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Mathematical Handbook of Formulas and Tables by Murray R. 
Spiegel, 3rd. edition)
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What is Astrophysics?

A) Astrophysics is the study of phenomena on large scales 
(i.e. the Sun, planets, stars, galaxies, etc).

B) Astrophysics is the study of phenomena on small scales 
(i.e. nuclei, atoms, particles, etc)

C) Astrophysics is the study of the formation of the Earth 
and effects of astronomical events on the emergence 
and evolution of life on Earth.

Which of the following statements best describes astrophysics?

Answer:  All of the above.
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Prerequisites

- The prerequisite for this class is PHYS 3305 Modern 
Physics.

- We will be revisiting practically all of the topics you 
have studied in physics up to this point including 
classical mechanics, electromagnetism, 
thermodynamics, quantum mechanics, statistical 
mechanics*, relativity and chemistry*.

- Although we will review these concepts as we 
encounter them, it will be expected that you have 
mastered this material before.
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Surgeon General’s Warning
Too much exposure to Astrophysics & Cosmology may cause severe headaches, ... 
ok not true, but:

- We will be using practically all of the physics you have learned up to this point.  If 
you do not have the prerequisites for this course, you will have difficulties.

- Do not expect to be able to do the problems on the very first try. Give it 3-4 
legitimate tries before seeking help.

- Collaborating with classmates on solving problems is acceptable (in fact, it is 
encouraged!), but the solutions you hand in MUST be your own (see SMU Honor 
Code)

- No credit for late homework!
- Attendance: Judge for your self, ... how many SMU courses were you able to 

master by just staying at home and reading the book
- Corollary: Don’t expect to be able to brush off the course for a whole semester and 

learn everything by cramming for a whole day prior to the exam, it also doesn’t 
work to eat burgers all semester expect to lose 10 lbs by going to the gym for 24 hrs 
straight?
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Topics Covered

-Observations from 
Cosmology

-Big Bang Cosmology

-Tests and Probes of Big 
Bang Cosmology

-Observational Techniques

-Stellar Physics

-Stellar Evolution

-Galaxies

-Dark Matter
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How to Do Well in the Course
- Do all the homework sets!

- Study in small groups (make sure 
you’re contributing to the group as 
much as your absorbing from it)

- Come to class

- Don’t waste time on last minute all-
nighters

Your Grade:
20% Homework
20% Labs

      40% Exams (2 midterms)
20% Final Paper
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How to Do Well in the Course

Your Grade:
20% Homework
20% Labs

      40% Exams (2 midterms)
20% Final Paper

Everyone has a chance to earn an A 
in this class.  There is no ‘curve’.

93%:  A
85%:  A-
80%:  B+
75%:  B
70%:  B-
65%:  C+
60%:  C
55%:  C-  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Labs, Exams & Homework
- There will be 7 in-class laboratory activities lead by Mr. Matt 

Stein (your TA for the course).

- Labs will be on every other Monday beginning January 26th. 
(Jan 26; Feb 9, 23; Mar 15, 30; Apr 13, 27).  They will meet in 
FOSC 032.

-  Midterm exam 1 will be Wednesday, March 18 (in class) and 
midterm exam 2 will be Wednesday, May 6th at 6:30 pm. 

- Homework will be assigned on a regular basis.  Attend class 
or visit the course website for updates.

- You will be required to write a 3000 word final paper for this 
course.  The paper is due at 6 pm on Wednesday, April 15th.
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Expectations

What to expect from me

• An interesting and though 
provoking course

• Consideration and fairness 
(this does not mean easy!)

• Availability & 
approachability to talk about 
any difficulties & questions

• Punctuality

What I expect from you

• Sincere effort
• Honesty
• Homework should follow 

the homework guidelines on 
the course website

• Punctuality
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What is Plagiarism?

PLAGIARISM5 Intentionally or knowingly representing 
the words or ideas of another as one’s own in any 
academic exercise.

5 In regards to cases of plagiarism, ignorance of the rules 
is not an excuse. The University subscribes to the 
statement on plagiarism which appears on page six of 
William Watt’s An American Rhetoric (1955).S
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Plagiarism
- It is plagiarism to copy your homework from the 

Instructor Solution Manuel.  

