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                              ABSTRACT

   Model atmospheres with high surface gravity, (legg--8 and 9) are computed.
The adopted values of effective temperature are 10,700, 15,OOO and 20,OOOOK, respec-

tively. The normal abundance ratio ef hydrogen to he!ium (Nrt:IYff, =85:15) is
assumed. These rnodels have higher electron pressure and opacity compared with
main-sequence medels.
   The llsr and H6 profiles are computed based•upon these models. The effect of
wing everlapping is serious, since the wings of these lines extend more than 100A

from each }ine center. The ratio, W(Hs)/W(Hy), is small and agrees with the obser-
ved value. U-YNe, relation is also computed. The effective temperature derived from
this relation is lower than that in Greenstein's temperature scale. Comparisons of
Balmer line profiles with observed ones are done by means of this temperature scale.
It is found that the computed line absorption is too srnall compared with the obser-
vecl one.

   Correction to the temperature distribution-law for the constancy of net flux JF(T)

throughout the atmosphere is applied to the rnedels with T,=:=10,7000K with the aid
of Swihart's method. The corrected surface temperature becomes much lower, and
ri-r if•II•-1•`-) is less than 1 per cent. For our corrected model, the computed profiles ef

Balmer absorption lines agree fairly weli with the observed ones.

1. Introctuetion

    SiRce Strdmgren (1) analyzed solar spectra with his model so!ar atmospltere,

the methed of model atmosphere has been keeping irs great advantage in "Fein-

Analyse" of the stellar spectra, especially for the eariy type main-sequence stars.

Extensive references concerning early-type model atmospheres are feund in
Aiier's article (2).

    The purpose to construct a model atmospl?ere is, in short, to know the

physical states in a real stellar atmospltere. Many model atmospkeres have been

constructed by various authors. Among them, a set of models computed by de

Jager and Neven (3) is worth noticing for its variety in the atmospher!c para-

meters. However, the high surface gravity stars are excluded Åírom this set.

    Model atmospheres of the white dwarf stars are computed by several authors:

Miyarnoeo (4) constructed pure hydrogen model for Sirius B, and pointed out
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that owing to the pressure effect which reduces the ionization of the atoms. the

apparent spectral type of the white dwarf corresponds to a higher effective

temperature star than tltat of the ordinary scale for the main-seqttence.
Schatzman (5) discussed the distribution of the e}ements in the gravitaÅíional

field and showed that the heavy elements liave little concentration ln the outer

envelope of the white dwarÅís. He also computed pure hydrogen modei atmos-

pheres for 4e Eri B and for van Maanen 2. According to him, the effective
temperature oÅí the white dwarf is higher than that of the main sequence star

with the same color temperatgre, because the continuous spectrum of white
dwarf is depressed by tke broadened Balmer lines. Grenchil< (6) aiso constructed

a pure hydrogen mode! atmospltere for 40 Eri B, and compttted Hrprofile with

the use oÅí Kolb's theory. Couteau (7) presented the high temperature models

that may be suitabie for explaining the disappearance of absorption !ines in

some white dwarf stars. In this paper we compute a set of modei atmospheres

with high surface gravity, and discuss the temperature scale for the white

dwarfs and tkeir Ba}mer line spectra.

   First of al!, we have to decide the parameters which specify the modei
atmospheres. From the mass-radius re!ation for the degenerate stars (see,
Chandrasekhar (8)) we have 7;{; logg:S9 for -O.66<log (M/M@)<O.1. 0n the

other hand, for the star whose mass is known, we can obtain the vaiue of logg

assuming their effective temperature. For 40 Eri B, log(M/M.(E))="'-O.35, then,

wkh assumed T,:==13,500OK we have loggme7.68 (Kuiper (9)). Also for Sirius B,

log(M/Me)=:-O.Ol, and T.=:12,5eOeK, then logg=-8.11 (Miyamoto (4)).

   Lynds (le) used the Ur and H6-profiles to obtain the surface gravity of the

white dwarf. ffe assumed that the same relation between effective terr}perature

and B-V color index holds both for the main sequence and for the white dwarf
stars, and compared Verweij's theoretical profi!e of the .El7 line with the observed

one. Thus, for 13 white dwarfs which have hydrogen lines, he estimated tke
value of logg to be 6.8tv7.5.

   Greenstein (11) discussed the temperature scale for the white dwarfs. He

computed U-V color and Hy equivalent width with the theoretical models and

iilustrated a diagram of U-V color versus effective temperature. If U-V color

and lily equivalent width are observed with a white dwarf, the corresponding

effective temperature can be known Åírom his theoretical diagram. Greenstein

found for the majority of the white dwarfs with known color indices, the effec-

tive temperature, ee, to be O.1 E ee ;S O.7.

   Kere, we take Teww10,700, 15,eOO and 20,OOOOK, and logg--8.0 and 9.0 as the

parameters of the model atmosphere, and expect that such groups of models
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would cover some of the observed whke dwarfs. In Table 1, we listed the
combinations of these parameters Åíor 6 models.

                  Table 1. The parameters ef model atmospheres.

Model

181

192

158

159

281

291

TeOK
e

e

10,700

10,700

ls,ooe

ls,eoo

20,OOO

20,OOO

O.471

O.471

O.336

O.336

e.252

O.252

log g

8.00

g.oe

8,OO

9.00

8.00

9.00

   It is generaliy accepted that white dwarf is in the fina} stage of steliar

evolution and its chemicai composition differs from normal stars. Indeed, obser-

vations show that the spectra of some white dwarfs are quite dlfferent from

those of the rnain sequence stars (Kuiper (9), Luyten (12) aRd Gree'nsteln (11,

13). There exist various kinds of white dwarf stars; as continuous spectra,

helium lines only aRd some unidentified !ines without any hydrogen lines, and

so on. Weidemann (14) studied the spectra of van Maanen 2, one of well-known

but peculiar object, and concluded that it is really underabundant in hydrogen

content and even in metai contents, cornpared with main-sequence stars. How-

ever, among white dwarfs whose spectra are so far as avaiiable, we find a con-

siderable number of the so-called DA type stars that are classified as having

strong Balmer absorption lines. It seems that this fact does not exclude the

existence of white dwarfs witk normal, or hydrogen rich, chernical abundance.

   Although we know lktle about accurate chemical composition in the atmos-

phere of white dwarf, it is quite interest to study the model atmosphere with

normal composition. In conformity with our earlier program on the eariy-type

main-sequence stars (Saito (15, 16), and Saito and Uesugi (17)), here we shall

construct model atmospheres of the white dwarf with the same opacity table

(18), and discuss the features of our paode}s and of DA type white dwarfs.

                   '

2. Model atmospheres

   When constructing a model atmosphere, one of generai assumptions is that

the plane-parallel atmosphere is in mechanica! and radiative equilibrium whose

physical properties depend on!y on the geometrical depth g measured downward

from the stellar surface.

