
© 2005 Pearson Prentice Hall 

This work is protected by United States copyright laws and is provided solely for 

the use of instructors in teaching their courses and assessing student learning. 

Dissemination or sale of any part of this work (including on the World Wide Web) 

will destroy the integrity of the work and is not permitted. The work and materials 

from it  should never be made available to students except by instructors using 

the accompanying text in their classes. All recipients of this work are expected to 

abide by these restrictions and to honor the intended pedagogical purposes and 

the needs of other instructors who rely on these materials. 

Lecture PowerPoint 

 

Chapter 33 

Physics: Principles with 

Applications, 6th edition 

Giancoli 



Chapter 33 

Astrophysics and 

Cosmology 



Units of Chapter 33 

• Stars and Galaxies 

• Stellar Evolution: The Birth and Death of Stars 

• Distance Measurements 

• General Relativity: Gravity and the Curvature 

of Space 

• The Expanding Universe: Redshift and 

Hubble’s Law 

• The Big Bang and the Cosmic Microwave 

Background 



Units of Chapter 33 

• The Standard Cosmological Model: the Early 

History of the Universe 

• Dark Matter and Dark Energy 

• Large-Scale Structure of the Universe 

• Finally… 



33.1 Stars and Galaxies 

The universe is vast; we define new units to 

make distances easier to measure. 

A light-year (ly) is the distance light travels in a 

year: 

The most distant planet, Pluto, is 

about 6 x 10-4 ly from us. The next 

nearest star is 4.3 ly away. 



33.1 Stars and Galaxies 

On a dark moonless night, a band of stars can 

be seen traversing the sky. Ancients called it 

the Milky Way; we now know that it is our view 

of our galaxy. 



33.1 Stars and Galaxies 

We still call our galaxy the Milky Way; it is a 

spiral galaxy, disc-shaped with spiral arms. 

It is about 100,000 ly in diameter and about 

2000 ly thick, and contains some 100 billion 

stars. 



33.1 Stars and Galaxies 

These two drawings show 

what our galaxy would 

look like from the outside; 

the photograph was taken 

in the infrared. 



33.1 Stars and Galaxies 

Many faint cloudy patches can be seen in the 

sky, some with the naked eye and some with 

simple telescopes. They are of several types: 

Star clusters – large groups of stars within our 

galaxy 

Nebulae – glowing clouds of gas and dust 

Galaxies – other than our own, at varying 

distances from us 



33.1 Stars and Galaxies 

The next nearest galaxy, Andromeda, is some 

2 million light-years away.  

It is estimated that there are about as many 

galaxies in the universe as there are stars in 

our own galaxy – 100 billion or so. 

Many galaxies occur in gravitationally bound 

clusters, some of which have only a few 

galaxies and others of which have thousands. 



33.1 Stars and Galaxies 

This table gives some idea of the vast distances 

between objects in the universe. 



33.2 Stellar Evolution: the Birth and Death 

of Stars 

The absolute luminosity, L, of a star is the 

power it radiates, in watts.  

The apparent brightness, l, is the power per 

unit area at the Earth, a distance d away.  

They are related: 

(33-1) 



33.2 Stellar Evolution: the Birth and Death 

of Stars 

More massive stars are also more luminous. 

The surface temperature of a star can be 

measured from its spectrum; surface 

temperatures range from about 3500 K to 

50,000 K. 



33.2 Stellar Evolution: the Birth and Death 

of Stars 

An especially useful 

way of comparing stars 

is the Hertzsprung-

Russell (H-R) diagram, 

which plots absolute 

luminosity vs. 

temperature. 



33.2 Stellar Evolution: the Birth and Death 

of Stars 

Most stars fall along the main sequence line in 

the H-R diagram. There are also some outliers: 

Red giants, with low temperature and high 

luminosity 

White dwarfs, with high temperature and low 

luminosity 



33.2 Stellar Evolution: the Birth and Death 

of Stars 

Stellar evolution cannot be observed directly, 

but can be inferred from observations of stars 

at different points in their lifetimes: 

• Star formation begins when interstellar cloud 

of gas and dust begins to contract 

• As it contracts, mass collects in the center 

and begins to heat up 

• When the core is hot enough, about 107 K, 

hydrogen fusion begins 



33.2 Stellar Evolution: the Birth and Death 

of Stars 

For a sun-like star, time from beginning to 

stable fusion is about 30 million years; stable 

fusion (during which star is on Main Sequence) 

continues for about 10 billion years 

• Eventually core is mostly helium; outer layers 

of star once again begin to collapse and heat 



33.2 Stellar Evolution: the Birth and Death 

of Stars 

Eventually, next layer of hydrogen becomes hot 

enough for fusion 



33.2 Stellar Evolution: the Birth and Death 

of Stars 

• Hotter still and the helium can fuse to carbon; 

this is as far as a Sun-like star gets.  

