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EARLY NEBULAR STAGE OF NOVA CYGNI, 1975

T. P, PRABHU

ABSTRACT

The emisslon line profiles of the spectrum of tha envelopa of Nave V1600 Cyg. 1876 are studied, The
speotiral reglon covars Ax 3700-4600, Hg and A\ 6B00-8800, The veloclty structure of the profilea and the tima
varlation of both the velocitles and Intenasities of the emiasion peaks of Ha ara Interpreted as due to sn expand-
ing system of rings at different latitudes with respect to & common polar axls. The snvelops was optloally
thick to Balmer iina radiation and was thinning out rapldly during the parlod of obssrvation.

Koy Words:

1. Introduction

Nova Cygnl 1975 {V1500 Cyg; ¢ 1ss0 - 21" 09m
B3, d1om - + 47° 56' 41”) was discovered on
Aug 28, 1876 while still an the rising part of the
light curve. It settalned a maximum of m, = 1,8 on
Aug 30.85 (de Vaucouleurs, 1976), and declined at
8 rate of about 0.76 mag/day for the flrat three
magnltudes. This rate [s very much higher than that
of Nova CP Pup, 1942, one of the fastest galactic
novae known, whose rate of decllne was only 0.4
mag/day {Payne-Gaposochkin, 1967), Flgure 4 shows
a free hand light curve of Nova Cygnl constructed
tiom the V magnitudes and visual estimates as
published In /AU c/rculars. The light ourve of Nova
CP Pup is takan from Payne-Gaposchk!n (1867) and
shifted to match the maxima. The rate of decline of
Nova Cygnl compares with the novae 1 and 2
observed by Arp (1966) In M31, The steep rate of
decline, together with the large magnltude rangs, and
the absenos of dIffuge enhanced end Orlon absorption
systems makes V1500 Cyg an exceptional nova
(Truren ot al., 1976).

Woe present In thie paper epeotroscaplc obser-
vations made Iin the early nebular stage of the nova
and discuss the varlations in the emission line

structure In terms of a simple geometrical modsl
{Sec. 4),
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Flg. 1. Light aurve of Nova V1800 Cygnl (1678). The light
aurve of Nova CP Pupple (1842) Is superposed sfter shifting
It to mateh the maxima. The vertical line denotes the onsst of

Muclaughlin‘s nebular stags. The arrowa Indicats the dates
of obsarvations reported hera,

2. Obsarvations

Spectroscopic observations were obtalned with
the Cassagrain spectrograph attached to the 102-cm
reflector at Kavalur, The spectrograms aould be
obtained only after the'nova had faded to a magnftude
of V. 7.0, By thls time the spectrum of the nova
had already avolved Into the nebular stage. Table 1
summarlses the observational data and the apochs of
observation are shown as arrows In Figura 1. The
callbration plates were taken with a quartz
spectrograph with a contlnuum source and a rotating
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sactor. The spectira were traced on a microdens(to-
meter.

Tabls 1. Observational data* on Novs Cygm 1978

Spactral  Dispersion  Mean Dets
Plate No. Emulsion R:ngu "t S mme of ottrl?nrvn
JOD 2440000 +

3432 § 103a-D e 23 2874.33
3438 y  103a-E R 17 2077.24
3442 |  103a-F R 17 2879 34
3444 1032-D 2] 70 2886,10
34456 1§ 103a-F R AD 2701.18
3460n 103a-F R 48 2700,06
3450b 103a-F R 45 2708 08
34B1a 103a-F R 45 2706 0D
3461h 103a-F R 48 2706.22
34810 103a-F A 45 2708.25
34681§ Ma-0 B 70 2708.10
3458a 1le-0O B 70 2707.07
3450b lla-0 a8 70 2707.09
34B9 I-N { 410 2718.08
3460 =N l 410 2711612
3461a [-N ! 410 271610
3481b I-N | 410 2718.18
3482n 103e-F R 48 2716.19
3482b 103a-# R 45 2716.20
3474a t03a-F R 48 2748.10
3477 103a-F AR 4B 2741.17
3480 103a-F R 48 2797.12
3481 103e-F R 48 2768.10

