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UNIT 2: The Universe 
 
I. Origin of the Universe - Big Bang 

Theory 
A. We don’t know where or how 
B. ~14 (10-20) bya, Universe was 

a tiny, hot and dense region 
of space-time; began rapidly 
expanding and cooling.  
Expansion  continues today 
at an increasing rate . 

C. Initial temps too hot for atoms 
D. After a few hundred thousand 

years, as temp. and density decrease, hydrogen  
atoms form clouds of gas 

E. Stars and galaxies form from this new matter and energy 
F. As large stars went through stellar life cycle, heavier 

elements created by fusion . 
G. New elements were expelled out into space by 

supernovae and dying red giants.  Planets such as 
Earth eventually formed from these heavy elements. 

H. Evidence of Big Bang 
1. Edwin Hubble (1929) examined redshifts  in the EM 

spectra of galaxies; found distant galaxies receding 
away faster than nearby ones (like expanding 
balloon).  Galaxies are rapidly moving apart, but 
galaxies themselves are not expanding. 

2. 1964, predicted cosmic microwave background 
radiation  discovered = leftover Big Bang radiation 

3. Distant galaxies are at earlier stages of 
development than nearby ones; they’re billions of 
light-years away. 

4. 14byo figure is from NASA’s Wilkinson Microwave 
Anisotropy Probe 
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I. Fate of the Universe 
1. Momentum of 

expansion is 
countered by gravity 

2. 3 possible outcomes 
a. Open Universe  

– expansion 
never stops 

b. Closed 
Universe  – 
eventual 
contraction 

c. Flat Universe  – expansion stops in infinite time 
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II.  A 
Universe 
of Galaxies  

 
 
 
 
 
 
 
 
 
 
 
 
A. The Universe 

1. The Universe is everything that is known to exist 
2. The Observable Universe  is limited in scope by its 

age and the speed of light.  Ex. If Universe is 14byo, 
then light from stars more than 14 billion light years 
away hasn’t reached Earth yet. 

B. Galaxies 
1. 50-100B are known to exist in Observable Universe 
2. Each contains hundreds of billions of stars 
3.  Galaxies are millions of light-years apart 
4. Milky Way  – our address in space 

a. Our Solar System is in this galaxy – we are 
26,000 light-years from the center and orbiting it 
between ~450–580,000 miles/h (seasonal). 

b. Stars visible to naked eye are all in the Milky 
Way – “milky” band across night sky occurs 
when you look straight into the Milky Way spiral. 

c. spiral galaxy  – thin disk, central bulge, spiral 
“arms”  

d. about 100,000 light-years in diameter 
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e. a “normal” galaxy – total radiation equals that 
given off by its stars 

f. Milky Way belongs to 
Local Group  of 30+ 
galaxies, including 
nearby Magellanic 
Clouds and 
Andromeda Galaxy, 
the most distant 
object visible to the 
naked eye 

g. The Local Group and 
other groups including the Virgo Cluster (~2,000 
galaxies) make up the Local Supercluster  
(~10,000 galaxies) 

h. Earth’s speed (taking in to account all known 
cluster motions) is ~ 900km/s (2 million mph) 
through space 

C. Types of Galaxies 
1. Spiral  – have arms (Ex: Milky Way) 
2. Elliptical  – no arms, less interstellar dust and gas 

(Ex: M87) 
3. Irregular  – smaller, fainter, uneven (Ex: Magellanic 

Clouds) 
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D. Active Galaxies  
1. give off more energy than the sum of their stars 
2. the amount of radiation given off often varies over 

time 
3. Thought to have supermassive black holes at center; 

as matter spirals in, radiation is emitted 
4. Quasars  are very ancient, distant, but extremely 

bright objects; Blazars  have a jet of radiation pointed 
toward Earth 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

III.  Electromagnetic Spectra 
A. Light is a form of EM energy. 

1. All EM energy travels in waves at the speed of light 
(~300 million meters/s or 670 million miles/h). 

2. EM waves can travel through the vacuum of space. 
3. We use all wavelengths emitted by celestial objects 

to gather information about their composition and 
movement. 
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B. The Spectroscope  
1. When we refract (bend) EM energy (ex: prism), 

different wavelengths refract at different angles (short 
wavelengths refract more).  This sends different 
wavelengths in different directions like a rainbow. 

