SIERRA COLLEGE OBSERVATIONAL ASTRONOMY
LABORATORY EXERCISE

Lab N12: The Hubble Constant
NAME

GROUP

OBJECTIVE:
 Determine the distances to a set of galaxies.
 Use the distance data to construct a Hubble Diagram.
 Fit the data with a line, to calculate Hubble’s Constant.
 Analyze further the Hubble Diagram.
INTRODUCTION:
This lab is an exploration of a tool that is critical to cosmology—the Hubble
Diagram. This diagram is a plot of the distances of galaxies vs. how fast they
are receding from us. Galaxies are receding from us because spacetime itself is
expanding—the galaxies are not truly moving away from us. This is the origin of
Hubble’s Law:
Equation #1: Hubble’s Law
v=Hr
Where:

v is the recessional velocity of a galaxy (in km/s),
H = Hubble’s constant (in km/s per Mpc),
r = distance to the galaxy (in Mpc).

We will be graphing the distances of galaxies, as a function of recessional
velocities to observe this linear relationship, and to determine the value of
Hubble’s Constant. Once we have determined Hubble’s Constant, we can use it
to calculate the distances to other objects, how the Universe is expanding, and
even the age of the Universe.
Performing this work as accurately as possible is a critical research issue in
astronomy. The best work in recent years has been done using a particular type
of exploding star, called a Type Ia supernova. In our lab, we are going to explore
a somewhat older approach, one that has the advantage of being easily
understood.
To proceed with this analysis, we begin by noting that galaxies mostly occur in
two broadly defined types—elliptical galaxies (which have very little cool gas
and dust, and therefore have not supported star formation for billions of years),
and spiral galaxies (which support large amounts of modern era star formation).
The largest elliptical galaxies, called giant ellipticals, are rarely larger than about
300 kiloparsecs across, or 0.30 megaparsecs. When astronomers look at
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clusters of galaxies, they often look for the largest giant ellipticals that lurk in the
clusters. With questionable validity, they might claim that the largest elliptical in
the cluster is a giant elliptical with a size of 0.30 Mpc. The largest spiral galaxies
seem to max out at about 0.065 Mpc.
A little about cosmological units
A light year (LY) is about 9.46x1012 km.
A parsec (pc) is 3.26 LY.
A kiloparsec (kpc) is 1000 parsecs
A megaparsec (Mpc) is 1,000,000 parsecs = 1000 kpc.

A useful mathematical tool we will use is the small angle formula. This formula
relates the angular size of something (θ) to how far away it is (D), and its
physical size (S). There are three versions of the small angle formula,
depending upon whether you specify θ in degrees (θ°), arcminutes (θ’), or arc
seconds (θ”). Specifically, these equations are:
θ° = 57.3° x (S/D)

θ’ = 3438’ x (S/D)

θ” = 206280” x (S/D)

The two variables S and D must always be given in the same units. These
equations are called the small angle formulae because they are accurate only if
the angle θ is less than about 10°.
Solved for distance to the object (D), the small angle formulae can be rewritten
as:
Equation 2: The small angle formulae
D = S x (57.3° / θ°)

D = S x (3438’ / θ’)

D = S x (206280” / θ”)

Back to our galaxies—if we measure how big they look in the sky, in arcminutes
or arcseconds, and we assume their size (as giant ellipticals, or large spirals),
we can use the appropriate form of Equation 2 to estimate their distances. And
this will allow us to build a Hubble Diagram.
PROCEDURE I: Measuring galaxy angular sizes
1. Figures 1 and 2 show 20 galaxies. Each galaxy is shown twice—the second
time with an ellipse surrounding the galaxy, so you can see the extent of the
galaxy even if the image does not print well on your lab.
Galaxies #1-5 are all printed on the same image scale—the scale bar indicates
a 15 arcminute line. Measure this line in mm, and calculate the image scale for
the picture. Refer to the boxed calculation if you need help. Repeat this
calculation for the scale bar for galaxies #6-10, #11-15, and #16-20. Record
your measurements and calculations in Table 1.
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Table #1: Image scale bars
Angular
Linear size
size
(mm)

Scale
bar

For
galaxies…

#1

#1-5

15’

#2

#6-10

240”

#3

#11-15

120”

#4

#16-20

60”

Image
scale

Image scale sample calculation
Suppose the scale bar indicates an angle on the sky of 22 arcminutes. You measure the scale
bar, and it is 37 mm long.
Image scale = 22 arcmin / 37 mm = 0.59 arcmin/mm
Suppose you measure a galaxy diameter as being 54 mm long. The size of the galaxy can then
be calculated:
Size = 54 mm x 0.59 arcmin/mm = 32 arcmin

