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I
I

I

101

I 4 I
! 2.5 I

I 25

I 4 5
I 2

Per
Peg

Cyg

And

Per I 1

Per • I 1

I
I

I

2330 - 0020

Im = 6.5

23 38 I Per I 0 I
23 38 I Per I 3 I

23 35 I Cep ! 3 5 :

23:37 I Per i 0

2337 I Peg I 3.5 :

23:37 I CY9 4

23 36 I Per I 1

2335 I And 1 3 i,
•

2334 I Per I 1 I

2233

2231

2232

2231

2230

931,

59:

56;

5trI

55 ,
5., ,

,--~-,---=2:..:3-=::::..:·.9~..:...1_..::.L.::..2c::...-_I 3. 5 !

I .G4'I ~ I,,

I G -,
'""' ::> !

I

I c~'. ,
.... 0 I,

I 971I, I

I 9811-I GCI,
I -~,,,

100iI
I - 0' II I I

I 10?i, -i,

I

87 23:31 Peg 3

88 23:32 Per I 2

891 2332 I Peg 4
GOI 2333 Aql 3~ ,

911
•

I 252334 Per
92! ,2334 I Cyg I 3

I

I

1
1

I

I - .
I

,
511 2227 I Ces I 2I

52! 2229 Vul I 4 I,

53' 2229 Lyr I 4,

I " \ '/ ~

I 49: 2227 I

, .

6°i 2234 I Ora I 4 I,

611 2234 I Aql I 35

62 1 2235 Aql I 25

63 1 22:3::> Aql 0
6 A ! 22:36 I Per I 3-'1
651 22:42 I Cyg I 2,

661 22:42 Per I 2,5

671 22:44 Ces 3

681 22:45 Per I -1

69 22:46 Cyg I 3,5

70 22:47 Per I 3

71 22:49 Cas I 3

721 22:50 Her I 3

731 22:51 I Per • 3

741 22:51 And 5

75 22:53 I Per I 2

761 22:53 Per 1 1.5

77 22:54 I Peg I 1

781 22:56 Peg -1

791 23:00 Per I 2.5

I 801 23:04 I Per 3-
81 23:04 I Cyg I 4

821 2305 Cyg I 4

83 23:05 I Per I 3.5,
84 23:06 I Aql 3

85 2308 I Per 1 0

86 23:09 I Per 1

•

2

3 I

/11

I

i

Vul

Per

I

k=O%

k = 20%

Im = 6,0

21 59

T S
2115 - 2200

Im = 56

40: 21.54 I

6'

22 20 - 2310
Im = 6,5

4~' 2223 I Per I 2.5 II

, t: 5j 2225 I CY9 I 35 I,,
I, ,

I 4"- ; 2226 I Per I 2.5 1Sj,
I I4 -:- I 2226

,
Or" I 4· , I I I ,

,

2225 Cy:: I 4 II .1 ':::; 1, -, . , I· - •,

I,,
• 4 -4 ; 21 :54 I Ora 35 I,
• · : I

•
,

21.55
,

Per I 2.5, 4 ?, I'-, ,

3'/' 21 :50 Oph 1-!
331 2150 Cep 4,

I
,

21 :51 I Per 134;, 1

35 1 21 :51 I Per 1.5

361 2152 I Cam 2,5

I 371 21 :52 I Peg 3,

II 38! 2153 Cas 3,
I "Cl 2153 I Cas I 3.5I .:; ..., !

