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Introduction

Photometry and AstroImageJ

Modeling and Analysis

644 images of the system over seven total nights in September, October and November, 2015 
were used for this analysis. The images were reduced using the Image Reduction and Analysis 
Facility (IRAF) program (7).

Measuring the brightness of an object, or photometry, is complicated by the fact that star light is 
attenuated as it passes through the atmosphere. This problem is mitigated by using comparison 
stars with known brightness as a baseline comparison for the eclipsing variable star. The 
program AstroImageJ (AIJ) was used for this purpose (1).

A total of 11 comparison stars were used and are listed in Table 1 along with the their location 
and any known calibrated magnitudes (2). Throughout this study, all reported Johnson B and V 
magnitudes are determined by a careful comparison with the magnitudes of the aforementioned 
comparison stars. An example of a star field image with the variable and comparison stars 
marked and Johnson V magnitudes in AIJ is shown in Fig. 1.

Fig. 4 A plot of the V filter magnitude as a function of phase (Φ) 
with the actual values (top) and the residuals (bottom). The red 
lines represent the best fit of the curve. No star spots were used 
in these models.

Note: brightness increases as the magnitude decreases, so near 
the top (12.8) represents greater light showing.

Fig. 5. A plot of the B filter values and residuals. Fig. 6. A plot of the R filter values and residuals.

Fig. 1. An example image 
of the star field for the 
target star NSVS 3792718 

(green circle, T1) and the 
comparison stars (red 
circles, C#) along with 
their V magnitudes are 
shown. Plate scale is 
shown to the top and left 
of the image.

From the data calculated from AstroImageJ, the time of minimum light and orbital period can be 
found. The period was found using the PERANSO software (3) and was determined to be 0.43819 
± 0.000706 days, or ~10.5 hours.

Using the period and magnitudes, the light curves of the V, B and R bands are plotted using the 
program PHysics Of Eclipsing BinariEs (PHOEBE) (8). From the observed data, PHOEBE was used 
to create a simulated along with the observed light curve, which can be seen as the red line(s) in 
Fig. 4-6. Using this, the program creates a 3D model of the system, as in Fig. 2.

Surface Temperature
Using the color plot in Fig. 3, the surface temperature of NSVS 3792718 can be estimated. In the 
‘B-V’ portion of the figure, the value and uncertainty of 𝐵 − 𝑉 is found by analyzing the plot 
when the phase is at quadrature, Φ = ±0.25 (Fig. 2). The errors of the comparison star 
magnitudes are also take into account when finding the uncertainty in 𝐵 − 𝑉 .

By using the 𝐵 − 𝑉 value of 0.5215 ± 0.0672, the temperature of the star can be determined 
using the following equation:

𝐵 − 𝑉 − 𝐸 𝐵 − 𝑉 = 𝐵 − 𝑉

where 𝐵 − 𝑉 is the observed value of B-V, 𝐵 − 𝑉 is the intrinsic value and 𝐸 𝐵 − 𝑉 is the 
reddening color excess given by:

𝐸(𝐵 − 𝑉) =
𝐴

𝑅

where 𝐴  (0.181) (9) is the extinction for a given position/object in the sky and filter and 𝑅 is an 
extinction constant equal to 3.1 (9). Evaluating equation [1] with these values gives 𝐵 − 𝑉 = 
0.4631 ± 0.0672. Using this, the stellar surface temperature was determined to be 6440 ± 290 K 
from Table 3 of Flower (5). This corresponds to a F6 spectral type and yellowish white color (4).

Fig. 3. A folded color light curve for NSVS 3792718. The top 
panel shows the folded V band light curve and the lower panel 
shows the folded 𝐵 − 𝑉 color magnitude light curve.

The 𝐵 − 𝑉 color was extracted from quadrature (Φ = ±0.25) 
can be used to find the temperature of the system. We 
determined 𝐵 − 𝑉 to be 0.5215 ± 0.0672, corresponding to a 
stellar surface temperature of 6440 ± 290 K determined from 
Table 3 of Flower (Flower 1996).

Fig. 2. 3D representations of the stellar surface from the best-fit models determined by PHOEBE of the system for 
various phases (8, 10). Phases are given in the lower left corner of each panel. Phases Φ = 0 (primary) and 0.5 
(secondary) are times of minimum light (eclipsing), while Φ = 0.25 is a time of maximum light (quadrature). 
The phase Φ = 0.1 has no particular significance and is just an off-center perspective.
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Binary stars are stars gravitationally bound to one another. Eclipsing binaries, such as NSVS 
3792718, have a favorable orientation such that they have variable brightness because as 
one star passes in front of the other (eclipsing), part of the light from the other star is 
blocked. Further information can be gained by comparing the magnitude’s variation over 
an orbital period and comparing it to a simulated model.

From this information, many values about the system, such as the period, surface 
temperature, inclination and eventually, stellar mass and radii and more can be found.

Table 1. A list of stars used in the 
photometry. The (1) column a gives 

unique identifier representing a 
target (T) or a comparison star (C). 
Column (2) gives a catalog identifier 
for the star. Columns (3) and (4) give 

right ascension and declination 
respectively. The final three columns 
give the V, B and R magnitudes with 

1 σ error in square brackets. R 
magnitudes were not available.

