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System Design and Initial Results of All Sky Imager at South Pole
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Abstract: We have developed an all-sky optical imager (ASI) which was
installed at the Amundsen-Scott South Pole Station (SP) in the 1996-1997 austral
summer season. ASI consists of a highly sensitive (monochromatic and panchro-
matic) optical lens, CCD camera, and a data-taking workstation. The ASI is
equipped with interference filters of N,* 427.8 nm, Ol 557.7 nm, Ol 630.0 nm, and
OH 7300 nm. The image sensor is a back-illuminated air-cooled CCD camera
with 512X 512 pixels. The size of each pixel is 24 ymX24 ym. The workstation
(WS) is controlled from NIPR via the internet and stores the image data to a digital
linear tape (DLT) drive. Selected image data can be sent to NIPR via the Internet
during the observational period. We present the detailed system configuration, the
data formats and the initial images taken by the ASI-SP system.
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T, B, R, R/ BEYE O E D 2 72 o,  [ENCEHIRTFERT Tl hE L
HUC R KA A T RFET 5 L L b, KimXTih 5 kS & @ REREEZEAL
7z,

BRI BT 24 — 0 FEBICBIL Tid, 19574 IGY O—BRELTT AV E Y — ATy
I R SR D3RR & T LUK, BT IR T - e v 8 —0—f & L TRt
BU A -0 7EGEEELCE L, INE TOMBHRORSKERIE, 77 AAKFEL 25N
URFWEESTHONEIS IV T4V AR LPEET—% & UTNE, EHINTE
(NATIONAL INSTITUTE OF POLAR RESEARCH, 1995),

LA — o BN & > TROMED D FUC B W THIBFNICEE R IEICH D LD
EIZTE D,

(1) KBEORBATEE D> 1 BEA A7/ 7 v 7 M EEABEIT 2 2 L TE 5,
(2) FHREED B i 7 A b —ADREY 5 L b 2 F%A4 —o 7 288+ 5 2 &

DSTE % (EATHER, 1985),

(3) EEMZEREESOBIECHBEH 5 L HF 2 5T L EdEr —o 7 28l 5 2 & 48

T& 2% (ELPHINSTONE et al., 1996),

(4) BEHRIZ L 5 REOLBIANC L D, HBEKEEEIOM & Vb SRR I B 5 RAE S

DAGHEABIHIT 2 Z 3T % % (TayLor and GARCIA, 1995: TAYLOR et al., 19954, b, ¢, d).

2. ASI ¥ A7 ABEEE
BESLTU, FER, AATR, V=V AT —¥arRFNFROFMIOWTERDS, &
S, BT = DT =8 71—~ b, WIET =21V, ERAERIE DLW THRRID L,
1997 HFEMR S 3Lt O ZHARI I G U 12 FTHH T — 8 O30 D TRRIT 21T - T S I D 0
Tk 3,

