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Balloon-borne Telescope BAT—2
By

W. Tanaka, Y. Nakada, T. Onaka, T. Tanabé, O. Hashimoto,
M. Nakagiri, K. Kodaira, and N. Yajima

Abstract: A development of the balloon-borne astronomical
telescope BAT-2 with a 30cm reflector is described. It is equiped
with a near-infrared Fourier transform spectrometer at the coudé
focus. The primary purpose is the high-resolution spectroscopy of
red giant stars free from terrestrial atmospheric absorptions. In
order to pursue these observations, a high-precision attitude control
system is required. At the latest flight, the coarse control stage
achieved the star-tracking with an accuracy of 0.1 arcminute, while
the fine control stage obtained an accuracy of 1 arcsecond. In this
report, the recent results of the attitude control are described as

well as the instrumentation of BAT-2.
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* BAT-2 HOUSE KEEPING DATA +

Date 1989-06-01 Standard Time 22:30:00 Local Sidereal Time 15:38:46
Balloon Location: Longitude 142:12.0 Latitude +38:55.0 Altitude 27km
Star: No. 323U D ALFIHER BS6486 HD156814 [RC+10324

U 3.8 - 4.8 K -3.%1 L Spectral Type MoIB-11

Right Ascension 17:14:10 Declination +14:24.1

Azimuth 312:49.1 Altitude +57:43.8 Hour Angle 22:24:37
Telescope: Azimuth 346:44.6 Altitude +57:56.5 Power OFF:O0ON QUICK:SLOW

Coarse: OFF:CMG:HU:CTR Of fset: Azimuth -13.1 Altitude - 5.4
Fine : OFF:HU:CTR Offset: X + 0.0 Y - 8.5
Sensors: Ga + 8.1 Strain Gauge - 6.0 CMG Inclination - 1
Coarse: Gain 5 DC Output +56.6 Error Signal:Azimuth + 8.3 Altitude + 8.8
Fine : Gain 8 DC Output +56.4 Error Signal:X -1.8Y% + 6.4
Camera: Gain 13 Gumbal: X + B0:00.80 Y + 8:88.8 Position Angle 349:38.8

Interferometer: LOCK:RELEASE:SCAN:GAS  STAR:LAMP Mirror: X +82.9 Y + 0.3
Gain 1 Sample Point 3K:5K:SK:17K  Gas: Pressure +298hPa Flow +1.161/min
Temperature: POW +25.9 ABS -20.0 CMG +29.8 ALT - 1.7 CsS -22.2
FSs -11.7 FCM ~14.8 caM -13.6 IFM + 5.7 0BC +26.9 CTR +25.9
Star No.=323
K14 ~ovx-F—E 7 F—5DERH
KA S~ - F4 2T -2ERLTEBY, 2742
BH5—DEBEVWTERLTWVS,

ZHTH B, ThENESEEAEL oL —EficEREh s (M14). O
WKRHEISNEEOMNBEBROF - 7 b FRENTBOYEEBOLRE T — 4 LR 5D
aw v KA. bhbhicEYTcohk-awy FId2sbn, ThiYoBiLHEFH
FTEIEICLDIODOT Y Fo—UWTRZR DB (F4).

5. 3 v kF 3

HEBX2EKIIONDOMN VO 25mm BOT ALY - %y YTESNIT v F IS T
3. IV NSIRYEEE 7-7%E JUNRLMZ,HH 5 LS CMG, BXRER, |,
NS RMEEFRPDI FIBICHBETEX L, TV FSREETEHRMbRIR0ME L UNRE L
ZENLTOENY, HETF XA PRI FELOREEAXZALENH L, BRICT HID
HAHEERMERBHICE 32210, ZhHAHEIOREICGEELE5 AT VEOET 3
PERHZ, L UNRUMZOMTIE 7 —FEERICEBO I oshThah, Tv RS
SHLTEHYaA Y rANLTERIOMM DY 2 503 v - 281 716K GARR/ Y ¥ 75 7)
THEEIhTVL 3,