•

13' 2126 Lyr 4,5

14i 21 :27 Lyr 3
1 ~ I 21 :28 CY9 4::>,

161 21 :29 I Boo 2

171 21 :33 Per 1,5

18' 21 :34 Cyg 2.5,

19; 21 :35 Ora 4,,

· 201 21 :36 Per 1

21 i 21 :37 Lyr I 3,5

221 21 :37 I Peg 2
2" I

,
Per 2,521 :38 I..)1

I

" A ' 2139 I Cyg 3,5L""· 1

I 2 :;, 21 :40 I Lyr 4~I

261 21 :41 I Cam 2

271 21 :43 I Cyg 4

28i 21 :44 CY9 3,5,

2ci 21 :44 Cyg 4vi

301 2145 Per I 3
, 311 21 :50 Per 1,5I

~-:..,~_2=--~1.2::...:0=---+-I_C=,y~g_1 4 I
5: 21 21 I Per I 2 I

•

I l' 21.18 Per 2I •

I 2, 2118 Ora 3
"); 21.20 I Cas I 35 I'-', • ,

•,
, - 2123 I Ces 3I I .
I I

I 8: 2124 I Per 1I
9! 2124 Her 4

I

10i 21 :24 I Lee 3,5,

11 : 2125 I Cas 3,51

12i 2126 Cyg I 3



0112 I Per I
0113 I Per I

..... ., I
L I I I

0040 - 0130
Im = 6,5

k = 10%

20~i 0109 i Per I, I

164i 0043 I Per I 1

165i 0044 ! Per \ 1

I 212\

I 20,1 0110 I Per I

I 2G9i_-,-0_1._1_1............;1__Pc:-e_r_--lI__~
12:0\ 01:11 I Per I

I 2C6: 0109 I Peg I

! 2081 01:11 I Per

I 2031 0109 I Cyg i

187 00:58 Cas 5
188 00:59 Per: 3
189 00:59 Cyg 3
190 01 :00 Cyg 2,5

191 01 :00 Per 2
192 0101 Per 2,5
193 0101 Per 2
1941 01 :02 Cep 4,5

1951 01 :04 I Per 1,5
1961 01 :06 I Cep 3,5
10 - 0107 Per 3~I

198 01 :07 Aqr 2

199\ 01 :08 I Umi 3

2001 0108 I Peg 3

2011 0108 I Per I 2
2021 0109 I Peg I 1.5,

•

.
,

166' 0044 Per I 2 I

1671 00:45 I Per I 3

168i 0045 Aqr I 2

1691 0047 Per 0

1701 0047 Cyg 3,5
171 00:50 Per 2
172 00.50 Per 2
173 00:51 I Per 1,5

174\ 00.52 Peg 4,5
175 00:52 I Per 2

1761 00:53 Per 1 2
177 0053 Per 2

1781 00:54 Peg 1,5
179 00.55 Per 2

180\ 00:56 Per 0
181 00.56 Per 1 5. ,

182 00.56 Tri 3,5
183 00.56 Per 3
184 00.57 Peg 4

185i 0057 I Peg 2.5

1861 0057 Per 1,5

160 0017 I Per I 0,

1611 0018 Cep 3
1~?' 0018 Per 10_,,

163: 0019 Per I 2,

oI

Per I 1.5 I,
A r I 2 I
p~r I 0.5 1

t:', ,
Per I 0 i, I

pen

I
I,

I
I

158! 0014- ,

1159\ 0016

--- I

1521 00 11 I Per I 2 II
153j 00 11 I Peg I '"0
154! 0012 I Scar I 1, •

I 1551 0012 I Cep I A 1I <.4
I-I 1:)6 1 00 12

15,1 00 13

I 1J1l 00 10

1031 23.39 Spar I 0

I 1041 2340 Per -1
1051 2341 Per 1
1061 2341 I Per 2

,

1071 2342 I Per 2.5
108 2342 I Cyg 3,

! 109' 2343 I Per I 2,
I

110\I 23.43 Per 1
1111 2344 Per 1
1121 2345 Per 3
113 2346 Per 2,5
1141 2347 Cas I 2I

115 23:47 I Cas 3,5.

116 2348 Cyg 3
117 2349 Per 3,5
118 2349 And 3,5
119 2349 Per 0,5
1201 23.50 Per 2
121 2351 Peg 3
122 23.51 Peg 3
123 2352 Cyg 1,5
124, 2353 Cep 1
1251 2353 Per 1,5
126 2353 Per 0
1271 23.54 I Cep 1
1281 2354 I Per 1
1291 2355 Lac 3,5
130\ 23.55 Lac 4
131 23.56 Cas 0
132 2358 Per 0
133 23.58 Cas 2,5
134 2358 Per 0
135 23.58 Per I 2,5
1361 23.59 I Lac 3
137 2359 Cas 3
138 00:00 Pea 2-
139 0000 Per 3
1401 0002 I Peg 3
141 0002 And 5
1421 0004 Per 2
143 0005 Per 0
144 0006 I Cyg 3,5
145i 00.05 I Peg 0
1461 0006 I Per 1 0
1471 0008 I Per I 3
1481 0009 Per I 0
149! 00.10 I Per I 2,
150i 0010 I Per I 1,-



I
I

I 324! 0239 ! Per I 1 1

! 3221 02:38 I Per 1 1.5 I

i 31 9 02 37 \ Per I 1
r'-::-::c-::-+--:::-=-:::-=-----j---;:::-----:--~
I 32ClI 0238 I Per 1 i
I 32 11 02 38 i Per I 1 I

! 3151 0233 I Tau I 3

268' 0212 I Aql I 2I
•

02: 12 I Per 0?6°'- "" I

2701 0213 Ora
...,
J

271 i 0213 Per I 3

272i 0213 I And I 5 I
•
I,

T ':l,! 0214 I Per I 2 I1 ~. I, ,

I 2- ~, 02.14 I Per
I 25I ~; I

275\ 0214 I Ces I 4 - ,,.::> I1

275' 0215 I Per I 25 I
1

I

2771 02: 15 I Per I 3

2781 0215 Per 1 1

279j 02: 15 Per 0.5

2801 0215 Per I 3

2811 02: 16 I Per I 2

2821 02: 17 Cas I 3
283 02:18 Per -3

284 1 0219 Per I 2
285 02:20 1 Per 3
286 02:20 Per 3
287 02:21 Cas 5
288 02:21 I Per 0