2. Measure the sizes of all 20 galaxies. Do this by measuring the diameter of the
long side of the ellipses (the major axis) in the second photograph of each
galaxy. Record your results in Table 2.
3. Use the appropriate image scales to convert the mm measurement of each
galaxy into arcminutes (galaxies #1-5) and arcseconds (galaxies #6-20). Record
your results in Table 2. Remember the different galaxies have different image
scales!
4. The first ten galaxies are all ellipticals. Assuming that they are “giant ellipticals,”
their sizes would be approximate 0.30 Mpc. Use this size, your estimates for the
angular sizes of the galaxies, and the small angle formula, to calculate the
distance to the galaxies. Note that galaxies #1-5 use the arcminute version of
the small angle formula, while #6-10 use the arcsecond version. Record your
results in Table #2.
Refer to the second boxed calculation if you need help.
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Small angle formula sample calculation
Suppose you calculate an elliptical galaxy to have an angular size of 31 arcminutes. How far
away is it? Assume the elliptical galaxy is 0.30 Mpc in diameter, as we are in the lab.
The arcminute version of the small angle formula, solved for distance, is:
Distance = size x (3438’/ angular size)
= 0.30 Mpc x (3438’/31’) = 33 Mpc
Suppose you were using the arcsecond version of the small angle formula. Furthermore,
suppose you were calculating the distance to a spiral galaxy, assume to be 0.065 Mpc in
diameter. You calculated the angular size of the galaxy as 43 arcseconds. How far is it?
The arcsecond version of the small angle formula, solved for distance, is:
Distance = size x (206280”/ angular size)
= 0.065 Mpc x (206280”/43”) = 310 Mpc

5. Repeat your calculation for the galaxies #11-20. Assuming that they are large
spirals, their sizes would be approximate 0.065 Mpc. Use this size, your
estimates for the angular sizes of the galaxies, and the small angle formula, to
calculate the distance to the galaxies. Note that all these galaxies use the
arcsecond version. Record your results in Table #2.
Table 2: Distances to galaxies
Galaxy
#

Image size
(mm)

Angular
size (‘ or “)

Galaxy
Distance

Galaxy
#

#1

#11

#2

#12

#3

#13

#4

#14

#5

#15

#6

#16

#7

#17

#8

#18

#9

#19

#10

#20

Image size
(mm)

Angular
size (‘ or “)

Galaxy
Distance
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PROCEDURE II: Producing a Hubble Diagram
6. Prepare your Hubble Diagram (Figure 3) so you can plot data on it. Use the
scale of 2500 km/s for each major vertical tick and 50 Mpc for each major
horizontal tick. Make sure each scale starts at 0.
7. Recessional velocities of all your galaxies are given in Table 3. Use these
velocities, and the distances you calculated in Table 2, to plot each of your 20
galaxies in Figure 3. Label each galaxy by number. Use one color pencil for your
elliptical galaxies, and another color pencil for your spiral galaxies.
Galaxy
#
#1
#2
#3
#4
#5
#6
#7
#8
#9
#10

Table 3: Recessional velocities
v
Galaxy
v
(km/s)
#
(km/s)
2610
#11
1500
27500
#12
7500
9500
#13
6500
13800
#14
11000
17200
#15
14000
20510
#16
18000
22900
#17
17500
11200
#18
17000
28200
#19
5000
22500
#20
27500

8. Using a ruler, draw a best fit with a straight line. Make sure your line passes
through the graph origin (the 0 points for both axes, at the lower left corner of
the graph).
9. Read a value of v and r from your line. Choose a point on your line near the topright portion of your graph—make sure you pull your v and r values from your
lines, and not from one of the data points! Record your results, including proper
units, below.
V = _______________________

R = _______________________

10. Solve Equation 1 for Hubble’s Constant (H). Use your values of v and r to
calculate H. Record your results, including proper units, below.
H = _______________________
VOCABULARY:
Hubble Diagram
Hubble’s Law
Hubble Constant
Elliptical galaxies
Spiral galaxies

Spiral galaxies
Megaparsec
Small angle formula
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Figure 1: Elliptical Galaxies
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Figure 2: Spiral Galaxies
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Velocity (km/sec)

Figure 3: Hubble Diagram

0
Distance (Mpc)

Lab N12-8

QUESTIONS/ANALYSIS:
1. Referring to your Hubble Diagram, two of the galaxies are very far from the best
fit line. Which galaxies are these? Circle them on your Hubble Diagram.
Galaxy: _________________

Galaxy: _________________

Assuming the velocity values for these galaxies are accurate, and the photos
are at the correct scale, provide a possible explanation for why each galaxy is
so mismatched with the best fit line.
Galaxy:

Galaxy:
2. Mentally eliminate the two bad galaxies from Question #1, and redraw a new
best-fit line for your Hubble Diagram, clearly labelling it “Modified Best fit.” Using
the same lab procedure, select a v and r point on your best fit line, and calculate
a new value for Hubble’s Constant. So your results below, with correct units.

v: __________________

r: __________________

H: _________________

3. How many times bigger is a giant elliptical galaxy, than a large spiral. Use the
sizing information provided in this lab. Show your work for credit.

4. Set up a conversion equation to prove that 1 Mpc = 3.08x10 19 km.

5. Set up a conversion equation to prove that 1 giga-year (1 Gyr) = 3.15x10 16 sec
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6. The units of Hubble’s Constant (H) are km/(sec Mpc). Meanwhile, the units of
the reciprocal of Hubble’s Constant (1/H) are (sec Mpc)/km. Watch the units
when you multiply (1/H) by the appropriate conversions…
Using the conversions from Questions #4, 5:

(Note that the strikeouts showing cancellations have 1, 2, or 3 lines in them to
help you see the exact unit cancellations at work.)

Therefore, if you multiply 1/H by the conversion factor given by the second line
of the equation above, you get a period of time in giga-years! This is the
approximate age of the universe. Calculate the age of the universe, using your
value of H.

Currently, the best estimate for the age of the universe is 12.72 giga-years. How
did you do?
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