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NU CENTAURI:

A NEW BETA CEPHEI STAR

R, RAJAMOHAN

ABSTRACT

Speatrographia obssrvatlons of the single-lined binery. » Cantaurl dy Ang the years 1988-1872 were
utilised 1o derlve fresh orblta| alements of this system. The meaeured radial veloaities Indicate that the primary
companent s & g Cophal type with a period of 0,1750 days,

Koy words: apactrosnoplo binarles — varlable stars

1. Introduction

The blnary chearacter of v Centaurl was flrst
announced by Palmer (1906) and the only orbit that
exlsts for this system Is by Wiison (1914) who found
the othit to be clrcular with a parlod of 2,.826186 days.
Ita apactral type la B2 [V and tho rotatienal velocity le
of the order of 100 km e (90 km a*! -Slettabak,
1968; 100 km s-! -RaJamohan, 1873). This Is a
member of the Scorplo-Centaurus essoclation and
absolute magnitude determinations for It rangs from
-2.8 (Bertlau, 1968) to « 2.0 (Jonses, 1871). Its light
was raported to be varlable by Balley (1896).

2. The Observationa

Twenty-nine spectrograms of v Centaurl obtsined
durlng the years 1968-1872 with the 51-om reflector
at Kodaikanal wete supplemented with nina additional
apeotra oblalned with the 102-om refiector teleacope
at Kavalur, All the spectra were taken with the same
grating epectrogreph and have a mean disperelon of
474 mm! at Hy, The |Ines measured and the wave-
lengths used ara listed In table 1. Table 2 liets the
plate number, phases computed from T, the time
of periastron passage and the measured mean radlal
veloclty obtained from the hydrogen and helium lines,
Since the velocities in tabls 2, Indicets that the primary
component of ¥ Centaurl may be a £ Cephel type
variable, fourteen apactrograma within an interval of
four hours were abtalned on 1974, Aptrll 28, at a dis-
persion of 262 mm*!, The measured radlal velocities
are listed asparately In tabie 3. Though the velocitlaa
obtained for each line showed the general pattern of

Table 1. Wavelsngthe used for radial veloolty messuremant

Wavelength A Line
4471,326 He I
4387,928 He [
4340.488 Hey
4101.737 Ha
4028,140 He I
3870.074 He

the radial velosity changes to be dlscussed below, it
must be mentioned that their bsheviour is different
from one another. The amplltuds derlved from the
H ¥ line ls the least, Indlcating a slight filling In of the
line probably due to emission, However two spectra
at phases 0.96 and 0.77 taken at a dlapersion of 174
mm-! do not show any detectable emlssion at Ha.
H «la possibly affected by contamination with Ca Ii H
and H 8 due to He 13888 A, | have therefore, used
only Hy and H J aa representatives of the hydrogen
linas and He 1 4 4471 and 4388 as representatives of
the hellum Illnes In thls object. He I A 4028 was
neglected because of Its slightly ditferent behaviour
from those of He I A 4471 and 4388,

3. The New Orbit

The orbltal verlatlons seem to bes best repreaen-
ted by He | 2 4471 and 4388. Consequently, theae
lines were used In derlving the new orbit. A
comparison with Wlleon‘s radlal velocity cutve ahows
that the period must be Increased from 2.62518 to
2,6262756 days to bring the two obsarvetions Into
agreement. Though Wilson‘s measures are averaged
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Table 2. Radlal veloolty moasures of Nu Cantaur

Plate Julian Day FPhase  Observed radial  {0-C)

Neo. of {Penod) Veloclty He
Observation He He km s=!

