AGES AND DISTANCES OF
STAR CLUSTERS

OBJECTIVES

After completing this exercise the student will be
able to:

1. estimate the distance to a cluster using main
sequence fitting.

2. correct the distance for interstellar reddening
and absorption.

3. estimate the age of a cluster from the main
sequence turn-off point.

STUDENT MATERIALS

pencil
calculator

LAB MATERIALS

extra transparent overlays

STUDENT REQUIREMENTS

This lab is to be done individually, without lab
partners. After completion, turn in data table and the
answers to the questions.

INTRODUCTION

Much of our understanding of the characteristics
of individual stars is resultant from an application of
our knowledge about clusters of stars. While inves-
tigating various types of clusters, we make certain
reasonable assumptions about the stars found in each
specific cluster. For instance, if we assume all of the
stars in a given cluster began to form at approxi-
mately the same time, and that a given cluster formed
from the same cloud of gas and dust, we can assume
that the composition of these component stars will be
alike. Also, relative to the size of the cluster and its
distance away from us, all of the stars within a cluster
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can be considered to be approximately the same
distance from us. Thus, if interstellar reddening is
present, all of the stars in a given cluster should be
affected to the same degree. We can also determine
the approximate evolutionary age of a star cluster,
and further, we can compare clusters to final differ-
ences in their ages and compositions.

This lab exercise will be concerned with deter-
mining the approximate ages of various star clusters,
determining the distances to them, and noting the ef-
fects that interstellar reddening has on the distance
estimate made for each.

PROCEDURE

Example: The cluster M45 (Pleiades) has been
plottedin Fig. 1 as a color magnitude diagram, which
is similar to an H-R diagram (except for the use of
different scales). V represents the apparent magni-
tude of each star and B — V represents the color in-
dex of each star, and is equivalent to temperature of
spectral class. The main sequence of this cluster
should be evident from the plot.

The transparency overlay provided is a graph of
absolute magnitude, M, versus the corrected color
index (B — V). On it is plotted the theoretical Zero
Age Main Sequence (ZAMS) line of unevolved
stars, and also a series of isochrones (lines of equal
time) with their respective age estimates. For in-
stance, if a star cluster is approximately 20 million
years old (2 x 107 yrs.), the upper main sequence stars
in the cluster will appear to lie along this line evolv-
ing away from the main sequence and going toward
the red giant region. The remaining stars in the
cluster below this turn-off point will be on or near the
main sequence. This is because the upper main
sequence stars (more massive) evolve faster than the
lower main sequence stars (less massive).
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STEP 1: Alignment

Place the overlay (overlay is in packet at the back
of this book) on top of the Pleiades plot, lining up the
corrected color index (B — V) scale of the overlay
with the corrected (B — V) scale printed along the top
of the Pleiades diagram. Note that the 0.0 points at
the bottom of the overlay and on the cluster diagram
do not necessarily coincide. This will be discussed
later.

The overlay can now be moved only in the
vertical direction along the corrected 0.0 (B — V)
line. In order to align the cluster main sequence stars
with the ZAMS line, move the overlay along this 0.0
line until the ZAMS line falls approximatelyone-
third of the way from the bottom side of the plotted
main sequence stars of the cluster. In other words,
slide the transparent overlay up or down until its
ZAMS is running along the middle of the Pleiades
main sequence; then lower the transparency’s ZAMS
until more main sequence is above than below it.

STEP 2: Distance Modulus and Distance

Now that the position of the overlay has been
established it is possible to determine the difference
in magnitude between the observed apparent mag-
nitudes V of the cluster and their theoretical abso-
lute magnitudes, M. Look at where the overlay’s
value of M = 0.0 crosses the V axis of the cluster
diagram directly under it. This should be around
5.6 or so. Thus, the distance modulus to the Pleia-
desis V—-M=5.6—0.0=5.6, approximately. Look
up the distance modulus value of 5.6 on the graph of
distance vs. distance modulus in Fig. 11 and esti-
mate the distance to the Pleiades. Record both the
distance modulus and the distance to the Pleiades in
the data table.

