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Abstract

We present results of performance evaluations of broad-band filters and a cooling CCD camera installed to an astronomical
observation system renovated in March 2020 at the Tokyo Gakugei University. We obtained no serious differences between the
transmittance courves of our new four filters and those of photometric standard filters. On the dark current of our cooling CCD
camera, ML8300-GPS, we found that the mean values of the dark current image increase in shorter exposure time so that the
CCD temperature was high. We also did that there were no significant changes of the values up to exposure time 60 seconds.

Our new CCD camera have good response linerities the count ranges from a few 100 or a few 1,000 ADU to over 50,000 ADU.
Keywords: Tokyo Gakugei University 40 cm Telescope, Broad-band filter, Cooling CCD camera, Performance Evaluations
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“WHICCD A * 7ML8300-GPSIZ i, ON Semiconductor
L OKAF-83000CCDF v 7H M E N TH Y, ¥
V- 7 =< v ME3,326%2,504 (83077 M) T,
FHFERMIEH O~ A4 70 L v X £ MAR glassh %6 #
SNTW5, FLItto 7 ¥ a7 p6, 21 12ML8300-
GPSO E itk a4IT 720 F72, R2BIUTH3 I
ON Semiconductorft @ 77 ¥ T 7 (https://www.onsemi.
com/pdf/datasheet/kaf-8300-d.pdf, 20224F 2 H 7 H i
M%) 25, KAF-83000 & TRIZEO W EMKRE % R
L7z A5 07 HORMPS DT — 5 OFAMMY 1213,
7 1) — > 7 ;7 x 7 SimpleDigitizer (http://www.alrc.
tottori-u.ac.jp/fujimaki/download/windows.html) % Fi \»
7o B, K2BLIUH3IOETRIFEIL (701
L v X EMAR glass# 5 D EX GD72 b DTH b,
ML8300-GPS % ODK16(Z##§ 5 2 £ T, EZ7 L5y
7 RE1X0.40080 fiy /pix, HEFI1X22.75 3 x 17.05 4 & 7%
% (N2, 2021),

TAIZINS AMDIETIH 7 1 V& — 12X LT
1) EBRROWEMAE (EBEREAR) (28D AREk
DRERE, WHCCDA A F12H LT, 2) BLEEMIC

%1 ML8300-GPSMDE % 4%
P A X 94mm X 94mm X 121.3mm
Hi 1.3 kg
CCD On Semiconductor KAF-8300
CCD% 1 7 FKm RS
W7 +—~<v b 3,326 pix X 2,504 pix (8307 I )
HESRIS 5.4 um/pix
REESINTAEY MDY B —55°
54 AR 16> k
AL AR 11 e~ RMS@1.5MHz
A=AV vy F—| p4b
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#£2 KAF-8300nEF%E (QE)

A

(nm)

QE | 2 QE | A QE
(%) | (am) (%) | (am) (%)

QE
(%)

350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540

19.72°| 550 56.87 | 750 34.93
25.01 | 560 55.94 | 760 33.21
30.70 | 570 5522 | 770  33.35
36.26 | 580 53.29 | 780 32.55
3784 | 590 5319 | 790 30.17
3797 | 600 51.38 | 800 28.85
39.57 | 610 49.75 | 810 27.66
39.05 | 620 51.17 | 820 25.86
43.27 | 630 50.28 | 830 24.03
4486 | 640 4838 | 840 22.50
45.11 | 650 4746 | 850 21.12
4393 | 660 4759 | 860 19.45
4750 | 670 46.71 | 870 17.60
4854 | 680 4512 | 880 16.19
49.49 | 690 43.53 | 890 15.04
51.50 | 700 41.34 | 900 13.54
51.77 | 710 4055 | 910 12.00
54.15 | 720 3831 | 920 10.72
55.28 | 730 36.26 | 930 9.623
56.80 | 740 3593 | 940 8.504