   The condition of radiative equiiibrium is satisfied when an atrnosphere has

neither source of energy nor sink at all. This condkion can be written, if energy
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flows through radiative process enly, as

                     Sge rcv(e) Bv(g) dy = S,co rcv(g) f, (a) dv, (l)

at the depeh g, or, equivalent!y,

                            dd, S,"OFv(g)dy =- O, (2)

throughout the atmosphere. Here, tgv(2) denotes the monochromatic absorption

coethcient pey gram of stellar matter, Bv(z), the Planck-functien, fv(e), the rnean

intensity, Fv(a), the outward fiux, for v-radiation, respectively (cf. UnsOld (19)).

   When the atmosphere is gray, i.e., rcv(a) is independent of y aRdi equals to

?i(a), and if it ls in radiative equil!brium, vxre have an expression for the local

temperature T(f) at the optical depth 7 as

                         T`({) -= --43- T2{cr+e(7)}, (3)

where T. is the effective temperature of the star and the exact form of tke
function q(7• ) is given by Mark (20). The optical depth, r, is defined as

                           7(x) =Si2(a)p(e) de, (4)

where ,e(g) denotes the density of the atmosphere.

   However, in a non-gray atmesphere where rcv(e) varies with p, we have no

such an explick relation as Eq. (3). Hence we construct a noR-gray model
atmosphere witk the use of this gray temperature law, keepiftg in mincl tkat the

result obtained is only an approximation.

   As far as we adopt the gray-!aw (3), instead of the non-gray one, we must

use some sort of mean absorption coeMcient it(2) which corresponds to tke gray

absorption coethcient it(g). Tkere are thyee types of mean opacity (cf. Kour-

ganoff (21)) ; Rosseland mean, Planck mean and Chandrasekkar mean. DiscussioR

on the choice of mean opacity has been done by several authors (Uns61d (22),

Michard (23), ten Bruggencate (24) and Saito (25)). Tke principal point of this

discussion consists in what type of mean would give a better approximation than

the others. Kence so far as we are intending to correct the eemperature law, after

kaving a model atmosphere in the first approximation, a particular choice of mean

opactiy seems less important. Here, as neted, we use the Rosse!and mean.

    Now, fo}}owing Labs (26), we adopt the following expression for the function

q(r) given by

                    a(T) =:: O.7104-O.1331 exp [-3.4488r]. (5)

Slnce the initial temperature law is only an approximation, exact expression tQ
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 e(r) has ne significance and it is suficient Åío use an expression such as Eq. (5),

 which is much simpler than the exact q(T).

    The eguation of hydrostatic equilibrium is written in the form

                              dP(cr)                              'd, =P(2)g, (6)
 where g denotes the surface gravity and P(e), totai pressure whick is the sum

 of the gas pressure, Pg(z), and the radiation pressure. We define the optica}

depth T as

                            T= Si rc (2) p(a) d2, (7)

where rc(2) is the Rosseland mean opacity. Then from Eq. (6) we kave

                              dP(T) ww g                               dr -rc(T)' (8)
Now, negative gravity, g', due to radiation pressure is expressed as

                              g' ww rceT2, (9)
                                    c

 (cf. Uns61d (l9)). When we take 2Å~10` OK for Te, and substitute tke numerical

vaiues of the Stefan-Bo!tzmann constant a and the light veloclty c, we obtain

g'r--3xl02 rc. Since rc is 103 at most, g'N<3Å~105 which is negligible compared with

our adopted value g, 108 and 109. Thus, we skall hereafter drop the factor of

radiation pressure in P(g). Then, Eq. (8) is written as

                             th',gS"L')=.(g.,.)• ao)

Pg(T) and tg(r) are functions of electron pressure, P.(T), and temperature, T(r).

Since T(r) is related to r threugh Eqs. (3) and (5), we can integrate Eq. (10)

and obtain the vaiues of Pg(r), Pe(r) and rc(T), for each level 7, successively.

The results are given in Tables 2.IN2•6.

    In these tables, the first coiurnn contains optical depth T. The seconct and

third columns give the reciprocal temperature, fi (== 5040/T), and temperature,

T (OK), respectively. The logarithms of gas- and electron-pressure and thOse

of mean opacity tg are found in the fourth, fifth and sixth columns, respectively.

The last two columns contain the fraction of atoms in neutral stage, for
hydrygen, yH, and a!so for helium, yHe•

   The effect of high surface gravity is obviously seen in progressions of both

gas- and eiectron-pressure, Comparing our mode}s with tbose of the main-

sequence stars, we find that IogPg, at a definite optical depth, is roughly
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Table 2•1. Model 181.
T,=10,7oooK logg==8.0

T

O.OOI
   5
O.Ol
  2
  3
  4
  6
  8

ll       ii

10.0
14.0
20.0

e

O.580
 579

577
574
570
567
561
555

550
528
511
497
485
475
457

443
420
394
365
344
327
314
295

T

280
258
237

E

8.69(3)
8.71

8.73
8.79
8.84
8.89
8.98
9.07

9.16
9.55
9.87
1.02(4)
1.04
1.06
1.10

1.l4
1.20
1.28
l.38
1.47
1.54
1.60
1.72

1.80
1.95
2.13

log Pg

4,295
 860
5.095
 323
 451
 540
 660
 743
 804
 978
6.066
 123
 163
 194
 238

270
312
352
393
419
440
457
486

512
560
626

log Pe

2.851
3.153

287
430
520
589
694
781

 852
4.111
 286
 423
 533
 629
 785
 910
5.le4
 313
 545
 695
 804
 884
 992
6.054
 159
 255

log tt
l

log ]H

o.7q. 2

 941
1.019
 211
 173
 220
 290
 351
 406
 606
 741
 843
 936
2.013
 136
 240
 396
 569
 752
 864
 935
 977
3.021

 026
 e17
2.992

1.982
 99e

992
994
994
995
995
995

995
993
992
990
988
986
982

977
966
947
908
861
821
755
639

529
32i
082

log yHe

o.ooo

1.999

997
990
968

e

Table 2•2. Model 291.
T,:=le,7oeoK logg=90

T

O.OOI
   5
O.Ol
  2
  3
  4
  6
  8
       li

10.0
14.0
20.0

e l T , log 1'g
1 iog pe 1

O.580
 579

577
574
570
567
561
555

550
528
511
497
485
475
457

443
420
394
365
344
327
314
295

280
258
237

l 8.69(3)
8.71

8.73
8.79
8.84
8a89
8.98
9.07

5.108
 649

i 3.268
 557

log tc

9.16
9.55
9.87
1.02(4)
1.04
1.06
1.10

l.24
1.20
1.28
1.38
1.47
1.54
1.60
122
1.80
1.95
2.13

l
I

I

l
1

i
I

 8?3
6.095
 221
 307
 424
 503
 563
 736
 831
 888
 929
 961
7.010

}
I

I

 684
 802
 911
 981
4.084
 166
 236
 494
 675
 814
 925
5.022
 182
 313
 513
 736
 991
6.161
 283
 385
 532

