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PREFACE

This dissertation is concerned with performing a detailed fine at-.
mospheric analysis of the atmosphere of the star Theta Ursae Majoris
using a detailed computer program which computes a pressure opacity-flux
model for a given temperature distribution. A grid of sixteen model at~
mospheres with scaled saolar-type distribution was computed for a range

of effective ‘temperatures (6200 °k <T < 6650 oK), surface gravities

eff
(3.8 < log g < 4.4), and the solar abundance (log of the summation of"
the number of hydrogen atoms divided by the number of metal atoms = 3,23,
and the number of helium atoms divided by the number of hydrogen atoms =
0.1250). '

Theoretical UBV colors, corrected for line blanketing, were com-
puted for each model ‘and compared to observed valiues in order to deter-
mine if a model can be selected as representing the star Theta Ursae
Majoris;

Hydrogen. line:profiles, Ho, HR, HY, and HS, for each of the models
were computed and compared to the observed profiles. The hydrogen line
profiles will also be. used .to select a model atmosphere for the star.

In addition, the model dictated by the UBV colors will be compared with
the model dictated by the hydrogen line profiles in order to determine
if the selected models are the same or if the UBV colors selects a model
having a higher or lower temperature than the model predicted by the
hydregen.line profiles.
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CHAPTER I
INTRODUCTION
Statement of the Problem

The purpose of this study is to perform a fine atmospheric analysis
of the star 6 Ursae Majoris employing a detailed model atmosphere com-
putation. A digital computer program which computes a pressure-opacity-
flux model for a given temperature distribution and solar abundance was
modified and adapted to our investigation. A grid of sixteen model
stellar atmospheres with scaled solar~type. temperature distributions and
with four different values of effective temperatures and surface gravi-
ties was computed.

The blanketing and blanketing-free effects for the theoretical UBV
colors were ceomputed for each model in order to determine the effect. and
need for considering line blanketing in calculation of the theoretical
colors. The line blanketing effect was computed by multiplying the
theoretically computed flux by the absorption factors. The computed
values of the UBV colors will bevcompared to the ohserved values in.
order to determine which model of the stellar atmosphere will be selected
as the model best describing the star.

The hydrogen line profiles for each model will be computed and com-
pared with Balmer line profiles from tracings made at the Dominion Astro-
physical Observatory. The hydrogen line profiles will be used to deter-

mine or select a mpdel atmosphere that agrees best with obsérved values



of the star. The model dictated by the hydrogen line préofiles will be
compared to those dictated by the UBV colors in order to determine if a

single model can be selected as representative for 8 Ursae Majoris.



CHAPTER I
THE MODEL ATMOSPHERE
Stellar Atmospheres

The atmosphere of a star may be defined as those layers from which
a photon, emitted in the outward direction, has a high probability of
escaping before it can be absorbed, or, the atmosphere may be defined as
those layers of a star directly accessible to observation, in the sense
that a detectable amount of radiation which 1s characteristic of those
layers reaches the observer without being absorbed or scattered.

Stellar atmospheres range from 500 to 1,000 km in thickness. and the
mass of the stellar atmosphere is negligible compared to the mass of the
star. Since the radiation we receive from the star was emitted some-
where in the atmosphere of the star, the character of the radiation is

determined by the physical conditions in the atmosphere.
Model Stellar Atmospheres

The mpdel atmosphere is the variation of the physical variables--
temperature, pressure, electron pressure, density, opacity, and energy
flux-~as functigns of a suitably defined depth variable.

The development of the model atmosphere concept originated in an
attempt to explain the details of the emergent intensity from the solar
surface and the emergent flux from stars. Certain basic assumptions

concering the geometry, equilibrium, and conservation equations, which



arevconsistent with observational evidence, were made in order to re-
duce the complexity of the model atmosphere.

vThevspectral distribution of stellar radiation is usually approach-
ed on a theoretical basis using the model stellar atmosphere concept.
The general problem of representing a real stellar atmosphere by a model
is neither mathematically or physically feasible; therefore, several as-
sumptions'are made which 1imit the reality of the model. The theoreti-
cal models enable one to calculate properties of the stellar atmosphere,
but certain variablg‘parameters must be given before it is possible to
construct a model. Once the parameters are specified, the model is used
to compute quantities which can bhe compared with actual stellar observa-
tions.

The complexity of the model increases with the number and types of
parameters used in the model. Simplifications are introduced in our
stellar model, but this forces our model to depart from the real model
which is being investigated. This approach is a wvalid theoretical tool
for determining stellar properties and processes because the results of
the model atmosphere methods are in good agreement with many observed
spectral properties and processes, In order to reduce the complexity of.

the problem, seven assumptions are made in this study.
Assumptions for the Model Atmosphere

A preliminary fine atmospheric analysis of the star 86 Ursae Majoris*

was made using a detailed atmospheric computation. The assumptions made

.
Listed by Johnson and Morgan as a subgiant (spectral type F6, Lu-

minosity clﬁss IV). Visual magni?ude'is 3.3 and its coordinates are

0 (1900) = 9726™, §(1900) = + 52°8' (Keenan and Morgan 1951).



in this investigation are: (i) The star is assumed to be spherically
symmetric, nonwrotating, and with the linear extent of the atmosphere.
small compared to the radius. (ii) The atmosphere is assumed to be
stratified in homogeneous steady-state, plane parallel layers. (iii)
The outer boundary is defined by the condition that no significant quan-
tity of radiation flows into the star across the boundary. (iv) The
atmosphere is assumed to contain no significant sources or sinks of
energy. (v) The atmosphere is assumed to be in a state of hydrostatic
equilibrium under the action of a uniform gravitational field with no
radiation, magnetic, or mechanical forces. (vi) The gases are assumed
to be in local thermodynamic equilibrium, and (vii) the formation of the.
line and the continuous spectrum may be treated separately.

The seven assumptions stated will impose certain restrictions on
different parameters used in the model. A clarification of some of the
assumptions will be stated. Assumption.(ii) requires that each layer
is defined by a single variable, for instance the geometrical depth, t.
Assumption (iv) assumes no significant sources or sinks of energy.
Radiative equilibrium is not assumed in this investigation. If we im-
pose the condition of strict radiative equilibrium, we would have been
using the classical restricted problem of Milne (Kourganoff 1952), As-
sumption (v) states that the total pressure at each layer is just the
gas pressure. Assumptions (vi) and (vii) concern the nature of the in-
teraction of the gas and radiation fields. Assumption (vi) is equiva-
lent to saying that for each layer the source function for the radiation
field is just the Planck function of the local electron temperature.
Scattering is neglected and pure absorption is considered as the only

mechanism for the formation of the radiation field. Within .the region



that is responsible for the observed spectrum, it is a reasonable, as-
sumption (Bohm 1960; Aller 1963a).

The assumption that the atmosphere is non-magnetic may seem incon-
sistent. The mégnetic_forces are not. totally neglected because an ef-
fective surface gravity was used rather than the dynamical gravity. The
magnetic forces produce a magnetic pressure which acts to distend the
atmosphere in opposition to the dynamical surface gravity.

The state of the atmosphere is assumed to be one of local thermo-
dynamic equilibrium. At each layer the gas molecules obey Maxwell-
Boltzmann statistics so that the ionization and excitation equilibria
are determined by the Saha and Boltzmann equations respectively, for the
electron kinetic temperature. In local thermodynamic equilibrium the
source function, the ratio of the emission coefficient to the absorption
coefficient, is the Planck. function. Scattering is neglected and pure
absorption is assumed to be the only mechanism for the formation of the

radiation field.
Temperature Distribution

The temperature is one of the thermodynamic variables that specify
the model atmosphere. In thermodynamic equilibrium, the temperature
distribution is determined by the energy incident at the bottom of the
atmosphere. from the deep interior, the mechanism for energy transport,
and the sources of continuous absorption. The assumptions that-the net
flux must be constant at each layer in the atmosphere, the transport
mechanisms being either strictly radiative or combined radiative and
convective, and the source of continuous opacity, are sufficient to de-

termine the temperature with depth in the atmosphere,



The use of limb-darkening observations together with the energy
distribution at the center of the solar disk may be used to determine an
empirical temperature distribution for -1.0 < i £ 0.3, The depth, x, is
equal to the logarithm of the optical depth, T, The subscript "o" de-
notes the value of the optical depth at A = 5,000 Angstroms. A compari-
son of such é temperature distribution with theoretical results indi-
cates a discrepancy. This discrepancy may be related to the blanketing
by absorption lines and temperature inhomogenities due to turbulent and
convective velocity fields.

An empirical solar temperature distribution by Elste (1955) was

used in this study. The scaling of Elste's solar temperature distribu-
tion is accomplished in the following manner. Multiply the empirical
solar temperatuare at each optical depth, log Ty by the ratio of the
desired stellar to solar effective temperatures. The solar effec£ive
temperature, Teff’ was taken to be 57800K (Aller 1963a). The solar tem~
perature is given at twenty-seven points between the limits of.
-4,0 £ x £+ 1.2, Table I states the relationships bet@een the solar
effective temperature and the scale factors for & Ursae Majoris using
Elste's Model 10. The temperature distributions are given in terms of
8 where 6 is 5040 divided by the temperature in degrees Kelvin.

The stellar effective temperature is not a true effective tempera-
ture because the total integrated flux is not obtained by using this
temperature in the Stefan-Boltzmann law. The temperature is .an approxi-

mation and it will be referred to as the model temperature,
The Pressure-Opacity-Flux Model

The model atmosphere is the variation of the physical variables



TABLE I

SCALED SOLAR TYPE-MODEL FOR 6 URSAE MAJORIS

Spectral " Elste
Type Model F4 F5 F6 F8
10
T(eff) 5780 6650 6500 6350 6200
°k
Scale 1.0000 0.8692 0,8892 0.9102 0.9323
Factor
Log T 8 (= 5040/T)
-4,0 1.1431 0.9936 © 1.0164 1.0404 1.0657 -
-3.8 1.1425 0.,9931 1.0159 1.0399 1.0652
-3.6 1.1414 0.9921 1.0149 1.0389 1.0641
=3.4 1.1398 0.9907 1.0135 1.0374 1.0626
-3,2 1.1379 0.9891 1.0118 1.0357 1.0609
-3.0 1.1350 0.9865 1.0092 1.0331 1.0582
-2.8 1.1310 0.9831 1.0057 1.0294 1.0544
~-2.6 1.1250 0.9779 1.0004 1.0240 1,0488
=2.4 1.1180 ~0.9718 0.9941 1.0176 1.0423
-2.2 1.1070 0.9622 0.9843 1.0076 1,0321
-2.0 1.0930 0.9500 0.9719 0.9948 1.0190
-1.8 1.0760 0.9353 0.9568 0.9794 1.0032
-1.6 1.0560 0.9179 0.9390 0.9612 0.9845
-1l.4 1.0340 0.8988 0.9194 0.9411 0.9640
-1.2 1.0090 0.8770 0.8972 0.9184 0.9407
~-1.0 0.9820 0.8536 0.8732 0.8938 0,9155
-0.8 0.9520 0.8275 0.8465 0.8665 0.8875
-0.6 0.9180 0.7979 0.8163 0.8356 0.8559
-0.4 0.8790 0.7640 0.7816 9,8001 0.8195
-0.2 0.8340 0.7249 0.7416 0.7591 0.7775
0.0 0.7840 0.6815 0.6971 0.7136 0.7309
0.2 0.7300 0.6345 . 0.6491 0.6644 0.6806
0.4 0.6750 0.5867 0.6002 0.6144 0.6293
0.6 0.6330 0.5502 0.5629 0.5762 0.5901
0,8 0.6030 0.5241 0.5362 0.5489 0,5622
1.0 0.5840 0.5076 0.5193 0.5316 0.5445
1.2

0.5720 0.4972 0.5086 0.5206 0.5333




as functions of an appropriately defined depth variable. Elste (1955)
and Weidmann. (1955) discuss the value and convenience of using a loga-
rithmic optical depth scale rather than the actual physical depth because
of the relationship between the two. The logarithmic.optical depth scale
is approximately linearly proportional to the physical depth making it a
more desirable variabléuto use than the optical depth.

The logarithm of the continuum optical depth is related to the
physical depth scale t by the relation

Ko(t)

mo§€iui

x = log T, = log fo p(t) dt , (2-1)

where Ko(t) the continuous absorption coefficient.per hydrogen parti-
cle at 5000 Angstroms,

the mass in .grams of a unit atomic weight,

=
L]

= the atomic weight of species 1,

g, = ni/nH = the number abundance of element i relative to
hydrogen,

p(t) = the density of stellar material.