7.179

6.087

5.263

4.499

3.811

3.043

2.537

2.096

1.588

1.191
0.9263
0.5293
0.5162
0.3856
0.2647
0.2565
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AVY =%, HEE FERTIAINVT— - DAT A
CIPON, HPGIERE S 257 A DBT 4V F — | ZHEPLL /-
LD%EBT ANY —, V. Re, 1.7 AV —IZHEHL
D%, ENEN, Vig Rug Lig7 A VY — L IR
ERAE

-
—

2. 2 EREBHLIUVUER
4 DODIRFE, B, Vie Riay Lic7 AWV F —DiE

_69_

FEFHTRARBLI > A 7 2 OV REEFAT

~ 100 T T

x L J
~ 80f E
# L i
& 60r .
o B KAF-8300 7
W 401 [\ (r45oLlv X MAR glass)
E 20 E
mllml 0 . 1 1 1 i

400 600 800 1000
KR (nm)

3 KAF-8300N=FEDFEREFHE (BEER) &
BERKTAINVE— - AT LDB,; (FQERE),
Vie BRBEH), R BEER), L (FEEE
7 1 V2 —OFEBEMER, BEHEER (hm), it
BEFHE (%) £EIEEEE (%) 27, &H
KAF-8300D B FHFEICOVWTIIEEZ I NETLY
OL>XEMARglassz2ZEBL TV

e A,

WA A W E T 5 720, WREZERKFIEME AR
TR T AL B O H A G o W ARG S B ST
V-650% 72, FEERIE, 20224E5 A23H 12, D,T ~
ThIvavEy ATy WI1) 5o 7%NHE
L, HEDWEHPH %200 nm - 900 nm, 7 — 7 (Y A
ADOMEE 1nm& L TIro 72,
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KI31Z, EBPOLEONTB Vig Rig I 7 A
NV —oEEFEREY, 2, ZOBMEREMEEIZIT
BT 2 & BRMHORET— ¥ 2K 31N L7,

INLERBERBELS, £ET AN —DOE— TR
RAEBE, N (RAGEBIEITR T 2 A 7 5
HAB0% L1 & 72 B W), HOiER Girsdiaxt L
THLERDIEE), Ny FIE CRERE) 2Kk, #
412F &7,

2. 4 EE-FEXMHIR
KIGETHRONIZFEZRTANT — - VAT A,
Brg, Vig, Rig, Iig® % @3 AR & Bessell (1990) |
L BHEAERNGS AT I, B, V, Re, DB MZFMH%
B4 12351 72