21 HER

ASI DRHERIZBI | DL ST >THBY, KR, BATE, V=2 AT —v a A, FF
REZKAEND, ZITEHET, KFERCODOTEEAIZE RN,

ASI DHFRIE, KEL ZODEHT S, XYV v X b A4 VHEFERE, 741
Y — R I OITATHIRENED V) V=R S B, A4 VHEER, Vv —HERIIZEN
FNOREISH, 8HE 2OV > X THK STV S, stV > Xk, FO9, f=6 mm = I > §lI
faiRL > X (2) RHERAL, HEFMIZ 180 TH S, v > XOEEHNIZIESE T, AHM (§)
L AREEASR &S TELBIOBEIRIC B % | BRI R 2 AT 3 2 BT I3 80 BT X - THEREE
TR D 5 OISR I 2170 Hik%x £ 5, Tbh oD ) b — R PERIC 5 T AS
HF—HFATHRETE L, T 4 vy — %, CCD HFT HIRERR, RIKNEHBO
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Fig. 1. System configuration of ASI installed at the South Pole Station. The system con-
sists of an optical section, the camera section, the workstation section, and the time server.
Communication with NIPR uses the Internet via the mail server cyprus.spole.gov.
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74V —BAROFITHERBER D) L — L Y AR9 DA,
Fig. 2. Optical lens section including the object lens (F0.9, f =6 mm) and the relay lens,
which has a filter slit in the middle.
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Fig. 3. Design figure of the relay lens, which consists of 8 groups and 12 elements and has a filter slit of 16.6 mm in the middle.
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BLLRDSBRIEZIT) CENTEDL T A NY —KA =V EFF->TWS, Y V—HEROFN
H2K 3RS, 1997 EOBRITIE, BEOMm DT 7 4 vy —% BT 2 L L iz,
TANY—EL, BIUVY vy v ¥ —D 2RV Y 3 VERELTEAZT- 72, £ 11T 1997 D
BHNCHWI: 7 4 VY — DB E R T,

TANY —KRA —=WVRBAT v EVTE—F Lo THEEL, | RY ¥ 3 VBEITLDICH2
BOLBEETE, 74NV —ORBIZ T — 7 AT —a YO RS2RC I E->THIAIENTED,
V= AT7T—=3ar kD777 L X>TERD7 A VY —BFTHREEITS T & 050]HE
THEH, 74NV —KA —NVOEERHFAD | ARCRESINE72D7 4 VI —DORBERFD
REZIIEBRBLETH S,

K1 74NV —DOFLEREEEER 6 ODORYya>OREPZ 7 4 VY —k
4 —NVERERSEZ LI L>TIT.
Table 1. The central wavelength and the width of the half-widths of the filters.

74V —{iE LR (nm) FWHM (nm) FEIBE (%)
1 557.7+1/-0 40%1.0 25
2 630.0+1/-0 3.0x0.5 25
3 427.8+1/-0 3.0x£0.5 40
4 730.0+1/-0 3.0£05 40
5 Shutter — —
6 Panchromatic — 100
22. HASE

B AZEZIE, FEEHN 7 V—LA 7 VR 7 7 —8 (SRR b =27 28 S1502A) T, 512
EZXNVX52 7 e VOEREEFFD CCORBRETEFERL TV, |EEDHZY OEHK
H A X124 yumX24 ym TH 5, CCD ETFDEFEHIE —30°C DRREIZ BT 50 pA/ecm?=0.2
electron/pixel/s, FtAHL /4 XiX 1delectronrms TH 3, WHARE L TRZEE TV F =
EFHHEANTBY, BEHT5 L L VBEREBED T2 2 L8 TE L, ARG ENRE L,
NSIBYS 24°C DBFE—46°C £ TWHIT 2 Z EHAIRETH . A/D BHEOMRE X 14 bit T,
EREESGAE LE—FE2FEALLES 1 7V —20570 L9BOHRAH UEBEELEE T
%, 77D A % low, high, super high ® 3EFEH D, ZiLZ141 16,4, 1 electron/count D
REBCYIVREZ L ZENTE S, EEOBRAIOBEIX super high 7 A > THERAT %, EEOEH
ER»rS, EREEYEERGL DI, BT 4ANT - EEEXEYDH SN U HEHHIL,
BIETF— % & U CTYBEERREEERR L THB L. EBOBHIFT — 513, Z O EEIEE
WE-oTBHT—2 2 EB L L TEL I ENTE S, BERICOVLTRE, BEOEEICK
S HEIND Y, BHROEBOBREXBRAT -5 L L IREL, 74V — %2 vy
g —IBI L THRAERITOEERE RO 2 AEEHRAT LI L & L, BRIEKX DWW TOFMIIR
BOETHRND, VYXREROMIT A X FEHOLERK 41277,
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M4 SEFEREEOMATIA X TEHOSR., THICRZ 28N X FHOREFRTHA LED,
FREOFAFRF 27 4 M —K A =NV ThH 5,

Fig. 4. Whole system with the camera attached to the optical section. The small window

indicates the camera temperature. The filter wheel can be seen as a round portion

in the middle.

