NORTHWESTERN UNIVERSITY

Periodicals Postage Paid

Evanston, Illinois 60208

NORTHWESTERN
Undergraduate Catalog 2013–14

NORTHWESTERN
Undergraduate Catalog 2013–14

NORTHWESTERN
Undergraduate Catalog 2013–14

This catalog for the academic year beginning September 1,
2013, contains University regulations and information
about the programs and courses offered by the Robert R.
McCormick School of Engineering and Applied Science.
Failure to read this catalog does not excuse a student from
knowing and complying with its content.
Northwestern University reserves the right to change
without notice any statement in this catalog concerning,
but not limited to, rules, policies, tuition, fees, curricula,
and courses. In exceptional circumstances, Northwestern
University reserves the right, at its sole discretion, to waive
any documentation normally required for admission. It
also reserves the right to admit or deny a student admission whenever it believes that it has sufficient evidence for
the decision.

Northwestern on the Web

For More Information

www.northwestern.edu
The University’s home page

www.ugadm.northwestern.edu
The Office of Undergraduate Admission

www.registrar.northwestern.edu/courses
/undergraduate_catalog.html
The latest version of the Undergraduate Catalog

www.northwestern.edu/sfs
Student Financial Services, where students
access their personal accounts along with
general financial information

www.registrar.northwestern.edu
Information about services of the Office of
the Registrar
www.northwestern.edu/caesar
CAESAR, students’ gateway to web-based
registration and personal academic information
www.northwestern.edu/studentaffairs
The Division of Student Affairs, providing
programs and services for Northwestern’s
diverse students
http://nulink.northwestern.edu
NULink, the student home page

http://undergradaid.northwestern.edu
The Office of Undergraduate Financial Aid
www.scholars.northwestern.edu
Information about the faculty of each school
www.northwestern.edu/careers
University Career Services for students and alumni
www.northwestern.edu/fellowships
The Office of Fellowships, a help in searching for
national and international fellowship competitions
Email webmaster@northwestern.edu with
questions about the Northwestern website.
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The University’s online calendar of events
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Undergraduate Study
Full-time, freshmen and transfers
Office of Undergraduate Admission
1801 Hinman Avenue
Evanston, Illinois 60208-1260
847-491-7271
www.ugadm.northwestern.edu

Law Study
Office of Admissions
Northwestern University School of Law
357 East Chicago Avenue
Chicago, Illinois 60611-3069
312-503-8465
www.law.northwestern.edu

Graduate Study
Office of Admissions
Graduate School
633 Clark Street
Evanston, Illinois 60208-1113
847-491-5279
www.tgs.northwestern.edu

Medical Study
Office of Admissions
Feinberg School of Medicine
303 East Chicago Avenue
Chicago, Illinois 60611-3008
312-503-8206
www.feinberg.northwestern.edu/admissions

Graduate Management Study
Full-time
Office of Admissions
J. L. Kellogg School of Management
2001 Sheridan Road
Evanston, Illinois 60208-2003
847-491-3308
www.kellogg.northwestern.edu

Continuing Education
Office of the Dean
School of Continuing Studies
339 East Chicago Avenue
Chicago, Illinois 60611-3008
312-503-6950
www.scs.northwestern.edu

Part-time
Office of Admissions
Part-Time MBA Program
J. L. Kellogg School of Management
340 East Superior Street, 2M
Chicago, Illinois 60611-3008
312-503-8385
www.kellogg.northwestern.edu

Summer Study
Office of the Director
Summer Session
405 Church Street
Evanston, Illinois 60208-4220
847-491-5250
www.scs.northwestern.edu/summernu

For information about faculty, please see the Northwestern Scholars website at www.scholars.northwestern.edu
and the websites of individual schools.
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Robert R. McCormick School of
Engineering and Applied Science
www.mccormick.northwestern.edu

The McCormick School of Engineering and Applied
Science is committed to providing leadership for the
technological foundation of our society, economy, envi
ronment, and culture. The school’s mission is twofold: the
personal and professional development of its students and
faculty and the development and application of new tech
nology, which is increasingly interdisciplinary.
McCormick is dedicated to a high standard of
excellence in
• Teaching fundamentals of science and engineering
disciplines and stimulating students to become inno
vative thinkers and leaders able to cope with complex
issues in a changing environment
• Preparing undergraduate and graduate students capable
of understanding, applying, and contributing to tech
nology in whatever areas or careers they pursue
Undergraduate students in McCormick may follow a
curriculum leading to a bachelor of science degree in any
of the following fields:
applied mathematics
biomedical engineering
chemical engineering
civil engineering
computer engineering
computer science
electrical engineering
environmental engineering
industrial engineering
manufacturing and design engineering
materials science and engineering
mechanical engineering
medical engineering (Honors Program in Medical
Education only)
The programs in biomedical engineering, chemical
engineering, civil engineering, computer engineering,
electrical engineering, environmental engineering, indus
trial engineering, manufacturing and design engineering,
materials science and engineering, and mechanical engi
neering are accredited by the Engineering Accreditation
Commission of ABET (www.abet.org).
With the proper use and combination of requirements,
options, and electives, students may prepare themselves
for graduate work in engineering or for postbaccalaureate
degrees in medicine, law, business, or other areas. Bachelor
of science degrees are also awarded in approved ad hoc
integrated engineering studies programs.

Graduate programs of study are available in all of the
above fields as well as in theoretical and applied mechanics,
biotechnology, analytics, engineering design and innova
tion, computer information systems, manufacturing man
agement, project management, information technology,
product design and development, and engineering man
agement. Programs leading to degrees at the master’s and
doctoral levels are described completely in publications of
the Graduate School and engineering graduate programs.
Excellence in research is a distinguishing characteris
tic of the engineering faculty. Working at the frontiers of
knowledge, faculty members are positioned to maintain
currency in courses and curricula and to develop an atmo
sphere inspiring scholarship, discovery, and originality
among students.
McCormick has a student body of approximately 1,500
undergraduates and 1,350 graduate students. It is housed
in the Technological Institute complex, which contains
nearly 2 million square feet of floor area and provides
excellent educational and research facilities.

ACADEMIC POLICIES
Requirements for the Degree of Bachelor
of Science
Students must successfully complete all 48 units of the
curriculum or have equivalent academic credit. Students
who interrupt their programs of study for an extended
time during which degree requirements are changed will
normally be held to the new requirements. Those who
encounter curricular changes during their period of enroll
ment may choose to follow any curriculum during that
period but must meet its requirements completely.
All curricula leading to a bachelor of science degree in
engineering or applied science have the same basic com
ponents: mathematics, engineering analysis and computer
proficiency, basic sciences, design and communications,
basic engineering, social sciences/humanities, unrestricted
electives, and the major program. Courses qualifying for
these components are listed in the departments appear
ing under Academic Offerings (beginning on page 205).
General requirements are as follows:
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Core Courses (32 units)
Mathematics (4 units)
Standard for all degree programs:
◦◦ MATH 220 Differential Calculus of One-Variable
Functions
◦◦ MATH 224 Integral Calculus of One-Variable
Function
◦◦ MATH 230 Differential Calculus of Multivariable
Functions
◦◦ MATH 234 Multiple Integration and Vector Calculus
Note: ES APPM 252-1,2 may substitute for MATH 230
and 234.
Engineering analysis and computer proficiency
(4 units)
Standard for all degree programs: GEN ENG 205-1,2,3,4
Engineering Analysis or 206-1,2,3,4 Honors Engineering
Analysis
Basic sciences (4 units)
Eligible courses vary by degree program; 4 courses from
at least two of the areas below; no more than 2 from earth
and planetary sciences/astronomy; no more than 3 in any
other area:
• Physics
◦◦ PHYSICS 135-2,3 General Physics
◦◦ PHYSICS 335 Modern Physics for Nonmajors
• Biological sciences
◦◦ BIOL SCI 215 Genetics and Molecular Biology
◦◦ BIOL SCI 216 Cell Biology
◦◦ BIOL SCI 217 Physiology
◦◦ CHEM ENG 275 Molecular and Cell Biology for
Engineers
• Chemistry
◦◦ CHEM 101 General Chemistry
◦◦ CHEM 102 General Inorganic Chemistry
◦◦ CHEM 103 General Physical Chemistry
◦◦ CHEM 171 Accelerated General Inorganic Chemistry
◦◦ CHEM 172 Accelerated General Physical Chemistry
◦◦ CHEM 210-1,2 Organic Chemistry
• Earth and planetary sciences/astronomy
◦◦ EARTH 202 Earth’s Interior
◦◦ ASTRON 220 Introduction to Astrophysics
Design and communications (3 units)
Standard for all degree programs (except biomedical
engineering, which requires BMD ENG 390-2):
• Writing and design
◦◦ DSGN 106-1,2 Engineering Design and
Communication (.5 units each)
◦◦ ENGLISH 106-1,2 Writing in Special Contexts
(.5 units each)

