A quiz on the first day? Yes. But this quiz doesn't count for
anything. |It's just for fun!

There are twelve questions. Each is "true" or "false." Here
they are--in no particular order

1. There are other worlds revolving around other stars, just as
our Earth revolves around the Sun

2. The positions of the planets in the zodiac (Aries, Leo,
Aquarius, etc.), at the tinme of your birth, have an effect on
your personality.

3. The build up of so-called greenhouse gases can nake a pl anet
so hot as to becone uni nhabitabl e.

4. The absence of ozone in an atnosphere makes |ife bel ow diffi-
cult.

5. The only known crash of a flying saucer occurred at Roswel I,
New Mexi co, in 1948

6. Huge bodies, called asteroids, have smashed down upon the
Earth and caused catastrophi c destruction

7. More people becone insane during the Full Mon than at any
ot her time.

8. It would take days, weeks, or even nonths to travel anong the
stars.
9. Astronomers search for extraterrestrial life (ET).

10. Col unbus di scovered that the Earth is round.

11. It is possible to see things that happened millions of years
ago.

12. There are stars older than everything in the entire
Uni ver se

[ Answers appear at the bottom of page 3.]



870: 010 “Astronony,” 3-4 CH
Lat ham 125
10: 00 AM MWF or 1:00 PM MW F
2005- 2006
SYLLABUS

Wel cone to 870:010. This is an exciting time to take "Astronomy." Just
recently, two robot spacecraft were simultaneously busy at work: one roving the
dunes of Mars, the other photographing the surface of Saturn’s “noon” Titan for
the first time. New planet-like bodies were discovered: snall ones in the far
reaches of our Solar System and huge ones orbiting stars other than the Sun

And evi dence nounts for the existence of anti-gravity! We wll be |earning
about all these things and nmore. First, though, here is your guide to making
the course "user friendly."

QUI CK | NDEX:

If you have questions about..... Look on page nunber.....
How To Find Your Instructor 3
What the Course |s About 4
Course Prerequisites 6
Usi ng Your Text book 7
How Your Grade WII| Be Assigned 8
How Exans Work 8
How Homewor k Wr ks 10
QO hers Things Required of You in the Course 10
VWhat Topics WIIl be Covered When 14
Laboratories (for those enrolled for 4 credits) 18
Readi ng assi gnnment s 27
Hints 40




I NSTRUCTOR: Dr. Thomas Hockey, Professor of Astronony
Depart nent of Earth Science
of fice: Latham 112
phone nunber: 273-2065 (3-2065 on canpus)
if no answer, call: 273-2759 (secretary)
FAX: 273-7124
canpus nailing code: 0335
el ectronic mail: HOCKEY@N . EDU (checked once a day)

My WAV Page is at http://ww. earth. uni.edu/tah. htm.

My office is down the hall fromyour |ecture room (west) al nost
to the end. It is on the left.

On the way, you will pass the Departnent of Earth Science Ofice
(a good place to |l eave a nessage): Latham 121, the wi ndowed
office on the right. It is open 8:00 - 12: 00 noon and 1:00 -

5: 00 PM every weekday.

OFFI CE HOURS: 11: 00 - 12: 00 MF

or by appointment. You also are encouraged to sinply drop in
whenever | amthere. Don't feel that you need to restrict your
self to the schedul ed office hours. Students always have priori-
ty in ny office unless |'mjust stepping out the door (to go to
class, for instance) or on the phone to Africa or some

pl ace .

If you knock on ny door and there is no answer, yet there are

si gns of occupancy (door open, light on, etc.), give ne a mnute.
| probably have just run a brief errand el sewhere in the build-
ing. Feel free to put a note on or under my door, too. Keep in
mnd that, being an astrononer, | often work at night! [If you
want to get in touch with ne during the evening, calling ny
office is worth a try.

This class is designed to work in variety of ways: |ecture, your
text book, etc. It is normal and anticipated that some things
won't "click" via these nethods. | expect to see a |ot of people
in my office over the course of a senester, to go over materia
one-on-one. This will range from answering a qui ck honmework
guestion to paraphrasing an entire |ecture--whatever you need.

Cccasionally, | will have to miss nmy office hours, but I wll try
to tell you ahead of tine, in class.
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OBJECTIVE: W will be taking a tour around the Universe, stop-
ping every once in a while to take a | ook at how we arrive at

astronom cal know edge. We will take care to note that astronomny
is not a dead body of know edge, but rather a dynam c on-going
process. New discoveries and understandings will be pointed out

as will things that remain very much a mystery to us. Al this
is to say that, far from doing sonething specific to one narrow

di scipline, we will be doing what each of us thinking human
bei ngs has been doing since the beginning: trying to figure out
where we are and what the "rules" are. 1In this regard, astronony

is a very human endeavor.

On the practical side, astronony is a liberal-arts course. |
will not claimthat it will be of vital use to you in day-to-day
life, nor do | feel that | need to. Wile this course may help
you to inprove your three-dinmensional thinking or your reasoning
skills, its main function probably will be to help you "tap into"
our culture, that is, understand astronom cal allusions and
concepts that appear in witing, conversation, or the evening
news, as well as to aid in your personal maturity of thought.

| have several mmjor goals for this course. There are a nunber

of ideas that | hope that you still will consider even when much
of the specifics of 870:010 are forgotten. Wether explicitly or
implicitly, we will return to them again and agai n throughout our

senester together. A few of these are:

1. CQur senses provide direct information--linmted by
resolution--in two di nensions. But space is in 3-D It
is often difficult to infer the third dinension. Sone
times we have to use angul ar nmeasurenents when absol ute
neasurenents of |ength, height, and wi dth are unobt ai na-
bl e.

There are two different ways of viewing a thing in the
Uni verse: as an object projected into the sky or as a
place in its owm right. Qur inpressions of these things
often differ fromthe two perspectives. Furthernore,
because sonething is inmpossible to visualize does not
necessarily nmean that it does not exist.

2. The story of many natural systens is one of gradua
change punctuated by occasional, sudden, course-altering
events. Both equilibriumand cycles are conmon in the
Uni ver se

bj ects such as stars and pl anets are not unchangi ng;
they evolve with tine. Their appearances today offer
clues as to their histories.

3. The Earth is one data point. The Sun is one data
point. Terrestrial life is one data point. To under-
stand fully our environment and oursel ves, we must seek
ot her data points.

CQur lives and environment here on the Earth bias us as
to what a "typical" place in the Universe is like. Qur



ability to affect the Universe is minuscule. The world
will continue with or without us. It is in our own self
interest to maintain the unusual set of conditions that
allows life on the Earth. There is no one that we know
of to "bail us out" if we fail. And there is no place
el se on the seeable horizon to go.

4. Traveling in the Universe is difficult; observing the
Uni verse is conparatively easy.

5. Unlike some other scientific disciplines, significant
contributions can be nade in astronony by individuals w thout
el abor at e equi pnent or | engthy acadenic credentials.

At the end of the senmester, | ook back at this short |ist and
refl ect on how these ideas have been devel oped and whet her or not
you agree with them

A SUGGESTION: We are at a disadvantage in that our astronony
class nmeets in an enclosed |lecture hall during the daytine.

Because of this, you will unavoidably m ss out on sone of the fun
of astronony, that is, actually going out and observing the
heavens yourself. You will be encouraged to do this sone on your

own. (You mght want to check out the Sky Maps in your
t ext book. )

If you feel that you would enjoy some nore of the "practical"”

ni ghtti me astronony that we cannot al ways cover in this class
(learning the constellations, telling time and direction fromthe
sky, etc.), let me know. The Earth Sci ence Departnent occasion
ally offers as 870:113, "Topics in Earth Science," a course in
naked-eye astronomy. Wth enough interest, we may be able to
schedule it in the near future.

O her UNI Astronony Courses:

870: 058 Astronony Field Trip (2 credit hours)?
870: 151 Planets (2 credit hours)?

870: 152 Stars (2 credit hours)!

870: 153 Gal axies (2 credit hours)?

870: 154 Cbservational Astronony (2 credit hours)?

! prerequisite: 870:010
2 prerequisite: 870:010 (four-credit version)



PREREQUI SI TES: Hi gh School al gebra and geonetry. | wll assune
t hat you:

% understand proportions
can sol ve an equation for a variable
can sol ve sinultaneous equations with two vari abl es

+ are famliar with sinple geonetric fornulae (e. g., perineters,
areas, and volunes for sinple shapes)
° can work in degree measurement (360 degrees in a circle, 90
degrees in a right angle, 180 degrees in supplenentary
angl es, etc.)
In addition, it will be helpful if you know how to use certain
functions on your calculator--if you don't have one, | suspect
you will want to borrow one for the senester--such as the
"squared," "cubed," "square root," "cube root," and "exponent"
but t ons.

Pl ease let me know i f you need help with anything mat hemati cal .

You may want to refamliarize yourself with the idea of latitude

and |longitude on the Earth--we will be applying it early in the
cour se.
QUTLINE: | will try to follow the attached schedul e of |ectures,

exanms, and other class presentations (page 14) as closely as
possible. Note the days listed with the topic "Etc." W wll
use these class tines for supplenental activities, review, or to
go over topics for which we nay not have had adequate tinme previ-
ously.