The reciprocal of m Ze is the number of hydrogen particles per

0f®1M1

gram of material.
The atmosphere was divided into twenty-seven layers extending from
~4.0 to 4+ 1,2 in the logarithm of the optical depth. The corresponding
geometrical depth at each layer of the atmosphere may be calculated by

inverting and solving Equation (2-1) and assigning a geometrical depth of

zero at an optical depth of 0.01
Ionization Equilibrium

We assumed the atmosphere to be one in local thermodynamic equilib-
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rium, This assumption implies that the gas particles obey the Maxwell-
Boltzmanpn statistics so that the Boltzmann and Saha equations are wvalid.
If we assume only neutral and singly ionized comstituents and neglect
helium ionization:and all molecules, the Saha equation and the perfect
gas law determine the contribution of various species to the total gas
pressure and the electron pressure. Programs have been .developed assum-
ing the ionization of helium, but the effect of the ionization of helium
is negligible over thé temperature range covered in this study.

The Saha equation for the ratio of single ions to neutral particles

of species 1 is given by (Aller 1963a)

Hj o
e

lolog(ul/uo) + (9;_08‘01'- 2.5 log 6 - log Pe) - xoe = =, (2-2)

1.

where ur(e) the partition function of the rth ionization stage,
8 = the reciprocal of the temperature. 6 = 5040/T°(K),
P = the electron pressure,

¥x_ = the ionization potential between the rth and (r + 1)st

ionization stages in electron volts,

n, = the number density of singly ionized particles of species
i,
n = the number density of neutral particles of species i,
<I>i/Pe = the Saha equation for the ratio of single ions to neutral

particles of species 1.
The degree of ionization--the ratio of the number density of ions to

atoms and ioms--is given by

= Xi . (2-3)
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If we neglect helium jionization, molecular dissociation, and negative
ions, and assume one ionization stage, the number density of free elec-
trons due to the ionization of a particular speciles is equal to the num-—
ber density of ions of that species. The ratio of all atoms, ioms, and
electrons to electrons is

Mo + %(@ol+ ny + ne)i
E(ne)i

> (2-4)

n
— I
n

e

where Ny = the hellum number density. Dividing the numerator and de-

nominator of Equation (2-4) by the number of hydrogen particles, in-

Ny,
troducing €45 and use the perfect gas law to convert to a ratio of pres-

sure, Equation (2-4) becomes

P Eei(l + Xi)
2 P Ze X1
Pe e{ 1

The reason for dividing both sides of Equation (2-5) by Pe is Pg/Pe2 is
less sensitive to Pe than to 6 (Weidemann 1955) which is important in

the actual computations,
Gas Pressure

The equation for hydrostatic equilibrium can be written in terms of
o
the continuous absorption coefficient at 5000 A, the effective surface:
gravity, and a conversion to a logarithm optical depth scale. This form

of the equation is

gm Xe. | T
dPg = ’°§ ii (Mog)dx, (2-6)
(o]

where g = the effective surface gravity,
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Mod = log10 e = 0.43429,

Multiplying Equation (2-6) by P% and integrating from the outer

boundary or the top of the atmosphere, where Pg = 0, to the depth x, an
expression for the gas pressure at the point x 1s obtained (Evans 1966).

In logarithmic form the equation is

log? = 210 (-?1 ) + 210 ¥ i '—P-T-g'—' dx"’ (2-7)
8 £ 3% T Med’ TI 8 V2 T TP ’
o

where Kk = mogZeiui.
The pressure model computation is an iteration on the electron pres

sure which can be obtained by the relation (Evans 1966)
' 2
= 1 - -
log P, o= % E;g Pg log Pg/Pe ‘. (2-8)

The density in each layer can be computed using ggé perfect gas law

written in logarithmic form by the relation

{ i) - log k - log (5040/8), (2-9)

log P = log Pg = log (mOZe H
where k = the Boltzmann constant.
The Sources of Continuous Absorption

The major assumptions involved in the calculations of the continu-
ous absorption coefficient are: (a) the neglect of all molecular absorp-

tion except H + (b) the neglect of all negative ion absorption except

9 3

H ; and (c) the use of a hydrogenic approximation for metal absorption.

The total absorption coefficient x, includes, in order of importance,

A
bound-free (bf) and free-free (ff) absorption due to H , H, H2+, and a

total absorption ceefficient for all metals (Evans 1966, Elste 1965).
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The mefal absorption coefficient was integrated over the fonization con-
tinuum. rather than summing to obtain a smooth curve. In addition, the
total absorption coefficient is multiplied by a correction term for
stimulated emission of radiation and this product has added to it a
scattering coefficient for Rayleigh scattering by neutral hydrogen and
Thompson scattering by free electrons. The total monochromatic absorp-
tion coefficient per hydrogen particle per unit electron pressure at any

depth in the atmosphere can be written in the form

- - -+
. Kx(Hbf,ff) . €3 Bpg) N <y (Heo)  x, (H)bE,EE)
‘ S

2 . 5 + T + (2-10)
e e e € 2
hc
KA(Metalsbf)Ef) (- e NIy, o(He)
5 P
e e

The Atomic Data

The adopted chemical composition used to compute the ionization
equilibrium and the continuous absorption is made up of hydrogen; helium
and a number of metals. The effect of several metals of similar ioni-
zation potential can be obtained by grouping them together in one abun-
dance and using the ionization potential of the most abundant of the
group. This has been done in Table II where the secondary elements are
shown in parentheses. The relative abundance by number 1is taken from
Goldberg, Miller and Aller (1960) for the sun. The abundance for helium
is estimated from other investigations. The necessary atomic¢ quantities
such as partition functions, atomic weights, ionization potentials, et

cetera, used in the calculations have been tabulated by Evans (1966).



TABLE II

ADOPTED ATMOSPHERIC ABUNDANCE FOR THE MODEL COMPUTATIONS

14

Element | log € Element log €
H(O,N) 1 0.004 K ~7.300
He ~0.824 Ca -6.120
c(s,P) -3,116 ' Cr(Ti,V) -6.910
Na -5.700 Fe (Co,Cu) -5.570
Mg -4.600 Ni(Mn) -6.090
si _ -4,500
Surface Flux
Aller (1963a)gives the solution to the equation of radiative trans-

fer for the surface flux. A transfer equation can be written for the

monochromatic radiant intensity from whose solution an integral equation

may be derived for the emergent flux (Kourganoff 1952):
FA(O) = 2 fb SA(TA)EZ(TA)dTA,

where the optical depth at the wavelength A is given by

" Kx(t) T,
TA(X) = /. E;?ES'(ﬂsa)dt,

where S, = the soufce function which is the Planck function,

A
E = the second exponential-integral function given by

tw

- —

E, = ft e w2 dw .
2 -0

The actual flux is given by wFA(O).

Computational Procedures

(2-11)

(2-12)

(2-13)

The computer program was developed by Elste and later modified by
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Evans (1969). The input parameters used in the computations are: (i)
effective surface gravity; (ii) the temperature distribution; (iii)
chemical composition; (iv) an initial estimate of the electron pressure.
Using the initial electron pressure, the value of Pg/Pe2 is calculated
from Equation (2-5). The temperature distribution and initfal electron
pressure are used in Equation (2-10) to determine KO/Pe where k, repre-
sents the continuous absorption coefficient at A 5000. The value of
KO/Pe, the chemical composition, the logarithm of the effective surface
gravity, and previously computed quantity Pg/Pe2 are used in Equation
(2-7) to calculate an initial estimate of the gas pressure Pg' Using
Equation (2-8), log Pg’ and Pg/Pe2 are used to compute a new estimate
for the electron pressure. This procedure is then repeated until it
converges to a consistent value for the electron pressure. In practice
the.convergence does not depend strongly on the initial elee¢tron pres-
sure since Pg/Pez and KO/Pe are stronger functions of temperature than
electron pressure. For the opacity model, the absorption coefficient
for wavelengths other than 5000 angstroms is computed from Equation
(2-10) and optical depth for these wavelengths is computed by integrating
Equation (2-12). The emitted flux is obtained from the same wavelengths
as the épacity model by integrating Equation (2-11). The opacity flux
model was computed for the interval AX2,000 - 21,000 with twenty-seven
values between 2,000 and 10,000 angstroms and one each for 15,000 and
21,000 angstroms.:

This method.of computation is desirable for the range of tempera-
tures encountered in the A5 to G5 stars because of the rapid convergence
and the relative insensitivity to the initial estimate of Pe'

The computational procedure will give a table of the variation of
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the thermodynamic parameters with the depth x and a table relating the
different optical depth scales as a functlon of x. 1In addition, this
information will be used as part of the data input forbthe,hydrogen.line

programs.
The  Computed Models

A grid of sixteen.stellar model atmospheres with scaled solar type
(Elste Model 10) temperature distributions was computed for a range of

effective temperatures (6200°K < Te < 6650°K), surface gravities (3.8

f£
< log g < 4.4) and the solar abundance. A representative model atmos-

phere is listed in Table III for which Te = 6500°K and log g = 4.2,

ff
"B", the helium to hydrogen number density ratio, was set at 0.1250.

This value is somewhat less than that indicated by Table II since we are
concerned with stars of earlier spectral type (and, therefore, presumably

younger) than the sun. From Table II a value of 3.2306 was assigned for

"A", where A = log nH/Zn metals.



- TABLE ITL

REPRESENTATIVE MODEL ATMOSPHERE

SOLAR TYPE MODEL (ELSTE MODEL 10) F5 'V

LOG G = 4.2000

NO. ITERATIONS = 5

TIEFF) = 6530.00 8 = 0.1250 A = 3,2306
L36 TAY THETA TEMP. LOG PE LOG PG LOG K/PE MEAN - LOG TURBULENCE
(5000} MODEL {K) {50000 - MOLe WT. =" DENS ITY {KM/SEC)
-4.00 1.0164 4959. -=0.9655 2. 8943 ~25.0394 1.3597 -8.5874 0.0
~3.80 1.0159 4961. =0.9217 29590 =25.0458 1.3597 ~8. 5230 0.0
-3.60 1.0149 4966. -0.8340 3.0884 -25.0573 1.3597 -B8.+3940 0.0
-3.40 1.0135 4973, -0.7437 3.2159 -25.0681 1.3597 =8.2671 0.0
-3.20 1.0118 49381. -0.6518 3.3414 -25.0783 1.3597 - ~Bel423 G.0
-3.00 1.0092 4994 . -0.5559 3.4647 -25.0891 1.3597 -8.0202 0.0
~2.80 1. 0057 5011. -0.45%68 3.5856 ~25.1006 1.3597 -7.9008 0.0
=260 1.0004 5038, -0.3514 3.7039 =25.1144 1.3597 ~T. 7848 0.0
~-2.40 0. 3941 5070. -0.2436 3.8198 ~2541294 1.3597 ~T7.67156 0.0
=220 0.9843 5120. ~0e1233 3.9329 ~25.1500 1.3597 -T.5628 0.0
~-2.00 0.9719 5186. 0.0062 4. 0425 =25.1747 1.3597 ~T.4587 0.0
-1.80 0.9568 5268. 0.1466 401482 -25.,2038 13597 -7.3598 0.0
~1.60 0. 9390 5367. 0.3001 42494 -25.2374 1.3597 -T.2668 0.0
=1.40 0.9194 5482. 0. 4645 403455 -25.2743 1.3597 -7.1798 0.0
-1.20 0.8972 5617, 06457 4 .4359 =25.3159 1.3596 -7.1000 0.0
-1.00 0.8732 5772. 0.8409 4+.5199 ~25.3611 1l.3596 -7.0278 0.0
-0.80 0.8465 5954. 1. 0564 4.5970 -25.4119 1.3595 ~6.9643 0.0
-C.60 0.3163 6174 1.2982 406661 =25.4700 1.3593 -6.9110 0.0
-0.40 0. 7816 6443. 1.5738 4.7263 -25.5373 1.3589 ~6.8698 0.0
-0.20 0.7416 6796. 1. 8892 4. 1766 -25.6145 1.3581 -6+8425 0.0
0.0 0.6971 7230, 2.2382 4. 8168 -25.6974 1.3563 -6.8298 0.0
0.20 G.6491 71765 . 2.6131 4.8476 ~25.77617 1. 3519 -6. 8314 0.0
0.40 0.6002 8397, 2. 9934 4.8101 -25.8342 1.3418 ~6.8462 0.0
0.6C 0.5629 8954. 3.2834 4.8870 -25. 8516 1.3260 -6.8623 0.0
0. 80 0.5362 9399. 3.4912 4.9017 ~25.8460 1.3070 ~6.8749 0.0
1.00 0.5193 9705. 3.6244 49167 -25.8352 1. 2905 ~be B794 0.0
1.20 0.5086 5910. 3.7088 -25.8253 1.27T7 -6.8833 0.0

%.9262

LT



CHAPTER III
THE THEORETICAL UBV COLORS
The UBV System

In modern work all magnitude and color standards are calibrated by
photoelectric photometry because of the greater accuracy achieved by
this method. Several color systems have been developed and used for
special cases, but different systems have advantages and disadvantages.
One of the most widely used color systemsis the UBV three-color photo-
metry system.