• Speaking
◦◦ GEN CMN 102 Public Speaking, GEN CMN 103
Analysis and Performance of Literature, or BMD
ENG 390-2 Biomedical Engineering Design
Basic engineering (5 units)
Eligible courses vary by degree program; 5 courses from
at least four of the following areas:
• Computer architecture and numerical methods
◦◦ EECS 203 Introduction to Computer Engineering
◦◦ EECS 205 Fundamentals of Computer System
Software
◦◦ EECS 328 Numerical Methods for Engineers
◦◦ ES APPM 346 Modeling and Computation in Science
and Engineering
• Computer programming
◦◦ EECS 211 Object-Oriented Programming in C++
◦◦ EECS 317 Data Management and Information
Processing
◦◦ EECS 230 Programming for Computer Engineers or
231 Advanced Programming for Computer Engineers
• Electrical science
◦◦ EECS 202 Introduction to Electrical Engineering
◦◦ EECS 221 Fundamentals of Circuits
◦◦ EECS 222 Fundamentals of Signals and Systems
◦◦ EECS 223 Fundamentals of Solid-State Engineering
◦◦ EECS 224 Fundamentals of Electromagnetics and
Photonics
◦◦ EECS 270 Applications of Electronic Devices
◦◦ MECH ENG 233 Electronics Design
• Fluids and solids
◦◦ BMD ENG 270 Fluid Mechanics
◦◦ BMD ENG 271 Introduction to Biomechanics
◦◦ CHEM ENG 321 Fluid Mechanics
◦◦ CIV ENV 216 Mechanics of Materials I
◦◦ MECH ENG 241 Fluid Mechanics I
• Materials science and engineering
◦◦ MAT SCI 201 Introduction to Materials or
301 Materials Science Principles
• Probability, statistics, and quality control
◦◦ BMD ENG 220 Introduction to Biomedical Statistics
◦◦ CHEM ENG 312 Probability and Statistics for
Chemical Engineering
◦◦ CIV ENV 306 Uncertainty Analysis in Civil
Engineering
◦◦ EECS 302 Probabilistic Systems and Random Signals
◦◦ IEMS 201 Introduction to Statistics
◦◦ IEMS 303 Statistics
◦◦ MECH ENG 359 Reliability Engineering
• Systems engineering and analysis
◦◦ CHEM ENG 210 Analysis of Chemical Process
Systems
◦◦ CIV ENV 304 Civil and Environmental Engineering
Systems Analysis
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◦◦ IEMS 310 Operations Research
◦◦ IEMS 313 Deterministic Models and Optimization
◦◦ IEMS 326 Economics and Finance for Engineers
• Thermodynamics
◦◦ BMD ENG 250 Thermodynamics
◦◦ CHEM 342-1 Thermodynamics
◦◦ CHEM ENG 211 Thermodynamics
◦◦ MAT SCI 314 Thermodynamics of Materials
◦◦ MAT SCI 315 Phase Equilibria and Diffusion in
Materials
◦◦ MECH ENG 220 Thermodynamics I (may not be
taken with CHEM 342-1 or CHEM ENG 211)
◦◦ MECH ENG 370 Thermodynamics II
Social sciences/humanities (7 units)
Standard for all degree programs:
• 7 social sciences/humanities courses approved in advance
by the McCormick Humanities Panel and chosen
according to one of two options:
◦◦ Option A
–– 3 courses must be thematically related.
–– No more than 3 of the 7 courses may be at the 100
level.
–– At least 2 courses must be chosen from each of the
following areas:
Social and behavioral sciences
Historical studies and values
Fine arts, language, and literature
◦◦ Option B: 5 courses must be thematically related; no
more than 5 may come from a single area listed above.
Unrestricted electives (5 units)
Standard for all degree programs: students may take any
credit course in the University to explore or extend tech
nical or nontechnical interests.

Major Program (16 units)
Each degree program in the McCormick School finds its
depth in the major program’s 16 units, all of which must be
at the 200 level or higher. Each major curriculum provides
considerable elective opportunity for individualization,
but coherence in the selection of elective courses is still
necessary. In accredited programs, guidance is essential to
ensure that certain criteria are met. A plan of study listing
intended selections must be submitted for approval to the
Office of Undergraduate Engineering by the end of the
eighth quarter of study (winter quarter of junior year).
Most curricula offer suggested areas of specialization
or options in using electives. Course plans are available
in the department or program offices or the McCormick
Academic Services Office. Alternately, self-designed plans
worked out in consultation with a faculty adviser may be
submitted.
Students must meet both the school’s and the major
program’s curricular requirements; the latter are listed in
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the major curricula sections in this chapter. Some curricula
contain specializations or options to guide elective course
choices.
Taking courses regarded as duplicates will increase the
number of requirements needed to earn a McCormick
degree. (Contact the Undergraduate Engineering Office or
see the McCormick website for a list.)
For further details about a program’s options or special
izations, consult its department coordinator, check with
McCormick’s Academic Services Office, or see the school’s
website at www.mccormick.northwestern.edu.

Grade Requirements
A grade point average (GPA) of not less than 2.0 is
required for all units presented for the degree. Students
must have received a grade of C or higher in any course
taken elsewhere and used to fulfill a McCormick degree
requirement. The GPA in the 16 units in the major
program must also be at least 2.0; no more than 2 of
these units may carry grades of D.
Every candidate for a degree must file an application
for the degree a year in advance of the date of graduation
(see Academic Calendar on pages 4–5).
In addition to and independent of the requirements
set by McCormick, all students must satisfy the Under
graduate Registration Requirement (see page 17).

Pass/No Credit Option
The following requirements apply to the pass/no credit
(P/N) option:
• No more than 8 units taken P/N may be counted toward
the 48 units required for the degree.
• Only 1 unit per quarter may be taken P/N during fresh
man and sophomore years.
• Core courses: Only 4 100- or 200-level courses may be
taken P/N to satisfy the 7-unit requirement in the social
sciences/humanities. No courses may be taken P/N
in the required mathematics, engineering analysis and
computer proficiency, basic sciences, design and commu
nications, and basic engineering areas.
• Major program: Consult the responsible department
office or McCormick’s Academic Services Office regard
ing the regulations for use of P/N in each departmental
program.
• Credits earned under a P/N grading scheme at another
institution may be applied toward McCormick require
ments only if the P/N option is permissible for that
requirement.

Advanced Placement
Advanced placement and college credit may be granted
on the basis of the College Entrance Examination Board
(CEEB) Advanced Placement tests (or other appropri
ate international examinations), special examinations in
subject areas, or analysis of high school background. Any
placement in approved sequential work (verified by a grade
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above C– in a subsequent course) will reduce the require
ments for the BS by the number of courses preceding the
placement. These stipulations regarding placement, exemp
tion, and degree requirements may differ from those of
other schools of the University. Students receiving credit
from AP examinations and other such programs must still
meet the Undergraduate Registration Requirement.

