
Physics 310/610 – Cosmology 
Solution Set G 

 
1. [15] A cluster of stars is 

discovered, and the 
spectral type and apparent 
magnitude m of several 
member stars is plotted 
(circles).  As a comparison, 
the standard main 
sequence is shown as the 
solid line (with absolute 
magnitudes M, instead of 
apparent). 
(a) [5] What is the distance 

to the cluster 
represented by circles? 

 
 I have added two more 

copies of the main sequence 
curve to the given curve.  
Measuring as carefully as 
possible, I find that the new 
curve is 11.8 magnitudes below 
the original curve.  Assuming 
the squares near the bottom 
curve represent main sequence 
stars, and remembering that the 
upper curve is the absolute 
magnitude M while the middle 
curve is the apparent magnitude 
m (and also remembering that 
larger numbers are near the 
bottom), we estimate m – M = 
11.8.  Plugging this into the 
distance formula, we have 

[ ]1 ( ) /510 2300 pc.m Md + −= =  

 
(b) [2] Why are there no stars on the upper part of this main sequence? 

 
 The uppermost main sequence stars represent the most massive stars.  These are the first 
ones to die, because the more massive a star is, the faster it dies. 
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(c) [3] Another cluster is represented by the squares.  What is the distance to this 
cluster? 

 
 Measuring as carefully as possible, I find that the new curve is 5.1 magnitudes below the 
original curve.  Plugging this into the distance formula, we have 

[ ]1 ( ) /510 105 pc .m Md + −= =  

 
(d) [2] How does the age of these two clusters compare? 

 
 We note that more of the main sequence stars for the circle cluster have turned off of the 
main sequence.  The A stars are still main sequence stars for the square cluster, but they are gone 
for the circle cluster.  So the circle cluster is older. 

 
(e) [3] A couple of the circles are very close to some of the squares on the graph.  If we 

could go and visit these stars, would these stars be very similar?  Why or why not? 
 
 The stars that are in similar places (circled region) have the same temperature and the 
same apparent magnitude.  If, for example, they were both main sequence stars, they would be 
similar.  But whereas the squares are main sequence, the circles are giant stars.  They would be 
very different.  They only look the same to us because the much brighter giant stars (circles) are 
much more distant than the relatively nearby main sequence stars (squares). 
 
2. [5] A nearby galaxy is studied.  The 

planetary nebulae with  
m < 25 are measured, and the 
resulting apparent magnitudes are 
histogrammed.  The result is 
sketched at right.  What is the 
approximate limiting apparent 
magnitude of the planetary nebulae?  
What is the distance to this galaxy? 

 
 Ideally, we should do this by fitting 
the number of observed planetary nebulas to a prediction of the shape of the histogram.  The 
poor man’s equivalent is to simply estimate the cutoff, the magnitude of the brightest planetary 
nebula.  This is clearly somewhere around m* = 20.4.  According to the lecture notes, the cutoff 
is approximately M* = - 4.47, so we estimate the distance as  

[ ] ( )1 ( * *) /5 1 20.4 4.47 5 510 10 9.4 10  pc 940 kpcm Md + − + += = = × =  
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3. [10] The apparent magnitude of 
a Cepheid Variable star in a 
nearby galaxy is measured over 
time.  At right is plotted the 
measured apparent magnitude 
as a function of time in days.  
What is the distance to this star? 

 
 We need to dehtermine the 
apparent and absolute magnitude of 
the Cepheid Variable star.  The 
apparent magnitude is defined by the 
average of the apparent magnitude, which I estimate from the curves to be about m = 25.2.  
 The absolute magnitude can be determined from the period-luminosity relationship.  In 
order to use this, we need to estimate the period.  This is the amount of time from one peak to the 
next.  The first peak looks like it is about at t = 5 days and the second at t = 40.5 days, so I 
estimate P= 35.5 days.  The period-luminosity relationship is given by 

( ) ( )2.43log 1.62 2.43log 35.5 1.62 5.38M P= − − = − − = −  

We then use our standard distance formula to estimate the distance, namely 
[ ] ( )1 ( )/5 1 25.2 5.38 5 710 10 1.31 10  pc 13.1 Mpc.m Md + − + += = = × =  
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