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ABSTRACT

A combined photometric/spectroscopic study has been carried out of the evolved binary GD 245. The
system is shown to consist of a DA2 white dwarf plus M3-5 secondary in a 4.17 h orbit. From model fitting
to the white dwarf spectral features, the primary star is found to have log g=7.77+0.02 and T.4=22170 K,
leading to M(g)=0.48.%¢ and R;=0.0150R. Radial velocity analysis of the double-lined system
implies M,=0.22.4 . The distance is computed to be 61 pc and the orbital inclination is i~69°. These
parameters are consistent with the companion being a main-sequence object, in which case T.=3560 K,
R,=0.27R, and the binary just escapes being an eclipsing system. A rich spectrum of emission lines
phased in strength and radial velocity with the orbital motion is testimony to irradiation of a corotating
secondary star by the white dwarf. However, the strength of this spectral component exceeds the intercepted
Lyman continuum from the white dwarf, implying that alternate heating mechanisms are important. The
companion underfills its Roche lobe by less than 25% in radius, and for current estimates of the angular
momentum loss rate in close binaries will require less than 108 yr to evolve into contact. At the inception
of mass transfer, the cataclysmic variable GD 245 will appear as one of the rare objects in the 2—3 h orbital
period gap. © 1995 American Astronomical Society.
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1. INTRODUCTION

The list of short-period binaries containing one evolved
component has grown considerably in recent years, due in
large part to ground-based searches for companions to
known compact objects (e.g., Saffer et al. 1993) and EUV
surveys for recently formed stellar remnants (e.g.,
Thorstensen et al. 1995). The objects are important because
they serve at once as a description of the outcome of
common-envelope evolution and as a population of direct
progenitors to the mass-transfer cataclysmic variables (CVs).
In both stages of evolution, the physics of the star—star in-
teraction is poorly understood, and each stands to benefit
from firm observational constraints.

The presence of a companion to the bright white dwarf
GD 245 (=EG232=WD2256+249=KUV2256+249;
V=13.68) has been realized by at least three groups in the
past few years. Tytler & Rubenstein (1989) noted emission
reversals in the Balmer lines and Schultz et al. (1993) in-
ferred a close binary nature from rapid velocity variations in
the emission lines. Our discovery was based on two optical
spectra obtained in 1992 and 1993 as part of a spectropo-
larimetric survey for magnetic fields (Schmidt & Smith
1995) on white dwarfs selected from the McCook & Sion
(1987) list. Those low-resolution (~7 A) data revealed =400
kms~' differences in the emission-line velocities between
the two epochs and between the emission components and
white dwarf absorption lines. For orbital motions in a white
dwarf+late-type main-sequence binary, such variations can
only occur for periods P=<10 h and rather high inclinations.
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Since the emission lines appear unresolved and TiO absorp-
tion bands are evident, it appeared that contact has not yet
been established. Thus, the object was tentatively classified
as a pre- or hibernating CV.

This paper reports followup photometry and echellette
spectroscopy which confirm the binary nature of GD 245 and
permit characterization of its stellar components. With an
orbital period of 4.17 h, the object falls among the shortest
period evolved binaries, and one for which information is
already quite complete. If, as it appears, the secondary has a
main-sequence structure appropriate for its mass, the star un-
derfills its Roche lobe by =25% in radius and will establish
contact as an active CV in <10® yr. A preliminary report of
this work was presented by Schmidt et al. (1994).

2. OBSERVATIONS AND ANALYSIS
2.1 Photometry

Initial photometry of GD 245 was obtained on 1994 Sep-
tember 16 at the Center for Basement Astrophysics—West
(NW Tucson) using a Celestron C-14 Schmidt—Cassegrain
imaging onto an unfiltered, cooled TI 375X242 pixel CCD
with 23X27 um pixels at ~1"5 pixel ™. The S-BIG control-
ler was programmed to read the CCD in consecutive 2 min
exposures into a 486-based camera control computer. Subse-
quent data reduction was performed in IRAF on a SUN LX
workstation. These data are included in the observational
summary in Table 1 and a sample light curve is shown in Fig.
1 (top) as differential magnitudes relative to a comparison
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TABLE 1. Obervations.