ACADEMIC OPTIONS
Cooperative Engineering Education Program
The Walter P. Murphy Cooperative Engineering Educa
tion Program alternates periods of paid industrial experi
ence with academic studies for full-time students in all
departments of engineering and applied science. During
18 months of industrial employment, students apply theory
while gaining practical experience and develop an under
standing of the responsibilities of their future professional
careers.
Freshmen are invited to participate in workshops to
prepare for the co-op program. Sophomores in good aca
demic standing begin applying for co-op positions as early
as the fall quarter. The co-op coordinator makes every
effort to secure interviews for the students so that coop
erative work assignments are related to their professional
objectives.
Generally, the first work experience for sophomore
co-op students occurs the summer before their junior year.
Co-op experience for juniors, transfer students, and others
may begin as late as the spring of junior year. If necessary,
special schedules may be arranged with the help of the
academic advisers to enable students to meet individual
academic requirements as well as co-op requirements.
Students register for their work quarters, thus remain
ing enrolled at Northwestern. While no academic credit is
given for co-op, special BS/MS programs may use co-op
experience as the basis for undergraduate projects and
master’s theses.
Although emphasis is on the experience gained from
cooperative work rather than on the income, students in
the co-op program can cover a portion of their educational
expenses with their earnings.
The following table shows the college-industry
schedule for the five years of undergraduate education:

Undergraduate Honors Program
Students with good scholastic records may apply to the
Undergraduate Honors Program any time during their
junior or presenior years. (Students within three quarters
of graduation are past this admission point.) At the time
of admission to the honors program, they must have a
cumulative GPA of 3.5 or better. Courses used to meet
the honors requirements must also be used toward require
ments for the bachelor’s degree.
Honors students participating in the program must
• Complete at least three units of approved advanced
study (including courses normally accepted at the
graduate level) with an average grade of B or better.
• Complete an extended independent study project (at
least two quarters on the same topic) leading to an
acceptable report.
Successful completion of the honors program will be
noted on the student’s transcript. Recognition also will be
given in the Commencement program. If his or her perfor
mance is not judged to meet the honors standards, the stu
dent will still receive course grades and credits as earned.

Undergraduate Research

College-Industry Schedule
Summer
Fall
Freshman		 1
Sophomore
vacation
4
Junior
work
7
Presenior
work
9
Senior
work
work

visit participating employers periodically to discuss stu
dents’ abilities, attitudes, and progress on the job. At the
end of each work period, employers are asked to evaluate
student performance and progress.
No tuition or fees are charged during co-op periods.
Students who complete the co-op plan receive rebates of
tuition increases their final academic quarters and continue
to pay the same tuition level as others in their entering
class.
In addition to the academic degree, students who suc
cessfully complete the schedule of school and work—
meeting standards set by the program and the co-op
employer—receive recognition as co-op students upon
graduation from McCormick.
In some states, co-op experience may be credited for up
to one year of the usual four years of engineering experi
ence required for the Professional Engineer’s License.
Permanent employment is not an obligation for either
employers or co-op students, but most students receive
impressive permanent job offers as a result of the co-op
experience. Others are admitted to prestigious graduate
and professional schools.

Winter
2
5
8
work
11

Spring
3
6
work
10
12

Employers of co-op students include government and
service institutions as well as industry. Co-op coordinators

Opportunities for undergraduate research are made avail
able and encouraged. Each field of study offers indepen
dent study courses for research enrollment on an elective
basis. Funding of undergraduate research is provided by
faculty-directed programs and several McCormick School
and University sources.
The Northwestern Student Advisory Board holds an
annual competition for the best undergraduate research
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project; the winner is recognized with the Harold Benedict
Gotaas Award.
Students normally perform undergraduate research
projects under the direction of faculty doing research in
their department and in laboratories throughout the Uni
versity, including McCormick research centers. For more
on McCormick’s research activities, see www.mccormick
.northwestern.edu/research.

requirement for the BS is 48 units, and the requirement
for the MS is specified by the individual department (9–12
units). No course used for the MS requirement may be
counted toward the BS requirement.
Application for admission to concurrent BS/MS study
must be approved by the appropriate department and the
Graduate School. A department may require that students
do additional work beforehand.

Integrated Engineering Studies Program

Dual Bachelor’s Degree Programs

The Integrated Engineering Studies Program provides
an alternative for students whose particular interests and
goals cannot be satisfied by a regular program in engineer
ing or applied science. To be eligible, students must have a
cumulative GPA of 3.25 or above. They may apply as early
as the end of freshman year but no later than 3½ quarters
before completing the degree. Applicants must prepare a
compelling argument for qualifying for this customized
degree program. Examples of these ad hoc degrees from
recent years include public health, engineering physics,
biomedical engineering and molecular biology, analytics,
and mechanical design. Additional details are available on
the McCormick School web pages. Students who complete
this program are awarded a bachelor of science in inte
grated engineering studies, and their transcripts specify
the themes of their courses of study.

Second Field of Specialization
Elective opportunities in McCormick curricula may be
used in a departmental program in another school of the
University. Satisfactory completion of the requirements for
the second program, verified by the appropriate depart
ment, will be noted on the student’s transcript. Carefully
planned electives will normally enable students to obtain
a second field of specialization within the 48-unit require
ment for the BS degree.

Multiple BS Degrees
Students with wide-ranging interests may work toward
two or more bachelor of science degrees in McCormick by
satisfying the full requirements for each degree. At least 6
additional units of credit, or the equivalent, must be pre
sented for each additional degree, and the work in multiple
areas does not need to be completed at the same time.
Each department or program must approve the course
plan for its degree no later than two academic quarters
before work for the second degree is completed but no
earlier than junior year.

Accelerated Master’s Program
Qualified McCormick undergraduate students may work
simultaneously toward the bachelor of science and master
of science degrees in engineering. Integrated planning of
coursework makes it possible to take graduate-level courses
during the third and fourth years. The requirements
remain unchanged for the two degrees. The McCormick

Dual Engineering and Liberal Arts Degrees
McCormick encourages breadth of interest and to this
end supports dual bachelor’s degree programs in engineer
ing and liberal arts. A common approach to a dual degree
program is a parallel arrangement of studies requiring five
years and resulting in a BA with a major in Weinberg Col
lege and a BS in a field of engineering. Students must com
plete the stated requirements of both schools and expected
majors. For a description of the program, see page 28 in
the Cross-School Options chapter. For information on
applying to the program, see page 11.

Dual Engineering and Music Degrees
Highly capable students who have a strong interest in and
commitment to both engineering and music may pursue
a five-year program leading to bachelor’s degrees in both
fields. In engineering any field of study may be chosen,
resulting in a bachelor of science in the chosen field. In
music the bachelor of music or bachelor of arts in music
is awarded. For a description of the program, see page 28
in the Cross-School Options chapter. For information on
applying to the program, see page 11.

Business Enterprise Certificate
Students who aim to have business careers and want to
improve their ability to make a contribution soon after
graduation may wish to consider this certificate program.
It involves a combination of required business courses and
work experience. Those completing the Walter P. Murphy
Cooperative Engineering Education Program must take 2
units of credit in addition to those needed for their bach
elor’s degrees; other students must take 4 extra units. An
acceptable report on the work experience and successful
completion of a McCormick BS degree are required.

Certificate in Engineering Design
This certificate program, administered by the Segal Design
Institute, develops a set of design skills valuable across the
entire spectrum of careers available to McCormick gradu
ates. See page 230 for details.

Certificate in Entrepreneurship
Administered by the Farley Center for Entrepreneurship
and Innovation, this certificate is intended for undergradu
ates planning to pursue entrepreneurship at some point in
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their careers. Students who plan to join or create startups
hone skills to complement their degrees. Those focused
on research gain skills relevant when traditional sources of
research funding no longer exist and commercialization is
the next logical step. The certificate requires completion
of 4 courses:
• ENTREP 225 Principles of Entrepreneurship
• ENTREP 325 Engineering Entrepreneurship
• 2 courses chosen from
◦◦ IEMS 399 Independent Study with Farley Center
faculty focusing on a student idea or a project from
the Northwestern University Innovation and New
Ventures Office
◦◦ ENTREP 430 NUvention: Energy
◦◦ ENTREP 473 NUvention: Web
◦◦ ENTREP 495 NUvention: Medical
◦◦ A graduate-level course focused on a technology the
student is interested in commercializing
◦◦ A course in economics or business institutions in
Weinberg College (requires prior approval from the
Farley Center)

Honors Program in Medical Education
The Honors Program in Medical Education (HPME) is
designed for unusually gifted high school students who
seek careers in medicine or medical science. It provides a
plan whereby students entering Northwestern are admit
ted simultaneously to McCormick, Weinberg College,
or the School of Communication and to the Feinberg
School of Medicine. HPME students then participate in a
challenging program, with the first three or four years in
undergraduate study and the last four years in the Fein
berg School. Thus, the period of formal training may be
reduced by one year.
Students who meet the entrance requirements of
McCormick may pursue a program leading to the bachelor
of science degree in medical engineering after five years
and the doctor of medicine degree after seven years. See
page 30 for more information on HPME and page 11 for
information on applying to the program.
See the Cross-School Options chapter for opportunities
open to all Northwestern undergraduates.

