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Schedule
wk.
of

Monday

Wednesday

Jan.
17

----------------

Ex. 1: The planets.

Jan.
24

Turn in your questions on the Prologue and ch. 1,
An Earth-Centered Universe. Quiz 1: The metric
system.

Turn in your questions on ch. 2, A Sun-Centered
System. Quiz 2: The planets.

Jan.
31

Test on ch. 1.

Turn in your questions on ch. 3, Galileo, Newton,
Einstein. Test on ch. 2.

Feb.
7

Quiz 3: The circumpolar sky.

Turn in your questions on pp. 95-105 of ch. 4, Light.
Test on ch. 3.

Feb.
14

Quiz 4: The winter sky.

Turn in your questions on ch. 5, Telescopes. Test on
pp. 95-105 of ch. 4

Feb.
21

holiday

Ex. 3: Observing the sun.

Feb.
28

Turn in your questions on ch. 6, The Earth-Moon
System. Test on ch. 5.

Ex. 4: Height of mountains on the moon.

Mar.
6

Turn in your questions on ch. 7, A Planetary
Overview. Test on ch. 6.

Ex. 5: Landings on Mars

Mar.
13

Turn in your questions on ch. 8, The Terrestrial
Planets, and ch. 9, The Jovian Planets. Test on
ch. 7.

Ex. 6: The mass of Jupiter.

Mar.
20

Turn in your questions on pp. 105-117 of ch. 4
(photons and atoms). Test on ch. 8 and 9.

Quiz 5: Nuclei.

Mar.
27

Turn in your questions on pp. 337-355 of ch. 11,
The Sun. Test on pp. 105-117 of ch. 4.

Apr.
3

Turn in your questions on ch. 12, Properties of
Stars. Test on pp. 337-355 of ch. 11.

Quiz 6: Spectral classes & HR diagram.

Apr.
10

Turn in your questions on ch. 14, Stellar
Evolution. Test on ch. 12.

Ex. 7: Age of a star cluster.

Apr.
24

Turn in your questions on ch. 15, Deaths of
Massive Stars. Test on ch. 14.

Ex. 8: Light curve of a supernova.

May. Turn in your questions on ch. 16, The Milky Way.
1
Test on ch. 15.

Quiz 7: The summer sky.

Skim ch. 17 for general ideas about types of
May. galaxies and clusters of galaxies. Read the part
8
about the Hubble relation carefully. Read ch. 18,
Cosmology. Turn in questions. Test on ch. 16.

Ex. 9: The cosmic distance scale.

May.
Test on ch. 18.
15

-------
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Syllabus
Office Hours
Please make use of my office hours! Working with students one-on-one is one of my favorite parts of my job.
My office hours are in room 416P, called Al’s Place, after Albert Einstein. The times I’ll be there are:
M 4:30-5:30
W 1:30-2, 4:30-5:30

Tu 10:30-11:30,1-1:30
Th 10:30-11:30

You can also reach me by leaving a note in my mailbox at the Natural Science Division, by leaving a message
on my office phone, (714)992-7116, or by e-mailing me at bcrowell@sprintmail.com. My web page is
www.lightandmatter.com

Time Required
You should expect to put in at least 6 hours per week outside of lecture (plus the 3 hours of lecture). You may
need to spend more than that amount of time on the course to get a good grade.

Text
The required text is Kuhn, In Quest of the Universe, 2nd ed.

Organization of Lectures and Responsibility for Reading
I use lecture time as much as possible for dialog among my students and between me and my students, with
the goal of achieving a better understanding of the material they have already read in the textbook. This way of
organizing the course only works if you do the assigned reading before coming to class. The schedule at the end of
this syllabus tells you what readings you are responsible for on which dates. When you read a chapter from the
book, you should also read the corresponding list of frequently asked questions (FAQs) at the end of this packet.
Turning in a question on the reading counts as part of your grade in the course (8 points per week). Turning
in more than one question is OK if you really want to know the answers, but you will not get more credit for
more questions, and I will actually take off points if you “scatter your shot” too much and make me wade through
several questions that don’t follow the guidelines in order to find one that does.
Guideles for questions:
Your question (a) should demonstrate that you did the reading, (b) should be about something you didn’t
understand in the reading, and (c) should be specific enough that I can answer it via e-mail without sending you
an entire lecture. Please don’t just say things like, “Could you go over Kepler’s laws in class?” Instead, ask a specific
question on something about Kepler’s laws that you didn’t understand. Don’t ask questions (d) about trivia (“How
many galaxies have been discovered?”) or (e) vocabulary that can be found in a dictionary. You are responsible for
reading the FAQ list for the chapter as well, so (f ) don’t e-mail questions that duplicate the FAQ list.
If I respond to your question by writing “web FAQ,” that means your question was such a good one that I’ve
added it to the FAQ list on my web page, so you should go there for the answer. (In this kind of situation, I will
also probably discuss it in class.)
Note that I may use your question in my FAQ list, without acknowledging you as author, or (more likely) I
may paraphrase you. If you don’t want me to quote you literally without acknowledging you as the author of the
question, include a copyright notice in your e-mail: “Copyright 2000 Maria Vasquez.”

Academic Honesty Policy
I will give an automatic F in the class (without the option of taking a W) to any student who cheats on a test
or quiz, plagiarizes, or is intellectually dishonest in any other way that is serious, premeditated, or part of an
ongoing scheme. The college may also take action.
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Drops
If you want to drop the course, it is your responsibility to go to Admissions and Records and do the paperwork. I may drop you if you miss more than one test, but don’t count on it.

Math Skills Assumed
A big challenge for me in teaching this course is to serve a wide variety of students, ranging from those who
are “math phobic” and scared of science to those who (like myself as a teenage community college astronomy
student in 1982) are mathematically confident and may even be considering a career in astronomy. The course has
no math preprequisite, but the college catalog states that “high school algebra and plane geometry or their equivalents are highly desirable.” I will assume that you can do arithmetic and that you either already know about the
following or are capable of learning them in this course: the metric system, scientific notation, conversions of
units, measurement of angles, interpretation of graphs.

Tests
The tests will be multiple choice. Please bring a scantron (the long skinny kind). The tests are open notes, but
not open book. You may use a dictionary and a calculator if you wish.

Quizzes
The quizzes are closed-notes and closed-book. I use them to test you on the things (not very many things!) I
want you to memorize. The total amount of memorization is very little, so little in fact that I have explicitly listed
at the end of this syllabus the things you need to know for each of the quizzes.

Extra Credit
In this packet are several naked-eye astronomy projects that you can do for extra credit. If you do a particularly
good job on one of these, I may offer you the opportunity to describe your observations to the class for additional
extra credit. Do not count on being able to get a certain grade in the course by doing a certain project — many of
the observations are of events that only occur in the sky on a specific night, and if the weather is bad there’s
nothing we can do about it.

Grading
There are 1000 points possible in the course:
14 weekly tests (total of 200 questions @ 3 points each) ................. 600
15 e-mailed or handed-in questions @ 8 points each ...................... 120
16 exercises and quizzes @ 8 points each ......................................... 128
final exam ....................................................................................... 152
points
900
850
800
740
680
620
560
450
400
350
300
<300

points possible
points possible
points possible
points possible

grade
A+
A
A–
B+
B
B–
C+
C (I don’t give C-minuses because of peculiarities in school policies.)
D+
D
D–
F

I reserve the right to make adjustments to these numbers.
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Incompletes
Giving an incomplete is almost never appropriate in this kind of course. An incomplete is not meant to deal
with cases where the student starts to feel overwhelmed but it's past the drop deadline.

