







































































































































































































































































































































































































































































































































































Requirement for a Second Bachelor of Science Degree

Under exceptional circumstances, a student may be permitted to
return to study for a second Bachelor of Science degree. To receive
this permission, the student must petition the Curriculum
Committee. If the petition is approved, the student must then
register for three consecutive terms of additional study, completing
in each term at least 36 units, and must meet all the requirements
for graduation in the second option. If additional time is need-

ed to complete the degree, the student must also petition the
Undergraduate Academic Standards and Honors Committee for

an extension. A student admitted for a second Bachelor of Science
degree in a particular option may not change to another option
without first submitting a new petition to the Curriculum
Committee and receiving the explicit approval of that committee.

Excess of or Fewer Than Normal Units (Overloads and Underloads)

An overload is defined as registration for more than 54 units by an
upperclassman or more than 51 units by a freshman. Classroom
and laboratory courses are to be limited to 45 units for freshmen
for the first two terms and the remaining six units should be used
for frontier (“pizza”) courses, PE, PA, or research. An underload 181
is registration for fewer than 36 units. A student who wishes to
carry an overload in any term must obtain the approval of his or
her adviser and of the dean or associate dean of students. Petitions
for overloads will not be accepted later than the last day for adding
classes in any term.

Underloads for freshmen, sophomores, and juniors must be
approved by the dean or associate dean. Seniors may take an
underload by presenting for the registrar’s approval a senior under-
load petition and a course plan for graduation the following June,
provided that the plan does not require an overload in any term.
Incoming students who began school in the Fall 2012 or thereafter
and underload will not receive a tuition reduction, only a financial
aid reduction.

Allowance and Transfer of Credit

Transfer of Credit from Other Institutions

Regularly enrolled students who want to obtain credit for col-

lege courses taken elsewhere should obtain the permission of the
dean of students and have a copy of the transcript of their work
sent to the Registrar’s Office. The student should then obtain an
Allowance of Credit form from the Registrar’s Office and take this,
with the transcript, to the representative of the option in which
credit is desired. Credit will be granted when this form, with the
appropriate signatures, is returned to the office.

Allowance of Credit in the Humanities and Social Sciences

In general, Caltech students should fulfill Caltech course require-
ments by taking courses at Caltech. Students are expected to have
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a well-reasoned educational goal for taking classes elsewhere. The
only exceptions are transfer students admitted to advanced stand-
ing. Credit for comparable work done at other institutions with
similar academic standards is not granted automatically.

Students who wish to take courses elsewhere (whether on leave,
in the summer, or during the academic year) should consult, in
advance, with the executive officer for the humanities or the execu-
tive officer for the social sciences, or their designees, to minimize
any misunderstanding regarding the nature of credit they may
receive. Upon completion of the course, the student must obtain
an Allowance of Credit form from the registrar, obtain the signed
approval of the executive officer, or his or her designee, for transfer
credit, and return the completed form to the Registrar’s Office. The
executive officers are the final authority in the allowance of credit.

Guidelines and specific information about allowance of
credit are available from the Division of the Humanities and
Social Sciences.

Other Allowances of Credit

Except for transfer credit and credit based on Caltech placement
exams upon admission, credit will not be granted for Caltech courses
in which the student is not officially enrolled, except in special cir-
cumstances by arrangement with the instructor. Such arrangements
must be approved by the Curriculum Committee, and the student
must petition the Committee before the work is undertaken.

UNDERGRADUATE EXPENSES

For freshmen and transfer students applying for admission, there is
a $75 application fee. This fee is nonrefundable.

Housing contracts must be submitted to the assistant director of
housing-occupancy by the date specified in the instructions accom-
panying the contract.

Expense Summary 2014-15

General:
General depoSIt .......ccoovireiieieirere e e
Orientation fee.....
TUITION oot

$ 42,390.00
1 This charge is made only once during residence at the Institute.
Other:
SHUAENT TEES ...vveivei e $1,572.00
ROOM (CONLraCt PriCe) .....ccveivereieieieieie e 7,281.002
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Board (5 dayS/WEeK) ........ccoveveeiiririeniececene e 5,637.00

Additional meal allowance (est.)... 1,413.00
Books and supplies (est.) ............... 1,323.00
Personal eXpenses (ESL.).....c.ccvvvveieiierieiieie e 1,974.00

2 The housing/room rate is calculated based on the weighted average of all available
undergraduate on-campus housing options.

The tuition and fees charge for all students is payable in full before
the first day of classes unless the student enrolls in the Direct Cost
Three Payment Plan through the Bursar’s Office. The fee to enroll
in the plan is $25.00 per term. Enrollment in the Direct Cost
Three Payment Plan must be completed by August 11, 2014. Fees
are subject to change at the discretion of the Institute.

Tuition for the baccalaureate degree is based on 12 terms of
residence regardless of unit load each term or if a student com-
pletes graduation requirements a term(s) early. The 12 term tuition
requirement is separate from and in addition to any other degree
requirements. Official study abroad programs listed in the Catalog
fulfill one term of the 12 term requirement.

Students who graduate early, prior to 12 terms, will continue to
be billed tuition for the full 12 terms. In addition, aid may not be
disbursed to a student to cover tuition if they are no longer attend-
ing classes.

Refunds and Fees

Refunds and Repayments
For all students, the institutional charges, e.g., tuition and room
and board, will be prorated according to the amount of time the
student spent in academic attendance before withdrawing from
the Institute before the end of the sixth week of the term. These
prorated charges will be compared to the payments received on
behalf of the student, and the Institute will determine whether the
student is entitled to a refund or owes additional funds to Caltech.
For students receiving funds from federal Title IV, from
Caltech, and/or from state programs, the Institute will follow federal
and other applicable regulations to determine the amount of all
program funds the student has earned at the time of withdrawal. In
general, the amount of financial aid earned is based on the amount
of time the student has spent in academic attendance. If the
amount of aid disbursed to the student is greater than the amount
the student has earned, unearned funds must be returned. If the
amount the student was disbursed is less than the amount the stu-
dent earned, the student will be eligible to receive a postwithdrawal
disbursement.

Determining the Student’s Last Date of Attendance or Withdrawal
Date: The Office of the Registrar is responsible for obtaining
requests for withdrawal from the undergraduate or graduate dean
and for processing official withdrawals. In order to calculate the

Undergraduate Expenses
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refund or repayment, Caltech will establish the student’s with-
drawal date. This date is one of the following:
« the date that the student began the withdrawal process
prescribed by Caltech;
= the date the student otherwise provided official notification
to the registrar (written or oral) of his or her intent to
withdraw;
e the midpoint of the academic term if no official notification
is provided;
= the date determined by the registrar if there are special
circumstances (illness, accident, grievous personal loss); or
« the date the registrar determines the student has not
returned from an approved student sabbatical or if the
student does not qualify for a sabbatical.

Academically Related Activities that Determine Academic Attendance:
The Institute may use the last date of attendance at an academically
related activity as the student’s withdrawal date. This may occur if
a student begins the withdrawal process and then attends an
academically related activity after that date. Caltech considers an
academically related activity to include the following:

= attendance at a lab

e attendance at a lecture

= completing a quiz and/or test

e participation in a study session

* academic counseling session

* academic advisement session

* turning in a class assignment

Determining the Return of Federal Funds: The Financial Aid Office
and/or the Graduate Office will calculate the federal funds that
must be returned to the appropriate federal accounts.

If a student withdraws from the Institute prior to the first day of
classes for the period of enrollment, Caltech will return 100 percent
of the student’s federal financial aid in accordance with federal
procedures, as well as Caltech and/or state grants or aid.

If a student withdraws any time after the first day of classes for
the period of enrollment, the Institute will perform the following:

« Determine the percentage of the payment period that the
student completed. If the student completed more than
60 percent of the period, he or she earned 100 percent of the
aid for the period. If the student completed 60 percent or
less, the percentage of the period completed is the percent-
age of aid earned. This percentage is determined by dividing
the number of days attended in the period of enrollment by
the total days in the period.

« Apply the earned percentage to the amount of aid actually
disbursed and the amount that could have been disbursed
(“earned aid”).
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e  Subtract earned aid from aid that was actually disbursed.
This results in the amount of unearned aid to be returned.

The Financial Aid Office and/or the Graduate Office (as
appropriate) will allocate the return of funds back to the student
aid programs in the following order:

Federal Direct Unsubsidized Stafford Loan Program
Federal Direct Subsidized Stafford Loan Program

Federal Perkins Loan Program

Federal Direct PLUS Loan Program

Federal Pell Grant Program

Federal SEOG Program

Other Title IV programs

Any remaining refund will be returned to the other state, institu-
tional, or private student assistance utilized. Federal Work Study is
not included in any of these calculations.

NogokrwppE

Appeals on Refunds: Any questions or problems related to refunds
should be directed to the Bursar’s Office. For further information
on refunds and repayments, contact the Financial Aid Office, the 185
Graduate Office, or the Bursar’s Office.
Incoming students who begin in the Fall 2012 academic term
or thereafter and register for less than 36 units (“Underload”) will
not receive a reduction of tuition. Full tuition will be charged to
underloading students’ accounts, and applicable financial aid will
be reduced, in underload situations.

Dropping a Course: Students who are not enrolled full-time as of the
last day to add courses will have their aid revised. Generally, students
enrolling less than three-fourths time will have an increased work
award. Additional information is available in the Financial Aid Office.
Also, students who enrolled prior to the 2012-2013 academic year
who may be eligible for underloading credit will not receive a prorat-
ed discount if the course is dropped after Add Day.

Refund upon Withdrawal: When a student, for whatever reason,
withdraws from Caltech during an academic term, a refund of
tuition as well as room and board, if applicable, is calculated. The
amount of refund is determined by how much of the term has
elapsed. If the student is a recipient of student financial assistance,
that assistance, if applicable, will be reduced as a result of his or
her withdrawal. Recent federal legislation determines the amount
of refund for recipients of federal Title IV student assistance. It
is the purpose of this section to inform students of the financial
implications of withdrawal.

If the student is not a recipient of federal financial aid, the
Institute’s refund policy returns any refund of tuition or room
and board first to the programs from which assistance has been
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received (i.e., scholarships, Caltech gift assistance). Any amount
remaining will then be returned to the student. The non-Title
IV portion will be distributed as appropriate, first to outside
agencies, as required, then to the Caltech grant, scholarship, or
loan, depending on the composition of the aid package. These
distributions will occur as credits to the appropriate aid funds and
charge(s) to the student’s Caltech account.

If the student is the recipient of federal Title IV student assis-
tance, any refund must then be applied first to the federal aid
program(s) in the prescribed order listed on page 185.

In the event that a student’s disbursed financial aid exceeds the
direct costs on the student’s personal account, a credit balance will
result. Withdrawal will result in the reversal or repayment of the
resulting credit balance.

General Deposit

Each new student is required at his or her first registration to make
a general deposit of $100, to cover possible loss and/or damage

of Institute property. Upon graduation or withdrawal from the
Institute, any remaining balance of the deposit will be applied to
the student’s outstanding balance or refunded if there is no unpaid
balance.

Fees for Late Registration

Registration is not complete until the student has enrolled in a
program approved by his or her adviser and has paid tuition and
other fees. A penalty fee of $50 is assessed for failure to register
within five days of the scheduled dates.

Fees for Late Payment
A $50 late penalty may be charged by the Bursar’s Office for fail-
ure to clear a past-due account at the beginning of instruction.

Honor System Matters

Monies owed to the Institute resulting from a Board of Control
decision may be collected through the Bursar’s Office, at the
request of the dean of students.

Special Fees

Students taking the Summer Field Geology course (Ge 120 ab)
should consult with the division about travel and subsistence
arrangements and costs.

Unpaid Bills

All bills owed the Institute must be paid when due. Any student
whose bills are past due may be refused registration for the follow-
ing term. All undergraduate students with an outstanding bursar’s
bill balance of $300 or more will have a hold placed on their regis-
tration for the subsequent term the day before online registration
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opens. The hold will be released once students have paid their bill
at the Bursar’s Office. Official transcripts and diplomas will not be
released until the bursar account is paid in full.

Caltech ID Card Charges

If an undergraduate student owes more than $300, the student’s ID
card will be deactivated and he or she will be unable to charge any
new purchases. Cards will be reactivated once students have paid
their bill in full at the Bursar’s Office.

FINANCIAL AID

Caltech believes that qualified students who wish to attend the
Institute should not be prevented from doing so for financial
reasons. Although the Institute expects students and families to
finance the cost of education to the fullest extent possible, the
Institute will make every effort to assist those who need help,
including those whose financial circumstances change during the
year.

Demonstrated financial need is the difference between the annu-
al cost of attending Caltech and the amount the student and parents
can reasonably be expected to contribute toward those costs. Costs
include actual tuition, student fees, room and board, an allowance
for meals not covered in the board contract, books and supplies,
and personal expenses. For U.S. citizens or eligible noncitizens
who reside in the United States, Canada, Mexico, or Guam, costs
include a travel allowance designed to (partially) offset the cost
of two round-trips from a student’s home during the academic
year, and a travel allowance based on airfare for two round-trips.
Caltech’s estimate of a family’s ability to contribute is determined
annually in accordance with nationally established guidelines.

Eligibility for each type of assistance varies, depending upon
the source of funds. Assistance offered by Caltech includes fed-
eral, state, and institutional grants, subsidized part-time jobs, and
low-interest loans. U.S. citizens or eligible noncitizens (as defined
in the Free Application for Federal Student Aid [FAFSA]) may
apply for state and federally funded programs. International stu-
dents may apply for institutionally funded programs.

Students should not wait to be accepted for admission to
Caltech before applying for financial aid. With the exception of
international students, applications for admission are evaluated
separately from requests for financial aid. Students with complete
financial aid applications on file will be considered for all applica-
ble types of need-based assistance. A renewal application must
be submitted each year. In addition to direct financial assistance,
information is available, upon request, about education payment
plans and financial-planning resources. (For information on non-
need-based scholarships and prizes, starting on page 206.)
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All students who believe they will need assistance to attend
Caltech are encouraged to submit financial aid applications.

The Financial Aid Office staff is happy to talk with students
and their families at any time to explain the application process,
Caltech’s computations, and available programs. For further infor-
mation on the determination of financial need and on application
procedures, as well as on financial aid awards and programs, contact
the Financial Aid Office, California Institute of Technology, Mail
Code 20-90, Pasadena, CA 91125; call (626) 395-6280; or visit the
Caltech Financial Aid Office website at http://www.finaid.
caltech.edu.

How to Apply for Financial Aid

Slightly different procedures and deadlines exist for each category
of students applying for financial aid. Detailed descriptions of these
procedures and priority due dates for prospective and continuing
students may be found on the Caltech Financial Aid Office website
at http://www.finaid.caltech.edu.

Application Process for Caltech and Federal Financial Aid for Entering
Students (U.S. Citizens and Eligible Noncitizens)

The following materials are needed to apply for all financial aid
funds administered by the Caltech Financial Aid Office. We real-
ize that you may not have access to your completed 2014 federal
income tax information by the priority due dates and ask that you
complete the application based on the best estimates available.

CSS/Financial Aid PROFILE Application:
Register for the 2015-16 CSS/Financial Aid PROFILE after
October 1, 2014. Designate “California Institute of Technology”
as one of the recipients by using Caltech’s CSS Code, 4034.
Due dates: Applicants must register for the CSS/Financial Aid
PROFILE by December 15, 2014. Regular Decision applicants
must submit the completed PROFILE application by January 15,
2015.

Note: Early Action applicants must register for the CSS/
Financial Aid PROFILE by October 15, 2014, and must submit
the completed PROFILE application by November 15, 2014.

Free Application for Federal Student Aid (FAFSA):

The 2015-16 FAFSA will be available on January 1, 2015, at www.
fafsa.ed.gov. File the FAFSA and designate “California Institute of
Technology” as the recipient by using Caltech’s Undergraduate
Federal Code Number, 001131. Due date: March 2, 2015.

IRS Data Retrieval:

When completing the FAFSA you will be asked for parent and
student tax information, select the option to view and transfer
your 2014 Tax Information from the IRS. Please visit the Caltech
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Financial Aid website for more details. Due date:

Early Action Due Date: March 2, 2015
Regular Action Due Date: March 16, 2015
Continuing Students Due Date: April 20, 2015

Parents’ and Students’ Federal Income Tax Return:

Parents and students must submit 2014 Federal Income Tax
Returns (including all schedules and W-2s) before eligibility for
financial aid can be determined. Applicants will be sent an e-mail
from the College Board with instructions on how to submit their
tax returns using the Institutional Documentation Service (IDOC).
Log in to the IDOC site at https://idoc.collegeboard.com/idoc/
index.jsp, download and complete the IDOC cover sheet, and
submit your 2014 federal income tax return, all schedules, all W-2
forms, and all other required documents directly to the College
Board. If you or your parents own corporations, partnerships, or
trusts, please include copies of those tax returns (Forms 1041,
1065, 1120, 1120S, K-1). If you or your parent(s) did not and will
not file a federal income tax return, please complete the Parent or
Student Certification of Nonfiling. Please attach copies of W-2 or 189
1099 forms (if applicable) to the Parent or Student Certification of
Nonfiling. Use the IDOC Cover Sheet to submit this form and all
other required documents directly to the College Board along with
your IDOC cover sheet. Due date:

Early Action Due Date: March 2, 2015
Regular Action Due Date: March 16, 2015
Continuing Students Due Date: April 20, 2015

Verification Worksheet:

All students and parents must complete and sign the 2015-16
Verification Worksheet, available at http://www.finaid.caltech.edu.
Use the IDOC cover sheet to submit the appropriate worksheet
directly to the College Board. Due date:

Early Action Due Date: March 2, 2015
Regular Action Due Date: March 16, 2015
Continuing Students Due Date: April 20, 2015

Caltech Supplemental Application:

All students must complete the 2015-16 Caltech Supplemental
Application, available at http://www.finaid.caltech.edu. Use the
IDOC cover sheet to submit this form directly to the College
Board. Due date:

Early Action Due Date: March 2, 2015

Regular Action Due Date: March 16, 2015
Continuing Students Due Date: April 20, 2015
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CSS Noncustodial PROFILE Application:

If your parents are divorced, separated, or never married, your
noncustodial parent will need to complete the 2015-16 CSS
Noncustodial PROFILE Application. After your CSS/Financial
Aid PROFILE application is processed, you will receive an e-mail
from the College Board with instructions on how to submit this
information. Once you have your login information, your non-
custodial parent can access the application at http://www.finaid.
caltech.edu. Due date:

Early Action Due Date: March 2, 2015
Regular Action Due Date: March 16, 2015
Continuing Students Due Date: April 20, 2015

Child Support Paid Verification Statement:

Complete this form if either of your parents reported paying child
support in 2014 on the 2015-16 FAFSA. Use the IDOC Cover
Sheet to submit this form directly to the College Board. Due date:

Early Action Due Date: March 2, 2015
Regular Action Due Date: March 16, 2015
Continuing Students Due Date: April 20, 2015

CSS Business/Farm Supplement:

If you or either of your parents is self-employed or owns a business
or farm, you will need to submit the 2015-16 CSS Business/Farm
Supplement, available at the Caltech Financial Aid Office website.
You will receive an e-mail from the College Board with instructions
on how to submit this form and other required tax documents
using the Institutional Documentation Service (IDOC). Log in

to the IDOC site to get your IDOC cover sheet. Use the IDOC
cover sheet to submit this form and all other required documents
directly to the College Board. Due date:

Early Action Due Date: March 2, 2015
Regular Action Due Date: March 16, 2015
Continuing Students Due Date: April 20, 2015

Caltech Scholarship Data Form:

Complete the 2015-16 Caltech Scholarship Data Form to be
considered for named and endowed scholarships. Entering students
will not be issued a Caltech ID number—required for the form—
until sometime in June 2015. Due date:

Continuing Students Due Date: April 20, 2015
Freshman Due Date: July 15, 2015

International Applicants
If you are applying for admission as a freshman for the fall of 2015
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and are not a citizen or permanent resident of the United States at
the time of your application for admission, you will need to refer
to the Caltech Financial Aid Office website at http://www.finaid.
caltech.edu for instructions for applying for financial aid.
International applicants who do not apply for financial aid by
published deadlines, or who are denied aid for their first year at
Caltech, are not eligible for need-based financial aid for any other
academic period while they are undergraduates at the Institute
(with the exception of citizens of Canada and Mexico). Those with
financial aid offers will be eligible to apply for assistance in subse-
quent years. All eligible students must reapply for aid each year.

International students are required to complete the CSS/
Financial Aid profile. This online application has been modified
to collect family income and asset information from international
students. Students will need to register for the PROFILE service
online at www.collegeboard.com by December 15, 2014, and
indicate the college(s) to which they will be applying. (Students
can also visit EducationUSA Advising Centers, which are located
around the world, to register online.) Students will then receive a
personalized PROFILE application at www.collegeboard.com that
should be completed and submitted by February 1, 2015. Please 191
refer to the complete application instructions provided on the
Caltech Financial Aid Office website at http://www.finaid.caltech.
edu.

Types of Aid Available

There are three basic categories of financial aid that may be

awarded.

1. Grants and scholarships represent “gift aid,” which does not
need to be repaid. In general, a Caltech scholarship is awarded
based on financial need. Caltech named and/or endowed schol-
arships are considered to be based on need and merit. If you
qualify for a state or federal grant, this grant would be included
in your financial aid package.

2. Federal Work-Study or Caltech Work-Study represents student
employment funds that have been allocated for you to earn dur-
ing the academic year. Summer Caltech Work-Study represents
funds that have been allocated for you to earn during the sum-
mer. While a work-study award is not a guarantee of employ-
ment, Caltech generally has more opportunities for student
employment than it has students interested in working.

3. Low-interest educational loans: Students are generally offered
Federal Perkins Loans or Caltech/Institute loans. Students
may be awarded Federal Direct Stafford Loans if they request
them.
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Caltech Scholarships

Awarded to students with demonstrated financial need. Recipients
are expected to be enrolled full-time. The named and/or endowed
scholarships are also need-based, but many have a merit compo-
nent. Recipients of named and/or endowed scholarships are often
selected after their initial financial aid offer based on scholar-
ship-specific eligibility. These scholarships are almost always used
to replace some or all of the recipient’s Caltech scholarship. The
Financial Aid Office makes every attempt to renew these schol-
arships, contingent upon the recipients continuing to meet the
specific eligibility criteria.

Federal Grants

Federal Pell Grant

Awarded to exceptionally needy undergraduate students who are
seeking their first bachelor’s degree. Amounts are set by the federal
government based on need and enrollment status. In 2014-15,
awards ranged from $602 to $5,730 for full-time students; awards
for part-time students are set in proportion to their enroliment,
i.e., three-quarter time, half-time, less than half-time. Recipients
must be in good academic standing.

Federal Supplemental Educational Opportunity Grant

Awarded to undergraduates with demonstrated need who are
seeking their first bachelor’s degree. Priority goes to full-time Pell
Grant recipients. Recipients must be in good academic standing.
Awards cannot exceed $4,000 per year.

State Grants

Cal Grant A

Provides tuition and fee assistance to undergraduate California
residents seeking their first bachelor’s degree. Awarded on the
basis of cumulative grade-point average and financial need.
Qualifying students can receive up to $9,084, renewable for up to
four years. Continuing Cal Grant recipients must maintain good
academic standing in addition to financial need. They are not
required to resubmit verification of their grade-point average for
renewal.

Cal Grant B

Provides a living-allowance stipend and tuition/fee assistance to
undergraduate California residents seeking their first bachelor’s
degree. Awards are based on cumulative grade-point average and
high financial need. Recipients are generally from disadvantaged
economic or educational backgrounds. Awards for first-year stu-
dents provide up to $1,473 for books and living expenses. When
renewed or applied beyond the first year, awards also include
tuition and fee assistance of up to $9,084. Continuing Cal Grant
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recipients must maintain good academic standing in addition to
financial need. They are not required to resubmit verification of
their grade-point averages for renewal.

Other State Grants

Other states, such as Pennsylvania, Vermont, and Rhode Island,
may offer grant assistance to their residents who plan to attend
Caltech. Students are encouraged to contact their respective state
post-secondary agencies for specific eligibility and renewal criteria.

Educational Loans

An educational loan is a serious financial obligation and must be
repaid. You should carefully consider the repayment obligation
before you accept educational loans. Loans can be an invaluable
resource for many students and their families in financing a college
education. Students can postpone paying a portion of their edu-
cational costs until they complete their education or leave school.
The repayment period on most loans can extend up to 10 years
after graduation or leaving school.

Graduating with educational debt is a fairly common experience
for students. At Caltech, however, the average educational indebt-
edness at graduation is significantly lower than the national average
for students attending four-year private and public colleges. Over
the last several years, the average for Caltech graduates has been
among the lowest in the nation for four-year colleges.

193

Federal Perkins Loans
Awarded to students based on financial need. The maximum
amount an eligible student may borrow is $5,500 per award year if he
or she has not successfully completed a program of undergraduate
education ($8,000 per year for graduate students). The maximum
aggregate amount that may be borrowed is $11,000 for any stu-
dent who has not yet completed two years of undergraduate work;
$27,500 for an undergraduate student who has completed two
years of undergraduate work and is pursuing an undergraduate
degree; and $60,000 for a graduate student, including loans bor-
rowed as an undergraduate. The aggregate loan limits include only
the unpaid principal. Perkins Loans carry an annual interest rate of
5 percent. Interest does not accrue while the borrower is enrolled
in school at least half-time, during the grace period (the time
before which the borrower must begin or resume repaying a loan),
or during authorized deferments. The borrower is responsible for
paying the interest that accrues on the loan during repayment or
forbearance (a temporary postponement of payments). Loans are
repayable over a period of up to 10 years and have a nine-month
initial grace period.

Your monthly payment amount will depend on the size of your
debt and the length of your repayment period. The minimum
monthly payment is $40.
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The William D. Ford Federal Direct Loan Program
This program offers eligible students and parents the opportunity
to borrow money directly from the federal government to help
pay the cost of attendance at Caltech. The U.S. Department of
Education makes loans, through Caltech, directly to students and/
or parents. The Institute will use the loan(s) to pay your tuition/
fees and other direct charges such as room and board,
and give the student any remaining money for indirect costs.
Students and/or parents make their repayments directly to the
federal government.
Direct loans include

1. The Federal Direct Stafford Loan Program;

2. The Federal Direct Parent PLUS Loan Program;

3. The Federal Direct Graduate PLUS Loan Program; and

4. The Federal Direct Consolidation Loan Program.

Federal Direct Stafford Loan

There are two types of Federal Direct Stafford Loans: subsidized
and unsubsidized. The federal government pays the interest on
subsidized loans while the borrower is enrolled at least half-time
and during authorized periods of deferment. The interest on
unsubsidized loans begins to accrue immediately upon disburse-
ment and is generally capitalized (added to the amount borrowed)
when the borrower is no longer enrolled at least half-time.

Eligibility for subsidized Stafford Loans is based on financial
need as demonstrated by the FAFSA. Students who do not demon-
strate sufficient need or whose need is met may borrow unsubsi-
dized Stafford Loans provided their total financial aid, including
the Stafford Loan, does not exceed the total estimated cost of
attendance.

Dependent undergraduate students (excluding students whose
parents cannot borrow Parent PLUS loans) may borrow Stafford
Loan amounts not to exceed an annual total of

= $5,500 for first-year students, with no more than $3,500 in

subsidized Stafford,;

* $6,500 for second-year students, with no more than $4,500

in subsidized Stafford; and

« $7,500 for third- and fourth-year students, with no more

than $5,500 in subsidized Stafford.

Independent undergraduate students and dependent undergrad-
uate students whose parents are unable to borrow Parent PLUS
loans may borrow additional unsubsidized Stafford Loan amounts
not to exceed an annual total of

« $9,500 for first-year students, with no more than $3,500 in

subsidized Stafford,;

e $10,500 for second-year students, with no more than $4,500

in subsidized Stafford; and

e $12,500 for third- and fourth-year students, with no more

than $5,500 in subsidized Stafford.
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Graduate students may borrow Stafford Loan unsubsidized

amounts not to exceed an annual total of $20,500.

The maximum outstanding total subsidized and unsubsidized

Stafford Loan debt is

= $31,000 for dependent undergraduate students, with no
more than $23,000 in subsidized Stafford;

« $57,500 for independent undergraduate students (or for
dependent undergraduate students whose parents do not
qualify for PLUS loans), with no more than $23,000 of this
aggregate amount in the form of subsidized loans; and

« $138,500 for graduate students (including loans for under-
graduate study), with no more than $65,500 of this aggregate
in the form of subsidized loans.

Stafford Loan interest rates:

The interest rate on subsidized and unsubsidized Stafford Loans
disbursed for enrollment periods that begin after July 1, 2014 is
currently scheduled to be fixed at 4.66% for undergraduate stu-
dents.

Undergraduate students:

195
Enrollment Periods Interest Rates
Beginning Between Subsidized | Unsubsidized
July 1, 2014 - June 30, 2015 4.66% 4.66%
July 1, 2013 - June 30, 2014 3.86% 3.86%
July 1, 2011 - June 30, 2013 3.40% 6.80%
July 1, 2010 - June 30, 2011 4.50% 6.80%
July 1, 2009 - June 30, 2010 5.60% 6.80%
July 1, 2008 - June 30, 2009 6.00% 6.80%

Graduate students:

Enrollment Periods Interest Rates

Beginning Between Unsubsidized
July 1, 2014 - June 30, 2015 7.21%
July 1, 2013 - June 30, 2014 5.41%
July 1, 2006 - June 30, 2013 6.80%

To offset the federal government’s cost of the program, the
borrower must pay an up-front origination fee of the principal
amount of the loan. For all loans originated between July 1, 2013
and November 30, 2013 there is a 1.051% origination fee assessed
per loan. For all loans originated between December 1, 2013 and
September 30, 2014, there is a 1.072% origination fee assessed
per loan. For all loans originated between October 1, 2014 and
September 30, 2015, there is a 1.073% origination fee assessed
per loan. The maximum repayment period under this program is
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10 years, not including authorized periods of deferment. Direct
Stafford Loans have a six-month grace period that starts the day
after the borrower graduates, leaves school, or drops below half-
time enrollment. Repayment begins when the grace period ends.
Deferments are available for new borrowers during at least half-
time enrollment at an eligible institution; during periods of aca-
demic study in approved graduate fellowship or rehabilitation pro-
grams; and for periods of unemployment and economic hardship.

1 Interest rates for enroliment periods that begin on or after July 1, 2014, can be found at
https://studentaid.ed.gov/types/loans/interest-rates#what-is-interest.

Applications for Federal Direct Stafford Loans are available on
the Caltech Financial Aid Office website. Complete information on
Stafford Loan deferments and repayment options is also available
from the Financial Aid Office.

Federal Parent PLUS Loan
Parent PLUS loans are available to the parents or stepparents of
dependent undergraduate students. These credit-based loans are
not based on federal need or subsidized by the government, but
students must file a FAFSA in order for their parents to qualify for
a Parent PLUS loan. The interest rate on Parent PLUS loans
disbursed for enrollment periods that began after between July
1, 2006 and June 30, 2013 are fixed at 7.9%. For Parent PLUS
loans disbursed for enrollment periods that began July 1, 2013 and
June 30, 2014 are fixed at 6.41%. For Parent PLUS disbursed
for enrollment periods that will begin July 1, 2014 and June 30,
2015 are scheduled to be fixed at 7.21%. Interest is charged on
Direct Parent PLUS loans during all periods, beginning on the
date of the loan’s first disbursement. There is no annual limit to
the amount that can be borrowed through the Parent PLUS loan
program. In general, parents may borrow the difference between
the cost of the student’s education and any other financial aid
received. PLUS loans may also be used to pay for all or part of the
expected family contribution. In addition to the interest, parents
pay a loan fee. For all loans originated before July 1, 2013 there is
a 4.0% origination fee assessment per loan. For all loans originat-
ed between July 1, 2013 and November 30, 2013 there is a 4.204%
origination fee assessed per loan. For all loans originated between
December 1, 2013 and September 30, 2014, there is a 4.288%
origination fee assessed per loan. For all loans originated between
October 1, 2014 and September 30, 2015, there is a 4.292% origi-
nation fee assessed per loan.

For Parent PLUS loans that are first disbursed on or after July
1, 2008, parent borrowers have the option of deferring repayment
based on the enrollment status of the dependent student on whose
behalf a Direct PLUS loan was obtained.
Specifically, Parent PLUS loan borrowers may defer repayment
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< while the dependent student on whose behalf the loan was

obtained is enrolled on at least a half-time basis, and

= during the six-month period after the dependent student on

whose behalf the loan was obtained ceases to be enrolled on
at least a half-time basis.

If a Parent PLUS loan borrower does not request a deferment,
the first payment on the loan will be due within 60 days after the
loan is fully disbursed.

Applications for Federal Direct Parent PLUS loans are available
on the Caltech Financial Aid Office website. Applications must be
submitted to the Financial Aid Office for eligibility certification.
Complete information on Parent PLUS loan deferments and
repayment options is also available from the Financial Aid Office.

Federal Student Aid Ombudsman

The Federal Student Aid Ombudsman works with student loan
borrowers to informally resolve loan disputes and problems. The
office of the ombudsman helps borrowers having problems with
the following federal loans: direct loans (subsidized and unsub-
sidized Direct Stafford Loans, Direct PLUS loans, and Direct
Consolidation Loans); Federal Family Education Loans (subsidized [RH
and unsubsidized Stafford Loans, FFEL PLUS loans, and FFEL
Consolidation Loans); guaranteed student loans, SLS loans, and
Federal Perkins Loans. If a student needs the assistance of the
ombudsman in order to resolve disputes or problems, he or she
may contact the office at U.S. Department of Education, FSA
Ombudsman, 830 First St., NE, Mail Stop 5144, Washington D.C.
20202-5144; (202) 275-0549 or (877) 557-2575; fsaombudsmanof-
fice@ed.gov; or visit the website at http://www.ombudsman.ed.gov.

Caltech Loans

Awarded to students who are not eligible for or who may have
used their eligibility for Federal Perkins Loans. Generally, no
interest is charged and no repayment of principal is required while
a student maintains a continuous course of study at Caltech. Like
the Federal Perkins Loan program, repayment on Caltech loans
begins nine months after graduation, leaving school, or less than
half-time enroliment. Caltech loans carry an annual interest rate of
5 percent. More specific information is provided on the promissory
note and the disclosure statement provided to students prior to dis-
bursement of the loan.

Other loans/emergency loans may be available to students regard-
less of their eligibility for financial aid. The Hoover Loan Fund
enables students to borrow small sums of money to cover unfore-
seen emergencies. These loans are usually payable within the same
academic year and are administered by the dean of students on a
case-by-case basis. Additional information and applications may be
obtained from the dean of students office.
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The Caltech Y also has a no-interest, 30-day emergency-loan
program. Maximum loans are $50. Additional information and
applications may be obtained from the Caltech Y.

Student Employment

Work programs provide students with the opportunity to earn
money to help with college expenses while gaining valuable job
experience. Student employment opportunities are generally avail-
able to all Caltech students, even those who have not applied for
financial aid or qualified for need-based aid. Students should go
to the Career Development Center website to see relevant job
listings. Note that students may not work more than 16 hours per
week. First-year students may not work during fall term.

Students can expect to earn at least the California state min-
imum wage of $9 per hour. Compensation rates will vary based
on the position, a student’s skills, and previous work experience.
Please note that undergraduate students who serve as teaching
assistants may only have one assignment per term of up to 12
hours per week.

Federal Work-Study

Awarded to domestic students who have demonstrated financial
need through their submission of the FAFSA, this federally funded
program provides part-time employment to eligible students.

Most Caltech students are awarded $2,000 in Federal Work-
Study (FWS). Some students may be awarded less. Since entering
students are not permitted to work on-campus in the fall term and
can only work in the winter and spring terms, student employment
awards for entering students are limited to $1,350 in their first
year. Employment awards will increase to the standard student
employment amount offered to continuing students after the first
year. The maximum amount of FWS wages that a student may
earn is determined by his or her financial need. Students have the
option to move all or a portion of their loan or student employ-
ment from one program to the other at any time during the aca-
demic year until April 24, 2015.

Please go to the work-study page on the Caltech Financial Aid
Office website (http://www.finaid.caltech.edu/workstudy) for addi-
tional information about student employment at Caltech.

Caltech Work-Study

The Caltech Work-Study Program is funded by the Institute and
is designed to provide part-time employment for international stu-
dents who have demonstrated financial need, and other students
who do not qualify for the Federal Work-Study Program. The
Caltech Work-Study Program is limited to on-campus employ-
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ment or student employment positions at the Jet Propulsion
Laboratory. The program’s regulations parallel the Federal Work-
Study Program’s regulations.

Financial Aid When Studying Abroad

Caltech provides student financial aid (in the form of grants, schol-
arships, and loans) to those undergraduates with demonstrated
financial need who desire to participate in the Institute-sponsored
Caltech Cambridge Scholars Program, Caltech Copenhagen
Scholars Program, Caltech Edinburgh Scholars Program, Ecole
Polytechnique Scholars Program, Caltech London Scholars
Program, or Melbourne Scholars Program.

Enrollment in a study-abroad program approved for credit by
Caltech will be considered enrollment at the Institute, for the
purpose of applying for and receiving federal student financial
assistance. To be eligible for consideration in Caltech’s study-
abroad programs, students must be in good academic standing, as
defined in the Caltech Catalog and as certified by the Institute’s
registrar. They must also meet the minimum GPA requirement as
outlined in the information provided by the Fellowships Advising
and Study Abroad Office. In addition, students selected to be
Cambridge, Copenhagen, Ecole Polytechnique, Melbourne, or
University College London scholars will be provided a memo of
understanding outlining the terms of their study-abroad participa-
tion. (For more information on study abroad, see page 166.)

Costs include but are not limited to tuition, fees, room, board,
additional meals not covered by a board contract, books, sup-
plies, personal expenses, and a standard transportation allowance
from the student’s home to Caltech. Transportation expenses
related to the student’s travel between Caltech and the study-
abroad institution are the responsibility of the student; financial
aid recipients may be offered interest-free Institute loans to cover
study-abroad travel expenses. Students will have their expected
family contribution and financial package calculated in the same
manner as other students. Students studying abroad are subject
to the standard Caltech policy of a maximum of 12 terms of eli-
gibility for financial aid. Cambridge, Copenhagen, University
College London, Ecole Polytechnique, University of Edinburgh,
and Melbourne University candidates must meet all financial aid
priority deadlines and eligibility requirements to receive aid. It is
the student’s responsibility to ensure that all necessary documents
are filed and complete with regard to their application for finan-
cial aid. Cambridge, Copenhagen, University College London,
Ecole Polytechnique, University of Edinburgh, and University of
Melbourne scholars will continue to be considered for available
federal, state, Caltech grant, scholarship, and loan funds. The
Fellowships Advising and Study Abroad Office will make the nec-
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essary arrangements with the Bursar’s Office to ensure that schol-
ars who may be eligible for funds in excess of the direct charges to
the Institute receive those funds prior to their departure.

Other Resources

A number of both local and national organizations offer outside
scholarships to continuing students throughout the year, some of
these regardless of need. The student newspaper, the California
Tech, announces eligibility criteria for several such scholarships.
Those relevant to undergraduate students will also be posted in
the Scholarship News section of the Caltech Financial Aid Office
website. Such scholarships can also often be found with the help
of a search service. We recommend FastWeb (www.fastweb.com);
College Board Fund Finder (https://bigfuture.collegeboard.com);
CollegeNet/MACH25 http://www.collegenet.com/mach25/app;
and nerdscholar http://www.nerdwallet.com/nerdscholar/scholar-
ships/. (For more information on scholarship services, go to www.
finaid.org.)

Outside scholarships acquired by students are considered, by
federal regulation, to be a resource available during the academ-
ic year. Caltech’s policy is to use outside scholarships to replace
the student employment and/or loan components of the financial
aid package. For entering students, we generally replace student
employment first. For continuing students, loans are generally
replaced first. Only if the total outside scholarships exceeds the
student employment and/or loan that would have been included
in your financial aid package will it be necessary to reduce Caltech
scholarship. In general, a student’s total financial aid, including
outside assistance, cannot exceed his or her demonstrated financial
need. Under no circumstances can a student’s total financial aid,
exceed their estimated cost of attendance.

Financial Aid Disbursement

Most financial aid funds are credited directly to your student
account and are applied first to institutional charges for the current
term. Funds are credited no earlier than 10 days prior to the first
day of the term. Aid that can be credited directly to your account
will be credited when you have
« accepted or declined your awards on access.caltech;
e provided all required documents for the aid programs you
have been awarded;
= made satisfactory academic progress;
« enrolled in at least the minimum number of credits for the
financial aid programs you have been awarded;
= completed all necessary loan documents and, for first-time
Direct Stafford Loan borrowers, completed the online
Entrance Interview.
If the disbursement of your aid results in a credit balance, any
aid awarded in excess of institutional charges will be paid to the
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student as a refund. Refunds must be requested by the account
holder. Requests may be made by e-mail, telephone, or in person
at the Bursar’s Office. Prior to receiving funds, it may be neces-
sary to fill out and sign a refund form. Refunds can be obtained
in cash or by check. A maximum refund of $500 cash per day can
be received from the Bursar’s Office cashier. Refund checks are
requested by the Bursar’s Office and issued by Accounts Payable.
This usually takes five working days from the day of request.

Outside scholarships are usually disbursed in the form of a
check and must be handled according to the sponsor’s specifi-
cations. If the funds are sent to the Financial Aid Office or the
Bursar’s Office, they will be credited to your account. Again, if the
crediting of any outside scholarship results in a credit balance on
your account, you may request that the credit balance be refunded
to you. Federal regulations allow Caltech to credit financial aid
funds to your account for payment of tuition, fees, and room and
board charges. You must give the Bursar’s Office written authori-
zation to keep a credit balance on your account from one term to
the next term during the academic year. Federal guidelines pro-
hibit keeping a credit balance from one academic year to the next.
If you complete your financial aid file late in the term, resulting in 201
the late disbursement of your financial aid funds, you may be sub-
ject to late fees assessed by the Bursar’s Office.

Cal Grant B stipend payments will be credited to your tuition
account unless you contact the Financial Aid Office in person
within the first three weeks of the term to make alternate arrange-
ments. Again, if the crediting of any financial aid results in a credit
balance on your account, you may request that the credit balance
be refunded to you.

In general, loans are disbursed in three installments, one at the
beginning each term. For most Caltech students who are enrolled
for the full academic year, this means that one-third of their loan(s)
will be disbursed at the beginning of the fall term, another at the
beginning of the winter term, and the final third at the beginning
of the spring term. Students whose loan periods are for one term
receive their entire disbursement at the beginning of that term.

If you work through either the Federal Work-Study or the Caltech
Work-Study program, you will be paid by check through the
biweekly Caltech payroll system. Checks are normally distributed
at your actual work site.

Since financial aid is generally awarded on the assumption of
full-time enrollment, it is possible that some or all of your aid will
need to be adjusted if your enrollment status results in a reduction
in your tuition for a term. If you withdraw or drop below half-time
enrollment after the last day for adding classes for a term, you may
be required to repay all or a portion of the aid that has already
been credited to your account. You must inform the Financial Aid
Office if you take a leave of absence or change your enroliment
subsequent to receiving your financial aid. Cal Grant recipients
who take a leave of absence are advised to contact the California
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Student Aid Commission (www.csac.ca.gov) and submit a form to
remain eligible for the program.

You have the right to cancel your loan(s) anytime before dis-
bursement and up to 14 days after disbursement.

Satisfactory Academic Progress (SAP)

Federal and state regulations governing student financial aid
programs require the institute to ensure that each student who is
receiving financial aid maintains Satisfactory Academic Progress
(SAP) toward his or her degree.

The SAP check occurs after grades are posted at the end of
each term. Failure to meet the standards of satisfactory academic
progress may disqualify a student from enrollment at the Institute
and/or additional federal, state, and institutional financial aid. A
student who successfully appeals their ineligibility for registration
will be placed on warning, probation or continued on probation
status for financial aid purposes.

Academic Requirements

Following the first two terms, which are taken on a pass-fail basis,
freshmen will be ineligible to register if they failed to pass at least
33 units in the previous term. After the first two terms of study,
all undergraduate students must complete 33 units with a grade-
point average of at least 1.9 in order to remain eligible to register
for classes. A student may be excused from the 33- unit eligibility
requirement if the requisite petition has been approved, prior

to Add Day, by the Dean or Associate Dean of Undergraduate
Students. Under exceptional circumstances the deans may waive
the requirement that such a petition be approved prior to Add
Day, but may do so only once during that student’s career at
Caltech.

Following their first ineligibility, students are to meet with the
dean or associate dean of undergraduate students. The dean may
choose to reinstate them, in which case they will be on academic
probation. Alternatively, the dean may direct them to petition
the Undergraduate Academic Standards and Honors Committee
(UASH) for reinstatement. UASH will either approve their peti-
tion for reinstatement and place them on academic probation, or
require them to withdraw from the Institute for at least two terms.
Students who fail a core course or who fail to successfully complete
36 units, even though they remain in good standing, are required
to meet with one of the undergraduate deans before being allowed
to register for classes in the subsequent term.

Students who become ineligible a second time will be required
to withdraw from the Institute for at least two terms. Summer does
not count as a term. A student who has been required to leave the
Institute because of academic ineligibility may, after at least two
terms of leave, petition the Undergraduate Academic Standards
and Honors (UASH) Committee for reinstatement. The UASH
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Committee’s decision regarding reinstatement will be based large-
ly on whether or not such students have made good use of their
time while away from the Institute. Useful activities include being
gainfully employed, having an internship, engaging in a significant
amount of volunteer work, or successfully completing courses at
another college or university. The Committee will also expect that
students applying for reinstatement will have completed work in all
Caltech classes in which they had received an E or | grade.

Any student who becomes ineligible a third time will not be
allowed to continue to enroll at Caltech.

Students who are ineligible may petition the UASH Committee
to waive any of the rules listed above, but in order to do so they
must first obtain permission from two of the following three indi-
viduals: the Dean of Undergraduate Students, the chair of the
UASH Committee, and the Registrar. Permission to file a waiver
petition will be granted only under exceptional circumstances.

Financial Aid Warning

Students who are found not to be making satisfactory academ-

ic progress at the end of an academic term will be ineligible to
register. For the first such ineligibility, the petition may be acted 203
on by the dean or associate dean of undergraduate students, after
consultation with the student and examination of the record. At
the dean’s discretion, such cases may be referred to the UASH
Committee for action. If given permission to register, students

will be on academic probation and will be placed on financial aid
warning. A student may continue to receive financial aid for one
term while on financial aid warning status. Students should use this
opportunity to re-establish SAP.

Financial Aid Probation

Students who fail to make satisfactory academic progress after their
term of financial aid warning will be ineligible to register, ineli-
gible for financial aid, and will be required to withdraw from the
Institute for at least two terms. Students may appeal this status as
outlined in the Academic Requirements above.

Undergraduate students may, after at least two terms of leave,
petition the UASH Committee for reinstatement. Students who
are reinstated as a result of their appeal/petition for reinstatement
will be placed on financial aid probation and may receive financial
aid for an additional academic term.

As stated above, students who fail to make satisfactory academ-
ic progress for a third time will not be allowed to continue their
enrollment at the Institute.

Continued on Financial Aid Probation

Students who fail to make satisfactory academic progress while on
financial aid probation but are reinstated as a result of a UASH
petition will be continued on financial aid probation and be ineligi-
ble for federal and state aid.
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A student who is continued on financial aid probation and again
fails to make satisfactory academic progress would almost certain-
ly not be allowed to continue their enrollment. If, however, they
successfully petition the UASH Committee for reinstatement, they
would be continued on financial aid probation for a second term.
Technically, a student may be continued on financial aid probation
for up to three consecutive terms but their scholarship eligibility
will be reduced in each of those terms.

Financial Aid Suspension

Students who fail to make satisfactory academic progress after
being continued on financial aid probation for three consecutive
terms and are again reinstated by the UASH Committee will be
ineligible for federal, state, and institutional financial aid at Caltech
until such time as they make satisfactory academic progress.

Maximum Time Frame for Receiving Aid

A student has a limited time frame to complete all degree require-
ments and remain eligible for financial aid. As defined by federal
regulations, the maximum time frame is 150 percent of the pub-
lished program length for degree completion.

To qualify for a Bachelor of Science degree, students must
complete a minimum of 486 units (515 units for chemical engi-
neering) 486 x 150% = 729 maximum attempted units (515 x 150%
= 772 maximum attempted units for chemical engineering)

An “attempted” unit is defined as any unit that a student
remains enrolled in AFTER the Add Period, including units the
student withdraws from each term. Units that a student is retro-
actively enrolled in after the Add Period are considered attempted
units.

Class Level for Financial Aid Purposes

Undergraduate students are classified according to the number of
units earned and the number of terms in residence at Caltech. Both
these criteria must be satisfied for class-level eligibility. Students
are regarded as freshmen until eligible for sophomore status, and
as sophomores, juniors, or seniors if they meet the corresponding
criteria set below. Units earned are defined as units completed with
a passing grade.

Minimum Terms

Classification Minimum Units Earned in Residence
Sophomore 108 3
Junior 216 6
Senior 324 9

Undergraduate Information



Part-Time Enrollment (unpai)

Starting with the undergraduate cohort entering Fall 2012, under-
graduate students who underload in a term will be charged full-
time tuition but their financial aid, including outside scholarships,
will be adjusted as indicated on the Financial Aid Website based on
the actual number of units students are enrolled in as of Add Day.
The Institute will charge students for a minimum of 12 terms of
full-time tuition, or the prorated equivalent based on their classi-
fication at the time they begin their enrollment, even if they com-
plete their degree requirements early. Students may NOT receive
scholarship assistance for any term in which they are not enrolled
at least half-time. Students may petition the Dean of Students
Office for exceptions to the tuition policy, NOT the financial aid

policy.

Underloads
Underloads and Financial Aid: The Impact of Less than Full-time
Enrollment

Any student who wishes to carry fewer than 36 units in any
given term must petition for an underload. Underloads must be
approved by the Dean of Students Office. Underloads for graduat- 205
ing seniors must be approved by the Registrar. Petitions are avail-
able online and in the Deans’ Office Students enrolled half-time
(taking 18 to 26 units) will be expected to work additional hours
during the academic year, as well as to accept a reduction in the
tuition, books and supplies allowance of their college expense bud-
get. The following information summarizes the impact of less than
full-time enrollment.

3/4 Time

Full-time enrollment is defined in the Caltech Catalog as 36 units.
Students enrolling less than full-time, taking between 27 to 35
units, are considered enrolled 3/4 time. The impact to their finan-
cial aid is usually a reduction to their grant, in the same amount
as the reduction in their tuition. Federal Pell Grant recipients will
have their Federal Pell award reduced according to federal regula-
tions. The Financial Aid Office will revise the student’s budget for
financial aid purposes to reflect the reduction in tuition charged
and then revise the student’s aid (grant eligibility) to reflect the
reduction in need.

1/2 Time

Half-time enrollment is defined as enrolling in 18 to 26 units.

In this situation, the Financial Aid Office will revise the tuition
amount on the budget for financial aid purposes and also reduce
the student’s books and supplies allowance to one half of the stan-
dard amount for that term. The student’s aid is adjusted to reflect
the reduced financial aid eligibility. Federal Pell Grant recipients
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will have their Pell award reduced according to federal regulations.
The Financial Aid Office will revise the student’s budget for finan-
cial aid purposes and then revise the student’s aid (grant eligibility)
to reflect the reduction in need.

Less than 1/2 Time

Less than 1/2 time enrollment is defined as taking fewer than 18
units. Tuition is revised for financial aid purposes. As indicated in
the Caltech Catalog, the minimum tuition charge is 10 units per
term. The books and supplies allowance is reduced to 1/4 for that
term. The student’s aid is reduced based on the reduced costs.
Federal Pell Grant recipients will have their Pell award reduced
according to federal regulations. More importantly, the student
becomes ineligible for Caltech grant aid for that term; the student
will only be eligible for Caltech work study and loan assistance. If
the student is enrolled less than half time, the grace period on any
student loan (Federal Perkins loan, CIT loan, Institute loan and
Federal Stafford loan) will begin. In addition, a student/family is
no longer eligible for Federal PLUS or Stafford loans during peri-
ods of less than 1/2 time enrollment.

Effect on Outside Scholarships

In all of the above categories, the Financial Aid Office also checks
to see if a student has an outside scholarship that requires con-
tinuous full-time enrollment. If a scholarship donor requires full
time enrollment, the Financial Aid Office is required to return the
scholarship money for that term to the donor. If this occurs, the
student is encouraged to contact the donor directly to review and,
possibly, appeal the agency’s policy.

Questions
Students with questions regarding underloads should discuss their
individual circumstances with a Financial Aid Counselor.

PRIZES

Tom Apostol Award for Excellence in Teaching in Mathematics

In 2010, the mathematics option set up the Apostol Teaching
Award named in honor of Tom Apostol, who was a great teacher
at Caltech for over 50 years. The three to five awards are given
each year to recognize excellence in teaching by mathematics grad-
uate and undergraduate teaching assistants.

Robert P. Balles Caltech Mathematics Scholars Award

An annual prize is awarded to the mathematics major entering his
or her senior year who has demonstrated the most outstanding per-
formance in mathematics courses completed in the student’s first

Undergraduate Information



three years at Caltech. The executive officer for mathematics, in
consultation with the faculty, determines the recipient. The prize is
made possible by a gift from Mr. Robert P. Balles.

Mabel Beckman Prize

The Mabel Beckman Prize is given in memory of Mrs. Beckman’s
many years of commitment to Caltech’s educational and research
programs. The prize is awarded to an undergraduate woman who,
upon completion of her junior or senior year at Caltech, has
achieved academic excellence and demonstrated outstanding lead-
ership skills, a commitment to personal excellence, good character,
and a strong interest in the Caltech community. This prize is given
at commencement.

Eric Temple Bell Undergraduate Mathematics Research Prize

In 1963 the department of mathematics established an undergradu-
ate mathematics research prize honoring the memory of Professor
Eric Temple Bell, and his long and illustrious career as a research
mathematician, teacher, author, and scholar. His writings on the
lives and achievements of the great mathematicians continue to
inspire many hundreds of students at Caltech and elsewhere. 207
A prize is awarded annually to one or more juniors or seniors for
outstanding original research in mathematics, the winners being
selected by members of the mathematics faculty. The funds for this
prize come fromwinnings accumulated over the years by Caltech
undergraduate teams competing in the William Lowell Putnam
Mathematics Contest, an annual nationwide competition.

Bhansali Prize in Computer Science

The Bhansali Prize was established in 2001 by Vineer Bhansali
(B.S. ’87, M.S. '87) in memory of his grandfather, Mag Raj
Bhansali. The prize and honorarium are awarded to an undergrad-
uate student for outstanding research in computer science in the
current academic year. Awardees are selected by a committee of
computer science faculty.

Amasa Bishop Summer Study Abroad Prize

This prize is awarded to one or more freshmen, sophomores, or
juniors to fund summer study abroad in an organized program with
the aim of gaining exposure to foreign language and international
issues or cultures, including global issues in the sciences and engi-
neering.

Marcella and Joel Bonsall Prize for Technical Writing

The Marcella and Joel Bonsall Prize for Technical Writing was
established by the late Marcella Bonsall to encourage SURF
students to develop excellent technical writing skills. Mentors

may nominate their students’ papers for consideration. A faculty
committee recommends the winning papers. Up to five prizes may
be awarded annually.
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Richard G. Brewer Prize in Physics

The Richard G. Brewer Prize is awarded to the freshman with

the most interesting solutions to the Physics 11 “hurdles,” in rec-
ognition of demonstrated outstanding intellectual promise and cre-
ativity at the very beginning of his or her Caltech education.

The award is a stipend that will support the student for the
summer while he or she works on an independent Physics 11
project. This award is made possible by a gift from Dr. Richard
G. Brewer, a Caltech alumnus who received his B.S. degree in
chemistry in 1951.

Fritz B. Burns Prize in Geology

This prize is awarded to an undergraduate who has demonstrated
both academic excellence and great promise of future contribu-
tions in the fields represented by the Division of Geological and
Planetary Sciences.

Bonnie Cashin Prize for Imaginative Thinking

This prize, established in 1997 by Bonnie Cashin, is awarded each
year to the entering freshman who has written the most imaginative
essays in the Application for Freshman Admission. The Freshman
Admissions Committee will nominate awardees to the vice provost,
who will approve the selection. The award may be shared if there is
more than one deserving student in a particular year.

Donald S. Clark Memorial Awards

From a fund contributed by the Caltech Alumni Association, annual
awards are made to two juniors in engineering options. The award
recognizes service to the campus community and a grade-point
average equal to or greater than that required for graduation with
honor. The awards honor the work of Professor Clark, class of
1929, both in the field of engineering and in his service to the
Alumni Association.

Deans’ Cup and Student Life and Master’s Award

Two or more awards are presented to undergraduates whose con-
cern for their fellow students has been demonstrated by persistent
efforts to improve the quality of undergraduate life and by effective
communication with members of the faculty and administration.

Doris Everhart Service Award

The Doris Everhart Service Award is given annually to an under-
graduate who has actively supported and willingly worked for
organizations that enrich not only student life, but also the campus
and/or community as a whole, and who has, in addition, exhibited
care and concern for the welfare of students on a personal basis.
The award was made possible by Sally V. Ridge and was estab-
lished to honor Doris Everhart.
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Richard P. Feynman Prize in Theoretical Physics

This prize was established through gifts in memory of Richard P.
Feynman and the senior class gift of the class of 1989. It is awarded
annually to a senior student on the basis of excellence in theoret-
ical physics. The prize consists of a cash award and a copy of the
three-volume set The Feynman Lectures on Physics.

Haren Lee Fisher Memorial Award in Junior Physics

Mr. and Mrs. Colman Fisher established the Haren Lee Fisher
Memorial Award in Junior Physics in memory of their son. The
General Electric Foundation also contributed to the fund under
the matching plan of their Corporate Alumnus Program. A prize
will be awarded annually to a junior physics major, who is select-
ed by a physics faculty committee as demonstrating the greatest
promise of future contributions to physics.

Henry Ford Il Scholar Awards

Henry Ford Il Scholar Awards are funded under an endowment

provided by the Ford Motor Company Fund, a nonprofit organi-

zation supported primarily by contributions from the Ford Motor
Company. Each award will be made annually either to the engi- 209
neering student with the best academic record at the end of the

third year of undergraduate study, or to the engineering student

with the best first-year record in the graduate program. The chair

of the Division of Engineering and Applied Science names the

recipient.

Jack E. Froehlich Memorial Award

The family and friends of the late Jack E. Froehlich, who did his
undergraduate and graduate work at Caltech and was later the
project manager for Explorer I for the Jet Propulsion Laboratory,
established a prize fund that provides an award to a junior in the
upper five percent of his or her class who shows outstanding prom-
ise for a creative professional career. The student is selected by

the deans and the Undergraduate Academic Standards and Honors
Committee.

George W. and Bernice E. Green Memorial Prize

The George W. and Bernice E. Green Memorial Prize was estab-
lished in 1963 with contributions given in memory of George W.
Green, who for 15 years served on the staff of the Caltech business
office and was vice president for business affairs from 1956 to
1962. The prize is awarded annually to an undergraduate student
in any class for original research, an original paper or essay, or
other evidence of creative scholarship beyond the normal require-
ments of specific courses. The student is selected by the deans and
the Undergraduate Academic Standards and Honors Committee.
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David M. Grether Prize in Social Science

The prize rewards outstanding performance and creativity by a
Caltech undergraduate who completes one of the social science
options. The prize is funded by Susan G. Davis in recognition of
David M. Grether’s contributions to econometrics and experimen-
tal economics and his service to the Division of the Humanities
and Social Sciences. The prize is awarded annually by a committee
of social science faculty.

Lucy Guernsey Service Award

Awarded to one or two students who have provided exceptional
service to the Caltech Y and/or the community, are involved with
service projects, have demonstrated leadership in community

and volunteer service efforts, and who exemplify a spirit of ser-
vice. Established by the Caltech Y ExComm in honor of Lucy
Guernsey, the Y’s executive director from 1989 to 1991.

Arie J. Haagen-Smit Memorial Fund

The Arie J. Haagen-Smit Memorial Award was established in 1977
to honor the memory of the pioneering bioorganic chemist who
discovered the chemical constituents of smog. Dr. Haagen-Smit
was a member of the Caltech faculty for 40 years, and his family
and friends have arranged for a prize to be given at the

end of the sophomore or junior year to a student in biology or
chemistry who has shown academic promise and who has made
recognized contributions to Caltech. The selection is made by fac-
ulty representatives from the biology and chemistry divisions, and
the deans.

Frederic W. Hinrichs, Jr., Memorial Award

The Board of Trustees of the California Institute of Technology
established the Frederic W. Hinrichs, Jr., Memorial Award in
memory of the man who served for more than 20 years as dean
and professor at the Institute. In remembrance of his honor, cour-
age, and kindness, the award bearing his name is made annually to
the senior who throughout his or her undergraduate years

at the Institute has made the greatest contribution to the student
body and whose qualities of character, leadership, and responsibili-
ty have been outstanding. At the discretion of the deans, more than
one award, or none, may be made in any year. This award is given
at commencement.

Alexander P. and Adelaide F. Hixon Prize for Writing

The Hixon Prize for Writing was established in 2000 by Alexander
P. and Adelaide F. Hixon. The prize will be awarded annually to
an undergraduate student for the best composition in a freshman
humanities course. The prize is administered by the writing center,
and the winner will be chosen by a committee from the huma-
ni-ties division.
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The George W. Housner Prize for Academic Excellence and Original
Research

The George W. Housner prize is given annually to a senior in
the upper 20 percent of his or her class who has demonstrated
excellence in scholarship and in the preparation of an outstanding
piece of original scientific research. The student is selected by the
deans and the Undergraduate Academic Standards and Honors
Committee. At the discretion of the dean, more than one award
may be made in any year. The prize, presented at commencement,
consists of a cash award and a certificate. This prize is made possi-
ble by a gift from George W. Housner, Carl F Braun Professor of
Engineering, Emeritus.

Bibi Jentoft-Nilsen Memorial Award

Family and friends of Bibi Jentoft-Nilsen, class of 1989, have pro-
vided this award in her memory. This cash award is for an upper-
class student who exhibits outstanding qualities of leadership

and who actively contributes to the quality of student life at
Caltech.

Scott Russell Johnson Undergraduate Mathematics Prize 211
This prize is awarded to the best graduating mathematics major.

The prize may be split between two students. In deciding on the

winner, special consideration will be given to independent research

done as a senior thesis or SURF project. The executive officer for
mathematics, in consultation with the faculty, determines the recip-

ient. The prize is made possible by a gift from Steve and Rosemary
Johnson in memory of Scott Johnson, B.S. '83.

D. S. Kothari Prize in Physics

This prize was established in 1998 in memory of Dr. D. S.
Kothari, who received his Ph.D. under Lord Rutherford in 1933,
and subsequently made significant contributions in theoretical
astrophysics and science education. The award is given each year
to a graduating senior in physics who has produced an outstanding
research project during the past year.

Margie Lauritsen Leighton Prize

From a fund established by Dr. Fay Ajzenberg-Selove and Dr.
Walter Selove, the departments of physics and astrophysics will
annually award the Margie Lauritsen Leighton Prize to one or two
undergraduate women who are majoring in physics or astrophysics,
and who have demonstrated academic excellence. The prize consists of
a cash award and will be made at the end of the sophomore year.

Mechanical Engineering Award

Awarded to a candidate for the degree of Bachelor of Science in
mechanical engineering whose academic performance has demon-
strated outstanding original thinking and creativity as judged by
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a faculty committee appointed each year by the Executive Officer
for Mechanical Engineering. The prize consists of a citation and a
cash award.

James Michelin Scholarship

Given in memory of geologist James Michelin, who worked in

the oil fields of Southern California in the 1930s and dreamed of
returning to college at Caltech, this annual award recognizes
undergraduate students for their contributions to the field of geol-
ogy or geophysics.

Library Friends’ Senior Thesis Prize

This prize was established in 2010 to recognize senior theses that
exemplify research and the effective use of library resources. An
honorarium accompanies the citation. The thesis is an extensive,
independent written work produced during the senior year, usu-
ally within a senior thesis course series. The university librarian
and Friends of the Caltech Libraries oversee evaluation and make
recommendations to the Undergraduate Academic Standards and
Honors Committee for final selection. An oral presentation may be
requested. At the discretion of the Friends of the Caltech Libraries,
more than one award, or none, may be made in any year. This award
is given at commencement.

Mari Peterson Ligocki (B.S.’81) Memorial Fund

This award is made to one student who, through his or her per-
sonal character, has improved the quality of student life at Caltech.
It recognizes the student who provides quiet support and kind
encouragement to peers. This fund was established by Mr. José F.
Hela Jr. (B.S. ’79) to honor the memory of Mari Peterson Ligocki,
who possessed these qualities. The award consists of dinner for two
at the recipient’s choice of a fine restaurant, and a grant toward
any project or cause of the recipient’s choosing. It may be seed
money for a project in any field, whether science-related or not.

Mary A. Earl McKinney Prize in Literature

The Mary A. Earl McKinney Prize in Literature was established
in 1946 by Samuel P. McKinney, M.D., of Los Angeles. Its pur-
pose is to promote proficiency in writing. The terms under which
it is given are decided each year by the literature faculty. It may be
awarded for essays submitted in connection with regular literature
classes, or awarded on the basis of a special essay contest.

Robert L. Noland Leadership Award

The Robert L. Noland Leadership Award is a cash award for
upperclass students who exhibit qualities of outstanding leadership.
The kind of leadership to be recognized is most often expressed

in personal actions that have helped other people and that have
inspired others to fulfill their leadership capabilities. The schol-
arship was set up by Ametek in 1978 in honor of its president,
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Robert L. Noland, a Caltech alumnus. Two or more awards are
generally made each year.

Rodman W. Paul History Prize

The Rodman W. Paul History Prize was established in 1986 by
some of his many colleagues and friends to honor Professor Paul’s
35 years of teaching and research at the Institute. The prize is
awarded annually to a junior or senior who has shown unusual
interest in and talent for history.

Doris S. Perpall SURF Speaking Prize

Robert C. Perpall (B.S. '52, M.S. '56) endowed this prize in mem-
ory of his late wife, Doris S. Perpall, to encourage students to
prepare excellent SURF presentations. SURF Seminar Day is the
first round of the Perpall Speaking Competition. The best presen-
tations in each session are nominated for advancement to a second
round, held in November. The final round is held in January.
Three prizes are awarded annually.

Howard Reynolds Memorial Prize in Geology

The Howard Reynolds Memorial Prize in Geology is awarded to

a sophomore or junior who demonstrates the potential to excel in
the field of geology, and who actively contributes to the quality of
student life at Caltech.

Herbert J. Ryser Scholarships

The Herbert J. Ryser Scholarships were established in 1986 in
memory of H. J. Ryser, who was professor of mathematics at
Caltech from 1967 to 1985. Professor Ryser contributed greatly
to combinatorial mathematics and inspired many students with his
carefully planned courses. The scholarships are given on the basis
of merit, preferably in pure mathematics. Recipients are selected
by the executive officer for mathematics after consulting the
faculty.

San Pietro Travel Prize

This prize is awarded to one or more sophomores, juniors, or
seniors to fund an adventurous and challenging summer experience
that expands the recipient’s cultural horizons and knowledge of the
world.

Richard P. Schuster Memorial Prize

This Award is made from funds established by family, friends and
colleagues of Richard P. Schuster, Jr., a graduate of Caltech and
the Institute’s Director of Development at the time of his death.
The recipient is a junior or senior in Chemistry or Chemical
Engineering; selection is based on financial need and a demonstra-
tion of academic promise.

Prizes
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Eleanor Searle Prize in Law, Politics, and Institutions

The Eleanor Searle Prize was established in 1999 by friends and
colleagues to honor Eleanor Searle, who was the Edie and Lew
Wasserman Professor of History at Caltech. The prize will be
awarded annually to an undergraduate or graduate student whose
work in history or the social sciences exemplifies Eleanor Searle’s
interests in the use of power, government, and law.

Renuka D. Sharma Prize and Award in Chemistry

This prize was established in 2009 by Professor Brahama D.
Sharma, in memory of his daughter Renuka D. Sharma, to be
given to a sophomore who has demonstrated outstanding perfor-
mance in chemistry during his or her freshman year. The prize
was donated to encourage scholastic achievement early in a stu-
dent’s career and is administered by the Division of Chemistry and
Chemical Engineering.

Don Shepard Award

Relatives and friends of Don Shepard, class of 1950, have provided
this award in his memory. The award is presented to a student,
the basic costs of whose education have already been met but

who would find it difficult, without additional help, to engage in
extracurricular activities and in the cultural opportunities afforded
by the community. The recipients—freshmen, sophomores, and
juniors—are selected on the basis of their capacity to take advan-
tage of and to profit from these opportunities, rather than on the
basis of their scholastic standing.

Hallett Smith Prize

The Hallett Smith Prize was established in 1997 to commemorate
Professor Smith’s long career as one of this century’s most distin-
guished Renaissance scholars. The cash prize is given annually by

the literature faculty to the student who writes the finest essay on

Shakespeare.

Paul Studenski Memorial Fund Prize

This travel grant is awarded to a Caltech undergraduate who
would benefit from a period away from the academic community
in order to obtain a better understanding of self and his or her
plans for the future. The recipient is selected by the Caltech Y
Studenski Committee.

Frank Teruggi Memorial Award

The Frank Teruggi Memorial Award was established in 1998 by
friends and classmates of the late Frank Teruggi, a Caltech under-
graduate who was murdered in Chile in 1973 during the military
coup led by Augusto Pinochet. The annual award honors the spirit
of Frank’s life, especially “in the areas of Latin American studies,
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radical politics, creative radio programming, and other activities
aimed at improving the living conditions of the less fortunate.”

Morgan Ward Prize

The Morgan Ward Prize was established by the department of
mathematics in 1963 to honor the memory of Professor Morgan
Ward in recognition of his long service to mathematics and to the
Institute. The competition is open only to freshmen and sopho-
mores. An entry consists of a mathematical problem together with
a solution or a significant contribution toward a solution. One or
more winners are selected by a faculty committee acting on the
advice of student judges. Each prize is funded by the same source
used to sponsor the Eric Temple Bell Prize.

Fredrick J. Zeigler Memorial Award

The Fredrick J. Zeigler Memorial Award was established in 1989

to honor Fredrick J. Zeigler, a member of the class of 1976 and

an applied mathematics major. The award is given to a pure or

applied mathematics student in his or her sophomore or junior

year selected by the faculty in pure and applied mathematics. The

award recognizes excellence in scholarship as demonstrated in class B3]
activities or in the preparation of an original paper or essay in any

subject area.

Note: Prizes and awards may be subject to federal and state income tax.

GRADUATION REQUIREMENTS, ALL OPTIONS

To qualify for a Bachelor of Science degree at the Institute, students
must obtain passing grades in each of the required courses listed
below; must satisfy the additional requirements listed under the
undergraduate options; must complete a minimum of 486 units (515
units for chemical engineering); and must achieve a grade-point aver-
age of not less than 1.9. Students must also register for the appro-
priate number of units that results in normal progress toward a B.S.
degree.

Tuition for the baccalaureate degree is based on 12 terms of
residence regardless of unit load each term or if a student com-
pletes graduation requirements a term(s) early. The 12-term tuition
requirement is separate from and in addition to any other degree
requirements. Students who are admitted as transfer students or 3/2
students may be granted advanced standing and tuition credit for
academic work accepted in transfer to Caltech. However, transfer
and 3/2 students must enroll for a minimum of six terms at Caltech.
Any exceptions must be approved by the undergraduate dean and the
provost.
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Under normal circumstances the core and option requirements
for the B.S. degree are those stated in the catalog published in the
first year of a student’s enrollment at Caltech. Faculty actions or
decisions taken through the Faculty Board and the relevant faculty
committees may occasionally result in changes to these require-
ments. In the event of exceptional circumstances, changes in an
individual student’s graduation requirements may be sought by
petition to the relevant Faculty Representative(s) through proce-
dures administered by the registrar. Questions should be addressed
to the registrar.

Students must register for the Institute requirements in the year
specified, unless they have previous credit. If for some reason they
are not able to complete the requirements during the proper year,
they must register at the earliest possible opportunity. (The Cur-
riculum Committee may in unusual cases excuse undergraduate
students from any of the following Institute or option require-
ments upon presentation of petitions.)

The Institute unit system is described in the opening para-
graphs of section five of this catalog.

Core Institute Requirements, All Options

A Caltech education requires not just the depth of an option, but
also considerable breadth in basic science, humanities, and social
science. Caltech’s core curriculum prepares students for the inter-
disciplinary nature of contemporary research in science and
technology. This encourages a culture of problem solving, collabo-
ration, and communication while providing valuable experience in
all fields of science. Significant study in the humanities and social
sciences is an important component of Caltech’s core curriculum,
giving alumni the ability to navigate the societal, political, and
economic factors that influence, and are influenced by, their work.

The following requirements are applicable to incoming fresh-
men for 2014-15. Some information for continuing students has
been provided as footnotes, but guidance on special cases must be
sought. Courses used to satisfy core requirements may not be used
to satisfy option electives.

Course
. Freshman Mathematics (Ma 1 abc)
. Freshman Physics (Ph 1 abc)...............
. Freshman Chemistry (Ch 1 ab)............
. Freshman Biology (Bi 1 or Bi 1 x)*
. Menu Class (currently Ay 1, Ch/APh 2, ESE 1, EST 2, Ge 1,
IST 1, O IST 4) et e 9
. Freshman Chemistry Laboratory (Ch 3 @)?......ccccocvieneneenn. 6
. Additional Introductory Laboratory...........ccccccoevevvivviieereseenn. 6

b~ wiN PP
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8. Scientific WIHTINGS.......oooeiicee e 3

9. Humanities Courses (as defined below) ..........c.ccooevvvviniincnne. 36
10. Social Sciences Courses (as defined below)..........ccccceecenenee. 36
11. Additional Humanities and Social Sciences Courses............. 36
12. Physical EQUCALION ........ccceviiieieiiiiisiee e 9
n Bi 8 or Bi 9 are acceptable alternatives to Bi 1 or Bi 1 x for students with a strong
back- ground in biology. Students who earned a 5 on the AP
Biology exam may also petition the biology option representa-
tive to take a higher-level biology course of nine or more units to

fulfill the biology core requirement.

2 This requirement can also be met by completing Ch 3 x, Ch 4 a, Ch 8, or Ch/ChE 9.

3 This requirement may be met either by taking a course approved by the student’s option to
satisfy this requirement, or by taking En 84.

Menu Classes

Menu classes are specifically designed for breadth. The intent of
the menu class requirement is to introduce students to a subject
that they did not plan to study. In many cases, it is the only class in
that subject that they ever take; in other cases, they may decide to
take more classes in that subject as a result. Students cannot take a
menu class in a subject that they have already taken classes in or in
their current option. This requirement must be completed by the
end of sophomore year.