VWen we are operating in a "lecture format," | often will define
new subj ects and terns on the chal kboard or overhead projector
These "working definitions" do not replace the nore exact wording
in your textbook gl ossary.

Do not make the m stake of copying down in your notes only that

which I wite out for you. Mich inportant information will be
conveyed verbally, and you will want to take notes during ny ora
presentations. This will hold true during slide and vi deot ape

presentations as well.

BY THE WAY: Besides fulfilling a General Education requirenent,
did you know that this course nmay be applied to several degree
programs? See the hall display (between your |lecture hall and mny
office), or ne, for details.



TEXTBOOK: The Cosnps: Astronony in the New M| ennium Second
Edition, by Jay Pasachoff and Al ex Filippenko. Thonson. (2004).
Successful conpletion of this course probably will require reading
nearly all of this 400+ page book.

This particul ar text has been chosen because it is readable, wel
illustrated, and (nbst inportantly in a quickly devel opi ng disci-
pline |ike astronony) up-to-date. You will find that many of the
four-hundred slides that will be presented in | ecture al so

appear as pictures in the textbook

To guide you in your reading, you are given a |list of reading

assignments (starting on page 28). It will be to your advantage
to have read the assignment for a particular day before that

day's lecture. In fact, | will assune you have done this. Each
| ecture will cover a lot of ground and will probably be difficult

to followif the lecture is your first introduction to the mater-
ial.

VWiile the |l ectures and textbook readings are intended to conpl e-
nment and rei nforce one another, you will be responsible for
material in the reading assi gnments not covered in | ectures and,
i kewi se, material presented in the |lectures that does not appear
in the text.

If you run across an instance where the text and the instructor
seemto differ, | will expect you to bring it to nmy attention as
soon as possible. Every textbook al nost certainly contains
"typos," and both the author and | woul d appreciate your help in
ferreting them out.

Read your text critically, particularly the numbers. You may be
surprised to learn that many of the physical quantities we use in
astronony are not well known yet. Often the nunbers stated in
the book and in class are approxi mate or a nost recent estimate.

We will round nunbers often to the closest power of ten. These
rounded nunbers still will give us a good sense of what is going
on and will be easier to renenber.

In addition to your textbook, | recomend that you purchase a
three-ring binder in which to keep exans, honework, and other
handouts. These materials will be punched for this purpose.

I will bring graded materials to class at least twice. |If you do
not retrieve themat those tinmes, you will need to pick them up

"recei pts" for your scores earned. Please pick up only your own
materi al s.



GRADES: Your grade for the course will be based on your earned
percentage (see di scussion of exans, honmework, and other require-
ments below) and will follow a scheme sonmething |ike this:

A=90% & above
B=80% & above
C=70% & above
D=60% & above

This system has the advantage that it does not require some
arbitrary nunber of "points" for a particular grade (347 points =

A 289 =B . . . that kind of thing)

| reserve the right to change the grading scale by | owering the
nunbers if | feel that this is necessary. "A"'s will not be easy
to get and, hopefully, neither will "F"'s.

(The foll owi ng standard rounding rule is used
Exanpl e: 89.4 = 89% 89.5=90%

I do not post grades, for reasons of confidentiality. Just stop
by and ask.

EXAM NATI ONS: There will be four, forty-to-fifty-mnute exans
given during the semester. There will be no conprehensive
“final" per se. Individual reschedul ed exans, due to illness,
requi re a physician's note.

You will have all class period to work on an exam |f you are
enrolled in the 3-credit version of this course, each examw ||
count as 20% of your course grade. |If you are enrolled in the 4-
credit version of this course, each examw ||l count as 18% of
your course grade. All exans must be conpleted in ink.

Each examwi || consist of nany nultiple-choice questions (four
possi bl e responses each). Wile |I realize that some people do
not feel that they "test"” well in this format, it is a necessary
one for a class of this size and in order to nmeet the two re-

qui rements for an examthat | believe students desire: rapid
turn-around on the examresults and the opportunity to review the
exam afterward, explicitly, for future reference

Exanmpl e Exam Questi ons

A theory of the nature of the Universe is terned:

a cosnol ogy.
a constellation.
a deferent.
an epicycl e.

o0 T



VWhen |ight strikes a curved mrror, as in a reflecting tel escope,
its angle of reflection

al ways equals its angle of incidence.
is greater than its angle of incidence.
i s unpredictable.

None of these.

O 0T

VWi ch one of the following is inpossible to see in the night sky?

a. t he shape of the Moon

b. the color of a star

C. the notion of a planet (over several weeks)

d. the size of a star

The questions that | ask will require sone nenorization of facts.
VWil e menorization is considered (by sone) a | ower-order nenta
skill, and the very word "menorize" has unpl easant connotati ons,

it is sinply inpossible to discuss the subject of astronony
wi t hout sonme basic facts at our conmon di sposal

But just renmenbering information usually will not be sufficient
to adequately choose between the four possibilities on an exam
question, and it is not the main purpose of the course. You will
need to make judgenents about what you renmenber. The purpose of
science is to explain, and explanation requires decision making
in the process of sorting out the available facts. | will test
you on your ability to render judgenents using the proper renem
bered itens at the proper tine in the proper pattern. By doing
this, you will denpnstrate that you understand the purpose of,
and have successfully conpleted, this course.

You will not be asked to work out quantitative problens on the
exans. There sinply is not tine. Instead, you will be given an
opportunity to do this on the take-home homewor k assi gnments.

If you find a test question for which you absol utely cannot
choose between two "best" answers, this nmeans that there is a
mstake in the test item |In the rare case that you believe this
has happened, sel ect one answer to place in the answer bl ank.
(Historically, people tend to choose the intended correct
answer.) Then wite nme a short note on the back of the test

form citing the nunber of the offending test item and presenting
a brief rationale for there being two equally "best" answers.

Chance of "Accidentally"
Passi ng this Course

based upon random guessi ng on exams--not reconmended!



HOVEWORK: Note: This page only applies to those enrolled in the
3-credit version of this course.

Qur discussion of astronony in class will be largely qualitative.
Yet it would give you the wong inpression of nodern astronony to
suggest anything other than that nmuch of our description of the
Uni verse is based on mat henatical conputation. Homework is
designed to give you a feel for how astrononers can |learn from
calculations. It is not (necessarily) preparation for test.

There will be three honework assignnents during the senester,

i n-between the exans. An assignnent will be due and collected at

t he very begi nning of class, one week after it is handed out. As
was suggested above, these assignments will highlight the quantita-
tive aspects of the course (i. e., problemsolving). Each hone
wor k assignnent will count as 5% of your course grade.

Pl ease work out honmework problem solutions on the original form
(or a photocopy of the forn) handed to you. Extra copies will be
avai | abl e.

Homework will be returned to you with the correct solution wit-
ten out if you have gone astray. | also will be happy to work
out homewor k problems on the chal kboard after they have been
returned to you.

In the interest of fairness, scores will be penalized on late
honmework. This is so that everyone has the same amount of tinme
to work on the assignment. The later the homework, the greater
the penalty. Late homework is al ways accepted, however, and will
al ways receive sone score.

Homework turned in late will probably be returned to you | ate.
This is not an additional penalty or "punishment;" it sinply

refl ects the nechanics of the grading process whereby assignnents
are marked in "bunches." (Honmework turned in early, on the other
hand, will be returned pronptly and is appreciated!)

| suggest that you keep handy your ol d homework assignments,
after they are returned to you, and all the | ecture notes that
you have mamde during the semester. You may be hel ped on honmewor k
assignments nade late in the class by exanpl es and fornul ae
presented early in the class.

OTHER REQUI REMENTS: There are two additional course require-
ment s:

Eveni ng OQbserving Activity (counts as 2% of your course grade in
the 4-credit version of this course; counts as 3% of your course
grade in the 4-credit version of the course)

As | suggested before, there are some things that we sinply

cannot do in a lecture hall. In order to give you a taste of the
observatory "experience," you will be asked to visit the

10



bserving Deck atop McCollum Science Hall. (This is the building

north of LathamHall with a dome on the roof.) You will be using

UNI's conputer-controlled, twelve-inch-aperture tel escope to view

t he Moon, planets, stars, and nebul ae--depending on what is in the
sky at the tine.

You can attend an observi ng session any Thursday ni ght that

school is in session (starting next week) by going to the | obby of
McCol | um Sci ence Hall 2532 (Lantz Lecture Hall--this is the |arge
room across fromthe mural in the north-south corridor) fromwhere
you will be guided to the roof by one of our observing assistants.
The session will |ast about one hour.

Programs begin pronptly at 8:00 PM-9: 00 PM when Daylight Savings
Time [DST] is in effect. DST runs fromApril to Cctober. Thus,
inthe Fall we neet at 9:00 until it gets dark early enough to
neet at 8:00. In the Spring we neet at 8:00 until it stays |ight
| ong enough so that we nust delay to 9:00.

As these events are al so our regul arly-schedul ed weekly

Qobservatory Open Houses, nenbers of the general public will be
attending as well, and you are welcone to bring friends or famly

al ong. Be advised, though, that the observatory is unheated. Dress
warm y.

The observatory will be open regardl ess of whether or not the sky
is clear (though, obviously, it will be nore interesting if you
can actually see the sky through the telescope). Only if the
weat her is bad enough that it might be dangerous to go out on the
observing Deck will a session be cancel ed.