- It is plagiarism to copy the homework from another 
student (current or previous).

- It is plagiarism to copy the solutions to your 
homework from google. 

- Academic honesty means that you acknowledge your 
sources!  This includes people in your study group.

I will report  incidents of plagiarism to the Honor Council.  If 
you have any questions about academic honesty in this class, 
please feel free to talk to me during office hours.
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Student Resources
http://www.smu.edu/StudentAffairs/StudentConduct

http://www.smu.edu/StudentAffairs/StudentConduct
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Announcements

- Reading Assignments:  Chapter 1 (all) and Chapter 
2.1 - 2.2

- Problem Set 1 is due Wednesday, January 28th, 
2015.

- Read the Homework Policy!

- Read the Syllabus!

- First lab is this Monday, January 26th.  Be sure to 
report to FOSC 032 that day.
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Q:  How is experimental astrophysics different from 
other experimental disciplines?

Astronomers and astrophysicists can not carry out 
controlled experiments*.  They perform observations of 
phenomena.

*Some properties of astronomical conditions can be simulated in the lab.

So, let’s start with a brief overview of how 
observations are used to make astrophysical 
measurements.
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The Electromagnetic Spectrum
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Camera-Detector:  Human Eye

- The lens (camera) focuses 
light onto the retina 
(detector).

- Aperture of a dark-
adapted pupil is < 1 cm in 
diameter.

- Limited light gathering 
and limited angular 
resolution.
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Camera-Detector:  Reflecting Telescopes

Detector at prime focus
Aperture is primary mirror.

Secondary convex mirror 
focuses rays through hole in 
primary mirror onto detector.
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Circular-Aperture Diffraction

Airy disk

Light waves from outside must pass through a circular lens.
The performance limit of optical instruments is determined by 
the diffraction of the circular openings through which the 
waves must pass.
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Angular Resolution:

The smallest angle on the sky between two sources of light that 
can be discerned as separate sources with that camera.

✓ = 1.22
�

D
(in radians)

Two point sources can be resolved as separate objects when 
the centers of the two light sources are separated by



Principles of Astrophysics & Cosmology -  Professor Jodi Cooley

Example:  Diffraction-Limited Image

Simulated image with diffraction pattern due to telescope’s 
finite circular aperture.

difficult to resolve as 2 stars
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Why is angular resolution important?

- Discerning fine details of astronomical objects.
- Detecting faint unresolved sources against emission 

from the Earth’s atmosphere.

Why can’t we see stars during the day?

The high background from the sky.

The night sky shines due to scattered light from stars, the 
moon, artificial sources and the fluorescent of atoms and 
molecules in the atmosphere.

Better angular resolution —> smaller solid angle over which 
star light is spread —>higher contrast of star’s image over 
background.
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Example:  Positions of stars with two different 
instrument resolutions.
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Short Comings of Human Eye

- Exposure time is limited to 1/30 of a second.

- If a source can be collected over long periods of time, 
you have a better chance of observing faint sources.

- Sensitive only to the visible spectrum.

- Information for many objects exists in all regions of 
the EM spectrum (radio to gamma)

- Does not record information.

- Recorded objective information can be examined, 
analyzed, re-examined and disseminated to others.
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Charge-Coupled Devices (CCDs)

- First invented at AT&T 
Bell Labs by Willard 
Boyle and George 
Smith (1969).

- They were working on 
semiconductor bubble 
memory at the time.
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6 CHAPTER 1

Figure 1.5 Schematic view (highly simplified) of a CCD detector. On the left, a photon is
absorbed by the silicon in a particular pixel, releasing an electron which is stored
in the pixel until the CCD is read out. On the right are shown other photoelec-
trons that were previously liberated and stored in several pixels on which, e.g.,
the image of a star has been focused. At the end of the exposure, the accumu-
lated charge is transferred horizontally from pixel to pixel by manipulating the
voltages applied to the pixels, until it is read out on the right-hand side (arrows)
and amplified.