Introductory Laboratory Requirement

All students are required to take at least 12 units of laboratory
work in experimental science during their freshman and sophomore
years. Ch 3 a (6 units) or Ch 3 x (6 units) shall be taken during the
freshman year. The additional 6 units must be chosen from one of
the following: APh/EE 9 ab (6 units), APh 24 (6 units), Bi 10 (6 units),
Ch 4 ab (9 units), Ch 8 (9 units), Ch/ChE 9 (9 units), EE/ME
7 (6 units), Ge 116 (6 units), Ph 3 (6 units), Ph 5 (9 units), Ph 8
bc (6 units), or a more advanced laboratory. Computational labora-
tory courses may not be used to satisfy this requirement.

Humanities and Social Sciences Requirements
All students must complete satisfactorily 108 units in the Division
of the Humanities and Social Sciences. Of these, 36 must be in the
humanities (art, English, film, history, history and philosophy of
science, humanities, music, and philosophy) and 36 in the social sci-
ences (anthropology, business economics and management, eco-
nomics, law, political science, psychology, social science), in each
case divided equally between introductory and advanced courses.
The remaining 36 may be drawn from humanities and social sci-
ences, including HSS tutorial courses. They may not include BEM
102. They may not include reading courses unless credit has been
granted by petition to the humanities or social science faculty. In
general, no more than 18 units of freshman humanities may be
counted toward the 108-unit requirement.

Entering freshmen are required to take two terms of freshman
humanities; that is, humanities courses numbered 20 or below in
the Catalog. These classes introduce students to the basic issues in
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the three core disciplines of English, history, and philosophy.
Successful completion of two terms of freshman humanities is
a prerequisite for all humanities courses, except for foreign
languages. It is not a prerequisite, however, for introductory social
sciences. The freshman humanities classes may be taken in any two
terms of the freshman year. Other humanities courses numbered
30 or greater are open only to students who have fulfilled the
freshman humanities requirement.

To encourage breadth, students will have to take their two
freshman humanities classes in different disciplines, the disciplines
being English, history, and philosophy.

A student must take 18 units of advanced humanities courses
as well. The classes that count as advanced humanities courses are
those numbered 90 or above in art history, English, film, history,
history and philosophy of science, humanities, music, and phi-
losophy. Courses used to fulfill the advanced humanities require-
ment must be taken for grades. Courses taken on a pass/fail basis
will not fulfill the requirement. While beginning, intermediate,
and advanced language courses do not count toward the 36-unit
humanities requirement, every term receives credit toward the final
36 units of the 108-unit requirement in HSS, except for courses in
a student’s native language.

Since writing is an important method for developing and shar-
ing ideas, all humanities courses, with the exception of some for-
eign languages and courses numbered between 29 and 90, require
at least 4,000 words of composition. Instructors give extensive
feedback on written work and help students improve their prose.
As entering students may not be fully prepared for the writing in
freshman humanities, all freshmen and transfer students take a
writing assessment before the beginning of the fall term. On the
basis of this assessment, some students may be required to pass
WR 1, 2, 3, 4 and/or 50 before entering either freshman or advanced
humanities classes.

Students are required to take two introductory social science
courses and 18 units of related advanced undergraduate social science
courses. Courses used to fulfill the advanced social science require
ment must be taken for grades; courses taken on a pass/fail basis
will not fulfill the requirement. The introductory social science
courses must be drawn from the following list: either An 22 or An
23, Ec 11, Law 33, PS 12, either Psy 15, Psy 16, or Psy 20, SS
13. The 18 units of advanced undergraduate social science courses
(numbered 100 and above), in fields following at least one of their
introductory courses, must be taken as indicated below:

Introductory Course Following Course

An 22 or 23 advanced anthropology

Ec 11 advanced economics or BEM
(except BEM 102)

Law 33 advanced law

PS 12 advanced political science
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Psy 15, 16, or 20 advanced psychology

SS 13 advanced economics or political
science, or BEM (except BEM 102)

For instance, a student who has taken An 22 and Ec 11 may use

18 units of advanced anthropology courses, or 18 units of advanced

economics, or 9 units of advanced anthropology and 9 units

of advanced economics to fulfill the advanced social science

requirement.

Included in the 12 humanities and social science courses,
students must take at least 3 writing-intensive courses and these
must be taken on grades. The graded advanced humanities cours-
es count towards this total. A student can select another course
from advanced humanities or a social science course with writing
content (specifically BEM/PS 126, Ec 105, Ec 129, Ec 130, Ec
131, Ec 140, PS 99 ab, PS 120, PS 141, or Law 136). These three
writing-intensive courses should be spread out over the student’s
sophomore, junior, and senior years.

Physical Education Requirement

Before graduation, each undergraduate is required to successfully
complete 9 units of physical education. This requirement may be 219
satisfied entirely or in part by participation in intercollegiate

athletics, or successful completion of physical education class

course work. All grades are issued pass/fail. A maximum of 6 units

per term may be applied toward graduation requirements, with the

total not to exceed 36 units. Participation as a bona fide member

of an intercollegiate team for the period covered by the sport in

a given term satisfies the requirement for that term.

A broad program of instruction is provided each term. Late
registration is permitted during the first week of each term,
provided there is space available and with permission of the
instructor. Standards for evaluation of student performance will be
clearly defined at the beginning of each course.

Scientific Writing Requirement

The scientific writing requirement can be satisfied by taking an
appropriate course offered by any division, or by taking En/Wr
84. The course used to satisfy this requirement must be taken on
grades. All options also require a three-unit course in oral com-
munication. Some options combine these two requirements into
one course. At the discretion of the option, the scientific writing
requirement can be satisfied by three units of additional work
associated with a senior thesis, focused on effective written scientific
communication.

Options Requirements
Oral Written
ACM APR BE, CNS. ™ By B
CS, EE, EAS, ME
Ry Ayg0T AT
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Bi Bi/BE 24 same

Typical First-Year Course Schedule, All Options
Differentiation into the various options begins in the second year.

Units per term

1st 2nd 3rd
Ma 1abc  Freshman Mathematics 9 9 9
Phlabc  Freshman Physics 9 9 9
Ch1lab General Chemistry 6 9 0
Bil Principles of Biology 0 0 9
Ch3a Fundamental Techniques of Experimenal
Chemistry! 6 or 6 or 6
Introductory courses in the humanities
and social sciences. A wide choice of
alternatives will be available to
students; the registrar will announce
the offerings for each term. 9 9 9
Introductory laboratory courses? X X X
Menu course® or additional electives X X X
PE Physical education* 3 3 3

x—Except for the minimum laboratory unit requirement, the
number of units chosen here is optional. If a student chooses no
electives except physical education and takes the minimum
permissible laboratory courses, the total unit requirement will usu-
ally be in the range of 39 to 45. First- and second-term freshmen
will be limited to 45 units of classroom and laboratory courses. A
total load—including electives—of more than 48 units per term is
considered a heavy load. Loads of more than 51 units for freshmen
or 54 units for upperclass students require approval by the dean of
students.

1 This course is offered in each of the three terms. Students may also take Ch 3 x.

2 The additional 6 units must be chosen from one of the following: APh/EE 9 ab (6 units),
APh 24 (6 units), Bi 10 (6 units), Ch 4 ab (9 units), Ch 8 (9 units), Ch/ChE 9 (9 units),
EE/ME 7 (6 units), Ge 116 (6 units), Ph 3 (6 units), Ph 5 (9 units), Ph 8 bc (6 units) or
a more advanced laboratory course.

3 Students must take a menu course in their freshman or sophomore year. These courses are
offered third quarter only. It is also possible to take one of these courses as an elective.

Menu courses currently include Ay 1, Ch/APh 2, ESE 1, EST 2, Ge 1, IST 1 or IST 4.
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4 Three terms (9 units) of PE are required for the B.S. degree. Students need not elect to take
the required PE in the freshman year. It may be taken in any three terms before gradua-
tion.

Other First-Year Courses

In addition to the required core classes described on the previous
pages, freshmen are encouraged to participate in freshman semi-
nar classes, frontier classes, research tutorials and other research
opportunities.

Starting in the 2011-12 academic year, Caltech began offering a
series of freshman seminars in which 10 to 15 freshmen and a fac-
ulty member explore in depth an exciting topic in the lab, around a
table, or in the field. These courses, described on page 524, cover
a wide range of topics, including earthquakes, gravitational waves,
and the science of music. Instructors may allow upperclassmen to
enroll in these seminars after the conclusion of the pre-registration
period for the upcoming term.

Caltech also offers a series of “frontier courses” that involve
a weekly presentation by a faculty member on a topic of current
research. These courses often meet at lunch time and serve pizza;
hence, students refer to the courses as “pizza courses.” The fron- 221
tier courses are an opportunity for students to meet the Caltech
faculty and to hear about state-of-the-art research projects for the
summer or academic year. There are a total of 10 frontier courses
offered for freshmen in biology, chemistry, physics, geology and
planetary sciences, engineering, computer science, applied and
computational mathematics, chemical engineering, bioengineering,
and electrical engineering.

Currently there are three “research tutorials” for freshmen: one
in physics, one in biology, and one in chemistry. These tutorials
have many of the same features as the freshman seminars. In phys-
ics, the research tutorial includes approximately seven freshmen
and extends over three academic terms plus the summer. The
purpose is to demonstrate how research opportunities arise, are
evaluated, and are tested, and how the ideas that survive develop in
larger projects. In biology and chemistry, the tutorials are offered
in the winter and spring quarters and involve small group discus-
sions on special areas or problems in biology, biotechnology, and
chemistry.

More than 80 percent of Caltech students participate in
research at some point in their academic career. Students may
embark on research activities by registering for research credits
with a faculty member, by working in a laboratory for pay during
the summer or academic year, by completing a senior thesis, or
by participating in Caltech’s Summer Undergraduate Research
Fellowship (SURF) program. The SURF program is described on
page 29.
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Aerospace Minor

The aerospace minor is intended to supplement one of Caltech’s
undergraduate degrees and is designed for students who wish to
broaden their knowledge beyond their normal major or who may
wish to pursue a graduate program involving aerospace or aero-
nautical engineering. Students completing the aerospace minor
requirements will have the phrase “minor in aerospace engineer-
ing” added to their transcripts.

Ae Minor Requirements

1. Complete Ae 105 abc.

2. Complete a second three-term 100-level Ae class, chosen from
Ae 101 abc, 102 abc, 104 abc, 121 abc, Ae/Ge/ME 160 ab, or 27
units of selected Ae courses approved by the minor adviser. All Ae
courses to be applied to fulfill the aerospace minor requirements
must be taken for grades, and students must maintain an average
grade of B or higher for all courses with no individual grade lower
than a C. Courses that are used to satisfy the aerospace minor
cannot be used to satisfy course requirements in the major options.
Courses taken as part of the aerospace minor are counted toward
the total 486-unit Institute graduation requirements. A typical
course sequence would be to take Ae 105 abc and the second Ae
course in the senior year.

Applied and Computational Mathematics Option

The undergraduate option in applied and computational mathematics
within the Computing & Mathematical Sciences department seeks to
address the interests of those students who want to combine their basic
studies in mathematics with considerable involvement in applications.
This program is designed to give students a thorough training in fun-
damental computational and applied mathematics and to develop their
research ability in a specific application field. The fields of application
include a wide range of areas such as fluid mechanics, materials science,
and mathematical biology, engineering applications, image processing,
and mathematical finance. The training essential for future careers in
applied mathematics in academia, national laboratories, or in industry
is provided, especially when combined with graduate work, by suc-
cessful completion of the requirements for an undergraduate degree in
applied and computational mathematics. Complete programs will be
worked out with faculty advisers.

Double Majors

Students interested in simultaneously pursuing a degree in a sec-
ond option must fulfill all the requirements of the ACM option.
Courses may be used to simultaneously fulfill requirements in both
options. To enroll in the program, the student should meet and
discuss his/her plans with the option representative. In general,
approval is contingent on good academic performance by the stu-
dent and demonstrated ability for handling the heavier course load.
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Option Requirements

1.

2.

The ACM Option requires the analytical tracks of Ma 1 b and
Malc.

Ma 2, Ma 3, Ma 6 abc, Ph 2 abc, ACM 11, CS 1, E 10, ACM
95 abc, Ma 108 abc, ACM/CMS 104, ACM 101 ab, ACM 106
ab, ACM/EE/CMS 116, ACM 216 and ACM/CMS 113.

One 27-unit 100-or-higher-level course in science or engineer-
ing approved by the option representative.

Passing grades must be obtained in a total of 486 units, including
the courses listed above. Courses satisfying option requirements
must be taken for grades (except when courses are only available
P/F) and passed with a grad of C- or higher.

Typical Course Schedule

Units per term
Ist 2nd 3rd

Second Year

Ma 2 Differential Equations 9 - -
Ma 3 Introduction to Probability and Statistics - 9 -
Ma 6 abc Introduction to Discrete Mathematics 9 9 9
Ph 2 abc Sophomore Physics 9 9 9
ACM 11 Intro. to Matlab and Mathematica - - 6
CS1 Intro. to Computer Programming 9 - -
HSS electives - 9 9
Electives 9 12 12
45 48 45
Third Year 1st 2nd 3rd
Ma 108 abc  Classical Analysis 9 9 9
ACM 95 abc Intro. Methods of Applied Math. 12 12 12
ACM/
CMS104 Analysis in Linear Spaces 12 - -
HSS electives 9 9 9
Electives! - 12 12
42 42 42
Fourth Year Ist 2nd 3rd
ACM 101 ab Methods of Applied Mathematics 12 12 -
ACM 106 ab Intro. Methods of Comput. Math - 12 12
ACM/EE/
CMS 116 Intro. to Stoch. Proc. and Modeling 9 - -
ACM 216 Markov Chains, Discrete - 9 -
Stoch. Proc. and Appl.
ACM/ Processes and Modeling 9 - -
CMS 113
HSS electives 9 - -
Electives! 9 9 30

48 42 42

1 See items 2, 3, and 4 under option requirements.
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Applied Physics Option

The applied physics option is designed to extend knowledge of
the principles of pure physics to the development of new technol-
ogies. Research in applied physics focuses primarily on problems
of technological importance. The interdisciplinary nature of this
option allows considerable flexibility in course work, training and
individual research interests to enhance maximum breadth and
depth.

Current areas of specialization within Applied Physics span a
wide range of topics such as Photonics including multiwavelength
fiber telecommunications, integrated microphotonic and nano-
photonic devices, holographic data processing and storage, and
optical approaches to quantum computation; Solid-state materials
and device work including nanostructured materials and devices,
wide bandgap semiconductors and heterostructures for optoelec-
tronics, photovoltaics, novel memory devices, and spin-dependent
transport; Biophysics including single-molecule-scale studies of
the mechanics of DNA, proteins, and their assemblies; Plasma-
physics including spheromak plasmas for fusion application, plasma
processes occurring in the sun, and the dynamics of pure electron
plasmas; Hydrodynamics, nonlinear dynamics and thermal behav-
ior in small scale systems including symmetry breaking in soft
condensed matter, micro/nanofluidic, optofluidic, and biofluidic
devices, optical trapping in fluids, pattern formation and phase sep-
aration in nanoscale films and convection-diffusive phenomena in
natural and mimetic systems.

Option Requirements

1. E10and E 11. E 11 can be satisfied by three units of additional
work associated with the senior thesis (APh 78 or 79), or by tak-
ing Ph70, En 84 or Bi24.

2. Any three of the following: APh/EE 9 b, APh 24, Ph 3, Ph 5,
Ph 6, or Ph 7.

3. Ph 12 abc, APh 17 ab or APh 105 ab, Ph 106 abc, and Ph 125
ab or Ch 125 ab.

4. Ma 2, Ma 3, and ACM 95 abc.

5. Either APh 78 abc, or one term of APh 77 and one term of any
of the following: APh 77, Ph 77, EE 91, Ch 6, Ae/APh 104 bc,
and MS 90. Any substitutions or additions require prior approv-
al of the option representative.

6. One additional advanced sequence of APh courses numbered
over 100, such as: APh 101 abc, APh/MS 105 abc, 114 abc,
APh/Ph 115 and APh/Ph/Ae 116, APh/EE 130, 131, and 132,
APh 156 abc, or BE/APh 161 and 162. Note that APh 100 and
APh 200 do not satisfy this requirement. Any substitutions or
additions require prior approval of the option representative.

7. Passing grades must be earned in a total of 486 units, including
the courses listed above. No course in fulfillment of option
requirements may be taken on a pass/fail basis.
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8. Any student whose grade-point average is less than 1.9 at the
end of the academic year in the subjects listed above may be
refused permission to continue work in this option.

Typical Course Schedule
Units per term
st 2nd 3rd
Second Year

Ph 12 abc Sophomore Physics 9 9 9
Ma2and3 Sophomore Mathematics 9 9 0
ACM 95 abc Intro. Methods of Applied Math. 12 12 12
HSS electives 9 9 9
Laboratory electives! 6 6 6
Other elective 0 0 9
45 45 45
Third Year
Ph 125 ab Quantum Mechanics 9 9 0
APh 110ab  Topics in Applied Physics 2 2 0
APh 17 ab Thermodynamics and Stat. Mech 9 9 0
Ph 106 abc  Topics in Classical Physics 9 9 9
HSS electives 9 9 R 225
Other electives? 9 9 27
47 47 45
Fourth Year
APh 78 abc  Senior Thesis, Experimental® 9 9 9
or
APh 77 Laboratory in Applied Physics® 9 9
Advanced Elective? 9 9 9
HSS electives 9 9 9
Otbher electives including APh100 27 18 18
45 45 45

1 See item 2, option requirements.
2 See item 6, option requirements.
3 See item 5, option requirements.

Suggested Electives

Students are encouraged to obtain a well-rounded course of study
pursuant to the B.S. degree in applied physics. The option repre-
sentative and/or undergraduate adviser will gladly assist students
in choosing appropriate elective courses. Students ultimately
interested in pursuing an advanced degree in applied physics or
related fields are encouraged to complete a senior thesis project
through APh 78 or 79.
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Astrophysics Option

With the goal of understanding the physical processes that govern
the universe, its constituents, and their origins and evolution,
astronomy uses the apparatus and methodology of physics to gather
and interpret data. Theoretical work and technology development
round out astrophysics. In what follows, we use the terms “astron-
omy” and “astrophysics” interchangeably.

The astrophysics option is designed to give the student an
understanding of the basic facts and concepts of astronomy today,
to stimulate his or her interest in research, and to provide a basis
for graduate work in astronomy/astrophysics. The sequence Ay
20, 21 constitutes a solid introduction to modern astrophysics and
may be taken either sophomore or junior year, with more advanced
courses (Ay 101, 102, plus Ay electives) taken in the junior and
senior years. It is desirable for a student to gain as broad a background
as possible in related fields of science and engineering.

Attention is called to the fact that any student whose grade-point
average is less than 1.9 at the end of an academic year in the subjects
listed in the Division of Physics, Mathematics and Astronomy may,
at the discretion of his or her department, be refused permission to
continue the work in this option.

Option Requirements

1. Ay 20, 21, 101, 102, 30 or 141, 31, Ma 2, Ma 3, Ph 2 abc or Ph
12 abc, Ph 125 ab, and Ph 106 abc.

2. Any three of Ph 3, Ph 5, Ph 6, Ph 7, or Ay 105. APh 23 and 24
taken as a pair may be substituted for one of these labs.

3. 63 additional units of Ay or Ph courses.

4. 27 additional units of science or engineering electives, of which
18 must be outside the Division of Physics, Mathematics and
Astronomy. Core classes (see pages 216-220) or other introduc-
tory-level courses such as CS 1 do not count toward fulfillment
of this requirement.

5. Passing grades must be earned in a total of 486 units, including
the courses listed above. Courses satisfying requirements 1, 2,
and 3 must be taken for grades unless they are pass/fail only.

Typical Course Schedule
Units per term
Ist 2nd 3rd
Second Year

Ph 12 abc Sophomore Physics 9 9 9
or

Ph 2 abc

Ma 2, Ma3 Sophomore Mathematics 9 9 -
Ay 20 Basic Astronomy and the Galaxy 10 - -
Ay 21 Galaxies and Cosmology - 9 -
Ay 30 Intro. to Modern Research - 3

Physics Laboratory -

Undergraduate Information



ACM95abc  Intro. Methods of App. Math. 12 12 12
HSS electives 9 9 9

49 51 39

Third Year

Ph 125abc  Quantum Mechanics 9 9 9

Ph 106 abc  Topics in Classical Physics 9 9 9

Ay 101 The Physics of Stars - 11 -

Ay 102 Physics of the Interstellar Medium - 9
HSS electives 9 9 9
Astronomy, physics, or APh electives 9 9 9

36 47 45
Fourth Year

Ay 31 Written Communication - - 3
Ay 105 Astronomy Instrumentation Lab - 10 -
Astronomy, physics, or APh electives 9 9 -
Ay 78 Senior Thesis 9 9 9
HSS electives 9 9 9
Electives 18 9 18

45 46 39

An ability to present one’s work is vital to a successful career in
research and teaching. Ay 30 satisfies the oral communications
requirement, but for further development, students are also urged
to sign up for Ay 141 in their junior and senior years. Ay 31
satisfies the written communication requirement. Students are
encouraged (but not required) to undertake research leading to a
senior thesis; credit for this work is provided through Ay 78. Non-
thesis research credits may be earned through Ay 142 with a max-
imum of 9 units per term. Computational skills may be acquired
through Ph 20-21, Ay 117, Ay 190, ACM 106, or equivalent classes.

Suggested Electives

The student may elect any course offered in any division in a
given term, provided that he or she has the necessary prerequi-
sites for that course. The following courses are useful to work in
various fields of astronomy and astrophysics: ACM 95, ACM 106,
APh 23/24, Ay 104, Ay 105, Ay 117, Ay 121-127, Ay 190, Ch 125,
EE 45, EE/Ae 157, Ge/Ay 11 c, Ge 103, Ge/Ch 128, Ge 131, Ge/
Ay 132, 133, 137, Ma 4, Ma 112, ME 11, ME 12, Ph 20-22, Ph 77,

101, 127, 129, 136, 199, 236 (this is not necessarily a complete list).

Bioengineering Option

The undergraduate bioengineering option provides a foundation
for graduate studies in the application of engineering principles to
the design, analysis, construction, and manipulation of biological
systems, and in the discovery and application of new engineer-
ing principles inspired by the properties of biological systems.
Undergraduate research is encouraged both during the academic
year and through participation in summer research programs.
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Students should present a plan for satisfying all degree require-
ments to their academic adviser by the end of the third term of the
second year. Students with a grade-point average lower than 1.9
will not be allowed to continue in the option except with special
permission from the option representative.

Option Requirements

1. BE 1; either BE 150 or BE 159; BE/APh 161; ChE/BE 163; BE/
CS/CNS/Bi 191 a.

2. Experimental methods: Bi 1 x; BE/EE/MedE 189 a; ChE 130.

3. Biology, chemistry and physics: two terms out of three from
Ph 2 abc; Bi 8; Bi 9; Ch 25; Ch 41 a; Bi/Ch 110. One advanced
biology course selected from Bi/Ch 111, Bi/Ch 113, Bi 114, Bi
117, Bi 122, Bi 145 ab, Bi/CNS/NB 150, BE 150. Students may
pass out of Bi 8 and Bi 9 via placement exams administered by
the Biology Option.

4. Mathematical and computational methods: ACM 95 abc; CDS
110 or ChE 105; Ma 2, Ma 3; 9 units selected from CS 1, CS 2,
CS 3.

5. 36 units of BE electives (selected from the elective lists below or
approved by the student’s academic adviser).

6. Communication: Bi/BE 24 or E10 and E11 with approval of the
option representative.

7. Courses satisfying option requirements must be taken for
grades (except when courses are only available P/F). Passing
grades must be earned in a total of 486 units.

BE Electives

BE 98 (for a maximum of 12 units), BE 141, BE 150, BE/Bi 152,

BE 153, BE 157, BE 159, BE/APh 162, Bi/CNS 162, Bi/BE 177,
Bi/Ge 105, Bi/Ge 180, BE/EE/MedE 189 b, BE/CS/CNS/Bi 191
b, EE/BE/MedE 166, EE/BE/MedE 185, Bi/BE 227, Ae/BE 242,
MedE/BE/Ae 243, Ph/APh/EE/BE 118 abc

Other Relevant BE-Approved Electives

Biodevices: EE 112, EE 113, EE/MedE 114 ab, APh/EE 9 ab, EE
45, EE 111, EE 151, Ph/APh/EE/BE 118 abc

Biomechanics: ME 19 ab, ME 12 abc, ME 14, Ae/APh/CE/ME
101 abc, Ae/APh/CE/ME 102 abc, Ae/APh 104 abc

Synthetic biology: CS 21, Ch 24, Ch 41 bc, ChE/Ch 148, ChE/Ch
164, ChE/Ch 165

Typical Course Schedule

Units per term
st 2nd 3rd

First Year

Ma 1 abc Freshman Mathematics 9 9 9
Ph 1 abc Freshman Physics 9 9 9
Ch1lab General Chemistry 6 9 -

Undergraduate Information



Ch3a

Bi1x

BE 1

Second Year
Ma 2, Ma 3

Ph 2 ac
Ch4la
Ch 25

Bi 8
Bi 9

Third Year
ACM 95 abc

BE/EE/
MedE 189 a

Bi/Ch 110
ChE/BE 163

Bi/BE 24

ChE 130

Fundamental Techniques of Experimental
Chemistry 6 - -
The Great Ideas of Biology: An

Introduction Through Experimentation - - 9
Frontiers in Bioengineering 1

Introductory HSS courses 9 9 9
Physical education - - 3

30 37 39

Units per term
Ist 2nd 3rd

Sophomore Mathematics 9 9
Sophomaore Physics 9 - 9
Organic Chemistry 9 - -
Introduction to Biophysical - - 9
Chemistry

Introduction to Molecular Biology - 9 -
Cell Biology - - 9
Menu course - - 9
General and BE electives X X X
HSS electives X X X
Physical education X X X

42-45 42-45 42-45

Units per term
Ist 2nd 3rd

Introductory Methods of Applied
Mathematics 12 12 12

Design and Construction of

Biodevices - - 12
Introduction to Biochemistry 12 - -
Introduction to Biomolecular

Engineering 9 - -
Computational methods requirement X X
General and BE electives X X X
Technical Communication for
Biological Scientists and Engineers 6 - -
HSS electives X X X
Physical education X X X

Biomolecular Engineering Laboratory - - 9

42-45 42-45 42-45
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Units per term
1st 2nd 3rd

Fourth Year

CDS 110 Introductory Control Theory
or ChE 105 or Dynamics and Control of
Chemical Systems X - X
BE/APh 161 Physical Biology of the Cell - 12 -
BE/CS/ Biomolecular Computation
CNS/Bi 191 a - 9 -
BE 150 Systems Biology - 9 -
or BE 159 Signal Transduction and Biomechanics
in Eukaryotic Cell Morphogenesis - 9 -
General and BE Electives X X X
Advanced biology and biology lab
requirements X X X
HSS electives X X X
Physical education X X X

42-45 42-45 42-45

Biology Option

The undergraduate option in biology is designed to build on a solid
foundation in mathematics and physical science by providing an
introduction to the basic facts, concepts, problems, and methodolo-
gies of biological science. The option serves as a basis for graduate
study in any field of biology or for admission to the study of medi-
cine. Instruction is offered in the form of participation in the ongo-
ing research programs of the division, as well as in formal course
work. Course work emphasizes the more general and fundamental
properties of living organisms, and areas of current research inter-
est, rather than the traditional distinct fields within the life sciences.

The division encourages undergraduate participation in its
research program and believes that research participation should
be a part of each student’s program of study. Students may elect
to prepare an undergraduate thesis (Bi 90). Research opportunities
may be arranged with individual faculty members, or guidance may
be obtained from a student’s individual faculty adviser in the
division or from the biology undergraduate student adviser.

The requirements listed below for the biology option are minimal
requirements. An adequate preparation for graduate work in
biology will normally include additional elective research or course
work in biology and/or advanced course work in other sciences or
in mathematics. Flexibility to accommodate varied individual
scientific interests, within the broad scope of biology, is achieved
through the provision of elective courses, arrangements for indi-
vidual research (Bi 22), and tutorial instruction (Bi 23). In addition,
arrangements may be made to take courses at neighboring
institutions in fields of biology that are not represented in our
curriculum.
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Premedical Program

The undergraduate course for premedical students is essentially the
same as that for biology students and is intended as a basis for later
careers in research as well as in the practice of medicine. It differs
in some respects from premedical curricula of other schools; how-
ever, it has been quite generally accepted as satisfying admission
requirements of medical schools.

It is recommended that all students contemplating application
to medical school consult with the premed adviser at the Career
Development Center or Professor David Chan in the Division of
Biology and Biological Engineering.

Option Requirements

1. Bi 8, Bi 9, Bi 117, Bi 122, Bi/CNS/NB 150, and Ch 41 abc.

2. Ma 2, Ma 3, and any two terms of Ph 2 abc. These cours-
es need not be taken consecutively or in a fixed order. This
requirement can also be satisfied in part by successfully taking
a “reasonable” replacement for any of these required courses.

A “reasonable” replacement will be defined by: (1) Equally or

more advanced quantitative coursework; and (2) Essentially sim-

ilar scope of subject matter as the course replaced. The Biology XN
option representative will be empowered to make this determi-

nation with aid of an advisory list which can be updated as rele-

vant new courses are developed inside and outside of biology.

3. One advanced laboratory course (100- or 200-level), or at least
12 units of independent research such as Bi 22.

4. Two courses chosen from Bi/Ch 110, 111, 113, and/or Bi/Ch
132.

5. Scientific writing requirement met by taking Bi/BE 24 (six
units), or by taking any other writing course such as En 84 or
Ge 13 (three units) plus oral presentation at SURF Seminar
Day or equivalent, with option representative approval.

6. None of the courses satisfying requirements 1-4 may be taken
pass/fail, except Bi 8 (if taken Freshman year), Bi 22 and Bi/Ge
180. Freshmen taking Bi 8 must maintain shadow grades that
indicate satisfactory progress.

7. A total of 146 units of biology must be taken and passed (Bi 1,
Bi 2, and Bi 10 cannot be counted toward this total), including
at least 6 additional biology classes which satisfy the following:

a. Distribution requirement: These additional courses must
be drawn from at least two of the following courses
“tracks” defined below.

b. At least four of these additional courses (including cours-
es drawn from at least two tracks) must be taken for letter
grades.

c. At least two of these additional graded courses (from
different tracks) must be for at least nine units.

8. Passing grades must be earned in a total of 486 units, including
the courses listed above.
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Biology Tracks

Individual classes may be relevant to more than one track, but
classes cannot be double-counted toward the distribution require-
ment. Courses included in the general option requirements that
provide logical background for these tracks are indicated in paren-
theses; however, these cannot be counted toward the distribution
requirement.

a. Biochemistry and molecular biology (Bi 8, Bi 9) BE/Bi 101, BE/
Bi 103, Bi/Ch 110, 111, 113, 132 (if not taken to satisfy item 3;
no double-counting); Bi 129; Bi/NB/BE 155; BMB/Bi/Ch 170,
173, 174; Bi 181, 189, 206; Ch/Bi 231. Note: Ch 24 and Ch 7
or Ch 145 are also recommended for students interested in this
track.

b. Genetics (Bi 8, Bi 117, Bi 122) Bi 115, 123, 129, 181, 188, 190,
206; Bi/CNS/NB 150, 220; Bi/CNS/BE/NB 230, Bi/Ge 180.
¢. Microbiology: Bi 115, Bi 165, ESE/Bi 166, 168; Bi/Ge 180; Ge/

ESE 170.

d. Developmental biology and evolution (Bi 117, Bi 122) Bi/
Gel05; Bi 118, 123; Bi/CNS/NB 157; Bi/CNS 158; Bi 182,
188, 190, 204, 214; Bi/BE 177, 227.

e. Neurobiology (Bi/CNS/NB 150) Bi/CNS 162, 164; Bi/CNS/
NB 153, 157, 184, 185, 195, 216, 217, 220; Bi/NB 202; Bi/NB/
BE 155; Bi/CNS/BE/NB 230; CNS/Bi/SS/Psy/NB 176; CNS/
Bi/EE/CS/NB 186; CNS/Bi/NB 247.

Behavior/psychology subcluster: CNS/SS/ Psy/Bi 102 ab, CNS/
Psy/Bi 131, Bi/CNS/NB 216, 217, 220; CNS/Bi/SS/Psy/NB
176; CNS/Bi/NB 256.

f. Computational and systems biology BE/Bi 101, 103; (BE 150),
BE/Bi 152, Bi/CNS/NB 153, Bi 181, 182, Bi/CNS/NB 185, Bi
192, Bi 199, Bi/CNS/NB 184, 195, 220; CNS/Bi/EE/CS/NB
186; CNS/Bi/Ph/CS/NB 187; BE/CS/CNS/Bi 191ab; CNS/
Bi/NB 247; 256. CS programming courses are highly recom-
mended for those interested in this track.

g. Organismal Bi 114, 115, 118, 129, 145 ab, 188, 204, 214; BE/Bi
152; Bi/CNS/NB157; Bi/CNS 158; Bi/NB 202.

h. Cell biology (Bi 9) Bi/Ch 113 if not taken to satisfy requirement
item 3, Bi 115, 118, 129, 145 ab, 189.

Planning the Biology Course Schedule

Course requirements for biology are designed to be met by students

taking Bi 8 and Bi 9 starting in their second year. However, most

students interested in biology elect to take these courses in their
first year, and this opens access to a much wider range of biology
electives.

Students may place out of the option requirement to take Bi 8 or

Bi 9 by passing an exam and then earning a passing grade in Bi/Ch

111 or Bi/Ch 113, respectively, instead. The exam for placing out of

Bi 8 and Bi 9 is given in the fall term of freshman year, and is open

to students who have an unusually strong background in biology,
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e.g., substantial research experience. Some students who score a 5
on the advanced placement exam in biology may also qualify to take
the exam.

Bi 10 is not required for the biology option but is commonly
taken by biology students to meet the Institute introductory labora-
tory requirement.

Prerequisites listed for individual biology courses are adviso-
ry, not compulsory. They indicate the kind of background that is
assumed for the work level of the course. In general they may be
waived with the instructor’s permission.

Ch 24 and Ch 25 are strongly recommended for students inter-
ested in postgraduate work in biology, as most graduate programs
expect entering students to have taken a course in physical chemis-
try. Additional courses of potential interest to biology majors include
Ge 11 b, BE/APh 161, BE 163, and advanced geobiology courses.

Typical Course Schedule
Units per term
Ist 2nd 3rd
Second Year

HSS electives 9 9 9
Ma 2, 3 Sophomore Mathematics 9 9 -
Ph 2 ab, ac,
or bc Sophomore Physics 0-9 0-9 0-9
Ch 41 abc Organic Chemistry 9 9 9
Bi 8 Introduction to Molecular Biology - 9 -
Bi 9 Cell Biology - - 9
Bi 10 Cell Biology Laboratory - - 6
Electives 18-21 0-15 0-18
45-48 45-51 42-51
Third Year
HSS electives 9 9 9
Bi 117 Developmental Biology - 9 -
Bi/Ch 110 Intro. to Biochemistry 12 - -
Bi/Ch 111 Biochem of Gene Expression - 0-12 -
or Bi/Ch 113 or Biochem of Cell - - 0-12
Bi 122 Genetics 9 - -
Bi 123 Genetics Laboratory - 12 -
Ch 24, 25 Introduction to Biophysical
Chemistry - 9 9
Electives 15-21 15-21 15-33

45-51 54-60 45-51

Fourth Year

HSS electives 9 9 9
Bi/BE 24 Technical Communication 6 - -
Bi/CNS 150 Neurobiology 10 - -
Electives 23-26 36-42 36-42

48-51 45-51 45-51
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Business, Economics, and Management Option

The business, economics, and management (BEM) option provides
students with the analytical tools to operate successfully in a modern
volatile business environment. The emphasis is on strategy, design
(markets, organizations, networks), finance, and law in a free-mar-
ket competitive or strategic situation, as well as in a highly politi-
cized environment. Today’s business environment is complex; the
required courses in this option are therefore highly analytical. The
formal nature of the required courses can be complemented by case-
study courses. For more information, go to http://www.hss.caltech.
edu/ss.

Option Requirements

1. Ec 11, PS/Ec 172, BEM/ECc/SS 20 (or a similar writing/oral

presentation course), and BEM 102.

BEM 103, BEM 104, BEM 105 and BEM 106.

Ec 122.

Ma 2 and Ma 3.

Five courses, to be chosen from the menu (may be taken

pass/fail): BEM courses (excluding the ones listed under [1]

and [2] above), BEM/Ec/CS 134, Ec 105, 106, 116, 121 ab,

122, 123, 129, 130, 131, 132, 135, 145, Ec/PS 160 abc, PS 12,

PS/Ec 173, Psy 15, Psy 20, ACM 113, ACM 116, Ma 1123,

Law 134, 135. Other courses with permission of BEM option

representative.

6. 45 additional units of science (including anthropology, economics,
political science, psychology, social science), mathematics,
and engineering courses; this requirement cannot be satisfied by
courses listed as satisfying the introductory laboratory requirement
or by any course with a number less than 10 (may be taken
pass/fail).

7. Passing grades must be earned in a total of 486 units, including
all courses used to satisfy the above requirements.

apLn

Typical Course Schedule
Units per term
1st 2nd 3rd
Second Year

Ma 2 & Ma 3 Sophomore Mathematics 9 9 -

Menu Course - - 9
Ec 11 Introduction to Economics 9 - -
BEM 102 Introduction to Accounting 9 - -
EC 131 Market Design 9 - -
PS/Ec 172 Noncooperative Games - - 9

Electives! 9 36 27

45 45 45
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Third Year

BEM 103 Introduction to Finance 9 - -
BEM 104 Investments - 9
BEM 105 Options - 9 -
BEM 106 Competitive Strategy - 9 -
EC 122 Methods in Applied Statistics
and Data Analysis 9 - -
Electives! 27 18 45

45 45 45
Fourth Year
BEM/ECc/SS 20 Scientific Writing - 6 -

Electives? 45 39 45
45 45 45

1 See option requirements 4 and 5.

Chemical Engineering Option

The chemical engineering option is designed to prepare its stu-
dents for either graduate study or research and development work
in industry. This is accomplished by providing broad and rigorous 235
training in the fundamentals of chemical engineering while main-
taining a balance between classroom lectures and laboratory expe-
rience. The program also strives to develop in each student selfre-
liance, creativity, professional ethics, an appreciation of the societal
impact of chemical engineering, and an understanding of the
importance of continuing intellectual growth.

Chemical engineering involves applications of chemistry,
physics, mathematics, and, increasingly, biology and biochemistry.
In addition to these disciplines, the chemical engineering curric-
ulum includes the study of applied and computational mathematics,
fluid mechanics, heat and mass transfer, thermodynamics, chemical
kinetics and chemical reactor design, and process control. Because
of this broad-based foundation that emphasizes basic and engineer-
ing sciences, chemical engineering is perhaps the broadest of the
engineering disciplines.

Because many industries utilize some chemical or physical
transformation of matter, the chemical engineer is much in
demand. He or she may work in the manufacture of inorganic
products (ceramics, semiconductors, and other electronic materi-
als); in the manufacture of organic products (polymer fibers, films,
coatings, pharmaceuticals, hydrocarbon fuels, and petrochemicals);
in other process industries; or in the biotechnology, pharmaceuti-
cal, or biomedical industries. Chemical engineering underlies most
of the energy field, including the efficient production and utiliza-
tion of coal, petroleum, natural gas, and newer technologies such
as biofuels, fuel cells, and solar energy conversion technologies. Air
and water pollution control and abatement and the study of climate
change, its impacts, and its mitigation are also within the domain
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of expertise of chemical engineers. The chemical engineer

may also enter the field of biochemical engineering, where applica-
tions range from the utilization of microorganisms and cultured
cells, to enzyme engineering and other areas of emerging biotech-
nology, to the manufacture of foods, to the design of artificial
human organs.

Key educational objectives of our chemical engineering curric-
ulum are to prepare students for professional practice at the fore-
front of chemical engineering or for graduate school, and to
become leaders in engineering, science, academia, business, and
public service in a continually changing world. To do this, the cur-
riculum focuses on developing an ability to synthesize and apply
knowledge from the many subjects studied to the design of sys-
tems, components, processes, or experiments, subject to technical,
economic, environmental, and/or social constraints. Problems
illustrating the design process are integrated into the core courses.

Freshmen normally take the core courses in mathematics, phys-
ics, chemistry, and biology (Ma 1 abc, Ph 1 abc, Ch1 ab, and Bi 1).
Sophomores take ordinary differential equations (Ma 2), wave
physics (Ph 2a), chemistry laboratories (Ch 3a [or Ch 3x], and Ch/
ChE 9). They also take the second-year organic chemistry course
Ch 41 abc, and the basic chemical engineering courses (ChE 15,
ChE 62, and ChE 63ab). The third-year applied and computation-
al mathematics course (ACM 95abc) may be taken in the junior or
sophomore years.

Undergraduate research is emphasized, and students are
encouraged, even in the freshman year, to participate in research
with the faculty. In order to obtain a basic intellectual background,
all students take courses in the fundamentals of chemical engineer-
ing through the junior year. During the junior and senior years,
students diversify into one of four tracks (biomolecular, environ-
mental, materials, or process systems), where they pursue concen-
trated study in their chosen area of chemical engineering. An
optional senior thesis provides an opportunity to pursue indepen-
dent research and design in lieu of one of the senior laboratories.

Attention is called to the fact that any student whose gradepoint
average is less than 1.9 at the end of an academic year in the
subjects listed under the Division of Chemistry and Chemical
Engineering may, at the discretion of the faculty in this division,
be refused permission to continue the work in this option.

Option Requirements

1. Ma 2, Ph 2 a, Ch/ChE 9, ChE 15, Ch 21 abc, Ch 41 abc, ChE
62, ChE 63 ab, Ch/ChE 91 (or En 84), ACM 95 abc, ChE 101,
ChE 103 abc, ChE 105, ChE 126, three science/engineering
electives (two if ChE 90 ab is selected), and one of Ec 11, BEM
102, or BEM 103"

2. Completion of a track (biomolecular, environmental, process
systems, or materials), each consisting of eight science or engi-
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neering courses (72 units, including 63 units of engineering

courses). Students should inform the executive officer of their

track choice by the beginning of the spring quarter of the
sophomore year by providing a planned schedule for comple-
tion of all degree requirements. Requirements for the tracks are
as follows.

a. Biomolecular track: ChE/BE 163, Bi/Ch 110, [ChE 130 or
ChE 90 ab], and 45 units of additional bioengineering or
biochemical engineering electives. ChE 118 and/or ChE
120 may be elected provided the design project undertaken
contains a significant biological component.

b. Environmental track: two of the core ESE courses [ESE 101,
102, and 103], [ChE 128 or ChE 90 ab], 45 units of
additional ESE or related courses. ChE 118 and/or ChE 120
may be elected provided the design project undertaken
contains a significant environmental component.

¢. Process systems track: ChE 118, ChE 120,[Che 128 or ChE
90ab], 45 units of engineering electives or courses from the
other tracks.

d. Materials track: ChE 128 or ChE 90 ab; one course on
materials synthesis or processing selected from Ch/ChE 237
1472, ChE 1152, or MS 133; at least one course on the
physical basis of structure and properties selected from Ch
120, ChE/Ch 1482, MS 115, MS/APh 120, MS/APh 122,

or MS 131, and 45 units of additional chemical engineering
or materials science elective courses selected from
ChE 118, ChE 120, ChE/Ch 1552, ChE/Ch 164, ChE/Ch
165, or any MS course.

3. Passing grades must be earned in all courses required by the
Institute and the option. Nlone of the courses satisfying option
requirements may be taken pass/fail.

4. Passing grades must be earned in a total of 515 units, including
courses listed above.

1 The 9 units of Ec 11 or BEM 103 partially satisfy the Institute requirements in humanities
and social sciences.
2 Given in alternate years.

Typical Course Schedule
Units per term
st 2nd 3rd
Second Year

Ma 2 Ordinary Differential Equations 9 - -
Ph2a Sophomore Physics: Waves 9 - -
ChE Introduction to Chemical
Engineering Computations - 9
Ch/ChE 9 Chemical Synthesis and Characterization - - 9
for Chemical Engineering
Ch 41 abc Organic Chemistry 9 9 9
ChE 62 Separation Processes 9 - -

ChE 63ab  Chemical Engineering
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Thermodynamics - 9 9

ACM 95 abc Intro. Methods of Applied Math. 12 12 12
HSS electives - 9 9
48 48 48
Third Year

ChE 103 abc Transport Phenomena 9 9 9
ChE 101 Chemical Reaction Engineering - 9 -

ChE 105 Dynamics and Control of Chemical
Systems - - 9
Ch/ChE 91  Scientific Writing 3 -
ChE, Ch, track courses, and electivest 18 9 9
Ec 11, BEM 102, or BEM 103 9 - -
PE Physical Education 3 -
HSS electives 9 18 18

48 48 45
Fourth Year

ChE 126 Chemical Engineering Lab 9 - -
ChE, Ch, track courses, and electives! 9 9 9

Ch 21 ab? Physical Chemistry 9 9 9
Science or Engineering electives - 9 9

HSS electives 9 9 9

36 36 36

1 See option requirements.
2 Ch 24 a can be substituted for Ch 21 b.

Chemistry Option

Study in the chemistry option leads, especially when followed by
graduate work, to careers in teaching and research at colleges and
universities, in research for government and industry, in the operation
and control of manufacturing processes, and in management and
development positions in the chemical industry.

A first-year general chemistry course is taken by all freshman
students. The emphasis is on fundamental principles and their use
in systematizing descriptive chemistry. The student’s qualifica-
tions for placing out of Ch 1 ab will only be determined by the
performance on a placement examination to be administered in
the summer prior to registration. Students who did not pass the
placement exam may take Ch 1 and Ch 41 simultaneously, but Ch
1 ab must be passed to satisfy the Institute chemistry requirement.
The one-term required laboratory course (Ch 3 a) presents basic
principles and techniques of synthesis and analysis and develops
the laboratory skills and precision that are fundamental to experimen-
tal chemistry. The laboratory in the following two terms (Ch 4 ab),
normally taken concurrently with Ch 41, introduces the student
to methods of synthesis, separation, and instrumental analysis used
routinely in research. Qualified students, with the instructor’s
consent, are allowed to substitute either Ch 4 a, Ch 8, or Ch/
ChE 9 for the core requirement of Ch 3 a. Freshmen intending
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to major in chemistry are encouraged to take Ch 10 abc, which
provides an introduction to research activities and opportunities
in chemistry for undergraduates.

Beyond the freshman year, each student in the chemistry option,
in consultation with his or her adviser, selects a suitable course of
study under the supervision of the division. The requirements of
the option are listed below. A student wishing to deviate from these
requirements should submit an alternate curriculum, with justifi-
cations, for consideration by his or her adviser and the Chemistry
Curriculum and Undergraduate Studies Committee. The chemistry
option representative should be consulted for the future scheduling
of courses not offered during the current academic year.

Undergraduates in the option must also take chemistry courses
below the 100 level for a letter grade with the exception of the
following courses, which are only offered on a pass/fail basis: Ch 1,
Ch 3 a, Ch 90, and, if taken during the first or second terms of the
freshman year, Ch 4 ab, Ch 21 ab, Ch 24, and Ch 41 ab.

Senior Thesis

Students attempting a senior thesis in the chemistry option must

complete the following requirements.

1. Three terms (27 units) of Ch 82 are to be completed during the
junior and/or senior year of study; continued work from
research experiences prior to the commencement of the senior
thesis is encouraged.

2. At the time of registering for the first term of Ch 82, the candidate
will submit a short (five-page) proposal delineating his/her
project for approval by the research mentor and the Chemistry
Curriculum and Undergraduate Studies Committee (CUSC).

3. The candidate will present a short progress report (maximum
of five pages) at the end of each of the first two terms of Ch 82,
describing the current status of the research work and any
results obtained. Upon evidence of satisfactory effort, the student
will be allowed to continue his/her senior thesis.

4. A thesis of approximately 20 pages (excluding figures and refer-
ences) will be presented to the mentor and the CUSC at the end
of the third term of Ch 82. An oral thesis defense will be
arranged by the CUSC. The thesis must be approved by
both the research mentor and the CUSC.

5. Upon approval by the research mentor and the CUSC, the Ch 91
requirement for graduation may be satisfied by the written thesis
and the progress reports from the first two quarters of Ch 82.
If the thesis is being completed during the spring quarter of the
senior year, a draft of the thesis is to be submitted by Add Day.

Double Majors

For students simultaneously pursuing a degree in a second option,
courses taken as required courses for that option can also be count-
ed as chemistry electives (requirement 3, below) where appropriate.
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However, courses that count toward the electives requirement in
the other option cannot simultaneously be counted toward satisfy-
ing the elective requirement in chemistry.

The courses listed below would constitute a common core for
many students in the option.

Any student of the chemistry option whose grade-point average
is less than 1.9 will be admitted to the option for the following year
only with the special permission of the Division of Chemistry and
Chemical Engineering.

Option Requirements

1. Ch 14, Ch 21 abc (or Ch 21a, Ch 24, and Ch 25), Ch 41 abc,
Ch 90, Ma 2, and Ph 2a. Ma 3 recommended but not required.
For students taking a full year of physics (Ph 2abc or Ph 12abc),
the physical chemistry requirement can be satisfied by passing
either Ch 21b or Ch 24. Students with the appropriate back-
ground upon completion of Ph 2a or Ph 12a may substitute the
following 100-level courses for Ch 21a (Ch 125a or Ph 125a);
Ch 21b (Ch 125b, Ch 126, Ph 103, or Ge 132); and Ch 21c
(ChE/Ch 164 or Ph 127a). 100-level courses used in substi-
tution for Ch 21abc may not also be counted towards the five
terms of advanced chemistry electives.

2. A minimum of five terms of laboratory work chosen from Ch
4ab, Ch 5ab, Ch 6ab, Ch 7, Ch 10c (if taken freshman or soph-
omore year), and Ch 15. One non-chemistry laboratory course
may be used, chosen from Bi 10, MS 90, Ph 6 and Ph 7.

3. A minimum of five terms of advanced chemistry electives
(which must total at least 45 units) taken for a letter grade from
chemistry course offerings at the 100 and 200 level, including
cross-listed offerings, but excluding Ch 180 and Ch 280.

4. Passing grades must be earned in the courses that constitute the
approved program of study, including those listed above. None
of the courses satisfying option requirements may be taken pass/
fail.

5. The chemistry option strongly encourages students to engage
in academic year research, and up to 27 units each of Ch 80 and
Ch 82 will toward towards the 486-unit requirement.

Typical Course Schedule
Units per term
Ist 2nd 3rd
Second Year

Ch 41 abc Organic Chemistry 9 9 9

Ma 2 Sophomore Mathematics 9 - -

Ph2a Sophomore Physics 9

Ch4ab Synthesis and Analysis of Organic - 9 9
and Inorganic Compounds

Ch 14 Chemical Equilibrium and
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Analysis - - 6
Electives 18-21 18-27 21-24
45-48 36-45 45-48
Third Year
Ch5a Advanced Techniques of Synthesis - 12 -
or and Analysis
Chs5b 9 - -
Ch 15 Chemical Equilibrium and
Analysis Laboratory 10
Ch 21 abc Physical Chemistry 9 9 9
or
Ch21a,Ch24,Ch25
Ch 90 Oral Presentation - 3 -
Ch/ChE 91  Scientific Writing - - 3
Electives 17-29 21-36  33-36
45-48 45-48 45-48
Fourth Year
Ch6a Physical and Biophys. Chemistry Lab
or - 10 -
Chéb - - 10
or
Ch7 Advanced Experim. Methods in 241
Bioorganic Chemistry - - 9
Electives 45-48 35-48 26-48
45-48 45-48 45-48

This typical program is not specifically required for graduation in
the option, nor is it in any sense a complete program. Students are
expected to work out individual programs suitable for their interests
and professional goals in consultation with their advisers. Several
representative programs, including sets of possible electives, are
shown below. These may well approximate choices by students
who intend to do graduate work in conventional areas of chemis-

try.

Suggested Representative Courses of Study for Those
Intending Graduate Work in Particular Areas of Chemistry

Second Year Third Year Fourth Year
Inorganic Ch4ab,Ch5a, Ch5b, Ch 14, Ch6aor6hb,
Chemistry  Ch 41 abc, Ch 102, Ch 21 abc, Ch electives,
Ma 2 ab, Ph 2 ab,  Ch elective(s), Ch 80, HSS
HSS elective, Ch laboratory, elective
other elective Ch 80, Ch 90,
Ch/ChE 91,
HSS elective
Chemical Ch 4 ab, Ch laboratory, Ch 125 abc, Ch
Physics Ch 21 abc,Ch6 Ch 41 abc, Ch electives,
ab, Ch 14, Ma 2 elective(s), Ch 80, HSS
ab, Ph 2 ab, Ch 80, Ch 90, elective
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HSS elective ACM 95 abc,

Ch/ChE 91,
HSS elective
Organic Ch4ab,Ch5a, Ch5borCh7, Ch6aor
Chemistry  Ch 41 abc, Ch 102, Ch 14, Ch 21 abc, Ch6b,
Ma 2 ab, Ph 2ab,  Ch elective(s), Ch electives,
HSS elective, Ch laboratory, Ch 80,
other elective Ch 80, Ch 90, HSS elective
Ch/ChE 91,
HSS elective
Biochemistry Ch 4 ab, Bi 10, Ch laboratory, Ch6aor6hb,
Ch 41 abc, Bi 9, Ch7,Ch14,Ch21la, Ch(Bi)
Ma 2 ab, Ph2ab, Ch 24, Ch 25 (or electives,
HSS elective Ch 21 bc), Ch 80 Ch 80
(or Bi 22), Ch 90, (or Bi 22), HSS
Ch/ChE 91, elective

Bi/Ch 110, Bi/Ch 111,
Bi/Ch 113, Bi 10,
HSS elective

Computer Science Option and Minor

Study in the computer science option within the Computing &
Mathematical Sciences department emphasizes rigor and creativity, and
is good preparation either for graduate study followed by a research
career, or for a variety of professional or entrepreneurial occupations.

The option introduces students to the mathematical and engineer-
ing foundations of the discipline. It provides considerable flexibility
in course selection, together with a capstone project giving an oppor-
tunity for independent work in an area of the student’s choice.
Individual programs will be worked out in consultation with faculty
advisers (the materials at www.cs.caltech.edu/academics/undergrad_
study.html may be helpful for this purpose).

Any student in the computer science option whose grade-point
average is less than 1.9 at the end of the academic year in the subjects
listed in the option requirements may be refused permission to
continue work in the option.

Double Majoring Requirement

Students interested in simultaneously pursuing a degree in a
second option must fulfill all the requirements of the computer
science option. Courses may be used to simultaneously fulfill
requirements in both options. However, it is required that stu-
dents have at least 63 units of computer science courses numbered
80abc, 81abc, or 114 and above that are not simultaneously used
for fulfilling a requirement of the second option, i.e., requirement
4 in computer science must be fulfilled using courses that are not
simultaneously used for fulfilling a requirement of the second
option. To enroll in the program, the student should meet and
discuss his/her plans with the option representative. In general,
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approval is contingent on good academic performance by the stu-

dent and demonstrated ability for handling the heavier course load.

Option Requirements
1. CS fundamentals. CS 1; CS 2; CS 4; CS 11,
2. Intermediate CS. CS 21; CS 24; CS 38.
3. CS Project Sequence. One of the following:
a. An undergraduate thesis (CS 80abc) supervised by a CS fac-
ulty member.
b. A project in computer science, mentored by the student’s
academic adviser or a sponsoring faculty member. The
sequence must extend at least two quarters and total at least
18 units of CS 81labc.
¢. Any of the following three-quarter sequences. Each of the
sequences is expected to be available (nearly) yearly.
i. Databases: CS 121, CS 122, CS 123.
ii. Graphics: CS/CNS 174 and two other CS 17x courses.
iii. Learning & Vision: At least three courses chosen from
ME/CS 132ab, EE/CNS/CS 148 ab, CS/CNS/EE
154, 155, 156 ab, 159, CNS/BI/EE/CS 186,
CNS/Bi/Ph/CS 187, ACM/CS/EE/CMS 218

including at least one of 156 b, 148 b, 132 b or 159.
iv. Networking & Distributed Systems: CS/EE 145 com-
bined with two courses chosen from CS 142,

CS/EE 143, and CS/EE 144.

4. Advanced CS. A total of 63 CS units that are not applied to
requirements 1 or 2 above, and that either (i) are numbered CS
114 and above or (ii) are in satisfaction of requirement 3 above.

. Mathematical fundamentals. Ma 2; Ma 3; Ma/CS 6a or Ma 121a.

. Communication fundamentals. E10; E11.

. Scientific fundamentals. In addition to all above requirements, 18
units selected from the following courses Bi 8, Bi 9, Ch 21abc,
Ch 24, Ch 25, Ch 41abc, Ph 2abc, Ph 12abc, or any 100+
course in Bi, Ch, or Ph.

8. Breadth. In addition to all above requirements, 36 units in Ma,

ACM, or CS; 18 units in EAS or Ma; and 9 units not labeled

PE or PA.

~N o O

Units used to fulfill the Institute Core requirements do not
count toward any of the option requirements. Pass/fail grading
cannot be elected for courses taken to satisfy option requirements.
Passing grades must be earned in a total of 486 units, including all
courses used to satisfy the above requirements.

Typical Course Schedule
Units per term
st 2nd 3rd
Second Year
Scientific Fundamentals 9 9 -
Ma2,Ma3 Sophomore Mathematics 9 9 -
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CS1 Intro. to Computer Programming? 9

CS2 Intro. to Programming Methods?* - 9 -
CS4 Fundamentals of Computer Program. 9 -
Ma/CS 6 a Intro. to Discrete Math 9 - -
cs21 Decidability and Tractability - 9 -
CS 24 Intro. to Computing Systems - - 9
CS 38 Introduction to Algorithms - - 9

HSS electives 9 - 9

Other electives - - 9

45 45 36

Third Year
CS courses 9 9 9
CS project 9 9 9
HSS electives 9 9 9
E 10 Technical Seminar Presentations - - 3
EAS/Ma courses 9 9 9
Other electives 9 9 -

45 45 39
Fourth Year

CS courses 9 -

HSS electives 9 18 9
EAS/Ma courses 9 9 9
Other electives 18 9 18

1 Commonly taken during the freshman year.

Computer Science Minor

The computer science minor is intended to supplement one of
Caltech’s undergraduate degrees and is designed for students who
wish to broaden their knowledge beyond their normal major or
who may wish to pursue a graduate program involving computer
science. Students completing the computer science minor require-
ments will have the phrase “minor in computer science” added to
their transcripts.

Minor Requirements

Computer Science Minor Requirements

1. CS fundamentals. CS 1; CS 2; and CS 11.

2. Mathematical fundamentals. Ma 2; Ma 3; Ma/CS 6a or Ma 121a.

3. Intermediate CS. CS 21; CS 24; CS 38.

4. Advanced CS. 9 CS units numbered 114 or above that are not
applied to the above requirements and are not simultaneously
used for fulfilling a requirement of the student’s major option.
Pass/fail grading cannot be elected for courses taken to
satisfy option requirements. Courses taken as part of the
computer science minor are counted toward the total 486
units needed for Institute graduation requirements. To enroll in
the program, the student should meet and discuss his/her
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plans with the option representative. In general, approval is
contingent on good academic performance by the student and
demonstrated ability for handling the heavier course load.

Control and Dynamical Systems Minor

Control and dynamical systems (CDS) may be pursued as a minor
concentration by undergraduates who are taking degrees in science,
mathematics, or engineering. The CDS minor is intended to
supplement one of Caltech’s normal undergraduate degrees and
is designed for students who wish to broaden their knowledge
beyond their normal major or who may wish to pursue a gradu-
ate program involving control or dynamical systems. Students
completing the minor requirements below in CDS will have the
phrase “minor in control and dynamical systems” added to their
transcripts and their graduating degree materials.

CDS Minor Requirements

1. Complete CDS 110 and CDS 140.

2. Complete nine additional units in CDS courses, chosen from
ACM/EE/CMS 116, CDS 112, CDS 212 or CDS 240.

3. Complete a three-term senior thesis approved by the CDS faculty. 245

All CDS courses to be applied to fulfill the CDS minor require-
ments must be taken for grades, and students must obtain a grade
of B or higher. The senior thesis requirement may be satisfied by
completing a three-term senior thesis in the student’s major option
but on CDS subject matter, with the approval of the thesis topic by
the CDS option representative, or by taking CDS 90 abc.

Courses that are used to satisfy the CDS minor cannot be used
to satisfy course requirements in the major options, with the excep-
tion that CDS 110 may be used in EAS options where this is part
of their requirements (e.g., ChE, EE, ME) and the senior thesis
requirement may be used to satisfy requirements for major options
that require a senior thesis. Courses taken as part of the CDS
minor are counted toward the total 486 units needed for Institute
graduation requirements.

A typical course sequence would be to take either CDS 110 or
CDS 140 in the junior year, followed by the remaining courses and
the senior thesis in the senior year. Alternatively, it is possible to
take all requirements in the senior year. In addition to the require-
ments above, CS 1 and CS 2 are highly recommended.

Economics Option

The economics option provides students with an understanding
of the basic principles underlying the functioning of economic
institutions. It offers a modern and quantitative approach to
economics seldom available to undergraduates. The emphasis on
economic principles and modern methodology provides students
with an excellent preparation for graduate study in economics or
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for professional study in the fields of business, law, or economics.
The option is sufficiently flexible that students can combine
their pursuit of economics with studies in engineering, mathematics,
or science. The core of the option consists of an economic theory
component, a data analysis component, an applied microeconomic
component, and a macroeconomic/growth component. Students
are strongly encouraged to supplement this core with additional
electives in economics, political science, and mathematics.

Option Requirements

1. Ec 11 and BEM/ECc/SS 20.

2. Theory: Ec 121 ab and PS/Ec 172.

3. Data analysis: Ec 122.

4. Applied microeconomics: one of Ec 105, BEM/Ec 118, Ec 133,
Ec 135, or Ec 145.

5. Macroeconomics and growth: one of Ec 123, Ec/SS 129, 130,

or Ec 140.

Ma 3.

7. 45 additional units of advanced economics and social science
courses. (Courses that are used to fulfill the Institute advanced
social science requirement [courses numbered 100 and above]
will also count toward this requirement.) Students may also
take classes from the following list in partial fulfillment of this
requirement: any BEM course except BEM 102; ACM 113 and
ACM 116.

8. 45 additional units of advanced science, social science, math-
ematics, and engineering courses. The requirement cannot be
satisfied by any course with a number less than 100.

9. Passing grades must be earned in a total of 486 units, including
all courses used to satisfy the above requirements.

©

Typical Course Schedule
Units per term
1st 2nd 3rd
Second Year

Ma 3 Sophomore Mathematics - 9 -
Menu Course 9
Ec 11 Introduction to Economics 9 - -
PS 12 Introduction to Political Science - - 9
Electives! 27 27 27

36 36 45

Third Year

Ec 105 Industrial Organization - 9 -
Ec 121 ab Theory of Value 9 9 -
PS/Ec 172 Game Theory - 9
Ec 122 Econometrics 9 - -
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Ec 123 Macroeconomics - - 9
Electives! 27 27 27

45 45 45

Fourth Year
BEMY/ECc/SS 20 Scientific Writing - 6 -
Electives! 45 39 45

45 45 45
1 See option requirements 5 and 7.

Electrical Engineering Option

The objective of the undergraduate program in Electrical
Engineering at Caltech is to produce graduates who will attain
careers and higher education that ultimately lead to leadership
roles in academia, industry and government in areas of rapidly
advancing interdisciplinary technology related to telecommunica-
tions, solid-state, information, computer and electrical systems.
The program prepares its students for either graduate study,
entrepreneurial careers, or research and development work in gov-
ernment or industrial laboratories. It inspires them to undertake
careers and professional practices that provide an opportunity to
address the pressing technological needs of society. It accomplishes
this by building on the core curriculum to provide a broad and
rigorous exposure to the fundamentals (e.g., math, science, and
principles of engineering) of electrical engineering. EE’s other
program objectives are multiple. The program strives to maintain
a balance between classroom lectures and laboratory and design
experience, and it emphasizes the problem formulation, system-de-
sign, and solving skills that are essential to any engineering disci-
pline. The program also strives to develop in each student self-re-
liance, creativity,teamwork ability, professional ethics, communica-
tion skills, and an appreciation of the importance of contemporary
issues and lifelong intellectual growth. For interested students,
there are opportunities to conduct research with a faculty member.
Students electing this option will normally choose to take
APh/EE 9 ab as a freshman-year elective and the introductory sem-
inar EE 1. The formal study of electrical engineering begins in the
sophomore year with circuits and systems, EE 44; digital electron-
ics, EE/CS 51, 52; semiconductor sensors and actuators, EE 40; the
theory and laboratory practice of analog circuits, EE 45; and then
a course on feedback control systems, EE 113 or CDS 110 a. The
junior year features the fundamentals of signals and systems and
digital signal processing, EE 111; probability and random processes,
ACM/EE 116; an introduction to analog and digital communica-
tions, EE 160; electromagnetic engineering, EE 151; and an analog
electronics laboratory, EE 90. In the senior year, the student will be
asked to demonstrate his or her ability to formulate and carry out
a design project through independent research or either a senior
thesis, EE 80 abc, or two courses selected from the senior project
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design laboratory, EE 91 ab, EE/CS 53, and CS/EE/ME 75 c. In
addition, the student, especially in the senior year, will have a sig-
nificant opportunity to take elective courses that will allow him/her
to explore earlier topics in depth, or to investigate topics that have
not been covered previously. (See the “suggested electives” section,
page 250.)

A student whose interests lie in the electrical sciences but who
wishes to pursue a broader course of studies than that allowed by
the requirements of the electrical engineering option may elect the
engineering and applied science option.

Attention is called to the fact that any student who has a grade-
point average less than 1.9 at the end of the academic year in the
subjects listed under electrical engineering may be refused per-
mission to continue work in this option.

Double Majors

The electrical engineering option allows interested students to
declare electrical engineering as one of the majors in a double
major pursuit. To enroll in the program, the student should meet
and discuss his/her plans with the option representative. In general,
approval is contingent on good acadamic performance by the stu-
dent and demonstrated ability for handling the heavier course load.
For students simultaneously pursuing a degree in a second option,
courses taken as required courses for that option can also be count-
ed as EE electives where appropriate. However, courses that count
toward the electives requirement in the other option cannot be
simultaneously counted toward satisfying the elective requirement
in EE. To qualify for an EE degree, the student would need to
complete all option requirements.

Option Requirements

1. Ma 2, Ma 3, Ph 2 abc.

2. EE 1, APh/EE 9 ab, E 10, E 11, EE 40, 44, 45, EE/CS 51, 52,

EE 90, 111, 151, and 160.

ACM 95 ab, ACM/EE 116.

EE 113 or CDS 110.

One term of EE 91.

EE 80 abc, or a sequence consisting of CS/EE 143, 144, 145,

or a sequence consisting of BE/EE/MedE 189 a, or one course

selected from an additional term of EE 91, EE/CS 53, EE 119

¢, and CS/EE/ME 75 c (note that CS/EE/ME 75 ab does not

satisfy this requirement).

7. In addition to the above courses, 27 units selected from any EE
course numbered over 100, or any cross-listed courses num-
bered over 100 that include EE in the listing.

8. Passing grades must be earned in a total of 486 units, including
courses listed above.

o0 AW
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Typical Course Schedule?
Units per term
Ist 2nd 3rd
Second Year — Schedule 1

Ph 2 abc Sophomore Physics 9 9 9
Ma 2, Ma3 Sophomore Mathematics 9 9

HSS electivest 9 9 9
EE 40 Introduction to Semiconductors

and Sensors - - 9
EE 44 Circuits and Systems 9 - -
EE 45 Electronics Laboratory - 12 -
EE 113 Feedback and Control Systems - - 12
EE/CS 51 Principles of Microprocessor Systems 12 - -
EE/CS 52 Microprocessor Systems Laboratory - 12

Electives - - 9

Second Year — Schedule 2

Ph 2 abc Sophomore Physics 9 9 9
Ma 2, Ma3 Sophomore Mathematics 9 9 -
HSS electives 9 9 9
EE 40 Introduction to Semiconductors
and Sensors - - 9 249
EE 44 Circuits and Systems 9 - -
EE 45 Electronics Laboratory - 12 -
EE 113 Feedback and Control Circuits - - 12
ACM 95 ab  Intro. Methods of Applied Math. 12 12
Electives - - 9

48 51 48

Third Year — Schedule 1

E 10 Technical Seminar Presentations 3
E 11 Written Technical Communication - 3 -
ACM 95 ab Intro. Methods of Applied Math. 12 12 -
HSS electives! 9 9 9
ACM/EE 116 Intro. to Stochastic Processes 9 - -
EE 151 Electromagnetic Engineering - - 9
EE 111 Signals, Systems, and Transforms 9 - -
EE 90 Analog Electronics Project Lab - 9
EE 160 Communication-System Fundamentals - 9
Electives - 9 18

42 42 45
Third Year — Schedule 2

E 10 Technical Seminar Presentation 3 - -
E 11 Written Technical Communication - 3
EE/CS 51 Principles of Microprocessor Systems 12 - -
EE/CS 52 Microprocessor Systems Laboratory - 12 -
HSS electives 9 9 9
ACM/EE 116 Intro. to Stochastic Processes 9 - -
EE 151 Electromagnetic Engineering - - 9
EE 111 Signals, Systems, and Transforms 9 -
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EE 90 Analog Electronics Project Lab - - 9
EE 160 Communication-System Fundamentals - 9 -
Electives - 9 18

Fourth Year (for project)

HSS electivest 9 9 9
EE 91 ab? Experimental Projects in Electronic
Circuits 12 - -
EE electives 9 9 9
Electives 9 18 18

39 36 36

Fourth Year (for thesis)

HSS electives! 9 9 9

EE 91 ab? Experimental Projects in Electronic
Circuits 12 - -
EE 80 Senior Thesis 9 9 9
EE electives 9 9 9
Electives 3 9 9

42 36 36

1 See Institute requirements for specific rules regarding humanities and social sciences.
2 See option requirements 4 and 5.

Suggested Electives
First-year students interested in electrical engineering should take
APh/EE 9 ab, which is an EE option requirement (though it need
not be taken freshman year).

Suggested elective courses for the second, third, and fourth
year for various specializations within electrical engineering are
given below. Students interested in other areas of specialization or
interdisciplinary areas are encouraged to develop their own elective
program in consultation with their faculty adviser.

Bioengineering

Second Year: Bi 9, Bi 10, APh 17 abc.

Third and Fourth Year: Bi/Ch 110, Bi/Ch 113, BE 141, EE/BE/
MedE 166, EE/BE/MedE 185, CNS/BI/EE/CS/NB 186, CNS/CS/
EE 188, BE/EE/MedE 189 ab.

Communications and Signal Processing

Second Year: Selected from APh 17 abc, APh 23, APh 24, EE/CS 53.

Third and Fourth Year: EE 112, EE/Ma 126 ab, 127 ab, EE 128 ab,
161, 163 ab, 164, 167, EE/APh 131, APh/EE 130, 132, Ma 112 a.

Control

Second Year: APh 17 abc.

Third and Fourth Year: CDS 110, and selections from EE 112, EE
128 ab, EE 164.

Electronic Circuits
Second Year: EE 113, CDS 101, APh/EE 183.
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Third and Fourth Year: EE/MedE 114 ab, 124, EE 125, 153, 119
ab, CS/EE 181 abc, and selections from EE 112, CS 185 abc,
EE/APh 180, EE 119, EE 160, EE 128 ab.

Microwave and Radio Engineering

Second Year: APh 23, APh 24, APh 17 abc.

Third and Fourth Year: EE 153, EE/Ae 157 ab, EE/MedE 114 ab,
EE/APh 131, APh/EE 130, 132, APh/EE 183.

Optoelectronics

Second Year: APh 23, APh 24, APh 17 abc.

Third and Fourth Year: APh/EE 130, 132, APh 105 abc, APh 114
abc, APh/EE 183, APh 190 abc, EE/APh 131, EE 153.

Solid-State Electronics and Devices

Second Year: APh 17 abc.

Third and Fourth Year: APh/EE 183, and selections from APh 105
abc, APh 114 ab, EE 153, EE/BE 185, EE/MedE 187.

Engineering and Applied Science Option

The engineering and applied science (EAS) option offers students
the opportunity for study in a wide variety of challenging areas 251
of science and technology and includes concentrations in compu-
tation and neural systems, and materials science. In addition, the
EAS option offers students the possibility of designing a custom-
ized course of study that has breadth, depth, and rigor similar to
the concentrations listed above.

The aim of the EAS option is to prepare students for research
and professional practice in an era of rapidly advancing interdisci-
plinary technology. The program builds on the core curriculum to
combine individual depth of experience and competence in a par-
ticular chosen engineering specialty, and a strong background in
the basic and engineering sciences, with laboratory and design,
culminating in a capstone design experience. It strives to develop
professional independence, creativity, leadership, and the capacity
for continuing professional and intellectual growth.

The first year of the four-year course of study leading to a
Bachelor of Science degree is common for all students of the
Institute, although freshman elective subjects are available as an
introduction to various aspects of engineering and applied science.
At the end of the first year, students who elect the EAS option
are assigned advisers as close to their expressed field of interest as
possible, and together with their advisers they develop programs of
study for the next three years. Beyond the Institute-wide require-
ments of physics, mathematics, and humanities, the EAS option
requires one year of applied and computational mathematics
and a prescribed number of units selected from a wide variety of
engineering and applied science courses. Engineering design (syn-
thesis), as distinct from analysis, is considered an essential part of
every engineer’s capability. Advisers will expect students to select a
sufficient number of courses that place emphasis on design.
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Any student in the EAS option whose grade-point average is
less than 1.9 at the end of the academic year in the subjects listed
in the option requirements may be refused permission to continue
to work in the EAS option.

Option Requirements

Students who have elected the EAS option must either choose one

of the approved areas of concentration (see item 6 a below), or by

the end of the third term of the sophomore year submit a written
proposed customized course of study and obtain approval for it
from the EAS option oversight committee (see item 6 b below).

The course of study must include each of the following
elements:

1. Fulfillment of core requirements in differential equations (Ma2
or equivalent); Probability and Statistics (Ma3, ACM/ESE118
or equivalent); Waves (Ph2a, Ph12a or equivalent), Quantum
Mechanics (Ph2b, Ph12b, Ch21a or equivalent);
Thermodynamics and Statistical Mechanics (Ph2c, Phl2c,
ChE63, ME11, Ch21c or equivalent)

2. Demonstration of computer programming competency by
taking CS 1, or by taking an approved alternative course, or by
passing a placement exam administered by the computer science
option by first term of sophomore year.

3. a. 27 units of advanced EAS courses with the prefixes Ae,
ACM, AM, APh, BE, CE, CNS, CS, CDS, EE, ESE, MS, or
ME;

and

b. 27 additional units of either advanced EAS courses or
advanced science courses offered by the biology, CCE, GPS,
or PMA divisions.

4. a. 9 units of laboratory courses taken from the following list:
APh 77 bc, Ae/APh 104 bc, CE 95, CE 180, CS/CNS 171,
173, and 174, EE 45, EE/CS 52, 53, 54, EE 90, EE 91 ab,
ESE 159, MS 90, MS 125, ME 72 ab, ME 90 bc, ME 96;

and

b. 9 units of additional laboratory courses either from the list

in 3 a or from EAS courses with the word “laboratory” in
the title, but excluding those courses for which freshman
laboratory credit is allowed.

