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RAPID OPTICAL AND ULTRAVIOLET MODULATIONS IN

CATACLYSMIC VARIABLES
Star  Type Pss DNO IpDNO QPO References
(h} (s) (s (s)
§5Cyg DN 660 6.358%-109 32-36 §3-111,730 1,2,15,16.53
RUPeg DN B899 11.6-118 —7 ~3
WWHyi NL 1.78 14.03-40 -~80 400-600 345
EMCyz DN 698 14.6-212
Z Cam DN 696 16.0-188
HXPeg DN 4382 16.2-16.4 ~83 1400-1900 5
WXCet DN 140 174 60
OY Car DN 1.50 17.6-28.0 =320 =]
WXHyi DN 1.80 194 ~190,1140,1560 3
V436 Cen DN 150 19.5-20.1 475 45
HL Agr NL 325 19.6
HT Cas DN 177 202-204 ~100 1
RR Pic N 348 20-40
TUMen DN 2.82 206 313 ¥
HP Lib AMC 0.31 ~ 290 39
CRBoo AMC 0.40 21-23 62 ~300 5
AQErl DN 146 21.0-235 -~90 ~280 3
AHHya DN - 21.55 2
BRLup DN 191 21.65 7
SWilUMa DN 136 223 280-370 41
KT Per DN 392 224-293 -~86,147
EC2117 NL 3.71 22.5-255 -93 ~500 5
SYCnc DN 912 233-33.0
VZPyx DN 178 239 112 390, 3000 529
V803 Cen AMC 0.28 176 5
V11390 DN 150 24-34 177 =7 7.42
AHHer DN 393 240-388 ~100 1
CN Ori DN 391 243-326 5
IX Vel N 465 246-291 ~500 23
U Gem DN 425 -~25 ~146 26
Z Cha DN 179 25.1-27.7 585 §
V893 Sce DN 1.82 252 ~350 5,30
TY PsA DN 202 255-30
BP Lyn NL 367 255
AMCVn AMC 0.28 263 290.820  55,56,57,38
WZSge DN 136 27.87,28.93 742 4,8.9,10,11,12,13,
14 48 + others 14,31,45,46,47

V2051 Oph DN 1.50 28.06,29.77 486,1800 4,18

42.2



EAPLLY

LRUILLATIONS IN A-BATS

P Fariod
Star Typa ] (=) Enerzy Stata Feferencas
Sy o DI 6.60 T74-107 soft o 14
2B soft o 5
1535-245 hard o &
VW Hw DN 1.78 14.06, 14.2-144 soft o 7
6368 soft o 7
-~ hard 0 £
~500 hard o 9
HT Caz oo 1] 7 21 .85 hard 0 10, 11
UGem oo 1] 425 2529 soft o 2,12
121, 135 hard 0 11
583 hard o 11
NVZ Sge DI a5 178 hard 0 13
SUUMa ..., DI £3 3393 hard 0 1
YZCoe ooviaees DN 22] 222 hard o 11
BOW Sl ML 393 254 hard 11
ABDwa ..., DN 365 o0 hard o 11
OF Car . DN 20 22440 soft 0 14
GEPar ... N, DN 2ad 30003000 hard o 15, 16

HOTES—0 = outhurst, ) = quuescenc

g, A colon denotes a less-certain observation; astenizk denctes cases i wiich fequency doubling had ocowmed.
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Table 1. An overview of our data archive of VW Hyi. Observations during outburst.

