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The models previously suggested had homogeneous Y =« 2.50 to ). 73: Con-
vection :omes which extend t2 60,300 X or 70,300 X, :counting the su.:at:on
and oversheoot!ing ex-ursions, and then 3 ceeper (2,300 X wide >yffer :cne with
half the surface helium enrichment. There are 2nw at least Twe 2:fficzulties

with those models. P2ossibly he large helium abundance :n the 3t-osgnere Ion-

flicts with spectral observations of the =mezal 2o hvdrogern ratic fov epheils
This difficulsy =ust awai?t Jdetailed calzulazions =7 svmthetis srectra "> see
if hagh helio= zanm Se toleratad. The secord ::79i:ultv of TRAT TOssINI T

heliua rich la1ver s verv unstabie ice 22 the inveresg ATIS.enT . AnC 1T Tay

Quickly m1x by a rrocess des:Tited bv K:ippenhahn 12371, Frevicusly, ine

pred:icted bv verv thin ear:ched laver siTuctures as Twloriel v and, Town,
and Hcdson 1377 Deeper enriched lavers ire ngwm ndilatad.

It aipears 272t the peri~d rat:ios 27 a0 and ndirate toat lavrens a7l
enrichnent rom the surface and the 1nstanility miaiag Selow the comeect:ion

Tohes compete o Qive much Jeeper large Y otomogeneso. and TTITSITION [d.eTs
than prev:idus. s T=ougnt. The Time spenmt 1s 1 vellTe Dilan? and the mass loss
due to the wind, i=nferred €rom the solar wing ard thne relat..e - .12 N7 <Rp
sun and the Ceonetd, 10!0w a Mass fracticn of rTormavs Do T2 Se enrcocte:

to mavbe Y = 2. 75 ¢ this laver is unstable anld 3 =iaed deoerver, the Vo oarll

be semewhat smallcr and the temperature at he Soricm w100 Se Sotvar ae
-3
show that 17 the enrichment oo0es o 20,0 X (-5 = 2 v 1) 7 aith a tranc:-
A -~ : e H -4 ; - . i ] -
tion :Zone 0 0N 00 K Y-g = 3 x 00 ¢ oreor AC And, 1t teTinld Ll e o onamlnne

For TU las a verv uni:irelr ~odel s TequiTed 1Y ive the throe neriads terovted

by rauisner 12377h

]
-,

T™e observit:ons ~7 AC And are reviewed in Section 1. A Jdirlussion

bl R

the periods o. T!' Cas has heen given by Hadson and Cox (1973° and need not



be repeated here. Section Il gives our theoreticai model data and derived

masses. Conclusisns are given in Section IV.

I1. AC ANDROMEDAE PERIQDS
The data 3f Titch and Szeid! 71976) has heen araivied by a merhod adapied
from Lafler iad X:m=an 1963} and described by Zox, Hedson, and King 71977).
We here, however, hive adopted the Fitch and 5:eidl per:ods with no atlempt

ing *hem. The original Zata, hindlv suppiles v Fiich, w=as grouped

by averaging Al 7tints in magn:itude and fime ~i1thin

[¥y)

first data point sed Sv Fitch and S:eidl. The differing weight 3f these

o)

average o nts Rhas “een :igmored 5 our rer:isd anmalvsis.  {ompenent findamental

(Fy, firs: cversone “IM), and second cvertone “ZH' light curves are jiven In
Figure .. Three other rer:dds that are found are the nonliinear Joupling beat

Yetween © Jand H, F oanld 2M, and H und 2H. These final Co-penent LRt olurves

were chrta.neld irser iterut:ivelr prewhizen:in: the Tean 111 TOIATS ..TR 310 tde

other - cer:cds.  Tlegrls, the second dvertone s present as Fitch and Ste:xdl
found.