5. ACM 95 abc or Ma 108 abc or Ma 109 abc. None of these

course sequences may be taken pass/fail.

E 10 or equivalent; E 11 or equivalent.

7. Courses used to satisfy requirements 1-5 above must also satisfy

a depth requirement, which must be met by either:

a. the concentration requirements listed below for one of the

following disciplines: computation and neural systems, and
materials science,

o

or
b. a customized schedule of requirements that is similarly
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rigorous to 6 a, has both breadth and depth, and that
includes a senior thesis or capstone design project, such

as, but not restricted to, EE 80 abc, CS 80 abc, ME 90

abc, or two terms chosen from EE 91 ab and EE/CS 53.

To select this alternative, the student must submit a writ

ten proposal to, and obtain the approval of, the EAS option
oversight committee. This approval must be obtained by the
end of the third term of the sophomore year.

(Note: Students who meet the depth requirement by satisfying
one of the five concentration requirements listed in 6 a will
have both the EAS option and the name of the concentration
listed on their transcript, while students who satisfy the depth
requirement using 6 b will have only the EAS option listed on
their transcript.)

8. At least 117 units of EAS courses not including those used to
satisfy requirements 3, 4, and 5 above. Concentrations marked
with a dagger (1) in the list below include sufficient EAS courses
to automatically satisfy this requirement; concentrations
marked with an asterisk (*), and also the customized schedule
given in 6 b, do not do so, in which case students will have to
select sufficient additional EAS courses to bring the total to 117 [k
units. Courses in ChE count toward this requirement.

9. All concentrations and the customized schedule of requirements
described in 6 b shall include a major design experience.

10.Passing grades must be earned in at least 486 units, including
those listed in requirements 1-8 above.

Discipline Concentration Requirements (to satisfy requirements
6 a and 8 above)

Computation and Neural Systems*

CNS 100, Bi/CNS/NB 150, CNS/Bi/Ph/CS/NB 187, CNS/Bi/
EE/CS/NB 186, CNS/CS/EE 188 (or IST 4), EE 111, CDS 101,
Bi 8 (or Bi 9) Ph 2 abc, Ma 2, Ma 3 and CS 2 is required in addi-
tion to CS 1 for the CNS concentration. In addition, the labora-
tory course Bi/CNS 162 is required. The project for CNS/Bi/EE/
CS/NB 186 shall be organized as a design project drawing on the
ensemble of CNS disciplines.

Materials Sciencet

APh 17 ab or ChE 63 ab or ME 11 abc; MS 115 or MS/ME162;
MS 90; and three terms of MS 78 (senior thesis, which includes a
major design experience). In addition, the student shall complete
45 units from the following list of restricted electives: ME 12 abc,
APh 105 abc, APh 114 abc, APh/EE 130, APh/EE 183, Ch 120
ab, Ch 121 ab, Ch 125 abc, Ch/ChE 147, ChE/Ch 148, CS 11,
Ge 114 ab, MS 105, MS/APh 120, 122, MS 125, 131, 133, 142, Ph
125 abc. Substitution of courses may be approved at the discretion
of the concentration representative, provided they meet the overall
EAS requirements.
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Typical Course Schedules

Second Year

HSS electives
Electives

Third Year

ACM 95 abc or Ma 108 abc or Ma 109 abc

HSS electives
Electives

Fourth Year
E 10

HSS electives
Electives

Units per term

Technical Seminar Presentations -

1st 2nd 3rd
9 9 9
36 36 36
45 45 45
12 12 12
9 9 9
24 24 24
45 45 45
3 -

9 9 9
33 33 33
42 45 42

Typical Course Schedules by Concentration
Variation of the course schedule from these examples should be
made in consultation with the student’s academic adviser and must
satisfy the discipline concentration requirements listed above.

Computation and Neural Systems

First Year

Second Year

Third Year

Fourth Year

1 Offered biannually.

First Term
CS1

CNS 100

EE 111
Bi/CNS/NB 150
Ma 2

Ph2a

CDS 101

ACM 95 a

CNS 187
E 10

Materials Science

Second Year

Third Year

First Term
APh 17 a
MS 115

ACM 95 a
Restricted elective

Undergraduate Information

Second Term
CS2

Bi 8
Elective

Ma 3
Ph2b
CNS 186
ACM 95 b

IST 4

Second Term
APh 17 b
MS/ME 162

ACM 95 b
Restricted elective

Third Term
Elective

Elective

Ph2 c
Bi/CNS 162!
ACM 95 ¢

Elective

Third Term
Restricted
elective or
MS 90

ACM 95 ¢
Restricted
elective or
MS 90



Fourth Year MS 78 a MS 78 b MS 78 ¢
MS 131 E 10 MS 133
MS/APh 120

English Option and Minor

The option in English provides students with a broad education
in English and American literatures, their historical contexts,
and different approaches to their study. During the senior year,
English majors will enroll in En 99 ab with a faculty member cho-
sen by mutual agreement. En 99 a is devoted to research and En
99 b to writing a substantial research paper. This paper provides
the most important means for evaluating a major’s progress in the
rigorous study of English. The English option provides excellent
preparation for students seeking careers in law, business, admin-
istration, and medicine. The emphasis on writing critical essays
helps scientists and engineers develop the communication skills
necessary for success in their fields.

All students are assigned an adviser who will help them select
the courses best suited to their needs, including courses in fields
such as history that may be relevant for work in the English
option. Students will be expected to consult their adviser before 255
registering for each quarter’s work. It is recommended that English
majors take at least one English or related course per term. Those
who are preparing for graduate work in English should take more
than the minimum requirements listed below, and should be pre-
pared to take courses in several periods of English and American
literature. All courses to be counted toward the option in English
must be taken for grades except for a freshman humanities course in
English when taken in the first two quarters of the freshman year.

Option Requirements

1. En 99 ab.

2. 81 additional units of English courses numbered 99 and above.
27 of these units must include one course in British literature,
one course in American literature, and one course in litera-
ture before 1850 (En 114, 122, 125, 129). Courses cannot be
counted twice in meeting these distribution requirements. Up
to nine units of Hum/En 5, Hum/En 6, or Hum/En 7 and/or
up to nine units of En 98 may be substituted for up to 18 of the
remaining 54 English units. Students may also substitute cours-
es in foreign literature (in the original or in translation) and/or,
with authorization of the adviser, related humanities courses num-
bered above 99, for up to 18 of the remaining 54 English units.

3. 54 additional units of science, mathematics, and engineering
courses. This requirement cannot be satisfied by courses listed
as satisfying the introductory laboratory requirement or by
a course with a number less than 10.
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4. Passing grades must be earned in a total of 486 units, including
the courses listed above.

English Minor Requirements

The English minor is designed for students who want to pursue
concentrated study in English and/or American literature, without
the extensive course work and the senior thesis required by the
English option.

English minors must take 72 units of English courses. These
units may include one freshman humanities course; they may also
include one directed reading course (En 98). Students wishing
to do a minor in English must declare a minor with the English
option representative. All courses to be counted toward the option
in English must be taken for grades except for a freshman human-
ities course in English when taken in the first two quarters of the
freshman year. Students completing the English minor require-
ments will have the phrase “minor in English” added to their tran-
scripts.

1. 72 units of English courses numbered 99 or above.

2. Nine units of Hum/En 5, Hum/En 6, or Hum/En 7 may be
substituted for any nine of the 72 units required for the minor.

3. Nine units of En 98 may be substituted for any nine of the 72
units required for the minor.

Environmental Science and Engineering Minor

The ESE minor is intended to supplement one of Caltech’s under-
graduate degrees. It is designed for students who wish to broaden
their studies beyond their major to include environmental science
and engineering. Students completing the ESE minor require-
ments will have the phrase “minor in environmental science and
engineering” added to their transcripts.

ESE Minor Requirements

1. Complete 27 units of ESE 1, 101, 102, or 103

2. Complete 27 additional units of ESE courses (which may
include up to 18 units of research under ESE 90, including the
required written report).

Except for research courses, all ESE courses to be applied
to fulfill the minor requirements must be taken for grades,
and students must maintain a minimum grade average of B- in
this ESE coursework. Courses that are used to satisfy the ESE
minor requirements cannot be used to satisfy course require-
ments in the major.
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Geology, Geobiology, Geochemistry, Geophysics,
and Planetary Science Options

The aim of this undergraduate program is to provide thorough
training in the geological and planetary sciences and, wherever
possible, to integrate these studies with courses in mathematics,
physics, chemistry, and biology taken during the student’s earlier
years at the Institute. Active involvement in research, particularly
during the summer, is encouraged. For geologists, field work is
important because it provides firsthand experience with geological
phenomena that can never be satisfactorily grasped or understood
solely from classroom or laboratory treatment. Options are offered
in geology, geobiology, geochemistry, geophysics, and planetary
science. Electives permit students to follow lines of special interest
in related scientific and engineering fields. Those who do well in
the basic sciences and at the same time have a compelling curiosity
about the earth and the other planets are likely to find their niche
in these options, especially if they enjoy grappling with complex
problems involving many variables. Most students majoring in the
earth and planetary sciences now pursue further training at the
graduate level.

Under the geobiology option, a student can be associated with
either the biology or the GPS division. This association formal-
ly will only affect which course the students elect to satisfy the
Institute-wide oral presentation requirement; all other geobiology
option requirements are independent of GPS or biology affiliation.
In practice, however, we expect that students’ affiliation with one
division or another will significantly shape their choice of elective
courses.

For students beginning their junior year, it is possible to complete
the requirements for geochemistry, geophysics, and planetary
science options within two years, but there are benefits from starting
with the Ge 11 sequence in the sophomore year. Because Ge 120
ab may not be offered every year, students in the geology option
may also need to take Ge 106 and Ge 120 a in spring term of their
sophomore year in order to prepare for Ge 120 b the following
summer.

Passing grades must be earned in a total of 486 units, including
courses listed below. Any student whose grade-point average in
science and mathematics courses is less than 1.9 at the end of an
academic year may be refused permission to register in the geo-
logical and planetary science options.

257

Double Majors

For students simultaneously pursuing a degree in a second option,
courses taken as required courses for that option can also be counted
as Ge electives where appropriate. However, courses that count
toward the electives requirement in the other option cannot
simultaneously be counted toward satisfying the elective require-
ment in GPS.
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Option Requirements

Geology Option Requirements

1. Ge 11 ab, Ge/Ay 11 c or Ge 11 d*, Ge 109, and any writing
class that satisfies the Institute scientific writing requirement?.

2. Ma 2 and one choice from: Ma 3, Ge/ESE 118, or Ay 117.

3. Ph 2 aorPh 12 a plus an additional quarter of sophomore-
level physics (Ph 2 b, 2 ¢, 12 b, or 12 ¢).

4. Either ACM 95 abc or the combination of a full-year chemistry

sequence (Ch 41 abc or Ch 21 abc) plus Ge/ESE 118.

Ge 106, 114 ab, 115 abc, 120 ab®.

Ge 111 ab or Ge 11 d.

Ge 112 or Ge 125.

Elective courses in Ge or cross-listed with Ge to bring the total

option units up to 2104,

1 No class may be used to simultaneously satisfy more than one of these require-
ments.

2 For example, E 11, En/Wr 84, or Ge 13.

3 If Ge 120b is not offered, a suitable 3-5 week field camp may be substituted.

4 That is, 15 units if Ge 111ab is used to satisfy requirement 6, or 21 units if Ge
11d is used.

©No G

Units per term
Ist 2nd 3rd

Second Year

Ma2 &3 Sophomore mathematics 9 9 -
Ph2a&c Sophomore physics 9 9
Ge 11 abc Intro. To Earth and Planetary Sci. 9 9 9
Ge 106 Intro. to Structural Geology - - 9
Ge 120a Field Geology Intro.1 - - 6
HSS electives 9 9 9
36 27 42
Summer
Ge 120 b Field Geology Camp! - - 18
Third Year
ACM 95 abc Intro. Methods of Applied Math. 12 12 12
Ge 112 Sedimentology and Stratigraphy 12 - -
Ge 114 ab Mineralogy 12 - -
Ge 115abc  Petrology and Petrography - 6 12
Ge 111 ab Applied Geophysics - 6 9
HSS electives 9 9 9

45 33 42
Fourth Year

Option 2:

Ge 125 Geomorphology 12 - -
Geology electives 9 - 6
HSS electives 9 9 9
Scientific Writing - - 3
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Ge 109 Oral Presentation - - 3
30 9 21

1 Ge 120 ab is taught in alternate years. Some cohorts of students will take this course in their
third year and the summer following.

Geobiology Option Requirements

1. Ge 11 ab, Ge/Ay 11 ¢, 109, and a science writing course.!

2. Ma 2 and one choice from: Ma 3, Bi/CNS/NB 195, Ge/ESE
118 or Ge/Ay 117.

3. Ph 2aorPh 12 a plus an additional quarter of sophomore-level

physics (Ph2 b, 2 ¢, 12 b, or 12 ¢).

Ch 41 abc and Bi/Ch 110.

Bi 8-10, 117, 122, ESE/Bi 166, Ge/ESE 170, Ge 112.

9 units of geobiology electives from the following list: Bi 123,

180, Ch 4 ab, 5 ab, 15, Ge 121 ab.

7. 27 units of geobiology electives in geology, biology, chemistry,
and/or environmental engineering to be chosen in consultation
with adviser, most likely from the list on 6 (above) or from the
following list: Ge 11 d, 40, 41 abc, 106, 114 b, 115 abc, 116,
120 ab, 121 ab, 124 ab, 140 ab, Ge/ESE 149, Ge/Bi 244,

246, BMB/BIi/Ch 170, Bi 22, 24, 90 abc, Bi/Ch 111, 113, Bi

115,123, Bi/CNS 150, Bi 152, Bi/CNS 158, Bi 180, 182, 259
188, 190, 204, Bi/CNS 216, ESE 175, 176, ESE 101-103,

ESE/Ge/Ch 171, 172, Ch 4 ab, 5 ab, 7, 14, 15, 21 abc, 24,

25, 112, 145, 146, 154 ab, 212.

IS

1For example, E 11, En/Wr 84, or Ge 13.

Units per term
Ist 2nd 3rd
Second Year

Ma 2 & other Sophomore mathematics 9 9 -
Ph2a&c Sophomore physics 9 9
Ge 11 ab,
Ge/Ay ll ¢ Intro. to Earth and Planetary Sci. 9 9 9
Scientific Writing - - 3
Ge 109 Oral Presentation - 3
Bi 8 Introduction to Molecular Biology - 9 -
Bi 9 Cell Biology - 9
Bi 10 Cell Biology Laboratory - - 6
HSS electives 9 9 9

36 36 48
Third Year
ESE/Bi 166  Microbial Physiology
Ch 41 abc Organic Chemistry
Ge/ESE 170 Microbial Ecology
HSS electives
Geobiology electives

© O 1 OO
© © 1 O
©O© © ©O© O
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Fourth Year

Bi/Ch 110 Intro. to Biochemistry 12 - -
Bi 117 Developmental Biology - 9 -
Bi 122 Genetics 9 - -
Ge 112 Sedimentology and Stratigraphy 12 - -
HSS electives 9 9 9
Geobiology electives - 9 18

42 27 27

Geochemistry Option Requirements?

1. Ge 11 ab, Ge/Ay 11 c or Ge 11 d, 109, and a science writing
course.?

2. Ma 2 and one choice from: Ma 3, Ge/ESE 118, Ay 117,
Ph2c, or Ch21c.

3. Ph 2 aorPh 12 a plus an additional quarter of sophomore-level
physics (Ph 2 b, 2 ¢, 12 b, or 12 ¢).

4. Either ACM 95 abc or the combination of a full-year chemistry
sequence (Ch 21 abc or Ch 41 abc) plus Ge/ESE 118.

5. Three courses from the list below:
Ge 114 ab (counts as one course), Ge 140 ab, Ch 41 a, Ch 21 a,
ESE/Ge/Ch 171, Ge/ESE 149, Ge 116.

6. A total of 105 units from this and item 5:
Ch electives: Ch 4 ab, Ch 6ab, Ch 8, Ch/ChE 9, Ch 14, Ch 15,
Ch 21 bc, Ch 41 bc, ChE 63 ab, Ch 102.
ESE electives: Ge/ESE 143, ESE 103, Ge/ESE 154,
ESE/Ge/Ch 172, ESE 175, ESE 176.
Ge electives: Ge 40, Ge 106, Ge 112, Ge 115 abc, Ge 120 ab,
Ge 127, Ge/Ch 128, Ge/Ay 132, Ge 191, Ge 212, Ge 214,
Ge 215, Ge 232.
APh electives: APh 17 abc.
MS electives: MS 105, MS 15ab, MS 125, MS 131, MS 133,
MS/ME 161

1 No class may be used to simultaneously satisfy more than one of these requirements.
2 For example, E 11, En/Wr 84, or Ge 13.

Units per term
1st 2nd 3rd
Second Year

Ge 11 abc Intro. to Earth and Planetary Sci. 9 9 9
Scientific Writing - - 3

Ge 109 Oral Presentation - - 3
Geochemistry core or electives 9 9 9

Ph 2 ab Sophomore Physics 9 9 -

Ma 2 & other Sophomore Mathematics 9 9 -
HSS electives 9 9

45 45 33

Third Year

ACM 95 abc Intro. Methods of Applied Math. 12 12 12
HSS electives 9 9 9
Geochemistry core or electives 18 18 18

39 39 39
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Fourth Year
HSS electives 9 9 9
Geochemistry electives 9 9 9

18 18 18

Geophysics Option Requirements

Ge 11 ab, Ge 109, and a science writing course.!

Ge 111 ab, Ge 11d

Oneof Ph2a, Phil2a

One of Ph 2b, Ph 12 b, Ph2c,Ph12c

Ma?2a

One of Ma 3, Ge/ESE 118

ACM 95 abc

27 units of physics or mechanics electives: any non-GPS course

numbered 100 or greater, relevant to the option and approved

by the option representative, including ME 65, 66, AM 125 abc,

Ae/Ge/ME 160, Ph 106 abc.

9. 36 units of geophysics electives (selected in consultation with
adviser): Ge 161-168, Ge 211, 200-level courses.

NG RAWONE

L For example, E 11, En/Wr 84, or Ge 13.

Units per term
Ist 2nd 3rd
Second Year

Ge 11 Intro. to Earth and Planetary Sciences 9 9 9
Scientific Writing - - 3

Ge 109 Oral Presentation - - 3

Ph2a Sophomaore Physics 9 - -
Additional Physics - 9 -

Ma 2 Sophomore Mathematics 9 -

Ma 3 - 9 -
HSS electives 9 9 9

36 36 24

Third Year

ACM 95 abc Intro. to Methods of Applied Math. 12 12 12
Physics or mechanics electives 9 9 9
HSS electives 9 9 9

Ge 111 ab Applied Geophysics Seminar - 6 9

Gelld Geophysics - 9 -

30 45 39

Fourth Year
Geophysics electives 18 18 9
HSS electives 9 9 9

27 27 18
Planetary Science Option Requirements
1. Maz2, 3.
2. Ph2 aor12a, Ph 2 bor 12 b, and one of the following: Ph 2 c,
Ph 12 ¢, APh 17 a, Ch 21 ¢, Ch 25, ME 11 a.
3. Ge 11 ab, Ge/Ay 11 c, 109, and a science writing course.
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4, ACM 95 abc.

5. 45 units of advanced science courses selected in consultation
with adviser and planetary science option representatives.
Appropriate choices include (but are not limited to):
Ae/APh/CE/ME 101 abc, Ae/Ge/ME 160 ab, Ch 21 abc, Ph
101, 106 abc, 125 abc, Ge/ESE 118, ME 12 abc, APh 17 abc,
Ay 20, 21, 101, 102, ChE 63 ab, Ch 6 ab, CS 1-3, Ma 112 ab,
ME 11 abc, 19 ab, 65, 66, AM 125 abc.

6. 63 units selected from Ge 11 d, 102, Ge/Ay 117, Ge/Ch 128,
Ge 131, Ge/Ay 132, Ge/Ay 133, ESE 101-103, Ge/ESE 150,
Ge 151, Ge/EE/ESE 157 ¢, ESE 130, ESE/Ge 139.

1 For example, E 11, En/Wr 84, or Ge 13.
Units per term

1st 2nd 3rd
Second Year

Ge 11 abc Intro. to Earth and Planetary Sci. 9 9 9
Scientific Writing 3
Ge 109 Oral Presentation - - 3
Ph 2 abc Sophomore Physics 9 9 9
Ma 2,3 Sophomore Mathematics 9 9 -
HSS electives 9 9 9

36 36 33

Third Year

ACM 95 abc Intro. Methods of Applied Math. 12 12 12

HSS electives 9 9 9
Advanced science 9 9 9
Planetary science 9 9

39 39 39
Fourth Year
HSS electives
Planetary science
Additional science and engineering

© © ©
© © ©
© © ©

27 27 27
GPS Minor Requirements
The GPS minor is intended for non-GPS undergraduates to
supplement a major degree with knowledge of earth and planetary
science. Students completing the GPS minor will have the phrase
“minor in Geological and Planetary Sciences” added to their tran-
script. Any student interested in a minor in GPS is urged to con-
tact any option representative in the division.
1. Gellaand Ge 11 b.
2. One of Ge/Ay 11 c or Ge 11 d.
3. 27 units of 100-level or higher GPS courses, excluding Ge 108

and Ge 109.
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History Option and Minor

The history option allows students to study past societies and their
development in more depth than can be done within the limits

of the Institute humanities requirements. With the guidance of a
faculty member in history, students taking the option explore the
range of human experience, in the realms of politics, culture, reli-
gion, and economics, that lies outside the realm of science and tech-
nology. They also learn the critical reading and thinking skills, and
the facility in writing, that are central to the historical enterprise.
The history option thus provides students with an important sup-
plement to the scientific training and technical skills they acquire in
other courses and options. In addition, it offers excellent prepara-
tion for careers in business, administration, law, journalism, or pub-
lic affairs, as well as a solid foundation for graduate work in history.

History majors must take at least 99 units of history courses
(including freshman humanities) during their four years as under-
graduates. Of these, 27 must be in the senior tutorial (H 99 abc).
All courses to be counted toward the history option must be taken
for grades except for a freshman humanities course in history when
taken in the first two quarters of the freshman year.

Each history major will choose an area of concentration in
consultation with his or her adviser and the history option rep-
resentative. These areas might include, but are not restricted to,
fields such as ancient history, medieval Europe, early-modern
Europe, modern Europe, Russian history, American history pre-
1865, American history post-1865, early-modern history of science,
modern history of science, or economic history. He or she must
take 63 units of courses in this area; 27 of these units must be in
the senior tutorial H 99 abc. The senior tutorial will culminate in a
research paper.

Each student must take the remaining 36 units of history
required by the option in areas other than the area of concentra-
tion, again defined in consultation with his or her adviser and the
history option representative. These areas may include not only
fields within the discipline of history proper, but also useful cog-
nate fields such as economics, political science, anthropology, law,
English, or a foreign language.

A student considering the history option when he or she comes
to Caltech will be well advised to take one course from Hum/H
1, 2, 3, or 4. In the sophomore year, the student should take
upper-level history courses, but this is also a good time to pursue
the study of English or philosophy, to begin or continue a foreign
language, and to do introductory work in the social sciences. A
student will normally make a commitment to an area of concentra-
tion early in the junior year. At the beginning of the senior year, a
history major will enroll in H 99 abc with a faculty member in his
or her area of concentration. The first term of this course will be
devoted to preparation, the second to research, and the third to the
writing of a substantial research paper.
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Option Requirements

1. H 99 abc.

2. 72 additional units of history courses numbered 99 or above.
Up to nine units of Hum/H 1, 2, 3, or 4 and/or up to nine units
of H 98 may be substituted for up to 18 of these units.

3. 63 of the total history units, including H 99 abc, must be in an
area of concentration, as defined in consultation with the stu-
dent’s adviser and the history option representative.

4. 36 of the total history units must be in an area or areas other
than the area of concentration, as defined in consultation with
the student’s adviser and the history option representative. H 99
abc may not be used to fulfill this requirement.

5. 54 additional units of science, mathematics, and engineering
courses. This requirement cannot be satisfied by courses listed
as satisfying the introductory laboratory requirement or by
menu Courses.

6. Three units of oral communication. En 84 satisfies this
requirement, as do oral communication courses offered by
other options.

7. Passing grades must be earned in a total of 486 units, including
the courses listed above.

History Minor Requirements
The history minor is designed for students who want to pursue
concentrated study in history without the extensive course work
and the senior thesis required by the history option.
History minors must take 72 units of history courses. These
units may include one freshman humanities course; they may
also include one directed reading course (H 98). All courses to be
counted toward the history minor must be taken for grades except
for a freshman humanities course in history when taken in the first
two quarters of the freshman year. Students wishing to do a minor
in history must declare a minor with the history option representa-
tive. Students completing the history minor requirements will have
the phrase “minor in history” added to their transcripts.
1. 72 units of history courses numbered 99 or above.
2. Nine units of Hum/H 1, 2, 3, or 4 may be substituted for any
nine of the 72 units required for the minor.
3. Nine units of H 98 may be substituted for any nine of the 72
units required for the minor.

History and Philosophy of Science Option and Minor

Students in History and Philosophy of Science (HPS) explore the
historical evolution of the sciences and the philosophical perspec-
tives that inform them, as well as the dynamics between science,
technology, and other human endeavors. HPS may be pursued as
an undergraduate option or minor, or on a course-by-course basis.
Historical research in HPS includes the origins of experimental
practice, the social and institutional contexts of science, the origins
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and applications of quantitative methods, specific developments
since antiquity in biology, chemistry, geography and cartography,
medicine, and physics, as well as biographical and comparative
studies in these fields. Philosophical research in the program deals
with issues in causation, explanation, scientific inference, the
foundations of probability and decision theory, philosophy of
mind, psychology, and neuroscience.

HPS offers students with broad education in the historical and
philosophical issues arising in connection with science and technol-
ogy. Students take courses addressing fundamental questions about
scientific concepts and practice, such as the following: To what
extent was the scientific revolution revolutionary? What is a scien-
tific explanation and how do scientists go about constructing and
justifying one? How have conceptions of scientific experimentation
changed over time? How and why did modern physics (or chem-
istry or biology) emerge in the form that it did? How should the
theory of evolution inform our conception of the modern mind
and brain? What role can the neurosciences be expected to play
in solving the ‘mind-body’ problem? The option thus aims to give
students a broad basic understanding of the ways in which sci-
ence is practiced, and the ways in which that practice has changed
over time. It is designed to complement the regular curriculum at
Caltech, offering students the opportunity to enlarge upon, and
to contextualize, the strong technical skills they acquire in other
courses and options.

The HPS option provides excellent preparation for students
going into law, business, medicine, and public affairs, as well as
solid preparation for graduate work in history and/or philosophy of
science. In addition, and because of its emphasis on essay writing
and the formulation of complex philosophical and historical argu-
ments, it aids budding scientists and engineers in developing the
writing and communication skills that are increasingly vital today.

Option Requirements

1. Hum/H/HPS 10; HPS 102 ab; HPS/PI 120; and HPS 103
(one quarter). (HPS 102 b fulfills the Institute science writing
requirement.)

2. One advanced course in the history of science, chosen from
HPS/H offerings with a course number of 98 or higher; one
advanced course in philosophy of science, chosen from HPS/

PI offerings with a course number of 98 or higher; and any
four courses in HPS. (No more than 9 units of HPS 98 may be
counted towards the HPS major.)

3. 45 units of courses in science, mathematics, and engineering.
This requirement cannot be satisfied by courses listed as satisfy-
ing the introductory laboratory requirement or by a course with
a number less than 10.

4. Passing grades must be earned in a total of 486 units, including

Graduation Requirements/History and Philosophy of Science
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all courses used to satisfy the above requirements.

We recommend that students intending to follow the HPS
option take Hum/HPS/H 10 “Introduction to History of Science”
as one of their Freshman humanities courses. Students making the
decision to take this option in their sophomore year should take
Hum/HPS/H 10 and HPS/PI 120 “Introduction to Philosophy of
Science” as early as possible in that year. Students may also enter
the option in their junior year if they can complete the option’s
requirements in time for graduation. Please also note the following:
1. Not all required courses are offered each term; students should con-

sult the current catalog to determine which terms required courses

are being offered, and should construct their course plan for the year
accordingly.

2. We encourage students to choose their advanced social science electives
from among courses that will enlarge their perspective on topics relat-
ed to HPS (for example, Ec 118, Ec/SS 128, Ec/SS 129, Ec/SS 130,
PSY 101, PSY 115, PSY 125, PSY 130, PS 120, PS 121, PS 122,
An 22, An 123).

3. HPS 102ab, the Senior Research Seminar, may be taken in any two
consecutive terms in the Senior year. Students should coordinate with
their HPS advisor in determining their course schedule.

Typical Course Schedule

First Year

It is recommended that students intending to follow the

HPS option take Hum/H/HPS 10 as one of their freshman
humanities courses. Students making the decision to take this
option in their sophomore year should take Hum/H/HPS 10 and
HPS/PI 120 as early as possible in that year.

Units per term
Ist 2nd 3rd
Second Year
HPS 10t Introduction to History of Science 9

©O

HPS/PI 120t Introduction to Philosophy of Science - -
Advanced HPS/history - 9
HPS 103 Public Lecture Series 1 1 1
Menu course - 9
Ec 11 Introductory Social Science
or PS 12 9 - -
Other electives 27 36 27
46 46 46
Third Year
HPS 103 Public Lecture Series 1 1 1
Advanced HPS/history - 9 9
Advanced HPS/philosophy 9 9 9
Science, math, engineering 9 9 9
Advanced social science? 9 - -
Other electives 18 18 18
46 46 46
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Fourth Year

HPS 103 Public Lecture Series 1 1 1
HPS 102 ab® Senior Research Seminar - 12 12
Advanced social science? 9 - -

Science, math, engineering 9 9 9

Other electives 27 18 18

46 40 40

Note: Not all required courses are offered each term; students should consult the current
catalog to determine which terms required courses are being offered, and should construct their
course plan for the year accordingly.

1 If not taken in first year; otherwise one additional HPS or elective.

2 1t is recommended that students choose their advanced social science electives from among
courses that will enlarge their perspective on topics related to HPS (e.g., Ec/SS 129,

Ec/SS 130, Psy 101, Psy 125, Psy/CNS 130, PS 120, PS 121, PS 122, An 22).

3 HPS 102 ab may be taken in any two consecutive terms in the senior year. Students should
coordinate with their HPS adviser to determine their course schedule.

History and Philosophy of Science Minor Requirements
The minor in HPS is designed for students who want to pursue
concentrated study in the field without the extensive course work
and the senior thesis required by the HPS option.

HPS minors must complete 72 units of HPS courses. These
may include Hum/H/HPS 10 and up to 9 units of advanced read-
ing in HPS (HPS 98). Freshman Humanities courses other than
Hum/H/HPS 10 may not be counted towards an HPS minor.
Students wishing to do a minor in HPS must declare a minor
with the HPS option representative. Those completing the HPS
minor requirements will have the phrase ‘minor in History and
Philosophy of Science’ added to their transcripts.

1. 72 units of HPS courses numbered 99 or above.

2. 9 units of HPS 98 may be substituted for any 9 of the 72 unit
required for the minor.

3. 9 units of Hum/H/HPS 10 may be substituted for any 9 of the

72 units required for the minor.
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Independent Studies Program

The Independent Studies Program (ISP) is an undergraduate
option that allows the student to create his or her own scholastic
requirements, under faculty supervision, and to pursue positive
educational goals that cannot be achieved in any of the other available
options. A student’s program may include regular Caltech courses,
research courses, courses at other schools, and independent study
courses (item 5, next page). In scope and depth, the program must
be comparable to a normal undergraduate program, but it need not
include all of the specific courses or groups of courses listed in the
formulated Institute requirements for undergraduates.

The Curriculum Committee, a standing committee of the faculty,
has overall responsibility for the program. In addition, each
student has his or her own committee of three advisers, two of
whom must be professorial faculty. Application material may be
obtained at the Registrar’s Office or from the dean of students.
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Administrative Procedures and Guidelines

1. An interested student must recruit three individuals, representing
at least two divisions of the Institute, who approve of his or her
plans and agree to act as an advisory “committee of three.” The
committee of three forms the heart of the program and bears
the chief responsibility for overseeing the student’s progress.
The chair and one other member must be on the professorial
staff. The third member may be any qualified individual, such
as a postdoctoral fellow, graduate student, or faculty member of
another institution.

2. The student must submit a written proposal to the dean of
students, endorsed by the committee of three, describing his
or her goals, reasons for applying, and plan of study for at least
the next year. If persuaded that the proposal is sound and work-
able, the dean endorses it and passes it on to the Curriculum
Committee. This committee, in turn, reviews the proposal and,
if it is acceptable, assumes responsibility for oversight of the
program.

3. To implement the program, a written contract is now drawn
up between the student, the committee of three, and the
Curriculum Committee. This contract includes the agreed-up-
on content of the student’s program and the methods for ascer-
taining satisfactory progress for those parts of the student’s pro-
gram that are not standard Institute courses. This contract may
of course be amended, but any amendments must be approved
by the committee of three and the Curriculum Committee.
Copies of each student’s contract and of all amendments there-
to, along with all ISP records for each student and his or her
transcript, are kept in the permanent files of the Registrar’s
Office. Passing grades must be earned in a total of 486 units.

4. The progress of each student in the ISP is monitored each
quarter by the registrar, and any deviations from the terms
of the contract are reported to the chair of the Curriculum
Committee. Standards for acceptable progress and for satisfactory
completion of the terms of the contract are the responsibility of
the Curriculum Committee. When the Committee is satisfied
that the terms of the contract have been fulfilled by the student,
it recommends the student to the faculty for graduation.

5. A plan of study may include special ISP courses to accommo-
date individual programs of study or special research that
falls outside ordinary course offerings. In order that credit be
received for an ISP course, a written course contract specifying
the work to be accomplished, time schedule for progress reports
and completed work, units of credit, and form of grading must
be agreed upon by the instructor, the student, and the commit-
tee of three, and submitted to the registrar prior to initiating
the work in the course. ISP courses are recorded on the
student’s transcript in the same manner as are other Caltech
courses.
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6. ISPs are intended for multiyear programs. Accordingly, the
Curriculum Committee urges students contemplating an ISP to
submit their petition during their second year and will not nor-
mally consider such petitions any later than the first term of the
student’s third year.

Mathematics Option

The four-year undergraduate program in mathematics leads to the
degree of Bachelor of Science. The purpose of the undergraduate
option is to give students an understanding of the broad outlines
of modern mathematics, to stimulate their interest in research,

and to prepare them for later work, either in pure mathematics or
allied sciences. Unless students have done very well in mathematics
courses in their freshman and sophomore years, they should not
contemplate specializing in mathematics.

Since the more interesting academic and industrial positions
open to mathematicians require training beyond a bachelor’s
degree, students who intend to make mathematics their profession
must normally plan to continue with graduate study. Some students
use their background in mathematics as an entry to other fields,
such as physics, computer science, statistics, economics, business,
finance, medicine, or law.

The schedule of courses in the undergraduate mathematics
option is flexible. It enables students to adapt their programs to
their needs and mathematical interests and gives them the
opportunity to become familiar with creative mathematics early
in their careers. In particular, students are encouraged to consider
courses in areas such as applied and computational mathematics,
physics, finance, economics, control and dynamical systems, computer
science, electrical engineering, and computation and neural systems.

During each term of their junior and senior years, students
normally take 18 units of courses in mathematics or applied and
computational mathematics, including the required courses Ma 108
abc and 109 abc. Any course listed under applied and computational
mathematics is regarded as an elective in mathematics and not as
an elective in science, engineering, or humanities. Those who have
not taken Ma 5 as sophomores must do so as juniors. Overloads in
course work are strongly discouraged; students are advised instead
to deepen and supplement their course work by independent reading.

A student whose grade-point average is less than 1.9 at the
end of the academic year in the subjects under mathematics and
applied and computational mathematics may, at the discretion of
the department, be refused permission to continue work in the
mathematics option.
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Option Requirements
1. Ma 2.
2. Ma 3 or Ma 144a.
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. Either Ph 2bc or Ph 12abc (the departmental recommendation

is the Ph 12abc sequence).

. Ma 5 abc, Ma 10, Ma 108 abc, Ma 109 abc.

. Ma/CS 6 aor Ma 121 a.

. Ma/CS 6 c or Ma 116 a or Ma/CS 117 a.

. 45 additional units in Ma numbered 110 or above or ACM num-

bered 95 or above. Courses in other options with high mathe-
matical content may be used to fulfill this requirement with the
approval of the executive officer for mathematics. Of these 45
units, at most 18 can be in ACM or other courses outside Ma.
Math courses taken elsewhere and allowed (such as in a study
abroad program) are included in this 18 units outside of Caltech
Ma courses.

. Math majors must take two quarters (18 units) of a single course,

chosen from the Ma course listings with numbers between

110 and 190, inclusive. (In years where one of these courses is
given as a one-term course only, it cannot be used to satisfy this
requirement.) These two quarters may be used to meet require-
ments 2, 5,6 or 7.

. Unlike courses satisfying requirements 7 and 8, which may be

taken pass/fail, none of the courses satisfying requirements 1-6
may be taken on a pass/fail basis.

10. Passing grades must be earned in a total of 486 units, including

the courses listed above.

Typical Course Schedule

Units per term
1st 2nd 3rd

Second Year

Ma 2,3 Sophomore Mathematics 9 9 -
Ph 2 bc Sophomore Physics - 9 9
Ma 5 abc Introduction to Abstract Algebra 9 9 9
HSS electives 9 9 9
Electives! 18 9 18
45 45 45
Third Year
Ma 10 Oral Presentation 3 -
Ma 108 abc  Classical Analysis 9 9 9
Ma/CS 6 ac  Introduction to Discrete
Mathematics 9 - 9
HSS electives 9 9 9
Electives! 18 27 18

48 45 45

Fourth Year
Ma 109 abc  Introduction to Geometry and

Topology 9 9 9
HSS electives 9 9 9
Electives! 27 27 27

45 45 45
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L Includes menu course (second year, if not taken in freshman year). Also must include courses
to meet option requirements 4, 5.

Mechanical Engineering Option

The objective of the undergraduate program in Mechanical
Engineering at Caltech is to produce graduates who will attain
careers and higher education that ultimately lead to leadership
roles in academia, industry and government in areas of rapidly
advancing interdisciplinary technology related to fluid, solid,
thermal and mechanical systems.

The program prepares students for graduate school and pro-
fessional practice and inspires them to undertake careers that pro-
vide an opportunity to address the pressing technological needs
of society. Specifically, the program builds on Caltech’s core
curriculum to combine individual depth of experience and com-
petence in a particular chosen mechanical engineering specialty
with a strong background in the basic and engineering sciences.
It maintains a balance between classroom lectures and laboratory
and design experience, and emphasizes the problem-formulation
and solving skills that are essential to any engineering discipline.
The program also strives to develop in each student self-reliance,
creativity, leadership, professional ethics, and the capacity for
continuing professional and intellectual growth. For interested
students, there are opportunities to conduct research with a facul-
ty member.

The outcome of the undergraduate program is to prepare the
student to build on a fundamental education in physics, mathe-
matics, chemistry and biology and to apply those principles to the
solution of open ended engineering problems; to design, analyze,
measure, and evaluate fluid, thermal and mechanical systems; to
work effectively as part of a team; to communicate effectively;
to apply ethical considerations; and to understand the broader
impacts of engineering developments, including societal, cultural
and environmental concerns.

Mechanical engineering is the branch of engineering that is
generally concerned with understanding forces and motion, and
their application to solving problems of interest to society. The
field includes aspects of thermodynamics, fluid and solid mechan-
ics, mechanisms, materials, and energy conversion and transfer,
and involves the application of physics, mathematics, chemistry,
and increasingly, biology and computer science. Importantly, the
field also emphasizes the process of formulation, design, optimi-
zation, manufacture, and control of new systems and devices.

Technical developments in the last decade have established
the importance of interdisciplinary engineering and science, and
as a result, new technical disciplines within mechanical engineer-
ing have emerged. These new areas build on an understanding of
the fundamental behavior of physical systems; however, the focus
of this work is at the interfaces between traditional disciplines.
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Examples of the new disciplines include: micro- and nano-me-
chanical systems, simulation and synthesis, integrated complex
distributed systems, and biological engineering.

Mechanical engineers can be found in many fields including
automotive, aerospace, materials processing and development,
power production, consumer products, robotics and automation,
semiconductor processing, and instrumentation. Mechanical
engineering can also be the starting point for careers in bioen-
gineering, environmental and aeronautical engineering, finance,
and business management.

The mechanical engineering option is accredited by the
Engineering Accreditation Commission of ABET, 111 Market
Place, Suite 1050, Baltimore, MD 21202-4012, (410) 347-7700.
At the end of the first year, students who elect the mechani-
cal engineering option are assigned advisers as close to their
expressed field of interest as possible, and together they develop
programs of study for the next three years.

A student whose interests relate to mechanical engineering,
but who wishes to pursue a broader course of study than that
allowed by the requirements below, may elect the engineering
and applied science option.

Attention is called to the fact that any student whose grade-
point average is less than 1.9 at the end of the academic year in
the required courses listed below may be refused permission to
continue work in this option.

Option Requirements
1. Technical communication: E10 and E11
2. Mathematics: Ma 2, ACM 95b, ACM 95¢, and 18 units selected
from ACM95a, Ma 3, 4, 5abc, 6abc, 7, 91a, or any Math or
ACM courses numbered 100 and above.

. Physics: 18 units selected from Ph 2abc.

4. Computing: 9 units selected from ACM 11, CS1, CS2, CS11, or
EE/CS 51.

. ME Core: ME11abc, ME12abc, ME13, ME14, and ME 50ab.

6. Capstone design: ME72ab or E/ME 105ab or ME90abc or CS/
EE/ME75abc*.

7. 45 units of advanced mechanical engineering electives selected
from ME courses with numbers greater than 100, excluding
courses listed above, and/or advanced courses in related disci-
plines**.

8. Courses satisfying requirements 1 through 7 must be taken for
grades, unless they are only offered pass/fail.

w

(6]

* Students electing CS/EE/ME 75abc must complete at least 18 units distributed amongst all three quarters

** These courses are selected in consultation with the student’s faculty advisor and typically taken in the third and fourth years.
The course selections must be approved in advance by the advisor, but can be later modified, again with the approval of the advisor.
Specialization tracks include micro- and nano-mechanical systems, systems, kinematics, dynamics, fluid mechanics, solid mechanics,
control systems, design, thermal systems, energy, combustion, and biological engineering. Please consult the Mechanical and Civil
Engineering website and/or the advisor for further information.
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Typical Course Schedule
Units per term
1st 2nd 3rd
Second Year

Ma 2 Differential Equations 9 - -
Computing Elective 9 - -
ME 1labc Thermal Science 9 9 9
ME 12abc Mechanics 9 9 9
ME 13 Introduction to Mechanical Prototyping - 4 -
ME 14 Design and Fabrication - - 9
36 22 27

Third Year
Math Electives 9 - -
Physics Electives 9 - 9
ACM 95 bc  Intro. Meth. Applied Math. - 12 12
ME 50 ab Exp. and modeling in ME - 9 9
Capstone Design 9 9 -
E 10 Technical seminar presentation - 3
E 11 Written technical communication 3 - -

30 30 33
Fourth Year
Math electives - 9 - 273
Advanced ME electives 18 18 9
18 27 9

Philosophy Option and Minor

The philosophy option provides students with a broad education in
philosophy. The courses in the philosophy option concentrate in
four major areas: philosophy of science; philosophy of mind, brain,
and behavior; history of philosophy; and moral and political
philosophy. The option is designed to complement the scientific
curriculum at Caltech, to provide students with new perspectives
on the material they learn in their science courses, and to enable
them to bring their technical skills and scientific learning to tradi-
tional problems in philosophy. In addition, the philosophy option
focuses on the development of rigor in argument, as well as clarity
in written and oral communication.The philosophy curriculum will
provide interested students with a solid foundation for graduate
work in philosophy. In addition, the analytical and communication
skills learned in the philosophy option provide an excellent founda-
tion for careers in law, business, medicine, and scientific research.

Philosophy majors must take at least 99 units of philosophy
courses during their four years as undergraduates. These must
include 18 units of Pl 90 ab, to be taken in any two consecutive
terms in the senior year. The 99 units may include nine units of
either Hum/PIl 8 or Hum/PI 9, nine units of Pl 98, and up to 18
units of study in related disciplines.

Depending on their interests, philosophy majors may be
required by the option representative or their advisers to take up to
18 units in one or more related areas. For example, students writ-
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ing on political philosophy or philosophy of neuroscience will be
expected to have the appropriate political science or neuroscience
background. Students whose primary interest lies in the philosophy
of science—particularly in the philosophy of particular sciences
such as physics or biology—will have their intellectual interests
best served by taking classes in both the history and philosophy

of science. Such students are encouraged to pursue the HPS
option; or, if they choose the philosophy option, they may be
required to take some history of science courses toward their
99-unit requirement.

Students considering the philosophy option will be well advised
to take either Hum/PI 8 or Hum/PI 9 as one of their freshman
humanities courses. From the sophomore year onward, they should
plan on taking one philosophy course per term, culminating in
two terms of Pl 90 ab in the senior year. Students in Pl 90 ab work
with a faculty adviser to write a 10,000-12,000 word paper on a
topic of mutual interest. Senior theses are expected to be of a high
standard and to form the basis of students’ applications to graduate
study in philosophy, should they so desire. With the exception of
courses taken during the first two semesters of freshman year, all
courses to be counted toward the philosophy option must be taken
for grades unless special permission is granted by the option repre-
sentative.

Option Requirements

1. P190 ab.

2. 63 units of advanced philosophy courses, numbered 99 or
above. (Up to nine units of Hum/Pl 8 or Hum/PI 9 and/or up
to nine units of Pl 98 may be substituted for up to 18 of these
advanced units.)

3. 18 units of advanced philosophy courses numbered 99 or above,
or advanced non-philosophy courses that are closely related to
the student’s area(s) of philosophical interest. (Students wishing
to count non-philosophy courses toward their option require-
ments must obtain prior approval from the philosophy option
representative or their adviser. Students will normally not be
permitted to satisfy this requirement with core courses.)

4. 54 units of science, mathematics, and engineering courses in
addition to the core. This requirement cannot be satisfied by
core or menu courses, or by courses listed as satisfying the
introductory laboratory requirement. Students are strongly
encouraged to choose their additional courses in areas that
complement their philosophy studies.

5. Passing grades must be earned in a total of 486 units, including
the courses listed above.

Undergraduate Information



Philosophy Minor Requirements
The minor in philosophy is designed for students who want to pur-
sue concentrated study in philosophy without the extensive course
work and the senior thesis required by the philosophy option.
Philosophy minors must complete 72 units of philosophy
courses. These units may include nine units of Hum/PIl 8 or Hum/
PI 9 and/or nine units of reading in philosophy (Pl 98). Students
wishing to do a minor in philosophy must declare a minor with the
philosophy option representative. Students
completing the philosophy minor requirements will have the
phrase “minor in philosophy” added to their transcripts. With the
exception of courses taken during the first two semesters of fresh-
man year, all courses to be counted toward the philosophy minor
must be taken for grades unless special permission is granted by
the option representative.
1. 72 units of philosophy courses numbered 99 or above.
2. Nine units of Pl 98 may be substituted for any nine units of
the 72 required for the minor.
3. Nine units of either Hum/PI 8 or Hum/PI 9 (not both) may
be substituted for any nine units of the 72 required for the
minor.

Physics Option

The physics option offers instruction in the fundamentals of
modern physics and provides a foundation for graduate study,
which is generally necessary for a career in basic research. The
physics program also forms an excellent basis for future work
in a variety of applied fields.

An intensive version of the sophomore physics course
(waves, quantum mechanics, and statistical mechanics) is
offered for those planning further study in physics, and the
required junior-level courses give a thorough treatment of fun-
damental principles. Elective courses ta en during the junior
and senior years allow students to explore their particular
interests. Some electives offer broad surveys, while others con-
centrate on particular fields of current research. A choice of
laboratory courses is offered at several levels.

Students are encouraged to become active participants in
research on campus, both during the summer and during the
school year. Academic credit for physics work done outside of
the classroom can be awarded in a variety of ways.

Students must maintain a grade-point average of 1.9 or bet-
ter each year in the subjects listed under this division to remain
in the physics option.

Option Requirements

The first five requirements should be completed by the end of the
second year. In planning a program, note that Ph 6 and Ph 7 are
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each offered only once per year, in the second and third terms,
respectively.

Ph 3.1

Ma 2 and Ma 3.

Ph 12 abc.

Ph 6.

Ph 7.

27 units of Ph 78, or 18 units of Ph 77, or 9 units of Ph 77 and
9 units from APh 77 or Ay 105.

Ph 70.2

Ph 106 abc.

Ph 125 abc.

oukwNPE

© o~

1 Other laboratory courses may be substituted for the Ph3 requirement, including Ph 5,
Ph 8hbc, or APh 9a.

2 Other communication courses (e.g., AY 30 and 31 or MA 10 and 11 may be substituted for
Ph 70.

Required Electives

1. 90 units of Advanced Physics Electives, in addition to the above,
including any of the following: any Ph, APh, or Ay, course
numbered 100 or above, or any of Ph 5, Ph 20-22, Ph 78, Ph
79, ACM 95, ACM 101, Ma 5, Ma 108, or up to 10 units of Ay
20-21. Nine units toward the 90-unit requirement will be given
for taking three terms of Ph 77. Students are encouraged to
take ACM 95 as part of this requirement. The pass/fail option
cannot be exercised on any courses used for this requirement,
with the exception of ACM 95. No more than 9 units of Ph
171-173 may apply toward this requirement without permission
from the Physics Undergraduate Committee. Students may also
petition this committee to request that other courses with suit-
able physics content apply toward this requirement, as part of a
specified overall list of Advanced Physics Electives.

2. Nine units of science or engineering electives outside of Ph,
APh, Ma, and ACM. These units are in addition to the required
Core science electives.

3. Passing grades must be earned in a total of 486 units, including
the courses listed above.

Typical Course Schedule
Units per term

Ist 2nd 3rd
Second Year
Ph 12 abc Waves, Quantum Physics, and

Statistical Mechanics 9 9 9

Ma 2, Ma3 Sophomore Mathematics 9 9 -

HSS and/or PE electives 15 9 9

Physics laboratory - 9 9

ACM 95 abc Intro. Methods of Applied Math. 12 12 12
Science or engineering elective

outside Ph, APh, Ma, ACM - - 9

45 48 48
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Third Year

Ph 106 abc  Topics in Classical Physics 9 9 9
Ph 125abc  Quantum Mechanics 9 9 9
HSS and/or PE electives 9 9 9
Electives 18 18 18
45 45 45

Fourth Year
Ph 77 abc Advanced Physics Laboratory 9 9 -
Ph 70 Oral and Written Communication - 6 -
Advanced physics electives 18 18 18
Electives 9 6 18
HSS and/or PE electives 9 9 9
45 48 45

Political Science Option

The political science option provides students with training in the
substance and methods of modern political science, including the
analysis of representative democracy, electoral institutions, the
allocation of public goods, and regulatory behavior. The option
emphasizes formal tools like game theory, social choice theory,
and formal political theory along with quantitative methodologies
to test those theories. In addition, the option encourages original
research. The design of the political science option ensures that
students will be well suited to pursue careers in government or
the private sector, as well as to pursue graduate work in political
science.

Option Requirements

1. PS 12, PS 132, Ec 122.

2. Four political science courses from the list: PS 120, 123, 126,
130, 135, PS/SS 139, PS 141, Law/PS/H 148 ab, PS/Ec 172.

3. PS 99 ab.

Ma 3

5. 36 additional units in advanced political science, economics,
law, social science, psychology, or history.

6. 36 additional units in advanced social science, science, engineer-
ing, or mathematics.

7. Passing grades must be earned in a total of 486 units, including
all courses used to satisfy the above requirements.

&>

Typical Course Schedule
Units per term
Ist 2nd 3rd
Second Year

Ma3 Probability & Statistics - 9 -
PS 12 Introduction to Political Science 9 - -
PS 132 Formal Theories in Political Science - 9 -
Ec 122 Econometrics - 9 -

Electives 36 18 45

45 45 45
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Third Year
Political science electivest 18 18 18
Electives 27 27 27
45 45 45

Fourth Year

PS 99 ab Research in Political Science - 9 9
Political science electivest 18 18 18
Electives 27 18 18

45 45 45

1 See option requirements 2, 5, 6.

Structural Mechanics Minor

This minor is intended to supplement one of Caltech’s under-
graduate degrees and is designed for students who wish to broaden
their knowledge beyond their normal major, especially for those
who wish to join the structural engineering profession after
graduation or pursue a graduate degree in structural mechanics or
structural engineering. Students completing the structural mechan-

ics minor requirements will have the phrase “minor in structural
mechanics” added to their academic transcripts.

Minor Requirements

The student must complete 54 units of classes selected from Ae/
AM/CE 102 abc, AM/CE 151 ab, and CE 160 ab, and obtain

a grade of B— or higher. Courses taken as part of the structural
mechanics minor are counted toward the total 486-unit Institute
graduation requirement.
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Control and Dynamical Systems Prof. R. Murray

Electrical Engineering Prof. A. Hajimiri
Environmental Science and

Engineering Prof. A. Thompson
Geological and Planetary Sciences Prof. R. Clayton
Materials Science Prof. S. Haile
Mathematics Prof. T. Graber
Mechanical Engineering Prof. J. Andrade
Medical Engineering Prof. A. Emami
Neurobiology Prof. M. Meister
Physics Prof. F. Porter
Social Science Prof. M. Shum

GRADUATE POLICIES AND PROCEDURES

Admission to Graduate Standing

Application

An application for admission can be completed electronically
through the Graduate Office website. Admission will be granted
only to a limited number of students of superior ability, and appli-
cation should be made by the posted deadlines. Completed appli-
cations are due in the Graduate Office between December 15 and
January 15. Please refer to the Graduate Office website for specific
deadlines. Some options will review an application received after
the deadline, but that applicant may be at a disadvantage in the
allocation of financial assistance or in the priority for admission. In
general, admission to graduate standing is effective for enrollment
only at the beginning of the fall term. The California Institute

of Technology encourages applications from members of groups
underrepresented in science and engineering, including women.
Graduate admissions is covered by Caltech’s Nondiscrimination
Policy. For more information on this policy, please refer to page
70. Applicants will automatically be considered for financial aid; no
additional application is required.

To be admitted to graduate standing, an applicant must in gen-
eral have received a bachelor’s degree representing the completion
of an undergraduate course in science or engineering equivalent
to one of the options offered by the Institute. He or she must,
moreover, have attained such a scholastic record and present such
recommendations as to indicate fitness to pursue, with distinction,
advanced study and research. Admission sometimes may have to be
refused solely on the basis of limited facilities in the option con-
cerned.

Required Tests

The verbal, quantitative, and writing components of the Graduate
Record Examination are required by all graduate options, and sub-
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ject scores are required by some options as part of the application
for graduate admission.

International Students

In order to be admitted for graduate study, students from non-
English-speaking countries are expected to read, write, and speak
English and comprehend the spoken language. Although not
required for admission, it is important to demonstrate a strong
capability in English prior to admission to Caltech, as it is one
of the criteria for admission and financial aid. In addition, to be
a candidate for an advanced degree, the student must have clear
self-expression in both oral and written English.

Applicants whose first or native language is not English are
required to take a test of English proficiency as part of the appli-
cation procedure. These tests are given at centers throughout the
world, on several dates each year. Caltech recognizes scores from
the Educational Testing Service (TOEFL), Pearson Test of
English Academic (PTE Academic), and from the Cambridge
Examinations and the International English Language Testing
System (IELTS). Applicants should arrange for the results of these
tests to be sent to the Graduate Office prior to the application
deadline (institutional code 4034).

The testing schedules for and information on the TOEFL may
be obtained online at http://www. toefl.org.

The testing schedules for and information on the IELTS exam
may be obtained online at http://www. ielts.org.

It is strongly recommended that students who do not achieve a
high score on these tests, or who have little opportunity to com-
municate in English, make arrangements for intensive work during 283
the summer preceding their registration. All international students
are tested upon arrival at Caltech and, if found to be seriously defi-
cient in their ability to communicate in English, must take special
courses in English as a Second Language (ESL).

Visiting Student Appointments

A limited number of visiting student appointments are made each
year. Visiting student application forms may be obtained from

the Graduate Office website and must, before submission to the
Graduate Office, include appropriate documentation and carry the
recommendation of the option representative and the Caltech faculty
host. Visiting students are categorized into two main classifications.

Special Students

Students who hold a bachelor’s degree or the equivalent may, in
exceptional cases, be admitted as special graduate students to carry
out full-time studies at the Institute. This status is restricted to stu-
dents who are registered in, or are on sabbatical from, an advanced
degree program at another institution and who need to make use of
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resources available at Caltech. Admission requires sponsorship by

a Caltech faculty member, and application should be made directly
to the Graduate Office, following the visiting student instructions
that may be obtained from the Graduate Office website. Special stu-
dents will not be considered to be working toward a Caltech degree,
and courses taken under this program cannot be used to fulfill the
requirements for a Caltech degree. Registration as a special student
does not count toward the minimum residency requirement for an
advanced degree.

Special students must be registered for a minimum of 36 units
each term and may enroll in research and/or courses, which may be
transferred to their home institution. Special students are eligible for
the same privileges as regularly enrolled graduate students, and those
students who receive a salary will be billed for tuition and tuition
remission will be deducted from the supporting grant. Special stu-
dents who do not receive a Caltech salary will be billed
the minimum tuition rate. (For current rates, see the expense sum-
mary on page 301.)

Special Student appointments are allowed for one year, renew-
able each year up to a maximum of three years.

Visiting Student Researchers
A limited number of students from other universities may be invited
to visit Caltech to carry out research under the direction of a Caltech
faculty member. This status is restricted to those students who will
not be enrolled at Caltech and are registered in, or are on sabbat-
ical from, an advanced degree program at another institution and
who need to make use of resources available at Caltech. Admission
requires sponsorship by a Caltech faculty member, and application
should be made directly to the Graduate Office, following the vis-
iting student instructions that may be obtained from the Graduate
Office website. Visiting student researchers will not receive academic
credit from Caltech, are not eligible to receive a salary through the
Institute payroll, and are not eligible for Caltech privileges that are
extended to regularly enrolled students.. Visiting student research-
ers are required to provide proof of insurance for the duration of
the visit, and they may be reimbursed for research-related expenses
only, but it is the Caltech faculty member’s responsibility to ensure
that the supporting grant can be used for such purposes and that
there are no restrictions on spending. Visiting student researchers
are required to check in with the Registrar’s Office upon arrival to
obtain a Caltech identification card. (Students receiving a salary and
requiring academic credit should be appointed as special students;
see the special students section on page 283.) This status is limited to
short-term visits of one year or less.

Visiting students are subject to the Honor System (see page 33)
and are under the purview of the dean of graduate studies. They may
take only courses numbered 100 or higher. The dean of graduate
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studies may limit the number of visiting students invited by faculty in
any given year.

Exchange Programs

Some academic options have formal exchange programs that they
have arranged with other institutions. Exchange students must
have a visiting student appointment, and the type of appoint-
ment will depend on the agreement negotiated for the particular
exchange program. These programs are administered by the
option, and application should be made directly to the Graduate
Office by completing a special form provided for this purpose that
may be obtained from the Graduate Office website.

Graduate Residence

One term of residence shall consist of one term’s work of not
fewer than 36 units of advanced work in which a passing grade is
recorded. Advanced work is defined as study or research in courses
whose designated course number is 100 or above. If fewer than

36 units are successfully carried, the residence will be regarded as
short by the same ratio, but the completion of a greater number
of units in any one term will not be regarded as increasing the res-
idence. In general, the residency requirements are as follows: for
Master of Science, a minimum of three terms of graduate work;
for the degree of Engineer, a minimum of eight terms of graduate
work; and for Doctor of Philosophy, a minimum of 12 terms of
graduate work, four of which must be at the Institute.

Registration
285

Graduate students are required to register for each term of res-
idence, whether they are attending a regular course of study,
carrying research, doing independent reading, writing a thesis, or
utilizing any other academic service or campus facility.

A graduate student must be registered for 36 or more units to
be classified as a full-time student, but course loads greater than 45
units are common. A graduate student who registers for less than
36 units, or who undertakes activities related to the Institute aggre-
gating more than 62 hours per week (in class, research,
and teaching assistantship units), must receive approval from
the dean of graduate studies. A petition for this purpose may be
obtained from the Graduate Office website and must carry the rec-
ommendation of the option representative of the student’s major
option before submission.

Graduate students register during a two-week period each quar-
ter. A late registration fee of $50 is assessed for failure to register
on time. Graduate students with a bursar’s bill balance of $1,500
or more may have a hold placed on their registration for the sub-
sequent term the day before online registration opens. The hold
will be released once students have paid their bill or worked out a
satisfactory payment plan with the Bursar’s Office.
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Before registering, students should consult with their adviser.
An adviser is assigned to each entering graduate student by the
option rep- resentative. In most options, a new adviser is assigned
when the student begins research. Only members of the professo-
rial faculty may serve as advisers. With the approval of the dean of
graduate studies, any graduate student whose work is not satisfac-
tory may be refused registration at the beginning of any term by
the division in which the student is doing his or her major work.

In registering for research, students should indicate the name of
the instructor in charge, and should consult with him or her
to determine the number of units to which the proposed work
corresponds. At the end of the term, the instructor in charge may
decrease the number of units for which credit is given if he or she
feels that the progress of the research does not justify the original
amount.

Students will not receive credit for courses unless they are prop-
erly registered. Students themselves responsible for making cer-
tain that all grades to which they are entitled have been properly
recorded. Please note that graduate students who enroll in courses
numbered below 100 will not receive credit for them unless the
course(s) is specified in the requirements for a graduate degree as
stipulated in the Catalog.

All changes in registration must be reported, on drop or add
cards, to the Registrar’s Office by the student. Such changes are
governed by the last dates for adding or dropping courses as shown
on the academic calendar on pages 4 and 5. A student may not
withdraw from or add a course after the last date for dropping or
adding courses without his or her option’s consent, written approv-
al from the instructor of the relevant course, and the approval of
the dean of graduate studies.

If the withdrawal occurs after Add Day of any term, a W
(standing for “withdrawn”) will be recorded on the student’s tran-
script for all courses in which the student is enrolled. A grade of
W is not included in the computation of the student’s grade-point
average

Academic Year and Summer Registration
Most courses are taught during the three 12-week quarters that
make up the academic year. However, doctoral-level students are
required to maintain enrollment throughout the summer quar- ter.
They are entitled to at least two weeks’ annual vacation (in addi-
tion to Institute holidays), but they should arrange their vaca- tion
schedules with their research advisers early in each academic year.
Any questions should be referred to the dean of graduate studies.
All students in residence must be registered. There is no tuition
charge for summer research units. To maintain full-time student
status, 36 units must be taken in the summer quarter.

Graduate Information



Sabbatical

Graduate students are required to maintain continuity in registra-
tion until all requirements for a degree are fulfilled. This means
that students must be registered or on an approved leave from the
Institute. Leave for medical or other reasons may be approved

for up to one year at a time. Return from leave may be subject to
conditions and the recommendation of the health and counseling
center and approval of the dean of graduate studies.

In general, international students who hold nonimmigrant visas
must meet with an adviser in the International Student Programs
Office to determine the impact that a sabbatical will have on their
visa status.

Detached duty status maintains registration for a student doing
research at an external location, such as a national laboratory or
another academic institution, for an extended period.

Reduced duty status maintains registration for a student who
cannot carry a full load due to medical disability or pregnancy.

Pregnancy Leave

Graduate students who are pregnant during their studies are pro-
vide six weeks of paid leave. Pregnancy leave is a form of medical
leave and requires students complete the medical leave petition
to leave, and return to, their graduate work. If a longer leave is
required due to medical complications, students may extend their
leave with approval of the dean of graduate studies.

Bonding Leave

Graduate students are provided six weeks of family bonding leave

without pay. Family bonding leave without pay is available to the 287
partner, if the partner is a graduate student at Caltech. Bonding

leave requires submitting a petition for non-medical leave through

the Graduate office.

Petition forms for sabbatical, medical leave, or detached duty
or reduced duty status, may be obtained from the Graduate Office
website and must, before submission to the dean of graduate stud-
ies, carry the recommendations of the student’s option representa-
tive and, where appropriate, the thesis adviser. In case of a lapse in
status, readmission must be sought before academic work may be
resumed or requirements for the degree completed.

Registration is required for the term in which the thesis defense
is undertaken, with the exception of the first week of each term,
but is not normally allowed beyond the last date of the term.
Approval of the dean of graduate studies is required for any stu-
dent seeking to enroll for subsequent terms during the academic
year following the thesis defense. Note that once the degree is
conferred in June, further enrollment as a graduate student is not
permitted.
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The dean of graduate studies may place a graduate student on
involuntary sabbatical if such an action is necessary for the protec-
tion of the Institute community or for the personal safety or wel-
fare of the student involved. Such a decision by the dean is subject
to automatic review within seven days by the vice president for
student affairs.

Guidelines for Graduate Student Advising

The relationship between a faculty adviser and graduate student
should be founded on mutual respect and open communication.
Advisers and students should discuss the nature of their working
relationship early and continue this discussion throughout their
period of collaboration to ensure mutually understood and compat-
ible expectations. These discussions should be frequent and open,
and should include not only work, research goals, and performance
reviews, but also change of status, time for personal and family
responsibilities, time off, and concerns about academic or work sit-
uations. Both the student and adviser have the obligation to initiate
meetings as necessary to ensure the success of the

relationship.

After achieving candidacy, each Ph.D. student should be
assigned a thesis advising committee of three or more faculty
members. This committee should meet informally at least once a
year beginning in the fourth year of graduate study.

The graduate student—faculty adviser relationship should be
guided by norms of fairness and professionalism. Both faculty and
graduate students should avoid relationships that conflict with their
respective roles and duties at Caltech. Both are bound by
the prevailing policies prohibiting discrimination and harassment
(Pages 70-72 and 93-103). Concerns relating to academic or work
situations should be raised promptly between the persons directly
involved, and handled informally if possible. Both students and
advisers have the responsibility to raise and address concerns and
conflicts promptly, honestly, and in a manner that conforms with
academic integrity and professionalism. Caltech policy requires
that students’ concerns be addressed fairly and promptly, and pro-
hibits retaliation or discrimination against students for appropriate-
ly voicing or raising a concern.

If a problem remains unresolved or if direct discussion is not
possible, a student can seek assistance from division officers (e.g.,
option representatives) or the graduate deans. At any time, a stu-
dent may request that discussions remain confidential. For more
details about sources of assistance, consult the graduate option
regulations (starting on page 311) and the Student Problem
Resolution Process (page 51).

Part-Time Programs

Part-time graduate study programs at the Institute are for master’s
seeking graduate students who cannot devote full time to their
studies and such students are subject to the following rules:
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Degree Programs

M Applicants for the part-time master’s program must submit a
regular application form accompanied by a detailed plan
for meeting the course requirements for the degree.

B Any research work done for academic credit shall be super-
vised by a Caltech faculty member.

M In general, students admitted to the part-time program
are required to take at least 27 units of graduate course work or
research each term.

B The part-time program is limited to two years of academic
residence.

B Any option at the Institute retains the right to not participate
in the program or to accept it under more stringent conditions.

Nondegree Programs

Caltech employees, both campus and JPL, are eligible to apply to
take one or more graduate courses for credit. Participants in this
program will not be considered to be working toward a Caltech
degree, in contrast to the part-time program for graduate degrees
described above, and courses taken under this program cannot be
used to fulfill the requirements for a Caltech degree.

At least one month prior to the start of the term, the employee
should have an initial discussion with the option representative of
the option in which the course is to be taken. Application should
be made to the Graduate Office by completing the special form
provided for this purpose, and providing a transcript of academ-
ic work and one letter of recommendation. The employee must
meet the prerequisites for the course, and must obtain the written
permission of the instructor. The decision on admission to take 289
each course will be made by the course instructor and the option
representative, with final approval by the dean of graduate studies.
Taking an additional course at a later time will require full reappli-
cation. It is the employee’s responsibility to arrange a revised work
schedule with the appropriate supervisor. Approval of the employ-
ee’s supervisor is required.

Part-time nondegree students are subject to the Honor System
(see page 33) and are under the purview of the dean of graduate
studies. They may take only courses numbered 100 or higher.
Research courses are excluded from the program. For courses in
which a letter grade is offered, these students may not register to
receive a pass/fail grade in the course, nor can credit for the course
be obtained by examination. The option may limit the number of
nondegree students admitted to any one course.

Responsible Conduct of Research
Caltech researchers are expected to adhere to the highest profes-
sional standards in the conduct of research. Faculty members are
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In turn, the Institute expects that graduate students should be 100
percent committed to graduate studies while enrolled in a gradu-
ate program. Graduate students are expected to be continuously
enrolled full-time, year-round, until they complete their degree
program. In addition, graduate students should not accept employ-
ment, start or run a business, or engage in any activity inside or
outside of the Institute that creates a conflict of commitment with
their full-time, degree-seeking status.

Exceptions

There are some very limited exceptions to this policy. The
Institute encourages extracurricular activities that provide service
to the community and do not impact the student’s academic prog-
ress or full-time status. The Institute also recognizes that some
students desire to gain experience as instructors or work in an edu-
cational or research setting outside of Caltech.

Outside Employment
With the permission of the dean of graduate studies, students may
accept limited-duration, part-time employment for these purposes
(see Financial Assistance, page 304). Students must declare to the
dean of graduate studies all external funding, including fellowships,
awards, or employment, part- or full-time, which supports their
academic activities/research. The Institute may adjust Institute
financial aid allocated accordingly to maintain the stipend within
the Institute guidelines and to recover tuition from outside sources
whenever possible. A student’s financial aid and/or Institute sala-
ry may be reduced if the income is significant, and in the case of
long-term, unreported employment activities, the student may be 291
asked to repay financial aid.

Students may not hold a position of line responsibility in
an outside enterprise for pay or profit. Students must have the
approval of their adviser, the option representative, and the dean
of graduate studies in order to engage in any outside employment
activities. International students on a visa are further required
to consult with the office of International Student Programs to
determine eligibility. Students must provide official documenta-
tion of the financial award or salary, as well as submit a request to
the Graduate Office before accepting any employment. Permission
to engage in outside employment is contingent on the student
maintaining satisfactory academic progress as determined by the
dean of graduate studies in consultation with the adviser and
option representative.

Non-Paid Activities

Students must have the approval of their adviser, the option repre-
sentative, and the dean of graduate studies in order to engage in or
continue in any outside activities wherein the time committed to
those activities may impact the student’s progress toward comple-
tion of his or her degree.
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Leave of Absence

Students who work full-time off campus in a commercial organiza-
tion are advised to take a leave of absence (non-medical sabbatical).
They will not be enrolled during this time, and the “clock” will
stop on their graduate career. Taking a leave of absence in order
to work requires the endorsement of the adviser and permission of
the dean of graduate studies. A leave of absence is always required
when the job is not research-related. Students who need to stop
their studies to address health issues should take a medical leave of
absence, which requires the endorsement of the health and coun-
seling centers as well as the permission of the dean of graduate
studies.

Detached Duty

In some cases, a student may be employed by a laboratory or
research institute but still engaged in research directly related to
his or her degree program. Another situation is that a student may
be invited to be a visiting researcher at another university, or the
student may need to be working with a faculty member who has
left Caltech and is working at another institution.

Students may go on detached duty rather than on leave of
absence if the adviser and dean of graduate studies approve and
there is documentation of a research program and appropriate
mentoring. Students who are in the advanced stages of their study
and plan to complete their graduate studies while on detatched
duty shoud have completed their residency requirements and
advanced to candidacy prior to moving to the host institution.

The student should submit the documentation and a petition
form to the Graduate Office. Students on detached duty are
still enrolled as full-time students but are in residence at another
location. They may be paid by Caltech or through another orga-
nization. It is the student’s responsibility to continue to be in good
standing, and registered and in full-time status while on detached
duty. Detached duty petitions are usually only valid for a limited
time, less than one year, and can be renewed upon request.

Consulting and Other Entrepreneurial Activities

Graduate students are sometimes approached to perform paid con-
sulting or are inspired to be entrepreneurs. In these cases, students
have to be exceptionally careful not to create conflicts of commit-
ment or conflicts of interest through these activities. Students con-
sidering these activities should familiarize themselves with

the Caltech policies on conflict of interest, outside employment or
business activity, and the Caltech ethics handbook. Students may not
engage in any consulting activities that interfere with their primary
graduate student activities of learning and research. Scrupulous care
must be taken to ensure that Caltech’s name and its letterhead are
used neither directly in any correspondence between the student and
the company the student wishes to consult for, nor in any reports
that student may submit to the company.
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Of particular concern are students consulting or accepting
employment from a company in which their adviser or other
Caltech faculty member is directing a student’s research and has a
significant interest or is a paid consultant. In such cases, the divi-
sion chair must approve any student involvement in the activities
performed for the company. The student must submit a written
disclosure, and a conflict management plan will be put in place.
Graduate students should not enter into any consulting or employ-
ment agreement with intellectual property encumbrances or confi-
dentiality provisions that are in conflict with the student’s
commitments to Caltech or that may compromise progress toward
his/her thesis.

Please refer to the Graduate Office website for the complete
policy and regulations regarding conflicts of commitment and
interest. If there are any questions about the propriety of any out-
side activity or agreements, this should be discussed
with the Graduate Office and, if necessary, the Office of Research
Compliance and the Office of the General Counsel.

Working at Special Laboratories

M Students who desire to take advantage of the unique oppor
tunities available at one of the special laboratories (e.g., JPL)
for Ph.D. thesis work may be allowed to do so, provided that
they maintain good contact with academic life on campus, and
the laboratory involved commits financial support for the
duration of the thesis research, and provided that all Caltech
graduate thesis research carried out at a special laboratory is
under the supervision of Caltech faculty members.

H A student’s request to carry out thesis work at a special labora- 293
tory should be formally endorsed by the appropriate committee
of his or her option and by the special laboratory, on a peti-
tion submitted through the option representative to the dean
of graduate studies. The special laboratory should recognize
its commitment of special equipment or any other resources
required for the thesis work. Approval by the special laboratory
should also indicate that the thesis topic is a sensible one, and
that it is not likely to be preempted by the laboratory.

M A student may take similar advantage of unique opportunities
at a corporate or governmental research and development
facility under the same conditions, providing that there exists a
formal written agreement between the R&D facility and
the student’s thesis adviser, and that advance written approval is
obtained from the dean of graduate studies. Such curricular
practical training may in some cases involve full-time emplo-
ment at the laboratory for a limited period of time for the
purpose of engaging in the essential data collection that is inte-
gral to a student’s doctoral dissertation. Typically, such students
who are not in a local laboratory are placed on detached duty
status.
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B Employment by a special laboratory of a graduate student for
work not connected with his or her thesis should be regarded as
equivalent to other outside employment.

Exchange Program with Scripps Institution
of Oceanography

An exchange program has been established with the Scripps
Institution of Oceanography (S10), University of California, San
Diego, permitting Caltech graduate students to enroll in and
receive credit for graduate courses offered by SIO. Arrangements
should be made through the student’s major option and the
Graduate Office. The student must obtain the advance approval of
the instructors of courses to be taken at SIO. In some cases, when
it is in the best interests of the student, arrangements may be made
for the student to be temporarily in full-time residence at SI10.

