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[FIRZBRBERN B, SR B AL A] 43 N3 Fh i id: Case A
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SRR R AW ) M Case C (EEF O
FIRBERS K AW T e Rg ) (12,

BEFRGT M ERESHEEMELSATH, T
T8 P TH S 0 e B AT, M- BE R
WE R AT 0, RS T Bl A Lk, i K
WU R GG B R A AP AR Ak, B A A
T it st [a] BT 30 A 3. 19794F Hartigan 25130 %t
HD1909673 47 Ml ' 4k Wl 745 2] I 38 i 1 246519
d. 19684EMayer™xtHD3592133F 47 Wl > W 1l 75
B H B 3E B 1 N4.0024 d. 19644FELandolt® %
HD228854: 47 I ' WL Ml 75 21) H 4038 J& 11 °491.8855
d. 19284FQosterhoffM S/ FHD 10021353 47 M1 't X
S EIHHIE A I N1.3872 d. TESS (Transiting Ex-
oplanet Survey Satellite) = [A] B2 izt £ X T~ X 4515
IO AR AR R R RN R B e i 28,

Al 0 3 AR AR 72 0 3 9 5 SN O-C
S3HT. XTHE RO HEAT I eI, SRS H A £
I e AN ZI{EO  (Observed), [A] B 7] DL i
MU ) 3 7628 At 5 H#E B e i/ ZIEC
(Calculated). St/ N2 B MEO 5 B ECHY
2 72, RIO-Cly g7, 38 3k 56 00, 5 XU 9 #
NI ZI AR B FEO-CHh £ sl il DL H XU B
T FEIAARA. SR O-C i 2R B I a] AR A 2 B 1,
H R AR AR AN 2 F R 20 A, T DL R RS
R AR ALY S B R, i hn: U 2 Ja] )
AL RAMDRMNBR. RATH DK
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1TO-CHEZE 0 Hr, RE 47 Hh T fift R SUR B A8 1k
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AR B2 G i3I S I TE R . NazéZ: 20
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i 5k H Bk B S ESPaDOnS (Echelle SpectroPo-
larimetric Device for the Observation of Stars)l
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ter)IX I & BEZE BE 0T X AR REAT IR AR AL I, 15 2 HH
A RSB, , A RIHERL. R1h o 1T
NP X ARUE B B8 A (Poy, )« TRE(M).
B(R)~ JEFE (L) RN 20 (T) I &

A TAEAER T b7 58 AR 3 TESSHI 6% /s
i %1 $4 XTHD190967. HD35921. HD228854 !l
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HURIE RN B 215 55395 ATHD190967. HD35921.
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WS P EOXAREPIE AR P B LR S5
XF TAEREAT L4

2 HURIRERANFNALIE

TESS/2 3 [ [ 5 fiit 7 il X J7i (National Aero-
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JEE R A A 4% 125) . TESS 48 T-20184FE4 18 H
K4, BAEMRALFEEN T HRIMTAE.
fEIt 2 JUAFE A, TESSXT b = BRATES - BRFEAT W,
FEASFBRMG  RI3 N X . AN X HTESS 4 &
FAZHLAM 2927 d. TESSHIH% 5% 41800 s (2018
FEFN20194F)BR600 s (20204F 2 4) — ik 52 5 5 [X &
% (Full Frame Image, FFI) LA K120 s8%20 sff]—ik
R X3 52 B b 1 S (Target Pixel File, FT-
P). BARTESSIKR (1) F E A2 B br & KB dR
FAMT R, (BB R T2 (R A &
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HAE A BT 7 A KB AR (/113 d) e FE 3
(IR £ 451261,

AR SLTESSH 4 KI5 TMAST (The Mikulski
Archive for Space Telescopes)! # #i& . MAST /&
NASAH) — A P F B4l 47 £ 8 I 55 oo, 42
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65 &

