J. Astron. Space Sci. 12(1), 3043 (1995)

A3 AR&ES) ¥4 !
A

PHOTOMETRIC AND RADIAL VELOCITY CURVES
ANALYSES OF THE TRIPLE SYSTEM )\ TAURI

Yong-Sam Lee and Su-Jin Kwon
Department of Astronomy and Space Science, Chungbuk National University
e-mail: leeys@astro.chungbuk.ac.kr, kwonsj@astro.chungbuk.ac.kr

(Received April 30, 1995; Accepted May 9, 1995)

x:3 o

Z22c) g AAB/EAA 1990 129 FE 19943 1974 F 319 & U4 A4F8 A
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MEE FEaAE At Eato) 4% UB=FHE AYY 8o BVRI 3=F43
Grant(1959)¢] BV # =34 & £¢3 o Wilson-Devinney A3 L2 X Taus| %47
g HE TR F, o] 5247 Fekel and Tomkin (1982)0] £33 A M & F4HE F
Alo] 2ZEl= A Taudl AASE F49] & 7813, o] o2 RE o] B4A ] A F
& A2 FA4Y vFH AFE 247 8.3RpH 8.1mp ol L ¥ NFH} ¥ 7
2} 6.5Ro 3 2.1me 9| -

ABSTRACT

New UBVRI observations of triple star A Tau were made at Chungbuk National
University Observatory for 31 nights from Dec. 1990 to Jan. 1994. A total of
2930 photometric observations were obtained with 586 points for each filters,
and BVRI light curves were constructed. From the primary light curves, the
one time of primary minimum light was determined with a new light element.
The photometric solutions of light curves for A Tau were calculated by using
Wilson-Devinney method with our BVRI light curves and the BV light curves
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ANALYSIS OF 4 TAU 31

obtained by Grant (1959). We determined spectroscopic solutions that were
satisfied with these two light curves and the radial velocity curves had been
collected by Fekel and Tomkin (1982). From these values, absolute dimensions
for this system were estimated. The radius and mass for the primary star are
turned out to be 8.3R and 8.1mg, and 6.5R; and 2.1mg for the secondary

star, respectively.
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%8 A Tau (V;3™7, Sp.; B3, P;39953) & o) o] 1848\d0) A ¥isio] 2 38 (21 84)2
2 3A5Y F A B oA E LA A A3 BERAE SHA ZIHT
ool Wil ¥ #&L Ha) B At AYH I = Fojnt

Schlesinger (1914)= X Tau 24A Y A& 2M Ao X #HEP ] HAVL F71F o2
B e Ry BgFozE FEd B 4+ g A 347 SAEE A HIAGY I AL
2 Fe £3%a AEE AW, E4d 77 (P)E = S0l A 3A9%e AH
ZHE 34.699 F7) (P)2 3% ¥3ch. 2 ¥ McLaughlin (1937)3} Struve (1946) <}
Ebbighausen and Struve (1956)% 3alo] ti 3 A% F71& A% £33 AU 3HE +
ki gl o] BAAE BAFQ Algold o] vHE e ¥ (semi-detched system) B4 22 F7]|71
3.95¢e] 2 A 3419 AL F71& 3392 &2 A A} (Bailyn and Eggleton 1983).

A Tauo) &3] #3 AFE Grant (1959)¢] FHAZ A8 E o] &AM ALHAT. 29 2
EFAL $4% UBV FHBZolx T A g 4do] SR &AL A 9 R (out of eclipse) 2]
%= W7l 7839 Aeolth. A Taud] #AAE 33 F71(3.9953) 71 oF 499 Al 7}
HEZ 3 AR FEAAE HE37 o) " E AL BF A8} AL o] BYAE
A7) AHAME B2 FAEF #Zo] a7 YUk AFAA o BEAY F%%3 HE

3 21 & Grant (1959)¢] FH&2 % (@ E o]-&3l9 Hutchings and Hill (1971b) 9} Cester et
al. (1978)0] A 43 3ol Yrt.