The-UBV system (U = ultraviolet, B = blue, and V = visual) develop-
ed by Johnson and Morgan (1953) is a three-color system which has proved
extremely useful for work on problems of stellar evolution and galactic
structure. It employs an RCA type 1P21 multiplier phototube with ap-
propriate filtefs. The Johnson-Morgan system has a number of important
advantages in. that it reduces difficulties caused by the Balmer jump in.
. the oldér magnitudes, includes stars of all luminosity and spectral
classés well distributed over the sky, and permits one. to assess the
effects and amount of space reddening.

Some of the values assigned to the UBV system are. (i) the approxi-
mate effective wavelengths of .U, B, and V are, respectively 3500, 4350,
and 5500 angstroms; (ii) the V magnitudes are very close to the old
visual magnitudes and may be regarded as essentially equivalent to them,

but the B magnitudés differ from the international photographic magni-

18
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tudes because they do not include the Balmer limit; (iii) the zero points
of the B and U magnitudes are fixed by the requirement that the U-B and
‘B—V color indices are both equal to zero for the mean of six bright

stars of spectral c}ass AO V.,

If appropriate sensitivity and optical transmissivity curves for
the UBV magnitude systems were known it would be possible to correctly
predict stellar colors from energy scans. Such a procedure has not
proven possible and the UBV system must be regarded as empirically de-
fined in terms of measurements made on certain standard stars. The
failure may be in the energy distribution, uncertainties in the basic
response curves of the photoelectric cell, filter, and telescope, Stel-
lar colors are often available when energy distributions are not and we
must use colors to obtain checks on stellar temperatures.

It must be emphasized that the UBV magnitudes of a star depend not
only on its intrinsic luminosity and surface temperature, but also on.
its chemical composition and the role of chemical composition must be
kept in mind particularly when dealing with stars of abnormal H/metal
ratios.

Some general principals that should be used in.designing any color
system are as follows. (i) The larger the number of colors, the narrow-
er will be the bandwidths, resulting in a smaller response per band.
(ii) The bands should be spaced as widely as possible in order to pre~
serve the ability of color index to indicate physical parameters, (iii)
Design a color system, if possible, to match a standard color system of

known magnitudes and colors for a large variety of stars.
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Matsushima~Hall Method

Maﬁsushima and Hall (1969) investigated the magnitude of the cor-
rection required by the new calibration for the transformation formula
used by Mihalas (1966) to normalize the theoretical colors to the
Johnson-Morgan UBV system. The transformation relation used by Mihalas
was derived by Matthews and Sandage (1963) on the basis of fhe‘energy
spectra of seven stars measured on the old photometric calibration.

Matsushima and Hall assumed the observed colors, B-V or U-B, to
have a lineér relation with the unnormalized theoretical colors, b-v 6r

u-b, such thaﬁn

BV = A(b-v) + B, ' (3-1)

where

: ) & ‘ o
b-v = 2.5 log fo FXSV(A)dA - 2,5 log fO‘FASb(A)dA, (3-2)

Fx_is'the flux per unit wavelength at wavelength A,

Sv and Sb

photometer systems,

represent the response function of the V and B filter-

A and B are constanté'to be determined by an empirical fit be-
tween the observed colors and the colers computed from Equation
(3-2). |
The S functions are tabulated by Matthews and Sandage. A numerical in-
tegration of Equation .(3-2) was.performed in order to examine possible
desgrepancies‘that'may exist. The most important fact determined from
the integration of Equation (3-2) was that an effective temperature was
obtained which was approximately ten to twenty per cent greater than the

values determined by Mihalas.



21

The Matsushima-Hall and Matthews-Sandage computations do not take
into aeccount the flux removed by absorption lines:. They expect that the
blocking of energy by hydrogen lines will be large, while metal lines
should be very weaﬁ in their spectra. They suggest a reasonable esti-
mate of the magnitude of the energy removed by hydrogen lines. may be
made by taking the difference between theoreétical éolors computed with
and without the lines from a model closely representing the star. The
correction for hydrogen lines gives a transformation similar to those
given by Matthews and Sandage. A method of least square fits of the
stars excluding those of luminosity classes other than the main sequence,

yields

U-B = 0.896 (u-b) - 1.288, - (3-3)

B-V = 0.982 (b-v) + 0.791. (3-4)

The validity of the transformations given by Equations (3-3) and (3-4)
may be limited because they do not include line blanketing effects and
the basic data include. only blue stars.

Equations (3-3) and (3-4) are similar to the equations derived by
Matthews and Sandage in both the color dependency and the constant term.
The difference in theoretical colors obtained from the two transforma-
tion relations différ by 0.01 to 0.02 magnitudes. This close agreement
is expected since neither method allpwed any correction for line block-
ing in the derivations of the equations. An error in the -estimation of
the hydrogen content couldAchange the U-B relation by a significant

amount, while the corresponding.change for B-V may be negligible.
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Matthews and Sandage Method

It is possible, and many times desirable, to compute the UBV colors
of radiant sources with given.energy distribution. The computétion can
be performed once the transmission functiOné,S(A), of the U,B,V system
are known. Melbourne (1960) showed that the S(A) functions tabulated by
Johnson will not predict exactly the U-B and B-V colors for real stars
of known energy distribution unless a systematic zero-point correction
of ~-0.13 1is applied to the computed natural b-v magnitude and +0.17 is
added to the computed u-b magnitude before applying Johnson's (1953)
empirically determined tranéformation equation. These corrections assume
that there is no color equation between the theoretical colors based on.
S(A) and the U-B and B-V values adapted for standard stars in the sky.

Matthews and Sandage (1963) confirm Melbourne's zero point proce-
dure for B-V colors. They derive equations that can be used to convert
theoretical calculations based onitﬁe adopted S(\) to the empirical
U,B,V system. Predicted U-B and B-V colors for any arbitrary flux dis-
tribution function F(A) can .be obtained also. The transmission functions
used by Matthews and Sandage were taken from Melbourne's thesis. Table
IV lists the transmission functions from Melbourne's thesis and these
transmission functions are used in this study to compute the U-B and B-V
colors. A complete derivation and explanation of the equations are
given by Matthews and Sandage (1963).

The procedure used by Matthews and Sandage for computing the U-B
and B-V colors for any arbitrary energy distribution F()A) was done in the.
following manner. (i) Use the S(A) functions of Table IV and Equations-

(3-5) and (3-6) to compute the colors u~b and b-v.



ADOPTED TRANSMISSION FUNCTIONS AFTER MELEOURNE AND CODE

TABLE 1V
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5(0)
u b v
T e et ettt e e St Attt At et e e o oy
0.025
0.250
0.680
1.137
1.650
2.006 0.000
2,250 0.006
2.337 0.080
1.925 0.337
0.650 1.425
- 0.197 2,253 |
0.070 2.806
0.000: 2,950
3.000
2.937
2.780
2.520
2.230
1.881 0.020
1.550 0.175
1.275 0.900
0.975 1.880
0.695 2.512
0.430 2.850
0.210 2.820
0.055 2,625
0.000 2.370
2.050
1.720
1,413
1.068
0.795
0.567
0.387
0.250
0.160
0.110
0.081
0.061
0.045
0.028
0.017

0,007
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108, (MFMG,

u-b = 2.5 log : . . (3-5)
108, (MFQL,
I7s, (MFM),

b-v = 2.5 log — : (3-6)
178 (OFOI,

(11) Use Equations (3-~7) and (3-8) to compute the U-B and B-V colors.

U-B = 0.921 (u-b) - 1.308. (3-7)

Theoretical Colors Without Line Blanketing

The model atmosphere program was designed to compute the flux dis-
tribution function, F(A), for twenty-two different wavelengths between
22000 and A746Q0., Four different values of log g and four different
values of effective temperature, indicative of four different spectral
types, were considered, resulting in a grid of sixteen model atmospheres.
In order to use the adopted transmission functions, S(A), given by
Matthews and Sandage (1963), the values of F(A) must be known at each
one hundred angstroms over the interval under investigation. F(L) was
plotted as a function of wavelength using the values computed from the
atmosphere program and a smooth curve was drawn through the plotted
points in order that the values of F(A) might be read at the desired
intervals. Table V gives the values of F(\) x 10—5 and log F(A) x :LO_8
rather than the values obtained from the computer program. Figure 1
illustrates the variation of the computed flux for a solar-type star

over the interval AA3000-7200.

The transmission functions were then multiplied by the appropriate



TABLE V

THEORETICAL FLUX DISTRIBUTIONS

Spectral Tets log g A FQA) x 107> ‘log F()\) _8

Type oK

F4 V 6650 3.8 2000,00 00.72 4.8569
2500.00 26.92 6.4300
3000.00 - 43,65 6.6402
3200.00 44,88 6.6521
3400.00 45.61 6.6591
3645.00 45,50 6.6580
3650.00 76.10 6.8814
3889.05 76.35 6.8828
4000.00 74,75 6.8736
410474 74.56 6.8725
4200.00 73.25 6.8648
4340.47 70.37 6.8474
4600,00 65,65 6.8172
4861.33 60.58 6.7823
5150.00 56.48 6.7519
5383.37 53,16 6.7256
5560.00 50.41 6.7025
5895.92 - 45,90 6.6618
6050.00 43,78 6.6413
6562.82 37.79 6.5774
7000.00 33.21 6.5213
7460.00 29.14 6.4645

F4 V 6650 4.0 2000.00 00.73 4.8606
2500.00 28,19 6.4501
3000.00 45.67 6.6596
3200.00 46.75 6.6698
3400,00 47.38 6.6756
3645,00 47,10 6.6730
3650.00 75.91 6.6730
3889.05 76.21 6.8820
4000.00 74.61 6.8728
4101.47 74.46 6.8719
4200.00 73.17 6.8643
4340.,47 70,31 6.8470
4600.00 65.60 6.8169
4861.33 60.56 6.7822
5150.00 56.49 6.7520
5385,37 53.17 6.7257
5560.00 50.44 6.7028
5895.92 45,94 6.6622
6050.00 43.82 6.6417
6562.82 37.84 6.5779
7000.00 33.26 6.5219

7460.00 29.19 6.4652



TABLE V (Continued) -

26

Spectral
Type

P4 ¥

F4 V

F5 Vv

Tass
Sk

6650

6650

6500

log g

4,2

4-4

3.8

x

2000.00
2500.00
3000.00
3200.00
3400.00
3645.00
3650.00
3889.05
4000.00
4104 .74
4200.00
4340.47
4600.00
4861.33
5150.00
5385.37

5560.00

5895.92
6050.,00
6562.82
7000.00
7460.00
2000.00
2500.00
3000.00
3200.00
3400.00
3645.00
3650.00
3889.05
4000.00
4104.74
4200.00
4340.47
4600.00
4861.33
5150.00
5385.37
5560.00
5895.92
6050.00
6562.82
7000.00
7460.00
2000.00
2500.00

F(\) x 107

00.73
11.10
47.66
48.63
49.16
48.70
75.72
76.07
74,51
74,35
73.08
70.25
65.57
60.55
56.51
53.20
50.47
45.97
43,87
37.88
33.30
29.23
00.74
30.71
49.66
50.50
50.91
50.28
75.58
75.78
74.41
74.27
73.01
70.25
65.55
60.53
56.51
53.21
50.48
46.00
43.88
37.91
33.33
29,27
00.43
22.38

log F(A) 8

4,8649
6.0419
6.6782
6.6869
6.6915
6.6875
6.8792
6,8812
6.8722
6.8713
6.8638
6.8466
6.8167
6.7821
6.7521
6.7259
6.7030
6.6625
6.6421
6.5784
6.5224
4.6580
4.8701
6.4872
6.6960
6.7033
6.7068
6.7014
6.8784
6.8806
6.8716
6.8708
6.8634
6.8463
6.8166
6.7820
6.7521
6.7260
6.7031
6.6628
6.6423
6.5788
6.5228
6.4664
4.6339
6.3499



TABLE-V’(Continued)

Spectral Tegs . log g A FQA) x 107 ‘log F()\)'-8

Type °k : - -

F5 V 6500 3.8 3000.00 39.85 6.6004

’ 3200.00° 41,13 6.6142

3400.00 42.00 6.6232

3645.00 42,03 6.6236

3650.00 66.44 6.8224

3889.05 67.53 6.8295

4000.00 66.41 6.8222

4101.74 66,56 6.8232

4200.00 65.55 ' 6.8166

4340,47 63.18 6.8006

4600.00 59,27 6.7728

4861.33 55.00 6.7404

5150.00 51.52 6.7120

5383,37 48.67 6.6873

5560.00 46,28 6.6654

5895.92 42,33 6.6267

6050.00 40,46 6.6070

6562.82 35.12 6.5455

7000.00 30.98 6.4911

7460.00 27.30 6.4361

F5 V 6500 4.0 2000.00 00.43 4,6372

2500.00 23.39 6.3690

3000.00 41,60 6.6191

3200.00 42,78 6.6312

3400.00 43.54 6.6389

3645.00 43,43 6.6378

3650.00 66.33 6.8217

5 3889.05 67 .46 6.8290

4000,00 66.34 6.8218

4104.74 66,48 6.8227

4200.00 65.51 6.8163

4340.47 63.10 . 6.8004

4600.00 59.24 © 6.7726

4861,.33 54,99 6,7403

5150.00 51.52 6.7120

5358.37 48.70 6.6875

5560.00 46,29 6.6655

5898.92 42,35 6.6269

6050.00 40,43 6.6072

6562,82 35.15 6.5459

7000.00 31,02 6.4916

, 7460.00 27.33 6.4366

F5 V 6500 4.2 2000.00 00.44 4,6414

' 2500.00 24,38 6.3870

3000.00 43.33 6.6368

3200.00 b, 41 | 6.6475



TABLE V (Continued)
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Spectral Teft log g A FOA) x 107° log FO)-S
Type OK C e .