Run Date Outburst type Phase (d) Length (h) DNO QPO Remarks
1972 Dec 10 Super — 1485 247 No No Early rise to supermaximum, no DNOs > 1.0 10~*
1972 Dec 10 Super -1477 087 No No Rise to supermaximum, no DNOs = 9x 10~
1972 Dec 10 Super = 14.67 231 No No Final rise to supermaximum, no DNOs > 7 104
1975 Dec 9 Super —-1333 0.68 No 2 No DNOs = 1.0x 107}
1975 Dec 10 Super —1240 0.59 No - No DNOs > 2.5% 107°
1984 Oct 24 Super —=11L70 365 No No At supermaximum, no DNOs > 7x 10°*
1975 Dec 11 Super —1134 263 No Yes? No DNOs = 1.8 % 107, some evidence for QPO
at 745 s towards the end of the un
83435 1984 Oct 25 Super -10.70 3.68 No = No DNOs > 1.1 x 107}
52243 1975 Dec 12 Super = 1036 1.65 No Yes Probable QPO at 425s. No DNOs > 1.1 % 10~*
S$3436 1984 Oct 26 Super =979 2.06 Yes No DNO at 14.29s (3.5 % 107" in first 50 min
80115 1972 Dec 18 Super —6.86 120 No No No DNOs > 6% 107*
S3078 1982 Dec 19 Super —5.32 195 Yes No Stable DNO at 14.06s, ampl. 1.2x 1077
S0480 1973 Nov 30 Super —5.19 173 No No No DNOs > 2.5% 107}
S0118 1972 Dec 20 Super —4.86 1.93 No No No DNOs = *
53437 1984 Oct 31 Super —4.62 290 No - No DNO:
S0120 1972 Dec 21 Super —3.87 2.03 No No No DNO:
83692 1985 Nov 8 Super —3.81 0.36 No - No DNOs
83693 1985 Nov 8 Super ~3.80 0.29 No - No DNOs > 1.3% 107
53438 1984 Nov | Super —-375 1.94 No No No DNOs = 1.5%x 107
S2911 1981 Nov 25 Normal (L} =271 ENE] No No Final rise to normal maximum, no DNOs = 8% 1071
82621 1978 Jan 3 Normal (M) —-226 275 No No Final rise to normal maximum, no DNOs > 7x 10+
50122 1972 Dec 23 Super — 1,82 2.56 No Yes QPO at 4105 in first half of the un (3% 107 %)
No DNOs > 5x 10°*
S1277 1974 Oct 31 Normal () L77 1.78 No No At normal maximum, no DNOs > 1.3 107
S1571 1974 Dec 20 Super 1.04 1.99 No Yes? Start of fall from supermaximum plateau, Possible
QPO at 11515 (4.2 x 107%). No DNOs > 1.3x 107%
S6183 2001 Feb 15 Normal (L} —0.94 1.68 No No No DNOs > 1.3% 107°
S3703 1985 Nov |1 Super —0.83 1.04 No No No DNOs > 2.6 % 107°
S0124 1972 Dec 24 Super -0.79 1.84 No No No DNOs = 8% 10°*
52914 1981 Nov 27 Normal (L} -0.73 0.52 No No No DNOs > 22x 10}
S3410 1984 Sep 22 Normal (M} - 0.58 0.51 No - No DNOs > 1,7x 107}
S1307 1974 Now 2 Normal (M) -0.3* 1.33 Yes Yes QPOs at ~ [855 (3.5 % 10 7). DNOs at ~ 18255, frequent
small period changes. Average 2 x 1077, max. 8% 10°°
S0018 1972 Sep |1 Normal (L} =011 204 Yes No DNOs lengthening (20.2-20.6s, ampl. 22 % 10 %)
