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RADIAL AND NONRADIAL PERIODS OF DELTA SCUTI

Sean P. Clancy, Group X-7

and

Arthur N. Cox
Theoretical Division

Los Alamos National Laboratory
Uni./ersity of California

Los Alamos, New Mexico 8i’545

Five periods have been discussed by Smith (1981) for the prototype
variable star 6 Scuti. The KGin one, at 0,193772 day, has long been identi-
fied as the radial fundamental mode. The others have not been clearly
understood, but the second radial overtone is probably the correct identi-
fication for the 0.116366 day period. The other three ?t 0.186891, 0.189435,
and 9.2!.1157 day seem to be non.-adial mcdes because o.F their long periods.
The first of these seems to havt Q = 2 and m = -2 as observed by Smith.
Table 1 gives these observed periods. Based o’.]the Fitch (1981) nonrad;al
pulsation constants, the 4,48 hour (,187 day) period seems to be a p] mode,
but as we shall see, we find that this identification is not verv certain.
The goal of this paper is to use our nonradial nonadiabatic computing pro-
gram to predict periods in this range for a model matching Lhe observed
parameters of 6 Sruti,and to idenLify all five periods,
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Fig, 1. The Hertzsprung-Rus scl,l
diagram in the region of the 6 Scuti
variables , Details can he found in
the Cox, King , aml Hodsor) paper.
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Fig. 2. The internal temperature,
opacity, and density structure of
the 6 Scuti model is plotted versus
external mass fraction,

Tablr 2 gives the model diitit including the dctoils of LhC tIydI-OgCII deplrtcd
ccntraJ region, Figllrc 2 plots ibis modrl lcmprraturr, oparityt and f]onsily
ntruct,llrem
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Table 3 lists the radial periods obtained from the linear nonadiabatic
theory. The fundamental has been matched exactly, but the second overtone
is a bit longer thau the 0.116 day period if the identification is correct.
The growth rates are larger for the larger overtones. This presents a
problem because the fundamental is the dominant mode but has a very low

linear theory growth rate. Further, where is the first overtone with a
larger growth rate in the observations? The PdV work each cycle te cause the
pulsations is plotted for these three modes in Figure 3. Driving is at the
top of the c~nvection zone, at about 18,000 K, at the bottom, at about
40,000 K and finally at about 150,000 K due to the ultimate ionization of
helium.

TABLE 3

RADIAL pERIOOS AND GROWTH RATES

Mode Period ?]

(day) (hrs)

F C.1937 4,649 8.4x10-5

lH 0,1495 3,588 8.7X10-4

2H 0.1217 2,921 3.8x10-3
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Fig. 4. The y = 6r/r eigen-
!vector is plot ed versus

radius fraction x = r/R?:.
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Fig. 5. The nonradial yl eigel)-
vector is plotted versus zone
number. Small oscillations occur
in the p gradient region outside
of the hydrogen exhausted core.
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A 195 zone model has been used in the nonradial nonadiabatic linear
theory program to calculate periods aad growth rates for modes of order
1=2. Considerable care was needed to see that the equation af state
derivatives were accurately calculated. The many oscillations in the iso-
thermal core result iu a large g order. Table 4 lists periods in the range
of the observed 6
at least at small

Mode

g20

g19

g18

g17

’16

J314

%13

Scuti periods. Growth rates are positive, indicating ihat
amplitude these modes should appear.

11 (hrs)

4.71

4.5?

3.98

3.73

3.32

2.85

2.54

TABLE 4

6 SCUTI MODEL

2.53 x 10-5

4.05 x 10-5

1.31 x 10-4

1.09 x 10-4

6.57 x 10-’t

1.29 x 10-6

C.95 x 10
-3

KE

1.29 x 1048

3.95 x 1045

1.21 x 1045

2.28 x 1045

2.22 x 1044

1.47 x 10L7

4.28 x 1043

The eig?.~vector, y. for gig, i: given in Figure 4. A closeup is given
in Figure 5. This is the radial motion varia~ions which is normalized to
unity at th(~ surface. The imaginary pzrt of ~his eigenvector is small.
indicating ~.hat the motion is Closely in phase at all depths. ‘The p
gradient region tends to trap eig~nvector oscillations, and this can be seen
interior to-x = 0.08.

In Figure 6 we give the PdV work each cycle to promote the driving oi
the pulsations, Thi regions are again the ionization oi hydrogen and helium,
just as fOr the rad’Lalmode case.

Tile list 0[ ubserved periods in Table 1 does not seem to match the
theoretical lisL i’)Table 4. Furthermore, thr behavi~r of the eigenvectors
in the deep
pretat]on of
tion of the
further work

interior, a’ld especially in Lh~ isothermal core, makes inter-
the theoretical results difj,icult. ,4t present. Llle identifica-
observed periods in 6 Scuti does not seem possible and much
i.s ne?de(i,
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