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1. INTRODUCTION

The discovery of a strong variable surface nagnetic field
(B) in four Ap stars: HD215441, A CrB, HD 126515 and 53 Cam
(Preston, 1969a; WIff and Wol ff, 1970; Preston, 1970; Huchra,
1972) changed our know edge about nagnetic field geonetry, form
erly based only on effective field nmeasurenents (B,). Unfor-
tunately, for nost of Ap stars the nmeasurement of a full Zeeman
pattern of a spectral line in unpolarized light is practically
i npossi bl e because the very small splitting for B,<=5 kGs cannot
be resolved with the accuracy of nodern spectroscopy. Therefore,
indirect methods of estimation of B, were developed using the
effect of a nmagnetic field on the intensity and width of spectral
lines. One of these nmethods, a photometric one (Cramer and Maeder,
1980) is based on the dependence of the A.5200 depression on the
magnetic field strength. Two other methods, spectroscopic ones,
are based on the additional w dening of spectral lines introduced
by the magnetic field. Preston s nethod (Preston, 1971) nakes it
possible to estimate B, by neasuring the full w dths of the spec-
tral lines. This method requires high dispersion spectra. The
nethod of the magnetic field estimation based on the nmagnetic
intensification effect (Hensberge and De Loore, 1974; Ryabchikova
and Pi skunov, 1984) (curve of growth nmethod) permts us to use a
lower dispersion. In this paper we present sone results of an
investigation of the variation with the rotation of the surface
magnetic field for the Ap star 78 Vir using the curve of growth
net hod.

2. SPECTRAL DATA AND DATA REDUCTI ON

W studied 14 spectra of 78 Vir obtained with the 2-m tele-
scope in NAO BAS (9 spectra) by D. Kolev, with the 2.6-mtel escope
in Cinea (3 spectra) by T. Ryabchikova and with the 6-mtel escope
in SAO AS USSR (2 spectra) by |. Romanyuk. A dispersion of the
spectra is 89 Alee. The latter two spectra were obtained with the
Zeeman analyzer. In order to obtain the equivalent width in the
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unpolarized light the values of H,_ for both right and left-hand
polarization were summed. An accuracy of values # was increased
by the averaging of equivalent width for the latter two spectra.
Spectrograms were reduced on the microdensitometers MD-6 Joyce
Loebl and 3CS Joyce Loebl with the help of the software developed
in the Astronomical Council of USSR AS (Piskunov et al., 1984).

3. AN ESTIMATION OF THE SURFACE MAGNETIC.FIELD OF 78 VIR

A curve of growth method (Ryabchikova and Piskunov, 1984) was
applied to estimate the value of the surface magnetic field B,
Only Fel and Fell lines were used. The theoretical curves of
growth were calculated on the basis of Kurucz model with
9500 K and log g = 4.0 (Kurucz et al., 1974) . Oscillator
strengths were taken from Martin et al. (1987), and Lande factors
7 from Beckers (1969). The classical damping constant was taken
for Fel lines while g = 10 y,, for Fell ones. Equivalent widths
obtained from the spectra are presented in Table 1. Phases were
calculated according to ephemeris taken from Preston (1969).

JD = 2434816.9 + 3.7220 E
Estimates of the surface field B,, values of the microturbulence
parameter, and of the relative iron abundance are given in
Table 2.

4. DISCUSSION

In Fig. 1 the phase variation of the surface magnetic field

B, (1lb, <) of 78 Vir 1is compared with that of the effec-
tive field B, (la) from Borra and Landstreet  (1980) and Borra
(1980a). One sees that both wvalues vary practically in phase.

Unfortunately, the absence of observations in the phase interval
0.2-0.55, which corresponds to the minimum field, does not permit
us to say whether the small phase shift is real. In general, the
behaviour of B, for Fel and Fell lines is similar, although for
the Fell lines the value of the field and the amplitude of varia-
tion are smaller (Fig. 1 b, ¢). We noticed this fact earlier
(Ryabchikova and Piskunov, 1984) for 78 Vir and for some other
peculiar stars. Borra (1980b) has calculated magnetic field confi-
gurations for 78 Vir on the basis of the known effective field
variations. According to his model 78 Vir has a dipole field with
the surface field B, = 2.3 kGs near the phase 0.50. In this paper
he also considered both the theoretical and observational evidence
in favour of the conclusion that the maximum of BS coincides with
the narrower extremum of the Be photographic curve. According to
observations by Preston (1969b) this extremum has a phase 0.00.
Thus, the curve for the B, variations obtained from the Fel lines
is in a good agreement both with the value of the surface field at
maximum and with the phase variations predicted by Borra's model.
Our estimate of B, at minimum seems to be low when compared to the
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Tabie 1. Eguivalent width measureaents of the fel and Fell lines