2. Astronomers study energy from space using 
spectroscopes or spectrometers attached to 
telescopes. 

C. 3 Types of Spectra 
1. Continuous spectrum  – an unbroken band of all 

visible wavelengths emitted by hot 
objects like light bulbs, lava and stars. 

2. Emission spectrum  – an unevenly spaced series of 
lines of different colors and brightness.  
Each element, such as gases in a 

planet’s atmosphere, gives off only certain 
wavelengths (separate lines), so each has a certain 
emission spectrum. 

3. Absorption spectrum  – (= continuous – emission) a 
continuous spectrum crossed by dark 
lines, which form when light from a 

glowing object passes through a cooler gas, which 
absorbs its own emission spectrum.  Seen in light 
reflecting off a planet, which passes through gases in 
its atmosphere.  The gases absorb their own 
emission spectra. 

4. An absorption spectrum from a star shows the 
composition of its outer layer.  
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IV. The Doppler Effect 

A. Wave energy (incl. light, radar and sound) is affected by 
motion.  Energy emitted by an object moving toward an 
observer appears compressed, making the wavelengths 
shorter (“blueshift ” - bluer in color or higher in pitch).  
Wavelengths from objects moving away appear longer 
(“redshift ” - redder in color or lower in pitch). 

B. The amount of shift in the emission spectra of objects is 
therefore a relative gauge of their velocity (speed and 
direction). 

 
 
 
 
 
 
 
 
 
 
 
 

V. Star Characteristics 
 

A. Apparent Magnitude  
1. A measure of the apparent brightness, as viewed 

from Earth. 
2. Brighter stars have lower magnitudes – first-

magnitude stars are very bright; the dimmest visible 
with unaided eye are 6th-magnitude 

3. Each magnitude differs from the next by a factor of 
2.5.  The Sun is -26.7, Sirius is -1.45. 

4. Telescopes can easily resolve magnitudes >20. 
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B. Distances 
1. Astronomical unit  – 

distance between Earth and 
Sun = 150 million km. 

a. Jupiter is 5.2 A.U. from 
Sun 

b. Proxima Centauri 
(closest neighboring 
star) ~260,000 A.U. 
from Sun 

2. Light-year  (ly) – the 
distance light travels in one 
Earth year at 300,000 
km/sec = 9.5 trillion (9.5 x 
1012) km. 

a. Proxima Centauri ~ 4.2 
ly away 

3. Parsec – parallax second = 3.258 ly (3.086 x 1013km) 
a. Parallax – a change in an object’s direction due 

to a change in the observer’s position – can be 
used to measure distance.  An object is one 
parsec away if it shows one arc-second of 
parallax across opposite sides of Earth’s orbit. 
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 C. Composition of Stars 
1. Stars are mostly H and He, with lesser amounts of 

heavier elements.  Sun = 69% H, 29% He, 2% other 
2. All stars have different amounts of various elements. 
3. Spectral wavelengths radiated depend on 

composition and temperature 
4. Every star has a unique spectrum 

 
D. Mass, Size, Density and Temperature 

1. Mass - 1 Solar Mass  = the mass of the Sun 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Size 

a. the smallest stars are smaller than Earth 
b. the largest stars are >2,000 x diameter of Sun 

3. Density – stars vary greatly in density. 
a. Betelgeuse ~ 0.0000001 density of Sun 
b. most dense: 1 teaspoon ~ 2,000 pounds! 

