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Development of Scanning Narrow Beam Riometer
Hisao YamacisHl' and Takashi KikucHI?

Abstract: A new riometer system of high spatial resolution by means of a
scanning narrow beam method is in operation at Syowa Station, Antarctica
(69.0°S, 36.6°E, L=6.1) since February 1985. Ionospheric absorption of cosmic
radio noise over Syowa Station within 120 km in geomagnetic north-south and
east-west directions, can be measured with a spatial resolution of 10km and a
temporal resolution of 10s. The antenna system has four other fixed-direction
beams pointing to the zenith and to the magnetic north, south and west with a
zenith angle of 30°. Each signal from these fixed beams, constituting a
separate riometer, is used for higher time resolution (0.25s) observation.

This riometer system can discriminate a small-scale absorption region of a
few tens of kilometers, which cannot be seen by a conventional broad beam
riometer. This riometer system can also detect a drift velocity of pulsative
absorption with a short wavelength of ~100 km.

Comparing simultaneous observations of this riometer and a scanning
photometer at Syowa Station, we found a considerable difference in spatial
distribution between auroral absorption region and auroral emission region.
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CNA (Cosmic Noise Absorption) rEZFR3 5.
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VAT ATRET VT FE— 20N EER T =2 - LTS Tkt T, RIED
TFHREAFBRD LA T I, EREBBIEORINCOWTE, T DEEXERICKRDS



Vol. 33, No. 1) BERY + 2 — 2 —DOB% 19
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km L7ch, A—rIF37—I7DER, AE—F 4 VIt —uwID, FORYHBHRTHIC
X, POHTELMETHD. LI TROLIARTIEREZ LI, 7v7Fv¥—s0BERRI,
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Fig. 1. Cross sections of the riometer antenna beams at the absorption layer at
90 km altitude for two scanning beams (small open circles), four fixed-
direction beams (hatched circles), and a broad beam of a conventional

riometer (large circle).
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M (KR, ROKIEACDL 30°, B 30°, 76 30°) #E< 4 KOREEH -4 (K 1 ORHR
) AP THRL, ThERCHERY + 2 — % — 28R L, SO MEERILE 21T 2
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FARERL, 7T rREORUERT . 2T, $LRET VT FOFEENEILT
VT FOREEA S - Vv RIETEES, S5V P v—voMBOEI, REatkx -
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KEXIEEM S8 4E 10 A, XRIT ¥ KK, #AMIHE LT, 0D, 29 =7
TYvFFILTEELE. (=277 vFratibE 8m oEEEFE IO, 18m (§ 60
BE) hi-RXEB7 v+ b0BHEAZE L URABRALAIE L. EBROKBE, v— -4
FHRINRIEA +£30° oBHNCTYH A Fe—FxHz A4 ve—70 15dB Tz b
NAC ENERIR. e, YTV FTU—vOMBE L LTI, 1/82 BEOHD I NLE
R Ehbhote, HET7 VT FAEILRT v oREES 2 - vICRIETEEIEE T
HIBETH 1.
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FEREORE®E VTN LT, BEAAZ 7ORIXRHETILENDD. LoD,
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Fig. 2. Radiation patterns of scanning-beam riometer antenna when the beam is
directed to the zenith (upper panel) and to a zenith angle of 30° (lower
panel).
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B3 BREMCEREINCT v7r v AT 288
Fig. 3. An external view of the antenna system installed at Syowa Station, Ant-
arctica.
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Fig. 4. A summary plot of scanning-beam riometer data for a geomagnetically
quiet day.
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Fig. 6. Comparison of the absorption curves of a broad-beam (beamwidth 60°)

riometer (top panel) with the east-west scanning-beam riometer (middle
panel) and the north-south scanning-beam riometer (bottom panel). A
strongly localized absorption appeared at 1440 UT in the southern beams
(marked with an arrow in the bottom panel) has no counterpart in the
absorption curve of the broad-beam riometer.
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5. K, BEDOYVA A -2 - I VBRROBEEEYRD 1L, HVICHE km #Ehi:
HEBOBHATERNRELBAIL, TORERLOENSHETHHENE LR TV B,
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BNBRE OB L rREBETHLHE. L2 T, BNOBBORRYERCE X 51T
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Fig. 7. Cross sections of the antenna beams at the absorption layer for three
broad-beam riometers installed at Husafell (HU), Tjornes (TJ) and Isafjo-
rdur (IS) in Iceland. Broken circles show cross sections of antenna beams
for the scanning-beam riometer and a broad-beam riometer at Syowa
Station projected onto the geomagnetic conjugate point in Iceland.
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Fig. 8. Drifting type absorption events observed by broad-beam riometers at Tjornes
and Husafell in Iceland (top panel), and at Syowa Station, Antarctica
(middle panel), and by the east-west scanning beam riometer at Syowa
Station (bottom panel). For broad-beam riometer observation, it is difficult
to determine the propagation direction to be eastward (solid arrows) or
westward (broken arrows). However, the absorption curves of the scanning-
beam riometer clearly show a trend of propagation toward the east.
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Fig. 9. Comparison of meridian-time displays of 557.7 nm auroral intensity observed
by a scanning photometer at Syowa Station (middle panel) with absorption
intensity observed by the scanning-beam riometer (bottom panel). Top panel
shows a time variation of H-component flux gate magnetometer.
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Fig. 10. An expanded contour of Fig. 9 for the time interval of 2306-2315 UT.
Vertical lines in the upper panel indicate an area of discrete aurora.