Thesis research done partly at SIO may be arranged directly
by the student’s option and the staff of appropriate research labo-
ratories at SIO, without the necessity of enrolling for SIO courses
designated for research; in this case the student will continue to be
under the supervision of his or her Caltech thesis adviser and will
enroll for Caltech research units.

GENERAL REQUIREMENTS FOR GRADUATE
DEGREES

Degree of Master of Science

The Master of Science degree is a professional degree designed

to prepare a student for teaching, for further graduate studies, or
for more advanced work in industry. Detailed requirements are
based primarily on professional studies, and the program should

be planned in consultation with the faculty in the appropriate
discipline. Under normal circumstances, the requirements for the
M.S. degree can be completed in one academic year. Students must
declare candidacy for the M.S. degree no later than the academic
year in which the final degree requirements have been met or upon
separation from the Institute. Students who are pursuing a doctoral
degree and obtain a M.S. along the way, must declare candidacy
for the M.S. no later than two weeks prior to conferral of the
Ph.D.

A student who enters the Institute holding a master’s degree
from another institution will not normally be awarded a second
master’s degree in the same field. A student may not normally be
awarded two master’s degrees from the Institute.

Special regulations for the master’s degree are listed under
each graduate option. Several options do not offer an M.S. degree
except in special circumstances.

Residence and Units of Graduate Work Required. At least one
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academic year of residence at the Institute and a minimum of 135
units of graduate work at the Institute subsequent to the baccalau-
reate degree are required for the master’s degree. Included in these
units are at least 27 units of free electives or of required studies in
the humanities numbered 100 or above. Advanced courses taken
while enrolled as a Caltech undergraduate student in excess of the
bachelor’s degree requirements may be counted toward the mas-
ter’s degree requirements with the approval of the academic option
representative and the dean of graduate studies.

To qualify for a master’s degree, a student must complete the
work indicated in the section on special regulations for his or her
option with a grade-point average for the approved M.S. candidacy
courses of at least 1.9.

In special cases, with the approval of the instructor, option rep-
resentative, and the dean of graduate studies, courses taken else-
where before enrollment at the Institute may be offered in place of
specifically required courses. An examination may be required to
determine the acceptability of such courses. Course credit, if grant-
ed, shall not count toward the 135-unit and residency require-
ments.

Joint B.S./M.S. Degree. In exceptional cases, undergraduate
students may pursue a joint B.S./M.S. program of study. Several
options do not allow a joint B.S./M.S. degree. Students should
contact the graduate option representative to find out if the joint
B.S./M.S. degree is possible in a particular option. Such students
must follow the normal procedures for admission to the M.S. pro-
gram in the option of their choice. Students attending courses or
carrying out research toward an M.S. degree before completion of
their B.S. degree requirements will be considered as undergraduate  [PXH
students and will not be eligible for graduate financial aid, graduate
housing, or other graduate student privileges.

Admission to M.S. Candidacy. Before the midpoint of the first
term of the academic year in which the student expects to receive
the degree, he or she should complete a proposed plan of study,
which must have the approval of the option representative and, if
a thesis is required, of his or her research adviser. Some options
require a thesis or research report in addition to course require-
ments. The thesis or research report must be approved by the
research adviser no later than two weeks before the degree is to be
conferred. This approved plan of study will constitute the require-
ments for the degree. Any modifications must be approved by the
option representative at least two weeks before the degree is to be
conferred.

Students enrolled for the joint B.S./M.S. program must com-
plete a minimum of 486 units for the B.S. program and a minimum
of 135 units for the M.S. program with no overlapping of courses.
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Engineer’s Degree

Engineer’s degrees are awarded in exceptional circumstances. The
work for an engineer’s degree must consist of advanced studies and
research in the field appropriate to the degree desired. It must con-
form to the special requirements established for that degree and
should be planned in consultation with the members of the facul-
ty concerned. Students who have been admitted to the terminal
master’s degree and wish to pursue further studies leading toward
either the engineer’s or the doctor’s degree must file a petition
(and in some cases must file a new application) to continue gradu-
ate work toward the desired degree. Students who have received an
engineer’s degree will not in general be admitted for the doctor’s
degree.

Residence. At least eight terms of graduate residence subsequent
to a baccalaureate degree equivalent to that given by the Institute
are required for an engineer’s degree. Of these, at least three terms
must be at Caltech. It must be understood that these are minimum
requirements, and students must often count on spending a some-
what longer time on graduate work.

To qualify for an engineer’s degree, a student must complete
the work prescribed by his or her supervising committee with a
grade-point average of at least 1.9. Research work and the prepa-
ration of a thesis must constitute no fewer than 55 units. More
than 55 units may be required by certain options, and the student
should determine the particular requirements of his or her option
when establishing a program.

Admission to Candidacy. Before the midpoint of the first term
of the academic year in which the student expects to receive the
degree, he or she must complete a proposed plan of study and, in
consultation with the chair of the appropriate division, will select
a committee of three members of the faculty to supervise the stu-
dent’s work and to certify its satisfactory completion. One of the
members of the committee should be in a field outside the stu-
dent’s major field of study. The student should then consult with
this committee in planning the details of his or her work. The plan
of study shall then constitute the requirements for the degree. Any
modifications must be approved by the option representative at
least two weeks before the degree is conferred.

The student will be admitted to candidacy for the degree when
the supervising committee certifies (a) that all the special require-
ments for the desired degree have been met, with the exception
that certain courses of not more than two terms in length may be
taken after admission to candidacy; (b) that the thesis research has
been satisfactorily started and can be finished at the expected date;
(c) that the candidate demonstrates competence in oral and written
English.

Admission to candidacy should be obtained by the midpoint of
the term in which the degree is to be granted, but no later than the
academic year in which the final degree requirements have been
met or upon separation from the Institute.
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Thesis. At least two weeks before the degree is to be conferred,
each student is required to submit his or her thesis in accordance
with the regulations that govern the preparation of doctoral dis-
sertations. These regulations may be obtained from the Graduate
Office website.

The use of “classified” research as thesis material for any degree
will not be permitted. Exceptions to this rule can be made only
under special circumstances, and then only when approval is given
by the dean of graduate studies before the research is undertaken.

Examination. At the discretion of the option in which the degree
is desired, a final examination may be required. This examination
would be conducted by a committee appointed by the candidate’s
supervising committee

Degree of Doctor of Philosophy

The degree of Doctor of Philosophy is conferred by the Institute
primarily in recognition of breadth of scholarship, depth of
research, and the power to investigate problems independently
and efficiently, rather than for the completion of definite courses
of study through a stated period of residence. The work for the
degree must consist of research and the preparation of a thesis
describing it, and of systematic studies of an advanced character,
primarily in science or engineering. In addition, the candidate
must have clear self-expression in both oral and written English.
Subject to the general supervision of the Committee on Graduate
Study, the student’s work for the degree of Doctor of Philosophy
is specifically directed by the division in which he or she has cho-
sen the major subject. Each student should consult with his or her
division concerning special divisional and option requirements.

Admission. With the approval of the dean of graduate studies,
students are admitted to graduate standing by the option in which
they choose their major work toward the doctoral degree. In some
cases, applicants for the doctorate may be required to complete
requirements for the master’s degree first; however, this is not a
general prerequisite for the doctorate. Students who have received
an engineer’s degree will not, in general, be admitted for the doc-
toral degree.

A student who holds a Ph.D. degree from another institution
will not normally be admitted to graduate standing at Caltech
to pursue a second Ph.D. degree. A student will not normally be
awarded two Ph.D. degrees from the Institute.

Minor Programs of Study. The Institute does not require a minor
for the Ph.D. degree, but the individual options may have minor
requirements as part of their requirements for the major.

A student may undertake a minor program of study in most
options as specified in this catalog under the section “Special
Regulations of Graduate Options.” Completion of a minor pro-
gram of study is recognized on the Ph.D. diploma by the statement
“...and by additional studies constituting a minor in [name of
option].”
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A minor program of study should be at a level of study in the
minor substantially beyond that typically acquired by students as
part of their major requirements. Most options require 45 units or
more, including at least one 200-level course and a coherent pro-
gram of the supporting 100-level courses. The faculty of the minor
option may approve a proposed minor program on the basis of
overall class performance and/or by an oral examination.

Detailed requirements for minor options are listed under the
individual options. Students cannot use courses required by their
major option in fulfillment of the minor requirement.

Residence. At least twelve terms (three academic years) of res-
idence subsequent to a baccalaureate degree equivalent to that
given by the Institute are required for the doctorate. Of this, at
least four terms must be in residence at the Institute. It should be
understood that these are minimum requirements, and students
must usually count on spending a somewhat longer time in resi-
dence. A student whose undergraduate work has been insuf-
ficient in amount or too narrowly specialized, or whose preparation
in his or her special field is inadequate, should plan upon spending
increased time in work for the degree.

However, no student will be allowed to continue work toward
the doctoral degree for more than twenty-four academic terms
of graduate residence, without a petition approved by the dean
of graduate studies. This petition must include a plan and sched-
ule for completion, agreed upon and signed by the student, the
research adviser, and the option representative.

Registration. Continuity of registration must be maintained
until all requirements for the doctorate degree have been complet-
ed, with the exception of authorized sabbaticals. Registration is
required for the term in which the thesis defense is undertaken.

Admission to Candidacy. On the recommendation of the option
concerned, the dean of graduate studies will admit a student to
candidacy for the degree of Doctor of Philosophy after the student
has been admitted to work toward the doctorate and has been in
residence at least one term thereafter; has initiated a program of
study approved by the major option and, if needed, by the minor
option; has satisfied by written or oral examination the sever-
al options concerned, or otherwise shown that he or she has a
comprehensive grasp of the major and minor subjects and of sub-
jects fundamental to them; has demonstrated the ability for clear
self-expression in both oral and written English; and has shown
ability in carrying on research in a subject approved by the option
concerned. Option regulations concerning admission to candidacy
are given in a later section. Members of the Institute staff of rank
higher than that of assistant professor are not admitted to candida-
cy for a higher degree.

Depending upon option regulations, candidates will either be
assigned a candidacy committee by the option representative or
must independently select appropriate members to serve on the
examination committee. An examination committee should consist
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of a minimum of three voting members, two of whom must be
Caltech faculty. Exceptions to this rule must be approved by the
dean of graduate studies in advance of the candidacy examination.
The student should ensure that all members of the examining com-
mittee are available during the examination period and that they
are willing to provide timely and appropriate feedback. Admission
to candidacy must be obtained before the close of the second term
in which the degree is to be conferred. The student is responsible
for seeing that admission is secured at the proper time.

A student not admitted to candidacy by the end of the twelfth term
of graduate residence at the Institute must petition the dean of
graduate studies for permission to register for further work.

After achieving candidacy, each Ph.D. student should be assigned a
thesis advising committee of three or more faculty members. This
committee should meet informally at least once a year beginning in
the fourth year of graduate study.

Candidacy (and permission to register) may be withdrawn by
formal action of the option from a student whose research is not
satisfactory, or for other compelling reasons. However, the option
must petition through its division chair to the dean of graduate
studies before taking such action.

Final Examination. Each doctoral candidate shall undergo broad
oral examination on the major subject, the scope of the thesis, and
its significance in relation to the major subject. The examination,
subject to the approval of the dean of graduate studies, may be
taken after admission to candidacy whenever the candidate is pre-
pared; however, it must take place at least three weeks before the
degree is to be conferred.

The examination may be written in part, and may be subdivided EXE
into parts or given all at one time at the discretion of the options
concerned. The student must complete the exam notification not
less than two weeks before the date of the examination. An exam-
ination committee should consist of a minimum of four voting
members, three of whom must be Caltech faculty. Exceptions
to this rule must be approved by the dean of graduate studies in
advance of the defense.

Thesis. The candidate is to provide a draft copy of his or her
completed thesis to the members of the examining committee at
least two weeks before the final oral examination. The date of the
examination and the composition of the examining committee will
not be approved by the dean of graduate studies until the thesis is
submitted in completed form, i.e., ready for review by the dean,
the members of the examining committee, and the Graduate
Office proofreader. Registration is required for the term in which
the thesis defense is undertaken, but is not normally allowed
beyond the last date of the term. Approval of the dean of graduate
studies is required for any student seeking to enroll for subsequent
terms following the thesis defense. A student not receiving Caltech
funding, may petition the dean of graduate studies for reduced tui-
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tion charges if the student supplies a copy of the thesis, schedules
the examination, and schedules the Ph.D. examination prior to the
third Friday of the term in which the examination will be taken.

The last date to upload the final, corrected thesis is the fifth
week of the succeeding term if the candidate defended his or her
thesis during the previous summer or the first or second terms;
or two weeks before the degree is to be conferred if the candidate
defended his or her thesis during the month of May. It is required
that all doctoral candidates submit an electronic copy of their dis-
sertation, which the Caltech Library System will then archive and
make available online, as part of the Networked Digital Library of
Theses and Dissertations (NDLTD), an international organization
that allows researchers to globally search a database of electronic
theses and dissertations. For special option regulations concerning
theses, see specific graduate options.

Before uploading the final, corrected thesis, the candidate must
obtain approval of the thesis by the option representative of his or
her option and the members of the examining committee.

With the approval of the option concerned, a portion of the
thesis may consist of one or more articles published jointly by the
candidate and members of the Institute staff or other coauthors. In
any case, however, a substantial portion of the thesis must be the
candidate’s own exposition of his or her own work.

The use of “classified” research as thesis material for any degree
is not permitted. Exceptions to this rule can be made only under
special circumstances, and then only when approval is given by the
dean of graduate studies before the research is undertaken.
Regulations and directions for the preparation of theses may be
obtained from the Graduate Office website, and should be fol-
lowed carefully by the candidate. Thesis templates are also avail-
able on the Library website.

Satisfactory Academic Progress

In order to continue in a degree program and to receive finan-
cial aid at Caltech, graduate students must maintain satisfactory
academic progress toward completion of their degree. Continuity
of registration must be maintained until all requirements for the
degree being sought have been completed, with the exception of
authorized sabbaticals.

The Master of Science degree requires at least three terms of
residence at the Institute and a minimum of 135 units of graduate
work with a grade-point average of at least 1.9. Under normal
circumstances a master’s degree cannot take more than two years
without a petition approved by the dean of graduate studies.

The engineer’s degree must consist of advanced studies and
research in the field appropriate to the degree desired. At least
eight terms of graduate residence are required with a minimum
1.9 overall grade-point average. The engineer’s degree cannot take
more than twelve terms to complete without a petition approved
by the dean of graduate studies.
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For the doctorate degree, at least twelve terms of residence
are required, but the necessary study and research typically can be
completed in less than six years. The work for the degree consists
of research and the preparation of a thesis describing it, and of
systematic studies of an advanced character, primarily in science or
engineering.

The requirements for each degree include special regulations
established by each option and detailed in the Institute Catalog
for the year of initial registration. Many options require a C grade
or better in particular courses or groups of courses. Hence, a lim-
ited number of courses may be repeated while still maintaining a
status of satisfactory academic progress and would count toward
the 36-unit-per-term requirement. A full-time graduate student
must register for (and complete) 36 units per term, including the
summer term. Approval of the dean of graduate studies is required
before dropping any course that brings a student below 36 units.
The treatment of incomplete grades and withdrawals is specified
on pages 42-46. Satisfactory academic progress is checked each
academic term by the Graduate Office.

The special regulations for the options typically include the
completion of specific courses, oral and/or written examinations,
petitions, research requirements, etc., by specific times. Satisfac-
tory academic progress is judged by the options against these
regulations, and revocation of permission to register may be rec-
ommended by the option to the dean of graduate studies prior to
or in response to the student’s petition for admission to candi-
dacy. Further, even after admission to candidacy, the candidacy
(and permission to register) may be withdrawn by formal action
of an option for a student whose research is not satisfactory, or 301
for other compelling reasons. However, the option must petition
through its division chair to the dean of graduate studies before
taking such action.

A doctoral student who has not been admitted to candidacy by
the beginning of the fourth year (12 terms) must petition the dean
of graduate studies for permission to register for further work. In
addition, no doctoral student will be allowed to register for more
than 24 terms without approval of a petition by the dean of gradu-
ate studies.

This petition must include a plan and schedule for completion,
agreed upon and signed by the student, the thesis advising commit-
tee, and the option representative.

GRADUATE EXPENSES

The tuition and fees charge for all students registering for grad-
uate work is currently $43,230 per academic year, payable at the
beginning of each term, fall (9/29/14), winter (1/5/15), and spring
(3/30/15). Graduate students who cannot devote full time to their
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studies are allowed to register only under special circumstances.
Students desiring permission to register for fewer than 36 units
must therefore petition the dean of graduate studies for an under-
load.

The payment of tuition by graduate students is required (a)
without reference to the character of the work by the student,
which may consist of research, independent reading, or writing a
thesis or other dissertation, as well as attendance at regular classes;
(b) without reference to the number of terms in which the student
has already been in residence; and (c) without reference to the
status of the student as an appointee of the Institute, except that
members of the academic staff of rank of instructor or higher are
not required to pay tuition.

Unpaid Bills. All bills owed the Institute must be paid when due.
Any student whose bills are past due may be refused registration
for the following term. All graduate students with an outstanding
bursar’s bill balance of $1,500.00 or more will have a hold placed
on their registration for the subsequent term the day before online
registration opens. Official transcripts and diplomas will not be
released until the bursar’s account is paid in full.

Caltech 1D Card Charges. If a graduate student owes more than
$1,500, the student’s charging privileges will be suspended
Charging privileges will be reactivated once students have paid
their bill in full with the Bursar’s Office.

Expense Summary 2014-15

General:
Tuition and fees $43,230.00
Other:
Books and supplies (approx.) $1,198.00
Room:

Catalina apartments
4 bedroom apt. $546.00 per person per month (plus utilities)
2 bedroom apt. $648.00 per person per month (plus utilities)
1 bedroom apt. $1,099.00 per apt. per month (plus utilities)
Contact Bursar’s Office for audit fee.

Fees are subject to change at the discretion of the Institute.

Fees for Late Registration. Registration is not complete until the
student has registered for a program approved by his or her adviser
and has paid tuition and other fees. A penalty fee of $50 is assessed
for failure to register within five days of the scheduled dates.

Honor System Matters. Monies owed to the Institute resulting
from a disciplinary matter may be collected through the Bursar’s
Office, at the request of the Office of Graduate Studies.
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Housing Facilities. The Catalina Central complex provides
approximately 152 single rooms in four-bedroom furnished units.
Another, Catalina North, has 156 single rooms in two-bed-
room furnished units, and Catalina South has 78 single rooms
in two-bedroom furnished units, and 29 one-bedroom furnished
units. These apartments are also available to married students.

Rates for housing vary, depending upon the accommodations
and services provided. A contract is required to live in these houses
for the academic year. Complete information can be obtained at
http://www.housing.caltech.edu.

There is one Residential Life Coordinator (RLC) and four
Resident Associates (RAs) in the Catalina Complex. An RLC is
a specially trained full-time university employee, specializing in
college student development, community building, counseling, and
crisis intervention. The RLC supervises the RAs on programming
and overall student wellness. The RLC also assists Housing with
the management and daily operations of the complex. There are
also Catalina Community Associates (student volunteers) who work
with the RLC and RAs on programming and community building
in the Catalinas.

The Institute also owns a limited number of apartments and
single-family houses that are available for rental, on a lease basis,
to single or married graduate students or graduate students with
families. Because of limited availability, there is a waiting list for
these properties. For additional information and sign-up forms, go
to http://www.housing.caltech.edu.

Students preferring to live in non-Institute housing typical-
ly pay approximately $550-$600 per month in rent for a shared
apartment, and somewhat more for a private apartment. Please 303
note that the Institute cannot make negotiations for individual
housing off campus.

Dining Facilities. Graduate students are granted the privilege of
joining the Athenaeum (faculty club), which affords the possibility
of contact with fellow graduate students and with others using the
Athenaeum, including the Associates of Caltech, distinguished
visitors, and members of the professional staffs of the Huntington
Library and the California Institute of Technology.

The Chandler Dining Hall, located on the campus, is open
Monday through Friday. Breakfast, lunch, and snacks are served
cafeteria style. Café at Broad is open for lunch and dinner, Monday
through Friday.

Health Services. Health services available to graduate students
are explained in section one of this catalog.
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FINANCIAL ASSISTANCE

Caltech offers in each of its options a number of fellowships, tui-
tion scholarships, and graduate assistantships. In general, tuition
scholarships may be for full or partial tuition charges; assistantships
provide stipends; and fellowships often provide both tuition schol-
arship awards and stipends. Graduate assistants are eligible to be
considered for special tuition awards.

Appointments to fellowships, scholarships, and assistantships
are decided yearly by the student’s academic option.

Graduate students receiving any form of financial award from
the Institute are required to report to the dean of graduate studies
any financial aid from other sources. With prior written approv-
al from the dean of graduate studies, students may be allowed to
accept outside employment if the time commitment does not inter-
fere with their graduate studies. The number of hours per week
spent on outside employment must be reported to the dean of grad-
uate studies.

Graduate Assistantships

Graduate assistants help with teaching, laboratory work, or per-
form research of a character that affords useful academic experi-
ence while permitting a full academic schedule of courses. The
specific research and teaching obligations of graduate assistants are
agreed upon with the adviser.

Caltech graduate students often receive a combination of teach-
ing and research assistantships; however, the total work commit-
ment cannot exceed 20 hours per week during the academic year.
Summer appointments can be greater, with assignments up to 40
hours per week. A graduate student who undertakes activities relat-
ed to the Institute aggregating more than 62 hours per week (in
class, research assistantship, and teaching assistantship hours) must
petition the dean of graduate studies.

Graduate assistant stipends are based on four separate 12-week
quarters, resulting in a 48-week pay period, paid on the last pay
period of the month. Students are also entitled to two weeks of
annual vacation and Institute holidays. Students should prearrange
their vacation schedule with their adviser and, when appropriate,
may arrange longer or shorter appointments depending upon
departmental policy and the arrangements agreed upon between
the adviser and the student. In addition, when necessary, graduate
assistants may arrange for short-term medical leave (including
pregnancy). Any questions should be referred to the dean of gradu-
ate studies.

Teaching Assistantships

A full teaching assistantship usually requires 20 hours per week to
be devoted to teaching and to the related activities of class prepa-
ration, grading, and consulting with students. In general, teaching
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obligations are confined to the 12 weeks of the academic terms,
excluding summer. A student may not, without advance permis-
sion from the dean of graduate studies, be a teaching assistant for
a course in which he or she is enrolled and receive credit. Only
teaching assistants with good oral English are permitted to teach
sections. Students may demonstrate competence by passing the
English proficiency screening during orientation, enrolling in
and passing ESL 101, or subsequently scoring at least 50 on the
standardized NTS (National Testing Service) SPEAK test before
admission to candidacy.

All teaching assistants are required to attend teaching-assistant
training before payment can be processed. Training sessions occur
in the first week of the fall term, typically during orientation, and
at least once per term for continuing students, including under-
graduate students with teaching responsibilities.

Teaching assistants must familiarize themselves with Caltech’s
policy on harassment (see page 93-103). Classes should foster aca-
demic achievement in a “hassle-free” environment. Teaching assis-
tants should not attempt to date a student in their class, and should
disqualify themselves from teaching a section in which a spouse or
current partner is enrolled.

Research Assistantships

Research assistantships typically are 20 hours per week during the
academic year, but can be as much as 40 hours per week during the
summer. The specific duties are decided upon by the adviser.

Graduate Scholarships, Fellowships, and
Research Funds 305

Students are strongly encouraged to apply for scholarships and
fellowships from federal and private agencies and organizations to
support their graduate studies. In addition, the Institute offers a
limited number of endowed fellowships and scholarships for tuition
and/or stipends to graduate students of exceptional ability.

Loans

Several types of loans are available to graduate students. To qualify
for any of these, a student must demonstrate financial need and
must maintain satisfactory academic progress in the course of study
for which he or she is enrolled. Application forms and further
information are available from the Financial Aid Office.

Refund and Repayment Policy

Caltech has established an equitable refund policy for students who
find it necessary to withdraw or take a sabbatical from the Institute.

Students who officially withdraw or take a sabbatical from the
Institute during an academic term may receive a tuition refund (see
pages 183-187). Students living in Caltech housing may also be
eligible for a partial refund from the Housing Office.
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When granting refunds to financial aid recipients or graduate
assistants, it is Caltech’s policy to return the refund, in most cases,
to the original account.

PRIZES

Tom Apostol Award for Excellence in Teaching in Mathematics

In 2010, the mathematics option set up the Apostol Teaching
Award in honor of Tom Apostol, who was a great teacher at
Caltech for over 50 years. Three to five awards are given each year
to recognize excellence in teaching by our graduate and under-
graduate teaching assistants.

Charles D. Babcock Award
The Charles D. Babcock Award recognizes a student whose
achievements in teaching (or other ways of assisting students) have
made a significant contribution to the aeronautics department.
The criteria for the award selection are as follows: The award
can be made as unscheduled support for a graduate student asso-
ciated with aeronautics, e.g., for travel to a technical meeting for
professional advancement. All aeronautics-associated students are
eligible, with preference given to those in the structures and solid
mechanics group. The award may be made yearly, as merited.
The timing of the award will be as special recognition warrants.
The Charles D. Babcock Award was established in 1992 in
memory of Charles D. Babcock, who was professor of aeronautics
and applied mechanics until 1987; he served aeronautics as option
representative and the Institute as vice provost.

William F. Ballhaus Prize

A prize will be awarded for an outstanding doctoral dissertation in
aeronautics, to be selected by the aeronautics faculty. This award is
made possible by a gift from Dr. William F. Ballhaus,

a California Institute of Technology alumnus who received his
Ph.D. in aeronautics in 1947.

Bohnenblust Travel Grants in Mathematics

Special grants may be awarded to outstanding graduate students

in mathematics to enable them to travel in the United States

or abroad to further their mathematical education. The mathe-
matics faculty established these awards in 1978 to honor H. F.
Bohnenblust, who served Caltech as professor of mathematics,
executive officer for mathematics, and dean of graduate studies.
Application forms and further details are available in the math-
ematics office, 253 Sloan.
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Rolf D. Buhler Memorial Award in Aeronautics

An award is made annually to a student in the aeronautics master’s

program whose academic performance was exemplary

and who shows high potential for future achievements at Caltech.
The Rolf D. Buhler Memorial Award in Aeronautics was estab-

lished in 1990 in memory of Rolf Buhler, a 1952 graduate of

GALCIT and professor of space flight at the Technical University

of Stuttgart in Germany.

W. P. Carey & Co., Inc., Prizes in Applied Mathematics

Prizes will be awarded by a faculty committee in applied mathe-
matics for outstanding doctoral dissertations. If there is no appro-
priate candidate, then the awardee can be chosen from pure math.
These awards have been made possible by gifts from William Polk
Carey and from W. P. Carey & Co., Inc.

Centennial Prize for the Best Thesis in Mechanical and Civil
Engineering

Awarded each year to a candidate for the degree of Doctor of
Philosophy in applied mechanics, civil engineering, or mechanical
engineering whose doctoral thesis is judged to be the most origi-
nal and significant by a faculty committee appointed annually by
the executive officer for mechanical and civil engineering. The
prize consists of a citation and a cash award and was established
with gifts from alumni following the Mechanical Engineering
Centennial Celebration in 2007.

Richard Bruce Chapman Memorial Award
A prize will be awarded annually to a graduate student who has 307
distinguished himself or herself in research in the field of fluid
dynamics.

Bruce Chapman was awarded an M.S. from Caltech in 1966 and
a Ph.D. in 1970, both in engineering science. This award has been
established in his memory by his family and friends.

Milton and Francis Clauser Doctoral Prize

An annual prize is awarded to the Ph.D. candidate whose research
is judged to exhibit the greatest degree of originality as evidenced
by its potential for opening up new avenues of human thought and
endeavor as well as by the ingenuity with which it has been carried
out. The Milton and Francis Clauser Doctoral Prize is made possi-
ble by gifts from the family and friends of these twin alumni, who
received bachelor’s degrees in physics in 1934, master’s degrees in
mechanical engineering in 1935, and doctor’s degrees in aeronau-
tics in 1937.
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Donald Coles Prize in Aeronautics

The Donald Coles Prize will be awarded to the graduating Ph.D.
student in aeronautics whose thesis displays the best design of

an experiment or the best design for a piece of experimental
equipment.

Demetriades- Tsafka-Kokkalis Prize in Biotechnology or Related Fields
Awarded annually to a Ph.D. candidate for the best thesis, publica-
tion, or discovery in biotechnology or related fields at the Institute
in the preceding 12 months. Winners are selected by the bioengi-
neering faculty. This award has been made possible by a gift from
Anna Kokkalis Demetriades and Sterge T. Demetriades,

Eng. '58.

Demetriades- Tsafka-Kokkalis Prize in Entrepreneurship or

Related Fields

Awarded annually for the best business plan or proposal, start-up,
thesis, publication, discovery, or related efforts by student(s) in
entrepreneurship or related fields at the Institute in the preced-
ing 12 months. This prize is made possible by a gift from Anna
Kokkalis Demetriades and Sterge T. Demetriades, Eng. '58.

Demetriades- Tsafka-Kokkalis Prize in Environmentally Benign
Renewable Energy Sources or Related Fields

Awarded annually to a Ph.D. candidate for the best thesis, pub-
lication, discovery, or related efforts in benign renewable ener-
gy sources or related fields at the Institute in the preceding 12
months. The prize is made possible by a gift from Anna Kokkalis
Demetriades and Sterge T. Demetriades, Eng. '58.

Demetriades- Tsafka-Kokkalis Prize in Nanotechnology or Related Fields
Awarded annually to a Ph.D. candidate for the best thesis, pub-
lication, or discovery in nanotechnology or related fields at the
Institute in the preceding 12 months. This prize is made pos-
sible by a gift from Anna Kokkalis Demetriades and Sterge T.
Demetriades, Eng. '58.

Demetriades- Tsafka-Kokkalis Prize in Seismo-Engineering, Prediction,
and Protection

Awarded annually to a Ph.D. candidate for the best thesis, publi-
cation, or discovery in seismo-engineering, prediction, and protec-
tion in the preceding 12 months. Winners are selected by the seis-
mo-engineering faculty. The prize is made possible by a gift from
Anna Kokkalis Demetriades and Sterge T. Demetriades, Eng. '58.

Constantin G. Economou Memorial Prize

Awarded to a chemical engineering graduate student distinguished
by outstanding research accomplishments and exemplary attitude
while fulfilling candidacy requirements for the Ph.D. degree.
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Everhart Distinguished Graduate Student Lecture Series

The Everhart Lecture Series is a forum to encourage interdisci-
plinary interaction among graduate students and faculty, to share
ideas about recent research developments, problems, and contro-
versies, and to recognize the exemplary presentation and research
abilities of Caltech’s graduate students. Lecturers discuss scientific
topics at a level suitable for graduate students and faculty from

all fields while addressing current research issues. Each fall, three
graduate-student lecturers are selected to present their work as
part of the Everhart Lecture Series based on each student’s dynamic
speaking skills, which capture the attention of and convey research
material clearly to a diverse technical audience; ability to commu-
nicate his or her research field’s broader importance; and impact
on the scientific community through his or her research. Speakers
receive an honorarium and recognition at graduation.

Lawrence L. and Audrey W. Ferguson Prize
Awarded to the graduating Ph.D. candidate in biology who has
produced the outstanding Ph.D. thesis for the past year.

Henry Ford Il Scholar Awards
The Henry Ford Il Scholar Awards are funded under an endow-
ment provided by the Ford Motor Company Fund. Each award
will be made annually either to the engineering student with the
best academic record at the end of the third year of undergraduate
study, or to the engineering student with the best first-year record
in the graduate program. The chair of the Division of Engineering
and Applied Science names the student to receive the award.

309
Graduate Deans’ Award for Outstanding Community Service
This award is made annually to a Ph.D. candidate who, throughout
his or her graduate years at the Institute, has made great contribu-
tions to graduate life and whose qualities of leadership and respon-
sibility have been outstanding.

Hans G. Hornung Prize

This prize is awarded for the best oral Ph.D. defense presentation
by a student advised by an aerospace faculty member. The com-
mittee to determine the winner is made up of current aerospace
engineering students who attend the talks in order to make their
recommendation.

Scott Russell Johnson Prize for Excellence in Graduate Study

in Mathematics

Four prizes will be given to continuing graduate students for
excellence in one or more of the following: extraordinary progress
in research, excellence in teaching, or excellent performance as a
first-year graduate student. The executive officer for mathematics,
in consultation with the faculty, determines the recipients. The
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prize is made possible by a gift from Steve and Rosemary Johnson
in memory of Scott Johnson, B.S. "83.

Scott Russell Johnson Graduate Dissertation Prize in Mathematics

A prize is awarded for the best graduate dissertation in mathemat-
ics. The prize may be split between two students. The executive
officer for mathematics, in consultation with the faculty, selects
the recipient. The prize is made possible by a gift from Steve and
Rosemary Johnson in memory of Scott Johnson, B.S. "83.

Abdul Kalam Prize in Aerospace Engineering

This prize is awarded to a student in the aerospace engineering
master’s program whose academic performance is exemplary and
who shows high potential for future achievements.

John O. Ledyard Prize for Graduate Research in Social Science

The prize rewards the best third- year paper by a graduate student
in Social Science or Behavioral Neuroscience. The prize is funded
by Susan G. Davis in recognition of John O. Ledyard’s dedication
to developing graduate students as independent researchers and his
service to the Division of the Humanities and Social Sciences. The
prize is awarded annually by a committee of social science faculty.

The Herbert Newby McCoy Award

To support her hushand’s life-long interest in science, Mrs.
McCoy designated that this annual award be made to a student
or faculty member in the chemistry department of the California
Institute of Technology making the greatest contribution of the
year to science. The selection of the winner of this award shall
be made by full professors of the Chemistry Department and the
President of the California Institute of Technology.

Eleanor Searle Prize in Law, Politics, and Institutions

The Eleanor Searle Prize was established in 1999 by friends and
colleagues to honor Eleanor Searle. The prize is awarded annually
to an undergraduate or graduate student whose work in history or
the social sciences exemplifies Eleanor Searle’s interests in the use
of power, government, and law.

Ernest E. Sechler Memorial Award in Aeronautics
An award is made annually to an aeronautics student who has made
the most significant contribution to the teaching and research
efforts of the Graduate Aerospace Laboratories of the California
Institute of Technology (GALCIT), with preference given to stu-
dents working in structural mechanics.

The Ernest E. Sechler Memorial Award in Aeronautics was
established in 1980 in memory of Ernest E. Sechler, who was
one of the first graduates of GALCIT and who then served as a
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GALCIT faculty member for 46 years. Throughout his career,
Sechler was the faculty adviser for aeronautics students. In addi-
tion, he made many contributions to structural mechanics in areas
ranging from aeronautics to the utilization of energy resources.

John Stager Stemple Memorial Prize in Physics

A prize is awarded annually to a graduate student in physics for
outstanding progress in research as demonstrated by an excellent
performance on the oral Ph.D. candidacy exam. John S. Stemple
was a Caltech physics graduate student when he died; a memorial
fund was established from contributions made by the community
of Falls Church, Virginia, John’s hometown.

Charles Wilts Prize
Awarded for outstanding independent research in electrical engi-
neering leading to a Ph.D.

Note: Prizes and awards may be subject to federal and state income tax.

SPECIAL REGULATIONS OF GRADUATE OPTIONS

Aerospace

Aims and Scope of the Graduate Program

The Institute offers graduate programs in aerospace leading

to the degrees of Master of Science in Aeronautics and Space
Engineering, and Doctor of Philosophy in Aeronautics and Space
Engineering The programs are designed to provide intense edu- 311
cation in the foundations of the aeronautical and space sciences,
with emphasis on research and analytical, computational, and
experimental methods. Entering graduate students should have

a thorough background in undergraduate mathematics, physics,
and engineering science. Applicants for graduate study are also
required to submit Graduate Record Examination scores with their
applications.

In working toward a degree in aerospace, a student may pursue
major study in one of the following areas: physics of fluids, physics
of solids and mechanics of materials, structural mechanics, space
technology, computational solid mechanics, computational and
theoretical fluid dynamics, aeronautical engineering and propul-
sion, biomechanics of fluids and solids, technical fluid mechanics,
control of aerospace systems and materials.

While research and course work in the aerospace option at the
Institute cover a very broad range of subjects, a choice of one of
the above fields allows students to focus their activities while tak-
ing advantage of the flexibility offered by the breadth of interests
of the Graduate Aerospace Laboratories (GALCIT). A student
with an interest in energy-related subjects will find many suitable
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courses and research projects of particular use. Subjects of major
importance in the efficient use of energy, such as turbulent mixing,
drag reduction, and flexible lightweight structures, have historically
been the focus of research activity in the aerospace department.

In consultation with his or her adviser, a student will design
a program of study in one of the above fields, consisting of the
fundamental courses prescribed in the regulations for the separate
degrees listed below, and of electives selected from the list of aero-
space-related courses.

Examinations, Committees, and Student Responsibilities

To help the student achieve satisfactory progress in his or her
academic pursuits, the aerospace faculty provides for the following
committee and individual support.

Upon beginning the first year of the aerospace program, each
student is assigned a faculty (course) adviser whose research field
matches the interests of the student as described in the student’s
statement of purpose in his or her admissions application. Students
wishing to pursue studies leading to the Ph.D. must select and
be accepted by a research adviser by the end of the spring term
of the first year of residence and are required to pass a qualifying
examination in the first term of the second year. Having passed
the qualifying examination, the student pursues research under the
supervision of the research adviser until he or she is ready to enter
candidacy for the Ph.D. At this point, a four-member Candidacy
Examination Committee that includes the student’s research
adviser is assembled and administers a Candidacy Examination to
ensure the student has the appropriate knowledge and tools to suc-
cessfully complete his or her chosen research activities.

The Candidacy Committee is chaired by a faculty member
other than the research adviser. The Candidacy Examination
should be administered by the start of the second term of the third
year of residence but in any case must be successfully completed
by the end of that year in order to comply with Institute require-
ments.

Conferral of the Ph.D. degree is contingent on satisfactorily
passing the thesis examination before a committee consisting of
four examiners, which may, but does not need to, have the same
constitution as the Candidacy Committee.

Students may find further information concerning special option
requirements and the requisite option forms on the GALCIT web-
site.

Degree Programs in Aerospace

Master’s Degree in Aeronautics

and Master’s Degree in Space Engineering

The master’s degree program in aeronautics or space engineering
is a one-year program that provides advanced training in the areas
of aeronautics or space engineering beyond that covered in a four-
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year undergraduate program. The program consists of a set of five
core courses (see details below). There is no research requirement,
nor is a thesis required to obtain the degree. The courses required
for the master’s degree must be completed in one year.

Admission. Students whose highest qualification is a baccalaure-
ate degree equivalent to that given by the Institute are eligible to
seek admission to work toward the master’s degree. Students are
asked to submit course transcripts and letters of recommendation
as well as GRE scores and evidence of English language proficien-
cy as detailed in the graduate application. It should be noted that
the graduate program at GALCIT is primarily focused on Ph.D.-
level research and so priority in admission is given to those who
plan to ultimately perform Ph.D.-level research.

Course Requirements.A program of study consists of courses
totaling at least 138 units; of these, at least 84 units must be in the
following subject areas:

m Fluid mechanics: 27 units (Ae/APh/CE/ME 101 abc)

m Solid/structural mechanics: 27 units (Ae/AM/CE/ME 102

abc)

m Mathematics or applied mathematics: 27 units (ACM 100

abc or higher)

m Aerospace engineering seminar: 3 units (Ae 150 abc)

An additional 27 units are required as follows:
m acourse in experimental techniques and laboratory work
(Ae/APh 104 abc) for the master’s degree in aeronautics, or

W acourse in space engineering (Ae 105 abc) for the master’s

degree in space engineering.

A grade of C or higher must be nominally achieved in all the
required classes unless they are only offered pass/fail, in which case 313
a pass must be achieved in each class. For both the aeronautics
and space engineering master’s degrees, the remaining 27 units of
electives are to be chosen from courses at Caltech that support the
broader goals of the respective programs, subject to the approval of
the option representative. Students must have a proposed program
approved by their adviser prior to registration for the first term of
work toward the degree.

Admission to More Advanced Degrees

Students who successfully complete the requirements for the mas-
ter’s degree and who wish to pursue the more advanced degrees of
or Ph.D. must file a petition to continue work toward the desired

degree. All students working for the Ph.D. degree are expected to
register for and attend the advanced seminar (Ae 208 abc).

Degree of Doctor of Philosophy

Admission. Students with a baccalaureate degree equivalent to
that given by the Institute are eligible to seek admission to work
toward the degree of doctor of philosophy (Ph.D.) in aeronautics
or space engineering. Students are asked to submit course tran-
scripts and letters of recommendation as well as GRE scores and
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evidence of English language proficiency as detailed in the gradu-
ate application.

Course Requirements. The course requirements for the first year
of the Ph.D. degree are identical to those of the master’s degree.
Students admitted to graduate study for the Ph.D. degree must,
without exception, complete in their first year a course of study
that would qualify them for the master’s degree described above.
The student may elect to receive the master’s degree at the end
of their first year after completion of these courses. However, a
student who enters the Institute holding a master’s degree from
another institution will not normally be awarded a second master’s
degree in the same field.

Research adviser. Students wishing to pursue studies leading to
the Ph.D. must select and be accepted by a research adviser by the
end of their first year of study and prior to taking the qualifying
examination described below.

Qualifying Examination. After the first year of graduate study,
the student must pass a qualifying examination. The objective of
the qualifying examination is to determine if the student is proper-
ly prepared and qualified to pursue problems typical of Ph.D.-level
research. The exam will cover the following subjects:

m Fluid mechanics (Ae/APh/CE/ME 101 abc)

m Solid mechanics (Ae/AM/CE/ME 102 abc)

m Mathematics (ACM 100 abc)

The material covered in these examinations is at the same gen-
eral level and breadth as covered in the corresponding first-year
courses. The examinations are typically offered during one week in
the first half of the fall term, in the second year of graduate resi-
dence at the Institute.

A student is examined orally on all three of these topics. In
the event of an unsatisfactory performance, the examining faculty
members may permit a repeat examination in the appropriate top-
ics. The repeat examination must be scheduled prior to finals week
of the winter term and must be completed before the end of the
spring term of the same year.

Candidacy. To be recommended for candidacy for the Ph.D. in
aerospace, the applicant must

m have satisfactorily completed at least 138 units of graduate

work equivalent to the above Master of Science program;

m pass, with a grade of C or better, 27 units of graduate-level

ACM courses beyond ACM 95/100;

m complete (with a grade of C or better, or Pass) at least 45

units of aerospace courses numbered Ae 200 or higher, or Ae/

ME 118, Ae/ME 120, EE/Ae 157, Ae 159, Ae/Ge/ME

160 and Ae/CE 165ab, excluding research and seminars; and

m complete three units of an advanced seminar such as Ae 208.

A proposed program conforming to the above regulations must
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be approved by the student’s adviser and the option representa-

tive prior to add day of the first term of work toward the

degree.

In addition to fulfilling these course requirements, the applicant
must pass a candidacy examination in third year of residence at the
Institute, This exam should be administered by the start of the sec-
ond quarter of the third year of residency. This examination aims
at determining whether the student is successful in integrating
formal course work into a mature understanding of fundamental
engineering concepts, and at demonstrating his or her profession-
al competence in applying these concepts to the problems being
addressed in the course of their Ph.D. research.

Minor. No minor is required for the Ph.D. degree. Students are,
however, encouraged to take advanced courses appropriate to their
particular interests.

Foreign Languages. The student is encouraged to discuss with his
or her adviser the desirability of studying foreign languages, but
there is no formal foreign language requirement for the Ph.D.

Thesis and Final Examination. Before graduation, each candidate
is required to give a public seminar presenting the results of his
or her thesis research. For final examination and thesis comple-
tion, see also the general degree requirements and the section on
Examinations, Committees, and Student Responsibilities regarding
aerospace starting on page 304.

Subject Minor

A student majoring in a field other than aerospace may, with the

approval of the option representative, elect aerospace as a subject 315
minor. A minimum of 54 units in subjects acceptable to the aero-

space faculty is required.

Problem and Grievance Resolution within Aerospace

Students may pursue several avenues for redress concerning per-
sonal and academic problems that may arise during their residency,
as outlined by the Student Problem Resolution Process described
earlier in the catalog. Should a student not wish to discuss the rel-
evant issues with their adviser, the option representative and/or the
director are always available to meet with the student. In addition,
two other resources are available, one at the student and one at the
faculty level. The student representative is elected annually by the
aerospace graduate students at or after the Information Session,
which is part of Ae 150. In the event that the student representa-
tive has completed his or her Ph.D. studies before the election date
and left the Institute, the student organizer for Ae 150 may be his
or her replacement. A faculty member chosen by the aerospace
faculty to provide support for the students is available for student
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contact. The names of the current student and faculty support per-
sons are available in the aerospace office.

Educational Exchange Program with Ecole Polytechnique
An educational exchange program is offered by the Aerospace
option with Ecole Polytechnique (EP). In this exchange program,
students selected for participation from Caltech will enroll for one
year at EP. Correspondingly, students selected for the program
from EP will enroll for one year at Caltech. To be eligible to par-
ticipate, Aerospace students must have completed one full year of
study (for Caltech students this is equivalent to the requirements
for the MS degree) and agree that they will spend one full year
at EP. First year (G1) graduate students enrolled in Caltech’s
doctoral aerospace program will be apprised of the opportunity
to participate in an educational exchange program at the masters
level at EP. A maximum of two student(s) will be selected by the
Aerospace faculty from the pool of students who express interest
in this program. Caltech students will follow their first (master’s)
year at Caltech, and their second year in the second year masters
(M2) program at EP. For details of EP’s program consult their
web pages at http://www.mecanique.polytechnique.edu/home/pro-
grams-catalogue/master-mecanique-presentation-78056.kjsp
Caltech students must fulfill the requirements of their first year
program and receive their Caltech MS diploma prior to proceeding
to EP. Caltech students must register at Caltech during the year
spent at Ecole Polytechnique and enroll in the special course Ae
240 - Educational exchange at Ecole Polytechnique. This ensures
that they maintain their standing as enrolled graduate students at
Caltech. It is implied that classes taken at one institution cannot
duplicate classes already taken at the other institution. The expec-
tation is that Caltech students will return to Caltech after com-
pleting the EP program and continue with their doctoral studies at
Caltech. Caltech students should be prepared to take the qualifying
exams in the fall term when they return from EP. Caltech students
participating in the Caltech/EP educational exchange program will
be considered to be on detached duty from Caltech while at EP.
A detached duty agreement will be executed for each student that
spells out the terms and requirements for the detached duty.

Applied and Computational Mathematics

Aims and Scope of the Graduate Program

Caltech’s Computing & Mathematical Sciences department offers
an interdisciplinary program of graduate study in applied

and computational mathematics leading to the Ph.D. degree. This
program is designed to give students a thorough training in fun-
damental computational and applied mathematics and to develop
their research ability in a specific application field. The fields of
application include a wide range of areas such as fluid mechanics,
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materials science, and mathematical biology, engineering applications,
image processing, and mathematical finance. The training essential
for future careers in applied mathematics in academia, national
laboratories, or in industry is provided by completion of the require-
ments for a Ph.D. degree in applied and computational mathematics.

The research areas and interests of the applied and computa-
tional mathematics faculty cover a broad spectrum, including non-
linear dynamics, computational biology, numerical analysis and
scientific computing, computational and theoretical fluid mechanics,
theoretical materials science, multiscale computations and homog-
enization theory, computational methods for electromagnetics and
acoustics, statistics, signal and image processing, probability the-
ory and stochastic analysis, and dynamical systems and geometric
mechanics. As reflected by the faculty research activities, there is a
strong emphasis on computational methods for solving challenging
problems arising from engineering and scientific applications.

Reflecting the interdisciplinary nature of the program, several
different groups, in addition to the applied and computational
mathematics faculty, contribute to the teaching and supervision of
research. Students in applied and computational mathematics are
expected to combine their basic mathematical studies with deep
involvement in some field of application. Basic general courses are
listed specifically under applied and computational mathematics,
and these are to be supplemented, according to the student’s
interest, from the whole range of Institute courses in specific areas
of physics, biology, engineering, etc.

A regular colloquium provides the opportunity for visitors,
faculty, and students to discuss current research.

Admission. Each new graduate student admitted to work for the
Ph.D. in applied and computational mathematics is given an informal
interview on Thursday or Friday of the week preceding the begin-
ning of instruction for the fall term. The purpose of this interview
is to ascertain the preparation of the student and assist him or her
in mapping out a course of study. The work of the student during
the first year will usually include some independent reading and/or
research.

Course Requirements. All ACM students are required to take a
total of 18 nine-unit courses at the graduate level (or the equivalent
of 162 units) during their graduate study at Caltech. Among these
18 courses, the following core courses, typically taken during the
student’s first year of study, are required: ACM 101, ACM/CMS
104, ACM 105 or Ma 110a, ACM 106 ab, ACM/EE/CMS 116,
and an application elective course. The application elective course
in the first year is selected, with the recommendation of the stu-
dent’s adviser, from among a wide range of courses offered by an
outside option within the Institute. In the second and third years,
students are expected to take graduate-level courses appropriate to
their chosen research area. The remaining 81 units would normally

Special Regulations/Applied and Computational Mathematics

317




318

include graduate-level ACM or CDS courses such as ACM/CMS
113, 201 abc, 210 abc, 216, 217, CDS 140, etc., as deemed appro-
priate to the student’s research program, and which must be
selected in consultation with the student’s research adviser.

Students who have already taken some of the required courses
may use them to satisfy the course requirements, even though the
units may not be used to satisfy the total unit requirement for the
Ph.D. degree. In addition, the student is required to enroll in CMS
290 for each quarter that he or she is in residence.

Master’s Degree

Students are not admitted to work toward the master’s degree. The
master’s degree may be awarded to an ACM student only in excep-
tional circumstances. Of the 135 units of graduate work required
by Institute regulations, at least 81 units of advanced graduate
work should be in applied mathematics.

Degree of Doctor of Philosophy

The Candidacy Examination. In order to be recommended for
candidacy, the student must, in addition to satisfying the general
Institute requirements, pass an oral or written candidacy examination
administered by a faculty committee. This examination is offered
during one week at the end of the first year of graduate residence
at the Institute, typically near the beginning of the fall term. The
material covered in this examination is based on the three core
sequences described above. For students who have already taken
the required courses before coming to Caltech, the examination
can also be based on the substituted courses taken in the first year.

Advising and Thesis Supervision. Upon passing the candidacy
examination (usually by the end of the second year), the student
is required to choose a thesis supervisor who assumes the major
responsibility in supervising the Ph.D. thesis. At the same time, an
advising committee consisting of three faculty members is formed
to help oversee the advising process. This committee should be
formed no later than the third year of graduate study. The student’s
supervisor is part of this committee, but does not chair the
committee. The student is encouraged to meet with the committee
members informally for advice or suggestions. Joint supervision
between two faculty members is also possible, as is seeking a thesis
adviser outside the core applied and computational mathematics
option, although in this case it is mandatory that an applied
mathematics faculty member be nominated as a co-adviser.

Should a disagreement of any kind occur between the student
and his or her supervisor as regards the timely completion of the
thesis, the student is encouraged to direct his or her concerns to
the committee chair. If this is not workable, the student should feel
free to consult with the option representative, the executive officer,
or an applied and computational mathematics faculty member of
the student’s choice. If the student’s concerns cannot be resolved
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through consultation with these individuals, the student is encouraged
to pursue resolution of his or her concerns through other channels
as outlined in Student Problem Resolution Process on page 51.

Submission of Thesis. On or before the first Monday in April of
the year in which the degree is to be conferred, a candidate for the
degree of Ph.D. in applied and computational mathematics must
deliver a typewritten or printed copy of the completed thesis to his
or her research supervisor.

Final Examination. The final oral examination is held within
four weeks after the submission of the thesis. The examination
covers the thesis and related areas.

Subject Minor in Applied and Computational Mathematics

The group of courses must differ markedly from the major subject
of study, and must include 54 units of advanced courses in applied
mathematics and must not be simultaneously used for fulfilling a
requirement of the second option. The qualifying courses exclude
ACM95/100, although some flexibility is allowed depending upon
the option of origin. The student must pass an oral examination
whose subject is directly related to the material covered in the
qualifying courses. This oral examination will be waived if the stu-
dent has received a grade of A in every course.

Applied Mechanics

Aim and Scope of the Graduate Program

Applied Mechanics (AM) research and study are offered through
the Department of Mechanical and Civil Engineering (MCE). The
degrees of Doctor of Philosophy (Ph.D.) and Master of Science
(M.S.) are offered. The M.S. degree is normally only awarded

to students who expect to pursue the Ph.D. degree in applied
mechanics and who do not already have an M.S. degree in applied
mechanics. In general, students who intend to work full-time
toward the Ph.D. degree as a final degree objective are admitted to
the applied mechanics graduate program.

The aim of the graduate program in applied mechanics at
Caltech is to prepare students for research and professional prac-
tice in an era of rapidly advancing interdisciplinary technology.
The program combines individual depth of experience and com-
petence in a particular chosen major specialty, with a strong back-
ground in the basic and engineering sciences. It strives to develop
professional independence, creativity, leadership, and the capacity
for continuing professional and intellectual growth.
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Preparation for the Graduate Program

Students who have not specialized in applied mechanics as under-
graduates, as well as those who have, may be admitted for graduate
study. As preparation for advanced study and research, entering
graduate students are expected to have a thorough background

in undergraduate mathematics, physics, and engineering. An out-
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standing four-year undergraduate program in mathematics and
sciences may provide a suitable background as well. The qualifica-
tions of each applicant will be considered individually, and, after
being enrolled, the student will arrange his or her program in con-
sultation with a member of the faculty.

Master’s Degree Description and Requirements

The degree of Master of Science in applied mechanics is only
awarded to students who do not already have an M.S. degree in
applied mechanics. The degree will be awarded upon request by
students who have fulfilled the requirements. Only in exceptional
cases is there admission to the M.S. program as the final degree
objective.

A minimum of 138 units of courses numbered 100 or above,
that meet the required master’s program listed below, must be
passed with a grade of at least C for completion of the master’s
degree in applied mechanics. All units must be taken for grades,
except for courses offered only on a pass/fail basis. The M.S.
degree in applied mechanics is typically completed within the first
two years of residency at Caltech.

Each student’s program must be approved by the adviser and
option representative in mechanical and civil engineering before
registering for the course.

Required Master’s Program
a) Graduate applied mechanics core (45 units). These units
should provide a solid base for the student’s engineering
interest. The courses should be selected from the core sub-
jects list Areas 1-3 of the applied mechanics Degree of Doctor
of Philosophy Description and Requirements section.
Mathematics, engineering, and research electives (63 units).
Students who have not taken the equivalent of ACM 100 abc
are required to take ACM 100 abc for 36 units. Research up to
a maximum of 27 units.
¢) Free electives (27 units). These units may be selected from any
course with a number of 100 or greater, except that research
units may not be included.
d) Graduate Engineering Seminar, AM/CE/ME 150 abc (3 units).

b

~

Degree of Doctor of Philosophy Description and Requirements

The Ph.D. degree in applied mechanics is focused on research.
Study and research programs for the Ph.D. degree are individually
planned to fit the interests and background of the student. A com-
prehensive research project resulting in an original contribution
to the field which is documented by a thesis is required. Institute
requirements for the Ph.D. degree are described in the section on
degree requirements. A minimum of three academic years in resi-
dence as a graduate student are required by the Institute, and two
or more additional years are usually needed for preparation of the
thesis.
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Advising and Thesis Supervision. An interim adviser is appointed
for each student upon admission to a graduate degree in applied
mechanics. The interim adviser will serve as the primary mentor
until the student finds a research adviser. It is the responsibility
of the student to find an academic and research adviser within
three terms of graduate residence at Caltech. In consultation with
the adviser, the student must form a Ph.D. thesis advisory com-
mittee within four terms of graduate residence at Caltech. This
committee shall consist of at least three members of the Caltech
professorial faculty, with at least two members from the faculty
in mechanical and civil engineering. The committee shall meet
as requested by the student. Further, the committee shall meet
annually to review progress and to approve the registration of the
student beyond the fifth year of graduate residence at Caltech.

The adviser and the thesis advisory committee provide the
majority of mentoring to the student. In addition, the option rep-
resentative and other members of the faculty are always available to
provide advice and mentoring on any aspect of research, progress
toward the Ph.D., future careers, and other aspects of life in gradu-
ate school and as a professional scientist.

Admission to Candidacy. To be recommended for candidacy for
the Ph.D. degree in applied mechanics, the student must, in addi-
tion to meeting the general Institute requirements, do the follow-
ing:
H Obtain the agreement of a professorial faculty member to
serve as his or her academic and research adviser before the end
of the third term of graduate residence at Caltech. In consultation
with the adviser, the student must form a Ph.D. thesis advisory
committee before the end of the fourth term. This committee shall  [EZ3l
consist of at least three members of the Caltech professorial facul-
ty, with at least two members from the faculty in mechanical and
civil engineering.

H Pass both subject and research components of the oral can-
didacy examination before the end of the eighth term of graduate
academic residence at Caltech. If the student has chosen a subject
minor, an examination on the subject of that program may be
included at the request of the discipline offering the subject minor.

B Complete a minimum of 195 units of courses numbered 101
or above, that meet the required Ph.D. program listed below. All
units must be taken for grades and passed with a grade of at least a
C, except for courses offered only on a pass/fail basis. The course
work towards the Ph.D. degree in applied mechanics is typically
completed within the first three years of residency at Caltech.

Required Ph.D. Program.

a) Applied Mechanics core subjects (45 units). Course work in a
minimum of two core applied mechanics subjects, minimum of
18 units each of two subjects, spanning at least two broad areas
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listed below. Most students prepare for the subject candidacy
exam by taking the recommended set of courses listed below in
Areas 1-3, plus math. These units may also be used in the
student’s program for the master’s degree. Examples of suitable
courses are given in parentheses.

Core AM Subjects

Area 1

Fluid Mechanics (Ae/APh/CE/ME 101 abc)

Mechanics of Structures and Solids (Ae/AM/CE/ME 102
abc)

Area 2
Dynamics & Vibrations (AM/CE 151ab)

Area 3
Structural & Earthquake Engineering (CE 160ab)
Seismology (CE181ab, Ge 162)

The student may petition the mechanical and civil engineering
Option Representative to accept alternate subjects or areas.
These changes should retain core applied mechanics knowl-
edge, should not be a sub-specialty of one of the listed areas,
and should represent sufficient breadth. The approval is not
automatic; such petitions are submitted rarely and many have
been denied in the past. The petition must be submitted to the
option representative and approved before the student registers
for the course.

b) Additional engineering or science courses, with a course num-
ber 101 or above (63 units). Pass with a grade of at least C,
courses that pertain to the student’s specialty and are approved
by the thesis advisory committee.

¢) Advanced mathematics or applied mathematics (27 units). Pass
with a grade of at least C, chosen in consultation with the
adviser from the following list: ACM 101 or higher, CDS 140,
Ma 108 or higher, Ph 129. The requirement in mathematics is
in addition to the requirements above.

d) Graduate engineering seminar (6 units). Pass six terms of AM/
CE/ME 150abc, within twelve terms, 3 years, in residence at
Caltech.

e) Research (54 units). Successfully complete at least 54 units of
research and demonstrate satisfactory research progress.

The requirement of a minimum grade of C will be waived for
an advanced course which is offered only pass/fail. The faculty will
evaluate the student’s research progress, class performance, advis-
er’s input, and oral candidacy exam results to determine whether
a student will be admitted to or be able to maintain candidacy for
the Ph.D. degree.
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Registration Beyond the Sixth Year of Graduate Residence. The
annual approval of the Ph.D. dissertation supervision committee is
necessary for registration beyond the twenty-fourth academic term
of graduate residence at Caltech.

Thesis and Final Examination. The thesis examination will be
given after the thesis has been formally completed. This examina-
tion will be a defense of the doctoral thesis and a test of the candi-
date’s knowledge in the specialized field of research. The format of
the examination can be chosen from the following two options, by
the student, in consultation with their research advisor: (i) a public
seminar presented by the candidate, with an open question period,
followed by a private examination by the examining committee or
(ii) a private presentation to the examining committee followed by
the examination, with a public seminar on another date. The exam-
ining committee shall consist of a minimum of four voting mem-
bers, three of whom must be Caltech faculty; two members must
be from MCE. The thesis defense committee shall be chaired by
a committee member who is an MCE Caltech professorial faculty
member and not the student’s adviser.

Subject Minor

A student majoring in another branch of engineering or another

division of the Institute may, with the approval of the faculty in

the department of mechanical and civil engineering and the fac-

ulty in his or her major field, elect applied mechanics as a subject

minor. The program of courses must differ markedly from the

major subject of study or research, and must consist of at least 54

units of advanced courses (101 or above) approved by the faculty in
mechanical and civil engineering. 323

Applied Physics

Aims and Scope of the Graduate Program

Professional researchers in the field of applied physics are expect-
ed to solve problems of a physical nature by using a combination
of analysis, engineering tools, and technological innovation.
Graduate study in applied physics at Caltech is therefore designed
to cover considerable ground in sufficient depth to prepare

the student broadly for any technical challenge that lies ahead.
Completion of core preparatory classes during the first two years
is normally followed by an additional three years of independent
and original research culminating in the Ph.D. The goals of this
program are to develop competence in a chosen field of spe-
cialization; to develop tools with which to assess problems outside
one’s field of specialization; to develop sufficient strength in the
physical sciences for self-education beyond formal training; and to
cultivate the motivation and foresight to become a productive and
influential leader. As such, the graduate program in applied physics
is strictly a doctoral program; students seeking a terminal master’s
degree should not apply.
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Degree of Doctor of Philosophy

In preparation for study leading to the doctoral degree, candidates
must successfully pass a candidacy exam to be taken no later than
the first term of the third year in residence. In preparation for this
exam, students must develop mastery in five areas of study which
include (1) classical mechanics and electromagnetism, (2) quan-
tum mechanics, (3) advanced mathematical methods, (4) statistical
physics and thermodynamics, and (5) an elective field. The courses
chosen to fulfill the elective requirement must represent an area
of research distinct from the students chosen area of study for the
doctoral thesis.

Most students prepare for the exam by taking the recommend-
ed set of courses listed below, which are grouped according to
topical areas. Those students entering the program with advanced
preparation may choose either to substitute more advanced courses
in the topical areas shown or to demonstrate competency by suc-
cessfully passing both the midterm and final examinations in the
course(s) listed below. All first year students are also required to
take APh 100, a two term seminar course in which faculty review
their areas of specialization and ongoing research work in their
group. Students must obtain the equivalent of 135 units of courses
plus 4 units of APh 100 before presenting themselves for the can-
didacy exam. No more than 27 units of research through APh 200
can be counted toward this limit. Only courses in which a student
has obtained a grade of B- or higher will be counted toward the
135 unit minimum.

To be recommended for candidacy to the doctoral program, a
student must satisfactorily complete the three requirements below:

m Demonstrate competency in the following basic areas of pure and

applied physics at the level indicated:

1. Classical Physics: Mechanics and Electromagnetism

(Ph 106)

2. Quantum Mechanics (Ph 125 or Ch 125)

3. Mathematical Methods (AM 125 or Ph 129)

4. Statistical Physics and Thermodynamics (APh/MS 105 or
Ph 127)

5. Biophysics or Fluid Physics or Plasma Physics or Solid-
State Physics (APh 114, APh/Ph 115 and 116, APh 156,
BE/APh 161 and 162, APh 130-132, APh 183, APh 190)

The student will also be expected to demonstrate proficiency

for clear and precise self-expression both in oral and written

English.

m Oral examination. The student will be expected to deliver a
half-hour oral presentation describing his/her research to
date and to answer questions related to this work. This
portion of the examination will be followed by a more open-
ended discussion to test general proficiency in the areas list -
ed above. Students who fail the oral examination on their
first attempt will be given additional guidelines for further
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study and an opportunity to retake the examination a second
and final time if the committee so recommends. Should a
student fail the oral examination a second time, he/she can
not continue with doctoral studies leading to the Ph.D.
Upon recommendation of the examining committee, howev-
er, the student may be granted a terminal master’s degree.

m Research proposal. The student must have selected a thesis
adviser and have completed a minimum of 18 units of
research activity under his/her direction by the end of the
second year in residence. At the oral examination, the stu-
dent will discuss the research topic of choice, describe
progress to date, and present a research plan for further
study. Students whose research component is deemed insuf-
ficient or unsatisfactory will be asked to retake the candidacy
exam a second time.

Students who fulfill these three requirements will be recom-
mended for candidacy and a master’s degree in applied physics.

Thesis and Final Examination.

The candidate shall undergo a final broad oral examination in the
field, to include the subspecialty represented by the thesis and the
significance of its findings to the field. This oral examination will
be administered at least two weeks after the doctoral thesis has
been presented in final form so that the examining committee has
sufficient time to review its content. This examination must be
taken at least three weeks prior to the date on which the degree
will be officially conferred.

Subject Minor

Graduate students majoring in other fields may elect a minor in
applied physics. In addition to general Institute requirements, the
student must complete with a grade of B- or higher 81 units of
courses in applied physics above the 100 level, excluding APh 200.
Students cannot use courses required by their major option in ful-
fillment of this requirement. Students interested in a minor must
receive prior approval from the option representative in applied
physics, who will review and approve the proposed course of study.
It is recommended that this course of study include advanced
courses spanning different subfields of applied physics.

Astrophysics

Aims and Scope of the Graduate Program

With the goal of understanding the physical processes that gov-
ern the universe, its constituents, and their evolution, astronomy
uses the apparatus and methodology of physics to gather and inter-
pret data. Theoretical work and technology development round
out astrophysics. In what follows, we use the terms “astronomy”
and “astrophysics” interchangeably.
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The primary aim of the graduate astrophysics program at
Caltech is to prepare students for creative and productive careers
in astrophysical research and a variety of other challenging voca-
tions. The astrophysics program emphasizes independent research
by graduate students, who are free to pursue study in virtually any
area of astrophysics. The opportunity exists to take advantage of
the many observational facilities owned and operated by Caltech
(see page 115).

Admission. Incoming students should have a strong background
in physics, and although a good preparation in astronomy is help-
ful, this is not required for admission to the graduate program. All
applicants, including those from foreign countries, are requested to
submit Graduate Record Examination scores for verbal and quanti-
tative aptitude tests and the advanced test in physics.

Master’s Degree

While the option does not offer a master’s degree program in
itself, students who fulfill the general Institute requirements for
such a degree, and the specific option requirements (see below),
can receive a master’s degree, either en route to a final Ph.D.
degree if admitted to candidacy, or as a terminal degree if the
candidacy requirements are not met.

The choice of astronomy and other science elective courses
must be approved by the option representative. At least 36 units of
the 135 units must be selected from Ay 121-127. The courses Ph
106, Ph 125, and Ph 129 may be required of those students whose
previous training in some of these subjects proves to be insuffi-
cient. At least 27 units of advanced courses in fields other than
astronomy are required.

Degree of Doctor of Philosophy

Astrophysics Program. The student’s proposed overall program
of study must be approved by the option representative during the
first year. The following are required of all students for candidacy:
Ay 121, Ay 123, Ay 124, Ay 125, Ay 126, and Ay 127. The student
should take these courses in the first year. Students must also take
at least one term of Ay 122 unless exempted. Also required are
research and reading projects. Credit for this work will be given
under courses Ay 142 and Ay 143. The above courses must be
passed with a grade of B— or better.

Physics Program. The student’s program during the first two
years of graduate study should include at least 36 units of phys-
ics courses, exclusive of Ph 106, Ph 125, and Ph 129, and should
include Ph 136 a and Ph 136 b, unless specifically exempted.
Cross-listed courses (e.g., Ph/Ay) in general do not count toward
the physics units requirement, unless specifically allowed by prior
consultation between the student, the instructor, and the stu-
dent’s option representative. This requirement may be reduced
on written approval for students who take substantial numbers
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of units in Ph 106, Ph 125, and Ph 129. Students in radio astrono-
my may substitute an advanced course in electrical engineering
or applied mechanics for up to nine units of the required 36 units
of physics. Theoretical astrophysics students should include at least
54 units of physics courses in their programs. Students in planetary
physics may substitute appropriate advanced courses in geophysics
and geochemistry. All the above courses must be passed with a
grade of C or better, or a P upon prior written permission from
the option representative to take the course pass/fail.

Other Requirements. An ability to explain concepts and
to verbally present one’s work is vital to a successful career in
research and/or teaching. To this end, all graduate students in
astrophysics are required to serve as teaching assistants during
their second year, and to make oral presentations as part of the
course Ay 141, required of all students in their second year and all
subsequent years.

The Minor. It is recommended that students take a subject
minor in physics. Other fields in which subject minors are taken
include geology or engineering, depending on the student’s field of
specialization.

Language Requirement. Although the department believes that
knowledge of foreign languages is generally useful, there is
no formal foreign-language requirement. However, graduate stu-
dents for whom English is a second language may be required
to demonstrate fluency in oral and written English at the time of
their candidacy exam. The examining committee will administer a
test when this is deemed necessary.

Admission to Candidacy. To be recommended for candidacy for
the Ph.D. degree in astrophysics, a student must, in addition to
meeting the general Institute requirements:

m complete satisfactorily 36 units of research (Ay 142) or

reading (Ay 143);

m pass satisfactorily, or by special examination, the required
astrophysics course (see above);
pass a general oral examination (see below);
pass a thesis-related examination (see below);
complete the physics course requirement (see above);
satisfy a teaching requirement (generally two terms as a GTA);
fulfill the language requirement if applicable (see above); and
be accepted for thesis research by a member of the faculty.

In fall of their second year, all students are required to take a
general oral qualifying examination. Students will be examined on
the substance and status of, as well as their performance on, a research
project, which should be started not later than the summer following
the first year. They will further be examined on their broad under-
standing of current topics in, and fundamentals of, astrophysics.
Both of these aspects of the examination are intended to evaluate
the candidate’s aptitude for a research career in astrophysics. In
addition, at the discretion of the executive officer, students who
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have not done well in one, or at most two, areas covered in the Ay
120 course series during their first year will be retested in these
areas during the examination. Students must pass all of the aspects
of this examination, as judged by the faculty committee conducting
it, in order to continue in the Ph.D. program.

Students who do not meet the minimum grade requirements
in the Ay 121-127 series, or who do not pass the general candidacy
examination described above, will not be able to continue in the Ph.D.
program. They may receive a terminal master’s degree, provided
that they fulfill the requirements for it (see above).

Advising and Thesis Supervision. By the summer of their first year,
students should be spending most of their time on research. During
their first two years, students are free to work with any
faculty they wish, on one or more projects. However, by the summer
of their second year at the latest, they should have defined a thesis
project and been accepted by a faculty research adviser for that project
(in cases where the thesis involves multiple projects, a second faculty
adviser may supervise part of the research, but one must be selected
as primary adviser). An oral candidacy exam dealing with the student’s
proposed thesis research should be taken before the end of the third
year. The date and time of the exam are the responsibility of the stu-
dent to arrange. The examining committee is chosen by the executive
officer in consultation with the student’s adviser. It will stand until the
final examination, and be charged with ensuring that satisfactory prog-
ress toward the Ph.D. is being made.

If the candidate does not pass the oral candidacy exam, then
the examining committee may at its discretion offer the candidate
a second oral examination. This examination must be successfully
completed by the end of the third term of the third year.

After the oral candidacy exam, the adviser and the student
together have primary responsibility for the student’s progress
and career development. To ensure that these remain on course,
both student and adviser must submit annual progress reports to
the executive officer (or in the case of a conflict of interest, to the
astrophysics option representative or the division chair). If at any
stage the student, the adviser, or the executive officer feels that
there are serious problems developing, they may consult in
confidence with the astrophysics option representative, the executive
officer, or the division chair. They may also request a meeting of
the oral candidacy exam committee or seek the advice or help of
other faculty members. Students may also seek confidential advice
and help from the Counseling Center and the Ombuds Office.

Final Examination. A final draft of the thesis must be submitted
at least six weeks before the commencement at which the degree
is to be conferred. At least two weeks after submission of the the-
sis, the student will be examined orally on the scope of his or
her thesis and its relation to current research in astrophysics. The
examination will be conducted by a committee selected in the same
way as the oral candidacy committee. The examination should
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occur before the end of the fifth year.

Typical Timeline

Year 1: Ay 121, Ay 123-127; at least three advanced physics
courses; reading and independent study. Begin research.

Year 2: Early fall—general oral qualifying examination.
Research projects; select thesis and adviser. Fulfill teaching
requirement. Complete 36 units of physics (54 for theorists);
A term of Ay 122 if applicable; optional advanced astronomy
courses. Ay 141.

Year 3: Take oral candidacy exam on thesis before end of sec-
ond term. Annual report from student and adviser. Ay 141.

Year 4: Annual report from student and adviser. Ay 141.

Year 5: Annual report from student and adviser. Ay 141.
Complete Ph.D. thesis before end of year 5. Final oral
examination.

Subject Minor

The program for a subject minor in astrophysics must be approved
by the department before admission to candidacy. In addition
to general Institute requirements, the student must complete
satisfactorily, with a grade of C or better, 45 units in advanced
courses in astronomy.

Behavioral and Social Neuroscience

Aims and Scope of the Graduate Program

The Caltech Ph.D. program in behavioral and social neuroscience
(BSN) provides students with in-depth training in neuroscience,
and in economics and political science. It prepares scholars for an
academic career at the intersection of neuroscience and social sci-
ence.
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Master’s Degree
Students who are enrolled in the BSN Ph.D. program may earn a
M.S. degree after successful completion of 36 units of course work,
approved at least with a B grade, in addition to completing the
coursework required for the first year of the Ph.D. program.
Admission. Admission to the Caltech Ph.D. program is based
on prospective students’ academic records, research interests,
GRE scores, and letters of recommendation. Students who are not
native English speakers are also required to submit scores from the
TOEFL exam.
Course Program. First year. The first-year curriculum con-
sists of: Analytical Foundations in Social Science (SS 201 abc),
Econometrics (SS 222 abc), Behavioral and Social Neuroscience
(CNS/SS/Psy/Bi 102 ab), Neurobiology (Bi/CNS 150),
Computational Neuroscience (CNS/Bi/Ph/CS 187), and three lab
rotations (with the third lab rotation completed during the sum-
mer). Each class must be completed with a grade of B or better.
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Students are also required to audit one quarter of an introductory
social science class, either Introduction to Economics (Ec 11) or
Introduction to Political Science (PS 12). Before the start of the
second year, students are required to take a written preliminary
examination which has two components, one corresponding to
the SS201 sequence, and one for SS 222. The grades given are
Honors, Pass, and Fail. Students must achieve at least a Pass in
both exams. The social science faculty will review the student’s
performance on the exam, and progress, to date. If it is not satis-
factory, they may terminate the student from the program by the
beginning of the second year.