Missing a Test or the Final
There will be no make-ups for tests, quizzes, or in-class exercises.
If you miss the final exam due to an emergency, you must leave me a note or a voice-mail message within four
hours and follow up with written proof that it was an emergency (doctor's note, receipt for towing your car,...).
You should not discuss the final in any way with students who have already taken it. If I am satisfied with the
evidence that it really was an emergency, I may either give you the same final, or write a different exam for you, or
grade you based on your average up until the final. If I decide to allow you to make up the final, I will require you
to take it promptly, at a time of my choice.
I do not consider any of the following to be emergencies: oversleeping; getting stuck in traffic; not realizing
there was a final exam; not having enough time to study; or car trouble that began before you got in the car that
day. In such situations, you should get to the exam as quickly as possible and do as well as you can in the remaining time.
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Extra-Credit Observing Projects
Project 1: The Eclipsing Binary Star Algol
“Constant as the northern star?” It is truly impressive
to see with your naked eye that a star can undergo a rapid
change in brightness. The star Algol (beta Persei) is actually two stars, forming an eclipsing binary: every 2.8 days,
the orbit of the dimmer member of this pair carries it
between us and its brighter companion. Most of the light
from the companion is blocked, dramatically decreasing
the total amount of light that reaches us from the pair.
Although we cannot see the two stars as two separate spots
of light in the sky, we can easily see the dimming with
our naked eyes. During such an eclipse, the light becomes
dimmer over a period of a couple of hours, then brightens again in a similar amount of time. The apparent magnitude of Algol changes from its normal value of about
2.2 to a minimum brightness of about 3.4. The goal of
this project is to make actual numerical measurements of
the changes in Algol’s magnitude over the course of an
eclipse (or half an eclipse, if you get sleepy!).
To make such an observation, we need to find a date
when there will be an eclipse, and furthermore this must
be an occasion when Algol is above the horizon for the
whole 6-7 hour duration of the eclipse. The best date
during this semester will be:
4 Feb 1999. Minimum brightness at 9:32 PM.
The technique for measuring Algol’s brightness is simply to compare its brightness visually with nearby stars.
The figure shows a map of the region of the sky near
Algol, with the magnitudes of some convenient comparison stars marked.
This is not an overly difficult project if you prepare
thoroughly to make your observations. I strongly suggest
the following steps as preparation:
• Read in the textbook about eclipsing binaries (p.
390).
• Go to the Sky and Telescope web site (http://
www.skypub.com) and use the “search” feature to find
the articles titled “The Lure of Variable Stars” and “The
Minima of Algol.” Searching for the keyword “algol” does
the trick. Make sure you understand how to measure the
brightness of Algol visually.
• Find a place where you can spend the evening inside, while making trips outside every half hour or so to
observe. You will want someplace without too many bright
lights and with a relatively unobstructed view of the horizon.

Some practical hints:
• The hardest part may be just finding Perseus, which
is not a constellation that really jumps out at you. The
easiest way to find it is to identify Cassiopeia and the
Pleiades, both of which are unmistakable once you’ve
found them, and look for the two brightest stars of
Perseus(α and Algol) along the line connecting them.
• Don’t try to look back and forth at the chart and
the sky, because your eyes need to be dark-adapted. Narrow the comparison stars down to two or three that are
relevant at a given time, and memorize them so you don’t
have to keep looking at the chart.
• You may end up doing the project on one of the
other dates listed on the Sky and Telescope web page rather
than the one I suggested. If so, remember that the times
and dates given there are in UT, i.e. the time zone of
England, which is 8 hours ahead of California. By the
time it’s evening in California, it’s the next day in England, so you need to subtract one from the date unless
you will be observing after midnight!
Assignment: Observe at least half of the eclipse, taking measurements every half-hour or hour. Make a graph
like the one in fig. 12-31 of the book — of course your
own graph will be a “close-up,” showing only one evening
on the time axis rather than several days. Due date: Feb.
21. 0-50 points.

Project 2: Lunar Occultation
As the moon orbits the earth it is always coming between us and various stars, blocking our view of them.
This occurs about once a month for naked-eye stars, and
can be an impressive sight, especially when the star goes
into or out of the moon’s dark part. (Observing occultations can also be useful scientific research, since with accurate it can give very precise information about the shape
of the moon. Occulatations of stars by asteroids, observed
through telescopes, are often the only source of information about their shapes and rotation periods.)
The best occultation event this semester will be on
the night of Jan. 26-27 at 12:20 am (just after midnight),
when the star Aldebaran is occulted by the moon.
Assignment: Set your watch by the phone company’s
time service, 853-1212. Locate Aldebaran well in advance
of the occultation. Observe the beginning of the occultation, and record the exact time when it occurred. Make a
drawing. Due Feb. 2. 0-30 points.
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Project 3: The International Space Station
The International Space Station, currently under construction, is the largest artificial object in orbit. It can
easily be seen with the naked eye — the only trick is knowing when are where to look. Go to the Sky and Telescope
web site (http://www.skypub.com) and use the “search”
feature to find the article on observing the International
Space Station (ISS).
Assignment: Write up an explanation of how you
found out where and when to look for the ISS, what you
had to do in order to see it, what you saw, and how you
could be certain it was not, e.g., an airplane. The most
convincing evidence that you actually saw the ISS would
be some kind of accurate time information that you could
compare with the data in Sky and Telescope’s web page.
You could for example measure the time when it rose or
set, the time when it passed into or out of the Earth’s
shadow, or what angle it covered in the sky over a certain
time interval. It would also be interesting to find a known
star that had nearly the same brightness as the ISS, so
that we could determine its approximate magnitude. Due
Dec. 8. 0-50 points.

Project 4: The Moon Through a Borrowed
Telescope
As you can tell from the above two pictures, the full
moon is not the best time for lunar astronomy. When the
moon is less than full, far more detail is visible in the
region near the light-dark boundary (called the terminator), where the mountains and craters cast dramatic shadows. The full moon is a washed-out disappointment by
comparison. The purpose of this extra credit assignment
is to introduce you to lunar observing through your borrowed telescope, by having you draw the strip of the moon
that is near the terminator on the night you pick, with
the goal of finding the smallest surface features you can
see.
The newspaper gives data on when the moon will
rise and set, and when its phases occur. Make sure that
the moon will not be full at the time you intend to observe it, and that it will not be immediately after moonrise or before moonset, when the it may be blocked by
trees and houses.
When you begin your observations, record the date
and time, and draw the moon as well as you can without
the telescope, including whatever surface features you can
see.
Your telescopc observations will be easiest if you can
support one end of the scope on a chair or fence, or bet8

ter yet by tying it with string to a camera tripod. (Please
do not use tape, since the scope is cardboard and other
people will be using it after you.)This will keep you from
having to spend so much time finding the moon every
time you switch back and forth between drawing and
observing, and the steadier telescope makes smaller features visible. Start by looking for the maria (large dark
lava plains) and the most conspicuous craters shown in
the figures above. What do you notice about the orientation of the view through the telescope compared to the
naked-eye view?
Now select a strip of the moon that follows the curve
of the terminator, with its width being about 1/8 of the
diameter of the moon. Draw a nice large outline of it on
a piece of paper as a frame for your drawing. Start by
drawing in the biggest features, siuch as maria, in careful
proportion, to serve as a framework for placing the smaller
details. Now draw in all the reasonably prominent features, the ones that you don’t have to try very hard to
make out. Finally, select a small box within your terminator strip that contains lots of craters, and try to draw in
the smallest features you can possibly see.
Finally, compare the most detailed part of your drawing against the figures above, and find the smallest detail
whose existence you can confirm was not a figment of

your imagination. Determine its size in kilometers from
the following equation: (size of feature in real life)=(3500
km diameter of moon)x(size of feature measured from
your drawing with a ruler)/(diameter of moon measured
from your drawing with a ruler).
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Quiz Topics
Quiz 1: Metric prefixes, scientific notation, and conversions
The metric system is based on three units:
distance
time
mass

meters (m)
seconds (s)
grams (g)

Your leg is about a meter long.
Mass measures how hard it is to start an object moving, or to change its speed or
direction of motion if it is already moving. A paperclip has a mass of about 1 g.

The stupid foot-pound-second system has 5280 feet in a mile, 16 ounces in a pound, and various other bizarre
numerical factors that make it hard to compute things. The metric system is based on a consistent set of prefixes,
each of which stands for multiplying or dividing by simple numbers like a thousand or a million. For instance, a
kilogram is 1000 g, and a kilometer is 1000 m. To make it easier to write very large and very small numbers we
use scientific notation, e.g. 105 for 100000, 3.2x105 for 320000, or 10-2 for 0.01. The raised number or “exponent” tells you how many places to move the decimal point.
You can use the mnemonic “Nine little nuns mix milky mugs” to help you memorize the five most important
metric prefixes. Notice how all the exponents go in steps of three — the only commonly used unit that violates
this rule is the centimeter, which is 10-2 (one hundredth) of a meter.

Nine little
10-9 (a billionth)

nano

nuns

10-6 (a millionth)

micro

mix

10-3 (a thousandth)

milli

milky

103 (a thousand)

kilo

106 (a million)

mega

This is a mnemonic to help you
remember the most important
metric prefixes. The word "little"
is to remind you that the list starts
with the prefixes used for small
quantities and builds upward. The
exponent changes by 3 with each
step, except that of course we do
not need a special prefix for 100,
which equals one.

mugs.

Here is the easiest and most consistent way to approach conversions. The idea is that if 1 kg and 1000 g
3

10 g
to be a way of expressing the number one.
represent the same mass, then we can consider a fraction like
1 kg

This may bother you. For instance, if you type 1000/1 into your calculator, you will get 1000, not one. Again,
different people have different ways of thinking about it, but the justification is that it helps us to do conversions,
and it works! Now if we want to convert 0.7 kg to units of grams, we can multiply 0.7 kg by the number one:
3

0.7 kg ×

10 g
1 kg

You can then cancel the kg on top with the kg on the bottom, resulting in

/

0.7 kg ×

10 3 g

/

= 700 g

.