STUDENT RESOURCES
Tutorial Program
McCormick conducts a program of guided study and tuto
rial help for freshmen and sophomores in all the required
courses in mathematics, chemistry, physics, and engineer
ing. This program encourages out-of-class work and good
study habits and helps provide a full understanding of the
early courses that are the foundation for much to follow.

Faculty Advisers
During the first year students are assigned a freshman
adviser. At the beginning of the sophomore year most
students will have selected a program of study and will
be reassigned an adviser in that area. Advisers assist in
planning the program of study, but students retain the
responsibility of meeting overall graduation requirements.
Advice on other subjects may be obtained by emailing
mccormick-school@northwestern.edu.

Organizations for Engineering Students
The McCormick Student Advisory Board is composed of
representatives from each class in engineering and from
approved McCormick organizations. It is the recognized
representative body of undergraduate engineering students
and as such serves as a link between the students and the
faculty and administration. It encourages and coordinates
the activities of engineering students and student groups.
The following professional societies have established
student branches on the campus:
American Institute of Chemical Engineers
American Society of Civil Engineers
American Society of Mechanical Engineers
ASM International
Association for Computing Machinery
Biomedical Engineering Society
Design for America
Engineers for a Sustainable World
InNUvation
Institute of Electrical and Electronics Engineers and its
computer and engineering in medicine and biology
subchapters
Institute of Industrial Engineers
Materials Research Society
National Society of Black Engineers
Northwestern Organization of Design Engineers
Society of Automotive Engineers
Society of Hispanic Professional Engineers
Society of Women Engineers
The following honorary societies recognize highachieving McCormick undergraduates:
Eta Kappa Nu: open to upperclass students in electri
cal engineering who demonstrate superior scholarship
and ability
Kappa Theta Epsilon: cooperative engineering educa
tion honorary society
Omega Chi Epsilon: for upperclass students in chemical
engineering who demonstrate superior scholarship and
leadership ability
Phi Eta Sigma: for freshmen who earn a scholastic
average equivalent to a grade of A
Phi Lambda Upsilon: open to upperclass students in
chemistry and chemical engineering who demonstrate
superior scholarship and academic ability
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Pi Tau Sigma: for upperclass students in mechanical
engineering who demonstrate superior scholarship and
leadership ability
Sigma Xi Society: associate membership open to seniors
who excel in scholarship in at least two departments
Tau Beta Pi: for upperclass students who have shown
superiority in scholarship and ability in engineering
work
ACADEMIC OFFERINGS

GENERAL ENGINEERING
Introductory and Related Courses
DSGN 106-1,2 Design Thinking and Communication ( .5 unit
each) Integrated introduction to the engineering design
process and technical communication. Approaches to
unstructured and poorly defined problems; conceptual
and detailed design; team structure and teamwork; project
planning; written, oral, graphical, and interpersonal com
munications; use of software tools; discussion of societal
and business issues. One lecture, two workshops, lab.
Registration for both quarters required. Primarily intended
for freshmen.
GEN ENG 190-0 Engineering Freshman Seminar B
 road engi
neering or interdisciplinary subjects of current interest.
GEN ENG 191-0 MEOP Complete Seminar I ssues unique to
minority engineering students. Working in groups, achiev
ing one’s full potential, succeeding in class, increasing
involvements with faculty and in their research. Primarily
intended for freshmen.
GEN ENG 195-1,2,3,4 Engineering Dialog ( .34 unit each)
Weekly seminar addressing subjects of interest in engi
neering, design, engineering policy, and entrepreneurial
activities. For participants in the invitation-only Murphy
Institute Scholars Program. May be repeated.
GEN ENG 205-1,2,3,4 Engineering Analysis 1
 . Introduction
to linear algebra from computational, mathematical, and
applications viewpoints. Computational methods using
a higher-level software package such as MATLAB. May
be taken concurrently with 215-1. 2. Linear algebra and
introduction to vector methods in engineering analysis.
Statics and dynamics of rigid bodies and matrix analysis of
trusses and networks. Engineering design problems. May
be taken concurrently with 215-2. Prerequisites: C– or
better in 205-1; MATH 220. 3. Dynamic behavior of the
elements. Modeling of mechanical (both translational and
rotational), electrical, thermal, hydraulic, and chemical
systems composed of those elements. May be taken con
currently with 215-3. Prerequisite: C– or better in 205-2.
4. Solution methods for ordinary differential equations,
including exact, numerical, and qualitative methods.
Applications and modeling principles; solution techniques.
May be taken concurrently with 215-4. Prerequisites: C–
or better in 205-2; MATH 224.
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GEN ENG 206-1,2,3,4 Honors Engineering Analysis
 overs topics addressed in 205 at a deeper level. Intended
C

for students with demonstrated strength in mathemat
ics, computer programming, and/or physics. Prerequisite:
consent of instructor.
GEN ENG 215-1,2,3,4 Advanced Conceptual Workshop
 xercises related to work in 205. Taken concurrently with
E

205-1,2,3,4.
GEN ENG 220-1,2 Analytic and Computer Graphics ( .5 unit

each) 1. Creating in autoCAD software. 2. 3-D parametric
modeling with AutoDesk Inventory.
ENTREP 225-0 Principles of Engineering Entrepreneurship

Introduction to the essential elements of building one’s
own business, including strategy, finance, accounting,
marketing, operations, and choosing the ideal management
team. History of entrepreneurship and the entrepreneur
psyche. Lectures, guest speakers, and case studies. Teams
present a business idea at the conclusion. May not be taken
after IEMS 325 or ENTREP 325.
GEN ENG 295-0 Introductory Topics in Engineering
I ntermediate-level topics suggested by students or faculty

members and approved by the curriculum committee.
CRDV 301-0 Introduction to Career Development ( 0 units)
Course preparing students for the Walter P. Murphy
Cooperative Engineering Education Program, internships, and full-time employment. It includes units on jobsearch skills, self-assessment, transition to the workplace,
workplace-management issues, and transition back to
school.
CRDV 310-1,2,3,4,5,6 Cooperative Engineering Education ( 0
units) Sequence of courses covering the work terms of stu
dents in the Walter P. Murphy Cooperative Engineering
Education Program. Prerequisite: CRDV 301 or consent
of program director.
CRDV 310-7 Engineering Co-op (Half-Time) ( 0 units)
Half-time registration covering half-time enrollment in
the Walter P. Murphy Cooperative Engineering Education
Program. Prerequisite: CRDV 301 or consent of program
director.
CRDV 311-1,2,3 Professional Engineering Internship ( 0
units) Series of courses designated for students pursuing
the Business Enterprise Certificate, seeking University rec
ognition of their internship experience, or participating in
an approved internship during the regular academic year.
Prerequisite: consent of program director.
CRDV 311-7 Engineering Internship (Half-Time) ( 0 units)
Half-time registration of courses designated for students
pursuing the Business Enterprise Certificate, seeking Uni
versity recognition of a half-time internship experience,
or participating in an approved half-time internship dur
ing the regular academic year. Prerequisite: CRDV 301 or
consent of program director.
CRDV 312-1,2,3 Undergraduate Engineering Projects in
Service Learning (0 units) Noncredit course requiring

