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2.1: The intersection 

with q = 0.25. 

centre 

ninotentil;u Slll'l'S1.CeS with the 

UI..lI.llU'Cl ";u 1-4 in order of 
are shown. From Frank et al. 
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2.2: The structure a. nOIU-Ilna.J{Ue'1;lC inclination zero. 

The arrow at bottom mduca.te8 

eq\liplDtentil!l.l surfaces in the reference frame TT":"Llm.,- are time ae]pen,Qellt 

sec:on,d8J:y is off the main sequence, and therefore In almost a.ll 

the secondaries are low-mass stars with life times than a Hubble time. 

7 



Univ
ers

ity
 of

  C
ap

e T
ow

n

at a rate 

x 

h ata rate 

is not 

8 



Univ
ers

ity
 of

  C
ap

e T
ow

n

are "UJ,CIoll';;;L 

IJ""'~"''''. one ex'pe:::ts 

it 

most jJLC ...... <>LU,'''' cause 

9 



Univ
ers

ity
 of

  C
ap

e T
ow

n



Univ
ers

ity
 of

  C
ap

e T
ow

n

2 

extreme Int,erBLCtl,On can occur, see ::;e(:tlcm 

h 



Univ
ers

ity
 of

  C
ap

e T
ow

n
at resumes. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

stars are not 1..1""-,,, ...... to two 

to 
cause it to 

an 



Univ
ers

ity
 of

  C
ap

e T
ow

narrows. 

ex: 



Univ
ers

ity
 of

  C
ap

e T
ow

n



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 1 1 

is 1JI-I0101Ule 

in causes the disc and stream to be out 



Univ
ers

ity
 of

  C
ap

e T
ow

n

5 



Univ
ers

ity
 of

  C
ap

e T
ow

n

19rL tness on ~l.u.,L<:lO'''''''''<'''' is not seen stars 

2 



Univ
ers

ity
 of

  C
ap

e T
ow

n



Univ
ers

ity
 of

  C
ap

e T
ow

n

ro ~ 5. em. 11) 



Univ
ers

ity
 of

  C
ap

e T
ow

n
accretion outside 

accretion curtains 

The vertical 
the disc are 

the inner disc 
re[)roli1u(~d out Hellier 



Univ
ers

ity
 of

  C
ap

e T
ow

n

means must a source 

extent. 

& Warner 



Univ
ers

ity
 of

  C
ap

e T
ow

n



Univ
ers

ity
 of

  C
ap

e T
ow

n



Univ
ers

ity
 of

  C
ap

e T
ow

n

was at 

did a. peJrlO<lOlZ;I'run >u" ... """,,,. Uo.l!tll:1Vlil>lUll.!:l. but this was, 
tec:hniqu,e because it involved IUUUUI:IoUY Ullol:,lLllil,lllIoI: 

wu:w,Ulsut:: computers. 
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j,lutll:ilU'''' detection of a. DNO with a. of 33.9 B near 
IWl:un~)Blt;y, this does not fit in with the de(:.enclenc:e 

argue that the was UAUUa.UAY a 
beat between a. DNO at 14.18 B and the 10 B sanrlpl:tDg time used Schoembs & 
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UJ:lIIS.Ill,I:IoW from the white dwarf. Hawe'ler. 
are in fact present thr01l.l!~01Ut the orbital am:plltuCle is 
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even for the case of two accretion zones. 
North et a.1. find = 1.12 ± 0.08 which resolves the Pl'ClOIElm. 
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considered as the cause of the double DNO in their 
ODSlervatlClns. but concluded that a. non-linear resporule of to 
InClremnnR: intE,nsilty of the incident beam is to produ(~e 
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support a rotating beam modeL The period doubling observed in EC2117 may be 

ascribed to 8 transi tion from two- to single-pole accretion; the 0ppo5ite proC85S may 

be the cause of frequency doubling of the IpDKO in YZ Pyx; alternatively, the VZ 

Pyx data may be explained by changing viewing geometry, 8-'l proposed for YW Hyi 

(se€ Section 4.1.5). 
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Chapter 5 

Observational Results 

In a. oo(l,l'ch for DNO., ipDNOs, a.nd QPO., hip;h speed photometry of CVs w,,,, dOlle 

at the S'uthe:rlund 8il,e of ihe South African Astronomical Observatory llsing ~he 30-, 

<10-, and 74-in. leieoc,opoo and the University of Cape Town charge-rmlpled clevie<.'. 

(Uar CGD), a frfLlne-transfer CCD. O'Donoghue (19!n) descril>e8 the ucr ceo, 

Wa;rner (1988) diseuS8e8 m",,), <l.~pec~" of high speed photometry and its "pplication 

to the study of CVs. Visual magnitudoo reported by members of ~hf. American 

As:lociation of Variable Star Obrervers (AAV80) and VSN~iT mlLde ii possibl.e (.0 

ca.(.ch DN in ontbur81 and AM eVn sliJ,l'S in ~heir high states. 

In almoot all cases ihe observaiions were made in white light, with the uar CCD 

(.his gives pho~ometry with an effectiv~ wlLvelengoh !limilar to Johnson V, but ".~th a 

very broad bandpass, This, tOgl',ther with ~hf, non-standard flux distribution of CVs, 

meanS that rnlLgnitude ~--aJibmtion (tl.Chievoo by observing hot sllbdwarf a.nd white 

dwarf stlLndard stars) and extinction correciions axe only approximate (aecurate to 

about D.l mag, for the mefl.ll ma.gnitude). Since only short time scllle varia.bility 

is of interes~ hfTe, ILboolu(.e calibration is not an importa.n~ concern. Among ~he 

a-dvantage8 of eGO dcied.ors over photomultiplier an-d image tnbe8 is that CGDs 

uSllaily a.llow for differential photometry, so ~hlLt high quality data can be ob(.a.inf,j 

even in non-phot.ome~Tic conditions. 

Tlw, imagoo were redured with" program callf,j DuPhot, which L~ an adaptation 

of DOPHOT (Schecter, Maieo &; Saba 1993). The program calcullLtes an aperture 

mlLgniiude and a profile-filtoo magnitude for elLcl, siar i~ find~ in a number 

of uoo:r-definoo windoy,-.. on ~hf, CGD frames. The light r,un'8S were ooaJ"che.d 

for quasi-cohereni signals by r,aiculating Fourier amplitude spoctm with Dar:mgh 

O'Donoghue's program EAGLE. This prC>gTam compuie8 ~he diself',OO Fourier 

transform (Deeminp; 19n) of (l. light Curve fur (l. specifif,j numoor of frequencies. 

Appendix A give8 " brief accOUIl~ of di8Cre~e Fourier analysis. 

OscilllLtions wer~ deiect,ed in 20 ON, 2 NLs, ruid 2 A~ eVn st",.,,: the root of thi. 
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ch~pter presents and discusses the result.s f(lr these objocts, Appendix D lists null 

results, 

5.1 TU Men 

TU Men is an S,( UMa type DN (Stol:! &.: Sch(l0mhll 1981) with a trimod~l 

dist.ribution of outburst width", normal outbursts lasting ~1 d (narrow) or ~8 d 

(",ide), and superoutburnt, IIlSt.ing ,~2Q d. SupennaJ::imum i, brighter th!lIl 12,5 m~g, 

and the Rup~I<:l'cIe is ~1g6 d; normal outbul1lts have m",'illna of m" "" 13,5 mag, and 

recur after ~37 d (R,teoc>n 1979a). With Porb = 2,813 h (Swa & Schoembs 1984; 

M011nicke"t, 199.';) TU M~Jl ""lIS for a long time the (mIl' SV UMR st,,.,. known with 

an orbital period abow the peri(ld gap1. 

The December 2()12 outburst of TO Men Willi [<)(narkable in that, Judging by i~~ 

durW:icm and amplitude ("" well a;; by its positi(m in the ,upercyrJe) it may have 

ba'll "" superoutburst, but no super humps wel'e soc.". Perhaps the amplitude given 

for normal outbur51J; noods l(l be revised. High spood photometry wa;; carried out 

at Sutherland on s<:-ov<:-." ni:9>.h of this outburst" and ...,;fl.in dminl( the DeGember 20(13 

(lutburst; Table ,j.1 is a 101( of the observat.ions. 

R.apid =illations were detoctod on only one ni:9>.t of 0Reh out,burst, (mn S669,j 

Table 5.1' Log 01 (he Ob5eIvatiot19 01 TV Me" durin~ it/! Decemher 2002 and 2003 ou\hur,t.,. 
A V filter Wall us. d in th . first four IU,,",; t il e re8t of t),e O)""'''''UclllS were made in ",hitl: 

tight, 

l>"n No U~'" .. "'Art Start ,;"'" IUD r...n",h (~) "~' (.) Thi<roop' V (m .. ) 

, 
_77 1B Doo,2Cm 2ffl7.1106i 1,5~ , (O_iIl, lHI" 

~" 19D,",,= 26~8.31750 O.~ 0 4(Hn 10-'" 
&0080 n D<e,2I:;m :l6al,a%17 ".'I'l o. , 1l>-in 12.1,' 

",. "" Doc, 2002 2"a2,2732, 0", ' .. (l>-1 •. 11,6 
E.tI6'li 2t; D. c. 2W, 203~.2771l' .00 1.5,5,6 7~lt,. 15,0 .- 27 Dc ... 2002 2,3/),27,20 ,~ • 7~i., 16,2 
~'M ~~ Doc, 2003 ~iO!i.36461 1,43 • 0 4(\.i". n~ m,. ~3 D<e,:DJ3 =7.3.M~ ~, 10 0 "'~in l:l._' 
S7193 24 [)o,c, 2(lJ.l :/99/l.400:J' ,,"2 0 1l>-io , 12.. 

S71~ 20 Do", :1003 l[)OJ,l:)728 on • "O--io, 1U m,. 27 Doc,:lOO3 1001.11262 1.73 , "IJ.-io, 16,0 
m~ ~8 D«o, ~OO! llOal,38ts7 '.W , 4I)..i., 1G,G 

&7:lJ7 19Dec,2OI\l 00(l;},1ffl5(j ],51) , 4IJ.-i., IG.7: 

'There ax. nO<\' thr.., mcce SC" UI.!. ,1= £no1'm wil h period, abo"" th~ gap , th. y or. ES Dra. 
V4IE HOI' ""d VW Vul ,:Thowncs oc 01, 20(1), 
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14.7 

• 0 

~ 
H,e 

• • 14.~ • 
> 

" o.ze 0.29 "' 0.~1 0,32 
HJD U526~5.0 + 

Figure 5.1: The fir't hour of run 86695, a QPO is clearly ,-i,ible, The ,-etWc~1 ""'"' ... t the 

top ofthc ~raph arc eqLl~lly .,p~c"d a.t interval, of 303.6 ", wh'ch ;,; the ~yeragc Ql'O p€riod. 

Thl.! li~ht cun", hM hccn (".(lTTeded to fir,t order fm atmo.spheric ext'llctioll, alld a linear 

tzelld ha.s Dccll "'moved. 

0,02 0,04 0.06 O,OB "' Frequency (Hz) 

" Fi'","~~~rc,-1 

" 
" , 
, 

0.02 0.04 006 O.OS 

Fr.qu.r>ey (Hz) 
" , 

Figure 5.2: Left: the Fourier Ira",J'o!m of thc light Cur1lC shown in Fig. 5,1. A Fuurier 
t.ransfurm uf the """e J~b appeared "" Ji.;!.'. 9 of WWP03. The j)eal<. m",ked QPO and 

D:"IO are at ;)()3.ti, and 20.91. respectively. Right: The }burie:r tran,form of" ~1 h section 
of run 866D5 starting almost 2 h after the end of the p~rt uf the light CUrve ,hown in Fig, 
5.1. The QPO io now at 419.5 , and l·he DNO a.t 2~.20 "; the Dl\'O amplitude io ~ater 

than befeJ<e. 

and S71%), in hot.h C-[Lses t.h" RyelPm was on the dedine from outburst. Fig, 5,1 is 

th" light curvc of the first hour of run S6695. A QPO at 31)4 • O-O .. ll he. 5een di,octly 

'n the light curve, 

The left ht\,nd pMei of Fig. 5.2 is the Fouricr amplitude spectrum of t,his seociion 

of data, showing a DNO at ~21 " which is not, di,octiy visible in the light curvc. 

Apru-t from the noi,y DNO peak, the amplitude sp<lr,trum has a Jiat wntinuum 

ahol'e -{L025 H~, cau8€d hy atmospheric scintillation and pho\<Jn counting noise. 

The smooth rise in eont,inuum power at f,equencic,,;lcss than O,02,~ Hz (on whir.h the 

excess pmver fl,tiributed to the QPO is "uperirnposed) 's the si1'Jlatu:rc of flickering, 

There two fcature" aze ,hazed by th" amplitude spedra of most CV light curves, 

The right, hand panel o[ Fig. 5,2 is the Fourier tr8.IlYorm of 8.Ilo,her 1 h long section 

of data .ts.rting ahout. 2 h after the end of light Curye shovm in Fig. 5.1, By t,his t.iIne 
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0.23 , O.2g O. 0 
IUD NMG~~.O ~ 

, 

I 
, , 

u.a2 

Figure 5.3: Left: Tile 0 - C diagram of the D:--IO in the .Ii"t hour of run S6695. calculated 

hy ~.ompo.ring ~7 D:-.IO cyck8 to a oinu80iJ (period 21.00 s) witll 50% overl&p between 

cAn,ecuti"" poin~; I" errOr har. Me ollOwn. A few point. with ver:y low amplitude (and 

lhu" brge uncertainty) were omitted. Bight: The l'burier transiorm of the light curw from 

HJD 2452635.278 up l<l 2452635.300 (hot.Wm) and from HJD 452635.300 up to 2452635.320 

(top). The DNO period changes from 20.55. to 21.00 s. Theoo pariods were determined by 
Jitting a ,inuooiJ to the o,cilla~ion hy non-llneftr least squ~r"'. 

the QPO and DNO periods had increased to 420" and 22.20" re"pectively while TU 

Men had faded by 0.23 mag. Non-lineal lenst squares fitting gives '" DNO 1UIIplitude 

of 3.5 mmag, but note that the true amplitude must be greater (for at leaBt pari 

of thc time) since period, amplitude, and phase changes reduce the amplitudc of 

the besl_fit fixed period sine f"nction t.o an oeciIIation 'hat i. only qusai-periodic 

(sec c.g. Fig. 5.11). The DNO disappears (or bocomes too incohcrent or of too low 

amplitude to detect) before the end of the run. 

Closer inspection of the first I-h soction of light c~ shows that the double 

peaked structure of the DNO feature in the left hand panel of Fig. 5.2 i~ caused by 

a. changing period, rather than the simuitenoous presence of two o.scillation". This 

is evident in thc observed minu" calculated (0 - C) ph""" diagram which is Bhown 

on the left hand side of Fig. 5.3. The 0 - e valUeOl were obtllined from fitting a 

"ine f"nction with a. period of 21.00 "(the test period), with variable amplitude and 

ph"-"", by Ica.-;t squares to grnupi'l of ~7 DNO cycles, and comparing the resulting 

be>;l;.-fit ohserved time with the time calculated from the const ant phaBe sinusoid. In 

this case an overlap of .5O'7b between consecutive poinre WaB a.lIowed. Note thl!.! a 

pooitive (neg1l.tivc) valuc of d(O - e}/cIt implies a DNO period longer (shorter) than 

th" test period; ,pi 0-C) I dt~ greater (less) than 0 implies an increaliing (deereaElng) 

DNO period. The negative slope of 0 - e ~8 '" function of time in the first half 
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of ~he plot Gherefore indkatp_, '" period that is con~bnt (to within the acCUIIi.CY of 

the measurement) and shorter th"" the test period used (21.00 s) in calculating 

p,xpccted tim",_ At IIJD 2462635.3 the [>f'.riod increSil~.s to be more cons~o;tent with 

the test period. Fourier transfonns ca.Jculated separately for the first and second 

h"lves of the light CUrve (right hand side of Filt: .. ~.3) c,onfirm that thc period was 

inereasing. The bottom panel on th<,>. rilt:ht of Filt:. 5.3 is a Fourip.l" trli.llsform of the 

data spanning IIJD 2452635.278 to 24.~2635.301l; the DNO is at 20.55 s. Taking the 

observa.tiOM from HJD 4.~~6:JS.~I)() up to 2452635.320 gives a single peak at ~l.OO. 

(mp panel of the right h""d ,jdc of Fig. 5_3). Note "Iso that the DNO ampliGude is 

lo""r in the sc'(:ond half of the first hour of oboorvations. 

On the dccline from the l)eoember 2003 outburst (run ~7I9'6) a DNO W"'" aga.in 

detecl<'.d, on this nig ht tile amplitud~. was slightly lower than the prcvious year. The 

DNO period was 16 .. ~7 s (with TU Men at V = 14.4) This was the only rapid 

oscilbtion ""cn in the second outburst. 

This is the first time that DNOs and QPOs ha.v~. be<.>.Il oboorved in TV Men_ The 

inez"""" in PDNO "-'l the system fll.des is typical; evolution of a QPO period hSil alo;o 

been reported before (e.g. in VW Hyi; WW02a). 

5.2 RU Peg 

RV Pelt: is a V Gem type DN with outbursts of about 3 mag recurring cvery 75-85 d 

and has an orbital period of 8_990 h (Stover 1981)_ As mentioned in Chapter 3. RU 

Pelt: is ~he CV in which QPOa were first re<'-ognizoo. Patter:50n et aI. (1977) found a 

QPO with a period !l<'.<l.r 50 s pr€Sent a.t the MlIle time as a. signal at ~ 12 s. Thc 12 s 

oip;naI was detected on four night! and W"'" believed to be a DNO. Patterson et a.L 

used integration time> of <I. ! (with no dead tiID('. betWEen integrations) throughout 

and t hey can' t haw ha.d much reason, in 1977, to suspect that their time resolution 

may have been too low. It is now known, however, that DNO~ Can have periods all 

short as 2.8 5 (Vllll TePBelinp; 1997). WWP03 sugg~.st, on the ground. that the value 

of R for RU Peg i~ unlL5ual and that the amplitude is unoornmonly low (~O.6 mmag). 

that the 12 a sip;nal seen in nu Pelt: milt:ht have been a. bMt between a DNa at 2_97 s 

and the 4 ~ integration time (""" also Section 6.2.1). 

The matter C)ill be. ?e.'lOlved by obser"';ng "t very high time ?e"",-,lution or, 

alternatively. by uru:.g different, ineommcnsurate integra.tion time.. In the hope 

of doing t his, I observed the July 2(}03 outbur~t of RU Peg using the 4O-in. reflecmr 

at Sutherland, Thble 5.2 give.' the observing log. AI! these observations were made 

nnder photometric condition., in Cousins U light (becaus~. the system WSil too bri,o;ht 

\0 obscrve.in white light). 

Fig. 5.4 shows the ViSlW AAVSO light curve of thi~ outbur~t, crOM"" are the 
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Table 5,2: Log of the ob/;erve..tions of RU P. g, 

Run No not • • L "' .. , Stu< time HJD LeIWo (h) t;~, (.) ~-~ U (tnq) 

S7QlO lS Jul. 2001 i>19.fJo!lO&'i 3.17 ;. , 4C4n, " S7011 19 Ju1200J ~4'M:17I7 H:I 0, 4, 3, 1 41J.-in, " S7012 20 Jul. 2003 ~41.53005 3.S7 0,4, 2 4<}-;0. " S7013 21 Jul, 2003 84~,M:IS2 '" 
, «)_;0. " 87016 22 Jul, 2003 843.4:10&; ~.I :1 '. , 40_111. " S7(1'.l) 2l Jul. = S«,~3OIl <C, '. , ~G-lll 10.1 

S70:l6 ~~ JuJ. 2003 ~-
,n , 4G-In, 10.7 .=, ~6 Ju).2003 MHl3:l\1 :1.~7 , -\0-1,,- 11.0 

Not.: t;~, ;, t.ho in"Ct". 'ion !it""" 

, , Figu .... 5.4: T', July , 
• 2003 Qutbuul lighl curve • • • of RU P. g ];'-";ed on v;"ll al , 

• ' . 
" • 
.~ W • • <'<:<timate. by Ih AAVSO • • • (squar",), Superimposed • • • · th" nightly > " 

, • "' &verages 

• of the Su,herland obIJer-, 
vatiom (crosses) . .; 

" ., • • .. .. • • .. • •••••• • • • • _. 
n 

'" ,eo '" "'" '''' 
HJD 2452000.0 + 

nightly Il.Veragffi of my U bll.lld observations. The differencll:l between the AAVSO 

Il.Ild Suthml""d data points are not unexpected, since the observutioIll< sample 

different wa-velength band", and U - B < 0, 

No DNOs were found in the first night's light curve (the upper limit [Ill the 

amplitude of a detectable DNO in this run is ~0.7 mmag). The Fourier transform 

of an 85 min. soction is shown II.'; the l~.ft hand panel [)f Fig. 5,5. There appears w 
be some excess power, pwbably the result of a QPO, at frequencies between 0.013 

and o.o:n Hz (periods between 77 and 48 s), This band of p[)wer is n[)t unlike that 

markoo as caused by a QPO in fig, 3 of Patrenmn et ,11. (1977). 