You will be asked to wite a report to receive credit for this
activity. The report may be a sinple paragraph describi ng what
happened during the activity and what you may (or may not) have
|earned. (Different people will wite |onger or shorter reports,
dependi ng on the night.) The date you attended and your section
("10: 00" or "1:00") should be included.

Your report is due on the Friday before Finals Wek. For your
conveni ence, about once a week | will bring to class a folder
mar ked "Put Cbservatory Reports Here;" however, you may turn in
an observing report to ne at any tine.

The observatory is a very tiny space, and we have a nunber of
sections of "Astronomy." |If too many procrastinate in fulfilling
this assignnent, we have the potential for a |ong end-of-the-
senester |ine, stretching out the door, nade up of people waiting
to get a view through the telescope. These people might rather
be using the tine to study for finals or get ready to graduate.
Needl ess to say, it would not be the pleasant observatory
experience that | wish for you. (The observatory staff is
authorized to limt the nunber of persons in the done to twenty,

t 00.)

In order to avoid crowding and long |ines outdoors, the SPRI NG

senester will be divided in two. |If your |last nane begins with A
- M you are asked to attend an observing session before Spring

11



Break. If your |ast nane begins with N- Z, vyou are asked to
attend an observing session after Spring Break. Wiile it is true
that the first half of the al phabet gets stuck with the col der
weat her, the rainy springs in northern |owa suggest that it is

t hese persons who are nore |ikely to encounter clear skies!

Vol untary conpliance with this system should nake the Open Houses
go snoot hly, even on popular nights. (Sone people elect to go
twice: once early in the half-senester to which they have been
assigned, so as to insure fulfilling the requirement and, if it
was cloudy the first go around, a second tine on a clear night to
actual ly see sonething through the tel escope.)

In the FALL senester, the advantage of fulfilling this require-
ment early is obvious: It gets pretty cold outside at night in
Decenber !

Pl ease | et me know about Thursday-ni ght conflicts as soon as
possible (e. g., another class). Those in a Thursday- ni ght
| aboratory section will fulfill this requirenent in |ab

Most regrettably, the Cbservatory is not wheel chair accessible.
Pl ease |l et me know i f special arrangenents are necessary for
fulfilling this requirement.

Daytine Observing Activity (counts as 1% of your course grade in
the 4-credit version of this course; counts as 2% of your course
grade in the 3-credit version of the course)

The Sun is the one astronom cal object we can observe in the
daytime. Close to the tine when we discuss the Sun in class, you
will be asked to both observe and draw t he appearance of the

sol ar di sk through a telescope set up for this purpose. (See the
Course Qutline.) A formdescribing howthis activity works wll
be given to you in Novenber/April. In case of clouds, this event
may be reschedul ed.

Do not attenpt to observe the Sun on your own. Cbserving the Sun
wi t hout proper filters may result in eye dammge.

(Use the UNI canpus map, on the follow ng page, to find where
these two observing activities will take place.)

khkkkkhkhkkkhkhkhkkkhkhxkhkhkk*k

LABORATORY: As per the UNI Catal og, students wishing to

fulfill their Liberal Arts core |aboratory requirenment in astron-
ony nust take "Astronony" and "Astronony Laboratory" concurrently
(or take the four-credit "Astronony" that includes |lab). These
courses routinely fill early during the registration process.

For the foreseeable future, we anticipate no nmore than fifty-four
| ab openi ngs per semester. Please take this information into
consi deration as you plan your degree program

khkkkkhkhkkkhkhkhkkkhhkkkkkk*k
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"TOOLS OF THE TRADE": | would like to preview for you here a few
of the nmjor conceptual tools we will be using in "Astronony."
You will be hearing about them frequently in the class.

A scientific theory is neither a guess nor an absolute truth. It
is a powerful tool, and everyone of us, whether we think about it
or not, puts our faith in theories routinely during the course of
a nodern day.

The Universe is built on a scale of the very small and of the
very large. Orders of magnitude help us in our attenpt to com
prehend the extremes of distance, tine, nmmss, and energy that we
encounter in astronomny.

Sorting natural objects and phenonena into categories (classifi-
cation) is a useful first step at explaining and interpreting
them Sonetimes a graphical representation of their properties
also is useful. W nust be careful, though, to distinguish

bet ween apparent properties and intrinsic ones.

Sabi n

Go to Cbservatory here. VB

Sol ar tel escope >
set §;2

up here.

CGCo to class here. >

13



COURSE QUTLI NE

I NT I ntroduction

H' S The Early History of Astronony

KEP Tycho, Kepler, and New on

SKY Getting Around in the Sky

PLA - no lecture - Visit the planetarium (Latham 105) at
your prearranged time within the |ecture hour

ECT The Ecliptic

SEA The Seasons

ASP Pl anetary and Lunar Aspects

ECS Ecl i pses

ETC “"Etc."

This is a good tine to review page 8 of the Syllabus, "Exam na-
tions."

EX1 EXAM |

LGT Li ght

TEL The Tel escope

OVR Pl anets: An Overview
Sz On Size and Di stance
M&M Mercury and the Moon
E&V The Earth and Venus
MAR Mar s

ab 'O ds (Meteor- and Aster-)
ETC "Etc."

EX2 EXAM | |

The course is half over! Have you been to the observatory yet?
If not, review page 10 of the Syl abus.

JuP Jupi ter

out The Quter Sol ar System
I CY lcy Satellites

PLU Pluto and Stuff

com Comet s

SPC Spectr oscopy

SUN The Sun

SOL - no |lecture; solar observing day -
DS Star Di stances

STA Star Light

ETC "Etc."

EX3 EXAM | | |

Check to see what other astronomy courses are being offered in
the Fal |/ Spring?
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HRD The H R Di agram

LIV The Lives of Stars

D E How Stars Die

VWAY The M| ky Wy

GAL Q her Gal axi es

CWML Cosnol ogy

CMG Cosnogony

ETI Search for Extraterrestrial Intelligence (not every senester)
ETC "Etc."

EX4 EXAM | V

Fi nal s Week: (See page 15, Schedule of Classes.) W wll take
care of m scell aneous end-of -senester busi ness.
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TEN FREQUENTLY ASKED QUESTIONS ABOUT 870:010 ASTRONOMY

"Are the classroonms wheel chair accessi bl e?"

Yes. There are two spots designated for wheelchairs in the first
row of LAT 125 (lecture room)j. LAT 103 (lab room is also acces-
sible. The planetarium (LAT 105) has room for one wheel chair

"Why are the reading assignnents not in the sane order as the
book [ ays t hem out?"

| wish they were, but there is no book on the market that takes
the topics in astronony in the order in which | believe is best
for students. This book comes cl osest.

"When can | nake an appoi nt ment ?"

You're actually busier than | am (I admt it!) | don't nean
that | don't have anything to do; it's just that | don't have
five or nore classes that require me to be at a particul ar place
at a particular time. Wen you ask to set up an appoi nt nent,
['"1l probably turn right around and ask you when you would Iike
to make it. You might have a tine in mnd. |If it's not 10:00-
11: 00 or 12:00-2:00 MF, it's probably a good tine.

"Does the class get harder or easier as the senester progresses?”

This is a hard one. | probably have to say that it gets harder
in that we tal k about nore and nore abstract things as we go
along. W don't dump black hol es and the expansion of the

Uni verse on you right away--we start with fanmiliar things (phases
of the Moon, Earth-like planets, etc.) Past exams suggest that
on the average (and everything el se being equal), people's scores
stay the sane or go down slightly each unit. Keep in mnd,

t hough, that what happens on the average may have nothing to do
wi th your perfornmance.

"Do you draw exam questions fromthe book or the I ecture?"

| try to cone up with questions about material that has appeared
both in the book and the | ectures, though sonething nay be co-
vered in great detail in the book and nentioned in passing in
class or may be discussed extensively in class and allotted only
aline in the text.
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"Do you grade on a curve?"

No. A real grading curve assigns grades according to a predeter-
m ned statistical process. The result is that at the outset it
is knowmn that a certain small nunber of people will get "A's (and
a certain small nunber of people will get "F's). Likew se, as
many people get "D's as "B"'s. In an absolute gradi ng system
like ours, everyone starts out with at |east the possibility of
getting a high grade.

"O K., but do you intend to | ower the grading scal e?"

| have done so only when sonethi ng unusual has happened during
the senester to, in my opinion, nake scores | ower than they would
normally be. Most of the tine | have not. It would be unw se,
therefor, to assune that the grading scale will be anything other
than what is printed in the Syllabus. |In any event, | would not
nmake a decision on adjustnment to the scale until | conpute fina
grades, sonetine after the |ast exam

"Do | have to cone Finals Wek?"

The University requires that this course neet during its sche-

dul ed final exam nation period. However, assunm ng we have re-

mai ned on schedul e, you will have net all the graded requirenents
for the course before this tine. |In other words, | have to be
here Finals Wek. Coser to the end of the senmester, we'll

di scuss what we might do on our "final exant day, and you can
deci de for yourself.

"Do you assign "+" and gr ades?"

Usual Iy, except if everybody would end up with a mnus. Because
nmy grading scale is fixed, this is the one place where | all ow
nysel f some small |atitude to eval uate individuals' overall per-
formance. There is no set fornula, and | do not assign the "+"s
and "-"s until after | have calculated final letter grades. In
general, those of you high in your grade bracket will get a "+",
and those of you low in your bracket will get a "-". (I have
been known to give "A+"s, but they don't seemto get recorded on
students' transcripts in the Registrar's Ofice!)

