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THE WOLF-RAYET SPECTROSCOPIC BINARY HD 214419

M. K. V, BAPPU and P. VISVANADHAM

ABSTRACT

Valooity curves of the system HD 214418 are oblained for the N IV 4068 and He 11 4686 emiasion lines
from prismatlo spactra taken In 1951 and 1962, Tha emlsasion and absarption festures experisnce saveral phase
depandent ahanges that are described in detail. A common envelops mods| explains wall the He I 4886 light
and valocity changes. Tha system parameters sre best denivad from N IV 4088,
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1. Introduction

Melaughlin and Hlitner (1941} announced the
discovery of the binary nature of the star. Thils was
followed soon after (Hiltner 1844) with the derlvation
of spectrosoopic orbital parameters for the systam,
The eclipalng naturs was demonatratad by Gaposehk!n
{1944) who found the minima of roughly equal dapths
and an amplitude of 0.3 magnitude. The star has
the shortest period known for a Wolf-Rayet binary,
and tharefore presents aeveral features not normally
seen in other systems of its spectral class. Spectros-
coplcally, the velocity curves derived from the
emission lines of N IV 4068 and He II 48B6 bear
iittle reaemblance to each other. The spectrum of
the companlon Is [nvisible. Photoelectric photometry
of CQ Cephai by Hiltner (196Q) in the ultraviolat and
yvallow reglons show the primary minimum, corres-
ponding to the eclipse of the Wolf-Reyet component,
to be narrower than the secondary. A marked
asymmetry {8 saen in the light curve with the
descending branch steeper than the ascending one.
A most interesting finding relates to the monochro-
matle light curve of the system In the light of He ||
4888. The emisslon light curve shows maxims at
times of conjunction and minima at slongation. The
descending branches of the curve are less stesp than
the ascending branches; the emisslon curve appears
almost a mirror Image of the continuum light curve.
The system s thus one of conslderabls Interest since
1t hae many features not commonly sean even in othsr
Wolf-Rayet binarles. Interpratation of these obssr-

vatlonal characterlstics would undoubtedly [mprove
our understanding of the Wolf-Rayet star.

The present study alme at a spectrographlc
study of the binary system and in particular the
changes In proflles of lines at different orb!tal phases.

2. The Observations

All spectra were obtalned In 1861 and 1952 with
the single prism gless spectrograph on the Mount
Wlison 80-inch reflector. The spectra have a
dispersion of 76 X mm' at Hy and were 0.17 mm
wide In the 1961 seriea and 0.47 mm wide In the
1952 serles. All spectra were callbrated with a
wedgs slit spectrograph ss well as a spot sensito-
mater. Exposute times were never greater than 76
minutes with a projected slit width of 20 micions on
Eastman 11 a-0 emulsion.

3. The Radlal Veloclties

The radial velocities were measured for asveral of
the smlssion features andthe violet absorptlon edgss.
No trace of the companion was sesn on these
spectra. |t must, however, be reellzod that the glesa
prism allowad transmlssicn in the UV to only about
3800 A thus minlmizing the chances of any possibie
detection of the highar members of the Balmer serlas.
Unblended spectral features that can provide radlsl
velocities of soma degree of reilabllity are only the
smission lines N IV 4068 and He Il 4886. These
velocities are given In Table 1. The phases are
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calculated on the basis of the photometric perlod and
epoch of primary minlmum as given by Hlltner (1960).
A few additional spectra obtained with a grating
spectrograph covering the wavelength reglon 4600-
6800 at a dispersion of 868 A mm™! were ganarously
providad by Dr. H. A, Abt,
clty of 4886 A on these spectra have been included
in Tabla 1. Normal places with welghts dapending
on the number of observations includad In each
grouping have been made prlor to solution of the
orblt, Thess values form Table 2,
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Maasures of radial velo.

Tab'e 1. Radlal vetocities of He i1 4886 and N IV 40858,

Phase Radial Veloolty In km »*!
He || 4886 N IV 4068
0.024 + 40 — 134
0.024 | 40 -
0.020 + 172 — 8
0.036 + 104 — 106
0.081 + 83 — 242
0.001 4 118 — 173
0.143 + a8 — 284
0.168 1 100 — 280
0.174 + 70 - 307
0.223 + 186 — 360
0.228 + 127 — 359
0.283 + 8 — 356
0,284 + 93 — 366
0.324 - 78 -
0.364 4+ 3@ - 38
0.386 + 63 — 342
0372 + 1 -
0.281 - 82 -
0,400 + 60 -
0.416 ~ 32 - 368
0.433 + B89 ~ 351
0.448 ~ B8 -
0.480 ~ 48 -~ 343
0.502 + 11 — 326
0.833 + 23 — 280
0,851 + 17 — 343
0,680 + 28 —
0.678 - 1 — 273
0.603 - 63 — 280
0,822 - 2 -
0 808 + B — 251
0.700 + 28 -
0.708 - 8 — 178
o711 — — 188
0.738 + 23 ~ 138
0.768 - B -
0,778 + 85 -
0.802 + 12 — B8