23. T—ORTF—a

B A ZEOFH L UTRESEE, 74 V8 —FKA —VOFIE, 7T—5 DD AK, ERE, #
17, Bk, BRAEER I3 7 —2 A7 —3 3> (HP9000/C110) TIT-> T3, BRZIEHEIL,
Ay b —rERINIzA Y b T — ZBKIERA (NTP) H—/% (True Time #-%¢ NTS-100) &
o TGPS VAT LRFIALIFANC Y — 27 AT —yv a VORZIZFEAE L 2 LICEoT
175, T REROMS T — /B s LT, 7Y% 1) =75 —7 (DLT) 2HAL
A4 GBDT —F 2REFT DI ENTEL, A ATWHLSDEIRT V— 413, WO 7V —
LT INH—=FEMNLTT =27 AT —v a YHIC A& iz, BESRMRE 2 5ET 572
DEHR T L — LOFEHEREHB L Tn5, 2%k, —BEEMRT « A7 _RiciigkL, 1 H
SOT—8 EER UK, | BEMTT — 77 —A4 73~y R (tar) K& > THERT — 7
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BADBERE HEITIT> TWw5, V=27 A5 —3¥ 3 YIRETIIEFICEIC 7 4 VY —THEREL
TR D & FEIE R ORI 2 ETEIC L - TR, 20O % H X SERICRE LK, BEEH
i 5,

24. EHA

KEWGHEA 21T HBE W, 74 VY —OHIENERF & R ERE L2 G udn 52w,
TANE—=ET ANV —(IEERT | 05 6 DEFTIRET 5. —F, BORBOWREHikid
THEYHY, —DRDHS5»UHIRE S RS EREAMNTIEE T 2 HETHY, b5 —0D
FHERZHOLCH T I LE8NET7NTY) XA US> THEBNCERE L2 BESRORE S
VY MRS RIZEIL T 4V —THRIRT 2 B8 DB LB 2 5TEIC & > TR 3 Hik
(auto) TH %, EHTIE, D7 4 V7 —HFS LBEIFHOM%E LD L 5 RIEFTEZ RS
BUHZITODERET 2 2L o> T, MR ET 2YHERRICH OB BT — P 2FIRT 3
CEDNEBETHS, HEBAE— NP, 2—u S8l —F, REOEHEIE— Rl
T, 74 V9 —HS ERSEEOHEEEHATDLEDDE 777y a b LTHoMT
DEHFRL THBL., —HOMASOE EINCHE S NPT OBEE— F & U CEFRICRD
BT 2L &> TEHMT OB 21T, 197 E0BBICHERALI: 7y 27y arD—&
R 21T 5, BANLEEESEE LTz FO» S F6IZMIZ, SuperDARN & OIL[EEHEID 7
DICERT Sz F'7, ASL & R 7 A2RDOBERE, MREAERF OBRIE— N & LT FI10, &AWy
FEIRG R R & L RIS TTRE: FOBRE A N T 03, Zh S BT — F 2B &

R2 19T FOBBPTHERA L7 4 vy —HIEHEER Y 7 A VORE. 1 3
D7 4 V¥ —FS LRESREE O | DORRIIIEL, Zh%EHE
BHERDIEWXE-2T 1 777y a v BEETS.

Table 2. The list of filters and integration time control functions used in
the 1997 season. One filter number paired with one integration
time corresponds to one image observation. A function is defined
with a series of observations.