3 =

O _

T UBREEHR) ~BEITLH -7 VIikA—r 512o0Ti, NIGT 2RI FEET
HL00, BINEORKELHAE T A — 2RI (BHE) <ThTuwsb, ¥
2313 P+ — m 3L fno il b b b, RIPUIREL TV 5 2 &b nd.
SDXHIT, A—rFEAt—nr FTRINOECHNSAITMNLERYL D D 2 L EERS R
BBV A2 — 2 —BAKC X VLI, EROERIBETEFOFALF - AT
DZERMELDOREELHET 5 2 LITRIILOPLDOTH S.

5. F & 0¥

RERE Y 4 4 — & —i%, BRAO B2, WAEROEILIR 120 km o> i 5 P o HEERE TR



Vol. 33, No. 1} FRRELY A 2 — 2 — DBAR 31

w22 MRS 10 km, BEREIAEEE 10 HTRD B Z L3 TE 5. HRINCEEFLLE — &
(R, dt, O XTEA 30° ORI ZHVHUE, ShHOEEFHRICOWLT & HIT
Ml ffee (0.25 B) CRIVRHIATT5 2 LN TE 5.

AP AT 2 LY, FERORE — LY 4 — 2 =TI L2 - 7o EEH 10 km
LUFoRfEfb S e B g, RO R 100 km F2EE o /NEBE O JRENE TR 2B S hue.
FRAYAT ALY, ThBEOBINBROBEEE ¥ IEHCHET S 2 &3 TE . 4 —
rIHEBPEA Y AT A LOFEBHAC I D, A—r 3 RELA— e SEUCOWT, %
DLERIDAOEREA ST oo fo, CoXESIC LY, BTEFARZ P AHZEEICEL
LT BERMRHEE T 5 & EDATRE & T 5.

ARV AT LN BNDAA I SR HBR TS, A —r 7 OMBRELIBET S 2 &
NTE, +—r FBNIESERCHDRBNTFR L EL SRS,

E 2

Ko AT LOBRBCHI D, B\ CEBLEE Lk K- ko E BB R I R
BET, [LRAEE, 7 — 2 Byr e B BER, ¥ 7o SR E BT R RTB £ T
B o T AEVEIE RAL R BB RS o L T

Ko AT ADT 7 EROREH, SR OV TIIAIERK X » 3l SIHEL 1B - .
Ttz 7T OENKCET BEFRCH I - TE, HRUKFEERYET e X b AR o
HOMERAAREL TEHV e, AV AT AOFBRERZE~DOBRE S o - TX, 5 26 &, 27
KBRE RO FKE: [L o8] REOHELOEL VB, BT, 5 26 RERIB A
— BB BN T E R, MRS ToOBREEORRK E > TER L THEV . g7 —
2 DEFNTIC B 7 » TXENLB TR BT MZitEamiE—F (BXaEX
ZISREF TR A EES) w2ENeH A2 G2, ChBOFE O THITCE <
Wit L ET. ek, AT — 2 OIMEENI BT RTERAE v 2 - DOETEEE S A5
AW Th R,

X ik

ANsARI, Z. A. (1964): The aurorally associated absorption of cosmic noise at college, Alaska. J.
Geophys. Res., 69, 4493-4513.

BaLsLEy, B. B. and EckLuND, W. L. (1972): A portable coaxial colinear antenna. IEEE Trans.
Antennas Propaga., 20, 513-516.

BerkEY, F. T. (1968): Coordinated measurements of auroral absorption and luminosity using the
narrow beam technique. J. Geophys. Res., 73, 319-337.

BUTLER, J. and Lowg, R. (1961): Beam forming matrix simplifies design of electronically scanned
antennas. Elctron. Des., 9, 170.

DEeTRICK, D. L. and RosenBERG, T.J. (1988): IRIS; An imaging riometer for ionospheric studies.
submitted to Antarct. J. U. S.

KikucHi, T., YamacisHi, H. and SATo, N. (1988): Eastward propagation of Pc 4-5 range CNA
pulsations in the morning sector observed with scanning narrow beam riometer at L=6.1.



32 HIRARE « %Mt 52 (FARREOR

Geophys. Res. Lett., 15, 168-171.

LittLE, C. G. and LEINBAcH, H. (1959): The riometer—a device for the continuous measurement of
ionospheric absorption. Proc. Inst. Radio Eng. Aust., 47, 315-320.

NieLseN, E. (1980): Dynamics and spatial scale of auroral absorption spikes associated with the
substorm expansion phase. J. Geophys. Res., 85, 2092-2098.

(1988 £ 12 20 H&2ff; 1989 42 1 A 11 HHKFTHRZE)