Phase Andial Velooity In km a-!
He 11 4888 N IV 4068
0811 4 118 — 80
0.840 I 72 —
0 884 + 144 —_
0 888 + 76 + 22
0.890 ¥ BT ¥ 1
0 93t + 141 4 100
0.982 - 162 + 161
0 894 F 201 —
0.98B I 216 + 148
0 888 + 184 —
1.032 + 233 4 239
1.088 —_ + 1989
1.082 + 194 —
1.098 } 308 + 217
1.101 |- 267 + 2869
1.108 -+ 282 i 178
1.128 — + 203
1127 +4- 278 —
1.164 -+ 308 { 226
1.188 + 3 | 184
1.200 + 242 --
1.220 + 348 4 208
1.241 + 314 -
1.272 -_— i 190
11284 4 240 + 288
1.316 4- 414 —
1.321 + 161 1 203
1.328 F 223 | 228
1.288 ] 203 + 168
1.441 ¢ 178 4 168
1449 -+ 161 L 207
1.480 171 F 134
1.601 4- 100 + 87
1.608 + 137 —
1.617 | 188 | &0
1642 4 168 4 14
1 648 <+ 117 -4 86
1.668 4- 107 { 36
1870 4 163 —
1.001 -t 208 ~- 20
1.6814 114 F B
1.823 82 —-—

Preliminary elements from the veloclty curve of
N IV 4068 were determined by the Lehman-Fllhes
method. They are glven below.

y m —81.8 kms!

K = 298B.0 km s!
@ = 0.0

Te = 1.236 days.



PLATE 13

PHASE PHASE
{Days} {Days)
rwl..?w?-y-'wq»w‘w" £ T, AR v
0.081 g ' i 0.024
Lo .
0,159 ¢ 0.143
0.294 ©.226
0.365 0.336
0.426 0.380
0.449 0.438
0.502 e | T 0 460
p TN e ; ey v R 0.5186
0.551 -u !, i ! ] _ .
0.877 0.676
0.708 Q.G648
0.768 o.7il
0,93 3.782
0.9956 0.994
(101 1.069
1126 108
[.166 l.127
1208 |.193
{1.272 1.258
l.328 =¥ 1]
1,390} |.386
1.60I 1 .44
1.614 | .668
4058 4340 447 4542 4686 4860

Flg. 1. Spoctra of CQ Cephei obtainagd in 1951

Bappu & Visvanadham (facing page 90)
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Fig. 2. Blue spectra of CQ Cephel taken in 1962

Bappu & Visvanadham (facing page 97 )
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PLATE 14

PHASE
(Dayan)

0.028
0.038
o.co8
0.1T4

0.220
0.290
0.381

0.4i2

0.830
0.590
0.668
0.736

a.8qa
Q.a87
0.959
[.029
]1.0986
1164
1.217
1.28]
{-3lo
tod48
1.477
1.814
[.8639
i.640
1.699
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The vaiue employed for the perlod Is 1.6413 days.
A least aquares solution following Sternes method
gives the definitive elements with probable errors as
follows ;

¥y ~80.8 km 81 4 3.7 km &'!
K - A2 7kms! £ 5.4 km e!
8 0.036 £+ .018
) 96.7° + 26.4"
T 0.010 days 3 0.13 days
asin/ - 7.1 x10% km
f (m) 6.2 ®

Tebles 2, Table of normal plecass
Heo || 48886
No, Mean phase Maen Velo- waishe

Residuale (D-C)_ )

(days) oty kms- Proliminary Final

1 0004 I 108 7 18 | 3

2 0.118 + 88 4 + 48 + 31

3 0.208 i 3 4 40 + 24

4 0,340 41 10 7 - 2 --13

5 0431 | 8 B [ — 4

8 0.663 3 8 - 8 - B

7 0.678 P17 4 8 F 8

8 0.778 } 38 B -~ 1B — 4

9 0.863 ) 87 4 - 10 Fo7

10 0.085 ! 100 8 - 3 i 7
1 1.100 I 283 8 - 28 - 19
12 1201 4 317 B — 2 41 18
13 1.312 4 269 4 - 10 1 3
14 1.426 - 1786 3 - 18 - 20
16 1.628 b 143 8 ] + 8