hydrogen and the forbidden linea of [0 1[I and [Ne ill]
(Fig.2). The lines of [SII] and [O ] ara faint
(Teble 2). The only other permittad line comparabla
to the Hydrogen lines In intenslty ls 218448 of O 1,
Thie line 18 as bright as Ha and s mote than ten
times as bright as the multiplet 1 of O | at A4 7772-76.
Here we have an axtreme case of O 118448 anomaly
found In H Il reglons, planetary nebuleaa, Seyfert
galaxies and quesars, It has been observed In
several other novae too (e.g. Nova Herculla 1963;
Andrlllat, 1984). The most probable explanation s
that 18446 arisea by Lyman f fluoroscence In Q°
(Bowen, 1947) rather then by the recomblnatien of
O+, and a large opticel depth of the envelope

Tsble 2 Emiselon linss In the spectrum of Nova Cygnl 1876,

* Al plates era widenad to 400x unless otherwise zpeocifiad.
t+ Spectral Range :  B: AA3T00-4400; G; Ax4400-6100; R: MM

5200-8800; I; AN8500.8800,
§ Widened to 80s

Il Widened to B0Ox
t Not callbrated; mean oallbratlons nsed,

The wavelength scale was astabllshed by tracing
the comparison lines beyond the extramitles of the
lines of Interest and by linear interpoletion. Though
the comparlgon spectium was exposed _both on top
and at the bottom of the nova spactrum only one of
theas was used for establishing the wavelength scale.
The chart seeles used correspond to 36 km 8! mm-!
for Ha, 856 km 8! mnr! In the blue, and 130 km s-!
mnr! In the near Infrared. The tracings were measured
to an &couracy of 0,6 mm on"the chart.

3. Description of the Spectrum
3.1 QObssrved emission linss

The spectrum first observed by the and of Septem-
ber, 1876, shows the bright emlsslon lines of

Lab Atom Multl- int Eq. width Int. Eq Wkith
pist At A
JD 2442688.10 JD 244270857
3720-28 [Oll] 1 F 30 *
3756-00 [Fa ViI] AQ *
+0oln 2
3835 HI 2 24
3g08 [Nellf] 1F 10 2] 17
3889 He | 2
3889 Hi 2 } 13 a0
39e8 [Nelil] 1F
38710 HI 1 } 61 88 118
4020 He | 18 15+
4068-78 [s 1] 1F " 20 83
4102 HI 1 89 (]} 137
4287 cll a ane=
4340+ HI 1 100 72 100 108
4363 [0t 2F 8a a8 126 132
44T He | 14 a5
4881 Hi 1
JD 2442701.18 JD 2442718.12
8563 ¢ HI 1 100 2180 100
8717-31  [81I] 2F 1
7088 He | 10 ]
7318-31 [0 H] 2F 10
7883 Ha 1l a —§
7761 [A 1] 1P 1
1772-78 Ql 1 B
8448 0l 4 110
8218 Ni 2 40
a642 Call 2 28
8802 Call 2 20
8080-8718 N| 1 28

1 Normalised to Intensity 100,

* As on JD 2442708.10
§ Partially obsoursd by atmospherio 02 band
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Fig. 2. Typical Spactra of Nova V1600 Cygni.
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increases the ratlo Lyman fjHa to the necessary
value by the conversion of Ha to Lyman §. For Ha
and O | 184468 to be comparabie we require optical
thickness of the order of 103 to 10* in Ha (Netzer and
Penston, 1978).

The forbiddden lines of [Ne lll] are very strong
on the plates taken In October, 1976 (/1 3466, 3466a,
b) while they were nat sean In September (f 3444).
This is an effect of decreasing slactron denslty (N.).
Net and O* have almllar ionization potentlals (41
and 36 elactron volts respectively), Hence Nett
and OH 1eglone coexlst. The line 14363 s an
auroral transition In O1+ and 43889 Is & nebular
line In Nett. The ratio Is highly sensltive to tem-
perature In the 10%--108 K range. It is only weakly
dependent on density for N, <10*cm-?, but at higher
densitles the auroral transition geta stronger with
respect to the nebular one. Thatls, | (A3868) /1
(A4383) Increases with decreasing density, We
estimate that N, was greater than 107 on JD 2442686
and daecreased to around 107 to 10% by JD 2442708,
The {alntness of [Q 1] and [S NI} lines relatlve to
those of {O 1I1] and [Ne ill] Indicates the high excita-
tion In the envelopa,