A shorter section of this part [)f the ob'Grvation is displayed in Fig, 5.6, Thill 

illu"tra.tes the difficulty in det<>::ting low a,mplitude QPOs-they "re n[)t easy w 
discern in the light curve Il.Ild Fburier analysil; iI; nearly blind w signals of low 

coherence, siooe it represents a. light curve M "inusoidfll components of OOIll<tant 
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0.02 0.04 0.00 0.00 

Fl1Iquer.;y (Hz) 

, , 

, 

0.02 0.04 0.00 008 

Frequency (Hz) 

, , 
Figure 5.5: )-cft: The Fbutiet t,:ansform of an 85 min. ",etion of run S7009: it soow. ,.,me 

evidence of._ QPO, ru.,mely "btoa<J band of ~J(C<'''''' power cenl':ed on ~O,017 lIz. Ri!{ht: 

The Fourier (>:&nsmrm of part of the 18 July (87010) d~t", A DNO i. Qmt b"ely) vi,ibl. 
~t 13.94 s; the QPO P"rioo i, no..,- 6{) s. 

-O,Q<"; 
< 

~ 
< 0 • , 
" O_O~ 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I ~ I I I I I I I I I 

O_~" 0,63 
HJD 2~~~637,O + 

O.M 

Figure 5.6: A soon section of the 16 July light eur"" (nOll S1O()9) of fl.u Peg after remova) 

of the nle..M ""d ,.,me low fr"'!u"ncy modulations. The point.. are COlUlected to gulde the 

eye; bl!.t1l at the top of the groph arc OCIually "po.eM " t inteA'V&i. of 55_92 s. which is the me"" 
oscillation pe.riod in this part of the light cnrve. 

frequency and amplit ude. One "muld he a lot more hesitant to call this a QPO if 

~50 s QPOs had not be€D detected in thL. Sy3tem before (PatterflOll et aL 19n)_ Of 

all the QPOs I claim to detect in RU Peg, this one i~ by faT the mOl'!t quest'tonable, 

The right hand panel of Fig, 5,5 IS the FOurier transforw of a 52 min, section of 

the 18 July light Curve (run 87010), It shows the presence of a DNO M 13,94 3 with 

an aJl1plitude of 1.6 mmag (the period and amplitude were obtained from non-linear 

sinmoidalleast squares fitting). There is alAO a broad hump of power centred thi~ 

time On ~O_015 II~, again indicating the presen,,,,, of" QPO. The DNO was detected 

only in this short section of run 87010, which was taken with 5 s time resolution. 

In the re:lt of the run the DNO-if it WIlB present-had an aJllplitude less than 

0,8 mmag, so thM it wll1l not pCJ&Sible to det.ennine whether th€ oooerved ]J<Jriod 

changed when the integration time w"-'l "hanged, i,e. it is not known whether the 
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" I jlf j 

< '1 -0,2 , 
-0,4 

0.02 0.Q4 000 0.00 0.' 0.12 O,M O.5~ 

KID .. "''''-" + 
Frequency (Hz) 

Figure ,';,1, Left: The Fourier transform of" ~8 min. ""ctiCln of nm S7012 ..tt.er """,,ond 

order polynomia.! trend was removoo. Th. DNO period ;, 15.30 .•. There i., no eviden"" of 

"QPO in these dat", RiglJ;: 'The ;unpHtudc "nd 0 - C w><gram of the DNO ill run 87012 

,e!aU", to a fixed IK'riod oll~_03 , "'sing _lfj DNO cycle., per pom., "nd with 67% ow,lap 

hetW€en con80cutivc point.. A few p<lirbo of very low aIIlpli(uJ.e 8,I'e oot showll. Notioo Ihat 

the amI'litucic "b.rgc for e>nIy "bout 12 min., """ thai it become, wry low towa.rds ~h€ end 
of thi. p""t ofthe ob., erw.tion. 

observed peak i . '" DNO or a beat bet"""" .. DNO and the integration time. 

A QPO at around 149" (aga.in of fa.irly low cnherence) WM found in the 19 .July 

light curVll (run S7011), there was no DNO present. This QPO period i, already 

quite different from wha.t has been see" in RU Peg befure. 

On the next night (run S7012) no QPO was found, but there was a. 15.03 s DNO 

present in part of the run. The left hand panel of Fig. 5.7 is the Fourier transform 

of a 58 min, section of this run which was taken with 4 s time resolution. The 

best_fit DNO amplitude is 1.8 mmag but tl,e amplitude diagram (top right hand 

panel of Fig, 5.7) shows a much greate, lImplitude for PMt of the time. The 0 - C 

diagram (lower right h!lJld p!lJlel of Fig, .~. 7) shows typical DNO variability, but "'ith 

no large period change" The DNO Wall not detected in any other pu.rt (}f the run 

(Fig. 5.7 shows thM the amplitude is already getting very small wWMds the end 

(}f thi, section of the light curve), So again, it was n(}t possible to soo whetl",r tl,e 

observed peak shifted when !lie integration t ime was clltlnged. 

The lo""st frequency signals that could beat with the integra.tion time to produce 

the peak OO<lll in run S7010 are at 3.68" and 7,80 s, For run S7012 these aliases have 

periods of 3.16 s and 5.45 s. It somns very unlikely that higher frequency DNOs 

mmld produce signals below the Nyquist frequency o.t large enough amplitude to 
be detected. N(}te e,g. that if a DNO WBil present in S7012 at 2,31 , (the alias 

oorresponding to 2/',n' -1/1503 s, where tit" is the integration time) tlle observEd 
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amplitude would be a factor of ("inx)/x smaller ~han the true amplitude, where 

x = rrt'nt!PDNO. The observed amplitude was, for a while, at l"""t "" large as 

3 nunag (flee Fig. 5.7). This would imply, if the ob~ervcd ~ignal was a beat, that the 

true amplitude was greater than 22 mmag. DNOs at such larg() amplitude are rare, 

bu~ not unheard of (see e.g. Warner .,-I aI. 1989; VVW02a)_ Still, the amplitudes of 

the ~14 and ~15 ~ mcillations arO typicl\l of DNOs OI lpDNOs whereas that of the 

12 s ~ignal ~ccn by PaUeroon et a!. (1977) was unusually low. A further cons~raint 

is that , since the observations were made on the decline from outbun;t, the DNO 

period "hould be longer in S7iJI2 than in S70lO (soo Soction 3.1). This leaws the 

poa<;ibility of a DNO at 3.68 S in S70lO and a~ 5.45 s in S7012. 

Arguing tha.t PqPO/I1pDNO "" 4 one could oonclude, for PQPO '" 50", that the 

12, 14 and 15 s ~ignal~ arO an IpDN~ (W\VP03). This &rgument fails for the QPO 

periods observed later in the outburst. Assuming that the 14 and 15 " periods are 

nat beats with DN~ abOV() the Nyquist frcquoncy, the period changed by morO 

than 7% while the system faded by 032 mag in U. This period change is quite 

narml\l for a 01','0, but the period of an JpDNOs is usu>llly 1= scnsitiwly dopendcnt 

on luminosity (of wurso, ipDNOs are not yet a very well studi,;c! phenomenon; 

furthermore, in Section 5.4, I prosont an example of a ~ystem in which IlpDNo docs 

depond sonsitiwiy On luminosity) It is aloo pO:3.9ible that, e.g., the oboorveci period 

O.O~ 0.0' 
Frequency (Hz) 

8701~ 

87013 

0.06 

87026 

6 87021 

, 
, 

0.04 
Frequ~ncy (Hz) 

Figure 5.8, Fourier lr""sforms sbowing QPO. in RU Pe~ on four nights. The QPO. are 
much more cohorenl th"'l befor," and apre"" "" sharp poak" (or, in the case of S701cl, a 
narrow band) rather than the brood bands of power roen in Fi~. ~.~. Notice also how large 
the QPO amplilude in nm S702~ is. 
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Figur<I 5.9: T he uYcr,,&,". 

-O.1l4 • QeD proIile. on five dif-· .. · . • - " _ .. .. ...... 
fi.~·"lJt night'. The profiles •• . . . • · . h~ve been arbitIOrIiy dis-

• • • 
_. 

pJ...ced along the vertical • ,~_'" 'K." 
• ~. TI. ~.o Qeo 

• • 
" -O.D~ • • • • p<"rioo 

i " given ~, W 

• •• _ 0 "".eh proiile. 
! • • • "' ... '" " .... • 
" • 

· • . . . • 
_co 

0 · . • • • • ,~ ... '" "".". 
· .. • ... • • • • • . "' ... " 00 .... · .. . . 
0 " " 

, ., 
Ph ••• 

in 87010 was " be"t bd ween a hig!wt frequency signal and t he intcgration time, 

whil •. that in 87012 was the truc oollation pf'riod. 

r tent atiwly classify th~ 14 8.lld 15 8 ,;gna],; as IpDNO" but, it "hould be clear 

from t,he preYiou~ two paragralJhs t,hat the quest ion remain" opf'n. 

No DNO. or lIJUNO, wen' ol)Setved during the l""t of the olltburt!t. On 21 July 

(lun S7013) thc QPO period was 186 ", it now appear. in the Fouriel tronsfOlm fl,'; 

a sharp spike, nl.th'-"'" than L>;<Ce>o< lJower "pread OYel a range of frequencies M oren 

earliet in tl,e outburst. On tl,e next night (S7016) the QPO show~ Llp in the Fourier 

tran"i'onn as a narrow band of power centred on ~257", .00 Fig. 5.8 for the Fourier 

transfOlms of t h""e two run, as well as run S7021 and 87026. Fig. 5.9 shows the 

average QPO plOfil~ fur the first five night.< during which QPOs were present" The 

QPO &npli t ude increa._ .1:€adily over these five runs. In run S7021 and S7026 t he 

QPOs have mu~h larger mnplit ud€l< t han th06e _n elllliEll in tl,e olltbllmt. 

In run 87021 the QPO amplitude is 5.6 mmag =d t he lJeriod i" "rwnd 223 " 

Fig. 5.10 show, part of the light, curve [or this night, wit h t he QPO clearly present . 

The Fouriet tr~m[otm fol t he wbole run i. slKlwn ,IS t he lower right hand paJ)d of 

Fig. 5.8, thc pc,,", "a,-,"oo by the QPO i, e"l'ecially nllll"OW, indicating a relatively 

"t.able o;cillaHoll 

On 25 July (run S7026) "QPO at ~360" waa present at large amlJlitud ~ during 

the ('Dtir~ run, mote or Ie&; maintaining its coherence for about 14 ~yde" . This 

light curve i" "hown it) Fig. 5.11, togethec with a oine function fitted t.o t,he dat,a by 

non"linear I~Mt ~Cju a.r,,". In tetm. of coherence and amplit ude, there L. probably not 
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.• , >.~ •. ,~¥".fiI<l\A,,,,,,v.~_ .. +;.J~""¥ 
'1liJ, '~tiy '\(i('!'t ,i ~:i "ill! ~ If -

~ 10.2 

Q,M 0.56 0.0 
HID 2"'52844.0 -I-

Figure 5.10: The /i",t lG7.~ min. of th. light curve of liU Peg on 23 July (run S7021). 

Verlim! hillS along the t.op of the graph are M 223.6. intervllls, which ill tho moan QPO 

period in till . p~rt of the d"t,.. l\'ou_liu"M Ie""! SQLlru-. 3 give. a be .... lit aUlpl;"H!" of 

5.649 mmag for this QPO. 

> 

" ~ • • • 
0 

-0.1 

-Q.O~ 

0 

O_O~ 

0.' 

0.48 0.0 
IUD 245284e.O + 

Figure 5.11: The light curVe of RU P.g on J Llly 25 (run S7026) oJ'ter "LlbtrflClillil of the 

mean and prewhitening to r"InoV. ~ very low frequency vazhtion. The supcrimJ'Oi'!'d sino 

function ;, a non_linfoM l. a.,t sqLl~r'" fit to tho data with a period of 3<30.3 • Md "" amplit ude 

of 15.39 Inrnag. 

a more spect..cular example of a QPO shown anywhere in the li~erature_ 

By the nerl night flU Peg was s~iI1 above quiesren~ brightness but only flid<ering, 

no quasi-coherent sign1ll was detected. 

Evolution of Pr:/po o""er many nigh~s of an outburst ha.s not been reported Wore 

(PatterOOll et 0.1. 1977 observed the 50 s QPO in RU Peg over a range in brightness of 

only .....0.3 mag), and it is not clear whether it is a changing QPO, or whether there 

are different mechanisms involved. As mentioned in Chap~er 3, some systems have 

kilosecond QPOs in addition to QPOs that follow the relation PQPo "" 16 x PDNO· 

RU Peg, however, seeIIIJJ to have,," smooth distribution of QPO periods ranging over 

almoot an order of magnitude, and i" unique in this reglUd. 
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5.3 WW Cet 

There is !lOme uncertainty as \0 wha.l. \ype of DN WVI' eet is (e,g. Warner 1987c; 

Ringwald et a), HI96); it has all orbital perioo of 4.219 h, ll. mean quiescent V 

m~nitnde of 13,9 (but Can get as fa,jn~ as 15.7 mag) "",d rffie,hes 9.3 mag in outburst 

(Ringwald et al, 1996). WW eet hIlS never before been reportocl to have DNOs or 

QPOs; r observed it during two ontburnts and, on one occasion, in quiescence (see 

Table 5.3). With lhe exception of run S7187, all the observations were made in 

whi~e lighl. 

Rapid oocillalions ",-ere deteclocl Oil ollly Olle night, Fig. 5,12 is lhe light Curve for 

rUll S7082, i\ shows V·/V.,.' Get fading from ontburst at an average rate of n.0Z9 mag/h. 

Peaks at ,-.,.{).0097 Hz (103 s) and ,-.,.{).lM3 Hz (23.1 s) in the Fourier tranRform 

of Ihis light Curve (left hand panel of Fig, 5.13) indicate the presence of an 

IpDNO and DNO. Both Ihe DNO and IpDNO peaks contain some noisy soructure, 

Amplitude and 0 - C phMe diagrams show this to be can8€d by changing periods 

and amplitudes, see the right hand side of Fig. 5.13. PDNO ShOWll the usual increase 

Thble 5.3: Log of tl>< o!>oerva.tion, of WW Cet. 

~U" No. lli.to at , tact Storl tim. H.ID 

01 ~i~ht - 24W1)OO,O+ 

S7010 :Ill Au~, W, 2881,lfl'Joj 

"00' 38<1". '00; '&'16,:;.3191 
;;~ ~ Sop" = 28~8,3~:147 

Sl1&l 19 Oct, = 2El32,~IOOI 

S71S7 '3 n.". ~, '1'\17.2 13.35 
S71~l 24 Do<. = mB.27:&6 

S719~ .~ = 2999,21lOO2 

'171117 .7 Doc, - :lO(CU1312 

No'. , -u mo~';,udo; I", ;. th. int. gro'''" timo. 

., 13,32 

~ 13.34 
~ 13,3(l 
< 
E 13.38 
> 13.<1. 

Lon~ (h) 

1,~" 

U! 
j,SS 

0.87 
1.1& 

l,o~ 

1,32 

1.27 

t'n' (. j ~- V (m ... ) 

, 3<]·;IL 1O,~ 

; 'C>-j". 11.8 , 4i)..;~, 13.' 
; 4(>.[., 14,8 

; 4().i •• 10,4" , 'C>-i". 11. " , 4i)..;~, 12.9 , 'i)..;" 13.g 

"1<,., 

13,42 ~-;C;;C~~~--;;7-~~~~C;-~~~~~~~~;o', 
0.S8 0.5 0.62 0.64 0.66 

HJD 2452886.0 + 
Fig-ure 5.12: Part of tho light curve of WW e et on 3 September 200.'1, when the "y.,tern 

WM on the d""line from outburst. The data are corrocted to ill'S! ordet for ",truo.phoric 

extinction. 
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FIgure 5.13: Left: Th. FbUri"r tnlIlliform of the light curve ,oown in Fig. 5.12. An lpD-"fO 

~t rvO.OO97 Hz (1Il3 .J is p"",,nt .. t the MJlle time,," a D:'IO at -...{I.M3 fu (n.l oj. The 

light curve WM p",whi/;ene<l to remove Il. drive error ,,-I 40 8idereal second" "ee Fig. A.2 for 

.. Thuner tran"form of tho original d~t&. Right: Amplitude and a -C variation of tho DNO 

(left) and lpDNO (right) in rUn S7[)82, The D.'<O ph""" i8 calculated rel~tiv" to " period 

of 23.M s, thot of the lpDNO relative to "period of 102.7 •. The D:'IO peri"'] incre-.. 

sY"tem-.tkally, while the lpDNO period ci:umges quite obruptly at arolllld HJD 245~886,60J, 

and ago.in at around IUD 24Sn86.643. 

with decreasing accretion luminosity, while the DNO amplitude vilries enatic"lly_ 

The IpD:'-10 period does not change systema.tically during the observation, rather, 

it ch"nge!l abruptly from ~104 " to ~98.6 s at HJD 2452886.603, and increases 

again at IIJD 2452886.643. These change... in periGd are not accompanied by all}" 

remarkable changes in system luminosity (see Fig. 5.12) or oscillation amplitude (see 

the ri/(ht most upper panel of F"i/(. 5.13). There dOO5 not appear to be any obvious 

oorrelation between the phase and amplitude behaviour of the DNO snd IpDNO. 

The clru;Sific"tion of the ~100 s oscill"tion"... an IpDNO, rather than" QPO is b"...cd 

on iLJ period being around 4 times that of the DKO period (I1PD,vO/ Prmo = 4.27). 

There is a sharp spike in the Fourier tJee.nsfmm at 3.802 mHo (263 s), at la.rger 

=plitude th"" the surrounding noi"., (see Fig. 5.13). The spike i" probably caused 

by a QPO, but the mGdul1l.tion respon5ible for it is not obvious in the light curve. 

5.4 X Leo 

X Loc> is" U Gem star with P",b = 3.946 h (Shafter & HMkn= 1985), a quiescent V 

magnitude of ~16.5, and outbursts of amplitude ~4 mag roughly every 20 d (Szkody 

& Mattei 1984). Middlcditch & COrdova (1982) report a quasi·coherent oscilla.tion 

at 160 s in a.n outburst light curve of X Loco, a.nd note that the oscillation is red 

compared to the disc. 
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Thble 5.4: Log of tho obo • .rvatiolli of X Loo. All oboorvations were made in white light, 

using the 4[1..in. reHoct.o<, The I""t. col"mn l",ls IpD:'-IO periods, 

Run NQ D~to . t "'_ Stu ' '1m. HJD ~'" "~' (I ) V (",o..c) P"DNO ( . ) 

&;7.2 5 Fob. 200.1 ~S16.31284 0,78 , 14.0 '" S6nl H MO¥ 200.1 ='.1= l.~i , 1~.~ ., 
SM2.1 1. MO¥ Xll1 2174,320M ,.w ; 1 ~ . 9 91.J 

~m 11 ~ 200"j 277S,11Jo4[>< 4.17 4,0,0 13.~ 
,. 

S6Ma 1! May = 'l77!1, 11194.:1 0.97 • 1.1.8' 

86931 IT M.,y ~003 ~7TT.19J03 1.n • 1U '" &;93~ 18 M"J-' 2Cil-1 2778.1 . 122 ,." , 14.0 m 
S6~38 19 M"" ~oo.J ~179,19300 '.00 • 1 ~ .4 

87111 160<.:, ,~ 2WO,5.\64.3 U3 , 12.0 

S7170 18 Doc. ~0C\l ~992,W"1l6 '" • 1.1.2' 

S7179 I . D.,c. Xll1 3000.U:182 ,. • 13.1, 

S72!l3 16 M oe.:IOO< .11l.1lU0I38i ,." • 12,1 ~5.6 

"~ 17 Mo<,:lC.O< 3082.24:U:; '" ' .. 13.2 • • 
S7~9T 19 M,,-, 2004 :li)l 3,~4l4..1 '.0 • H9 119 

S729! Oil Mar. :lC.O< 30114.'4.OSi! 1.J7 • lil.! 

Not .. , 'm . .. >ho 1ntos,, "'n 'Imo; ',' d. DoIa an "",,..-,aln ",I". 

I 8Cquired high .peed photometry of X Loo during 4 differen t outbursts with th~ 

40--in. reflocwr "t Suth~rland, detaiLs of the observations hlC given in Table 5.4, X 

Leo w""' found to have commonly occurring ipDNOs with periods ill the Ol"der of 

100 s (condit;ons were poor during all tllroo nights of the D"'-"Jmher 2003 outburst, 

so th"t the quality of dat" wa.s too low to show low amplitude oscillatIOns); the 

periods are li"ted ;n Table 5.4. The IpDNOs can in all cas.es be soon directly in the 

light curves , Fig, 5.14 "how" three ""ampl",. 

