The Ohio State University
Colleges of the Arts and Sciences New Course Request

Academic Unit  Astronomy

Book 3 Listing (e.g., Portuguese)  Astronomy

Number 142  Title Black Holes

18-Character Title Abbreviation Black Holes Level U Credit Hours 05

Summer Autumn X Winter Spring Year 2008
Proposed effective date, choose one quarter and put an “X” after it; and fill in the year. See the OAA curriculum manual for
deadlines.

A. Course Offerings Bulletin Information

Follow the instructions in the OAA curriculum manual. [f this is a course with decimal subdivisions, then use one New
Course Request form for the generic information that will apply to all subdivisions; and use separate forms for each new
decimal subdivision, including on each form the information that is unique to that subdivision. If the course offered is less
than a quarter or a term, please complete the Flexibly Scheduled/Off Campus/Workshop Request form.

Description (not to exceed 25 words): The nature, formation, and discovery of black holes in the universe.
Quarter offered: Au, Wi Distribution of class time/contact hours: 5 cl. or 3 1.5-hr. cl.
Quarter and contact/class time hours information should be omitted from Book 3 publication (yes or no): Yes

Prerequisite(s): Math 075 or 076

Exclusion or limiting clause:

Repeatable to a maximum of credit hours.

Cross-listed with:

Grade Option (Please check): Letter [J S/U [J Progress [] What course is last in the series?

Honors Statement: Yes [ No GEC: Yes No [ Admission Condition
Off-Campus: Yes [] No EM: Yes [J No Course: Yes 4 No [J
Embedded Honors Statement: Yes [] No

Service Learning Course™: Yes [] No B4 *To learn more about this option, please visit

hitp://artsandsciences.osu.edu/currofc/

Other General Course Information:
(e.g. “Taught in English.” “Credit does not count toward BSBA degree.”)

B. General Information

Subject Code 400201 Subsidy Level (V, G, T, B, M, D, or P) G
If you have questions, please email Jed Dickhaut at dickhaut.1 @ osu.edu.

1. Provide the rationale for proposing this course:
Changes in the GEC require more stand-alone natural science courses that build on student interest while illustrating the

workings of modern science. Exploring a natural phenomenon far removed from everyday experience should appeal to
student interest.

2. Please list Majors/Minors affected by the creation of this new course. Attach revisions of all affected programs. This
course is (check one): [[] Required on major(s)/minor(s) JA choice on major(s)/minors(s)
[ An elective within major(s)/minor(s) B A general elective;




3. Indicate the nature of the program adjustments, new funding, and/or withdrawals that make possible the
implementation of this new course.
Fewer sections of the 161-162 sequence will be offered in the future; a new faculty member has been added to the

department. The course is being offered as a 294 course in 2008.

4. |s the approval of this request contingent upon the approval of other course requests or curricular requests?

Yes [ No X List:

5. If this course is part of a sequence, list the number of the other course(s) in the sequence:

6. Expected section size: 140 Proposed number of sections per year: 2

7. Do you want prerequisites enforced electronically (see OAA manual for what can be enforced)? Yes [X] No []

8. This course has been discussed with and has the concurrence of the following academic units needing this course or
with academic units having directly related interests (List units and attach letters and/or forms):
Not Applicable K]

9. Attach a course syllabus that includes a topical outline of the course, student learning outcomes and/or course
objectives, off-campus field experience, methods of evaluation, and other items as stated in the OAA
curriculum manual and e-mail to asccurrofc @ osu.edu.

CONTACT PERSON NAME: E-MAIL PHONE:

Approval Process The signatures on the lines in ALL CAPS ( e.g. ACADEMIC UNIT) are required.

1.  Academic Unit Undergraduate Studies Committee Chair Printed Name Date

2. Academic Unit Graduate Studies Committee Chair Printed Name Date
ﬂ’;ﬁgg}x‘?vx._ Bradle MCkereon  \lW oS

3. ACADEMIC bNIT CHAIR/DIRECTOR Prirftéd Name Date

4. After the Academic Unit Chair/Director signs the request, forward the form to the ASC Curriculum Office, 4132 Smith Lab, 174
West 18" Ave. or fax it to 688-5678. Attach the syllabus and any supporting documentation in an e-mail to
asccurrofc@osu.edu. The ASC Curriculum Office will forward the request to the appropriate committee.