Observed minus Calculated (O-C)

ABSTRACT: We present a photometric analysis of the eclipsing variable binary star NSVS 3792718. A total of 644 images 
were taken in the Johnson B, V and Cousins R band passes. All images were acquired using the Ball State University 
Observatory 20-inch telescope atop the Cooper Science Complex in September, October and November of 2015. All images 
were reduced with the Image Reduction and Analysis Facility (IRAF). Differential ensemble photometry was performed 
using the AstroImageJ (AIJ) program. The system was modelled using PHysics Of Eclipsing BinariEs (PHOEBE) program. 
With PHOEBE, a simulated light curve was compared to the observed light curve to determine best-fit model parameters. 
Our analysis shows that NSVS 3792718 is consistent with an over-contact binary in near thermal contact with a surface 
temperature of 6440 ± 290 K and an orbital period of 0.4381 ± 0.0007 days. Observed times of minimum light were 
determined and compared to a calculated time of minimum light.

Using the system’s period and the times of minimum light, an estimate for when the next  
minimum would be. This is called the ephemeris and can be denoted as 𝑇 :

𝑇 = 𝑇 + 𝑃 𝐸

where 𝑇 is the first primary minimum, or epoch, and 𝑃 is the orbital period of the system, both 
of which are given in Table 3. 𝐸, or epoch number is the number of orbits to the next minimum.

By comparing the observed (O) and the calculated (C) minima, the accuracy of the orbital period 
can be estimated. This is especially useful over longer periods of time, as it’s possible for the 
period to change. The O-C of this system is shown in Table 2. and Fig. 7 below.

Table 2. A list of the times of minimum light and the O-C. Type indicates a primary (I) 
or secondary (II) minimum, # is the ordinal place in the type of minimum, HJD is the 
heliocentric Julian date, E is the epoch number, Eround is E rounded to the nearest half 
integer, and O-C is the observed minus calculated minimum.

Fig. 7. A graphical depiction of the (O-C) as a 
function of E from Table 2.

Table 3. Values of the 
system derived from the 
current iteration of this 
analysis. 

† These assume the stars 
are main sequence, which 
is suspect (6). These are 
intended to be only crude 

estimates and spectral data 
will be required to obtain 
more certain values. 

Φ = 0 Φ = 0.1

Φ = 0.25 Φ = 0.5

[3]

Final Parameters and Future

Gathering spectral and radial velocity data will allow more accurate estimations of the stars’ mass, 
radius and semi-major axis, but also allow the finding of other parameters like metallicity. Light 
curve simulations can also be done to verify many parameters.

#-Type HJD E Eround O-C 

1-II 2457287.71474 ± 0.00022 -2.497 -2.5 0.00124 ± 0.00034 

1-I (Epoch) 2457288.80898 ± 0.00024 0 0 0 ± 0.00024 

2-I 2457313.78437 ± 0.00024 56.997 57 - 0.00139 ± 0.00032 

 

Parameter Symbol [unit] Value 
Period P [days]              0.43819 ± 0.00071 
Epoch T0 [HJD] 2457288.80898 ± 0.00024 

Inclination i [°]            71.72 ± 0.13 
Surface Temp. Teff,1 [K]            6440 ± 290 

Teff,2 [K]            6240 ± 290 
Stellar Mass† M1 [M⨀]            1.31 ± 0.1 

M2 [M⨀]            1.24 ± 0.1 
Semi-major Axis† a [R⨀]            3.32 ± 0.1 

Stellar Radius† R1 [R⨀]            1.38 ± 0.1 
R2 [R⨀]            1.32 ± 0.1 

 

Visit our group website for more information and progress at people.bsu.edu/rberring/

Identification Position (J2000) Filter magnitudes 
(1)            (2) (3) (4) (5) (6) (7) 
#         Name α (RA) δ (Dec) V B R 
T1  NSVS 3792718 00:50:46.713 +41:50:15.440 ~ ~ ~ 
C2  TYC 2806-966-1 00:50:57.189 +41:50:29.330 11.43 [0.09] 12.25 [0.15] -- 
C3  TYC 2806-586-1 00:50:43.708 +41:53:03.970 11.78 [0.13] 12.60 [0.20] -- 
C4  TYC 2805-916-1 00:49:49.536 +41:49:09.710 10.91 [0.06] 12.29 [0.18] -- 
C5  TYC 2806-852-1 00:50:12.852 +42:00:00.928 12.37 [0.17] 12.27 [0.12] -- 
C6  TYC 2806-26-1 00:50:20.287 +41:37:49.012 11.48 [0.08] 12.08 [0.11] -- 
C7  TYC 2806-260-1 00:51:27.732 +41:39:56.884 11.36 [0.08] 12.35 [0.17] -- 
C8  TYC 2806-742-1 00:51:40.036 +41:42:43.925 12.04 [0.15] 12.51 [0.18] -- 
C9  TYC 2806-150-1 00:51:08.583 +41:44:27.877 12.58 [0.19] 12.96 [0.23] -- 
C10  TYC 2806-691-1 00:51:27.590 +41:37:57.646 11.58 [0.10] 12.31 [0.15] -- 
C11  TYC 2805-38-1 00:49:47.691 +41:44:59.379 12.09 [0.14] 12.60 [0.18] -- 
C12  TYC 2805-1503-1 00:49:27.269 +41:37:06.741 12.02 [0.14] 12.77 [0.19] -- 
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