O.997
1.175

259
338
418
467
543
606

il'i  2

 429
 577
 736
 925
3.069
 159
 233
 330

2
E

E
I

log ptI-I

043
e91
136
180
209
229
245
269

289
322
363

I
639
771
895

'

388
442
493

l
g logyHe
i

1.973
 996

997
997
998
998
998
998

998
997
997
996
995
994
993

991
987
979
965
947
928
907
862

816
716
573

l

i

;

F

E

o.ooo
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Table 2•3. Model 158.
T, == ls,ooooK log g ==8.0

rJt

O.OOI
   5
o.el
  2
  3
  4
  6
  8

e
I
l T I log Pg I log p, I

II log ic
i

l log yH log yHe

10.0
14.0
20.0

l

O.414
 413

412
409
407
405
400
396

393
377
364
354
346
339
326

316
300
281
260
245
234
224
210

zEi

1.22(4)
1.22

1.23
1.23
1.24
1.25
1.26
1.27

1.28
.i.34
1.38
1.42
1.46
1.49
1.55

1.60
1.68
1.79
1.94
2.06
2.16
2.25
2.40

2z2

]

I

I

l
l

l

3.756
4.154

333
520
632
713
827
908

 972
5.167
 280
 359
 421
 472
 554
 618
 723
 842
 987
6.093
 177
 245
 353

436
561
692

l

l
l

l
l

E

       i'3.377 I
 727 I
       '
 881
4.040
 134
 203
 311
 388
 447
 661
 796
 892
 970
5.047
 134
 214
 340
 476
 635
 749
 839
 912
6.027

126
249
387

l
i

i
I

e

l

1,5e3
 777
 883
 983
2.037
 081
 141
 181

212
328
400
439
471
500
528

546
556
562
562
574
586
597
616

631
654
687

:

l
l

{

l

l.191
 453

544
618
65e
667
688
693

692
668
631
588
549
511
433

 363
 240
 086
2.893
 747
 635
 543
 400
 290
 132
3.974

i

l
l

i

o.ooo

l.999
 999

998
996
989
971
941
901
853
743

626
410
l50

Table 2•4. Model 159.
T, =tls,OooOK log g=9.0

et o
I T l log Pg I iog pe I log ic

   i   l

tttt"'t
i t'tt'

   i

log yH l log yHe

O.OOI
   5
O.Ol
  2
  3
  4
  6
  8

il

10D
14.0
20.0

'

i

O.414
 413

412
409
407
405
400
396

393
377
364
354
346
339
326

316
300
281
260
245
234
224
210

200
184
169

I

l

i

1.22(4)
1.22

iiii

1.28
1.34
1.38
1.42
2.46
1.49
1.55

1.60
l.68
1.79
1.94
2.06
2.Z6
2.25
2.40

2.53
2.73
2.98

1

i

4.328
 782
 993
Jr .210

 337
 428
 555
 644
 712
 916
6.027
 102
 159
 3e5
 275

329
412
502
611
694
762
819
914

 990
7.le6
 229

3.870
4.222

386
533
629
699
807
885

 950
5.172
 321
 430
 514
 589
 696

 786
 918
6.050
 201
 303
 386
 455
 562

648
779
922

1.880
2.083

156
232
280
314
371
409

443
575
663
729
778
825
880

 926
 985
3.028
 061
 074
 085
 087
 102

l18
138
177

I
r

}

I.562
 743

798
873
855
864
874
877

878
869
854
836
818
800
76e

 723
 647
 535
 376
 243
 137
 050
2.9e9

801
649
489

i

l

l

o.ooo

999
997
992
983
969
953
908

853
733
550
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Table 2•5. Mode} 281.
T, == 20,ooooK logg==8.0

T

O.OOI
   5
e.ol
  2
  3
  4
  6
  8
oi'

10.0
14.0
20.0

e

O.311
 310

309
307
305
303
300
297

294
283
273
266
259
254
245

237
225
211
195
184
175
168
158

150
138
127

T
1.62(4)
1.63

1.63
1.64
2.65
1.66
1.68
1.7e

1.71
1.78
l.84
l.90
1.94
1,99
2.06

2.13
2.24
2.39
2.58
2.74
2.88
3.00
3.20

log Pg I log p, I log ic l
4.086
 459

3.753
4.221

i
1.18.P.

 517

log yH leg yi{e

3.37
3.64
3.97

l

 619
 78e
 875
 943
5.040
 121

167
350
464
549
616
672
762

 832
 941
6.059
 196
 296
 374
 438
 538

616
733
857

278
436
531
600
695
764

 829
5.008
 121
 206
 277
 336
 428
 soe
 615•
 740
 884
 985
6.066
 134
 238

316
433
557

i

l

I

 655
 793
 870
 923
 992
2.035

066
154
192
216
235
256
283

301
332
356
386
402
419
434
461

479
509
546

l
l
i

3.920
2.270

407
531
592
630
669
685

692
674
629
583
542
505
432

 366
 261
 133
3.978
 861
 774
 702
 595

508
385
26e

I

l
l

I

I

l
i

1.920
 962

972
978
980
981
9gl
980

979
971
96e
947
933
917
881

 839
 750
 606
 381
 187
 030
2.895
 686

520
278
032

Table 2•6. Model 291.
T, =T- 20,ooo"K logg=r-9.0

r
i e

i T i log Pg I iog pe I }og tc t log yi-i I log yi{e

e

o.oel
   5
O.Ol
  2
  3
  4
  6
  8
oi

10.0
14.0
20.0

I
I

I

I

O.311
 310

309
307
305
303
300
297

294
283
273
266
259
254
245

237
225
211
195
184
175
168
158

150
238
127

E

l
l

1.62(4)
1.63

1.63
1.64
1.65
1,66
1.68
1.70

l.71
l.78
1,84
1.90
1.94
1.99
2.06

2.13
2.24
2.39
2.58
2.74
2.88
3.eo
3.20

3.37
3.64
3.97

j

l

l

4.616
 983
5.142
 305
 402
 472
 573
 636
 704
 89i
6.006
 090
 157
 212
 300
 370
 476
 593
 726
 822
 897
 955
7.057

133
246
366

fgg4

l

1

l
l

i

 785
 941
5.034
 102
 202
 272

329
Jr20

638
724
797
853
947 -

6.021
 133
 259
 401
 Jr03
 581
 645
 748
 828
 940
7.061

I

l

1.664
 997
2.132
 262
 332
 378
 44•3
 484

3, 15

606
64-9

678
704
721
750

772
8GO
83e
869
892
911
924
955

 976
3.014
 050

f
l

2.433
 762
 890
l.O04
 059
 093
 133
 149
 156
 143
 I05
 065
 029
2.991
 925

865
762
638
485
372
283
2ocj

101

 026
3,889
 763

i

i

I

i

1.975
 988

991
993
994
994
994
994

994
991
988
983
979
973
960

945
908
839
708
574
450
337
l53

 eoo
2.767
 527
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proportional to log .a. Aiso, the effect of high value of gravity is seeR in yH and

yHe. Ionization of hydrogen is not so highly proceeding even in the case of our

models with Te =15,OOOeK, though they should be assigned to B5 type star on
the usual temperature scale. This is the fact which simp!y refiects the fashion

of ionizatien. In Saha's equation, temperature and electron-pressure are the

opponent factors to each other; the higher the temperature and the lower the

electron-pressure, the 1iigher the ionization degree. Therefore, even if tke
spectyal features are simi!ar in white dwarf and in main-sequence stars, this

simi}arity does not simply mean the similarity of temperature.