"Besides UNI, where can | go locally to learn nore about astrono-
my 2"

The Grout Museum (Waterl oo) houses a planetarium and astronony
exhibits. It also sponsors tel escope-observing sessions and

| oans portable tel escopes. The Des Mines Science Center is hone
to a large planetarium too.
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[ Note: The Lab Syl | abus applies only to those enrolled in the 4-
credit version of this course.]

LAB SYLLABUS

YOUR CLASSROOM W will not spend all our time in Latham 103.

Normal Iy the room door will be unlocked. Keep track of your
val uables. Al so, LathamHall is fairly distant from both
dormtories and parking lots. |In consideration of the hour at
which we will be dismissing, | recomrend that you find someone

with whomto wal k across campus after cl ass.

If you are seated in the back row of Latham 103, be careful that
your chair does not rub against the "npbonscape" nural.

OBJECTIVE: W will be exam ning the tools and techni ques one can
use to explore the Universe without |eaving the Earth. In the
process, you will beconme nmore famliar with finding your way
around the night sky. Even the indoor exercises will be sel ected
with this end in mind. Astronony you can do by yourself standing
in your own backyard will be an enphasis of this course.

Al so, you will have the opportunity to practice conmmunicating
guantitative measurenents to others, i. e., witing a |aboratory
report. We will point out how dealing in a practical sort of way

wi th actual physical neasurerments differs fromthe nore pristine
mani pul ation of pure nunbers found in a mathematics class. The
techni ques invol ved here are general and may be applied nany

pl aces outside of Astronony Laboratory.

A laboratory differs fromnost of the courses you have taken
previously. This is because, in lab, you will not be told each
step necessary for conpleting an exercise. An inportant aspect
of lab is to encourage you to practice conming up with ways to
solve a problemon your own. Thus, you nay be asked to determ ne
some physical quantity by making a certain neasurenment--w thout
each of the procedures between your neasurenent and the desired
quantity being spelled out. |In other words, you will be asked to
cone up with many steps yourself. Indeed, different people wll
solve a given problemin different ways. This is as it should be
for it is how scientists actually approach physical problemns.

This kind of exercise nay seemfrustrating to you at first,
especially if you get "stuck." When this happens, make sure you
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ask for help. This way we can get you "unstuck" as quickly as
possi bl e.

TEXTBOOK: The Sky Gazer's Al manac (Sky Publishing Corporation).

Pl ease pick up the 870: 010 Astronomny course packet (Hockey), as

well. (It is at CopyWsrks, on the corner of 23'% and Col | ege; specify
your | ab secti on—Monday, Tuesday, Wdnesday, or Thursday.) Bring

t he packet to each lab neeting. (In addition to your packet, you

will occasionally be asked, with suitable notice, to bring other

mat eri al s al ong.)

You will find it useful to bring an electronic calculator with
you to class. This need not be a fancy one--nobst of the tinme you
will just need "+, x," and "/." Sinple cal culators cost

| ess than $5.00 these days.

A snmall flashlight ("penlight") also can conme in handy.

WHAT TO EXPECT: A typical lab night will start with a brief

di scussion of |aboratory techniques and an introduction to that
evening's exercise. | often will not be able to tell you in
advance with certainty which exercise we will be doing on a given
night. The nmost likely reason for this will be the weather. W
will try to do an outdoor |ab every time, but, unfortunately,
often (in the spring, very often) it will be cloudy. If this is
the case, we will do an indoor |ab. Thus, there wll

al ways--barring tornado warnings!--be a |ab regardl ess of the
weat her.

You may be asked to work individually or with a group to conplete
the exercise. Normally, though, there will be no nore than two
peopl e working at a single tel escope.

Once you are given your |ab exercise, you will have the rest of
the class period to work on it. Unless otherw se requested, you
are expected to turn in the conpleted assignnment, based on the
exercise, that night. After you are finished, you are free to

| eave unl ess you are asked to remain for something special. (I
will always reserve the right to use the entire class
peri od- - maybe even ten m nutes extra, occasionally.) Be sure,

t hough, that your |ab assignnent is as conplete, orderly, and
neat as possible before turning it in.

VWen we take out tel escopes, the instruments we will use nost
often are the six-inch-aperture reflecting telescopes. Take
caution noving them they are heavy. (These 'scopes are best
grasped at the black nount, below the white mrror tube.) Be
especially careful of the mirror, |located at the bottom of the
t el escope tube.

In addition to | ab exercises, we will take sone tine to get
acquainted with the sky. These activities are designed to help
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prepare you for your |ab exans. (See "Requirenents" page 20,
bel ow. )

LABORATORY REPORTS: Wil e you nay have been exposed to a | abora-
tory report "formula" in junior- or senior-high school, I find
that these formats are forced and do not reflect the way scien-
tists report on their work in the real world. A |aboratory
report is just good comunication. You are nerely asked to
descri be what your purpose was in doing the activity, what steps
you took, and what results you obtained. Assume, while you are
witing, that the reader was not present during the |aboratory,
knows not hi ng about the exercise, and has no nore astronom ca
know edge then yourself. Lastly, pay attention to details. They
do matter.

Sonetimes, explicit discussion questions also will be assigned.
In sonme exercises, your answers to these questions nmay be the
only opportunity for you to interpret what you are doing in
witing, and I will read these particularly carefully.

As the semester goes along, | will require nmore and nore things
to be included in a good | aboratory report. (Most of these
thi ngs have to do with how to handl e experinental error in a rea

physi cal measurenment and will be discussed as we go al ong.)
Therefore, nore and nmore will be required to obtain a high mark
on your |aboratory report, but then, you also will have nore

experience in witing one as we progress through the exercises.

One thing I will nention right now Some exercises (depending on
how often we get outside) will not involve an experinent or
process per se, but rather will require you to report what you

have observed. Whenever an exerci se requires you to observe
sonething in the sky, the following i nformati on should be record-
ed: the time and date, your location, any instrunent you may be
using, the condition of the sky, and where the object you are

|l ooking at is in the sky.

I consider devel opi ng our powers of observation to be an inpor-
tant task in this course. The view through a telescope is a good
thing to practice on because of its relative sinplicity. Sone
guestions that you may find hel pful to ask yourself, while | ook-
ing at and witing about sonething through a tel escope, are:

VWhat is its apparent size? Does it have a shape? |If so, what is
it? Is it uniformin appearance? |s its border sharp or dif-
fuse? How bright is it? Wat color is it? Is it noving? Wat
is the background |ike? Etc. Ask me or ny assistant for other
suggesti ons about specific celestial objects as you |locate them
wi th your tel escope

Renenmber that your Laboratory Assistant is a student |ike you,
who has taken and done well in this |ab before. Use himor her
as a resource!

Lastly on the subject of |aboratory reports, please wite themin
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ink. (Drawi ngs may be nade in pencil.)

REQUI REMENTS:

Lab and quiz scores will be averaged and count as 25% of your 4-
credit 870:010 "Astronony" grade.

Lab Exans - There will be two quizzes, one near the m ddle of the
term and one near the end of the course, to test your practica
know edge of the sky. These will be conducted orally outside

| ooking at the sky or, if necessary, using a planetarium (or
slides). During each quiz, you will be asked to identify six
bright stars and six constellations by nane fromnenmory. The
idea is not to nenorize a great many things but rather to know
where a few things are well, under a variety of conditions. You
will give to the instructor a list of the objects you intend to
identify before you go out to take the quiz. The stars and
constel l ati ons that appear on your list are up to you. The only
restriction is that there are no duplications on the md-term
list and the end-of-termlist. You will have twenty minutes to
conplete a quiz (but probably will require much less tine). Each
quiz will count as double the value of a | aboratory exercise. You
are expected to spell and pronounce the names of your stars and
constel l ati ons reasonably correctly.

If we are not doing enough outside or in the planetariumto help
you prepare for these quizzes, please |let us know. Pointing out
stars and constellations is actually one of ny favorite parts of
the Iab and, nmore than anything el se that we will do, involves
practical know edge you can bring out of Astronony Laboratory
that can be used, w thout preparation or equi pment, for the rest
of your life. Wen sonething is pointed out in the sky and you
cannot see it, speak up. It is very difficult to get eighteen
people all |ooking in the sane direction! W will be glad to
point out anything in the sky to you, individually.

You will need to spend sone tine outside class famliarizing
yourself with the stars and constellations and with where they
are in the sky. (Renenber, this changes from hour to hour and
fromnight to night.) In a sense, this is an on-going assi gnnent
t hr oughout the senester. Please do not wait until right before
the quiz to practice. It may be cloudy all that week!

Labs - Each week there will be a |lab assignnment for you to com
plete. Each lab will count the sane even though by necessity
sone exercises will be nore difficult and/or time-consum ng than
others. This will help both you and nme keep track of your
progress nore easily and will avoid penalizing the person who is
honme sick with the neasles during a | ab that happens to count 20%
nore than the "lucky" person who breaks a leg on a night with a
lab worth only 2%
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Laboratory reports will be graded nuch |ike any witten assign-
ment (e. g., an English paper), that is subjectively. This mnust
be, for in the case of a real physical problem each of you may
proceed differently and arrive at different (but correct) sol u-
tions. Your score (usually on a scale of 1-10) reflects nmy opin-
ion of the quality of your work and is not necessarily an indica-
tor of how many things you got "wong." "Half a point off for
this" and "three quarters off for that" becomes tedious and,
ultimately, nmeaningless. A “perfect 10" will be reserved for
exceptional reports that show schol arshi p above and beyond
"getting all the answers right." |In short, you will find that

a nodest ampunt of work will be required of you during each |ab
exerci se but that | ask for excellence in what | do require.