Data Type Date Telescope uT M (R) AN (R) At
Circular Spectropol. 1992 Oct. 23 23 m 6:57-1T7:06 4750-6660 7 10 min
Circular Spectropol. 1993 Oct. 8 2.3m 6:47-6:54 4670-6790 7 8 min
Echellette Spectros. 1994 Aug. 1 23m 7:05-11:09  3250-10500 2-4 12 min
Echellette Spectros. 1994 Sep. 8 2.3 m 4:57-10:56 3250-10500 2-4 12 min
CCD Photometry 1994 Sep. 16 CBA-W 14 5:15-9:42 ~4000-8000 - 2 min
CCD Photometry 1994 Sep. 17 CBA-W 14 8:51-11:49 ~4000-8000 - 2 min
CCD Photometry 1994 Sep. 23 CBA-W 14 3:23-9:57 ~4000-8000 - 2 min
High-speed Photom. 1994 Oct. 10 1.5m 3:23-10:21 v - 10s
High-speed Photom. 1994 Oct. 11 1.5 m 2:16-10:26 B - 10s
High-speed Photom. 1994 Oct. 12 1.5m 2:53-9:05 U - 10s

star in the field of view. Evident here is a sinusoidal modu-
lation of semiamplitude ~0.05 mag and period slightly
longer than 4 h.

Absolute UBV photometry was added in 1994 October
with the Lepus 3-channel system operating on the Mount
Bigelow 1.55 m telescope of Steward Observatory. This in-
strument utilizes Hamamatsu R647-04 photomultiplier tubes
in three identical photometers to record data from the pro-
gram star, comparison star, and sky simultaneously. For these
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Fic. 1. Photometry of GD 245. (Top): Unfiltered photometry obtained with
an S-BIG CCD camera and Celestron-14 telescope showing a smooth varia-
tion on a period slightly longer than 4 h. (Bottom): UBV measurements
obtained on three consecutive nights with the Lepus 3-channel system and
Bigelow 1.55 m telescope. The sinusoidal modulation is indicative of repro-
cessing of white dwarf emission by the orbiting secondary star. Full ampli-
tudes of variation are noted and curves from successive filters are displaced
by 0.25 mag for clarity. There is no evidence for eclipse or for flickering
indicative of CV activity.

observations, the comparison star was located approximately
381" E and 433" N of the variable. Lepus also features con-
tinuous autoguiding on a third star to eliminate guiding er-
rors. A 10 s integration time and Johnson UBYV filters were
employed throughout. At the beginning, during the course,
and at the end of each time-series run the time base was
calibrated to an accuracy of 0.1 s by visually comparing the
time displayed on the data acquisition computer and the
broadcast WWYV time signals.

A relative gain ratio was constructed for the photometric
channels by observing blank sky in all beams at the begin-
ning of each time-series run. The sky-subtracted GD 245
data stream was then divided by the smoothed, sky-
subtracted comparison star data, and a final correction was
applied for differential extinction due to the color difference
between the program and comparison stars. The resulting
light curves are displayed in Fig. 1 (bottom), displaced by
0.25 mag between successive filters for clarity.

Standard stars (Landolt 1992) observed on two of the
three nights allowed the photometry to be placed on the
UBV system. With orbital phase registered to maximum
light, the colors measured at ¢=0.37 on October 10 were:
V=13.73, B—V=-0.03, U—B=—0.88. Full amplitudes of
modulation as determined from sinusoidal fits to the light
curves are: AU=0.074, AB=0.057, AV=0.105.