BAHE, BIANVT = LT, Big7ANVT—D
EBRITEEICRCERREMIZY 7 P LTwsZ E
Wanbe $72, VA IWE — IR LTV 7 4 IV T —
OFE B MR RO TBY, R 7 A VY
—OFEBRIHFIIRBEEMIZBNT, Re7A4IVF — &
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R3 BEXT14IE— - AT LOEEEMG
BTG VTG RTG ITG
A T A T A T A T A T A T A T A T
(m) (%) | m) (%) | m) (%) | (m) (%) | (m) (%) | (m) (%) | (m) (%) | (m) (%)
364 0.0 470 50.9 467 0.0 600 35.1 537 0.0 650 82.6 693 0.0 860 94.0
366 0.9 480 32.8 470 0.3 610 26.6 545 0.6 660 76.7 695 0.1 870 94.1
368 14.8 485 22.8 478 4.8 620 16.2 550 8.7 670 70.4 700 0.5 875 934
370 29.6 490 17.9 480 9.6 630 95 560 29.6 630 66.3 705 3.1 880 91.5
373 41.9 500 8.7 482 18.4 640 5.4 570 65.0 700 54.6 710 10.8 885 81.5
376 50.4 510 3.2 484 277 650 1.8 575 80.9 710 50.6 720 339 890 55.8
380 60.0 520 1.3 490 489 660 0.1 580 87.7 730 44.0 730 60.5 895 31.5
385 72.3 530 0.2 500 76.2 662 0.0 585 95.1 750 29.4 740 83.3 900 19.5
390 79.2 539 0.0 510 91.8 590 97.2 760 26.5 750 93.1
400 92.7 520 97.6 598 98.5 780 20.9 760 96.7
410 97.3 527 98.5 600 98.2 800 13.9 770 98.2
418 97.7 530 97.8 605 975 810 12.7 774 98.4
420 975 540 96.0 610 96.1 830 6.3 780 98.2
430 95.9 550 874 615 95.5 850 3.0 790 98.0
440 90.4 560 80.0 620 92.7 860 0.7 800 97.6
450 84.3 570 70.2 630 89.5 870 1.1 820 96.7
460 69.1 580 58.5 640 85.2 890 3.3 840 96.1
465 62.2 590 48.5 645 85.1 900 5.8 850 95.7
R4 BEXKTANE— - AT LDEHE
VEDZ Ar2 Brg Vig Rig L
LI EED (nm) 423.3 539.7 639.1 808.4
¥— 7 JEEE2 (nm) 418 527 598 774
N2 RIEES) (hm) 95.5 99.2 148.8 165.7
TIEED (nm) 3755-471.0  490.1-589.3 564.7-713.5 725.5-891.2
wAEEE (%) 97.7 98.5 98.5 98.4
1) WO 45 U
WE2) BBEHTA L % B IE
FE3) A
VE4) MR 2 BB AB0% b & 7 B g
W0 A~ AN i % (M3) FEEREICAEDIZEREL TN L 2%
2 80r ] BENE, KEREBEILVEEZLTIV,
Q 60r ] REOFHTIE, E#REHBOE N ZFERL 0T
= 40t - NELTHETL2IEICRLD, 4DODTALT—D
Bl ] BEEMHE, WERLMREET 1 Ly — [T
oL S S S ] HECL O, BRICRE 2 bOTLE, 2070
400 o 800 1000 o i 1 & WL ASTTRE L TS LD
y nm)
K4 2T (INE— AT b, Bro(BEER), Vi (8

BXEE), R BBER), L (FEER OFR
R &, Bessell (1990) IC K 2ZERIK D X T 4,
B (Fa=i),V (Resig),R. EasiR), ;. (F
BaiE) OFEFME, BELEE (hm), HEE
BRABAETHBEL-BEBE (%) THD

FEEIREEELT, Vg7 4 VY —OFEBEHMB
TiE, 850nmad 72 1) 7 6 RIEEM THEBEZRD LA R,
5N5b. SROWZETIE, 900nm& ) B EIZBIT 5
FEMl T — 71355 Nk o 7255, KAF-83000 & 1%
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CCDW A T 1L, FEAEONERRICL > TEL-H
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BRIEICHET A I AN 1L o TLAELES,
COBIANF-ICL o CTAELLERESZ, BER
(#—2) Wi &5, ML8300-GPSTIE, Z D&



SR, Ml RO R 2 7 2 O Y AERFA

R EWZ B0V F = EF % FWT, CCD
F v TKAF-8300% 7V & D —55° £ THHEIT X %,
LH»L, BlZCCDA A IHREHENTWTD, K
BRI, FEOBT A F—I2 L > TURIZEE
AL, EWEMICIEELRESIEVIZE L) K& RHE
TR L Ao D712, FERFERICK L TAL
LHEEMM T DR E S 2 IBIBT 2L EPH 5,

3. 2 EREBEHIUVUER

W FERFERR 18 (IH - BARM R
158 BEOERGE N —2NICEHESN-HEHE
ODK161Z, 7 4 )V ¥ — - 5k f — )VCFW1-5% 4 L C
wHICCD A1 A ML8300-GPS & HU V) i1} 72 ML8300-
GPSOillf#11%, MS-Windows 10 TEIMES 5 Astroart?
(MSB Softwarefl#) 12X - TiT- 72,