students to engage in an engineering-related, full-time
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community service project under the guidance of an
appropriate faculty member, agency supervisor, or mentor.
CRDV 312-7 Engineering Projects in Service Learning (HalfTime) ( 0 units) Noncredit course requiring students to

engage in an engineering-related, half-time community
service project under the guidance of an appropriate fac
ulty member, agency supervisor, or mentor.
CRDV 313-7 Engineering Research (Half-Time) ( 0 units)
Noncredit course allowing students to maintain half-time
enrollment at Northwestern while engaged full-time in a
University-based research project under the supervision
of a faculty research sponsor. Students are evaluated by
ABET criteria, the same as those in the Walter P. Murphy
Cooperative Engineering Education Program and the Pro
fessional Engineering Internship Program.
ENTREP 325-0 Engineering Entrepreneurship Overview
of the entrepreneurial process from an engineering per
spective. Idea generation, planning, financing, marketing,
protecting, staffing, leading, growing, and harvesting. Busi
ness models for startups. Lectures, guest speakers, and case
studies. Prerequisite: 1 course in accounting or finance
such as IEMS 326 or BUS INST 260.
GEN ENG 355-0 Domestic Study—Affiliated F
 ull-time regis
tration in an academic program in the continental United
States that is affiliated with Northwestern. Upon successful
completion of the program, registration is replaced with
credits transferred from the affiliated institution.
GEN ENG 395-0 Special Topics in Engineering T
 opics sug
gested by faculty members and approved by the curriculum
committee.
PRDV 395-0 Special Topics in Personal Development ( 1 unit)
Topics suggested by students or faculty and approved by
the McCormick Curriculum Committee. Prerequisite:
consent of instructor.
PRDV 396-0 Topics in Personal Development ( 0 units) 
Topics of limited scope as suggested by faculty or stu
dents and approved by the McCormick Office of Personal
Development.
PRDV 397-0 Selected Topics in Personal Development(.5
unit) Topics of limited scope as suggested by faculty or
students and approved by the McCormick Curriculum
Committee.
GEN ENG 399-0 Independent Study I ndependent study on
an engineering subject supervised by a faculty member and
concluding with a final report.

APPLIED MATHEMATICS

See Engineering Sciences and Applied Mathematics.

BIOMEDICAL ENGINEERING
www.bme.northwestern.edu
Biomedical engineers solve problems in the life sciences
and clinical medicine by applying engineering and math
ematical techniques. This approach has been fruitful where

a descriptive approach is no longer adequate for studying
complex systems involved in the body’s transport, regula
tion, and information processing. Equally important has
been the development of devices used inside or outside the
body to replace or supplement physiological functions and
to enhance the quality of diagnosis and care.
The interplay among the physical sciences, engineer
ing, biology, and the medical sciences takes many forms.
The traditional study of complex systems—whether for
power transmission, communications, or the operation and
control of industrial processes—provided engineers with a
number of concepts and techniques that proved valuable in
analysis and design. These principles expressed in mathe
matical form are applicable to a wide range of phenomena,
including those in biological processes. Information theory,
statistics, and computer technology have opened new areas
for exploration of sensory and central nervous activity as
well as patient handling and diagnosis. Theories for feed
back controls, transport processes, materials science, and
mechanics have provided new insight into homeostatic
physiological processes. Analysis of heat transfer, fluid flow,
and chemical-process control in living organisms requires
competence in both engineering and the life sciences.
Current studies further understanding of many physiologi
cal processes, which in turn leads to improvements in clini
cal practice, diagnosis, and patient care.
Northwestern was among the first schools to recognize
the value of a biomedical engineering background. Today
the Department of Biomedical Engineering offers one of
the largest and broadest programs in the country at both
the undergraduate and graduate levels. Most students
interested in the field follow its program, but other engi
neering departments also offer biomedical options.
The biomedical engineering program provides bio
medical training that is quantitative, emphasizes prob
lem solving, and treats phenomena from the molecular
to the systems levels. The curriculum prepares students
for careers in dentistry, medicine, or research or with
healthcare corporations. Required courses in mathemat
ics, engineering, and science establish a strong founda
tion on which the student builds a self-selected area of
specialization.
A minimum of 18 course units in engineering design
and engineering science, as well as substantial training in
design, are required for a biomedical engineering degree.
Those seeking admission to dental or medical school
should be familiar with the entrance requirements of
schools to which they intend to apply. Many professional
schools require courses in physics, organic, and/or physi
cal chemistry and laboratory biology, in addition to courses
required by the biomedical engineering program. These
requirements may be satisfied by judicious use of electives.
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Tracks

Biological Materials and Molecular Engineering
This track combines biochemistry, materials science,
molecular biology, and other research areas to gener
ate devices and interfaces from the nanoscale to the
microscale. By integrating fundamental synthesis/fabrica
tion principles with relevant medical needs, students learn
to engineer technologies with translational relevance.

Biomechanics and Rehabilitation
In this track solid (e.g., musculoskeletal) and fluid (e.g.,
cardiovascular, pulmonary) mechanics are applied to
human physiology in the design and manufacture of limb
prostheses or artificial organs.

Biomedical Signals and Images
Imaging and signal processing have become integral parts
of biomedical engineering. Applications include MRI, CT
and PET scans, neural signal analysis, and optics. Students
in this track obtain a solid foundation in mathematics,
physics, and physiology with an emphasis on applications
in image and signal analysis. This track is appropriate for
students interested in pursuing careers in MRI, medical
physics, biomedical optics, or neural engineering.

Electrical Engineering and Computer Engineering
Electronic instruments are widely used in the diagnosis
and treatment of disease and in the study of normal
physiological function. In this track students learn the
fundamentals of electronic and computer instrumentation
(hardware and software) with a focus on their applications
in biomedicine.

Transport Processes and Tissue Engineering
This track concerns the application of engineering
principles to the design, modulation, and/or replacement
of cells, tissues, and organs. Students learn concepts of
fluid mechanics, mass transfer, and the molecular and
cellular biology necessary in the field.

Degree in Biomedical Engineering
Requirements (48 units)
Core courses (32 units)
See general requirements on page 201 for details.
• 4 mathematics courses
• 4 engineering analysis and computer proficiency courses
• 4 basic science courses: PHYSICS 135-2,3; CHEM 102
and 103 or 171 and 172
• 3 design and communications courses
• 5 basic engineering courses
◦◦ Fluids and solids: BMD ENG 270 and 271
◦◦ Materials science and engineering: MAT SCI 201 or 301
◦◦ Probability, statistics, and quality control: 1 course from
BMD ENG 220; IEMS 201, 303; MECH ENG 359
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◦◦ Thermodynamics: 1 course from BMD ENG 250;
CHEM 342-1; MECH ENG 220
• 7 social sciences/humanities courses
• 5 unrestricted electives
Major program (16 units)
• BMD ENG 101 (noncredit)
• 9 core courses: BIOL SCI 215 or 216; CHEM 210-1;
BMD ENG 301, 302, 303, 305, 306, 307, 390-1
• 7 courses in an area of specialization
◦◦ 5 courses selected from one of the following tracks
or an alternate set of courses developed with advisers
and approved by the Biomedical Engineering Under
graduate Committee:
–– Biological materials and molecular engineering
–– Biomechanics and rehabilitation
–– Biomedical signals and images
–– Computer engineering
–– Electrical engineering
–– Transport processes and tissue engineering
◦◦ 2 technical electives
–– May include BIOL SCI 217; CHEM 101,
210-2; DSGN 245-1,2; EECS 230; and any
courses in engineering, science, or mathematics
at the 300 level or higher.
–– Students are urged to choose technical electives that
emphasize engineering design.
• Courses in the major program must be at the 200 level
or higher; none may be taken P/N.