The phasing of the light curves, whose maxima coincide
with the emission-line brightness variations but are 90° out
of phase with their radial velocities (Sec. 3.2), is strong evi-
dence that the continuum fluctuations arise through orbital
motion of the (corotating) secondary, heated through the so-
called reflection effect by the nearby white dwarf. Further
support of this interpretation is provided by the red repro-
cessed spectrum, as indicated by the greater variation in the
V vs B band. The intermediate U-band amplitude may reflect
the importance of Balmer continuum emission from the com-
panion star relative to the fainter white dwarf below the
Balmer jump. The latter time series was also significantly
affected by variable seeing, so the apparent flickering in this
sequence should not be taken as evidence for CV activity.
There is no indication in any of the light curves for an
eclipse.

© American Astronomical Society ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1995AJ....110..398S

rIYO5AT. T D ITL0C T39BS!

400 SCHMIDT ET AL.: THE VARIABLE GD 245

Echellette spectrum - ¢=0.5

\‘T![ll\\|I?l||llll|ll|||l|ll]lll

2.5 7

il

lII‘!|IJ]‘Ll14l_I||I

Il?ll[lll‘l

v b by b b P b ]
3500 4000 4500 5000 5500 6000 6500

o

2.5 17[‘[|||‘1N1|||||||\\\1‘1\11]!|||

Tio

Tio

I]l_JlI||llIll!|lll

0, B

£ ol a
OLJ\lllil\\J[lllllll\llli\l‘\\J\lllll

7000 7500 8000 8500 9000 9500 10000
Wavelength (&)

FiG. 2. Spectrum of GD 245 centered on minimum light. This composite
from an echellette-format exposure represents inferior conjunction of the
late-type companion star. The broad Balmer lines of the white dwarf primary
are prominent in the top panel, while the longer wavelengths shown at the
bottom are dominated by the TiO absorption spectrum of a late-type com-
panion.

2.2 Echellette Spectroscopy

The echellette format of the 2.3 m Boller & Chivens spec-
trograph was chosen for dynamical study of the GD 245
binary because of its combination of high throughput, reso-
lution, and very broad spectral coverage. When used with the
facility 1200800 15 um square pixel Loral CCD, the 180
g mm ! grating and 60° quartz cross-dispersing prism image
the entire region AN3250-10500 in 9 orders with only a
small gap in the far red. A 2"X 16" slit provided resolution of
~150 km s~ FWHM (2-4 A for orders 12-4, respectively)
and permitted adequate sky subtraction while separating the
reddest orders. Spectral extraction and calibration were per-
formed with the IRAF Echelle reduction package using ex-
posures of a He—Ar comparison lamp and a flatfield source
frequently interspersed in the time series. Spectral flux stan-
dards observed the same night enabled transformation to an
absolute energy scale.

Two time series were obtained, in 1994 August and Sep-
tember (Table 1). We analyze the latter here because of its
more extensive time coverage. Sample spectra compiled
from two of the 12 min exposures are shown in Figs. 2 and 3,
and represent approximately inferior and superior conjunc-
tion, respectively, of the companion star as computed from
the ephemeris derived below. In assembling these compos-
ites, adjustments of 10%—-20% had to be applied in order to
match the flux levels of adjacent orders. This renders the
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FiG. 3. As in Fig. 2 for a phase near maximum light. In this spectrum taken
near superior conjunction, the heated photosphere of the secondary star is
evident in the prominent emission-line spectrum of H, Ca 11, Fe 1, Mg 11, and
Na 1. For the ¢=0.9 orientation displayed, a significant velocity displace-
ment of the Balmer emission reversals relative to the absorption features is
apparent even at the scale of this figure. Instrumental resolution is ~150
km s™! over the entire spectrum.

overall energy distributions inadequate for accurate spectral
deconvolution. However, Figs. 2 and 3 clearly display the
blue continuum and broad absorption featurcs of the white
dwarf in the top panel plus a red, heavily blanketed compo-
nent due to the late-type companion in the lower half. A rich
emission-line spectrum due to H, Ca 1, Fe I, Mg 11, and Na
is prominent near phase 0.0. Essentially all of the structure in
these spectra is real, with much of the hash beyond 9000 A
reflecting individual resolved H,O absorption components in
the terrestrial atmosphere.

