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Really boiled down version:

• We’ll assume our variable star changes 
brightness with a pattern that repeats at 
regular intervals.

• Does it really?
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Overview
• In nature, many phenomena repeat at regular 

intervals – they are periodic
• It is natural to try to learn the period of 

repetition, and whether it changes
• So too, for variable stars:  many types are 

periodic, due to wildly different physical 
phenomena.  Changes in the periods further 
reveal processes in those star systems, and the 
interiors of those stars.

• AAVSO observers’ data can contribute to those 
studies

• We will discuss aspects of this, using eclipsing 
binary stars as examples
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Outline:
Cartoon history of studying the period of a variable star:
– Notice different brightness on different dates
– Start recording brightnesses
– Get a sense of min and max possible period
– Make a period estimate, and choose a reference time
– Start predicting times of min or max brightness
– Observe actual times of min or max brightness *
– Refine period estimate and thence predictions
– Continue observing
– Monitor to see if period is constant, or changing (O-C)
– Predict future period changes…
– Analyze the physical causes of the period changes…
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Definitions:
• Light curve (LC):  a graph showing the brightness of a 

star versus time.
• Phased light curve:  a LC over just one period 

(sometimes 2), showing the representative behaviour 
of the star over one cycle.

• Period:  the length time after which the same phase 
occurs again.  E.g., Time between two successive LC 
maxima, or the time interval between two successive 
primary eclipses.

• ToM, time of minimum (or maximum):  the centre 
point of a min or max on the lightcurve.  For eclipsing 
binaries, the ToM is taken to be the time of the eclipse.
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Use Julian dates & heliocentric correction:
• What is the time interval between:

August 24th, 2021, 4:46 pm MDT, and
April  14th, 1973, 2:12 pm EST

• Vastly easier to use Julian dates:

• As earth orbits the sun, it alternately becomes up 
to 500 light-seconds nearer and further from 
distant objects.  This is much greater than the 
precision of our measurements, and of 
phenomena we want to study – must correct for 
it giving “HJD”.

245 9451.4486
- 245 1787.2583
-------------

=     7664.1903 days
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Example - a long period variable star:
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R Andromedae, 15 years of AAVSO data

4500 days, 11 cycles:  period ∼409.1 days/cycle

Observation interval much less than the period.



Example - a short period variable star:

Continuous light curve
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Sampled light curve, mimicking survey observations
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Synthetic EB light curve, simulating LS Persei

Approx. 2/day
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Synthetic light curve, closely matching LS Per:
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Randomly timed observations over two decades.

LS Persei, observations from RH series plates
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Date (HJD)

Real survey observations of LS Per:

Approx. 10/yr



Describing periodic phenomena:

Based on the equation of a straight line:
y = mx + b

TE = PE + T0
TE = T0 + P x E
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Time of event E

Time of event 0, the “epoch”

Period

Index (cycle) number of event



Describing periodic phenomena:

Based on the equation of a straight line:
y = mx + b

TE = PE + T0
TE = T0 + P x E
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Time of event E

Time of event 0, the “epoch”

Period

Index (cycle) number of event

Continuous light curve
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Predictions:
• A real example (LS Persei):

TE = T0 + P x E

• Filling in the numbers, LS Per’s eclipses are predicted by the 
equation:

TE = 243 9395.52 + 2.915 693 x E

• This equation predicts the start time of each cycle (for EBs, the 
middle of the deepest eclipse)

• To make a phased light curve so you can readily compute 
where, within a cycle, an observation occurred...  then plot 
observations from many cycles as if they were all observed 
within one cycle. 

(Heliocentric) Julian 
date of the eclipse 
that started cycle 0

Length of each 
cycle – the “period”

Cycle number

Basics of periodic phenomena:

The “elements”



Basics of periodic phenomena:

• O-C is done after a (pretty) good period estimate 
has been made.

• Must determine the cycle number (E):
TE = T0 + P x E
E = ( TE - T0 ) / P 

• E is usually used as a whole number, so must be 
rounded (usually down)
– Can be a bit tricky if TE-T0 is large (say, > P/2)
– Well suited to a simple spreadsheet

• The whole and fractional cycles:
E = round[ (TE - T0)/P  ] 
𝜙 = fractional_part[  (TE - T0)/P  ]       a.k.a “phase”
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Period estimation:
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Using “VStar”:
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Basics of periodic phenomena:
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Basics of periodic phenomena:
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Period estimation:
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LS Persei, observations from RH series plates
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Recent survey data for LS Per:

|
Nov 2013
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Jul 2015
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Feb 2017
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Oct 2018



Recent survey data for LS Per:
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Making a phased LC in a spreadsheet:
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The input data:  HJD & mag

Compute phase, using Excel formula:
=MOD(HJD-epoch,period)/period

Make phase go from -0.25 to 0.75, 
instead of 0 to 1, using Excel formula:
=if(phs>0.75,phs-1,phs)

Plot columns “mag” vs 
“wrapped”.