REEFH T OKE S, CCDF v 7OEHIRE 125
BEINDL20H, CCDF v 7OEHEHME S -10C, -
20C, —-30Co 3 2D¥a12ay, 20214E118 1 HiC
EEHIRE - 10T, F4EILH 6 HI2-20C, 2L T,
F4E11H 8 HIZ —30C TR 25RL ek S AL 72T 15

BTSN, BHEAEIL L o THERASEE - #EE5EAR
AT H ATV HIRAF (= Image Reduction and Analysis
Facility) % f\>72

CCD7 A 712 X o TR BNz HICIE, Lk D b
WG EIEDIE NNy K - E7 VR FHM R L0
IANVF—RFOARIHNI Lo TEL LKy b - EZ &
Wi ERFAET b0 ARFEOML30-GPSIZ & - THS
N T, BB K 2806, BifRo s aHis
2D L) RS REN L h o7y 22T, £
BOMA 277 > MEE LT, FHEOxHEEL300
pix - 1,900 pix, yHEEE1,000 pix - 1,400 pix D FHIH D FI5
DAy MEE, IRAF/imexam% H\WCHM L 72,

6 L5\, WHIRERO BRI 51 E
WO T v Mix, LT, R7IRDITHEES
& % BRI 0 9 2 W B D AR A DA R %
RL720 M5atrbld, WINOWEIREIZBW TS,
FOUEH 1 s 51,800 sO M T, WEERBSTD A >~ *
EFIER I & CHEMISHEML TWE 2 L8350 5,
S512, M5bAbiE, FEFEHE0sE TlE, wRNREE
b 5, RIS OKE SI13ADUIEE T

(LIF, WEEmmG) %H0%L 72,
FEE, ¥ FMLI300-GPSZ B L, 1 KR o4, x5 HEBERAEERERBROOI

WS FEVE & OB & BAG L 720 BEEE U MR 0 22 LHE FEERH N (FtHs ) > H%

i, FNENOEEEEICH LT, 1, 15, 30, 45, 20271101 -10C (18, 158, 308, 458, 60FY,

60, 120, 180, 300, 500, 800, 1,200, 1,800% & L 12015, 180%. 300, 50075, 800,
’ : ' ' ' o LE DOV ' 12008, 1,8008) x10#%

TR SO BRZ RS 5 &) THEE 211

MORL, GEIOT ORISR L7z 5 ICKRERDRE

HMzRL 720

2021/11/06  —20C (18>, 1588, 3080, 458, 60F%
1208, 180, 300%%, 500%%, 800FH

1,200%, 1,800%%) x10#%

3. 3 E§ENS L UER-BEERKS
S FEIL A 70 D GIAT 12 1%, 7 ) 7RG RS

2021/11/08  —30T (1%, 1580, 308, 4580, 60%,
120%, 180%%, 30014, 5005, 8007,

1,200%, 1,800%) x 10#c

x6 BEXEEICHT IEERKS

WHIEER  —10T EHIEER  -20T WHIRER — 30T

FTrER | Ay v ME | BREER | Ay o ME | B | v v ME

(F) (ADU) () (ADU) () (ADU)
1 2136.0£0.00 1 2140.6 £0.52 1 21476+ 151
15 2137.7£0.48 15 2141.1£0.32 15 2148.0£0.82
30 2137.7+0.48 30 2141.3£0.48 30 2147.2+0.42
45 | 2137.9+0.32 45 | 2141.4+052 45 | 2147.0%0.00
60 2138.5+0.53 60 2141.4+0.52 60 2147.2+0.42
120 2140.5+0.53 120 2142.6 £0.52 120 2147.6 =0.52
180 2142.7+0.67 180 2143.8+0.42 180 2148.5+0.53
300 2147.2+0.79 300 2146.0£0.67 300 2150.0=0.67
500 2154.5+0.53 500 2149.8+0.42 500 2152.3£0.67
800 2165.0£0.94 800 2155.3+0.48 800 2155.3+0.67
1200 2179.0=1.05 1200 2162.3+0.48 1200 2158.8+0.63
1800 2199.2+1.55 1800 2172.6 £0.52 1800 2164.8 £0.42
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R
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b) BAEH (o)