3. SYSTEM PARAMETERS
3.1 Orbital Ephemeris

Compiling an initial ephemeris from the three consecutive
nights of photometry in 1994 October was straightforward.
The result was of sufficient quality to successfully predict the
observed time of maximum light on September 23 to within
30 min, or 10% of a cycle. With this fiducial, all of the
September—October photometry could then be phased. Rela-
tive to the latter ephemeris, the positive zero crossings of
emission-line radial velocities from the August and Septem-
ber echellette runs occur at minimum light, consistent with
both the variable continuum component and the emission
lines arising on the heated inner hemisphere of the compan-
ion star. A common photometric/radial velocity ephemeris
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was then compiled. Expressed in terms of the heliocentric
Julian date of maximum light, the final result is

HID,,,,=2449627.0524(8)+0.173661(14)E,

where values in parentheses represent 1o uncertainties for
the last digits displayed. The orbital period of 4.1679
+0.0003 h places GD 245 among other short-period evolved
binaries and well within the domain of the CVs.

3.2 Stellar Components

Radial velocities are available for both stellar components
from a host of emission and absorption lines contained in the
echellette spectra. For the white dwarf, the most important
are HS, Hy, and HB. (Ha is too contaminated by the emis-
sion component at most phases to be useful.) Lorentzian pro-
files were fit to each line for the 24 consecutive exposures
using a nonlinear least-squares technique adapted from Press
et al. (1986). This permitted easy identification of emission
features which contaminate the broad profiles (almost exclu-
sively the Balmer reversals). The wavelength region contain-
ing each of these was then excised from the data and a sec-
ond fit performed. Uncertainties in the velocity
measurements were derived from the error matrix of the fit.
These error bars are statistical in nature, and appropriate for
velocity amplitude analysis. However, due to the modest
density of He—Ar comparison lamp lines in these highly dis-
persed spectra, absolute (i.e., dc) velocities cannot be trusted
to better than one-fifth of a resolution element, or ~30
km s~ . We therefore do not quote a systemic velocity for the
binary. The semiamplitudes computed from least-squares fits
to a sine wave for the three white dwarf absorption features
expressed in kms™! are: H&: 90+9; Hy: 112+9; HB: 95
+15, for a mean of K;=101%6 kms™'.

The motion of the secondary can be tracked through the
prominent emission reversals of HB and Ha, using as input
the residuals from the fits to the white dwarf lines described
above. These measurements display velocity curves which
are antiphased with the white dwarf curves, confirming an
origin on the companion star. To test for the importance of
biasing by the fact that irradiation is confined to the inner
hemisphere of the star, the location of the 7054 (0-0) TiO
absorption bandhead was also measured for each exposure.
The semiamplitudes computed for these three features are:
HpB: 215+19; Ha: 212+6; TiO: 222+7 km s~ L. The effect is
marginal, if real. Because irradiation tends to weaken the
M-star absorption features while giving rise to the emission
lines (Wade & Horne 1988, cf. also Figs. 2 and 3), the biases
will tend to offset in an average of the two types of measure-
ment. We therefore quote the mean of K,=216*=4 km s!
for the velocity semiamplitude of the secondary star. The
individual measurements are compared to fitted sinusoids for
both stars in the upper two panels of Fig. 4.

