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ABSTRACT P h o t o e l e c t r i c BVRI l i g h t and r a d i a l v e l o c i t y 
curves of the 0.41 e * period e c l i p s i n g v a r i a b l e have been 
analyzed with a new, s implex-enhanced v e r s i o n of the 
Wilson-Devinney l i g h t curve program, and used to explore 
detached, semi-detached, and c o n t a c t s o l u t i o n s . The 
system i s b e s t modeled as a W-type W UMa system, with 
contac t parameter, f - 0 . 4 4 , a l though a t time of w r i t i n g , 
we cannot ru le out the p o s s i b i l i t y of an A-type system. 

INTRODUCTION 

The importance of e c l i p s i n g binary s t a r s i n c l u s t e r s has been 
d i s c u s s e d in the context of the d i s t a n c e s c a l e , of s t a r c l u s t e r 
e v o l u t i o n and of binary s t a r s t u d i e s (Milone and S c h i l l e r 1988, 
1991) . I n v e s t i g a t i o n s of the age of the open c l u s t e r NGC 752 
have been done by Hardy (1979) , Twarog (1983) and more r e c e n t l y 
by S c h i l l e r and Milone (1988) , who found r - 2 .0 ± 0 .2 · 1 0 9 y 
and a d i s t a n c e modulus: (m - M ) Q - 7 .9 ± 0 . 2 , corresponding to 
r - 380 ± 40 pc , in agreement wi th t h a t obta ined from the 
abso lu te elements of the e c l i p s i n g binary member DS Andromedae: 
(m - M)o - 8 .17 ± 0 . 1 5 , or r - 430 ± 30 pc . A p r i n c i p a l 
c o n c l u s i o n of S c h i l l e r and Milone (1988) was tha t the 
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components of DS And evolved independently wi thout subs tant ive 
mass l o s s or exchange, un l ike H235. 

HEINEMANN 235 MODELING 

Heinemann 235 or H235 i s c e n t r a l l y l o c a t e d in the f i e l d of NGC 
752. I t s v a r i a b i l i t y was noted by Johnson ( 1 9 5 3 ) . Ebbighausen 
(1939) accorded H235 a high p r o b a b i l i t y of membership, on the 
b a s i s of proper motion. From our s tudy, V 7 - 21 ± 4 km/s, 
w i t h i n the range for membership. 

BVRI photometry obtained by SJS a t Table Mountain, C a l i f o r n i a 
i n 1989 was used for l i g h t curve modeling. 15 Â/mm s p e c t r a were 
obta ined at the DAO with an i m a g e - i n t e n s i f i e d r e t i c o n on the 
1.8 m t e l e s c o p e . Reduction d e t a i l s w i l l be d i s c u s s e d e l sewhere . 
The spec tra were c r o s s - c o r r e l a t e d a g a i n s t three standard s t a r s ; 
the mass r a t i o was found to be - 6 . 5 : 1 . 

The modeling of H235 was c a r r i e d out a t the U n i v e r s i t y of 
Calgary with a v e r s i o n of the Wilson-Devinney DC ( for 
Differential Corrections) program (Milone et al. 1992) , 
operat ing on a Myrias SPS-2 64-processor computer and a 
simplex-enhancement of t h i s v e r s i o n (Ka l l ra th et al. 1992) 
running on IBM RS6000 p la t forms , which was used to explore 
wider ranges in parameter space than i s convenient under the 
n o n - i t e r a t i n g Wilson-Devinney program ( i n g e n e r a l , i t provides 
a s h o r t - c u t from i n i t i a l parameters to the deepes t minimum of 
parameter s p a c e ) . 

Few modeling d e t a i l s can be g iven h e r e . RV data were given 
uniform weight . The temperature of the primary component, Τ χ 
was s e t a t 6900K based on the s p e c t r a l type of the system. T2 
converged to a va lue c l o s e to Τχ. Contact , detached, and semi-
detached s o l u t i o n s were explored . 

