
421

Historical Sketch

ment. Units toward this requirement are not transferable 
from other schools.

• Pass 27 units of mathematics courses, as approved by the 
student’s research adviser, with letter grade no lower than C. 

• 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 con-
ducted 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 significance in and relation to his or her 
major field. 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.
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. committee, the option representative, 
the executive officer, or Caltech’s ombudsperson to discuss prob-
lems relating to satisfactory progress.

EE 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 cours-
es with an EE listing (excluding 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 (ESE)

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 
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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.

Admission
Applicants for admission to the ESE program should have under-
graduate preparation in science, engineering, or mathematics. 
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.

ESE Master’s Degree 
Students enrolled in the Ph.D. program may be awarded a mas-
ter’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. 
program.

ESE 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.
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Course Requirements
During their first year, students, in consultation 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 
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:

•  Environmental Biology: ESE/Bi 166, ESE/Bi 168, Ge/ESE 
170;

•  Environmental Chemistry: ESE/Ch 175, ESE/Ch 176, ESE/
Ge/Ch 171;

•  Environmental Physics: ESE 130-138, Ge/ESE 139, Ge/ESE 
150, ESE/ChE 158.

The remaining units of graduate work can be fulfilled by a com-
bination of elective courses in ESE or related disciplines, reading or 
laboratory courses (ESE 100), and research (ESE 106, 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.

It is expected that each graduate student will, as part of the 
Ph.D. graduation requirement, serve as a teaching assistant for one 
course per year, following completion of the qualifying exam.

Ph.D. Qualifying Examination
The Ph.D. qualifying examination 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 elec-
tive courses the student has taken. In preparation for the qualifying 
examination, students are encouraged to register for nine units of 
research (ESE 106) in their second and third terms of residency.
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Advancement to Candidacy
Students are recommended to advance to candidacy follow-
ing 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.

ESE Subject Minor 
Graduate students majoring in another option at the Institute may 
elect a subject minor in ESE. The ESE minor is intended to sup-
plement one of Caltech’s graduate degrees and is designed for 
students who wish to broaden and deepen their expertise with 
knowledge in ESE. To complete an ESE subject minor, graduate 
students must enroll in a program of study approved by the ESE 
option representative, which is to include at least 36 units over two 
or more terms of graduate-level ESE classes (ESE 100 and above) 
and 18 units over two or more terms of research under ESE 106 or 
ESE 300. At least one of the graduate-level ESE classes must be 
ESE 101, ESE 102, or ESE 103.

GEOLOGICAL AND PLANETARY SCIENCES (GPS) 
(Geology, Geobiology, Geochemistry, Geophysics, Planetary Science)

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 under-
take 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 environ-
mental science and engineering, geobiology, geochemistry, geol-
ogy, geophysics, and planetary science. The curriculum is flexible 
so that students with diverse degrees in science and engineering 
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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 submis-
sion 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 spec-
ified below:

Environmental Science and Engineering—Not required.
Geobiology—Not required.
Geochemistry—Subject tests are strongly recommended but not 

required.
Geology—Not required.
Geophysics—Not required.
Planetary Science—Subject tests are 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 academ-
ic 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 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 excite-
ment 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.
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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 qualifying examination, each student 
should identify a professor as thesis adviser, who will normally pro-
vide a graduate research assistantship and the opportunity for con-
tinuing 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 advis-
er). 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 interests change.

The TAC 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, usual-
ly including the members of the Thesis Advisory Committee.

All students are urged to consult with division faculty in the fol-
lowing sequence if they have any problems: thesis and academic 
advisers, Thesis Advisory Committee, option representative, aca-
demic officer, and division chair. If these division personnel cannot 
resolve a problem, then the student should turn to Institute offices.

GPS 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 part of a plan of study approved 
by the option representative, numbered 100 or higher, and part of 
those used to satisfy the Ph.D. requirement in one of the options of 
the division. Specifically required are two courses from the list Ge 
101, Ge 102, Ge 103, Ge 104, or ESE 101, ESE 102, ESE 103.

An application for admission to candidacy for an M.S. degree 
must be submitted in REGIS according to the academic calendar 
in the Caltech Catalog (see pages 4–5).

GPS Degree of Doctor of Philosophy
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 successfully defend it in a 
final oral examination. Recommendation to the Dean of Graduate 
Studies for admission to candidacy occurs after the student has 
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satisfied the first two requirements and has been accepted for the-
sis 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 descrip-
tion 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 
examination is available on the division website.