spectrum No

450 111 489 3 379 380 1044 4 -] 435 539 395 394
490
Opservatory
NAD KAD SA0 CrAD NAD NAD NARD CrAd CraD NAD NAD NAD NAQ
BAS BAS BAS EAS 3RS BAS BAS BAS BAS
Phase

0.109 0.173 D0.i84 ©.573 D.700 0.702 0.778 0.818 0,831 0,844 D.%56 0.968 0.9%71

______________________________________________________________________ Y e L T T

Fel Equivalent widths in &R

400%.7153 43 44 - &7 76 78 &1 79 - 8é 71 70 &0
4021.870 1) 75 5% 77 71 a4 70 B3 96 g2 g0 82 63
4043.35%6 1462 119 136 2400 185 133 153 170 154 148 157 142 160
4071, 740 101 93 0 117 134 125 112 132 i14 115 122 114 118
4132.040 126 109 130 173 - - - 172 164 188 184 1469 143
4143.870 113 i02 119 130 1346 130 135 124 144 128 135 140 131
4187.044 - 80 25 127 - 128 102 110 123 112 114 114 10t
4210.352 10% &4 79 106 i19 118 0 118 i18 1té 117 102 115
4219.364 &8 74 74 92 108 109 94 as 113 i1oge 97 88 110
42335.943 109 95 9 145 148 120 106 143 138 124 138 120 135
4250.125 120 24 77 - t51 115 125 - - 1235 117 124 127
4267.828 35 49 48 60 75 [-11] 33 60 - 58 40 35 45
4274.1359 141 109 92 140 133 142 128 130 116 120 145 133 134
4271.763 168 132 116 188 188 184 164 170 164 160 192 187 159
4299.241¢ 92 gb 8é 148 172 146 129 132 129 122 138 137 133

4383, 547 132 120 110 152 174 165 136 172 160 138 120 175 150



Table !. (coantinued)
SRt R R b S e s R i R R R P R T L PR P P R RIS PR T IS TR R R I R PR T P IR T T R X

spectrum Ne

430 111t 489 3 379 3an 1044 4 -5 435 539 3993 3946
490
GLSErvaTogry
NAD NAD SA0 Cran NAD MNAC NAD Cra0 CrAD NAQ NAD NAD NAOD
BAS BAS BAS BAS BAS BAS BAS BAS BAS
Phase

0.109 0,173 OD.184 D0.573 0.700 0.702 0.778 0.Bi& 0.831 0.844 0.956 O0.9658 0.971

g e o oy o L L B A e S Rl ki o e e o e e b i L e e o o e o g P e Y T T R A o A e o B SR e S e

A404.733 112 129 10é 141 163 164 158 159 184 125 15% 143 129
4408.419 61 & 41 88 a6 a1 41 80 36 48 78 bé& 42
4415.125 - 117 101 9% - - 112 116 L) 102 134 114 8¢9
4432,343 - az - - - - - - - - - 82 -

4443, 201 - a0 - - - - - < 59 43 (1] 38 43
4446.334 97 73 77 83 183 71 114 96 85 0 109 120 123
Fell

39046.038 - - - - - - 86 - - - - 5 75
3938. %44 a8 83 - - 84 74 97 - - 26 - 85 72
4124.787 72 70 38 48 935 74 71 7 77 75 71 al 82
4178.848 118 103 121 133 117 138 121 150 170 148 142 148 136
4273.315 73 122 58 142 181 161 134 166 §40 126 15% 137 138
4351.762 152 141 127 - 191 - 208 - - - - 194 o
43469.398 - - - - - - 120 - - - - - -
4385.383 119 142 29 166 1465 174 149 182 170 154 157 176 145
4416.817 131 137 113 158 159 146 154 160 139 22 173 158 141
4491.3%8 97 & 102 - 126 112 105 - - 27 104 122 139
4506. 280 112 147 105 141 1456 177 159 160 144 138 157 147 154
4320.223 115 141 111 130 141 143 161 146 128 130 141 154 139
£522.624 147 170 147 180 211 231 215 - 212 181 - 214 2014