• Carbon core again collapses and heats; outer 

layers of star expand and are ejected 

• Star is now a white dwarf 

• More massive stars will fuse elements up to 

iron, then collapse in a supernova to a neutron 

star or black hole 



33.2 Stellar Evolution: the Birth and Death 

of Stars 

This shows the 

evolutionary track of 

a Sun-like star after it 

leaves the Main 

Sequence (where it 

has stayed at 

essentially the same 

point) 



33.2 Stellar Evolution: the Birth and Death 

of Stars 

Novae and supernovae are violent eruptions; besides 

the massive-star supernova, a nova or supernova can 

occur in a binary star system.  

This example would result in a nova; if there were a 

neutron star instead of the white dwarf it would be a 

supernova: 



33.3 Distance Measurements 

In order to plot stars on an H-R diagram, their 

distances must be known. Different techniques 

are used at different distances: 

• Parallax is the apparent motion of a star 

against a background of more distant stars 

during the course of a year 

• The apparent shift is measured, and then the 

distance determined geometrically 



33.3 Distance Measurements 

This diagram 

illustrates how 

parallax works 



33.3 Distance Measurements 

• Parallax works out to 100 ly; beyond that the 

shift is too small 

• H-R diagram can be used to determine absolute 

luminosity and therefore distance 

• Certain variable stars have a luminosity that is 

proportional to their period 

• Type Ia supernovae all have about the same 

luminosity 

• Redshift, due to expansion of the universe, is 

used at the longest distances 



33.4 General Relativity: Gravity and the 

Curvature of Space 

Principle of equivalence: it is impossible to 

distinguish a uniform gravitational field and a 

uniform acceleration 

Another way to put it: mass in Newton’s first 

law is the same as the mass in the universal 

law of gravitation 



33.4 General Relativity: Gravity and the 

Curvature of Space 

A light beam will be bent either by a 

gravitational field or by acceleration 



33.4 General Relativity: Gravity and the 

Curvature of Space 

This can make stars appear to move when we 

view them past a massive object 



33.4 General Relativity: Gravity and the 

Curvature of Space 

Einstein’s general theory of relativity says 

that space itself is curved – hard to visualize 

in three dimensions! 

This is a two-dimensional 

space with positive 

curvature: 



33.4 General Relativity: Gravity and the 

Curvature of Space 

This two-dimensional 

space has negative 

curvature: 



33.4 General Relativity: Gravity and the 

Curvature of Space 

We do not know if the universe overall has 

positive, negative, or zero curvature; current 

evidence is that the curvature is very close to 

zero. 



33.4 General Relativity: Gravity and the 

Curvature of Space 

Space is curved around massive objects: 



33.4 General Relativity: Gravity and the 

Curvature of Space 

In the extreme limit, a black hole is formed – the 

curvature is so strong that even light cannot 

escape if it gets too close. 

“Too close” means inside the Schwarzschild 

radius: 



33.5 The Expanding Universe: Redshift 

and Hubble’s Law 

The expansion of the universe was proposed to 

explain the correlation between distance and 

recessional velocity for distant galaxies.  

The recessional velocity causes spectra to be 

shifted to longer wavelengths, due to the 

Doppler effect: 

(33-3) 



33.5 The Expanding Universe: Redshift 

and Hubble’s Law 

These plots illustrate 

the effects of a redshift. 

The parameter z 

measures the redshift: 

(33-4) 



33.5 The Expanding Universe: Redshift 

and Hubble’s Law 

Hubble’s law relates the recessional velocity to 

the distance: 

(33-6) 

The constant H is called the Hubble constant, 

and is measured experimentally. 



33.5 The Expanding Universe: Redshift 

and Hubble’s Law 

If all galaxies are moving away from us, are we 

at the center of the expansion? 

No – think of the surface of an expanding 

balloon. Every point on the surface is moving 

away from every other point; there is no center. 

The age of the universe can be calculated by the 

Hubble constant: 



33.6 The Big Bang and the Cosmic 

Microwave Background 

Projecting universal expansion backwards – 

universe must have been very tiny at the 

beginning 

Big Bang – not an explosion, but an expansion 

of spacetime itself 

Cosmic microwave background radiation – 

comes from every direction, has spectrum of 

black-body radiation with a temperature of 

2.725 K 



33.6 The Big Bang and the Cosmic 

Microwave Background 

This background radiation has been mapped 

in great detail, and is very strong evidence in 

support of the Big Bang. 