    As we have already had the relevant physica} quantities in our model atmos-

pheres, we can compute the radiative fiux of these models.

    Since the scattering ,by free electron is negligible compared witk atomic

absorption, the monochromatic absorption coeficient is computed as:

 rcv =" Mi:' ll [PHMH{rcv(H) + rcv(H')}+YHemHe{rcv(He) +ttv(He+)}] (1-e-h'1ltT) , (11)

where the absorption coethcient for the i-kind of element, rcv(i), is related to the

atomic absorption coethcient lev(i) through the relation

                             rc,(i) .. 1.Iiv(i)y,, a2)
                                     mi

and the other notations are as usual. Numerical values of fev(i) for H, }i[e and

HeÅÄ are tabulated by Ueno, Saito and Jugaku (27).

    Defining the monochromatic optical depth as

                              T.=SI' -rc,;.V- dr, (13)

we have following expression (cf. Uns6id (19)) for the monochromatic flux
Fv(7v) at depth rv,

           Fv(Tv) =: opT,{Bv(tv)}

                                                      '.. iuru 2Ir, Bv(tv) E2(tv-Tv) dtv-2S['Bv(tv) E2 (Tv-tv) dtv . (14)

In Eq. (14), we assumed that the source function is equal to the Planck function,

Bv(T), of iocal temperature T at the depth •`'v. For the emergent fiux of the

atmosphere, form Eq. (14), we have

                        Fv(O) =": 2i: Bv(tv) E2(tv) dtv• (15)

    The results of the computed emergent fiux for our 6 models are skown in
Table 3, and Mttstrated in Figs. 1. 1 and 1. 2. In Table 3, the computed effective
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Tab!e 3. The emergent flux.

Model
Te OK
log g

 v
5.945(15)

4.617

3.288.

3.288ve

2.932

2.576

2.220

11..865

1.509

1.153

9.875(14)

8.220.

8.220-

6.742

5.263

4.938

4.622

4.133

3.653.

3.653..

2.854

2.e55

Te* CK

181
10,700
8.0

  O.26(-4)

   30
   36
   44
   57
   76
  1.05

  1.22

  1.36

 2.36
 2.22
  1.96

  1.87

  l.79

 1.61
 1.43
I

I 1.6s
l 1.14l
l O.72
I
I 1.lo(4)

191
lo,7oe
9.0

O.27(-4)

 31
 36
 45
 60
 83
1.16

1.35

1.48

2.11

2.08

1.89

2.82

1.74

2.59

1.43

1.47

1.12

O.73

1.11(4)

158
15,OOO
8.0

I

2.30(-4)

2.38

2.51

2.69

2.97

3.37

3.79

3.95

3.95

6.28

5.20

3.95

3.68

3.37

2.93

2.48

2.67

1.84

1.08

1.53(4)

159
15,OOO
9.0

2.32(-4)

2.41

2.50

2.72

3.04

4.47

3.88

4.00

3.97

6.16

5.20

3.97

3.69

3.38

2.94

2.51

2,67

1,83

1.09

1.53(4)

oo
  .5/i

o.oe(-3)

 eo
 03

1.18

1.10

i.06

1.04

1.04

1.e4

1.00

O.96

 87

1.10

O.89

 65
 59
 54
 47
 39

 40
 27
 17

2.02(4)

291
20,OOO
9.0

i

  O.OO(-3)

   oo
i 03
t

  1.27

  1.09

  l.04

  1.03

  1.03

  1.03

  1.00

  O.96

   87

  1.90

  O.88

   64
   59
   54
   47
   39

fsl so,

l

[ 161
i 2.02(4)

temperature Tk`i for each rnodel is also given, where T7 is defined as

                        im.aww {T}k}" -= Sge F,(o) dy. (16)

                                                                     eTW. is slightly greater than the originally assumed Te. This is a quite genera}

feature if a model atmosphere is computed with the use of Rosse!and mean
absorption coefficient (cf. Saito (16)). As far as the outermost layer of a star

is concerned, tke Rosseland mean absorption coethcient is a poor approximation

of the true mean (UnsOid (22)). Furthermore, the non-grayness of the atmos-
phere depresses the surface temperature to a lower value than that for the gray

atmosphere (Mttnch .(28)). These are the reasons why the total flux at the
surface, F(O), predicts rather higher value in our models.



ATMOSPHERICMODELS OFWllITE DWARFS 171

---
3.0

Iog Al•<O)

-4..O

-• 5.0

281

   3, .1. 01S

Fig. 1•1. Emergent

  2.aOls

    -v
fiux for models with

1.IO15

logg=8,O.

-3.0

}og F"(O)

-4.0

-5.0

291

.y--f/'

                    3.1015 2,1015 1.IC i• ,•) O
                                     -v
                Fig. 1•2. Emergent flux for models with logg=9.0.

   We can also compute the Balmer jump, D, defined as:

                                   F(3647.F)                                   F(364'7"J' (17)                           D me= log-

But when we use ihis formRla, we must carefu!!y deal with the fiux at the red

side of the Balmer 1!mit. From Tables 2•1-•v2•6, we see that electron pressure

is high, and hence we may expect the pronounced Stark broadening of hydrogen
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lines in white dwarf spectra. To checlrthe quantum number n of the iast visible

Balmer line, we have used the Inglis-Teller foymula, obtaining the results as

shown in Table 4. Here we have adopted the values of physicai quantities at
tke depth where the monochromatic optical depth at 1 3647.FA is O.6 for their

ckaracteristic values. The smal! va!ue in Tabie 4 suggests that the higher
members of Balmar series are crowded, andi then continuous flux at the red side

of Balmer jump is much reduced. The true emergent flux at the red side of
7L 3647 A would be smaller than the calculated one. Hence the D-value computed

with the foi'mula (17), which is a!so given in Table 4, is only its upper limit.

