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Figure 14. The tidal energy dissipation rate Ėtide (solid lines) and the tidal heating rate Ėheat (dashed lines) as a function of orbital
period. The black, red, and blue lines correspond to our WD models with Te↵ = 10800K, T = 6000K, and T = 3300K, respectively.
Note that at small orbital periods, the Ėtide curves overlap for di↵erent WD models. The dotted line is the energy dissipation rate due
to gravitational waves, ĖGW. In these evolutions, M 0 = M and the WDs initially have ⌦s = 0.

tial trapping of gravity waves in the quasi-resonance cavity
provided by the carbon-oxygen core.

We have also calculated the spin and orbital evolution
of the WD binary system including the e↵ects of both gravi-
tational radiation and tidal dissipation. We find that above a
critical orbital frequency ⌦c [see equation (79)], correspond-
ing to an orbital period of about an hour for our WD mod-
els, the dynamical tide BEGINS to drive the WD spin ⌦s

towards synchronous rotation, although a small degree of
asynchronization is maintained even at small orbital periods:
⌦�⌦s ' ⌦c(⌦c/⌦)

1/15 [see equation (80)]. Thus, numerical
simulations of WD binary mergers should use synchronized
configurations as their initial condition – these may a↵ect
the property of the merger product and possible supernova
signatures.

We also show that, although gravitational radiation al-
ways dominates over tides in the decay of the binary orbit,
tidal e↵ects can nevertheless a↵ect the orbital decay and
introduce significant phase error to the low-frequency gravi-
tational waveforms. Future detection of gravitational waves
from WD binaries by LISA may need to take these tidal
e↵ects into account and may lead to measurements of the
WDs’ moments of inertia. Finally, we have calculated the
tidal heating rate of the WD as a function of the orbital pe-
riod. For ⌦ >

⇠ ⌦c, since the tidal dissipation rate is largely
controlled by the orbital decay rate due to gravitational ra-
diation, it is a smooth function of orbital period [see equa-
tion (90)]. We show that well before mass transfer or binary
merger occurs, tidal dissipation in the WD envelope can be
much larger than the intrinsic luminosity of the star. Thus,

the WD envelope may be heated up significantly, leading to
brightening of the WD binary well before merger. We plan
to study this issue in detail in a future paper.

The recently discovered 12 minute WD binary SDSS
J0651 (Brown et al. 2011) can provide useful constraints for
our theory. Applying equation (79) to this system, we find
that the orbital period (12.75 minutes) is su�ciently short
that both WDs are nearly (but not completely) synchronized
with the orbit. Because of the orbital decay Ṗ , the eclipse
timing changes according to the relation

�t = Ṗ t
2
/(2P ), (92)

where t is the observing time. Gravitational radiation gives
rise to �tGW = 5.6s (t/1yr)2. Using equation (84) to evalu-
ate the orbital decay rate Ṗtide due to tidal energy transfer,
we find �ttide ' 0.28s (t/1yr)2 (see also Benacquista 2011).
Thus, the orbital decay due to tidal e↵ects should be mea-
sured in the near future. Also, our calculated heating rate,
equation (91), indicates the SDSS J0651 WDs have su↵ered
significant tidal heating, although to predict the luminos-
ity change due to tidal heating requires careful study of the
thermal structure of the WDs and knowledge of the location
of tidal heating. We note that Piro (2011) also considered
some aspects of tidal e↵ects in SDSS J0651, but his results
were based on parameterized equilibrium tide theory.

This paper, together with paper I, represents only the
first study of the physics of dynamical tides in compact WD
binaries, and more works are needed. We have adopted sev-
eral approximations that may limit the applicability of our
results. First, we have not included the e↵ects of rotation
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