The only clearly visible permiited line other than
those of Hydrogen and O | A B448 are Hel / 3889
(blended with H {), 44026, 14471, 17066; CII
A4287, 01 AA7772-76; Ca |l A8642, 18862 and N |
multiplets 1 and 2, The identHication of N | 18216
la doubtful slnce only the lsading membar of the
multiplet 2 Is seen, The feature at 17728 could
be due to C |V es suggested by Chincarinl and Rosino
(1964) In the case of Nova Herculls, 1963. The
feature at 43766 could be due to the multiplet 2 of
Olil.  All thess lines are vary much fainter than the
H I lines,

Dua to tho large Doppler widthe of the lines, the
line blending s a severe problem. The proflles of
Hy and [O IIi] 24383 are seversly blended, while
[S 1] A14088-768 affects HA. Several undetected
iinee In the pseudo-continuum have the effect of
reducing the estimates of the equivelent widths of
the bright linse while the unknown contribution of
the blends, when not ostimated, would increaso the
value. The equivalent widths llsted in Table 2 could
be In error by a large amount.

3.2 Proflias of bright lines
32t H-alphe

Complex features In Balmer emission lines were
noticeable as early as on Septembar 3 (Leparskas,
1878). In the present investigation, Ha proflies have
besn observed at 22,94, 49.78,” 60.86, 91.28 and
112.28 days from maxlmum. These Ha proflies show
eleven distinct peaks which are numbered as Vb6, v4,
V3, V2, V1, and R1, R2, R3, R4, RG, RB, (Fig.3).

L
NOVA VIBOO CYRNI
1978

vwend e
-1000 Q 1009

V,(km s=1)— 3

Flg. 3. The maean profiles of Hs on different epoohs. The dark
vartioal lina corresponds to zero velooity. the dashed vertloal
lina denotes the mean velogity of the osntral dip, and rest of the
vartical linas are the means of indlvidual peeks. The kdentifl-
oatlons of differant penks are glven In the lower portion of the
flgure. The gontlnuum isvel is Indloated for Oot, 18,

The changes in the proflle ara extremely aysie-
matlc. As time proceeds, (I) the central dip
(C) becomes more and more prominant apparently
dus to the gradual fading of the centrel peak V1 at
«226kms! (i) the violet peaks brighten In comparleon
with the red ones (l.e. the V peska In Fig.3 brighten
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relative to the R peaks). A comparison of the
profilas of September 3 (Leparskas, 1976} and
Septembar 6 (Campbell, 1976) with our profile of
September 22 (maan of JD 2442677-789) shows,
however, that the changes were In the opposite
direction during the early stages, The profile of
September 3 shows only a red plateau falnter than
the vlolet peaks, whlle by September B, the red
peaks are clearly visible and are brighter than the
violet psaks. Wae willl discuss these changas In the
next section wilth respact to a proposed modal.

The Intensity changes in the varlous peaks
during the period of observation presented In this
paper are {lven In Table 3 referrad to a constant

Table 3. Changes In the Intansitisa of tha emission peaks In
the H-alpha profile,

Epocha *

Peak 1-2 2-3 3-4 4-8 1-B
Ve 12,16 1072 9.12 1274 14,96
Vi 10.12 11.48 10.23 1108 14,13
V3 10,72 1023 5.86 12,02 12,89
V2 9.44 10,23 8,89 11.81 11.08
vij/C 8.13 8.44 10,72 10.84 8.91

{R2 10 00 10.00 10,00 10.00 10.00
R3 8N 10.38 8.71 10.47 8.22

R4 8.12 868 8,12 8.66 7.33

* Tha spochs ars JD 2442878.20
JD 2442708.13
JD 2442718.20
JD 2442748,03

JD 2442787.81

Skona

{ Normalised 10 10

change In the intensity of R2, Thla peak Is choasn
somewhat erbltrarily. The absolute changes or the
changes relative to the continuum could not be
obtalned in the preeent Investigation. The obser-
vatlons made on dates differing by leas than thiea
days are averaged. The avarage peak radlal veloclities
reduced to Sun on different epochs are llsted in
Table 4. The values Indlcate that the radlal veloclties
of the positlve peaks are gatting leas poaltive and of
the negative peaks less negatlva with Increasing
time. This affect wlill be discussed In sec 4.