GRADI NG CRI TERI A (LABORATORY REPORTS): In the spirit of the
precedi ng paragraph, use these itens as a guideline in assessing
your worK.

I. How well does the report reflect understanding of the purpose
of the assignment?

I1. Is the report |egible and understandabl e?

I11. Does the report adequately explain what took place during
the course of the |aboratory exercise?

I'V. Does the report suggest patience and care in undertaking the
exerci se on the part of the student?

V. Are astronomical facts and theories applied correctly?

VI. \When explicit answers are required, are they correct and
presented in the proper format? Are conputations |leading to
numeri cal answers shown?

VI1. \Wen explicit questions are asked, does the report answer
t he questions and do so in a |ogical fashion?

VII1. \Wen observations are required, are all the observable
properties di scussed? (See "Laboratory Reports" above.)

IX. Is the report conplete? Is it neat?

X. Does the report reflect any innovation, or effort to pursue
the | aboratory exercise, on the part of the student that goes
beyond the m nimum requirenents stated in the instructions or in
cl ass?

***  \Wiile grammar and spelling are not graded explicitly, |

wi Il make the corrections, or suggestions for corrections, that |
see are necessary.
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MAKI NG UP WORK: Every once in a while soneone nust niss a |lab
with some bona fide excuse. Yet because of the format of our
class, it is virtually inmpossible for you to "nake up" a nissed
lab. Alternate evening tines are difficult to arrange, and a | ab
section nmeeting on another night is alnbst certain to be doing a
di fferent exercise than the one you m ssed. Therefore, there
will be no nade-up |abs. However, | will drop one of your |ab
scores--either that of one you had to miss or, if you attended
all of them your |owest score.

ATTENDANCE: (Obviously, you can tell that | consider it inmportant

for you to attend labs. 1In this class, you cannot |earn by
readi ng about it; you've got to do it! Naturally, though, | am
willing to take into consideration exceptional circunstances. |If

this applies to you, please bring your situation to my attention
as soon as you are able (beforehand, if possible) so that we have
t he best chance of working it out.

A REMNDER: It's cold out there! Seriously, dress warmy. \Wat
wor ks for running across canmpus from classroomto classroom just
does not cut it. At night when the sky is clear (and when we
will be outside) the tenperature drops quickly. Also, the nature
of astronom cal observation (i. e., standing in one place for ex
tended periods of time, usually away from any conveni ent w nd
break) can make for an unconfortable, instead of enjoyable,
evening if one is not properly prepared.

AND FI NALLY: The sky subtly rewards those who observe it.
The views you see of the stars and planets through a tel escope
may di sappoint you at first if you are used to the dramatic
space- pr obe- produced and conput er - enhanced phot ographs that ap-
pear in textbooks or on television. But one of the joys of
observing is that the |onger you | ook and the nore you |l earn, the
nore you will "see." Be patient. Renmenber, what you are | ooking
at isreal. It is not recorded and edited for your consunption
as is so nuch of what we experience in today's world. You are
wat chi ng the Universe "live"

Requirenents for the UNI Astrononmy M nor

870: 010 (4-credits) or 870:010 (3-credits) + 870:011
870: 151
870: 152 or 870: 153
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870: 154

800: 060

800: 061

880: 061 (not required if student has taken 880: 056)
880: 130 + 880: 131

SOVE SUGGESTI ONS AND CAUTI ONS FOR OPERATI NG THE C-8 TELESCOPE

These m scel | aneous hints are based on experiences previous
Astronomny Laboratory students have had with the C-8 tel escopes.
Pl ease renmenber always that despite their "well-used" appearance,
these tel escopes are delicate scientific instruments that can do
truly remarkable things with only a little care and thought in
operation.

Cauti ons

1. \When carrying a tel escope case, nake sure the latch is se-
cured by a pin to prevent accidental spillage of the contents.
Try not to |ose the pin.

2. Do not lay any of the equipnment, including cases, in wet
grass or snow. The feet of the tripods are exceptions, of
cour se.

3. Keep track of the |large rubber band holding the tripod | egs
together. The "octopus"” tripods are stored with the legs flipped
over the "head."

4. Avoid getting fingerprints on the tel escope corrector plate
(aperture wi ndow).

5. Never allow the tel escope to nove on either axis if |ocked.
Unfortunately, this is the nost conmon way of abusing the tele-
scope.

6. Wen adjusting the alignnent of the sighting tel escope, nake
sure that the set screws do not scratch the tel escope tube.

7. Do not try to clean an eyepi ece or any part of the tel escope
optics. These surfaces are easily scratched and require a spe-
cial tissue and fluid to clean them

8. \When putting eyepi eces away, see that their optical surfaces
are protected by plastic, cardboard, or foam Wen putting the
tel escope away, nmake sure that no force is being exerted on the
sighting tel escope by the case or its |id.

9. If you drop anything on the dark ground, feel free to call an
i nstructor over with a bright flashlight to help |ook for it.
You will not suffer any horrible consequences for msplacing

sonet hing, and searching i mediately increases the chances of
finding the | ost part.

10. A lot of the telescope parts are snall, and there are quite
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a few of them-yet we need themall. Please check your pockets
and the ground around your tel escope before packing up

11. Try to keep tel escope accessories together and in cases when
not in use. This will reduce the |ikelihood of stepping or
tripping over them

Suggesti ons
1. If the telescope is too lowto the ground, check if your

tri pod cones with extendable |egs.

2. Note that the set of bolts for attaching the tel escope to the
wedge and the set of bolts for attaching the wedge to the tripod

are not interchangeable. Make sure that you have the right-sized
bolts for each purpose.

3. There are two sets of bolt holes on the top of the tripod.

If, while attaching the wedge to the tripod, the bolts do not
"grab," you are using the wong set of holes. Rotate the wedge a
coupl e of inches around the circunference of the tripod top, and
you will find the correct set of holes.

4. Once it is set up, test the novenment of the tel escope. Does
either end sag under its own weight? If so, ask for instruc-
tions. The tel escope nust be able to point anywhere in the sky
and stay there unattended (except near the horizon). You wll
not be able to hold the tel escope steadily enough to keep it
pointed at a celestial object if you are fighting gravity.

5. If the sighting tel escope hangs under the nmain telescope in
an awkward position, turn the main tel escope 180 degrees on both
axes so that the sighting tel escope swivels to the top

6. Align the polar axis of your tel escope and check the align-
nment of the sighting tel escope--first thing! These extra steps
before observing will ultimtely speed up the process of finding
(and keeping) celestial objects in view.

7. As a first rough attenpt at pointing the tel escope, sight

al ong the tel escope tube itself. Wen using the sighting tele-
scope (as well as the nain telescope), to find things in the sky,
renmenmber that the direction an object noves in the eyepiece is
not necessarily the physical direction you are noving the tele-
scope. There are one, two, or three mrrors between you and the
obj ect, and these reverse the apparent direction of notion.

8. Searching the sky for an astrononical object with an out-of -
focus telescope is next to useless. |If you see nothing through
the tel escope, chances are that it is not in focus. There are
enough stars just too faint to be observable with the naked eye

t hat random sweeps with an ei ght-inch-aperture tel escope ought to
stunbl e across several of them However, if the tel escope is out
of focus, starlight is not concentrated in a point and, instead,
is spread out over a circle too dimto see. Renenber, a star
shoul d al ways appear as the small est point possible to assure
proper focus.
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9. If your telescope is out of focus, check to make sure that
both the eyepiece and the diagonal are slid as far as possible
into their receiving sleeves. Do this before turning the focus
knob t hrough nany rotations; you may sinply be running it further
and further out of focus.

10. While scanning the sky with your tel escope, if you see a
fuzzy object that |ooks |like a donut, stop! This is an out-of-
focus image. You are actually seeing the mirror itself and the
back of the secondary (the dark "donut hole"). Adjust the focus
until the "donut" becones snmaller, brighter, and sharper and

| oses its "hole."

11. Finally, be patient with the tel escope. Even if your in-
strunment is in focus and in good working order, it will still
probably take you sone tinme to find an object in the sky. The

field of view (that part of the sky that the tel escope "sees") is
exceedingly small, and it will be very easy to just niss your
object. Your skill at finding things probably will increase as
the senester goes along and you get a "feel" for the tel escope,
but even then there will be those tines when you cannot quite get
it--at least right away. | still have nights when it takes

thirty seconds to point telescopes #1-#7 and then ten minutes to
poi nt #8!

The 9: 30 PM Promni se

Don't panic. |If, after sincere effort, you have not | ocated
anyt hi ng through your tel escope by twenty-m nutes before the
class period is up, | will do it for you. Nobody |eaves "enpty
handed! "
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FEW

ABCOUT
YOUR
READI NG
ASSI GNVENTS

You won't hear ne saying a | ot about your textbook reading as-
signnents, but do not nake the mistake that a few students do
each senester and not read them Unless you ask questions about
the readings (the end of the class period is an excellent time to
do so), | will assume that you have thempretty well in hand.