X Leo is the first CV to show, for an lpDNO, a clear period-Iumin06iey relation; 

all other obs~rv"tiorul of IpDNOs seem to indicate that FlpDNO ha.« ei t her no, or only 

very weak dependence on if, This relation L, plotted in Fig. 5.15 for the May 2003, 

and March 2004 outburst., with the "ingle point for February 2003 added. In olher 

systems, IpDNOs have been ohserved \0 double in frequency, but that is cleaJ"ly not 

the ca.<;e here. The dashocl and dotted lines in Fig 5.15 ""e least squares fits to 

ch," "., 2003 and March 2004 period-Iuminooity function s respectively. These give 

~ "" = ~O.29 for the May 2003 out bUl"sl , and s = -011 for the March 

factor of /!Jmost 3 difference between the gmdient>; of 

the period-luminosity relation in the two outbursts, s in both Ca.\C8 falls within the 

range m~a.«ured for DNO. (Me equa.Lion 3.1). 

In addition to t he IpDNOs, the light Curve" tti.ken on 14 and 19 1Iareh 2004 

contained DNO •. In the first of the"", the DNO was present at a detectable (hut 

very low) amplitude for only "bout 35 min.; the period was 12.9 s, Th~ 19 M""eh 
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FigUN 5.14: A rompl. of X Len light curv"" in whith ",'fie of the larger amplit ude JpD:"IO 

cycl"" c~n easily ~ seen. The &i921 ~ncl S7295 data.ue di,pl&ced vertically by +0,] and 

+0.3 mOf; re, pectivtiy, iUld a1l lh,,,,, light cun", """ unlu""il), . hin..:! illoug the horizontal 

axis. 
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FigUNl 5.15: log(Ill~,,,,) 

as .. function of JpDNO 

period for th~ t:hre. dif_ 

ferent outburstll of X Loo. 

The dIWhod line ... Il. Ie .... ! 

oqua;e8 lit 10 the four 

pointl! (square. ) of the May 

2003 outburst; the dotted 

line is " fit to the l>f""ch 

2004 data ("lUI_ ), A 

"Ingle point (triangle) rep.­

resents the February 2003 

oulbur,t. 

2004 light curvc, On the other hand, is probably one of the best examples of " 

simult!l.llaQusly present DNO and JpDNO. A Fourier tranBfurm of part of this l'Uil 

i5 shown M the left hand panel uf Fig. 5.16. The amplitude and 0 - C diagrams 

for both osdllMions (right hand side of Fig. 5.16) show no correlation between the 

amplitude and phase variability of the DNO and IpDNO. 

Run 86932 mntains a modulation on" preferred time scale uf around 25 min., and 

of fairly large amplitude. The light mrvc, with" b",t-fit sine function supcrimpo>;cd, 
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Figure 5,16: Gcft, The Fomi", t,o,mform of an hour.loog section ofrull 87297, wit.h DNO 

alrllpD!\'O fcMurc. m,.,.kect. Right: Amplit.ude and 0 -- C Dhn,e diagmms for the DNO. 

and lpDNo. in nm 57291. The n:-w ph,,,,, i. ",,!cubted lebtive to ~ fumd period of 24.21" 

ond that of the :pDNO rcl"ti..-" tu ~ fixed p"tiod of 118.5 •. 

1~. ? 

• 14.8 " 3 , 
u.g • • • > " 

0.' O~ 

HJD U~277B . O + 

FiliUre 5.17: The light cur"" of X L«J on 18 !.by 2UU3 (tun S69J2) after " )"", amplitude 

nl(){iubhon with" period of th" oroe, of the rWl length (prooably losulting from ch~n,o;c, 
in t.r"mpo.renq) WM ,,,muved. Non·linear lease aquare,; litting giv<I'J ~n oscilt..tion pcrioo of 

IMI $; the "",ul([ng ,ine function i. supClim[>OlJcd on the dat~, 

is .11OWll in Fig. 5.17. This kind of varia.bility Wall only obsenm OIlce, and it i, 

t.h~I.,(ore not dear wh~tiler it is a. QPO. 

5.5 TY PsA 

Darwig et 1II. (1982) found TY PsA to be an SU UMa type OK; it has an orbitaJ 

period of 2.019 h (O'bonoghue &. Sollyruki 1992; Warner et "I 1%1I)_ Warner et 

"I (198g) d€tected DNOs at ullusuaJly large (Y"nplitude in TY PsA, with p~rk>d 

evolving- f!'Om ~25.5 ~ to ~3() ~ over 4 nighh, while the system faded from V = 12.4 

to V = 13.2, giving "' period-lutninos.ity m:J.tion d log(P /n1-(lthrm3) / d 101\( J / J'~i") '" 
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Figure 5.18: P,.,.t of the Hi'hI cU[V1l of TY P,A OIl 30 Septemb~r 2003. About 12 promin,mt 
cyele/l of II. ~357 S O3n b. ~""ily pidred out by eye. The """tions m",ked ,. 3nd b ar~ plotted 

.. galninFig 5.19. 

1e.e2 [;·~~:;:::;=;:::;:::;=;:;:::;:::;=;:::;:::;=;:::;::;:::;=;:::;:::;--l 
12.e4 

... 
~ 12.88 

.. ... ' . :..... .... . .. ." '. .. 
, ... 

..... ". ,. .. .. . ..' . .. . ...... : .... . .'. " . 
i O.;"";-~~-~--~-"O.";'-~--~--~""O"~'"'C-~--~-~--' 

> 
I I I I I , I I I I I I I I I I I I I I I I I I I I 

12.7 

O.3S 0.' 
HJD 2452913.0 + 

Figure 5.19: Two ,horter sections 01 the dat .. a, m3rked in Fii" 5.18, on m-.le, that make 

hoth ~ DKO and an IpDNO directly vjoibl~. Th. in..,t ""..J", JOive the mean peliod of the 

DNO (2L43 . , panel a) and IpDNO (1Il.3 s, p;mel b) in th. "" .ec!.ion. of light CUIve. 

-0.24. Theya.lro r"POrt a QPO at 245 s in " run not containing DNOs (this time 

with TY l'BA "t V = 13.9). 

I obtninod a single high spe<'d photometry run on this object, in white light, 

sp=ning 4.OS h, nsing the 74-in. rofloctor on 30 September z003 (run S7134), while 

it was on tho decline from outburst. Fig. 5.18 show" part of the light cnrve of this 

run; diroctly Yisible in this oboorvation is a ~357 s Ql'O. The sections labellod a Wld 

b are plotted, in Fig. ~.19, on Be .. les that reveal also two Bhorter period oscillations. 

This light enrve is n pa:rticularly nire ox3.lIlpie of the simnita.noons presenre of all 

three types of ra.pid, quasi-coherent oscillat ions. The Fourier tra.nsform (Iefl hand 

panel of Fig. 5.20) illnst ra.tes t his more clearly, Integration times of.'i and 6 s W&e 

nsoo, which proved tha.t a.1I detoct.ed periods were rool, rather than beats with signals 
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Figura 5.20: Lelt, The low fre'lurucy end of the Fourier tr~n,form of tl>< fir,t 1.3 h of 

run S7134 The QPO (3.>6.75), lpDl\O (no.t ' J, md 01-10 (2157 ol [Ie,.};" """ mar b-.d 

Thi ' Fourier lrau-Iurm appeare:l "" fig. 3 of W04. Right: The 0 - C phase di .... "l"am of 
tn,_ DN:O in TY P.A, rmtive 10 a. trial periC<i of 21.59 . _ Each point upr.sents a fit to 

~ 4.6 DN:O c:;-d ... , there " .>O~ u ... rlap betw""n consocutive points_ A few points of lorW'_ 

uncerhinty are umilted; t he two long g~ps ar. dM w bad " ,,"'thee. Note thai (for lh~, kind 

of OI'CillaboI.Lj 0 - C hao a meaningful ronge of just 1 cyde, 00 thai the J.ua \>Oint. out, ide 

the dolWd lines are repeo!"':!. 

,.bove the Nyquiot frequency. Note that, in the Thurie.- transform, the DNO appe&s 

to have larger arnplitude IbM. the lpONO. Thill it; becll.UOO t he DNO has grooter 

coherence; lIlallY individuDl lpDNO cycle, actually h"ve larger amplitude than the 

DNO modula(ion, gee Fig, 5.19, PDNO range" from 21.43 to 2UiO R (but does 

not increase monotonically); the QPO power is sp,ead ove,- all frequencies between 

2.3 mHz and 3.4 mHz. flpDNO varies from 89 6 to 112 6, but there iR no clear trend 

in the variation. 

The jUlltability of the lpONO period is represented, in the Fourier tnmsiorm in 

Fig. 5.20, by spikes on cither gido of the peak marked lpDNO; phase and amplitude 

varia(ion are also poffiible ca.UI;eI3 of t.he two lower amplit ude peaks, However, these 

fffi t ures do not result from simple periodic amplitude modulation of t he lpDNO, 

~ince this would have 100 to two spikes of "'1ual ampli(ude (but note that noise 

might distort the ampliludffi), at equal frequellCY illterval, either side of the lpDNO 

peak (see e.g. Warner 1986; Warner & Brickhill '978). 

The phase variation of the DNO is iUust r"ted in the right hand p!lJlel of Fig. 5.2(), 

which sh~ "5~tematic inere""e in PVNO, upon which ig superimposed frequent 

smull phase (or I'eriod) change. , This plot. is \o'!lry .imilar to fig. 13 of Warner el al, 

(1989). Greater scatter around the roug-hly linear trend in 0 - C, from about HJD 

24529l3.4.8 onwards, indica-res that (he ooherence of the DNO decreas"", towards the 

end of the run. 
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5.6 BP erA 

BP erA i8 a Z Cam type DN with visual magnitude varying; betwren 15.9 and 13.5, 

a.nd an outbur8t recurrence time of 13.5 d (Bateson 1982a,b); there is nO orbital 

periGd known for this object. 

Observations of BF erA made during outburst on 4 April 2003 (run S6912) 

contained a strong D:\""O. The system was subsequently observed on nine more 

night8, bnt the DNa wa.<; never detected again-refer to Table 5.5 for deiails of the 

observations. Fig. 5.21 displays the FOurier transform of run 56912, which shows 

that the DNO pcriGd is 38.64 s; ~he a..lIlpli~ude (relined by applying a non-linear lea..~t 

Table 5.5: Los of th~ ob;erva~iom of BP erA. All the Obset~"t.iOllS were made in while 

light. 

RUll No. Dal< U "ar' StOlt tim. HJU i.en!;lh (h) t;"' (. ) 1·.~ope V (mq ) 

0( .i~hI _ :I4~2OC<J·H 

S6~1~ 4 Apr. 200.1 734,5M!;4 2,73 , :\0-; •. 14.3: 

86915 7AI'<",~~(IJ 737.~30!11 '" 0 JI}-;,. 14.1: 

S7025 ~5 iu1. =, M~,3=b ~.M , 0 40_i, 13." 

S7029 ~6 J,d. 0003 "1U1~11 ns 0 «)_1., Il,1 

S70."IO 2!l Jul. :!OO.1 !<4~,31~26 ," , OIJ.-i., 13,S 

87152 I~ DeL. 2003 9U,24{JS6 1,33 , 4r;>-;n. 14.7 

371M 17 001, ~OO.J g.1<1.03'8I! O~ 
, 4O-i~, 1~." 

S71~8 I" 0<', '00.1 g~U .. glt'5 ," 0 4IJ.-l~, J{,O, 

S7161 190ct,= 93~.237:19 ~.23 0,0 <r;>-i. 11.0 

sn~~ :I() 0<;,. = ~~l.2~2g 1.~2 0 4r;>-;~. 11.1 

~'igure 5.21: 'rhe Fourier tr.."dorm of the light curve of run S6912 (I_ll; hnd panel), and 

O-C di"gr~m of ~he D:'-<O (right hand pond.). 'rile DNO l"'riod is :)8.64 s (0.02588 H.). 'l'he 

light Curve WM p,-.,whilened to correct fur ~ prominent drive e"or--,,"" ")'0 Fig. _"'.2. 'l1:te 

O-C valu,," """ c.J.cul"led rel~li"" to "fixed period of 38.64 s, using "bou~ 8 cycl"" per point , 

and 50% overl"p ~W1len con"""utive point. , "" that every ","",ond point i, independent. 
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Figure 5.22, Four light curve. of BF erA, MbMru:ily dls.,lacod along tho hociT.Qnt"j 

;u;". The S7029, S7035, ond S71fjl Ught curv"" are ,hiJte<! ""rtlc,,:ly by -0.07, -0.3-.<;' 

ond -0.G3 m"", for dis.,l"y purpose.>. 

squa;-es fit} is 5.8 mmag-. Also shown in Fig. 5.21 is tile 0 - C ph""" di&grBm of 

the DNO, which shows variabilit,y t,ypical of" DNO, with the period initially longer 

th&1l the test period of 38.64 s (indicated by 0 - C sharply incr=ing with time), 

and then, 1'.\ around HJD 24527:14.575, changing to be more consia\ent wil:h the t~-"t 

period. No QPO" or IpDNOs could be found in any of my light curves of BP CrA. 

Since there is no high speed photometry of BP CrA published, I display" number 

of light curyCS in Fig. 5.22. The Il.mplil,nde of rapid flidmring in the>.e light CUrves is 

r€markllbly low. Fourier tr",,>form;; show meal) noise levels at frequencie>; between 

.-vf1.007 H" (correspondillg '.0 ~ 140 s) and the Nyquisi frequency of about 0.8 lllin&g; 

t,he power st&rts rising only at frequenci", Jower \hru) .-vf1.OO7 Hz. The origin of the 

longer P<Jriod variaiions in ,hele light curVlOll (most evident in IUn S7025) is not 

known. The dal:" sel. did not enable me to find the orbital period. 

5.7 HX Peg 

HX Peg is a Z Cam type DN with V magnitude "arying in the range 16.6 to 12.9, 

out bursts recurring ""'ry 14 to 21 d (HoneycuH et al. 1995), and"" orbital period 

of 4.82 h (Ringwald 1994). 

My fu~t ob=wJ.t ion of nx Peg, made in Jnly 2(K12 during the late decline from 

ou,bu (st , cont",;ned a ~ 18(Hl s QPO at impressive 1I.lnplitude (48.S lllinag). This light 

cnrve is shown in Fig. 5.23. In addition to I,he QPO, there Wll.'l SOme evidence of Il. 
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HJD ~45~466.0 + 

Figur" 5.23, The light "urve of !IX Peg on 12 July 2002 (run S6471). It contairu a 
prominent QPO with ~ period of 1800., and an UIlUSUally large "-",plitude of 4.8.8 mmo.g . 

• I ,.;: 
• 

Figure 5.24: Left: the light "urve of the l""t 0.73 h ofrun S6475 (tlili .,M shown "" figur~ 
21 of WWP03). De,piy, the ather 1"'0< quolity of photometry, about nin~ prOIninent "yde' 
of" ~IOO .• =illation can ~","iy be 'eon. Right: the Fourier transkl,m of tJl~ light ell"'" 

on the left, whidl .how, tha.t tJle period of the o,cilhtion i, 111.9 ' ; tJli. peo.k i . marked hy 
.. vertical b .. r. 

~11){l s oscillMion in the last 0.77 h of this run. On the next night (run 5(475) the 

QPO was still present, Illld the ~tOO s oscillation showod up more clearly-Fig. 5.24 

is the light curve Illld Fourier transform of the last 0.73 h of the S6475 data. A few 

cycles of the oscillation Can be _II directly in the light curve; the-Fourier trM sform 

shows that the period is 111.9 s. Both of the first two observations were IDo.de under 

very poor sky conditions, as !!. result, the photometry WM not of particularly good 

quality. 

Sjn~ 11X Peg prowxl itself an inter",ting objoct on thf'.<;1\ two nights, it wI'S 

frequently observed during the rest of the 2002 seMon, and again in 2003 (see Table 

5.6), and wall seen to ha.ve the full &Ot of QPOs, IpDNOs, and DNOs, in addition to 

the kilosecond QPOs already mentioned. 

The ~100 s oscillation wItS roobs.ccvod by Patrick Woudt, this time at a period of 

114.8 s, with HX Peg a.t V = 13.1 (run S6584; see WWP03). The similar periods in 

run S6475 and S6584, despite a. 2.8 mag difference in brightnffilJ, convincal us th !!.t 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Thble 5.6: Log of the O~OI\.' of llX Poe; no filten. • .....,......d. 

lIoh ~ ... DaLe ....... , L."s< b (b) 

~" IJ J\11. ",m '6S.M7l5 '" -, ~ NOH. :I'm ro..26.5te ,. 
=, "", M' 1'!i'I.2e011 '" ~II-I ,,- "1002 ~)1. 27W6 117 
~. ~~ Nov =, ~>!I16l'lU '" -, .- n" (!OXI,mu ,." 
"'" ,,~ - GIO·3U-.\T I.W 
111014 21 l .... - ~1.(l1i'!!~ , .• 
~, nJ .... - Ml.6L03I , .• - ._- ~,n •• 
S7L.11 1~ DeL :!003 '1'11.31104 ,. 
571:16 17 Oct.. :nIl 930'1121 = 
571~ ,,~ - .313:1116 ". 
97162 ,,~ - I13Unn ~ 

111166 .~ ~ ~,~ .~ 

Not.... ';D';' tho i",<u",ioo '11 ... ; ':' donot .. ." ,,"" ..... In-..1_ 

, 

o 
O,O~ 0.04 0.06 

Frequ.ency (liz) 

S6661 

0.06 

I.,,, (0) - y(-) 

, 
~" lU: 

s, ! ~,. '" • ~", '" .1, 6 ~o.\4. l~.~ 

.\ ~ ~o.I4, lJ.O , W-i~, '" " , ..... ,. '" , .." lU 

• ..., 
'" , ..~ 131 , ... '" , ... U. 

• <0.", '" , .fO).;" 16.1 

• .. " '" 

Figure ~.2~: Fou",~ tr...a­

""WI< of the Ught CUrve!I of HX 
Peg taken on Ui, U, I.m! 30 

No,,"mbcr, Ihowlng 0:>10 •• t 

maximum of ... Ld 0" tile dedi ... 

from "'" I\ovetllboir/Deoerube, 
2002 outbunt. T .... DNO plll"iOO 

" 16.]1), 16.39 ftOO 18.24 • In 

run SGG4G, SGG50, and SOOGI 
respectively. 

the ..... 100, oscill8lions _(I Ip l)N()o rather tban DN06. 

NorUlal DNOs appeA100 in the Novemb .... jDerembeoc 2002 outbur:st [!.ee Fig. 
~. 2~) There foUo.· t he nom>! more lIeIl.'i~ive, period luminoMly rnIatioo, chaopn&: LD 

period lrom 16.19" to 18.24 ~,D'>'6C alilD6 L/lwvaJ uf 4 days, while Ihe symem fe.olffi 

by 0.6 mag. N" DNa. ... ·"'e ueleCled on 28 &Ild 29 Novrunher, Run S66~, takea 

ullrin, t.he Mffie olltbllr.t, ... "" pa.rtl~"\ll.arly IILter~6tin!, since it, contaiD~ eo double 
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Figure 5.26, Left: The light curvo of run S71fj2, domin~t.d by" QPO willl.~ rue"" period 

of 746 • ~nd ~mplitlJde of 19.5 romag. This light cmvo (binned to .~ quartor of it, urigina,l 

lime ,esoilltion) appCMed as fig. 14 of W04. RighI ' Th. low freqlloncy end of tho Fourier 

t<c&ll,iorru of this lighl cmvo; ,howing, in .1.(\dlt~Ofl to very large power at 1.34 mH" ~746 .}, 

tlle pr_nee of" normal QPO ~I ~ period of 347 . (marked by a vertical bar a.t, 2.88 mfu), 
The normal QPO, d.apite an amplitude of 8.78 rnm,,!: i , :ilinOill invisiblo in tlle li!{h~ our .... , 

beca\l3e it, i. drowlled out by Ih. kilosccond QPO. 

lpDNO, wilh the true JpDNO at S.~,4 s, the reprocessed side band ll.t 111.1 s, and 

oome eYiden~", of a QPO n= the beat period of 335 s (\VWPOJ). That IIX Peg 

can produce QPOs near thi8 period """lIS confirmed in rUn S7162, whid, again shows 

HX Peg on the d~'Cline from outburst" The light ~.urve of run 87162 is also the only 

ex8nlple of the coexistence of " normal QPO and a kiloOO('.ond QPO, see Fig 5.26. 

The normal QPO here is at 347 s, while the mwh more noticeable kilooeconc QPO 

has a period of 7~6 s. As mentioned in &'Ction 3.2, 'leveral cyclea of the kiloserond 

QFO = to have flllIe-like, rather than sinusoidal profiles (dC8pite this, the Fourier 

transform shows ao significant pm"er at the harmonics of the 746 s signal). Ther:e 

were no DNOs or JpDNOs detL'Ctcd in this light curve. 

5.8 V893 SeD 

Only very few DN below the period gap are not well established SU UMa stars, V89:, 

Sco is the belt studied of thffiC~ (see e.g. Kato, M«tsnmot.o &; Uemura. 2C()2). It is 

lIlI eclipsing DN with an orbita.! period of 1823 h (Bruch, Steiner & Gneiding 2((10), 

and outbursts every ~:-j() d which takes it from a photographic magnitude of 14.5 to 

10.6 (Kato et al. 2m2). 