§.2.2 Other Lines

Apart from Ha other lines aleo show complex
structure. The plate /# 3432 obtalned on JD 24426874
shows Hf with four emisslon peake (Fig.4). In
spite of the problem of line blending mantioned at
the beginning of thls sectlon Hy, [O [{I] 4 4363, H4,
He and {Ne 1I1] A 3869 show the line doubling. An
attempt to separate Hy and [O 11I] 4 4363 by inspac-
tlon Is made In Figure 8a whlle [n Figure 8b, HJ and
[S 1IJAA 4088-76 are separatad, Line doubling also
ocours in all the observed He | llnes, In O |14 8448
and in [0 1] A4 7319-30 (Fig.5). The proflle of
[sN] 6717-31 (Fig.5) Ia derlved from one piate
where [t 18 reduced to o rest wavelength of A6731
and Is of limlted acouracy duse to the falntness of the
llne. As In the case of Ha all the lines mentioned
above also show an increase In the |ntensities of the
violet peaks in comparison with the red ones. The
average radial veloclties of tha components of the
emission llnes are glven In Table 6.

Teble 4. Average pask radlal velonitiss (km -1} of Ha profile

Data (15785)

Peak Sep. 22,78 Oct. 18,63 Oct. 30,70 Nov 30,13 Deo. 21 1 Avearage
V6 — 1062 —1087 —1072 - 1082 —983 —1045 . 23
V4 ~838 ~788 —787 —802 - —808 + 14
V3 —B58? —B88 —687 —~672 —543 —678 2 13
vz —402 —387 387 —a87 —43s ~380 & 16
V1 --207 {—237) (—282) - (~—206) (—225 1 14)
R1 -77 (—74) (-72 (—07) {—81) (—76 + 8)
R2 +141 +139 +148 +1a3 +117 +130 L7
R3 4428 +428 +416 -+ 408 +3684 +407 & 17
R4 -+ 028 +631 +843 +620 +881 +817 & 20
RB - (-+900) {+008) {-+904) {+878) (+8088 1 8)
Re {+1182) (+1133) {+1129) (+1128) {+1081) (+1117 4 20)

Note: The velues In ths brackete acorrespond to the falrter peake and couki be comparatively lsan accursts,
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Fig. 4. The profile of Hg and tha lines in the blue reglon of the
speotrum of Nova Cygnl, 1878, Vartical lines are drawn for
zero velocity. and for the central dip and prominent penke of
Hea proflles, The unshifted posaltions of blanded lines aro
Indicatad. Continua aro drawn when known. Tha psaka of
biue lines of anch spoch are normelized to 6 peak Intensity of
Hy -~ 100,

4 .Discusslon

4.1 Modsl of the anvelope of V1500 Cygn/

Mustel and Boyarchuk (1970) classlfy nova
envelopes Into two kinds: (a) GK Per type, without
any symmatry In their structure (b) those with a clear
axlal symmetry. A larga number of spectroscoploally
and photographloaily studied novee fell under the
second oategory, The photographs of the recurrent
nova DO Her (1934) have shown such symmetry
from 1942 onwards, while the complex structure of
the emleslon lines of most of the nova snvelopes

could be explained as a superposition of several
saddie-shaped proflles of the kind obtalned the-
oreticelly by Bappu and Menzsl (1984) for expanding
rings. Varlous modele with rings, cones and polar
caps have been computed for DQ Her (Mustel and
Boyarchuk, 1970), Nova Vulpeculae 1968 {1}, Nova
Serpentls 1870 (Hutchings, 1872), Nova Delphinl
1867 (Hutchings 1972, Malakpur 1873) and V603
Agl (Weaver, 1974).