Cl)he resnits for main-sequence mcdel atmosphere (16) are also shewn in the last

3 lines of Table 4. Tke difference in D-value is large in the lower ternperature.

        Table 4. The quanturn number n of the last visible Balmer line, and the
                Balrner jump D.

Model Te log g l
7t

281

191

158

159

281

291

I

II

III

i
10,700

lo,7oe

15,OOO

15,OOO

20,OOO

2e,ooo

10,700

Z5,500

20,400

ilkill 9.3

7.9

 8.8

7.5

8.4

7.2

17.4

17.0

16.2

l
 D
024
O.15

O,20

O.19

O.10

O.10

O.45

O.18

O.09

   The three-celor photometry system by Johnson and Morgan is used in sur-

veying wl'.ite dwards. In this system, 'a star is characterized by two coior

indices; B-LY and U-B. Here, U, B, and V are expressed in magnitude wkich
are the measure of tke emergent fiux in the corresponding spectral region. We

write the magnitucte in i-color as m(i) ;

           '
                     m(i) -= -2.5 1og SiO gbi(R)Fx(O) d?L, (18)

where (Pi(?L) is tlie corresponding response function in Joltnson-Morgan color

photometry system (29).

   We can compute m(i)'s numerically with our models. The coloer indices are

then given by

                         U-B -- m(U) -m(B)+ci, (19)
and

                         B-V ==: m(B) -m(Y)+c,, (20)
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The two constants, ci and c2, should be set up so as to fit the system of the

com,puted color ind.ices witk the observed ones. For this purpose, we computed

tlie solar color indices with the fostmulae (18), (19) and (20'). Here, as FN(O),

we have used Peetit's solar energy curve (3e). Then to get solar values, U-B

== O.16 and B-Y--O.64 (31), we fixe(l two constants as

                       ci == -O.92 and e, == O.99. (21)
   The color indices cornputed for our rnodels are given in Table 5. In these

computations, however, we did not take !nto account the effect of !ine absorption.

Therefore, these tabulated values are not so accurate as to serve for fixing tke

temperature scale of the white dwarfs.

                  Table 5. Color indices of model atmosphere.

t..... .. .t.. t .                                    '181

191

158

159

282

291

-O.69

-O.79

-O.89

-O.89

-1.12

-1.12

I

-O.02
ri-O.02

-O.17

-O.16

-O.20

-O.20

l' -o.7i
     -O.77
     -1.06
     -1.05
     -1.32
     -1.32l

tttttt

3. Tke Balmeer absok'ptie" }ines

   Recently the problem of hydrogen }ine broadenlng has been received much

attention botk in theoretical and experimental aspects. The most conspicuous
reslilt ob'tained in this field is Kolb's theory, in which the hydrogen line broaden-

ing is treated as due to both electrons and ions. A coRcise picture of this problem

from the astrophysical viewpoint is given by Ailer and Jugaku (32).

   The absorption coeMcient of the hydrogen iine at the distance dl fyom its

center, 2o, is expressed as (cf. Griern, Kolb and Shen (33), and also Ailer and

Jugaku (34-)):

                   l(d2) =: l.(dl) [1 -y )/2i;21, R(IV, T)], (22)

whe"re IH(dR) denotes the classicai Holtsrnark profile and the second term in the

bracket represents the correction due to the effece of electronic contribution

which clepends on the electron density N and the ternperature T. Tabie of
I?(iNr, T) for va!-ious values of ,IV- and T are foui d in the above-cited references,

for Hw to Hs i:t

*' The author is much indebted to Dr. J. Jugaku who kindly enabled him to use the graphical
 representation oi R(N, T> in advance of its publication,
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   Now we obtain tke tota! absorptioR coefilcient per grain of steilar matter,

igtotai(d?,), which is the sum oÅí the absorption coethcient of line, l(d?`), and that

Of Contingum, rcC,

                         rctotai(k2,) ==: l(d2.)+igC, (23)

at the distance zl2. from the llne center. Hence, defining the opticai depth tAh as

                          t., :::: SI 'gtOta:(d2•) d., (24)

we have the emergent fiux at d7L,

                     FA. x(O) ::: S,co B(t.. x) E,(t.N) dt.. ,. (25)

   However, as shown in the previous section, electron pressure is extremely

kigh for these stars, ancl the Inglis-Teller formula predicts that even HG becomes

invlsible, so that we must take into account the overlapping effect of wings for

adjacent hydz"ogen absorption lines. Concerning this problem, Schatzman (5) has

already examined the effect of line overlappiRg witk his models and showed

that the energy distyibution in the blue region is seriously distorted by this

crowding effect and the tendency of calculated emergent flux agrees appro-
ximately with the observed spectra.

   On tlae other hand, if we consider tlae equivalent vLTidth of the i-tk Balmer

line, W(Ni), we find observationally that its ratio to W(Hv) is smaller and the

decrease of W(ffi)/VP"(,Ely) as i increases is steeper in white dwarfs than in main

sequence stars. From this fact, we may infer that the effect of overlapping of

adjacent Balmer liRes is serious. Between the two adjacent absorption lines, She

extended wings of each line depress the continuous flux. As the equivaient

width is measured referring to nearby continuum, it becomes smaller than in

the continuum free from the blending of lines. The higher the series number,

the more serious this effect.

   After these considerations we define the atmospheric absorption coethcient
rctota](7,) at the waveleitgth 7,, including both the line and continuum as,

                       tgtotai(2) :tcC(2,)-t-Xli(Z), (26)
                                       i

where summation over the line absorption coefacient of the i-th member li(?t),

is extended to inclride al! the effect of line absorption from Balmer series member.

Witk the aicl of this form"la, the va!ues of t;totai(1) are computed at 28 points
of wavelength between 2,2 4000 and 4540A where Hy (7, 4340A), .Els (Z 4100A)

and the red side of He (2L 3970A) liRes are included, For He and higher members,
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there was not any published tabie of R(N, T)'i`. So, it was appyoximated by that

for H6, and hence the absorption of HE may be somewhat underestirnated. As
we computed rctotai(2,) as a function of opticai depth r, we can find the mono-

chromatic optical depth tx at wavelength 2, as usual. The source function,

B(A,T), which varies with 7L is also computed at corresponding 2-point. The
emergent fiux, Fx(O), at l can easily be obtained with straightforward app!ication

of Eq. (25).

l1
.

o

'- .. Iog F(X) +const.
sS SS

-t    SS hs
        -

S5

  x

N
 '  L  s   t    s    .     s      s      .       s        s        N         s          N           s           N            N             s              s

s s s  N   s
NN s  s

N s

XSSSSNsN.xxss

           N s

281
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r1o
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             NSssx
                 Ns
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291

159

191

          4ooo (A) 4500 4000 (A) 4sOO
  Fig, 2•1. Emergent fiux in the region of Fig. 2•2. Efnergent fiux in the region of
          H7 and Hs for models with Hy and Hs for medels with
          log gm= 8.0. Iog g=90.
   In Figs. 2•1 and 2•2, we show !ogFx(O) in the region M 4000--4600A, for

our model atmospheres. The effect of wing overiapping is obvious. As shown
in these figures, the line widths are enormous}y large and the leveis of continuum

at the vi61etward- and redward-side of each iine wing are different. The line

depth, R, is defined as,

 rk• After eur cernputational works have been completed, an approximate formula te coinpute
  the R(N, T) fer higher series member of Balmer, lines was published by Griem (35), and
  it could net be used here.
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                             R=---,,i,r.ifg.g//9,.i... (27)

      '
As F(cont) varies within a iine, we must regard the denominator in the above
express!on as a function of 2. Tentatively F(cont) is defined as fo}iows ; for a

line, we draw a straight line which contacts wieh the wings at both sides of iine

center, and assume that this straighr line is the continuum ievel. Thus F(cont)

at 2, is gyapliically interpolated, and then R is computed at each l.