V893 800 has boon observed to have QPOs at around 350 S (WWP03; Bruch et 

.. 120){}), and DNOs at 25.2 s (\\"WP03). 

I obser:ved V893 Sco in M"y 2((13 on the decline from outburst, and int.:) 

quiescence; surprisingly, it was again above minimum only two days alter reaching 

quiescence (see Tllble 5.7 for detaili). No mpid oscill«t ions were found in any of 

' V893 &0 is "" ,;cbpt>c obj "" ', .,.,01 h. ne"" unC:<=. abJo fur ~bout two month> = ry yeu , ro 

th~t nperoutb=m may h avo been ovorlook<ci. 
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Table !l.7, Log of the oo""rvatioIlS of V893 Seo; no filt.'" were UlOO, The fuJ&.l rolwnn lists 

the Il.vm 'ge nightly magnitude outside of eeliJ'S". 

Run No Dot • • , <wo' Starllime fiJI} LenJth (),) 1;., (.) n._""" V ("'''') 

S6g~ ~M~'".",,---c,"~.l,',,'"iC"'----T,'.'-------',-------',c"m'.-----;,,'.'.'---
SIlg4g 21 M.,. ~003 7~1,3[1t;OO a.g~ 7 3~;". l~.l 

SS~ ~J M ay :xm lS3,3W(7 ~.g7 ~ W-;n, ]4,0 

• 1 ,. 
,. "'" > 

••• 0." 0, • .,. 
"'" ""02",-0. ""'~"'O<J (H,) 

Figure ~.27, Left: The light curve of V893 Seo OJ] 21 May 2003 (rUll 86949), shOll/iug the 

'Y"tetn at qui,.;""", ... Right The Fourier trftnsform of a 0.9 h soction of the light curve 
(st..rting jus!, after the first oc:I.ipse), A DNO with .. period of 41.76 • i, indicated. 

my outburst light curves, but rUn 86949, taken at minimum, oontairus a DNO with 

eo period of 41.76 "~ .. rare example of a DNO in quiescence, Fig. ,;.27 show. the 

rdcvant light curve, together with a. FOurier transform of eo shorter soctiOll of the 

light curve, The DNO w"" present for only 0,9 h, and the Rignal-t<>-nolse is too law 

to ffi.able a more thorough investigation of its behaviour. 

5.9 BR Lup 

BR Lup is an 8U UMa. type DN (O'Dor.oghue 1987), with an orbital period of 

(probably) 1.909 h (O'Doncghue 1987; Mennickent & 8terken 1998), The outburst 

cycle lengths are not reliably known (Bateson 1(98). O'Donoghue (1987) searched 

his outbu'"t light curves for DNOs, bu t found none above an amplitude of O.O:J1 ma.g 

in the frequency range 5 to 100 mHz, 

I observed BR Lup in April and July 2003; the April obserYlJ.tiOCls were during 

superoutbur,t, bu t it w"" not possible to determine whether the July bright state 

was a. normal or superoutburst , the observations are listed in Table 5.8. 

Fig. 5.28 .hows the light curves of rUn 86911 (!-Men 0lI the risc to l1lliltimum) 

and S6gH. A DNO "'''"'' detected in run S6911, the left hand panel of Fig. ;',29 is 

the FOurier transform of the first 1.3 h of this light curve, with the DNO at 21.65 , . 
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Tabla 5.8; Wi[ of Ihe oboorm.tioIlS of Bll. Lup. No filt<lr WM 1.lIS(!(\, 

Rlli. No, Date u It." St.arl lime HJD I.e""" (h) t,", :.) 
Th_ 

y (m. g) 

SM]J 4Apr,= 7M.411!19 3.37 , 30';0. 10 

SO~14 1 A p<. = n1,421:l< 2m " 3lJ.-iu, It,3 

S1(Jl~ 22 lu!. =" 843.20200 , .• " . 4<J_i~, I.U 
S7[)j8 2~ J"l. 2(103 844,21386 W , 4(1.~., 11 __ ~ 

""-_ .. _-
No'"" !i" ;. t ho il" • ..-.tlon t ;mo; ',' dillm' .. a n u«<=w~ v.J",. 

14.2 

"""10 • " , 14,4 a • E 
14,6 " "" ' 1 , 

"" t 
OA 0,45 0' 0.55 

HJD 2452734 • 
Figure 5.28, Lighl curve" 01 Bll. Lup on 4 and 7 April 2003, On 4 April (run S6911) tho 

system was de" .. :!y slilll'isillK into superoutbUl'st, TIle 7 April data (56914) ~re t"~lIslll.t-.Jd 
&long Ih,,- hori.onte.l axis by --3.0 d; no vertical shift w"" applied. The large ~ruplitude 

roodulations al'e superhump6. 

11le Fourier tran"form of ~he centra! 'hird of run S6914 (rig-ht ha..-ld pand of 

Fig, 5.29) shows tJ,e pr~nce of a mooula.tion at 25.04 s; since the ''Ystem was 

brighter on thi" night than during nlll S6911, olle would expect PDNO to ha.ve 

decreasoo, However, the 25,04 s silSnal in S6914 is a.ccolIlpanied by IJ. "pike (only 

jU"' vi"ible above the lIoi"e) at the first hanIwrllc (12,55 s). A non"sinusoidal profile 

is d:wJ'lJ.Ctcrifitic of" reproce,;,;ed DNO (Marsh &: Horne 1998; WWI}2b) no QPO 

wa;; seen in eilher of these light curve;, Note that, depending on -Ule g-ffimetry, it is 

poIJSible to ~oo the DNO r~processed off " QPO structure, v.ithout the QI-'O it'lelf 

being vil;ible. 

RUll S7015, of the July 2003 outburst, contains" Qro with a period near 550 s, 

F~, 5,30 shows the light curve at 21 s time rffiolution; the QPO is clea.rly visible, 
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j4,r~~~-'----T~~~-'~ 
"".,~ 

i ' ~ 

0.'" 0'" 0.08 0,02 0." 0.'" 0.08 

Freqooncy (Hz) Frequency (Hz) 

Figure 5.29, Left: The high Ir"'l""ncy ~Xld of ,he FOllIier t""w;form of the first 1.3 h of 

run S6911, with ~ DNO a± 21.&5 " marked, Right: The high frequency end 01 the Fourier 

transform of til<' C-"~ltral third of run SOgH. Vertkol bar" mork peab ~t 25.038. ~nd 12,548, 
(12.548 s is within 0,231'70 Gf whe.r~ "'" Ii"" harmonic 0125,038 sis) 

15,~ CL~~--~~--~~~~-~~-~~~~-cj 
0.2 0.Z6 0.3 0.3~ 

flJO 2462B~3.0 + 

Figure 5.30, The hght cur"" of BR Lup on 22 July 2003 (IUn 87015) binned to " tJlird 
of it.'! oIiginal time reS<Jlution, Th"", data show a QPO with ~ perioo 01 "",SO s. The j;!l'ht 

C1ll"VOl contairu no higher frequency aignals. 

5.10 eN Ori 

F...arlier believed to he a Z Cam "tar, CN Or; iB more "ppropri"t ely cll\Sflified "-'l " U 

Gem type DN (Bateson & Dod,on 1984; Mantel et al. 1988), it hal! Porb = 3,91678 h 

(Sc.hofmb" 1982"; Barrera. &< Vogt 1989). CN Ori va .. ies from V = 14.8 to V ,., 11.5, 

with" cycle time of around 18 d, and i, unusual in that it spends very little time in 

'1u;e;lcence (Ba.\eson 1979h; Ba.teson & Dodson 1984), DNO" with periodll ranging 

from 24.3 s to 32,6" haYe been detected in ontb1ll"ot oOOen·"tion. of CN Ori (Warner 

& RobinllOn 1972a.; Warner!z; Blickhilll978: Srooemb" 1982b), 

I a.cquired 20.11 h of high speed photometry of eN OIi, spread oYer almost aye,.,-, 

Mthout ever detecting an oocill..t;ion period in the range known for DNO~ in \hi~ 

oystem (aOOervation" "re listed in Table 5,9). RUII S7174 however, contains" DNO 

at 45.94~; the left hand panel of Fig, 5,31 i. the Fourier tr!l.Ililform of" I h section of 

the relevant light cnrvf" II ROO!Tlll likely that thiR iR Rimply a. DNO at longer period, 
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Table 5.9: Log of the observations of CN Orl. A U fil~r WM u"ed in run $6702 ""d 36700, 

the V magnitudes given for th""" two nights are AAVSO visual estima~s. The rest of the 

ob""rvatkms were made in while light. 

Run No. Dote al :o:orl 51:"" \;m. Il.lD r-gtlo (h) 'm' (0) -- V (,_) 

" ~~ W~ ~, 639.3~ '" 
, 74'io 12.1" 

il<JT74 1" Feb. =. 600.2~7J8 0.93 , "","in 12.7 

~m .~ =, 6n26~~ 0.9~ " , 4(Hn. 1~.4 

"., 7 M.,.. 2003 7a6,:I4~M 3, 1~ " , ~[)-in. 1~.a 

.~ B M .,.. X1Q3 707.!!G13~ O,~~ , :Hl .. in 12.7 

~" 9 M ... !l(JQ3 701I.~~.M2 2.37 " " :<J-in n~ 

S6M9 10 M",. 200.l 7\)\I,~n2(; 1.:<2 , :!G-iH. ,~,~ 

87174 18 D"" = ",,2.~~','~ 2.'Q , 4[)-;". 12.7 

87177 10 D"" =, OOH~~~ U2 , 4[)-ln. 12.7 

Sn~l .~ = [t9~.3719~ ',W , 4[)-in. 13.0, 

S711l9 '.1 Dec. =, 997,43= '" 
, olO-i~, 14,0 

0,' 

II II , 
0' , 

0 , 
° 

, .1 
8 ! IP)' 
u lId I ;{ij lidl , -0.2 

I I r 'I 0 

-o.~ , I r: 
o.oz 0,04 0.08 0,00 0, , 0.36 0,36 0,' O,~ OM 

Frequency (Ho) HID 2~52g9~,O + 

Figure 5.31: Left: The Fburier transform of Ih" central half of run 87174 (C)I Ori on 18 

December 2(03), Non-lin"",,, le""t square. giVe9 '" period of 4~.91., and 3ll "mplitude of 

2.269 mmag foe the DNO, Righi ,. The a - C ph""" diagr"m of Ihe DNO, calcul"led rel~th., 
to ft test period of 45,94 s. 

rather than an insta.nee of period doubling, or an IpDNO. Fig, 5.31 also shows the 

0- C hehaviour of the DNO. There does not appear to be any clea.rly systemalie 

trend in the 0 - C diagram; it only shows that the DNO has poor coherence. 

5,11 HP Nor 

HP Nor is a Z Cam star (Vogt & Bateson 1982) with a maximum brightnes.!; of 

V = 12,6, and minimum of V = 16.4 (Bruch & Engel 1994). The orbital period for 

thi~ system is not known, 
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Table 5.10: Log of the ob .. rvatiollS of HI' Nor; no phowm. l<ic filt. r WM u""d in any of 

these ob/;ervatiof\.'I. 

Run No_ !)at •• t .. "" St <l<L Um< HJD Length (k) v (m"i) 

5&1\32 4 ;rat. 2003 7"._~W~ 2.1tl , W-;n. IH 
S6li31 ! Mor.2003 704_.eli\6 4.2~ , JG-in. \._tl 

St844 S M&r.2(<)J 10Ml1 D1! 2.10 " W-io_ 1'-0 

S65166 28 M!\l' :IOO1 7AA.2~r31 1.52 " W-io_ 13_7' 
,,~ 2~ Jul 2(,,3 il-!7.202n 1.4~ " 4G-i"_ 13.1 

57032 27 Jul. ~, !'8.2<l2~4 ~.~T " t G-in 1).0 

51[l.13 28 Jut. 'M 849.20217 '" , 1G-;" 13.1 

N",,,,, 'in! ls Lil. iOL<V.';On tin",; , . Moe<", An uoc ... Wo wJu. _ 

4 ~ 4 
" 0 S611'l7 S'102~ 

E , , 
E 
~ /000 

" , , 
" i 1 1 
E 
< 0 

0 0.02 0.04 0.06 0.00 0.02 0.04 0.06 000 

FrequEincy (Hz) Frequency (Hz) 

Figura 5.32: T..eft: Th. Fonder tran,fo<rn of the fust 2. I h of the light curve of HP Nor on 

~ M""d! 2003 (Iun 56837). The periooJ det.rmined from litting a sine function to the DNO 

by non·lineor least "QUMes i" 18.ti8"_ Right: The Fouri" transform of a 0_76 h ,;ect;ion of 
the li£'ht curve of HP Nor on 26 July 2C()3 (run S7028) .!>owing an o",illation 10.1 74.01 " 
whieh 1 int~Tpret ... , an lpDNO. The :pD:'-<O wa. pre:;ent only in tm.. .hort ,,,,,lion of data. 

I ob"ecvoo HI' Ncr in outburst on eight different nights; the observing log is giwm 

M Table 5.10. Photometry of this object is complirotoo by a vcry crowded ficld­

observing it photo-doctricaJly would havc boon fa.irly a.wkward, but with a. CCD t he 

star crowding POSffi no rerious problem, provided the soeing i" not very bad. Both 

"DNO and an lpDNO were detected in HI' Nor, but in separate eut bursts3 

Fig. 5.32 di~play~ l''ourier transform~ of parts of the light curVe:l of run S6837 

and S702B, on these two nights a DNO Il.lld an IpDNO rc"pectively were present. 

The DNO has a best-fit period of 18.58 ", and amplitude of 1.9 mmng; it perniRted 

at detectable amplitude for t he ent ire run_ The lpDNO appeared only briefly; in 

the ~0.76 h section of data where it WM most prominent, it 1",-"" period ef 74.01 s, 

and an amplit Ude of 2.0 mmag. No QPOs were detected in any of my light Cljrvw. 

"11,. l5.~ ' DNO p<riod lis ~ed in 1'.'04 .. incorrect· --my m",~~k. 
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• 13.e • • - 13.~ ....... . , 
• .. i 
> 14. 1 

l4.~ .. 0.0.0 O.e 
IUD Ur.:nG4 0 • 

~'iguno ~.:lJ, T he Ilghl ell"'" <>f HI' N<>r on {) Man:lI 2OW, eo~ to Rut I>ld"" 1<>1 

~tTnOt!I'''''ric ."tinction. The qllftlity 01 ph<>l<lmMry dcterl01'~ w-,., .. n1. the .",1 utIli. rllIl, 

dCSJlI~ d..,r~l!Si~ ~\!'lll!lSJO;, boc~\". uf w"""min.g _inli. 

I ,!lSI)lay too longat light C"'f>~ in !.be dAt .. set (run 56837) as Fig. 5_33, ~inoe there 

ill 00 lugb speed plwwmj>\.ry of H P Nor publish<!d KOlle of d ... ligbl ClirYfl!l o<1,o-.....t 
fWy dca.r orbittll moOnlll.tloa 

5.12 AG Hyn 

Very litet.. i., known ul.>ou\' AG HYl\; it. L. clMtlificd. ElIi .. t: Gem stoM (VOl!:' &: 8e.~n 
191(.1), and hM been olJservl'd to wey in the IllI1jje V '" 19.2 to V = 13,11 (Szkociy 

1!l87; Echevacrfa, Oosl.o'!ro " Midlcl 1993). TI,,,r .. Is no high speed photolDCtry of 

y,j$ objf'CL in ,bP. litcruture, and the orbfl8l period is nut known. 

I wllcctcd 13 h of bigh IIp,,,,,l photometry of AG H;VII (!If'f' Tabip. .~.II)_ '[bOl dala 

ItCt tlid nul rev<'>'>.l /'",~; r~n 86007, h",,·eve. . WlllOl.!nA "QPO with" pcnod of 6fO~, 

/Ill "",n lIS " 21. r.5 ~ DNQ. Fig. 5.34 5how~ the light curve, in which I,h~ QPO i_ 

qllim dear , together with .hA fburicr t=furm of !\ .....Q ,9 h Sf'Ct ion of th~ dab. 

The DNO (IlnpHlndA is silflic;".utly large fur iI, 100 al)pcar 000\''' the noir;e only in noi>! 

~bort section of data •• 00 1& was nc\'er observed e,g&iu. T"~ low amplitudc and bn.-i 

pr_.DCf' make 0 mvre uet&iJed inWlSt:gru.ion of the DNO impol!sible 

Table 5.11: The 101{ of the ol....,,-..\ion. oj AG Hy&; all on.."~~,,,," """l'e ... ..de In whltr. 
l!~hI. 

n u" Clo, D"" ~t ,I.rt s, .. ,... tim. HJD [,.,,,.;,1> (h) I,., ("l " . 1_",," V (m"f;) 

SIl~tO • Ap" lOOl rn_ 1.2~ • ~" 1·1.1' 

~" 1 Ai><. 2000 13U3= = • ~. 14 .7, - :Ill M~ :JOl3 1\+.15I1G7 332 ',' 30-.,,- IS l-_. 
:l!I"~ ""lO3 no '.111833 ,n " , ~~ ... - 31 "') :JOl3 7lI1 19:)11~ 'n , .. :10-;"_ '" 
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Figure 5.34: Lell : Tll<l light curvo of AG Hya on 3 April 2003, ~fter k illg CCl[ reeled fm 

atmospheric extindion. Around 20 cyel", of & QPO wilh a pedod of 683 , "re din:dly 

visible in th", lighl cur"'. llight: TlL" Fourior (T>W.' /Clnn of a ,-...0.9 h ooction of lhe lighl 

curve on the left, the DNO is ,,(. 46. 40 mHz (2l.M , ). 

5.13 WXHyi 

WX Hyi i. a.n SU UMa Iype OK, it. nOI"Illll.I oulbursts have average miIXima of V = 

12.7 mag and recur roughly every 14 d; th~ averag8 V Ina.gn.it lldc at b1.IpOJ:maximum 

is 11.4, aIld the .<upercycl8 is aho(Jt 1>15 d. The syswn's vi!uf\l lllI\gni~llde v8tip~" 

in the range 15.(}-11.2 at qui= nce (Bates<ln & Mdnto!lh 1>186). Sdwemoo & 

Vogl (1981) "peclrnscopic.o.lly measured the otbita.l period to be 1.7955 h. QPOs at 

N 1140 ~ and, On to. differen t o<:eaaion, ~ 1500 a were ObSCTYOO. dllring the docline from 

oul bur~1 by Kuulken ~t aJ. (1991); V{Wl'03 found a 185" QPO present,.t thc~=e 

time as a DNO wilh a p<";riod of 19.4 ., while WX IIyi was at V = 14.5. 

ViX IIyi waa obselwd with the 30-, 40-, and 74-in. I;eleYXIpes ,.t Suthotlan(l in 

o1l~hnr"t, aa well as during quiescence. All obeerV!t-tions ",."re made in whi le light, 

and are li!ted in Table 5.12. No DNO" wp;re found. in any of tho light curve. , but 

two run" (S0463 and 8719'2) conu,,;ned QPOs; they at'e diepla.yed inl~ig . 5.:j;). Run 

S7192 WM made lle& q1liescence, wh8teBll S6·163 WIlS al minimum----only tltc serond 

example of a QPO at quiescence. On both occasione the Ql'O period. W"--" llP--8t 190 R, 

""hich i! similar l(J the 185" QPO reporled by W\VP03. 

Table 5.12, Log of Ihe oooervatiollO of V.-'X Hy' 

Ru" ~'o D~t • • t otL.rt Start tl"", IIID L.,r<h ( I.) 4ft' (.) rn« cop< V (=c) 

" nlt h< ~ 24!OOOO.H 

liM"l 1U .luI. ~, ,100 .• SM1 :;.:oJ , 3l'-lo. 15.0 .= :;,. Doc. 20)" "6]7.278:,, , .• '. , 74-io. l H 

~" 1(1 Mo,r :IO{I, n!lO.OWH ).~~ , ~<H" H1 

S71i~ ,,~ =, ~~.341:l2 1.62 , 40-in. 14.6 

S721l~ 28 Doc. :IO{I.1 ~uu",a '.n , 40-iD. 1;.0 
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1~.~ "-"-"o;,c-~-'"';"-"-""';'"-~--";"-'-""''':-"--'~;:-'-'";''t' 0.33 0_3~ O.3~ O_~S 0.37 O.3!l 0.39 
Time (d) 

Figure 5.35: $""tion. of two of the 'NX Hyi light curve,; "low ""dations were removoo 

from both, and run S646~ iI; verticaQv shifted by +0.2 m"t:. 'Tho k litcfit si"" functions tQ 

the QPOs (for tho"" ,,,,,lion,) a.re over-plot.ro, the QI'O periods are 193.5 s and 190.2 s for 

run 86163, &nd 57192 respectively. 

Note Ihal for the three ~100 B QPOs the period luminosity relation ha:J the 

same sense as that. for DN08, although thi8 may not Illf'..an much, since they were 

not observed duri!lg the same outhUISt cycle. The QFOs jlluslra.ted in Fig_ 5.35 

(especially the Olle in S6463), md also the \VX Uyi QPO shown in WWP03, keep 

remarkably good phllSe, 

5.14 TW Vir 

TWVir is a U Gem Iype DN, with avisuaJ brightn ..... ofbetW8en15.8 and 12.1 mag, 

an oulbUIRt rer,urrence time ranging from 15 to 44 d (Bateson, Jones & Mclnto;h 

19'J3), and an orbi:a1 period of 4,3838 h (Shafter 1983). 