51594 1974 Dec 21 Super =003 7 No No No DNOs = 1.3x 107}
56184 2001 Feb 16 Normal (L) .06 168 Yes Yes DNO evolution (24.6 — 27 45), see d i
52915 1981 Nov 28 Normal (L) .10 0.73 Yes No Average DNO at 21.3 5, short coherence (~ 660 s). Range
in DNO period 20.6-22.4s
80127 1972 Dec 25 Super 017 377 Yes Yes DNO evolution (28 — 34 ), see discussion in text
S6059 2000 Feb 5 Normal (M) 018 527 Yes Yes DNO (27— 405) / QPO evolution, see discussion in text
S6138 2000 Dec 19 Normal (M) 0.54 763 Yes Yes DNOs in range 25-34 5 of short coherence (~ 1260s)
83416 1984 Sep 23 Normal (M) 0.56 119 Yes Yes DNOs in range 25-30s of short coherence. Modulation
at QPO period of 3005 (see text)
81322 1974 Nov 3 Normal (M) 0.7% 4.91 Yes Yes DNOs in range 26-33s. See WB
55248 1990 Nov 6 Normal (M) 076 4.66 Yes Yes QPO at 2100 s + first and second harmonic, see text
Occasional DNOs near 405 of low coherence
82623 1978 Jan 6 Normal (M) 0.78 3.60 Yes Yes DNOs in range 22-27s. See RW
S0484 1973 Dec 6 Super 0.79 391 Yes Yes Strong QPO at 13265 (4.4 1072), see Fig. 12
DNOs in range of 29-38 s of shoit coherence, see text
S0019 1972 Sep 12 Normal (L} 0.94 430 Yes Yes Large amplitude QPOs at ~ 5005 (2.5 1077)
slel6 1974 Dec 22 Super 0.96 227 No No No DNOs >25x% 107°
50129 1973 Jan 8 Narmal (S) 1.04 2.14 No No No DNOs = 4.5% 10}
S6060 2000 Feb 6 Normal (M) L1 1.53 No No No DNOs = 5% 1077
50026 1972 Sep 13 Normal (L} 1.92 332 No Yes QPOs at 10435 (2.4 107%)
S0128 1972 Dec 27 Super 214 1.86 No No No DNOs > 4% 1077
83715 1985 Nov 14 Super 226 1.27 Yes Yes DNOs at 24.75 (3.4 % 107 %) and QPOs at ~ 3605
in last hour of run
82917 1981 Nov 30 Normal (L} 234 218 No No No DNOs > 2.6x% 107}
SO030 1972 Sep 14 Normal (L} 296 6.92 No Yes Evidence for QPO hehaviour. but of low coherence
Several cyeles at 11405 (2.5% 10°%)
S0077 1972 Oct 11 Quiescence 411 No Yes? Some evidence for occasional QPO at Y35 s
No DNOs = 4% 1077
S0085 1972 Oct 13 Quigscence L.a7? No Yes? Evidence for few cycles of QPO at 720s
No DNOs > 6% 107
50093 1972 Oct 14 Quiescence 333 No No DNOs = 3.5x 107}
S0073 1972 Nov 26 Quiescence 283 No Yes? Possible QPO at 2605, No DNOs = 5% 1077
S0102 1972 Dec 5 Quiescence 1.31 No Yes QPO at 8335 + first harmonic. No DNOs = 4.5x 107
S0105 1972 Dec 8 Quiescence 1.30 No Yes QPO near 600 s rst harmonic (2,5 % 10°%)
NoDNOs > 25x10°*
S1d14 1974 Dec 2 Quiescence 289 No Yes? Evidence for QPO of sllwﬂ coherence at 980s