4541.523 117 104 122 123 - 143 93 - 17 121 109 147 133



Table 1. f{continued)
e AR EEEEECEEF DN EEEEE R E S T E eI S S BN N E P EE I R E R R B S R RS R NN R EE N EE IR E N E B R R R EEE N IR AR RO RS S I EREIT S

specirum Ne

450 1111 489 3 379 380 1044 4 5 435 539 393 k17

4%0

Ghservatory ?
NAD N/O SA0 CrAD KAD NAD NAD CraD CrAd NAD NAO NAD RAD
BAS BAS BAS BAS BAS BAB BAS BAS BAS

Fhase

p.109 0.173 0.184 0.573 ©0.700 0.702 0.778 0.8t8 0,831 OD.844 0.956 0.968 0.971

4555.870 182 178 1460 - 191 - - - - 188 - - -
4374.331 133 112 93 109 135 134 134 127 130 84 1&0 139 143
4582.895 101 103 §2 ~75 110 187 134 1% 112 112 129 112 94
4383.850 191 264 194 242 263 240 254 279 251 217 282 268 244
4620.513 74 111 77 70 117 117 118 110 120 7% 109 - 126
4629.336 149 124 105 95 115 164 143 144 140 -

4435.327 83 B4 7% - 114 106 104 - - - 131 100 103



nodel predictions. However, as we nentioned above the absence of
observations in the phase interval 0.2 - 0.55 does not permt us
to draw a firm conclusion on the reality of this discrepancy.
Addi tional, observations in these phases are needed. The 2-m tele-
scope of the NAO BAS seens to be quite suitable for this purpose.
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Fig. 1. Variations of the effective %e {a) and surface 3Bg (b, c)
sagnetic field for the Ap star 78 Vir.

® - Ba.photoelectric seasureaents fros polarization.in Fell
4520.22 by Borra (t%80a)

e - Bg photoelectric measurements from polarization in Ha
by Borra and Landstreet (1%80).

5. CONCLUSI ON

The method of surface magnetic field determnation for the
peculiar stars based on the magnetic intensification effect (the
curve of growth nmethod) makes it possible to study phase varia-
tions of the nagnetic field B in those cases where the direct
nethod based on the line splitting fails. It would be interesting
to apply this nethod to the study of the surface magnetic field
variations of other peculiar stars, prinarily of o ovn.

45



Tabl e 2. Measurenents of the surface magnetic field, mcro-

turbulent velocity and iron abundance in the atnoiphere of 78 Vir.
-ll---l---lllm'n”-m“lullﬁﬂlllmll“mﬂmIl‘."!ll’..ul

Fal Fell

Phase ----- - memmeemem s s e mm s —s— e —n o ———

N v B log Fe/R N v 3 log Fe/H

kn/s kfs kn/s ks

0.10% 18 2.00 2.03 ~3.62 19 t.00 0.82 -3.27
0.173 21 1.60 1.34 -3.38 19 1.00 1.37  -3.31
0.184 19 1.00 1.24 -3.39 18 1.00 0.%99 -3.57
0.573 19 2.00 1.98 ~3.24 14 1.00 @.93 -3.20
p.700 17 2.00 2,60 ~-3.35 i8 2.00 1.80 -3.23
0.702 18 2.00 1,83 -3.19 17 1.00 1,48 -3.12
0.778 19 2.00 1.41 -3.38 20 2.00 1.02 -3.20
0.818 19 2.00 1.9 -3.22 12 1.00 1.73  -3.14
0.831 18 2,00 2.47 -3.4% 14 2.00 0D.8D -3.18
0.844 21 2.00 2.1t -3.47 16 1.00 1.17  -3.1%
0.986 21 z2.00 2.72 =3.45 146 1.00 2,06 -3.23
g.958 22 2.00 2.75 -3.97 18 2,00 1.48 -3.20

0.97¢ 21 2.00 2,1% ~3.37 18 1.00 1.28 -3.09
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