Second year. Students must complete one of the sequenc-
es SS 202 abc (Political Theory) or SS205abc (Foundations of
Economics), and pass a preliminary examination in the chosen
sequence at the end of the second year. During the spring quar-
ter of the second year, students must enroll in SS 281 (Graduate
Social Science Writing Seminar). Students enroll in SS 300 for the
credits remaining to reach 36 per quarter. All classes offered for
grades must be taken for grades, and completed with a grade of B
or better.

Third year. Beginning in their third year, and in all subsequent
years, all students should also enroll in the 3-unit graduate student
seminar (SS 282) every quarter. Every student must make a pre-
sentation in this class at least once a year. Students should enroll
in Research in Social Science (SS 300) for the units remaining to
reach 36.

Fourth and fifth year. Students need to register for 33 units of
SS 300 and 3 units of the graduate student seminar SS 282.

Progress in the program, and advancement to candidacy

In addition to the coursework and examinations described above,
students must enroll in 36 units per quarter, and complete the fol-
lowing requirements.

By the end of the second year, students must submit a research
paper, which may be co-authored, to the DGS. If their primary
adviser, and the second member on their dissertation committee,
find that a student’s second-year paper is satisfactory, the student
advances to the third year. If they do not, the social science faculty
as a whole will review the student’s paper. If they decide that the
paper is not satisfactory, they may terminate the student from the
program.

Third-year students must write a research paper, which may be
co-authored, and present it to the faculty by the end of the third
quarter. The paper and the presentation must demonstrate to the
faculty that the student is capable of undertaking original research
and presenting it to a scholarly audience.

After completion of the third-year paper presentation, the social
science faculty evaluates the student’s overall performance and
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research potential. This review is based primarily upon the third-
year paper, but the faculty also verifies that the student has satis-
factorily completed all previous requirements. If this evaluation is
favorable, the student is admitted to candidacy for the Ph.D. At
this point students need to file candidacy papers with the Dean of
Graduate Studies. If the faculty evaluation is unfavorable, the stu-
dent may be terminated from the program.

Organization of the Thesis Committee. By the start of their sec-
ond year, students should have selected a primary adviser and be
assigned a lab. The adviser shall serve as chair of the student’s dis-
sertation committee, and must be a faculty member in behavioral
and social neuroscience at Caltech. It is possible to change advisers
if a student’s research interests change. A second committee mem-
ber, who should be a faculty member in either BSN or in social
science, should be chosen by February 1 of the second year.

Students, in consultation with their advisers, must select one
additional committee member after the student has advanced to
candidacy (normally by the beginning of their fourth year). One
member may be from outside the social science faculty; such choic-
es must be approved by the DGS. After a student advances to can-
didacy, the division chairperson shall select a fourth member of the
committee with an eye to representing the diverse interests of the
social science faculty.

Degree of Doctor of Philosophy

By November 1 of their fourth year, students must complete a dis-
sertation prospectus that outlines the proposed dissertation work,
and presents a tentative schedule detailing when the components of
the dissertation are to be completed. The prospectus must clearly
identify a project, or dissertation

components, that should culminate in a job market packet at the
beginning of the students fifth year. The prospectus must be
approved by the dissertation committee by November 1, and com-
municated by the principal adviser to the DGS.

By May 1 of the fourth year, all students are required to con-
vene a thesis prospectus seminar with their adviser and other com-
mittee members. In this seminar, they are to report on the current
status of their dissertation research and outline a plan and timeline
for completing it. Students and their committee should reach a
clear, mutual understanding as to what additional work needs to be
done to complete and to successfully defend their dissertation.

After the dissertation has been completed, students, in consul-
tation with their adviser, must schedule an oral defense. Students
must provide a written copy of their dissertation to the DGS at
least two weeks prior to the oral defense date. The dissertation is
expected to represent publishable, original research.
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Biochemistry and Molecular Biophysics

Aims and Scope of the Graduate Program

An integrated approach to graduate study in biochemistry and
molecular biophysics has been organized primarily by the Division
of Biology and Biological Engineering and the Division of
Chemistry and Chemical Engineering. The curriculum is designed
to provide a broad background in biochemistry and biophysics of
macromolecules and molecular assemblies, in addition to an appro-
priate depth of knowledge in the field selected for the Ph.D. thesis
research.

Admission. The option in biochemistry and molecular biophysics
is open to students with undergraduate degrees in biochemistry,
biology, chemistry, biophysics, physics, engineering, and related
areas. All applicants for admission, including those from foreign
countries, are required to submit the verbal, quantitative, and
analytical scores for the Graduate Record Examination and are
also strongly urged to submit the results of an advanced test in a
scientific field. Applicants whose native language is not English are
required to submit results of the TOEFL exam and, after admis-
sion, are required to satisfy the English language requirements of
the Institute.

Master’s Degree

Students are not normally admitted to work toward the M.S.
degree. In special circumstances, the M.S. degree may be awarded,
provided Institute requirements are met. In general, the degree is
not conferred until the end of the second year of residence.

Degree of Doctor of Philosophy

The Option Graduate Study Committee will counsel and oversee
the student’s progress upon admission to the graduate program. In
the first year of graduate study, the course requirement consists of
a sequence of three core courses covering the biochemistry

and biophysics of macromolecules and molecular assemblies
(BMB/BIi/Ch 170); biophysical and structural methods (BMB/Bi/
Ch 173); and molecular machines (BMB/Bi/Ch 174). These cours-
es will expose the student to contemporary issues in biochemistry
and molecular biophysics, and to the tools and methods that are
essential for research in this area. Research advisers are normal-

ly selected at the end of the first year. In consultation with their
adviser, students are expected to take three additional advanced
courses of nine or more units in the first and second years that are
appropriate for their particular research interests.

Laboratory Rotations. In consultation with the Option Graduate
Study Committee and individual professors, students will choose
three laboratories in which to do short research projects during
their first year of residence. These laboratory rotations are
designed to provide the student with an introduction to differ-
ent areas of biochemistry and molecular biophysics. It is possible
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to waive some or all of the rotations by petitioning the Option
Graduate Study Committee.

Admission to Candidacy. By the end of the sixth term of residency,
the student will take an oral examination to assess mastery of the
field of biochemistry and to evaluate research progress. As part of
this examination, each student will submit a written research report
summarizing the progress in their research, and an original
research proposition in a field outside the student’s chosen field of
research. A candidacy examination committee will be assembled by
the Option Graduate Study Committee to administer the examination.
When the student advances to candidacy upon successful com-
pletion of the exam, this committee will become the thesis advisory
committee and will meet with the student once a year to evaluate
research progress. This committee will also serve as the Ph.D.
thesis examination committee.

Thesis and Final Examination. Thesis research will be carried
out under the direction of one or more faculty members in the
biochemistry and molecular biophysics option. The thesis defense
will consist of a thesis seminar, followed by an examination by the
Ph.D. thesis committee.

Bioengineering

Aims and Scope of the Graduate Program

Bioengineering research at Caltech focuses on the application of
engineering principles to the design, analysis, construction, and
manipulation of biological systems, and on the discovery and appli-
cation of new engineering principles inspired by the properties
of biological systems. Areas of research emphasis include: biode-
vices, bioimaging, bioinspired design, biomechanics, biomedical
engineering, cell and tissue engineering, molecular programming,
synthetic biology, and systems biology. The goal of the doctoral
program is to prepare students to become leading scientists and
engineers in academia and industry.

333

Master’s Degree

Students are not admitted to work toward the M.S. degree. In
special circumstances, the M.S. degree may be awarded, provid-
ed Institute requirements are met.

Degree of Doctor of Philosophy

In addition to satisfying the general Institute requirements,
candidates for a Ph.D. in bioengineering at Caltech must satis-
fy the following requirements.

Course Requirements. Coursework requirements provide maxi-
mum flexibility in building on undergraduate training and com-
plementing the research activities of each student. Students take
six electives (one-quarter courses totaling at least 54 units; grade
of B or higher in each course) selected in consultation with the
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student’s advisor and the option representative. To maximize the
opportunity for research during the early stages of the graduate
career, coursework may be spread over the first and second years.
Examples of relevant electives include:

Bioimaging and biomedical devices electives

AM/CE 151 ab, APh 109, APh/EE 130, APh/EE 132, BE/EE/
MedE 189 ab, Bi/BE 177, Bi/BE 227, ChE/BE 112, EE/APh 131,
EE/BE/MedE 166, EE/BE/MedE 185, EE/MedE 187, Ph 106
abc, Ph/APh/EE/BE 118 abc.

Biomechanics and bioinspired design electives

Ae/APh/CE/ME 101 abc, Ae/AM/CE/ME 102 abc, Ae/BE 242,
BE/Bi/MedE 106, BE 159, ChE 103 abc, ChE 151 ab, ChE/Ch
164, ChE 174, MedE/BE/Ae 243, Ph 127 abc.

Synthetic biology, systems biology, molecular programming, and cell and
tissue engineering electives

BE 150, BE/Bi 152, BE 153, BE 157, BE 159, BE/APh 161, Bi
117, Bi 145ab, ChE/BE 163, BE/CS/CNS/Bi 191ab, ChE 130.

Biology electives

BE 150, BE 151, BE/Bi 152, Bi/Ch 110, Bi/Ch 111, Bi/Ch 113, Bi
114, Bi 115, Bi 117, Bi 118, Bi 122, Bi 129, Bi 145 ab, BE/Bi 152,
BE 153, BE 157, BE 159, BE/APh 161, Bi/CNS 150.

Math electives
ACM 100 abc, ACM/EE 116, ACM/ESE 118, AM 125 abc, ChE
105, CDS 110, CDS 140.

To assist in the selection of a research area, to foster interactions
within the entering class, and to discuss ethical guidelines for sci-
entific research, first-year students participate in three discussion
courses totaling 9 units: current research topics in Caltech bio-
engineering labs (BE 167; 1st term); reading the bioengineering
literature (BE 168; 2nd term); responsible conduct of research (Bi
252; 3rd term).

Research. The flexibility of the coursework requirements enables
research to be the primary activity from the very first term in res-
idence. Students are encouraged to do two or more research rota-
tions during the first year to sample research activities in multiple
labs before selecting a Ph.D. adviser. Rotations are arranged by
contacting individual faculty.

Adviser Selection. Each student must select a Ph.D. adviser by
the end of the spring term of the first academic year. Advisers may
be any Caltech faculty member working in an area related to bio-
engineering.

First Year Conversation. Before the end of the spring term of the
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first year in residence, each student meets with a faculty commit-
tee for a discussion of first-year progress and second-year plans.
The committee must be composed of three faculty, plus the Ph.D.
adviser(s), including a minimum of two Bioengineering faculty.
The student will give a brief presentation on research progress and
future plans, as well as discuss fundamentals related to the research
area.

Admission to Candidacy. By the end of the spring term of the sec-
ond year in residence, each student must complete the coursework
requirement, prepare a candidacy report, and pass an oral candida-
cy exam. The report should be brief, describing research progress
to date and outlining plans for the remaining doctoral research.
The candidacy report should be submitted to the committee mem-
bers one week before the oral exam. The committee must be com-
posed of three faculty, plus the adviser(s), including a minimum of
two Bioengineering faculty. The oral candidacy exam will include
presentation of research progress, presentation of a proposed out-
line for the thesis, and questioning on fundamentals related to the
research area. Students that complete the coursework requirement,
prepare a candidacy report, and pass the oral candidacy exam will
be recommended for candidacy. Students that are not admitted to
candidacy by the end of the second year in residence will not be
permitted to register in subsequent terms except with special per-
mission from the option representative.

Thesis Examination. A final oral examination will be given after
the thesis has been formally completed. The exam will consist of a
public research presentation followed by a private defense with an
exam committee. The committee must be composed of three facul-
ty, plus the adviser(s), including a minimum of two Bioengineering 335
faculty. The thesis examination will be a defense of the doctoral
thesis and a test of the candidate’s knowledge in his or her special-
ized field of research.

Biology

Aims and Scope of the Graduate Program

Graduate students in biology come with very diverse undergrad-
uate preparation—majors in physics, chemistry, mathematics, or
psychology, as well as in biology and its various branches. The
aims of the graduate program are to provide, for each student,
individual depth of experience and competence in a particular
chosen major specialty; perception of the nature and logic of biology
as a whole; sufficient strength in basic science to allow continued
self-education after formal training has been completed and thus
to keep in the forefront of changing fields; and the motivation

to serve his or her field productively through a long career.

In accordance with these aims, the graduate study program in biol-
ogy includes the following parts: (a) the major program, which is
to provide the student with early and intense original research
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experience in a self-selected subject of biology, supplemented with
advanced course work and independent study in this subject; and
(b) a program of course work designed to provide well-rounded
and integrated training in biology and the appropriate basic sciences,
which is adjusted to special interests and needs. An individual
program will be recommended to each student in a meeting with
the student’s advisory committee (see below). The Division

of Biology does not encourage applications from students who
have pursued undergraduate study in biology at the Institute,
because the broader perspective to be gained from graduate study
in a different setting is considered to be essential for the full devel-
opment of each student’s potential. Exceptions to this policy may
be considered by the faculty of the division if there are circum-
stances that indicate that it would be in the best interests of a
student to pursue graduate study at the Institute.

Admission. Applicants are expected to meet the following mini-
mal requirements: mathematics through calculus, general physics,
organic chemistry, physical chemistry (or the equivalent), and
elementary biology. Students with deficient preparation in one or
more of these categories may be admitted but required to remedy
their deficiencies in the first years of graduate training, with no
graduate credit being granted for such remedial study. This will
usually involve taking courses in the categories in which the stu-
dent has deficiencies. In certain instances, however, deficiencies
may be corrected by examinations following independent or super-
vised study apart from formal courses. Furthermore, the program
in biology is diverse, and in particular fields such as psychobiology
and experimental psychology, or in interdisciplinary programs,
other kinds of undergraduate preparation may be substituted for
the general requirements listed above.

When feasible, visits to the campus for personal interviews will
be arranged before a final decision for admission is made. Graduate
Record Examinations (verbal, quantitative, and an advanced test
in any science) are required of applicants for graduate admission
intending to major in biology. Applicants are encouraged to take
these examinations and request that the scores be transmitted to
Caltech, in November or earlier, to ensure unhurried consider-
ation of their applications.

Master’s Degree

The Division of Biology and Biological Engineering does not
admit students for work toward the M.S. degree. In special cir-
cumstances the M.S. degree may be awarded, provided Institute
requirements are met. In general the degree is not conferred until
the end of the second year of residence. The degree does not des-
ignate any of the disciplines of the division, but is an M.S. in biolo-
gy. The 135 units required by the Institute must include Bi 250 ab
and Bi 252.
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Degree of Doctor of Philosophy

Major Subjects of Specialization. A student may pursue major
work leading to the doctoral degree in any of the following sub-
jects: biophysics, cellular biology, developmental biology, genetics,
immunology, microbiology, molecular biology and biochemistry,
and systems biology. At graduation, a student may choose whether
the degree is to be awarded in biology or in the selected major
subject. Students who choose to work in Neurobiology may also
qualify for a Ph.D. in Biology but are encouraged to enroll in the
Neurobiology option.

Initial Advisory Committee. At the start of the first year of study,
incoming students meet with the option representative or faculty
member(s) specified by the option representative. The purpose of
this meeting is to assist the student in organizing laboratory rota-
tions, and to discuss what additional course work is desirable in
light of the student’s past record.

Rotations. The major initial responsibility of each student is
to explore the various research possibilities available at Caltech
before settling into a laboratory for their thesis research. Students
are free to rotate in any laboratory at Caltech, not just those in
the Division of Biology and Biological Engineering. First-year
students should carry out a minimum of two laboratory rotations;
three rotations are recommended. It is generally expected that
rotations will last a full academic quarter; however, exceptions can
be granted with the advance permission of the professor. Choice
of laboratory should be made by the end of June of the first year
except in extraordinary circumstances. Any exception should be
discussed with the option representative.

Formal Classes. During the first year of graduate studies, students 337
are required to take a course on responsible conduct of research (Bi
252), as well as any two courses of a three-term series (Bi 250 abc)
that covers the breadth of fields represented in biology at Caltech.

During each year that they are matriculated in the Ph.D. pro-
gram, students are required to take Bi 251 abc (Biolunch). Students
will be required to present their thesis research in Biolunch during
their second and fourth years of study.

In addition to these fixed requirements, during their time
at Caltech all students must take one additional 200-series or
upper-division 100-series course offered by the Division of Biology
and Biological Engineering. Students may fulfill this requirement
by taking three terms of Bi 250 abc.

Teaching. All students are to serve as teaching assistants for one
quarter per year they are in residence, up through the third year.

Admission to Candidacy. The qualifying exam process that a
student must complete to be admitted to candidacy is divided into
two parts—an oral defense of the proposed thesis research and a
written test of competency in the student’s chosen area of research.

The Oral Exam. During winter quarter of the second year, a
student is to set up a thesis proposal examining committee and
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prepare a proposal focused on the research project that they expect
to pursue for their thesis research. The proposal is defended by
the student in an oral presentation in front of the thesis proposal
examining committee by the end of June. (Although it is antic-
ipated that this exam will be completed by June of the second

year, it can be delayed until August of the third year if the option
representative agrees.) The examining committee comprises four
faculty members, at least three of whom should hold full or joint
professorial appointments in the Division of Biology and Biological
Engineering. One of the members of the committee is appointed
as chair. The chair of the thesis examining committee must be

a Caltech faculty member other than the student’s adviser. The
adviser can, but need not be, a member of the examining com-
mittee. The members of the thesis proposal examining committee
must certify passage of this exam. In the event that there is inad-
equate evidence of the capacity to do research, the student may

be allowed to petition to re-take the oral exam at a later time.
However, in cases where the committee deems it unlikely that the
student will be able to pass a subsequent attempt, the student may
be advised to leave the program. In any event, a student cannot
remain in the program beyond August of the third year without hav-
ing successfully completed the requirements for admission to candi-
dacy, except in extraordinary circumstances and with the approval
of the option representative and the dean of graduate studies.

The Written Exam. The written qualifying examination is
taken in June of the student’s second year in the division. Each
student chooses one of the following subjects as a major: cellular
and molecular neurobiology; developmental biology; genetics;
immunology; molecular biology, biochemistry, and cell biology;
or systems neurobiology. The exam chair for that major designs a
program of study that culminates in the written exam. M.D./Ph.D.
students are not required to take the written test of competency
unless their adviser specifies that this is required.

Once a student has successfully completed the oral exam and
written exam, he or she can apply to be admitted to candidacy.
According to Institute regulations, this application process must be
completed by the end of the third year of graduate study.

Thesis Advisory Committee Meetings. Once a student has been
formally admitted to candidacy, he or she is to pick a thesis advi-
sory committee (TAC). This committee is often the same as the
thesis proposal exam committee, but that need not be the case. The
thesis adviser must be a member of the TAC. The TAC typically
has five members. At least three must be professorial faculty who
hold a full or joint appointment in the Division of Biology and
Biological Engineering, and at least four must be Institute profes-
sorial faculty. It is expected that students who have been admitted
to candidacy will meet with the TAC once a year for the remainder
of their time at Caltech. Students who fail to meet with their TAC
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in any one year may be deemed to not be maintaining satisfactory
progress toward the Ph.D. degree and will be prevented from reg-
istering for the subsequent academic year.

Maintaining Satisfactory Progress. It is the policy of the biology
option that a graduate student who is making satisfactory progress
toward a Ph.D. degree can expect to continue as a registered
student with full financial support. To be deemed as making sat-
isfactory progress, a student is expected to fulfill the expectations
listed below. In the event that satisfactory progress is not being made,
a student can petition to receive the M.S. degree, for which they
must have successfully completed one full year of graduate study.

Requirements for satisfactory progress include:

m Completion of the first-year course requirements during the
first year.

m Joining a laboratory in which a student will perform thesis
research before the end of the first year in residence.

m Passing the oral and written parts of the qualifying examina-
tion and completing admission to candidacy before the start
of the year.

m Holding a thesis advisory committee meeting in each subse-
quent year of studies, and having the thesis committee verify
that satisfactory progress is being made.

m Serving as a teaching assistant for one quarter of each acade-
mic year spent in residence through third year.

m Completing Ph.D. studies by the end of the sixth year.

In the event that the student, option representative, and adviser
are in agreement, it is possible to make exceptions to the above
guidelines and remain in good standing. Extension of thesis work
beyond the end of the sixth year requires that the student petition
the dean of graduate studies for permission to register for the sev-
enth year. Extensions beyond the seventh year will be allowed only
in unusual circumstances. Once a student has passed admission to
candidacy, the responsibility for assessing satisfactory progress lies
largely with the student’s thesis advisory committee. If a majority
of the committee deems that a student is not making satisfactory
progress, the student is at risk of being removed from the program
at any time at the discretion of the option representative.

Examination Committee. Requirements for the Ph.D. thesis and
examination are determined by the Ph.D. examination committee
that is appointed by the dean of graduate studies for each degree
candidate. This committee is usually the same as the thesis advisory
committee, but this need not be the case. The composition of the
committee must be approved by the option representative. The
committee usually has five members. At least three must be profes-
sorial faculty who hold a full or joint appointment in the Division
of Biology and Biological Engineering, and at least four must be
Institute professorial faculty.
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Thesis and Final Examination. The thesis and associated publi-
cations are expected to demonstrate that the student has learned
how to conceive, plan, and execute experimental and/or theoretical
work that reveals new biological information. In addition, it must
reveal a deep, broad, and rigorous understanding of the area of
research to which the thesis is relevant.

Two weeks after copies of the thesis are provided to the exam-
ining committee, chairman, and option representative, the can-
didate collects the copies and comments for correction. At this
time, the date for the final examination is set at the discretion of
the major professor and the division chair. The final oral examina-
tion covers principally the work of the thesis, and according to
Institute regulations must be held at least two weeks before the
degree is conferred. Two copies of the thesis are required of the
graduate for the Institute library.

Caltech-UCLA Medical Scientist Training Program (MSTP)
A joint program between Caltech and the UCLA Medical School
has been established for the granting of the M.D./Ph.D. degree.
Students do their preclinical and clinical work at UCLA, and their
Ph.D. work with any member of the Caltech faculty, including the
biology, chemistry, and engineering and applied science divisions.
Admission to this joint program is made through the usual
UCLA MSTP process, checking a box indicating interest in the
Caltech option. Students will be accepted into the joint program,
funds permitting. The M.D. degree would be from UCLA and
the Ph.D. would be awarded by Caltech. Ph.D. studies involving
collaborations between laboratories at both institutions could lead
to a joint degree with both schools being cited.

The current directors of the UCLA MSTP are Dr. Carlos
Portera-Cailliau and Dr. Siavash Kurdistani, and Caltech professor
Sarkis Mazmanian is the associate director. For more information,
see http://mstp.healthsciences.ucla.edu.

Caltech-USC M.D./Ph.D. Program
A joint program between Caltech and the USC (Keck) Medical
School has been established for the granting of the M.D./Ph.D.
degree. Students do their preclinical and clinical work at USC, and
their Ph.D. work with any member of the Caltech faculty.

Admission to this joint program is made through the usual USC
process, checking a box indicating interest in the Caltech option.
Students will be accepted into the joint program, funds permitting.
The M.D. degree would be from USC and the Ph.D. would be
awarded by Caltech.

The current director of the USC M.D./Ph.D. program is Dr.
Steven Mittleman, and Caltech professor Sarkis Mazmanian is
the associate director. For more information, see
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http://keck.usc.edu/Education/Degrees_and_Programs/
Professional_Degrees/MD/MD_Program/MD_PHD_Program.
aspx.

Subject Minor

A student majoring in another division of the Institute may,

with the approval of the Division of Biology and Biological
Engineering, elect a subject minor in any of the subjects listed
above under major subjects of specialization. Requirements for
such a minor are determined by the faculty committee designated
for each subject. A minor program in biology is also available to
students of other divisions. Such a program shall consist of 45
units of upper division course work in the Division of Biology
and Biological Engineering, with each course passed with a grade
of C or better. Approval of each program must be obtained from
the biology graduate option representative. A student majoring

in another division who elects a subject minor in biology may, if
desired, arrange to have the minor designated as biology, rather
than with the name of the specific minor subject.

Chemical Engineering

Aims and Scope of the Graduate Program

The general objective of the graduate work in chemical engineer-
ing is to produce individuals who are exceptionally well trained to
apply mathematics, the physical, chemical, and biological sciences,
and engineering to the understanding of systems involving chemi-
cal reactions and transport phenomena and to the development of
new processes and materials. The program also strives to develop
in each student self-reliance, creativity, professional ethics, and an
appreciation of the societal impact of chemical engineering and the
importance of continuing intellectual growth.

Admission. It is expected that each applicant for graduate study
in chemical engineering will have studied mathematics, physics,
chemistry, biology, and chemical engineering to the extent that
these subjects are covered in the required undergraduate courses at
Caltech. In case the applicant’s training is not equivalent, admis-
sion may be granted but the option may prescribe additional work
in these subjects before recommending him or her as a candidate
for a degree.
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Master’s Degree

Course Requirements. At least 135 units of course work must be
completed in order to satisfy the Institute requirements. These
units must include ChE 151 ab, ChE 152, ChE/Ch 165, 18 addi-
tional units of advanced courses in chemical engineering, 27 units
of science or engineering electives, and 18 units of general elec-
tives. Finally, the M.S. requirements include at least 27 units of
research, ChE 280, which represents two terms of research under
the supervision of a chemical engineering faculty member or a
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two-term industrial research or development project performed
with a member of the faculty in cooperation with professional staff
at a local industrial laboratory. At least three weeks before the end
of the final term of residence, a research report on the work per-
formed under ChE 280 must be submitted to a designated mem-
ber of the faculty, who will ask that it be read and approved by

two members of the faculty. In addition, the fulfillment of the
research report requirement must be signed off by a designated
faculty member on the M.S. candidacy form and a final copy of the
research report submitted to the Graduate Office no later than two
weeks before the degree is to be conferred. Doctoral students who
have been admitted to candidacy can use their approved candida-
cy report to satisfy the research report requirement of the M.S.
degree.

Degree of Doctor of Philosophy

The work leading to the Ph.D. degree prepares students for
careers in universities and in the research laboratories of industry
and government. Usually the first year of graduate work is princi-
pally devoted to course work in chemical engineering and related
subjects. Time is also devoted during this period to the choice and
initiation of a research project. During the second year, the student
is expected to spend at least half time on research, and to complete
the course work and candidacy requirements.

Admission. Upon arrival at Caltech, each prospective Ph.D.
student will meet in consultation with members of the faculty so
that they may evaluate the level of the student’s preparation with
respect to that expected at the Ph.D. level in the areas of kinetics,
thermodynamics, and transport phenomena. These consultations
are held to help the student set up a course program for the first
year of study. A written copy of the recommendations will be
entered into each student’s permanent file.

Research Adviser. During the first term, the faculty meets with
the first-year grad students to propose topics for Ph.D. research.
Following these meetings, the students are expected to meet indi-
vidually with the various faculty members to discuss proposed
research and generally obtain information for choosing a research
adviser. At the end of the first term, each student is required to
submit three faculty names, listed in order of preference. Every
possible effort will be made to accommodate the student’s first
choice, subject to an opening in the desired research group, avail-
ability of necessary funding, etc. The final decision will be made by
the chemical engineering faculty in consultation with the students.

Oral Qualifying Exam. Each student is required to take a subject
qualifying examination at the beginning of the second quarter in
residence, the purpose of which is to examine expertise in Kinetics,
thermodynamics, and transport phenomena. The intended level of
the exam is approximately that of the corresponding undergraduate
courses at Caltech. Students who fail one or more of the three sub-
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jects may be permitted, by approval of the chemical engineering
faculty, to repeat the examination on the failed subject immediately
after the spring term. The format and topics of the examination
are distributed to the first-year students at the beginning of the fall
quarter.

Course Requirements. Students are required to take ChE 151 ab,
ChE 152, ChE/Ch 164, ChE/Ch 165, and an additional course
from a designated list, selected in consultation with his/her adviser.
Each student is required to complete either a subject minor, or a
general program of courses outside chemical engineering consist-
ing of at least 54 units. The choice of the 54 units is subject to cer-
tain guidelines and restrictions included in the chemical engineer-
ing graduate studies guide. The general program of courses must
be approved in advance by the option representative. It is intended
that the courses chosen should constitute some integrated pro-
gram of study rather than a randomly chosen collection of courses
outside chemical engineering. Within these guidelines, the only
course specifically excluded is research in another option. A grade
of C or better is required in any course, and a grade-point average
of at least 3.0 is expected. The requirements for a subject minor in
any option are listed in this catalog.

Candidacy Report/Examination. Before the end of the spring
quarter of the second year of residence, each student must submit
a written progress report on his or her research for approval by
a specially constituted candidacy committee consisting of faculty
members familiar with his or her general area of research. An oral
examination is subsequently held by this committee to evaluate the
student’s ability to carry out research at the Ph.D. level. A student
who fails to satisfy the candidacy requirements by the end of the 343
second year in graduate residence will not be allowed to register in
a subsequent term except by special permission of the option and
the dean of graduate studies.

Admission to Candidacy. To be admitted to candidacy, the stu-
dent must have passed the qualifying and candidacy examinations,
must have had the candidacy report approved, and must have sub-
mitted an approved list of courses already taken or to be taken.

Thesis Review Committee. After a student passes the second-year
candidacy exam, a faculty committee known as the thesis review
committee will be appointed to review periodically the student’s
progress. Usually, the thesis review committee will include mem-
bers of the candidacy committee, and will be appointed by the
option representative based upon the student’s recommendations.

This committee will meet with the student before fall registra-
tion each year, either as a group or individually, to review progress,
suggest improvements in research, etc. In order to expedite the
review, the student should submit a two- or three-page concise
outline of progress and of proposed future research to each mem-
ber of his or her committee before the annual review meeting.

Final Examination and Thesis. See pages 297-300 and the option
graduate studies guide for regulations concerning final examina-
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tions and theses. A copy of the corrected thesis is to be submitted
to the chemical engineering graduate secretary for the chemical
engineering library.

The final examination will include the candidate’s oral presen-
tation and defense of his or her Ph.D. thesis.

All Ph.D. students are required to perform a minimum of 24
term-hours of chemical engineering graduate teaching assistantship
(GTA) duties during their studies. GTA duties will normally be
assigned after the first year in residence. Serving as TA for classes
outside chemical engineering may be allowed at the discretion of
the option representative.

Subject Minor

Graduate students electing a subject minor in chemical engineer-
ing must complete 54 units of graduate courses in chemical engi-
neering that are approved by the chemical engineering faculty.
The 54 units will consist of no more than 24 units from ChE 101,
103 abc, 105, 118, and 120, and at least 36 units from ChE 151 ab,
ChE 152, ChE/Ch 164, ChE/Ch 165, and a list of chemical engi-
neering courses provided by the option representative. A 3.0 GPA
is required for the courses taken.

Graduate Studies Adviser, Option Representative, and Chemical
Engineering Graduate Studies Committee. During graduate studies,
students will interact with several members of the chemical engi-
neering faculty. The most intensive interaction will be with the
research adviser, who will advise on all aspects of Ph.D. research
and course work and will approve various formal requirements.
The student will also interact with the members of the thesis
review committee on matters relating to research progress, and the
ChE option representative on any other matters concerning grad-
uate studies. During the first year, the ChE option representative
will advise the students about choice of research adviser, choice of
courses, and Ph.D. qualifying exams. The option representative
is responsible for GRA (graduate research assistantship) or GTA
(graduate teaching assistantship) assignments, beyond the first year,
and for approval of the Candidacy and Thesis Review Committees
and other formal requirements for the M.S. and Ph.D. degrees.
Students may contact either of these two faculty members regard-
ing any questions or problems. In a case where the relationship
between a student and his or her research adviser becomes strained
and the student desires advice or help from other faculty, he or she
should consult with the Chemical Engineering Graduate Studies
Committee, consisting of the option representative, the graduate
studies adviser, and the option executive officer.

Additional Information

Additional information about graduate study requirements and
procedures is provided in the chemical engineering graduate stud-
ies guide, distributed annually to first-year chemical engineering
graduate students.
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Chemistry

Aims and Scope of the Graduate Program

The graduate program in chemistry emphasizes research. This
emphasis reflects the Institute’s traditional leadership in chemical
research and the conviction that has permeated the Division of
Chemistry and Chemical Engineering from its founding, that par-
ticipation in original research is the best way to awaken, develop,
and give direction to creativity.

The program is designed to encourage students to begin their
research early in their first year. Students can elect to do research
that crosses the boundaries of traditionally separate areas of chem-
istry, for in this relatively compact division, they are encouraged
to go where their scientific curiosity drives them. A thesis that
involves more than one adviser is not uncommon, and interdisci-
plinary programs with biology, physics, geology, chemical engi-
neering, and environmental science and engineering science are
open and encouraged.

An extensive program of seminars will enable students to hear
of and discuss notable work in chemical physics, organic chemistry,
inorganic chemistry and electrochemistry, organometallic chemis-
try, and biochemistry and molecular biophysics. Graduate students
are also encouraged to attend seminars in other divisions.

Course Program

A student is required to complete at least five courses, each being
nine units or more, in science or engineering. At least one course
must be in a field substantially outside the research area of the
student. Courses may be either inside or outside the chemistry
option, must be numbered 100 or greater, and must be taken on a
letter-grade basis with a grade of B or above. The student should
discuss, with his or her advisor, which courses best serve his or her
individual needs. The program of courses must be approved by the
research advisor and by the Chemistry Graduate Study Committee.

Master’s Degree

Students are not ordinarily admitted to graduate work leading

to an M.S. degree. Under special circumstances, and with prior
approval of the Graduate Study Committee, a master’s degree can
be obtained. All master’s programs for the degree in chemistry
must include at least 45 units of chemical research and must satisfy
the Course Program described above. The remaining electives may
be satisfied by advanced work in any area of mathematics, science
or engineering, or by chemical research. Two copies of a satisfac-
tory thesis describing this research, including a one-page digest or
summary of the main results obtained, must be submitted to the
divisional graduate secretary at least 10 days before the degree is

to be conferred. In addition, the fulfillment of the thesis require-
ment must be signed off by a designated faculty member on the
M.S. candidacy form and a final copy of the thesis submitted to the

Special Regulations/Chemistry

345




346

Graduate Office no later than two weeks before the degree is to be
conferred. The copies of the thesis should be prepared according
to the directions formulated by the dean of graduate studies and
should be accompanied by a statement of approval of the thesis,
signed by the advisor directing the research and by the chair of the
Chemistry Graduate Study Committee.

B.S./M.S. Joint Degree

Under special circumstances, exceptional undergraduate stu-

dents may be awarded a joint B.S./M.S. degree in Chemistry.
Students with demonstrated academic excellence may petition

the Chemistry Graduate Studies Committee and the Chemistry
Curriculum and Undergraduate Studies Committee. Petitions
should be submitted no later than Add Day of the Fall of their
third year, but students are strongly encouraged to contact the
Graduate Option Representative as early as possible, who will
assign them to an academic graduate advisor. They must fulfill

all institute and option requirements for both the B.S. and M.S.
degrees; no courses can satisfy B.S. and M.S. degree require-
ments simultaneously. Coursework for the M.S. portion of the
degree must be passed with a grade point average of 3.5 or better.
Students must have a minimum of 27 units of research Ch182, and
a minimum of 27 units of further research (Ch 80, 82, 180 or 182).
In addition to the submission of a Master’s Thesis, the student is
expected to satisfy all requirements for Ch 182, including an oral
thesis defense in their final year.

Degree of Doctor of Philosophy

Selecting a Research Project. Soon after a new graduate student
arrives in the laboratories, he or she attends a series of orientation
seminars that introduce students to the active research interests of
the faculty. Students then meet with each of five or more faculty
whose fields attract them, to discuss in detail potential research
problems. They eventually settle upon the outlines of a research
problem that interests them and select a specific research advisor
(or set of co-advisors). Neither students nor faculty can make a
commitment to an advisor-advisee relationship prior to the end of
the first month of the fall term. Students typically begin research
during their first academic year.

Candidacy. To be recommended for candidacy for the doctor’s
degree in chemistry, in addition to demonstrating an understand-
ing and knowledge of the fundamentals of chemistry, a student
must give satisfactory evidence of proficiency at a high level in
the primary field of interest, as approved by the division. This is
accomplished by an oral candidacy examination, which must be
held during or before the fifth term of graduate residence (exclud-
ing summer terms). The candidacy committee shall consist of the
thesis advisor(s) and two additional faculty members; at least two
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of the three members must be chemistry faculty. The committee
should be considered as a resource for the student for the remain-
der of his or her studies. At the candidacy examination, a student
is asked to demonstrate scientific and professional competence
and promise by discussing a research report and propositions as
described below.

The research report should describe progress and accomplish-
ments to date and plans for future research. Two original research
propositions, or brief scientific theses, must accompany the report,
and at least one must be well removed from the student’s field of
research. These propositions should reflect his or her breadth of
familiarity with the literature, originality, and ability to pose and
analyze suitable scientific research problems. The research report
and propositions must be in the hands of the examining committee
one week before the examination.

The result of the candidacy examination may be either (a) pass,
(b) fail, or (c) conditional. Conditional status is granted when the
committee decides that deficiencies in a student’s research report,
propositions, or overall progress can be remedied in a specific and
relatively brief period of time. In order to change conditional to
pass status, the student must correct the indicated deficiencies or in
some cases schedule a new examination the following term. He or
she must be admitted to candidacy at least three terms before the
final oral examination. A student cannot continue graduate work in
chemistry (nor can financial assistance be continued) past the end
of the sixth term of residence without being admitted to candidacy,
except by petitioning the division for special permission. This per-
mission, to be requested by a petition submitted to the Graduate
Study Committee stating a proposed timetable for correction of 347
deficiencies, must be submitted before registration for each sub-
sequent term (including the summer following the sixth term of
residence) until admission to candidacy is achieved.

Language Requirement. There is no formal foreign language
requirement for the Ph.D. in chemistry. However, the division
believes strongly in the professional importance to chemists of
knowledge of foreign languages and encourages their study prior
to graduate work or while in graduate school.

Ph.D. Thesis Committee. In the third year, the student in consul-
tation with their advisor will form their Ph.D. thesis committee.
This committee will comprise at least four faculty members and
will generally consist of the original candidacy committee plus an
additional member of the faculty; at least three of the members
must be from the chemistry option. The student must meet with
their committee annually, beginning in the third year. At these
informal meetings, the student will update the committee on the
status of their research.

Fourth Year Progess Meeting. Before the thirteenth academic
term of graduate residence (excluding summer terms), the student
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will be expected to demonstrate satisfactory progress in the course
of thesis research. To this end, an informal meeting with the Ph.D.
thesis committee will be held, at which time the student will pres-
ent an oral summary of research completed to date as well as an
outline of future research plans. Following the presentation, an
appropriate timetable for completion of the degree requirements
will be discussed and agreed upon. If the student has not pro-
gressed sufficiently, completion of the Ph.D. may be considered
inappropriate.

Length of Graduate Residence. Any graduate student who antic-
ipates a need to register for a twenty-fourth academic term must
hold a meeting of his or her thesis committee and present the insti-
tute-required petition for permission to register that includes a plan
of action for the period of the requested registration and a specific
date for the completion of the degree requirements. This petition
must be approved by the Thesis Committee, by the chair of the
Chemistry Graduate Study Committee and, in cases where financial
support is an issue, by the executive officer or division chair, before
it is forwarded to the Dean of Graduate Studies. Financial support
of graduate students who are required to petition to register will
not normally be provided through teaching assistantships. Failure to
complete the degree requirements by the date specified in the peti-
tion would require the entire approval process to be repeated. This
process must be repeated for every subsequent year.

Thesis and Final Examination. The final examination will consist
in part of the oral presentation and defense of a brief résumé of
the student’s research and in part of the defense of a set of prop-
ositions he or she prepares. Three original research propositions
are required. No more than one of these may be a carryover from
the candidacy examination, and at least one must be well removed
from the field of research. Each proposition shall be stated explic-
itly and the argument presented in writing with adequate docu-
mentation. The propositions should display originality, breadth
of interest, and soundness of training; a student will be judged on
the selection and formulation of the propositions as well as on the
defense of them. Formulating a set of propositions should begin
early in the course of graduate study.

To emphasize the importance of these propositions, there will
be a separate examination on the three propositions by the Ph.D.
thesis committee. This examination on the propositions is normal-
ly taken after the thesis research progress meeting, but it must be
held before the end of the fifth year of residence and not less than
10 weeks in advance of the final doctoral examination. A copy of
the propositions, along with suitable abstracts, must be submitted
to the examining committee and to the division graduate secretary
not less than two weeks before the propositions examination.

These propositions must be acceptable to the committee before
the final doctoral examination can be scheduled.

A copy of the thesis must be submitted to each member of the
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thesis committee not less than two weeks before the final doctoral
examination. A copy of the thesis should also be submitted to the
Graduate Office for proofreading three weeks prior to the final
doctoral examination. One reproduced copy of the thesis, cor-
rected after proofreading, is to be submitted to the division grad-
uate secretary for the divisional library. Two final copies (one on
Permalife paper) are to be submitted to the Graduate Office.

Subject Minor

Graduate students in other options taking chemistry as a sub-
ject minor will be assigned a faculty adviser in chemistry by the
Chemistry Graduate Study Committee. In consultation with this
adviser, the student will work out an integrated program of cours-
es, including at least 45 units of formal course work at the 100
level or above. This program must be approved by the Chemistry
Graduate Study Committee, and a grade point average of 3.0 in
the approved program will be required.

Civil Engineering
Aim and Scope of the Graduate Program
Civil Engineering (CE) research and study are offered through the
Department of Mechanical and Civil Engineering (MCE). The
degrees of Doctor of Philosophy (Ph.D.) and Master of Science
(M.S.) are offered. The M.S. degree is normally only awarded to
students who expect to pursue the Ph.D. degree in civil engineer-
ing and who do not already have an M.S. degree in civil engineer-
ing. In general, students who intend to work full-time toward the
Ph.D. degree as a final degree objective are admitted to the civil
engineering graduate program. 349
The aim of the graduate program in civil engineering at
Caltech is to prepare students for research and professional prac-
tice in an era of rapidly advancing interdisciplinary technology.
The program combines individual depth of experience and com-
petence in a particular chosen major specialty, with a strong back-
ground in the basic and engineering sciences. It strives to develop
professional independence, creativity, leadership, and the capacity
for continuing professional and intellectual growth.

Preparation for the Graduate Program

Students who have not specialized in civil engineering as under-
graduates, as well as those who have, may be admitted for graduate
study. As preparation for advanced study and research, entering
graduate students are expected to have a thorough background

in undergraduate mathematics, physics, and engineering. An out-
standing four-year undergraduate program in mathematics and
sciences may provide a suitable background as well. The qualifica-
tions of each applicant will be considered individually, and, after
being enrolled, the student will arrange his or her program in con-
sultation with a member of the faculty.
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Master’s Degree Description and Requirements
The degree of Master of Science in civil engineering is only award-
ed to students who do not already have an M.S. degree in civil
engineering. The degree will be awarded upon request by students
who have fulfilled the requirements. Only in exceptional cases is
there admission to the M.S. program as the final degree objective.

A minimum of 138 units of courses numbered 100 or above,
that meet the required master’s program listed below, must be
passed with a grade of at least C for completion of the master’s
degree in civil engineering. All units must be taken for grades,
except for courses offered only on a pass/fail basis. The M.S.
degree in civil engineering is typically completed within the first
two years of residency at Caltech.

Each student’s program must be approved by the adviser and
option representative in mechanical and civil engineering before
registering for the course.

Required Master’s Program

a) Graduate civil engineering core (45 units). These units should
provide a solid base for the student’s engineering interest. The
courses should be selected from the core subjects list
Areas 1-3 of the civil engineering Degree of Doctor of
Philosophy Description and Requirements section.

b) Mathematics, engineering, and research electives (63 units).
Students who have not taken the equivalent of ACM 100 abc
are required to take ACM 100 abc for 36 units. Research up to
a maximum of 27 units.

c) Free electives (27 units). These units may be selected from any
course with a number of 100 or greater, except that research
units may not be included.

d) Graduate Engineering Seminar, AM/CE/ME 150 abc (3 units).

Degree of Doctor of Philosophy Description and Requirements
The Ph.D. degree in civil engineering is focused on research.
Study and research programs for the Ph.D. degree are individually
planned to fit the interests and background of the student. A com-
prehensive research project resulting in an original contribution
to the field which is documented by a thesis is required. Institute
requirements for the Ph.D. degree are described in the section on
degree requirements. A minimum of three academic years in resi-
dence as a graduate student are required by the Institute, and two
or more additional years are usually needed for preparation of the
thesis

Advising and Thesis Supervision. An interim adviser is appoint-
ed for each student upon admission to a graduate degree in civil
engineering. The interim adviser will serve as the primary mentor
until the student finds a research adviser. It is the responsibility
of the student to find an academic and research adviser within
three terms of graduate residence at Caltech. In consultation with
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the adviser, the student must form a Ph.D. thesis advisory com-
mittee within four terms of graduate residence at Caltech. This
committee shall consist of at least three members of the Caltech
professorial faculty, with at least two members from the faculty
in mechanical and civil engineering. The committee shall meet
as requested by the student. Further, the committee shall meet
annually to review progress and to approve the registration of the
student beyond the fifth year of graduate residence at Caltech.

The adviser and the thesis advisory committee provide the
majority of mentoring to the student. In addition, the option rep-
resentative and other members of the faculty are always available to
provide advice and mentoring on any aspect of research, progress
toward the Ph.D., future careers, and other aspects of life in gradu-
ate school and as a professional scientist.

Admission to Candidacy. To be recommended for candidacy for
the Ph.D. degree in civil engineering, the student must, in addition
to meeting the general Institute requirements, do the following:

H Obtain the agreement of a professorial faculty member to
serve as his or her academic and research adviser before the end
of the third term of graduate residence at Caltech. In consultation
with the adviser, the student must form a Ph.D. thesis advisory
committee before the end of the fourth term. This committee shall
consist of at least three members of the Caltech professorial facul-
ty, with at least two members from the faculty in mechanical and
civil engineering.

H Pass both subject and research components of the oral can-
didacy examination before the end of the eighth term of graduate
academic residence at Caltech. If the student has chosen a subject
minor, an examination on the subject of that program may be 351
included at the request of the discipline offering the subject minor.

B Complete a minimum of 195 units of courses numbered 101
or above, that meet the required Ph.D. program listed below. All
units must be taken for grades and passed with a grade of at least a
C, except for courses offered only on a pass/fail basis. The course
work towards the Ph.D. degree in civil engineering is typically
completed within the first three years of residency at Caltech.

Required Ph.D. Program

a) Civil engineering core subjects (45 units). Course work in a
minimum of two core civil engineering subjects, minimum
of 18 units each of two subjects, spanning at least two broad
areas listed below. Most students prepare for the subject
candidacy exam by taking the recommended set of courses list-
ed below in Areas 1-3, plus math. These units may also be
used in the student’s program for the master’s degree. Examples
of suitable courses are given in parentheses.
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Core CE Subjects

Area 1

Fluid Mechanics (Ae/APh/CE/ME 101 abc)

Mechanics of Structures and Solids (Ae/AM/CE/ME 102
abc)

Area 2
Dynamics & Vibrations (AM/CE 151ab)

Area 3
Structural & Earthquake Engineering (CE 160ab)
Seismology (CE181ab, Ge 162)

The student may petition the mechanical and civil engineer-
ing Option Representative to accept alternate subjects or areas.
These changes should retain core civil engineering knowledge,
should not be a sub-specialty of one of the listed areas, and
should represent sufficient breadth. The approval is not
automatic; such petitions are submitted rarely and many have
been denied in the past. The petition must be submitted to the
option representative and approved before the student registers
for the course.

b) Additional engineering or science courses, with a course num-
ber 101 or above (63 units). Pass with a grade of at least C,
courses that pertain to the student’s specialty and are approved
by the thesis advisory committee.

¢) Advanced mathematics or applied mathematics (27 units). Pass
with a grade of at least C, chosen in consultation with the advis-
er from the following list: ACM 101 or higher, CDS 140, Ma
108 or higher, Ph 129. The requirement in mathematics is in
addition to the requirements above.

d) Graduate engineering seminar (6 units). Pass six terms of AM/
CE/ME 150abc, within twelve terms, 3 years, in residence at
Caltech.

e) Research (54 units). Successfully complete at least 54 units of
research and demonstrate satisfactory research progress.

The requirement of a minimum grade of C will be waived for
an advanced course which is offered only pass/fail. The faculty will
evaluate the student’s research progress, class performance, advis-
er’s input, and oral candidacy exam results to determine whether
a student will be admitted to or be able to maintain candidacy for
the Ph.D. degree.

Registration Beyond the Sixth Year of Graduate Residence. The
annual approval of the Ph.D. dissertation supervision committee is
necessary for registration beyond the twenty-fourth academic term
of graduate residence at Caltech.

Thesis and Final Examination. The thesis examination will be
given after the thesis has been formally completed. This examina-
tion will be a defense of the doctoral thesis and a test of the candi-
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date’s knowledge in the specialized field of research. The format of
the examination can be chosen from the following two options, by
the student, in consultation with their research advisor: (i) a public
seminar presented by the candidate, with an open question period,
followed by a private examination by the examining committee or
(if) a private presentation to the examining committee followed by
the examination, with a public seminar on another date. The exam-
ining committee shall consist of a minimum of four voting mem-
bers, three of whom must be Caltech faculty; two members must
be from MCE. The thesis defense committee shall be chaired by

a committee member who is an MCE Caltech professorial faculty
member and not the student’s adviser.

Subject Minor

A student majoring in another branch of engineering or another
division of the Institute may, with the approval of the faculty in
the department of mechanical and civil engineering and the fac-
ulty in his or her major field, elect civil engineering as a subject
minor. The program of courses must differ markedly from the
major subject of study or research, and must consist of at least 54
units of advanced courses (101 or above) approved by the faculty in
mechanical and civil engineering.

Computation and Neural Systems

Aims and Scope of the Graduate Program

An integrated approach to graduate study combining computa-
tion and neural systems is organized jointly by the Division of
Biology and Biological Engineering, the Division of Engineering
and Applied Science, and the Division of the Humanities and
Social Sciences. This curriculum is designed to promote a broad
knowledge of aspects of molecular, cellular, and systems biology,
cognitive neuroscience, computational biology and computational
neuroscience, information and learning theory, emergent or col-
lective systems, and computer science and electrical engineering in
conjunction with an appropriate depth of knowledge in the partic-
ular field of the thesis research. For more details, see http://www.
cns.caltech.edu.

Admission. Ideal applicants will have a Bachelor of Science
degree or equivalent with a strong quantitative background and
some facility with computer programming. They will have shown
an interest in understanding the brain and/or in autonomous intel-
ligent systems. All applicants are strongly encouraged to submit
their Graduate Record Examination (GRE) verbal and quantitative
scores.

Advisory Committee and TA Requirement. An advisory committee
of three CNS faculty members is constituted for each student by
the CNS admissions committee upon admission to the program.
The faculty in whose lab the student is staying first chairs this com-
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mittee. The advisory committee meets with the student when he
or she arrives, guides and approves first-year course choices, and
answers questions and offers advice about the program and the way
of life in CNS. The CNS faculty are available to students during
the year for formal and/or informal discussions.

It is expected that each graduate student will serve as a teaching
assistant in one or two CNS courses during his or her residency at
Caltech as part of the Ph.D. graduation requirement.

Master’s Program

Only students who expect to pursue the Ph.D. degree will be
admitted to the option. The master’s degree may be awarded in
exceptional cases. The awarding of this degree requires fulfilling the
Institute requirements for a master’s degree, satisfying the option
breadth requirements (see following section), the completion of a
master’s thesis, and receiving from a candidacy examination oral
committee a recommendation for awarding the degree.

Laboratory Rotations. Mandatory rotations through research
groups (labs) provide a unique opportunity for the student to
experience the CNS culture. To broaden the student’s knowledge
and to provide familiarity with different techniques and ways of
thinking or doing research, each student should carry out three
12-week laboratory rotations (one per term) during the first year,
and should engage in research. During each rotation, the student is
expected to take part in the life and routine of the lab by attending
lab meetings, participating in research projects and discussions
with members of the lab, and meeting monthly with the faculty of
that lab to discuss science.

Course Requirements. Six nine-unit courses are required during
the first year: CNS/Bi/Ph/CS/NB 187, either Bi 9 or equivalent,
or Bi/CNS/NB 150, a neurobiology or modeling course, a math
course, and two other CNS, Bi, EE, ACM, or Ph courses (for
example, a schedule of CNS/BI/EE/CS/NB 186, CNS/Bi/Ph/
CS/NB 187, Bi/CNS/NB 150, and CS/CNS/EE 156 satisfies this
requirement). CNS students are required to take two additional
classes: the one-unit survey course CNS 100, and the four-unit
course Bi 252. These eight courses must be taken for letter grades.
Students are free to take additional classes, and a research adviser
may require that a student take a specific, complementary course as a
requirement for joining his or her lab.

Candidacy. Four faculty, including the three faculty in whose
labs rotations have been done, should be on the student’s candi-
dacy exam committee. At the end of the first year, the student is
expected to decide on a research group and begin work there. The
first summer is thus expected to be spent entirely on research in
that lab. To be recommended for candidacy you are required to
pass two tests: the general knowledge exam, and the research and
candidacy exam. These exams are supervised by the CNS option
representative.
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The general knowledge exam satisfies the breadth requirement.
A list of about 100 questions, grouped by category, is available at
http://www.cns.caltech.edu, providing a clear idea of the scope of
knowledge that each student is expected to know well. Students are
encouraged to organize working and discussion groups to prepare
for this exam; the format and implementation of such a system,
however, is left to the students.

This is an oral exam with the four faculty (including the heads
of the student’s three rotation labs and one other chosen for
“breadth,” of whom one can be from outside Caltech). It should be
scheduled by the student (who contacts the committee members)
to take place during the last six weeks of the third term of year
one. For the exam, the student must answer questions (from more
than one category) taken from the list, which is modified each year.
(The exam can be retaken after three months.)

The research and candidacy exam satisfies the depth require-
ment. During year two, the student is expected to produce a piece
of work of a quality sufficient to be presented at a professional
meeting. (The objective of this description is to offer a way to
calibrate the level of expected research achievement and involve-
ment. Professional acceptance of the abstract or paper is not a
requirement for passing candidacy.) This work is presented in an
oral exam in spring term of year two, before the same exam com-
mittee (if possible) that conducted part one of the exam. The exam
focuses exclusively on research (accomplished and/or planned).
During year two, the student may take other courses, as needed,
but is expected to present a high standard (quality, originality) of
research at the time of this second part of the candidacy exam.

355
Subject Minor
Students majoring in other fields may take a subject minor in
CNS, provided the program is supervised by a CNS adviser, is
approved by the CNS option representative, and consists of 45
units, including Bi/CNS/NB 150, CNS/Bi/Ph/CS/NB 187, Bi 252,
and other CNS cross-listed classes. A subject minor is not required
for the Ph.D. degree in CNS.

Computational Science and Engineering

Aims and Scope of the Minor

Computational science and engineering (CSE) may be pursued

as a subject minor by graduate students who are pursuing Ph.D.
degrees in any option. The CSE minor is intended to supplement
one of Caltech’s graduate degrees and is designed for students who
wish to broaden their knowledge of CSE beyond their major field
of study. The CSE minor is also intended to recognize graduate
students’ interest in and dedication to CSE as demonstrated by the
successful completion of a program of study in the field. Completion
of the CSE minor program of study will be recognized on the
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Ph.D. diploma by the statement, “...and by additional studies
constituting a minor in Computational Science and Engineering.”
Requirements. To receive the CSE minor, graduate students
must fulfill the following requirements.
m 18 units (two terms) from the following list: ACM 106 ab,
ACM/CMS 113, ACM 210 ab, ACM 216.
m 18 units (two terms) from the following list: CS/EE/Ma
129 abc, CS 138 abc, CS 139 abc, CS 150, CS/CNS/EE 156 a.
m 9 units (one term) from the list: Ae/AM/CE/ME 214 abc,
Ae/AM/ME 232 ab, Ay 199, Ch 121 ab, GE 263, Ph/CS
219 abc.
All courses to be applied toward the CSE minor requirements must
be taken on a graded basis, and students must obtain a grade of B
or higher in all courses. Courses that are used to satisfy the CSE
minor cannot be used to satisfy course requirements in the major
options unless absolutely required by the option. Courses taken as
part of the CSE minor are counted toward the total number of
units required for the completion of the Ph.D. degree.

CSE Minor Administration

The CSE minor is administered by an oversight committee
consisting of three faculty members reporting to the chair of the
engineering and applied science division. In consultation with their
advisers and, if needed, with the CSE Oversight Committee,
students formulate a program of approved courses individually
tailored to each student’s background and needs, with the objective
that the student achieve a level of competence in specific sub-

jects relevant to CSE. Students must petition the CSE Oversight
Committee for approval of their program of study. Upon completion
of the program of study, the CSE Oversight Committee will verify
that the CSE minor requirements have been fulfilled.

Computer Science

Aims and Scope of the Graduate Program
Graduate study in computer science within the Computing &
Mathematical Sciences department is oriented principally toward
Ph.D. research. The course work and thesis requirements for the
M.S. degree are a required part of the Ph.D. program. There is no
admission to the M.S. program as the degree objective. However,
Caltech undergraduates wishing to continue an undergraduate
research project after completing their B.S., leading to an M.S.
degree, may apply in their junior or senior years for admission
to the joint B.S./M.S. degree program (see page 295). Students
interested in this option should have a faculty sponsor, and should
consult with the option representative.

Students entering the graduate program with an M.S. degree
from another school may transfer credit for course work as appro-
priate. A student may petition the option representative to have a
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prior M.S. thesis or equivalent accepted in lieu of a Caltech M.S.
thesis; no Caltech M.S. will be granted in this case.

The Ph.D. program requires a minimum of three academic years of
residence. The M.S. should be completed within the first two years.

Students must maintain high academic standards during their
graduate residence. A student’s Ph.D. research must exhibit
originality in the formulation, analysis, and solution of a problem
that is significant to the field of study. The option representative
and executive officers are available to discuss concerns regarding
academic progress.

Master’s Degree
There are five requirements to fulfill for the M.S. in computer
science:

m Total units. Completion of a minimum of 135 units of cours-
es numbered 100 or greater, including M.S. thesis research
(CS 180). The student will consult with the adviser to ensure
balance in the course work.

m Advanced courses in computer science. Completion of a mini-
mum of 54 units of CS courses numbered 100 or greater in
addition to units earned for reading, research, projects,
and the M.S. thesis.

m Units outside computer science. Completion of a minimum of
27 units outside computer science. Courses jointly listed
with computer science cannot be used to fulfill this
requirement.

m Breadth. Toward the end of the first year, all incoming
students must successfully pass a diagnostics exam administered
by the faculty. Its purpose is to ensure a solid and broad
knowledge in computer science, and/or to direct the students to
necessary courses and reading.

m M.S. thesis. At the end of the second year, students must
have completed a minimum of 45 units of CS 180, had their
M.S. thesis approved by a computer science faculty member,
obtained the signature of a designated computer science
faculty member on the M.S. candidacy form, and submitted
a copy of the M.S. thesis to the Graduate Office no later
than two weeks before the degree is to be conferred.

Degree of Doctor of Philosophy

Candidacy. To be recommended for candidacy, a student must
have completed the M.S. program, have entered upon a course
of research approved by his or her thesis adviser, and have passed
a candidacy oral examination. The candidacy oral examination
is administered by a committee that consists of four faculty, is
approved by the option representative, and is chaired by the advis-
er. The examination ascertains the student’s breadth and depth
of preparation for research in the chosen area. The examination
should be taken within the first three years of graduate study.
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Advising and Thesis Supervision. In order to facilitate close super-
vision and a highly research-oriented environment, each student
is admitted directly to an adviser and research group. A course of
study is determined in consultation with the adviser. Occasionally
students will be admitted into more than one group. Changes in
affiliation may occur with the common consent of the student and
the new adviser.

Students meet regularly with their adviser throughout their
time at Caltech, and are encouraged to do the same with other
members of the faculty.

Thesis and Final Examination. A final oral examination will be
scheduled and given after the Ph.D. thesis has been submitted for
review to the student’s adviser and thesis committee; the latter
consists of at least four faculty approved by the option representative,
and is chaired by the adviser. The thesis examination is a defense
of the thesis research and a test of the candidate’s knowledge in his
or her specialized fields.

Subject Minor in Computer Science

A subject minor is not required for the Ph.D. degree in computer
science. However, students majoring in other fields may take a
subject minor in computer science, provided the program is super-
vised by a computer science faculty adviser, is approved by the
computer science option representative, and consists of 45 units
sufficiently removed from the student’s major program of study.

Computing and Mathematical Sciences

Aims and Scope of Graduate Program

Algorithmic thinking is emerging as a fundamental tool for all
researchers, not just computer scientists. Algorithmic thinking now
drives disciplines ranging from statistics and electrical engineer-
ing to biology and physics to economics and the social sciences.
Computing and Mathematical Sciences (CMS) is an interdisciplin-
ary PhD program that trains students to apply algorithmic thinking
to problems across science and engineering. Our research mission
is to build the mathematical and algorithmic foundations required
to move from data to information to action. Students will study
structures and mechanisms that store, process, and communicate
information and that make decisions based on this information.
These systems may be expressed in silicon and called computers,

in lines of code called programs, or in abstract notation called
mathematics. They may appear in economics as markets or social
networks, as sequences of amino acids in DNA, or in the organic
structure of the human brain.

Master’s Degree

Only students who expect to pursue the Ph.D. degree will be
admitted to the option. The master’s degree may be awarded in
exceptional cases. The awarding of this degree requires fulfilling
the Institute requirements for a master’s degree, satisfying the core
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course requirements, and receiving a recommendation for award-
ing of the degree from the preliminary exam committee.

Degree of Doctor of Philosophy

Institute requirements for the Ph.D. degree are described in

the section on degree requirements. Approximately two years of
coursework are required, and two or more years are usually needed
for preparation of the dissertation.

Admission to Candidacy

To be recommended for candidacy for the Ph.D. degree in
Computing and Mathematical Sciences the student must, in addi-
tion to meeting the general Institute requirements, do the follow-
ing:

1) 1st year core course requirement: The following courses are
required to be completed during the first year: ACM/CMS 104,
ACM/EE/CMS 116, ACM/CMS 113, CS/EE/CMS 144,
ACM/CS/EE/CMS 218, ACM/EE/CMS 170, CS/CMS 139.

2) Depth requirement: At least 27 units of courses must be
completed within one particular subject area. The plan for
these 27 units must be approved with the student’s adviser.

3) Breadth requirement: At least 27 units of 100+ level courses
must be completed in Engineering, Science, Mathematics, or
Economics.

4) Preliminary Examination: All students must pass a preliminary
examination, which is an oral exam that is administered by a
committee consisting of four faculty selected by the option
representative. The exam will occur during the student’s first
year.
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5) Candidacy Examination: All students must pass a candidacy
oral examination, which will be administered by a committee
that consists of four faculty, is approved by the option
representative, and is chaired by the student’s research
adviser. The examination will ascertain the student’s breadth
and depth of preparation for research in the chosen area. The
examination will be taken within the first three years.

Advising and Thesis Supervision

Upon admission, each student will be assigned a primary adviser in
the option. This adviser will be replaced by a research adviser (pos-
sibly the same faculty member) once a direction of specialization is
determined, and not later than the beginning of the second year.
After completion of the candidacy exam, each student will form a
thesis committee (possibly the same as the candidacy committee)
consisting of at least four faculty approved by the option represen-
tative, and chaired by the adviser. The thesis committee will meet
as needed, but at least yearly, in order to advise the student.
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A final oral examination will be scheduled and given after the
PhD thesis has been submitted for review to the student’s adviser
and thesis committee. The thesis examination is a defense of the
thesis research and a test of the candidate’s knowledge in his or her
specialized fields. Normally, the defense will consist of a one-hour
public lecture followed by an examination of the thesis by the the-
sis committee.

Control and Dynamical Systems

Aims and Scope of the Graduate Program

The option in control and dynamical systems (CDS) is open to
students with an undergraduate degree in engineering, mathematics,
or science. The qualifications of each applicant will be considered
individually, and, after being enrolled, the student will arrange his
or her program in consultation with a member of the faculty. In
some cases the student may be required to make up undergraduate
deficiencies in engineering science courses.

The CDS option, as part of the Computing and Mathematical
Sciences department, emphasizes the interdisciplinary nature of
modern theory of dynamical systems and control. The curriculum
is designed to promote a broad knowledge of mathematical and
experimental techniques in dynamical systems theory and control.
In addition to taking courses in the CDS option, students must
select a focus area (see below).

Master’s Degree

Students will be admitted to the option who expect to pursue the
Ph.D. degree. The master’s degree may be awarded in exceptional
cases. The awarding of this degree requires fulfilling the Institute
requirements for a master’s degree, satisfying the focus require-
ments, and receiving a recommendation for awarding of the degree
from the candidacy oral examination committee.

Degree of Doctor of Philosophy

Institute requirements for the Ph.D. degree are described in the
section on degree requirements. Approximately two years of course
work are required, and two or more years are usually needed for
preparation of the dissertation.

Admission to Candidacy. To be recommended for candidacy for the
Ph.D. degree in control and dynamical systems, the student must,
in addition to meeting the general Institute requirements, do the
following:

m Complete the following courses: ACM/CMS 104, ACM/
CMS 113, ACM/EE/CMS 116; CDS 140 and CDS 212.

m Complete an additional 45 units in CDS or other advanced
courses in systems theory, dynamical systems, and/or applied
mathematics.

m Complete the focus requirement, consisting of at least
27 units in a particular area outside of CDS. Courses taken
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to satisfy the focus must represent a coherent program of
advanced study in the chosen area. Possible areas include
biological systems, computer science, environmental science,
fluid dynamics, information and communications,
networking, robotics, and space systems. The program of
study must be approved by the student’s counseling committee
and the option representative.

m Prepare a research progress report.

m Pass an oral examination on the major topic of the student’s
research. The oral examination is normally taken no later
than the end of the third year of graduate academic resi-
dence at the Institute.

Advising and Thesis Supervision. Upon admission, each student is
assigned an adviser in the option, who will approve the initial
course of study by the student. A preliminary exam given during
the first year of study will be used to evaluate the student’s prepa-
ration for continued study.

The adviser will be replaced by a research adviser and a
candidacy committee when the direction of specialization is
determined, not later than the beginning of the second year. The
candidacy exam is normally taken during the third year of study.
The candidacy committee will be the judge of the completion of
the engineering focus requirement, necessary before advancement
to candidacy. The student’s candidacy committee may be recon-
stituted as the thesis committee after the candidacy exam has been
successfully completed.

At the early stages of thesis preparation, the student’s thesis
committee will meet as needed to advise the student of his or her 361
progress and to deal with any problems that might have arisen.

A final oral examination will be given after the thesis has been
formally completed. The thesis examination will be a defense of
the doctoral thesis and a test of the candidate’s knowledge in the
specialized field of research. Normally this defense will consist of
a one-hour public lecture followed by an examination of the thesis
by the thesis committee.

Subject Minor

A student majoring in another option at the Institute may elect a
subject minor in control and dynamical systems. He or she must
obtain approval from the CDS faculty of a course of study containing
at least 54 units of courses that are required for the CDS Ph.D.
(see Advancement to Candidacy) or advanced courses with a CDS
listing.
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Electrical Engineering

Aims and Scope of the Graduate Program

Award of the Bachelor of Science degree may be followed by grad-
uate study leading to the Master of Science degree in electrical
engineering, and the more advanced degrees of Electrical Engineer
or Doctor of Philosophy. Because admission to graduate studies

in electrical engineering at Caltech is extremely competitive, the
Admissions Committee attempts to select those applicants it judg-
es both best qualified and best suited for the graduate program.
Applicants should submit Graduate Record Examination scores.

Master’s Degree

Normally, the master’s degree in electrical engineering is com-
pleted in one academic year. The principal criteria for evaluating
applicants for the MSEE are the excellence of their preparation for
the math- and physics-oriented nature of Caltech’s graduate
courses, and the judgment of the Admissions Committee on their
ability to successfully pursue and benefit from the course program.
The Institute does not normally admit an applicant to the mas-
ter’s degree in a field in which the applicant already has a master’s
degree from another U.S. institution. Financial aid is seldom
offered to those who intend to complete their graduate work with
a master’s degree. A joint B.S./M.S. degree is not available in elec-
trical engineering.

135 units (100 or above except some specially petitioned
humanities courses) are required as approved by the electrical engi-
neering graduate student adviser. No more than 30 units of pass/
fail grades may be counted toward this requirement. Units toward
this are not transferable from other schools. At least 54 units of EE
letter-graded courses (courses listed or cross-listed as EE) labeled
100 or above and not counting EE 191 or EE 291 are required. EE
105 abc, Electrical Engineering Seminar, is also required. Students
are urged to consider including a humanities course in the remain-
ing free electives.

Students who have been admitted to the M.S.-only program
must reapply if they are interested in the Ph.D. program.

Degree of Electrical Engineer

The engineer’s degree may be awarded in exceptional cases. The
awarding of this degree requires fulfilling the Institute require-
ments for an engineer’s degree and receiving a recommendation
for its awarding from the candidacy oral examination committee.

Degree of Doctor of Philosophy

As a rule, applicants who wish to undertake research work leading
to a degree of Doctor of Philosophy in electrical engineering are
admitted initially only for the MSEE. They are, however, evaluated
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according to additional criteria, the most important of which is the
applicant’s interest in and potential for research in one of the areas
described below. The statement of purpose required as part of the
application should clearly address this match. Considerable weight
is also given to the opinions expressed in the applicant’s letters of
recommendation.

During the Ph.D. applicant’s master’s degree year, evaluation
continues. It is based in part on performance in courses and in
part on a one-hour oral presentation scheduled early in the second
quarter. As the year progresses, the electrical engineering faculty
get to know the student, and the student makes contact with the
professor in his or her area of research interest. Upon acceptance
into a research group, the student begins research work and defers
receiving the master’s degree until formal admission into the Ph.D.
program. Before the end of his or her second academic year of
graduate study, the student normally takes the Ph.D. qualifying
oral examination. This must, however, be done no later than the
end of the third academic year.

Ph.D. applicants who already hold a master’s degree in electri-
cal engineering from another U.S. institution may be admitted
directly to the Ph.D. program, but must provide sufficient infor-
mation to obtain advance acceptance into a research group.

Financial aid available to a Ph.D. applicant includes teaching
assistantships and fellowships. TA duties consist of grading papers
or lab instruction but not classroom lecturing. A fellowship may
be supplemented by a teaching assistantship, and either or both
include a full tuition scholarship. Tuition scholarships alone are
not available. If financial aid is not requested, or if the box on the
application form labeled “willing to come without aid”" is checked, 363
information on the source of funds for each year of intended grad-
uate study must be included.

Candidacy. To be recommended for candidacy for the doctor’s
degree, the applicant must satisfy the following requirements (and
pass the Ph.D. qualifying oral examination) no later than the end
of the third academic year:

m  Complete 18 units of research in his or her field of interest.

m  Obtain approval of a course of study consisting of at least
135 units of advanced courses in electrical engineering or
the related subjects approved by the Ph.D. advisor, with at
least 54 units of letter-graded EE courses numbered 100 or
above (not counting EE 191 or EE 291). Only up to 27 units
in research (e.g., EE 291) may be counted in this total. No
more than 30 units of pass/fail grades may be counted
toward this requirement. The courses taken to satisfy the
math requirement below and courses taken to fulfill the
Master of Science degree requirement may be included to
satisfy this requirement. Units toward this requirement are
not transferable from other schools.
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m  Pass 27 units of mathematics courses, as approved by the
student’s research adviser, with letter grade no lower than C.

m  Pass a qualifying oral examination covering broadly the
major field. Students are strongly encouraged to do this
before the end of the second year of residency.

Ph.D. Committee. The Ph.D. qualifying oral exam and the final
defense exam are conducted by committees that are set up by the
student and approved by the option representative. Members of
these Ph.D. committees also serve as second or backup mentors
in cases where such additional advising and problem solving are
appropriate.

Thesis and Final Examination. The candidate is required to take
a final oral examination covering the doctoral thesis and its signifi-
cance in and relation to his or her major field. This final examina-
tion will be given no less than two weeks after the doctoral thesis
has been presented in final form, and before its approval. This
examination must be taken at least four weeks before the com-
mencement at which the degree is to be granted.

Advising and Thesis Supervision. Periodic meetings between the
advising faculty and the graduate student are an integral part of the
Ph.D. program. These meetings should be at sufficiently frequent
intervals, as determined by the student and adviser. Students are
also encouraged to meet with other members of the Ph.D. com-
mittee, the option representative, the executive officer, or Caltech’s
ombudsperson to discuss problems relating to satisfactory progress.

Subject Minor

A student majoring in another option at the Institute may elect

a subject minor in electrical engineering. He or she must obtain
approval from the electrical engineering faculty of a course of
study containing at least 45 units (over the 100 level) of advanced
courses with an EE listing (excluding EE 191 and 291). At least
36 of these should be for letter grades no lower than C. Freshman
classes cannot be counted toward this.

Environmental Science and Engineering

Aims and Scope of the Graduate Program

The ESE graduate program trains doctoral students to solve fun-
damental problems in environmental science and engineering.
The problems cut across traditional disciplinary boundaries and
span space scales ranging from global to local. Students are trained
to acquire a broad base of knowledge of environmental systems,
including Earth’s atmosphere, oceans, and biosphere. They deep-
en their knowledge in one or more focus areas, culminating in
research leading to a Ph.D. thesis. Reflecting the interdisciplin-
ary nature of research in the ESE program, the program unites
faculty from the divisions of Geological and Planetary Sciences,
Engineering and Applied Science, and Chemistry and Chemical
Engineering.
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Admission. Applicants for admission to the ESE program should
have undergraduate preparation in science, engineering, or math-
ematics. Admission is limited to students intending to pursue the
Ph.D. degree. All applicants are required to submit scores for the
Graduate Record Examination (GRE) General Test. Applicants
from non-English-speaking nations are additionally required to
submit results for the Test of English as a Foreign Language
(TOEFL).

Advising. An academic adviser is appointed for each incoming
student to assist in designing his or her academic program. The
research adviser is chosen by mutual agreement of the student and
adviser during the second year of graduate study, after passing
the Ph.D. qualifying examination. The thesis advisory committee
(TAC), consisting of four Caltech faculty members including the
research adviser, should be constituted and meet with the student
soon after the student passes the qualifying examination; thereafter,
it should meet with the student annually to review progress and
provide guidance and support. Committee membership may be
changed if the student’s research interests change. The TAC gen-
erally serves to recommend the student’s advancement to candi-
dacy; it may also serve as the examining committee for the final
thesis defense.

Master’s Degree

Students enrolled in the Ph.D. program may be awarded a master’s

degree if they have satisfied the basic Institute requirement of 135

units of work in courses numbered 100 or higher. These courses

must include those specifically required in the ESE Ph.D. pro-

gram. 365

Degree of Doctor of Philosophy

For the Ph.D. degree, the student must (1) satisfy the course
requirements, (2) pass the qualifying examination, (3) advance to
candidacy, and (4) complete a thesis and successfully defend it in a
final oral examination.

Course Requirements. During their first year, students, in con-
sultation with their academic advisers, must design a program of
graduate study that includes a minimum of 135 units of graduate
work to be completed before the end of their third year. The
course program should take into account the students’ individual
backgrounds and focus areas, educate them broadly in fundamental
questions and methods of contemporary environmental science and
engineering, and prepare them for their research.