The order of the subjects of the sections assigned is the easiest
one to develop in lecture. GOccasionally, the assigned text wll
refer to a passage that you haven not read yet. |If this is
troubl esone, you are encouraged to use the glossary and index and
refer to the as-yet-unassigned pages. There is no rul e against
readi ng nore of the book than you are assigned or past the text
you are assigned. Indeed, many of you will want to read the text
nore than once. For instance, sone students find reading the
material again in order, chapter-by-chapter, to be useful before
exans.

Al'l reading assignnents are from Pasachoff & Filippenko 2004. Page
nunbers refer to the bold-face-titled sections begi nning or ending
on that page. (Sections also are listed in the “Detail ed Table of
Contents,"” within the book’s frontmatter.)

In addition to the sections that appear on the reading lists,

your text provides "Concept Review " "Questions," and "Topics for
Di scussi on” sections. While unassigned, these are an obvi ous
resource. "Boxes" also are optional reading.

On the bright side, the explicit assignments are not quite as
long as they appear. OQur text was chosen, partially because of
its wise and anpl e use of photographs, tables, and figures spread
t hr oughout its pages!

[ Fol l owi ng each readi ng assi gnment bel ow, | have included an
anticipated outline of that day's lecture.]
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READI NG ASSI GNIVENTS - UNIT |

After sone introductory remarks, in this unit we will trace the
hi story of astronony. W then will take a | ook at our sky, as
seen by the naked eye.

I NT

H'S

KEP

SKY

ECT

SEA

I nt roducti on
Text pp. 1-5; 10-16

The Early History of Astronony, or "How Astronomny through
the Ages Has Been Largely a Search for Qur Place in the
Cosnos”

text pp. 16-19; 77-81

Observabl e Facts

Peopl es' Views of the Universe
A. Early CGivilizations

B. Eudoxus and Aristotle

Coperni cus, Tycho, and Kepler, or "How a Few Sinple Rul es
CGovern the Mwvenent of Just About Everything"
text pp. 81-88

Ni chol as Coper ni cus
Tycho Brahe

Johannes Kepl er

A. Kepler's First Law
B. Kepler's Second Law

Getting Around in the Sky, or "How the Motions in the Sky
Are as Regular as O ockwork (Literally)"
text pp. 64-66

The Appearance of the Sky Throughout the Ni ght

A.  Your "Personal" Coordinate System

B. The Cel estial Sphere

The Appearance of the Sky From Different Places on the Earth

The Ecliptic, or "How the Sun Appears to Mwve through the
Sky"
text pp. 66-68

The Appearance of the Sky Throughout the Year
Precessi on
Probl ens with Astrol ogy

The Seasons, or "How Somet hing as Everyday as
t he Changi ng Seasons is Intimately Connected with
Ast ronony"
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text pp. 68-74

l. The Obliquity of the Earth
Il. The Seasons
A. The Location of the Sun
B. Tenperature
C. The Nunmber of Daylight Hours

ASP Pl anetary Aspects, or "How Mere Geonetry Radically
Changes the Appearance of the Mon"
text pp. 55-58

Si dereal Versus Synodic Month
Phases of the Moon
I. Inferior and Superior Planets

ECS Eclipses, or "What is the nost Spectacular (or Frighten-
ing) Thing You Can Watch in the Sky"
text pp. 58-62

l. Ecli pses of the Sun and Moon
A.  The Sol ar Eclipse
B. The Lunar Eclipse

Il. Recent and Future Eclipses

MAJOR CONCEPTS - UNIT |

The history of astronony has seen many peoples' attenpts to
construct a cosnol ogy, or theory of the Universe, that satisfac-
torily described what they could see in the sky.

Johannes Kepl er was able to nodel a Copernican (heliocentric)
cosnol ogy, based on orbital ellipses and planets "sweeping out"
equal areas in equal intervals of time, that successfully ex-
pl ai ned Tycho Brahe's positional observations.

There are two ways of napping the sky: on the celestial sphere
and using a system of coordi nates based on one's own zenith and
hori zon.

The cal endar is based on the Sun's and Moon's apparent notion
across the sky with respect to the stars, but we now know that it
is really the Earth (us!) that is nmoving in our Solar System and
not the Sun.

The seasons are caused by the obliquity of the Earth and produce
| onger/shorter "days," require the altitude of the Sun in our sky
to vary, and result in greater/lesser warm ng of the Earth's

surf ace.

The Moon's phases depend upon how much of the lunar nearside is
illum nated by the Sun, while eclipses are produced by either the
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Moon' s shadow being cast on the Earth (solar eclipse) or the Mon
itself traveling into the shadow of the Earth (lunar eclipse).

The rel ati onship between a planet, the Sun, and the Earth deter
nm nes how and where the planet will appear in our sky.
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READI NG ASSI GNMVENTS - UNIT |1

We will begin this unit by | ooking at our principal source of
i nformati on about the Universe: light. Afterward, we will enbark
on a tour of the planets, and other bodies, close to the Sun.

[ The SPRI NG senester version of the course will neet one |ess
time during Unit Il. This is to acconmodate the annual Earth
Sci ence Update Conference (for lowa teachers) in LAT 125. UNI
teaching najors are invited to attend; see your instructor.]

LGT Light, or "How Virtually Everything W Know About the
Uni verse Comes to Us Via Light"
text p. 21

l. The Nature of El ectromagnetic Radiation
. VWhen A Ray of Light Strikes A Surface
A. Reflection
b. Refraction

TEL The Tel escope, or "How and Wy Astrononers Greedily
Gat her Light"
text pp. 35-44

l. The Refracting Tel escope
A.  Light Gathering
B. Magnification
. The Refl ecting Tel escope
I. Exanpl es of Tel escopes

OvVR Pl anets: An Overview, or "How Categorizing the
Planets Is the First Step Toward Understandi ng Thent
text pp. 91-95 (+ review Kepler’'s Third Law)

l. Kepler's Third Law
I1. Properties of Planets
A. Obital Distances

B. Sizes
C. Density
Sl z O Size and Distance, or "How Qur View of a World from

Afar Provides Insight into the View fromUp Cl ose"
text pp. 88-91

|. Physical Measurenents of Objects that can be Made Fromthe
Earth
A. Planetary D stances
B. Astronom cal Dianeters

MBM Mercury and The Moon, or "How Pl anetary Astronony Shows
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E&V

Us O her (Failed) Wrlds with which to Conpare the
Changi ng Environnent on the Earth"

text pp. 106-118

Mercury: An Exanple of a Terrestrial Planet

Pl anetary Satellites:

The
A
B.

Mboon

Seen fromthe Earth
Lunar Exploration

The Earth and Venus,

or "How Pl anets, Like Living

Creatures, Evolve with Tine"
text pp. 97-106; 118-124

The Earth: An Active Pl anet

The Earth Seen froma Planetary Perspective

A. Planetary Differentiation
B. Ceologic Activity

C

Venus

A. Planetary Rotation

B. The Interior of Venus

C. The Atnosphere of Venus
D. The Surface of Venus

How Venus,

Mercury and the Earth Differ

Mars, or "How Life is the Product of Specific
Ast rophysi cal and Geol ogi cal Processes"

text pp. 124-131

The Present State of Mars

Simlarities Between Mars and the Earth
Di f f erences Between Mars and the Earth
The Interior State of a Pl anet

C.
The
Mar

Hi story of Mars

Evi dence for Water
Evi dence for a Mre-extensive Atnosphere
The Search for Life

Future of Mars
s: A Lesson for

Cbservers

'O ds (Meteor- and Aster-), or "How Astronom cal

May Have an |Inpact on You (Literally)"

Text pp. 177-186

"Smal l er" Terrestri al

A
B.
C

Pl anetary | npacts (e.

A
B.

Ast er oi ds
Met eor oi ds
M cr orret eor oi ds

Resul ts of
Evi dence for

Bodi es in Space

g'y

on the Earth)
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MAJOR CONCEPTS - UNIT I

Light travels in a straight line unless it is absorbed, reflect-
ed, or refracted.

A tel escope gathers light with an objective lens or mrror--the
greater the objective area, the brighter an object will look in
t he eyepi ece of the tel escope.

The planets can be classified according to whether they orbit the
Sun cl ose to each other in the inner Solar Systemor are spread
out in the outer Solar System or whether they are |arge or
smal |, but the nobst physically significant way to classify the

pl anets is according to their densities: |low (jovian) or high
(terrestrial).

The major terrestrial planets consist of a netal core (probably),
surrounded by a dense rocky nmantle, surrounded by a | ess-dense
rocky crust. The inner layers nmay be solid or |iquid depending
upon the internal tenperature.

Signs of geologic activity within the Earth include plate tecton-
ics, volcanism and the presence of a planetary nmagnetic field.

The Moon, as well as certain other planetary satellites, rotates
once in the same time it takes to revolve once around its planet.
The result is that any inhabitants of the planet only have the
opportunity to see one half of the satellite, the nearside,

wi t hout traveling into space.

Mars is very cold. Venus, on the other hand, is unduly hot
because of a significant greenhouse effect operating there.
Nei t her pl anetary nei ghbor has nmuch oxygen, or liquid water, to
support life.