F#&5 7 A NG —, FRSYIEE (s) HIBEIET
FO |, auto
Fl 1, auto
F2 2, auto
F3 3, auto
F4 4, auto
F5 5, auto
Fé6 6, auto
F7 1, auto-2, auto
F8 1, auto-2, auto-3, auto-4, auto-5, auto-6, auto
F9 16-22,16-3,16-4,16-5,16-6,16-1,32-2,32-3,32-4, 32-

l,
5,32-6,32-1,64-2,64-3,64-4,64-5,64-6,64-1,128-2,128~
3,128~ 4,128-5,128-6,128

F10 1, auto-4, auto
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DEIEALZEEZ0IEH O U OEHINIZERA A7 ¥ 2 — L 2HEIZEE L ERmO H, —
AR R E U CEHENIE21T> 12, ARRESEBR 21T 19T E 6 HnS9H 2HE TD
RN BITABHIZA Y Y 2 — L E2HE 1,2, BLU3CFnFnEHE1+ 5,

25 ®IE

BAICHEONIESRT — I o, YHEEL L TONHREICERT 57D ASIICE T
BHELRA TR L 7Bt S g A/DESHRD A 7 > MEERB S Z &1 &> TITH. EL
FEHOATESERT PO 2. © NIAZHENC IR A BRfR U 7o R 2 X S 1B 2, iz B2 2 008 %
WHEEIR DS IE S NIAEEESEE D & DX TH 5. ZOMEEZ & B > THENC TR (y=256) O
MBI BT 2WEE L 72 b DR 6 1R, ZORMIZKE ST Inm D7 4 vy —%@ELT
S 7235807 — 8 TH 2 BFERROFHRIZIT) S8 0> TET 4 VY —Z L ORERHE
REERD D ZENTED, ZHICE > TRD SNTBRERREE R 3 IORT.

HoHv7. "/nm CAL
Ho00 [ o
1000 //
‘l:' 74} ‘
T 23000
Z 5
-~ S 2000
1000 / L
LN
ot%“ , LT
0 100 200 300 500
T PIXELS
{ =4
G100 209 300 400 500 X6 X 50 y=256 128} 2KH.
Pixels %7 4 vy —IiZxtiE L T RBE O 3t i
X5 FEHESLPE % super high 7 A Y2 k- T FEHIEZIT-> T b,
WG L - EER, PRI OMEOMERHME  Fig. 6. Section through Fig. 5 parallel to the
HENTFELSDHTH 5, x axis at y=256. Similar test
Fig. 5. Test image taken in super high gain images have been taken with each
mode. The white spot in the center is filter to calibrate the absolute intensity
the standard source of light. of the image.

260 T—HT7Fx—2y b
BRI 7T — 5 3EMT, V- X7 —v 3> FIcBWT 7 v—A ID, B, Bl (UTC), CCD
BE, A ATNNTARE, 7405 —%&KS, BHEEEOB®HE 7V —LBREL Ty ¥ —i



PR 2 R IRIREE OBEE & WIHA T — & Ay 621

R3 T 4N sORERERE CORBERAB LT — 5 ICE
THIEW Lo THHEE (Res) WERT 5 EHTE D,
Table 3. The filter sensitivity characteristic coefficient. The observed
intensity of the image can be converted to the physical
intensity (R+s), with this coefficent.

¥ (nm) ERERHERE (R/count)
557.7 10.7
630.0 6.57
427.8 ' 31
730.0 15.7

ﬁmm/z17v—Artmﬁﬁéné.7V—A1Dmﬁaoﬁﬂnﬁ#6ﬁﬁk,Eﬁrtm
TAVIZ P)BEZRNS ITHIO7Vv—LIDE277ANEZELT, | 7Vv—L% 17741V
ELTRIFEEND, 7V —ABHRIIT —F 7 7 A WHEEHD 512 /84 b O~y ¥ —RBIC i
NTWD, 7—F L SI12X512 D 234 P EEOFEATHERICERMREI N THE, 7V —L4F
|, BLUT - 2FHALTROOMEREE 4 1R,

2.7. HERERR
ASl ¥ 27 AR OEIES X IMERERER Z1T 5 72012, B S ICEIE T 2 R11C 1996 45 10 B
10 HER > & 11 BRI G T, IR FEREERIFTNIC B\ CRABERI 217 o 7, 8L, £