N |V 4058

1 0.004 — 73 [} -1 r 19

2 0.119 — 280 4 — 83 — 21
3 0.208 — 338 3 -70 — 27
4 0.327 — 388 4 — 14 F12
) 0.436 364 3 + 2 k12
8 0 8B1 - 304 B + 11 + 2
7 0 880 - 186 3 4 8 -1
8 0.783 - o8 4 14 - 18
L} 0.879 - 33 2 + 34 - 6
10 0.880 4 182 4 { o8 4- 34
1 1.088 41211 & + 17 -~ 4
12 1.183 228 3 + 2 -17
13 1.301% 4 222 4 - 2 - 17
14 1.426 -+ 178 3 + 17 + 13
15 1.628! + 68 8 0 + 10

Elaments derlved from the velocity curve of He |
4686 on the assumption that the radiel velooity varia-
tlon I8 indicative of orbital motion are as follows :

¥ - +117.6 kms
K - 148.2 kms -

[ z 0.309

o . 3230
asin/ = 3.2x10% km
f{m) = 0.48 @

The 4058 A veloclty curve gives e value of
accentriclty of orbit that Is cloae to zero. The [ight
curve of Hlltner also indicates an eccentricity that is
zero. One can tharsfore assume with some certainty
that the N IV veloclty curve represents the orbital
motion of the Woli-Rayet star.

4. Phase Depandant Changes In the Spectrum

Lindsay Smith (1988) has classlfled the spectrum
of HD 214419 as WN7 + 07 whils Hiltner and Schlld
(1966) consider It to be WN7-A on thalr classification
achems of stars that have ralstively narrow lines,
strong continua and wlith ebsorptlon [ines characterl-
stlc of O-B stars. Tha emission line contrast Is low
in thls star signifying the contribution to tha contl-
nuum by the companion, Flgures i1 and 2 show the
apectral changes with phase In the years 1961 and
1982, Parhaps the most strlking featurs in these
spectra I8 the presence of violet edgea for llnes of
the Plckering serlss. These are present at almost all
phases, but aro most intense Immediately following
primary and secondary minima. An alteration In
intenaity between 4B60 A, 4642 A, 43404 and
4200 \ Indicates the signiflcant Balmer contribution
to the Plckering vlolet edges. The Interesting
faature Is that thelr veloclty curve follows that of the
Wolf-Rayst component,

We show In Figure 3 a sst of proflies of the
emlasion feature He |l 4860, reduced to the Intensity
of tha continuum and which is obtafned from the
well-wldened apectra of 1862, At phases 0.736 days
and 0.808 daya when the Wolf-Rayet star Is noarest
to the observer, we notice a pssk Intensity of 1.4
and emission wings of width round 39 A, At phases
close to primary minimum tha profile bacomes sharper
and more Intense, with wings having veluss simllar
to that at secondary minimum, The overall Intensity
of the lIne expariences a sharp decrease thereafter
having ita lowest value near phase 0.41 days; recovery
to nommaley in Intensity Ja repld theraafter untll
gecondary minimum. For phases that follow,
aspeclally between wvalues 0.887 and 1.123 the
proflle s double pesked and the line decreases in
Intansity. It pertially recovers the shepa and Intensity
value it had at secondary minimum before it becomea
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sharply peaked and more intenge near the phase of
primary minimum. The contours also show an
extension of the wings between phases 0.887 and
1.123 when a valus of nearly 48.\ is attained.

The serrated structure aeen In He 1[I 4880
appears to ba the result of the vlolat edge moving
Into the emission lina profile. The amplitude of the
vlolet edge valuss with phase for this lina s 610 km.
The valua is smaller than that seen for N IV 4068 and
suppotts the vlaw that the ragion which produces the
absorption has dynamical propertles diferent from
that which glves rlse to the N [V 4068 [ine.

The profiles of He I1 4686 demonstrate princl-
pally the Intenslty changes shown by Hikner's
monochromatic light curve. The profilas are narrow
at primary minimum and more 1ounded and lesa
intense at sacondary minlmum, Flgure 4 shows the
sequance of changes with phase It 1a appaiant that
thare Is an additional contribution of He Il 4686
smission, besldes the normal aspect of the Wolf-Rayet
star, that sharpens the profile and enhances the
Intensity in the lina, Changes In the appearance of
N IV 4068 can be seen In Figurea 6, The half-widtha
seam to be greater at primary minlmum than at phase
0.81 days. Noteworthy ls the fect that the profiles
are symmstric at all phases.