1 kg

If you need more help with conversions or scientific notation, I urge you to read chapter 0 of my textbook
Newtonian Physics, which you can download for free from my web page.
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Quiz 2: The Planets
Chapter 2 deals with our species’ search for the structure of the solar system, and even though it’s a little like
starting a mystery novel by reading the last page, you really should learn the basic facts about our modern understanding of the solar system before you read the chapter. It will be too confusing otherwise. The purpose of this
quiz is to give you an incentive to do this bit of important memorization.
Venus
Mercury

Earth Mars

Jupiter

Saturn
Uranus

Neptune

Pluto

orbits too large
to fit on the page

Our solar system consists of nine planets orbiting the sun. The orbits are mostly very nearly circular and lie
almost in a single plane. The diagram shows, all on the same scale, the orbits of earth plus the five other planets
that were discovered with the naked eye, which were the only ones that were known during the historical period
we’re discussing. On this scale, the planets themselves would be far too small to look like discs. This diagram is
drawn from a point of view far out of the plane of the solar system, which is a region of deep space where no
human has ever been — keep in mind that the people who had to figure out the structure of the solar system were
all viewing it from the vantage point of the earth, like the point of view of an ant on the paper. Note also that each
planet is spinning on its own axis at the same time that it is traveling around the sun. The earth rotates on its own
axis once per day, and takes a year to make one trip around the sun.
The following mnemonic may be helpful for memorizing the order of the planets as you go out from the sun:
Mother Very Easily Made a Jelly Sandwich Under No Protest. The “a” can be used to remember the position of the
asteroid belt between Mars and Jupiter, a ring of “miniplanets” ranging from mountains to grains of sand. Both
Mercury and Mars begin with M, but you can keep them straight by thinking of the mercury in the thermometer
showing how hot Mercury is, because it is close to the sun.
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BIG DIPPER
Polaris,
the north
star

CASSIOPEIA

Capella

Quiz 3: The circumpolar sky
If one is to be acquainted only with one part of the sky, it should be the region around the northern star,
known as the circumpolar region. This region is visible all year around from the northern hemisphere, and being
able to locate the north star itself allows you to orient yourself if you are lost at night.
The big dipper is the most popularly known grouping of stars, and consists of the brightest and most easily
identifiable part of the constellation of Ursa Major, the great bear. By pointing along the two stars at the end of
the cup, you can find Polaris, the north star. If you watch the night sky for more than an hour or so, you will see
every star appear to move due to the earth’s rotation except for Polaris, which happens to lie very close to the line
formed by extending the earth’s axis of rotation out into the sky.
The constellation of Cassiopeia, though less well known than the dipper, is in fact a better thing to look for
first thing when you look up at the sky: it has an easily recognizable W shape, and it is so close to the pole that it is
almost never obscured by trees or houses as the dipper often is. Cassiopeia was the name of a queen who boasted
that her daughter Andromeda (also a constellation) was more beautiful than the sea nymphs. The nymphs assaulted the kingdom in retaliation, forcing Casseiopeia to sacrifice her daughter by chaining her to a rock where
she was supposed to be eaten by a sea monster. It takes a more vivid imagination than mine to see a queen’s shape
in the constellation — instead, try associating the “W” shape with the word “Cassiopeia” by thinking “Wow, what
a long name for a constellation.” Cassiopeia’s husband, king Cepheus, gets to be right next to his wife in the sky,
but Cepheus is really a pretty poor excuse for a constellation, and four of the five stars making up its pentagonal
shape are usually hard to make out in the murky skies of Orange County. Its only claim to fame is the bright star
Capella, which is one of the four brightest stars visible from the northern hemisphere.
For this quiz, you should be able to look at an unlabeled drawing of the circumpolar stars and draw in all the
things shown on the diagram. The drawing will be oriented differently from the diagram above, and will include
all the stars in that region, not just the ones you’re looking for. Two samples are given at the end of this section for
practice, but the best and most enjoyable way to practice is to go outside on a clear night!

Quiz 4: The Winter Sky
The most prominent eye-grabber in the winter sky is the constellation Orion, the hunter. The hourglass shape
is meant to be his torso. There are three stars in the middle for his belt, and a dimmer sword hanging from it.
By sighting along Orion’s belt, you can find the remarkable star Sirius, which is the brightest star in the sky,
four times brighter than the three stars that tie for second place in the northern hemisphere. Any time you see an
object in the sky that is brighter than Sirius, you know you are looking at a planet! Unlike most of the bright stars,
Sirius is also quite close to our solar system, closer than any other star visible from the northern hemisphere with
the naked eye.
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BIG DIPPER
Polaris,
the north
star

CASSIOPEIA

Capella

Aldebaran

Pleiades
star cluster
Hyades
star cluster

ORION, the hunter
Sirius

The constellations are not actual associations of stars, but rather consist of sets of stars that happen to be in the
same direction from our solar system. The Pleiades and Hyades star clusters, on the other hand, are the most
easily visible true associations of stars in the sky. The Hyades is dominated by the bright star Aldebaran, and the
individual stars are easily picked out. The Pleiades will often catch your attention out of the corner of your eye
because they look like a fuzzy patch of light, unlike the pinpoints of light your eye is expecting in the sky. They
can be seen best by looking just a little off to one side of them, because the center of your eye’s field of view is not
the most sensitive area. If your eyesight is good, you will then see that you are looking not at a hazy smudge but a
grouping of individual stars. You may be able to make out up to six separate stars on a clear night — they are
traditionally known as the seven sisters, but it is doubtful that anyone can see more than six, and the number
seven was presumably imposed by a preexisting Greek myth. The Pleiades is a cloud of gas and dust from which
newborn stars are condensing.

Quiz 5: Nuclei
Stars generate their energy through nuclear reactions. The point of this quiz is to encourage you to get straight
on the three types of subatomic particles that atoms are made of and how they go together to make atoms of the
two lightest elements. Let’s start by picturing the simplest atom, hydrogen, which consists of one proton and one
electron. If you visualize the proton as being the size of a grape, then the electron is like a tiny dot circling the
grape at a distance of a mile. Electrons are much smaller and much less massive than protons, and may even have
zero size. Hydrogen atoms make up about 90% of all the matter in the universe.
The next step up in complication is a helium atom, consisting of two protons, two electrons, and two neutrons. If a proton is a purple grape, think of a neutron as a green grape. Protons and neutrons are extremely similar
in size and mass, and the only big difference is that the electrical attraction that keeps the electrons bound to the
atom is entirely an attraction from the protons. The neutrons are electrically neutral, hence the name. The two
neutrons and two protons of the helium atom stay huddled together, while the two electrons orbit far away. The
“huddle” is called the nucleus of the atom. Helium makes up almost all of the other 10% of the universe that isn’t

p

pn p
n

e
e

hydrogen

e

helium
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hydrogen.

Quiz 6: Spectral Classes and Luminosity Classes
No astronomy course would be complete without an encounter with the time-honored (and unfortunately
quite sexist) mnemonic for spectral classes: “Oh, Be A Fine Girl, Kiss Me.” The letters OBAFGKM are used in
astronomy to classify stars according to temperature. We are stuck with this jumble of letters because the people
who first tried to classify stellar spectra had it all wrong. Their original ABCDEFG... sequence had to be changed
all around once they figured out what was really going on. To remember that the sequence is a temperature
sequence and that O is the hottest, imagine a person getting burned and saying “Oh ----.”
Comparing the luminosities of stars is like comparing the wattages of light bulbs: how rapidly does it put out
energy in the form of light? Finding out both how hot a star is (its spectral class) and how luminous it is amounts
to a very complete categorization of the star, but unfortunately luminosities are far more difficult to determine
that temperatures. Compare with lightbulbs: you would never mistake a blue-hot bulb for a cool red one, but a
bright bulb far away may look identical to a dim bulb close up. Only if we can find the distance to a given star can
we determine its luminosity.
Although astronomers can and sometimes do specify a star’s luminosity in units of watts (lots of watts!) just
like a lightbulb, stars tend to fall into certain luminosity groups, which can be more conveniently referred to by
roman numerals. The dimmest luminosity class, V, consists of main-sequence stars like the sun. Stars in the
brightest luminosity classes, I, II, and III, are giants and supergiants: stars that are nearing the ends of their lives
and have puffed themselves up to hundreds or thousands of times their original sizes for one last blaze of glory
before running out of fuel. A very big star is much brighter because it has much more surface area to radiate light.
For this quiz, you need to know what the spectral classes and luminosity classes represent (temperature and
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brightness), and which end of each scale is which.