An A-type W UMa model was a n t i c i p a t e d and s a t i s f a c t o r i l y 
modeled but a d d i t i o n a l t r i a l s wi th the RV curve s h i f t e d by 
O.5P (permitted because of the l i m i t e d p r e c i s i o n of the per iod , 
which a l lows a displacement < 0 . 6 P w i t h the l i g h t c u r v e ) , and 
the r e v e r s a l of RV curves 1 and 2 , showed tha t a W-type model 
f i t s the data s l i g h t l y b e t t e r . Accordingly , both s e t s of 
s o l u t i o n s are presented in Table I ; Zwr shows the W-type model 
to be preferred but computed l i g h t curves of t h e s e models are 
not much d i f f e r e n t . Here the e f f i c a c y of the modeling process 
must determine which of the RV curve conjunc t ions c o i n c i d e s 
wi th the l i g h t curve primary minimum, but proof awaits 
a d d i t i o n a l times of minimum and an improved p e r i o d . 
The contac t parameter, f - (Ωχ - Ω)/(Ωι - Ω2) , i s r e l a t i v e l y 
l arge i n these models: fjy ™ 0 . 4 3 5 , and f& - 0 . 4 4 0 . System 
r e p r e s e n t a t i o n s of both models are shown in F i g . 1. In the A-
type model the h o t t e r component i s s l i g h t l y more luminous than 
i n the W-type c a s e : the hotter component has gained luminos i ty . 
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TABLE I H235 S o l u t i o n s 

Parameter/Model A-Type W-Type 
/Component : 1 2 1 2 

a (RO) 2 .49(11) 2 . 50(9) 
i (deg) 58 1 . 9 ( 1 ) 58 . 6 ( 3 ) 

q 0. 155(3) 6 . 4 6 ( 3 ) 
v 7 (km/s) 21(4) 21(4) 
Ω 2, .074(8) 2 .074(8) 1 0 . 6 6 ( 3 ) 1 0 . 6 6 ( 3 ) 
T (K) 6900 6841(35) 6900 6841(24) 
L B (4 i r ) 9, ,62(8) 1.83 1 .96 (3 ) 9 .46 
L V ( 4 * ) 9. .71(7) 1.86 1 .96 (3 ) 9 .59 
L R (4tt) 9. 58(6) 1.84 1 .91 (2 ) 9 .49 
Li (4π) 9. 46(5) 1.82 1 .88 (2 ) 9 .39 
Rpole (a) 0. 517(3) 0 .230(6) 0 . 2 2 9 ( 3 ) 0 . 5 1 6 ( 1 ) 
^•side ( a ) 0. 571(4) 0 .241(7) 0 . 2 4 0 ( 3 ) 0 . 5 7 1 ( 3 ) 
Rback (a) 
Ewr z 

0. .596(6) 0 .29 (2 ) 0 . 2 8 7 ( 8 ) 0 . 5 9 5 ( 4 ) Rback (a) 
Ewr z 0. 0211 0. 0149 

Although the component s t a r s of H235 cannot have evo lved as 
i s o l a t e d s t a r s , i t i s p o s s i b l e tha t the system can serve as an 
evo lu t ionary benchmark for other W UMa systems of s i m i l a r mass 
because an age can be ass igned to i t , assuming tha t H235 was 
not formed or s i g n i f i c a n t l y hardened by c o l l i s i o n subsequent 
to c l u s t e r formation. I f s o , the h y p o t h e s i s t h a t systems with 
i n i t i a l per iods of the order of ~2 evo lve i n t o c o n t a c t system 
through angular momentum l o s s f inds mild support i n t h i s 
intermediate contact system in a c l u s t e r of in termediate age. 
However, kinematic s t u d i e s (see Guinan and Brads tree t 1988) 
of f i e l d W UMa s t a r s suggest grea ter a g e s , on the whole , for 
t h e s e systems (-8 Gy on average ) , many of which have smal ler 
c o n t a c t parameters than does H235. The f i e l d sys tems , for which 
the p r o b a b i l i t y of binary c o l l i s i o n i s much smal ler than for 
c l u s t e r members, presumably merge v i a a s low angular momentum 
l o s s mechanism invo lv ing magnetic torques from s t e l l a r winds 
and s p i n - o r b i t coupl ing . This c ircumstance c a s t s doubt on the 
n o t i o n that the H235 system has evo lved to i t s pre sen t s t a t e 
wi thout having undergone a hardening c o l l i s i o n , much more 
l i k e l y for b i n a r i e s than for s i n g l e s t a r s . Latham e t a l . (1991) 
have found many b i n a r i e s in NGC 752, i n c l u d i n g v i r t u a l l y a l l 
the s t a r s on the upper red hook of the CMD. 
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F ig . 1. The A-type (upper) and W-type ( lower) models of H235, 
as drawn by Binary Maker, a software package produced and 
d i s t r i b u t e d by D.H. Bradstree t . 
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