TW Vir ""lIS observed from Sutherland on the decline from hro different outbursts, 

in all case" with the 3IJ..in. telescope in white light, see Table 5.13, Run S6948 

contains a QPO. 3.~ weU fIB a modulation at ~120 " , Fig. 5.36 shows this light cun-e. 

A large amplitude modulation is obvious 10 the eye, verlic.aJ bars a t intervals of 1047 s 

along the bottom of Fig 5,36 indicat.e the average QPO period. After a phMe (or 

-rable 5.13: LD~ of the oooervatioJ:l8 of T\V Vir. 

Hun !'-·o, l)~t. M ""'" St.o." ti.,. IlJD r,,",~), (),) ';., (.) ~-- V ("' ''I\") 
d ";~t ~ 24521""D" 

~OO l_.\.pr, = 731. • .j~~7 OW • :!t>-ln. l'l.l 

86001 2_.\.pr,:IOO3 73~.~951~ n~ • ~IHn. 1'l.4 

&;944 20 M.y 2003 711('-~1!4' 2.30 • .'II,;n. 1l." 

~~ ~I M.y 21"03 n1.21 iil5~ 2.~~ " , 3O-1u, a1 

S'~'2 2~ M~y"cm lSo.>1l«B <.S5 , 3(>;,n, 1!,4 
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14 .Q 

• " " .~ 16.1 
• , 
> 1~.2 

1 ~.3 

Q.2~ 0.' 0.32 0.34 
HID ~4~~7~1.0 + 

0.36 O.M 

Figure 5.36, The light CUI'" of TW Vir on 21 May 200.1. C]"lUly vi,ibl. i> a promLnerrl: 

~ 1000 s oscillation. The Fourier tr .. ",foITll (left h .. nd panel of Fig. 5.37) indicate, that the 

pcriod i. 1047., b"", ,.jon!:; thc boticm arc equally 'paced at thi, period. 

~ • " " ! 
• " '" ~ 
I • 

O.OO~ 0.01 0.01~ 

F •• qu. nol (H.) 
0.02 0.02~ 0.006 0.006 0.01 0.012 

r •• qu_ncy (H.) 

Figure 5.37: Left: The low frequency end of the Fourier arnplitLldc 'poctrum of the light 

ourve displayed in Fig. 5.:>6, the =y large power centred on 0.95,,)1 mB. (1047.) is 

interpreted as a QPO. Another :dgnificant reature appe"-" at B.373 mH. (1l9.43,; marked 
by (IJl ..,teri.k), thi. i. possibly the tele..,ope drive error, ra.ther th~ an oocill. tion intrinslc 

to the "w. Right, FOurier tl'ansiOmlS of (bottom to top) the first, &aCarid, third and fourth 

quartcr of run S6948, arbitrarily displ8£ed .,)ong the vertical axi, fur display purp"""'. The 

d..,hcd line indkate, a period of 2 "iderooJ mlnutes (119.G7 "). The amplitude mflXima 11T~ 
at (bottom t(ltop) 120.G6, 11970, 118.47, and 111.61 s. 

perhaps period) cbange near tbe st.art. of the light curve, the QPO minima roughly 

coincide with the bars. The best-fit amplitude for this modulation ill 15.6 mmag. 

The QPO shOW!! up very detlZly in the Fouricr tran,form of run S6948 (""e tbe 
left hB.Ild panel of Fig. 5.37) which also shows signifiClillt power clC6€ to the 3O-in 

t.elescope's known drive errOr of 2 sidereal minute •. Signal. at tlZound tbi~ period 

are ll.Iluaily dismi&>ecl M spurious (see Section A.l.2 for a more complete discussion 

of this problem), but in this care do.scr inspection hints that it may in fact b<l 
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intrinsic to t he star. Dividing the light cur"" int o four non-[)verlapping oocti[)ns, 

and computing a Fburier tr&lsform of each of these parts individually, shows that 

the detected signal is not at constant peri[)d (right hand pan"l of Fig. 5.37), Guide 

oorrcctiolJ.'! introduce phase changes to the the modulation callSf'd by the telescope 

drive, which will broaden the peak in the Fourier transform, but should not shift 

the cent ral frequency. Sinoo t he track rate is adjustable, the drive error. need not 

be at exactly 2 sidurual minutes, but it is strictly c[)nstant (the t rack rate was not 

changed during the run). Fig 5.37 shows a changing p"riod. Nev"rthclcss, this may 

result from a drive error, t ogether with flickering. The ~120 s signal did not appear 

in the reference st ar (t here is only one, relatively faint, referonce sta.r in the field of 

TW Vir). HoW{]ver, this does not condusi""ly demonstrate that the signal was real, 

since t he p08ition of a 8t ~r on the CeD chip is II. fa.ctor in det£1"mining whether its 

light curve will be contaminated by a drive mWr. Note that a real OIIcillati[)n at the 

period in question is essentially undetectable with this telesc[)pe. 

5.15 PUCMa 

Judging by its orbital p<lriod of 1.3606 h (Thorstensen & FEnton 2003), the DN 

PU CMa ~~ expedoo to be an SU UMa st !ll": Kato et al. (2003) f[)und some weak 

indications of sUp<lrhump.'l during outburst, but the da:lsiflcation remains to be 

confirmed. There is no high speed photomet ry of this object published. 

I observed it with the SAAO tclesooprn, oncu nuar minimum light, and on lbroo 

other nights in outburst (see Table 5.14). PU CMa was fouru:l to flicker at large 

amplitude during all but one of the observati[)ns. t he light curve of run S6762 is 

d[)minated by ~ quasi-ooherent modulation, and does not seem to contain much 

flickering. 

Fig. 5.38 displays this light curve, the average period is 119.1 s, Md the oscillat ion 

haa ""tv low coherence, characteristic [)f II. QPO. No shorler period oocilla,ti[)ns could 

be in any of the Pl' CMa light curves. 

Table 5.14: Log of the observations of PU CMa. No fill", WM w;ed in any of the 

oOOel'yat ian •. 

Run No. Dat • • t _'on 

SG7:)8 1~ Fob. :lC>13 

SG7GZ 1G Fob. 1003 
SH&! 17 ",b. ' (J).J 

S'", Hmo HJD 

G8~.~G3M 

G87.'WH 

=.~61~' 

t;n. (.J 

<t:).;n. 

io:).;n 

iO-;~. 

14.4 
14.7 
l~.! 
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-ll lH r-;,;,;,:,;;:, ;, ;:;;,C,;;:, ;, ;,;,;,:,;;:, ;, ;,;,;,:,;;:;, ;,;:;,:,;;:, ;, ;,;,;,:,;;:, ;, ;,;,~,:,;;:, ;, ;,;,;,;;:;, ;,;'"1 
;., .• ', ", •. , ,.f.~ ~. '\?:.i'\' tv" ~.'\'~ ~., f.. .:~ .• 
• =' , .... , : !I:' ,1;.1.:.'JI':. Yr."- ~'1Vf1\ ; "~,J v..~; 11; .. ;: :I,;;.t\;\ ;~'\ ..... /V ~;: 
.• ..," ~ • 'I'" r • ...-~ t t· ." " '~"'I . ." . " 

FiE;ure 5.38: The light curve of PU CM~ on 16 FObruary 2W 3, wilh a long paiod 

modulation removW_ The in""t <cale iudiCHt., t ho avor .. ge QPO period of 119,1 s. 

5.16 V4260ph 

V426 Oph is " Z Cam st& with visual magnitude ranging from 10.9 10 1.3.4, /ill 

outburst cycle of about 22 d, lI.nd an orbital period of 6.847 h (H=man 1988)_ 

Szkody (1986) detected" 1 h period in illl EXOSA T X_ray obseIwl.tion, and propooed 

that this is the white rlwad spin period, !llld therefore, th"t V426 Oph is an IP, 

Norton & Watson (1989) and Hellier et a1. (l[l9O) relUlalysaI the EXOSAT d"t8., 

and found that t he I h period was, in fact, not statistically significant . Furth=orc, 

in their optical photometry and spectroscopy, Hellier et al (1990) find no evidenoc 

to suggest that V426 Oph is an IP. Szkody, Kii & Osaki (1990) report the prESellce 

of " ~28 min. QPO in Ginga d"ta of tbis system, but a glance at Iheir Fourier 

tran:lforms (fig. 7) shOW!! that any power prc:lent ne"" O.{)))6 Hz is no different from 

the red noise expected from random flickering. The latest addition to the confusion 

is the dctoction by Homer et al, (20)4) of a4,2 h modulation and its first hanflOnic in 

Cha.ndm observations of V426 Oph; they also reanalysed Ginga. (Szkody et al. 199D) 

and ROSAT (Rosen et al. H194) dat" taken in 1988, ""d show th"t three d"UL ""e 

just compatible with the 4.2 h or 2.1 h periods, but certainly do not demonstrate 

thl!.t ", .. the 4.2 h period Or its h""IfIOnic ""e st"b1e and pe1'8istent in X-ray/optical 

dA.l:" from 1988 to 2003." Homer et al. (2004) propose that the 4.2 h period may be 

identified with the rotation of the white dw&f, but point out that tbis interpretation 

is physic.'1lly unreasonable. 

I obtained high speed optical pbotomctry ofV426 Oph on eight n;gbts in 2003, the 

observations ""e listed in Thble 5,15. '',leather condition.~ were unfavou:able during 

all but two of the runs, but it wall neverthcleSl'i possible to reCOver good quality 

differential phorometry. LlU:ge amplitude flickering is present in ewry light curve, 

also, no single ob,ervation WII8 long compared to any of the profusion of periods 

reported for this system, No sign of any persistent period was found in the dat" sct, 

in fact, the only modulation to surface above the flidrering WII8 " signal at ~73 s In 

run 86935, taken On 18 M"y 2003. Fig, 5.39 show~ the relevant light Oll'\'e, A few 
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'l'able 5,15: Log of tho okiervil.tiQru of \,426 Oph. All oh=vation. were made in while 

light. 

Run N(>. I)~" LL .,.,., S"rl time TUD L.ngth (h) 

S61IG~ 27 M~y 2003 787.36622 O.ffi -, 2Il '.for 2003 788,ijI\~~7 O.~3 

sm1~ 2Il 1lay 2003 789An17 2.12 

016978 l-O May 200~ 71~'-'lml '.~2 
,,~ n ~;~y "'Xl'j 7H42M7 '" ,,~ 4 Sept. """ 'j aa7,~1438 ,.> 
ST086 ~ 5"1'" 2OCJ3 1!&!!,212'T1 U:j 

Not",: ti., i . th. in"gr~"o" Lim,,; ' ,' d,nO!", an "n=-coin val"", 

" • , 
• • • 0 • > 

11.6 

1 I-g 

" 
12,1 

12,2 t 
OM 

HJD U02TIB,O + 

';n( (,) ~~~ V (moa-) 

• :li).;n, l.,~: 

• ijI).;n. 13.4: 

• ilO-in. 11 7: 

• 31l--in 13.(" 

• 3O-in 1~.9' 

• ,jG.;n 1n 

0 dCJ_;,. 1n: 

Fii!'urc ~.3g: 1'he light curve of V426 Oph on 18 May 2003 (run SIl935), corrected to 
first (Jrd"r for 3tlllospheric ""tindi<ln. Th" rapid fuckering di"gu;"cs a qualli.<:or.er"nt 7J , 
modu)"lion-s,"", Fill , .~.40. 

of the most pwmiuent cycles of t,he 73 S OBcillation are diroctly visible bue tlle the 

Fourier erans(orw (left, hand p=el of Fig. 5.40) makes the signal mOre evident, Also 

dispbj'OO in Fig. 5,40 i" the amplitude and phase variability of this modulatim. The 

0- C diagram shows that the 73 s =illation h"" fairly high coherenl:ll, but is not 

strictly periodi~ (note that in this diagram mly every third point is independene): 

from t,he amplitude diagram can be seoo that the =illation readied amplitudes as 

large M 10 wmag. 

The 73 B 0"cillation appears unusually coherent 1m " QPO, but in the "b800.oo 

of more rapid ~(:jlllltioIL~, il i. dillic,,)t to know whdheT to cl...,aify it "" a DNO Or 

"" IpDi\'O. For the moment I will call the 73 s oscillation" Dt;'O; the dete"tion of 

a shorter period in V426 Oph may in the future clw.nge this classification, Until 

a similar tiwe scale is observoo in \,426 Oph, me C<lnnot have absolnte confidfmce 

in ehe reality or the Dt;'O, However, 8ho"ld t,he oscilJation (and its qU/l.~i-i->eriodic 

natnre) be confirmed, tl,e favouroo model for Di\'Os (=d IpDNOs) excludes V426 

Oph from being an IP. 

89 



Univ
ers

ity
 of

  C
ap

e T
ow

n

" 
• 10 

! , , 
5 

" , 
" , "-
~ , 

002 0.04 '00 0,08 

Freqll9f1Cy (H~) 

, , , , 
! , 

" I , , 
• • " o. , o. 
! 

• , 
" i' -0. • 0 

-0. • 

0 4 ijl ,1~li I . 
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"II r"l ;~ 
• 1-,. I~j ,.>ll~ ~ 11- • - j 

I' 
0,52 0_5~ O_5~ 

"'0 ... ..,..,~.o + 

Figure 5.40: L€ft: The fuuri"" tr an.furm of the li1'1lt curve 'OOwn in Fig. 5_39, the narrow 

spike at 0.01355 Hz (73_26 'J i. interpreted M .. 0:'<0 or lpD:'<O. Right: Amplitnd.o and 

o - C ph_ diagram.. of tf>< 73 "modulation. E&ch point represent, a non-linell.l 1 •. ",,1 

<q\1"'-"" fit of" ,ine function with p"riod 73.26, to ~5 cycles of Ule me>dulation; tJ ... n is 

67% ovcrl"p hetw.-en co""ocutive point" 

5.17 OY Car 

Oy Car WB.'l diocovered to be s.n oclipsing D)< by Vogt (1979), it is an S'U UM" star 

(Bateson t979c), with !lOnJla..! maxima. of V ~ 12.4, ""d sllpermaxima of V = lL~ 

(Bateson & Dodson 1983), and has Pori> = 1.514002 h (Vogt 1979; Vogt et a.L 1981)_ 

This system has become One of the he'll studied DN, and haa been observed 10 

have the full set of DNOs, IpD::fOs, Mid QPOs, includinf( a. DNO a.\ quie8C€nce 

(Schoemoo 1986; Marsh & Horne 1998i Ramsay et aI. 2001; 'NWP03); the 1500 s 
QPO listed by W04 is pr€dicted in th€ model ofWW02b, hut ha.~ not h€€n observed. 

OY Car is also the only DN for which convincing evidence (independent of DNO 

or lpDNO models) for white dwa.rf magnetism €"ista----se€ Soction 4.1.5. I Pl"ffl€nt. 

Tabla 5.16: Th. ob •• rving log for OY eM; tJM: :lin...! column li,-t, th~ lllf".aJ> magnitud . 

ou\:l;d.: of ",,!iI"'", for eacl'llight. TIM: oboetvat.ioll' Were rrw:I. in unlilte.,.ed light. 

I{". NQ 0.10 ... _to', St"" t;"", HJO ("n~ll (h) 
""' (0) '1""",_ V ("'''&") 

of u.l, b< - U52COJ.O+ 

Sting ~ Fob.l00~ G7.Hti~1~ U7 , .fI).in. 12.7 

86743 5 Fob.:lOO:l S7tl . .jo.Wl lA7 , ~G-i". lH 

S614S 7F.b.:lOO3 67SA:NrO U7 , .j(~;. l~.l, 

86752 tl F<b. 200l 68().3151l8 ,.> " 41l-ill 15.1 

W7~' 9 Feb. ~OOl (l81H~M~ ~.93 , ~Il-'n 15.0 
W7M la ""b. 200l '5H'<J2!9 a.GJ , • 'eM" 16.2' 

~ot"" ';n' "th. i"~"'ion tim. ;' ' do"","" on u"OO£h!" va!u • . 
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Figure 5.41: The scrorn:l of the light eUN", of OY Car taken O~ 9 FebruMY 2003 (run 

56754), taken during the lJ.tc decline from "ul'emutbur.t. 

~ 

if :20 , 
" " • " " , 
i , , 
< 

0.02 0,04 0,06 0.08 0.' 

Fr9QU9rlCY (Hz) 

" 

0.02 0.04 0.08 0.08 0.1 

Frequency (H~) 

Figure 5.42: Fourier transforIlll! of rUrt 56748 (ld't poillel) and S8754 (righ~ panel; only the 

section of dnt3 between the two eclipr!e!l). The bed_lit period to the DNO in run 56748 

i, 29.6 .; the {'J(""" power in the Foorier Iran.form of run 86754 is centred on 0.0187 lli 

(53.5 .J. 

here observat ions made la.tl\r during the FebruMy 2003 superOlltburst, in which 

DNO. at 17,62 s and 17.79 s, and QPOs between 281 s and 338" were detected by 

WlVP03 (seoe Table 5.16). 

Fig. 5.11 displays the light curve of run S67M (the second of two light curves 

obtained on 9 February 2003), DNOs were detected in this run, "" well as in rUn 

S6748. Fig 5.42 gives FOl)rier transform.< of these two light CUrv<l, . 

The broad, noi"y appe&l"a.nc~ of th~ DNO in rlln S6748 i, caw;ed by an unstable 

period and amplitude. In run 56751 the DNO i, very incoherent; a deere"", in 

coherence of DNOs late in outburst is also seen in other syst~,ms (Hildebrand et 

111.1981>1; C6rdoV!l. et aI. 198-1; V,W02b), but it i. not clear how th~ period of ~54" 

fits in with the 48 " DNO found in OY C..,. in quie:scence by WWP(}3_ 
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5.18 VZ Pyx 

Remil1axd et aI. (19\14) found VZ Pyx ~ be a DN, probably of SU UMII iype, 

IUld report a 49 mill. phO((lmetrk p(lfioo, ,,·hich they sugge>i r.ou ld he the white 

dw..,.f spin veriod, ~lt(luW it prove to be oob.ert!nt (In long time 9<" •• VZ Pyx has 

Pori = 1.1697 II (RemiUlICd ~ al 1994, Thorst.enren 1997): iLl! 8W1IU~ II.'! lin SU UMa 
mac was eonfi.mo!d by K .. lo &; Nogllmi (11197), uul nO evideoce to support th .. t it III 

"', IP ru." si lica boeen publi'<hed. \vv,'PQ,1 repo.~ II 112 B lpDNO, and, on B dIfferent 

night, " DJ\'O M 23.86 B togelh('S" with" QPO tit a period of 3~O.5 Il, with VZ Pyx 

at V ~ 12.2, lind argue, based On their d~tE(:tion of D}"O" th!l.~ VZ P yx cannot be 

""IP. 
I OColer>.oo this s~m during threE! different ou~hul1lts (_ Tllble 5.17). The 

Thbruary 2003 obeervlltioWl started with VZ Pyx on the decline from n DQrlIUl! Qut­

hursl, whicl\ t.riggercd aauperoutirurst, wl~h superhumps appCNlng Ob 22 ~hruary. 

Tlobl" !J.1 7, t.lg C>I tU Oboa",U""f of I/"/. Pyx. Ii. V Jiltn ....... uo;e<.l in rUD S&7!ll , the . ",t 
or u.. "~l ..... tltorlli ""'Crt modo in ... hito ll!hI 

RYn No 0 ••• a\ ... n. SI,", I;"", HolO lAon.r;th (h) I,~,. (,: ,,- 1/ (m",,) 

~"' U l'eb "JOl3 6h.oUhoIl L .10 , ." lU 
~~ ._- -- , .• " ~. "., 
~, "20 ~ XICD G9L4'oIJ:::J ,~ • -0.;0. ~ 

~~ ~I I'tb "JO(J:I ti •• U7filtl ,m , ~;~ .. , 
~, 

~-- -- '" • to-., l~. J" 
~&7V1 23 /'lob. :1003 t»i. 3-11 G I ,. ~, ~ m. '" S7110 l~ n ... :lUll!! _,.7 ... j~ • ~. 'M 

1<<<<0, t,,,,;. tho In.OI;<.''''~ t im<; 'C&hu .. l,h. V ~Ieer. 

14.8 
• " " " ~ 11>.2 , 

10.4 • 
> I~,e 

15.B 
O.4e 0.' 

IUD 24M!Bltl,O + 

Fi,I!:ure 5.<&3: The Ucl£eurveol VZ Py><on 20 H:brlW"y 2003 (Rn" 36181); It .... corrected 

lDr extinction, f.I1d JlO"ofIWWr.cood to raJlo::>Y<) ... modulation .. -ilh .. p...x.d or 2 440 •. The IigbJ; 

curve OOIJI~ & Q l>()--"OI .. Hn."..- J.MI.."'Iw.reo S". a bert.-fil pfriod of 460 f Md amplitude 

01 4),2 mmo.g. This ~t III .'uporirn~.., tho d..u.. 

