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The classical nova outburst is caused by a thermonuclear explosion 
on the surface of a white dwarfl,l. The explosion ignites at the 
base of an envelope of hydrogen-rich material which has been 
accreted from a binary companion star. It has long been evident, 
however, that in the explosion most of the envelope is not consumed 
by nuclear burning, but is ejected from the system. This is because 
to consume the envelope mass (_10-4 M 0 ) at the maximum pos
sible rate (with luminosity equal to the Eddington limit) would 
take - 300 years, whereas classical novae return to their pre
outburst brightness within -10 years (ref. 3). Rough confirmation 
of this is given by the fact that the masses of shells of material 
observed to be ejected from novae are in the range 10-3 to 10-5 M0 
(ref. 4). Here we consider the effect on the orbital parameters of 
a classical nova of the ejection of mass during the nova explosion. 
The most easily observable consequence is the generation of a 
small eccentricity in the orbit which leads to a luminosity modula
tion at a period just longer than the orbital period. Observation 
of such an effect, would have implications not just for interpreting 
the dynamics of the explosion but also for measuring the secular 
effect of tidal interaction after the outburst. 

There has been considerable speculation as to how this ejec
tion takes place. The initial force of the explosion is capable of 
ejecting at least some material in a dynamical fashion, and 
numerical hydro dynamical calculations have demonstrated that 
up to about a half of the envelope mass can be ejected in this 
wal. The ejection of the remainder of the envelope appears to 
take place on a longer timescale in the form of a substantial 
wind, driven either by radiation pressure6 or by interaction of 
the extended atmosphere of this white dwarf with its binary 
companion3

,? It seems likely that the fraction of the envelope 
which is ejected promptly depends on the speed class of the nova. 

The rapid ejection of matter from the white dwarf has dynami
cal consequences for the orbit of the binary, which in tum leads 
to observational effects. For the sake of argument we consider 
a nova system to consist of a white dwarf of mass MI = 1 M 0 , 

and a secondary star of mass M2 = 0.6 M0 , effective surface 
temperature T2 = 4,500 K and equivalent volume radius R2 = 
3.7 X 1010 cm. We assume the secondary fills its Roche lobe, so 
that the binary separation is a = 1.1 x lOll cm and the period is 
P = 4.4 h. Before and well after the nova explosion, the main 
optical light from the system is due to the accretion luminosity 
caused by a steady flow of mass from the secondary onto the 
white dwarf. If before outburst the mass transfer rate is M = 
10-8 M0 yr- I

, then at that time the secondary overfills its Roche 
lobe by an amount ilR = 7.2 x 107 cm (refs 8,9). 

An ejection of mass from the binary affects the orbit in such 
a way as to produce two distinct observable consequences. First, 
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if the mass is ejected promptly from the white dwarf, the binary 
separation increases lo

,lI by ila - ailM /(M! + M2)' For ilM = 
10-4 M0 and the above parameters this leads to a decrease in 
M by about 9%. This is consistent with the observationl2 that 
the pre- and post-eruption luminosities (due to accretion) are 
the same to within observational error. Moreover, if the ejection 
is not prompt but takes place slowly enough that the matter can 
interact tidally with the secondary star as it leaves the system3

•
7

, 

then ila is less than the estimate given above, and may even be 
negative, leading to an increase in M. There are also other 
effects, such as direct heating of the secondary by the hot white 
dwarf remnant!! which may affect the post outburst mass transfer 
rate. Thus a change in mass transfer rate post outburst even if 
observed is not readily interpretable. 

Second, however, a prompt ejection of mass from the primary 
leads to an eccentricity e in the binary orbit. If the timescale 
on which the mass ilM is ejected is tej , then the eccentricity 
induced is l3 

ilM 
e=-x min {t, P/27rtej } 

M! 

For the parameters given above, the maximum eccentricity gen
erated by ilM = 10-4 M0 is e = 10- 4

• Even such a small orbital 
eccentricity has observable consequences9

, 14 as it leads to a 
regular variation in mass transfer rate, and hence of system 
brightness. For e = 10- 4 the overall variation in M is 31 % , and 
is 1 % even for e = 3 x 10- 6

• We note that since the variation 
takes place on a period which is slightly longer than (by a few 
per cent) but not equal to the orbital periodl4

, the effect of such 
an eccentricity should be distinguishable from the orbital vari
ation. Most of the eccentricity is generated by the amount of 
mass ejected dynamically in the explosion, for which tej « P, 
and little is generated by the ensuing slow mass loss. Thus 
observation of the effect of such an eccentricity gives a direct 
measurement of the mass ejected promptly. We should also note 
that there are processes acting which serve to decrease the 
eccentricity. In particular the interaction of the wind with the 
secondary star mentioned above3

,7, and simple tidal forces on 
the secondaryJO both act in the direction of decreasing the 
eccentricity. The timescales of both processes are quite uncer
tain. The wind interaction (if it occurs) is likely to act on a 
timescale comparable to the ejection ofthe envelope as a whole. 
The usual tidal effect is not likely to be rapid. For such a small 
eccentricity even for a lobe filling star, the tides do not induce 
supersonic motions, and the slow convective turnover times in 
the secondary lead to long tidal timescales15

• Thus, the observa
tion of an eccentricity in the orbit is not only of importance in 
understanding the dynamics of the nova explosion, but observa
tion of its secular decrease would give the first direct measure
ment of the timescale on which tides act in a binary star system. 
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