Courses
BMD ENG 101-0 Introduction to Biomedical Engineering

(0 units) Faculty, students, and guests present various
topics introducing the field of biomedical engineering:
different tracks within the program of study, possible
career and research opportunities, and ethics.
BMD ENG 220-0 Introduction to Biomedical Statistics 

Basic statistical concepts presented with emphasis on
their relevance to biological and medical investigations.
BMD ENG 250-0 Thermodynamics P
 hysical and chemical
principles as applied to biological systems and medical
devices. Topics include material balances, thermodynamics,
solution chemistry, electrochemistry, surface chemistry,
transport, and kinetics. Prerequisites: MATH 230;
CHEM 103 or 172.
BMD ENG 270-0 Fluid Mechanics F
 undamentals of fluid
mechanics and their applications to biological systems.
Prerequisites: GEN ENG 205-4; MATH 234.
BMD ENG 271-0 Introduction to Biomechanics A
 nalysis
of stresses and deformations in solids. Problems in bio
mechanics, with emphasis on assumptions appropriate to
modeling biological materials including bone, skin, muscle,
and cell membranes. Prerequisite: GEN ENG 205-2.
BMD ENG 301-0 Systems Physiology F
 unctional/structural
aspects of mammalian nervous system. Neural biophysics.
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Laboratory exercises. Prerequisites: PHYSICS 135-2;
junior standing.
BMD ENG 302-0 Systems Physiology C
 ardiovascular
and respiratory physiology. Human physiology from a
quantitative viewpoint. Anatomy and pathology, where
appropriate. Prerequisite: MATH 230.
BMD ENG 303-0 Systems Physiology C
 ellular mechanisms
of and quantitative systems’ approach to human renal,
digestive, endocrine, and metabolic physiology. Prerequi
site: BIOL SCI 215 or 216; junior standing recommended.

computed tomography; ultrasound. Prerequisite:
PHYSICS 135-3 or equivalent.
BMD ENG 327-0 Magnetic Resonance Imaging N
 uclear
magnetic resonance; two-dimensional Fourier transform,
spin-echo and gradient-echo imaging; gradient and RF
hardware. Prerequisite: PHYSICS 135-3.

BMD ENG 305-0 Introduction to Biomedical Signals and
Electrical Circuits T
 ime and frequency domain analysis:

BMD ENG 343-0 Biomaterials and Medical Devices
 tructure-property relationships for biomaterials. Metal,
S

convolution representation, Fourier series, Fourier trans
forms, frequency response, filtering, sampling. Prerequi
site: PHYSICS 135-2 or consent of instructor.
BMD ENG 306-0 Biomedical Systems Analysis I ntroduction
to linear systems analysis. Time and frequency domain
techniques for analyzing linear systems, emphasizing their
applications to biomedical systems. MATLAB-based prob
lem sets and lab illustrate topics covered in class. Prerequi
sites: 305; 220, or IEMS 202 or 303, or MECH ENG 359;
GEN ENG 205-4.

ceramic, and polymeric implant materials and their implant
applications. Interactions of materials with the body. Pre
requisites: MAT SCI 201 or 301; senior standing.

BMD ENG 307-0 Quantitative Experimentation and Design
 aboratory and associated lecture concerning quantita
L

tive physiology, physiological measurement techniques,
instrument design, and statistical design of experi
ments. Prerequisites: 305, 306; 220 or IEMS 201 or 303,
or MECH ENG 359.
BMD ENG 310-0 Molecular and Cellular Aspects of
Bioengineering M
 olecular/cellular structure and function,

mechanical influences on biological systems, molecular/
cellular experiments. Prerequisites: BIOL SCI 215 or 216;
GEN ENG 205-3.
BMD ENG 314-0 Models of Biochemistry and Molecular
Biology M
 athematical modeling of biochemical and

molecular biological problems, such as allosteric enzymes,
bacterial transduction, X-ray diffraction, study of DNA.
Prerequisite: junior standing recommended.
BMD ENG 315-0 Application of Genetic Engineering to
Immunochemistry R
 ecent developments in genetic engi

neering as applied to the rapidly developing field of
immunochemistry for antibodies and related proteins.
Prerequisite: junior standing recommended.
BMD ENG 317-0 Biochemical Sensors T
 heory, design, and
applications of chemical sensors used in medical diagnosis
and patient monitoring. Electrochemical and optical sen
sors. Prerequisites: BIOL SCI 215 or 216; CHEM 210-1;
PHYSICS 135-2,3.
BMD ENG 323-0 Visual Science M
 ammalian visual system.
Optics of the eye. Visual image representation and inter
pretation. Visual adaptation. Motion. Color vision.
Prerequisite: PHYSICS 135-2.
BMD ENG 325-0 Introduction to Medical Imaging 

Diagnostic X rays; X-ray film and radiographic image;

BMD ENG 333-0 Modern Optical Microscopy and Imaging
 igorous introduction to principles, current trends, emerg
R

ing technologies, and biomedical applications of modern
optical microscopy.

BMD ENG 344-0 Biological Performance of Materials
 tructure-property relationships of materials, physical
S

chemistry of surfaces and interfaces, materials-tissue inter
actions, applications to the selection and design of materi
als for medical implants and devices. Prerequisite: MAT
SCI 201.
BMD ENG 346-0 Tissue Engineering I n vivo molecular,
cellular, and organ engineering, with emphasis on the
foundations, techniques, experiments, and clinical applica
tions of tissue engineering. Prerequisites: BIOL SCI 215
or 216 or CHEM ENG 375; GEN ENG 205-3.
BMD ENG 349-0 Bioregenerative Engineering F
 undamentals,
mechanisms, and clinical significance of biological regen
eration and application of engineering principles to regen
erative medicine. Prerequisite: BIOL SCI 216.
BMD ENG 350-0 Transport Fundamentals F
 undamental and
biomedical applications of diffusive and convective heat
and mass transfer. Prerequisites: 270, MATH 230; 377
recommended.
BMD ENG 359-0 Regenerative Engineering Laboratory

Principles and technologies for developing regenerative
therapies. Fundamental labs in molecular, cellular, and tis
sue regenerative engineering. Prerequisites: 349 (may be
taken concurrently); BIOL SCI 215 or 216.
BMD ENG 365-0 Control of Human Limbs and Their Artificial
Replacements H
 uman movement, biomechanics, skeletal

and muscular anatomy, comparative anatomy, muscle phys
iology, and locomotion. Engineering design of artificial
limbs. Prerequisite: senior standing with engineering or
physical science background.
BMD ENG 366-0 Biomechanics of Movement E
 ngineering
mechanics applied to analyze human movement, includ
ing models of muscle and tendon, kinematics of joints, and
dynamics of multijoint movement. Applications in sports,
rehabilitation, and orthopedics. Prerequisite: 271, MECH
ENG 202, or consent of instructor.
BMD ENG 371-0 Mechanics of Biological Tissues S
 tress and
strain for small and large deformations. Nonlinear elastic,
viscoelastic, pseudoelastic, and biphasic models. Prerequi
sites: 271, GEN ENG 205-1,2.
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CHEM ENG 371-0 Transport Phenomena in Living Systems
 ee Chemical Engineering.
S
BMD ENG 377-0 Intermediate Fluid Mechanics 

Fundamental concepts of fluid dynamics. Kinematics, mass
and momentum balances, constitutive relations. NavierStokes equations and methods of solution. Sealing tech
niques. Prerequisite: 270 or consent of instructor.
BMD ENG 383-0 Cardiovascular Instrumentation T
 heory,
design, and application of instrumentation used for diag
nosis, monitoring, treatment, and research investigation
of cardiac and cardiovascular diseases. Examples from
the current literature. Prerequisite: EECS 202, 270, or
equivalent or consent of instructor.
BMD ENG 388-0-SA Healthcare Technology in Resource-Poor
Environments I ntroduction to health systems in the con

text of disease burden, with special emphasis on develop
ing countries and the devices and drugs used to combat
diseases there. Restricted to students in Northwestern’s
Public Health in South Africa study abroad program.
Prerequisite: consent of instructor.
BMD ENG 389-0-SA Healthcare Assessment and Planning
I ntroduction to formal concepts and methodologies used

in health-technology planning, assessment, and adoption
for cost-effective healthcare delivery. Restricted to students
in Northwestern’s Public Health in South Africa study
abroad program. Prerequisite: consent of instructor.
BMD ENG 391-0-SA Healthcare Technology Innovation and
Design P
 rinciples and practice of medical device design for

the developing world. Evaluation of user needs in the envi
ronment of underresourced segments of the South African
healthcare system. Restricted to students in Northwest
ern’s Public Health in South Africa study abroad program.
Prerequisite: consent of instructor.
BMD ENG 390-1,2 Biomedical Engineering Design 1
 . Openended team-designed projects in the medical devices arena.
Systems approach requiring design strategy and concepts,
including reliability, safety, ethics, economic analysis, mar
keting, FDA regulations, and patents. Written and oral
reports. Prerequisite: 307. 2. Development of a design
project initiated during the previous quarter. Prerequisite:
390-1.
BMD ENG 395-0 Special Topics in Biomedical Engineering
BMD ENG 399-0 Projects M
 ust be taken P/N.