" 
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Figure 5.<1<1: L<oft: Too low fr"'lU~XlCY 'nd oI Ih~ Fourier transform of tllil "'hDI, "I run 

56781. QPO >lld IpDNO fMlur", "t 2,16 mBz (463'l ""d 8,M JIlH" (116 .• ) Il.':' indic..~ted 

Right; The H:mrier tr~ru;form of th~ l..,t third of th~ light curv~ display."J in Fig. 5-43 

The IpDNO doubl05 in frequency during t"" run, ~nd h,,, app'''''' "t 17,3 mHz (57.8 . ). A 
vertical bar mark> Ihe position of the fundamental. 

Three significant periodidtil'll were detectod in run 56781. A QPO can be seen 

in the Ught Curve of this rUn. Fig. 5.43 shnws chis light curve wit h" belt-fii sine 

functinn tel ihe QI'O over-plotted. The QPO period is 460 s, The Fourier transfnrnl 

(left hand pnncl of Fig. 5,44) has a sharp spike abnve the red noise at 8.64 mH~ 

(116 s). In light of the 112 s period repnrted by Wl,\'P03, I interpret thi~ OS an 

IpDNO. In the last third of run 56781, the lpDNO power shifts to the first harmonic 

(rigM hand panel of Fig 5.44). Another example of fre::ruency doubling "f all 

IpDNOs may be n signal at 147 s ill KT Per, which changed 10 82 s (Robins= &; 

Nather 1979). 

5.19 VU59 Ori 

T here is a group of SU UMtl. type DN with unusually short recurrence times of 
normal and superoutbursts, wmL1ima; rcfcrrod to M ER U),..ftl. stars. V1I59 Ori is 

such tl. system (Nogawi et t\l. 1995; &bertson, Honeycutt &; 'nmler 1995) it has a 

~1 d rocurrence period for normal outbursts (J1l.blonski &; Cieslinski 1992), a ~15 d 

~upercyd{) (Robert son et al. 1995), and P.,.-. '" 1.49227 h (Jablonski & Cieslinski 

1992; Thorstensel: et al. 1997), The most comprehensive photometric Btuciy nf 

this system is thtl.i by Patterson et al. (1995); they detoct€(i DNOs with a period 

eWllving from 29 s to ~4 " aver 7 nights of the decline from superoutbU1'1!t , fllld derive 

a relation p}vo di';,::o = O.~7 ± 0,02 m ag-l (or, "'luivalffitly, 

= -0.40). 

two light curves of Vll59 Ori during different ~uperoutbursts (soo 

Table 5.18) the observatiollli were made in white light using the 4O--in. refiectelr. 
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Table 5,18: Log of the ohs<:rmti",," of Vl159 Ori. 

S61S4 21 Feb. 2001 

• 
l ".1 
I,u 
• 

s,.,.t 'iIDO HJD r-.gtb (h) v (rMJ:) 

Figure 5.45: Left: The light elirY< of ll. 2.3 h ,ection or rUn S6649, oonected t.o fu,t Ol'der 
lor .. tm,,"pherlc • .xtinction. The large Ii.Wplilude rnodul~tion is .. 8uperhurnp. Right: The 

Fourier tr"",form or the lighl CUrye 'hown on the left.. The D)lO at G.03097 Hz (32.28 s) 

and IpDNO "t O.GD565 Hz (177 0) !lIe indicated. 

Rapid oscilll!.tion& were detected on 25 November {run S6649}, the left hand panel 

of Fig. 5.45 shows pflJ"1 of this light CUrve. The Fourier trarulform (right hand panel 

of F~ 5-45) shows a DNO at 32.28 s with an average amplitude of 1.2 mmag; this 

really add, nothing to what was known from the work by Patterson et aI. (1995). 

More interfflting is the probable detoction of anlpDNO. A "pike at 177.0 s shows 

above the red noise, this is at 5.483 x PDNO, and is probably an IpD::<O. 

5.20 SY Cnc 

SY Cne is a Z Cam star with a V magnitude of 12.2 at "tandstill, and ou<bUr"ts 

taking it from V = 11.5 to V = Il.l every ~rr d (Vogl & Batcwn 1982). The 

orbital period is 9.1 h (Sha.fter 198.3). SY ene is known to have DNOs with ~riods 

in the range 20.20. to 33.83 s (Robinoon 1973b; Nevo k Badcll 1978; Patterson HIS1; 

Middleditch & COrdova 1982). 

I owned BY Cne on two nigh!.!; of it' December 2CI03 outburst (soo Table 5.19) 

Robinson (1973b) remark8 that the amplitude of fliclrering in SY Cne is very low; 

thi. W8il noticeable in both of my light CUrveS. Run 57178 was made under poor 

weatllCr condition" BIld contained no "hort peIXld or,cillations above an amplitude of 

1.5 mmag~ five nights la-ter, however (run 57194) a DNO at 24.87" was detectcd­

Fig. 5.46 .haw. the Fourier tran.fol'll. Since DNQ,; in SY Cne ha-"" boon well 

.tudied, I will not describe my result in any more detail. 
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Table (L19: Log- of the ol)servations of SY Cne; white lig-hl was used on boih night~. 

Run No. n.t. ~t .t.v, S"", time HJD 

of ni(b'o U5:2000.0+ 

S717~ l~ Doc. = ~~'.~l~M 

S7N4 ~4 Doc. :lO)J \l9S.MOW 

4 
~ • 0 

S 3 
E 
~ 

• , • , 
" i , 
E 
< 

0 

Frequency (Hz) 

5.21 Ee 21178-5417 

i.oen(th (h) 

o. 
'V 

.'37194 

t,~, I') "fiI_ "P" V 1m .. ) 

, 4IJ..in. 1l.6, , 4IJ..in. 1:1., 

Figure 5.46, The FCJU]"ier 
traru;form of the light curve of 
sy ene on 24 December 2003 

(!lIn 87194). A deor DNO 

re"lure at 0.U4020 Hz (24.87 'J 
i, m""ked. The Illllplitude of the 
DNO (determined by non_linelil" 

Ie,." squaretlJ i. 1.86 mmag. 

EC 21178-5417 (hereafter abbreviated EC2117) i" "-I, eclipsing NL wit.h p","~ = 

3.708 h, and hw been observed \0 have DNOs with periods in the range 10.82 

2546 5, IpDNOs in the range 79.9-l95 ", and QPOs between roughly 330 s and 

500 S (WWP03). 

EC2117 wM extensively observed during the 2002 season, IIJld proved to be a 

prolific source of DNOs: in 14 out of l8 runs on this object taken during 2002 

(including lhe firsi [Dur listed in Table 5.20) DNOs were present for at leB8t part 

of the time (WWP03). H[)wever, nine sepMate observaiions in 2003 (during which 

EC2117 was usually a few tenths of a. magnitude fainter than in 2(02) produced no 

DNO detections. The log of my obserV"cl.tions of the system is given in Table 5.20. 

IpDNOs and/or DNOs were found in three of my observati[)ns. Fig. 5.47 shows 

two light curve", together with their Fourier tnwsforms. Run S6641 contains a DNO, 

"-I,d at the Same time an lpDNO, while only a DNO was seen in S6666. Run S6660 

was centred on a.n eclipse, and relatively short. A DKO at 23.17 g W8.'I nevertheless 

detected in the IB8t ~20 min. The"" observa.tion" have already boon thoroughly 

described in \vWP03. Some evidence of an oscillation [)f low wherence at &round 

103 s was found in rUn S7077, bui it was not very convincing. None of the other 

observations made during the 2003 sea.''r.:lll cont.aJnoo any '1uaai-coherent oscillations. 
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Table 5.20, Log 01 the observations of EC2117; the fi~ol DJlumn l~'t. the nightly mean 

magnitude out,ide 01 ""lip"", All the observatiol1.'l were made in unfiltered light. 

Run No. D&to oJ. ,,,,, Startti ... HJD ~h(h) 

- SO N"". = 00II.2iS:l" ,m 
S&\6, ,~ = ilO.~i547 '" ,oro 170..: . . ~ 6"I.'~()I)(! O.~2 

S6%~ Z4 May - 7M.~Z9~1 ".~o .. - ~7Moy =, 7~7,M7% H7 

S<J~7~ 2<J M~~ - 78i,Sl,2~ 1.6~ 
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Figure 5.47, Left, Light curves of EC2117 on 24 Novernb€r and 1 D~mber 2002. An 

IpDNO is directly visible in the 24 No,",mber OMerva.tio~s (run 86641), which is vertically 
translated by +0,02 mag. Right: Fourier tunsIDrm.' ofth",e two light curves, with DNO~ 
at 23.18 ~ (86641) and 23.29 ~ (86666). The IpDNO pOWer in run S6641 i. diluted in the 
Thuder tran.'fonn, becau.e it d1angel< p..-iod from 95,82 s to 101.03. during the ru~. 

5.22 V11930ri 

V1193 Or; wM dis<:-overOO as a rapidly varying blue star by Hamuy &0 Ma..a (1986), 

and classified Ell ... UX UMa type NL by Bond et aL (1987); the spectrOS('-Opkally 

determined orbital period i. 3,96 h (Ringwald, Thor.tenseD. & Hamwey 1994). What 

appears to be rapid, large amplitude fticlrering i" eviw.nt in every published light 

curve of tl,js object (Bond el al. 1987; Warner & Nather 1988; Papadald et al. 2(04), 
My light CUrves of V1193 Or; (see Table 5,21 for the ob""rving log) are dominated by 

QPOs, rather than flickering;, although they look Vf'1y !limil", 10 those of Bood el al. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Table 5.21: Observing log for V1l93 Ori; thesc ob,erv~tion" were all ru&de in white light 

The fiDal wlumn 1i,,1s the dOlninam period fur each night. 

Run No. D~t~ ~t .tart Stact Lim. HJD LctJlth !", (I) T<I",,,_ V (mq ) f'qPO (I) 

SO,"'"' ~8 Nov XI02 601.<'071>6 1i.15 0 4(l.io. 14.0 

S'S.'ilI 2G ~av. :lOJ:l S<lt"'G~63 MT ," . 4(H, 1l.~ 

.~ 30 Nov, 2002 600,'70[.3 '" 0 40--;,. !{.O 

3M63 1 D<>c. ~ GIO-4,o801 J.I~ , 'O--in, 11.9 

S6,75 IT D<c, = G2G.M6JO 1.J2 " '(l...in, 1<',3 

,"ro 2, D,"", = GnJZ1:!1; '" 
, 40--1n, \3,9 

S66~~ "= 2:I:m 'JJA3r.,U 2,g5 " , T4-iu, 14,0 

SGG94 2.'=. m' . 3',3231<' ',9i1 " , T4·in. 14.0 

SSS\)/! .~ ~, "15.'EIOO4. ~,3S , 74--in, a,o 

-" 27 D.c. = 63UOWl 3.~~ , T4-in 14.0 

N_= ""' '" tho "t.lI"~ti~" L~_ 

" " .;;1 

~ 
::;! 14.5 
> 

, \ " ~, 
)./' "';\.1""/,,.,/\;'1"""-.) /\V • 

\'vl'\/",'YV"IJ""'!-v'" 

.;J'vV'v/'W.;'"l 

1027 ,. 
1014 

1321 

'" = 
lilil 

146! 

I~~S ., 

-

,,~~~,~~~~~,,~~~~~~~~ 
0.05 0.1 0.15 

1ime (d) 

Figure 5.48: A >&mp.le ofVll93 Ori ligh~ CUl'V,," (the S66M and S5689 li~ht curves are oot 
oompl. te). The S6663 (S66H9) dat" have been Bhift.ed vertically by +004 mag (+0.8 mag). 

(1987) and Warner & Nather (1988). Fig, 5,48 shows soctions of three of the light 

curves, all containing prominenl QPOs. Do;spite a period that ch e.nges from night 

to night, the QPO Atand" ont in the Fourier transform of the fint six runs combined 

(800 the \eft hand panel nf Fig. 5.49), which implies unusually large coherence. At 

this pnint, in fad, we "me WDndcring whether, given more obaervations, V1193 Ori 

might pmvc to be an IP, Hnwever, tl,e QPO did not appear as strongly in FOurier 

transforms of other combinations of lighl curve..' in Ihis data sel. The average Fourier 

tran,sform of all the nh.'I]rv&tions of Vl193 Ori ..J.lOWS pnwer in exec,," nf red noise at 
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Figur~ 5.49: Loft: T he Fouri. r tr"""{orm of the fir,~ six ruru; on VllD3 Ori (ta.kcn oycr 

""""n night.; "". Th.ble 5.21) combiood. The data were prepared by . ubtro.cting " linc", trend 
from u.cl:t ligh~ curve individually before calculating the Fourier tr~n"forrn. The maximum 

ampJit.ude ill at 0.783~ mR. (1276 s). Right: The aver~~ Fburi~I tr",,,form of th. wbolo 

VU 93 0,.; dat.a. oot. The QPO al>pc~rs M ~ hump of pow. r ~t frequen<i ... i>et.,<.,. n 0.580 mHz 

(1720.J and 10M mHo (649 s), supcrimpo;scd on the WlOOthly ri. ing red no~. 

frequendas between 0.580 mHz (1720 5) and l.M mHz (649 ~); this is displayed in 

the right hand panel of Fig. 5.49. 

No shorter period o~cillations (or, for that matter, persistent longer period 

modulations) were found in tha data set. 

The QPOs in VU93 Ori look very similar to kilooocond QPOs seen in V442 Oph, 

RX J1643.7+3402, and .everal mare SW Sex star., whidl have been interpreted a. 

a low coherence manifestation of the underlying stable rotation of a. megnetic white 

dwe.rf (Patterson et &1. 2002; thi. is discussed in Se("tion 3.2 and 4.2). However, 

V1193 Ori ha:l none of the other characteristiC!! of SW S~..x .tars. 

5.23 CRBoo 

CR Boo is an AM CVn star ("Wood et aI. 1987) with an orbital period of 

1471.35 s (Provencal et al. 1991), it has high a.nd klw photometric .tates, similar 

to a D:'l" outburst cycle, its B magnitude varying from 17.2 to 13.6 ("Wood et 

a1. 1987; Patteroon et a1. 1997). The high .tate light curve i. dominated by a 

~ld!lO s modulation (with considerable harmonic content) which is interpreted as a 

superhurnp (e.g. Patterson et Ill. 1997). 

High state observatioIl.'l of th .. object were obWned on five night.., and are listed 

in Table 5.22. Harmonics of the familiar 1400 s modulation were present in almost 

aJ.j the light curv,,", run S6852 (taken on 8 March 200J) however, ~;)ntain. the full 

set of rapid oocillations. The light curve of this run is shown as Fig. 5.50; a QPO at 

~291 s is dearly evident. The third and murth harmonics of the .uperhump have 

periods in the rnnge where QPOs could be ~xpected, but the measured QPO period 
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Table 5.22: Log 01 the observation. of CR Boo; white light Wall ured throughout. 

Run No Oat" "' """ St.>n limo HJD Let>glh (.) t;~, (I) ~~ V (ruo..r:) 

=, S MOl. 2003 7"07.4~7M , .• ; 3IJ..in. 101.6 

568>6 9M.,.2003 700.41'l8~ 4.:<2 ;, , 31Mn. 14.8 

S6Ml 10 Mar, 200~ 7OOAXl19 ~.5:' ~, ), B 3Q..la, H~ 

S6Q~~ IS May 2003 n~.~I~:J:i 1.18 '. , 4O-io, IH 

144 

• • , 
14.6 

~ • • • 
> 

14,B 

Figura 5.50: The light curve of CR Boo on 8 Morch 2003 (mn 86852), corrected to first 
order fur atmru;pheric extinction. A part of this light curve 'lPPC.orOO as fi!\', 27 of 'VWP03. 

(291 .J is far enough removed from th~. fourth harmonic of the supcrhump (2985) 

to rule out any confusion. 

The ~.5 mag rise during the first ~2.9 h of the light curve is not unusual for 

this object; see e.g. fig, 1 of Patterson et al. (1997). 

The Fourier transforms of shotter sections of the S6852 light Curve (Fig. 5,51) 

shows that the run al.'-O contJtined an IpONO (at 61.93 .) and a DNO (at 21.71 s), 

The ONO is rather less coherent tha:n tbe IpONO, and appears a:bovc the scintillation 

and phown counting noise only in Fourier transforms of short section. of light Curve. 

The presence of D:'<O., QPOs and IpONOE in the high M state of CR Boo is 

Motber paralld between this system ""d the DN, Accepting the magnetic mod~ls 

for DNOs and lpDc-rOa, it is also-----together witb the DNO and IpDNO in AM 

CVn (Warner & Robinson 1972Il.,b: Pll.tt~.rson et al, 1979, 1992) and the IpD:'<O 

in V803 Om (roc Section 5,24)-tb~. only evidenc~. for magnetism in AM CVn stars 

(,VWP03). 
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o 

/ [pONO 

0.02 0.04 

Frequency (Hz) 

0.06 0.08 

Figure 5.51; The Fourier traIlBronn of Ih. fir.t 3.31 h of the Jig'hl en(v< .!;"wn 

in Fig. 5.50, with tho QPO ~rrllDDNO feMur.,. irrlic~, A v~rtic..J hu marb 

tho DNO frcquonoy (46.M mHo, corr~.porrling· to 21.71 .) bnt, becau,e or it, 
low cohorence, tho DNO d""" tnt r~..Jly st>md ou! ..bove the noi"" in the Fourier 

tf .. ",form of sudl .. lo~ aeclion of data; tile inoo, i, the Fourlcr tramform of only 

tho first 0.89 Ii, here the DNO appear' more clearly. 

5.24 V803 Cen 

V803 Cen wa.s discovered by Elvius (1975) as a blue object with a. V magnitude 

varying from 17 to 13, and a spectrum showing onLy Her aOOorptjon features. 

O'Donoghue, Menziffi &: Hill (1987) identified it "" an AM eVn star, and found 

photometric periods of 1611 8 (together with harmonics) and 175 .•. There i. still 

no orbital period known for this object; the 1611 8 modulation is bclievoc!. to be a 

8upcrhump (e.g. O'Donoghue & Kilkenny 1989; Patterson et aI. 2OiXI). Patterson et 

aI. (2000) interpret the long term photometric bp.haviour of VB03 Cen "" the thenmll 

limit cycle of a D}'" making it one of only throe Helium DN (sec also Section 5.23). 

The 175 s oociUation is very commonly ob.,p.rved in the high photometric state 

(O'Donoghue et a1. 1987; O'Donoghue & Kilkenny 1989: Patterson et al. 2DOO) but 

is absent in the low .. tate (O'Donoghue et al. 1900), O'Donoghue et al. (1987) 

found that a 2 mag reduction in brightness W<l.'l accompanied by a period change 

from 175.2 8 to 178.8 8, and noted that the dependence of period On luminosity 

. same .,ense Bi3 tha.t of DNOs, but is l",s oensitive (ths implied gradient of 

) = -0,011 differs by an mder of magnitude from that found fm D}"o,,; 

';"";~3,1 and 5.4). WWP03 a.rgue that the 175 s oscilla.tion is an IpONO; if 

this interpretation is correct, it is the moot pp.rsistcnt IpDNO yet identified, which 

(t<Jgether with the OIlCi!1ation's large amplitude) would make V803 Cen an ideal 

HJO 
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11.1. 

i ,..­
,,~ 

j ,"-' • 

",. 

"""u .. ,, IH.) 

Figuro 5.52: Ldt, The light cur"" ofV8W Cm 00 <1 FebruM}' 2003 (run S674(1), oorTecCeci 

fur &tmo'pheric extinction, "t 6 , time re""lution. Th. ~ 1 75 , o""mstion i. dir""tly vl.ible. 

Right; TIle low frequency end of the Fourier tran-,f(lfm ofrun S6740. There al. no signifiCMIt 

feature, "t higher frequencioo, Vertical bar, m",k the , ,,o:llld, third, and fifth harmonic, of 

the 15ll_. modulation; the lpONO "t 176.3" is indicated. 

target for a detailed ,tudy of the propert.ie' of lpDNOs. 

I obtainoo a. single high spood photometry run On V803 Cen (using the <lO-in. 

refiector, white light, and 6 s inregration time) on 4 February 2003. The light 

curve, together with its Fourier transform, is displayed as Fig. 5.52. The IpDNO is 

clearly evident in the light curve; the beat-fit period and amplitude are 176.3 "and 

6661 mmag ,espe<-1;ively. 

5.25 Summary 

All periods detected in Vl193 Ori are listed in Table 5_21; for easy reference. 

oscillation periods meaBured in the remaining objects disclIEood in this chapter are 

summarized here (together with the mean V magnitude for each run) ~ Table 5.23. 

T have tried to distinguish betwoon O;'-1O-related QPOs and kilosocond QPOs; the 

kilosecond QPO pp.riod is abbreviated PkoQPO. 
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Table 5.23: S\'lIIn,.,y 01 d.\ected ,.pid oeclllaUon puiO<is, 

~~, &.~ P""o (.) l"t,l> .... " (I) t'spo (.) 1\",P<i (I) V (m~ 

TUM.., .. ~ 2Q.M-22.20 ~ 1~.O 

~'h ,,~ '" 
/UJPJog ,- M.' or 

61010 ". W, or 
S7011 '" R( " 

S'ro\~ ,,~ .~. 