“Fhe intensities near primary minimum also seam
enhanced when compared to the valuse sesn at
phasas of conjunction, though tha line Is most
Intense at sacondary minimum whan the Wolf-Rayset
star [s closest to the observer, It should be notsd
that no continuum corrections have besn made. The
spectra show N IV 4068 to be free of absorption
offects In fact, [t seems to be the only line In ths
visible region of the spectrum which Is free of
conteminatlon and which can provide reasonable
dynamical orblts for binary systems that have Wolf-
Rayat atars of the nitrogen ssquance as a componsnt,

A double violet edge for the emisslon line
complex at 4100 occasionally merges to form a
single broad feature in the phase interval 0.88 to 1.3
days. The saparatlon of the two absorption lines
corresponds to the difference In wavelength batween
the two N Ill lines 4097.311 and 4103.37X. The
velocities calculated on the assumption that these
are due to N 11, have vajues that ara consistent with
the displacements of violet absorption componsents
of 4200 A, 4471 & and 4642 A,

M. K. V. Bappu and P. Viavanadham

Temporal changes of a sporadic nature on a time
scals covering many cycles seem to be an aspect of
this interesting system. The Hel 4471 violet edge
In the 1961 apectra shows up, in the phase interval
0.9 to 1.3 days, a second component with an almost
constant velocity of flow. The violet edge normally
aagociated with this hne has a curve of velocity
vailation simllar in phase to that of the Wolf-Rayet
star. The second component oxisted In 1961 for
waell over a month. [t was invislble in the spectra
taken In 1952. Between phases 0.08 and 0.3 days
thare is usually an Intensification of the vlolet
absorptlon. This can be Interpreted as due to the
superposition of the component of constant outflow
and the component which shares the velocity curve
of the Walf-Rayat ster. Such Intensification s also
sean in the 1952 spectra, though it is possible that
the two absorptlon components had widths large
enough to prevent resclution Into two saparately
vigible componenis. Studles at higher dispersion of
the absorption profile of 4471 A will undoubtedly
contrlbute to a better understanding of the spectium,
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Fig. 8. Lino proflisa of Ha [l 4880 in CQ Caphel

The changes witnessed with phasein the line
profiles and apparent intensitles are not duplicated



Ths Wolf-Rayat spactroscopic binary HD 214418 83

T T | T 1 | R— T 1 T T | g | T
3.4 “
— 0,028 0,080 oi71 0.412 ==
! /\ :
i.0F /\ _
3.4 1
0,688 a.808 0,088 IoRe '
i /\ /\ ]
1.0~ -
1
Ic 3'4 - ]

B L8t hael 1318 Lade i
Z
3.4 L4Ta 1889 | nede nee
"

—I | L1 ] IL20I::IILLJII.|_

A X
Flg. 4. Line profiles of He || 4888 in CQ Cephel

In any other Wolf-Rayet system, thus making HD  two stare (Bappu, 1961; Bappu and Sinvhal, 1966)
214419 8 unique system. A common envelope, explalns the varlatlon in Hell 4688 intensHy. The
adlcally thin in He || 4688, and which Is eround the  other He Il {lnes in emlsslon elso appeer to come
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from this envelops since the behaviour of He Il 6411
has besn shown by Bappu and Sinvhal {1968) to be
simllar to that of 4686A. The companion star ls thus
hot enough to have radiation character!stics that lead
to the production of the lonized hellum lines In the
large scale gaa flow around the two stars which we
call the common envelope. The darlved mass
functlon from N [V 4068 Is conslstent with a value of
16 solar masses for the companion. The kinematics
of thls flow lead to a velocity contrlbutionio the
overall emisslon of He |l 4688 so as to produce &
valoclly curve that is quite different [n appearance
from what It would have besn, if He Il 4686 originated
only from the Wolf-Rayet star. It seems reasonahle
to conclude that N IV 4068 Is the anly llne In tha
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Flg. B. Lins contoursof N |V 4068 In CQ Caphel.

visible region which portrays the velacity of the
Wolf-Rayet star In the system. In principle, one may
thersfore, on the basis of soms agsumptlon, utillze
the departure of the 48881 velocity curva from that
of 40684 to gauge the kinematic characterlstlcs of
the envelops, To do so, one would firstly need to
obtain a photoelactrically derived monochromatlc
light cuive of NIV 4068 to see the dlfference
batween It and Hlitner's 4886A light curve. The
violet sdges of the Balmer and Plckering serles also
originate In this common envelops, perhaps mostly
In the reglon betwesn the two stars.

The concluslon seems ineacapable that future
additional effort In this area, most likely to lead to a
better understanding of the role of Wolf-Rayet stars
In close binary systems, would bs monochromatlc
emlssion line photometry, eapecially of eclipsing
systems with periods fess than four days. It will
alac be necessary to discover hitherto unknown
binary system by extending a search for theea 1o
falnter limita.
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