R4 ASISPTRIBMUICEOLNTWET—F 7xr—7v
b, ZOMERE CERET S 7 LCAAL
EICE VAR LYEREE B,
Table 4. The data format used for the ASI-SP images.
This structure definition can be used to read the
data with C language.

struct {
int  frame;
int  date;
int  time;
int  sec;
float temp;
int  hk_temp;
int  filter;

int  exp_time;

char reserv [256-sizeof (int*8)]:
b id;
struct {

int  data[512][512];
} dd;
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All—cl Tirnage servations

Frrpeess TOEIT ipere

X7 1996 4 10 A 11 HOBEEIC BV TEE X/ Eff
Fig. 7. Observed image taken at Zao observatory on October 10, 1997.

R TR L R R O R RIS T, L BARTORE 4593005 4 8% 193 DR, 557.7 nm
D7 AN = &> TBRIRITo 72, BRI 607, %300 E Lz, ZORHCEE
ENERIT, ;TS TV —LThHol2, ZOT—I D560 I WEKTELTHITS, 3
T 30 43 dp £ D OBTRIRERI N BElic b7z D KFE R km OERIEGE S FE, HET 5
BRrBR oIz, 115 7V —AD7 — 5 #BEROB TRHEZEMEL TAZELDIZ-ED &
ZFORTRADLIENTE S,

28. B EMEYE

1996 4 11 12 FiRBi s Aurora Lab. B _FiC ASI & 2 7 4 & 381, 1997 4F 6 F & 0 Zf%
BB ARG L7, RERR AR L2 EEAN 8 CTRT. BLCBRB LY I A F—ADHE
TIZASIOARV Y AR5 N TES, ENLOLAI ASIAATEREBLY, V—27 R
7T—va yEoeRFR 9 IR T, EiEaEM & ENETZERROMIZ A ¥ —2y Mic Lo
THEEN T 203, P HKERRES & OKE—mB S OBmERRR R T 5 1 OFEHT— 5
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X8 FEetsaEH Aurora Lab. B EiZ
LV Rl s Rl EERE
Fig. 8 The ASI-SP installed at Aurora Lab. in South Pole Station.

HEXNT ASISP VX TF L%

9 ASI-SP Y X7 ARENH»S B EH,
D= AT —=vavEIAATE L L
bICHEEEBEINTEY, F—208%
FRIDDO7: » DTGB SN TV 5,

Fig. 9. The whole ASI-SP system in Aurora
Lab. The system is installed in a dark
room. Warm air blows inside the
dome to prevent frost.
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(RS 13 1200 bps FEE, BESTREAEIE | Hb7e DRI BRI Ch 5. ZOERREEL T, EAA
b A — WD, Y —F— ¥ OEEEITD 2 L AT X 24 0000 UT 1257 OB
ROV ) —ERHSET A — Mz & D ENTEHAFAANER S 1, 2 OREFIC & D ROBLAIA
TV a—VORFEEEITI CELHREETDH S,

29. BUAFER

1997 4 6 A5 8 H £ TOMBRIZITY, BUG L HGBOME 2 101273, AOHA
A — 0 T OIFEE MG L THEROE 5 S 6T 57280, BB 21T 12854, BEL
TZEEBROBEE R2 2 L THAIEEDA —u FEEFRNEEET 2 2N TE S, 19756
A25H K195 UT 27 4 V% —557.7 nm T S L ER K 11 10Rd, HEERE € —
FTERLTWHIRTH 225, 4 BOBH THRES NI BILEHT 24 —0 7 L EFRO
EWES5ThARTA2R2ZIENTED. FEBRETON A ZIFEELEANZ Y = v OHAN 4
LEIBEINTWD, ZOEBRERTHHESLTH B3, 4 —0 T OFNEEIZIER 2R
BlokE Kb 2700, FEEICEH L DEBRICB W THEEOFREN R SN, BOEE
ZHET B IV AFNCER 2 FIEETHAT 5 2 L L Uzds, HOEES &L
FFRHCER ORIV ICA SN, 2o DERBECFEMNBRREEMET 2720, 7H 31 HiZ
HEMES 7 VT ) RADRREZITo Tz, ZORBEOFME L ORI OWTIE, £7 -5 DFF
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N N S S NJ N N $ N N
#gye