K E 2 HD190967. HD35921. HD228854F1HD 1002131 B HA 454k 4> BT 578

4

m

Table 1 Physical parameters of the HD190967, HD35921, HD228854 and HD100213
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Parameter HD190967 HD35921  HD228854  HD100213
P,y/d 6.519 4.0024 1.8855 1.3872
M, /Mg 24.7 (7) 25.5 27.9 (5) 23.5 (8)
My /Mg 13.7 (7) 14.0 20.8 (4) 15.3 (4)
Ri/Ro 16.3 (3) 16.1 9.7 (2) 7.48 (8)
R2/Ro 7.8 (2) 12.6 8.5 (2) 6.15 (7)
lg(Li/Lo) 4.54 5.33 5.152 (20) 4.8 (2)
lg(L2/Le) 4.66 5.13 4.954 (19) 4.5 (2)
T /K 30000 31000 36254 35000
T>/K 20340 31150 37048 (270) 31366 (16)
B./Gs* 74 —14 27 34
References [21] [22] [23] [24]
2 Parameters source Nazé et al.[2”]
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The light curves of HD190967, HD35921, HD228854 and HD100213 observed by TESS
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TESS# K id &} 544 BJD (Barycentric Ju-
lian Day)s& LUK NS % RINMGIEH. N T
MTESSI i e s IR/ 1, AR SCH TESSH
P A FH Aot 2 P A 2

BJD = BJDO + PorbEa <1>

K TESSH 4 s 52 78 — > Ji 193 (0 ik ) X 3, 0K
HBID &SI, EXEE, P, AHUEFN. /£

TAS BT R X 3, A8 b IRIEL A AR 4R,
TN AR M 2815 B AR IMELAE et /INeF ). Sy
T 57558 BRI 200 RE B 7R 2
e T 22K b a) 4% X (HBID#% 3 WHID (Heliocen-
tric Julian Date). MTESS%4 # $KBHD190967-
HD35921. HD228854F1HD100213 1] 3= 36 #% 7> i
ZUEFRZEFIER2H.

% 2 HD190967. HD35921, HD228854F1HD1002138 4R /At
Table 2 Light minimum of the HD190967, HD35921, HD228854 and HD100213

HD190967 (HJD)  HD35921 (HJD)  HD228854 (HJD) HD100213 (HJD)

2458687.15422 (5
5
5

2458817.77180 (5
5
6
5
4
5
5

2458693.68262 2458821.77157

2458700.17692 2458825.77881
2458706.71662

2458706.77622

4)  2458829.78040
2458833.78122

2458837.79055

5
5
5

)
)
)
)
)
2458713.23522 (5)
2458719.76122 (5)  2459478.18365
2458726.26762 (4)
2458732.78662 (6)
2459423.89122 (5)  2459494.18914
)
)
)
)
)
)
)
)
)
)

(

(

(

(

(

(

(4) 2459482.18659

(

(
2459430.44642 (3)  2459498.19008

(

(

(

(

(

(

(

(

(

4
2459490.18939 (4
5
4
2459436.94422 (5
6

4

2459443.48722 2459506.19416 (6
6
5
6
5
5
6
5
5
3

6

2459775.96222 2459510.20002

2459789.00022 (3
5
5
3

4

2459514.19952
2459518.20742
2459522.20943
2459526.21765

2459795.53322
2459802.01122
2459808.55522
2459815.05722 2459530.22234

2459821.58922 (5) 2459534.21924
2459542.21735
2459546.22728

2459550.22834

2459439.18299

) 2458684.97724 (5
(5) 2458686.86318 (
(6) 2458688.74826 (
(5)  2458690.63378 (
(4)  2458692.51951 (
(5)  2458694.40515 (
(5)  2458696.29036 (
(4) 2458698.17618 (
(4)  2458700.06203 (
(5)  2458701.94702 (
(4)  2458703.83230 (

2459502.19734 (5)  2458705.71833 (
(6) 2458707.60392 (5
(6) 2458709.48933 (
(5)  2459420.32567 (
(6) 2459422.21240 (
(5)  2459424.09778 (
(5)  2459425.98354 (
(6) 2459427.86950 (
(5)  2459429.75546 (
(5)  2459431.64061 (
(3)  2459435.41059 (
(6) 2459437.29708 (
(