X5 a) BAEEE (s) (LW 2EERBEKDOFEHDH
7> ME (ADU)., 23, BA, REFEZThZTh
AHEEE-10°C, -20°C, -30°C, K&, =R, Wi
Ciﬁ'l\ FETHONE, ThZThOEUEREZR
T I7—/N—(345HSEBELEEBEORERE
BRI DIZEERETH 5, b) F5aniEdh % x4
FRULEHDT, 885 - HIEX5alCFEL

K7 BERRS-BALEEOELUER
TAVTA YT

TESINEY S fif & il R

i
-10C  351x1072 21366 09996 1s-1,800s
-20C  179x10°2 21406 09996 1s-1,800s
-30C  992x107% 21470 09940 1s-1,800s
HHN, o, WHIREITEWIT EABIIEINL T
WhHZ DR S,
3. 4 EE-_BERRD
PAGEUN TS O M- RIRWR O 77— 121, BRI

WADEENT A7, TNEHD BELENS S,
MLB300-GPS D W5 EEFt i sim1d, wHNREA - 10C 22 5
—20C CTIEELEEM D60 s B2 5 H72 0 25, HH
IEEAY —30C TIX100 s B 2 B 72 ) 205, $ADU
PLESHmML, RIEDOEIREHIZ G & 7 IR BT (4
G B EEDS TR 2 JFITHERE DS m VI L,
ZDFHEIIRE }i*‘j’ Z Egilﬁﬁf'aﬁﬁ%() s& b b
WHEITIE, BEES IF—EEEZTRWES
Do

745 (2022)

4. ICEES ORI

4. 1 CCDHX*SDISEES

— WIS, ST L7206 I3 B IR EME 5 oI
X, CCDT v T2 X o TRE %, HEDORWHDLE
WAEATH 72121, B W ACCD A A T OIS
MM Z LR L TB 2RI % 5 v, RIfETlx, F
— 2 - 75y MNES%HWT, ML8300-GPSDJiH 4
A AL 72,

4. 2 EREBEHIUVEER
HRFERFEhIe 1 88 (IH - BARRHARITZEM 1
FHE) BLEOYEE F—AWNIZ, F—2A4 -7y M
@%Wﬁ?%tb@é@xﬁu—y&%ﬁ(ﬁyf
FRELL, ABAZ Y =i, M6an X )iz, ¥
W N — A DEE)N — 7 ONMIZELY 41572, F—
L 7Ty FORUSERICIE, ZoBR®BAZY) —UHNE
IFEFICEL L) IV — 72 %S 5, $7206
bD L) I, FHIFIZIZAOWDHBLED T » 72 fEH L,
TiE R N — .AWﬁaﬂhiﬁtjMﬁ%wz ST IS
BB L7 5612, ZOEMNIEBEROENET - F
B LT, MERHIZL>THBAZ Y -V %2R
LI TEDPHEKLEIICIL, ZNIZE-T, HBA
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SR, Ml : BRI RN > A 7 A OPEREFFA

PR EHHCCDA A T DOFEIX 3. 2 EFBET FTORFRFEEZ IS L7z REBROFMEZ RS IR
b5 L7z,

FEERE, 20214E11H 9 1, 11H10H, 11H18H, 12
H23H, 202241 HI3H® 5 HMT, ®HEE% -10 4. 3 E1REEMR
T, —-20C, —-30C& L, B Vie Ria LigD&7 R AN I IZIRAFE 720 Al — 2B H - [/ — 8
1V E — IR LT, B4 2 BEEIRER LR D K — A4 LR OB B ME10M A L, Sk E L&k