   The equivaleRt width of a line is computed as

                             W-= S:" RdA. ' (28)

Interpolating again graphically the values of R for ll7 and for H6, we compute

numerically W("y) and W(Els). Tabie 6 contains W(llv) and W(El6) for our
models. Also, the ratio, VV(H6)/W(IIv), !s given. The average value of this

ratio for the real DA type of white dwarfs is O.75. We see that tke coincidence

between ob$ervation and computation is fairly weil.

                 Table 6. The equivalent widths of Balmer lines.

Model I Te OK E log g

                        i     181 10,700 l 8.0                        l     19Z l 10,700 l 9.0
     158 ' 15,OOO i 8.0                        ]     ;gl i ;glsgg l gig

            !i     291 i 20,eOO l 9.0

   As noted in the previous section,

co}or indices. Here we sha!1 correct

effect of line absorption. We use

Fx(O) is read from Figs. 2•1 and

the absorption lines is also taken '

some knowledge abogt the effect of
dwarf spectra.

   The color indices obtained above

also U-color to some extent, are
somewhat different from those in

color indices are more reliable than

take this series of color indices to

dwarS through color measurement,

l  L thi(Hy)

I

18.3

15.8

16.6

21.6

 9.1

12.8

W(IIs) I w(ils)/w(Hy)

14.4

13.5

13.4

15.5

7.8

8.8

O.79

O.86

O.8i

O.72

e.85

O.69

     the iine absorption has some effect on the

    the previotts ceior estimation inciuding the

   also the formulae (18)ry(21) in this case.

  2•2. Furthermore, the energy subtracted by

   mto account. In such a manner, we obtain
     iiRe crowding in the blue region of white

     are shown in Table 7. SiRce B-color, and

   suppressed, the new!y computed Colors are
Table 5. We may consider that these corrected

   the previous uncorrected values. Then we
   predict the effective temperature of a white
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Table 7. The color indices of model atmospheres.
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Model f Cl,-B

181
19. 1

l58

159

281

291

-O.67

-e.se

-O.87

-O.90

-1.12
-Z.13

B-V U-Y

I

+O.06
a- o.og

-O.10

-e,o4

-O.16

-O.14

I
l -O.61

-O,.71
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 ,                       Fig. 3. Cl-V versus e, relation.

   In Flg. 3, we piotted the U-V co}or indices against ee and compared with

Greenstein's results (11). Greenstein's computation is done in a rather appro-

ximative fashion. He took only one representative value of emergent flux in

computing the colors, instead of integration, Eq. (18), in our case. He assumed

that thq hydrogen atom is the enly source of continuous absorption. This as-

sumption may be permitted for the star with srr}ail Balmer jump, but this is a

crude assumption for the lower temperature stars. In his second approximation,

he corrected colors somewhat arbitrarily. In Fig. 3, the dotted line represents

Greenstein's second approximation, and the fuli line corresponds to the color for

the stars without Balmer jump. Our results fall between these two curves. As

Greenstein noted, his color-temperature relation predicts too high temperature for

the DA type stars. We prefer a relation between U- Vand ee which gives lower

temperature than that given by Greenstein.

   There is a little difference in U-V color beSween different logg-valued

model with high temperature, From a cornpari$on of computed B}amer linq
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profile wlth observation, we rather prefer model 181 than modei 191 (see later

iines), and we take a set of points with logg==8, in Fig. 3, for the representatives

of white dwarfs. Interpo!ating these points (broken line), we have a U-V-vee
reiation.

   Next, we shall compare the computed Baimer line profiles with the observed

ones.

   With U-V--0e relation, we can tentatively assign an effective temperature

to a white dwarf. We shall pick up some white dwarfs whose effective tempera-

tures are simiiar to one of our models. The computed models are divided into

3 groups with respect to their effective temperature. U-V color of HZ 43 is
similar to the mode!s of the first group, e.==O.25. 4 stars, He 3, HZ 2, W 1346

and 700 5824, correspond to the second group with e.==O.34. 40 Eri B and 730

8021 may be compared with the models of 0."O.47. In the foi}owing, some
remarks on individuai rnodels are given. The observed profiles are reproduced

from Greenstein's artic}e (13).

   The wing part of llv !ine of HZ 43 is predicted by model 291, (see Fig. 4•1).

However, HZ 43 kas shallow inner wing. For H6, the observed profiles are too

shaliow. This star is the bluest object among the DA type. If this star is
hydrogen rick, the effective temperature shouid be higher than ee=O,25.

   In Figs. 4•2"v4•5, we give comp'arisons of modeis 158 and 159 with 4 stars.

For HZ 2, tke observed profiles agree well with the computed with mode! 159.

He 3 and W 1346 kave somewhat depressed wing than the computed oRe. The
central intensities of these two s-tars are smal}er tkan that of HZ2 aRd the

agreement with models is not good. For 700 5824, we cannot predict its line

profiles at ail. The Balmer absorption in 700 5824 is larger than the computed.

Although the color indices of these four stars aye similar, the equiva!ent widths

of Hv are widely dfferent. W(Hy) for 700 5824, the largest among these four

stars, is 35.4, while 22.7 for HZ 2. Here we might have to consider the effect

of different chemicai abundance among these DA type stars. Because if we
change our Iogg to predict correct equivaleRt widehs we have diffeyent color

indices. As the predicted W(Hy) is on!y 21.6 for medel 159, and this vaiue is

smaller than any of the observed ones, there may be a defect ln the structure

of the model.

   A simi!ar situation is fognd for the case of models 181 and 191. As seen in

Figs. 4•6 and 4•7 in whick we compare rnodels 181 and 191 with 40 Eri B and
730 8031, respectively, the computed profi}es are entire!y more shallow than tke

observed ones. W(H7) is 31.7 for 40 Eri B and, 37.3 for 730 8031, while 18.3 for

model 181, enly a ha!f of the observed value.
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where the Ba!mer lines ongmate, is an outer-

most upper layer of the atmosphere, and if

we take lower T at smali r, we have deeper
absorption lines.