kmel kms!
2400000 -+

122 30826 271 0003 288 4 331 + 3.8
1846 41404386 0.028 4 103 4452 - 03
18468 41404.386 0.038 B.& 4 382 --18.9
1868 41727,336 0,083 + 18.4 4 08 4102
1868 41721368 0.089 4 147 + 83 | T4
1474 41042263 0.006 - 20.6 37,7 — 20.5
1623 41399.299 0,088 — 446 - —-- -~ 407
2243 41785228 0,104 | 22 - 343 4 71.B
1475 41042,303 0,114 |- 74 + #41.8 4 163
708 39921336 0.123 - 8.0 | 8.6 0.8
1438 41020.286 0.166 | 68 | 162 | 220
1477 41042.441 0,160 --32.1 | 1.7 -- 141
689 39p916.426 0,264 - 885 | 227 | 176
1439 41032,304 0308 - 408 | 84 -— 13.6
1440 41032,336 0.317 2864 | 18.1 | 0.8
1407 41040,271 0,340 —26.2 | 11.4 4 0.7
1768 41104.488 0348 - 40.2 - 483 - 134
1666 A1428,288 0382 - 13.0 238 ) 147
1471 41040424 0398 t 32 4 101 ¢ 283
2204 411718.266 0448 - 41.8 all 18.6
2206 41178288 0.482 -174 - 343 | 44
1813 4{728,480 0.481 — 73 -- 196 | 11.6
1874 41728,608 0.497 6.2 - 198 | 126
1450 41038.264¢ 0.b72 — 11.8 | 25,8 4 0.1
1461 41038.368 0811 -~ 308 | 7.3 - 227
1462 41038.410 0631 -~ -~~~ | BB -~ --=~
1446 41033.288 0Ga0 | 184 | 37.4 4 17.8
1618 41388,267 0,701 —~ 83 | 43 120
704 39520,280 0,726 | 148 -+ 208 4 7.6

1688 41427308 0,768 - 06 4 622 — 141
{450 41038.240 0806 | 22,2 - 262 | 2.8
1462 41038317 0832 4 17.8 + 127 — 83
[]:[4) 30018.328 0,836 4 346 - 63 + 10.2
2268 41787.242 0870 | 206 - 211 — 84
1486 410368.4268 0876 4- 2688 | 248 -- 1.0
716 38023,333 0.886 <+ 70.2 | 48.3 - 39.7
1464 41030.278 0.861 + 18.0 | 282 — 128
1811 41398340 08971 + M0 — 6O 4 10B

(1941) T was replaced by T, (T, Is the ime &t which
the mean longitude « 1 M Is zero).

Table 4 llsts the final slements derived In thls
study as well as those derlved by Willson (1814)
No prchable errors are quoted for the orbltal elements
derlved here since the soatter in the Individual obsarva-
tions about the mean aie latge and whatever short
period oscillations are presont, have not been properly
taken Into account [n deriving the new orbital elements.
The computed radlal velocity curve with the final
elements togethel with the observed velocitles from
hellum and hydrogen lines are shown In Figure 1,

4, Natura of Pulsations

The large devlations of the Indlyldual measura-
ments from the computed curve Indfcate that oscllla-
tions other than orbital motlon ere piesent. An
Inspaction of Figure 1 indicates that the situatlon s
worse in the case of hydrogen line measures, Just
Immediately after the node on the descending branch
of the radial velocity curve, whete one expacts the
primary aclipse te occur If the Inclinatlon of the orblt
ware favourable, the hydiogen lines glve large poslitive
velocities. The hydrogen llnes seem to be affected
by gas streams and this concluslon is further aug-
mented by the relative strengthening of He I A 3966
line found on a fewspectra Indicating dilution effacts.
The behaviour of this line is found to vary sven within
a short period of foul hours from an [nspaction of the
spectra tabulated In table 3. | have therefore used
the residuals found {rom the helium lines alone which
are found tofit a period of 0.17650 days. Theas

Teble 3. Radal veloolty measurca of Nu Centaurl

velocitles obtained from both the hydrogen and
hellum lines, the need for change in the perlod Is

indicated by the individual lines as well as their
average,

Thirty-four of the thirty- elght plates listed In
table 2, were used to form elght normal places. All
the points were treated with equal welght and the
preliminary elements obtalned by the mathod of
Lehmann-Filhes were improved-by the least square
procedure of Schlesinger (1908). Followlng Stemns