= (Cretmony & Arsher /o5 for
COLLEGE 7 Date 4

5. RRICULUM COMMITTEE Printed Name

6. ARTS AND SCIENCES EXECUTIVE DEAN Printed Name Date
7. Graduate School (if appropriate) Printed Name Date
8. University Honors Center (if appropriate) Printed Name Date
9. Office of International Education (if appropriate) Printed Name Date
10. ACADEMIC AFFAIRS Printed Name Date

Colleges of the Arts and Sciences Curriculum and Assessment Office. 10/30/07 KMH



The Ohio State University
General Education Curriculum (GEC)
Request for Course Approval Summary Sheet

1. Academic Unit(s) Submitting Request

Astronomy

2. Book 3/Registrar’s Listing and Number (e.g., Arabic 367, English 110, Natural Resources 222)

Astronomy 142

3. GEC areas(s) for which course is to be considered (e.g., Category 4. Social Science, Section A. Individuals
and Groups; and Category 6. Diversity Experiences, Section B. International Issues, Non-Western or Global
Course)

Category 3: Natural Science, Physical Science course (BA)

4. Attach:
e A statement as to how this course meets the general principles of the GEC Model Curriculum and
the specific goals of the category(ies) for which it is being proposed;
An assessment plan for the course; and
The syllabus, which should include the category(ies) that it satisfies and objectives which state
how this course meets the goals/objectives of the specific GEC category(ies).

5. Proposed Effective Date _Autumn Quarter 2008

6. If your unit has faculty members on any of the regional campuses, have they been consulted?___N/A

7. Select the appropriate descriptor for this GEC request:

O Existing course with no changes to the Course Offerings Bulletin information. Required documentation is
this GEC summary sheet and the course syllabus.

U Existing course with changes to the Course Offerings Bulletin information. Required documentation is this
GEC summary sheet, the course change request, and the course syllabus.

X New course. Required documentation is this summary sheet, the new course request, and the course syllabus.

For ASC units, after approval by the academic unit, the documentation should be forwarded to the ASC Curriculum Office
for consideration by the appropriate college curriculum committee and the Arts and Sciences Committee on Curriculum
and Instruction (CCl). For other units, the course should be approved by the unit, college curriculum committee, and
college office, if applicable, before forwarding to the ASC Curriculum Office. E-mail the syllabi and supporting
documentation to asccurrofc@osu.edu.

9. Approval Signatures

w M?-va \o[>\ [200F

Academic Unit T Date
College Office/College Curriculum Committee Date
Colleges of the Arts and Sciences Committee on Curriculum and Instruction Date
Office of Academic Affairs Date

ASC Curriculum Office, 105 Brown Hall, 190 West 17th Avenue. fax: 688-5678. 07/88. Rev 08/09/05.



Astronomy 142: Black Holes
GEC Justification

The proposed Astronomy 142 course is being taught as a 5-hour group studies course, Astronomy
294: Black Holes, in Spring 2008. It is proposed as a GEC Natural Sciences course for BA
students.

The general learning objectives for GEC courses in the Natural Sciences are:

1. To understand the basic principles and central facts of the physical and biological sciences, and
their interrelationships.

2. To understand when, where, and how the most important principles and facts were discovered,
thus understanding the key events in the history of science both as events in human history and as
case studies in the methods of science.

3. To understand the interaction between science and technology.

4. To understand the social and philosophical implications of major scientific discoveries.
Course Objectives

The specific learning objectives of Astronomy 142 are:

* Qualitative physical understanding of Newton's and Einstein's theories of gravity, space, and time
the similarities and differences between them, and the senses in which Einstein's theory has
superseded Newton's.

’

* Understanding of how Einstein's theory leads to the prediction of black holes and of the properties
it predicts black holes to have.

¢ Understanding of the interplay between gravity, pressure, and nuclear energy generation in
governing the life cycle of stars, and of and why the deaths of massive stars are expected to lead to
the formation of black holes.

¢ Understanding of how astronomers discovered the first empirical evidence for black holes and of
how they have set out to demonstrate the existence of black holes as conclusively as possible.

* Understanding of why supermassive black holes are thought to be the central engines of quasars,
the most luminous objects in the cosmos, and of the observational methods that are used to study
quasars and the dormant black holes they have left behind in the centers of galaxies.

* Understanding of the ways that advanced space missions currently under development might lead
to deeper understanding of black holes, by measuring X-rays from gas falling towards the event
horizon and by measuring gravity waves — propagating ripples in space-time — produced by
colliding black holes at the far edge of the universe.

Connection to General Learning Objectives for GEC Natural Science Courses
1. The course will cover perhaps the most fundamental theory of physical science — the theory of

gravity — and the applications of gravity and other physical principles to understanding stars,
quasars, and black hole formation. In addition, it will emphasize the methodology by which



astronomers use observational data to demonstrate the existence of black holes, a beautiful case
study of the interplay between theory and observation in physical science.

2. The course will cover one of the epochal events of the history of physics, the replacement of
Newton's theory of gravity by Einstein's, addressing broad issues of theory development and theory
change. On a smaller but still fascinating scale, it will describe the controversial origin of black
holes as a theoretical idea, the revelation of the energetic universe by the first X-ray satellites, and
the discovery of quasars.

3. The course will show how new technologies, especially the ability to observe the universe at
previously unobservable wavelengths, have led to breakthroughs in astronomical discovery.

