
Logistics

• Last lecture - quiz show extra credit 
toward final

• People with good grades should come!
• Final May 15, 1030-1230, slight emphasis 

towards last few lectures, but everything 
will be covered.  Worth 30% of your grade, 
so study hard!
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However the flat 
rotation curve tells 
a different story?

Because there is a flat 
rotation curve there 
should be an equal amount 
of mass distributed 
everywhere throughout the 
galaxy’s disk and halo.
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So which mass curve is 
right?

The mass curve determined from the 
rotation curve is our current best 
model for how the mass of the 
galaxy is distributed.  Mass evenly 
distributed everywhere in the disk 
and halo.

But that is a problem.  Where is all 
the missing mass and why can’t we 
see it?
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Where is the missing Mass?

 Dark matter – massive objects (matter) 
that are (is) distributed evenly around the 
galaxy in both the halo and disk.



Dark Matter
• All galaxies exhibit the 

same problem of “missing” 
matter

• Dark Matter
• Does not emit light
• Not mysterious or evil 

matter, just not seen
• Possibilities:

 Brown Dwarfs, Neutrinos, 
Black holes, MACHOS, 
WIMPS

We can not see 90% of the matter that makes up our Galaxy!!

Vera Rubin
Discoverer of Dark Matter



Lecture Tutorial: Dark Matter (p.
143)

• Work with a partner!
• Read the instructions and questions carefully.
• Discuss the concepts and your answers with one 

another.  Take time to understand it now!!!!
• Come to a consensus answer you both agree 

on.
• If you get stuck or are not sure of your answer, 

ask another group.



The Local Group



The Andromeda Galaxy

• The Andromeda Galaxy is 
the nearest large galaxy to 
the Milky Way.

• It is 2.5 million light years 
away.

• It takes the light from the 
stars and gas in 
Andromeda 2.5 million 
years to get to us.

• That means, we see 
Andromeda as it was 2.5 
million years ago.



Imagine that you simultaneously receive the satellite 
transmission of two pictures of two people that live on 

planets orbiting two different stars. Each image shows the 
people at their 21st birthday parties. Consider the following 

possible interpretations that could be made from your 
observations. 

Which do you think is the most plausible interpretation?

A) Both people are the same age but at different distances 
from you.

B) The people are actually different ages but at the same 
distance from you.

C) The person that is closer to you is actually the older of the 
two people.

D) The person that is farther from you is actually the older of 
the two people



Tutorial: Looking At Distant 
Objects (p.149)

• Work with a partner!
• Read the instructions and questions carefully.
• Discuss the concepts and your answers with one 

another.  Take time to understand it now!!!!
• Come to a consensus answer you both agree 

on.
• If you get stuck or are not sure of your answer, 

ask another group.



0/0 Cross-Tab Label

Fifteen years ago, a quasar was observed 
that was found to be located 8 billion light 

years away. If our universe is approximately 
15 billion years old, when did the quasar 

emit the light that we observe?

A) 15 years ago
B) 7 billion years ago
C) 8 billion years ago
D) 15 billion years ago
E) 23 billion years ago



The Big Bang



Virgo Cluster



http://www.aip.de/groups/galaxies/sw/udf/index.php#



Size and scale of the Universe -
Reference Points

• Solar System – Sun, 
planets, asteroids, 
comets

• Galaxy – hundreds of 
billions of stars, gas 
and dust

• Clusters of galaxies – 
millions of galaxies

• Universe – 
everything!



What is the Universe?
• Everything we can know about is part of the universe.
• Everything we do know about is part of the universe.
• Everything!



Galaxies are redshifted!

• In 1903 at Lowell Observatory in 
Flagstaff, Arizona, Vesto Slipher was 
the first to measure the redshift of a 
galaxy

• Slipher realized that the redshift of the 
spectrum of the galaxy meant that it 
was moving away from us at a very 
high speed.



Recall: The amount the 
lines in a spectrum are 
shifted indicates how 
fast the galaxy is 
moving.



ALL Galaxies have redshifts  – 
farther from us greater redshifts!

• Many other scientists made 
observations similar to 
Slipher’s.

• In 1929, Edwin Hubble 
and Milton Humason put 
their observations together 
in a way that led to the first 
realization that the universe 
changes – in fact, the 
universe is expanding!

Addison Wesley IF20.18



ALL Galaxies have redshifts  – 
farther from us greater redshifts!

• The units of the slope of the 
line in the Hubble Plot are 
Speed/Distance OR 
(Distance/Time) / Distance 
OR

• 1/Time    SO the inverse of 
the slope is a unit of 
“Time”.  What time is it?  
THE AGE OF THE 
UNIVERSE!!!!!!



• the more distant the object 
• the farther back in time we are seeing it
• the faster it is moving away from us
• and the bigger its redshift.



