWTY, &L Atmo-
sphere Explorer-C (AE-C) #E & DA HEE» e iz (BENSON ef al., 1977). X 6 1%
FDO—FITHAH. M, (T)p ZHEHEHDOIF v 7127 - e -7 THELILCETEE,
(T)rpa VX[ U< retarding potential analyzer TR LN/ 1M A4 VBE, (To)sB LV (1),
XIS VX —THBRLACETRICM A+ VRETHS. AE-C HE TIIEAEZMEL
B, Fexr=h IS v-x—Ti%, BLVWKEHZ LA THLdhnbbd, W
BHRELDTIV—HERTILENWLRTHS.
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Fig. 6.

e, BISzt—oF 4+ 225 IS V=8 —2\FETHDOLTHD. L b2ZR] - B
MZABOW LA — r ZHREB LT 51T,
Hl, &A—r 7,
IS v—#—DRL22H5 HENLEhDTRE

Comparison of electron and ion temperatures measured by the AE-C satellite
and the Chatanika IS radar. (Te)p and (T,) rpa are the ion and electron
temperatures based respectively on the cylindrical electrostatic probe and the
planar retarding potential analyzer, while (T,)s and (T,)s are those of the
IS radar. The AE-C altitude is presented in the bottom graphs for each
orbit and the latitude and longitude information is presented on the right-
hand side with an azimuth circle (centered on Chatanika). The direction of
the IS beam, terminating at the AE-C altitude, is indicated in this circle for

each orbit. The perpendicular lines to the orbital track indicate the horizontal
separation between the beam and AE-C (8-118 km). After BENSON et al.
(1977).

& o)

7. %

DERETLT L4 1T 2.
LRI, A—mS=vsZbteY oy, bDXALF I, 7 ADRINT,

i\ RS R T 2R AL s h T w5,

Fho, Blfta—e o5& (75 v A, WM, EE, /47—, AV 2—FvEIW
74 VI3VE) CWEXoTAAVYT 4 FETIC “EISCAT” L I:iEn5 IS v—F—o 25

(RatREOR

136} L

T TLL, HWHNAr =205

AOREAHED H T\ B (GIRAUD, 1974; X7 £B). Z OV — & — T3, UHF & (958
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SUEDE @

. 7 EISCAT V& =Y AT A
Fig. 7. The EISCAT radar system. After GIRAUD (1974).

MHz) & VHF # (248 MHz) D2 HEEAFIATHZ &1 FE hTwb. UHF #
TIEEELT Tromso (2 47 = =) D S0mY X 54 ST X - THrLy, Tromsd Dy Kiruna
(AY ==5v) & Sodankyla (7 4 v5 v F) TZETAHLDTHA. HDO2FZEHT
13, fan-beam 12X » TZENTbh b, RicHrEHI0EARBCIT > EnTE
. —7%, VHF #lx®/ 245 4 » 75X T Tromsd TEZENfTbILA. Tvisrt
LT, BIOmEE 100mx100m OFEHT VA A, =270 2L SMW B FES
RTWd., Zhb 290V —F—v A5 AT, FEE»SEE 1000 km L Lo fEs
HA=TEBHLHFEINT WS (DU CasteL and TEsTUD, 1974).
WED L AFBIIRIC IS V- & —%ET L5 EIXE .. LrL, BHEEDOEDE
BRI, 2HECHEBTCEZ LW ERLICEN®ELS L&, TORTNEERE
b5 —EEXTALLENSD LELRS.
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