77y MERERGG L7z $7z, A UEOERRH T104L MO R—24 77y MNP SELTIV, TR,

x8 ERTMRBROOY

FzERH e NV GENEE (BBIER) < Bk
2021/11/09 DF Brg -30C (Is, 10s, 30s, 60s, 120s, 180s, 300s, 450s, 500s) > 10#
DF Vig -30C (Is, 5s, 10s, 15s, 20s, 30s, 40s, 50s, 55s) X 10#
DARK - -30C (1s, 5s, 10s, 15s, 20s, 30s, 40s, 50s, 55s, 60s, 120s, 180s, 300s, 450s,
500s) x 10%%
2021/11/10 DF Lig -30C (Is, 3s, 5s, 8s, 12s, 15s, 18s, 21s, 25s, 28s, 30s) X 10#%
DARK - -30C (Is, 3s, 5s, 8, 12s, 15s, 18s, 2Is, 25s, 28s, 30s) x 104
2021/11/18 DF Rig -30C (Is, 2s, 3s, Bs, 8s, 10s, 12s, 13s, 14s) x10#&
DARK - —-30C (Is, 2s, 3s, 5s, 8s, 10s, 12s, 13s, 14s) x10%
2021/12/23 DF B -20C (1s, 10s, 30s, 60s, 120s, 180s, 300s, 450s, 500s, 550s, 580s) x 104X
DF Vig -20C (Is, 5s, 10s, 15s, 20s, 30s, 40s, 50s, 55s, 60s, 70s) X 10#
DF Rig —-20C (Is, 3s, Bs, 8s, 12s, 15s, 18s, 21s, 23s, 25s) x10#«
DF L -20C (Is, 3s, 5s, 8s, 12s, 15s, 18s, 21s, 25s, 28s, 30s, 33s) X 10#
DARK -20C (1s, 3s, Bs, 8s, 10s, 12s, 15s, 18s, 20s, 21s, 23s, 25s, 28s, 30s, 40s,
- 50s, 55s, 60s, 70s, 120s, 180s, 300s, 450s, 500s, 550s, 580s) x 10%&
2022/01/13 DF Brg -10C (Is, 10s, 30s, 60s, 120s, 180s, 300s, 450s, 500s, 550s, 580s) x 104X
DF Vig —-10C (Is, 5s, 10s, 15s, 20s, 30s, 40s, 50s, 55s, 60s) x 104%
DF Ryg -10C (Is, 3s, Bs, 8s, 12s, 15s, 18s, 21s, 23s) x10#
DF I -10C (Is, 3s, 5s, 8s, 12s, 15s, 18s, 21s, 25s, 28s) x10#«
DARK - -10C (1s, 3s, bs, 8s, 10s, 12s, 15s, 18s, 20s, 21s, 23s, 25s, 28s, 30s, 40s,

50s, 55s, 60s, 120s, 180s, 300s, 450s, 500s, 550s, 580s) X 104
i) DF= K—24 - 75 v b, DARK=WERE{E (& — 27 W%

&9 ML8300-GPSDILEHRAL M

Brg Vo
-10T -20C -30C -10T -20C -30C

1 132.8+ 9.63 1 1325 1.82 1 146.2% 2.02 1 12372+  28.88 1 11132=% 7.31 1 12582+ 8.24
10 12858+  77.49 10 13155+ 2479 10 14289+  25.88 5 60902+ 148.68 5 54372+ 2462 5 61374+ 37.66
30 38314+ 307.95 30 39782+ 6318 30 42260+ 37.29 | 10 12060.4+ 263.87 10 108526+ 97.69 10 122862+ 44.13
60 7600.1%= 635.99 60 7991.8%= 18339 60 84920+ 114.27 | 15 181525+ 42851 15 161958+ 14353 15 184405+ 36.78
120 15244.7+ 1191.18 120 16119.3= 106.40 120 17006.2+ 198.40 | 20 24210.3+ 641.75 20 215577+ 120.86 20 244974+ 75.18
180 22853.3= 1401.58 180 24294.1+ 483.08 180 25335.3+ 509.81 | 30 36031.4+ 1050.15 30 32468.2+ 256.47 30 36644.9+ 215.67
300 38565.7+ 2284.77 300 39695.6+ 754.64 300 41785.1% 580.88 | 40 47448.3*= 807.98 40 43014.1+ 297.80 40 48736.4=* 336.15
450 57803.4+ 2936.32 450 58489.7+ 1720.51 450 62179.4% 629.21 | 50 58637.6* 1748.00 50 53766.0+ 277.16 50 60589.7+ 245.46
500 627249+ 68350 500 61841.7+ 1172.68 500 63382.2+ 1.32 | 55 62937.6+ 481.39 55 59257.6+ 519.79 55 63385.5+ 0.97