The course program must include the core courses ESE 101,
102, and 103. Attendance at the weekly research seminars (ESE
104 and 110 abc) is required for first-year students and is expected
of all graduate students. All students are expected to have knowl-
edge of methods of applied mathematics and statistics on the level
of courses such as Ge 108 and Ge/ESE 118. In cases of unusual
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preparation, students may petition to substitute a similar but more
advanced course for one of the required courses.

Additionally, students are required to take 36 units of elective
courses from two of the three groups below:

m Environmental Biology: ESE/Bi 166, ESE/Bi 168, Ge/ESE
170;

m Environmental Chemistry: ESE 175, ESE 176, ESE/Ge/Ch
171;

m Environmental Physics: ESE 130-138, ESE/Ge 139, Ge/ESE
150, ESE/ChE 158.

The remaining units of graduate work can be fulfilled by a combi-
nation of elective courses in ESE or related disciplines, reading or
laboratory courses (ESE 100), and research (ESE 105, 300). Of the
total required 135 units, no more than 45 units may be in research.
No more than 27 research units may be taken during the first year
of graduate study. Exceptions may be granted by petition.

Ph.D. Qualifying Examination. The Ph.D. qualifying examina-
tion must be taken during the first term of the student’s second
year of residency. This examination consists principally of an oral
defense of two research propositions, each advised by a different
faculty member. Written abstracts must be submitted for both
propositions, and one of them must be described in the form of a
research report or proposal. The qualifying exam also covers the
material of the ESE core courses and of the elective courses the
student has taken. In preparation for the qualifying examination,
students are encouraged to register for nine units of research (ESE
105) in their second and third terms of residency.

Advancement to Candidacy. Students are recommended to
advance to candidacy following the successful completion of a
candidacy exam with their Thesis Advisory Committee (TAC).
The exam, consisting of both a written Ph.D. thesis proposal and
an oral presentation of this plan is required, and must be approved
by all TAC members. Advancement to candidacy, including all
required course work, should be completed before the end of
spring term in the student’s third year of residency.

Thesis and Final Examination. Copies of the completed thesis
must be provided to the examining committee two weeks before
the final oral examination. The final oral examination focuses on
the work of the thesis and, according to Institute regulations, must
be held at least two weeks before the degree is conferred.

Subject Minor

Students majoring in another option at the Institute may elect a
subject minor in environmental science and engineering. They
must obtain approval from the ESE Academic Officer for a course
of study containing at least 45 units of advanced ESE courses.
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Geological and Planetary Sciences

Aims and Scope of the Graduate Program

Students in the Division of Geological and Planetary Sciences
study the earth and planets to understand their origin, constitu-
tion, and development, and the effect of the resulting physical and
chemical characteristics on the history of life, on the environment,
and on humanity. Broad training in the fundamental sciences
enriched by more specialized course work within the division forms
the basis of the educational program. Students are encouraged to
work with complex and often incomplete data sets, to undertake
research in natural settings such as in the field or at sea, and to use
the many modern laboratory facilities available within the division.
Programs of study and research are pursued in environmental
science and engineering, geology, geobiology, geochemistry, geo-
physics, and planetary science. The curriculum is flexible so that
students with diverse degrees in science and engineering may carry
out graduate work within the division. Interdisciplinary studies are
encouraged and students may carry out academic and research
programs within and between different divisions. The objective

is to train students for future employment in academic research,
government, and industry.

Admission and Entrance Procedures. Only students who intend to
work full-time toward the Doctor of Philosophy (Ph.D.) degree
are admitted. The application submission deadline for the GPS
Division is January 1. The admission process follows Institute
regulations. Applicants are required to submit Graduate Record
Examination (GRE) scores for the general test. Individual option

requirements for GRE subject tests are specified below: 367

Environmental Science and Engineering—Not required.
Geobiology—Submit the scores for any subject test.
Geochemistry—Strongly recommended but not required.
Geology—Not required.

Geophysics—Not required.

Planetary Science—Strongly recommended but not required.

Applicants from non-English-speaking nations are required to
submit Test of English as a Foreign Language (TOEFL) scores.
Based on their applications and interests, students enter one
of the major subject options of the division and are given an aca-
demic adviser who is a professorial faculty member associated
with the option. The six options are environmental science and
engineering, geobiology, geochemistry, geology, geophysics, and
planetary science. Students may later change options, but must
first obtain approval from the new option. Each student must plan
to satisfy the requirements for the Ph.D. degree in one option.
Entering students in the week preceding the beginning of
instruction for the first term meet with their option representatives
to discuss their preparation in the basic sciences and select a series
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of courses that will best prepare them for research in their chosen
field while meeting the requirements set forth below.

First-year graduate students are encouraged to register for at
least nine units of research (Ge 297) in each term of residence.
The primary objective is to communicate to the students the
excitement of discovery based on original investigations and to
provide a broad scope of research aims. An important byproduct
can be the formulation of propositions for the Ph.D. qualifying
oral examination or orientation toward Ph.D. research.

Advising and Thesis Supervision. The option representative for
each incoming student will act as the academic adviser in the first
term. An academic adviser will be assigned by the start of second
term. This appointed adviser will continue as mentor with broad
responsibility for a student’s academic welfare throughout the
graduate program. During the second year, after passing the quali-
fying examination, each student should identify a professor as the-
sis adviser, who will normally provide a graduate research assistant-
ship and the opportunity for continuing research. In consultation
with the two faculty advisers, each student then forms a Thesis
Advisory Committee (TAC), composed of at least four Caltech
professors (chaired by the academic adviser). External scientists
closely involved in the student’s research may also be appointed.
Members of the TAC serve as advisers, counselors, and resources,
and its membership may be changed if a student’s research inter-
ests change.

The thesis advisory committee meets with the student at least
once each year for a progress review, and informally whenever the
student needs or requests assistance or guidance. In addition, the
faculty members in each option have their own systems for annual
evaluations of student progress. A few months before completion
of the thesis dissertation, the thesis examining committee will be
chosen, usually including the members of the thesis advisory
committee.

All students are urged to consult with division faculty in the
following sequence if they have any problems: thesis and academic
advisers, thesis advisory committee, option representative, academ-
ic officer, and division chair. If these division personnel cannot
resolve a problem, then the student should turn to Institute offices.

Master’s Degree
Students enrolled in the Ph.D. program may be awarded a master’s
degree when they have satisfied the basic Institute requirement of
135 units. These courses must be numbered 100 or higher, and
must be part of those used to satisfy the Ph.D. requirement in one
of the options of the division. Specifically required are Ge 109 and
two courses from the list Ge 101, Ge 102, Ge 103, Ge 104, or ESE
101.

An application for admission to candidacy for an M.S. degree
must be submitted to the Graduate Office according to the aca-
demic calendar in the Caltech Catalog (see pages 4-5).
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Doctoral Degree

Division Requirements. For a Ph.D. degree, the student must 1)
pass the qualifying oral examination, 2) satisfy course requirements
of the division and of an option, and 3) complete a thesis and suc-
cessfully defend it in a final oral examination. Recommendation to
the Dean of Graduate Studies for admission to candidacy occurs
after the student has satisfied the first two requirements and has
been accepted for thesis research by a division faculty member,
who then becomes the student’s thesis adviser.

The qualifying examination consists of oral and written defense
of two research propositions, supplemented by a written description
of one of them. Students are encouraged to consult with various
faculty members concerning their ideas on propositions, but the
material submitted must represent the work of the student. There
must be a different faculty member associated with each of the two
propositions. The exam is normally taken early in the first term of
the second year of residence and is administered by the qualifying
examination committee, which has members from the six options
of the division. A more detailed outline of the qualifying examina-
tion is available on the division website.

Before the end of the second year, the thesis advisory committee
will be selected, as outlined above.

The division encourages students to engage in research early
in their graduate careers. Students making normal progress will
submit papers to refereed journals that have been approved by
a faculty member of the division. The final oral examination for
the doctorate by the thesis examining committee will be sched-
uled no sooner than two weeks following submission of the thesis
(approved by the thesis adviser) and, in conformity with Institute 369
regulations, it must be scheduled at least two weeks before the
degree is to be conferred.

Candidates are expected to publish the major results of their
thesis work. The published papers should have a California
Institute of Technology address. Published papers may be included
in the thesis.

By the end of the first academic year (third term): submission
by the student of (1) tentative titles of propositions for review
by the qualifying examination committee and (2) a list of cours-
es planned to satisfy the Ph.D. requirement, for review by the
option.

By the end of the second academic year: (1) passage of oral
exam; (2) approval by the option of courses planned to satisfy
candidacy requirements; (3) submission of a tentative thesis topic
and adviser, and thesis advisory committee.

By the end of the third academic year: (1) satisfactory comple-
tion of course requirements; (2) satisfactory completion of other
requirements including selection of thesis topic and adviser, and
thesis advisory committee; (3) admission to candidacy. A student
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who has not been admitted to candidacy by the end of the third
year will need permission of the academic officer to register.

By the end of the fourth academic year: satisfactory progress
toward completion of thesis.

After completing the fifth academic year, the student must
formally petition to register for each subsequent year. Financial aid
will normally not be extended beyond the sixth year.

The student’s program and progress will be reviewed annually
by his or her option and by the thesis advisory committee. In cases
where, in the opinion of the faculty in the option, the student is
clearly not showing adequate progress, they may recommend to
the division chair that the student be denied permission to con-
tinue in the Ph.D. program based upon their overall assessment
of the student’s performance.

Basic Division Course Requirement. During the first year, every
graduate student will take two of the seven basic introductory
courses Ge 101-104 and ESE 101-103, in areas in which the
student has not had substantial training. Also required is one
term of Ge 109. These should be completed during the first year.
Throughout their graduate careers, students are expected to attend
departmental seminars and seminar courses led by visiting scien-
tists.

Requirements of the Major Subject Options

Geobiology. In addition to the general Institute and basic division
requirements, candidates for the Ph.D. degree in geobiology must
successfully complete a minimum of 90 units at the 100 or greater
level, including Ge 104; either Bi/Ch 110, Bi/CNS/NB 195, or
Ge/ESE 118; and two courses from each of the following three
subject menus:

Geology: Ge 106, 112, 114 ab, 124.

Chemistry: Ge/ESE 143, 149, Ge 140 ab, ESE/Ge/Ch 171, 172, ESE
175, 176.

Biology: ESE/Bi 166, 168, Ge/ESE 170, Bi 117, ESE 103.

Other classes may be substituted for these menu requirements
with the approval of the option representative. A student with sub-
stantial prior experience in geobiology (e.g., an M.S. degree) may
use prior course work to substitute up to 45 of these units with the
approval of the geobiology option representative. All students must
have a basic knowledge of organic chemistry at the level of Ch
41 a. This requirement may be met by previous course work or
through successful completion of this class.

Geochemistry. In addition to general Institute and basic division
requirements, candidates for the Ph.D. degree in geochemistry are
required to demonstrate an understanding of the field through a
total of 90 units of course work at the 100 level or higher spread
over four of the subdisciplines offered in the option: petrology/
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mineralogy, isotope geochemistry, cosmochemistry, water
chemistry/oceans, atmospheres, biogeochemistry, or advanced
chemistry. A student with substantial prior experience in some of
the subdisciplines may use prior course work to substitute for up to
45 of these units with the approval of the geochemistry option rep-
resentative. In the oral candidacy exam, the student will be subject
to examination in all four of the chosen subdisciplines. All students
must have a basic knowledge of chemistry at the level of Ch 21 and
mathematics at the level of Ge 108.

Geology. The geology option requirements are (1) two of Ge
102, 103, 104, or ESE 101, which also satisfy the basic division
requirement; (2) 36 units in 100-level science or engineering
courses taken outside the GPS division, or in courses cross-listed
with other divisions. Ch 21 abc may be included as part of these
units, and other courses below the 100 level may be included at
the discretion of the option representative. Students with a focus
in planetary geology may use 100-level planetary science courses
to fill this requirement; (3) 36 units of advanced field geology, in
the form of three terms of Ge 121 abc taken from three different
instructors; (4) an additional 18 units of 100- or 200-level courses
within the GPS division. Courses that cannot be used to satisfy
these requirements include research and reading courses, and cer-
tain courses constituting basic preparation in the field of geology,
such as Ge 106, Ge 112, Ge 114 ab, and Ge 115 abc. A grade
of C or better is required for all course work that satisfies these
requirements. Knowledge of basic physics, mathematics, and data
analysis at the level of Ge 108 and Ge/ESE 118 is required of all
Ph.D. candidates in geology. Students entering the geology option
with a master’s degree in a science or mathematics may be exempt 371
from up to 45 units at the discretion of the option representative
(exemptions from advanced field geology must be granted by the
GPS field committee).

Geophysics. In addition to general Institute requirements, candi-
dates for the Ph.D degree in geophysics must successfully complete
the following: (1) two of the following basic introductory courses:
Ge 101, 103, 104, or ESE 101-103, and one term of Ge 109.
These fulfill basic division requirements; (2) either Ae/Ge/ME
160 ab, APh 105 ab, MS 115, or a subject equivalent; (3) three of
Ge 161, Ge 162, Ge 163, or Ge 164; (4) Ge 111 ab; (5) the choice
between five additional 100- or 200-level science or mathematics
courses or a minor in any field at Caltech (for example, computa-
tional science and engineering). It is highly recommended that (1)-
(4) be fulfilled in the first year and (5) in the second year. Students
may substitute another course for a required course if they can
demonstrate to an option representative that they have already had
the material in the required course.

Planetary Science. In addition to general Institute and basic divi-
sion requirements, candidates for the Ph.D. degree in planetary
science must satisfy the following course requirements: Ge 101,
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Ge 102, and courses in planetary formation and dynamics (Ge/
Ay 133), planetary atmospheres (Ge/ESE 150), planetary interiors
(Ge 131), and planetary surfaces (Ge 151). In addition, students
shall successfully complete 45 units of 100-level or higher courses
in a coherent field of specialization. This requirement may be sat-
isfied by completion of a subject minor or through a set of cours-
es chosen in consultation with and approved by the adviser and
the option representative. All candidates are expected to possess
knowledge of physics and mathematics at the level of Ph 106 and
ACM 95. This requirement may be met by previous course work
or through successful completion of these classes.

Subject Minor

A student may, with the approval of the Division of Geological and
Planetary Sciences, elect a minor in any one of the major subjects
listed above. Such a subject minor will include at least 45 units in
courses at the 100 level or higher. Normally, a member of the divi-
sion faculty will participate in the student’s oral thesis defense.

History

The program for a subject minor in history must be approved by
the executive officer for the humanities before the admission to
candidacy. In addition to meeting general Institute requirements,
the student must complete satisfactorily, with a grade of C or
better, 45 units in advanced courses in history.

History and Philosophy of Science

Graduate students in science, mathematics, or engineering may
take a minor in history and philosophy of science (HPS). The
graduate minor is devoted to the study of the historical evolution
and philosophical underpinnings of the physical and biologi-
cal sciences. Historical work in the minor includes the origins

of experimental practice, the social and institutional contexts
of science, the origins and applications of quantitative meth-
ods, specific developments since antiquity in physics, biology,
and chemistry, as well as biographical and comparative studies.
Philosophical research deals with issues in causation, explanation,
scientific inference, the foundations of probability and decision
theory, philosophy of mind and psychology, philosophy of neuro-
science, and scientific fraud and misconduct.

The minor thus fosters the acquisition of broad knowledge
about the scientific enterprise and related foundational problems,
as well as more detailed analysis of the progress of and philosoph-
ical problems in particular branches of science. It is a valuable
supplement to a technical degree since it helps equip students to
understand the nature of scientific progress and to grapple with the
conceptual basis of science and its wider ramifications. Students
who successfully complete the HPS minor will be recognized with
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official credit for the achievement on their transcripts.
Requirements. Graduate students who take an HPS minor are

expected to complete Hum/H/HPS 10, HPS 102 ab, HPS/PI 120,

at least three units of HPS 103, and 18 units of additional work

in HPS, to be completed by taking courses in HPS/H or HPS/PI

numbered 99 or higher. Students need not complete the require-

ments for the minor within the first two years of graduate study.

Materials Science

Aims and Scope of the Graduate Program

The graduate program is designed to give students an under-
standing of general phenomena in synthesis—structure—property
relationships in all materials, plus a detailed understanding of
phenomena for at least one particular class of materials. After
completing the Ph.D. program, students have pursued careers in
teaching and research at colleges and universities, in research for
government and industry, in the operation and control of manu-
facturing processes, and in management and development positions

in the materials industry. Students may enter the graduate program
in materials science with undergraduate preparation in physics,
chemistry, engineering, or materials science. Students interested
in terminating their graduate study at the master’s level are not
normally admitted. Students in the Ph.D. program are required to
complete a set of core courses, pass an oral candidacy examination,
complete a thesis describing original research in materials science
or a related field, and publicly defend their thesis work.

Master’s Degree
Each student is assigned to a member of the faculty who will serve
as the student’s adviser. The adviser and option representative for
materials science will approve his or her course of study.

Study for the degree of Master of Science in materials science
will ordinarily require three terms of courses. The courses shall
be chosen from the list of core courses below, although 27 units
of research (MS 200 or equivalent) may be substituted for 27 units
of lecture or laboratory courses. Completion of 138 units of these
courses within two years with no grade less than a C constitutes
the academic requirements for the M.S. degree.

373

Core Courses

1. MS 131, MS/APh 120, MS 133.

2. APh/MS 105 ab or ChE/Ch 164 and ChE/Ch 165, MS 106.
3. Two quarters of courses focused on specific materials, such
as APh 114 ab; Ch/ChE 147, ChE/Ch 148; Ge 114, Ge

214,

4. Two quarters of courses focused on internal interactions in
materials, such as Ph 125 ab, Ch 125 ab; Ae/AM/CE 102
abc or Ae/Ge/ME 160 ab; Ch 120 a; Ch 121 ab.

5. 18 units of courses comprising either the third terms of
the sequences taken in 3 and 4 above, or other courses
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appropriate for the student’s research interests, such as
MS 125, 142, MS/EST 143, MS/ME 161, 162.

6. Mathematics at the level expected of research in the stu-
dent’s field. This may be satisfied by the courses ACM
100 or ACM 106, AM 125 abc, or ACM 101, or Ph 129 abc,
or may be waived at the discretion of the student’s adviser
and option representative.

7. MS 110 abc (2 units) or APh 110 (4 units) or E 150 abc
(2 units), seminar.

Degree of Doctor of Philosophy

Residency. Work toward the degree of Doctor of Philosophy in
materials science requires a minimum of three years following the
completion of the bachelor’s degree or equivalent.

Language Requirement. There is no language requirement for
the Ph.D. degree.

Minor. No minor is required for the Ph.D. degree. Students are,
however, encouraged to take advanced courses appropriate to their
particular interests.

Advising and Thesis Supervision. In the first year (no later than
the third term), each student must choose a research adviser who
will have primary responsibility for supervising the student’s course
program and research. The important adviser—advisee relationship
requires effort from both parties, and some general expectations
are outlined earlier in this section of the catalog.

Admission to or Continuation in Ph.D. Status. To be advanced to
candidacy for the doctor’s degree, the student must satisfy three
requirements:

a. Courses. To continue in the graduate program, the student
must maintain a B— average for each term. Advancement to
candidacy requires the successful completion of the program
listed under “Core Courses” above. Alternatively, if the
student has taken equivalent courses elsewhere, he or she
may prove competency to the instructor of the equivalent
course at the Institute and request a waiver of the
required course.

b. Oral Candidacy Examination. The student will prepare a
brief presentation on a topic in his or her proposed area of
research. The core of the examination is based on the
student’s course work and how it is related to the topic of
the presentation. This examination should be taken no later
than the end of the student’s second year of residence.

¢. Research Competence. The student must have a doctoral
research adviser, and must have completed at least 18 units
of MS 200.

Thesis and Final Examination. The candidate is required to take
a final oral examination covering the doctoral thesis and its signif-
icance in and relation to his or her major field. It will consist of
a public thesis seminar and an associated oral examination on the
thesis and related fields. This examination will be held at least two
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weeks after the doctoral thesis has been presented in its final form,
and prior to its approval. This examination must be taken at least
four weeks before the commencement at which the degree is to
be granted.

Subject Minor

A student majoring in another option at the Institute may elect a
subject minor in materials science. He or she must obtain approval
from the materials science faculty of a course of study containing at
least 45 units of advanced courses. Normally a member of the
materials science faculty will participate in the candidacy exam-
ination in the student’s major department.

Mathematics

Aims and Scope of the Graduate Program

The principal aim of the graduate program is to develop the
student’s ability to do original research in mathematics. Independent
and critical thinking is fostered by direct contact with faculty mem-
bers. (An indication of the current research interests of the faculty
begins on page 146.) Faculty advisers help students plan their
programs of study leading to a Ph.D. in mathematics. Entering
students are advised by the director of the Ph.D.

program, who assists them in selecting appropriate courses,
depending upon their previous studies.

Course Program. The graduate courses are listed in section five.
The three core courses—Ma 110 in analysis, Ma 120 in algebra,
and Ma 151 in geometry and topology—are required of all gradu-
ate students unless excused by the director of the Ph.D. program.
Students are expected to complete these core courses in prepara-
tion for the qualifying examinations (see below), usually in the first
year. (Entering students are allowed to take a qualifying examina-
tion in September or October in order to demonstrate knowledge
of one or more of the core areas. By passing the examination, they
are excused from taking the corresponding course.) In addition,
students are required to complete nine quarters of other advanced
mathematics courses Ma 111 and above, at least two of which
are in discrete mathematics: combinatorics, complexity, and com-
putability, or logic and set theory. Unless these nine course quar-
ters are given pass/fail only, they must be taken for grades. Reading
and research do not normally qualify to meet these requirements.
Under special circumstances (e.g., finishing the degree in three
years), exceptions to these requirements may be granted by the
director of the Ph.D. program.

Beginning no later than the second year, students will be
expected to begin independent research work and will be strongly
encouraged to participate in seminars.
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Master’s Degree

Entering graduate students are admitted directly to the Ph.D.
program, since the Institute does not offer a regular program in
mathematics leading to the master’s degree. A master’s degree
may be awarded in exceptional circumstances either as a terminal
degree or preliminary to the Ph.D. Sufficiently advanced under-
graduates may be admitted to graduate standing to pursue a
master’s degree simultaneously with the bachelor’s program.

The recipient of a master’s degree will be expected to take 135
units in advanced mathematics (numbered 110 and higher). Unless
the student has placed out of some of them, these must include
Math 110, 120, and 151 (the basic courses in analysis, algebra, and
geometry). Reading and/or research courses may only be included
in this 135 units if approved by the executive officer for mathemat-
ics.

The general Institute requirements specify that the recipient
of a master’s degree must have taken at least 135 units of graduate
work as a graduate student at the Institute, including at least 81
units of advanced graduate work in mathematics. This advanced
work is interpreted as work with a course number greater than 109
and may include a master’s thesis.

Degree of Doctor of Philosophy

Qualifying Examinations. Qualifying examinations in the three
core areas—analysis, algebra, and geometry/topology—are offered
in October and June. These examinations emphasize mastery of
the basic concepts and theorems and the ability to apply them to
specific cases. Students are required to take and pass two of the
three examinations, and for the one not taken, to complete the
corresponding core course with a grade of B or better. Normally,
the examination requirements are completed at the end of the first
year or the beginning of the second.

Summer Study. Although there are no courses given in the
summer, graduate students are expected to carry out studies and
research in their chosen area of mathematics. In the summer after
the first year, they will work under the guidance of a faculty
member to investigate a possible area for their thesis research.

Thesis Adviser. It is expected that by the fall quarter of the
second year, students will find a member of the faculty who agrees
to serve as their thesis adviser. The progress of all continuing
students is assessed by the faculty each fall, and students will
consult with their advisers about their progress and planning of
their studies and research.

Students receive help and advice not only from their thesis
adviser and other faculty mentors, but also whenever needed from
the director of the Ph.D. program, and the executive officer. (See
also the section with guidelines for graduate student advising on
page 288.)
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Admission to Candidacy. Before the end of their third year,
students are expected to finish the process of applying for
admission to candidacy for the Ph.D. degree. This formal step
requires completion of the requirements for qualifying examinations
and core courses, as well as a satisfactory oral presentation to a
committee of faculty members. The presentation will describe both
the general area of the student’s proposed thesis research and the
specific problem or problems to be addressed. A written summary
of the presentation, typically 3-10 pages, must be given to the
committee members at least one week before the presentation. The
student and his or her adviser will arrange the formation of this
committee, which will have four members and meet the require-
ments listed in the subsection Graduate Policies and Proceedure
entitled ‘Degree of Doctor of Philosophy’.

Thesis and Final Examination. On or before the first Monday
in May of the year in which the degree is to be conferred, candi-
dates for the degree of Doctor of Philosophy must deliver copies
of their theses to their advisers, to the Graduate Office, and to
the members of the committee (of four members that meets
the requirements listed in the subsection Graduate Policies and
Procedure entitled ‘Degree of Doctor of Philosophy’) that will
conduct the final oral examination on the thesis. The examina-
tion must be held at least three weeks before the date on which the
degree will be conferred and at least two weeks after the delivery of
the copies of the thesis.

Subject Minor

Students majoring in other fields may take a subject minor in
mathematics. Minor programs must include 54 units of advanced 377
work approved by a representative of the mathematics department,

who will ensure that the work represents a concentrated study

in one or more of the main fields of mathematics. A special oral
examination in the subject minor will be given soon after comple-

tion of the minor program.

Travel Grants

Special funding is available to graduate students to attend
conferences and workshops in the United States or abroad (see
Bohnenblust Travel Grants on page 306).

Mechanical Engineering

Aims and Scope of the Graduate Program

Mechanical Engineering (ME) research and study are offered
through the Department of Mechanical and Civil Engineering
(MCE). The degrees of Doctor of Philosophy (Ph.D.) and Master
of Science (M.S.) are offered. The M.S. degree is normally only
awarded to students who expect to pursue the Ph.D. degree in
mechanical engineering and who do not already have an M.S.

Special Regulations/Mechanical Engineering



378

degree in mechanical engineering. In general, students who intend
to work full-time toward the Ph.D. degree as a final degree objec-
tive are admitted to the mechanical engineering graduate program.

The aim of the graduate program in mechanical engineering at
Caltech is to prepare students for research and professional prac-
tice in an era of rapidly advancing interdisciplinary technology.
The program combines individual depth of experience and com-
petence in a particular chosen major specialty, with a strong back-
ground in the basic and engineering sciences. It strives to develop
professional independence, creativity, leadership, and the capacity
for continuing professional and intellectual growth.

Preparation for the Graduate Program

Students who have not specialized in mechanical engineering as
undergraduates, as well as those who have, may be admitted for
graduate study. As preparation for advanced study and research,
entering graduate students are expected to have a thorough back-
ground in undergraduate mathematics, physics, and engineering.
An outstanding four-year undergraduate program in mathematics
and sciences may provide a suitable background as well. The qual-
ifications of each applicant will be considered individually, and,
after being enrolled, the student will arrange his or her program in
consultation with a member of the faculty.

Master’s Degree Description and Requirements

The degree of Master of Science in mechanical engineering is only
awarded to students who do not already have an M.S. degree in
mechanical engineering. The degree will be awarded upon request
by students who have fulfilled the requirements. Only in excep-
tional cases is there admission to the M.S. program as the final
degree objective.

A minimum of 138 units of courses numbered 100 or above,
that meet the required master’s program listed below, must be
passed with a grade of at least C for completion of the master’s
degree in mechanical engineering. All units must be taken for
grades, except for courses offered only on a pass/fail basis. The
M.S. degree in mechanical engineering is typically completed with-
in the first two years of residency at Caltech.

Each student’s program must be approved by the advis3r and
option representative in mechanical and civil engineering before
registering for the course.

Required Master’s Program
a) Graduate mechanical engineering core (54 units). These units

should provide a solid base for the student’s engineering inter-

est. The courses should be selected from the core subjects list

Areas 1-3 of the mechanical engineering Degree of Doctor of

Philosophy Description and Requirements section.

b) Mathematics, engineering, and research electives (54 units).

Students who have not taken the equivalent of ACM 100 abc

are required to take ACM 100 abc for 36 units. Courses may be
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taken in Ae, AM, ACM, ME, MS, EE, ESE, APh, CDS, CS,
ChE, and CNS. Students are encouraged to take research units,
ME 300, up to a maximum of 27.

¢) Free electives (27 units). These units may be selected from any
course with a number of 100 or greater, except that research
units may not be included.

d) Graduate Engineering Seminar, AM/CE/ME 150 abc (3 units).

Degree of Doctor of Philosophy Description and Requirements

The Ph.D. degree in mechanical engineering is focused on
research. Study and research programs for the Ph.D. degree are
individually planned to fit the interests and background of the
student. A comprehensive research project resulting in an original
contribution to the field documented by a dissertation is required.
A minimum of three academic years in residence as a graduate
student are required by the Institute, and two or more additional
years are usually needed for preparation of the thesis.

Advising and Thesis Supervision. An interim adviser is appointed
for each student upon admission to a graduate degree in mechani-
cal engineering. The interim adviser will serve as the primary men-
tor until the student finds a research adviser. It is the responsibility
of the student to find an academic and research adviser within
three terms of graduate residence at Caltech. In consultation with
the adviser, the student must form a Ph.D. thesis advisory com-
mittee within four terms of graduate residence at Caltech. This
committee shall consist of at least three members of the Caltech
professorial faculty, with at least two members from the faculty
in mechanical and civil engineering. The committee shall meet
as requested by the student. Further, the committee shall meet 379
annually to review progress and to approve the registration of the
student beyond the fifth year of graduate residence at Caltech.

The adviser and the thesis advisory committee provide the
majority of mentoring to the student. In addition, the option rep-
resentative and other members of the faculty are always available to
provide advice and mentoring on any aspect of research, progress
toward the Ph.D., future careers, and other aspects of life in gradu-
ate school and as a professional scientist.

Admission to Candidacy. To be recommended for candidacy for
the Ph.D. degree in mechanical engineering, the student must, in
addition to meeting the general Institute requirements, do the fol-
lowing:

M Obtain the agreement of a professorial faculty member

to serve as his or her academic and research adviser before
the end of the third term of graduate residence at Caltech.
In consultation with the adviser, the student must

form a Ph.D. thesis advisory committee before the end

of the fourth term. This committee shall consist of at least
three members of the Caltech professorial faculty, with at
least two members from the faculty in mechanical and
civil engineering.
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a)

M Pass both subject and research components of the oral
candidacy examination before the end of the eighth term of
graduate academic residence at Caltech. If the student has
chosen a subject minor, an examination on the subject
of that program may be included at the request of the
discipline offering the subject minor.

B Complete a minimum of 195 units of courses numbered 101
or above, that meet the required Ph.D. program listed
below. All units must be taken for grades and passed with
a grade of at least a C, except for courses offered only on a
pass/fail basis. The course work towards the Ph.D. degree in
mechanical engineering is typically completed within the
first three years of residency at Caltech.

Required Ph.D. Program

Mechanical engineering core subjects (54 units). Course work
in three core mechanical engineering subjects, 18 units each of
the three subjects, spanning at least two broad areas listed
below. Most students prepare for the subject candidacy exam

by taking the recommended set of courses listed below in Areas
1-3, plus math. These 54 units may also be used in the student’s
program for the master’s degree. Examples of suitable courses
are given in parentheses.

Core ME Subjects

Area 1

Fluid Mechanics (Ae/APh/CE/ME 101 abc)

Mechanics of Structures and Solids (Ae/AM/CE/ME 102 abc)
Continuum Mechanics of Solids and Fluids (Ae/Ge/ME 160 ab)

Area 2

Thermodynamics and Statistical Mechanics (ME 117, ME 118,
APh 105, Ch/ChE 164, Ch 166)

Heat and Mass Transfer (ME 119 ab)

Combustion (ME 120 ab)

Area 3

Dynamical Systems (AM/CE 151 ab or CDS 140 & CDS 240)
Mechanical Systems and Design (ME 115 ab)

Controls (CDS 110, CDS 112, CDS 212)

The student may petition the mechanical and civil engineering
Option Representative to accept alternate subjects or areas.
These changes should retain core mechanical engineering
knowledge, should not be a sub-specialty of one of the listed
areas, and should represent sufficient breadth. The approval is
not automatic; such petitions are submitted rarely and many
have been denied in the past. The petition must be submitted
to the option representative and approved before the student
registers for the course.
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b) Additional engineering or science courses, with a course
number 101 or above (54 units). Pass with a grade of at least C,
courses that pertain to the student’s specialty and are approved
by the thesis advisory committee.

¢) Advanced mathematics or applied mathematics (27 units). Pass
with a grade of at least C, chosen in consultation with the
adviser from the following list: ACM 101 or higher, CDS 140,
Ma 108 or higher, Ph 129. The requirement in mathematics is
in addition to the requirements above.

d) Graduate engineering seminar (6 units). Pass six terms of AM/
CE/ME 150abc, within the twelve terms, 3 years, in residence
at Caltech.

e) Research (54 units). Successfully complete at least 54 units
of research and demonstrate satisfactory research progress.

The requirement of a minimum grade of C will be waived for
an advanced course which is offered only pass/fail. The faculty will
evaluate the student’s research progress, class performance, advis-
er’s input, and oral candidacy exam results to determine whether
a student will be admitted to or be able to maintain candidacy for
the Ph.D. degree.

Registration Beyond the Sixth Year of Graduate Residence. The
annual approval of the Ph.D. dissertation supervision committee is
necessary for registration beyond the twenty-fourth academic term
of graduate residence at Caltech.

Thesis and Final Examination. The thesis examination will be
given after the thesis has been formally completed. This examina-
tion will be a defense of the doctoral thesis and a test of the candi-
date’s knowledge in the specialized field of research. The format of  [EEH
the examination can be chosen from the following two options, by
the student, in consultation with their research advisor: (i) a public
seminar presented by the candidate, with an open question period,
followed by a private examination by the examining committee or
(ii) a private presentation to the examining committee followed by
the examination, with a public seminar on another date. The exam-
ining committee shall consist of a minimum of four voting mem-
bers, three of whom must be Caltech faculty; two members must
be from MCE. The thesis defense committee shall be chaired by
a committee member who is an MCE Caltech professorial faculty
member and not the student’s adviser.

Subject Minor

A student majoring in another branch of engineering or another
division of the Institute may, with the approval of the faculty in
mechanical engineering and the faculty in his or her major field,
elect mechanical engineering as a subject minor. The program of
courses must differ markedly from the major subject of study or
research, and must consist of at least 54 units of advanced courses
(101 or above) approved by the faculty in mechanical and civil
engineering.
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Medical Engineering

Aims and Scope of the Graduate Program

The Medical Engineering option at Caltech is designed for stu-
dents with an engineering background who are interested in
applications of micro-/nanoscale science and technology in medi-
cine, which forms the core of Caltech’s multidisciplinary Medical
Engineering. The program’s goal is to close the gap between engi-
neering and medicine. Our Medical Engineering research and edu-
cation leverage Caltech’s strengths in engineering, applied science,
and other fundamental fields, to apply emerging technological
advances to medicine, and to create innovative diagnostic, moni-
toring, and therapeutic systems. Our major tracks of research are:
micro/nano medical technologies and devices, medical nanoelec-
tronics, biomedical materials and biomechanics, fluidics and bioin-
spired design, and medical imaging and sensing.

Master’s Degree in Medical Engineering

Students are not normally admitted to work towards the M.S.
degree. However, the M.S. degree may be awarded to a student
along the way toward a PhD degree, provided Institute and Option
requirements are met. The Option requirements for the MS
degree are the same as those for the PhD degree except that the
MS degree does not require research units, qualifying exam,
candidacy exam, and thesis defense. In general, the degree is not
conferred before the end of the first year of residence.

Degree of Doctor of Philosophy in Medical Engineering

(I) Admission to Candidacy. To be recommended for candidacy for
the Ph.D. program in Medical Engineering, each student must, in
addition to meeting the general Institute requirements of a mini-
mum of 135 units of graduate work, complete all the following
requirements:

m Complete 27 units of advanced courses (i.e., 100 level or
above), with a grade B or better, in mathematics as arranged
with his/her adviser. Math courses that are recommended
include, but are not limited to: ACM 100abc, ACM 101,
ACM 104, ACM 105, ACM 106 abc, GE/ESE 118, ACM
201 ab, ACM 210 ab, ACM/EE/CMS 116, AM 125abc, and
Ma 112 ab.

m Complete the three-term seminar sequence, MedE 100 abc
(1 unit), with a pass grade.

m Complete MedE 101 (9 units) with a pass grade.

m Complete the two-term core Medical Engineering course
sequence, MedE 201 ab (18 units), with a B grade or better.

m Complete MedE/BE/Ae 243 (9 units), with a B grade or
better.

m Complete at least 27 units of MedE 291 individual research.
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m Complete minimally an additional 42 units of advanced
courses (100 level or higher and, if available, grades only) in
the following 8 topical areas as arranged with the student’s
adviser. Courses that are recommended but not limited to,
include:

(1) Fundamental and Mathematically Oriented Engineering:
APh/EE 130 (EM), CDS 101, CDS 110, CDS 140,

ChE 103 abc, EE 111, EE112, EE/Ma 126ab, EE 151, EE
160, EE 161, MS 115, ME 115 ab, ME 117, ME 118,
ME 119 ab.

(2) Solid Mechanics: Ae/AM/CE/ME 102 abc, Ae 160, AM/CE
151 ab, MS/ME 162.

(3) Fluid Mechanics: Ae/APh/CE/ME 101 abc, Ae 160, Ae/BE
242, MedE/BE/Ae 243, ChE 112.

(4) Biology and Physiology: BE 150, BE 151, BE/Bi 152, BE
159, Bi/Ch 110, Bi/Ch 113, Bi 122, Bi 129, Bi 145, Bi/CNS/
NB 150, Bi/CNS 162, CNS/Bi/Ph/CS/NB 187.

(5) Biomaterials, Biomechanics, and Bioinspired Design: Ae/BE
242, MedE/Ae/BE 243, BE 141, BE159, Ch/ChE 147,
MS/ME 162, ME/MS 260, MS 115.

(6) Medical Photonics and Imaging: APh/EE 130, APh/EE 131,
APh/EE 132, Bi/BE 177, Bi/BE 227, ChE 114,

EE/MedE 115, EE 151, EE/BE/MedE 166.

(7) BioSensing: APh/EE 130, APh/EE 131, APh/EE 132,
EE/MedE 114ab, EE/MedE 115, EE 151, EE 161, EE/BE/
MedE 166, EE/APh 180.

(8) Medical Technologies and Devices: APh 109, APh 114abc,
APh/EE 130, APh/EE 131, APh/EE 132, BE/EE/MedE
189, ChE 112, ChE 115, EE 12, EE/MedE 114 ab, 383
EE/MedE 124, EE 151, EE 161, EE/APh 180,
EE/BE/MedE 185, EE/MedE 187.

Pass an oral qualifying examination, arranged by the Option,

on three major subjects before the beginning of the second

academic year. Any delay of taking the exam must be preap-
proved by the Option Representative. Each student should
consult his/her adviser and/or the Option Representative to
choose the three major subjects. The three subjects of the exam
should include (1) engineering math, (2) the major research
topical area, and (3) another related topical area. Students
should take at least 27 units of advanced courses on each of

the three exam subjects. If the student has a subject minor,

examination on the minor subject may be included at the

request of the discipline offering the minor and with the
approval of his/her adviser. Note that the program is designed
for the students to have multidisciplinary background.

Pass an oral candidacy examination on the subject of the Ph.D.

research before the end of the third academic year of residency.

The Ph.D. oral candidacy exam is conducted by a committee of

minimum four members that is set up by the student and
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approved by the Option Representative. This examination will
be a test of the candidate’s preparation and knowledge to con-
duct research in his or her specialized doctoral research area.
(2) Thesis and Final Examination.

The Ph.D. final thesis defense exam is conducted by a com-
mittee that are set up by the student and approved by the
Option Representative. The committee should be made of
minimum 5 members and the majority must be MedE faculty.
This final examination will be given no less than two weeks
after the doctoral thesis has been presented in final form, and
before its approval. This examination must be taken at least
four weeks before the commencement at which the degree is to
be granted. This thesis examination will be a defense of the
doctoral thesis and a test of the candidate’s knowledge in his or
her specialized doctoral research area.

Subject Minor

A subject minor is not required, but recommended, for the Ph.D.
degree in Medical Engineering. However, credits from the subject
minor can not be double-counted for the core program. Students
may choose their original engineering disciplines as their minor
subjects. Students are not allowed to choose Medical Engineering
as a subject minor.

Neurobiology

Aims and Scope of the Graduate Program

Neurobiology—the study of the nervous system—is a highly inte-
grative science. The modern neurobiologist must be conversant
with concepts from molecular biology, cell and developmental
biology, systems neuroscience, animal behavior, and mathemati-
cal modeling. The aim of the graduate program is to expose each
student to this breadth of the discipline. To accomplish this, we
offer a first-year curriculum with requirements in specified areas,
along with a core course that spans many subjects. Students enter
neurobiology from many different disciplines, ranging from parti-
cle physics to physiology to psychology. Accordingly, each Ph.D.
student is paired with a first-year advisor, so the course selections
can best complement the student’s background. In later years, the
student’s focus is on original research in a chosen specialty. Our
goal is that students will graduate with specific research accom-
plishments and the broad understanding required to chart their
subsequent forays in brain science.

Admission

Applicants are expected to have studied college-level mathematics,
physics, chemistry, and biology. They should also have experi-
ence in independent research. Coursework in neurobiology and
experience in scientific computing are helpful, but not required.
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Whenever possible, applicants will be interviewed on campus
before final admission decisions are made.

Master’s Degree

The option does not admit students for work toward the Master’s
degree. A terminal M.S. may be awarded in exceptional circum-
stances.

Degree of Doctor of Philosophy

First-year advisor

Each incoming student is paired with an academic advisor during
the first year. This mentor will guide the student in course selec-
tion and other decisions, taking the student’s background into
account. Where possible, this advisor will not be one of the pro-
spective rotation supervisors.

Rotations

First-year students carry out three laboratory rotations, each last-
ing one quarter. At least two of these should be with faculty partic-
ipating in the option. By June 30 of the first year, students choose
a Ph.D. advisor.

Formal Classes
Students take at least 6 quarter courses (54 units) as follows:
1. Bi/CNS/NB 164, Tools of Neurobiology
2. One course in molecular, cellular, developmental
neurobiology;
3. One course in circuits, systems, behavioral biology;
4. One course in mathematical methods (depending on student
background); 385
5. Two electives.
For a list of courses in subject areas 1-3, see the option website. In
addition, students take a short course on responsible conduct of
research (Bi 252). All courses must be taken for a grade unless only
offered pass/fail.

Teaching
Students serve as teaching assistants for three terms.

Admission to Candidacy

To qualify for candidacy, the student must first demonstrate broad
competence by passing each of the first-year courses with a grade
of B or higher. Failure here can be remedied by successful sec-
ond-year coursework. By June of the second year, the student must
also defend a thesis proposal in an oral exam before a qualifying
exam committee of at least 3 faculty. This exam will also cover
general knowledge in the relevant field. With special permission,
the oral exam may be retaken once before the end of winter quar-
ter of the third year. Students that do not advance to candidacy by
the end of the third year may not continue in the program.
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Thesis Advisory Committee

Once admitted to candidacy, the student chooses a thesis advisory
committee of at least 3 faculty. This committee serves as a source
of advice independent of the Ph.D. advisor throughout the stu-
dent’s tenure. Each year, before the end of June, the student deliv-
ers a written progress report, followed by a meeting with the thesis
advisory committee.

Thesis Examination Committee

This committee is usually the same as the thesis advisory com-
mittee, but this need not be the case. The final oral examination
covers principally the work of the thesis, and according to Institute
regulations must be held at least two weeks before the degree is
conferred.

Physics

Aims and Scope of the Graduate Program

The physics option offers a program leading to the degree of
Doctor of Philosophy. This program prepares students for careers
in scientific research or research combined with teaching, and

so its most important part is independent research. Courses are
offered that give a broad treatment of both fundamental physics
and specialized physics research topics. These are intended both
to help a beginning graduate student prepare for research and

to broaden an advanced student’s knowledge of physics. Caltech
research opportunities include elementary particle physics, nuclear
physics, cosmic-ray, gamma-ray, and X-ray astronomy, submillime-
ter astronomy, condensed-matter physics, atomic/molecular/optical
physics, quantum optics, applied physics, gravitational physics,
cosmology, astrophysics, mathematical physics, biophysics, and
theoretical physics.

A Master of Science degree may be awarded upon completion
of a program of courses. Students are not normally admitted to
work toward the M.S. in physics unless they are also working
toward a Ph.D.

Admission. The application submission deadline for Physics is
December 15. The admission process follows Institute regulations.
Applicants are required to submit Graduate Record Examination
(GRE) scores for the general test and scores for the Advanced
Physics subject test.

Placement Examinations. Students admitted to work for an
advanced degree in physics are required to take placement exam-
inations, typically given the Monday of general orientation week
before the student’s first term of graduate study. These informal
exams are used as a guide in selecting the proper course of study.
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The exams cover material in classical mechanics, electromag-
netism, quantum mechanics, statistical mechanics, and mathe-
matical physics. In general, they will be designed to test whether
the student possesses an understanding of general principles

and the ability to apply these to concrete problems, rather than
detailed informational knowledge. The results of the placement
exams are not formally recorded as a part of the student’s record.
In cases in which there is a clear basis for ascertaining the status of
the entering graduate student, the placement exams may be waived.

Master’s Degree

A Master of Science degree in physics will be awarded, upon
request, to physics Ph.D. students who have completed the oral
and written candidacy examinations. Alternatively, a master’s
degree will be awarded to any Caltech graduate student in good
standing upon satisfactory completion of a program approved by
the option representative that fulfills the following requirements:

Ph 125 abc 27 units
(If this course, or its equivalent, was taken
as part of an undergraduate program, it
may be replaced by 27 units of any
guantum-mechanics—based course.)

Physics electives 81 units
These must be selected from Ph 103,

Ph 105, Ph 118, Ph 127, Ph 129,
Ph 135, Ph 136, or physics courses
numbered 200 or above.

Other electives 27 units
These must be graduate courses from 387
physics or any other option, including the
humanities.

Substitutions of other graduate courses in place of the above

requirements must be approved by the option representative.

In exceptional cases, undergraduate students may receive
concurrent B.S./M.S. degrees if the above requirements are met in
addition to the relevant B.S. requirements, upon approval from the
Physics Graduate Committee, the graduate admissions committee,
and the physics executive officer. Such students must produce a
detailed petition demonstrating accomplishments that would
warrant normal admission to the physics graduate program.

Degree of Doctor of Philosophy

In addition to the general Institute requirements for a Ph.D., the
particular requirements for a doctorate in physics include admis-
sion to candidacy as described below, writing a thesis that describes
the results of independent research, and passing a final oral exam-
ination based on this thesis and research. Physics graduate students
may exercise the pass/fail option on any and all courses taken.
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Admission to Candidacy. To be recommended for Ph.D. candi-
dacy, a student must pass two terms of Physics Seminar (Ph 242),
pass written candidacy examinations covering basic physics, satisfy
the Advanced Physics requirements described below, and pass an
oral candidacy examination. These requirements are designed to
ensure that students have an adequate preparation in the basic
tools of physics, as well as a broad general knowledge of advanced
physics.

Basic Physics Requirement. To be admitted to candidacy, physics
students must demonstrate proficiency in all areas of basic physics,
including classical mechanics (including continuum mechanics),
electricity and magnetism, quantum mechanics, statistical physics,
optics, basic mathematical methods of physics, and the physical
origin of everyday phenomena. A solid understanding of these
fundamental areas of physics is considered essential, so profi-
ciency will be tested by written candidacy examinations.

No specific course work is required for the basic physics
requirement, but some students may benefit from taking several
of the basic graduate courses, such as Ph 106, Ph 125, and Ph 127.
A syllabus describing the exam contents will be available, and
students are encouraged to study independently for the exams,
rather than taking a heavy load of basic physics courses.

The written exams are typically offered in June and in October,
and the separate exams may be taken at different times. This flexi-
ble scheduling of the written exams allows students to prepare for
the exams while simultaneously learning about research areas,
either through advanced courses, reading courses, or participation
in a research group.

Advanced Physics Requirement. In addition to demonstrating a
proficiency in basic physics, students must also establish a broad
understanding of modern physics through study in six of the
following eight areas of advanced physics:

1. elementary particle physics
. nuclear physics
. atomic/molecular/optical physics
. condensed-matter physics
. gravitational physics
. astrophysics
. mathematical physics
. interdisciplinary physics (e.g., biophysics, applied physics,

chemical physics)

Each area is meant to be covered by the equivalent of a one-
term course, and a list of course substitutions for each of the areas
can be found at the physics department website. Other courses
may be substituted with permission of the Physics Graduate
Committee.

O~NOOThWN

Oral Candidacy Exam. This exam is primarily a test of the
candidate’s suitability for research in his or her chosen field. The
chair of the examination committee will be the professor the
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student plans to do research with, and normally the student will
have already begun research (Ph 172 or Ph 173) on a definite
topic with that professor. The examination will cover the student’s
research work and its relation to the general field of specialization.
Before being allowed to take this exam, a student must have
satisfied all the other requirements for admission to candidacy.

Research Requirements. There are no specific research require-
ments, but in general a substantial effort is required to master the
techniques in a given field and carry out a significant piece of
original research. Students are strongly advised to start doing part-
time research as soon as possible, and to carry it on in parallel with
formal course work, taking reading and research units (Ph 171-173)
prior to being admitted to candidacy. Typically, students continue
graduate study and research for about two years after admission to
candidacy.

Scheduling. Although students are encouraged to begin doing
research soon after arriving at Caltech, they should also try to
complete the requirements for candidacy as quickly as possible
before focusing completely on a particular research area. Thus Ph 242
should be taken by all students in their first year of graduate study.
The written candidacy exams should be attempted by the end of a
student’s first year of study, and be passed by the end of the second
year. The Advanced Physics requirements should also be completed by
the end of the second year, but may be extended into the third year
depending on the availability of specific courses. If these deadlines
are not met, a student must petition the Physics Graduate Committee
before registration for subsequent terms will be allowed.

Advising and Thesis Supervision. After taking the placement
exams described above, physics graduate students meet with the
chair of the admissions committee to decide on a first-year course
schedule. At this time it is appropriate for students, especially those
admitted with GRAs, to consult with the admissions chair, the
option representative, the executive officer, and/or individual
faculty members to select a tentative research group, if this hasn’'t
already occurred over the summer. At any time, a student may
consult with the option representative concerning such matters as
advising and switching research groups. When the student is ready
to form his or her candidacy committee, this is done in consultation
with the executive officer. This committee, besides examining
the student’s knowledge of his or her chosen field, will consider
the appropriateness and scope of the proposed thesis research.
Supervision of the thesis research is the responsibility of the thesis
adviser, and the student should maintain close contact with his or
her adviser. In some circumstances, such as interdisciplinary work
with an adviser from another department, a special committee may
be formed to follow the progress of the research as well.

The Minor. A minor is not required, but a student may elect to
pursue a minor in another option.

Language Requirements. There are no language requirements for
a Ph.D. in physics.
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Thesis and Final Examination. A final oral examination will be
given not less than two weeks after the thesis has been presented in
final form. This examination will cover the thesis topic and its
relation to the general body of knowledge of physics. The candidate
is responsible for completing the thesis early enough to allow
the fulfillment of all division and Institute requirements, with due
regard for possible scheduling conflicts.

Subject Minor

Students desiring a subject minor in physics should discuss their
proposed program with the chair of the Physics Graduate
Committee. Forty-five units are required for approval of a subject
minor in physics. Physics courses with numbers over 100 will be
allowed for the subject minor. At least 18 of the 45 units must

be chosen from the physics electives list (see list under Master’s
Degree in this section), excluding Ph 129 and any specific courses
in physics required for the student’s major program. An oral exam
may be required by the Physics Graduate Committee. This exam
will include both academic topics and topics on current physics
research areas. The oral exam may be waived if at least one term
of Ph 242 has been taken successfully, or if all 45 units are in let-
ter-graded (not pass/fail) courses.

Social Science

Aims and Scope of the Graduate Program

The Caltech Ph.D. program in social science prepares students
for an academic career in economics and political science. It is
designed to produce scholars who are well grounded in the the-
oretical perspectives, the quantitative techniques, and the experi-
mental methods of economics and political science.

Master’s Degree

Students who are enrolled in the Social Science Ph.D. program
may earn a M.S. degree after successful completion of 36 units
of course work, approved at least with a B grade, in addition to
completing the coursework required for the first year of the PhD
program.

Admission. Admission to the Caltech Ph.D. program is based
on prospective students’ academic records, research interests,
GRE scores, and letters of recommendation. Students who are not
native English speakers are also required to submit scores from the
TOEFL exam.

Course Program.

First year. The first-year curriculum consists of the following
three-quarter course sequences: Analytical Foundations in Social
Science (SS 201 abc); Political Theory (SS 202 abc); Foundations
of Economics (SS 205 abc) and Econometrics (SS 222 abc). Each
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class must be completed with a grade of B or better. Students are
also required to audit one quarter of an introductory social science
class, either Introduction to Economics (Ec 11) or Introduction

to Political Science (PS 12).

Before the start of the second year, students are required to take
a written preliminary examination which has four components,
each corresponding to one of the first-year course sequences (SS
201, SS 202, SS 205, and SS 222). The grades given are Honors,
Pass, and Fail. Students must achieve at least a Pass in all four
parts. The Social Science faculty will review the student’s perfor-
mance on the exam, and progress, to date. If it is not satisfactory,
they may terminate the student from the program by the begin-
ning of the second year.

Second year. Second-year courses provide additional training
in various subfields of social science. Students are expected to take
at least two second-year course sequences. Such course sequences
include Foundations of Political Economy (SS 210 abc), Advanced
Economic Theory (SS 211 abc), Applications of Microeconomic
Theory (SS 212 abc), Identification Problems in the Social
Sciences (SS 227 abc), American Politics (SS 231 abc), and Experi-
mental Methods of Political Economy (SS 260 abc). Courses that
are offered frequently, but not necessarily every year, include
Financial Economics (SS 213 abc) and Advanced Topics on
Econometric Theory (SS 223 abc). Students may fulfill the sec-
ond-year sequence requirement by taking a sequence of courses in
mathematics, such as Classical Analysis (Ma 108), Analysis (Ma
110), Probability Theory (Ma 144), or Convex Analysis and
Economics (Ec 181).

Second-year students must enroll in 36 units of courses during 391
the Fall and Winter; and 18 units during the Spring. In the Spring,
students should enroll in SS 300, a seminar devoted to work on
their second-year paper, and the Graduate Social Science Writing
Seminar (SS 281). SS 300 is taken on a pass/fail basis. All other
classes offered for grades must be taken on grades, and completed
with a grade of B or better. Students may take independent reading
and study courses, but during the second year such courses do not
count toward the above requirements.

Third year. Beginning in their third year, and in all subsequent
years, all students should also enroll in the 3-unit graduate student
seminar (SS282) every quarter. Every student must make a pre-
sentatation in this class at least once a year. Students should enroll
in Research in Social Science (SS300) for the units remaining to
reach 36.

Fourth and fifth year. Students need to register for 33 units of
SS 300 and 3 units of the graduate student seminar SS 282.

Progress in the program, and advancement to candidacy
In addition to the coursework and examinations described
above, students must enroll in 36 units per quarter, and com-
plete the following requirements.
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By February 1 of their second year, students should choose a
second-year paper adviser. The adviser must be a member of the
social science faculty at Caltech. The DGS will appoint a second
faculty reviewer, and together with the second-year paper adviser,
they will monitor and evaluate progress on the second-year paper.

By the end of the second year, students must submit a research
paper to the DGS and their two-faculty committee. The paper
cannot be co-authored. If the two faculty reviewers find that a
student’s second-year paper is satisfactory, the student advances to
the third year. If they do not, the social science faculty as a whole
will review the student’s paper. If they decide that the paper is not
satisfactory, they may terminate the student from the program.

Third-year students must write a research paper and present it
to the faculty by the end of the third quarter. The paper cannot
be co-authored, but should be worked on in consultation with and
under the direction of the student’s adviser. The paper and the
presentation must demonstrate to the faculty
that the student is capable of undertaking original research and
presenting it to a scholarly audience.

After completion of the third-year paper presentation, the social
science faculty evaluates the student’s overall performance and
research potential. This review is based primarily upon the third-
year paper, but the faculty also verifies that the student has satis-
factorily completed all previous requirements.

If this evaluation is favorable, the student is admitted to candidacy
for the Ph.D. At this point students need to file candidacy papers
with the Dean of Graduate Studies. If the faculty evaluation is
unfavorable, the student may be terminated from the program.

Organization of Thesis Committee.

By October 1 of their third year, students should have selected a
primary adviser. The adviser shall serve as chair of the student’s
dissertation committee, and must be a member of the social science
faculty at Caltech. It is possible to change advisers if a student’s
research interests change. Students, in consultation with their advi-
sor, must select two additional committee members after the stu-
dent has advanced to candidacy (normally by the beginning of their
fourth year). One member may be from outside the social science
faculty, but such choices must be approved by the DGS. After a
student advances to candidacy, the division chairperson shall select
a fourth member of the committee with an eye to representing the
diverse interests of the social science faculty.

Degree of Doctor of Philosophy

By November 1 of their fourth year, students must complete a
dissertation prospectus that outlines the proposed dissertation
work, and presents a tentative schedule detailing when the compo-
nents of the dissertation are to be completed. The prospectus must

Graduate Information



clearly identify a project, or dissertation components, that should
culminate in a job market paper at the beginning of the student’s
fifth year (August before the start of the fifth year, in the case of

students who seek a position in political science). The prospectus
must be approved by the dissertation committee by November 1,
and communicated by the principal adviser to the DGS.

By May 1 of the fourth year, all students are required to convene
a thesis prospectus seminar with their adviser and other committee
members. In this seminar, they are to report on the current status
of their dissertation research and outline a plan and timeline for
completing it. The seminar must be based on the student’s planned
job market paper, and a draft of this paper must accompany the
proposal. Students and their committee should reach a clear, mutu-
al understanding as to what additional work needs to be done to
complete and to successfully defend their dissertation.

After the dissertation has been completed, students, in consulta-
tion with their adviser, must schedule an oral defense. Students
must provide a written copy of their dissertation to the DGS at
least two weeks prior to the oral defense date. The dissertation is
expected to represent publishable, original
research.
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Section Five

Courses

Courses



Courses numbered below 100 are taken primarily by undergradu-
ate students. Those numbered from 100 to 199 are taken by both
undergraduates and graduates, and those numbered 200 and above
are taken primarily by graduate students.

The school year is divided into three terms. The number of units
assigned in any term to any subject represents the number of hours
spent in class, in laboratory, and estimated to be spent in preparation
per week. In the following schedules, figures in parentheses denote
hours in class (first figure), hours in laboratory (second figure), and
hours of outside preparation (third figure).

At the end of the seventh week of each term, a list of courses to
be offered the following term is published by the Registrar’s Office.
On the day of registration (see Academic Calendar), an updated and
revised course schedule is published announcing the courses, class
hours, and room assignments for the term. Students may not sched-
ule two courses taught at the same time.

Abbreviations

Ae Aerospace ESE  Environmental Science
An Anthropology and Engineering
ACM  Applied and F Film
Computational FS Freshman Seminar
Mathematics Ge Geological and Planetary
AM Applied Mechanics Sciences
APh Applied Physics H History
Art Art History HPS  History and Philosophy
Ay Astrophysics of Science
BMB  Biochemistry and Hum  Humanities
Molecular Biophysics ISP Independent Studies
BE Bioengineering Program
Bi Biology IST Information Science and
BEM  Business Economics and Technology
Management L Languages
ChE Chemical Engineering Law Law
Ch Chemistry MS Materials Science
CE Civil Engineering Ma Mathematics
CNS  Computation and Neural ME Mechanical Engineering
Systems MedE Medical Engineering
Cs Computer Science Mu Music
CMS  Computing and NB Neurobiology
Mathematical Sciences PA Performance and Activities
CDS  Control and Dynamical PI Philosophy
Systems PE Physical Education
Ec Economics Ph Physics
EE Electrical Engineering PS Political Science
EST  Energy Science and Psy Psychology
Technology SS Social Science
E Engineering WR Writing
En English
ESL English As a Second
Language
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AEROSPACE

Ae 100. Research in Aerospace. Units to be arranged in accordance with
work accomplished. Open to suitably qualified undergraduates and first-
year graduate students under the direction of the staff. Credit is based
on the satisfactory completion of a substantive research report, which
must be approved by the Ae 100 adviser and by the option representa-
tive.

Ae/APh/CE/ME 101 abc. Fluid Mechanics. 9 units (3-0-6); first, sec-
ond, third terms. Prerequisites: APh 17 or ME 11 abc, and ME 12 or equiva-
lent, ACM 95/100 or equivalent (may be taken concurrently). Fundamentals
of fluid mechanics. Microscopic and macroscopic properties of liquids
and gases; the continuum hypothesis; review of thermodynamics;
general equations of motion; kinematics; stresses; constitutive relations;
vorticity, circulation; Bernoulli’s equation; potential flow; thin-airfoil
theory; surface gravity waves; buoyancy-driven flows; rotating flows;
viscous creeping flow; viscous boundary layers; introduction to stability
and turbulence; quasi one-dimensional compressible flow; shock waves;
unsteady compressible flow; and acoustics. Instructor: Shepherd.

Ae/AM/CE/ME 102 abc. Mechanics of Structures and Solids.

9 units (3-0-6); first, second, third terms. Prerequisite: ME 35 abc or equiva-
lent. Static and dynamic stress analysis. Two- and three-dimensional
theory of stressed elastic solids. Analysis of structural elements with
applications in a variety of fields. Variational theorems and approximate
solutions, finite elements. A variety of special topics will be discussed

in the third term such as, but not limited to, elastic stability, wave
propagation, and introductory fracture mechanics. Instructors: Ortiz,
Pellegrino.

Ae/APh 104 abc. Experimental Methods. 9 units (3-0-6) first term;
(0-6-3) second, third terms. Prerequisites: ACM 95/100 abc or equivalent
(may be taken concurrently), Ae/APh/CE/ME 101 abc or equivalent (may

be taken concurrently). Lectures on experiment design and implementa-
tion. Measurement methods, transducer fundamentals, instrumenta-
tion, optical systems, signal processing, noise theory, analog and digital
electronic fundamentals, with data acquisition and processing systems.
Experiments (second and third terms) in solid and fluid mechanics with
emphasis on current research methods. Instructor: Ravichandran.

Ae 105 abc. Aerospace Engineering. 9 units (3-0-6); first, second, third
terms. Prerequisites: APh 17 or ME 11 abc and ME 12 or equivalent. Part
a: Introduction to spacecraft systems and subsystems, mission design,
fundamentals of orbital and rocket mechanics, launch vehicles and
space environments; JPL-assisted design exercise; spacecraft mechani-
cal, structural, and thermal design; numerical modeling, test validation.
Part b: Introduction to guidance, navigation, and control (GNC), mea-
surement systems, Kalman filtering, system analysis, simulation, statisti-
cal error analysis, case studies of JPL GNC applications; preliminary
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discussion and setup for team project leading to system requirements
review. Part ¢: Team project leading to preliminary design review and
critical design review. Instructors: Pellegrino, Davis, Scharf.

CE/Ae/AM 108 ab. Computational Mechanics. 9 units (3-0-6).
For course description, see Civil Engineering.

Ae 115 ab. Spacecraft Navigation. 9 units (3-0-6); first, second terms.
Prerequisite: CDS 110 a. This course will survey all aspects of modern
spacecraft navigation, including astrodynamics, tracking systems for
both low-Earth and deep-space applications (including the Global
Positioning System and the Deep Space Network observables), and the
statistical orbit determination problem (in both the batch and sequen-
tial Kalman filter implementations). The course will describe some

of the scientific applications directly derived from precision orbital
knowledge, such as planetary gravity field and topography modeling.
Numerous examples drawn from actual missions as navigated at JPL
will be discussed. Not offered 2014-15.

APh/Ph/Ae 116. Physics of Thermal and Mass Transport in Hy-
drodynamic Systems. 12 units (3-0-9), second term. For course descrip-
tion, see Applied Physics.

Ae/ME 118. Classical Thermodynamics. 9 units (3-0-6); first term.
Prerequisites: ME 11 abc, ME 12, or equivalent. Fundamentals of classical
thermodynamics. Basic postulates and laws of thermodynamics, work
and heat, entropy and available work, and thermal systems. Equations
of state, compressibility functions, and the Law of Corresponding
States. Thermodynamic potentials, chemical and phase equilibrium,
phase transitions, and thermodynamic properties of solids, liquids, and
gases. Examples will be drawn from fluid dynamics, solid mechanics,
and thermal science applications. Instructors: Dimotakis.

Ae/ME 120 ab. Combustion Fundamentals. 9 units (3-0-6); second,

third terms. Prerequisite: ME 119 a or equivalent. The course will cover
thermodynamics of pure substances and mixtures, equations of state,

chemical equilibrium, chemical kinetics, combustion chemistry, trans-

port phenomena, and the governing equations for multicomponent

gas mixtures. Topics will be chosen from non-premixed and premixed 397
flames, the fluid mechanics of laminar flames, flame mechanisms of
combustion-generated pollutants, and numerical simulations of multi-
component reacting flows. Instructor: Blanquart.

Ae 121 abc. Space Propulsion. 9 units (3-0-6); each term. Open to all
graduate students and to seniors with instructor’s permission. Ae 121 is de-
signed to introduce the fundamentals of chemical, electric and advanced
propulsion technologies. The course focuses on the thermochemistry
and aerodynamics of chemical and electrothermal propulsion systems,
the physics of ionized gases and electrostatic and electromagnetic
processes in electric thrusters. These analyses provide the opportu-
nity to introduce the basic concepts of non-equilibrium gas dynamics
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and kinetic theory. Specific technologies such as launch vehicle rocket
engines, monopropellant engines, arcjets, ion thrusters, magnetoplas-
madynamic engines and Hall thrusters will be discussed. Ae 121 also
provides an introduction to advanced propulsion concepts such as solar
sails and antimatter rockets. Instructor: Polk.

Ae 150 abc. Aerospace Engineering Seminar. 1 unit; first, second,
third terms. Speakers from campus and outside research and manufac-
turing organizations discuss current problems and advances in aero-
space engineering. Graded pass/fail. Instructor: McKeon.

EE/Ae 157 ab. Introduction to the Physics of Remote Sensing.
9 units (3-0-6); first, second terms. For course description, see Electrical
Engineering.

Ae 159. Space Optical System Engineering. 9 units (3-0-6); third
term. Prerequisites: Ph 2, EE/Ae 157, or equivalent; APh 23 desirable. In-
troduction to optical system engineering for remote sensing from space
will be presented. End-to-end optical systems are discussed within the
framework of the 10 scientific/technical disciplines required to build

a successful system: optical engineering, physical optics of materials,
solid-state physics/detectors, mechanics and mechanisms engineer-

ing, wavefront sensing and control, structures and dynamics, thermal
engineering, spacecraft engineering, psychology of vision and software
processing of images, and end-to-end system validation and calibration.
Emphasis will be on the development of optical engineering tools. Not
offered 2014-15.

Ae/Ge/ME 160 ab. Continuum Mechanics of Fluids and Solids.

9 units (3-0-6); first, second terms. Elements of Cartesian tensors.
Configurations and motions of a body. Kinematics—study of deforma-
tions, rotations and stretches, polar decomposition. Lagrangian and
Eulerian strain velocity and spin tensor fields. Irrotational motions,
rigid motions. Kinetics—balance laws. Linear and angular momentum,
force, traction stress. Cauchy’s theorem, properties of Cauchy’s stress.
Equations of motion, equilibrium equations. Power theorem, nominal
(Piola-Kirchoff) stress. Thermodynamics of bodies. Internal energy,
heat flux, heat supply. Laws of thermodynamics, notions of entropy,
absolute temperature. Entropy inequality (Clausius-Duhem). Examples
of special classes of constitutive laws for materials without memory.
Obijective rates, corotational, convected rates. Principles of materials
frame indifference. Examples: the isotropic Navier-Stokes fluid, the iso-
tropic thermoelastic solid. Basics of finite differences, finite elements,
and boundary integral methods, and their applications to continuum
mechanics problems illustrating a variety of classes of constitutive laws.
Instructor: Ortiz.

Ae/CE 165 ab. Mechanics of Composite Materials and Structures.
9 units (2-2-5); second, third terms. Prerequisite: Ae/AM/CE/ME 102 a or
ME 65. Introduction and fabrication technology, elastic deformation
of composites, stiffness bounds, on- and off-axis elastic constants for a
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lamina, elastic deformation of multidirectional laminates (lamination
theory, ABD matrix), effective hygrothermal properties, mechanisms of
yield and failure for a laminate, strength of a single ply, failure models,
splitting and delamination. Experimental methods for characteriza-
tion and testing of composite materials. Design criteria, application of
design methods to select a suitable laminate using composite design
software, hand layup of a simple laminate and measurement of its stiff-
ness and thermoelastic coefficients. Not offered 2014-15.

Ae 200. Advanced Research in Aerospace. Units to be arranged. Ae.E.
or Ph.D. thesis level research under the direction of the staff. A written
research report must be submitted during finals week each term.

Ae 201 ab. Advanced Fluid Mechanics. 9 units (3-0-6); first, second
terms. Prerequisites: Ae/APh/CE/ME 101 abc or equivalent; AM 125 ahc
or ACM 101 (may be taken concurrently). Foundations of the mechan-
ics of real fluids. Basic concepts will be emphasized. Subjects covered
will include a selection from the following topics: physical properties
of real gases; the equations of motion of viscous and inviscid fluids; the
dynamical significance of vorticity; vortex dynamics; exact solutions;
motion at high Reynolds numbers; hydrodynamic stability; boundary
layers; flow past bodies; compressible flow; subsonic, transonic, and
supersonic flow; shock waves. Not offered 2014-15.

Ae 204 ab. Technical Fluid Mechanics. 9 units (3-0-6); second, third
terms. Prerequisite: Ae/APh/CE/ME 101 abc or equivalent. External and
internal flow problems encountered in engineering, for which only
empirical methods exist. Turbulent shear flow, separation, transition,
three-dimensional and nonsteady effects. Basis of engineering practice
in the design of devices such as mixers, ejectors, diffusers, and control
valves. Studies of flow-induced oscillations, wind effects on structures,
vehicle aerodynamics. Not offered 2014-15.

Ae 205 ab. Advanced Space Project. 9 units (2-4-3) ; second, third
terms. Prerequisites: Ae105 abc. This is an advanced course on the design
and implementation of space projects and it is currently focused on the
flight project Autonomous Assembly of a Reconfigurable Space Tele-
scope (AAReST). The objective is to be ready for launch and operation
in 2015. Each student will be responsible for a specific activity, chosen
from the following: optimization of telescope system architecture; de-
sign, assembly and testing of telescope optics; telescope calibration pro-
cedure and algorithms for wavefront control; thermal analysis; boom
design and deployment test methods; effects of spacecraft dynamics on
telescope performance; environmental testing of telescope system. Each
student will prepare a survey of the state of the art for the selected ac-
tivity, and then develop a design/implementation plan, execute the plan
and present the results in a final report. Instructor: Pellegrino.

Ae 208 abc. GALCIT Colloquium. 1 unit; first, second, third terms.

A seminar course in fluid, solid, space, and bio mechanics. Weekly
lectures on current developments are presented by staff members,
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graduate students, and visiting scientists and engineers. Graded pass/
fail. Instructors: Kochmann, McKeon.

Note: The following courses, with numbers greater than 209, are one-,
two-, or three-term courses offered to interested students. Depending
on conditions, some of the courses may be taught as tutorials or reading
courses, while others may be conducted more formally.

Ae/AM/MS/ME 213. Mechanics and Materials Aspects of
Fracture. 9 units (3-0-6); first term. Prerequisites: Ae/AM/CE/ME 102
abc (concurrently) or equivalent and instructor’s permission. Analytical and
experimental techniques in the study of fracture in metallic and non-
metallic solids. Mechanics of brittle and ductile fracture; connections
between the continuum descriptions of fracture and micromechanisms.
Discussion of elastic-plastic fracture analysis and fracture criteria.
Special topics include fracture by cleavage, void growth, rate sensitiv-
ity, crack deflection and toughening mechanisms, as well as fracture

of nontraditional materials. Fatigue crack growth and life prediction
techniques will also be discussed. In addition, “dynamic” stress wave
dominated, failure initiation growth and arrest phenomena will be cov-
ered. This will include traditional dynamic fracture considerations as
well as discussions of failure by adiabatic shear localization. Not offered
2014-15.

Ae/AM/CE/ME 214 abc. Computational Solid Mechanics. 9 units
(3-0-6); first, second, third terms. Prerequisites: AM 125 abc or equivalent;
ACM 100 abc or equivalent; CE/AM/Ae 108 abc or equivalent or instruc-
tor’s permission; Ae/AM/CE/ME 102 abc or equivalent; Ae/Ge/ME 160

ab desirable or taken concurrently. Introduction to the use of numerical
methods in the solution of solid mechanics and materials problems.
First term: geometrical representation of solids. Automatic meshing.
Approximation theory. Interpolation error estimation. Optimal and
adaptive meshing. Second term: variational principles in linear elastic-
ity. Finite element analysis. Error estimation. Convergence. Singu-
larities. Adaptive strategies. Constrained problems. Mixed methods.
Stability and convergence. Variational problems in nonlinear elasticity.
Consistent linearization. The Newton-Rahpson method. Bifurcation
analysis. Adaptive strategies in nonlinear elasticity. Constrained finite
deformation problems. Contact and friction. Third term: time integra-
tion. Algorithm analysis. Accuracy, stability, and convergence. Operator
splitting and product formulas. Coupled problems. Impact and friction.
Subcycling. Space-time methods. Inelastic solids. Constitutive updates.
Stability and convergence. Consistent linearization. Applications to
finite deformation viscoplasticity, viscoelasticity, and Lagrangian mod-
eling of fluid flows. Not offered 2014-15.

Ae/AM/ME 215. Dynamic Behavior of Materials. 9 units (3-0-6);
second term. Prerequisites: ACM 100 ahc or AM 125 abc; Ae/AM/CE/ME
102 abc. Fundamentals of theory of wave propagation; plane waves,
wave guides, dispersion relations; dynamic plasticity, adiabatic shear
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banding; dynamic fracture; shock waves, equation of state. Not offered
2014-15.

Ae/ME 218. Statistical Mechanics. 3-0-6; second term. Prerequisites:
Ae/ME118, or equivalent. Overview of probability and statistics, and the
Maxwell-Boltzmann distribution. Overview and elements of Quantum
Mechanics, degenerate energy states, particles in a box, and energy-
state phase space. Statistics of indistinguishable elementary particles,
Fermi-Dirac and Bose-Einstein statistics, partition functions, connec-
tions with classical thermodynamics, and the Law of Equipartition.
Examples from equilibrium in fluids, solid-state physics, and others.
Instructors: Dimotakis.