F5 Vv 6500 bo2 3400.00 45,08 6.6540
3645,00 44,82 6.6515

3650.00 66.24 6.8211

3889.05 67.39 6.8286

4000.00 66.28 6.8160

4104.74 66.44 6.8224

4200.00 65.46 6.8160

4340.47 63.11 6.8001

4600.00 59.22 6.7725

4861.33 54,98 6.7402

5150.00 51.52 6.7120

5385.37 48.71 6.6876

5560.00 46.30 6.6656

5895.92 42,37 6.6271

6050.00 40,49 6.6074

6562.82 35.17 6.5462

7000.00 31.04 6.4919

7460.00 27.36 6.4371

F5V 6500 4.4 2000.00 00.44 4.6465
2500.00 25,35 6.4039

3000.00 45.06 6.6538

3200.00 46,04 6.6631

3400.00 46,61 6.6685

3645.00 46.20 6.6646

3650.00 66.18 6.8207

3889.05 _ 67.34 6.8283

4000.00 66.24 6.8211

4104.74 - 66.39 6.8221

4200.00 65.42 6.8157

4340.47 63.08 6.7999

4600.00 59.21 6.7724

4861.33 54,98 6.7402

5150.00 51.54 6.7121

5385,37 48.71 6.6876

5560.00 46.31 6.6657

5895.92 42.39 6.,6273

6050.00 40.51 6.6076

6562.82 35.19 6.5464

7000.00 31.06 6.4922

' 7460.00 27.38 6.4374

F6 V 6350 3.8 2000.00 00.27 4.4163
2500.00 18,80 6.2572

3000.00 36.00 6.5566

3200.00 37.37 6.5725

3400.00 38.34 6.5836

3645.00 38.52 6.5857



TABLE V (Continued)
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Spectral  Yeff  log g A FQ) x 10  log F(\)-2
Type ok , ,
BV 6350 3.8 3650.00 57.65 6.7608
| - 3889.05° . 59.44 6.7741
4000.00 . 58.72 6.7688
4104.74 . 59,13 6.7718
4200.00 58.28 6.7665
4340.47 56.48 6.7519
4600.00 53.26 6.7264
4861.33 49.72 6.6965
5150.00 46.78 6.6700
5385.37 44.38 6.6472
5560.00 42.30 6.6263
5895.92 38,88 6.5897
6050.00 37.21 6.5707
6562.82 32,49 6.5118
7000. 00 28.79 6.4593
7460.00 25.47 6.4060
F6 V 6360 4.0 2000.00 00.27 4.4196
: 2500.00 18.85 6.2753
3000.00 37.53 6.5744
3200.00 38.80 6.5888
3400.00 39,68 6.5986
3645.00 39,73 6.5991
3650.00 57.62 6.7606
3889.05 59.42 6.7739
4000.00 58.70 6.7686
4104 .74 59,10 6.7716
4200.00 58.39 6.7663
4340.47 56.46 6.7517
4600.00 53.25 6.7263
4861.33 49.72 6.6965
5150. 00 46.77 6.6700
5385.37 44,39 6.6473
5560.00 42.31 6.6264
5805,92  38.89 6.5898
6050.00 37.23 6.5709
6562.82 32,51 6.5120
7000. 00 28.82 6.4596
7460.00 25.49 6.4063
F6 V 6350 4.2 2000.00 00.27 4. 4240
| 2500.00 19,61 6.2922
3000.00 39,30 6.5914
3200.00 39.85 6.6042
3400.00 40.77 6.6128
3645.00 40.93 6.6120
3650.00 57.61 6.7605

3889.05 59.40 6.7738



TABLE V (Continued)
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Spectral Tees log g A - F(\) x 10-5 “log F(A)-8
Type oK - , ‘ _

F6 V 6350 4.2 4000.00 58.68 6.7685
‘ 4101.74 59.08 6.7714

4200.00 58,42 6.7662

4340.47 56.44 6.7516

4600.00 53.25 6.7263

4861,33 49,72 6.6964
5150,00 46.79 6.6701

5385.37 44,39 . 6.6473

5560.00 42,31 6.6264

5895.92 38.81 6.5889

6050.00 37.24 . 6.5710

6562.82 32,45 6.5112

7000.00 28.83 6.4598

7460.00 25,51 6.4066

F6 V 6350 4.4 2000.00 00.27 4,4297
2500,00 20.34 6.3082

3000.00 40.50 6.6074

3200.00 41,58 6.6189

3400.00 42,31 6.6264

3645.00 42,09 . 6.6242

3650.00 57.61 6.7605

3889.05 59.40 6,7738

4000.00 58.73 6.7684

4101.74 59.06 6.7713

4200.00 58.36 6.7661

4340.47 56.43 6.7515

4600.00 53.24 6.7262

4861.33 49.71 ' 6.6964

5150,00 46.79 6.6701

5383.37 44,39 6.6473

5560.00 42,32 6.6265

5895,92 38.91 6.5900

6050.00 37.25 6.5711

6562.82 32,53 6.5123

7000.00 28.84 6.4599

7560.00 25,52 6.4069

F8 V 6200 3.8 2000.00 00.16 4.2029
2500.00 14,11 6.1496

3000,00 32,22 6.5081

3200.00 33.61 6.5265

3400.00 34.67 6.5399

3645.00 34.99 6.5439

3650.00 49,72 6.6965

3889.05 52.04 6.7163

4000.00 51.66 6.7131

4101.74 52.28 6,7183

4200,00 51.78 6.7142



TABLE V (Continued)

Spectral Tets log g A CFQA) x 10-5 - log F()\)—8
Type °K .
F8 V 6200 3.8 4340,47 - 50.23 6.7010
4600.00 . 47.63 6.,6779
4861.33 44,72 6.6505
5150,00 42,27 6.6260
5385.37 40.27 ' 6.6050
5560.00 38.48 6.5852
5895.92 35.54 6.5507
6050,00 34.09 6.5326
6562.82 29,94 6.4762
7000.00 26.64 6.4256
7460.00 23,67 6.3742
F8 V 6200 4.0 2000.00 00.17 4.,2066
' 2500.00 14,70 6.1666
3000.00 33.50 6.5251
3200.00 34.83 6.5419
3400.00 35.81 6.5540
3645.00 36.02 6.5565
3650.00 49.75 6.6968
3889.05 52,06 6.7165
4000.00 51.67 6.7132
4101.47 52.28 6.7183
4200.00 51.78 6.7142
4340.47 - . 50.23 6.7010
4600.00 47.62 6.6779
4861.33 44,72 6.6505
5150.00 42,27 6.6260
5385.37 40,37 6.6050
5560.00 38.51 6.5852.
5895.92 35.54 6,5507
6050.00 34.09 6.5326
6562.82 29.94 6.4763
7000.00 26.66 6.4258
7460.00 23.67 6.3743
"F8 V 6200 4,2 2000.00 00.16 4.2117
2500.00 15.23 6.1828
3000.00 34.79 6.5414
3200.00 36.03 6.5566
3400.00 36.94 6.5675
3645,00 37.03 6.5686
3650.00 49.81 6.6973
3889.05 52,08 6.7167
4000,00 51.69 6.7134
4101.74 52.29 6.7184
4200.00 51.80 6.7143
4340.47 50.24 6.7011

4600.00 47.64 6.6780



TABLE.V.. (Concluded)
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Spectral Teffr log g A F(A) x' 10 3 log F()\)-8
Type oK e

F8 V 620 4.2 4861.33 44,73 6.6506
5150.00 . 42,28 6.6261

5385.37 40.28° 6.6051

5560.00 38.49 6.5853

5895.92 35,55 6.5509

6050.00 34,09 6.5327

6562.82 29,96 6.4765

7000.00 26.66 6.4259

7460.00 23.69 6.3746

F8 V 6200 4.4 2000,00 00:17 4,2183
' 2500.00 15.76 6.1976

3000.00 36.01 6.5564

3200.00 37.18 6.5703

3400,00 38.94 6.5802

3645.00 38.01 6.5799

3650.00 49.84 6.6976

3889.05 52.11 6.7169

4000.00 51.69 6.7134

4101.74 52.28 6.7183

4200.00 51.78 6.7142

4340.47 50.23 6.7010

4600.00 47,63 6.6779

4861.33 44,72 6.6505

5150.00 42,27 6.6260

5385.37 40,32 6.6050

5560.00 38.48 6.5852

5895,92 35.55 6.5508

6050.00 34.09 6.5326

'6562.82 29,95 6.4764

7000,00 26.66 6.4259

7460.00 23.69 .- -... 6.3746
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values of the flux, read from thé;plotted figure, and then tabulated. A
graph of F(A) S(A) versus A is shown in Figure 2 where the summations of
F(A) S(A\) are the areas under the curves in this figure. Instead of a
numerical integration, a summation process employing a desk calculator
was.used to evaluate these areas. This procedure enables one to calcu-
late the u~b and b-v values from Equations (3-5) and (3-6) where the
integrals are replaced by the summations or the areas under the curves.
Using the values of u-b and b-v thus obtained, the U-B and B-V colors may
be calculated using Equations (3-3) and (3-4) or (3-7) and (3-8).

An objection may be raised concerning the calculations using the
Matthews and Sandage method. The true F(A) may not be known because of
the effects of line blanketing with the result that the predicted u-b
colors may be in error. This objection 1s.valid for some stars, but it
is not significant for hot stars with extremely weak Fraunhofer lines.
The blanketing effect 1s almost nil for these stars, but the effect in
stars like the sun.should be taken into account before using the F(}A)
function in the above equationms,

The-theofetical colors, neglecting line blanketing, were calculated
for effective temperatures of 6200, 6350, 6500, and 6650 °K and log g =
3.8, 4.0, 4.2, and 4.4, The results of the calculations are shown in
Table VI. It is evident that the computed values of the U~B and B~V
colors are not in agreement with the observed colors for Theta Ursae
Majoris: U-B = 0.06 and B~V = 0.46. These observed colors are from the
Arizona~-Tonantzintla Catalogue (Iriarte, et al, 1965). In order to de-
termine i1f a model better fitting the observations could be obtained,
the theoretical colors were caLculated with the effects of line blanket-

ing taken into consideration.
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TABLE VI

THEORETICAL COLORS WITHOUT LINE BLANKETING

36

U-B

Effective log'g - ‘ il 8V el
Temperature °x) Matthews Matsushima Matthews Matsushima

Sandage Hall Sandage Hall

. —_— — *

6650 3.8 -0.305 -0.351 0.265 0.268

4.0 -0.343 ~0.377 0.266 0.269

4,2 ~0.367 -0,399 0.273 0.276

4.4 -0.371 -0.404 0.266 0.270

6500 3.8 ~0.329 -0,364 0.278 0.281

4,0 ~0,346 ~0.380 0.287 0.289

4,2 -0.379 -0,412 0.295 0.297

4.4 -0.371 -0.404 0.289 0.292

6350 3.8 ~-0,337 -0.372 0.307 0.308

4.0 -0.359 -0.365 0.304 0.305

4.2 ~0,362 -0.368 0.323 0.324

4.4 -0.349 -0,383 0.309 0.310

6200. 3.8 -0.323 -0.358 0.331 0.332

4.0 -0.321 -0.356 0.336 0.337

4,2 -0.353 -0,387 0,324 0.325

-0.375 ~0.401 . -.0.334. 0.334

4.4




The first calculation of .the UBV colors, with the line blanketing

congidered, was done using the blanketing coefficients of the star

Theoretical Colors With Line Blanketing

37

Procyonuin the region between 3000 and 4200 angstroms and the blanketing

coefficients of the star Gamma Serpentis in the region between 4200 and

7200 angstroms,

cause they are similar to the star 6 Ursae Majoris which is an F6 IV
star. Procyon is classified as an F5 IV~V star and Gamma Serpentis as
an F6 IV-V gtar.

for the stars Gamma.Serpentis (Kegel, 1962) and Procyon (Talbert and

Edmonds, 1966).