In the actual formulae, in the 
spreadsheet, substitute the cell 
references for the logical names 
I have used below.



Where are we in the story?

• We are up to where most EB observers start:  
we have a period estimate, and a reference 
ToM (T0)  −  the “light elements”.

• Use the ephem eq’n to calculate or predict 
ToMs, then observe actual ToMs with time-
series observations through individual eclipses
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CCD observations through an eclipse:
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Targeted, intense, observing run gives high precision ToM:

V-C

K-C



Determine a ToM from an intense time series:
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I used a program “AVE” to 
determine the ToM.  Peranso can 
also do this, as can a program by 
Bob Nelson.  Can also do “digital 
tracing paper method” in a 
spreadsheet, fit a symmetric 
function in R, etc.



Calculate period from ToMs:
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245 9275.9754   Cycle  5859.0  (March 2021)
- 245 1978.9716   Cycle  - 33.5  (March 2001)

7297.0038  days  / 5825.5 cycles

= 1.252597 days/cycle

For more than 2 ToMs, use, e.g., Excel’s LINEST 
function to fit a straight line to your ToMs.  
The fitted slope is P, the intercept is T0.
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Making an O-C 
diagram in a 
spreadsheet

Calculate O-C in a spreadsheet:
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O-C, with new data:
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End of Part 1:

In the next talk, I will carry on from this point, 
and:
• Examine whether our light elements 

accurately fit our ToMs, and
• test whether the “equation of a straight line” 

formula is sufficient to fit our data.
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Resources re O-C:
General information:
• Sterken, C., (editor) (2005).  “The light-time effect in astrophysics.  Causes and cures of the O-C diagram”.  ASP Conference 

Proceedings Volume 335.  The first chapter (by Sterken) is a good overview, and is available via ADS as 2005ASPC..335….3S  There 
are many other useful papers in this volume.

• Budding, Edwin, and Osman Demircan (2007).  “Introduction to astronomical photometry”.  Cambridge Univ. Press.  This book is 
much broader than its title suggests.  Chapter 8 (28 pages) is titled “Period changes in variable stars” and discusses the phenomena 
described in this presentation, in more depth.  It also includes lists of stars that exhibit these phenomena, and a useful annotated 
bibliography.

• BRNO O-C Gateway:  http://var2.astro.cz/ocgate/?lang=en.  Access to an online database of EB ToMs, and plotting an O-C with 
parameters the user can control.  You can also add your own datapoints to the plot, or download their data for plotting yourself.  
Includes more stars than the Lichtenknecker Database.

• Other online O-C resources:
• Bob Nelson has compiled ToM data for thousands of EBs and makes it available as spreadsheets for each star, along with 

plotting and observation planning capability:  https://www.aavso.org/bob-nelsons-o-c-files
• ”The Cracow Database” http://www.as.up.krakow.pl/ephem/ Predictions of upcoming eclipses (when the orbits are well 

enough known; for planning observations), and O-C  diagrams for thousands of EBs.

Technical material for modelling complex cases:
• Lacy, C.H.S. (1992), AJ 104(6):221.   For modelling systems with apsidal motion.
• Irwin, J.B. (1952).  ApJ 116:211-217.  For computing 3rd body orbits.
• Mayer, P.  (1990).  Bull. Astron. Inss. Czechosl. 41:231-236.  Re computing the mass function using O-C quantities (versus radial 

velocity data).
• Zavala, R.T. et al. (2002).  AJ 123(Jan 2002): 450-457.  Regarding multiple effects in the O-C diagram for WW Cyg.  A gateway paper 

to considering the Applegate mechanism of cyclic variations.
• Frieboes-Conde, H., and T. Herczeg (1973).  Astron. Astrophys. Suppl. 12:1-78.  Re screening criteria for detecting LTE systems.

A few stars with interesting O-C diagrams:
• Algol, beta Per – for its historical interest.  Multiple effects.
• CL Aur:  3rd body LTE and long term period increase due to mass transfer.
• SZ Cam:  2.7 d EB, with 51 yr 3rd body LTE (eccentric orbit)
• DR Vul:  apsidal motion.  

One source for recent photometric survey data:
• ASAS-SN data, by variable star name: https://asas-sn.osu.edu/variables/lookup?utf8=✓
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https://www.aavso.org/bob-nelsons-o-c-files
http://www.as.up.krakow.pl/ephem/