2891 02:21 Per I 1

290 02:22 Peg I 4

291 02:23 I Peg I 3

292 02:24 Per 4
293 02:25 Per 1
2941 02:25 Per I 1
295 02:25 I Per -1
2c~ 02:26 I Per 1..,0

297 02:26 I Per 4

298 0227 Per I 2,5
299 02:27 Per I 2

300 02:28 I Pe'r I 1
301 02:28 Per 3

• 302 02:28 Per 3
•

I I303 02:28 Per 2

304 0229 Peg 2
305 02:30 Per 1

306 02:30 I Per 1 1

307 0230 Per 1 1

3081 0230 Per 4
•

309 02:30 I Per 2

3101 02:31 Per I 2

311 i 02:31 Per I 1

I 312 02:31 I Per I 1.5

3131 0232 Per I -1 I
I 314 ! 0233 I Per I 1I I ,
•

I 0,

01 :50 - 02:40
Im = 6,5

k = 0%

0211 I Per

0208 I Per : 2 j

02 08 I Per I 1 I
02 08 I P ,::r I 1 !

02 07 I Per I 1 5 !
02 06 I Lee I 4 I

2601,, "' .... ~ I,
LO ",,
262:,
263\,

I 264'I I,
I

265i,
,, 2h ;:; i, -'~ I
I ?~-'

I -':::/1

I, ? 50'
h- .... 1

I 2::>8!I ,

2411 01 :51 Per 1.5

242 01 :53 Per 2

2431 01 :53 Per I 2.5

244 01 :55 Peg -2

245' 01 :56 Peg -1

2461 01 :57 Per 0

247 01 :57 And 4

248 01 :58 Tri I 2

249\ 01 :58 Cyg I 3.5

250 01 :59 Per I 1

251\ 02:00 Per I 2

2521 02:03 Tau I 3

2531 02:03 Per 2.5
I

254' 0203 I Per 1.5

2551 02:04 I Per I 1 I

1 2561 02:06 Per 1 2.5
1 •

i 257 1 0206 An I 3.5,
,- ,

2131 0113 Per 2,

214! 01: 14 Per 3

2151 0114 I Per I 4.5

I 2161 01: 15 1 Per 4

I 217j 0116 P .:::>,., I 3-:;j ,
,

218: 01: 16 I Ces I 4,
I •

, 219! 0117 I Per 3I I,
0118 Per 3220\,

I 221 1 01: 18 I Aqr 3I,
01.18 I 2222; p-rc,,

223 01: 19 I Per I 0

224 1 01 :21 Per 0

I 2251 01 :22 I Per 1

2261 01 :22 Cas I 4

227 01 :22 Cas I 2,5
•

2281 01 :23 Per I 3I
229 01 :23 Per 2

2301 01 :24 Per 0

2311 01 :24 Per 1,5

232 01 :25 Per 0
,

01 :25 I Peg 5233\

234 1 01 :26 And 3

235 01 :27 Cep 3

2361 01 :28 Per 0,5

2371 01 :29 Per I 2

2381 01 :30 Per 1



Per I -0,:)I e27i 0359

378 0331 I Cas 2
3791 0332 I Per 3
380 0333 Per 3
381 0333 I Cas I 3

382\ 03:33 I Peg I 2
383 0334 I Soar 1 1 \,

384 1 0335 I Per I 2,5

385! 0335 I Cas I 35

3861 0335 I Cas I 3

387 03:36 Per I 2,5

388 0336 I Per 3,
389 0337 Per I 0,5

390 03:38 I Boo 3

391 03:39 I Psc 4

392 03:38 Per I 3

393 03:38 Per 3

394 03:40 Per 3
3C~ 03:40 I Per 2,5",,:)