number of photons that reached the pixel. This allows forming a digital image of
the region of the sky that was observed (see Fig. 1.5).
So far, we have discussed astronomical observations only in terms of producing

an image of a section of sky by focusing it onto a detector. This technique is called
“imaging”. However there is an assortment of other measurements that can be
made. Every one of the parameters that characterize an EM wave can carry useful
astronomical information. Different techniques have been designed to measure
each of these parameters. To see how, consider a plane-parallel, monochromatic
(i.e., having a single frequency), EM wave, with electric field vector described by

E = êE(t) cos(2πνt − k · r + φ). (1.2)

The unit vector ê gives the direction of polarization of the electric field, E(t) is
the field’s time-dependent (apart from the sinusoidal variation) amplitude, ν is the
frequency, and k is the wave vector, having the direction of the wave propagation,
and magnitude |k| = 2π/λ. The wavelength λ and the frequency ν are related by
the speed of light, c, through ν = λ/c. The phase shift of the wave is φ.
Imaging involves determining the direction, on the sky, to a source of plane-

parallel waves, and therefore implies a measurement of the direction of k. From
an image, one can also measure the strength of the signal produced by a source
(e.g., in a photon counting device, by counting the total number of photons col-
lected from the source over an integration time.) As discussed in more detail in
Chapter 2, the photon flux is related to the “intensity”, which is the time-averaged
electric-field amplitude squared, �E2(t)�. Measuring the photon flux from a source
is called “photometry”. In “time-resolved photometry”, one can perform repeated
photometric measurements as a function of time, and thus measure the long-term
time dependence of �E2�.
The wavelength of the light, λ (or equivalently, the frequency, ν), can be deter-

mined in several ways. A band-pass filter before the detector (or in the “receiver”

- Slab of silicon divided into pixels.
- Photons reaching the CCD liberate “photoelectrons” via the 

photoelectric effect.
- Photons accumulate in every pixel during exposure period.
- At end of exposure, the accumulated charge is transfered 

horizontally and readout.

Image of Star
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Simple Illustration of CCD Readout

http://astro.unl.edu/classaction/loader.html?filename=animations/telescopes/
buckets.swf&movieid=buckets&width=550&height=460&version=6.0.0

http://astro.unl.edu/classaction/loader.html?filename=animations/telescopes/buckets.swf&movieid=buckets&width=550&height=460&version=6.0.0
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"CCD charge transfer animation" by Michael Schmid - animated drawing created myself. Licensed under CC BY 2.5 via Wikimedia Commons - 
http://commons.wikimedia.org/wiki/File:CCD_charge_transfer_animation.gif#mediaviewer/File:CCD_charge_transfer_animation.gif

http://commons.wikimedia.org/wiki/File:CCD_charge_transfer_animation.gif#mediaviewer/File:CCD_charge_transfer_animation.gif
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Other Imaging Methods
Consider an EM wave that is plane-parallel and monochromatic.

basicastro4 October 26, 2006

6 CHAPTER 1

Figure 1.5 Schematic view (highly simplified) of a CCD detector. On the left, a photon is
absorbed by the silicon in a particular pixel, releasing an electron which is stored
in the pixel until the CCD is read out. On the right are shown other photoelec-
trons that were previously liberated and stored in several pixels on which, e.g.,
the image of a star has been focused. At the end of the exposure, the accumu-
lated charge is transferred horizontally from pixel to pixel by manipulating the
voltages applied to the pixels, until it is read out on the right-hand side (arrows)
and amplified.

number of photons that reached the pixel. This allows forming a digital image of
the region of the sky that was observed (see Fig. 1.5).
So far, we have discussed astronomical observations only in terms of producing

an image of a section of sky by focusing it onto a detector. This technique is called
“imaging”. However there is an assortment of other measurements that can be
made. Every one of the parameters that characterize an EM wave can carry useful
astronomical information. Different techniques have been designed to measure
each of these parameters. To see how, consider a plane-parallel, monochromatic
(i.e., having a single frequency), EM wave, with electric field vector described by

E = êE(t) cos(2πνt − k · r + φ). (1.2)