1 % Fekel and Tomkin (1982)& o] #4AY F43 vHde) it Mz A& 244
th o] B2 H-RE AolMe] @] $1x9 159 18 Aelo] tfs] A= Hutchings and Hill
(1971a)ol A t}¥5l o v, Hutchings and Hill (1971b)e] #2349 4L FAFEHZ A Taus
ol &3¢l B AL 13 F EElF 848 €2 Aot %8 A Taue| UBVRI $333%
S FYEY FEFAE FEEH o] He S38F Z4F AMA LS AR s F7] WS o

E AHE ¥, Grante] £33 3% A8E THE 2L eI #HE 73zt o of
# Ebbighausen and Struve (1956)7} £33 Al &L A £4 A5 23 A8 E FA
of FAIFIE AR e R BEA] A FL et P
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2. FAVAH FEFA

A Taud] FEIHNE 47198 BASZL FRsch BFo AL 712 FHW L
AEozst3te] 20cme} 35cm BUFH vl =] OptecAtr} 713 SSP-3A #AF%F7] o)tk &
717k 1990 1295 E 1991d 297k2) % 269 wha}, 1994 19 3E 29742 59 whol o,
23 B23 £ UBVRI 22 586122 & 203070t 3% #2o] A4 A Taud] ¥
A (comparison star) 3 7 €4 (check star)& Grant (1959)7} AH8-3 22 A v 24> HR
1194 (V;6m30,sp.; B9II — I1IB3)°] 3 A E482 HR 1284 (V;5™99, Sp.; B9.5V)elt}. o] ¥
Eo] $3(V)3 228 (sp.) Bright Star Catalogue (Hoffleit 1964)ell A1AI 2 gtoloh.

® 1. vZ4, 4EAS, A Taus) 2E5Hd 533 A2 .

c 1% B-V U-B V-R V- spt
W24 (HR 1194) +561  -0.06 0.72 +0.12 1008 B3V
AEA (HR1284) 4520  -0.03 +0.17 +0.17 +0.23  BOIL-III
 Tau (HR 1239) AV A(B-V) A(U-B) A(V-R) A(V-I) sp’
Max. 2.92 0.03 0.15 ~0.08 2010  B95V
Min. [ -2.39 -0.03 -0.03 -0.05 -0.06

Min. II -2.78 -0.05 -0.10 -0.05 -0.09

* Bright Star Catalogue (Hoffleit 1964).

nE B2FL 0 FA33) g8 AL @Az FHE 28N BE ABEIAED
3 U71RR ASE AR S v 2T AER L IR vte] $FoR RAFAT. I BH
# 71A 239 9xHpe): zt WEol wek vrAE A7 20.2(U), £0.03(B), £0.04(V),
£0.04(R), £0.03(]) $3o1x, #EAE 2tz +£0.01(V), £0.02(B), +0.01(V), +0.02(R),
+0.02() S30lth. ol & nT uEAe] U B339 oAV} tE pPun A% w2
oA/ AEART AT S8 7t AHES w2 w3 Hae] YEAE BECT £ Azt #
2 J|7r=or ZAH AL AR B3, 9H, 23 717 59 FFAA S8 2 e o) 2
o g 2o $ale] ASTS B23 AYL AA EF 337 (standard system) 2 A3} &
z352 A2 Q259 £33 A4S FaAck 29 1L S #5 X Taud] 533 (B2
H4-u248)9 AB, AV, AR, Al¢] 2347 A(B-V), A(V - R), A(V —1)¢] 4 Fx0]
o 7N AUS 08 9EE BED 3NN A48 BN RPeER Aot e
A Tau FE=3ML A 1440 AlZz} Ao FHE, 2L A 244 ol HAZo] RFHT AJH
olm, 9]AF 0P05 L2 ML #HZ QX3 Mol A% Fate] Ytk $Est #5% A Taush vl
A FAER 58 533 AR ST & 15 Ao
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3. 4447 2% A2e FELLE AR