550 63382.2% 0.92 550 63381.7* 8.59 60 63398.1* 415 60 63012.6+ 347.69
580 63380.7 0.67 580 63385.4* 3.13 70 63388.0+ 2.40
RTG ]TG
-10T -20C -30C -10C -20C -30C
1 32800+ 2232 1 29989+  36.92 1 49447+  11.06 1 24645+ 1212 1 22270+ 5.82 1 23743+ 6.75
3 9691.1+=  56.83 3 88925+ 139.15 2 97372% 2556 3 73140+ 1485 3 66147 18.60 3 6976.6=  40.30
5 160345+  85.60 5 14759.1= 197.20 3 145386+  29.25 5 121236* 3513 5 11011.1+  26.93 5 11609.3+  24.04
8 254376+ 136.08 8 237171+ 6543 5 24187.0% 203.76 8 193774+  59.82 8 17580.6= 5741 8 185119+  35.26

12 38088.7+ 176.70 12 35510.6+  88.25 8 38585.5+ 34592 | 12 29014.3+ 177.35 12 26361.8+ 7857 12 27760.7+  76.40
15 47893.8%= 789.50 15 44002.3* 129.33 10 479544+ 381.63 | 15 361443+ 12652 15 32890.8+ 103.83 15 34401.8+ 122.67
18 573654+ 111233 18 52671.5+ 17824 12 57067.0* 47227 | 18 433869+ 14335 18 39391.6* 13443 21 48000.5* 109.94
21 63360.1= 44.60 21 615639+ 318.84 13 62126.5+ 165.68 | 21 50428.8+ 154.20 21 45719.6+ 130.74 25 56803.7+ 233.28
23 63397.6* 344 23 63387.0% 2.59 14 63387.7% 116 | 25 594569+ 12954 25 542644+ 14279 28 63105.8% 120.05
25 63389.7+ 1.95 28 633225+ 10443 28 60733.1%= 161.13 30 63383.5* 1.72
30 63287.9+  22.39
33 63389.1 2.69
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#10  ML8300-GPSDIEE MR D LIE#R
b ; , T4 TAYT
wHImE S o R? i

BTG/ \ v F
-10C 1283  -56.94 09999 133 - 38566 ADU
-20C 1329 52.83  0.9999 133 - 39696 ADU
-30C 1395 91.70  0.9999 146 - 41785 ADU
VTG/ N F
-10C 12012  80.76  1.0000 1237 -36031 ADU
-20C 10758 6630  1.0000 1113-43014 ADU
-30C 12209 6229  1.0000 1258 - 36645 ADU
Ri/ N~ K
-10C 31605 17544  1.0000 3280 - 38089 ADU
-20C 29375 10525  0.9999 2999 - 44002 ADU
-30C  4807.8 12893  1.0000 4945 - 38586 ADU
I’ YR
-10C 24060 9298  1.0000 2465 - 43387 ADU
-20C 21876 6411  1.0000 2227 - 39342 ADU
-30C 22032 12218  1.0000 2374 - 34402 ADU