The standard errcor of the a=z':tudes s 7.0 =g, -uch larger than obtained
bv rFitckh 1nd S:etdd The teason seems to be that we have not pronhitened witl

sc many add:t:icnal per:ods. It may be necessary to include perioucs 1o 2QTe
exactly define the d:storted light curves of the three “as.: variatilns. cur
curves in F:oure | and sur three nonlinear heat var:aticns then probably do

not show the exacs snaze of each comnonent, bhut the analysis is good rnough

to give rather accurate amplituldes.
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using the data of Fitch and S:e:dl. Their periods Save been
used. Our three ampiitudes ary 2.227, Y 178 and ¢.0ed agn

tude with the standard deviaticn ofF Y.eN Toroal,
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Numerous ~odels have Seer zonstructed and analvted for reriads and
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growth rates using 3 linear nenad:iabatic progran srizinally Jeveloped by oTastor
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limited 0 unity. The previous structures, which can explain the bump and
doublr-mode Cepheids with evolutionary theorv masses, were nodi.:ed in ways
that did nct lestrov their :1;:0 and 32/30 pericd ratios. Thus the new re-
vised bump and deouble-mode lepheid masses remain unchanged.

One probiem with the surface helium enrichment is that the structure :s
not stable. Hel:um wi!}l !~akn Jdownward at a, as vet undetermined, rare. If
one assumes some JCwhward TMixing o a mass level with only abou? S5 x 10-4 of
the steilar mass itcve, there :s stijl %ime %0 enrich it by a Cepheid »~ind o

a large Y in the few a1llion vears during a 3 M@ first evolutionary Crossing

of the pulsazion ins:iahility strip.  Thus our 3C And acde! is enriched 2o
Y = 0.48 from tne surtace o 150,700 X =5 ¥ = J.38 ber~een there and 300.002 ",
and fina!lv with Y = 0.9, or a normal value, leerer 1!l the wav 0 the nuclear

s = m - -

Figure 2 gives a plot of and 7, 'T. versus rass for this

R VA ERERRTY sy
structure with the runlaimental pericd for al!ll models within a few percen: of

that 1cr AC And. The observed period raties indicate approximatelx 3 M ;1

o

more defin.t:ve value would need uninown letails 7€ the intemal compositicn
structure.

This value o¢ 3 Mo 1s the same as that sugges:cd by Fitch and S:z:idl
(1976), but we 4o not completelv agree with their techniques of getting the
mass. The best Jata availabie to them was from the Cogan {1970) grid of
models which ~a5 -zarse and probably rthe models included teoo much convection.
Fits to the pulsition constant Qi for various M and R values mayv no: give
period ratios niollji to the accuracy of one part or less per thousand that

observations merit. The error in the Fitch and S:eid] mass value was perhaps
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30 percent or more whereas ours,using specialiv caiculated ~odeis, 1s con-
siderably smaller, assuming of course our unccnventional cImpesition struc-
ture.

As pointed sut by Cox, Deuprce, King, and Hadson LTy the Drimary
effect which leads o the ccrrect veriod ratios 1n the inhomogeneous Jvase

is the change in the density structure o€ the outer cnvelope.
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Density versus fractional radius in three models for AC
Andromedae. The two homogeneous models have parallel
density structures and similar periods for the first
three radial modes. In the inhomogeneous case, the
fundamental mode feels the shallower density gradient
more than the higher modes and has a larger period than

for the two homogeneous cases.



Figure 3 show: tne density as a funétion of fractional radius ‘or a
three solar mass model of AC And. This is near the derived mass as can be
seen in Figure 2. Three cases are shown; two homogeneous models and the
adopted inhomogeneous case. In the outer region of the star where
T £ 250,000 K, the density in the case for Y = (.26 is about a factor of
two less than in the helium enriched inhomogeneous model. As one approaches
the base of the envelope the densities become more nearlv equal, i.e. the
magnitude of the density gradient is less steep in the inhomogeneous case.
Since the total mass and radius of the models is the same, this leads to 4
less centraliy condensed model and hence to a longer fundamental period.
By allowing the envelope to be helium enriched into a depth o’ 250,000 K
the periods of the first and second overtones are littla affected since their
eigenfui.~tions are large only in regions exterior to this and see roughly
a homogeneou: model. Table 1 confirms this for these cases. The lengthening
of the fundamental period is about four percent whereas the {irst cvertone
and second overtone periods are increased by slightly more than one tenth

of one percent.

