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Abstract  The bright (V = 4.6) ellipsoidal variable b Persei is unique, as it is 
a triple system that experiences an eclipse of the primary and secondary stars 
every 701.76 days by the tertiary component. This paper analyses the ellipsoidal 
light variations to show that the mass ratio is q = 0.28 ± 0.02 and the inclination 
is i = 43 ± 3°. Modeling the system with the Wilson-Devinney computer code 
leads to similar values of q = 0.25 ± 0.03 and i = 49 ± 10°.

1. Introduction

	 The	star	b	Persei	should	not	be	confused	with	the	better-known	β	Persei	(=	
Algol = HR 936), which is 15.3° southwest of b Persei and is the prototype of 
the Algol eclipsing variable stars. The star b Persei (= HR 1324) consists of a 
bright primary star close to a faint, unseen secondary star in an orbital plane that 
does not generate eclipses. This close pair is orbited by a faint, distant tertiary 
star that is now known to eclipse the inner pair. 
  Ellipsoidal variable stars are close binaries whose components are distorted 
by  their  mutual  gravitation.  Though  physically  similar  to  eclipsing  binaries 
with out-of-eclipse light variations, they have orbital inclinations that are too 
small to create eclipses, resulting in light variations that are typically only a few 
hundredths of a magnitude.
  The slight light variations and the paucity of information that can be obtained 
from them have left the ellipsoidal variables as a neglected class of variable stars. 
Morris (1985) presents tables of confirmed, suspected, and rejected ellipsoidal 
variables, and describes a method of combining photometric and spectroscopic 
information to determine the physical parameters of such systems.

2. Previous work

  Until recently, b Persei shared in this general neglect, despite its brightness 
(V = 4.6), short period (P = 1.5273639 days), and its accessibility to northern 
observers	 (δ	 =	 +50°).	 Stebbins	 (1923)	 discovered	 the	 variability	 of	 this	 star	
and published a good but unfiltered photoelectric light curve. The only other 
published	 light	 curve	 is	 by	Duerbeck	 and	Schettler	 (1979)	who	 found,	 after	
their  observations  were  obtained,  that  their  DC  amplifier  was  unstable.  
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Their published normal points are too noisy to be of much use in analyzing this 
system. A good comprehensive study of the radial-velocity data of this single-
lined spectroscopic system is by Hill et al. (1976), who found that this is a triple 
system, with the tertiary star orbiting the close binary with a period of 701.76 
days.  They  noted  that  five  spectrographic  plates  taken  on  1973  October 3 
showed  discrepant  velocities  that  could  be  due  to  a  partial  eclipse  by  the  
tertiary star.
  This system is of particular  interest because  it belongs  to  the small class 
of close binary systems with weak, non-periodic, non-thermal radio emission 
flares. Hjellming and Wade (1973) discovered the intermittent emission at 8.085 
GHz,	and	Spangler	et al. (1977) lists a possible detection at 5.0 GHz. Gibson 
and  Hjellming  (1974)  modeled  this  radio  emission  as  due  to  gravitational 
energization  of  matter  flowing  from  one  star  to  the  other  through  the  inner 
Lagrangian  point  of  the  system.  This  provides  an  important  constraint  in 
modeling b Persei, by forcing either the primary or secondary star to be close 
enough  to  filling  its  inner  Lagrangian  surface  that  the  star  provides  enough 
matter to generate detectable radio emission flares.
  The projected rotational velocity of  the primary also provides a valuable 
constraint on models of the system, as short-period binaries are expected to be 
in synchronous rotation. Published values of vsini range from 70 km/s (Abt and 
Morrell 1995) to 98 ± 4 (Olson 1968). Hill et al. (1976) use vsini = 87 ± 3 km/s 
in their analysis, and this value is adopted for the present paper.
  A study of the system’s radial velocities by Hill et al. (1976) determined 
a mass function f(m) = 0.00966 M