CHEMICAL ENGINEERING
www.chem-biol-eng.northwestern.edu
Chemical engineering is concerned primarily with the
principles and processes involved in the conversion of raw
materials into products vital to modern civilization. The
products of the chemical and process industries range from
antibiotics to zirconium, from petroleum to pharmaceuti
cals, from agricultural chemicals to plastics and synthetic
rubber. The rapid introduction of new products gives
chemical engineering its characteristic concern with the
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management and development of innovation. Chemical
engineers have always played a pivotal role in the field
of energy and more recently have become key players in
sustainability and biotechnology.
While clearly rooted in chemistry, chemical engineer
ing is a distinct discipline that makes significant contributions to society. Concerns about efficient utilization of
raw materials, cost-effective and safe processing strategies,
and environmental impact have shaped the evolution
of the field. Chemical engineers are uniquely skilled in
understanding molecular transformations; working over a
wide range of scales, from molecular to global; analyzing
quantitatively; and viewing, synthesizing, and analyzing
large, complex systems.
Preparation for careers in the field requires a compre
hension of physical, chemical, biological, and engineering
principles. The chemical engineering curriculum provides
broad fundamental training and prepares graduates for
the chemical and process industries or for advanced study.
The program aims at developing graduates who can plan,
design, and operate new processes, who can contribute to
the development of new chemical products, and who have
potential for managerial responsibility in highly technical
industrial enterprises.

Areas of Specialization
The curriculum permits students to select one of these six
areas of specialization or plan an alternate program with
an adviser:
• Bioengineering
• Chemical process engineering
• Design
• Environmental engineering and sustainability
• Nanotechnology and molecular engineering
• Polymer science and engineering

Laboratories
The Undergraduate Chemical Engineering Laboratory
provides facilities for exploring firsthand the quantitative
experimental implications of fundamental laws in their
application to practical problems of heat transfer, dis
tillation, reaction engineering, and other basic operations.
A computing laboratory is used in a variety of courses.

Degree in Chemical Engineering
Requirements (48 units)
Core courses (32 units)
See general requirements on page 201 for details.
• 4 mathematics courses
• 4 engineering analysis and computer proficiency courses
• 4 basic science courses: PHYSICS 135-2,3; CHEM 102
and 103 or 171 and 172
• 3 design and communications courses
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• 5 basic engineering courses
◦◦ Fluids and solids: CHEM ENG 321
◦◦ Materials science and engineering: MAT SCI 301
◦◦ Probability, statistics, and quality control: CHEM ENG
312 or IEMS 303
◦◦ Systems engineering and analysis: CHEM ENG 210
◦◦ Thermodynamics: CHEM ENG 211
• 7 social sciences/humanities courses
• 5 unrestricted electives
Major program (16 units)
• 11 required courses
◦◦ CHEM 210-1,2
◦◦ CHEM ENG 212, 275, 307, 322, 323, 341, 342, 351,
352 (BIOL SCI 215 or 216 may substitute for CHEM
ENG 275)
• 5 technical electives
◦◦ 2 advanced chemical engineering courses from an
approved list available from the department
◦◦ 3 engineering, advanced science, or mathematics
courses from approved lists available from the
department

Minor in Biotechnology and
Biochemical Engineering
This minor provides specific training for McCormick stu
dents interested in industries that create and manufacture
pharmaceuticals, biomaterials, and agents for gene and cell
therapies or for those desiring in-depth preparation for
future graduate study in biotech research.

Requirements (10 units)
• 6 courses in biological science and biochemical engi
neering: BIOL SCI 215 or 216, 218; BIOL SCI 216 or
CHEM ENG 275; BIOL SCI 217 or BMD ENG 303;
CHEM ENG 375, 377
• 1 quarter of research: CHEM ENG 399 in an approved
laboratory, or the set of 0.34-unit laboratories (BIOL
SCI 220, 221, 222)
• 3 electives providing opportunity for greater depth in
both fundamental biology and engineering applications
◦◦ 1 course from CHEM ENG 371, 379, 475, 478, 479
◦◦ 2 courses from CHEM ENG 371, 379, 399, 475, 478,
479; BIOL SCI 309, 315, 319, 323, 333, 355, 390;
BMD ENG 317; CHEM 210-3; CIV ENV 441
• A minimum GPA of 2.0 is required in the courses in the
minor.
• A McCormick BS degree must be completed.
• No more than 5 courses may be double-counted to fulfill
requirements in the major program.
• Students should discuss how best to satisfy prerequisites
for required courses, especially CHEM ENG 375, with
the minor coordinator.

• Students must submit a completed Petition to Receive
form for the minor to the McCormick Academic Ser
vices Office before the beginning of their final quarter as
undergraduates.

Courses
CHEM ENG 190-0 Engineering of Chemical and Biological
Processes S
 urvey of engineering principles as they are

applied to processes involving chemical and biological
transformations. Examples from the chemical, pharmaceu
tical, biotechnology, food processing, electronics, and other
industries. Impact of economics, ethics, and other nontech
nical constraints.
CHEM ENG 210-0 Analysis of Chemical Process Systems
I ntroduction to process systems. Material balances and

stoichiometry. Analysis of process system flow sheets.
Introduction to departmental computing facilities.
Basic numerical analysis. Prerequisites: CHEM 103;
GEN ENG 205-4 (may be taken concurrently).
CHEM ENG 211-0 Thermodynamics T
 he first and sec
ond laws of thermodynamics. Entropy and equilibrium.
Material and energy balances. Equations of state and prop
erties of fluids. Solutions, phase equilibria, and chemical
reactions. Prerequisite: 210.
CHEM ENG 212-0 Phase Equilibrium and Staged Separations
 hermodynamic models of mixtures and phase equilib
T

rium. Analysis and design of staged separation processes
such as distillation, absorption, stripping, and extraction.
Prerequisites: 210, 211.
CHEM ENG 275-0 Molecular and Cell Biology for Engineers
I ntroduction to cell and molecular biology concepts that

provide the foundation for modern biotechnology and
bioengineering. Prerequisite: CHEM 103.
CHEM ENG 307-0 Kinetics and Reactor Engineering
 hemical reaction kinetics with application to the design
C

of chemical reactors. Prerequisites: 210, 211, 321, 322.
CHEM ENG 312-0 Probability and Statistics for Chemical
Engineering I ntroduction to probability theory and sta

tistical methods necessary for analyzing the behavior of
processes and experiments. Statistical tests for detecting
significant changes in process parameters. Prerequisite:
MATH 220, 224, 230, 234, or equivalent.
CHEM ENG 321-0 Fluid Mechanics D
 erivation and appli
cations of continuity and Navier-Stokes equations. Macro
scopic mass, momentum, and energy balance. Dimensional
analysis: friction factors in pipes and packed beds; drag
coefficients. Prerequisites: completion of mathematics
requirements with no grades of D; GEN ENG 205-4
(C– or better).
CHEM ENG 322-0 Heat Transfer T
 he differential equations
of energy transport. Solutions for various applications.
Prerequisites: completion of mathematics requirements
with no grades of D; GEN ENG 205-4 (C– or better); 321
recommended.
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CHEM ENG 323-0 Mass Transfer D
 iffusion and rate con
cepts; application to distillation, extraction, absorption,
humidification, drying. Prerequisites: 321, 322.
CHEM ENG 330-0 Molecular Engineering and Statistical
Mechanics B
 asic statistical mechanics. Applications to