STEP 3: Cluster Age Estimate

With the ZAMS still aligned with the cluster’s
main sequence, find where the stars in the cluster’s
main sequence appear to be turning away from the
ZAMS. Where they turn off is an indication that they
are completing their main sequence lifetime. If we

13-2

assume that all the stars formed at the same time then
an estimate of the lifetimes of these massive stars
gives an age estimate for the cluster as a whole.
Follow the cluster’s main sequence until it starts
following one of the age isochrones to the right.
Read off the age estimate for this isochrone. Selected
ageshave been given, so acluster will not necessarily
fall exactly on one of these isochrones. Estimate the
cluster age using the selected isochrones as a guide-
line only. Record your answer in the table.

STEP 4: Interstellar Reddening

On some of the cluster graphs it is apparent that
the (B — V) corrected color index scale on top and
the (B — V) uncorrected color index scale on the
bottom do not coincide with each other. The overlay
zero point will either be aligned or shifted to the right
on the bottom scale. You are to determine how
much, if any, the scales have been shifted with
respect to each other (a positive decimal number).
The shift in the two scales is called the color excess
(CE), or difference between the observed and actual
color index of the star in the cluster. Record this
number in your table.

The interstellar absorption factor A (the number
of magnitudes absorbed by dust) is simply three times
the color excess, which you have just recorded. Find
the interstellar absorption factor A = (3 x CE) and
record this in the table. If interstellar absorption is
present, A will be some positive number; if not, A
will be zero. If there is interstellar absorption, the
distance to the cluster will have to be corrected. This
is very easily done by subtracting the value A from
the distance modulus previously found and written in
column one of the data table. In other words,

corrected distance modulus = (V-My) - A

Record the corrected distance modulus in your
table; refer again to the graph of distance vs. distance
modulus and find the corrected distance to the clus-
ter. Record this new distance in your table for the
cluster. Repeat steps 1 - 4 for the remaining clusters,
recording your answers as you go along on the
accompanying answer sheet.

WILSON



L-g0O uolo

lad 0
Oc PN

¢S/ 09N

SeN
Gely Ol

LSY OON

L9N
¢89¢ OON

odeserld -\

¢€9¢ OON
G0/9 OBN
. 16,9 09N
sopels|d SN
(sad)p v-CN-N 3Joxe=V E o) (sad)p (s1eah) obe "W-A
aoue)sIp snjnpow 10108} SS90X9 aouelsip pajewnsa sninpow 431sN190
pa}931102 soue)s|p uondiosqe 10]09 aouejsip
pPo1331102
INOILO3S

‘JNVN

SH3ILSNTO HVLS 40 S3ONV.LSIA ANV SOV

ASTRONOMY

13-3



M45 [Pleiades]
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Fig. 1: H-R diagram for the Pleiades.
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NGC 6791
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Fig. 2: H-R diagram for NGC 6791.
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Fig. 3: H-R diagram for NGC 6705.
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NGC 2632 (M44 -Praesepel
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Fig. 5: H-R diagram for M67.
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NGC 457
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Fig 7: H-R diagram for M25.



NGC 752
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Fig 8: H-R diagram for NGC 752.
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Orion OB-1

[B-V], CORRECTED INDEX

-04 0.0 04 0.8 1.2
S L) T A " (L (T (R I IO
1M . =
L, K .|
2|— . .
> 3 . &
g L -
-} - Bl
: 4 [ ] [ ]
Z - %5 .
®
(3 5 .0.:. -
= - oishe d
(1]
5 el & ]
1T} - "u:i LA . -
:
& 7 {?"‘o i -
< B *T g ot T
81— ot‘gi‘ ¢ i
L]
- e ]
99— 09t % ° -l
L Soee
“ ° [ T
10 — o . . P '|
L TN .
1 |— N B . -
S T T T
-0.4 0.0 04 0.8 1.2

B-V UNCORRECTED INDEX

Fig 10: H-R diagram for Orion OB-1.
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