• PROBLEM: What about Newton’s Laws 
and Gravity?  Shouldn’t everything be 
coming together rather than moving apart?



Does the Universe 
Change?

• Einstein published his theory in two 
steps:
– special theory of relativity (1905)…

how space & time are interrelated
– general theory of relativity (1915)…

relationship between gravity and space 
& time

 

Albert Einstein (1879 – 1955)
Swiss/American physicist

“Nature conceals her 
secrets because she is 
sublime, not because 
she is a trickster.”



The Universe is four-dimensional
• A good way to think of 

the universe is to use 
Einstein’s description of 
space-time, the four 
dimensional fabric that 
makes up our universe. 

• The universe has three spatial 
dimensions (length, width, 
height) and one temporal (time) 
dimension 



Space-time and Gravity
• Albert Einstein stunned the scientific world in 1915…

− with publication of his general theory of relativity
− it illustrates how space-time can be used to describe the 

behavior of how mass and light interact  - in a way its an 
explanation of how gravity works

• Isaac Newton saw gravity as a mysterious “force.”
− even Newton had problems accepting this concept of “action at 

a distance” how the force of gravity is transmitted through space
− Einstein theorized that the “force” of gravity arises from 

distortions of spacetime itself!



• Matter Warps spacetime like weights on a taut 
rubber sheet.

• The greater the amount of mass, the greater the 
warping of spacetime.

Matter Warps Spacetime



The Strength of Gravity
• The greater the amount and concentration of mass 

(density), the more that spacetime warps, the stronger 
gravity becomes.

• The distance away from the 
center that space-time will be 
curved is the same for all 
three objects.

• White dwarf causes steeper 
curvature at Sun’s former 
position.

• Black hole creates infinitely 
deep hole in the fabric of 
space-time but still warps out 
to the same distance.

• Nothing can escape from 
within the event horizon of 
the Black hole.http://dev.cadre.com.au/Astro_V/Project/Contact_List/         

IFS3-15



SO WHAT IS THE POINT!!

How does Einstein's theory of gravity 
and what the universe is composed of 

explain how the universe is 
changing?



The Universe and Space Time
• Galaxies are moving 

away from us.
• Galaxies that are further 

away are moving faster.
• The universe is 

expanding!
• The expansion of the 

Universe creates more 
space and time



Tutorial: Expansion of the 
Universe – pg.131

• Work with a partner
• Read the instructions and questions carefully
• Talk to each other and discuss your answers with each 

another
• Come to a consensus answer you both agree on
• If you get stuck or are not sure of your answer ask 

another group
• If you get really stuck or don’t understand what the 

Lecture Tutorial is asking as one of us for help



The Universe is expanding
• The redshifts of galaxies is evidence that the 

universe is expanding.



The Universe is expanding
• If the universe is expanding, it must have been 

smaller in the past.
• If it was smaller in the past, then there must have 

been a beginning for the universe 
• Working backwards, what would the universe be 

like at the beginning?
• Hot, dense, tiny



The Big Bang marks the time when 
the Universe began

• In the 1940s, based on Hubble’s Law, George 
Gamow proposed that the universe began in a 
colossal explosion

• In the 1950s, the term BIG BANG was coined by 
an unconvinced Sir Fred Hoyle

• The BIG BANG is the event that marks the time 
when the universe began.



• The BIG BANG is the event that marks the time 
when the universe began – the beginning of the 
expansion.

• But what did the universe look like at the 
beginning?

• All of the universe as we know it now, was once a 
single point-like location of infinite Temperature 
and Energy but was NOT composed of any 
Matter.
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What happened after the Big Bang?

http://dev.cadre.com.au/Astro_V/Project/Contact_List/

IF23.02



What evidence is there to support the 
idea of a Big Bang?

• ~380,000 years after the event of the Big Bang,  the 
Universe cooled to a temperature of 3,000 K, and light, 
which could not propagate until then, began to spread in 
all directions.

• Working backwards, we should be able to see some 
evidence of this signature of light (blackbody radiation) at 
the time of the early universe. 

• The light released then, almost 14 billion years ago, can 
still be observed now. The 3,000 Kelvin temperature of 
the early Universe has dropped to a temperature today of 
2.735 K (Blackbody peak in the microwave)-This is 
known as the Cosmic Microwave Background 
Radiation!!!



The cosmic microwave background 
radiation that fills all space is 
evidence for the BIG BANG 

Penzias & Wilson



The Blackbody 
spectrum of the 

Cosmic Microwave 
Background 

Radiation reveals a 
temperature of 

2.735K



The microwave background radiation is 
evidence to support the ideas that:

• The Universe was once much hotter, denser and 
smaller 

• The Universe began during an event we call the 
Big Bang.

• The Universe is approximately 14 billion years old.



COBE

WMAP

Cosmic Microwave Background Radiation