A Taue] B8 2A% Stebbins (1920)7F A& 283 o] Ebbighausen and Struve (1956),
Grant (1959), Casini et al. (1968), Soderhjelm (1975), Mallama et al. (1977), Fekel and
Tomkin (1982)¢] HE st AAAIZL 1930d) ¢HA #Foz 4L A% 1 F 9 /je] 33
#2002 AL Ao] Utk BA7A LT AHA LS A2 HA B A B5H02 A& 7
o]Z AW BAZZ ABE Uy 7] Ao E I L FolM F7] MIE HUT F U= A
ol 23 F719 Wsrh grid, 2 wghe] A0E of B3A 7 vHEel 4787 (semi-detached
system) 2 @A QU7 f Boll 28} FHAAN AL o] Fol 71AY A2 BT, o] BEAL
3 9AE #98 5 < 7ot Bailyn and Eggleton (1983)& 3ol A o] B8A 2] 313}
RN SRS AF ol F AR sty AFu|o] W3t o Foll % 50% B=] 2T T
&Aol AT T

H 2. £t @& 7 filterd A AA L.

filter A A A 2L
U JDo 2448295.9976
B JD@ 2448296.0043
Vv JDg 2448295.9989
R JDg 2448296.0004
I JDp 2448296.0027

sa AN F7(P)E ARSI AT A 144 AF S F R T 2 F, ¥V
A B2 Rmst Aol ANAZE A oA $Elst 2 139 A G 7 E9F
BE2H A 144 AFe] FEIHNL AT AL ghold, I g B 20 AF3AUT 19 &
BFH T, 90X p.e)E T3 A3 IDy 2448296.0008 + 0.0018 o ghe RHUTH EHAM &
3 A Taud] FEoiE ¥ 30 ok A2E Frabe] 35 A F7] Ase] o7
2 AWR YA BAY BASF BZOE AL AYANZ AEE TS A 144 A 2]
ZzH(Observed Min. 1)+ A 4tgt (Calculated Min. I)#e] X421 0-C& A4ste] A A 2]

g s N2 FELL

ool oX e M orle

o

Minl = JDy24281009376540 + 39952950659E
+0.000073 + 0.000000025

£ Aqt} $ale] B erE AR T AMAIZe] 0-CEE 1Y 29 o] I3tk ZHA 3
22 TA N0 T, 22 A= dayolth. o2 AT AL #1553 RSl IS 3
o7 FAA AL §ABZo| 2, YR(0)E BAH IS $E7 #EFTD AT
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7143 (Min. I) F7] (day)

Stebbins (1920)

Ebbighausen and Struve (1956)

Grant (1959)

Casini et al. (1968)

Soderhjelm (1975)

Mallama et al. (1977)

Tomkin and Fekel (1982)

JDy 2421506.8500
JDg 2421506.8500  3.9529520
JDg 2435089.2040  3.9529520
JDg 2439137.6230  3.9540000
JDg 2399607.5080 3.9529510
V: JDp 2443113.6874
B: JDg 2443113.6909
JDg 2435089.2040  3.9529552
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4. BEZAF NASETH #4

ATau FEZNS 2333 88 7871 9131 $29] AB, AV, AR, Al #2385 Grant
(1959)2) AB, AV #&gt& /M3 3534 (2H3)& TES FHY A Taue] F=F49 &
A ge s s w9 vl 213 9o Wilson and Devinney 2} 1991 T2 & AH3-819] ¥4
AT Al AH237] 98t AB, AV, AR, Al¢] B33 E& A 24755709 ER &
ST o] S E 4o] AASAT. E 49 L(B), L(V), L(R), L(I)E 2 33| intensityo] I,
ne 2ol EAE DE BRY BEY F2A o £F weight 2 AT