Ae 220. Theory of Structures. 9 units (3-0-6); first term. Prerequisite:
Ae/AM/CE/ME 102 abc. Fundamentals of buckling and stability, total
potential energy and direct equilibrium approaches; classification of
instabilities into snap-through type and bifurcation type; rigid-elastic
structures, eigenvalues, and eigenvectors of stiffness matrix; elastic
structures; approximate estimates of buckling load; Rayleigh quotient;
lateral buckling of columns: Euler strut, imperfections, Southwell plot,
beam-columns, stability coefficients, buckling of frames; elasto-plastic
buckling: tangent-modulus, double-modulus, Shanley’s analysis; lateral-
torsional buckling of beams; buckling of plates; buckling of cylindrical
shells. Not offered 2014-15.

Ae/CE 221. Space Structures. 9 units (3-0-6); first term. This course
examines the links between form, geometric shape, and structural
performance. It deals with different ways of breaking up a continuum,
and how this affects global structural properties; structural concepts
and preliminary design methods that are used in tension structures and
deployable structures. Geometric foundations, polyhedra and tessel-
lations, surfaces; space frames, examples of space frames, stiffness and
structural efficiency of frames with different repeating units; sandwich
plates; cable and membrane structures, form-finding, wrinkle-free
pneumatic domes, balloons, tension-stabilized struts, tensegrity domes;
deployable and adaptive structures, coiled rods and their applications,
flexible shells, membranes, structural mechanisms, actuators, concepts
for adaptive trusses and manipulators. Instructor: Pellegrino.

401
Ae/AM/ME 223. Plasticity. 9 units (3-0-6); second term. Prerequisite:
Ae/AM/CE/ME 102 abc or instructor’s permission. Theory of dislocations
in crystalline media. Characteristics of dislocations and their influence
on the mechanical behavior in various crystal structures. Application
of dislocation theory to single and polycrystal plasticity. Theory of the
inelastic behavior of materials with negligible time effects. Experi-
mental background for metals and fundamental postulates for plastic
stress-strain relations. Variational principles for incremental elastic-
plastic problems, uniqueness. Upper and lower bound theorems of limit
analysis and shakedown. Slip line theory and applications. Additional
topics may include soils, creep and rate-sensitive effects in metals, the
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thermodynamics of plastic deformation, and experimental methods in
plasticity. Instructor: Andrade.

Ae/AM/ME 225. Special Topics in Solid Mechanics. Units to be
arranged; first, second, third terms. Subject matter changes depending
upon staff and student interest. (1) Stress Waves in Solids. 9 units (3-0-
6); second term. Stress waves will be introduced by considering plane
waves which allow the principal features of stress wave propagation to
be explored without introducing the geometric complexities of waves in
3D. Formulation will include elastic materials and dissipative materials
that are modeled as viscoelastic or viscoplastic. For elastic materials, we
will consider waves in unbounded anisotropic media, refraction at plane
boundaries, surface waves, wave guides, phase velocity and group veloc-
ity, waves in periodic media, energy transport, and diffraction. For
dissipative materials, we will consider frequency- dependent attenua-
tion, elastic precursor decay, and nonlinear waves in 1D. Examples, and
opportunities to explore more advanced topics, will be chosen to try to
respond to student interests. Instructor: Clifton.

Ae 228. Computational Mechanics Simulations Using Par-

ticles. 9 units (3-0-6); second term. Prerequisites: Ae/AM/CE/ME 214

or equivalent or Ae/ACM/ME 232 or equivalent, ACM 104, ACM 105,

or equivalent.Particle simulations of continuum and discrete systems.
Advances in molecular, mesoscopic, and macroscale simulations using
particles, identification of common computing paradigms and challeng-
es across disciplines, discretizations and representations using particles,
fast summation algorithms, time integrators, constraints, and multires-
olution. Exercises will draw on problems simulated using particles from
diverse areas such as fluid and solid mechanics, computer graphics, and
nanotechnology. Not offered 2014-15.

Ae/ACM/ME 232 ab. Computational Fluid Dynamics. 9 units (3-0-
6); first, second terms. Prerequisites: Ae/APh/CE/ME 101 abc or equivalent;
ACM 100 abc or equivalent. Development and analysis of algorithms
used in the solution of fluid mechanics problems. Numerical analysis
of discretization schemes for partial differential equations including
interpolation, integration, spatial discretization, systems of ordinary
differential equations; stability, accuracy, aliasing, Gibbs and Runge
phenomena, numerical dissipation and dispersion; boundary conditions.
Survey of finite difference, finite element, finite volume and spectral
approximations for the numerical solution of the incompressible and
compressible Euler and Navier-Stokes equations, including shock-
capturing methods. Instructors: Pullin, Meiron.

Ae 233. Hydrodynamic Stability. 9 units (3-0-6); third term. Prereg-
uisite: Ae/APh/CE/ME 101 abc or equivalent. Laminar-stability theory
as a guide to laminar-turbulent transition. Rayleigh equation, instabil-
ity criteria, and response to small inviscid disturbances. Discussion of
Kelvin-Helmholtz, Rayleigh-Taylor, Richtmyer-Meshkov, and other
instabilities, for example, in geophysical flows. The Orr-Sommerfeld
equation, the dual role of viscosity, and boundary-layer stability.
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Modern concepts such as pseudomomentum conservation laws and
nonlinear stability theorems for 2-D and geophysical flows. Weakly
nonlinear stability theory and phenomenological theories of turbulence.
Instructor: McKeon.

Ae 234. Hypersonic Aerodynamics. 9 units (3-0-6); first term. Prereq-
uisites: Ae/APh/CE/ME 101 abc or equivalent, AM 125 abc, or instructor’s
permission. An advanced course dealing with aerodynamic problems

of flight at hypersonic speeds. Topics are selected from hypersonic
small-disturbance theory, blunt-body theory, boundary layers and shock
waves in real gases, heat and mass transfer, testing facilities and experi-
ment. Not offered 2014-15.

Ae 235. Rarefied Gasdynamics. 9 units (3-0-6); third term. Molecular
description of matter; distribution functions; discrete-velocity gases. Ki-
netic theory: free-path theory, internal degrees of freedom. Boltzmann
equation: BBGKY hierarchy and closure, H theorem, Euler equations,
Chapman-Enskog procedure, free-molecule flows. Collisionless and
transitional flows. Direct simulation Monte Carlo methods. Applica-
tions. Not offered 2014-15.

Ae 237 a. Nonsteady Gasdynamics. 9 units (3-0-6); second term. Part
a: dynamics of shock waves, expansion waves, and related discontinui-
ties in gases. Adiabatic phase-transformation waves. Interaction of
waves in one- and two-dimensional flows. Boundary layers and shock
structure. Applications and shock tube techniques. Part b: shock and
detonation waves in solids and liquids. Equations of state for hydrody-
namic computations in solids, liquids, and explosive reaction products.
CJ and ZND models of detonation in solids and liquids. Propagation
of shock waves and initiation of reaction in explosives. Interactions of
detonation waves with water and metals. Not offered 2014-15.

Ae 239 ab. Turbulence. 9 units (3-0-6); second, third terms. Prerequisites:
Ae/APh/CE/ME 101 abc; AM 125 abc or ACM 101. Reynolds-

averaged equations and the problem of closure. Statistical description

of turbulence. Homogeneous isotropic turbulence and structure of fine

scales. Turbulent shear flows. Physical and spectral models. Subgrid-

scale modeling. Turbulent mixing. Structure of low and high Reynolds

number wall turbulence. Not offered 2014-15. 403

Ae 240. Special Topics in Fluid Mechanics. Units to be arranged;

first, second, third terms. Subject matter changes depending upon staff
and student interest. (1) Educational exchange at Ecole Polytechnique.
Students participating in the Ecole Polytechnique educational exchange
must register for 36 units while they are on detached duty at Ecole
Polytechnique. For further information refer to the graduate option
information for Aerospace. Instructor: McKeon.

Ae 241. Special Topics in Experimental Fluid and Solid Mechan-
ics. Prerequisite: Ae/APh 104 or equivalent or instructor’s permission. Units
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to be arranged; first, second, third terms. Subject matter changes depend-
ing upon staff and student interest.

Ae/BE 242. Biological Flows: Propulsion. 9 units (3-0-6); third term.
Prerequisite: Ae/APh/CE/ME 101 abc or equivalent or ChE 103 a. Physical
principles of unsteady fluid momentum transport: equations of motion,
dimensional analysis, conservation laws. Unsteady vortex dynamics:
vorticity generation and dynamics, vortex dipoles/rings, wake structure
in unsteady flows. Life in moving fluids: unsteady drag, added-mass
effects, virtual buoyancy, bounding and schooling, wake capture. Thrust
generation by flapping, undulating, rowing, jetting. Low Reynolds
number propulsion. Bioinspired design of propulsion devices. Instruc-
tor: Dabiri.

MedE/BE/Ae 243. Biological Flows: Transport and Circulatory
Systems. 9 units (3-0-6); second term. For course description, see Medi-
cal Engineering.

Ae 244. Mechanics of Nanomaterials. 9 units (3-0-6); second term.
Basics of the mechanics of nanomaterials, including the physical and
chemical synthesis/processing techniques for creating nanostructures
and their relation with mechanical and other structural properties.
Overview of the properties of various types of nanomaterials including
nanostructured metals/ceramics/composites, nanowires, carbon nano-
tubes, quantum dots, nanopatterns, self-assembled colloidal crystals,
magnetic nanomaterials, and biorelated nanomaterials. Innovative
experimental methods and microstructural characterization developed
for studying the mechanics at the nanoscale will be described. Recent
advances in the application of nanomaterials in engineering systems and
patent-related aspects of nanomaterials will also be covered. Open to
undergraduates with instructor’s permission. Not offered 2014-15.

Ae/CDS/ME 251 ab. Closed Loop Flow Control. 9 units; (3-0-6 a,
1-6-1- b); second, third term. Prerequisites: ACM 100abc, Ae/APh/CE/ME
101abc or equivalent. This course seeks to introduce students to recent
developments in theoretical and practical aspects of applying control
to flow phenomena and fluid systems. Lecture topics in the second
term drawn from: the objectives of flow control; a review of relevant
concepts from classical and modern control theory; high-fidelity and
reduced-order modeling; principles and design of actuators and sen-
sors. Third term: laboratory work in open- and closed-loop control
of boundary layers, turbulence, aerodynamic forces, bluff body drag,
combustion oscillations and flow-acoustic oscillations. Not offered
2014-15.

ME/Ge/Ae 266 ab. Dynamic Fracture and Frictional Faulting.
9 units (3-0-6). For course description, see Mechanical Engineering.
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ANTHROPOLOGY

An 22. Introduction to Sociocultural Anthropology. 9 units (3-0-6);
second, third terms. Introduction to anthropological theory. Explora-
tion of the diversity of human culture. Examination of the relationship
between ecology, technology, and subsistence, patterns of marriage and
residence, gender and sexual division of labor, reproduction, kinship,
and descent. Links between economic complexity, population, social
stratification, political organization, law, religion, ritual, and warfare
are traced. Ethnic diversity and interethnic relations are surveyed. The
course is oriented toward understanding the causes of cross-cultural
variation and the evolution of culture. Instructor: Ensminger.

An 23. Human Evolution. 9 units (3-0-6); second term. Introduction

to human evolution, which is essential for understanding our species.
Natural selection, sexual selection, genetics, systematics, behavioral
ecology, and life history theory are covered. The order Primates is
surveyed. Primary emphasis is on the hominid fossil and archeological
record. Behavior, cognition, and culture of nonhuman primates and hu-
mans, as well as physical variation in present-day humans, is examined.
Instructor: Staff. Not offered 2014-15.

An 97. Undergraduate Research. Units to be arranged; any term. Pre-
requisites: advanced Anthropology and instructor’s permission.. This course
offers advanced undergraduates the opportunity to pursue research in
Anthropology individually or in a small group. Graded pass/fail.

An 101. Selected Topics in Anthropology. Units to be determined by
arrangement with the instructor; offered by announcement. Topics to be
determined by instructor. Instructor: Staff.

H/An 123. Anthropological Demography. 9 units (3-0-6); first term.
Birth, death, marriage, and migration are the most basic events in
people’s lives. These events are shaped by both human biology and cul-
tural contexts. This course combines biological and cultural approaches
to the study of human populations. Topics include basic demographic
techniques, evolutionary perspectives on human demography, lon-
gevity, senescence, kinship, household organization, and nuptiality. 405
Students will explore the roles of culture, ecology, and subsistence in
demographic explanation. Emphasis is placed on understanding cross-
cultural and historical variation in population dynamics. Not offered
2014-15.

An/PS 127. Corruption. 9 units (3-0-6); third term. Prerequisites: AN
22 or PS 12. Corruption taxes economies and individuals in both the
developing and the developed world. We will examine what corruption
means in different places and contexts, from grand financial scandals
to misappropriation of development funds, ethnic patronage, and the
theft of elections. How do we measure it? What are its costs and social
consequences? What are its correlates? Does freedom of informa-
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tion matter? Students will read across a range of topics, and write an
in-depth research paper on one topic. Limited enrollment. Instructor:
Ensminger.

An 135. Primate Behavior. 9 units (3-0-6); third term. This course will
examine how natural selection has shaped the social organization, life
histories, reproductive strategies, social behavior, and cognitive abili-
ties of nonhuman primates. It will review natural and sexual selection,
examine the ecological and social pressures that shape primate behavior,
and consider the role these principles play in shaping modern human
behavior. Instructor: Staff. Not offered 2014-15.

An/SS 142. Caltech Undergraduate Culture and Social Organi-
zation. 9 units (3-0-6); third term. Prerequisite: instructor’s permission.
Students in this class will help develop hypotheses, methods, and
background information for the design of a new class to be offered in
subsequent years, which will seek to pose and empirically test ques-
tions related to cultural and social aspects of the Caltech undergraduate
experience. Central to this project will be an examination of the theory
of social networks and the role they play in the academic and social
experience. Other qualitative and quantitative methods for future data
gathering will also be designed. Not offered 2014-15.

An 150. The Caltech Project. 9 units (3-0-6), spring term. Prerequisites:
An 22 or permission of instructor. Hands-on immersion in a social scientific
research project examining the Caltech undergraduate community. Core
data collection includes a social network analysis and a rich array of socio-
demographic data from the actual Caltech student body. Students will
develop research design skills by writing and revising a 3000 word research
proposal modeled on the NSF format. This unique data set allows us to ad-
dress questions as diverse as: the impact of social networks upon academic
performance, the origin and extent of socio-cultural differences across
houses, and the diffusion of moral, political, academic, and religious values.
Not offered 2014-15.

APPLIED AND COMPUTATIONAL MATHEMATICS

ACM 11. Introduction to Matlab and Mathematica. 6 units (2-2-2);
third term. Prerequisites: Ma 1 abc, Ma 2, Ma 3. CS 1 or prior program-
ming experience recommended. Matlab: basic syntax and development en-
vironment; debugging; help interface; basic linear algebra; visualization
and graphical output; control flow; vectorization; scripts, and functions;
file i/0; arrays, structures, and strings; numerical analysis (topics may
include curve fitting, interpolation, differentiation, integration, optimi-
zation, solving nonlinear equations, fast Fourier transform, and ODE
solvers); and advanced topics (may include writing fast code, paral-
lelization, object-oriented features). Mathematica: basic syntax and the
notebook interface, calculus and linear algebra operations, numerical
and symbolic solution of algebraic and differential equations, manipula-
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tion of lists and expressions, Mathematica programming (rule-based,
functional, and procedural) and debugging, plotting, and visualization.
The course will also emphasize good programming habits and choosing
the appropriate language/software for a given scientific task. Instructor:
Staff.

ACM 95/100 abc. Introductory Methods of Applied Mathemat-
ics. 12 units (4-0-8); first, second, third terms. Prerequisites: Ma 1 abc, Ma
2, Ma 3 (may be taken concurrently), or equivalents. First term: complex
analysis: analyticity, Laurent series, singularities, branch cuts, contour
integration, residue calculus. Second term: ordinary differential equa-
tions. Linear initial value problems: Laplace transforms, series solu-
tions. Linear boundary value problems: eigenvalue problems, Fourier
series, Sturm-Liouville theory, eigenfunction expansions, the Fredholm
alternative, Green’s functions, nonlinear equations, stability theory,
Lyapunov functions, numerical methods. Third term: linear partial
differential equations: heat equation separation of variables, Fourier
transforms, special functions, Green’s functions, wave equation, Laplace
equation, method of characteristics, numerical methods. Instructors:
Pullin, Meiron, Staff.

ACM 101 ab. Methods of Applied Mathematics. 12 units (4-0-8);
first, second, terms. Prerequisites: Math 2/102 and ACM 95abc. First term:
brief review of the elements of complex analysis and complex-variable
methods. Asymptotic expansions, asymptotic evaluation of integrals
(Laplace method, stationary phase, steepest descents), perturbation
methods, WKB theory, boundary-layer theory, matched asymptotic
expansions with first-order and high-order matching. Method of mul-
tiple scales for oscillatory systems. Second term: applied spectral theory,
special functions, Hilbert spaces and linear operators, generalized
eigenfunction expansions, convergence theory. Transform methods,
distributions, Fourier Transform and Sobolev Spaces. Eigensystems
and spectral theory for self-adjoint second order operators with variable
coefficients in n-dimensional domains. Integral equations, Fredholm
theorem, application to Laplace and Maxwell’s equations, harmonicity
at infinity, Kelvin transform, conditions of radiation at infinity. Instruc-
tor: Bruno.

ACM/CMS 104. Linear Algebra and Applied Operator Theory. 407
12 units (3-0-9); first term. Undergraduate prerequistes: Ma 1 abc (analytic
track), Ma 2, and ACM 95 abc; or instructor’s permission. Graduate pre-
requisites: ACM 100 abc; or instructor’s permission. This course intro-
duces the theory and applications of linear algebra and linear analysis.
Lectures and homework will require the ability to understand and
produce mathematical proofs. Theoretical topics may include topology
of metric spaces, structure of Banach and Hilbert spaces, examples of
normed spaces, duality, structure of linear operators, spectral theory,
functional calculus for linear operators, and calculus in Banach spaces.
Applications will be drawn from signal processing, numerical analysis,
optimization, approximation, differential equations, control, and other
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areas. Emphasis will be placed on geometry and convexity. Instructor:
Tropp.

ACM 105. Applied Real and Functional Analysis. 9 units (3-0-6);
second term. Prerequisite: ACM 100 abc or instructor’s permission. Lebesgue
integral on the line, general measure and integration theory; Lebesgue
integral in n-dimensions, convergence theorems, Fubini, Tonelli, and
the transformation theorem; normed vector spaces, completeness,
Banach spaces, Hilbert spaces; dual spaces, Hahn-Banach theorem,
Riesz-Frechet theorem, weak convergence and weak solvability theory
of boundary value problems; linear operators, existence of the adjoint.
Self-adjoint operators, polar decomposition, positive operators, unitary
operators; dense subspaces and approximation, the Baire, Banach-
Steinhaus, open mapping and closed graph theorems with applications
to differential and integral equations; spectral theory of compact opera-
tors; LP spaces, convolution; Fourier transform, Fourier series; Sobolev
spaces with application to PDEs, the convolution theorem, Friedrich’s
mollifiers. Not offered 2014-15.

ACM 106 ab. Introductory Methods of Computational Mathemat-
ics. 12 units (3-0-9); second, third terms. Prerequisites: Ma 1 abc, Ma 2,

Ma 3, ACM 11, ACM 95/100 abc or equivalent. The sequence covers the
introductory methods in both theory and implementation of numerical
linear algebra, approximation theory, ordinary differential equations,
and partial differential equations. The linear algebra parts covers basic
methods such as direct and iterative solution of large linear systems,
including LU decomposition, splitting method (Jacobi iteration, Gauss-
Seidel iteration); eigenvalue and vector computations including the
power method, QR iteration and Lanczos iteration; nonlinear algebraic
solvers. The approximation theory includes data fitting; interpolation
using Fourier transform, orthogonal polynomials and splines; least
square method, and numerical quadrature. The ODE parts include
initial and boundary value problems. The PDE parts include finite
difference and finite element for elliptic/parabolic/hyperbolic equation.
Stability analysis will be covered with numerical PDE. Programming is
a significant part of the course. Instructor: Li.

ACM/CMS 113. Mathematical Optimization. 9 units (3-0-6); first
term. Prerequisites: ACM 95/100 abc, ACM 11, or instructor’s permission.
Corequisite: It is suggested that students take ACM/CMS 104 concurrently.
This class studies mathematical optimization from the viewpoint of
convexity. Topics covered include duality and representation of convex
sets; linear and semidefinite programming; connections to discrete,
network, and robust optimization; relaxation methods for intractable
problems; as well as applications to problems arising in graphs and
networks, information theory, control, signal processing, and other
engineering disciplines. Instructor: Chandrasekaran.

ACM/CS 114 ab. Parallel Algorithms for Scientific Applications. 9

units (3-0-6); second, third term. Prerequisites: ACM 11, 106 or equiva-
lent. Introduction to parallel program design for numerically intensive
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scientific applications. Parallel programming methods; distributed-
memory model with message passing using the message passing
interface; shared-memory model with threads using open MP, CUDA,
object-based models using a problem-solving environment with parallel
objects. Parallel numerical algorithms: numerical methods for linear
algebraic systems, such as LU decomposition, QR method, CG solvers;
parallel implementations of numerical methods for PDEs, including
finite-difference, finite-element; particle-based simulations. Perfor-
mance measurement, scaling and parallel efficiency, load balancing
strategies. Not offered 2014-15.

ACM/EE/CMS 116. Introduction to Stochastic Processes and
Modeling. 9 units (3-0-6); first term. Prerequisites: Ma 2, Ma 3 or instruc-
tor’s permission. Introduction to fundamental ideas and techniques of
stochastic analysis and modeling. Random variables, expectation and
conditional expectation, joint distributions, covariance, moment gen-
erating function, central limit theorem, weak and strong laws of large
numbers, discrete time stochastic processes, stationarity, power spectral
densities and the Wiener-Khinchine theorem, Gaussian processes,
Poisson processes, Brownian motion. The course develops applications
in selected areas such as signal processing (Wiener filter), information
theory, genetics, queuing and waiting line theory, and finance. Instruc-
tor: Owhadi.

AM/ACM 127. Calculus of Variations. 9 units (3-0-6) For course
description, see Applied Mechanics.

Ma/ACM 142. Ordinary and Partial Differential Equations.
9 units (3-0-6). For course description, see Mathematics.

Ma/ACM 144 ab. Probability. 9 units (3-0-6); second, third terms. For
course description, see Mathematics.

ACM/EE/CMS 170. Mathematics of Signal Processing. 12 units
(3-0-9); third term. Prerequisites: ACM/CMS 104, ACM/CMS 113, and
ACM/EE/CMS 116; or instructor’s permission. This course covers classi-
cal and modern approaches to problems in signal processing. Problems
may include denoising, deconvolution, spectral estimation, direction-
of-arrival estimation, array processing, independent component analy- 409
sis, system identification, filter design, and transform coding. Methods
rely heavily on linear algebra, convex optimization, and stochastic
modeling. In particular, the class will cover techniques based on least-
squares and on sparse modeling. Throughout the course, a computa-
tional viewpoint will be emphasized. Instructors: Hassibi.

ACM 190. Reading and Independent Study. Units by arrangement.
Graded pass/fail only.

ACM 201 ab. Partial Differential Equations. 12 units (4-0-8); first,

second terms. Prerequisite: ACM 11, 101 abc or instructor’s permission. Fully
nonlinear first-order PDEs, shocks, eikonal equations. Classification
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of second-order linear equations: elliptic, parabolic, hyperbolic. Well-
posed problems. Laplace and Poisson equations; Gauss’s theorem,
Green’s function. Existence and uniqueness theorems (Sobolev spaces
methods, Perron’s method). Applications to irrotational flow, elasticity,
electrostatics, etc. Heat equation, existence and uniqueness theorems,
Green’s function, special solutions. Wave equation and vibrations. Huy-
gens’ principle. Spherical means. Retarded potentials. Water waves and
various approximations, dispersion relations. Symmetric hyperbolic sys-
tems and waves. Maxwell equations, Helmholtz equation, Schrédinger
equation. Radiation conditions. Gas dynamics. Riemann invariants.
Shocks, Riemann problem. Local existence theory for general sym-
metric hyperbolic systems. Global existence and uniqueness for the
inviscid Burgers’ equation. Integral equations, single- and double-layer
potentials. Fredholm theory. Navier-Stokes equations. Stokes flow,
Reynolds number. Potential flow; connection with complex variables.
Blasius formulae. Boundary layers. Subsonic, supersonic, and transonic
flow. Not offered 2014-15.

ACM 204. Topics in Convexity. 9 units (3-0-6); second term. Prerequi-
sites: ACM/CMS 104 and ACM/CMS 113; or instructor’s permission. The
content of this course varies from year to year among advanced subjects
in linear algebra, convex analysis, and related fields. Specific topics for
the class include matrix analysis, operator theory, convex geometry, or
convex algebraic geometry. Lectures and homework will require the
ability to understand and produce mathematical proofs. Instructor:
Tropp.

ACM 210 ab. Numerical Methods for PDEs. 9 units (3-0-6); second,
third terms. Prerequisite: ACM 11, 106 or instructor’s permission. Finite
difference and finite volume methods for hyperbolic problems. Stabil-
ity and error analysis of nonoscillatory numerical schemes: i) linear
convection: Lax equivalence theorem, consistency, stability, conver-
gence, truncation error, CFL condition, Fourier stability analysis, von
Neumann condition, maximum principle, amplitude and phase errors,
group velocity, modified equation analysis, Fourier and eigenvalue
stability of systems, spectra and pseudospectra of nonnormal matrices,
Kreiss matrix theorem, boundary condition analysis, group velocity
and GKS normal mode analysis; ii) conservation laws: weak solutions,
entropy conditions, Riemann problems, shocks, contacts, rarefactions,
discrete conservation, Lax-Wendroff theorem, Godunov’s method,
Roe’s linearization, TVD schemes, high-resolution schemes, flux and
slope limiters, systems and multiple dimensions, characteristic bound-
ary conditions; iii) adjoint equations: sensitivity analysis, boundary
conditions, optimal shape design, error analysis. Interface problems,
level set methods for multiphase flows, boundary integral methods,
fast summation algorithms, stability issues. Spectral methods: Fourier
spectral methods on infinite and periodic domains. Chebyshev spectral
methods on finite domains. Spectral element methods and h-p refine-
ment. Multiscale finite element methods for elliptic problems with
multiscale coefficients. Instructor: Hou.
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ACM 216. Markov Chains, Discrete Stochastic Processes and
Applications. 9 units (3-0-6); second term. Prerequisite: ACM/EE 116 or
equivalent. Stable laws, Markov chains, classification of states, ergodic-
ity, von Neumann ergodic theorem, mixing rate, stationary/equilibrium
distributions and convergence of Markov chains, Markov chain Monte
Carlo and its applications to scientific computing, Metropolis Hast-
ings algorithm, coupling from the past, martingale theory and discrete
time martingales, rare events, law of large deviations, Chernoff bounds.
Instructor: Owhadi.

ACM 217 ab. Advanced Topics in Stochastic Analysis. 9 units
(3-0-6); third term. Prerequisite: ACM 216 or equivalent. The topic of this
course changes from year to year and is expected to cover areas such as
stochastic differential equations, stochastic control, statistical estima-
tion and adaptive filtering, empirical processes and large deviation
techniques, concentration inequalities and their applications. Examples
of selected topics for stochastic differential equations include continu-
ous time Brownian motion, Ito’s calculus, Girsanov theorem, stopping
times, and applications of these ideas to mathematical finance and
stochastic control. Instructors: Staff.

ACM/CS/EE/CMS 218. Statistical Inference. 9 units; (3-0-6); third
term. Prerequisites: ACM/CMS 104 and ACM/EE/CMS 1186, or instruc-
tor’s permission. Fundamentals of estimation theory and hypothesis
testing; Bayesian and non-Bayesian approaches; minimax analysis,
Cramer-Rao bounds, shrinkage in high dimensions; Kalman filtering,
basics of graphical models; statistical model selection. Throughout the
course, a computational viewpoint will be emphasized. Instructors:
Chandrasekaran.

Ae/ACM/ME 232 abc. Computational Fluid Dynamics. 9 units
(3-0-6). For course description, see Aerospace.

ACM 256 ab. Special Topics in Applied Mathematics. 9 units
(3-0-6); first term. Prerequisite: ACM 101 or equivalent. Introduction

to finite element methods. Development of the most commonly used
method—continuous, piecewise-linear finite elements on triangles for
scalar elliptic partial differential equations; practical (a posteriori) error
estimation techniques and adaptive improvement; formulation of finite 411
element methods, with a few concrete examples of important equations
that are not adequately treated by continuous, piecewise-linear finite el-
ements, together with choices of finite elements that are appropriate for
those problems. Homogenization and optimal design. Topics covered
include periodic homogenization, G- and H-convergence, Gamma-
convergence, G-closure problems, bounds on effective properties, and
optimal composites. Not offered 2014-15.

ACM 257. Special Topics in Financial Mathematics. 9 units
(3-0-6); third term. Prerequisite: ACM 95/100 or instructor’s permission.

A basic knowledge of probability and statistics as well as transform methods for
solving PDEs is assumed. This course develops some of the techniques
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of stochastic calculus and applies them to the theory of financial asset
modeling. The mathematical concepts/tools developed will include
introductions to random walks, Brownian motion, quadratic variation,
and Ito-calculus. Connections to PDEs will be made by Feynman-Kac
theorems. Concepts of risk-neutral pricing and martingale representa-
tion are introduced in the pricing of options. Topics covered will be
selected from standard options, exotic options, American derivative
securities, term-structure models, and jump processes. Not offered
2014-15.

ACM 270. Advanced Topics in Applied and Computational Math-
ematics. Hours and units by arrangement; third term. Advanced topics

in applied and computational mathematics that will vary according to
student and instructor interest. May be repeated for credit. Not offered
2014-15.

ACM 300. Research in Applied and Computational Mathematics.
Units by arrangement.

APPLIED MECHANICS

Ae/AM/CE/ME 102 abc. Mechanics of Structures and Solids.
9 units (3-0-6). For course description, see Aerospace.

CE/Ae/AM 108 ab. Computational Mechanics. 9 units (3-0-6).
For course description, see Civil Engineering.

AM/ACM 127. Calculus of Variations. 9 units (3-0-6); third term.
Prerequisites: ACM 95/100. First and second variations; Euler-Lagrange
equation; Hamiltonian formalism; action principle; Hamilton-Jacobi
theory; stability; local and global minima; direct methods and relax-
ation; isoperimetric inequality; asymptotic methods and gamma con-
vergence; selected applications to mechanics, materials science, control
theory and numerical methods. Instructor: Bhattacharya.

AM/CE/ME 150 abc. Graduate Engineering Seminar. 1 unit; each
term; first, second and third terms. Students attend a graduate seminar
each week of each term and submit a report about the attended semi-
nars. At least four of the attended seminars each term should be from
the Mechanical and Civil Engineering seminar series. Students not
registered for the M.S. and Ph.D. degrees must receive the instructor’s
permission. Graded pass/fail. Instructor: Staff.

AM/CE 151 ab. Dynamics and Vibration. 9 units (3-0-6); first, second
terms. Equilibrium concepts, conservative and dissipative systems,
Lagrange’s equations, differential equations of motion for discrete
single and multi degree-of-freedom systems, natural frequencies and
mode shapes of these systems (Eigen value problem associated with
the governing equations), phase plane analysis of vibrating systems,
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forms of damping and energy dissipated in damped systems, response
to simple force pulses, harmonic and earthquake excitation, response
spectrum concepts, vibration isolation, seismic instruments, dynamics
of continuous systems, Hamilton’s principle, axial vibration of rods and
membranes, transverse vibration of strings, beams (Bernoulli-Euler
and Timoshenko beam theory), and plates, traveling and standing wave
solutions to motion of continuous systems, Rayleigh quotient and the
Rayleigh-Ritz method to approximate natural frequencies and mode
shapes of discrete and continuous systems, frequency domain solutions
to dynamical systems, stability criteria for dynamical systems, and intro-
duction to nonlinear systems and random vibration theory. Instructors:
Heaton, Asimaki.

AM/ME 165 ab. Elasticity. 9 units (3-0-6); second, third terms. Prereq-
uisites: Ae/Ge/ME 160 a and registered in Ae/Ge/ME 160 b. Fundamental
concepts and equations of elasticity. Linearized theory of elastostatics
and elastodynamics: basic theorems and special solutions. Finite theory
of elasticity: constitutive theory, semi-inverse methods. Variational
methods. Applications to problems of current interest. Not offered
2014-15.

AM 200. Special Problems in Advanced Mechanics. Hours and units
by arrangement. By arrangement with members of the staff, properly
qualified graduate students are directed in independent studies in
mechanics.

Ae/AM/MS/ME 213. Mechanics and Materials Aspects of
Fracture. 9 units (3-0-6). For course description, see Aerospace.

Ae/AM/CE/ME 214 abc. Computational Solid Mechanics. 9 units
(3-0-6). For course description, see Aerospace.

Ae/AM/ME 215. Dynamic Behavior of Materials. 9 units (3-0-6).
For course description, see Aerospace.

Ae/AM/ME 223. Plasticity. 9 units (3-0-6). For course description,
see Aerospace.

Ae/AM/ME 225. Special Topics in Solid Mechanics. Units to be
arranged. For course description, see Aerospace.

AM 250. Research in Applied Mechanics. Hours and units by arrange-
ment. Research in the field of applied mechanics. By arrangement with
members of the staff, properly qualified graduate students are directed
in research.
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APPLIED PHYSICS

Ch/APh 2. Introduction to Energy Sciences. 9 units (4-0-5).
For course description, see Chemistry.

APh/EE 9 ab. Solid-State Electronics for Integrated Circuits.

6 units (2-2-2); first, second terms; six units credit for the freshman labora-
tory requirement. Prerequisite: Successful completion of APh/EE 9 a is a
prerequisite for enroliment in APh/EE 9 b. Introduction to solid-state
electronics, including physical modeling and device fabrication. Topics:
semiconductor crystal growth and device fabrication technology, carrier
modeling, doping, generation and recombination, pn junction diodes,
MOS capacitor and MOS transistor operation, and deviations from
ideal behavior. Laboratory includes computer-aided layout, and fabrica-
tion and testing of light-emitting diodes, transistors, and inverters.
Students learn photolithography, and use of vacuum systems, furnaces,
and device-testing equipment. Instructor: Scherer.

APh 17 abc. Thermodynamics. 9 units (3-0-6); first, second, third
terms. Prerequisites: Ma 1 abc, Ph 1 abc. Introduction to the use of
thermodynamics and statistical mechanics in physics and engineer-
ing. Entropy, temperature, and the principal laws of thermodynamics.
Canonical equations of state. Applications to cycles, engines, phase
and chemical equilibria. Probability and stochastic processes. Kinetic
theory of perfect gases. Statistical mechanics. Applications to gases,
gas degeneration, equilibrium radiation, and simple solids. Not offered
2014-2015. APh majors are required to take Ph 12 instead.

APh 23. Demonstration Lectures in Optics. 6 units (2-0-4);

second term. Prerequisites: Ph 1 abc. This course cover fundamentals

of optics with emphasis on modern optical applications, intended to
exhibit basic optical phenomena including interference, dispersion,
birefringence, diffraction, and laser oscillation, and the applications of
these phenomena in optical systems employing two-beam and multiple-
beam interferometry, Fourier-transform image processing, holography,
electro-optic modulation, and optical detection and heterodyning.
System examples to be selected from optical communications, radar,
adaptive optical systems and nano-photonic devices. Instructor: Faraon.

APh 24. Introductory Modern Optics Laboratory. 6 units (0-4-2);
third term. Prerequisite: APh 23. Laboratory experiments to acquaint
students with the contemporary aspects of modern optical research and
technology. Experiments encompass many of the topics and concepts
covered in APh 23. Instructor: Faraon.

APh 77 bc. Laboratory in Applied Physics. 9 units (0-9-0); second,
third terms. Selected experiments chosen to familiarize students with
laboratory equipment, procedures, and characteristic phenomena in
plasmas, fluid turbulence, fiber optics, X-ray diffraction, microwaves,
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high-temperature superconductivity, black-body radiation, holography,
and computer interfacing of experiments. Instructor: Bellan.

APh 78 abc. Senior Thesis, Experimental. 9 units (0-9-0); first,
second, third terms. Prerequisite: instructor’s permission. Supervised experi-
mental research, open only to senior-class applied physics majors. Re-
quirements will be set by individual faculty member, but must include a
written report. The selection of topic must be approved by the

Applied Physics Option Representative. Not offered on a pass/fail basis.
Final grade based on written thesis and oral exam. Instructor: Staff.

APh 79 abc. Senior Thesis, Theoretical. 9 units (0-9-0); first, second,
third terms. Prerequisite: instructor’s permission. Supervised theoretical
research, open only to senior-class applied physics majors. Require-
ments will be set by individual faculty member, but must include a
written report. The selection of topic must be approved by the Applied
Physics Option Representative. Not offered on a pass/fail basis. Final
grade based on written thesis and oral examThis course cannot be used
to satisfy the laboratory requirement in APh. Instructor: Staff.

APh 100. Advanced Work in Applied Physics. Units in accordance
with work accomplished. Special problems relating to applied physics,
arranged to meet the needs of students wishing to do advanced work.
Primarily for undergraduates. Students should consult with their advis-
ers before registering. Graded pass/fail.

Ae/APh/CE/ME 101 abc. Fluid Mechanics. 9 units (3-0-6).
For course description, see Aerospace.

Ae/APh 104 abc. Experimental Methods. 9 units (3-0-6 first term;
1-3-5 second, third terms). For course description, see Aerospace.

APh/MS 105 abc. States of Matter. 9 units (3-0-6); first, second, third
terms. Prerequisite: APh 17 abc or equivalent. A survey emphasizing
unifying concepts, such as order parameters, scaling laws, quasi-particle
excitations, and correlation functions. Topics: long-range ordered states
such as crystals, superfluids, and ferromagnets; phase transitions; critical
phenomena; ideal classical and degenerate gases; theory of liquids; band
theory of solids; fluctuations; noise. Part ¢ taught concurrently with MS
106. Students may not receive credit for both MS 106 and APh/MS 105
c. Instructors: Johnson, Fultz.

APh 109. Introduction to the Micro/Nanofabrication Lab. 9 units
(0-6-3); first, second, third terms. Introduction to techniques of micro-
and nanofabrication, including solid-state, optical, and microfluidic
devices. Students will be trained to use fabrication and characterization
equipment available in the applied physics micro- and nanofabrication
lab. Topics include Schottky diodes, MOS capacitors, light-emitting
diodes, microlenses, microfluidic valves and pumps, atomic force
microscopy, scanning electron microscopy, and electron-beam writing.
Instructor: Troian, Ghaffari.
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APh 110. Topics in Applied Physics. 2 units (2-0-0); first, second terms.
A seminar course designed to acquaint advanced undergraduates and
first-year graduate students with the various research areas represented
in the option. Lecture each week given by a different member of the
APh faculty, who will review his or her field of research. Graded pass/
fail. Instructors: Troian, Bellan.

APh 114 abc. Solid-State Physics. 9 units (3-0-6); first, second, third
terms. Prerequisite: Ph 125 abc or equivalent. Introductory lecture and
problem course dealing with experimental and theoretical problems in
solid-state physics. Topics include crystal structure, symmetries in sol-
ids, lattice vibrations, electronic states in solids, transport phenomena,
semiconductors, superconductivity, magnetism, ferroelectricity, defects,
and optical phenomena in solids. Instructors: Atwater, Schwab.

APh/Ph 115. Physics of Momentum Transport in Hydrodynamic
Systems. 12 units (3-0-9); second term. Prerequisites: ACM 95 or equiva-
lent. Contemporary research in many areas of physics requires some
knowledge of the principles governing hydrodynamic phenomena such
as nonlinear wave propagation, symmetry breaking in pattern forming
systems, phase transitions in fluids, Langevin dynamics, micro- and
optofluidic control, and biological transport at low Reynolds number.
This course offers students of pure and applied physics a self-contained
treatment of the fundamentals of momentum transport in hydrodynam-
ic systems. Mathematical techniques will include formalized dimen-
sional analysis and rescaling, asymptotic analysis to identify dominant
force balances, similitude, self-similarity and perturbation analysis for
examining unidirectional and Stokes flow, pulsatile flows, capillary phe-
nomena, spreading films, oscillatory flows, and linearly unstable flows
leading to pattern formation. Students must have working knowledge
of vector calculus, ODEs, PDEs, complex variables and basic tensor
analysis. Advanced solution methods will be taught in class as needed.
Second term is APh/Ph/Ae 116. Instructor: Troian.

APh/Ph/Ae 116. Physics of Thermal and Mass Transport in Hy-
drodynamic Systems. 12 units (3-0-9); first term. Prerequisites: ACM
95 or equivalent and APh/Ph 115 or equivalent. Contemporary research
in many areas of physics requires some knowledge of how momentum
transport in fluids couples to diffusive phenomena driven by thermal

or concentration gradients. This course will first examine processes
driven purely by diffusion and progress toward description of systems
governed by steady and unsteady convection-diffusion and reaction-dif-
fusion. Topics will include Fickian dynamics, thermal transfer in Peltier
devices, Lifshitz-Slyozov growth during phase separation, thermocou-
ple measurements of oscillatory fields, reaction-diffusion phenomena in
biophysical systems, buoyancy driven flows, and boundary layer forma-
tion. Students must have working knowledge of vector calculus, ODEs,
PDEs, complex variables and basic tensor analysis. Advanced solution
methods such as singular perturbation, Sturm-Liouville and Green’s
function analysis will be taught in class as needed. First term is APh/Ph
115. Instructor: Troian.
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Ph/APh/EE/BE 118 abc. Physics of Measurement. 9 units (3-0-6);
first, second, third terms. Prerequisites: Ph127, APh 105, or equivalent, or
permission from instructor. For course description, see Physics.

MS/APh 120. Diffraction and Structure. 9 units (3-0-6). For course
description, see Materials Science.

MS/APh 122. Diffraction, Imaging, and Structure. 9 units (0-4-5);
First, second and third terms.. For course description, see Materials Sci-
ence.

APh/EE 130. Electromagnetic Theory. 9 units (3-0-6); first term.
Electromagnetic fields in vacuum: microscopic Maxwell’s equations.
Monochromatic fields: Rayleigh diffraction formulae, Huyghens
principle, Rayleigh-Sommerfeld formula. The Fresnel-Fraunhofer
approximation. Electromagnetic field in the presence of matter, spatial
averages, macroscopic Maxwell equations. Helmholtz’s equation.
Group-velocity and group-velocity dispersion. Confined propagation,
optical resonators, optical waveguides. Single mode and multimode
waveguides. Nonlinear optics. Nonlinear propagation. Second har-
monic generation. Parametric amplification. Instructor: Crosignani.

EE/APh 131. Light Interaction with Atomic Systems - Lasers. 9
units (3-0-6); second term. Prerequisites: APh/EE 130. For course descrip-
tion, see Electrical Engineering.

APh/EE 132. Special Topics in Photonics and Optoelectronics.

9 units (3-0-6); third term. Interaction of light and matter, spontane-
ous and stimulated emission, laser rate equations, mode-locking,
Q-switching, semiconductor lasers. Optical detectors and amplifiers;
noise characterization of optoelectronic devices. Propagation of light
in crystals, electro-optic effects and their use in modulation of light;
introduction to nonlinear optics. Optical properties of nanostructures.
Not offered 2014-2015.

APh 150. Topics in Applied Physics. Units to be arranged; first term.

Content will vary from year to year, but at a level suitable for advanced
undergraduate or beginning graduate students. Topics are chosen

according to the interests of students and staff. Visiting faculty may 417
present portions of this course. Instructor: Painter.

APh 156 abc. Plasma Physics. 9 units (3-0-6); first, second, third terms.
Prerequisite: Ph 106 abc or equivalent. An introduction to the principles
of plasma physics. A multitiered theoretical infrastructure will be
developed consisting of the Hamilton-Lagrangian theory of charged
particle motion in combined electric and magnetic fields, the Vlasov
kinetic theory of plasma as a gas of interacting charged particles, the
two-fluid model of plasma as interacting electron and ion fluids, and
the magnetohydrodynamic model of plasma as an electrically conduct-
ing fluid subject to combined magnetic and hydrodynamic forces. This
infrastructure will be used to examine waves, transport processes, equi-
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librium, stability, and topological self-organization. Examples relevant
to plasmas in both laboratory (fusion, industrial) and space (magneto-
sphere, solar) will be discussed. Instructor: Bellan.

BE/APh 161. Physical Biology of the Cell. 12 units (3-0-9). For course
description, see Bioengineering.

BE/APh 162. Physical Biology Laboratory. 12 units (0-6-6). For
course description, see Bioengineering.

EE/APh 180. Nanotechnology. 6 units (3-0-3). For course
description, see Electrical Engineering.

APHh/EE 183. Physics of Semiconductors and Semiconductor De-
vices. 9 units (3-0-6); third term. Principles of semiconductor electronic
structure, carrier transport properties, and optoelectronic properties
relevant to semiconductor device physics. Fundamental performance
aspects of basic and advanced semiconductor electronic and optoelec-
tronic devices. Topics include energy band theory, carrier generation
and recombination mechanisms, quasi-Fermi levels, carrier drift and
diffusion transport, quantum transport. Instructor: Atwater.

APh 190 abc. Quantum Electronics. 9 units (3-0-6); first, second,
third terms. Prerequisite: Ph 125 or equivalent. Generation, manipula-
tions, propagation, and applications of coherent radiation. The basic
theory of the interaction of electromagnetic radiation with resonant
atomic transitions. Laser oscillation, important laser media, Gaussian
beam modes, the electro-optic effect, nonlinear-optics theory, second
harmonic generation, parametric oscillation, stimulated Brillouin and
Raman scattering. Other topics include light modulation, diffraction of
light by sound, integrated optics, phase conjugate optics, and quantum
noise theory. Instructor: Vahala, Painter.

APh 200. Applied Physics Research. Units in accordance with work ac-
complished. Offered to graduate students in applied physics for research
or reading. Students should consult their advisers before registering.
Graded pass/fail.

Ph/APh 223 abc. Advanced Condensed-Matter Physics. 9 units
(3-0-6). For course description, see Physics.

APh 250. Advanced Topics in Applied Physics. Units and term to be
arranged. Content will vary from year to year; topics are chosen
according to interests of students and staff. Visiting faculty may present
portions of this course. Instructor: Staff.

APh 300. Thesis Research in Applied Physics. Units in accordance
with work accomplished. APh 300 is elected in place of APh 200 when
the student has progressed to the point where his or her research leads
directly toward a thesis for the degree of Doctor of Philosophy. Ap-
proval of the student’s research supervisor and department adviser or
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registration representative must be obtained before registering. Graded
pass/fail.

ART HISTORY

Art 11. Selected Topics in Art History. 9 units (3-0-6); offered by
announcement. Instructor: Staff.

Art 23. Major Figures in Art. 9 units (3-0-6); first term. A course
devoted to the study of a single artist of world importance, the name of
the artist to be announced prior to registration. This study, grounded
in the artist’s life and, where possible, his/her writings, will analyze and
interpret his/her major works in chronological sequence in their artistic
and historic contexts, and attempt, by close aesthetic examination, to
account for their greatness—and, sometimes, their failure. Not offered
2014-15.

Art 46. The Age of the Great Cathedrals. 9 units (3-0-6); third term.
A study of the arts of Western Europe from the disintegration of the
Roman Empire circa A.D. 476, to the 14th century. The diverse histori-
cal forces at work during this long period produced a correspondingly
varied art. Emphasis will be on the later Middle Ages, circa 1200-1350,
a period marked by a synthesizing of inherited traditions into a
comprehensive whole. Major monuments of architecture, such as the
cathedrals of Notre Dame, Chartres, Reims, Cologne, Strasbourg, and
Westminster, as well as sculpture, illuminated manuscripts, mosaics,
panel painting, and stained glass will be examined within the aesthetic
and social framework of countries as culturally diverse as France, Italy,
Germany, Spain, and Britain. Not offered 2014-15.

Art 49. From Van Eyck to Rembrandt: Northern European Art,
1400-1650. 9 units (3-0-6); third term. A survey of artistic develop-
ments in Northern Europe and Spain from the late Middle Ages
through the Renaissance and baroque periods. The course will focus
upon the complexity of northern art, from its origins in the still forceful
medieval culture of 15th-century Flanders, to its confrontation with
Italian Renaissance humanism in the 16th century. The effects of this 419
cultural synthesis and the eventual development of distinct national
schools of painting in the 17th century are examined through the works
of the period’s dominant artists, including Van Eyck, Durer, Holbein,
Velazquez, Rubens, Hals, and Rembrandt. Not offered 2014-15.

Art 50. Baroque Art. 9 units (3-0-6); first term. A survey of the arts of
painting, sculpture, and architecture from the late 16th century to the
late 18th century. A confident and optimistic age, the baroque fostered
the rise of national schools that produced artistic giants like Bernini,
Caravaggio, Rubens, Rembrandt, Velazquez, Claude, Poussin, Tiepolo,
and Guardi. The masterpieces of these and other artists reflect the wide
variety of baroque art and will be studied within the context of certain
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commonly held ideals and of the differing economic, political, and
religious systems that characterized the period. Not offered 2014-15.

Art 51. European Art of the 18th Century: From the Rococo to
the Rise of Romanticism. 9 units (3-0-6); third term. The course will
encompass 18th-century European painting, sculpture, architecture,
and the decorative arts. During this period a variety of styles and sub-
jects proliferated in the arts, as seen in the richly diverse works of artists
such as Watteau, Boucher, Chardin, Fragonard, Tiepolo, Canaletto,
Hogarth, Gainsborough, Blake, David, Piranesi, and Goya, which re-
flect a new multiplicity in ways of apprehending the world. Instructor:
Bennett.

Art 52. British Art. 9 units (3-0-6), third term. A survey course on
British painting, sculpture, and architecture in the 17th, 18th, and 19th
centuries. By examining the works of well-known British artists such as
Hogarth, Blake, Gainsborough, Reynolds, Constable, and Turner, the
class will focus on the multiplicity of styles and themes that developed
in the visual arts in Britain from 1740 to 1840 and are part of the wider
artistic phenomenon known as romanticism. This introduction to the
British visual arts will be enriched by several class meetings in the Hun-
tington Art Gallery. Not offered 2014-15.

Art 55. Art of the 19th Century. 9 units (3-0-6); third term. A survey
of 19th-century art with an emphasis on French and English art
between ca. 1770 and 1880. This course will focus on issues including
competing conceptions of the public for art, the rise of photography,
the development of the avant-garde, and the place of art in urban
culture. Not offered 2014-15.

Art 66. Ancient Art: From the Pyramids to the Colosseum. 9 units
(3-0-6); second term. A survey of the art of the earliest civilization of the
ancient near east and Mediterranean from the Bronze Age to A.D. 300.
The major monuments—architectural, sculptural, and pictorial—of
Mesopotamia, Egypt, the Aegean, Greece, and Rome will be examined
as solutions to problems of form and function presented by communal
political, economic, and religious life. Emphasis will be placed on the
creation of Greco-Roman art, the foundation of the Western artistic
tradition. Not offered 2014-15.

Art 67. Italian Renaissance Art. 9 units (3-0-6); first term. A basic
study of the greatest achievements of Italian painting, sculpture, and
architecture in the 15th and 16th centuries. Masterpieces by a suc-
cession of artists such as Giotto, Masaccio, Brunelleschi, Donatello,
Alberti, the Bellini, Leonardo da Vinci, Michelangelo, Raphael, Titian,
Veronese, and others will be examined for their formal beauty and
power, and studied as manifestations of individual genius in the context
of their time and place: Italy, fragmented politically, yet at the peak of
its cultural dominance. Not offered 2014-15.

Courses



Art/H 68. Modern Art. 9 units (3-0-6); first term. The purpose of this
course is to give students a broad view of the history and significance

of Western art in the 19th and 20th centuries. We will focus on the
impact that shifts in production and social relations—generally referred
to as “modernization”—had on culture from 1850-1950. Through close
readings of primary and secondary texts, we will unpack some of the
modernist period’s most influential developments, such as the relation
between industrial and cultural production, the seeming contest be-
tween mass and avant-garde culture, and utopian cultural theories. The
course aims to provide students with an understanding and appreciation
of the history of modernist art in the West, as well as the tools with
which to write about visual culture analytically. Instructor: Robbins.

Art/H 69. Modernism in the Visual Arts, 1850-1945. 9 units (3-0-
6); second term. This course examines European and American painting,
sculpture, photography, and other visual arts from 1850 to the mid-
twentieth century. An era encompassing many diverse and significant
developments in modern art, this period includes Impressionism, Post-
Impressionism, Symbolism, Expressionism, Cubism, Dada, Surrealism,
and Abstract Expressionism. Artworks from these movements will be
studied in light of their social, cultural, and political contexts, with
particular attention paid to issues of gender and representation, and

to the different forms of abstraction developed and theorized by early
twentieth-century painters. The class will also focus on the relation-
ships of colonialism, urbanism, rising industrialism, and international
conflict to the visual culture of the period. Not offered 2014-15.

Art 70. Traditions of Japanese Art. 9 units (3-0-6), first term. An
introduction to the great traditions of Japanese art from prehistory
through the Meiji Restoration (1868-1912). Students will examine
major achievements of sculpture, painting, temple architecture, and
ceramics as representations of each artistic tradition, whether native or
adapted from foreign sources. Fundamental problems of style and form
will be discussed, but aesthetic analysis will always take place within the
conditions created by the culture. Instructor: Wolfgram.

Art 71. Arts of Buddhism. 9 units (3-0-6); third term. An examination

of the impact of Buddhism on the arts and cultures of India, South-

east Asia, China, Korea, and Japan from its earliest imagery in the 4th 421
century B.C.E. India through various doctrinal transformations to the

Zen revival of 18th-century Japan. Select monuments of Buddhist art,
including architecture, painting, sculpture, and ritual objects, will serve

as focal points for discussions on their aesthetic principles and for ex-
plorations into the religious, social, and cultural contexts that underlie

their creation. Not offered 2014-15.

E/H/Art 89. New Media Arts in the 20th and 21st Centuries. 9
units (3-0-6). For course description, see Engineering.

H/Art 119. Art Worlds. 9 units (3-0-6). For course description, see
History.
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Art/H 153. The Politics of Representation in American Art,
1935-2000. 9 units (3-0-6); first term. This course examines major
historical concerns and artistic themes in American Art from 1935,
the advent of the Popular Front, to the end of the 20th century, the
heart of postmodernism. We shall read art historical and theoretical
texts so as to understand the role of art in the formation of American
identity. In addition to familiarizing students with a broad range of
themes within the history of American art, this course will analyze
the relation between art and broader social and political contexts.
Instructor: Robbins.

Art/H 154. Art and Technology. 9 units (3-0-6); third term. From
perceptual experiments in abstract art to hacktivism and neuroaes-
thetics, this course explores interactions and interventions between
art and technology from the 1960s to the present. Our focus will
be on artists and artists groups working in the last forty years who
have taken developments in science and technology as their primary
subject of inquiry and critique. Topics include experiments in
perceptual technology, land use, scientific representations, bio-art,
net.art and data use. Students will engage in a research project that
focuses on a recent collaboration between art and science. Instruc-
tor: Robbins.

Art/H 155. Making and Knowing in Early Modern Europe.

9 units (3-0-6); first term. This course examines interactions between
art, science, and technological innovation in Europe and its colonies
ca. 1500-1750. It will explore influential arguments that have linked
the growth of empiricism in the sciences to naturalism in early modern
visual art. Major topics may include the place of artistic training in
scientific discovery, the “maker’s knowledge” tradition, and relations of
mind to body in early modern visual culture. Objects and images from
local collections will be central to analysis. Not offered 2014-15.

Art 169. The Arts of Dynastic China. 9 units (3-0-6); first term.

A survey of the development of Chinese art in which the major achieve-
ments in architecture, sculpture, painting, calligraphy, and ceramics
will be studied in their cultural contexts from prehistory through the
Manchu domination of the Qing Dynasty (1644-1911). Emphasis will
be placed on the aesthetic appreciation of Chinese art as molded by the
philosophies, religions, and history of China. Not offered 2014-15.

Art/H 183. Spectacle: From the Court Masque to the Great
Exhibition of 1851. 9 units (3-0-6); first term. This course examines
the ways in which spectacle has been used in early modern and nine-
teenth-century Europe. Drawing on aesthetic writings about the impact
of size and scale on audiences, but also examining historical accounts

of the workings of spectacle on spectators, it looks at a number of case
studies focusing on the technologies spectacles employed, the sites at
which they were staged, the purposes and aims of their creators, and the
controversies they engendered. Topics covered include English court
masques, the rituals of absolute monarchy (especially those of Louis
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XIV), the changing presentation of plays and works of art, the public
exhibition of torture, punishment, and human dissection, cabinets of
curiosity and scientific demonstrations, religious, civic, and political
ritual commemoration, the development of mixed media, panoramas
and dioramas, and the staging of international exhibitions. Not offered
2014-15.

ASTROPHYSICS

Ay 1. The Evolving Universe. 9 units (3-3-3); third term; This course

is intended primarily for freshmen not expecting to take more advanced
astronomy courses and will satisfy the menu requirement of the Caltech core
curriculum. Introduction to modern astronomy that will illustrate the
accomplishments, techniques, and scientific methodology of contem-
porary astronomy. The course will be organized around a set of basic
questions, showing how our answers have changed in response to fresh
observational discoveries. Topics to be discussed will include telescopes,
stars, planets, the search for life elsewhere in the universe, superno-
vae, pulsars, black holes, galaxies and their active nuclei, and Big Bang
cosmology. This class will be offered in a “flipped classroom” mode:
the students will be required to watch the video lectures first, and then
discuss them and work out problems in the classroom. A field trip to
Palomar Observatory will be organized. Not offered on a pass/fail basis.
Instructor: Djorgovski.

FS/Ay 3. Freshman Seminar: Automating Discovering the Uni-
verse. 6 units (2-0-4); second term. For course description, see Freshman
Seminar.

Ge/Ay 11 c. Planetary Sciences. 9 units (3-0-6). For course descrip-
tion, see Geological and Planetary Sciences.

Ay 20. Basic Astronomy and the Galaxy. 10 units (3-1-6); first term.
Prerequisites: Ma 1 abc, Ph 1 abc or instructor’s permission. The electro-

magnetic spectrum and basic radiative transfer; ground and space

observing techniques; “pictorial Fourier description” of astrophysical

optics; Kepler’s laws; exoplanets; stellar masses, distances, and motions; 423
the birth, structure, evolution, and death of stars; the structure and

dynamics of the Galaxy. Lessons will emphasize the use of order-of-

magnitude calculations and scaling arguments in order to elucidate the

physics of astrophysical phenomena. Short labs will introduce astro-

nomical measurement techniques. Instructor: Hillenbrand.

Ay 21. Galaxies and Cosmology. 9 units (3-0-6); second term. Pre-
requisites: Ma 1 abc, Ph 1 abc or instructor’s permission. Cosmological
models and parameters, extragalactic distance scale, cosmological tests;
constituents of the universe, dark matter, and dark energy; thermal
history of the universe, cosmic nucleosynthesis, recombination, and
cosmic microwave background; formation and evolution of structure

Astrophysics



424

in the universe; galaxy clusters, large-scale structure and its evolution;
galaxies, their properties and fundamental correlations; formation
and evolution of galaxies, deep surveys; star formation history of the
universe; quasars and other active galactic nuclei, and their evolution;
structure and evolution of the intergalactic medium; diffuse extraga-
lactic backgrounds; the first stars, galaxies, and the reionization era.
Instructor: Djorgovski

Ay 30. Introduction to Modern Research. 3 units (2-0-1); second
term. Weekly seminar open to declared Ay majors at the discretion of
the instructor; nonmajors who have taken astronomy courses may be
admitted. Course is intended for sophomores and juniors. This seminar
is held in faculty homes in the evening and is designed to encourage
student communication skills as they are introduced to faculty members
and their research. Each week a student will review a popular-level article
in astronomy for the class. Graded pass/fail. Instructor: Cohen, J.

Ay 31. Writing in Astronomy. 3 units (1-0-2); third term. This course
is intended to provide practical experience in the types of writing
expected of professional astronomers. Example styles include research
proposals, topical reviews, professional journal manuscripts, and articles
for popular magazines such as Astronomy or Sky and Telescope. Each
student will adopt one of these formats in consultation with the course
instructor and write an original piece. An outline and several drafts re-
viewed by both a faculty mentor familiar with the topic and the course
instructor are required. This course is most suitable for juniors and
seniors. Fulfills the Institute scientific writing requirement. Instructor:
Hillenbrand.

Ay 43. Reading in Astronomy and Astrophysics. Units in accordance
with work accomplished, not to exceed 3. Course is intended for students
with a definite independent reading plan or who attend regular (bi-
weekly) research and literature discussion groups. Instructor’s permis-
sion required. Graded pass/fail. Instructor: Staff.

Ay 78 abc. Senior Thesis. 9 units. Prerequisite: To register for this course,
the student must obtain approval of the astronomy option representative and
the prospective thesis adviser. Previous SURF or independent study work
can be useful experience. Course is open to senior astronomy majors
only. Research must be supervised by a faculty member. Students
wishing assistance in finding an adviser and/or a topic for a senior
thesis are invited to consult with the astronomy option representative.
The student will work with an advisor to formulate a research project,
conduct original research, present new results, and evaluate them in the
context of previously published work in the field. The first two terms
are graded pass/fail and the grades are then changed at the end of the
course to the appropriate letter grade for all three terms. In order to
receive a passing grade for second term, a work plan and a preliminary
thesis outline must be submitted. The written thesis of 20-100 pages
must be completed and approved by the adviser and the option repre-
sentative before the end of the third term. Instructor: Staff.
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Ay 101. Physics of Stars. 11 units (3-2-6); second term. Prerequisite: Ay
20 is recommended. Physics of stellar interiors and atmospheres. Proper-
ties of stars, stellar spectra, radiative transfer, line formation. Stellar
structure, stellar evolution. Nucleosynthesis in stars. Stellar oscillations.
Instructor: Ott.

Ay 102. Physics of the Interstellar Medium. 9 units (3-0-6); third
term. Prerequisite: Ay 20 is recommended. An introduction to observa-
tions of the inter-stellar medium and relevant physical processes. The
structure and hydrodynamic evolution of ionized hydrogen regions as-
sociated with massive stars and supernovae, thermal balance in neutral
and ionized phases, star formation and global models for the interstellar
medium. Instructor: Sargent.

Ay/Ph 104. Relativistic Astrophysics. 9 units (3-0-6); second term. Pre-
requisites: Ph 1, Ph 2 ab. This course is designed primarily for junior and
senior undergraduates in astrophysics and physics. It covers the physics
of black holes and neutron stars, including accretion, particle accelera-
tion and gravitational waves, as well as their observable consequences:
(neutron stars) pulsars, magnetars, X-ray binaries, gamma-ray bursts;
(black holes) X-ray transients, tidal disruption and quasars/active galax-
ies and sources of gravitational waves. Interested students are encour-
aged to take Ay 125. Not offered 2014-15.

Ay 105. Optical Astronomy Instrumentation Lab. 10 units (0-6-4);
second term. Prerequisite: Ay 20. An opportunity for astronomy and phys-
ics undergraduates (juniors and seniors) to gain firsthand experience
with the basic instrumentation tools of modern optical and infrared
astronomy. The 10 weekly lab experiments are expected to include
radiometry measurements, geometrical optics, optical aberrations

and ray tracing, spectroscopy, fiber optics, CCD electronics, CCD
characterization, photon counting detectors, vacuum and cryogenic
technology, and stepper motors and encoders. Instructors: Hallinan,
Martin.

Ay 111 ab. Introduction to Current Astrophysics Research. 3

units; first, second terms. This course is intended primarily for first-year

Ay graduate students, although participation is open and encouraged.

Students are required to attend seminar-style lectures given by astro- 425
physics faculty members, describing their research, to attend the weekly
astro-nomy colloquia, and to follow these with additional readings on

the subject. At the end of each term, students are required to sum-

marize in oral or written form (at the discretion of the instructor), one

of the covered subjects that is of most interest to them. Instructor:

Hallinan, Steidel.

Ge/Ay 117. Statistics and Data Analysis. 9 units (3-0-6); third term.
Prerequisites: CS 1 and instructor’s permission. For course description, see
Geological and Planetary Sciences.
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Ay 119. Methods of Computational Science. 9 units (3-0-6); third
term. Open to graduate and upper-division undergraduate students in
all options. Practical computational science methods useful in disci-
plines dealing with large and/or complex data sets. Topics include:
Scientific databases and archives; data mining and exploration; data
visualization techniques; practical techniques for physical modeling,
including numerical and stochastic models; data sharing over networks,
Web services, computational and data grids; design and understanding
of scientific computational systems and experiments, and good software
practices. Instructor: Djorgovski.

Ay 121. Radiative Processes. 9 units (3-0-6); first term. Prerequisite:
Ph 125 or equivalent (undergraduates). The interaction of radiation with
matter: radiative transfer, emission, and absorption. Compton pro-
cesses, coherent emission processes, synchrotron radiation, collisional
excitation, spectroscopy of atoms and molecules. Instructor: Hallinan.

Ay 122 abc. Astronomical Measurements and Instrumentation.

9 units (3-0-6); in 2014-15, only 122 a is offered, first term. Prerequisite:
Ph 106 or equivalent. Telescopes, optics, detectors, radiometers, pho-
tometry, spectroscopy. Active/adaptive optics. Interferometers/arrays.
Imaging devices and image processing. Antennae, receivers, mixers, and
amplifiers. Space telescopes. Signal analysis techniques and probability
and statistics as relevant to astronomical measurement. Some lab work
and observatory field trips. Ay 122 a concentrates on infrared, optical,
and ultraviolet techniques. Ay 122 b (not offered 2014-15) concentrates
on radio through submillimeter techniques, and Ay 122 ¢ (not offer-
ece 2014-15) concentrates on X-ray through gamma-ray techniques.
Instructors: (a) Cohen, Steidel.

Ay 123. Structure and Evolution of Stars. 9 units (3-0-6); second term.
Prerequisites: Ay 101; Ph 125 or equivalent (undergraduates). Thermody-
namics, equation of state, convection, opacity, radiative transfer, stellar
atmospheres, nuclear reactions, and stellar models. Evolution of low-
and high-mass stars, supernovae, and binary stars. Instructors: Ellis.

Ay 124. Structure and Dynamics of Galaxies. 9 units (3-0-6); first
term. Prerequisites: Ay 21; Ph 106 or equivalent (undergraduates). Stellar
dynamics and properties of galaxies; kinematics and dynamics of our
galaxy; spiral structure; stellar composition, masses, and rotation of
external galaxies; star clusters; galactic evolution; binaries, groups, and
clusters of galaxies. Instructor: Ellis.

Ay 125. High-Energy Astrophysics. 9 units (3-0-6); third term. Pre-
requisites: Ph 106 and Ph 125 or equivalent (undergraduates). High-energy
astrophysics, the final stages of stellar evolution; supernovae, binary
stars, accretion disks, pulsars; extragalactic radio sources; active galactic
nuclei; black holes. Instructor: Harrison.
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Ay 126. Interstellar and Intergalactic Medium. 9 units (3-0-6);
second term. Prerequisite: Ay 102 (undergraduates). Physical processes in
the interstellar medium. lonization, thermal and dynamic balance of
interstellar medium, molecular clouds, hydrodynamics, magnetic fields,
H Il regions, supernova remnants, star formation, global structure of
interstellar medium. Instructors: Steidel.

Ay 127. Cosmology and Galaxy Formation. 9 units (3-0-6); third
term. Prerequisites: Ay 21; Ph 106 or equivalent (undergraduates). Cos-
mology; extragalactic distance determinations; relativistic cosmologi-
cal models; galaxy formation and clustering; thermal history of the
universe, microwave background; nucleosynthesis; cosmological tests.
Instructor: Hopkins.

Ge/Ay 132. Atomic and Molecular Processes in Astronomy and
Planetary Sciences. 9 units (3-0-6). For course description, see Geo-
logical and Planetary Sciences.

Ge/Ay 133. The Formation and Evolution of Planetary Systems.
9 units (3-0-6). For course description, see Geological and Planetary
Sciences.

Ge/Ay 137. Planetary Physics. 9 units (3-0-6); second term. For course
description, see Geological and Planetary Sciences.

Ay 141 abc. Research Conference in Astronomy. 3 units (1-0-2);
first, second, third terms. Oral reports on current research in astronomy,
providing students an opportunity for practice in the organization and
presentation of technical material. A minimum of two presentations
will be expected from each student each year. In addition, students are
encouraged to participate in a public-level representation of the same
material for posting to an outreach website. This course fulfills the
option communication requirement and is required of all astronomy
graduate students who have passed their preliminary exams. It is also
recommended for astronomy seniors. Graded pass/fail. (a) J. Cohen,
Ott; (b) Hillenbrand, Phinney; (c) Hopkins, Sargent.

Ay 142. Research in Astronomy and Astrophysics. Units in accor-

dance with work accomplished. The student should consult a member of 427
the department and have a definite program of research outlined. Ap-

proval by the student’s adviser must be obtained before registering. 36

units of Ay 142 or Ay 143 required for candidacy for graduate students.

Graded pass/fail.

Ay 143. Reading and Independent Study. Units in accordance with
work accomplished. The student should consult a member of the depart-
ment and have a definite program of reading and independent study
outlined. Approval by the student’s adviser must be obtained before
registering. 36 units of Ay 142 or Ay 143 required for candidacy for
graduate students. Graded pass/fail.
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Ge/Ay 159. Planetary Evolution and Habitability. 9 units (3-0-6).
For course description, see Geological and Planetary Sciences.

Ay 190. Computational Astrophysics. 9 units (3-0-6); second term.
Prerequisites: Ph 20-22 (undergraduates). Introduction to essential
numerical analysis and computational methods in astrophyics and
astrophysical data analysis. Basic numerical methods and techniques;
N-body simulations; fluid dynamics (SPH/grid-based); MHD; radiation
transport; reaction networks; data analysis methods; numerical relativ-
ity. Not offered 2014-15.

Ay 211. Contemporary Extragalactic Astronomy. 9 units (3-0-6);
third term. Prerequisites: Ay 123, Ay 124, and Ay 127. Topics in extraga-
lactic astronomy and cosmology, including observational probes of dark
matter and dark energy; cosmological backgrounds and primordial ele-
ment abundances; galaxy formation and evolution, including assembly
histories, feedback and environmental effects; physics of the interga-
lactic medium; the role of active galactic nuclei; galactic structure and
stellar populations; future facilities and their likely impact in the field.
Not offered 2014-2015.

Ay 215. Seminar in Theoretical Astrophysics. 9 units (3-0-6); second
term. Course for graduate students and seniors in astronomy and plan-
etary science. Students will be required to lead some discussions. Topic
will be selected based on student interest. Not offered 2014-15.

Ay 218. Extrasolar Planets. 9 units (3-0-6); third term. Close to 2,000
planets have been identified in orbit around normal stars. Astronomers
are now embarking on understanding the statistics of extrasolar planet
populations and characterizing with great precision individual planets,

namely, determining their masses, radii, and in some cases, diagnosing
their atmospheres. The course will review the state of extrasolar plan-

ets, take up case studies, and anticipate findings. Not offered 2014-15.

Ay 219. Elements in the Universe and Galactic Chemical Evolu-
tion. 9 units (3-0-6); second term. Prerequisites: Ay 121, 123, 124, 126.
Survey of the formation of the elements in the universe as a function of
cosmic time. Review of the determination of abundances in stars, mete-
orites, H Il regions, and in interstellar and intergalactic gas. Overview of
models of galactic chemical evolution. Participants will measure elemen-
tal abundances from the Keck spectrum of a star and construct their own
numerical chemical evolution models. Instructor: Kirby.
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BIOCHEMISTRY AND MOLECULAR BIOPHYSICS

BMB/Bi/Ch 170. Biochemistry and Biophysics of Macromolecules
and Molecular Assemblies. 9 units (3- 0-6); first. Prerequisites: Bi/Ch
110. Detailed analysis of the structures of the four classes of biological
molecules and the forces that shape them. Introduction to molecular
biological and visualization techniques. Instructors: Clemons.

BMB/Bi/Ch 173. Biophysical/Structural Methods. 9 units (3-0-6);
second. Basic principles of modern biophysical and structural methods
used to interrogate macromolecules from the atomic to cellular levels,
including light and electron microscopy, X-ray crystallography, NMR
spectroscopy, single molecule techniques, circular dichroism, surface
plasmon resonance, mass spectrometry, and molecular dynamics and
systems biological simulations. Instructors: Jensen, Clemons and other
guest lecturers.

BMB/Bi/Ch 174. Molecular Machines in the Cell. 9 units (3-0-

6); third. Prerequisites: Bi/Ch 110, BMB/Bi/Ch 170, BMB/Bi/Ch 173.
Detailed analysis of specific macromolecular machines and systems that
illustrate the principles and biophysical methods taught in BMB/Bi/Ch
170 and BMB/BIi/Ch 173. Instructors: Shan, Hoelz and various guest
lecturers (subject to change each year).

BMB/Ch 178. Enzyme Kinetics and Mechanisms. 9 units (3-0-

6); first term. Prerequisite: Bi/Ch 110 or equivalent. Discussion of the
energetic principles and molecular mechanisms that underlie enzymes’
enormous catalytic proficiency and exquisite specificity. Practical kinet-
ics sections discuss how to infer molecular mechanisms from rate/equi-
librium measurements and their application to more complex biological
systems, and include steady-state and pre-steady-state Kinetics, and
kinetics at the single molecule level. Instructor: Shan.

BMB/Ch 202 abc. Biochemistry Seminar Course. 1 unit; first,

second, third terms. A course that includes a seminar on selected topics

from outside faculty on recent advances in biochemistry. Students will
participate in the seminar along with a formal discussion section with

visiting faculty. Instructor: Clemons. 429

Bi/BMB 251 abc. Current Research in Cellular and Molecular
Biology. 1 unit. For course description, see Biology.

BMB 278. Fundamentals of Molecular Genetics. 9 units (3-0-6);
third term. Principles and mechanisms of DNA repair and replication,
transcription and splicing, and protein synthesis. Not offered 2014-15.

BMB 299. Graduate Research. Units to be arranged; first, second, third

terms. Students may register for research units after consultation with
their adviser.
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BIOENGINEERING

BE 1. Frontiers in Bioengineering. 1 unit; second term. A weekly
seminar series by Caltech faculty providing an introduction to research
directions in the field of bioengineering. Required for BE undergradu-
ates. Graded pass/fail. Instructor: Staff.

FS/BE 5. Freshman Seminar: Introduction to Biomechanics. 6
units (2-0-4). For course description, see Freshman Seminar.

Bi/BE 24. Technical Communication for Biological Scientists and
Engineers. 6 units (3-0-3); first term. For course description, see Biol-

ogy.

BE 98. Undergraduate Research in Bioengineering. Variable units,
as arranged with the advising faculty member; first, second, third terms.
Undergraduate research with a written report at the end of each term;
supervised by a Caltech faculty member, or coadvised by a Caltech
faculty member and an external researcher. Graded pass/fail. Instructor:
Staff.