By the end of the fall term of the second year, students are 
expected to select a thesis adviser(s) and 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 exam-
ination for the doctorate by the thesis examining committee will 
be scheduled no sooner than two weeks following submission 
of the thesis (approved by the thesis adviser) and, in conformity 
with Institute 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 the-
sis 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 courses 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 can-
didacy 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 
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 for-
mally 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 
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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 continue 
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. These 
should be completed during the first year. Throughout their grad-
uate careers, students are expected to attend departmental semi-
nars and seminar courses led by visiting scientists. 

Beginning in the second academic year, students are required 
to serve as teaching assistants for one quarter per year they are in 
residence.

GPS 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, includ-
ing 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 ab, Ge 125.
 Chemistry: Ge/ESE 143, 149, Ge 140 ab, ESE/Ge/Ch 171, 

172, ESE/Ch 175, 176. 
 Biology: ESE/Bi 166, 168, Ge/ESE/Bi 178, 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. Geobiology students 
must complete one term (6 units) of Ge 109 (Oral Presentation) as 
an independent study with a faculty member of their choosing, typ-
ically the thesis adviser. 

 
Geochemistry
In addition to general Institute and basic division requirements, 
candidates for the Ph.D. degree in geochemistry are required 
to take one term of Ge 109 in the geochemistry option and 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/min-



429

Historical Sketch

eralogy, isotope geochemistry, cosmochemistry, water chemistry/
oceans, atmospheres, biogeochemistry, or advanced chemistry. All 
students must have a basic knowledge of chemistry at the level of 
Ch 21 and mathematics at the level of Ge 108. If appropriate, 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. With the approval of the geochemistry option rep-
resentative, 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 and students entering with a master’s degree 
in science or mathematics may be exempt from up to 45 units. In 
the oral candidacy exam, the student will be subject to examina-
tion in all four of the chosen subdisciplines. 

Geology
The geology option requirements are (1) two of Ge 102, 103, 
104, or ESE 101, ESE 102, ESE 103, which also satisfy the basic 
division requirement; (2) 36 units of advanced field geology, in 
the form of three terms of Ge 121 abc taken from three different 
instructors; (3) 54 additional units in 100- or 200-level science, 
math or engineering courses in any field at Caltech. 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 represen-
tative. Courses that cannot be used to satisfy these requirements 
include research and reading courses, and certain courses consti-
tuting basic preparation in the field of geology, such as Ge 106, Ge 
112, Ge 114 ab, and Ge 115 ab. 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 from up to 45 units at 
the discretion of the option representative. Geology students are 
required to give a 30-minute presentation, including 10 minutes of 
discussion, on their research at the Geoclub Seminar series before 
admission to candidacy.

Geophysics
In addition to general Institute requirements, candidates 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 per year from the second 
year until the last year prior to obtaining the degree; (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) 
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be fulfilled in the first year and (5) in the second year. A grade of C 
or better is required for all course work that satisfies these require-
ments. Knowledge of basic physics, mathematics, and data analysis 
at the level of Ge 108 and Ge/ESE 118 is required of all Ph.D. can-
didates in geophysics. This requirement may be met by previous 
course work or through successful completion of these classes. 
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 division requirements, 
candidates for the Ph.D. degree in planetary science must satisfy 
the following course requirements: Ge 101, Ge 102, and courses 
in planetary formation and dynamics (Ge/Ay 133), planetary atmo-
spheres (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 spe-
cialization. This requirement may be satisfied by completion of a 
subject minor or through a set of courses 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 Ge 108, and higher-level mathematics 
and physics courses are strongly encouraged. This requirement 
may be met by previous coursework or through successful com-
pletion of this class. All candidates are expected to attend the 
planetary sciences seminar regularly and register for six terms 
of Ge 109 (planetary sciences section of oral communication) 
for a total of 6 units, nominally in the first year and second year. 
Satisfaction of the oral presentation coursework requirement 
includes at least one 30-minute presentation by the student in the 
planetary sciences seminar. Typically, students will present on their 
research work each year after the first year.

GPS 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 division faculty affiliated with the minor will participate in the 
student’s oral thesis defense.

HISTORY (H)
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 bet-
ter, 45 units in advanced courses in history.
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