ù
 for the single-lined spectroscopic binary 

formed  by  the  primary  and  secondary  stars,  and  a  mass  function  f(m)  = 
0.0987 M

ù
 formed by the inner pair and the tertiary star. More recent work has 

not substantially altered these values.
  One other constraint on the entire system is the separation of the tertiary 
star from the inner pair. Halbwachs (1981) calculated a maximum separation 
of 0.044 seconds of arc, so it is not surprising that the system has only recently 
been  resolved  by  Hummel  et  al.  (2013)  with  the  Navy  Precision  Optical 
Interferometer, at a separation of 0.0095 seconds of arc.
  In February 2013, Collins (2013) observed an eclipse of the ellipsoidal pair 
by the tertiary star of this system. Thus, b Persei in future may provide a unique 
light curve of two primary eclipses, distorted by the rapidly-changing positions 
of  the  inner  pair. The  parameters  of  this  inner  pair  are  now  of  considerable 
interest,  and  a  high-quality,  modern  light  curve  is  needed.  In  the  meantime, 
photometry  obtained  in  the  1980’s  and  not  previously  published  are  here 
presented, along with an analysis.

3. Observations

  The  b  Persei  system  was  observed  by  the  author  on  eight  photometric 
nights	at	the	Kitt	Peak	#4	16-inch	reflector	during	February	1981.	λ	Persei	was	
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used as the comparison star because it is similar in color and magnitude to b 
Persei,	 and	because	 it	was	 the	comparison	 star	used	by	Stebbins	 (1923).	An	
RCA gallium arsenide model #C31034A-02 photomultiplier tube was used in 
conjunction with a set of Johnson UBVRI filters as described by Bessell (1979), 
and in conjunction with a glass neutral-density filter (3.00 magnitudes in the V 
bandpass) because of the brightness of these stars. On each night, two blue and 
red pairs of standard stars were observed at small and large airmass to obtain the 
nightly extinction and  transformation coefficients. These  standard  stars were 
taken from the lists of Crawford et al. (1971) and Barnes and Moffett (1979).
  The times of primary minimum (assuming a circular orbit) are calculated 
from  the  elements  of  Hill  et  al.	 (1976)	 to	 be	Min.	 I	 (hel.)	 =	 2440001.49	 +	
1.5273639E. Radial velocities indicate that this occurs when the primary (A2 V) 
star is farthest from the observer. The original 132 data points per filter may be 
seen in the light curves of Morris (1983).

4. Analysis

  All  available  b  Persei  light  curves  were  fitted  by  least-squares  to  obtain 
discrete  Fourier  series  coefficients,  to  compare  the  light  curves  with  each 
other and  to derive parameters of  the binary  system by using  the method of 
Morris	(1985).	Sine	terms,	and	cosine	terms	higher	than	4π×φ	were	found	to	be	
insignificant and were discarded, and the coefficients of the significant terms 
are given in Table 1. The mean magnitudes of b Persei on the Johnson UBVRI 
system were found to be 4.644 ± 0.004, 4.655 ± 0.005, 4.622 ± 0.003, 4.506 
± 0.004, and 4.524 ± 0.004, respectively.
  A comparison between the C0	values	shows	that	Stebbins’	unfiltered	system	
is most closely approximated by Johnson’s B bandpass, and a comparison of 

Table 1. The coefficients fitting C0	+	C1cos(2π	×	φ)	+	C2cos(4π	×	φ)	to	the	differential	 light	curves,	
with	λ	Persei	as	the	comparison	star.	The	values	in	parentheses	are	the	uncertainties	of	the	last	one	
or two digits.