If a nmeteoroid strikes the Earth--a common event, it may produce
a neteor or end up on the ground as a neteorite. But if an
asteroid strikes the Earth--an uncommon, but possible, event,
there could be worl dwi de devastati on
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READI NG ASSI GNIVENTS - UNIT 11

In this unit, we conplete our tour of the Solar Systemw th those
bodies far fromthe Sun. W then introduce an inmportant astro-
nom cal tool called "spectroscopy."” This |eads us to an exam na-
tion of objects that produce their own light: stars.

JuP Jupiter, or "How a Planet May Be Constructed Qut of
Materials Ot her Than Rock and Metal "
text pp. 135-144 (skip material on satellites and rings)

Jovi an Pl anets
. The Internal Structure of Jupiter
I. The Physical Appearance of Jupiter
A. Belts and Zones
B. Atnospheric Features

ouTt The Quter Solar System or "How What a Pl anet |s Made
Qut of Affects What We Can See"
text pp. 144-158 (skip material on satellites and rings)

l. Sat urn
A. Appearance
B. Structure
. Ur anus
A.  Structure
B. Obliquity
C. Appearance
I11. Neptune

I CY Icy Satellites, or "How Most of the Worlds in the Sol ar
System Are Actually Mons"
Text pp. 135-158 (just the material on satellites)

l. The Galilean Satellites
A lcy Satellites
B. 1o
1. The Satellite Systens of the Quternopst Planets
A.  Saturn's
B. Uranus's
C. Neptune's

PLU Pluto and Stuff, or "How Ice |Is the Conmon Denom nat or
in the Quter Solar Systent
text pp. 163-167; 189-198 + go back and read about rings

l. Pluto
I1. Planetary Rings
A, Saturn's
B. Those of Jupiter, Uranus, and Neptune
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C. Sol ar —system Cosnogony

com Conets, or "How Objects that Appear Very Different in
the Sky May Really Be Quite Simlar"
text pp. 167-177

The History of Conetary Cbservations
The Orbits of Conets
The Structure and Composition of Conets

<ZT™°

Where Conets Come From
V. Recent Conets
A. Comets of the Sixties and Seventies
B. Comets of the Eighties and Nineties
SPC Spectroscopy, or "How Things Tell Us About Thensel ves by
t he Light They Produce"
text pp. 22-27; 29-31; 217-221 (we’'ll use some of this in the next
unit)
l. Di spersion causes different wavel engths to be
refracted through different angles.
. The Bl ack Body Spectrum (Wen's Law)
[11. Spectral Lines
A.  The Absorption Spectrum
B. The Em ssion Spectrum
SUN The Sun, or "Qur Star"
text pp. 201-211
l. The Interior of the Sun
A.  Energy Generation
B. Structure
I1. The Visible Layers of the Sun
A. The Phot osphere (and Sunspots)
B. The Chronobsphere
C. The Corona
SCOL

not included every senester

DS Star Distance, or "How W Must Change Qur Strategy
When Studyi ng Bodi es for which W Cannot Discern Size or
Shape"

text pp. 221-223; 228-241 (sone of this we’'ll use in the next unit)
I. Measuring the Distances to Stars

A.  Trigononetric Parall ax
B. The Parsec and Light-year

STA Star Light, or "How Brightness, Luminosity, and Distance
are I nexorably Linked"
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text pp. 63-64; 223-225

l. The I nverse Square Law
. Magni t udes

A, Apparent

B. Absolute
[11. Star Colors

MAJOR CONCEPTS - UNIT I11

Jupiter, the largest, nbst-nassive planet in the Solar System is
an obl ate sphere of nostly fluids. Only Saturn has a | ower
density.

The jovian planets are conposed | argely of hydrogen. The hydro-
gen may be gaseous, liquid, or (in the case of Jupiter) netallic.

The Galilean satellites are archetypal of a third class of
pl anetary bodies that includes Pluto and the ring particles of
Saturn: objects made largely of mediumdensity ice.

The surface of a planet or satellite tells the story of how rmuch
geologic activity it has experienced during its existence. Evi-
dence includes crater density, texture, and variety of terrains.

Conets are icy bodies that orbit the Sun in very eccentric or
bits. When they approach the Sun, their nuclei are heated so as
to produce a gaseous conmm and tail

Spectra provide information about objects that produce light. A
spectrum nay be continuous, em ssion, or absorption, depending on
the conditions under which it is produced.

The Sun illum nates and heats the Solar System W see the Sun's
phot osphere; the chronbsphere and corona are normally invisible
to us.

In order to interpret the nature of things in the sky (such as
stars), we nust know their distance from us

A star's apparent brightness is governed by its intrinsic |um no-
sity and its distance fromus. Only if one of these two quanti-
ties is known can we, based on the inverse square |aw of |ight,
conpute the other.
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We see how stars change with time in this |ast

READI NG ASSI GNIVENTS -

uni t.

UNIT IV

Fol | owi ng,

we study groups of stars and the |large-scale structure of the

Uni ver se

HRD

l. St el

Il. The
A
B

The H R Diagram or "How Stars Cone in Varying

Tenmperatures, Lumi nosities, and Sizes"
text pp. 225-227

| ar Spectra

Hert zsprung- Russel | Di agram
The Sizes of Stars

Groupi ngs on the H R D agram

LIV The Lives of Stars, or "How Stars, Like People, Are

Born, Grow Up, Age, and Die"

t

ext pp. 247-257; 261

l. Star Formati on
. The Main Sequence

A
B

Ener gy Production
Lifetime

I1l. Gants and Supergi ants

A
B

Vari abl es
Ener gy Production

I V. Mass Loss

A. Planetary Nebul ae
B. Supernovae
D E How Stars Die, or "How Many of those Exotic Objects in
Science Fiction May Really Exist!"
text pp. 262-278; 281-283; 285-290°
l. VWite Dwarfs
. Neutron Stars
A.  Spinning Up
B. Pulsars
[11. Black Hol es
A.  Characteristics of
B. Detection of
C. Effects of
VWAY The M|l ky Way, or "How Everything W Have Tal ked About

so Far |Is distributed in Space"
text pp. 293-298; 302-306; 309-310

‘Warning: Your textbook authors love this topic.

long r

eadi ng assi gnnment.
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l. Groups of stars

. Motions of Stars
A.  Proper Mdtion
B. Transverse and Radial Velocity
C. The Doppler Principle
D. Space Velocity

1. The Gl axy
A. Interpretation of the MIky Wy
B. Description of

GAL QO her Galaxies, or "How Qurs |Is but One Ordinary Gal axy
in a Vast Sea of Gal axies"
text pp. 315-324

Ext ernal Gal axi es
A. Properties of Gal axies
B. dassifying Gal axi es
C. Galaxy Collisions

. Li ght Pollution

I. Cdusters of Galaxies

CWML Cosmol ogy, or "Wy Qur Place Can Never Be the Center of
t he Uni verse"
text pp. 330-338; 365-370

l. Large-scale Structure of the Universe
1. The Expandi ng Universe

A.  The Cosnvol ogi cal Redshift

B. Quasars

CMG Cosnmogony, or "How Qur Universe Not Only Differs Geatly
Over Trenendous Expanses of Space, But Al so Over
Tremendous Periods of Tinme"
text pp. 370-377; 391-395; 399-402

l. The Bi g Bang
A. Description of
B. Consequences of
C. Evidence for
. Hi story of the Universe
I. Vastness of the Universe in Tine and Space

ETI The Search for Extraterrestrial Intelligence, or "Are W
Al one?"
text pp. 412-414; 417-430; 432

l. Where to Look
I1. The Greenbank Equation

A. Star Production
B. Planets

C. Habitability

D. Life

38



E. Intelligence

F. Technol ogy

G Survival

I. Means of Commrunication
A.  Travel
B. Radio

I'V. Consequences

MAJOR CONCEPTS - UNIT |V

The HR diagramis a plot of luminosity (absolute nagnitude)
versus spectral class (tenperature) for a sanple of stars.

Stars spend nost of their lives on the Main Sequence, fusing
hydrogen into heliumfor power, with very little nass | oss.

Wiite dwarfs, neutron stars, and bl ack hol es represent end-states
for stars of low, nmedium and high final mass, respectively.

All the stars in the sky are noving. The general pattern is that
of elliptical orbits about the center of our Gal axy.

Gal axi es may be classified according to their appearance and to
the age of the stars that conprise them

The Big Bang theory attenpts to explain the observed property of
the Universe, that all objects in it seemto be receding fromus
and that the nore distant an object is, the nore rapidly it is
recedi ng, by invoking a universal expansion

Two possible fates of the Universe await us: continued expansion
and cooling ("heat death") or collapse into another prinordia
atom

Contact with extraterrestrial intelligence, if such intelligence
exi sts elsewhere in the Galaxy, is nost likely to occur through
the interception of radio signals rather than through space
travel .
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VOCABULARY

Here are some vocabul ary ternms you should be fanmiliar with when
preparing for your Exams. A study suggestion: Define each term
to yourself, and then, to test your definitions, try putting each
terminto a sentence.