WD 24 3ol F=2Mel & & BRI Grant (1959)9F Hutching and Hill (1971b),
Cester et al. (1978), Levato (1974) st o] %Ee ¥ /87 (semidetached binary system)&
Aase BTaMe 2383 & & Tahch. 27] 919 A&E Hutchings and Hill (1971a, b),
Cester et al. (1978), Fekel and Tomkin (1982), Bailyn and Eggleton (1983)2] At5& A E3}
o AFEHAT. HE AN %A 27l E AVS BE2Hg /X 2 LO(Light Curve) T2
02 AN BSg BoE ARES ARAA o] AAES /A AB, AV, AR, Al #
E2M& $Al0] AM23te] DC(Differential correction) T2 o2 Atk 4, 13
A2 AL ZYRBA Y BARANASE g1 = g2 = 1.0, Ay = Ay = 1L.0& F &AL, 2
2BA 2 X, (1)=0.77, Xo(I)=0.65, X1 (R)=0.89, X2(R)=0.78, X1 (V)=0.77, X3(V)=0.65,
X1(B)=0.89, X5(B)=0.780]9 Q;=2.450|t}. i, T} AAEE LB} Vs 4] A
& S0 742 2 BEHEE sgch AL ARE & 5ol 2o ek FD A E vl
239tk S B2 HE AR AL o] EFQ) FEFAE I9 30 BSHA UL
se] AMoT BASAUT. THolA A, A2 A 149 e vig Yo Eg A 144
A ZEE 2o BEgre] o] REo| Azt F dAHA XY Aeoly ok A 244 BIE
g2 9x8A 23 B 5 Ak ol 19 BVRI 449 BEITAE FA /MR & NS5
£ AEL2E AU | 2L HF AFpolh

A Taud] At FL 242317 QA $8lel BVRI 2349 A5 F4& T A
3= WD 24 Wyog EASAT AXSE FHL o] BEdE A2ES FHA AL
o). 259 WES A2 Schiesinger(1914)2) HZeol £33 A% v st 1935314 19391d0)
A3 DAO(Dominion Astrophysical Observatory)el 4 #& % 7, '] 195200 A 1955
74X Wilson AZtjo A #22 3500 7} £% A2 £4 287 9ok Fekel and Tomkin
(1982)¢] o] RBE £33t ANEE FANA A 34 522 U8 F712< LXE B3
ste] SHE AJASE gt o ATl AT o goR I ANSE FHAL T9 4 o
2 BAFQRY. o AMEEst $eo] BT RFEE THY YUY ABE /AL DC L2
aRg AN o] A AL FAAT o HHS S 2L FF 49 AH T
AAE TAT F, SN 2B AT 229 ABE PR AT FA A=ALE B A
& A= QAT 4= PN BEIMT ALS FLRT PN ast AF THLY AASE
Vol o9 2HBE, $RARAES 6, ¢, Vo, ¢oITh o AFHE 5l £F3AH



ANALYSIS OF 47 TAU 37

¥ 4. X Taud} ip,lv,ln, 119 B E 23,

No. Phase n g ly Ip It |No. Phase n lp ly Ir ly

1 0.0038 21 0.6182 0.5719 0.6343 0.5939{31 0.4578 18 0.9389 0.8453 0.9223 0.9034
2 0.0107 27 0.6443 0.5846 0.6481 0.6512(32 0.4670 4 0.9139 0.8219 0.8793 0.8817
3 0.0173 24 0.6600 0.6107 0.6660 0.6744|33 0.4866 7 0.9202 0.8279 0.8995 0.8833
4 0.0241 15 0.6933 0.6362 0.6911 0.6917{34 0.4923 3 0.9598 0.8538 0.9189 0.9028
5 0.0295 6 0.7331 0.6732 0.7274 0.7017|35 0.5117 3 0.8968 0.7758 0.8585 0.8548
6 0.0383 12 0.7561 0.6891 0.7482 0.7618 |36 0.5953 3 0.9822 0.9077 0.9877 0.9949
7 0.0454 14 0.7872 0.7495 0.8042 0.7821{37 0.6037 6 0.9962 0.8755 0.9863 0.9813
8 0.0518 10 0.8008 0.7635 0.8151 0.7283|38 0.6528 6 1.0271 0.9117 0.9994 1.0033
9 0.0594 2 0.7439 0.6352 0.7093 0.6906|39 0.6751 28 0.9919 0.9001 0.9817 0.9886