10 1997 FOBAIC & > THB SN | HI L OERIEROMER, FICHBBE L 28
REFLIITo 12728, BUSKEOE#HNRE S 5,
Fig. 10. The number of images per day taken in 1997. The number of images varies due to
automation of the integration time.



FRR 2 R HR ISR E OB L VI 7 — & T 625

R 1976 A2 HeEHlEh, 1> —2 v Mk o> TEXRS hCHER
Fig. 11. Observed image taken on June 25, 1997 and sent via the Internet.

M2 21T, 7T ALADOREFOFMZBRNBLETH L LBbhd, —75, A —n0
7 DIEHHEFRZ I | HOBIC b BEABHOZILE L TALIENTELZ LR
7z,

1997 4£ 8 HHiD A RV — 2 V3, A—4—0 7 2SFERTHAIL, D, Y AT L2ED
HRE, MRERBR T IRN BT — F F8, FI RU FI0 2 W TERM L, BERS 7 VT Y X
LDOBEZ, BEEHERENA — 0T DL SRV 7 4 VY —FHIZIEC T, BHlA4 2 -5
ELERHLEWESICEELTWE L THRT A EBNTE L, HA—F—u 7 2R (74
WY —) BEZTERATA 2L, A—uIFNEOA—a kT (BEF) ODTALF—
DHETE S, FO—FI%E 12137, 4, 1997E8H 11 H K504 308 (UT) &
1B 504 558 (UT) IclB & 725577 nm & 6300nm DA —u 7 4 X— T, Bl
T— Nk F9, BRI 16 TH-7, BRSO MLT (BEHIGRE) 13KIFRI SR TH 5.
FEeEGE (M 12a, 557.7nm) TR LEEEICHEBICEWT — 2798350, BKAKREE 20
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(a)

(b)

12 (a) 199748 A 11 H 11K 5043 308 (UT) BB & N7z 557.7 nm DE{R & (b) [H
11§ 50 53 55 % (UT) 2B & 7z 630.0 nm D&
Fig. 12.  (a) Observed image taken with a 557.7 nm filter at 1150:30 on August 11, 1997 and
(b) with a 630.0 nm filter at 11/50:55 on the same day.
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KA —o I BBEIEN TV, BERE (X 12b,6300nm) i3, EEET7 — 27 ICHET 560
37 <, auHRA — o S OFEEEINE B SN TVwE, &5, 8BRS 2ok
A—uI7B3HHEL WS (EEHEDA Ky MIB), A6, BEE7 — 27 2FKSE T 54—
O R FOLINFE — 138 keV LU ETEIANVF KIS %S+, BEKEMHLTIHET »
NE—RSEEGH, EERETIIHC, STANFEF BN E>Tns I Enfflan s,
INFEFTORBETOA—0FLRI AT I u (AHSE) ERTH-720, 2hd
OVEBREZNS Z EHBTERPoN, HOPWRTOA A-Y 1304 —0 7 HABEO
MLT &5, KBRS & OBk, 4 —o 7k T ORI, MKECY 72 b —LAFEEkE
BEIA 27/ 7 v 7 b L B4 — 0 F REBRE, FEHEEI N THS,