on 1874 Aprl) 28,
Obasived redial
Plete No. Mid exposure U.T, veloalty
hm Km 8-
834 16 68 00.3
2838 17 16 - 4.8
2838 17 28 - 27
2837 17 44 -~ 3.5
2838 17 67 - 8,0
2839 18 10 - 1.2
26840 18 19 -~ 8.0
2841 18 30 - 18,1
2842 1844 - 11.0
2843 18 68 — 8.0
2848 1963 — B.7
2847 20 08 - 13.8
2848 20 28 — 3.4
2848 20 48 + 0.2
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Flgure 1, Redlal velootty ourve of » Centaurl, The open
olrclea refer to measured velocities. The normel points used
Inderlving the new orbit are shown as fillad olrles, The
aontinucua line refers to this computed ourve from the final
elaments, The behaviour of hydrogen and hallum linea are
shown separataly.

realduals are pletted agalnst this perlod of 0.1760 days
In Flgure 2. This value of the perlod cen at best be
only provisional since cbhservations are spread over g
long Intervel of time and more than one dominant
period ssems to be present.

The presence of more than one dominant perfod Is
also suggested by the radial velocity observations of
1974 April 26, The measured radial velocltiea (mean
of the hydrogen and hellum lines) from fourteen apectra
tekon withinan Interval of four hours fit in very closaly
& porlod of 0.1760 days but the amplltude is only of
the order of 10 km »'! whlla the maximum smplitude of
the reslduals plotted In Figure 2 ls of the order
of 46 km s, v Centaurl seems to be pulsating with
at least two dominent perlods close to 0.1750 days
(ike other well known § Cephel type varlables exhiblt-
ing multiple periodicities.

The pasition of ¥ Centaurl in the H R dlagram can
be found from the observed UBV colours and the
absolute magnltude derlved elther from astrometry or

R, Rejamohan

Table 4. Orbltal slaments of Nu Cantauri

R. E. Wilson Prasent
P = 2,62516 days 2 928276 days
V, = 8.08 4064 km&-l, -2.8 kms-1,
K = 20.83 + 0.77 km s-l. 28.9km »-1,
e = 0,00 0.20
- = 44°,64
T = 2420301.39 4 0 015 days JD 2440865.608

the hydrogen line strengths. v Centaurl is 8 member
of the Scorplo-Centaurus assoclation. The absolute
visual magnitude of v Centaurl dertved from proper
motions ranges from -2.0 {Jones, 1871) to -2.9
(Bertiau, 1968). Part of this difference 1s causad
by the different fundamental systema of proper motions
utllised by these two Investigators. Tha maasured
equivalent width of H y from two of our spectrais 4.8 4
leading to a valus of My =-2.8 magnltudes., The
H y - M, relationship used is that due to Balona and
Crampton (1974). The photoelectric # Index meaaured
by Moreno and Moreno (1968) ls 2.639 leading to
My ==-2.7 magnitudes when we utilise the callbration
of Crawford (1973).

From the Q- {, relatlonship given by Lesh snd
Alzenmann {1973) and the photoelectric measures of
Morsno and Moreno (1968) we derlve , = 0.23B.
A value of M, = -2.8 and 8. — 0.236 placas v
Centautl within the £ Cephsl instability strlp whereas
Jones’ (1971) value of My == -2.0 would move It out
of the instablilty strip by more than 0.7 magnltudes.
Also a value of My = -2.8 Is consistent with the spect-
ral type B2 [V assigned to v Centaurl,
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Plgure 2. The residuals from helium lines plotted agalnst
period of 0,1750 days.
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Though one finds normal stars too in the § Cephel
Instabliity stlp, the radial velocity observations
piesented hcre strongly suggest that the primery
component of v Centaur| laa § Cephel type varlable.
An inspaction of the apectrgramaalso shows thct the
lines are broeder than normal on a few plates, sirongly
suggesting the validity of,this concluslon. Indeed
these observetions demanstrate that the primary com-
ponaent pulsates with a pericd of 0.1760 days. The
fact that this perlod la exactly one fifteenth of the
orbital perlod Is intriguing. Extenslve photoelectric
and spectrographic observations to determine the
exact values of the varlous perlods of oscillations and
the effects of gas streams as suggeated by the behavi-
our of He | A 3966 are neceseary for further study of
this Interesting system.
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