  Source  Bandpass   C0    C1   C2

  This paper  U  0.487(4)   0.009(2)  0.032(2)
  B  0.382(5)   0.003(2)  0.023(2)
  V  0.327(3)   0.007(1)  0.028(2)
  R  0.289(4)   0.010(2)  0.024(2)
  I  0.241(4)   0.015(2)  0.029(2)

	 Duerbeck	&	Schettler	(1979)	 U	 0.491(8)	 	0.006(11)	 0.034(12)
  B  0.368(10)  –0.008(15)  0.042(15)
  V  0.325(11)  –0.003(15)  0.038(16)

	 Stebbins	(1923)	 	~B	 0.374(1)	 	0.004(1)	 0.024(1)
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the  C1  and  C2  values  indicate  that  the  light  curves  have  remained  stable  for 
several decades. The uncertainties of  the C1 and C2 coefficients of Duerbeck 
and	Schettler’s	data	are	so	great	that	it	seems	reasonable	to	exclude	them	from	
further analysis.
  The  contributions  to  the  luminosity  of  the  system  by  the  secondary  and 
tertiary stars can be taken into account before modeling the variability of the 
primary. The secondary and tertiary lines are not clearly seen in the spectrum, 
but Hill et al. (1976) analyzed both the distortions in the hydrogen lines due 
to blending and the thirteen-color photometry of Mitchell and Johnson (1970) 
to  find  that  the  secondary  and  tertiary  are  best  modeled  as  F0 V  stars,  with 
ΔB	~	3.1	between	both	the	primary	and	secondary	stars	and	the	primary	and	 
tertiary stars.

5. System parameters

  As previously mentioned, b Persei exhibits weak, non-periodic, non-thermal 
radio  emission  flares,  and  Gibson  and  Hjellming  (1974)  have modeled  such 
radio emission as due  to matter  flowing  through  the  inner Lagrangian point. 
The magnitude range of 0.057 ± 0.004 in the V bandpass is much too large to 
be due to variability of the faint secondary star, so it must be the primary that 
is filling, or close to filling, its inner Lagrangian surface. As shown below, the 
lack of eclipses indicates that the secondary star is indeed too small to fill its 
own inner Lagrangian surface.
  If the primary star is assumed to fill its inner Lagrangian surface and to 
have a mass of 2.25M

ù
 estimated from its spectral classification, the method 

of analysis  in Morris  (1985) determines  that  the system’s mass  ratio  is q = 
0.28 ± 0.02, its inclination is i = 43 ± 3°, and its projected rotational velocity 
is vsini = 91 ± 7 km/s, which is reasonably close to the value of 87 ± 3 km/s 
from Hill et  al.  (1976). The  radius  of  the primary  star would be 4.1 ± 0.2 
R
ù

, which is larger than expected for an A2 V star, but may be justified by 
the primary’s recent reclassification as A1 III by Abt (2009). The inclination 
is  larger  than  the  maximum  value  of  34.45°  for  a  non-eclipsing  contact 
system (Morris 1999), implying that the secondary star does not fill its inner 
Lagrangian surface.
  The Wilson-Devinney computer code as described by Wilson and Devinney 
(1971) was also used to analyze this system, and it was found that the values 
of  the  mass  ratio  are  tightly  constrained,  as  q  <  0.20  generates  eclipses  and  
q > 0.29 creates overflow of the primary star’s inner Lagrangian surface. The 
normals  (binned  averages)  of  the  data  points  are  presented  in  Table  2,  and 
Figure	1	shows	the	V	light	curve	normals,	symmetric	around	φ	=	0.50.	If	the	
primary star’s temperature is assumed to be T1 = 9000 K based on its spectrum, 
then the most probable model of the system has T2 = 5500 ± 500 K, q = 0.25 
± 0.03, i = 49 ± 10°, R1 = 3.4 ± 0.4 R

ù
 and, R2 = 2.1 ± 0.3 R

ù
.
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  While  these  two  different  analyses  are  in  reasonable  agreement,  a  more 
accurate  determination  must  await  better  light  curves,  a  definitive  value  of 
vsini, and a mass ratio of the ellipsoidal pair, perhaps taken during mid-eclipse 
by the tertiary star.
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