No DNOs = 2.5% 107

* Our relative magnitudes taken from photoelectric photometry have been used to determine the phase of our ohservations on these dates with respect to the
outhurst template. This outburst was sparsely sampled by the observers who reported to the RASNZ
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Figure 18. Fourier spectrum of the first 45 min of the light curve on 1974
November 3.
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NoNRADIAL PULSATIONS

For either & “p" - or “g""-type oscillation
twhich may imolve vanations in surface
radial velorit:. brightness, or tempere-
tute), 8 parmcular mode is characterized
by a trio of intepers: | m. and k. The fir
two correspond to properties that depend,
respectively, upon latitude and longitude;
varying over the surface, they are “naon-
radial.” Inthe accompanying illustrations
of some simple nonradial modes, the light
and dark areas of the stars’ surfaces always
behave in the opposite manner, For exam-
ple. the mode =2 and m = 0 cor-
respands to an oscillation during which the
two pole caps are, ‘say, alternatelv both
brighter or both darker than the cquatorial
belt that separates them. The third num-
ber, k specifies the radial overtone of the
pulsation.

For nonrotating stars. the period of a p-
orf g-mode oscillation does not depend

upon m.  For a given overtone fsay & = 1.
which corresponds to the first overione for
p-mndes and to the fundamental for
g-mndes], the peniod i Jonpest for the
srmallest value of . A p-mode with! = 0
15 radial, while there are no g-modes with
{ = 0. For{values of one or greater. both
p- and g-modes are possible.

The distinction betwesn the two main
types of pulsations becomes most dramatic
when examiping the periods of increasingly
high overiones for & given value of the in-
dex . For p-mudes, higher overtones have
shorter perinds, For g-modes, however,
the situation is reversed. higher and higher
overtones having longer and lonper pe.
riods. 1t is this property of g-modes which
led Warner and Robinson and Chan-
mugam to suggesl the identificution of
g-modes with the observed oscillotions of
ZZ Ceti stars.

r=1
M=
=3
=0
Fes

o=

o
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Figure 8.10. Power spectra of two light curves of G 29—38. Fron
J.T.McGraw & E. L. Robinson, Astrophys. J., 200, 189, 1975.
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form, ﬂm floaw o the surface,
forming a thin laver 3 few kilometers
deep. comprising one |0-billionth the

that of hydrogen and represens one
percent that of the star. Deeper aill ia
the carbon-oxygen core, comprising
maost of the variable’s mass and volume.
The upper parts of the hydrogen and
helium regions are both only pardaily
ivnized, and changes in the degree of
ionization in these rones provide the
driving mechanisms which excite the
star’s pulsations.
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Figure 2. The amplitude spectra of GW Lib from six observing campaigns
from 1997 March to 2001 May. The light curves were prepared by fitting
and removing linear and low-frequency trends.
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tended to reveal a second. low-amplitude mode after prewhitening with the
dominant mode (righty. (The “bump’ left of centre i= a linear combination
mole. )



25

Illiilliiililliilllillilllllllll'ilii

1

20

SDSS1610

i5

10

SAREEEERANREE

Ililltlli

)

gLt s beraatsatilisasbaasalsrri bt el s
4000 4500 5000 5500 6000 6500 Y000 V500 8000




V magnitude

18.8

|
w0

—
w
g

.
rd
Y

HID (in days)

E L] I T | L L I k] T I L] L I T T I L] ! T 1 1 T [ L] T L]

- SDSS 1161033.64-010223.3
B 55994 ® oo - W 3
= L ¢ & i 1 [ 3 e A g FRR T [ L s &
S N S VI
A e Y { - A

I if;: et ;: ‘;' . |
I ﬁpf .:I :. ;‘ i‘:ﬁ'—‘“I Lo If r"‘::..:'f‘.i ?'I:. 'h : ‘ ; -lr ] -‘ l‘ - "‘-"‘ K r - . =" L] " g
- STA00 2N ALS AV, VLT USRS Wi e L A Gt ]
'_ i - . r o . s ar * ul'".'-,,- o ]
B L I i A i ' i (] | Il I ] i 1 A ] 1 1 i 1 | i i i i I i i i i

0.25 0.3 0.35 0.4 0.45 0.5



T T | T T T T | T 1 I T | T L L ¥ ¥

- i SDSS 116103 *.64-010
30 |

Amplitude {mmag)

0 1000 2000 4000 4000
Frequenecy (uHz)

2233 A




The Known ZZ Cet WDs in CVs:

Object P, .(min) Mag Periods Qutbursts Twn

GWLb 77 17 230,370, 650 1983 14700
PQ And  79-81 19  634,1263 1938, 1967, 1988 12000[opt]
SDSS1610 - 81 19 221,304,345,607 - 14500
HS2331 81 17 310, 336, 419 ol 10500
SDSS1339 83 18 642 = 12500[opt]
SDSS0131 98 18 260,335, 595 - 14500
REJI255 119 19 668, 1236,1344 1994 13000[opt]
SDSS2205 - 20 330,475, 575 - 15000
SDSS0745 - 19 647, 1010 -~

SDSS82143 - 16 616 -