4. Although it is not a primary theme, the course will touch on the ways that Einstein's theory of
relativity and the concept of black holes have influenced culture, as metaphors and touchstones in
fiction, poetry, film, and even political discourse. The course will also discuss national and
international investment in pure science, especially the achievements and costs of the unmanned
space program. In pursuing all of these objectives, but especially 2 and 4, the course will be greatly
aided by Kip Thorne's outstanding book, which presents the history and personalities behind the
discoveries of black holes and gives plenty of attention to the “exotic” aspects of black holes that
fire the popular imagination, such as time travel and wormbholes.



Astronomy 142: Black Holes

Assessment Plan

The specific course objectives and their relation to the GEC general learning objectives for natural
science courses are detailed in the GEC Justification statement. Two main assessment tools will be
used in Astronomy 142 to evaluate how well the course is meeting these objectives.

(1) Questions tailored to test the students’ grasp of concepts directly linked to the GEC goals for
natural science courses will be embedded in the final exam. Students’ responses to these particular
questions will be scrutinized to see which goals were inadequately met, as evidenced by lower
scores on these questions. These areas will receive greater emphasis and class time the next time
the course is offered.

(2) An exit survey will be administered to as many students as possible at the conclusion of the
course. Students will be given a summary of the specific course objectives and of the GEC Natural
Science general learning objectives, and they will be asked whether they strongly agree, agree,
disagree, strongly disagree, or neither agree nor disagree with statements such as “This course
helped me to understand the basic facts, principles, theories, and methods of modern science,” and
similar statements related to the other specific and general learning objectives. The exit survey will
also solicit narrative evaluations. The exit survey will be used to identify those GEC goals that the
students perceive as not being met. These responses will in turn help the instructor modify the
content and presentation of the course material to better achieve these goals the next time the
course is taught.



Syllabus for Astronomy 142: Black Holes

Meetings:

Instructor: Professor David Weinberg, Dept. of Astronomy

4041 McPherson Lab (4th floor), 292-6543, weinberg.21 @osu.edu
Mailbox in 4055 McPherson Lab; phone messages can be left at 292-1773

Course Material

Black holes are among the strangest objects ever conceived by science, with gravity so strong
that it traps light and warps space and time almost beyond recognition. But black holes are more
than theoretical oddities — astronomical observations provide strong evidence that they exist, in at
least two varieties. Stellar mass black holes are created in the explosive deaths of massive stars,
and they can “light up” and become detectable by ingesting the outer layers of orbiting
companions. Supermassive black holes, millions or even billions of times more massive than the
sun, reside at the centers of galaxies and power quasars, the most luminous objects in the universe.

This course will tell the story of black holes: how they were conceived as theoretical ideas,
how they might form from dying stars, how they were discovered, what roles they play in cosmic
history, how they distort space and time, and some of the remaining mysteries they present to
contemporary physics. Along the way we will learn about Newton's theory of gravity, Einstein's
theory of space and time, the life cycle of stars, and the nature of quasars. We will also see how
astronomers use observations from telescopes and satellites together with basic physical principles
to demonstrate the reality of black holes.

Prerequisites

The only prerequisite is math at the level of Math 075 or 076 (actually, well below this level
would be sufficient). The math in this course will not go beyond simple algebra, but there will be
some equations and geometrical or mathematical reasoning in the lectures and in the assignments.

Textbook
The textbook is Black Holes and Time Warps: Einstein's Outrageous Legacy, by Kip Thorne.

This is not your typical science textbook. It was written as a popular book for a broad
audience, and it covers both the science of black holes and the history of black hole discoveries. It
does not perfectly match to our course material, covering some topics in less detail than we will
treat them and other topics in more detail. On the whole, it is a great book, written by one of the
world's most creative black hole researchers.

Assignments, exams, and grading

Grades will be based on four take-home assignments (35% total), a midterm exam (25%), and
a final exam (40%). The take-home assignments will consist of short problems for you to work out
and should typically take 5-8 hours.



Course outline

We will spend roughly a week on each of the topics listed below.
Overview: Black holes in theory and reality

Gravity according to Newton

Relativity and spacetime: Einstein enters the scene

Einstein's theory of gravity

Black holes and time warps

The life and death of stars, and the birth of black holes

The astronomical discovery of black holes

Quasars and supermassive black holes (2 weeks)

Exotica: Time travel, black hole evaporation, and gravity waves from the far side of the universe

Students with Disabilities

Any student who feels that he or she may need an accommodation based on the impact of a
disability should contact me to discuss specific needs. I will work with the Office for Disability
Services to verify the need for accommodation and develop appropriate strategies. Students with
disabilities who have not previously contacted ODS are encouraged to do so in advance by visiting
the ODS website and requesting an appointment.

Academic Misconduct

All OSU instructors are required to report suspected cases of academic misconduct to the
Committee on Academic Misconduct. See the University's Code of Student Conduct for details.