EERBADEF WL TV F5OFHE 940mm (£ 7) X940mm (2 2) X 2,000mm (&,
E#81,500mm+ F&500mm) TH 5. 754 MHUC FZRIcB T A REEBICELILEZD
BHEBLLDICIOMINCHE TS ZF v 7OBVWHEMNT SN S, ERIZ 7 VEHBTH
500kg TH 5.
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A6 #Hv452
A 7 FTS £—F (LOCK, NON-GAS—RELEASE, GAS—SCAN—LOCK, GAS)
A8 FTSHv 71 £4 vk 3K, 5K, 9M, 17K; U+t b CPU)
A 9 FTSXE (BH<—8&E
A10 FTSEESHHAE X+
All 7 X -
Al2 ” Y +
Al3 ’” Y —
Al4 KA1 v L
Ald ” T
B 1 #EY# (B2-5 74y 2 (60 min)<—> 20— (6°min)
B 2 WESsSEAVYFvs KA A
B 3 7 AL &
B 4 7 = L
B 5 7 =27
B6 L7279 (B7T-10, 14, 15) H A F<>F 7€y b, Y
B7 #4x5«Jvs5u X+ or #7412y b+ (B or X)
B 8 ” X— or 7 — (HHL or X)
B 9 ” Y+ or ” + (&% or Y)
B10 ” Y+ or ” ~ (&E or Y)
B11 ¥&ifE — FUE (OFF—CMG, ABS, GA—~HV ON-—~CONTROL->)

B12 ¥s#ife— FUE% (OFF—~HV ON—->CONTROL-)
B13 L 2% (B7-10, 14, 15) : Hi<—¥

Bl4d #A5 or vv4 ¥A4v L

B15 #1435 or +®v% #4v F

6. RBHIEDOEKE

PIFEES L ORENE SN 198IEE OFERE/D LFEL (BN 3,

fERiZ 6 A 10, 18824y, B TIEHciTEbN. 20W1753 & 26.3km T L N -
754 MTA-T, MUIGA £y 4D EFIC3IFBFERLEVEH-7cDT, BEAN S DICH
Mihs - 7288, —EHOZ 6N 3 ERIBIONEEOMRRM TRAICEBATE . a Lyr,
a Her, 109 Her, 106 Her, BS7183, a Boo, ¢ Lib, BS6834T& % (%5). 6 H2H®D 1
BE355Y LI IE 2= v FORFIC L VBRI ARAIREICIE » o8, TR TH 7 — ) 25Edk»E
X TV S S ERINR OEHEIEO L - O AEHS05T) BENnTH A D.
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109 Her V=3.84 K25lllab

DC
G=8
7 57.448+0.291
6
G=5
— SKY
L 1 | ] L L I 1 L 1 1 1 i I il L ] ! I ) L L 1
AZ
MMJ
} 9.530+0.621
0/067 (0°085)
1 1 L L I 1 L i 1 1 | 1 ! 1 | I ! 1 i L 1 i 1
AL B
MWWWWMM/
3.114+1.231
10sec 07132 (07169)
I 1 ] | L i 1 1 i 1 L ! L I | ! ] 1 L ) I t 1
109 Her V=3.84 K2.5Illab
DC
61.049+0.283
A L !} ! A ! A I L 1 1 ) | 1 1 JE— |
FX
)
| ~0.164+1.155
0770
1 t ] Ny 1 ) I 1 1 1 1 1 | 1 L ! i | 1 I I 1 1
FY ]
10sec ' —~0.110%5.639
L L 1 L 1 L L 1 1 1 L ) L ! 1 L 1 43' 421 L 1

K15 2% —-+v4HHof (109 Her)

ERME 3Bk DC ), HfrEEEOREREY, TRt v +B%Ro DC
7, X#he Y #oBREESERT. i cH® 3 108, Biokn
BAeh A TENOKLNIIHIE L TH 0, KHIZZhZ0EH/H ON 2R,
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#£5 BHIEDOY = b