The apparent symmatry of the pagks In the Hag
and other emisslon line proflles of Nova Cygnl
indicata an axlally symmetric model, An attempt s
made to reconstruct the shell from the wvelocity
structurs of tha emisalon profiles obtained in Sec. 3,

A aeddie-shaped profile could result from both an
expanding shell and an. expanding ring. In the
absence of any supporting evidence for the formatlon
of several shells with different velocities of expansion
such as muitiple absorption componants or auxilary
peaks in the light curve, we assume that the multiple
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Fig. % The profllssof lines In the red-Infrared part of the
spectrum of Nova V1600 Cygnl,
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peaks of Ha profile of the nova arlse due to a system
of expanding rings sltuated at different latitudes
about 8 common polar axis. If the polar axis mekes
an angle / (Fig.7) with the line of sight, and the ring
is sltuated at a colatitude #, tha resultant emlsslon
proflle has peaks at the velocities Vy end Vs glven by

Vl ‘-'1V0.‘.':Vup 003(0+ ’)
ViV +Vep cos(0-1)

(1
(2}
whare Vp denotes the systemic veloclty of the nova

and V ., the expansion veloclty of tha ejecta. The
angle 0 is taken to be always acute measured from
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Het[om]naz08 A$T
s
0 — 20.80
[ —- £0.0%

L

170

-e0
1%
440
30
20
SONTINEIN ‘J
ot |°
o loo0 A4340
Ve (km B""')-'*-

Fig. #a. Approximats ssparation of Hy and [0 111] 1 4383,
The continuum on Sep. 28,80 ls astimated by suparposing the
wings of the bland over thoas of Ootobar profila,

1000 2000 .

1000 -1000 0
T 1

! T U Nova visoocYeN!
s0r "a‘lm]lxzou-n
OCT 20.69,I0T8
" "'":ILIND
dor =
I so}-
lOk
H ) -
aext
WW
A410] =2000C W00 [+] 000 ROOO
V,lkm s=")=

Fig. 8b. Approximate separation of Ha, and [3 (1] A 4088,
A 4078, on Qct 20.85.

olther pole. The negative sign la used In the above
equatlons whan the ring ls sltuated within 80° from
the pole nearer to the observer, and the positive sign
ls used otherwise.

The procedure adopted in constructing the model
Ia as followas: The systemlc velocity V, of the nova
and the velocity of expansion V.« of the e)ecta are
astimated and the proper pairs of peaks are seleoted
ag suggested by thelr slmilar behaviour with respect
to the [ntensity varlations. The angles & end / are
obtainad by solving the equations (1) and (2). The
agreement between the value of the inolinatlon for
different rings Is taken as a check on the proper
pairing of the peaka.

The effect of changing the adopted velues of V,
and V.« can be estimatedas follows. Differentiating
equations {1) and (2) wae obtain

Teble 5 Radlal velooities (km s1) of emisslon peake of varlous linas

Ha Ha Hy [8I1 (810 He (low Ha Hs ol [0 Hel TOIN] [Nelil]
3731 24072 rasoln} 28448 27326 (mean) 24383 A3885

—~ 1045 (VB) 910 —860 —880 — 86O
— B78 {V3) - 500 — 500 —B00; —0800; ~700 —B80 —600 -—BOO: —8BO:
— 380 (V2) - 420 — 400
+ 188(R2) -+ B0 + 100: — 125
+ 407 (R3) + 328 + 250 + 280 4 280
+ 617 (R4) <+ 700 +4591 + 8580 4800 4800 4800 4500 --378 4 480

ST

Note: The valies marked : are upoartain due to blending,
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dv. :I:dVe:pGOS(O:I: I)
~Vepsin (0 £7) (d8 +d) =0 @)

Equation {3) shows that the effect of changes
dV, and dVexp In the assumed values of V, and Vesp
respoctively have an effect of changing the Inferred
values of & and /by an amount of the order of
dVo/Vexp And dVoep/Verp.  The contilbution dus to the
former ls very emall as the errore in V. are not
comparable to the expanslon velocity and the adoptad
value of V.o cannot be in error by more than 30%,
{sao balow). The effect of this error would howsver
be to distort the model to some extent without
basically changing It. It may be added furthar that a
latitude dependence of the axpanslon velocity Is quite
possible and this would result In a deformation of the
moadel while its projection on a spherlcal surface
cantered on the nova would stlll be as obtalned.

| Vexp

Flg.7. The geomotry of a ring sttuated at the latitude ¢ with
the axls subtending an angle 7 with the lins of sight.