The stars Procyon and Gamma Serpentis were selected be-

TABLE VII

Tables VII and VIII list the blanketing coefficients

BLANKETING COEFFICIENTS FOR Y SERPENTIS

A* Y
4200 .850
4300 .840
4400 +895
4500 .910
4600 .935
4700 945
4800 .915
4900 .950
5000 . 940
5100 .925
5200 .935
5300 .950
5400 .960
5500 .965
5600 .970
5700 .980
5800 .985
5900 .990
6000 .985
6100 .975



TABLE VII (Continued)

A * . ‘ Y
6200 ’ .980
6300 977
6400 972
6500 .940
6600 995
6700 .990
6800 .997
6900 .997
7000 .992
7100 .992
7200 .992
7300 - .992
7400 .992
7500 .990

“
The lower limit of the lOO—K interval is
tabulated as A.

TABLE VIII

BLANKETING COEFFICIENTS FOR PROCYON

2 * Y
3025 .643
3050 .673
3075 .710
3100 721
3125 711
3150 .723
3175 .689
3200 .733
3225 674
3250 792
3275 .799
3300 .799
3325 .827
3350 775
3375 .805
3400 .808
3425 . 797
3450 776
3475 : .738

3500 775

38
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TABLE VIII (Continued)

. o Y
P e
3525 .796
3550 .761
3575 \722
3600 .718
3625 .737
3650 .805
3675 .725
3700 .675
3725 1620
3750 . .638
3775 .676
3800 .748
3825 .578
3850 785
3875 . .651
3900 .780
3925 .552
3950 .615
3975 .819
4000 .762
4025 - .826
4050 .841
4075 .832

%* [)
The lower limit of the 25-A interval is
tabulated as A.

Table IX gives the calculated values of the U-B and B-V colors
using the methods of Matthew and Sandage and of Matsushima and Hall. The
values. of the colors wﬁen line blanketing is considered are closer to
observed values ﬁhan.in the blanketing~free case, but a discrepancy
still exists between the theoretical and observed colors. An attempt
will be made to reduce these differences using recently measured

(Myrick, 1970) line blanketing effects for Theta Ursae Majoris.



TABLE IX
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THEORETICAL COLORS WITH BLANKETING FROM GAMMA SERPENTIS AND PROCYON

Effective log g U-B U-B B-V B-V
Temperature COK) Matthews Matsushima Matthews Matsushimé

Sandage: Hall Sandage Hall

6650 3.8 -0.147 ~-0.158 0.388 0.387

4,0 ~0.171 -0.182 0.379 0.378

4,2 -0.188 -0.199 0.384° 0.383

4.4 -0.193 -0.203 0.380 0.379

6500 3.8 -0.154 -0.165 0.326 0.327

4,0 -0.169 -0,180 0.399 0.397

4.2 -0.201 -0.211 0.406 0.404

4.4 -0.207 -0.216 0.401 0.399

6350 3.8 -0,161 -0.172 0.419 0.416

4.0 -0,135 -0.189 0.421 0.418

4.2 -0,193 -0,203 0.423 0.420

4.4 . =0,176 -0.186 0.421 0.418

6200 3.8 -0.145 -0.157 0.440 0.437

4.0 -0.144 ~0.156 0.436 0.432

4,2 -0.175 -0,185 0.433 0.430

4.4 -0.210 --0.443 0.439
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The blanketing coefficient is defined according to the equation

A
S‘ )
Y = F, d. /F_ dx o (3-9)
: A A ?
- éz)\ | ¢

where FA is the observed flux at some wavélength A,

Fc is the corresponding continuum flux,

AA is an arbitrary interval,
The blanketing coefficient is a measure of the fraction of the continuum
flux which is emitted in the AX band pass. The blanketing coefficient is
determined by integrating Equation (3-9) or it can.be determined from
observational measurements,

The theoretical UBV colors, considering line blanketing, where com-
puted again using the appropriate blanketiﬁg coefficients of 6 Ursae.
Majoris over twenty-five angstrom intervals, - The method of calculation
of the UBV colors considering line blanketing is accomplished by multi-

plying F(A) 8(A) for each twenty-five angstrom interval by the appropri-.
iate blanketing coefficient for the wavelength interval.and summing the
prbducts-over the entire’waveiength for the desired color computed,
Using this method to calculate the UBV colors, Equations (3-5) and (3-6)
will become

YS (A) F(A)dA

u-b = 2.5 log (3-10)

YS (A) F(A)dk

0808

:‘YS (A) F(A)dr
b-v = 2.5 log m (3-11)
0

YS (A) F(A)dk

The blanketing coefficients determined by Myrick (1970) for 6 Ursae

Majoris included the wavelengths from 3920 to 6610 angstroms. In o¥der
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to employ appropriate blanketing coefficients between 3000 to 3920
angstroms and 6610 and 7200 angstroms, two similar stars with known
blanketing coefficiehts were used. In the region of 3000 to 3920 angs-
troms an extrapolation was made using the blanketing coefficients of tﬁe
star Procyon. (Talbert and Edmonds, 1966). Extrapolation gave the same
values for the blanketing coefficients for the two stars. In the region
between 6600 and 7200 angstroms, an extrapolation was made using the
blanketing coefficients of the star Gamma Serpentis (Kegel, 1962). The

extrapolation found was
Y(8 Ursae Majoris) = 0,986 Y(Gamma Serpentis). (3-11)

Figure.3 illustrates the difference between the theoreticai flux .-
diétribution-of a solar-type model star with and without line blanketing,
Tables VII and VIII give the blanketing coefficients used in the extra-

‘ polations while Table X lists the blanketing coefficients used for Theta
Ursae Majoris.

The intensitometer tracings used to determine the blanketing co-
efficients for 6 Ursae Majoris include those used for the study of the
hydrogen lines described in Chapter IV.

The computed values of the UBV colors for 8§ Ursae Majoris, using
the absorption coefficiénts for 8 Ursae Majoris, gave values that are in
good agreement with the observed values of the B-V colors using .= three-,
five-, or eight-color photometry systems. The value of B-V, for the
model atmosphere with effective temperature of 6200 °K and having log g =
3.8 or 4.0, 1is 6.46, which is the observed value given by the Lunar and
Planetéry Laboratory of the University of Arizona. Table XI lists the

values of the U-B and B-V colors calculated by the Matthews-Sandage and
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TABLE X

. o]
BLANKETING COEFFICIENTS FOR 6 URSAE MAJORIS (25~A INTERVALS)

}\* Y }\* Y
3025 0.643 4150 0.842
3050 0.673 4175 0.784
3075 0.710 4200 - 0.852
3100 0.721 4225 0.775
3125 0.711 4250 0.874
3150 0.723 4275 0.855
3175 0.689 4300 0.757
3200 0.733 4325 0.822
3225 0.674 4350 0.778
3250 0.792 4375 0.894
3275 0.799 4400 0.847
3300 0.799 4425 0.886
3325 0.827 4450 0.843
3350 ' 0.775 4475 0.898
3375 0.805 4500 0.896
3400 0.808 4525 0.835
3425 0.797 4550 0.845
3450 0.776 4575 0.889
3475 0.738 4600 0.904
3500 0.775 4625 0.941
3525 0.796 4650 0.910
3550 0.761 4675 0.920
3575 0.722 4700 0.904
3600 0.718 - 4725 0.933
3625 0.737 4750 0.926
3650 0.805: 4775 0.925
3675 0.725 4800 0.929
3700 0.675 4825 0.895
3725 0.620 4850 0.795
3750 0.638 4875 0.802
3775 0.676 4900 0.902
3800 0.748 4925 0.856
3825 0.578 4950 0.922
3850 0.785 4975 0.922
3875 0.651 5000 0.894
3900 0.780 ’ 5025 : 0.889
3925 0.572 5050 0.914
3950 ' 0.638 5075 0.909
3975 0.489 5100 0.929
4000 0.776 5125 0.906
4025 0.829 5150 0.916
4050 0.803 5175 0.090
4075 0.774 5200 0.903
4100 0.684 5225 0.915
4125 0.826 3275 0.903

5300 0.942 6250 0.939



TABLE X (Concluded)
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*

A Y A Y
5325 0.914 6275 0.932
5350 0.954 6300 0.943.
5375 0.928 6325 0.974
5400 0.917 6350 0.968
5425 0.928 6375 0.969
5450 0.950 6400 0.964
5475 0.924 6425 0.972
5500 0.908 6450 0.959
5525 0.931 6475 0.960
5550 0.952 6500 0.953
5575 0.950 6525 0.979
5600 0.926 6550 0.908
5625 0.951 6575 0.945
5650 0.943 6600 0.973
5675 0.961 6625 0.982.
5700 0.942 6650 0.982
5725 0.960 6675 0.982
5750 0.950 6700 0.977
5775 0.946 6725 0.977
5800 0.967 6750 0.977
5825 0.988 6775 0.977
5850 0.968 6800 0.984
5875 0.988 6825 0.098
5900 0.950 6850 0.984
5925 0.703 6875 0.984
5950 0.964 6900 0.984
5975 0.975 6925 0.984
6000 0.976 6950 0.984.
6025 0.960 6975 0.984
6050 0.972 7000 0.979
6075 0.971 7025 0.979
6100 0.972 7050 0.979
6125 0.948 7075 0.979
6150 0.961 7075 0.979
6175 0.954 7100 0.979
6200 0.970 7125 0.979
6225 0.964 7150 0.979

7175 0.979
7200 0.979

* ' o
The lower limit of the 25-A interval is tabulated as A,
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TABLE XI

THEORETICAL COLORS WITH BLANKETING FROM 6 URSAE MAJORIS

U-B ' U-B B~V B-V

Effective Log g
Temperature ( K) Matthews Matsushima  Matthews  Matsushima

Sandage Hall Sandage Hall

6650 3.8 -0.201 -0.211 0.41 0.41
4.0 -0.230 -0.259 0.42 0.41

4,2 -0.191 -0.221 0.36 0.36

b4 -0,.231 -0.260 0.39 0.39

6500 3.8 ~0.194 -0.204 0.40 0.40
4.0 -0.144 -0.202 0.42 0.42

4,2 -0.224 -0.23 0.43 0.42

A -0,225 ~0.244 0.40 0.40

6350 3.8 -0,181 -0.193 0.41 0.41
4.0 -0.200 -0.210 0.42 0.41

4,2 -0.216 -0.226 0.42 0.42

4.4 -0.195 -0.205 0.45 0.44

6200 3.8 -0.169 ~0.180 0.46 0.46
4.0 -0.167 -0.178 0.46 0.46

4,2 -0.201 -0.211 0.44 0.44

4.4 -0.223 -0.233 0.44 0.43
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Matsushima-Hall methods, The observed values of U-B and B-V are 0.06 and
0.46 respectively. Results will be discussed in detail in the Chapter

V.



CHAPTER IV
HYDROGEN LINE PROFILES
Stellar Absorption Lines

The physical processes of line formation assume two extreme points
of view. One method assumes that a unique temperature.completely deter-
mines the emission and absorption processes in a given volume element
and Kirchhoff's law holds. This condition is called local thermodynamic
equilibrium. It is referred to as absorption and the radiation from the
center of a strong line will correspond to the temperature of the upper-
most stratum. Thé second method assumes the atoms are not in temperature
equilibrium with the radiation field, but simply scatter quanta reaching
them from greater depths. A particular light quantum may be absorbed
and re-emitted maﬁy times. on its way through the atmosphere, and since
it may be thrown either backward, forward, or sideways, its chance of
reaching the surface is small, A line formed according to this mechanism
of scattéring (also labeled monochrpmatic radiative equilibrium) will
have a black center unless it is quite weak,

There is a tendency for resonance lines to favor the 'scattering
mechanism and high level subordinate lines to lean toward the local
thermodynamic mechanism. In the hydrogen spectrum the Lyman alpha line
" tends to follow the scattering mechanism, whereas the Balmer lines, and
more particularly the Paschen and Brackett lines, will follow the local

thermodynamic equilibrium scheme.