2458570.60220 (5)  2459308.63665 (6
4
5
6
3
4

5

2458571.98947 (4

6

2459310.02367 (4

2458573.37676 2459311.41110 (3
2458574.76404
2458576.15142

2458577.53858

4)  2459312.79822
2459314.18573

2459315.57301

4
5
5
3
3

5
5
2458578.92599

2459316.96030 (2

4 3
5
6

3

2458580.31320 2459318.34763

2458581.70048 (4) 2459321.12230

2459322.50954

) (6)
) (4)
) ®3)
) (4)
) (%)
) (%)
) (2)
) ®3)
) (4)
) 2458583.08767 (3)
) 2458584.47502 (5)  2459323.89677 (3)
4)  2458585.86225 (5)  2459325.28410 (3)
) ()
) (4)
) ®3)
) (4)
) (4)
) ()
) ®3)
) (4)
) (6)
) (4)
) (4)
) ()

(4)
(6)
(4)
(%)
(%)
®3)
®3)
(4)
®)
(%)
()
2458587.24959 (4)  2459326.67123 (5
(4)
®3)
(4)
(%)
(2)
()
(4)
(%)
(%)
(4)
(4)

3

6
3
4
5
6
6
5
3
4
5
4

2458588.63692 (4) 2459328.05848 (4
2458590.02401
2458591.41154
2458592.79872

2458594.18592

3
4

2459329.44585
2459330.83300

3
4
5
2

2459332.22043 (4

2459334.99489 (5
3

4

2458595.57341 (5

4

2459336.38216
2458596.96085 2459337.76942
2458598.34797 (5
5

4

2459339.15671
2459340.54398

6

2458599.73530 4

2458601.12251 2459341.93143 (4

2458602.50956 (4) 2459343.31875 (5

Zhttp://www.physics.sfasu.edu/astro/javascript/hjd.html
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Table 2 Continued

HD190967 (HJD)  HD35921 (HJD)

HD228854 (HJD)

HD100213 (HJD)

2459442.95419 (3
2459444.83970
2459797.43285
2459801.20396
2459803.08890
2459806.86074
2459808.74610
2459812.51634
2459814.40192

) 2458605.28434 (5)  2459346.09301 (4)
(4)  2458606.67150 (6) 2459347.48044 (4)
(4)  2458608.05877 (3) 2459348.86775 (5)
(4) 2458610.83350 (4) 2459351.64237 (4)
(5) 2458612.22064 (5) 2459353.02968 (5)
(4)  2458614.99528 (6)  2459358.57870 (5)
(4)  2458616.38266 (4) 2459359.96582 (3)
(5)  2458617.77009 (4)

(5) 2458619.15734 (3)

3 HD190967. HD35921, HD22-
8854F1HD 1002134/ 3& A HAZS (L

AR HTESS 7 8] B 78 53 3R A A6 AR /N %),
754 HD190967. HD35921. HD228854F1HD 100213
P52 BN 20, AT T AT B ek
NI 2 B e HR R 22 RN I R R B AL
(visual, vis) i #H (photographic, pg) )Gk /INEf
A, 53— RKRTESSHM /N ZI. 't Hi (photoelec-
tric, pe) MICCDI M /IME. EEHE ¥, 4o B M
FIHE A A M /N isE 2 - LA AL B, 2R . CCDAN
K EHTESS 18275 Z 3-8 R A L.

3.1 HD190967%iE B HAZE 1k

Petrie?" - HD 190967 (1) 3 A6 1 8 R i N
09.5V, £F 2 Kk A 2 NB1. KumsiashviliZs 28]
I I AHD190967 /& Ab7E Case ARk Case B
FHAKY B, Djurasevi¢242UT-20004F & ¥ 73 1 1
Abastumanik X & 7E1964Z 19674 M Ml 2] 1
HD1909677¢ 48 th £&, 75t 75 BU3E 151 /1 SN87.9° B,
U I 5 0y B N24.7 Mo RI3.7 Mg, F At
R IEAE 55 N16.3 Ro 7.8 R

TESS EA120 s B 5 i 8] L MTHD 19096 731X Fil
FEL, M0 [) 5 FE MBI D 2458687 I BJD 2459821,

41-5

714, 15, 41, 54, 55IX5AHIX, HL3kE201
B e Nz, BAR LR, et

Min. T = 2416361.107 + 6.519E , (2)

