
Gravitational Lensing of Extremely Distant Galaxies 

This is a schematic of how a gravitational lens works. Light from the 
distant object changes direction due to the gravitational attraction of the 
intervening galaxy and underlying dark matter. The more distant 
galaxy appears in different places than it actually is. 



Gravitational Lensing of Extremely Distant Galaxies 

Here are three examples of gravitational lensing:  
(1)  The blue ring is a galaxy that has been lensed by the central elliptical galaxy. 
(2)  A pair of bluish images of the same object lensed symmetrically by the 

brighter, redder galaxy between them. 
(3)  The lensed object appears as a blue arc under the gravitational influence of 

the group of four galaxies. 



Gravitational Lensing of Extremely 
Distant Galaxies 

Composite image of galaxy cluster 
1E0657-56 showing visible galaxies, 
X-ray emitting gas (red) and 
dark matter (blue). 

A model of how the gas and dark matter 
could have become separated. 



Galaxies with Rings 

A composite image of the Cartwheel 
Galaxy. This ring-shaped assemblage 
500 million ly from Earth is the likely 
result of one galaxy, probably 
the blue-white one below it at the 
eight o’clock position, having 
passed through the middle of the 
larger one. Astronomers suspect that 
the passage created a circular density 
wave in the Cartwheel that stimulated a 
burst of star formation, creating many 
bright blue and white stars 



Galaxies with Rings 

This is an infrared image of the Andromeda Galaxy. The ring of 
hot dust indicates star formation, probably caused by the passage 
of another galaxy through Andromeda.  



A Starburst Galaxy 

NGC 1512, located 30 Mly away in the constellation Horologium. (Inset) A ring of 
vigorous star formation highlights this ultraviolet, visible light, and infrared 
composite image of the core of this galaxy. NGC 1512 may have recently passed 
close to its companion NGC 1510, thereby stimulating the starburst. Such 
rings of star formation are common in starburst galaxies. 



The M81 Group 

The irregular starburst galaxy M82 is in a nearby cluster of about a dozen 
galaxies, including the spectacular spiral M81. Several of the galaxies in this 
cluster are connected by streamers of hydrogen gas.  
(a)  The three brightest galaxies at visual wavelengths.  
(b)  This radio image shows the streamers of hydrogen gas that connect the 

bright galaxies and also several dim ones, seen as regions of bright orange 
here. 



Interacting and Colliding Galaxies 

Pairs of colliding galaxies often exhibit long “antennae” of stars ejected by the 
collision. This particular system is known as NGC 4676. The collision has 
stimulated a firestorm of new star formation, as can be seen in the bright blue 
regions. Mass can also be seen flowing between the two galaxies, which will 
eventually merge. 

Galaxies gone wild_ (NASA ESA Hubble Space Telescope).flv 



The Future Collision of Milky Way and Andromeda 

http://www.youtube.com/watch?v=qnYCpQyRp-4	

Milky Way Versus Andromeda As Seen from Earth	




Interacting and Colliding Galaxies 

These two galaxies, NGC 2207 (right) and IC 2163, are orbiting and 
tidally distorting each other. Their most recent close encounter 
occurred 40 million years ago when the two were perpendicular to each 
other and about 1 galactic diameter apart. Computer simulations indicate 
that they should eventually coalesce and form an elliptical galaxy. 



A Cluster of Galaxies 

•  Galaxies often form in groups or clusters. 
•  This group of galaxies, called the Hercules cluster, is about 

650 million ly from Earth and contains about 200 galaxies. 



The Local Group  
Galaxy cluster containing the Milky Way 

Our Galaxy belongs to a cluster that consists of about 54 galaxies, called the 
Local Group. This map shows the distribution of about three-quarters of the 
galaxies. The Milky Way and Andromeda galaxies are the largest and 
most massive galaxies in the Local Group. Andromeda (M31) and the 
Milky Way are each surrounded by a dozen satellite galaxies.  



Superclusters in Our Neighborhood 

Clusters of galaxies can also group into larger superclusters of galaxies. We are 
part of the Virgo Supercluster. A typical supercluster contains dozens of clusters 
and be ~100-200 Million ly across. 



Clusters and Superclusters 

•  Galaxies group into clusters rather than being randomly 
scattered through the universe. 

•  A rich cluster contains at least a thousand galaxies.  
•  A poor cluster may contain only a few dozen to a thousand galaxies.  
•  A regular cluster has a nearly spherical shape with a central 

concentration of galaxies.  
•  In an irregular cluster, the distribution of galaxies is asymmetrical. 
•  Our Galaxy is a member of a poor, irregular cluster, called the Local 

Group. 



Structure of the Universe 

This map shows the distribution of 62,559 galaxies in two wedges extending in 
opposite directions from Earth out to distances of 3 billion ly. Note the prominent 
voids surrounded by thin areas full of galaxies. 