48
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Formulation of the Absorption Line Program

This investigationbassumes the absorption lines are formed in local’
thermodynamic equilibrium and the source function is the Planck function.
This -assumption 1s more valid for lines formed by absorption, than for
those formed by scattering,

The formation of the equation specifying the line depth in flux is
given by Gussman (1963). The line depth is given as

FA(O) - FAA(O)

R(AA) = NG : (4-1)

where FA(O) = the emergent continuum flux,

FAA(O) = the emergent flux in the line at the point AA from the
line center,

and the quantity FA(O) is obtained from the model atmosphere computa-
tions, It is practical to use a wavelength region of 100 or 200 X in
the computation of the line depth because the continuum intensity is not
a strong variable with wavelength throughout the visible region, except
~ near absorption discontinuities. In order to calculate the line depth
the quantity FAA(O) must be determined.

A gradient method which was modified by Evans (1966) was used in
- calculating the line depth. This method gives the line depth as
w 9B

R(AA) = [ ° " [E

-0

1) - By + ] Gy ey ¢ (4-2)

where Tz(x,AA) = the optical depth in the line and it is given by

X Kl

- Ko [Mod] dx 4 (4-3)

-rz‘(x,AA) a f
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Kz(x,AA) = the line absorption coefficient per hydrogen particle,

2
. 2hc 1
B = = [ Py ] ’ (4-4)
A AS Hehc/Ant_l

ifi ) (BA(X + Ax) - BA‘X - bOx)

p . Ry )

(4-5)

and Ko(x) and To(x) are obtained from the model atmosphere calculations.

If Ty << Ty @ Taylor expansion is used for E3 resulting in

E, (t,) - Eq (TA ) =1 E, (TA); (4-6)

T, % Ty the straight difference is computed;

T << Ty the approximation is made

Eq (1,) - E, (r’A +1,) = Ey (1)) . (4-7)

The line absorption coefficient is computed as a function of AX and
x so that the integrand of the optical depth in the line [Equation (4-3)]
can be formed.

The line depth integration is. performed by a summation over the de-
sired integration range. The integrand decreases rapidly in.the outer
and deeper layers making this method quite accurate. The mean depth of
formation is found by multiplying the line depth integrand by X, summing
over the integration range, and dividing by the line depth.

The problem of calculation of the line depth reduces to the specifi-
cation of the absorption coefficient in the line and its variation with

AX.
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Hydrogen ‘Line Absorption Coefficient

The core of the Balmer lines are formed above ® = -3,0 where de-
viations from local thermodynamic equilibrium are important. Since this
study -is concerned with the wings of the Balmer ‘'lines, Doppler broadening
and radiation damping are neglected because they are»negiigible when com-
pared to~linear_Stark broadening.

A complete formulation, computer program, derivations, and theory
'of'the hydrogen line absorption coefficient is not given 'in. this study
due to the length of ‘a complete discussion of each of the programs. A
detailed descriptibn of the hydrogen line absorption coefficient is given -
by Evans (1966). This study will summarize some of .the most important
formulations, equations,; assumptions, thé computer program, and select
a formulation that will be used to compute the Ha, HB, HY, and HS lines.

The liné absorption coefficient per hydrogen particle may be written

as (Aller 1963a).

x,0 2 2
A1 N NTe A
_ " meC D
-xke '
where (1 ~ 10 ) = the correction for simulated emission,

N = the number of absorbing particles in the lower.
level of the transition of ifnterest per unit.
volume,

N, = the number of hydrogen particles per unit volume,

H
AA,, = the Doppler width = l- E2 + E2
D e Doppler w c th e
Eth = the most probable thermal velocity,

= 2RT/ui = 83.83/uie,
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Ei = the most probable microturbulent velocity,

f = the oscillator strength,
¢Al = the broadening function.
The number of absorbing particles per unit volume, N, is obtained
from a system of Saha and Boltzman equations and may.be written as
n . n
N = (2HEEm (4-9)

n
q q

where n_ s = the number density of particles in the p-th ionization
?

stage and the s-th excitation stage,

an = the summation over all ionization stages,

= Ni'

Equation (4-8) is simplified by Evans (1966) by letting r be the most’
abundant ionization state for the temperature and pressure of interest,
r-1 the ionization stage below r, r + 1 the lonization stage above r, Ur

the partition function of the r-th stage of ionization, and q he

t
Ps8
statistical weight.of the lower level. Equation (4-8) may be written as

c = el \ﬁéz 12 8p,s.[loAxe + h(9.0301 - 2,5 log 6 =~ log Pe]
L mcz AAD U
(4-10)

-X:0 :
[1-10 *1[£e],

h = -14ifp = r-1,
h = 0ifp=r1r,
h = +1ifp=1r+1,

X = the excitation potential in eV,

n . n
v o= u [ 4+ 1 4+ I,
r'n

r r
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n U ‘
1og(—£f—£) = logg,  +AXo +h [9.0801 - 2.5 log 6 - log pe]. (4-11)
r »

Griem Formulation

The Griem, Kolb, and Shen (1959) formulation is used ‘here for the
electron broadening. This formulation utilized the impact theory of
Baranger (1958) for -electron broadening along with a modification of .the
Holtsmark ion field distribution.including Debye shielding, ion-ion cor-
relations, and non-adiabatic transitions. The improvement in the ion
field distribution effects only the line core and is unimportant for the:
wings. This study used the Griem, Kolb, and Shen.formulation of the ab-
sorption coefficient of hydrogen to compute the Balmer lines Ha, HB, HY,
and .H6. ~Griem (1962) made an additional modification for quasi-static
treatment of the electron fields in the far wings. This-latter modifica-

tion is the one most used by astrophysicists,
Computer Program for the ‘Balmer Lines

A detailed description of the hydrogen line program is given by
Evans (1966)., Some modifications were made in order for the program to
compute more lines and to compute more points in order ‘to improve the
accuracy of the hydrogen lines. The model atmosphere program described
1in Chapter II generated output needed in the hydrogen.line programs. At
twenty-seven different depths in,the atmosphere, the output on punched
datavcards‘incLuded the mean molecular weight and logarithms of the
electron pressure, the gas pressure, the density, and the ratio of the.
absorption coefficient; K ﬁo the electron pressure.

The wings of the Balmer lines, Ha, HB, Hy, and H§ were computed for
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each of our 16 atmospheric models. These data are tabulated in. Table
XII where the‘line depth in terms of the continuum as unity is listed as
a function of AX, distance.from. the line center, beginning with one
angstrom and extending to nineteen angstroms in intervals of two angs-

tr oms .,
Spectrograms and Tracings

The spectrograms used in this study were taken at the Cassegrain
focus of the seventy-two inch telescope of the Dominion Astrophysical
Observatory by Dr. K. 0. Wright.

The dispersion of the different spectrographs ranged from 7.5 A/mm,
for the.second order spectra in the range AA4800-6750 for the Littrow
spectrograph with a Wood grating (15,000 lines/inch), 4.5 A/mm for the
third order spectra in the rénge AA3750-4500, 3.2 A/mm in the second.
order for the Baush and Lomb grating No. 496 (30,000 lines/inch), and for
the three-prism spectrograph the variation was. from 5 A/mm to 15 A/mm
over the entire wavelength range under consideration.

The intensitometer and.microphotometer tracings were done by Dr,

L. W, Schroeder at Victoria, Canada. The magnification of “the tracings.
is 200. Data concerning the wavelength range, Victoria plate.number,
microphotometer and intensitometer tracings numbers and spectrographs,
used in this investigation can be obtained from the Physics Department.

of Oklahoma State University at Stillwater, Oklahoma.
Comparison With Observations

Measurements were made of all the Balmer line profiles represented -

by the intensitometer tracings described in the previous section. The



TABLE XII-

COMPUTED VALUES FOR HYDROGEN LINE PROFILES

. | = { O | » . = :
Hy A4101.74 F4 V | T ce 6650 °x log g 3.8
AX 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 19.0 21.05 23.0
Line

Depth 0.48950 0.28827 0.19784 0.14368 0.10880 0.08442 0.06652 0.05313 0.04291 0.03498 0.02876 0.02382

HY A4340.47 F4 V T e = 6650 K log g = 3.8

A 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 19.0 21.0  23.0

;2;:; 0.46800 0.27373 0.18764 0.13707 0.10416 0.08153 0.06498 0.05251 0.04295 0.03550 0.02961 0.02489

: > - - _ _ =
HB A4861.33 F4 Vv Teff = 6650 K logg = 3.8
AA 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 19.0 21.0 23.0
Line

Depth 0.42776 - 0.24557 0.16678 0.12218 0.09294 0.07274 0.05831 0.04757 0.03929 0.03280 0.02764 0.02349

. ' - N Qe -
Ha A26562.82 | F4 v Teff 6650 K log g 3.8

AX 1.0 3.0 5.0 7.0 9.0 11.0 '13.0 15.0 17.0 19.0 21.0 23.0

DLi:; 0.34463 0.18807 0.12301 0.08696 0.06464 0.04965 0.03903 0.03129 0.02552 0.02111 0.01768 0.01496
ep
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TABLE XIT (Continued)

) .T

= 6650 °K

HS A4101.74 F4 V off log g = 4.0
A 1.0 3.0 5.0 7.0 9.0 11,0  13.0  15.0  17.0  19.0  21.0  23.0
Dg;z; 0.48895 0.28760 0.19732 0.14332 0.10864.0.08445 0.06668 0.05336 0.04318 0.03527 0.02905 0.02413

- - Py " = -_ .
Hy 14340.47 RV T, = 6650 °K log g = 4.0
A 1.0 3.0 50 7.0 9.0 11.0  13.0  15.0  17.0  19.0  21.0  23.0
Dz;zﬁ 0.46771 0.27339 0.18738 0.13696 0.10415 0.08165 0.06520 0.05278 0.04326 0.03581 0.02992 0.02520
B A4861.33 F4 V T = 6650 °K “log g = 4.0
A\ 1.0 3.0 5.0 7.0 9.0 11.0  13.0  15.0  17.0  19.0  21.0  23.0

~*“ﬁi§?§'~o;42876 0.24568 0.16692 0.12239 0.09320 0.07301 0.05860 0.04778 0.03962 0.03313 0.02798 0.02381
H 2656282 F4 V T, = 6650 °K log g = 4.0
AX 1.0 3.0 5.0 7.0 9.0 11:0  13.0  15.0  17.0  19.0  21.0  23.0
(Line 0.34611 0.18949 0.12426 0.08806 0.06563 0.05054 0.03982 0.03199 0.02614 0.02167 0.01818 0.01541
ep - .

9¢



TABLE XIT (Continued)

: = = — =

HQ A4104.74 S »Fé V’ Teff = 6650 K log g 4,2
A 1.0 3.0 5.0 7.0 9.0 11,0  13.0  15.0  17.0  19.0  21.0  23.0

Di;:ﬁ 0.48847 0.28697 0.19679 0.14292 0,10840 0.08439 0.06673 0.05348 0.04335 0.03547 0.02926 0.02433

H, 24104 .74 CF4V T .. = 6650 °K log g = 4.2
A 1.0 . 3.0 5.0 7.0 9.0 11.0  13.0 15.0 17,00 19.0 21.0  23.0

Dz;:; 0.46747 0.27309 0,18714 0.13684 0,10411 0.08173 0.06537 0,0530L 0.04350 0.03608 0.03019 0.02546

= o ] i =

HB A4340.47 N ?4 Yv Teff = 6650 K log g 4.2
A 1.0 3.0 5.0 7.0 9.0  11.0 13,0 15.0  17.0  19.0  21.0  23.0

Dz;zﬁ 0.42795 0.24579 0.16706 0.12257 0.09343 0.07326 0.05888 0.04817 0.03993 0.03344 0.02826 0.02409
- - o = ‘

Ha A4861.33 F4 V Teff 6650 "K log g 4,2
A 1.0 3.0 5.0 7.0 9.0  11.0  13.0  15.0  17.0  19.0 21.0  23.0

ngzﬁ 0.34755 0.19083 0.12543 0.08907 0.06651 0.05132 0.04050 0.03260 0.02669 0:02216 0.01852 0.01581-

LS



.. .TABLE XIT (Continued)

Hy AG104.74 F4 ¥ T oo = 6650 °k log g = 4.4
AN 1.0 3.0 5.0 7.0 9.0 11,0  13.0  15.0  17.0  19.0  21.0  23.0
D2;2;>_0.48806 0.28643 0.19631 0.15254 0,10816.0.08430 0,06674 0.05356 0.04347 0.03562 0.02943 0.02450
H, A4340.47 F4 V T ce = 6650 °k log g = 4.4
A 1.0 3.0 50 7.0 9.0 11.0  13.0  15.0  17.0  19.0  21.0  23.0
Dﬁ;zﬁ 0.46727 0.27280 0.18689 0.13667 0.10400 0.08172 0.06544 0.05313 0.04366 0.03624 0.03036 0.02563
Hy A4861 .33 F4 V | T o= 6650 °K log g = 4.4
AN 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 19.0 21.0  23.0
Dg;zi 0.42807 0.24591 0.16719 0.12273 0.09361 0.07344 0.05908 0.04839 0.04016 0.03368 0.02850 0.02431
H 26562.82 F4 V T = 6650 °K log g = 4.4
A 1.0 3.0 5.0 7.0 9.0 11.0  13.0  15.0  17.0  19.0  21.0  23.0
Dg:gﬁ' 0.34895 0.19214 0.12654 0.09003 0.06734 0.05204 0.04114 0.03317 0.02719 0.02262 0.01903 0.01619