TABLE 1
Ac And Models at 3 M ,217 L , T = 6800 K
<) Q €
v o ]
.48 0.6834 0.5336 0.42387 0.781 0.627 0.804
Inhomo- 0.7106 0.8277 0.4232 0.745 0.596 0.80:2
geneous

o
wn
J
~J
o

.28 0.6841 0.4226 0.770 0.618 0.80:2



It is of some interest to briefly discuss the models that were necessary
when we were attempting to explain the reported third period of TU Cas. The
ratio ,/T,

as for AC And. The only model we werv able to find which would give the

would be 0.8249 whereas for most models this ratio is about 0.80,

Faurlkner(l1977h. Z,fﬁl had nermal helium (in our case actually Y = 0.35) from
the surface to 30,000K, Y = 3.70 between 30,000K and 150,C00K, and then

Y = 0.28 to the nuclear bumning region. Using this model a mass of about JMQ
was derived. This :ype of structure is not needed to expiain any of the
other Cepheids and ied us to doubt the realiitv of the secénd overtone. In
the absence of the third ceriod there is no difficulty in explaining TU Cas
as just ancther double-mode Cepheid with the high zravity of Schmidt (1374j,

explained by the large surface helium abundance.

I[V. CONCLUSI™..S

Unconventional! composition structures ire proposed to explain the periods
of the triple mode Cepheid AC And. A strong Cepheid wind appears to enrich
helium in the convection :zones down to about 60,200 X or 70,000K. Then some
downward partial mixing occurs to the bottom of a layer with about l-q =
5 x 1077 of the stellar mass.

Petersen (1978b) has suggested that AC And may be a c-tvpe RR Lyrae
variable pulsating only in the first, second, and third ovcrtones. Fitch and
Szeid]l indicate, however, a Population | composition. We have two major ob-
jections to the Petersen models. First, we find that if nonadiabatic periods
are calculated instead of his adiabatic ones, the period ratios are too smal’
by as much as 4 percent for ;'Iz/ﬂ1 and somewhat less for HS/TI1 and HS/HZ'

This leads to an unacceptable solution for the masses given by Petersen.



Second, we find that the second and third overtones for either a Population I
or Il mixture are stable at all surface effective temperaturzs for these low
masses. The rapid kinetic energy decay rates, like 25 percent per period,
give the few percent difference between the adiabatic and nonadiabatic
periods. At 0.6 and 1.0 Mo the first overtone is sometimes pulsaticnally
unstable, but not at the Te value of 7100 X suggested by Jakate (1978). For
our inhomogeneous models with more surface helium, the fundamental and first
two overtones are all raturally unstable for 'I‘e between 6400 and 7000 K.

We note that *C And is not unlike the anomalous Cepheids re:ently dis-
cussed by Zinn and Searle (1976) and Deupree and Hodson (1977). Masses of
between one and two solar masses are suggested, hcwever, and theo population
is more likely type II.

It 1is wérthwhile noting that the double-mode Cepheids, such as ' Tr A,
can still be explained with our proposed enrichment below the lLomogern 29us
convection in=z>. A case where Y is 0.50 from the surface to 150,000 X
(1-q = 2 x 10_4), 0.39 from there to 200,000 K, and then 0.23 to the nu.lear
burning core gives the proper Hl/ﬂo = 0.7105 for the double-mode Cephei.
UTr A (2.57d) at about 4 SE, Thus we do not destroyv the explarition fo1
any of the double-mode Cepheids.

The bump Cepheids, however, cannot have enrichment below the convection
zones or the ratio HZ/HO and its variation [also the Hervrt:sprung (1926) light
curve bump variation] with phase will be upset. Note that in this case the
mass level of about 10-4 of the stellar mass is right at the bottom of th~

iower He Il convection :one.
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