S1OI~ ," ~,T" 

S1011 ., H" 
S70~1 22. Ja.J " 
S7C:I(l m 'a" 

ww ...... .~ ." ,. ~ 11.8 

,~ ;:167.1 ". ... 
"'" a, ,,, 
"'" 9).3 '" .... , ,. 

'" S$S" ,;~ l;.~ 

'"" '" '" I(,Q 

sn~,' l~.~ .. , 12,7 

orn~ ~" . " 13.2 

"'" '" no a.~ 

TVPd ;:1713.1 2/.u-2Lro $l-l/l ~, 12,7 

~ ... ~" '" _,a , .. 
~" 1)1 ~ ~18O). , .. . ~. lU~ 12.1 
~ ... , .. 
~. >11.', III .1 ,~ 'M 

"'" ,l2( "'." S7l~~ "' 7'~ ,u 
V893Soo ~ .. tl.7' I ~.l' 

Ill' C", SllIll ". It.' 

88. Lop .. " ". '" .... 11.11<1,11"" '" 
~" ~. ,., 

~~ S7\7. ... m 
HP Nor "''' ... 1(, 0 

.~ N,Ol l~,l 

~G Ill'" Sl;1lO7 21.~ "' 1 •. 7: 

WX Ir,i ~" ,~ ". 
S71U ,~, '" 

~,. ~~ '" 121, ~IO(1 '" 
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l'8 b l .. ~.23: O)Ollnu\!ld, S .. mnwy of detectod '''rid __ Ill.n.tlo" I""-iodll. 

"''''' ~.- PDIVO e.) ~"IVO (;0) Pqra Co) l\.ql'O (.1 , '""" 
pt. OM. ~~ 1111.1 1 • . 7 

V+2&Ofh SW:l:I 70.1!1 1~.1 

OYC .. S674~ ". 1~.1,1 

~67M -" ,.~ 

VZ!"yx ,~, llG, ~7.8 •• IU 

VIIIIIOri SfilliD n. m '" 
" '"" ~,~ uu '" =" ~, "" ~8:l-10l.03 n" ,- "" IMI 

siln l~,l9 u ... • 
0._ S68~~ ll.7) IU3 >Of lU 

Yall! C ... oouo ,76.0 n. 

103 



Univ
ers

ity
 of

  C
ap

e T
ow

n

'" 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Chapter 6 

Discussion 

Dvtcctions of rapid qUMi-ooherent oscillations in 24 CVs are presented in Chapter 5; 

12 of these sy~tems were not pre\'iollsly known to display rapid oscillations. I discuss 

here some of the more interesting r[!()Cnt results together with their implications, 

the uxci1;ing possibility of a. oonn~.ction betw~.en the phenom~.n" in CVs Md low­

m8Sll X-r!!.y binarie'l (LMXBR), and future ol=rvations that may contribute to our 

undmstanding of rapid oscillations, and hence accretion in general. 

6.1 Implications of Recent Results 

The results pres~.ntwl in Cha.pter 5 followed from an exton";"" SUTVVY of ltigh ffi!\&l 

transfer rate CVs; an observing program lilro this could probably not haw been 

executed anywhere other than Sutherlalld1. 

The QPO detected in RU Pcg increased in coherence towa.-ds Jihe end of outburst, 

furthermore, its period evol'led over almost an order of magnitude; this may call into 

qU!J!ltion tim existl'.nce of two clearly separatu suts of QPOs discussud in Section 3.2. 

In HX Peg, howeWJr, a QPO Md kilosecond QPO have been simultaneously detected; 

implying that these "'" distinct phenomena. 

An IpONO in X Leo Wa.'! found to follow a p€riod-luminooity relation simila'· to 

what is ooomved for DNOs. Very little is presently known about IpDNOs; them 

are probably many features of th~jr phenomenology that have not yet sur[aGI'A. 

Frequency doubling was obscrvOO for an IpDNO in VZ Pyx: there is ll.S yet no 

cert !lointy as to the cause of such behaviour in IpDNOs or ONOs. This dissert!ttion 

W!IS sta'1~.d !lot about the time that IpONOs were first r~",ognized !IS a phenomenon 

separate from DNOs and QPOs. As ooon as JpDNOs were identified th€y w~.:re 

found to be fairly oommon-although not os oommon ll.S DNOs-and ha,", up until 

the present boon soon in about 24 CVs (in around one half of there systems the 

11 <ponl 130 ni~hl. (not ~~cluding cloudy ni~hts) .. 1 the Id""""",, working on th .. program. 
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Oilcillations were at Illst reported !IS QPOs or DNOs). It iil perh" ps surprl~ing 

t hat IpDNO, remained unrecognized for .0 long; however, there is nowhere in the 

earlier literature an amplitude 'poctrum that makes the existence of a l hird class of 

oscillations"" clearly evident !IS e.g. Ihe Fourier transform in Fig. 5.20. 

DNO.l and QPO, may be mOre commonly present in quiescent ON Ihan is 

currently thought; it is certainly true that oscillations occur much more frequently 

in outburst IhM in quiescence, which means thaI they are not oft.en looked for in 

quiescent light cU'V€S (see in Ihis regard M'J(l Warner & Woudt 20(4). Detections 

of DNO!!, QPOs, and IpDNOs III ON at minimum light are mentioned in CMapt er 

3; to these can nOw be a.ddoo a DNO ill V893 Sco in quiescence, and QPOs in WX 

Hyi at minimum. 

MMY contradictory and confusing cl!l..ims aboul periodic modulation~ in V426 

Oph have been made. The detection of a DNO in this system casts fur ther doubt 

on its status as an IP. 

The kilosecond QPOs observed in VIlil:J Ori shaw some sign.l of an underlying 

periodic signal; t his strengthens the inte'prctation of kilosecond QPO!! offeree by 

P" I,ter.'J(ln et ,,1. (2002). 

The detoction of the full set of r" pid quasi-coherent oscillations in the AM eVn 

star eR Boo sho.o,o thai the system is also in Ihi, regard similar to hydrogen rich 

ON. Oooervations of DNOs, IpDNOs, and QPOs in AM eVn, V803 Cen, and en 

Boo constitute the only exist,enl. (albeit model-dependent ) evidence th ,,1 the double 

degcneIate systems may contain magnetic primaries (e.g. Wa<ncx &0 Robinson 1972a; 

Patterson et al. 197il; O'Donoghue et aI. 1987; 'iVWPO:-l). 

6.2 Similarities between CVs and LMXBs 

The study of DNOs and QPOs in evs took an exciting l urn in recent years with 

the Ie.9.1iMtion that they Me in many respects comparable to QPO.~ in LMXDs. The 

properties of QPOs in LMXB" as well as models to describe t he o,cilllitions, are 

reyiewOO by van der Klis (2OCIO). 

As for DNOs, the frequerlCies of kHz QPO.~ in LMXBs .""ale with inferrerl M, 

and (in the case of neutron star bin""i",,) are comparable to KepleriM frequencies 

in the inner di~c. The 0 - C phase diagrams of the 5 Hz QPO in t he Rapid Burster 

illustratOO in fig. 6 of Dolani ct al. (1990) show 'ystematic trends, !IS well M phMe 

jitter-like the phase behaviour of DNO •. Furthermore, kIh QPO • .omctimss occUr 

in pairs, which Ill"y he compared to double DNOs. It is .lometimes found th"t kHz 

QPOs in LMXBs occur in 1 ,2: 3 harmonic ratios (see e.g. Remillard ct aI. 2002); 

Ihis hall now also been ob~ervOO for DNO.~ ill VW Hyi {"Warner &.< Woudt 2004). 

Barret, Olive & Kluzniak (2004) analyze an 800 H~ QPO in a neutron star binary 
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and lind thflt, rather than a modulation of Q ~ 10 which is persistently present, the 

signal oonsisls of tralns of ~100 cycles with Q > 200, occurring in burst8 wilh !!. duty 

cycle of ~1Cffo, (Uld frequency changes of up to about 0.5% between different bursts. 

The high st ability of the QPOs not only rules out a few of the models of kHz QPOs 

(see tl.lw Olive, Barret & Kluzniak 2(04), but a1:>o makes them appear more similar 

to DNOs in CVs lhfl.t grow and deeay in amplitude, and undergo abrup t changes to 

different periods. 

6.2.1 The Two-QPO Correlation 

The most impressive apparent oonnection between the 08cillfl.Ung behaviour in CVs 

filld LMXB.. is the two-QPO oorrelation. The correlfl.tion for L:VIXB" emerged from 

the worl of Psaltis, Belloni & v!I.Il der Kli. (1999) and Belloni, Psaltis & V!I.Il der 

Klis (2002), who demonstrated that it is possible to find two classes of Oi5CiIlations 

amongst the variow; types of QPOs and brOfl.d noise c.omponents oooerved in neutron 

star and black hole X-ray binariell, with frequencies that are tightly correlated in a 

way that seems to depend only weakly on the other properties of the sources, such 

as mMS, m!!.gnetic Geld, or possibly the presence of a Rurface in the compact objecl . 

WW02b first pointed out that QPO and DKO frequencies in VW Hyi lit the same 

trend, and that this extends the two-QPO correlation shown lIS fig. 2 of Psaltis 

et a1. (1999) to frequencies two order5 of magnitude lower than seen in L1-fXBs. 

M"-U~he (2002) .• ubRequently found that the DKO and QPO periods observed in SS 

Cn; place it between VW IIyi (Uld t he LMXBs on the same di"fl;ram-see fig. 4 of 

Mwche (2002). 

Much of the mot ivRtion for this work has been to investigate the rel&o'on between 

QPO and DNO periods in CVs; consider!!.ble dflta now support the t\vo-QPO 

correlation. The relalion Vi,,,,, "" '-'hi~h!1~ (where '-'low represents the QPO frequency 

in CVs, and the frequency of the horiwntal branch oscillationS-<:Jr the broad noise 

eomponent identified with horizontal branch oscillat ions----in LlvIXBs, and '-'high 

represents CV DKO frequency !!..nd the lower frequency c.omponent of the ptl.lr of 

kHz QPOs in LMXB._) holds for occ.reting white dwilrl, neutron star, 1Illd bl1lCk hole 

bina.ies Over neMly 6 order:! of magnitude in frequency or period. There is no clear 

evidence of oodll"tions in CVs that do not fit the correlat ion. 

Table 6.1 lists DNO, IpDNO, and QPO periods (only for evs in which more 

lhan one class of rapid oscillAtions have been observed) using all far as possible 

simultruleous detections, !I.Ild f,mdamental DNO or IpDNO frequencies, rat.her thBII 

QPO sidebands or harmonics of the frequencies. A few of these values are from 

observations present ed in this dissertat ion, others are taken from W04, ,"VWP03, and 

Warner (1995a), where more complete references m~y be found. Kilosecond QPOs 

are nol included, since their periods do not seem to be related to the periods of the 
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otbcr rap.d O6clJlaLious; t.his Do'IOe68iU"ily int.rodUctl6 a bias to the pcriods >ielecvd for 

the concI&t.ion. (O'nrthennore, the oon\'I...u..s.Cc of cl88,!lfying basiea1ly My Oo!CIllatlOn 

with" frequency "",mewh~"e ~",ec:n what is I!Xpecied lor 8. DNO IIIId QPO lea\'el 

w.ry little room for an ORcilla.lion pctiod nol to tit this schrnl\:. 

Fbr the ~hr"" IP. WZ Sgc, V.;J3 lief, fUld CK Per the p<-"i()d, given under P;niO 

arc thought to be their prim",), ~pin periods (or, in the case 01 OK Per, cloae to AJ, 

TlIhi~ 0.1: o.c.iU~tion p.riQds for CV, (11M h~v .. !nO'-" (hall 0110 ..,1 of r"Pk\ QfclllAtton!, 

T~ U<O ,,"""i~ o"i~ l.ypi.;a/ valu .. ; the ob.rved ... """" of the p".ioo. ....., ,,""D ,n l.O,ltJe 
1 of W04. 
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, 
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Rer. non,,", to Tabl. 6.1, (I) P."<=:<l . , oJ. 1977; (2) Thi.1 ,,"ork: (J) Itooi_n Ii N~'"" 19T'l: (4) 

Mauch. 2002; (~) WWPOO; (S) ""'",oer 1975b: (T) P~<Leroon 10SI; (~) C6rdc", k MMOn 19M: (~) &><1",", 
" .I. 19\11; (10) RoIO"""" " W lQS7; (ll) Robb"",y 1973b; (IZ) N""" Ii s.deh 197G; (lJ) WillWns" 

Hik"", 1~~: (a) w."",, .. oJ. 1~a5; (15) ""'""ne! " ROOi,,,,,,y 1~72~,b; (lS) P>l<erson" oJ. 1970, 1001; 

(17) Skmmon et 01. HMI: (l~J WW02h; (lQ) Stooeh< '" oJ. 2001; (W) WW02a.: (21) Hoclll .. ,,' oJ. IQ77: 

(22) He=< e< 01. 1~74: (~J) Nathe, k RoNn",n ,~7{; (24) Sd,ndy 1~76; (2.1) Woud'" Warn .. 2=: (26) 

P..tteroon 1979>., (~7) Rod,llU,.rGii k M:ort[n.~P" 2002; (23) Mo,o.Ic>-Rood.o" 01. 1900. 

Note. to Tab!, n.l, (I) Th . !pDNO ,...., ",-,t '" ,n.. _ me ,;'n ... ,1, ~OO • QPO; 2.~7 . ;. ,h. 

p«;oo ~ ,l>e DNO V""'llt ,og<""" ";,k t"" _.11 . QPO, ... um;nl 'b..t the oboK,'od "",iod w .. ~ bo&t 

wl,h the inte~MioIl Um •. (2) Th. T.7 . DNO w .. o~,,-.d.t ,h . ... "" .jonc ... ,he fIJ • QPO; tho ?75. 
DNO ,,,,,xlliod witll '0. _J2. lpDNO. (l) Th __ "do -'-'<0 d. ",,,,od 10 dirr"""t lirht "", .... (4) TO. 

QPO ..nd DNO periOO> ""'!~ dud.., tho obo""","o~, th_ ""' ""...,..n""ive vo.!ueoi. (5) The DNO Lnd 

ipDNO, but not the 'lPQ, '""" ",,,,ont In ,., ""'n. llrht cu'y<. (6) TIt. CjPO ill! pe,b"", D<tter cl"",if»Xi 

"' . kio-c.nd QPO. ,T) TO. J~ . .I. QPO ,. .. p,eseIl' &t t-he """" l im. '" 10. DNO (.un SSI>ll9), whil, 
th o 4(JO. 'lPO ooexlotod ,,[>1 ,ho lpDNO (run SS78I). (8) The _77 .nd ~!;OO • lligna.!. were of.ocll 

pO<>< ruher"""" tb' '"ey ,"oro ",en "nly in "uloom. lation 'unc>ion" tile DNa" .... '. de~"'t'" in different 
"i""'tv~'lo",. (~) P"""',OY " N. (W9:l) ,uM"'lthat tho ipDNO m"v ,.". !>eon "t~"'cope driv •• rror, 

but W"'ll"" RobIllOO~ (W71b)"~ oollviocingly o'h" ....... (10) Th . QPO...,.,. "01 d • ."iy v io;bl. in the 

lis'ht curve, bul ~ in"'"", 'ou" tbo 1""""'" of. douhlo ONO. (11) TI .. QPO 000 DNO _""'" "",i"."j 
OU'ing ,h. 01>o . ...... OOn, to- "" ,,,,,,onn"",,, voIu ... , tho lpDNO pedod ;. Irom ~ dB!...." outh"",t 

,,2) Thb qpO w .. n"t o~,,<I, but ;t> ,_e"ce i> Inferred f.om th' pr"""''''' "I & QPO . idobond . , 

:\0.1.1 •. (1J) Th. CjPO I, ~ noodulo.tloo d 1-he ph.." 01 ,ho DNO. (14) '!:he QPO is ~ modul",icrt "I'M 

,,<uivalen' widlh 01 ,1>0 """",ion Ii","" und "' .. 00< deo««<1 &t ,II< ... m. tim. MIl,. Ois'hly co"".nt ru.~3 . 

pko<om<l'''' .;~.r. 

The facl that thEse fit un the same linear Irend rul Ihe DNO periods in low magnetic 

foeld CVs is a bit of a ~OIltrooiceion, aince the IpDNOa in tha:;e systema are thought to 

represent the white dwarf spin cyde. One may speculate that when the whi te dwarfs 

in these DN, NLa, and AM CVn atar8 reAd1 equilibrium, solid Ixldy rotation, their 

spin periods will be what the DNO periods are nuw. Moot IPs have P",,; '" 14 x P, 

(Barrett, O'Donughue & Warner 1988). Therefore, if QPOa are excited at the inner 

disc edge of IPs by the same mechanism proposed for DN and NLs (which seems to 

be the case for GK Per; e.g. Hellier et al. 2(04), there may be an observational bias 

against detecting them' typical values of PI are ~lOOO s, leading to PQPO ~ 4 h; 

auch long periud QPOa are !KJt easily detected, and may be masked by orbilal 

modulations. Altern"tively, IPs in their equilihrium, quiescent slate ma.y not have 

auffident differential rotal iun between the magnetosphere and the disc to e,,~ite 

QPOs (Hellier 2(04). 

Fig. 6.1 shows the dat" for the 29 CVs in Tab!e 6.1 tha.t have both DNOs and 

QPOs graphically on the two-QPO diagram of Belloni et al. (2002); the dashed line 

i8 "I"", = Vh"h!16. In Fig. 6.2 IpDNO frequencie!J are alflO shown; filled cirdes 

are IpDNO frequency as 8. function of QPO frequency for the CVs that have both 

IpDNOs and QPOs, while crosses represent IpDNO frequency"" a function of DNO 

frequency; the dutted line marks J1pDNO = 4PDNO and PQPo = 4llrDNO. The 

incoIl3isten~y cOl1~erning IPs ha.ving PQPO '" 16P1, whereas in the non-magneti~ 

eVa PqPO "" 4P1pDNO is here clea.rly illustrated by the fact that the fill,.;) circles 

are compatible with the upper, ra.Iher than lower, line. 
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Figure 6.1: An extentioll of the two-QPO oortel"Uon of Belloni et aI. (2002j. Neutron 
,tar binruie, ",:e plotID:i 8.3 open 'quat",; 1i.I1IXI ,qu,,",..,; ~re hl""k hole =clid"t.. •. The open 

triangles repreaent QPO fraquoncy ... "' function of DNO frequenoy, with ",,:u •• taken from 

TIIble 6.1. Wnere"" multiple p<Jint. """ platted fur the LMXBs, every CV j, plotW only 

0llC<l. The dashed line indicates PQpa = 15PVNO, at mote generally V'o", - v';.h/16. 

W04 points out that there is a clear divide hetw€€n rapidly rotating primaries 

with evidenee of weak magnetic fields, and the mOrc slowly rotating primaries in 

IPs where magnetic fields arc st ronger. The corrdation hetween rotation period and 

magnetic field strength is in part cauoed by the f&et that greater r~ implies a longer 

equilibrium spin period, but M is aloo relevant, ,incc rr is a function of not only 

1"1, hut a:sQ if (see equation 2.11). It S€ems lik€ly th(l.t ,he long term averaWl if is 
roughly the same in ali evs, and t h!l.t the shorter spin periods of DN and NLs is a 

result only of their wea.k€r magnetic fields (W04)_ 

WW1'03 dis<;:U.SS further similarities between oocillations in LMXBs and IpDNOs: 

no 
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Figu,"" 6.2: The region of 

Fig. 6.1 containing a.Il the d" ta. 

point. lor CV_, ... ith IpDKO_ 
!\Iso plot ted. The filled circles 

repre,ent QPO frequency os .. 

function of IpDNO frequency 

in the '''me .y_tem; cr",,,,,, 
M" IpDNO frequency plotted 
,,&";n_t DNO frequency. The 

dotted line rn..,.h Pi.DNO = 

~PDNO ~nd PQPO = 4Pi rVNO. 

The open triangles ~nd daBhoo 

line are repeatw from Fig. 6.1. 

During X-ray bursts in a.ccreling neutron star binarie., pulsa.tion. with frequencie,; 

in the range 3OG-6oo Hz are observOO; these frequencies increase slightly during the 

burst. The oscillations are at tributed to hot "pots on the neutron star surface, where 

an outer layer of gas rotate; differentially relative to the underlying atmospheric 

layers. If there are two hot .polo on the neutron star, then the rotation frequencies 

would lie in the range 15(>-300 H~, which puts them at ~ 1/4 times the frequency 

of the high freqllency QPOs in the SMle systems (van der Klis 2000)_ This is the 

.arne relation"hip "oon between IpDNOs (which represent the rot"tion of the ... hite 

dwarf) and DNOs in CVs, The re.tio of low frequency QPO peric){:!. to that of stellar 

rotation in the X_ray binaries i. then also ~4, which i_ match€<! by PQPol PJ.pDNO 

in CVs_ Furthermore, the phase behaviour of millioocond oscillations in type I X-r"y 

bursts of neutron "tars illustr"ted in fig, 6 and 7 of Muno, Chskrabarty & Galloway 

(2002) is similar to that of IpD:\lO". 