Finally, in the bottom panel of Fig. 4 is displayed the flux
in the Ha reversal versus orbital phase. This measure of
emission-line strength shows the smooth, sinusoidal depen-
dence characteristic of reprocessing by the secondary. As is
evident from comparison of the spectra in Figs. 2 and 3, this
behavior is shared by all of the emission lines. The disap-
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Fic. 4. Stellar radial velocity curves and a measure of emission-line
strength. Top: Displacements of the Hé, Hy, and HB absorption lines of the
white dwarf compared with the best-fit sinusoid for the common
photometric/spectroscopic period. Middle: Velocity measurements for the
emission reversals of HB and Ha compared with the prominent A7054 TiO
absorption bandhead and the fitted sine curve representing the motion of the
secondary star. The ratio of velocity amplitudes implies a mass ratio
q= M, #,=2.15+0.13. Bottom: Flux in the Ha emission reversal plotted
vs orbital phase.

pearance of Call features around ¢=0.5 is particularly
strong evidence that any intrinsic chromospheric activity of
the secondary is minor in comparison with that due to irra-
diation. There is a hint that maximum line strength may be
displaced by A¢~—0.05 from the expected peak at superior
conjunction. Since the ephemeris is referenced to the broad-
band photometry as well as the radial velocity variations, this
shift, if real, would imply that the region of the secondary
which produces the line emission is offset from that respon-
sible for the reprocessed continuum. Our opinion is that one
must be cautious not to overinterpret photometry obtained at
the slit of a spectrograph.

The coadded spectrum of the region HB-H9 centered
around minimum light was kindly analyzed by P. Bergeron
(private communication) for the temperature and surface
gravity of the primary star. The M(g) technique used in-
volves a comparison of the observed line profiles with the
predictions of an accurate grid of stellar models, and is par-
ticularly effective when applied to DA white dwarfs of mod-
erate temperature (Bergeron, et al. 1992). A mass is then
available from a mass—radius relation for white dwarfs. For
GD 245, the line-profile analysis yields log g=7.77+0.02,
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TABLE 2. GD 245 system parameters.

Property Primary Secondary

K (km s™?) 10146 216+ 4

log g 7.774£0.02

Mass (M) 0.48 £ 0.02 0.22 4 0.02
Radius (Ro) 0.0150 £ 0.0005 0.27 £ 0.02 (MS)
Ter (K) 22170 + 130 3560 (MS)
Spectral Type DA2 M3 — 5 (M3.5 MS)
Period 4.1679 £ 0.0003 hr

Semimajor axis 1.17+0.01 Ry

Distance 61+ 2 pc

Inclination 69°18

T.+=22170*+130 K.! Error bars here are formal uncertain-
ties of the fit. Like all such estimates, the measurements may
be subject to additional errors due to the unknown composi-
tion of the core (C or He), inaccuracy of the models, etc. At
these moderate temperatures, however, such uncertainties are
likely to be minor. Using the evolutionary models of Wood
(1990; see also Bergeron et al. 1992), the implied mass is
M1(8)=0.48+0.02.%, for a thin surface layer of hydro-
gen; 0.5120.02.%4 for a thick (107%.#) hydrogen layer.
We adopt the former value. With a mass ratio
q=M1/M,=2.15%0.13 from the radial velocity analysis,
the secondary therefore has a mass .#4,=0.22+0.02.%4 .

We have compared the red absorption spectrum of GD
245 with the atlas of M dwarf spectra compiled by Kirk-
patrick ef al. (1991). For wavelengths shortward of 9000 A,
the features best match template stars in the interval M3-5,
with the rather large range due to uncertainty in the strength
of the underlying white dwarf component and the adjust-
ments which had to be made to match flux levels of adjacent
orders. Longer wavelengths show that the TiO/FeH feature at
1 um is stronger than normal for these spectral types (Kirk-
patrick ef al. 1993). The technique of Wade & Horne (1988),
which is based on the relative flux deficits in the A7165 and
A\7665 TiO bands, is complicated by the fact that the two
features occur in different orders of our echellette spectrum.
Nevertheless, the estimate of M4.5 (+~0.5) for the
minimum-light orientation is broadly consistent with the
main-sequence interval for the allowed mass range: M3.2—
3.7 (Kirkpatrick & McCarthy 1994), in which case the sur-
face temperature is near T (MS)=3560 K. The empirical
mass—radius relation for low-mass stars preferred by Patter-
son (1984), Roc./°%, then suggests a radius of R,
(MS)=0.27+0.02R, . These and other pertinent parameters
of the GD 245 system are summarized in Table 2.