4. Temperature and Color 
a. Star color depends on temperature.  Red is 

cooler, blue  is hotter. 
b. Harvard Spectral Classification Scheme  

groups stars into spectral classes 
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E. Luminosity and Absolute Magnitude 

1. Luminosity  – the actual brightness, based on size 
and temperature (not distance, as with apparent 
magnitude). 

2. Absolute Magnitude  – how bright a star would be if 
it were 10 parsecs from Earth. 

F. Variable Stars  – show variation in their brightness. 
1. Pulsating Stars  – vary in brightness as their outer 

layers expand (cooler and dimmer) and contract 
(hotter and brighter) over days or years. 

a. Cepheid Variables  – yellow supergiants that 
pulsate in cycles from 1 to 50 days.  The longer 
the period of pulsation, the greater the 
luminosity.  Since absolute magnitudes of 
Cepheids can be determined, a comparison 
between apparent and absolute magnitudes is a 
measure of 
distance.   We 
determined the 
distances to globular 
clusters at the 
center of the Milky 
Way by studying 
Cepheid variable 
stars. 
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2. Non-pulsating “Stars”  – most stars are members 
of multiple-star systems.  In common binary solar 
systems, stars can appear to change brightness as 
one star eclipses another. 

 
VI. Life Cycles of Stars 

A. Hertzsprung-Russell Diagram 
1. The H-R Diagram plots Luminosity against 

Color/Temperature to classify stars.  Groups of stars 
represent stellar life stages.  
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2. Main sequence  stars – 90% of stars. 
a. fuse H into He. 

3. Giant stars  – have diameters 10 to 100 x the Sun. 
4. Supergiants  – have diameters 100x our Sun. 
5. White dwarfs  – are near the end of their lives.  

These were red giants that lost their outer layers. 
B. Birth of a Star 

1. Nebula  – are clouds 
of dust and gas 
(photo of Orion 
Nebula).  Shock 
waves and gravity 
may cause portions 
of a nebula to 
become denser and 
hotter (a Protostar ). 

2. Star – begins when the protostar becomes hot and 
dense enough to fuse hydrogen.  

C. Sun-like Stars 
1. Stable for billions of years, fusing H to He and getting 

slowly brighter and hotter 
2. Outward energy of fusion is balanced by gravity 
3. Eventually most H is used up and gravity contracts 

star, the star heats up and expands to a red giant. 
4. Very high temps in the core cause the He to fuse into 

C and O, and the surface 
gases start to be blown away 
in bursts, leaving a white-hot 
core (white dwarf) of C and 
O.  The outer gases absorb 
the UV and give off visible 
light, forming a planetary 
nebula  (photo) lasting 
~25,000 years, then the star 
becomes a white dwarf. 
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D. Massive Stars 

1. stars 8 x mass of Sun 
or greater 

2. cycle more quickly 
through H and do not 
stop at C and O, but 
produce Fe, then 
swell to 100 x 
diameter of Sun – 
supergiant after only 1 
billion years. 

3. The iron core absorbs energy and the star collapses, 
blasting the outer layers into space – supernova 

4. Supernovae blow off very heavy elements – Cu, U, 
Ag, Pb – into space. 
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E. Remnants of massive stars 

1. After a supernova, the core may form a neutron star  
a. so dense that electrons are pulled into the 

atomic nuclei to combine with protons to form 
additional neutrons. 

b. Young neutron stars rotate rapidly and emit 
narrow beams of radiation that sweep through 
space like a lighthouse beam.  These may 
appear to Earth as a pulsar. 

 
 

2. Black holes  are even more massive than neutron 
stars. 

a. A mass of 10 Suns may have a diameter of 30 
km. 

b. The gravity of a black hole is so strong that no 
EM energy is emitted. 

c. Black holes may “capture” mass and energy 
from nearby objects such as stars.  As matter is 
pulled in, it may emit bursts of X-rays as its 
atoms are pulled apart by gravity. 

d. Many galaxies have a black hole at their center. 
i. The black hole at the center of the Milky 

Way has a mass of ~2.6 million Suns. 
ii. Other galaxies have central black holes 

with solar masses of 1-2 billion. 
 