3. BbbhZ

KX TIE, ASI ¥ 27 ADOBEES J UYIHIRERIC DWW TERR. K ASI D X 5 BB 7 4
W — BB LT CCD A AT 12 & 2|RY AT 23, FOKE, BEESOHICBWLTA—
o 78, REABEROSFCBL TR THEZREZWHDOTHD, Thdr S OBPRERIC
RELHEHFEIN T WA, F72, CCD 2o -HBREREEHI S X 7 AGEEARICHESE L DD
HHENHTHD, SEXERICHNTETH S L & b, STEMEHEA LIcEGNLE, HEhkF
i EOFMEEAEDLE L I EIXE D XS EEBNLRYEHEROMBIICIEIL Db D & FE
END, E51, A vF—2y NEFIALZAY b7 Efffe OFFIC L D, BERREH
B, O BRI HE) T Y A ATOHMBRERBEOE =5 ) > FOA[RRIC KL 5 LW S HT LWLA]
BEMERID TV LWV HIZBWT H KE REHENEI LTV 3,

SHROFEL LT, BAEAREFOBB 2RET 5 2 LI & D 3 5 IS HBY S IERYIEER
ROMBAEED T LESH B,

B%iZ, ASI-SPER AW THONKLBHA T D—HizconwTiE, 41 v¥—*v b L
(http://www.nipr.ac.jp/~asi-dp) TABZIT-o>TWAH I L ®2HLEZ 5, HL, AIhTW
L, 7V =y VAR db) REE T, GRERICEo TV,

| 33
BEBEH 2 1ThE T 2 n i FALRFEF IR BRI OFRMIBK S & ORERFI5AKIC
B L E T, BERATOBRNCHEE TR ZWiz72vw7z ASA, the AURORA  Science
Technician; Chris CLEAVELIN FGIZIEEH W2 L 3. VU LV — L > XRFHIEICE R 2 TEW 7.
(%) = a »EMTTERMTERFID R I KEE B BILEHL LT T,

X M
k) B o BEAIE (1996): MEBSEM TR S 2 BEAA — v 7 OFHE. EERER, 40, 267-305.



628 ] FR JERS &

EATHER, R.H. (1985): Polar cusp dynamics. The Polar Cusp, ed. by J.A. HOLTET and A. EGELAND.
Dordrecht, D. Reidel, 149-162.

EATHER, R.H., MENDE, S.B. and WEBER, E.J. (1979): Dayside aurora and relevance to substorm current
systems and dayside merging. J. Geophys. Res., 84, 3339-3359.

ELPHINSTONE, R.E., MURPHREE, J.S. and COGGER, L.L. (1996): What is a global auroral substorm ? Rev.
Geophys., 34, 169-232.

NATIONAL INSTITUTE OF POLAR RESEARCH (1995): Data Catalogue in World Data Center C2 for Aurora,
5,173 p.

TavLor, M.J. and GARrcia, F.J. (1995): A two-dimensional spectral analysis of short period gravity
waves images in the Ol (557.7 nm) and near infrared OH nightglow emissions over Arecibo, Puerto
Rico. Geophys. Res. Lett., 22, 2473-2476.

TayLor, M.J., BisHor, M.B. and TAYLOR, V. (1995a); All sky measurements of short period waves
images in the Ol (557.7 nm), Na (589.2 nm) and near infrared OH and O2 (0, 1) nightglow emissions
during the ALOHA-93 campaign. Geophys. Res. Lett., 22, 2833-2836.

TayvLor, M.J., Fritts, D.C. and ISLER, J.R. (1995b): Determination of horizontal and vertical structure
of an unusual pattern of short period gravity waves imaged during ALOHA-93. Geophys. Res.
Lett., 22, 2837-2840.

TAyvLOR, MJ., TUuRNBULL, D.N. and Lowg, W.P. (1995¢): Spectrometric and imaging measurements of
a spectacular gravity wave event observed during ALOHA-93 campaign. Geophys. Res. Lett., 22,
2849-2852.

TayLor, MJ., Gu, Y.Y., Tao, X., GARDNER, C.S. and Bishopr, M.B. (1995d): An investigation of intrinsic
wave signatures using coordinated lidar and nightglow image measurements. Geophys. Res. Lett.,
22, 2853-2856.