For the inferred effective temperature and radius, the
white dwarf has an absolute B-band magnitude of +9.83.
Estimating 5%—10% contamination by the companion in this
waveband, the absolute photometry implies a distance of
61+2 pc. Again using the calibration of Kirkpatrick & Mc-
Carthy (1994), a companion star of main-sequence spectral

The spectral type of DA4 listed by McCook & Sion (1987) was apparently
based on B—V colors, which are contaminated by the secondary. Based on
the new analysis, DA2 is a better estimate.

402

type M3.5 at this distance will have an apparent brightness of
33x107% ergsem ?s"'Hz! at R and 1.1X107%
ergscm™2s ! Hz ! at I. By comparison with the measured
flux levels (Figs. 2 and 3), these predictions appear reason-
able, as they imply that the white dwarf provides ~55% and
~30% of the light at the two wavelengths, respectively.

The reprocessing scenario can be tested by comparing the
observed Ha flux with what is expected for irradiation by the
white dwarf. For the parameters in Table 2 and the pure-H,
unblanketed model energy distributions of Wesemael et al.
(1980), the Lyman-continuum photon flux onto the compan-
ion’s surface is Nj,~4X10'® cm™%s™'. Assuming at most
one Ha photon per incident ionizing photon and reradiation
into 27 str results in a maximum reprocessed Ha flux at the
Earth of Fy,~6%107'® ergs cm™2s™". This is to be com-
pared with the value of 3.7X107* ergs cm s~ ! measured
when the companion is nearly face on (¢=0). The ionizing
radiation field from the white dwarf thus falls far short of
that required to power the line emission from the secondary.
This has been a problem in the past: Saffer et al. (1993)
appealed to intrinsic (dMe) activity in PG1026+002, which
also contains a rather cool (7 .~17600 K) white dwarf. The
near disappearance of all emission lines at inferior conjunc-
tion makes that explanation very unsatisfactory for GD 245.
Moreover, the discrepancy is so large that a stellar radius
would have to be increased by a factor of 8, the distance
decreased to less than 10 pc, or the temperature of the white
dwarf doubled to bring them into even marginal agreement.
We suggest instead that photoionization from » =2 should be
considered. The Balmer continuum of a white dwarf in this
temperature regime provides ample photons, and the incident
radiation field might be sufficiently strong that sources of
opacity which usually dominate the near UV in an M-star
atmosphere—molecules and neutral atoms—would be
greatly diminished. Indeed, GD 245 would seem to provide
an excellent laboratory for studying surface heating of stars.

The strong modulation of He emission flux in Fig. 4
(semiamplitude ~70%) is one indication of high orbital in-
clination. Following the treatment in Thorstensen et al
(1978), we would conclude that i>45°, depending on the
amount of line emission intrinsic to the star (i.e., not due to
heating). A firmer estimate results from a comparison of the
measured velocity amplitudes with the implied orbital mo-
tions for the derived period and masses. This yields i =697*}.
Again, the result is consistent with the presence of a main-
sequence secondary, in which case the absence of primary
eclipse requires i <77°. Apparently, GD 245 just escapes be-
ing an eclipsing system.

3.3 Proximity to Contact

For the stellar masses and period derived above, the semi-
major axis of the GD 245 binary isa=1.17*0.01R5.Ina
coordinate system in which the x axis is directed along the
line of centers and z is parallel to the orbital axis, the dimen-
sions of the corresponding Roche surface surrounding the
secondary are: X,=0.49Ry; Y,~Z,=0.35R (e.g., Prin-
gle & Wade 1985). A main-sequence star of the indicated
mass would therefore fit within the surface. Absence of con-
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FIG. 5. Scale drawing of the GD 245 binary and secondary Roche surface
for orbital phase ¢=0.84 and the system parameters derived in the text.
Phase is registered to maximum light, when the reprocessing surface of the
companion is viewed most directly. From the Earth’s perspective, the binary
just misses being an eclipsing system.