Quiz 7: The Summer Sky
The big dipper, everybody’s favorite constellation, is visible in the summer. It provides a convenient way to
locate Polaris and the bright star Arcturus. Arcturus and Vega are the remaining two out of the four brightest stars
visible in the northern hemisphere. The bright stars Vega, Deneb, and Altair form the prominent “summer
triangle.” Right now in May, this part of the sky does not rise until around midnight, but it will rise earlier and
earlier as we head into summer. The constellations of Lyra, Aquila, and Cygnus are not as preposessing as their
brightest representatives Vega, Deneb, and Altair, and may not be visible when the air is murky, but I encourage
you to take advantage of a clear night to get acquainted with them with the help of the more detailed star charts in
the back of the textbook.
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Practice With the Circumpolar Sky

16

Practice With the Summer Sky

(Arcturus is off the
map on this one)
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Practice With the Winter Sky
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Ex. 1: Seeing the Planets
“Star light, star bright, first star I see tonight.” If
you talk to most people about seeing a planet, they will
assume that you are talking about using a telescope.
Actually, the chances are good that the very first star
you see is a planet, which makes the nursery rhyme
somewhat ironic. For those new to the planet-finding
game, it may be helpful to consult a magazine diagram
or a computer program that shows where to find them,
but after learning even a little about the sky one can
easily tell which things are planets, and even make a
good guess as to which planets they are.
In this exercise, you will use a computer program to
view diagrams of the night sky. The advantage of a
computer simulation is that you can fiddle with things,
changing the date for example. A little guided playing
will show you more about the planets’ habits than most
people learn in a lifetime of looking at the sky without
knowing what they’re seeing.
The program you will use, called Planet Finder, is
of a type known as an “applet,” which means a small
application program that you run through a page on
the world-wide web (WWW). If you have never used
the WWW, don’t panic — it’s easy, and there will be
plenty of people who can help, including me. Run
Internet Explorer (IE) or Netscape by double-clicking
on it. These programs are called “browsers.” Near the
top of the browser’s window will be an area labeled
Address (in IE) or Location (in Netscape). Use the
mouse to delete the text that’s already in this area and
replace it with the following:
www.lightandmatter.com
Make sure to reproduce all the punctuation,
including the tilde, ~, found at the upper left corner of
most keyboards. This will load my web page, the Light
and Matter Page. Click on the Astronomy button, and
then on Planet Finder in the shaded bar on the left.
(1) The program starts by displaying the sky for the
current date and time. The time is in 24-hour format,
e.g. 1 pm is shown as 13:00. If the weather is not
cloudy, go outside and try to find any prominent
objects that the programs predicts will be visible, such
as the moon, prominent constellations, or planets.
(2) If you are particularly unlucky, and no planets
are supposed to be visible tonight, play with the date
until you get a sky with some planets in it. When you
type in one of the areas in the program’s window, you
need to hit return to make it redraw the sky.

Name__________________________
(3) Investigate how the sky changes when you
change the time. Try setting a time during the day, and
compare with what happens to the sun as you change
the time. Give a brief explanation of what you find and
what you think is causing this.

(4) There are five planets that can be easily visible
to the naked eye, but it is very uncommon for all five to
be visible at the same time. At the bottom of the
window are buttons that allow you to switch from a
diagram of the sky to maps of the solar system. Play,
and explain why certain planets are not visible tonight.

(5) While viewing the sky diagram, try stepping
month-by-month into the past or future. As you follow
the changes in the sky, try to figure out the following
two questions. (a) What do you notice about the areas
of the sky traveled by all five naked-eye planets, and
how would this help you to find planets in the sky in
the future?

(b) How is the behavior of Mercury and Venus
different from that of Mars, Jupiter, and Saturn, and
how would this help you to guess which planet you
were seeing when you looked up at the sky on a
random night?

(6) By flipping back and forth between the sky
diagram and the solar system map, try to figure out
why Mercury and Venus behave differently. Explain
here:

As a final note, I have not mentioned above that
the numbers displayed after the names of the planets
are indications of their brightnesses, using a scale called
the magnitude scale which we’ll learn about later in the
course. The relevant point to pick up right now for
purposes of identifying planets is that planets are
usually brighter than even the brightest stars in the sky.
19
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Ex. 2: Spectra of Stars
Name__________________________
The figure shows the spectra of five stars of various temperatures and sizes. Three are the same temperature
(spectral class A), but different sizes (one supergiant, one giant, and one main sequence star). The other two are
main-sequence stars of type F and M. By comparing with the spectra in the book on p. 379, figure out which
spectra are which. Your main cues for assigning spectral classes are the intensities of three main categories of lines:
the hydrogen lines, the calcium lines, and the ones coming from other elements. To distinguish the luminosity
classes, see the remarks about line widths on p. 382 of the book. Use the standard symbols for labeling your
spectra:
A5I
A5III
A5V
F0
M0

Hε

Hδ

Hγ

Hβ

ionized
calcium
(One line overlaps with Hε.)
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Ex. 3: The Rotation of the Sun
Name__________________________
Sunspots are quite easy to observe with a telescope, and their discovery by Galileo was a heavy blow against
the Aristotelian concept of a perfect heavenly realm. Sunspots also give us a way to measure the rotation of the sun
— if the sun was featureless, there would no way to tell whether it was spinning! The sun can be marked with
lines of latitude and longitude, just like the Earth. On the grid below, the straight lines are different latitudes: 0° at
the equator, 10° N for the first line above the equator, and so on. You will use images from the SOHO solar
observing spacecraft to determine the rate at which a particular sunspot is moving across the face of the sun, due
to the sun’s rotation. You can currently bring up an image from SOHO’s archive by typing a query of the following form into your web browser:
http://sohowww.nascom.nasa.gov/cgi-bin/mk_old_summary?971113
In this example, SOHO would bring up a list of links to images from a few months leading up to Nov. 13, 1997.
Web sites change, however, so if all else fails, go to http://sohowww.nascom.nasa.gov and look for their form that
allows you to query the database.
Pick a random date during which SOHO was operating, and pick a sunspot from the image. Then try
different dates and see if you can identify the same sunspot as it moves across the face of the sun. Use this information to determine how long it would take that sunspot to make a complete circle around the sun. For instance,
you may find that your sunspot moves across about 9 lines on the grid in 8 days. The lines are 10° apart, so this is
90°, or 1/4 of a circle, so it would take this sunspot 8x4=32 days to go around. (You may even be able to find the
same sunspot after a full rotation, which would make the math simple, but sunspots are temporary, so there is no
guarantee that it will last this long.) Record the latitude of your sunspot, and the time you calculated for one full
rotation. At the end of the class we will compare results.
latitude (number of degrees north or south of the equator, 10° per line):_____________
time for one rotation (in units of days):_____________
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Ex. 4: Height of Lunar Mountains

The moon on Feb. 8, 1998.

Name__________________________

The Earth, Moon, and all the other bodies of the solar system are smoother than
pool balls. Even through a telescope, the edge of the moon looks like nearly a perfect
circle. We can determine the height of mountains on the moon more easily by using
the long shadows of the lunar twilight. Just as a person’s shadow on Earth appears
grossly stretched in the late afternoon, the shadow of a lunar mountain can be very
long and thus easy to measure. We will determine the height of the mountain range
that forms the east side of the large crater Plinius.
The technique is based on the similarity of the two triangles shown in the
diagram below. Since they are the same shape, the ratios of their sides must be equal,
height of mountain distance of Plinius from terminator
=
length of shadow
radius of moon

,

so we have
height of mountain = length of shadow × distance of Plinius from terminator
radius of moon

.

We already know the radius of the moon, 1700 km. Amusingly, this is exactly the
same bit of geometry that was used by the ancient Greeks to determine the size of the
Earth — it’s just that the roles of the knowns and unknowns were reversed: the
shadow was cast by a rod of known height, whereas the Earth’s radius was unknown.
Determine the height of the mountains: ______________
For comparison, the “mile-high city” of Denver would be about 1.6 km above sea
level.

terminator

The whole terminator region (above), and a
closeup of the area near the crater Plinius (below).

sunlight

Plinius

The triangle created by the mountain
and its shadow is the same shape as the
triangle formed by the terminator and
the line connecting the mountain to the
center of the moon. The ratio of the
short side to the long ones is the same
for both triangles.