The unit vector ê gives the direction of polarization of the electric field, E(t) is
the field’s time-dependent (apart from the sinusoidal variation) amplitude, ν is the
frequency, and k is the wave vector, having the direction of the wave propagation,
and magnitude |k| = 2π/λ. The wavelength λ and the frequency ν are related by
the speed of light, c, through ν = λ/c. The phase shift of the wave is φ.
Imaging involves determining the direction, on the sky, to a source of plane-

parallel waves, and therefore implies a measurement of the direction of k. From
an image, one can also measure the strength of the signal produced by a source
(e.g., in a photon counting device, by counting the total number of photons col-
lected from the source over an integration time.) As discussed in more detail in
Chapter 2, the photon flux is related to the “intensity”, which is the time-averaged
electric-field amplitude squared, �E2(t)�. Measuring the photon flux from a source
is called “photometry”. In “time-resolved photometry”, one can perform repeated
photometric measurements as a function of time, and thus measure the long-term
time dependence of �E2�.
The wavelength of the light, λ (or equivalently, the frequency, ν), can be deter-

mined in several ways. A band-pass filter before the detector (or in the “receiver”

k = wave vector (direction of wave propagation)

ê = direction of polarization of the e-field

E(t) = time-dependent amplitude of field
ν = frequency

φ = phase shift

Recall Relations:

|~k| = 2⇡

�
⌫ =

�

c
and
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Thus, an image gives —

- A measurement of k (direction).
- Strength of signal produced.
- Intensity (related to photon flux) —> <E2(t)>

Photometry = measuring the photon flux from a source.

Time-Resolved Photometry = repeated photometric measurements 
as a function of time.  This gives long-term time dependence of 
<E2>

combined with inverse square law, 
determine luminosity if distance 
known (or vis versa)
study of light variation in variable 
stars, minor planets, AGN, supernova 
and transient exoplanets.
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Wavelength and Frequency —

- Use a band-pass filter before detector allows radiation of 
only a certain frequency to pass.

- Reflection off or transmission through a dispersing element 
(think diffraction grating or prism)

Spectroscopy -

basicastro4 October 26, 2006

INTRODUCTION 7

Figure 1.6 Schematic example of a spectrograph. Light from a distant point source con-
verges at the Cassegrain focus of the telecope at the left. The beam is then al-
lowed to diverge again and reaches a “collimator” lens sharing the same focus as
the telecope, so that a parallel beam of light emerges. The beam is then trans-
mitted through a dispersive element, e.g., a transmission grating, which deflects
light of different wavelengths by different angles, in proportion to the wave-
length. The paths of rays for two particular wavelengths, λ

1

and λ
2

, are shown.
A “camera” lens refocuses the light onto a detector at the camera’s focal plane.
The light from the source, rather than being imaged into a point, has been spread
into a spectrum (grey vertical strip).

in radio astronomy) will allow only EM radiation in a particular range of wave-
lengths to reach the detector, while blocking all others. Alternatively, the light can
be reflected off, or transmitted through, a dispersing element, such as a prism or
a diffraction grating, before reaching the detector. Light of different wavelengths
will be deflected by different angles from the original beam, and hence will land on
the detector at different positions. A single source of light will thus be spread into
a spectrum, with the signal at each position along the spectrum proportional to the
intensity at a different wavelength. This technique is called “spectroscopy”, and an
example of a telescope-spectrograph combination is illustrated in Fig. 1.6.
The phase shift φ of the light wave arriving at the detector can reveal informa-

tion on the precise direction to the source, and on effects, such as scattering, that
the wave underwent during its path from the source to the detector. The phase
can be measured by combining the EM waves received from the same source by
several different telescopes, and forming an interference pattern. This is called “in-
terferometry”. In interferometry, the “baseline” distance B between the two most
widely spaced telescopes replaces the aperture in determining the angular resolu-
tion, λ/B. In radio astronomy, the signals from radio telescopes spread over the
globe, and even in space, are often combined, providing baselines of order 104 km,
and very high angular resolutions.
Finally, the amount of polarization (“unpolarized”, i.e., having random polariza-

tion direction, or “polarized” by a fraction between 0 and 100%), its type (linear,
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Summary

- We discussed several observational techniques.

- Short-comings of the human eye.

- Discussed the multiple ways that we can get 
information from an image.

NEXT TIME:

Review of blackbody radiation and measurements of 
stellar parameters.