Foamy Structure of the Universe 

A sponge that recreates the distribution of bright clusters of galaxies 
throughout the universe. The empty spaces in the foam are analogous to 
the voids found throughout the universe. The spongy regions are 
analogous to the locations of most of the galaxies. 



Are galaxies moving closer to us? 
Away from us? How fast are they moving? 

Edwin Hubble in 1930 sought to answer these questions 
https://www.youtube.com/watch?

v=hVApTLE7Csc&list=RDhVApTLE7Csc 



Five Galaxies and Their Light Spectra 

The photographs of these five elliptical 
galaxies were all taken at the same 
magnification. The spectrum of each 
galaxy is the hazy band between the 
comparison spectra at the top and bottom 
of each plate. In all five cases, the so-called 
H and K lines of calcium are seen. The 
galactic velocities (calculated from the 
Doppler shifts of the H and K lines) 
appears below each spectrum.  
Note that the fainter—and thus 
more distant—a galaxy is, the 
greater is its redshift, and the 
faster it is moving. 



Hubble’s Law 

The distances and recessional velocities of distant galaxies are plotted on this 
graph. The straight line is the best fit for the data. This linear relationship 
between distance and speed is called Hubble’s law. 
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The Expanding Chocolate Chip Cake Analogy	


The expanding universe can be compared to a chocolate chip cake baking. 
Just as all of the chocolate chips move apart as the cake rises, all of the 
superclusters of galaxies recede from each other as the universe expands. 



Hubble’s Law 

Hubble Constant    
H0=71 +/- 2   km/s / Mpc 

 
The extrapolated age of the universe  

Age=1/H0=13.8  +/- 0.3   Billion Years	


The question is: How long has it taken galaxies, moving at their 
Hubble measured speeds, to get to their present day distances from us? 
The answer is 1/H0.	


So if we run the clock backwards to 
13.8 Billion years ago, everything 
was together in one point. 
This is evidence of the start of 
the Universe.	




Summary of Key Ideas 
in Chapter 12 



Types of Galaxies 

•  The Hubble classification system groups galaxies by their shapes into 
four major types: spiral, barred spiral, elliptical, and irregular. 

•  The arms of spiral and barred spiral galaxies are sites of active star 
formation. 

•  According to the spiral density wave theory, spiral arms are caused by 
density waves. The gravitational field of a spiral density wave 
compresses the interstellar clouds that pass through it, thereby 
triggering the formation of stars, which highlight the arms. 

•  Elliptical galaxies contain much less interstellar gas and dust than 
do spiral galaxies; little star formation occurs in elliptical galaxies. 

•  Irregular galaxies are rich in gas and dust, and star formation 
occurs in them. 

•  Lenticular galaxies are disk galaxies without spiral arms. 



Hubble’s Tuning Fork Diagram 

Hubble summarized his classification scheme for galaxies 
with this tuning fork diagram.  
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Clusters and Superclusters 

•  Galaxies group into clusters rather than being randomly 
scattered through the universe. 

•  A rich cluster contains at least a thousand galaxies.  
•  A poor cluster may contain only a few dozen to a thousand galaxies.  
•  A regular cluster has a nearly spherical shape with a central 

concentration of galaxies.  
•  In an irregular cluster, the distribution of galaxies is asymmetrical. 
•  Our Galaxy is a member of a poor, irregular cluster, called the Local 

Group. 
•  No cluster of galaxies has an observable mass large enough 

to account for the observed motions of its galaxies; a large 
amount of unobserved mass must be present between the galaxies. 
This missing mass is called Dark Matter. 

•  When two galaxies collide, their stars initially pass each other, 
but their interstellar gas and dust collide violently, either causing gas 
and dust to be stripped from the galaxies or triggering prolific star 
formation.  

•  Galactic mergers occur. A large galaxy in a rich cluster may grow 
steadily through galactic cannibalism. 



Superclusters in Motion 

•  A simple linear relationship exists between the distance from 
Earth to galaxies and the redshifts of those galaxies.  

•  This relationship is the Hubble law: Recessional velocity V= Ho x 
D, where Ho is the Hubble constant, and D is the distance to the 
object. 

•  Astronomers use standard candles like Cepheid variables and Type 
1a supernovae to calculate galactic distances. Because of 
difficulties in measuring the distances to remote galaxies, the 
value of the Hubble constant, Ho, is not known with complete 
certainty. 



Key Terms 

barred spiral galaxy 
cluster (of galaxies) 
elliptical galaxy 
galactic merger 
gravitational lensing 
Hubble galaxy classification 
Hubble constant 
Hubble’s law 
intergalactic gas 

irregular cluster (of galaxies) 
irregular galaxy 
lenticular galaxy 
Local Group 
poor cluster (of galaxies) 
regular cluster (of galaxies) 
rich cluster (of galaxies) 
spiral density wave 
spiral galaxy 