25
0

100

200

300
400
kilometers

500

600

700

800

26

Ex. 5: Landings on Mars

Name__________________________
Scientists are interested in Mars, the most earthlike of the other planets in
our solar system, and Mars is technologically easier to land on than any other
planet. Nevertheless, we have landed only three spacecraft on the surface: the
Viking landers in the 1970’s, and the Pathfinder lander and rover in 1997.
How complete a picture of the planet can we expect from only three
samples? One interesting exercise is to imagine that Martians sent three landers
to our planet. For the sake of argument, suppose they landed at the same
latitudes and longitudes. Of course this is somewhat arbitrary, but let’s see what
happens. For each of the three landing sites, mark the corresponding location on
Earth.
Discuss below what the results of the Martian space mission would be like.
Would they miss anything important about our planet?

80
60
40

Viking 2
Viking 1

20
Pathfinder

0
20
40
60
80

80
60
40
20
0
20
40
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Ex. 6: The Mass of Jupiter

Name__________________________
Astronomy textbooks give tables of the properties of the planets, including
their masses, but how did astronomers figure out all those masses? The most
accurate technique is to use the equation
3
M total = a 2
P

The variable a stands for the radius of Io’s orbit in units of AU, P is the period of
its orbit around Jupiter, and Mtotal is the sum of Jupiter’s mass and Io’s, in units
of the mass of the sun. Since Io’s mass is so much smaller than Jupiter’s we will
simply assume that this formula gives us the mass of Jupiter. (Kuhn includes a
proportionality constant K, which equals one by our choice of units.)
Jupiter’s four largest moons.
Preliminaries
Clockwise from upper left:
The images below are a simulation of what the Jovian system would look like
Ganymede, Callisto, Europa, and through a large telescope, if you could follow it for a long period of time without
Io. (NASA Voyager photos.)
having to stop when the sun came up or the earth rotated away from Jupiter.

Discuss the following questions with the students next to you so that you are sure
you understand what you are seeing. Feel free to ask me for help. You don’t need
to write down your answers.
Jan 22, 10:30
Jan 22, 13:31
Jan 22, 16:33
An actual telescopic picture of
Jupiter and its moons. Jupiter has
been overexposed in order to bring
out the dimmer moons.
(Photo from LBL’s Hands-On
Universe web page.)

Jan 22, 19:34
Jan 22, 22:36
Jan 23, 01:37
Jan 23, 04:38
Jan 23, 07:40
each small division is 10 seconds of arc

(1) The moons are all in nearly circular orbits, so they should be moving at nearly constant speed. Why do
they appear to move faster at some times than at others? (2) Why do the moons all move back and forth almost
along a single line? (3) Do some moons move faster than others? Why?
Calculations
Given that the distance from Earth to Jupiter on this date was 5.9 AU, use the small-angle formula (p. 158 of
the text) to find the diameter of the orbit of Io, the innermost moon, in units of AU. (Remember to divide
seconds of arc by 3600 to convert to degrees before plugging in to the small-angle formula). __________
The images have been drawn at time intervals carefully selected so that Io completes half a period from
beginning to end. Determine Io’s period in units of hours, and then divide by 24 and again by 365 to find its
period in years: __________
Use the equation given above to find Jupiter’s mass in units of solar masses. (For comparison, the accepted
value is 9.5x10 –4.)
__________
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Ex. 7: The Age of a Star Cluster
These two photographs shows to images of the star cluster NGC2477, one taken through a filter that lets
through mostly blue light, and one that lets through a band of wavelengths centered on yellow, i.e. the center of
the visible spectrum. These standard filters are called B (for blue) and V (for visible). By comparing the photos,
you will notice that although many of the background stars, which are not part of the cluster at the center, are
brighter in the B image, most of the brightest stars in the cluster itself are quite bright in V and not as bright in B.
If the background stars are a typical sample of stars, what does this tell you about the temperature of the brightest
stars in the cluster?_________________

The cluster seen through a blue (B) filter.

If we measure the magnitude of a star as measured through a B filter
and subtract the magnitude measured through a V filter, we get a
number that tells us something quantitative about the color, and therefore the temperature and spectral type, of a star. By plotting magnitude
(say, V magnitude) versus B-V, we get a type of HR diagram. The top
graph below shows the standard main sequence on such a plot, and the
bottom shows the plot for the star cluster NGC 2477. If all the stars in
the cluster were main-sequence, and the cluster was at the standard
distance of 10 parsecs, then superimposing the two graphs would result
in all the dots lying on or near themain-sequence curve.

-4

absolute magnitude

-2
main sequence
0
2
4

By how many magnitudes is the main sequence of NGC 2477
shifted downward compared to the top graph?_______________

6
8

apparent magnitude

0

0.4
0.8
1.2
color, B-V

1.6

Based on this, is NGC2477 closer or further than 10
pc?__________
If you shift the bottom graph so as to match its main sequence with
the top graph, what do you find for the absolute magnitude of the
brightest main-sequence stars in the cluster? ________________

10
12

The following table tells how long a star stays on the main sequence:

14
16

The cluster seen through a yellow (V for “visible”) filter.

0

0.4
0.8
color, B-V

1.2

1.6

absolute magnitude

-7

-4

-1

+2

years on main sequence

106

107

108

109

About how old is this cluster?_________
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Ex. 8: Light Curve of a Supernova
Name__________________________
Supernova 1987A, named for the year in which it occurred, was unique in history. It is the only one in the
modern era to have occurred in a galaxy to which the distance was accurately known, the only one that had been
studied by modern methods before it went supernova, and the only one for which the formation of the neutron
star remnant could be observed immediately after the explosion.
Your task is to graph the light curve of the supernova based on measurements from the set of 12 photographs.
We will discuss the interpretation afterward. A rough and ready indication of the magnitude of a star on a photograph can be found simply by measuring the diameter of the image with a ruler. Note that you are not really
measuring the size of the star, which would be too small to see on the photographs. Photographic film simply
“washes out” and makes a large dot around any point that is exposed to lots of light. The size of the dot is an
indication of brightness, not of the size of the star. Try to measure the size of the dark black circle in the middle,
not the gray halo, which is an effect produced by the telescope.

Feb. 27, 1987

Mar. 10, 1987

Mar. 29, 1987

Apr. 8, 1987

Apr. 24, 1987

May 5, 1987
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a b

34

c d

e

f

g h

May 25, 1987

Jul. 4, 1987

Aug. 15, 1987

Oct. 17, 1987

Dec. 9, 1987

Feb. 11, 1988

i

j

k

l

Ex. 9: The Cosmic Distance Scale

Part of the galaxy cluster Abell
1060.

Name__________________________

People refer to “the cosmic distance scale,” but it would be more honest to
refer to the distance “scales,” since astronomers must use a variety of different
methods for determining distances in different ranges. Each part of this scale
must be calibrated against the others if the whole thing is to be united into a
single scale of distance. In this exercise, you will apply one of the methods for
measuring distances, which depends on the fact that galaxies tend to occur in
clusters. The idea is that even though galaxies come in many different sizes,
there seems to be an upper limit on how big they can be. Suppose we compare
two clusters of galaxies and find that the five members of one that appear to be
the largest are all smaller than the biggest five in the other. We assume that the
largest galaxies in one cluster truly cover about the same range of sizes as the
largest members of the other, so the cluster whose biggest members do not
appear as big must actually be farther away. The ratios of the apparent sizes can
even be used to find an approximate numerical value for the ratio of the
distances to the two clusters.

You will use this method to find the distance to the galaxy cluster Abell 1060 in Hydra by comparing it to the
well studied and nearer Virgo cluster, which is known from other methods to be at a distance of 20 Mpc (20
megaparsecs). Images of the galaxies in both clusters are available online from the Digitized Sky Survey (DSS). You
will call up images of members of the two clusters from the DSS by typing in their catalog numbers in the New
Galactic Catalog, NGC. The following is a list of the largest-appearing members of both clusters:

Virgo NGC 4569, 4438, 4216, 4406, 4486, 4501, 4321, 4429
Abell
NGC 3312, 3311, 3314, 3308, 3309, 3316, 3307
1060
To get an image, go to the following internet address:
http://cadcwww.dao.nrc.ca/cadcbin/getdss .
You will be searching by object name. In the blank, type the name of a galaxy, including the “ngc” part. The
default size for the image returned is 10 arc minutes on a side, which is fine. Go down to the bottom of the page,
and press the button labeled “Query Digitized Sky Surveys.” Follow the directions and wait a minute or so for
your image to be retrieved from the catalog. It gives you a choice of what format to view -- choose “GIF.”
For each galaxy, classify it as a spiral or an elliptical. We want to compare apples to apples and oranges to
oranges, so we will only compare elliptical galaxies in one cluster to ellipticals in the other, and spirals in one to
spirals in the other. Sometimes a spiral with a bright nucleus and dim arms may look like an elliptical galaxy; if it
looks like an elliptical, make sure to check its outskirts for any evidence of wispiness, which would indicate that it’s
actually a spiral. Once you have classified it, measure its apparent size using a ruler.
Once you have your data, divide the diameter of the largest-appearing spiral galaxy in Virgo by the diameter of
the largest appearing spiral in Abell 1060, then do the second-largest, etc., and similarly for the ellipticals. Based
on these data, do you think Abell 1060 is nearer or farther than the Virgo cluster?_______________
Approximately how many times nearer or farther?_______
If the distance to the Virgo cluster is 20 Mpc, how far is Abell 1060?_____
Judging from the amount of consistency in your ratios, how accurate do you think your result is? Give a range
or a plus/minus. ______
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Frequently Asked Questions about In Quest of the Universe by Kuhn
Prologue
What is the Milky Way? The book isn't very clear
about this.
This is partly a problem with poor design rather than
poor writing. The Milky Way is referred to in the main
text on p. 3, explained somewhat in one of those
sidebars that nobody ever reads, and then drawn on p.
7. The basic idea is that we live in a sort of flat diskshaped collection of ten billion stars. Only about 5000
of these are close enough to be seen as individual stars
by the naked eye. The rest just sort of blend together
into a white haze. The reason this forms a path across
the sky (hence the _Way_ of Milky Way) is that we are
inside the disk. Imagine yourself in a crowd of people,
looking at all their heads. Since their heads are all at
nearly the same height, the heads form a circle that
extends in a 360-degree swath around you.
I'm confused about meters, AUs, and light-years. Why
do we need so many different units of distance? What
are all these units?
You're right! We shouldn't have to have all these
nonmetric units. We should just use meters, kilometers,
megameters, gigameters, and so on. Unfortunately,
these other units have become entrenched.
An AU is the distance from the sun to the earth,
which is gazillions of meters. A light year is how far
light travels in a year, which is gazillions of AUs.

Chapter 1, An Earth-Centered Universe
The book talks about the sun rotating in the celestial
sphere around Earth. I was always taught the opposite, that the Earth rotates around the sun.
This is a very good question. In fact, it focuses on the
one thing I was uneasy about when we picked this
book.
The Earth goes around the Sun, and so do all the
other planets. The reason why everything appears to go
around the Earth is because the Earth is spinning on its
own axis once per day at the same time that it is slowly
progressing in its yearly orbit around the sun.
So why is the book coy about it? It's following a
philosphy that a student at the college level should not
just memorize facts but should also understand where
the facts come from, why they matter, and why we
should believe them. I think the author is trying to
accomplish the following things by presenting the
earth-centered model in ch. 1 before replacing it with
the sun- centered one in ch. 2:

(1) Everyone (I hope) learns in grade school that the
earth goes around the sun, but the vast majority do not
realize that the stars, moon, and planets rise and set, so
really they have less useful knowledge than an ignorant
prehistoric shepherd.
(2) By doing this, the author is forcing you to see
how difficult it was for people to figure out the structure of the universe.
(3) The most subtle point of all is that in some sense
science never deals with true reality but with models of
reality, and models hardly ever get thrown out completely. They just get modified and generalized. If
someone simply tells you what Kepler and Galileo
discovered about planetary motion, and presents it as
the ultimate truth, then they are giving a false picture
of the goals and limitations of science. Einstein modified the traditional model of the solar system, but in
many situations the Kepler/Galileo model is good
enough, just as the earth-centered model is good
enough if you just want to go outside and do some
stargazing.
I'm confused by the retrograde motion of Mars. Does
it really do that funny looping motion?
This is closely related to the previous question. One
reason why the sun-centered model is better than the
earth-centered model is that it explains in a simple and
natural way why the planets appear to move in such a
strange way from our Earth-fixed point of view. The
book gives a diagram on p. 45 explaining retrograde
motion in terms of the sun-centered model.
Why do the stars and planets shine for such different
reasons?
Stars are just bigger clumps that condensed out of the
original cloud of gas. Because they're bigger, their
greater gravity compresses them more, making them
hot enough to do nuclear reactions.
What is a celestial object? Is a constellation a celestial
object?
This phrase refers to any object beyond the Earth's
atmosphere. Most astronomers would not refer to a
constellation as a celestial object, since it's not really an
object. Most constellations consist of stars that are not
actually close together in space.
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Chapter 2, A Sun-Centered System

Chapter 3, Galileo, Newton, and Einstein

Why do the planets move faster as they get closer to
the sun?
If a person on roller skates is moving forward and you
pull them in the same direction they're moving, they
speed up. If you pull backward, they slow down. A
planet that was headed straight toward the sun would
be pulled by the sun's gravity in the same direction it
was going, so it would speed up. Nearly the same thing
happens when a planet is mostly moving sideways but
is also approaching the sun; it speeds up, just not quite
as drastically. Likewise, the planet slows down on the
way out.
Can you explain Kepler's third law?
Let's try an example of an imaginary solar system with
two planets, Parker and Gillespie, orbiting the star
Bebop in circular orbits. Suppose Parker is 1 unit from
Bebop and Gillespie is 4 units from it. Kepler's third
law relates this to the relative time each one takes for an
orbit. Say we don't know how long it takes for an orbit,
so we just write
4 x 4 x 4 = ??? x ???
The ??? stands for the number we don't know, which is
how many times longer Gillespie takes for an orbit. The
left-hand side equals 64. The right-hand side says that
when you take the mystery number and multiply it by
itself, it equals 64. The only number that you can
multiply by itself and find 64 is 8.
Solution: If Gillespie's orbit is 4 times bigger than
Parker's, then Gillespie takes 8 times longer than Parker
to complete one orbit.

How can a kilogram weigh 2.2 pounds on Earth but
not weigh 2.2 pounds somewhere else? Why would it
change?
Gravity has different strengths in different locations.
On the moon, a kilogram would weigh about 0.4
pounds. That's because the moon doesn't have as much
mass to attract it. Kilograms measure mass, which is
how hard it is to change the motion of an object. That
isn't any different on the moon. Pounds measure
weight, which is how hard gravity pulls on something,
and that is different on the moon.
Part of the problem is that "mass" and "weight" are
used interchangeably in ordinary speech, but they have
different meanings in science.
Why is it that if gravity is a force that pulls things
together, the planets don't fall into the sun? And if all
the planets are attracting each other, why don't they
collide? Why does the moon orbit the earth if everything else is pulling on it as well?
If you whirl a rock on the end of a string, you're only
ever pulling it straight inward, and yet it never gets any
closer. So for a planet in a circular orbit, there's no
reason to expect it to approach the sun. Some planets
also have fairly elliptical orbits, especially Pluto. As
Pluto approaches the Sun, the Sun's gravity speeds it
up, but that great speed causes it to whip around and
fly back away from the sun again.

38

(a) Mars pulls Earth
forward and speeds
it up.

(c) Mars pulls Earth outward
and tries to make its orbit
bigger.

(b) Mars pulls Earth
backward and slows
it down

(d) Mars pulls Earth inward
and tries to make its orbit smaller.
The greater distance, however,
makes this a much weaker force
than the one in figure (c).

The planets do tend to mess with each other's orbits,
but keep in mind that a typical planet like Earth is
about a million times less massive than the sun, so the
forces we're talking about are comparatively weak. Also,
these effects have a tendency to average out to zero over
long periods of time. For example, Mars's gravity
sometimes pulls Earth forward in its orbit (a), but
equally often it is pulling Earth back in its orbit (b).
The cancellation of the inward and outward tugs (c and
d) is not as perfect, but the effects are still quite small.
In fact, the cumulative effects are so small that a bigger
reason for long-term changes in the planets' orbits may
be collisions with comets (which is not a big effect!) -see Scientific American, Sept. 1999.
The same kind of reasoning explains why the Moon
orbits Earth without being influenced all that much by
the other bodies in the solar system. It's thousands of
times closer to Earth than to anything else, and there is
also a tendency for the other bodies' effects on the
Moon to cancel out over time.