   The ratio of the surface tempe!'ature Te

to the effective temperature Te is definiSeiy

known for the gray atmospkere and is equal

to (i/3/4)ii4. For the case' of non-gray
atmosphere, the exact relation between To

and Te is not known. However, it is con-
cluded that To/T. for non-gray case is less

than(i/stI4)ii4 (28). For our models, we used

the gray temperature law, and there is no firm

good qpproximation for tke non-gray case. In

                              -LO -O.5 O.O
                                    U- V
                        Fig. 5. va(Hy) versus U-V.
                   • Observed. o Model (logg as parameter).

   In Fig. 5, we show the relation between W(Hy) and the U-V colors for our
models and for the observed white dwarfs. As we see, the modeis predict
smalier W(H7) and the discrepancy is larger in coo!er stars. We assume that

the observed profiles may be interpreted with models in normal abundance, and
we exarnine some possibilities to reduce this discrepaRcy. First, we may have

some iHusions that if the surface gravity is higher, the agreement should be
improved. However, so far as the iow Te models are concerned, this would not

be the case. Because, as seen in Table 6, the higher the surface gravity, the

larger the continuous opacity, and then the line absorption wil! not necessarily

increase with tke surface gravity. The next simple interpretation is to push

down the surface temperature of the models. As shown in Table 8, the layer

                      --- Table 8. rtj-eff, the

 corresponding to
mean

Ci- 4.446-F

optical
=O.6.

depth

Te OK

10,700
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   O.70

   O.24
   O.24

   O.43

    be a
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perature law is notagoodapproximation at all. The surface temperature of the

non-gray atmospkere is }ower than tkat of the gyay atmosphere with the same

effective temperature. Hence it is rather natural that the temperature in the

outer !ayer of our rnpdels is higher than temperature for real atmospheres.

Therefore the absorption lines with pure absorption mechanism, computed with

such a higher surface temperature, rnay become more shal!ow than it should be.

We shal! examine a coyrection to the temperature law of our models in the

next sectlon.

4. The revised models

   The model atmospkere should be computed to obtain some knowledge about
the structure of the real steller atmosphere. If one wishes to get a model which

provides us with a satisfactory explanation of the continuous energy distribution

in the steilar spectra, we have to compute a model atmosphere only va!id in

the layer fyom which the continuous fiux emerges. On the otker hand, if we

want a model having a reasonabie agreement with the observed ones in regard

to the !ine spectra, which originate from the outer part of the atmosphere, it is

necessary to have a model va!id througkout tke atmospheric layers where we

can observe optically.

   Our model atmospheres of white dvtrarf stars fail to predict satisfactorily the

profile of Balmer lines. This is due to the applied gray temperature law. Tlte

discrepancy between computation and observation in Hy profi}e is largest for

model with Te==10,700OK. Here we sha!i examine mode!s 181 and 191 in detail,

and apply some corrections to tkese models.

   We originally intend to obtain a model atmosphere in mechanica! and radiative

equilibrium. We got a model atmosphere integrating the differential equation

which expresses mechanical equiiibrium, with the use of temperature law in

question. Hence the most simple method to test the mode! atmospheres is to
check the constancy of the integrated net flux F(T) throughogt the optical depth

T. F(r) cann be easily computed by the following formu!a (cf. Eq. (14)):

                  F(T) -: S,"e F,(T) dy == S:e.,(r){B,(t,)}dv. (2g)

   F(T) for the rnode}s 181 and 191 are shown in Fig. 6. As expected, the
deviation dF(T) from the mean value of fiux, F- , is !arge in the outermost iayers.

This feature is common for model cornputed with the Rosseland mean opacity.

As noted at the end of the previous section, in the outer layer of the atmos-

phere, the surface temperature of the gray atmosphere is too high. Furthermore,

so far as the fiux mean is concemed, the Rosseland rnean is correct only in deep .
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layer (cf. Pnsdld (22)), and hence the connection between non-gray and gray atmos-

phere which is kept by the mean opacity, becomes unreliab!e in the outer layer.

   Here we will try to coyrect the temperature distribgtion in our model to
obtain a better rnodei in the outer iayer of the atmosphere.

   The methods to obtain a model atmosphere with constant net fiux are divided

roughly into two types; one is a rather ana}ytica! type, while the other is a

numericai one. The former rnetkod is based on the iterational procedure using

the fact that in radiative equilibrium the mean value of mean intensity weighted

by tke absorption coeMcient is equai to that of source function and the so-cal!ed

"K-integral" in radiative transfer problem holds. Tke mathematical expressions

                   l"(r}. 10' ]]

                                   iVlodel l.81
                     2,5

2,O

    o
F(T}, 10-11

2,5

1,O .m.> 2.0

  Model 191

3.e

                     2,O                               ft                       o ls) .-- 2,e .3.e
                  Fig. 6. F(T) for the models with T,==10,7000K.

equivalent to tkese statements are used as the fundamental equations in the
iterative process. Such methods, named as "A-Iteration" or "Strom-lteration", have

been appiied by Pecker (36) and by Hunger (37).

   Although mathematical}y eiegant, these essentialiy include integrations and/

or differentiations, which sbould be completed by several numerical procedure.

Hence there arises inevitable ambiguities in numerical values, such as originated

from the rounding errors.

   The second method, which aims to treat the problem in fuiiy numericai
manner, was proposed originally by Kourganoff (21). The problem to obtain a
non-gray temperature distribution is in itseif reduced to an integral equation.

One approximates tke solution of this integral equation by a finite series of
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functions, and obtains equations for the coefucient of this series to iminimize

the erroys in thls approximation.

   On similar 1ine$, there is a more simple method (cf. Swihart (38)). As we

have a mode! in the first approximation, and have the deviation of net fiux
dF(r) from a definite value, F, tkat is the tota} fiux, either corresponding to the

initially assumed effective temperature or defined as SI{dF(T)}2dr/S[dr becomes

rninimum, so as to ,get rapid convergence. Then we can seek a correction dB
in the source function, to reduce this tiF to zero. More strictly, we approximate

tiF by a linear combination of some functions, whose di-transformations are

known, as:

                        dF(T)- :i.] Aie.{f, (t)}, (30)

and the correction dB in B is calculated by

                          AB(r) -=XAifi(T). (31)
                                  i

   As is easily seen, the choice of the function fi(T) has serious effects on the

fina! resu!ts. Since this method is entirely based on the cemputed F(T), i.e., the

net flux of continuous radiation, we should always remember that the correction

dB obtained is referred to the centinuous radiation, and here we have nothing

to do in the outer layers to include tke effect due to the line absorptions.