Eudoxus

Ni chol as Coper ni cus
Tycho Brahe
Johannes Kepl er

Pl aces

Sun

Mboon

Uni ver se

Pol ari s

Arctic Circle
Antarctic Circle

Wor ds

star

pl anet

cosnol ogy

concentric spheres

uni formcircul ar notion
geocentric

hel i ocentric

ellipse

focus (of an ellipse)

maj or axis / sem major axis
eccentricity

Kepler's First Law

Kepl er's Second | aw

peri helion

aphel i on

constel l ation

Cel estial Sphere

hori zon

altitude

nmeri di an

Cel esti al Equat or

Cel estial Hem spheres (North and Sout h)
Zenith

nadi r

ci rcunpol ar

Cel estial Poles (North and Sout h)
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rotation
revol ution

ecliptic
precessi on
obliquity

Sunmer (Sunmer Sol stice)
Wnter (Wnter Solstice)
Fal | (Autummal Equi nox)
Spring (Vernal or Spring Equinox)
t er m nat or

si dereal nonth

synodi ¢ nmonth

New Moon

crescent Moon

First Quarter Moon

gi bbous Moon

Ful | Moon

Third Quarter Moon

waxi ng

wani ng

i nferior planet

i nferior conjunction
superior conjunction
superior planet

conj unction

opposi tion

total solar eclipse
node

partial solar eclipse
annul ar eclipse

total |unar eclipse
partial |unar eclipse
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Glileo Galile
| saac Newt on
Mari ner 10
Magel | an
Vikings 1 & 2

Pl aces

Mer cury

Cal oris Basin
Venus

Maxwel | Mbnt es
Eart h

Luna (the Mon)
Mar s

A ynmpus Mons
Val | es Marineris
Ceres

Phobos

Dei nos

Barringer Crater

Wor ds

el ectromagnetic radiation
wavel engt h

Law of Reflection

Law of Refraction

convex | ens

focus (of a lens or mrror)
obj ective

eyepi ece

magni fi cati on

focal |ength

refracting tel escope
concave mrror

refl ecting tel escope
Kepler's Third Law

peri od
Astronom cal Unit
density
terrestrial planet
crater

car bon di oxi de

runaway greenhouse effect
resol ution

crust

mant | e

core

differentiation

vol cano
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| ava

plate tectonics
aur or a

ni trogen
oxygen
satellite

| unar nearsi de
| unar farside
al bedo

hi ghl ands

mar e

ray

terraf ormng
asteroid

net eor oi d

net eor

net eor shower
neteorite

m cr onet eor oi d
Tunguska Event
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Voyager 1 & 2

W I Iiam Hersche

Cl yde Tombaugh
Christiaan Huygens
Ednmund Hal | ey

Jan CQort

Gotto

W1 hel m W en

Hei nrich Schwabe
Hi ppar chus

Pl aces

Jupi ter

Great Red Spot
Sat urn

Ur anus

Nept une

Great Dark Spot
Galilean Satellites
Callisto
Ganynede

Eur opa

lo

Titan

Pluto

Oort d oud

Kui per Belt

Pl ei ades

Sirius

Wor ds

hydr ogen

hel i um

jovian pl anet
netal I i c hydrogen
zone

bel t

ammoni a

bar ge

white ova

nmet hane

sul fur

shepherd satellites
spokes

brown dwar f

short period comet

| ong period comet
nucl eus (of a conet)
conma

44



t ai

sol ar wi nd

di spersion

i nfrared

ul travi ol et
spectroscope

bl ack body

Wen's Law

conti nuous spectrum
absorption spectrum
em ssi on spectrum
core (of a star/the Sun)
phot osphere

sunspot

sunspot cycle
chronosphere

spi cul e

corona

prom nence
trigononmetric parall ax
par sec

Iight-year

bi nary star

vi sual binary

I nverse-square Law
| um nosity

appar ent magni t ude
absol ute magni t ude
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Ej nar Hertzsprung
Henry Russel

Al bert Einstein
Christian Doppl er
Har | ow Shapl ey
Edwi n Hubbl e

Pl aces
Cygnus X-1
M| ky Vay
Local Group
Androneda Gal axy
SLar ge Magel | ani ¢ C oud
Smal | Magel | ani ¢ C oud
Local Supercl uster
Wor ds

H R Di agram

mai n sequence

gi ant branch
nebul a

stellar evol ution
nucl ear fusion

el ectron

proton

neut ron

red giant
variabl e star
Cephei d vari abl e
i ron

pl anet ary nebul a
super nova
degenerate matter
white dwarf
neut r oni um
neutron star

pul sar

bl ack hol e
singularity
escape vel ocity
event horizon
open cl uster

gl obul ar cl uster
proper notion
transverse velocity
radi al velocity
Doppl er shift
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di sk (of a gal axy)
hal o (of a gal axy)
spiral arm

nucl eus

spi ral gal axy

barred spira

el liptical gal axy

i rregul ar gal axy
[ight pollution
cluster (of gal axies)
cosnol ogi cal redshift
Hubbl e' s Law

quasar

bi g bang

cosm ¢ background radiation
primeval atom
Greenbank equation
SETI
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FEW

ABOUT
YOUR
PROBLEM
SETS

Your homework is not intended to help you prepare for exans.
Instead, it is designed to expose you to some of the methods by
whi ch astrononers come up with sonmething quantitative to say about
the Universe

The followi ng five nethods are suggested for hel ping you conpl ete
your problem set homework assignnents:

1. Attend class. Most (though not all) of the problens are
directly related to nathenmatics presented in |lecture. However,
as nost of the math occurs early in the course, you will have to
| ook farther and farther back in your notes for subsequent home
wor k assignnent hints. Conversely, you will note that very
little of the mathenmatics that you will need to conpl ete honework
probl ens can be found in the textbook

2. Come by ny office for help. 1've even got my own bl ackboard!

3. Attend a help session. One of our upper-class earth-science
maj ors sometines agrees to of fer homework hel p sessions in room LAT
113 (The Earth Science students' roon). These are very infornal
You can walk in any tine between the posted session hours, and
(s)he will give you a hand.

4. In the Reserve Section of the library is a binder containing
ol d homework assignments fromthis course. The solutions have
been worked out. Previous students have found them useful. You

may checkout the binder for short-termuse. Look at it or photo
copy fromit--just do not renove anything fromthe binder. The
Reserve Section is straight ahead of you as you step off the main
staircase into the basenent. (Use is restricted to the library

so that the binder will be available to all 870: 010 students.)

This material can be found on On-1ine Reserve, too; use HOCKEY as a
passwor d.

5. Be creative. | try to avoid "plug in the numbers"-type

probl ems. Each one requires sone inmagi nati on. Read them over.
Play around with them Draw pictures. Many are easier than they
| ook .

Nevert hel ess, if you do poorly on an assignment, stop by so that
we can look it over together. W may be able to develop a
strategy by which you are able to do better on the next assign-
nment .
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HOW TO OBSERVE THE SUN

NOTE: It is very inportant that the filter be properly attached
to the tel escope before observing the Sun. Looking at the Sun
through an unfiltered tel escope, even briefly, may cause eye
damage.

As you prepare to view the Sun, make sure you are | ooking

strai ght through the eyepiece. (Try not to hold onto the tele-
scope itself; you may accidentally nove the tel escope so that it is
no | onger pointing at the Sun.) You should see a circle of sky,
surrounded by bl ack at the periphery of your vision. This circle

is called your "field of view" Inside the field of vieww || be
the bright disk of the Sun. The Sun takes up nost of the field.
If it is not perfectly centered, one side of the Sun will be out

of the field. This is fine as |long as you can see nobst of the
di sk.

Look at the border between the solar disk and the sky. This is
the Iinb of the Sun. 1t should appear sharp. |If it is not, ask
for help in focusing the telescope. It is easiest to use the
tel escope w thout eyeglasses. (You may bunp the tel escope with
t hem and/ or scratch themon the tel escope.) Usually, the tele-
scope can be focused to take the place of your gl asses.

The Sun will appear brightest at the center of the disk. The
disk will be smooth except for sunspots. You can recognize
sunspots as small, dark, irregular patches on the solar disk.
They are sharply defined and may consi st of a very dark region
called the "unbra,"” surrounded by a slightly less dark region
called the "penunbra." Renenber that sunspots also tend to cone
in groups. These groups are nost often short strings of spots
consi sting of one or two nmjor spots and sone | ess conspi cuous
ones.

You may notice sone dust in your field of view, as well. 1In
bright sunlight, every little speck shows up, and, therefor, it
is inmpossible to keep the tel escope conpletely clean for sol ar
viewi ng. Do not confuse the dust spots for sunspots! Dust spots
general ly do not exhibit as much contrast as sunspots and are not
as well focused. |If you are unsure, the best test is to notice
whet her the spots nmove or not. (ln time, you will be able to

wat ch the Sun appear to nove out of the field of view due to the
rotation of the Earth; if it is breezy, the telescope itself my
jiggle slightly.) Sunspots will nmove with the Sun, always re-
maining in the same place on the solar disk. Because they are
attached to the tel escope and not the Sun, dust spots wll always
stay in the sane place with respect to the field of view and not
the sol ar di sk.

Do not attenpt to |ook for the sunspots with the naked eye. They

are probably too small to resolve, and this practice is poten-
tially dangerous to your eye.
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"The bjects which astronony discloses afford subjects of subline
contenpl ation, and tend to el evate the soul above vicious pas-
sions and groveling pursuits.” Thonas Dick (nineteenth century)
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