33.7 The Standard Cosmological Model: 

the Early History of the Universe 

This is the outline of the beginning of the 

universe, as we currently understand it: 



33.7 The Standard Cosmological Model: 

the Early History of the Universe 

• Before 10-43 s, all four forces were unified, in a 

way we don’t understand 

• Grand unified era – no distinction between 

quarks and leptons 

• Around 10-35 s the strong force separates from 

the others 

• Hadron era – lepton-quark soup at first, the 

quarks become confined 

• Inflation? 



33.7 The Standard Cosmological Model: 

the Early History of the Universe 

• Around 10-6 s most hadrons have disappeared; 

once average kinetic energy dropped below 

nucleon mass, nucleon creation stopped, 

leaving a slight excess of matter over antimatter 

• Once the kinetic energy was below the pion 

mass, no more hadrons could be formed 

• This happened around 10-4 s, beginning the 

lepton era 



• After about 10 s electron-positron pairs could 

no longer be formed 

• This begins the radiation era; universe 

consists mostly of photons and neutrinos, and 

is opaque 

• At about 3 minutes, nuclear fusion begins, 

creating deuterium, helium, and some lithium 

• After about 380,000 years the photons 

decouple from matter – the universe is now 

transparent 

33.7 The Standard Cosmological Model: 

the Early History of the Universe 



33.7 The Standard Cosmological Model: 

the Early History of the Universe 

• The cosmic background radiation is these 

photons, cooled through further expansion 

• At 200 million years, stars begin to form 

• Galaxies begin to form around 1 billion years 



33.8 Dark Matter and Dark Energy 

What is the ultimate fate of the universe?  

It depends on whether the universe is closed, 

flat, or open 



33.8 Dark Matter and Dark Energy 

Critical density is the density where the universe 

is flat: 

The properties of the cosmic microwave 

background radiation suggest that the 

universe is flat.  

However – only 4% of the needed density can 

come from ordinary matter. 



33.8 Dark Matter and Dark Energy 

It has been known for some time, by studying 

galactic rotation curves and gravitational 

lensing, that more matter must be present than 

can be seen. This dark matter is now thought to 

make up about 23% of the total density. 



33.8 Dark Matter and Dark Energy 

Just recently, astronomers were surprised to 

discover that the expansion of the universe is 

accelerating. This cannot be explained by any 

known force. 

What is causing the acceleration is not known; 

generically this is referred to as dark energy. 



33.8 Dark Matter and Dark Energy 

This dark energy is found to contribute 73% to 

the density, bringing it to the critical density. 

To summarize, the universe’s mass-energy 

comes from: 

Dark energy, 73% 

Matter, 27%, which is 

 23% dark matter 

 4% ordinary matter 



33.9 Large-Scale Structure of the Universe 

Small inhomogeneities in the cosmic 

microwave background are thought to be 

related to large-scale structure in the clustering 

of galaxies. This distribution of 50,000 galaxies 

displays clear evidence of structure: 



Summary of Chapter 33 

• Milky Way is our galaxy; disc-shaped, 

contains 100 billion stars 

• Astronomical distances are measured in 

light-years 

• Stars begin as collapsing dust clouds; they 

contract and heat 

• Hydrogen fusion begins; some heavier 

elements are formed 

• Star is stable - on Main Sequence 



Summary of Chapter 33 

• When core is exhausted, star expands and 

cools while core contracts and heats 

• Solar-mass star becomes white dwarf 

• More massive stars explode as supernovae, 

leaving neutron star or black hole behind 

• Equivalence principle – gravitational field and 

acceleration are indistinguishable 

• Gravity is a curvature of spacetime 

• Distant galaxies are redshifted, due to 

Doppler effect of recession velocity 



Summary of Chapter 33 

• Universe is expanding, and is about 13.7 

billion years old 

• Created in Big Bang 

• Cosmic microwave background radiation is 

remnant of Big Bang 

• Standard Big Bang model has universe 

beginning as very hot and dense; as it expands 

it cools, and various reactions cease to occur 

• Hydrogen, deuterium, helium, and a tiny 

amount of lithium are created as universe cools 



Summary of Chapter 33 

• Once atoms could form, stars and galaxies 

became possible 

• Must be more than visible matter to account for 

observed motions – dark matter 

• Expansion of universe is accelerating – dark 

energy 

• Dark energy, dark matter, and ordinary matter 

combine to give universe critical density 