How was Galileo able to see the sunspots without
blinding himself?
I think he used a dark filter to block out 99.999% of
the light. I hope nobody gets the idea from reading the
book that looking at the sun through an unfiltered
telescope is a good idea -- you could not only blind
yourself but burn a hole in your head!
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Chapter 4, Light
How does a prism work?
If you really want a device that splits light up into a
spectrum and that you can understand from A to Z,
you're better off dealing with a diffraction grating,
which I discuss ad nauseum in class. Diffraction
gratings are more useful than prisms anyway, because
they give a brighter spectrum.
But OK, if you really want to know how a prism
works, here goes. Light has different speeds in different
media. It goes fastest in vacuum, slower in air, even
slower in water or glass. (All waves behave this way, e.g.
sound goes faster in helium, which is why you can give
yourself a Mickey Mouse voice by inhaling helium.)
Now imagine that you are driving your car and you
cross into a muddy field, going at an angle to the edge
of the field. The side of the car in the mud goes more
slowly all of a sudden, which causes the car to turn. (A
similar example is the way a marching band turns by
having the people on one side walk more slowly.) In the
same way, a light wave that hits glass at an angle gets
bent. The speed of light in a medium (other than
vacuum) depends on wavelength, so the amount of
bending is different for different colors.
What's that? You want to know why light has
different speeds in different media? OK, I'll take a shot
at explaining it at the atomic level, but this is not for
the faint of heart. The way light interacts with atoms is
by shaking their electrons around. Now the electrons
have a certain frequency at which they want to vibrate,
just like if you tap a wineglass you get a certain musical
note, like C# or something. When the opera singer
does the trick of breaking a wineglass with her voice,
she has to tap it, listen to the note, and then sing back
the note, because that's the frequency it wants to
vibrate at. The closer she is to the right note, the more
it responds. With atoms, the preferred frequency of
vibration is somewhat faster than the vibration of a
typical wavelength of visible light, i.e. it would respond
most strongly to light that was in the ultraviolet. The
color of light that comes the closest to the right frequency and makes the atoms respond the most strongly
is blue, and red doesn't make them respond very
strongly at all. Now if you bought that, here's the
strangest part. The apparent slowing down of light in a
substance such as glass is not really a slowing down of
light. What happens is that the atoms in the glass
vibrate in response to the original light wave, then
because they're vibrating they re-radiate their own light.
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The wave pattern radiated by the atoms overlaps and
combines with the original incoming wave pattern, and
the combination adds up to make a single wave that
appears to be moving at less than the actual speed of
light. Pretty strange, huh?
Why is the atmosphere only transparent to certain
wavelengths of light?
This is actually quite a complex topic, so I'll give a
drastically oversimplified answer. The atmosphere is
made of various gases, all of which have their own
absorption lines. It's predominantly oxygen and
nitrogen, but some of the less common gases have quite
strong absorption lines too, stronger than you might
expect based on their low proportions. Water vapor has
a big effect, for instance. When you have lots and lots
of absorption lines crowded together, the result is that
the substance is opaque to broad regions of the spectrum where there happen to be a lot of lines.

Chapter 5, Telescopes
Why are different wavelengths of light refracted
different amounts? Why are red and blue focused at
different places by a lens?
See "How does a prism work?" above.
Why is radio astronomy useful? If the antennas have
to be big, and the resolution is lousy, and it's susceptible to interference, why not just use visible-light
astronomy instead?
Some things in outer space, like cold clouds of gas and
dust, don't emit any visible light because they're not
hot enough to glow in the visible part of the spectrum.
They only glow in radio waves.
The radio astronomy stuff is confusing. Is it like
hearing things on the radio? What would it sound
like? How do they know what they're pointing at?
Astronomers don't listen to radio waves; they look at
images made with them. In this age when every
middle-class family (except mine) has cable, most
young people don't realize that antennas can be
directional. In the oooold days, we used to have a TV
antenna on the roof, and you'd use a control inside the
house to point it in the right direction to receive the
station you wanted. Most antennas are directional (pick
up signals more strongly when they come from a
certain direction), but some are more directional than
others. A whip antenna like on a car is not very directional, although it does pick up signals more strongly
from the horizontal direction that from straight up or
straight down. A TV aerial is more directional, and you

can point it north, south, east, west, or in between. A
dish antenna is the most directional of all, and it really
only receives signals from a very small cone. It's
completely insensitive to anything off to the sides by
even a small angle. It's really no different from the dishshaped mirror used in an optical telescope.
The main difference between optical and radio
astronomy techniques is that the whole radio setup is
huge, and it wouldn't be practical to use a piece of
photographic film (or CCD chip) big enough to
capture the image the way we do with visible-light
astronomy. (And film doesn't respond strongly ro radio
waves anyway.) Instead, they use a little antenna at the
center of the big antenna to pick up an electrical
current from the radio waves that have been focused
there. They build up an image by scanning across the
region of the sky that they're interested in.

Chapter 6, The Earth-Moon System
How can the moon get bigger are smaller? Why does
the moon look bigger when it's close to the horizon?
OK, there are three different ways that we could say the
moon changes size. (1) An actual physical change in
size. This doesn't happen. (2) Its elliptical orbit causes
it to come closer and go farther away at different times.
This causes a change in its apparent size, i.e. its angular
size. (3) Nothing physically changes, but the moon
looks like it's a different size when it's near the horizon
because of an optical illusion. This is a really complex
illusion, and I'm not convinced I understand all the
psychology and physiology of vision that goes into it.
One explanation is available on the web.
Does the moon have moonquakes? Are they caused by
the same thing that causes earthquakes? Are there
volcanoes on the moon that we could see through
telescopes?
The moon is frozen solid, unlike the earth which has a
liquid core. So the moon can't have volcanoes (liquid
rock spurting out) or plate tectonics (solid plates
moving as they float on the liquid). There are moonquakes, but they are not as dramatic is earthquakes, and
they are not caused by plate tectonics. I think they're
more like a readjustment of the moon's crust as its
interior gradually cools off over millions of years.
How do they know about the interior of the earth?
How is it possible to determine the depths of the
mantle, the crust, and the core of the Earth?
For instance, if an Earthquake hits Turkey, we can
imagine the line through the earth that connects
California to Turkey, and when our seismometers

receive the vibrations, we know that the vibrations we
received came through the earth along that line. The
vibrations travel at different speeds depending on what
kind of material they're in, so we can use the time lag
to figure out what kinds of materials it had to pass
through to follow that line. (The vibrations can also be
bent or blocked by various substances, but that's
getting more technical. There is also more than one
type of earthquake wave, and one type gets blocked by
liquid.)
What is the reason for plate tectonics? What force
makes the plates move? Is it gravity?
When you boil a pot of water, it churns and roils. This
happens anytime you have a liquid that is hotter at the
bottom: the less dense hot liquid rises. The interior of
the earth is hotter than the exterior, both because it has
not had time to lose much of its heat and because there
are radioactive substances inside the earth that produce
heat. This produces churning. The churning is what
drives plate tectonics, not gravity. Gravity would tend
to pull the plates down, not sideways, but they float on
the liquid.
Why aren't the magnetic poles at the same places
where the earth's rotation axis passes through its
surface, i.e. its true north and south poles? Why do
the magnetic poles move?
The churning of the earth's liquid core is what drives
the dynamo effect. Just like in a boiling pot of water,
the churning is random and unsteady, not smooth. The
random changes in the flow produce changes in the
magnetic field.
How do they predict eclipses? Are there patterns of
eclipses?
There are some patterns in the occurrence of eclipses,
and in ancient times this was one way that people
would try to predict them. But nowadays they would
just use Kepler's laws to predict the orbit of the moon,
and use geometry to predict when there will be an
eclipse.
Can you go blind from looking at an eclipse?
You can go blind by looking at the sun. This is true
under normal conditions, and also true when the sun is
partially eclipsed. It is possible to look at an eclipse of
the sun during totality (total darkness) without hurting
your vision, but if you time it wrong you could end up
looking at the edge of the sun. There is no danger at all
in looking at a lunar eclipse, since the moon is never
bright enough to hurt your eyes.
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Chapter 7, A Planetary Overview
Why would meteors burn up in the atmosphere
because of air friction?
Everyone knows that rubbing your hands together
produces heat, and that air produces friction when you
stick your hand out the window of a car that's going
fast. Air friction is normally pretty weak, but now
imagine that you're in a car going 10000 miles an hour
-- the friction would burn you up!
From the pictures in the book, it seems that Neptune
and Pluto's orbits cross. Could they ever collide?
It only looks that way because the pictures are twodimensional. If you could look at a three-dimensional
model, you'd see that Neptune and Pluto never come
closer than a few a.u. Their gravity does influence each
other's orbits, but they have settled into a stable
relationship where pluto's orbit has a period exactly
50% longer than Neptune's.
What's the difference between the solar day and the
sidereal day?
A solar day is the amount of time from when the sun is
at its highest point in the sky until it is again at its
highest point on the following day. A sidereal day is the
same idea, but defined in terms of the stars. The two
days are different because by the time the earth has
spun once (one sidereal day), it has also completed a
little bit of its orbit around the sun, so the sun is no
longer in the same direction.