tact is consistent with our spectroscopy, which reveals all
emission lines to be single component, have widths Av <150
km s}, and display radial velocities and strengths appropri-
ate for an origin solely on the inner hemisphere of the sec-
ondary. However, the star would have rather little breathing
room, as it underfills the lobe by less than 25% in the y and
z directions. A scale drawing of the binary and secondary
Roche surface as viewed from Earth is provided as Fig. 5.

The time until the secondary contacts its Roche lobe can
be estimated assuming an angular momentum loss rate.
Gravitational radiation alone would require #gg>2X10° yr to
initiate mass transfer. Braking through a magnetically chan-
neled wind—as is invoked to explain the rotation rates of
low mass main-sequence stars—is generally assumed to ap-
ply also to the late-type secondaries of CVs. Explanations of
the 2-3 h CV period gap have traditionally relied on a ces-
sation of magnetic braking at a specific secondary mass
(A~0.2.% ). However, ROSAT has found no evidence that
stellar activity suddenly diminishes for very late spectral
types (Fleming et al. 1993). If magnetic braking or a simi-
larly lossy mechanism operates for secondaries as small as
the 0.22./4, star in GD 245, the time to contact could be
substantially reduced. For example, the braking rates of Ver-
bunt & Zwann (1981; see Ritter 1986) imply that mass trans-
fer would commence in t,,5<<10® yr.

At T,~22000 K, the age of the white dwarf is <10° yr
(e.g., Wood 1990). While not as young as some of the pre-
CVs being found in EUV surveys, rather little period evolu-
tion can have taken place. GD 245 must have emerged from
the common envelope already as a short-period system (P <6
h). In the list of de Kool & Ritter (1993), only MT Ser
(sdO+M), HW Vir (sdB+?), and NN Ser (DAO+MS5-6)
have orbital periods which are shorter.? Because of its bright-
ness and comparable contributions from the two stellar com-
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ponents, GD 245 is an ideal candidate for study and has
already yielded the best-determined orbital and stellar pa-
rameters.

All available data suggest that GD 245 harbors an un-
evolved secondary of main-sequence characteristics. It is
therefore likely that the system represents a pre-CV as op-
posed to a previously interacting system currently in hiber-
nation (e.g., Shara 1989). With the orbital period scaling as
the 3 power of separation from Kepler’s third law, the period
upon contact will be P_,~2.7 h, so GD 245 will first appear
as a CV as one of the rare objects in the 2—3 h gap. Tradi-
tionally, the gap has been linked to the onset of core convec-
tion in the secondary, which is thought to disrupt the domi-
nant (magnetic) braking mechanism near P=3 h and allow
the slightly out-of-equilibrium star to shrink back within its
Roche lobe. Mass transfer is not reestablished until residual
braking mechanisms (e.g., gravitational radiation) return the
two to contact near the lower edge of the gap. Of the objects
whose periods have been found to lie in the 2-3 h range,
more than one-half are AM Her systems, even though these
magnetic binaries comprise a clear minority of all CVs. One
possible explanation for this observation is that the strong
magnetic field on an AM Her primary somehow removes the
braking discontinuity required to initiate the gap (e.g., King
1993). For the case at hand, the primary is distinctly non-
magnetic (B, <21 kG; u<2X10>' G cm® Schmidt & Smith
1995). When GD 245 appears in the gap, it will do so by
being born there.
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“There is certainly a bias against discovering precataclysmic binaries in
which the white dwarf is too cool to significantly heat the companion. The
lack of highly evolved primaries among the shortest-period detached sys-
tems may also reflect the rapid period evolution of close binaries, which for
typical mass ratios and initial periods P<3 h initiates mass transfer on a
time scale similar to the stellar evolution time from common envelope to
white dwarf phase.
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