THE TR/ ZI K BREC, IF 5 TESSH
7 5208 I TR O B /S B ZI 2=, 15 BIHD 190967 1)
O-Cili £k, H i Min DyHE H 068 /N i 2] 3 i
. B28E 7R T O-Cft 28 F 25 B K 1A 38 K i 4 28
JERZE. MER2F T LU H, O-CHiZRHEMA N
k. #8(2) X EH LT e A

MinI = 2416361.0948(0.0018)+
6.518492(0.000001) E-+

1.1256(0.002) x 10" "E?. (3)

HRAE B2 O-CHly S A8 4R 76 (3) =X, AT BA
& HHHD190967 (8L 1E J& HIAE 3G hn, 5 n sk 3=
NAP,,/dt = 6.303(0.008) x 1076 d - yr—!, #14T
£$100 yrifin54 s.

3.2 HD35921%1EFE Rk

Mayer[" T-19684F K& Bl 7 HD35921, F#fi & H:
B3 3 94.0026 d. SotaZ2o04 H 3 Bk i
A5E 809.5 TIL, £F 2 KGR A 809 II1L 1972



65 & x

3

2 4 1

FHallZE B\ NHD3592142 4 55 X &, {H19824F
PopperBUSTHD35921 3 47 7 o 1 M A 5¢, IF 5K
HogF R, AndersenZeB2HE 47\ NHD35921

1.8

Ak FCase AY) A i B Be. 20134 Mayer: 122 %}
HD35921 LB 7245 H, XUR (1) 53 & 53 791 1255
MoAi14 My, 4253 7416.1 RoF112.6 Re.

$® & visorpg
¢ ¢ peorccD
@ @ This paper

1.5t

O-C/id

0.3}

0.0

* ¢

Residuals /d
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7
©
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Bl 2 HD1909671O-CHl. B iRk ATESSIMR/MERZ, K SRR (pe) BiCCD MM /MER %I, 750 sigon H W (vis) 8L
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&Y
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{EIZ1.

Fig.2 The O-C diagram of HD190967. Black dots represent moments from TESS minima, gray dots represent photoelectric (pe)

or CCD minima, and hollow dots represent visual (vis) or photographic (pg) minima.

TESS EA120 s G [E A HD 35921 3 FiH
SO IR B8 R MBJD2458817F|BJD2459550,
5 T19. 43, 44. 54, 45X5MN X, HhIRE23
e Nz, BARILER2. e AR

Min. I = 2439061.4646 + 4.0024F , (4)
THE T EASEH /N Z S EC, I 5TESSH
J SR e b /N Zl 2z, 19 BIHD35921#0-C
M2k, E3E IR TO-Cllizk & H LB KKy
L JE MRz, WNESHFITEUEH, O-Cil &R MG
2. 3E(4) REF VLT Fon A

Min.I = 2439061.5728(0.00003)+
4.002343(0.000005) E+
8.2201(0.0003) x 10 *°E%.  (5)

R4 B3 O-C ey A %4 A g a(5) 2K, 7 LA
F HHD35921 s i #ATE K HBE hn, 38 %N

41-6

dP,.,/dt = 7.496(0.005) x 1078 d - yr=1, 24 T4
100 yrino.65 s.

3.3 HD228854%EEEAZS 1k

HD228854 /& 55119k 5 LI 0K Jit B AH 4 XA,
B E A N1.8855 dI33]. PopperBUH 3= Btk
KA E HOT.3, R N6 KM w H0T.7. BT
HD228854% ¥ ., H % A W &5, X H
HEAT BE FC I 06 % 0 0 8 £, Landolt®I 514
THD228854 3 17 #U18E J& #1704, B 5 Koch 25301 {1
WF 7¢ f8 HHD228854¢) 1 & A W 77 76 2 1k,
Qian %P7 HD228854 1 {TO-CHr Mt 78, 3 5L
T8 JE) A Ak A OB 2 Ta) ) o e # AN B = R Ak
) 5% T 36 B ), ) sE HD 22885440 £ Case A5t
TR EL. 20124 Yasarsoy 2538 H U m a2 45
B () I B4 ) N27.9 Mo F120.8 M), 4243 5
9.7 R M18.5 R
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Fig.3 The O-C diagram of HD35921. Black dots represent moments from TESS minima, gray dots represent photoelectric (pe)

or CCD minima, and hollow dots represent visual (vis) or photographic (pg) minima.