Chapter 8, The Terrestrial Planets
The book compares Mercury's plains to the moon's
maria, but it's really confusing. What's going on?
The book emphasizes the theory that Mercury's maria
were formed by large impacts that happened when
Mercury still had a molten core, producing lava plains.
However, there is no real consensus on this. They could
have been produced by ordinary volcanism without any
impacts. Yet a third theory is that they were formed by
impacts that spread rubble across broad area, with no
lava or volcanism at all.
The book tries to use its theory of impact-induced
volcanism to explain why the plains on Mercury have
fewer craters than the moon's maria, but this seems to
me like jumping the gun, since the basic theory isn't
that solid. If the plains on Mercury were analogous to
the maria, then they would have to be older to explain
the fact that they are more heavily cratered. But we'd
expect Mercury to cool off more slowly that the moon,
so that it should be able to have more recent volcanic
features. It doesn't make much sense to me.
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Since Venus' atmosphere is so thick, is it shielded
from meteor impacts?
All the planets with atmospheres are shielded from very
small impacts, since the meteors burn up from friction
with the air. But even a baseball-sized meteor can get
through the Earth's atmosphere. The really huge
meteors that produce craters visible through a telescope
wouldn't even break a sweat at the prospect of atmospheric friction.
If a meteor crashes into the the moon or Mercury,
why does it leave a peak and not just an empty crater?
You can reproduce most of the features of craters by
dropping ball bearings into a bowl of flour. But this
one is a little different. The explanation I've seen is that
it occurs because the inside of the crater gets liquified
by the intense heat of the impact. The liquid splashes
up the sides of the crater, but then flows back down
and forms the peak at the center before solidifying.

Chapter 9, The Jovian Planets
Have probes ever been sent to land on a jovian planet?
What would happen to such a probe?
The Galileo Orbiter is orbiting Jupiter at the present
time (1999), and in 1995 it dropped the Galileo Probe
into Jupiter's atmosphere. Jupiter has no well defined
surface (the atmosphere just gradually turns into a
liquid as you go down thousands and thousands of
kilometers), and in any case the probe, as intended,
only went down to a depth of about 200 km below the
visible cloud-tops before losing radio contact and/or
being destroyed by the intense atmospheric pressure.
During its one-hour descent, it measured the composition of Jupiter's atmosphere, observed radio waves
emitted by lightning, and measured temperatures.
There were some surprises -- compared to expectations,
there was less water, higher temperatures, and fewer
dense, opaque clouds. However, the probe may have
gone down in an atypical area of Jupiter.
How do we know what the jovian planets' atmospheres are made of? How do we know that the colors
are made by tiny amounts of colored gases?
The most direct evidence comes from the Galileo
Probe, which found that Jupiter's atmosphere was
pretty much the same in composition as the sun's, i.e.
mostly hydrogen with a small percentage of helium. No
big surprise here, since the whole solar system condensed out of a single nebula, and the jovian planets
have enough gravity to have held on to all the gases
they grabbed, even the light ones. The probe detected a
small amount of phosphine gas, which is colored. There

are presumably many other trace gases as well, at
concentrations too low for the probe to have detected.
Even a small concentration of opaque, colored gas is
enough to make a colored cloud, when you consider
that the atmosphere is thousands of km thick!
Other than the Galileo Probe's data, there is very
little direct evidence about the compositions of the
jovian planets. We can compare their sizes to their
masses, which tells us their average densities. Probes can
measure their magnetic fields, which gives indirect
evidence about their cores. Don't take the book's
diagrams of the planets' internal structures too seriously
-- we really don't have much hard data.
Why does Uranus spin on its side?
The usual explanation of the funny spins of Venus,
Uranus, and Pluto is that they started out spinning the
same way as the other planets, but then got their spins
altered by giant impacts. The trouble is that this is very
hard to verify. It would not have left any crater on
Uranus, which has no solid surface. In the case of
Venus or Pluto it would have melted the entire surface
of the planet, so again we would have no crater record.
You should be suspicious of any scientific explanation
that sounds convenient but lacks supporting evidence.
What causes the light and dark bands on Jupiter?
In a pot of boiling water, circulating currents form, (a).
In Jupiter's atmosphere, (b), the unequal temperatures
of different parts of the atmosphere cause a similar
effect. The rising parts are lighter in color and the
falling parts are darker. This interpretation has been
verified in some detail by measuring the spectrum of
infrared light emitted by the light and dark areas to
determine their temperatures.

(a)

(b)

Chapter 11, The Sun
Will the sun ever run out of fuel?
Yes, eventually all the hydrogen in its core will have
turned into helium, and it will no longer be able to do
the same nuclear reactions. At that point it will undergo a reorganization, and become a red giant; this is
the kind of stuff that ch. 14 is about.
What is radiation, and why does the sun make it?
"Radiation" in science can mean any kind of energycarrying waves or particles that spread out -- "radiate"
out -- from a source. When Kuhn talks about heat
transport by radiation in the sun, he's actually talking
about ordinary light, not exotic stuff like alpha particles
or gamma rays.
Why can't conduction happen in the sun?
The book gives an incorrect explanation of this, saying
conduction can only happen in solids and liquids. It
can also happen in gases -- if it didn't, you'd never lose
body heat in still, cold air. The thing is that conduction
through gases is simply a slow process, so it isn't a
significant effect in the sun.
Could a solar flare ever reach as far as the earth?
They do. But by that time they're very thin. The
atmosphere protects us from them, although they can
disrupt radio communications. Solar flares are a serious
hazard for astronauts.
Are there any theories that explain the enormous size
of the Sun compared to other planets?
If Jupiter had turned out to be the same size as the sun,
then it would also do nuclear reactions and shine like
the sun. We would have had a double-star solar system.
Multiple stars are very common -- roughly half of all
solar systems in our galaxy are double multiple.
Do we know for sure what the sun is made out of?
How?
Spectroscopy tells us for sure what the outer parts are
made of, as when we used the spectrometers to look at
the sun. Spectroscopy doesn't tell us what the interior is
made of, but astronomers would lay long odds that the
interior is also made of hydrogen and helium, since
that's what essentially the whole universe is made of,
and we see other stars in the process of forming out of
clouds of those gases.
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Chapter 12, Properties of Stars

Chapter 17, The Diverse Galaxies

Would a planet's environment be very harsh in a
binary star system, or are the stars far enough from
each other to not make a difference?
If the stars were very far apart, and the planet was
orbiting close to one of them, it wouldn't be affected
that much. But if the stars were, say, 10 a.u. apart, and
you tried to put a planet in an orbit 5 a.u. from one of
them, it would be influenced by both their gravitational
forces. It would have a chaotic orbit, and probably
would crash into one star or the other pretty soon.
(There are also certain points, called Lagrange points,
that would be stable places for a planet to occupy.)

If the universe is expanding, does that mean the Earth
is getting farther away from the Sun?
The expansion of the universe only makes sense as a
concept if some things expand and some things don't.
Suppose everything expanded by the same amount:
clusters of galaxies, galaxies, the solar system, meter
sticks, and atoms. There would be no way to detect
such an expansion. For instance, if you measured a
building with a meter stick two days in a row, and both
the building and the meter stick had expanded by the
same percentage, then you would get the same number
as the result of your measurement.
Our understanding of cosmology, based on
Einstein's theory of general relativity, says that everything does not expand by the same amount, so the
expansion is detectable. Einstein says that the behavior
of space, such as expansion and curvature, is determined by the mass that exists in that space. The overall
curvature and expansion of the universe behave in a
certain general way based on how much matter it has in
it in general. But on a smaller scale, the sun and earth
create curvatures of space that are stronger and more
localized. The local distortions combine with the
overall curvature of the universe, as if you were pushing
your finger into the curved surface of a huge expanding
balloon. Detailed analyses of how the small-scale and
large-scale effects combine show that small, very tightly
bound systems like the Earth-Sun system hardly expand
at all. The expansion of the Earth-Sun system over the
billions of years that it has existed has been calculated
as only one septillionth (10 to the -24). For a larger, less
tightly gravitating system like a cluster of galaxies, the
internal expansion is more significant, but still small
compared to the general expansion rate of the universe.
It's only the vast reaches of empty space between galaxy
clusters that really expand by the full amount.

Chapter 14, Stellar Evolution
Why does a star expand when it becomes a red giant?
If the core contracts, why doesn't the whole star
contract too?
The process of getting from the main sequence to the
red giant branch is complicated, and the physics of
what goes on in the core is also difficult. But understanding why the surface of the star expands so much is
really fairly simple. As the core reorganizes for helium
burning, it starts producing thousands of times more
energy per second. When an ordinary G-type star like
the sun gets to this point, it will be producing as much
energy as a main-sequence O-type star normally would.
Now you might wonder why the outer layers don't just
accomodate this change by becoming just like the outer
layers of an O star: very hot, but not that much bigger.
But this "brain transplant" won't work. The outer
layers of an O star are so hot that they really want to
expand, and the only reason they don't is that the star's
great mass provides enough gravity to keep them
packed down. If you transplanted the O star's atmosphere onto a low-mass star's helium-burning core, the
low-mass star's gravity wouldn't be enough prevent
expansion. Expand it does!
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