8¢



TABLE XII (Continued)

= 6500 °K

HG 7‘\‘4104?.:’74 B o FSMV‘, | B Teff log g = 3.8
A 1.0 3.0 5.0 . 7.0 9.0 11.0  13.0 15.0 17.0  19.0 21.0  23.0
ngzﬁ 10.46110 ~0.25855. 0.17294 0.12220 0.09104 0.06944 0.05396 0.04258 0.03402 0.02749 0.02241 0.01844
‘ o F5 o = . 0 . '—...- 3,

By oA BV - Tegs T 6990 K log g = 3.8
A 1.0 3,0 5.0 7.0 9.0  11.0 13.0 15.0 17.0  19.0 21:0  23.0
Di;?ﬁ D.A4040 " 0.24527 0.16359 0.11657 0.08737 0.06741  0.05300 0.04235 0.0343L 0.02811 0.02327 0.01943

. R F5 7 . = ° ‘ = R
iy A4861.33 N v T 6500 °K log g 3.8
A 1.0 3.0 5.0 7.0 9.0.  11.0 13.0 15.0  17.0  19.0 21.0  23.0
Dﬁ;ﬁﬁ' 0.40186 0.22035 0.14554 0.10428 0.07786 0.06027 0.04785 0.03863 0.03162 0.02619 0.02192 0.01851
— _ .o T
H 1656282 Esy T = 6500 °K Llogg = 3.8
A 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 19.0 21.0  23.0
Dg;zg 0.32455 0.16905 0.10771 0.07478 0.05485 0.04158 0.03236 0.02577 0.02090 0.01721 0.01435 0.01209

6S



~TABLE XII (Continued)

ok

o oM10L74 . BV

T = 6500 °K

log g = 4.0

H
8 eff
A 1.0 3.0 5.0 7.0 9.0 11.0  13.0 15.0 17.0 19.0 21.0  23.0
Dz;zﬁ 0.46070 0.25800 0.17152 0.12189 0.09092 0.06947 0.05405 0.04272 0.03420 0.02767 0.02259 0.01861
H, \4340.47 F5 V T .. = 6500 °K “log g = 4.0
AN 1.0 3.0 5.00 7.0 9.0 11.0 13.0 15.0  17.0 19.0 21.0  23.0
DE;EE 0.44021 0.24498 0.16336 0.11642 0.08733 0.06748 0.05314 0.04253 0.03450 0.0283L 0.02347 0.01963
- N : - ‘ - : P = - - o ",
Hy A4861.33 F5 V T = 6500 °K- log g = 4.0
A 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0  17.0 19.0 21.0 23.0
Dz;zﬁ 0.40198 0,22046 0.14565 0.01044. 0.07902 0.06045 0.04806 0.03886 0.03185 0.02642 0.02214 0.01872
“ = —= =
Ha A6562,82 ' ~ F5vV Teff 6500 "K log g 4.0
AA 1.0 . 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 19.0  21.0  23.0
D2;2§ 0.32597° 0.17031 0.10876.0.07567 0.05562 0.04224 0.03295 0.02629 0.02136 0.01762 0.01471 0.01242

09



. _TABLE XII (Continued)

U A A W P _
gs | ,YA4104!74 - F? V' i o Toge 6500 K logg = 4.2
A 1.0 3.0 5.0 7.0 9.0  11.0 -13.0 15.0° - 17.0°  19.0 21.0  23.0
Dzizﬁ, 0.46036 0.25746 0.17106 0.12153°0.09075 0.06942 ~0.05410 "0.03282° 0.03432 0.02780 0.02273 0.01875
H A4340.47 F5 v T, 6500 °K log g 4.2
AA 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0  17.0 9.0  21.0  23.0
Dg;zﬁ 0.44005 0.24471 0.16315 0.11627 0.08727 0.06753 0.05325 0.04267 0.03466 0.02849 0.02364 0.01979

— , ’ R T : :

Hy A4861.33 B T e = 6500 °K logg = 4.2
A 1.0 3.0 5.0 7.0 9.0  11.0  13.0 15.0  17.0  19.0 21.0  23.0
92;2§ 0.40211 0.22054 0.14573 0.10454 0.07814 0.06060 0.04824 0.03907 0.03206 0.02663 0.02234 0.01892

e _ — |

H 26562.82 F5 V T = 6500 °K log g = 4.2
A 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0 . 17.0 19.0  21.0  23.0

DE;EE 0.32734 0.17153 0.10976 0.07652 0.05634 0.04287 0,03349 0.02677 0.02179 0.01800 0.01506 0.01274

19



" _TABLE XIT (Continued)

= 6500 °k

Hy A4;p}.74 F5 Vv T e log g = 4.4
AN 100 3.0 5.0 7.0 9.0  "11.0 13.0  15.0  17.0 19.0 21.0  23.0
Dz;gg 0.46010 0.25704.0.17069.0.12122 0.09058 0.06936 0.05408 0.04285 0.03438 0.02790 0.02284 0.01886
_ n  _ . '_~_f° , —~ , _'- -

HY | A4?4Qf47m.. F5 V Toee = 6500 K log g = 4.4
AL 1.0 3.0 5.0 7.0 9.0 11.0 13.0  15.0 17.0 19.0 21.0  23.0
Di:tg 0.43994 0.24448 0.16295 0.11610 0.08718 0.06753 0:05330 0.04276 0.03477 0.02860 0.02377 0.01993

. ,_ B 0 '. . - - -

HB A4861.33 . F5 Vv Teff = 6500 K log g. 4.4
A 1.0 3.0 5.0 7.0 9.0  11.0  13.0  15.0  17.0  19.0 21.0  23.0
Diizﬁ 0.40225 0.22064 0.14581 0.10465 0.07825 0.06072 0.04839 0.03923 0.03223 0.02680 0.02250 0.01907

- - a o N -

Hu 26562.82 F5 V Teff = 6500 K log g = 4.4
A 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0  17.0  19.0 21.0  23.0
DE;EE 0.32871 0.17272 0.11072 0.07730 0.05700 0.04342 0.03396 0.02718 0.02215 0.01832 0.01534 0.01298

9



TABLE XII (Continued)

T = 6350 °kx-

HG A4101.74 F6 V of £ logg = 3.8
A 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 19.0.  21.0  23.0
Di;:ﬁ 0.43013 0.22928 0.14674 0.10240 0.07472 0.05597 0.04286 0.03339 0.02638 0.02109 0.01704 0.01392

o, =

B A4330.47 6 V T, 6350 °K log g 3.8
AA 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 19.0 21.0  23.0

D:;:ﬁ 0.41062 0.21702 0.13976 0.00757 0.07193 0.05453 0.04227 0.03337 0.02675 0.02173 0.01784 0.01479
HB 14861.33 F6 V Teff = 6350 'K log g 3.8
A 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0  17.0 19.0 21.0  23.0
Dg;zﬁ 0.37405 0.10453 0.12505 0.08711 0.06409 0.04906 0,03846 0.03069 0.02488 0.02043 0.01698 0.01425
H, 2656282 ¥6 V T = 6350 K log g 3.8
AA 1.0 3.0 5.0 7.0 9.0 11.0  13.0  15.0  17.0  19.0  21.0  23.0

Dg;:ﬁl 0.39283 0.14995 0.09266 0.06323 0.04555 0.03406 0.02628 0.02079 0.01676 0.01372 0.01139 0.00956

€9



e "TABLE XII (Continued)

Hy AG104.74 F6 v 'Teff‘ - 6350 °K log g = 4.0
A 1.0 3,0 5.0 7.0 9.0  11.0  13.0  15.0  17.0  19.0  21.0  23.0
02;23 0.42987 0.22882 0.14632 0.10211 0.07459 0.05592 0.04286 - 0.03343 0.02646 0.02118 0.01713 0.01400

. .o . . - . . . - N . . ) 4‘ -. i R ) . : . . . .‘ X v N : . . ) : v : . L . . »
H A4340,47 F6 V T o = 6350 °k log g = 4.0

A 1.0 3.0 5.0 7.0 9.0  11.0  13.0  15.0  17.0  19.0  21.0  23.0
ngtﬁ'.9741°521 0.21679.0.13959 0.09747.0.07196 0.05463 - 0.04241 0.03353 0.02692 0.02189 0.01799 0.01494
Hy A4861.33 F6 V T .. = 6350 K log g = 4.0
A 1.0 3.0 5.0 7.0 9.0  11.0 13,0  15.0  17.0  19.0  21.0  23.0
Di;z; 0.37421 0.19462 0.12512 0.08720 0.06418 0.04919 0.03862 0,03085 0.02503 0.02058 0.01712 0.01440
H © A6562.82 F6 V T, = 6350 °K log g = 4.0

A 1.0 3.0 5.0 7.0 9.0  11.0  13.0  15.0  17.0  19.0  21.0  23.0
Dggzﬁ‘ 0.30419  0.15109 0.09357 0.06397 0.04616 0.03458 0.02674 0.02118 0.01710 0.01402 0.01165 0.00979

%9



TABLE XII (Continued)

A4101.74

T = 6350 °k

Hy 6 v e log g = 4.2
B2 1.0 3.0 5.0 9.0  11.0  13.0  15.0  17.0  19.0  21.0  23.0
Dg;:; 0.42968 0.22843 0.14597 0.10118 0.07450 0.05591 '0.04290 0.03351 0,02655 0.02127 0.01723 0.01410

, = ' ' == i === = = _ = = -

H A4340.47 F6 V T e = 6350 %K log g = 4.2
A 1.0 3.0 5.0 9.0 11.0  13.0  15.0  17.0  19.0  21.0  23.0
thzﬁ 041047 0.21659 0.13941 0.09732 0.07191 0.05464 0.04244 0.03359 0.02699 0.02196 0.01806 0.01500
HB A4861.33 F6 V Teff = 6350 K log g = 4.2

A 1.0 3.0 5.0 9.0  11.0  13.0  15.0  17.0  19.0  21.0  23.0
Dzszﬁ 0.37437 0.19470 0.12520 0.08728 0.06427 0.04930 0.02875 0.03101 0.02519 0.02074 0.01727 0.01500

— _ - - -

B, 2656282 F6 V T .. = 6350 °K log g = 4.2
A 1.0 3.0 5.0 9.0  11.0  13.0  15.0  17.0  19.0  21.0  23.0
Digzﬁ 0.30553 0.15220 0.09443 0.06467 0.04674 0.03506 0.02715 0.02154 0.01742 0.01430 0.01190 0.01001

S9



TABLE XIT. (Continued)

\&104.74 F6 V

. [o]

HG 'Teff = 6350 K log g 4.4
A 1.0 3.0 5.0 7.0 9.0  11.0 13.0 15.0 17.0 19.0 21.0  23.0
Digzg 0.42954 0.22810 0.14567 0.10167 0.07441 0.05589 0.04293 0.03356 0.02660 0.02134 0.01730 0.01417

- - - ‘ = o - - o
H 634047 - Ty T, = 6350 °K log g 4.k
AN 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 19.0 21.0  23.0
Dﬁ;zﬁ 0.41004 0.21641 0.13925 0.09721 0.07189 0.05469 0.04252 0.03369 0.02710 0.02209 0.01819 0.01513
o
Hy A4861.33 76 V T, = 6350 °K log g = 4.4
AN 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 19.0 21.0  23.0
Dﬁ;z; 0.37452 0.19478 0.12525 0.08734 0.06434 0.04940 0.03887 0.03114 0.02532 0.02086 0.01739 0.01465
o— . o -
H A6562.82 6 vV T = 6350 °K log g 4.4
A 1.0 3.0 5.0 7.0 9.0 11.0 13.0  15.0 17.0 19.0 21.0  23.0
Dg;gg 0.30684  0.16329 0.09526 0.06532 0.04727 0.03551 0.02754 0.02188 0.01772 0.01457 0.01213 0,01022

99



.TABLE XII (Continued)

A4104.74

T .