[y

0.8815 0.8069 0.9036 0.9471(40 0.7028 27 0.9954 0.9097 0.9888 0.9996

—
(o=l

0.0687

11 0.0895 2 0.8946 0.7959 0.8841 0.8511{41 0.7290 13 0.9902 0.9019 0.9794 0.9853
12 0.0919 3 0.9018 0.8163 0.9067 0.8855|42 0.7697 22 0.9452 0.8902 0.9776 0.9797
13 0.1023 3 0.9650 0.7985 0.8945 0.8631[43 0.7922 39 0.9690 0.8796 0.9673 0.9392
14 0.1304 3 0.9121 0.8351 0.9073 0.9266|44 0.8265 24 0.9633 0.8658 0.9779 0.9898
15 0.1364 7 0.9066 0.8327 0.9106 0.9259|45 0.8503 10 0.9544 0.8520 0.9555 0.9539
16 0.1465 2 0.9563 0.8562 0.9550 0.5121(46 0.8723 3 0.9575 0.8697 0.7322 1.0452
17 0.1508 6 0.9735 0.8804 0.9820 0.8251|47 0.9411 0.8697 0.7911 0.8590 0.8463
18 0.1637 14 0.9715 0.8817 0.9690 0.9699|48 0.9473 7 0.8453 0.7677 0.8322 0.8430
19 0.1993 19 0.9639 0.8914 0.8729 0.9783|49 0.9542 13 0.7971 0.7254 0.7837 0.7904

20 0.2214 22 0.9663 0.8853 0.9621 0.9598|50 0.9588 1 0.8046 0.7145 0.7900 0.7791

[}

21 0.2512 40 0.9848 0.9228 0.9742 0.9519|51 0.9698 8 0.7162 0.6585 0.7229 0.6574
22 0.2843 8 1.0061 0.9132 0.9966 0.9925;52 0.9760 14 0.6822 0.6268 0.6985 0.6522
23 0.3285 4 1.0147 0.9265 1.0283 1.0181{53 0.9822 11 0.6604 0.5979 0.6802 0.6811
24 0.3448 34 0.9796 0.9007 0.9799 0.9934|54 0.9893 12 0.6281 0.5725 0.6284 0.6472
25 0.3644 15 0.9777 0.8913 0.9738 0.9626|55 0.9976 14 0.6128 0.5649 0.6217 0.5436
26 0.4112 15 0.9829 0.8904 0.9794 0.9721
27 0.4226 10 0.9923 0.8898 0.9716 0.9616
28 0.4337 9 0.9734 0.8734 0.9515 0.9476
29 0.4385 5 0.9678 0.8579 0.9540 0.9646
30 0.4505 12 0.9500 0.8650 0.9469 0.9445
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E 5. A Tau BEF43 AAESEFAY 8.