BE/Bi 101. Order of Magnitude Biology. 6 units (3-0-3); second term.
Prerequisites: none. In this course, students will develop skills in the

art of educated guesswork and apply them to the biological sciences.
Building from a few key numbers in biology, students will “size up”
biological systems by making inferences and generating hypotheses
about phenomena such as the rates and energy budgets of key biologi-
cal processes. The course will cover the breadth of biological scales:
molecular, cellular, organismal, communal, and planetary. Undergradu-
ate and graduate students of all levels are welcome. Instructors: Bois,
Phillips.

BE/Bi 103. Data Analysis in the Biological Sciences. 9 units (1-3-5);
first term. Prerequisites: CS 1 or equivalent; Bi 1, Bi 1x, Bi 8, or equivalent,
or instructor’s permission. This course covers a basic set of tools needed
to analyze quantitative data in biological systems, both natural and
engineered. Students will analyze real data in class and in homework.
PYTHON will be used as the programming language of instruction.
Topics will include regression, parameter estimation, outlier detection
and correction, error estimation, image processing and quantifca-

tion, denoising, hypothesis testing, and data display and presentation.
Instructor: Bois.

BE/Bi/MedE 106. Introduction to Biomechanics. 9 units (3-0-6);
third term. Introduction to the basic concepts of applying engineering
principles of solid and fluid mechanics to the study of biological sys-
tems. The course emphasizes the organismal, rather than the molecular,
level of complexity. It draws on a wide array of biological phenomena
from plants and animals, and is not intended as a technical introduction
to medically related biomechanics. Topics may include fundamental

Courses



properties of solids and fluids, viscoelasticity, drag, biological pumps,
locomotion, and muscle mechanics. Not offered 2014-15.

BE 107. Exploring Biological Principles Through Bio-Inspired
Design. 9 units (1-0-8); third term. Prerequisites: None. Students will
formulate and implement an engineering project designed to explore
a biological principle or property that is exhibited in nature. Students
will work in small teams in which they build a hardware platform
that is motivated by a biological example in which a given approach
or architecture is used to implement a given behavior. Alternatively,
the team will construct new experimental instruments in order to test
for the presence of an engineering principle in a biological system.
Example topics include bio-inspired control of motion (from bacteria
to insects), processing of sensory information (molecules to neurons),
and robustness/fault-tolerance. Each project will involve proposing a
specific mechanism to be explored, designing an engineering system
that can be used to demonstrate and evaluate the mechanism, and
building a computer-controlled, electro-mechanical system in the lab
that implements or characterizes the proposed mechanism, behavior or
architecture. Instructors: Dickinson, Murray.

ChE/BE 112. Design, Invention, and Fundamentals of Microflu-
idic Systems. 9 units (3-0-6); second term. For course description, see
Chemical Engineering.

Ph/APh/EE/BE 118 abc. Physics of Measurement. 9 units (3-0-6);
first, second, third terms. Prerequisites: Ph127, APh 105, or equivalent, or
permission from instructor. For course description, see Physics.

BE 141. Biomaterials: Science and Engineering. 9 units (3-0-6); sec-
ond term. Prerequisites: Ph 2 ab or Ph 12 abc, Ch 1 ab, Ch 3 a, or instructor’s
permission. MS 115 recommended. Lectures and experiments demonstrat-
ing the bulk and surface properties of materials; review of the major
classes of materials—metals, ceramics, polymers—with a view to their
relevance to the biomedical field. Special materials and processes of
relevance will also be discussed, e.g., hydrogels, fabrics, thin films, bio-
resorbable and bioerodible materials, cardiac jelly, etc. Proteins, cells,
tissues and their interactions with materials; key concepts in reactions
between host materials and implants, including inflammation, coagu- 431
lation, and tumorigenesis. Testing and degradation of biomaterials,
material applications in medicine and dentistry, especially orthopedic,
cardiovascular, ophthalmologic, oral and maxillofacial implants, and
artificial organs. Instructor: Staff. Not offered 2014-15.

BE 150. Systems Biology. 9 units (3-0-6); third term. Prerequisites:
None. Quantitative studies of cellular and developmental systems in bi-
ology, including the architecture of specific genetic circuits controlling
microbial behaviors and multicellular development in model organisms.
Specific topics include chemotaxis, multistability and differentiation,
biological oscillations, stochastic effects in circuit operation, as well

as higher-level circuit properties such as robustness. Organization of
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transcriptional and protein-protein interaction networks at the genomic
scale. Topics are approached from experimental, theoretical and com-
putational perspectives. Instructors: Bois, Elowitz.

BE 151. Bioengineering Principles and Practice in Molecular
Biology. 9 units (3-0-6); first term. Prerequisites: None. This course will
explore the bioengineering principles and developments that drive
new avenues of research in molecular biology. We will review the
basic principles of current research approaches, dissect the protocols,
equipment and chemistry that enable these approaches, and discuss
how they impose the existing limitations on performance. Students
will be expected to engage in more reading on one of the approaches
and develop strategies for implementing improvements. A written and
oral presentation of the area under study will be required. Areas to

be investigated will be drawn from DNA sequencing, RNA analysis,
genomic approaches, flow cytometry, and array technologies. Not
offered 2014-15.

BE/Bi 152. Bioengineering Principles and Practice in Cell Physi-
ology. 9 units (3-0-6); second term. Prerequisites: None. This course will
explore our current knowledge based on the fundamental properties

of nerves and synapses, and present the bioengineering principles and
developments that drive new avenues of research in cell physiology.
We will present the tools used for making current research measure-
ments, dissect the protocols, equipment, and physics that enable the
approaches, and discuss the current limitations that limit performance.
Students will be expected to engage in one of the technologies and de-
velop a greater understanding in both written and oral presentations to
the class. Areas to be investigated will be drawn from electrophysiology,
single channel recording, imaging with indicator dyes, and screening
technologies. Not offered 2014-15.

BE 153. Case Studies in Systems Physiology. 9 units (3-0-6); second
term. Prerequisites: Bi 8, Bi 9, or equivalent. This course will explore the
process of creating and validating theoretical models in systems biol-
ogy and physiology. It will examine several macroscopic physiological
systems in detail, including examples from immunology, endocrinol-
ogy, cardiovascular physiology, and others. Emphasis will be placed on
understanding how macroscopic behavior emerges from the interaction
of individual components. Instructor: Petrasek.

Bi/NB/BE 155. Neuropharmacology. 6 units (3-0-3); second term. For
course description, see Biology.

BE 157. Modeling Spatiotemporal Pattern Formation in Complex
Biological Systems. 9 units (3-0-6); second term. Prerequisites: Bi 8, Bi
9, ACM 95 ahc, and Ph 2 b or Ph 12 ¢ or Ch 25. This course describes
how to use statistical mechanics and nonlinear dynamics to model self-
organized spatiotemporal pattern formation and transition kinetics in
complex biological systems. These phenomena include Turing patterns
in morphogenesis, oscillations by excitation-relaxation dynamics in cell
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signaling networks, and the propagation of traveling waves observed in
action potentials and collective cell migration. This course emphasizes
the construction of phenomenological models for stochastic nonlinear
behavior in biological systems, including derivation of the correspond-
ing Turing analysis, Langevin equation, Fokker-Planck equation, and
Kramer theory. Not offered 2014-15.

BE 159. Signal Transduction and Mechanics in Morphogenesis. 9
units (3-0-6); second term. Prerequisites: Bi 8, Bi 9, ACM 95 abc, or instruc-
tor’s permission. This course examines the mechanical and biochemical
pathways that govern morphogenesis. Topics include embryonic pat-
terning, cell polarization, cell-cell communication, and cell migration
in tissue development and regeneration. The course emphasizes the
interplay between mechanical and biochemical pathways in morpho-
genesis. Instructor: Bois.

BE/APh 161. Physical Biology of the Cell. 12 units (3-0-9); second
term. Prerequisites: Ph 2ab and ACM 95abc, or background in differential
equations and statistical and quantum mechanics, or instructor’s written
permission. Physical models applied to the analysis of biological struc-
tures ranging from individual proteins and DNA to entire cells. Topics
include the force response of proteins and DNA, models of molecular
motors, DNA packing in viruses and eukaryotes, mechanics of mem-
branes, and membrane proteins and cell motility. Instructor: Phillips.

BE/APh 162. Physical Biology Laboratory. 12 units (0-6-6); second
term. Prerequisites: concurrent enrollment in BE/APh 161; limited to juniors
and seniors who have completed the required BE courses. This laboratory
course accompanies BE/APh 161 and is built around experiments

that amplify material covered in that course. Particular topics include
background on techniques from molecular biology, mechanics of lipid
bilayer vesicles, DNA packing in viruses, fluorescence microscopy

of cells, experiments on cell motility, and the construction of genetic
networks. Not offered 2014-15.

ChE/BE 163. Introduction to Biomolecular Engineering. 12 units
(3-0-9); first term. For course description, see Chemical Engineering.

EE/BE/MedE 166. Optical Methods for Biomedical Imaging and 433
Diagnosis. 9 units (3-1-5). For course description, see Electrical
Engineering.

BE 167. Research Topics in Bioengineering. 1 unit; first term.
Introduction to current research topics in Caltech bioengineering labs.
Graded pass/fail. Instructor: Staff.

BE 168. Reading the Bioengineering Literature. 4 units (1-0-3); sec-
ond term. Prerequisites: None. Participants will read, discuss, and critique
papers on diverse topics within the bioengineering literature. Enroll-
ment limited to 10 students; undergraduates with instructor’s permission.
Instructor: Winfree. Offered in alternate years; offered 2014-15.
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Bi/BE 177. Principles of Modern Microscopy. 9 units (3-0-6); second
term. For course description, see Biology.

EE/BE/MedE 185. MEMS Technology and Devices. 9 units (3-0-6).
For course description, see Electrical Engineering.

BE/EE/MedE 189 ab. Design and Construction of Biodevices. 12
units (3-6-3) a = third term; 9 units (0-9-0) b = first term. Prerequisites:
ACM 95 ab (for BE/EE/MedE 189 a); BE/EE/MedE 189 a (for BE/EE/
MedE 189 b). Part a, students will design and implement biosensing
systems, including a pulse monitor, a pulse oximeter, and a real-time
polymerase-chain-reaction incubator. Students will learn to program
in LABVIEW. Part b is a student-initiated design project requiring
instructor’s permission for enrollment. Enrollment is limited to 24
students. BE/EE/MedE 189 a is an option requirement; BE/EE/MedE
189 b is not. Instructor: Yang.

BE/CS/CNS/Bi 191 ab. Biomolecular Computation. 9 units (3-0-6)
second term; (2-4-3) third term. Prerequisite: none. Recommended: ChE/BE
163, CS 21, CS 129 ab, or equivalent. This course investigates computa-
tion by molecular systems, emphasizing models of computation based
on the underlying physics, chemistry, and organization of biologi-

cal cells. We will explore programmability, complexity, simulation of
and reasoning about abstract models of chemical reaction networks,
molecular folding, molecular self-assembly, and molecular motors, with
an emphasis on universal architectures for computation, control, and
construction within molecular systems. If time permits, we will also
discuss biological example systems such as signal transduction, genetic
regulatory networks, and the cytoskeleton; physical limits of computa-
tion, reversibility, reliability, and the role of noise, DNA-based comput-
ers and DNA nanotechnology. Part a develops fundamental results;
part b is a reading and research course: classic and current papers will
be discussed, and students will do projects on current research topics.
Instructor: Winfree.

BE/CS 196 ab. Design and Construction of Programmable Molec-
ular Systems. 12 units (3-6-3) second term; (2-8-2) third term; a = third
term; b = not offered 2014-15. Prerequisites: ChE/BE 163 or BE/CS/CNS/
Bi 1914, or instructor’s permission. This course will introduce students to
the conceptual frameworks and tools of computer science as applied to
molecular engineering, as well as to the practical realities of synthesiz-
ing and testing their designs in the laboratory. In part a, students will
design and construct DNA logic circuits, biomolecular neural networks,
and complex two-dimensional and three-dimensional nanostructures,
as well as quantitatively analyze the designs and the experimental data.
Students will learn laboratory techniques including gel electrophoresis,
fluorescence spectroscopy, and atomic force microscopy, and will use
software tools and program in MATHEMATICA or MATLAB. Part b is
an open-ended, design-and-build project requiring instructor’s permis-
sion for enrollment. Enrollment in both parts a and b is limited to 12
students. Instructor: Qian.
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BE 200. Research in Bioengineering. Units and term to be arranged.
By arrangement with members of the staff, properly qualified graduate
students are directed in bioengineering research.

Bi/BE 227. Methods in Modern Microscopy. 12 units (2-6-4). For
course description, see Biology.

Bi/CNS/BE/NB 230. Optogenetic Methods in Experimental Neu-
roscience. 9 (3-1-5); third term. Prerequisites: Graduate standing or Bi
150 and instructor permission. For course description, see Biology.

BE 240. Special Topics in Bioengineering. Units and term to be ar-
ranged. Topics relevant to the general educational goals of the bioengi-
neering option. Graded pass/fail.

Ae/BE 242. Biological Flows: Propulsion. 9 units (3-0-6). For course
description, see Aerospace.

MedE/BE/Ae 243. Biological Flows: Transport and Circulatory
Systems. 9 units (3-0-6); second term. For course description, see Medi-
cal Engineering.

BE 262. Physical and Synthetic Biology Boot Camp. 9 units (1-8-0);
third term. This course provides an intensive research introduction to
current projects in physical and synthetic biology. Projects are based

on current research directions in participating labs, including those

of visiting biologists invited for the course. Representative classes of
experiments include quantitative fluorescent microscopy of cell and
organelle dynamics, single-cell measurement of genetic expression
levels during development, and design and construction of biological
circuits in microbes. Graded pass/fail. Not offered 2014-15.

BIOLOGY

Bi 1. Principles of Biology. 9 units (4-0-5); third term. Advances

in biotechnology have driven unprecedented integration across the
hierarchy of biology, from molecules to ecosystems, as well as the 435
integration of biology with other sciences, including geology, physics,
chemistry and mathematics. The design of this biology course seeks to
provide introductory students with a strong foundation built on a set
of basic principles that will provide students with the intellectual tools
for critical thinking in the discipline. Because the microbial world has
been critical in all aspects of biology, from the environmental to human
health, throughout the evolution of the biosphere, a microbiological
perspective will form the nucleus around which each major topic will
be developed. Specifically, we will discuss key concepts in cellular and
molecular biology (e.g. cytoskeletal elements, transcription, transla-
tion), ecology, evolution, and metabolism (e.g. biosynthesis and energy
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generation) by providing examples from the microbial world. Instruc-
tor: Newman.

Bi 1 x. The Great Ideas of Biology: An Introduction through
Experimentation. 9 units (0-6-3); third term. Introduction to concepts
and laboratory methods in biology. Molecular biology techniques and
advanced microscopy will be combined to explore the great ideas of
biology. This course is intended for nonbiology majors and will satisfy
the freshman biology course requirement. Limited enrollment. Instruc-
tors: Bois, Phillips.

Bi 2. Current Research in Biology. 3 units (1-0-2); first term. Intended
for students considering the biology option; open to freshmen. Current
research in biology will be discussed, on the basis of reading assigned
in advance of the discussions, with members of the divisional faculty.
Graded pass/fail. Instructor: Elowitz.

Bi 8. Introduction to Molecular Biology: Organization and
Expression of Genetic Information. 9 units (4-0-5); second term.
This course and its sequel, Bi 9, cover biology at the molecular and
cellular levels. Bi 8 emphasizes genomic structure and mechanisms
involved in the organization and regulated expression of genetic infor-
mation. The focus is on the ways that the information content of the
genome is translated into distinctive, cell type specific patterns of gene
expression and protein function, with special attention to the prob-
lems of gene regulation in complex multicellular organisms. Assign-
ments will include critical dissections of papers from current research
literature and individual oral presentations by students to the class on
specific topics. Instructor: Rothenberg.

Bi 9. Cell Biology. 9 units (3-0-6); third term. Continues coverage

of biology at the cellular level, begun in Bi 8. Topics: cytoplasmic
structure, membrane structure and function, cell motility, and cell-cell
recognition. Emphasis on both the ultrastructural and biochemical
approaches to these topics. Instructors: Aravin, Deshaies.

Bi 10. Introductory Biology Laboratory. 6 units (1-3-2); third term.
Prerequisites: Bi 8; designed to be taken concurrently with Bi 9. An intro-
duction to molecular, cellular, and biochemical techniques that are
commonly used in studies of biological systems at the molecular level.
Instructor: Staff.

FS/Bi 13. In Search of Memory. 6 units (2-0-4). For course descrip-
tion, see Freshman Seminar.

Bi 22. Undergraduate Research. Units to be arranged; first, second, third
terms. Special problems involving laboratory research in biology; to be
arranged with instructors before registration. Graded pass/fail. Instruc-
tor: Staff.
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Bi 23. Biology Tutorials. 3 or 6 units; second term. Small group study
and discussion in depth of special areas or problems in biology, involv-
ing regular tutorial sections with instructors drawn from the divisional
postdoctoral staff and others. Usually given winter term. To be ar-
ranged with instructors before registration. Graded pass/fail. Instructor:
Huang.

Bi/BE 24. Technical Communication for Biological Scientists and
Engineers. 6 units (3-0-3); first term. This course offers instruction
and practice in writing and speaking relevant to professional biological
scientists and engineers working in research, teaching, and/or medical
careers. Students will write a paper for a scientific or engineering jour-
nal, either based on their previous research or written as a review paper
of current work in their field. A Caltech faculty member, a postdoctoral
scholar, or technical staff member serves as a technical mentor for each
student, to provide feedback on the content and style of the paper. Oral
presentations will be based on writing produced in the course, with
feedback from instructors and peers. Fulfills the Institute scientific writ-
ing requirement. Instructor: Staff.

Bi 90 abc. Undergraduate Thesis. 12 or more units per term; first,
second, third terms. Prerequisites: 18 units of Bi 22 (or equivalent research
experience) in the research area proposed for the thesis, and instructor’s
permission. Intended to extend opportunities for research provided by

Bi 22 into a coherent individual research project, carried out under the
supervision of a member of the biology faculty. Normally involves three
or more consecutive terms of work in the junior and senior years. The
student will formulate a research problem based in part on work already
carried out, evaluate previously published work in the field, and present
new results in a thesis format. First two terms graded pass/fail; final
term graded by letter on the basis of the completed thesis. Instructor:
Bjorkman.

BE/Bi 101. Order of Magnitude Biology. 6 units (3-0-3); second term.
For course description, see Bioengineering.

CNS/SS/Psy/Bi 102 ab. Brains, Minds, and Society. 9 units (3-0-6).
For course description, see Computation and Neural Systems.
437

BE/Bi 103. Data Analysis in the Biological Sciences. 9 units (1-3-5);
first term. For course description, see Bioengineering.

Bi/Ge 105. Evolution. 12 units (3-4-5); second term. Maximum enroll-
ment: 15, by application only. In 2013-2014 the course will be open to under-
graduates only. Prerequisites: Completion of Core Curriculum Courses. The
theory of evolution is arguably biology’s greatest idea and serves as the
overarching framework for thinking about the diversity and relation-
ships between organisms. This course will present a broad picture of
evolution starting with discussions of the insights of the great natural-
ists, the study of the genetic basis of variation, and an introduction to
the key driving forces of evolution. Following these foundations, we
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will then focus on a number of case studies including the following:
evolution of oxygenic photosynthesis, origin of eukaryotes, multicellu-
larity, influence of symbiosis, the emergence of life from the water (i.e.
fins to limbs), the return of life to the water (i.e. limbs to fins), diversity
following major extinction events, the discovery of Archaea, insights
into evolution that have emerged from sequence analysis, and finally
human evolution and the impact of humans on evolution (including
examples such as antibiotic resistance). A specific focus for considering
these issues will be the island biogeography of the Galapagos. Instruc-
tors: Phillips, Orphan. Given in alternate years; not offered 2014-15.

BE/Bi/MedE 106. Introduction to Biomechanics. 9 units (3-0-6);
third term. For course description, see Bioengineering.

Bi/Ch 110. Introduction to Biochemistry. 12 units (4-0-8); first term.
Prerequisite: Ch 41 abc or instructor’s permission. Lectures and recitation
introducing the molecular basis of life processes, with emphasis on the
structure and function of proteins. Topics will include the derivation of
protein structure from the information inherent in a genome, biologi-
cal catalysis, the intermediary metabolism that provides energy to an
organism, and the use of DNA manipulations, cloning, and expression
of proteins in foreign hosts to study protein structure and function.
Instructors: Richards, Biochemistry faculty.

Bi/Ch 111. Biochemistry of Gene Expression. 12 units (4-0-8);
second term. Prerequisites: Bi/Ch 110; Bi 8 and Bi 122 recommended.
Lectures and recitation on the molecular basis of biological structure
and function. Emphasizes the storage, transmission, and expression of
genetic information in cells. Specific topics include DNA replication,
recombination, repair and mutagenesis, transcription, RNA processing,
and protein synthesis. Instructors: Campbell, Parker.

Bi/Ch 113. Biochemistry of the Cell. 12 units (4-0-8); third term.
Prerequisites: Bi/Ch 110; Bi 9 recommended or consent of instructor. Lec-
tures and recitation on the biochemistry of basic cellular processes in
the cytosol and organelles, with emphasis on membrane and protein
trafficking. Specific topics include protein secretion, virus entry, endo-
cytosis, endoplasmic reticulum dynamics, nuclear trafficking, autoph-
agy, apoptosis, and mitochondrial dynamics. The relationship of these
processes to human disease will be discussed. Instructors: Chan, Hoelz.

Bi 114. Immunology. 9 units (3-0-6); second term. Prerequisites: Bi 8,

Bi 9, Bi 122 or equivalent, and Bi/Ch 110 recommended. The course will
cover the molecular and cellular mechanisms that mediate recognition
and response in the mammalian immune system. Topics include cellular
and humoral immunity, the structural basis of immune recognition,
antigen presentation and processing, gene rearrangement of lympho-
cyte receptors, cytokines and the regulation of cellular responses, T
and B cell development, and mechanisms of tolerance. The course will
present an integrated view of how the immune system interacts with
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viral and bacterial pathogens and commensal bacteria. Instructors:
Mazmanian, Bjorkman.

Bi 115. Attack and Repulsion: Viruses and their Hosts. 9 units (3-
0-6); third term. The course will introduce the chemistry and biology

of viruses, emphasizing their diverse replication strategies. It will then
focus on mechanisms used by viruses to multiply in the face of host
defenses. It will also discuss cancer-inducing viruses. The course will
mainly consider mammalian viruses but will also discuss aspects of plant
and bacterial viruses. Instructor: Baltimore. Given in alternate years;
not offered 2014-15.

Bi 117. Developmental Biology. 9 units (3-0-6); second term. Pre-
requisites: Bi 8 and Bi 9. A survey of the development of multicellular
organisms. Topics will include the beginning of a new organism
(fertilization), the creation of multicellularity (cellularization, cleavage),
reorganization into germ layers (gastrulation), induction of the nervous
system (neurulation), and creation of specific organs (organogenesis).
Emphasis will be placed on the molecular mechanisms underlying
morphogenetic movements, differentiation, and interactions during de-
velopment, covering both classical and modern approaches to studying
these processes. Instructor: Bronner.

Bi 118. Morphogenesis of Developmental Systems. 6 units (2-0-4);
first term. Prerequisites: Bi 8 and Bi 9, and at least one of the following: Bi
117, Bi 122, Bi 129, Bi 145, or Bi 182 (or equivalents). Lectures on and
discussion of how cells, tissues, and organs take shape: the influence

of force on cell shape change; cell migration including chemotaxis

and collective cell movement; adhesion/deadhesion during migration;
the relationship between cell migration and metastasis; and a review/
overview of general signaling principles and embryonic development of
invertebrate and vertebrate animals. Instructor; Stathopoulos. Given in
alternate years; offered 2014-15.

Bi 122. Genetics. 9 units (3-0-6); first term. Prerequisite: Bi 8 or Bi 9,
or instructor’s permission. Lecture and discussion course covering basic
principles of genetics. Instructor: Hay.

Bi 123. Genetics Laboratory. 12 units (2-8-2); second term. Prerequisite:  [BSE]
Bi 122. Laboratory exercises illustrating the principles of genetics, with
emphasis on Mendelian inheritance in multicellular eukaryotes, includ-

ing Drosophila melanogaster and Caenorhabditis elegans. Instructor: Staff

Given in alternate years; not offered 2014-15.

Bi 129. Biology of Cancer. 9 units (3-0-6); second term. The first

part of the course will concern the basic biology of cancer, covering
oncogenes, tumor suppressors, tumor cell biology, metastasis, tumor
angiogenesis, and other topics. There will also be a section on cancer
genetics, which will primarily be taught from primary literature and
journal reviews. The last part of the course will concern treatments,
including chemotherapy, anti-angiogenic therapy, and immunotherapy.

Biology



440

Textbook: The Biology of Cancer (2006) by Robert Weinberg. Instructor:
Zinn. Given in alternate years; offered 2014-15.

CNS/Psy/Bi 131. The Psychology of Learning and Motivation. 9 units
(3-0-6). For course description, see Computation and Neural Systems.

Bi/Ch 132. Biophysics of Macromolecules. 9 units (3-0-6); first term.
Recommended prerequisite: Bi/Ch 110. Structural and functional aspects
of nucleic acids and proteins, including hybridization; electrophoretic
behavior of nucleic acids; principles and energetics of folding of poly-
peptide chains in proteins; allostery and cooperativity in protein action;
enzyme kinetics and mechanisms; and methods of structure determina-
tion, such as X-ray diffraction and magnetic resonance. Structure and
function of metalloenzymes. Instructors: Beauchamp, Cai.

Bi 145 a. Tissue and Organ Physiology. 9 units (3-0-6); first term.
Prerequisites: Bi 8, 9, 110. Bi 110 may be taken concurrently. Reviews

of anatomy and histology, as well as in-depth discussion of cellular
physiology. Building from cell function to tissues, the course explores
human physiology in an organ-based fashion. First term topics include
endocrine physiology, the skeletal system, digestive and hepatic physiol-
ogy, nutrition and urinary physiology. Particular emphasis is placed on
health issues and pharmaceutical therapy from both a research and a
medical perspective. Instructor: Tydell.

Bi 145 b. Tissue and Organ Physiology. 9 units (3-0-6); second term.
Prerequisites: Bi 145a. Building on the foundations of Bi 145a, Bi 145b
will continue the exploration of human physiology incorporating
anatomy and cellular physiology. Topics include muscle physiology,
cardiovascular physiology, the respiratory system and reproductive
physiology. Particular emphasis is placed on health issues and phar-
maceutical therapy from both a research and a medical perspective.
Instructor: Tydell.

Bi/CNS/NB 150. Introduction to Neuroscience. 10 units (4-0-6);
first term. Prerequisites: Bi 8, 9, or instructors’ permission. General prin-
ciples of the function and organization of nervous systems, providing
both an overview of the subject and a foundation for advanced courses.
Topics include the physical and chemical bases for action potentials,
synaptic transmission, and sensory transduction; anatomy; develop-
ment; sensory and motor pathways; memory and learning at the
molecular, cellular, and systems level; and the neuroscience of brain
diseases. Instructors: Adolphs, Lester.

BE/Bi 152. Bioengineering Principles and Practice in Cell
Physiology. 9 units (3-0-6). For course description, see Bioengineering.

Bi/CNS/NB 153. Brain Circuits. 9 units (3-0-6); second term. Prereg-
uisites: BIi/CNS/NB 150 or equivalent. What functions arise when many
thousands of neurons combine in a densely connected circuit? Though
the operations of neural circuits lie at the very heart of brain science,
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our textbooks have little to say on the topic. Through an alternation

of lecture and discussion this course explores the empirical observa-
tions in this field and the analytical approaches needed to make sense of
them. We begin with a foray into sensory and motor systems, con-
sider what basic functions they need to accomplish, and examine what
neural circuits are involved. Next we explore whether the circuit motifs
encountered are also found in central brain areas, with an emphasis

on sensory-motor integration and learning. Finally we discuss design
principles for neural circuits and what constraints have shaped their
structure and function in the course of evolution. Instructor: Meister.
Given in alternate years; offered 2014-15.

Bi/NB/BE 155. Neuropharmacology. 6 units (3-0-3); second term. Pre-
requisites: Bi/CNS/NB 150 or Bi/NB 202. The neuroscience of drugs for
therapy, for prevention, and for recreation. Students learn the prospects
for new generations of medications in neurology, psychiatry, aging, and
treatment of substance abuse. Topics: Types of drug molecules. Drug
receptors. Electrophysiology. Drugs activate ion channels. Drugs block
ion channels. Drugs activate and block G protein pathways. Drugs
block neurotransmitter transporters. Pharmacokinetics. Recreational
drugs. Nicotine Addiction. Opiate Addiction. Drugs for neurodegen-
erative diseases: Alzheimer’s disease, Parkinson’s disease. Drugs for
epilepsy and migraine. Psychiatric diseases: nosology and drugs. The
course is taught at the research level. Instructor: Lester. Given in alter-
nate years, offered beginning 2014-15.

Bi/NB 156. Molecular Basis of Behavior. 9 units (3-0-6); second term.
Prerequisite: Bi/CNS/NB 150 or instructor’s permission. A lecture and
discussion course on the neurobiology of behavior. Topics may include
biological clocks, eating behavior, sexual behavior, addiction, mental
illness, and neurodegenerative diseases. Instructor: Staff. Given in
alternate years; not offered 2014-15.

Bi/CNS/NB 157. Comparative Nervous Systems. 9 units (2-3-4);

third term. Prerequisites: instructor’s permission. An introduction to the
comparative study of the gross and microscopic structure of nervous

systems. Emphasis on the vertebrate nervous system; also, the highly

developed central nervous systems found in arthropods and cepha-

lopods. Variation in nervous system structure with function and with 441
behavioral and ecological specializations and the evolution of the verte-

brate brain. Letter grades only. Instructor: Allman. Given in alternate

years; offered 2014-15.

Bi/CNS 158. Vertebrate Evolution. 9 units (3-0-6); third term. Pre-
requisites: Bi 1, Bi 8, or instructor’s permission. An integrative approach to
the study of vertebrate evolution combining comparative anatomical,
behavioral, embryological, genetic, paleontological, and physiologi-

cal findings. Special emphasis will be given to: (1) the modification of
developmental programs in evolution; (2) homeostatic systems for tem-
perature regulation; (3) changes in the life cycle governing longevity
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and death; (4) the evolution of brain and behavior. Letter grades only.
Instructor: Allman. Given in alternate years; not offered 2014-15.

Bi/CNS/NB 162. Cellular and Systems Neuroscience Laboratory.
12 units (2-7-3); third term. Prerequisites: Bi/CNS/NB 150 or instructor’s
permission. A laboratory-based introduction to experimental methods
used for electrophysiological studies of the central nervous system.
Through the term, students investigate the physiological response
properties of neurons in insect and mammalian brains, using extra- and
intracellular recording techniques. Students are instructed in all aspects
of experimental procedures, including proper surgical techniques,
electrode fabrication, stimulus presentation, and computer-based data
analysis. Graded pass/fail. Instructor: Staff.

Bi/CNS/NB 164. Tools of Neurobiology. 9 units (3-0-6); second term.
Prerequisites: Bi/CNS/NB 150 or equivalent. Offers a broad survey of
methods and approaches to understanding in modern neurobiology.
The focus is on understanding the tools of the discipline, and their use
will be illustrated with current research results. Topics include: molecu-
lar genetics, disease models, transgenic and knock-in technology, virus
tools, tracing methods, gene profiling, light and electron microscopy,
optogenetics, optical and electrical recording, neural coding, quantita-
tive behavior, modeling and theory. Instructor: Meister.

Bi 165. Microbiology Research: Practice and Proposal. 6 units (2-
3-1); first term; Enrollment limited to instructor approval. The course will
serve to introduce graduate students to 1) ongoing research projects
on campus involving the isolation, culture, and characterization of
microbes and microbial communities; and 2) the process of writing
fellowships having a microbiology focus to train students in preparing
effective funding applications. The first phase will involve a series of
research presentations by different laboratory groups over the course
of three evenings for one week at the start of the course. The second
phase over the term will involve training in grant writing by drafting an
NSF-type proposal, and a final oral presentation of the students’ pro-
posals. Instructors: Mazmanian, Leadbetter, and other CEMI faculty.

ESE/Bi 166. Microbial Physiology. 9 units (3-1-5). For course
description, see Environmental Science and Engineering.

ESE/Bi 168. Microbial Metabolic Diversity. 9 units (3-0-6). For
course description, see Environmental Science and Engineering.

BMB/Bi/Ch 170. Biochemistry and Biophysics of Macromolecules
and Molecular Assemblies. 9 units (3- 0-6); first. For course descrip-
tion, see Biochemistry and Molecular Biophysics.

BMB/Bi/Ch 173. Biophysical/Structural Methods. 9 units (3-0-

6); second. For course description, see Biochemistry and Molecular
Biophysics.
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BMB/Bi/Ch 174. Molecular Machines in the Cell. 9 units (3-0-6);
third. For course description, see Biochemistry and Molecular Biophys-
ics.

CNS/Bi/SS/Psy/NB 176. Cognition. 12 units (6-0-6). For course
description, see Computation and Neural Systems.

Bi/BE 177. Principles of Modern Microscopy. 9 units (3-0-6); second
term. Lectures and discussions on the underlying principles behind
digital, video, differential interference contrast, phase contrast, confo-
cal, and two-photon microscopy. The course will begin with basic
geometric optics and characteristics of lenses and microscopes. Specific
attention will be given to how different imaging elements such as filters,
detectors, and objective lenses contribute to the final image. Course
work will include critical evaluation of published images and design
strategies for simple optical systems and the analysis and presentation
of two- and three-dimensional images. The role of light microscopy in
the history of science will be an underlying theme. No prior knowledge
of microscopy will be assumed. Instructor: Collazo.

Bi/Ge 180. Methods in Molecular Genetics. 9 units (2-6-1); first
term. Prerequisites: Bi 122, Bi 10, or instructor’s permission. An introduc-
tion to current molecular genetic techniques including basic microbio-
logical and molecular biological procedures, phage display, bacterial
two-hybrid system, protein purification, sequencing, and genomics.
The first half of the course involves structured experiments designed to
demonstrate the various techniques. The second half is devoted to indi-
vidual research projects in which the techniques are applied to original
studies on an interesting, but not well studied, organism. Graded pass/
fail. Instructor: Staff.

Bi 181. Introduction to Computational Biology and Bioinformat-
ics. 9 units (3-0-6); second term. Prerequisites: Bi 8, CS 2, Ma 3; or BE/

Bi 103; or instructor’s permission. Biology is becoming an increasingly
data-intensive science. Many of the data challenges in the biological
sciences are distinct from other scientific disciplines because of the
complexity involved. This course will introduce key computational,
probabilistic, and statistical methods that are common in computational
biology and bioinformatics. We will integrate these theoretical aspects
to discuss solutions to common challenges that reoccur throughout
bioinformatics including algorithms and heuristics for tackling DNA
sequence alignments, phylogenetic reconstructions, evolutionary analy-
sis, and population and human genetics. We will discuss these topics in
conjunction with common applications including the analysis of high
throughput DNA sequencing data sets and analysis of gene expression
from RNA-Seq datasets. Instructor: Guttman.

Bi 182. Gene Regulation Systems and the Control of Embryonic
Development. 6 units (2-0-4); second term. Prerequisites: Bi 8 and at least
one of the following: Bi 111, Bi 114, or Bi 122 (or equivalents). This course
will cover the principles of developmental gene regulation in animals
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with emphasis on causal mechanism; theory, solution, and explanatory
power of gene regulatory networks and how they are directly encoded
in the genome; regulatory mechanisms underlying embryonic and post-
embryonic processes of development. Specific examples will be drawn
mainly from sea urchin and Drosophila, but comparative treatment of
other modes of development will be included. Instructors: Stathopou-
los, Davidson. Given in alternate years; not offered 2014-15.

Bi/CNS/NB 184. The Primate Visual System. 9 units (3-1-5); third
term. This class focuses on the primate visual system, investigating it
from an experimental, psychophysical, and computational perspective.
The course will focus on two essential problems: 3-D vision and object
recognition. Topics include parallel processing pathways, functional
specialization, prosopagnosia, object detection and identification,
invariance, stereopsis, surface perception, scene perception, naviga-
tion, visual memory, multidimensional readout, signal detection theory,
oscillations, and synchrony. It will examine how a visual stimulus is
represented starting in the retina, and ending in the frontal lobe, with

a special emphasis placed on mechanisms for high-level vision in the
parietal and temporal lobes. The course will include a lab component in
which students design and analyze their own fMRI experiment. Instruc-
tor: Tsao. Given in alternate years; offered 2014-15.

Bi/CNS/NB 185. Large Scale Brain Networks. 6 (2-0-4); third
term. This class will focus on understanding what is known about the
large-scale organization of the brain, focusing on the mammalian brain.
What large scale brain networks exist and what are their principles of
function? How is information flexibly routed from one area to another?
What is the function of thalamocortical loops? We will examine large
scale networks revealed by anatomical tracing, functional connectivity
studies, and mRNA expression analyses, and explore the brain circuits
mediating complex behaviors such as attention, memory, sleep, multi-
sensory integration, decision making, and object vision. While each of
these topics could cover an entire course in itself, our focus will be on
understanding the master plan--how the components of each of these
systems are put together and function as a whole. A key question we
will delve into, from both a biological and a theoretical perspective, is:
how is information flexibly routed from one brain area to another? We
will discuss the communication through coherence hypothesis, small
world networks, and sparse coding. Instructor: Tsao. Given in alternate
years, not offered 2014-15.

CNS/BI/EE/CS/NB 186. Vision: From Computational Theory to
Neuronal Mechanisms. 12 units (4-4-4). For course description,
see Computation and Neural Systems.

CNS/Bi/Ph/CS/NB 187. Neural Computation. 9 units (3-0-6). For
course description, see Computation and Neural Systems.

Bi 188. Human Genetics and Genomics. 6 units (2-0-4); third
term. Prerequisite: Bi 122; or graduate standing and instructor’s permis-
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sion. Introduction to the genetics of humans. Subjects covered include
human genome structure, genetic diseases and predispositions, the
human genome project, forensic use of human genetic markers, human
variability, and human evolution. Instructor: Wold. Given in alternate
years; offered 2014-15.

Bi 189. The Cell Cycle. 6 units (2-0-4); third term. Prerequisites: Bi 8

and Bi 9. The course covers the mechanisms by which eukaryotic cells
control their duplication. Emphasis will be placed on the biochemical

processes that ensure that cells undergo the key events of the cell cycle
in a properly regulated manner. Instructor: Dunphy.

Bi 190. Systems Genetics. 6 units (2-0-4); third term. Prerequisites: Bi
122. Lectures covering how genetic and genomic analyses are used to
understand biological systems. Emphasis is on genetic and genome-
scale approaches used in model organisms such as yeast, flies, worms,
and mice to elucidate the function of genes, genetic pathways and
genetic networks. Instructor: Sternberg.

BE/CS/CNS/Bi 191 ab. Biomolecular Computation. 9 units. For
course description, see Bioengineering.

Bi 192. Introduction to Systems Biology. 6 units (2-0-4); first term.
Prerequisites: Ma 1abc, and either Bi 8, CS1, or ACM 95 or instructor’s
permission. The course will explore what it means to analyze biology
from a systems-level point of view. Given what biological systems must
do and the constraints they face, what general properties must biologi-
cal systems have? Students will explore design principles in biology,
including plasticity, exploratory behavior, weak-linkage, constrains that
deconstrain, robustness, optimality, and evolvability. The class will read
the equivalent of 2-3 scientific papers every week. The format will be a
seminar with active discussion from all students. Students from multiple
backgrounds are welcome: non-biology or biology students interested
in learning systems-level questions in biology. Limited enroliment.
Instructor: Goentoro.

Bi/CNS/NB 195. Mathematics in Biology. 9 units (3-0-6); second

term. Prerequisites: Multi-variable calculus. This course develops the
mathematical methods needed for a quantitative understanding of 445
biological phenomena, including data analysis, formulation of simple

models, and the framing of quantitative questions. Topics include:

probability and stochastic processes, linear algebra and transforms,

dynamical systems, MATLAB programming. Instructor: Meister. Given

in alternate years; not offered 2014-15.

Bi 199. Introduction to MATLAB for Biologists. 6 units (3-0-3); sec-
ond term. This hands-on course provides an introduction to MATLAB’s
structure and syntax, writing of functions and scripts, image analysis,
and data visualization. Instructor: Kennedy.
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Bi/NB 202. Neurobiology of Disease. 9 units (3-0-6); first term.
Prerequisite: Bi/CNS/NB 150 or instructor’s permission. This course

will cover the cellular and molecular basis of diseases of the nervous
system, as well as current and future therapeutic approaches. These
diseases include disorders of abnormal protein structure (Alzheimer’s,
Huntington’s, Parkinson’s, prion), autoimmunity (multiple sclero-

sis), developmental disorders of cognition and social communication
(schizophrenia, autism, Fragile X, Rett syndrome), epilepsy, stroke and
depression. Genetic and environmental etiologies will be explored, and
animal models will be compared to the human condition. The role of
the reward system in addiction will also be discussed. Instructor: Staff.
Given in alternate years; not offered 2014-15.

Bi 204. Evolution of the Animal Body Plan. 6 units (2-0-4); third
term. Prerequisite: Bi 182 or equivalent. Qualified undergraduates are
welcome. Evolution of animal forms will be considered mechanistically
in terms of change in the genomic regulatory programs underlying

the developmental ontogeny of these forms, but within the frame-
work provided by current concepts of animal phylogeny. Evolutionary
mechanisms will be considered, as well, with respect to the real-time
paleontological record and the changing conditions of Earth’s environ-
ment through geological time. Principles emerging from the system bi-
ology of regulatory evolution will be emphasized. Instructor: Davidson.
Given in alternate years; offered 2014-15.

Bi 206. Biochemical and Genetic Methods in Biological Research.
6 units (2-0-4); third term. Prerequisite: graduate standing or instructor’s
permission. This course will comprise in-depth discussions of selected
methods in molecular biology and related fields. Given the enormous
range of techniques available to a molecular biologist nowadays, the
course will focus on a subset of these methods that includes recent and
highly promising techniques, with an emphasis on their robustness and
general applicability. Instructor: Varshavsky.

Bi 214. Hematopoiesis: A Developmental System. 6 units (2-0-4);
third term. Prerequisite: Bi 114, or Bi 182, or Bi 117 plus Bi/Ch 111, or
graduate standing. An advanced course with lectures and seminar pre-
sentations, based on reading from the current literature. The charac-
teristics of blood cells offer unique insights into the molecular basis of
lineage commitment and the mechanisms that control the production
of diverse cell types from pluripotent precursors. The course will cover
the nature of stem cells, the lineage relationships among differenti-
ated cell types, the role of cytokines and cytokine receptors, apoptosis
and lineage-specific proliferation, and how differentiation works at the
level of gene regulation and regulatory networks. Roles of prominent
regulatory molecules in hematopoietic development will be compared
with their roles in other developmental systems. Emphasis will be on
explanation of cellular and system-level phenomena in terms of mo-
lecular mechanisms. Instructor: Rothenberg. Given in alternate years;
offered 2014-15.
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Bi/CNS/NB 216. Behavior of Mammals. 6 units (2-0-4); first term.
A course of lectures, readings, and discussions focused on the genetic,
physiological, and ecological bases of behavior in mammals. A basic
knowledge of neuroanatomy and neurophysiology is desirable. Instruc-
tor: Allman. Given in alternate years; not offered 2014-15.

Bi/CNS/NB 217. Central Mechanisms in Perception. 6 units (2-0-
4); first term. Reading and discussions of behavioral and electrophysi-
ological studies of the systems for the processing of sensory informa-
tion in the brain. Instructor: Allman. Given in alternate years; offered
2014-15.

Bi/CNS/NB 220. Genetic Dissection of Neural Circuit Func-
tion. 6 units (2-0-4); second term. This advanced course will discuss

the emerging science of neural “circuit breaking” through the ap-
plication of molecular genetic tools. These include optogenetic and
pharmacogenetic manipulations of neuronal activity, genetically based
tracing of neuronal connectivity, and genetically based indicators of
neuronal activity. Both viral and transgenic approaches will be covered,
and examples will be drawn from both the invertebrate and vertebrate
literature. Interested students who have little or no familiarity with mo-
lecular biology will be supplied with the necessary background informa-
tion. Lectures and student presentations from the current literature.
Instructor: Anderson.

Bi/BE 227. Methods in Modern Microscopy. 12 units (2-6-4); second
term. Prerequisites: Bi/BE 177 or a course in microscopy. Bi/BE 177 may

be taken concurrently with this course. Discussion and laboratory-based
course covering the practical use of the confocal microscope, with
special attention to the dynamic analysis of living cells and embryos.
Course will begin with basic optics, microscope design, Koehler illumi-
nation, and the principles of confocal microscopy. After introductory
period, the course will consist of semi-independent weeklong modules
organized around different imaging challenges. Early modules will fo-
cus on three-dimensional reconstruction of fixed cells and tissues, with
particular attention being paid to accurately imaging very dim samples.
Later modules will include time-lapse confocal analysis of living cells
and embryos, including Drosophila, zebrafish, chicken, and s embryos.
Dynamic analysis will emphasize the use of fluorescent proteins. No
prior experience with confocal microscopy will be assumed; however,

a basic working knowledge of microscopes is highly recommended.
Preference is given to graduate students who will be using confocal
microscopy in their research. Instructor: Collazo. Not offered 2014-15.

Bi/CNS/BE/NB 230. Optogenetic Methods in Experimental Neu-
roscience. 9 units (3-1-5); third term. Prerequisites: Graduate standing or
Bi/CNS/NB 150 and instructor permission. The class covers the theoreti-
cal and practical aspects of optogenetic control and complementary
readout methods in molecular, cellular, and systems neuroscience.
Topics include opsin design (including natural and artificial sources),
delivery (genetic targeting, viral transduction), light activation require-
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ments (power requirements, wavelength, fiberoptics, LEDs), compat-
ible readout modalities (electrophysiology, imaging) and applications
to neuronal circuits (case studies based on recent literature). The class
offers hands-on lab exposure for opsin delivery to the mammalian brain
and recording of brain activity modulated by light. Instructor:
Gradinaru.

Ch/Bi 231. Advanced Topics in Biochemistry. 6 units (2-0-4).
For course description, see Chemistry.

Ge/Bi 244. Paleobiology Seminar. 6 units (3-0-3). For course
description, see Geological and Planetary Sciences.

Ge/Bi 246. Molecular Geobiology Seminar. 6 units (2-0-4). For
course description, see Geological and Planetary Sciences.

CNS/Bi/NB 247. Cerebral Cortex. 6 units (2-0-4). For course de-
scription, see Computation and Neural Systems.

Bi 250 a. Topics in Molecular and Cellular Biology. 9 units (3-0-6);
first term. Prerequisite: graduate standing. Lectures and discussion cover-
ing research methods, logic, techniques and strategies, fundamental and
general principles of modern biology, and unsolved problems. Students
will learn to critique papers on molecular biology, cell biology, and
genetics. Instructor: Prober.

Bi 250 b. Topics in Systems Biology. 9 units (3-0-6); third term. Pre-
requisite: graduate standing. The class will focus on quantitative studies
of cellular and developmental systems in biology. It will examine the
architecture of specific genetic circuits controlling microbial behaviors
and multicellular development in model organisms. The course will
approach most topics from both experimental and theoretical/compu-
tational perspectives. Specific topics include chemotaxis, multistability
and differentiation, biological oscillations, stochastic effects in circuit
operation, as well as higher-level circuit properties such as robustness.
The course will also consider the organization of transcriptional and
protein-protein interaction networks at the genomic scale. Instructors:
Elowitz, Bois.

Bi/CNS/NB 250 c. Topics in Systems Neuroscience. 9 units (3-0-6);
third term. Prerequisite: graduate standing. The class focuses on quantita-
tive studies of problems in systems neuroscience. Students will study
classical work such as Hodgkin and Huxley’s landmark papers on the
ionic basis of the action potential, and will move from the study of
interacting currents within neurons to the study of systems of inter-
acting neurons. Topics will include lateral inhibition, mechanisms of
motion tuning, local learning rules and their consequences for network
structure and dynamics, oscillatory dynamics and synchronization
across brain circuits, and formation and computational properties of
topographic neural maps. The course will combine lectures and discus-
sions, in which students and faculty will examine papers on systems
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neuroscience, usually combining experimental and theoretical/model-
ing components. Instructor: Siapas.

Bi/BMB 251 abc. Current Research in Cellular and Molecular
Biology. 1 unit. Prerequisite: graduate standing. Presentations and discus-
sion of research at Caltech in biology and chemistry. Discussions of
responsible conduct of research are included. Instructors: Sternberg,
Hay.

Bi 252. Responsible Conduct of Research. 4 units (2-0-2); third term.
This lecture and discussion course covers relevant aspects of the re-
sponsible conduct of biomedical and biological research. Topics include
guidelines and regulations, ethical and moral issues, research miscon-
duct, data management and analysis, research with animal or human
subjects, publication, conflicts of interest, mentoring, and professional
advancement. This course is required of all trainees supported on the
NIH training grants in cellular and molecular biology and neurosci-
ence, and is recommended for other graduate students in labs in the
Division of Biology and Biological Engineering labs. Undergraduate
students require advance instructor’s permission. Graded pass/fail.
Instructors: Meyerowitz, Sternberg, staff.

SS/Psy/Bi/CNS 255. Topics in Emotion and Social Cognition.
9 units (3-0-6). For course description, see Social Science.

CNS/Bi/NB 256. Decision Making. 6 units (2-0-4). For course de-
scription, see Computation and Neural Systems.

Bi 270. Special Topics in Biology. Units to be arranged; first, second,
third terms. Students may register with permission of the responsible
faculty member.

CNS/Bi 286 abc. Special Topics in Computation and Neural
Systems. Units to be arranged. For course description, see Computation
and Neural Systems.

Bi 299. Graduate Research. Units to be arranged,; first, second, third
terms. Students may register for research units after consultation with
their adviser. 449

BUSINESS, ECONOMICS, AND MANAGEMENT

BEM/ECc/SS 20. Scientific Writing and Oral Presentation in the
Social Sciences. 6 units (2-0-4); second term. This class provides the
opportunity for students to improve their written and oral presenta-
tion skills in the social sciences. Students should come prepared with
complete drafts of papers from another course or a SURF project, which
they will substantially revise and improve in a style typical of peer-
reviewed journals in their discipline. These papers must be the students’
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original work and must be papers with social science content. An initial
introduction to the art of scientific writing will be provided by the staff
of the Hixon Writing Center. In addition, each student will work closely
with an HSS mentor whose own research is close to the student’s paper
topic. Fulfills the Institute scientific writing requirement and the option oral
presentation requirement for HSS majors. Instructors: Yariv, Daley.

BEM 97. Undergraduate Research. Units to be arranged; any term.
Prerequisites: advanced BEM and instructor’s permission. This course offers
advanced undergraduates the opportunity to pursue research on a busi-
ness problem individually or in a small group. Graded pass/fail.

BEM 101. Selected Topics in Business Economics and Manage-
ment. Units to be determined by arrangement with the instructor; offered by
announcement. Topics to be determined by instructor. Instructors: Staff,
visiting lecturers.

BEM 102. Introduction to Accounting. 9 units (3-0-6); first, second
terms. An introduction to accounting in business. Topics include finan-
cial accounting, cost accounting. Instructor: Wang.

BEM 103. Introduction to Finance. 9 units (3-0-6); first term. Prereg-
uisite: Ec 11 required. An introduction to corporate finance. Economic
theory is used to study asset valuation and financial decision making

in business. Topics include financial decision making under certainty,
introduction to valuation of risky assets (stocks and bonds), the corpo-
rate investment decision, dividend policy, and the corporate financing
decision. Instructor: Roll.

BEM 104. Investments. 9 units (3-0-6); second term. Prerequisites: Ec
11, BEM 103, some familiarity with statistics. Examines the theory of
financial decision making and statistical techniques useful in analyzing
financial data. Topics include portfolio selection, equilibrium security
pricing, empirical analysis of equity securities, fixed-income markets,
market efficiency, and risk management. Instructor: Gillen.

BEM 105. Options. 9 units (3-0-6); second term. Prerequisites: BEM
103, and Ma 2, some familiarity with statistics. Ec 11 recommended. An
introduction to modern option pricing theory. The focus is the valu-
ation of contingent claims. Both American and European options are
considered. The binomial and Black-Scholes option pricing models are
derived. The theory is also applied to risky debt and portfolio choice.
Instructor: Cvitanic.

BEM 106. Competitive Strategy. 9 units (3-0-6); second term. Prereg-
uisite: Ec 11. This course develops concepts appropriate for formulat-
ing strategy in a competitive environment, using a combination of

case analysis and lectures. The course covers differentiation strategies,
positioning to neutralize incumbency advantages, the product life cycle,
organizational design as competitive strategy, signaling, cooperation
strategies, pricing and price discrimination as competitive strategy,
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strategic use of option theory, and the war of attrition. Instructor:
Snowberg.

BEM 107. Applied Corporate Finance and Investment Banking.
9 units (3-0-6); third term. Prerequisites: BEM 103. This course builds
on the concepts introduced in BEM 103 and applies them to current
issues related to the financial management, regulation, and gover-
nance of both ongoing corporations and new start-up companies. The
fundamental theme is valuation. The course discusses how valuation is
affected by, among others, the role of directors, regulation of mergers
and acquisitions, and management incentives. Instructors: Cornell.

BEM 109. Fixed-Income and Credit-Risk Derivatives. 9 units
(3-0-6); second term. Prerequisite: BEM 105 and Ma 2. An introduction
to the models of interest rates and credit/default risk. The focus is on
continuous time models used in Wall Street practice for pricing and
hedging fixed income securities. Two main models for credit risk are
considered: structural and reduced form. Not offered 2014-15.

BEM 110. Venture Capital. 9 units (3-0-6); second term. Prerequisites:
BEM 101, 103. An introduction to the theory and practice of ven-

ture capital financing of start-ups. This course covers the underlying
economic principles and theoretical models relevant to the venture
investment process, as well as the standard practices used by industry
and detailed examples. Topics include: The history of VC; VC stages of
financing; financial returns to private equity; LBOs and MBOs; people
versus ideas; biotech; IPOs; and CEO transitions. Instructor: Ewens.

BEM 111. Quantitative Risk Management. 9 units (3-0-6); third
term. Prerequisites: GE/ACM 118, BEM 105, or Ma 112. An introduction
to financial risk management. Concepts of Knightian risk and uncer-
tainty; coherent risk; and commonly used metrics for risk. Techniques
for estimating equity risk; volatility; correlation; interest rate risk; and
credit risk are described. Discussions of fat-tailed (leptokurtic) risk, sce-
nario analysis, and regime-switching methods provide an introduction
to methods for dealing with risk in extreme environments. Instructor:
Winston.

BEM 113. Financial Markets Laboratory. 9 units (3-3-3); second 451
term. Prerequisite: BEM 103. Financial economics is rather abstract and
mathematical, and its value is difficult to ascertain from merely observ-

ing real-world financial markets, which operate in a complex environ-

ment where many key variables either remain unobserved or cannot be
measured reliably. In this class, students will learn about the theories

of asset pricing, options, investments performance evaluation, corpo-

rate finance, and banking/insurance through participation in a series

of online market games. Grading will be based on a mixture of trading
performance, written and oral reports. Not offered 2014-15.

BEM 116. Advanced Business Strategy for Technology. 9 units
(3-0-6); second term. Prerequisite: BEM 106. This course develops tools
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to determine strategy for firms facing rapid technological change, great
uncertainty, low marginal costs and high fixed costs of production, and
short product life cycles. The class is focused on pricing strategies with
a special emphasis on tools for automated pricing. Topics include yield
management, bundling, price discrimination, and market design. Not
offered 2014-15.

BEMY/Ec 118. Environmental Economics. 9 units (3-0-6); first term.
Prerequisite: Ec 11 or equivalent. This course provides a survey from the
perspective of economics of public policy issues regarding the manage-
ment of natural resources and the protection of environmental quality.
The course covers both conceptual topics and recent and current
applications. Included are principles of environmental and resource
economics, management of nonrenewable and renewable resources, and
environmental policy with the focus on air pollution problems, both
local problems (smog) and global problems (climate change). Instruc-
tor: Ledyard.

BEM/PS 126. Business and Public Policy. 9 units (3-0-6); third term.
Prerequisites: PS 12, Ec 11 or equivalent. This class studies the relation-
ships among business, government, and interest groups as strategic
actors in the nonmarket environment. Methods of influencing public
policy are analyzed using the tools of modern political theory and
economics frameworks. Topics may include media, private collective
action, international business, and corporate social responsibility. Two
written assignments will be collected and graded each week. Not of-
fered 2014-15.

BEM/EC/CS 134. Robust Mechanism Design. 9 units (3-0-6); third
term. This course develops the theory of mechanism design that doesn’t
depend on the fine detail of the application like distributions of values
and utility functions. While the emphasis of the class is on rigorous
mathematical proofs of guaranteed performance, this class focuses on
practical, rather than theoretically optimal, mechanisms, and in particu-
lar mechanisms that don’t vary much with changes in the underlying
environment. Not offered 2014-15.

BEM/Ec 146. Organization Design. 9 units (3-0-6); third term.
Prerequisite: Ec 11. An introduction to the analysis, design, and manage-
ment of organizations with an emphasis on incentives and information.
Principles from economics, political science, and game theory will be
applied to problems in project and team management, in organizational
computing, and in allocating and pricing shared facilities. Not offered
2014-15.

BEM/Ec 150. Business Analytics. 9 units (3-0-6); third term. Prerequi-
sites: GE/ESE 118 or Ec 122, and knowledge of R. This class teaches how
to use very large, cross-media datasets to infer what variables influence
choices and trends of economic and business interest. Topics include
database management, cleaning and visualization of data, statistical and
machine learning methods, natural language processing, social and con-
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ventional media, personal sensors and devices, sentiment analysis, and
controlled collection of data (including experiments). Grades are based
on hands-on data analysis homework assignments and detailed analysis
of one dataset. Not offered 2014-15.

BEM/Ec 185. Political Economy of Corporate Governance. 9 units
(3-0-6). Prerequisites: PS/Ec 172. The course covers issues of how firms
are organized. Topics include the distribution of power and returns
among shareholders, managers, and other stakeholders; the role of law,
public policy, and financial markets in constraining or enabling firms

to solve problems they face; the interaction between history, financial
market structure, and the ownership of very large firms. Each student is
expected to write two substantial papers—drafts will be read by instruc-
tor and revised by students. Not offered 2014-15.

BEM 190. Undergraduate Research Project. Units to be arranged;
any term. Prerequisites: BEM 103, 106, and instructor’s permission. This
course offers advanced undergraduates the opportunity to pursue
research on a business problem individually or in small groups. Graded
pass/fail.

CHEMICAL ENGINEERING

Ch/ChE 9. Chemical Synthesis and Characterization for Chemical
Engineering. 9 units (1-6-2). For course description, see Chemistry.

ChE 10. Introduction to Chemical Engineering. 1 unit (1-0-0);
second term. A series of weekly seminars given by chemical engineering
faculty or an outside speaker, on a topic of current research. Topics will
be presented at an informal, introductory level. Graded pass/fail.

ChE 15. Introduction to Chemical Engineering Computation.

9; second term. (3-0-6). Prerequisites: Ma 2 and ChE 62. Introduction to

the solution of engineering problems through the use of the computer.
Elementary programming in Matlab is taught, and applied to solving

chemical engineering problems in data analysis, process simulation,

and optimization. No previous knowledge of computer programming is  ESE]
assumed. Instructor: Flagan.

ChE 62. Separation Processes. 9 units (3-0-6); first term. Equilibrium
staged separations. Membrane separations. Absorption. Distillation.
Liquid-liquid extraction. Introduction to mass transfer. Instructor:
Seinfeld.

ChE 63 ab. Chemical Engineering Thermodynamics. 9 units
(3-0-6); second, third terms. A comprehensive treatment of classical
thermodynamics with engineering and chemical applications and an
introduction to statistical thermodynamics. First and second laws.
Applications to closed and open systems. Equations of state. Thermo-
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chemical calculations. Properties of real fluids. Power generation and
refrigeration cycles. Multicomponent systems, excess properties, fugaci-
ties, activity coefficients, and models of nonideal solutions. Chemical
potential. Phase and chemical reaction equilibria. Introductory statisti-
cal thermodynamics. Instructors: Tirrell, Ismagilov.

ChE 80. Undergraduate Research. Units by arrangement. Research in
chemical engineering offered as an elective in any term other than in
the senior year. Graded pass/fail.

ChE 90 ab. Senior Thesis. 9 units (0-4-5); first, second, third terms. A
research project carried out under the direction of a chemical engi-
neering faculty member. The project must contain a significant design
component. Students must submit a proposal outlining the proposed
project, and clearly identifying its design component to the faculty
mentor for the thesis and the chemical engineering option represen-
tative, by the beginning of the first term of the thesis for review and
approval. A grade will not be assigned prior to completion of the thesis,
which normally takes two terms. A P grade will be given for the first
term and then changed to the appropriate letter grade at the end of the
course.

Ch/ChE 91. Scientific Writing. 3 units (2-0-1). For course descrip-
tion, see Chemistry.

ChE 101. Chemical Reaction Engineering. 9 units (3-0-6); second
term. Prerequisites: ChE 62 and ChE 63 ab, or instructor’s permission. Ele-
ments of chemical kinetics and chemically reacting systems. Homoge-
neous and heterogeneous catalysis. Chemical reactor analysis. Instruc-
tor: Arnold.

ChE 103 abc. Transport Phenomena. 9 units (3-0-6); first, second,
third terms. Prerequisite: ACM 95/100 abc or concurrent registration, or
instructor’s permission. A rigorous development of the basic differential
equations of conservation of momentum, energy, and mass in fluid sys-
tems. Solution of problems involving fluid flow, heat transfer, and mass
transfer. Instructors: Kornfield, Shapiro, Davis.

ChE 105. Dynamics and Control of Chemical Systems. 9 units
(3-0-6); third term. Prerequisites: ACM 95 abc or concurrent registration,

or instructor’s permission. Analysis of linear dynamic systems. Feedback
control. Stability of closed-loop control systems. Root locus, Frequency
response, and Nyquist analysis. Feedforward, cascade, and multivariable
control systems. Instructor: Seinfeld.

ChE/BE 112. Design, Invention, and Fundamentals of Micro-
fluidic Systems. 9 units (3-0-6); second term. This course combines
three parts. First, it will cover fundamental aspects of kinetics, mass-
transport, and fluid physics that are relevant to microfluidic systems.
Second, it will provide an understanding of how new technologies are
invented and reduced to practice. Finally, students in the course will
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work together to design microfluidic systems that address challenges

in Global Health, with an emphasis on students’ inventive contribu-
tions and creativity. Students will be encouraged and helped, but not
required, to develop their inventions further by working with OTT and
entrepreneurial resources on campus. Participants in this course benefit
from enrollment of students with diverse backgrounds and interests.
For chemical engineers, suggested but not required courses are ChE
101 (Chemical Reaction Engineering) and ChE 103abc (Transport
Phenomena). Students are encouraged to contact the instructor to
discuss enrollment. Instructor: Ismagilov.

ChE 114. Solid State NMR Spectroscopy For Materials Chem-
istry. 9 units (3-3-3); second Term. Prerequisites: Ch 21abc or instructor’s
permission. Principles and applications of solid state NMR spectroscopy
will be addressed with focus on structure and dynamics characteriza-
tion of organic and inorganic solids. Topics include basic principles of
NMR phenomena in solid state, high resolution techniques such as
magic angle spinning (MAS), cross-polarization (CP) MAS, Double
Rotation (DOR) and multiple-quantum MAS (MQMAS) for half
integer quadrupole nuclei, and multiple pulse experiments for dipolar
decoupling and recoupling, which expect to cover NMR methods that
are routinely employed in studies of organic and inorganic materials
chemistry. Hands-on experience will be provided via laboratory course
on solid NMR spectrometers. Instructor: Hwang. Given in alternate
years; offered 2014-15.

ChE 115. Electronic Materials Processing. 9 units (3-0-6); third
term. Prerequisites: ChE 63 ab, ChE 103 abc, ChE 101, or instructor’s
permission. Introduction into the gas-phase processing techniques used
in the fabrication of electronic materials and devices. Kinetic theory
of gases. Surface chemistry and gas-surface interaction dynamics. Film
deposition techniques: physical and chemical vapor deposition, atomic
layer epitaxy, liquid-phase epitaxy, molecular beam epitaxy. Introduc-
tion into plasmas and their role in patterned etching and layer deposi-
tion. Charging damage during plasma processing. Determination of key
parameters that control the ion energy and flux to the wafer surface.
Instructor: Giapis.

ChE 118. Introduction to the Design of Chemical Systems. 9 units
(3-0-6); second term. Prerequisites: ChE 63 ab, ChE 101, ChE 103 abc,

ChE 126, or instructor’s permission. Short-term, open-ended projects that
require students to design a chemical process or product. Each team
generates and filters ideas, identifies use cases and objectives, evalu-
ates and selects a design strategy, develops a project budget, schedules
milestones and tasks, and writes a proposal with supporting documenta-
tion. Each project must meet specified requirements for societal impact,
budget, duration, person hours, environmental impact, safety, and
ethics. Instructor: Vicic.

ChE 120. Optimal Design of Chemical Systems. 9 units (1-6-2);
third term. Prerequisites: ChE 63 ab, ChE 101, ChE 103 ahc, ChE 126, or
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instructor’s permission. Short-term, open-ended projects that require stu-
dents to design and build a chemical process or manufacture a chemi-
cal product. Each team selects a project after reviewing a collection

of proposals. Students use chemical engineering principles to design,
build, test, and optimize a system, component, or product that fulfills
specified performance requirements, subject to constraints imposed by
budget, schedule, logistics, environmental impact, safety, and ethics.
Instructor: Vicic.

ChE 126. Chemical Engineering Laboratory. 9 units (1-6-2); first
term. Prerequisites: ChE 63 ab, ChE 101, ChE 103, ChE 105, or instructor’s
permission. Short-term projects that require students to work in teams
to design systems or system components. Projects typically include unit
operations and instruments for chemical detection. Each team must
identify specific project requirements, including performance specifi-
cations, costs, and failure modes. Students use chemical engineering
principles to design, implement, and optimize a system (or component)
that fulfills these requirements, while addressing issues and constraints
related to environmental impact, safety, and ethics. Students also learn
professional ethics through the analysis of case studies. Instructor:
Vicic.

ChE 128. Chemical Engineering Design Laboratory. 9 units
(1-6-2); second term. Prerequisites: ChE 63 ab, ChE 101, ChE 103, or
instructor’s permission. Short-term, open-ended research projects target-
ing chemical processes in microreactors. Projects include synthesis of
chemical products or materials, detection and destruction of environ-
mental pollutants, and other gas phase conversions. Each student is
required to construct and troubleshoot his/her own microreactor, then
experimentally evaluate and optimize independently the research proj-
ect using chemical engineering principles. Where possible, cost analysis
of the optimized process is performed. Instructors: Vicic, Giapis.

ChE 130. Biomolecular Engineering Laboratory. 9 units (1-5-3);
third term. Prerequisites: ChE 63 ab, ChE 101 (may be taken concurrently)
or instructor’s permission. Design, construction, and characterization of
engineered biological systems that will be implemented in bacteria,
yeast, and cell-free systems. Research problems will fall into the general
areas of biomolecular engineering and synthetic biology. Emphasis will
be on projects that apply rational and evolutionary design strategies
toward engineering biological systems that exhibit dynamic, logical, or
programmed behaviors. Instructors: Tirrell, Vicic.

Ch/ChE 140 ab. Principles and Applications of Semiconductor
Photoelectrochemistry. 9 units (3-0-6). For course description, see
Chemistry.

Ch/ChE 147. Polymer Chemistry. 9 units (3-0-6). For course
description, see Chemistry.
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ChE/Ch 148. Polymer Physics. 9 units (3-0-6); third term. An in-
troduction to the physics that govern polymer structure and dynamics
in liquid and solid states, and to the physical basis of characterization
methods used in polymer science. The course emphasizes the scaling
aspects of the various physical properties. Topics include conformation
of a single polymer chain under different solvent conditions; dilute
and semi-dilute solutions; thermodynamics of polymer blends and
block copolymers; rubber elasticity; polymer gels; linear viscoelastic-
ity of polymer solutions and melts; glass transition and crystallization.
Instructor: Wang. Given in alternate years; offered in 2014-15.

ChE 151 ab. Physical and Chemical Rate Processes. 12 units
(3-0-9); first, second terms. The foundations of heat, mass, and mo-
mentum transfer for single and multiphase fluids will be developed.
Governing differential equations; laminar flow of incompressible fluids
at low and high Reynolds numbers; forced and free convective heat
and mass transfer, diffusion, and dispersion. Emphasis will be placed
on physical understanding, scaling, and formulation and solution of
boundary-value problems. Applied mathematical techniques will be
developed and used throughout the course. Instructor: Brady.

ChE 152. Heterogeneous Kinetics and Reaction Engineering.

9 units (3-0-6); second term. Prerequisite: ChE 101 or instructor’s permis-
sion. Survey of heterogeneous reactions and reaction mechanisms on
metal and oxide catalysts. Characterization of porous catalysts. Reac-
tion, diffusion, and heat transfer in heterogeneous catalytic systems.
Instructor: Davis.

ChE/Ch 155. Chemistry of Catalysis. 9 units (3-0-6); third term.
Discussion of homogeneous and heterogeneous catalytic reactions, with
emphasis on the relationships between the two areas and their role in
energy problems. Topics include catalysis by metals, metal oxides, zeo-
lites, and soluble metal complexes; utilization of hydrocarbon resources;
and catalytic applications in alternative energy approaches. Not offered
2014-15.

ESE/ChE 158. Aerosol Physics and Chemistry. 9 units (3-0-6); sec-
ond term; Open to graduate students and seniors with instructor’s permission.
For description, see Environmental Science and Engineering. 457

ChE/BE 163. Introduction to Biomolecular Engineering. 12 units
(3-0-9); first term. Prerequisites: Bi/Ch 110 or instructor’s permission and
CS 1 or equivalent. The course introduces rational design and evolu-
tionary methods for engineering functional protein and nucleic acid
systems. Rational design topics include molecular modeling, positive
and negative design paradigms, simulation and optimization of equi-
librium and kinetic properties, design of catalysts, sensors, motors, and
circuits. Evolutionary design topics include evolutionary mechanisms
and tradeoffs, fitness landscapes, directed evolution of proteins, and
metabolic pathways. Some assignments require programming (MAT-
LAB or Python). Instructors: Arnold, Bois.
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ChE/Ch 164. Introduction to Statistical Thermodynamics. 9 units
(3-0-6); second term. Prerequisite: Ch 21 abc or instructor’s permission. An
introduction to the fundamentals and simple applications of statistical
thermodynamics. Foundation of statistical mechanics; partition func-
tions for various ensembles and their connection to thermodynamics;
fluctuations; noninteracting quantum and classical gases; heat capacity
of solids; adsorption; phase transitions and order parameters; linear
response theory; structure of classical fluids; computer simulation
methods. Instructors: Wang, Miller.

ChE/Ch 165. Chemical Thermodynamics. 9 units (3-0-6); first term.
Prerequisite: ChE 63 ab or instructor’s permission. An advanced course
emphasizing the conceptual structure of modern thermodynamics and
its applications. Review of the laws of thermodynamics; thermodynamic
potentials and Legendre transform; equilibrium and stability condi-
tions; metastability and phase separation kinetics; thermodynamics

of single-component fluid and binary mixtures; models for solutions;
phase and chemical equilibria; surface and interface thermodynamics;
electrolytes and polymeric liquids. Instructor: Wang.

ChE 174. Special Topics in Transport Phenomena. 9 units (3-0-6);
third term. Prerequisites: ACM 95/100 and ChE 151 ab or instructor’s
permission. May be repeated for credit. Advanced problems in heat, mass,
and momentum transfer. Introduction to mechanics of complex fluids;
physicochemical hydrodynamics; microstructured fluids; colloidal
dispersions; microfluidics; selected topics in hydrodynamic stability
theory; transport phenomena in materials processing. Other topics
may be discussed depending on class needs and interests. Not offered
2014-2015.

ChE 190. Special Problems in Chemical Engineering. Up to 9 units
by arrangement; any term. Prerequisites: Instructor’s permission and adviser’s
approval must be obtained before registering. Special courses of readings
or laboratory instruction. The student should consult a member of the
faculty and prepare a definite program of reading, computation, theory
and/or experiment. The student must submit a summary of progress

at midterm and, at the end of the quarter, a final assignment designed
in consultation with the instructor. This course may be credited only
once. Grading: either grades or pass/fail, as arranged with the instruc-
tor. Instructors: Staff.

ChE 280. Chemical Engineering Research. Offered to Ph.D. candi-

dates in chemical engineering. Main lines of research now in progress are
covered in detail in section two.
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CHEMISTRY

Ch 1 ab. General Chemistry. 6 units (3-0-3) first term; 9 units (4-0-5)
second term. Lectures and recitations dealing with the principles of
chemistry. First term: electronic structure of atoms, periodic properties,
ionic substances, covalent bonding, Lewis representations of molecules
and ions, shapes of molecules, Lewis acids and bases, Bronsted acids
and bases, hybridization and resonance, bonding in solids. Second term:
chemical equilibria, oxidation and reduction, thermodynamics, kinetics,
introduction to organic chemistry and the chemistry of life. Graded
pass/fail. Instructors: Lewis (a), Reisman, Miller (b).

Ch/APh 2. Introduction to Energy Sciences. 9 units (4-0-5); third
term. Prerequisites: Ch 1 ab, Ph 1 ab, Ma 1 ab. Energy production and
transduction in biological, chemical, and nuclear reactions. Bioenerget-
ics: energy sources and storage; components of biological energy flows:
pumps, motors, and solar cells; circuitry of biological energy flows

and biological energy transduction pathways. Chemistry of energy
production and utilization: fossil fuel utilization and energy conversion
pathways; artificial photosynthesis, solar cells, and solar energy conver-
sion. Principles of nuclear energy production: nuclear energy decay
processes, fission and fusion reactions, and reactor principles. Not of-
fered on a pass/fail basis. Satisfies the menu requirement of the Caltech core
curriculum. Not offered 2014-15.

Ch 3 a. Fundamental Techniques of Experimental Chemistry.

6 units (1-3-2); first, second, third terms. Introduces the basic principles
and techniques of synthesis and analysis and develops the laboratory
skills and precision that are fundamental to experimental chemistry.
Freshmen who have gained advanced placement into Ch 41 or Ch 21,
or who are enrolled in Ch 10, are encouraged to take Ch 3 a in the fall
term. Graded pass/fail. Instructor: Mendez.

Ch 3 x. Experimental Methods in Solar Energy Conversion. 6 units
(1-3-2); first, second, third terms. Introduces concepts and laboratory

methods in chemistry and materials science centered on the theme of

solar energy conversion and storage. Students will perform experiments
involving optical spectroscopy, electrochemistry, laser spectroscopy, 459
nanoparticle synthesis, photochemistry, and photoelectrochemistry,
culminating in the construction and testing of dye-sensitized solar cells.
Instructor: Mendez.

Ch 4 ab. Synthesis and Analysis of Organic and Inorganic Com-
pounds. 9 units (1-6-2). Prerequisites: Ch 1 (or the equivalent) and Ch
3aor Ch3x.Ch4aisa prerequisite for Ch 4 b. P