= 6200 °K

—HG | F8 V | of f log g = 3.8
AA 1.00° 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 19.0  21.0  23.0
DZ;EE 0.39713 0.20013 0.12329 0.08417 0.05990 0:04402° 0.03319 0.02549 0.01989 0.01573 0.01261 0.01022

. ) - . . _ " o — ) N
H :x§34o.47 F8 V T, 6200 °K log g 3.8
AX 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 19.0 21.0  23.0
DZ;:E 0.37842 0.18955 0.11711 0.08035 0.05795 0.04312 0.03294 0.02569 0.02037 0.01638 0.01333 0.01098
Hy A4861.33 F8 V T . = 6200 °K log g = 3.8
A 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 19.0 21.0  23.0
DZ:EE 0.34453 0.16900 0.10509 0.07134 0.05183 0.03908 0.03018 0.02379 0.01909 0.01555 0.01282 0.01068
. - = =
H A6562.82 F8 V T, = 6200 °K log g = 3.8
AM 1.0 3.0 5.0 7.0 9.0 11.0 13.0  15.0 17.0  19.0 21.0  23.0
DZ;E; 0.27936 0.13103 0.07947 0.05239 0.037Q1 0.02738 0.02096 0.01645 0.01317 0.01072 0.00885 0.00740

L9



. TABLE XTI (Gontinued) . ..

T a St e e e Ayt w v

. . i - o .
HG .7\4101.74 - F8 V Teff = 6200 K log g 4.0
A 1.0 3.0 50 7.0 9.0 11.0  13.0 150  17.0  19.0  21.0  23.0
D:;gﬁ 0.39701 0.19981 0.12297 0.0840L 0.05983 0.0440L 0.03321 0.02552 0.01993 0.01578 0.01267 0.01028
. ‘ e
HY 24340.47 _ F8 V Teff =. 6200 K J.og g 4.0
A 1.0 3.0 5.0 7.0 9.0 11.0  13.0  15.0  17.0  19.0  21.0  23.0
borey 0.37842°0.18937 0.11694 0.08026 0.05795 0,04316 0.03299 0.02576 0.02044 0.01644 0.01340 0.01103
= _ -

Hy A4861.33 F8 v T .. = 6200 °K log g = 4.0
8 1.0 3.0 5.0 7.0 9.0 11.0  13.0  15.0 17,0  19.0  21.0  23.0
pooi> 0.34470 0.16906 0.10513 0.07139 0.05192 0.03919 0.03032 0.02393 0.01923 0.01568 0.01295 0.01081

.;: = = N n : o -
H 1656282 MV T, = 6200 °K log g = 4.0
M 1.0 3.0 50 7.0 9.0 11.0  13.0  15.0  17.0  19.0  21.0  23.0
poee® 0.28065 0.13203 0.07921 0.05295 0.03746 002775 0.02128 0.01672 0.01340 0.01093 0.00903 0.00756

89



. TABLE XI1I (Continued)

H | M104.74 - omv T .. = 6200 °K log g = 4.2
A 1.0 3.0 5.0 7.0 9.0  11.0-  13.0  15.0  17.0  19.0  21.0  23.0

| Dz;zﬁ 0.39698 0.19957 0.12274 0.08390 0.05980 0.04402 003326 0.02559 0.02000 0.01585 0.01274 0.01034

. — — ;;:‘- = ' : .:%E:' j_' 6 ' = :

H MMOAT . E | T, = 6200 °K log g = 4.2
A 1.0 3.0 5.0 7.0 9.0 11,0  13.0  15.0  17.0  19.0  21.0  23.0

Dg;tﬁ_ 0.37849 0.18929 0.11686 0.08026 0.05801 0.04324 0.03309 - 0.02585 0.02053 0,01653 0.01348 0.01111

. ‘ = “;_ = s == =
H, A4861.33 F8 V T = 6200 °k log g = 4.2

AX 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 19.0 21.0 23.0

Line 0.34493 0.16916 0.19520 0.07144 0.05199 0.03929 0.03043 0.02404 0.01933 0.01579 0.01304 0.01090
Depth

0 —
Ha 16562.82 F8 V Teff = 6200 X log g = 4.2
AX 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 19.0 21.0 23.0
Line

0.28210 0.13312 0.0800

Depth 0.05356 0.03794 0.02815 0.02162 0.01801 0.01365 0.011l4 0.00921-0.00772
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TABLE XII (Concluded)

MG104.74 F8 V

T = 6200 °k

HG off logg = 4.4
A 1.0 3.0 5.0 7.0 9.0 11.0  13.0 15.0 17.0  19.0 21.0  23.0
Dg;:; 0.39691 0.19931 0.12248 0.08375 0.05973 0.04400 ~0.03325  0.02561 0.02004 0.01589 0.01278 0.01038

: o ’ ’A‘ib - o -
H, A4340.47 | Fg v T ¢ 6200 °K log g 4.4
AA 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 19.0 21.0  23.0
DE;?; 0.37850 0.18912 0.1167 0.08014 0,05796 0.04323  0.03310  0.02589 0.02058 0.01659 0.01354 0.01117
P . | = o =
H, A4861.33 F8 V T e 6200 °K log g h.4
A 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0  17.0 19.0 21.0  23.0
DE;E; 0.34507 0.16921 0.10523 0.07146 0.05204 0.03935 0.03049 0.02411 0.01940 0.01585 0.01310 0.01095
— = = =
H 26562.82 F8 V T .. = 6200 °K log g = 4.4
A 1.0 3.0 5.0 7.0 9.0 11.0 13.0 15.0 17.0 19.0 21.0  23.0
DE:E; 0.28322 0.13407 0.08071 0.05410 0.03837 0.02851 0.02191 0.01726 0.01387 0.01133 0.00938 0.00787

0L
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measured line depths were then plotted to a uniform scale as ‘'a function
of distance from the line center. The 64 theoretical profiles were then
plottgd‘on transparent‘paper to the same scale and superposed on the
observed plots in an attempt to find the best agreement or fit between -
‘theory and observations, Observations best fit by the theoretical
curves of a'single model are listed in Table XIII. Figures 4, 5, 6,

and 7 are comparisons between the calculated hydrogen line profilés--
Ha,NHB; HY, and~H§-and the observed profiles for a stdr having an.
effective temperature.of 6500 °K, log g = 4.2, and with the solar
abundance. This is the single model in best agreement with obsean—

tions.



TABLE XIII

OBSERVED HYDROGEN LINE PROFILES

A4101.74

—

Victoria Plate

T

Tiacing No. 1797

H6 No. 50092
—— . , , -

M@A) 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 6.0 8.0 .°10.0 12.0

;:::h .8571 .6408 .5019 .4503 .3257 .2859 .2541 .2302 .2112 .1667 .1239 .0877 .0395

Hy 434047 Victoria Plate No. 37112 Tracing No. 1914
m@ 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 6.00 8.00 10.0 12.0 14.0 16.0 18.0
;i:zh .8741 .6775 .5191 .4122 .3569 .2987 .2753 .2214 .1975 .1326 .1011 .0902 .0730 .0455 .0267 .0115
HR 24861.33 ‘Victoria Plate No. 38133 Tracing No. 1815
m@ 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
;igih .9769 .6574 4815 ,3773 .3218 .2847 .2454 .2222 .1901 .1435 ,1157 .0949 .0741 .0510 .0278 .0093
Ho 16562 .82 Victoria Plate No. 36795 Tracing No. 1819
m@ 0.0 .05 1.0 1.5 2.0 2.5 3.0 3.5 4.0 6.0 8.0 10.0 12.0

gigih 8181 .6920 .4117 .3233 .2667 .2227 .1768 .1617 .1415 .0910 .0682 .0455 .0228

el
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CHAPTER V
SUMMARY

The Model

A detailed fine atmospheric analysis of the atmosphere of the star
Theta Ursae Majoris was performed using a computer program which com-
putes a pressure opacity-flux model for a given temperature distribu-
tion. A grid of sixteen model atmospheres, having effective tempera-
tures between 6200 °K and 6650 °K and surface gravities between log g =
3.8 and 4.4, was calculated in order to determine if a theoretical model
of the star could be developed.

Using seven basic assumptions, the theoretical UBV coloré and
hydrogen line profiles were calculated for the star and compared to the
observed values of the UBV colors and the hydrogen line profiles to de-

termine which model was representative of the star Theta Ursae Majoris.
Analysis of the UBV Colors

The first calculation of the UBV colors did not include the effect
of line blanketing. The computed values of U-B and B~V, given in Table
'VI, are obviously not in agreement with the observed values of U-B = 0.06
and B-V = 0.46. Our model of the atmosphere for Theta Ursae Majoris was
intorrect or line blanketing is an important factor in the computation

of the UBV colors.

The second calculation of the UBV colors was performed using the
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blanketing coefficients from the star Procyon, given.by Talbert and
Edmonds (1966), in the wavelength region A = 3000 to 4200 angstroms, and
the blanketing coefficients from the star Gamma Serpentis, given by
Kegel (1962), in the wavelength region A = 4200 to 7200 angstroms. The
calculated theoretical colors, using line blanketing from these similar
stars, indicated a better agreement between our model and the observed
values for the star, but better agreement was desired.

The third calculation of the UBV colors was performed using the
blanketing coefficients for the star Theta Ursae Majoris. Myrick (1970)
calculated the blanketing coefficients and factors for Theta Ursae
Majoris in the wavelength region A = 3920 to 6610 angstroms. The blank-
eting coefficients for the wavelength region A = 3000 to 3920 and A =
6600 to 7200 angstroms were determined by extrapolation using the stars
Procyon and Gamma Serpentis. Using the blanketing coefficients for the
star Theta Ursae Majoris, the computed values of the UBV colors are in
very good agreement with the stated wvalues for the B-V colors. The best
agreement was found to be for an F8 V model having an effective tempera-
ture of 6200 °K and surface gravity of log g = 3.8 or 4.0. The computed
values of the U~B colors did not show a good agreement between our model
and the observed values. The poor agreement exists because the true
continuum for the ultraviolet region has not been definitely established
and the true values of the blanketing coefficients in this reglon are
quite uncertain, Once the true continuum for the ultraviolet region is
determined, the blanketing coefficients for this region can be deter-
mined with a high degree of accuracy. This will enable one to determine
the blanketing coefficients in this wavelength region and to calculate

the B-V colors with greater accuracy. The disparity between theoreti~
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cal and observed U-B colors was so great that no one model could be

selected as representative of the star Theta Ursae Majoris.
Analysis of the Hydrogen Line Profiles

The Balmer Ha, HB, HY, and HS line profiles were computed and
plotted graphically for the sixteen grid models in order to compare the
theoretical hydrogen line profiles with the observed profiles. This com-
parison was used as a criterion to determine which model would be se-
lected as the representative model for the star Theta Ursae Majoris,

The model representative of the star was an FV 5 star having an effec-
tive temperature of 6500 °K and surface gravity of log g = 4.2, Although
one model might show good agreement between one observed and calculated
line, the FV 5 model indicates the best agreement when all four hydrogen
lines were considered.

| The observed and calculated values for all four hydrogen lines are
in good agreement in the wings. The HB and Hy lines show good agreement
as close as one angstrom from the core of the line. The agreement be-
tween observed and calculated values for the H§ line is good when at a
distance of only two angstroms from the line core. The greatest dis-
crepancy near the center of the line core exists in the Ha line, but

good agreement is obtained at a distance of three angstroms from the line

care.
Conclusions

The theoretical UBV colors did not predict the same model of the
star Theta Ursae Majoris as did the graphical comparison between the

computed and observed values of the Balmer Ha, HB, HY, and H§ line pro-
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- files. The model selected by the UBV colors was a star having a lower
temperature, 6200 °x compared to 6500 OK, and a lower effective surface
gravity, log g = 3.8 or 4.0 compared to 4.2, than the model dictated by
the hydrogen line profiles. The UBV colors predict Theta Ursae Majoris
to be an F8 V star while the hydrogen line profiles predict an F5 V
star. Since so much disparity exists between the theoretical and ob-
served U-B coiors, the value of the U-B colors can not be used here as
a good criterion to predict the model atmosphere for the star.

Ihe blanketing coefficients for Theta Ursae Majoris in.the region
between 3920 and 6600 angstroms were calculated from tracings of the
star itself., ' The blanketing coefficients in the region between 3000 to
3900 and 6600 to 7200 angstroms were calculated from similar stars and
there cbuld be an error in the calculated values of the blanketing co-
efficients. The use of the blanketing coefficients from similar stars
could be one reason for the poor agreement between the theoretical and
observed values of the U-B colors. The true continuum in the ultravio-
let region has not been established with any known certainity and it is
impossible to calculate the frue blanketing coefficients in this region.
Although our values of the U-B colors are too large by a factor of
three, they show closer agreement than any other computed models for
similar stars.

The hydrogen. line profiles select an F5 V star as repreéentative
of Theta Ursae Majoris. This model is closer to the spectral classifi-
cation of the star, F6 IV, than the model predicted by the UBV colors.
It -is acknowledged that there could be some error in the tracings of the
hydrogen line profiles, but the probability of the error in the tracings

is smaller than the error in the determination of the blanketing,
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