L Grant  Hutching & Levato Cester et  Fekel & Tomkin ¢] =&

(1959) Hill (1971)  (1974) al. (1978) (1982) (1995)
q 0.267 0.278 0.27 0.264 0.260 + 0.004
T (°K) 18320 18420 =+ 300
T:(°K) 8110 7800 + 280
Q 3.373 £ 0.074
) 86 81.3 + 0.3 76 £+ 0.5 73.70 £+ 0.10
L1(A3600) 0.945
L1(24250) 0.900 0.968 0.9371 & 0.0080
L1(A5300} 0.880 0.979 0.9060 + 0.0086
L1 (26600) 0.8776 % 0.0074
L,()8400) 0.8485 + 0.0076
L,(A3600) 0.055
L,(24250) 0.100 0.032 0.0629 + 0.0080
L,(A5300) 0.120 0.021 0.0094 + 0.0086
L, (26600) 0.1224 + 0.0074
L(A8400) 0.1515 % 0.0076
r1 (pole) 0.336 0.349 + 0.001
r1 (point) 0.345 0.370 £ 0.001
ry (side) 0.354 0.359 =+ 0.001
ry (back) 0.350 0.365 + 0.001
r2 (pole) 0.243 + 0.001
r2 (point) 0.354 + 0.001
r2 (side) 0.252 £ 0.001
r2 (back) 0.284 4 0.001
e 0.15 £ 0.08 0.04 4+ 0.01
mi(mg)  6.06 6.1 6.8 7.18 + 0.009 8.13
ma(mg)  1.62 1.6 1.8 1.89 & 0.04 2.11
ms 0.7+ 0.2
a (Ro) 22.84 + 0.28
Vo 0.0003 & 0.002
R, 6 6.6 6.4 6.4 8.34 & 0.01
Ry 4 4.5 5.4 53 6.49 & 0.01
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dzt WDEA 3¢l DC 223 AN AHfA €2 §o &3 Ad&E FA
aYY el A9 IH 49 FA 2ol BEH A A ek 53 1A (a), o
E(e), TR A w) T A=LAE st HIAAE Z A7 gl F3] A28 A
Fo] el A W e A& E FEGT AN EYX T T &FUe] o] oy B
F AT B, Fdo]l FFY Bl FF BUY BFOE P AASES] gl gl
BAT, WHEE Fo)7] W Eo) AW EF o A BT o] A 244 AR M FP &
 dF FtE RS A, BE AA 50 AT Y ¥ F FUJ AN FTR BSHER B
I AMEEE O A veuA B g2 e A &8 2% 848 F7 dYsty
B AAEE] AAE A2 Y 49 7] dei sy, di 2 258 dARE B 5
At ol W, AA F AAE F> = 1092 dY3UTt. o] A9 AL AAEFE AL o] B
BAY T2 e, AW FE TS FR9 1EFH AFE 44 8.3ReH 8.1mp ol 3L ¥
o w3 AFL 242t 6.5Re T 2.1mgelth. 28 5 A Taue] 7} 914 0725 o] 250
o} A Taue] A|AEE 229 sl &g B 50 AL +87 =38 A7EHE 37
vl Z3te] SHSAT

> o

[ T I' ITI I L rrl L] ' L) I LJ l L) l ¥ I T l ¥ L] I L) I L) l L} l L) I T l L l T ]TI T l LS I T ' l_-

o7s E.. _E
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4 n 3
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l'.4 T 0 1 I 1 L 1 1
L Sy
LOG R/Re
Tn = 18, 420K
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LOG M/Me(]'2

o6 2719 e A9A 9 A%-17 =(Leung 1988). B U(e)& Roche lobed A& Fol 2, &
# (o) Roche lobe Wiof E2| 5o A& Folrh. 2HNA BE, A Taue A = do] 2% 1713 &

ALE HWold W el +& & <+ 3

5. 8o g AE

T AEGE BEgteto A A ZA A Taud] &3% AB, AV, AR,

Hot A 4E w9y HAR, UHEHZE A58 Fdde £
Z371¢ FaAe FEF02 M E4hE B Aoy, R [ €96 FJAL A2
Aolth. $el9 FrFdozRy 1N M2 F584E AU 22433 & 739
929 BT M3} Fekel and Tomkin (1982)¢] AN S EZHE S0 TFa= ANS LR
o] & e, ol 2FH AL A ANE AL AT

2% 62 A Taust Adfar)7h €83 2718 shiel 248749 log(R/Re) —log(m/mg)
Folth TR A Stothers (1972)2] PidA 24 (ZAMS)H 27127 4 (TAMS) & 4.0
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FEAE A 23 H(e)2 Roche lobe& A& Ho]3 €3 U(o)2 Roche lobe Wi E2 =} g}
T dolth I A 43 vhg e AgdAE 25 FALE Heid Aol ok 53] F49
g gAE 218 e ¥ Bl M 3 £ + gl Roche lobeE A 52 X3 oM &
9 (single star) 9] X3t} o] FALE Mol d Fhdg & &+ ATk

ZAke]l F: o] AFE 98] A Tau Fejel AFE 2B 8 24 FHd B ZHe F7)
A3lo] OB 2L o) £4 80 WA Zo) ASHYTh okg o ATFE S 9
& Baol ) AN S U LA FAE =PY

A3 7Y
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