The two-QPO correlation suggests that similar physical mechanisms may be 

responsible for quasi-coherent oscillation" in CV" and LMXBs; however, it i~ possible 

that the correlation i" an artifact produced by the accidental linCl-up of multiple, 

independent correlations. 

Assuming the correlation implies that the same oscillation mechanisms operate in 

the different "ystem., Mallme (2CI02) "how" that most of the models that have been 

proposed for the QPO" in LMXB" are excluded; specifically, nO model that requires 

the presence Or absence of a stella.- surface or magnetic field will be satisfactory, 

There are wme indications th!l.t the black hole candidat"" in LMXBs may in fad 
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be yery similar to compact magnetic obje<;ts. This follows from the reali&<tion that 

the grayitational collapse of a magnetic star towards its eyent llOri~on CM be slowed 

by the rwiation pressure resulting from annihilation of electron-pooitron pairs that 

arc produced by the compressed magnetic field-thc colll<psing object maintains 

an intrinsic magnetic Ill(Iment outside its event horizon for orders of ma,sllitude 

longer than a Hubble time (Robertson &: Leiter 20(3). The radio-IR corrcla.tion 

with ma.ss a.nd X-ray luminosity observed in neutron star and bla.ck hole binaries 

ca.n be reprodnced in models of thc jets that arise from the intera.ction betwoon the 

dioc and magnetosphere of such an object (Robertson & leiter 2004). Furthermore, 

in neutron "tar binaries the power-law part of the X-ray flux spectrum most likely 

originate.; in the stellar magnetospherc; the same model is suCCfflSful when applied 

to hlack hole binlUies (IWbertson &: Leiter 2IXJ2). 

If the phenomena rcally do hayc the ""me origin, not only in neutron st&r and 

hlack hole hinaries, bnt"Jso in ev., then further obseryatioru; of CVs (where strong 

field general relativistic effect.>; ca.nnot be of significa.nt importa.nce) will contribute 

to the understanding of LMXBs. 

6.3 Future Study of DNOs, QPOs, and IpDNOs 

The study of rapid oocillations in CVs remairus of value, not only because the 

OIlcillations hold important implications for disc-fer! ac.:;retion in evs, but also 
beca.use of the many similaritics shared with the QPOs in LIYIXBs. Accretion 

processes are more readily studioo in evs than in LMXBs (or any other objects). 

Amongst the reMOnS for C'Vs being the best laboratories for the study of accretion 

are that the accretion luminORity in CVs is well below the Eddington limit, radiation 

pressure and general relativistic effects are insignificant in ev., and DN outhurst 

cycles exhibit changes of ~103 in M. Furthermore, optical obscrYations can be 

obtained wi th modest-sized ground based telescopes. The combination of optical 

and EOV or wft X-ray data offers unique opportunities to study different MPOCt.>; 

of the oocilla.tion Ill€Chanisms. However, t here does not seem to be any un€<:luh-oca! 

ohsen-ational te!;t to establish the equh"lllence of GV and LMXB oscillations. 

The LIMA model of DNOs and the unified model of DNOi a.nd QPO:l described 

in Chapter 4 are supported by a. large smount of observational dala., and theie are 

certainly the mOllt suCCftlSful interpreta.tions avaibble. Some of the "llCCCS. of the 

magnetic models of DNO:l and QPO:l is prohahly owed to the complexity of these 

mechMism;;. l\'ote, however, that the observational beha,iour of DNO. and Ql"O. 

is 50 complex and varied that nO particularly simple model is likely to sufficc. 

The tochnology now exist.>; to perform spectroscopic observatiorus of the oocilla.­

tioll.S ill evs; such oooervatioll.S have heen made in different wa,"CieIl>,<th regions by 
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Steegha et al, (2001), MarM & Horne (1!}98), Knigge et ai, (1998), and Mauthe 

(1997a). Time resolved spectroscopic observat ions of D;-m~, IpDNO~, and QPOs 

in the future will likely overshadmo' t he high speed phot ometry that h"" up nntil 

recently be.en the only meanS of studying rapid oscillations. Such 8tudies could 

exploit the considerable diagnost ic potential of emi8Sion lines in the optical and 

EUV, The Southern African L&ge 1"€lescope (SALT; IJOO e.g. Buckley & Stobie 2001) 

together wit h its Prime Focus Imaging SpectrOi(raph (PFIS) "'ill have nnique time 

rBSOlution capabilities, and will allow for spectroscopy"" well "" spect ropolarimetry 

(e.g Buckley et ai, 2003; Kobnlnicky et al. 2003), 

Evidence for the prescnce of weal, white dwarf magnetism in the conventionally 

non-magnetic CVs is mount ing; furthermore, it is certainly re8..'lOnabie to IIXgue that 

magnetic field strengths in CV primarie8 exumd to lower values than ~1 MG inferred 

for the lowest fi~ld IP8. The must viable interpretat ion of O1',Os and IpONOs i" that 

they are the signature of such magnetic fields, but all present evidence is indirect. 

The fad that not all high M CVs ,how Df','O! or QPOR, and that the O'lCillatiorul 

are not prffient in every outburst of. ON known to display them sometimes, MOWS 

that there is a parameter that determines the presence or absence of oscillations. 

In the LIMA mooel this plVameter i8 the st rength of the primary magnetic field, 

An obviou~ next ~tcp is to at tempt a meMuremen t of circular pollVization (ideally 

modnlated at the ONO period) in a CY known to have DNO,; the whole matter 

could be clinched t his way. VW Hyi is the most promi~ing syst em for such an 

obscrvat ion, since its Df','Os appear at large amplitude in the late decline from 

outburst, when the diilC has almoot returned to quiescent brightness, so that the 

contribntion of unpolarized flux should be smaller than in most system", This 

observation will require the use of a large telescope, probably observing in the near 

Ill. W'th its unusually high time reaolution specificat ions PFIS on SALT should 

be better ~uited to ~uch an experiment than most av.l.ilable instrnments; however, 

PFIS will (at le""t init iAlly) have no near IR capability. It is wor th emphasizing in 

thi.-; context that not even for any DO Her stllX does compelling direct observational 

evidence for white dwarf magnet ism exl8t . 

The wavelength depende'lce of QPO properties has not yet boon investigatoo; 

aloo, it should be poosible to demonstrate the oMcuration aspect of QPOs 

spedroscopically. Eclip"" mapping of edge-on systems to locate and study the sites 

of QPO production should be explored, 

There is at present not very much known about IpDNDs, certainly in t hi8 area 

more oooerv.l.t ions lVe require<:!, The phase behaviour of IpONOs through eclipse 

in a , uitable CV should be investigated_ Such studies will be of particular use if 

the interpretation of IpONO" as white dwarf rotation turns out to be correct, "inC<' 

thL~ "'ill then extend oar kn"".-]edge of primary spin perioos to conventionally non-
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magnetic CV., 

More thooretical work on the LTh1A model is required before it can be generally 

a.ccepted; ho",,,ver, with vdoliable MD, a transient m"<lnetic field of unknown 

geometry, variable ram pressure, """d poorly underswod inter!l.Ction between the 

differentially rotating accretion belt and the degenerate core, it may be "long time 

hefore DNOs are satisfactorily modeled. The bonndary between the diac and white 

dwarf magnetosphere is one of the most poorly underatood regions in CVs. This 

complicates the theoreticaJ investigation of the oscillations, but aJso implie!l that 

the rewards may be particularly valuable. DNOs, IpDNOs, and QPOa hold great 

pot~ntial for probing the st,ructure of the inner accret,ion Qow, and the intera.ction 

between the disc and magnetosphere; however, thl. potential will only be realized 

when the mechanisms responsible for t,he oscillations call he specified ",ith more 

certainty, 
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of this theorem can be found in e.g. Edwards & 



Univ
ers

ity
 of

  C
ap

e T
ow

n

r, 
on more 

1 

w.tJletJler it was 



Univ
ers

ity
 of

  C
ap

e T
ow

n

117088 

1 12.8 

.; 12.11 i 11 i 
I J 
> 15 

1:1.1 

0." 0.28 0.28 0.5 0.52 
IUD ("62lIII0.0 + ) 

on 8 2003 with a. sum 
am,plltU(le "." .... ,t............ of the 

curve shown on 
two Fourier 

... ,,,.,.,,,,...... here 



Univ
ers

ity
 of

  C
ap

e T
ow

n

3 

2 

1 ... 

10 
87082 

8 

6 

4 

2 

0 

... 

0 

Sag12 

:::iep,ten::lber 2003 

error, is shown 

seconds. 

asterisks 

curve 
1J.I..,W ..... ".,I~t::U to remove the drive error is shown in 



Univ
ers

ity
 of

  C
ap

e T
ow

n



Univ
ers

ity
 of

  C
ap

e T
ow

n

Table B.l: final the 

BVPup DN 86829 2703.29604 3.17 6 30-in. 13.6 1.8 

86833 2704.25377 1.48 6 30-in. 13.8 1.7 

87204 3001.43601 2.50 6 40-in. 14.2 1.9 
87208 3002.43635 1.83 5 4O-in. 14.1: 1.2 

HL CMa DN 86828 2703.26635 0.92 6 30-in. 13.1° 1.3 
86838 2705.25891 1.15 6 30-in. 12.1 1.8 
87300 3085.22874 1.32 6 4O-in. 11.9 1.6 

AKCnc DN 87205 3002.54607 1.52 6 40-in. 13.6 1.6 

UZ Ser DN 86898 2731.56997 2.48 6 30-in. 13.0 0.9 
86950 2781.56131 0.75 6 30-in. 13.1 2.0 
86954 2782.51024 1.17 6 30-in. 13.2 1.1 

CZ Od DN 86737 2675.28554 1.20 5 4O-in. 13.8: 1.0 
86741 2676.28364 1.87 5 4O-in. 13.0 0.9 
86747 2678.34841 1.30 5 4O-in. 14.2 1.0 
86749 2679.27388 1.02 5 40-in. 14.6 2.0 

V473 Sea DN 86919 2773.52674 2.40 5 4O-in. 14.7 0.8 
86925 2774.48373 1.90 6 4O-in. 14.6 0.7 
86928 2775.38140 2.40 5 4O-in. 14.6 1.3 
86972 2789.41505 1.32 8 30-in. 15.6 1.4 
86982 2791.35458 0.63 8 30-in. 16.6 3.9 
87019 2844.33389 2.48 6 40-in. 14.8 1.8 
87022 2845.20918 2.37 5 4O-in. 15.2 0.8 
87024 2846.30624 0.98 5 40-in. 15.2 1.3 

8D88040T' DN 87157 2930.45407 2.35 6,8 4O-in. 15.2:'" 1.8 
87160 2931.48959 3.10 8 4O-in. 15.3'" 1.7 
87164 2932.54966 1.65 8 40-in. 15.4'" 1.1 
87167 2933.50979 3.75 8 40-in. 15.7'" 0.7 

V730 DN 86968 2788.49467 0.97 6 30-in. 15.2: 2.2 
86974 2789.56353 1.25 6 30-in. 14.6 1.1 
87084 2887.32307 0.57 5 4O-in. 14.6: 4.1 
87155 2930.28078 0.45 5 4O-in. 15.9 5.0 

MM800 DN 86963 2787.44515 0.68 7 13.9: 2.1 

FQ 800 DN 86971 2789.36750 1.07 6 30-in. 13.3 0.6 
86977 2790.43541 1.38 6 30-in. 14.9 0.7 

ADMen DN 86682 2628.35939 1.07 8,10 40-in. 18.5 6.0 

CU Vel DN 86943 2780.19671 2.00 6 30-in. 15.8: 2.0 
86947 2781.19596 1.82 7 30-in. 17.3 3.3 

Notes: tont is the integration time; ':' denotes an uncertain value or clllB8ifi.cationj '"average magnitude outeide 
with II. V ·SD88 J040714-064425. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Type 

RY Ser DN 86918 2773.42663 2.27 5 4O-in. 14.0 0.9 
86924 2774.39861 2.08 5,6 4O-in. 14.2 1.0 

UU DN 86920 2773.67612 1.62 4,5 4O-in. 11.8 0.8 
86937 2778.64186 1.22 6 4O-in. 15.4 1.9 

V373 DN 86940 2779.31297 1.17 6 4O-in. 15.0: 1.2 

GZ Cne DN 86704 2638.54807 1.53 5 74-in. 15.1 1.1 
86842 2705.38806 2.67 8 3O-in. 15.3 2.0 
86847 2706.39907 1.12 8 30-in. 15.3 2.9. 
86850 2707.34165 1.82 8 30-in. 15.5 2.1 

WZ CMa. DN 86841 2705.33850 1.08 7 3O-in. 14.8 1.4 
86855 2708.35460 1.23 6 30-in. 14.8 1.9 

SV CM! DN 86746 2678.29779 1.17 5 4O-in. 13.7 1.0 
86750 2679.32148 0.43 4 4O-in. 13.9: 3.0 
86751 2680.27192 0.95 5 4O-in. 13.7 1.2 
86790 2693.31658 0.97 6 4O-in. 13.1 0.7 

XZ Eri DN 87169 2990.41236 1.38 6 4O-in. 15.5 1.8 
87173 2991.42464 3.83 6 4O-in. 15.7 1.3 
87185 2996.31759 0.95 7 4O-in. 16.3 2.4 

BF Ara. DN 86903 2733.43172 1.85 6 30-in. 15.2 1.9 
87034 2849.26363 1.12 6 4O-in. 14.2 0.7 

AT Ara. DN 86926 2774.58862 3.15 5,6 4O-in. 13.9 0.6 
86929 2775.48401 5.05 6 4O-in. 14.0 0.6 

8YVoI DN 86756 2681.50508 0.70 5,10 4O-1n. 15.4: 2.1 

MUCen DN 86760 2686.43847 2.22 5 40-in. 13.4 0.5 
86765 2687.43823 1.10 5,6 40-in. 12.4 0.7 
86897 2731.49910 1.55 6 30-in. 13.8 0.7 
86902 2732.39579 0.88 6 30-in. 13.9 1.8 

NNCen DN 86778 2690.60495 0.82 6 4O-in. 13.5 1.9 
.86783 2691.59373 1.18 6 4O-in. 13.8 0.9 

86970 2789.31631 1.08 6,10 30-in. 14.2: 1.0 

UYPup DN 86909 2734.26171 1.95 5 30-in. 14.3 1.8 

BF Eri DN 87182 2994.42655 0.75 5 4O-in. 13.0: 2.0 

BIOri DN 86789 2693.26090 1.13 8 40-in. 14.4 0.9 
86796 2694.28742 1.12 5 40-in. 13.0 2.0 
86801 2695.25526 1.37 6 4O-in. 14.9 1.1 

Notes: fint is the integration time; ':' denotes an uncertain value or "average outside 
with a. V filter. 
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Table B.1: VVJu.~ .. JI."''''\.JI.. 

DH DN 87089 2890.22673 2.38 5 40-in. 12.9 0.6 

QW8er DN 86804 2695.58983 3.23 5 40-in. 12.8 0.8 

V342 Cen DN 86836 2704.39279 1.57 7 30-in. 16.1 4.0 

V383 Vel DN 86777 2690.53696 1.18 5 4O-in. 13.0 0.5 
86782 2691.54269 1.15 5 4O-in. 13.4 0.8 
86787 2692.54585 0.78 5 40-in. 14.0 1.0 

86792 2693.46955 0.93 6 40-in. 14.6 0.9 

86798 2694.48711 1.47 5 4O-in. 15.4 1.7 

Car DN 2704.33117 1.40 6,8 30-in. 16.5 4.0 

86900 2732.24883 0.78 6 30-in. 14.4 2.5 
86976 2790.20882 2.23 7 30-in. 15.5 2.0 

V1830 DN 86904 2733.51213 1.65 6 30-in. 1.2 

QUCar NL 86770 2688.38264 0.82 6 40-in. 8.6c 0.8 
86788 2692.59813 0.42 5 4O-in. 9.4c 1.2 
86799 2694.56189 0.83 4 4O-in. 8.9c 1.2 
86956 2784.19713 2.20 6 30-in. 13.5° 1.1 
86961 2787.27951 1.45 6 30-in. 13.4° 1.3 

BPM 18764 NL 86669 2610.54415 1.42 7, 8 40-in. 15.4 1.1 

AH Pic NL 86673 2626.37055 1.00 5 4O-in. 13.9 1.0 

V395 Hya NL 86960 2787.19176 1.45 6 30-in. 13.3: 1.3 

V391 NL 86764 2687.38601 1.12 6 40-in. 14.1 1.4 

Lib3 NL 86843 2705.50249 0.87 6,8 30-in. 14.6 1.3 
86857 2708.62310 0.75 6 30-in. 14.6 1.9 

BOCet NL 86658 2608.38854 1.55 6 40-in. 14.1 1.2 
86662 2609.39585 1.70 6 4O-in. 14.2 1.0 

HQMon NL 86644 2603.49628 1.08 6 4O-in. 12.6 0.7 
86665 2609.57036 0.90 6 4O:-in. 13.0 0.8 
86683 2628.42801 1.28 6 4O-in. 0.7 

KQMon NL 86759 2686.38617 0.75 5 40-in. 13.5 1.4 
86763 2687.34042 0.52 5 40-in. 12.7 3.3 

V617 NL 86936 2778.57524 2.50 6 4O-in. 13.6 0.8 

V345 Pay NL 86958 2784.44833 1.93 6 30-in. 13.5" 0.7 

RZGru NL 87008 2836.64062 1.48 5 4O-in. 12.5° 0,6 

Notes: tt .. t is the time; ":' denotes an uncertain value or cl&llllifi,ca.ti,oni - ... "' ........ , .. magnitude outside 
with a V filter; cU ma,gnlCUQle. 
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Type 

WXCen NL 86761 2686.53529 2.13 5 40-in. 14.5 1.1 
86934 2778.37174 2.95 6 4O-in. 12.9 0.5 
86957 2784.36076 2.02 6 30-in. 13.4 0.7 

UU NL 86946 2780.64052 1.23 6 30-in. 13.8 1.8 
86955 2783.55860 0.73 6 30-in. 14.1: 2.4 
S7OO7 1.48 5,6 4O-in. 13.4 2.2 

FBS 0107-082 NL: S6690 2633.29252 0.95 5 74-in. 14.8 1.0 

SW 8ex: NL 86645 2602.55674 1.47 6 40-in. 12.9 0.7 

Notes: to .. , is the time; ':' denotes an uncertain value or clusification; outside 
eclipse; &taken with a. V ruter. 
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Type 

V20510ph ON S6767 2687.53032 2.57 6 
S6771 2688.56846 1.28 6 

RRPic NL S6678 2627.41940 1.56 6 

S6684 2629.52022 2.02 5 

S6860 2709.33419 1.82 6 

HLAqr NL S6642 2603.37524 0.40 6 

V442 Oen ON S6895 2731.28961 1.32 6 
S6916 2773.24376 0.88 5 

S6939 2779.24543 1.38 7 

RWSex NL S6769 2688.32907 0.62 5 

S6840 2705.32508 0.27 6 

TVCrv ON S6917 2773.34211 1.87 5 

S6922 2774.26121 1.43 6 

V4420ph NL S6794 2693.54299 0.77 4 
S6800 2694.59949 0.88 5 
S7076 2885.21592 2.28 6 
S7079 2886.23713 1.13 6 

'IT Arl NL S6643 2603.41082 1.80 6 

EX Hya IP S6981 2704.39279 1.78 6 

4();.in. 14.9" 
40-in. 15.6: 

40-in. 12.4° 
40-in. 12.4b 

30-in. 12.4 

40-in. 13.1 

30-in. 12.3 
4();.in. 15.3: 
4();.in. 15.8 

40-in. H.oD 
30-in. 

4();.in. 14.0 
4();.in. 14.1 

40-in. 14.3 
40-in. 14.1 
4();.in. 13.8 
4();.in. 13.9 

4();.in. 1O.9b 

3O-in. 16.0 

I was 

upper limit on the 

2.6 1,2 
3.1 

1.6 3,4 
1.4 

2.1 

2.0 5 

1.0 6 
3.8 
1.7 

0.7 7,8 
2.1 

1.4 9 
1.0 

2.2 10 
2.0 
1.1 
1.2 

0.5 11 -19 

3.1 

Notes: t,;"t is the integration time; ':' denotes an uncertain value or classificationj magnitude outside eclip!lej 

btaken with a V filter. 

References: et aI. 2001; Warner&: 1987; Warner 1981; Schoembs &: Stolz 1981; 

Haefner &: Schoembs 1987; Marino &: Wa.lker 1984; Hesser, Lasker &: Osmer 1972; C6rdova. &: M8BOn 1984; 

Uemma at aI. 2001; Patterson at aI. 2002; Sma.k &: Stepien 1969; Mardirossian at aI. 1979, 1980; 

Sztajno 1979; Jensen at aI. 1983; Semeniuk at aI. 1987; Udalski 1988; Holl.a.nder &: van 1992; 

'Iremko et aI. 1996; Kraicheva. et aI. 1999. 
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