% A b3 REE (1989) K& % K Z 7 b LR
a Vir A 13 24m 37T —11° 6.3 0.97~1.04 1.68 B1III+B2V
a Boo © 14 15 10 +19 144 —0.05 -3.00 K11IIb
g Lib © |15 3 25 —25 14.3 3.20~3.36 | —1.40 M3 Illa
a'Her © |17 14 9 +14 24.1 3.0 ~4.0 | —3.51 M5 Ib-II
HD 156860 X 17 19 14 + 2 9.1 6.91 —0.17 M3
a Oph O | 1T 34 27 +12 34.0 2.08 1.66 AL III
BS 6834 O 18 15 33 + 2 225 6.01 0.71 M4 Illab
106 Her © |18 19 50 +21 574 4.96 0.87 M11II
109 Her © |18 23 14 +21 458 3.84 1.09 K2.511lab
a Lyr © | 18 36 34 +38 464 —0.02~0.07 0.02 AOVa
BS 7045 X | 18 45 22 —19 37.1 6.42 0.42 M4 111
113 Her O 118 54 17 +22 37.8 4.59 2.04 GAIII + A6V
BS 7183 © |18 59 30 +22 48.0 6.29 0.89 M3.51llab

¥ A AXA508, O HEEY, O FHE], X fEL] O SHE

#£6 v bo—LDhh - o EEE

% Bl HoH L | @ ¥oH @ X Y

a Lyr 20%44™ 44° ~21"31™ 54° | 0.07" | 0.12" | 20°49™ 42 ~21"31™ 44 | 0.5" | 3~4"
a'Her 22 3 31 ~22 46 28 0.07 | 0.09 | 22 6 37 ~2246 23 0.5 | 3~5
109 Her 22 52 11 ~23 2 48 0.09 | 0.16 | 22 53 20 ~23 2 43 0.7 | 4
106 Her 23 5 54 ~23 16 20 0.10 | 0.18 | 23 8 &5 ~2316 6 0.8 | 4
BS 7183 2324 7 ~2334 2 0.2 0.5 23 25 50 ~2333 10 3 8
a Boo 2340 0~0 9 31 008 | 0.12 1 2345 6 ~0 9 25 04 | 2~3
o Lib 015 18 ~038 8 0.06 | 0.10 018 39 ~ 037 58 0.4 | 3~4
BS 6834 122 52 ~125 (escape)

X153 109 Her O #ilfilfic B3 2t v DI A 4 - F+— b TH D, BEETORHK
%% rms L, 7 F 2V OEBHEIE (DX ViiciMT 3) T - 72600 5 REE|
HoBRENHETES, XD & Iy TS, ey TOY TH 5.

6 FEAZRFIIRBHHOEE I EALHL XX ST, HMA0.0843 (rms), &
3013 53f8, KEHRIEO X B 0.5, YN 4RWATh -7z (X6). AL TEED
BESENORIFHOMOELEX30m G L2 BN Ok H O EAZ 1 TV 5 Hh
5T, MIsoh —FicbEanbENTVS, FIHEHE Y ORBEIEV O IBERESHRO o —
HNV e T 4= KNy 2 DFBBELTHEIL - EFEZONS. 6 FRTIIHE v+ DOHEFFH
30 bBID, Ny IS5 FOHBIOKE (I VHEIC>ENA4E) 220 TRHREDY
FILL, AALTO0.24r, @ETOS54, MHEMX T3IW, YT8HEL -7, KITBST7183
BERDOINOPICH > TNy 7759 Y EBFTIFHLZOVHEZDEVERELSHEEZ S
ha,
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7 =) IARBROBREBRIAT 77 BRI 1IDHHYTH 200, INOOKER T4
XEHTHE, VA, 777 - LYXORERIILED, F1¥ 75 L0HhTENE)
Ll EENEY ONBAREM SR A SN DD, RAHRO BB IS 10Hz LM T
HHOIKHLT, A v 72075 sDREHIKE300Hz L EThBcnFE -~ KT
5,

#t [

BAEKRZ B4, FHEHRMOMAN  #if k&R ORKIKBLO /54 OHII0n 5
AT 5. FERAEED 5I2Y-T, BERZ, RS, NEGE, B B
EAgE, L=, R K A, ITHENOBEROWM N EZ 7T LITKET 5.
Z ORI, XHRERER B S RPR B (HMS2HE~5634, R&H - M #),
—HREFE A (BEFN53~55%4E, REH  /INPHE—), RUBYEIhBIE S (5524[0], HIFNS8EE,
REE /NP OERMERT TV 5.

& & X #
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