Values of-1300km &-! (Horn ef &/, 1976) t0-2250
km ! (Woszcyk, 1876) heve besn measured for
the absorptlon velocitles of the nova at Ita early
post-maximum stage. we adopt a value of Vegp=
1700 km s*! for the following diseussions, The

systamlc velocity of the nova could be estimated In
several ways :

(a) A proflle formed due to en equetorlal ring or &
pair of polar caps (Bappu and Manzel, 1964), ora
palr of symmetrically placed rings with equal
expangion valoclty (Hutchlngs, 1872), or any com-
bination of these has a central dip at zaro velocity
wlth respect to the central star. The cantral dip of
the Ha profile of Nove Cygnl is ohserved at — 180 1
20 km s-1,

(b) Senford (1946) suggested that If *’Jets of matter
are alwaya shot out In dlamatrically opposita direc-
tions, mean values of properly solected palrs of
maxima should provide a way of obtaining the radial
velocity of the nova’”. He obtained a value of +88
km 8! for Nova CP Pup which sxceeded by 30 km s-!
the value derlved from the messurements of the
centres of broad emlsslon lines.

The mean valocltles of the six mejor peaks of Ha
profile of V1600 Cygnl glves value of —211 £ 6km
gl
(o) The centres of broad emission lines observed in
the principal spectrum were at-76 3 60 km a™! {Bolton
and Gulllver, 1978). The centra of symmaetry of the
proflle of Ha registered on § 3446 where the cont|-
nuum |s also recorded changes from -100 km s-! at
the base of the profile to -180 km s-! near the Inten-
sity maxlma. The centres of symmetry of the lines
other than Ha have an aversge value -108 4 48 kms-!.
(d) As It Is baelleved that galactlo novae belong to
intermediate population | with a velocity dispersion
of 80 km st and not to a dlsk popuiatlon, and since
the position of the nova is nearly at I''= 90°wae
cannot obtaln an estimate from galactic rotation.

The high values of (a) and (b) also confliot with
the supposition that novae belong to the intermediats
population |, while they can bs explalned to be
due 1o sn asymmetry In the [atitude structure cf
emltting rings as proposed hers, We attach slgnl-
flcanoe only to the values in (¢) and assume an
average value of -80 km s-! for the systemlis velocity.

The four prominent peaks In the Ha profile are
V5, V3, R2 and R4, These could arlee from two
tings. Thaere are threa different posaibilities of group-
Ing them.

| V6-V3; R2-R4

Il V6-R2; V3-R4
Il V6-R4 ; V3-R2
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Group {1} could not yield any axlally symmetric
modal and hence only two modela were constructed !
ona with Group | and the other with Group |1, Both
the models give two rings parallel to the squater
carresponding to the four brightest peaks VB, V3,
R2, R4. The fainter peake V2, V4, A1, R3, RE and
RE were paired to yield rings parailel to the firat two,
Table @ lists the latitudes of sach ring and the valua
of the inclination of the polar axls of sach ring to the
iine of slght. The obssrvational uncertaintles in the
peak velochties could amount to about 3 1* In all the
anglea and wa note that the paralisilam of different
ringe s ascertained within thls error. The only
exception Is the ring due to RB-R6 in Model | which
gives an inclinatlon of about 3° less than the mean
inclination. Woe feal that this difference Is significant
and gdjust the value of the expansion velotity to
1380 km &-! for this ring to get an agreeable Inciine-
tion, This I8 only an alternatlve to an actusl distortion
in the envelopa. Simliarly the slight distortion in the
rings V2-RB and R1-R6 In Model li Is an alternative to
a slightly higher expansion veloclty, A value of
1880 km & used only for these two rings glves the
latitudes 101°.7 and 110°.2 respectively and the
Inclination 20°.8 for these rings. This brings the
mean inclination to the value to 20°.7 £ 0°1. A
slight distortlon of the envelope or slightly differing
velocitles of expansion for different rings or buth are
dultte possible (8.9, Nova Agl; Weaver, 1974), How-
ever theas sffacts would be of sscondary nature to
the models proposed here. The basic models are
lilustrated in Flgure 8.