TESSA120 siIEE GRS (], FMHD2288541% fiil
PEEL, W00 B 6] %5 B A BJD2458684 F|BJD2459823,
e 114y 41, 551X34 i X, FLIR1G33N 8 (1 ok
W2, WER2. oA

Min. I = 2436814.8024 4+ 1.8855F (6)

THE T AN 2 HESEC, FE S5 TESSH
J3 52U R S pi /N IsE Z AR D, 49 BIHD 228854 1] O-
CHh 4. K4fgR 7O-Cligk, Hrh(0-0) Kt
A 28 S B T B /NI 2 AR AL B R A SR
BN R T /NI Z KR A, R N iR
A, XFHHD228854 e A WIZE K n. 2544
KA NP 25 oy, 193] T 5% 2 (0-C)q i 28,
FH L HILE B4R (O-C)o B 1. (O-C) B W] LA 5
FH, (0-C) i M IEZIRG MRS, E4m
Residuals B & 7 bR IR 52 4R %7 5 15k 2. #2(6)
BroNLL R it a

Min.I = 2436814.76347(0.00001)+

1.885515322(0.00000008) E+-
9.421(0.002) x 107 °E?+

41-7

0.01582(0.00042) x

sin[0°.0383F + 99°.69(0.08)],  (7)
R4 77 70(7) A B4 (0-C) £k, 75 HHD228854
BUIE B I AE A R N, B9 0 2R APy, /At =
1.823(0.002) x 107 d - yr—!, 34 F £100 yri¥
1575 s, [A i (7) XA E48)(O-C) 47~ T HD-
228854 /L1 il HIAF/E — MRIEA = 0.01582 d,
WP, = 48.5 yriJIEZAR L.

3.4 HD100213%&EEHATT &

HD1002132y — ¥ H- A0 32 XA, 19284
Oosterhoff' o1 ¥ 5 K B HAFAE 648, HPIE N
1.3872 d. Qian®%B7%IHD10021353 47 #1314 & H 6
Fi, £3 o H U AR ARt BUR 2 TR R
B REE — RAR I R i K 1K, Penny %P0
JNHD100213 H #i &k T 9F % 22 1% 11Case AW 5t 52
MM B, TerrellZ 24 %HD1002133E4T 7 W 56 Fi 43
SR TT, #h5E T FEEIIERT 0TS, LA
(R 2870 52 9 09.5, F HL1F H XUR FI R &5 51
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Orbital Period Variations of Early-Type Eclipsing Binaries
HD190967, HD35921, HD228854 and HD100213: A TESS Data
Analysis

ZHANG Yu-hao!  LIU Jin-zhong? LIU He-lei' LV Guo-liang? ZHANG Yu?

(1 School of Physical Science and Technology, Xinjiang University, Urumgqi 830046)
(2 Xingiang Astronomical Observatory, Chinese Academy of Sciences, Urumgi 830011)

Asstract HD190967, HD35921, HD228854, and HD100213 are early-type O or B binaries with orbital
periods of 6.519 days, 4.0024 days, 1.8855 days, and 1.3872 days, respectively. They belong to the category
of long-period binaries, which are rare and difficult to obtain complete light curves. The TESS (Transiting
Exoplanet Survey Satellite) space telescope provides high-quality data for these four sources with its
long-term, short-exposure, and high-precision photometric measurements. In this paper, we use the light
extremum times obtained from TESS and historical data to analyze and study the orbital periods of these
four early-type binaries. The results show that the orbital periods of all four sources are increasing in the
long term, and HD228854 and HD100213 also exhibit sinusoidal variations in addition to the long-term
increase. We find that the orbital period increase of HD190967, HD228854, and HD100213 is caused by
mass transfer from the secondary star to the primary star, while the orbital period increase of HD35921
is caused by mass loss from the stellar wind of the primary star. The most reasonable explanation for the
orbital period sinusoidal variations of HD228854 and HD100213 is the light-travel time orbit effect due to
the presence of a third body.

Key words binaries: eclipsing, techniques: photometric, stars: early-type, methods: data analysis
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