
How Far Away is the Andromeda Galaxy?

In the early 20th century, there was an active discussion between astronomers about the nature 
of “Spiral Nebulae” which had been observed in the night sky.  Were they simply gaseous 
nebulae in our own galaxy, similar to others which can be seen around the sky, or were they 
isolated stellar systems in their own right, or “island universes”?  This culminated in the famous 
“Curtis-Shapley” debate at the National Academy of Science in 1920, titled “Are Spiral Nebulae 
Island Universes?”.  Curtis thought yes, and Shapley thought now, and the consensus was that 
Shapley carried the debate, though we now know he was incorrect.

The issue didn’t remain unsettled for long.  In 1923, Edwin Hubble (heard of 
him??) discovered a “Cepheid variable” star in the Andromeda Galaxy, also 
known as M31.  He was able to use observations of this star to show that 
Andromeda was much further away than any star in our own galaxy (due to 
errors in his distance calibration, he actually thought the distance was 285 
kpc, while we now know that it is closer to 780 kpc).

How did he do this?  He made use of a “recently” discovered correlation 
between the intrinsic luminosities of Cepheid variable stars, and their period 
variations.  Cepheids are stars which have slightly unstable sizes, causing 
them to pulsate radially.  As they get larger and smaller, their luminosities 
increase and decrease.

In the late 1800’s, astronomer Edward Pickering was using the Harvard 
College Observatory’s telescopes to take photographic plates of the night sky.  
He found that the number of plates far exceeded the help he had, and so he 
hired women “computers” to help analyze his data.  These women had 
degrees in astronomy or physics, but had few opportunities to advance 
(Harvard would not even hire women as faculty or allow women to enroll).  In 
one of the greatest stories in astronomy, it was these women, and not their 
male bosses, who made some of the most fundamental discoveries about stars and stellar 
evolution.  One of these discoveries was made by Henrietta Swan Leavitt, who discovered the 
correlation between a Cepheid’s period and its luminosity (first called the period-luminosity 
relation, and now rightly called the Leavitt Law).

Your task today is to re-derive this relation using observational data of Cepheid’s in our Milky 
Way, obtained from the paper “Cepheid period-luminosity relations in K, H, J and V” by C. D. 
Laney and R. S. Stobie (1994, MNRAS, 266, 441).  The table on the following page lists the 
information for 22 known Cepheids in our galaxy, including the logarithm of the period (in days), 
and the absolute magnitudes in four bandpasses.  Investigate whether you see a correlation 
between the log of the period, and the V-band absolute magnitude.  If so, quantify the 
correlation, and now you’re in position to put an end to this debate!

Today, we have measured the properties of a large number of Cepheids in M31.  Each group 
will be given a random list of 20 known Cepheids in M31.  Use your measured correlation, plus 
your knowledge of how the apparent and absolute magnitudes relate to the distance, to 
measure the distance to each M31 Cepheid.  Calculate the distance to M31 as the mean of 
these distances, and calculate an uncertainty.  Finally, write your values on the board, and we’ll 
discuss the accuracy, and possible sources of systematic uncertainty, as a class.
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