The lines of {S1(], [O N1, [O W], [Ne U], O land
He Ihave a velocity structure slightly different from
that of H | lines. The lines of [S ), [O 1] and He }
are faint and the Inferred radial valoclty structure
could be uncertain. Ol 18448 Ig, howavar, as bright
88 Ha and shows peak velacitles 200 (viciet) to 350
(rad) km & higher than Ha. [f as belleved, the line
owes [ta strength to the Lyman # fluorescencs it
shouid be erlsing just ocutside the H*-H® boundary,
Hence the higher separation of peaks Indjcstes a
highar expanslon vaiocity In the outermast reglona,
This Is further supported by the lower separations of
the pesks of [O M) (I.P.=35.00) and [Ne T
(1.P.=40.91) which would be emjtted predominantly
from the lnner regiona dua to thair comparativaly high
lonization potentlals, These obssrvations indlcate
@n increass inthe expansion veloolty ot a few hundred

km s-! from the inner to to the outer reglons af the
envelope.

Tabla 8. Mods! paramsters of tha anvelops of Nove Gygn
1878

V, = — 80km &°! Ve =+ 1700 km 3-}
Model ! Mode! 1!
Pasks  *g (dag) /(deg) Foaka *#{deg) /7 [dog)
VE-V3 848 88 VS-R2 78.7 20.8
V4-V2 727 7.8 V4.R3 88.1 20,0
R1-R3 88.7 83 Va-R4 §3.9 207
R2-R4 1081 BB  VY2-RB 102.9 227
RE-R8 1303 49 FR1.Re 1123 228
tRE-R8 1483 8.1
§Mean/ 9.3 +03 Mean/ 21.8 4 0.7

e A it - . oy amw  —————

* Measured from the pole nearer to the obssrver
t Vaxy reducad to 1850 Km o-I
§ Excluding Re-Ra

VA v@aow draul,nrs

Flg. @ Mode! envalopesof Nova Cyghl, 1978 V, =~ <D0 km 3-1
Vaxp= 1700 km g1,

Modsl [: /m8"and rings at roughly 68", 73", 88*, 108* and 130°
from the pole nearer (o the obaetver. The dashed line repro-
sonte the last ring whon it expansion veloolty Is recitiosd to

1360 km a-! In ordar to make its Inolination agree with the ress
af the rngs.

Madel [1: /=22¢ and rings at roughly 77°, 88", 4%, 103* and
112° trom the pols nearer to the obasrvar.

4.2 Changeg in the indvidual paaks of Ha, in relation
with the proposed modal

Tha intenalty ohanges In the peaks are Indicative
of the ohanges In the physical condltlong of the
envelops. The relative intensitiss of VB and V3 and
alsc V4 and V2 are changing In phese. This s
especlally evident in the rates of change in the
Intensitles given in Table 7. We ‘also gee that the
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rate of weakening of R4 egalnst R2 Is ateady at 0.16%
per dey and has very small disperslon about thls valus.
The total change In the Intensities betwsen Septem-
ber 22 and December 21 (epochs 1 and 6 In the
table) shows a correlation with the peak velocity
(Flg. 9). The lattar [a the line of sight component of
the expansion veloclty and hence the correlation
roduces to a correlation between tha changes in peak
intenslties and the angle the radlus vector of the
emitting reglon makes with the line of slght. The
explanation should be besed upon the emlssion line
prafiles from the optleally thick rings thinning out In
time, and is not attempted here,

As mentioned already (Sec. 2), In tho early Ha
profiles published (Leparskas 1876, Campball, 18786)
violet peaks were brighter Initlally and became fainter
by about September B. The recombinations could
have started about this time In the outer envelope.
If one uses the visual light curve to estimate the
continuum flux roughly, one notlces that the total
emisslon has decreased between September 5 &nd
October 16 Indicating a substantial emount of 1e-
comblnations, thus placing obscuring neutral Hydro-
gen atoms In front of the rings emitting the violat
pouks,

We find a ¢-dependence also in the veloclty
realduals defined es the deviations of the velocity on
a particular date from [ts mean value over the total
durstlon of observation. Woe liat the values of (dV./
dt) /V: In Table 8, where t is the time In days
meaaured from the centrold of all observatlons, Wa
find an average valug of

(dVe fdt)V: = (=18 £ 0.B) x 10 -'day

If this la interpreted as due to the decelaratlon of the
envelope, we obtain for & value of Vox, = 1700 km s,

Vep/dt = —2.7 4 0.8 km &-! -'day
= =321+ 1.0omsec?

