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Early one morning, you bumped into Homer Simpson

in a coffee shop. Homer had his own ideas of how and why everything

is in the universe and insisted that his ideas were right. But you

know that a lot of his thoughts may not be correct, not any better

than what shows in an X-ray image of his brain.

After hearing what Homer had to say, you decided to convince him with what you

have learned in the class. You must let Homer know which part of his arguments went

wrong.

1. Hubble Law and Redshifts (30%). Edwin Hubble found all nearby galaxies

are receding from us with their velocity linearly proportional to distance. Later,

astronomers apply the Hubble law to distant galaxies at high redshift, where the

redshift is defined as

z ≡ ∆λ

λ
=
λobs − λemit

λemit

, (1)

where λobs is the observed wavelength, λemit is the emitted wavelength, and z is the

redshift.

Homer: I know Hubble law, which gives an increasing velocity of recession

with distance for galaxies (Fig. 1). The receding velocity, υr, is determined by

the Doppler effect, that is,

υr
c
' ∆λ

λ
=
λobs − λemit

λemit

. (2)

I heard in the news that the highest redshift objects have z > 10, so these

galaxies are moving away from us at a speed faster than 10c according to the

Doppler effect.

(a) (10%) Do you agree with Homer’s idea about applying the Doppler effect to

high redshift galaxies? If not, tell him what is the expected outcome of his

idea?

(b) (20%) Can you tell him why those galaxies show redshift larger than one, even

up to 10?

2. Cosmic Microwave Background (CMB) (30%). In 1965, Arno Penzias and

Robert Wilson made the first detection of the CMB with a horn antenna.
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357Chapter 16  GALAXIES

  In the 1920s, astronomers Edwin Hubble and Milton 
Humason were able to measure the distances to a number of 
galaxies using Cepheid variable stars. In 1929, they published a 
graph that plotted the apparent velocity of recession versus dis-
tance for their galaxies. The points in the graph fell along a 
straight line (  Figure 16-5   ). The straight-line relation from Hubble’s 
diagram can be written as a simple equation:

        V     !     Hd       

  That is, the apparent velocity of recession  V  equals the distance 
 d  in millions of parsecs times the constant  H.  This relation 
between redshift and distance is known as the   Hubble law  , and 
the constant  H  is known as the   Hubble constant  . Modern mea-
surements of distance show that  H  equals about     70     km/s/Mpc. 
( H  has units of a velocity divided by a distance. These are usu-
ally written as km/s/Mpc, meaning kilometers per second per 
megaparsec.)

  The Hubble law has important implications. It is inter-
preted to mean that the Universe is expanding. You will study 
this expansion in a later chapter, but here you can use the 
Hubble law first as a practical way to estimate the distance to a 
galaxy.

  Simply stated, a galaxy’s distance equals its apparent velocity 
of recession divided by  H.  For example, if a galaxy has an appar-
ent radial velocity of     700     km/s, and  H  is     70     km/s/Mpc, then the 
distance to the galaxy is     700     divided by     70    , or about 
    10     Mpc. This makes it relatively easy to estimate the distances to 
galaxies because a large telescope can photograph the spectrum 
of a galaxy and determine its apparent velocity of recession even 
when it is too distant to have detectable distance indicators.

     Diameter and Luminosity
   Once you find the distance to a galaxy from distance indicators 
or the Hubble law, you can calculate its diameter and its lumi-
nosity. With a good telescope and the right equipment, you 

could easily photograph a galaxy and measure its angular diam-
eter in arc seconds. If you knew the distance, you could use the 
small-angle formula (  Chapter 3  ) to find its linear diameter. If 
you also measured the apparent magnitude of a galaxy, you 
could use the magnitude–distance formula (  Chapter 9  ) to find 
its absolute magnitude and from that its luminosity.

  The results of such observations show that galaxies differ 
dramatically in size and luminosity. Irregular galaxies tend to be 
small—    5     to     25     percent the size of our galaxy—and of low lumi-
nosity. Although they are common, they are easy to overlook. 
Our Milky Way Galaxy is large and luminous compared with 
most spiral galaxies, though astronomers know of a few spiral 
galaxies that are even larger and more luminous. The largest is 
nearly five times bigger in diameter and about ten times more 
luminous than the Milky Way. Elliptical galaxies cover a wide 
range of diameters and luminosities. The largest, called giant 
ellipticals, are about ten times the diameter of our Milky Way, 
but many elliptical galaxies are small dwarf ellipticals that are 
only     1     percent the diameter of our galaxy.

  To put galaxies in perspective, you can use an analogy. If 
our galaxy were a minivan, the smallest dwarf galaxies would be 
the size of pocket-size toy cars, and the largest giant ellipticals 
would be the size of passenger jets. Even among spiral galaxies 
that appear similar in shape, the sizes can range from that of a 
small bicycle to that of a large bus (  Figure 16-6   ).

   Clearly, the diameter and luminosity of a galaxy do not 
determine its type. Some small galaxies are irregular, and some 

   !  Figure  16-5       Edwin Hubble’s first diagram of the apparent velocities of 
recession and distances of galaxies did not probe very deeply into space, 
and the horizontal axis scale was later recalibrated. These data did show, 
however, that the galaxies are receding from one another.
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   !  Figure  16-6       The small galaxy cluster known as Hickson Compact Group 
87 appears to contain three spiral galaxies and one elliptical. It is not 
known whether the small spiral galaxy is in the distant background or is 
part of the group. Note the contrast between the sizes of the galaxies.
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Figure 1: A reproduction of Edwin Hubble’s first diagram of apparent velocities of reces-

sion and (recalibrated) distances of galaxies.

Homer: I have heard about the Big Bang. The Universe started like an

extremely hot fireball, the so-called big bang, and now it has cooled down to

2.725 K over 13.8 billion years. This big bang theory is verified by the CMB.

This is just like an oven in any kitchen. The oven cools down a couple of hours

after I roast my Thanksgiving turkey.

(a) (10%) Do you agree with Homer’s idea about the CMB like residual warmth

in an oven? If not, tell him what is the expected outcome of his idea?

(b) (20%) Can you tell Homer how the CMB appears to be at a temperature of

2.725 K?