Furthermore, tke (P-transformation, the weighted integral of source function over

whole r-space, is usually evaluated by 2- or 3-point Gauss' numericai integration

and any correction in the source function at the outermost layer has no effect

in this integration. Numericaliy, this method does not give suMcient corrections

in the outermosÅí layers of model atmosphere.

   Here we will correct the mociel 191 to get a mode! with constant net fiux.

As is seen in Fig. 6, F<r) of model 181 is entirely similar to that of model 191,

hence it is sufucient to correct on!y the latter modei, and tke results obtained

rnay a}so be applied to the former. The function dF, shown in Fig. 6, is appro-

ximated with the use of tlte Eq. (30), where we take foilowing fouy functions
as fi(T)'s,

                     1,r,exp[--l-r], aRd E,(T). (32)

The factor 1/2 in the exponentia! function is so chosen that the na-transform of

this function may have similar behav!our to the dl7(T) shown in Fig. 6.

   If we have dB(r), we can easily obtain the correction dT(T) in the tempera-

ture distribution law. Tke revised temperature, T2(r), is then given by

                                                s

+
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                          CT2(T) -- Ti(T)+dT(r). (33)
   T2(r) for this model is compared with Ti(T) in Fig. 7. As expected, the

surface temperature is much reduced. This means that the net flux F(T) com-

puted with the first approximation g!ves higher va!ue in the surface region, that

is, the outward fiux in these layers is greater compared with this inward fiux.

   With this revised temperature distribution, we follow the same procedure as

described in bR2. Tke same revised temperature law is applied to tke model

                Table 9•1. The revised mode} atmosphere.
                         Model 192; T,==le,7000K, logg==9.0.
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with smaller surface gravity. In Table 9, the strgcture of these mode!s are given.

   We also computed the net fiux F(r) (Fig. 8). We find that the constancy of

F(r) is remarkably irnproved. However, as rnentioned above, the surface temper-

ature could not be determined exactly with this method. Any temperature law

at smali optical depth may predict similar constancy of F(r). Hence, to define

the terpperature in outermost layers, we must use the features of absorption
iines.

Tabie 9•2. The revised
Model 182;

model atmosphere.
T,wlO,7000eK, logg== 8.0
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   The emergent flux Fv(O) for ogr revisedi mode!s is given in Table 10, and

shown in Fig. 9. The contours of Balmer lines are computed quite in the sarne

way as in the initiai models. The color indices are found that they slightiy
                                                    '
                Table 10. The emergent fiux of the revised model.
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differ from the iBitial models (see Table 10). However, the diffeyence is not so

large that the temperature scale should be changed.
   In Figs. 10•1 and''10•2, vve compare the profiles of Balmer lines of model

182 with observed oRes. We see that the agfeement is greatiy improved for this

model. We may certaiRly conclude that 40 Bri B and 73a 8031 have effective

temperature around 10` eK. Comparing tkeix U- Y color, -O.67 for 40 Bri B and

-O.65 for 73e 8031, with -O.56 for mode} 182, we have a siighely }aigher effective

temperature •than Te ?:10"OK, for the$e stars.

   The U-V color for W 485 is -O.56. We.-give a compaerison of model 182
with this star in Fig. 10•3. This star ls also weil represented by model 182.

   ffere we kave discussed only model 182. The line, profiles of model 192 are

slightly shallower than those ef model 182. Hence, the observed profiles are
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5. Conclusien
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    We constructed a series of model atmospheres with gray temperature distri-

bution law. We obtained a reiationship between color indices and effective tem-

perature based on hydrogen rich rnodel atmosphere. With this relation, the

effective temperature of the DA type white dwarfs are calibrated (see Fig. 3).

If we consider the distribution of DA type star agai'nst the U-V co!or indices,

we see that majority of DA type stars has effective temperature around 10`OK

or lower. Tken it is necessary to extend tke series of rnodels to the lower

effective tempeyature to establish temperature-color re!ation for wider range of

DA type stars.

    We computed Balmer line profiles and compared them with observation. It

is found that tke mede!s with gray temperature !aw are unsatisfactory for this

purpose. The corr}puted equivaient widtks of the Balmer line are smalier than

the observed ones and this discrepancy is pyonounced in iower temperature
models. We sought the reason of this discrepancy in the incorrect temperature

distribution in outer layer of our model atmosphere. Correcting the temperature

law in euter layer of mode!s we got revised model atmospheres in which the
net fiux of radiation is sensib!y constant. With these co}'rected models we could

predict the deep hydrogen absorption lines in lower temperature white dwarfs.

    However, we cannot put mgch reliance on this success of our method. The

correction appiied to the models is to reduce the deviation dF in total fiux from

the constant net flux F. Here, the net fiux F(T) is considered as the total fiux

composed of the continuum and excluding the existance of line absorption. The

work is fuily numerical, and tke (P-integration is done with the Gauss numerical

quadrature. As far as the division points and weights based on this rnethod are

used, souyce function at the opticai (lepthTSO.1 has little infiuence on the

resuitant F(T). IE[ence any temperature distribution in T;SO.1 yields an identical

value F(T). The correction, applied to temperature law in bg4, is trustworthy in

deep layer, such as r)O.1 Furtkernaore, there is another question concerning

the function fi(r) in the expansion of source fgnction (cf. Eq. (30)). This choice

is fully arbitrary, aRd there are no a priori criteria on this point.

    The spectra of DA type wh!te dwarfs show tke large Balmer absorption lines

suggest that the radiation fieid at the outermost layer rnust be affected consider-

ably by these iine absorptions. Such blanketing effect will reduce the surface

temperature. In tkis paper we did not take tkis effect into account. Never-
theiess, we cou}d predict correctly the Balmer line profiles. As the temperature

at the outermost layer cannot be specified by the correction, the derived tem-

perature in bR 4 might fortunate}y represent temperature-drop at the surface, which

wou!d occur, if the line blanketing were considered. In this sense, the choice
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of base function would have an important ro!e.

   For the purpose of comparing theoreticai mode!s with observations, we used

only the color indices and Balmer line profiles. To study the DA type white

dwarfs, it is the very handicap that these stars do not show any line spectra

other than Balraer lines. Hence we cannot take other criteria than those in

this paper to check'the model atmosphere. As for the rnodel atmosphere there

are some degrees of freedom, that is, chemical composition, effective temperature

and surface gravity. Fgrther, we do not know the precise ternperature distri-

bution in non-gray atmosphere. Hence, for the purpose to explain the atmosphere

of white dwarf stars, we have nothing to say with a few models. We rr}ay
treat problem in statistical manner. We should construct more series of models

for white dwarfs with various parameters such as difference in chemical com- '

position, and examine whetker the consistent series of models can be obtained

which predict well observed color and Balmer line profiles. In regard to these

points, it is interesting to deai with the low temperature mode!s wkere the ratio

of hydrogen to heavy e!ernent has great importance as the electron source which

influences the opacity of the atmosphere.
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