Teble 7, Rate of chenge of intensities of Ha emisslon panke§

Epooha*

Peak 1-2 2-3 3-4 4.8 1-8
Ve -+ &7 + 2.7% - 1.21 4+ 603 - 1.98
V4 4019 842 4033 4216 1 1.88
va F112 4080 —0868 4383 -+ 1.12
vi ~08% +080 -018 +341 4080
R2 0 0 0 0 0
R3 —223 4138 —187 +088 - 0908
R4 — 148 -136 1.3 —-182 1.5

§ The values of (d1/1)/dT In the units of 10-3 d-),
*The epcohs 1 to 5 ara as deagribed In Table B,

Though the snvelope of & nova becomes optl-
cally thin to continuum radlatlon at about the time of
maximum light, it may continue to ba optlcally thick
to the lina redlatlon for quits some time slnce the
line absorption coefflciant s vary much larger than
the continuum ebsorption coefficient (Pottasch,
1969), We wiinese an evidence to the moderate
optlcai thickness of the envelope through the Balmer
decrement (Table 2). The decrement ls |ess stespsr
than the decrament in the optlcally thin case; the
theoret|cal ratios of Hy: Hd: Hg for T, = 10%K,

Table 8. The values of (dV/dt)/V:

*Epooh (Deys after max).

Peake 1 2 3 4 B Averags

22,94 48.18 6086 81.28 112.16 87.4
Vb ~ 0,161 - 1.187 - 3.839 4 0.281 - 1,328 — 127 & 1.08
va - 0351 —1.018 ~ 6.023 — 0,438 — 1,362 —1.80 £+ 2.30
v2 - 1.302 —1.044 —~ 2809 4+ 0.7 — 2,048 — 141 £ 0,82
R2 ~ 0.828 — 1.264 — 13,468 — 0.928 ~ 3122 — 3.82 + 3.88
R3 - 0.884 — 2,860 — 3.008 + 0.108 — 2.626 - =181 £ 079
R4 — 0.400 — 1.268 - 8427 + 0.206 -~ 2,020 —~ 108 & 4.15

1 In the units of 107d ="
* As defined in Tabls &,

Walghted aversge — 1.57 2 0.50
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N. = 10%¥cm™ are 100:66:34 (Brocklehurst, 1971)
agalnsat the observed 100:89:51. These values are
rough due to the difficulties of Iine blending and
errors In the continuum leve! on our plates exposed
for line profiles, but are yet indlcatlve of the high
optical thickness (Nstzer and Penston, 1976}.
Furthermore the apparant decrease in the peak velo-
clties cen be explained as a result of the optical
thickneas decreasing with time and the radlal increase
of Vxp ; 88 the denslty in the envelope decresses [t
exposas the Inner lowar velooity reglons, The rate
of 2.7, km 81 d-! which |s obtained for dV..p/dt gives
a total change of about 260 km ¢! over the perlod of
observetion. Thie s of the same order as the maxi-
mum differencs in the blue and red peak velooitles
of thelines due to differentlons.
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Fig. 8. The time rate of change of relative Intenalties of psaks
fn the Ha profile agalnat the peak radial velocities. The iden-
tifloatlon of the angle =gt/ are also markad, The points are
derlved from the total ohange betwesn JD 2442678 and JD
2442708 while the typlosl probabla eror Is obtelned from the
aoatter In the rates derlved from ths sucosasive spooha of ab-
sarvatlon,

8. Conclusiona

Like most of the novee the ohaervations of Nova
V1600 Cyg could be axplainad with a moda! conalst-
ing of an envelope of axlsymmetric rings situsted at
different lathiudes with respect to a common axls.

This idea Is supported by the veloclty structure
of the emisslon line profllee and also by the time
verletions of the Intensitlss and velocitles of the
emisslon peaks of Ha line. Two geometrical models
arg constructed which are equally plausible (Flg. 8.
Table 6).

Thero seems to be & linesr increase In the velo-
clty of expenslon of each ring along Its thickneas.
An egtimated velus for the velocity difference bet-
ween the outer and the Inner reglons of a ring Is 200
km s,

The snvelope waa optically thick In Ha and
posalbly In other Baimer lines during the period of
observations, but was thinning out rapidly.
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