(1997 £ 9 B 17 HZA(F; 1997 4£9 A 24 HHETFEZ )



PR R RIRIREEE OBLE L W T — & T

BIZR1 1997 6 AOBRIR 7Y ¥ 2 —
Appendix 1. Observation schedule in June 1997,

Hft PR T £—F HeF BAfR KT £T—F
970601 0000 2359 FO 970616 0000 2359 FO
970602 0000 2359 FO 970617 0000 2359 FO
970603 0000 2359 FO 970618 0000 2359 FO
970604 0000 2359 FO 970619 0000 2359 FO
970605 0000 2359 FO 970620 0000 2359 FO
970606 0000 2359 FO 970621 0000 2359 FO
970607 0000 2359 FO 970622 0000 2359 FO
970608 0000 2359 FO 970623 0000 2359 FO
970609 0000 2359 FO 970624 0000 2359 FO
970610 0000 2359 FO 970625 0000 2359 FO
970611 0000 2359 FO 970626 0000 2359 FO
970612 0000 2359 FO 970627 0000 2359 FO
970613 0000 2359 FO 970628 0000 2359 FO
970614 0000 2359 FO 970629 0000 2359 FO
970615 0000 2359 FO 970630 0000 2359 FO

B2 19977 HOBRIRA 7 ¥ 2 —v
Appendix 2. Observation schedule in July 1997.

He¥ B KT E—F A g KT E—F
970701 0000 2359 Fl 970717 1100 1959 F7
970702 0000 2359 Fl 970717 2000 2359 Fl
970703 0000 2359 Fl 970718 0000 1059 Fl
970704 0000 2359 Fl 970718 1100 1959 F7
970705 0000 2359 Fl 970718 2000 2359 Fl
970706 0000 2359 Fl 970719 0000 1059 Fl
970707 0000 2359 Fl 970719 1100 1959 F7
970708 0000 2359 Fl 970719 2000 2359 Fl
970709 0000 2359 Fl 970720 0000 2359 Fl
970710 0000 2359 Fl 970721 0000 2359 Fl
970711 0000 2359 Fl 970722 0000 2359 Fl
970712 0000 2359 Fl 970723 0000 2359 Fl
970713 0000 2359 Fl 970724 0000 2359 Fl
970714 0000 2359 Fl 970725 0000 2359 Fl
970715 0000 1059 Fl 970726 0000 2359 Fl
970715 1100 1959 F7 970727 0000 2359 Fl
970715 2000 2359 Fl 970728 0000 2359 Fl
970716 0000 1059 Fl 970729 0000 2359 Fl
970716 1100 1959 F7 970730 0000 2359 Fl
970716 2000 2359 Fl 970731 0000 2359 F1
970717 0000 1059 Fl
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Appendix 3. Observation schedule in August 1997.
=t Bt T £—F Hft Bt T V¥

970801 0000 2359 F7 970818 0000 2359 F10
970802 0000 2359 F7 970819 0000 2359 F2
970803 0000 2359 F7 970820 0000 2359 F2
970804 0000 2359 F7 970821 0000 2359 F2
970805 0000 2359 F7 970822 0000 2359 F2
970806 0000 2359 F8 970823 0000 2359 F2
970807 0000 2359 F8 970824 0000 2359 F2
970808 0000 2359 F8 970825 0000 2359 F7
970809 0000 2359 F9 970826 0000 2359 F7
970810 0000 2359 F9 970827 0000 2359 F7
970811 0000 2359 F9 970828 0000 2359 F7
970812 0000 2359 F10 970829 0000 2359 Fl
970813 0000 2359 F10 970830 0000 2359 Fl
970814 0000 2359 F10 970831 0000 2359 Fl
970815 0000 2359 F10 970901 0000 2359 Fl
970816 0000 2359 F10 970902 0000 2359 Fl
970817 0000 2359 F10