396 03:40 I Per I 3

3971 03:41 I Per 2

398 03:42 Per 2

399 03:42 Per 2

400 03:42 Per 0

401 03:42 And 4

402 03:43 Per I ,1,5

403 03:44 Per 1

404 03:45 Per 3

4051 03:45 I Per I 3,5

406 03:46 I Per 3

407 03:48 I Psc 1 3

4081 03:48 Per I 2,5

409 03:48 Cyg 3

410 03:49 Per 2

411 03:49 Per 1

• 412 03:50 Per 3
•

1413 03:51 Per 1,5

414 03:51 Per I 3

415 03:51 Per 3

4161 0351 Boo I 4,5 I
1 417

1 03:52 Per 2

418\ 03:53 Per 3

4191 0353 Per I 3

420 03:54 1 Aqr 3

421 03:54 Cas 2,5 I
4221 0355 I Per 2

4231 03:55 Pea I 1,5 ,-
4241 0355 I Per I 3 I,

I I 3
,

4251 03:56 Per I
,

I 4261 0359 Per I •
I ,, I ,, ,
~Im = 6,0

0300 - 04:00
Im = 65

! 31 f I 03 30 1 Per 2

371\ 0328 I C2S I 2,5II

372\ 03:28 I Per I 3
3731 0328 I Per I 3

3741 03:29 I Per I 1,5
3'<:' 0329 I Peg I 3I vi

I

3761
,

Lac I
3 I0329 I I--

,

328! 0303 I Cas I 2,

329: 0303 I Per I 3I

330: 03:04 Per 2,

3311 0304 Cyg 3
332 0304 Psc 3
333: 0305 I Peg 3,

3341 03:05 And I 45
335 03:06 Lac 2,5
3361 03:07 Per 2
337 03:07 Per I 1,5
338 03:07 Per I 2
339 03:08 And 1
340 03:08 Per 3
341 03:08 Per 3
342 03:08 Per 3
343 03:09 Per 2
3441 03:09 I Dra 2
345 03:10 Per 2

, 346 03: 11 Per 2

3471 03: 11 Per 2
348 03: 11 I Per 0

349\ 03:12 I Per -1

3501 03:13 Spor I 0

3511 0314 Per I 3
352 0315 Per 0

3531 0315 I Per 2
354 03:16 Per 2
3551 03: 16 I Per I 1
356 03:16 I Per 0
357 03:17 Peg I 3,5
358 03: 17 I Peg I 3
359 03: 18 Per I 2
360 03: 19 And I 3,

361 03:20 Peg I 4
362 03:21 Cel 2
3631 03:22 Per 2,5
364 03:22 Per 3
365 03:22 Per I 3
366 03:22 Tri I 4

3671 0323 I Per I 0,5

3681 0323 I Per I 0
369 0324 I Aqr I 2 ,

I 3701 0325 I P~- I -3<:;,, ,

3251 0239 Per 2
326 02:39 Per 1

I 327 1 0240 I Per 2
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Practical round. Problem 7 to solve

•

7. Cataclysmic variable. Photometric data of the cataclysmic variable HS 2332+3905 of WZ-Sge type are
given. Magnitude of the variable was changing with the orbital period during the observations.

Objects of this type consist of white dwarf with a late-type secondary.
Table 1 consist of:

1st column - Julian date (m),
2nd column - relative magnitude of the variable (Mg),
3rd column - phase of the orbital period (Phasa).

7.1. What is the year of the observations? (January 1st, 2000 corresponds to m = 2451545 )
7.2. With the data of the table 1, plot a graph brightness vs. time ("x" axis - time; "y" axis - the

magnitude of the system that equals to sum of relative magnitude of the system and magnitude of the
comparison star 4.6m). Brightness should increase upward on the vertical axis.

7.3. From the graph you should find the times corresponding to the maximum and minimum brightness
of the system and also corresponding magnitudes of the system at these times. Write these data in the
table 2.

Table 2 consist of:
1st column - m corresponding to maximum brightness (IDmax)

2nd column - magnitude in maximum brightness (MgmaJ
3rd column - ID corresponding to minimum brightness (IDmin)

4th column - magnitude in minimum brightness (Mgmin)
•

7.4. Find the orbital period (Porb) of the system using the graphical plot.
7.5. Using the ephemeris m = IDO+Porb*E, find the phases of orbital period corresponding to the

magnitudes that you have found. Write these data in the table 1, plot a phase diagram ("x" axis - phases
from 0 to 1; "y" axis - magnitudes).

m - Julian date (1 st column in the table);
IDo- Julian date corresponds to the minimum of brightness, the phase is "0";
P - orbital period, that you have found by the graph;
E - number, that consists of integer part N and fractional part Phase;
N - number of the cycle,
Phasa - phase, values from 0 to 1. (e. g.: 0.1, 0.2, and etc., 1 - the complete period).

One of the features of such types of systems is sudden increase in brightness of 6-8 magnitudes (called
superoutburst) after which during the attenuation of the supeioutburst one can observe superhumps
(variations of brightness with a frequency close to orbital pef.iod).

7.6. On investigation of the system superoutburst and superhumps were observed. It was found that the
period of these superhumps is 2.3 minutes larger than the orbital period. Using the figure 1, the orbital
period (that you have found) and the period of superhumps, find the ratio of masses of the components.
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