50,000 ADULLTF, & L <%, ZaMEIcEE L 740,000
ADULLF & 72 % X 9 1@ 2 T LT R W72

59

5. £&8

20204F \CANF A STz, HIRARER S AT A
LT, FOADODEFHHT 1 VF —LEHCCDY
2 T ML8300-GPS DY FER AN % 1T - 720



SR, Ml : BRI RN > A 7 A OPEREFFA

Astrodon® D 4 D DL H I T 4 )V ¥ — B, Vi
Rig, LDEMWEMAIL, L3 L S RGERET Vs
—B, V, R, [:D&EBFRMHEFE—TIIR0D, £0
RN E K, WEOLMIETH ) 2L REL E 2
bbb,

HHICCDH A T ML8300-GPS DR it i 73 1%, #&Et
B0 s 51,800 sOM T X WM R L TW5b, X
DEEAILCIE, BOBRERI60 sF I ENRE & b3
FIF—EERRLTEv, LA L, BEMA60s%
Bz %L, GEREEDSE I & AR E R )5
s 2720, FEEOHRGENTIE, REBHROZG
R S bR - B (5 2 HUS 3 2 LD %o

T/ FH AT T, BEHIRE - EEFEMDLT
%2100, #%1,000 ADU%* 550,000 ADU% #EZ % % 77 > b
HET, LJVIREREEELRL TW5 o REBIIEEIC
&, PLoRMEEEL T, HERKOEED Y~
A%, 40,000 ADU% #E 2 72\ & 9 ICEE IR 2 32 3 %
L QY

A

Kfe % BT H12HT->C, IKFH 74V —D
EEERHE T, RE RS B IR SREEEE B AR
I AL O A ROHERIR, BEERERE B
— 24 - 79y MEBORETIE, FKFHEFRONT
BRI, TN, BRIV, F—A 77
v NHAZ ) = k54 hOFEIZOWTIEETBL
FLEKRASHOHP—EK, REARFFREHA
SRPBL AP A BERL 53 B O TR | G2 7 & 2 K 2 1h
NRWPERHEE Lo WARHL, LLELEHL
FWFEd. T2, AROPE - BBUCELT, FEHED
—NTH LWL, FIREEIC X 2R B HiD)
4 (20K03226, fR## MHHEEMS I 22K18583, {3k

_75_

FOTHHEE) ORI T Lz L b EEE L
E3ENe

SEW

Bessell, M. S. (1990), “UBVRI passbands”, Publications of the
Astronomical Society of the Pacific, 102, pp.1181-1199.

TAE—AT - TS - R - SRR - T UURIE - RO
7z RIS - BRI PR E R R TINV—T
(2021), “HOAFZERFOH0cmEE & HIH S 2T 2 OB%E
2", HARRLFS202VEFESEEE, Y06a.

T - TS - ISER - SHEAR (2022),
KEFHA0em B wHE O FFBL & HARMERE", B FEERFERE
FRELFR, SBTA%E, pp.77-84.

AHF - R - HREW - NSIEE - BRAREE (1997),
WTFFHARIC L 2 2 EANEHG Y AT L DER E
PERERFAN, WORF=ERAAE. 4 M, ¥ AR,
55494, pp.71-80.

TR

JIFBEAR - EAG—A7 - Pl EeE - S (2021), "WHEAE
KFEOH40emBL & S 27 LA ORFEL", HARIFR

20214F BT 28, Y100,

ANRERE— - KEFPFEHE (1999), “TICCD A * 7 O FBRAYHE A
& ORI, WEFEERFERE. HAHM, B
FIskRLS:, 455148, pp.57-65.

EARE - KEFFHE (2002), “LTUA T V=T 4 VT RHW
THEAE R OB & Y R 7-CCDD IR IE", T 3s
KA. 55 A TN, B - B, #5544, pp.93-100.

RS - LAG A - PRS- A - TIURIE (2020),

BRI RF OFA0emEE L HH S AT A ORE 3", H
RRIFR202VFE RS HE, Y
WHAGY - EAE—AT - JISES - TEHERE (2022), “HEES

REF40emEHFTOBIM > A 7 L DFZE", HHTFZERFAR
BORRFSR, BT4%E, pp.85-93.