thermodynamics, kinetics, and transport of various engi
neering systems, including frontier areas of chemical and
biological engineering. Not open to students who have
taken 406, CHEM 342-3, or PHYSICS 332. Prerequi
site: 211 or another thermodynamics course; courses in
probability and statistics, heat transfer, or other transport
recommended.
CHEM ENG 341-0 Dynamics and Control of Chemical and
Biological Processes D
 ynamic behavior of chemical process

components. Feedback control principles. Prerequisites:
307; senior standing.
CHEM ENG 342-0 Chemical Engineering Laboratory
 perat ion and control of process equipment for the deter
O

mination of operating data. Analysis and written presenta
tion of results. Prerequisites: 212, 307, 321, 322, 323.
CHEM ENG 345-0 Process Optimization M
 odern techniques
and application to the design and operation of chemi
cal process systems. Steady-state and dynamic methods.
Experimental search for the optimum. Prerequisite: junior
standing.
CHEM ENG 351-0 Process Economics, Design, and
Evaluation P
 reliminary design of industrial processes for

the production of chemical and allied products by the
application of the engineering sciences and economics.
Prerequisites: 212, 307, 321, 322, 323.
CHEM ENG 352-0 Chemical Engineering Design Projects
 esign of chemical and process plants applying the prin
D

ciples of unit operations, thermodynamics, reaction kinet
ics, and economics. Mechanical design and selection of
chemical process equipment. Prerequisite: 351.
CHEM ENG 355-0 Chemical Engineering Product Design
 roperties and selection of chemicals for products from
P

single-molecule pharmaceuticals to devices to manufac
tured products such as food and consumer goods. Pre
requisite: junior standing.
CHEM ENG 361-0 Introduction to Polymers P
 olymeriza
tion mechanisms and their relation to molecular structure,
polymerization processes, and the mechanical properties
of polymers, especially flow behavior. Prerequisites: 211 or
other thermodynamics course; CHEM 210-1.
CHEM ENG 364-0 Chemical Processing and the Environment
 pplication of chemical engineering fundamentals to envi
A

ronmental problems. Chemistry and mechanisms, chemical
reaction and rate, and transport emphasized. Risk assess
ment and analysis revealed through case studies. Prerequi
sites: 212, 307.
CHEM ENG 365-0 Sustainability, Technology, and Society
 echnical discussion of sustainability, sustainable develop
T

ment, global warming, natural and renewal resources and
utilization, industrial ecology, ecoefficiency, technology
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related to sustainability, and risk assessment. Prerequisite:
junior standing in science or engineering.
CHEM ENG 371-0 Transport Phenomena in Living Systems
 pplication of transport theory, principally diffusion, to
A

movement of molecules in biological systems, including
blood, cornea, microcirculation, and lung. Prerequisites:
275 or BIOL SCI 215 or 216; 321, 323, BMD ENG 270,
or equivalent; or consent of instructor.
CHEM ENG 375-0 Biochemical Engineering M
 odern
biochemical engineering. Life sciences: microbiology,
biochemistry, and molecular genetics. Metabolic stoichi
ometry, energetics, growth kinetics, transport phenomena
in bioreactors, and product recovery. Prerequisite: 307,
323, or consent of instructor.
CHEM ENG 377-0 Bioseparations D
 ownstream process in
biotechnology. Separation and lysis of cells. Recovery of
organelles and proteins. Protein separation and purifica
tion. Prerequisites: 323 (may be taken concurrently); 275
or BIOL SCI 215 or 216.
CHEM ENG 379-0 Computational Biology: Principles and
Applications I ntroduction to the development and applica

tion of data-analytical and theoretical methods, mathemat
ical modeling, and computational simulation techniques to
the study of biological systems.
CHEM ENG 390-0 Personal and Organizational Effectiveness
I ntroduction to nontechnical skills required in a business

environment, with the goal of increasing personal effec
tiveness and marketability of seniors and graduate students.
Prerequisite: senior standing.
CHEM ENG 395-0 Special Topics in Chemical Engineering
 opics suggested by students or faculty and approved by
T

the department.
CHEM ENG 396-0 Focused Topics in Chemical Engineering
( .5 unit) Emerging topics suggested by students or faculty

and approved by the department.
CHEM ENG 399-0 Projects S
 upervised investigation of a
chemical engineering problem with submission of a final
report.

CIVIL AND ENVIRONMENTAL
ENGINEERING
www.cee.northwestern.edu
The Department of Civil and Environmental Engineering
offers two degree programs for undergraduate students,
one in civil engineering and another in environmental
engineering, as well as a minor in environmental engineer
ing and an architectural engineering and design certificate.
Civil and environmental engineers play central roles in
defining sustainable development approaches to the inter
actions of humans with earth systems. The curricula of
these programs place strong emphasis on design, commu
nication, teamwork, and the development of a systems per
spective on the complex problems of today and tomorrow.
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Civil Engineering
Civil engineers plan systems such as transportation net
works and procedures for water control and supply, and
they design structures such as buildings, bridges, dams,
and sewage disposal plants. They work with ecologists,
sociologists, economists, lawyers, and others to plan how to
wisely use the human and natural resources of large areas,
such as river basins, and how to redevelop cities. With few
exceptions, each planning or design job is one of a kind.
Planning requires much data of all sorts—topography,
geology, soils, vegetation, weather and climate, stream flow
and lake currents, traffic routes and patterns, pollution,
population, preferences, skills, and ambitions. Many civil
engineers collect, analyze, and present the data, developing
and improving measuring instruments as part of their jobs.
Others apply probability and statistical methods to the
data to forecast such things as population growth, demand
for water and transportation, maximum winds and pre
cipitation, height of floods, and air and water quality.
In addition to the planning forecasts, the design of
systems and structures requires accurate data on the
mechanical properties of materials such as steel, concrete,
soils, rocks, and plastics and on the behavior of struc
tural components made from them. Some civil engineers
test materials and physical models to obtain such data.
Many more use known physical properties and the laws
of mechanics—energy, momentum, and conservation of
mass—to design structures, foundations, pavements, pipe
networks, and treatment plants that will do the job safely
and economically.
Civil engineers who design water and waste treatment
facilities or set up programs to reduce air and water pol
lution need to understand certain chemical reactions and
biological processes as well as the usual fluid and solid
mechanics. Engineers who help to plan and design a sys
tem understand how and why it works and what may go
wrong with it. Hence, civil engineers may operate treat
ment facilities or systems of flood control reservoirs or
set up and administer traffic control plans. Civil engineers
may become city engineers.
Engineers who design structures and know soil
mechanics learn the practical difficulties of providing a
foundation and erecting the structure, and some enter
the construction business. The administrative and
business activities of construction companies require
them to also learn something about accounting, personnel
management, and contracts.

Areas of Specialization
Since civil engineering students have a wide range of
career options, the Department of Civil and Environ
mental Engineering prescribes only a minimum of
required courses and subjects, allowing students to select
the remainder freely or from specified broad categories.
To make judicious choices that fit their needs, students

are encouraged to discuss with faculty any proposed pro
gram that meets a well-defined goal. Examples of courses
selected in the areas of specialization most often pursued
are available on the department website.

Degree in Civil Engineering
Requirements (48 units)
Core courses (32 units)
See general requirements on page 201 for details.
• 4 mathematics courses
• 4 engineering analysis and computer proficiency courses
• 4 basic science courses: PHYSICS 135-2; CHEM 101,
102; 1 course in astronomy, biological sciences, or earth
and planetary sciences
• 3 design and communications courses
• 5 basic engineering courses
◦◦ Electrical science: MECH ENG 233 or EECS 202 or
270
◦◦ Fluids and solids: CIV ENV 216; MECH ENG 241
◦◦ Thermodynamics: MECH ENG 220, BMD ENG 250,
CHEM ENG 211, or CHEM 342-1
◦◦ 1 course from materials science and engineering, sys
tems engineering and analysis, computer architecture
and numerical methods, or computer programming
• 7 social sciences/humanities courses
• 5 unrestricted electives
Major program (16 units)
• 7 basic civil engineering courses: CIV ENV 221, 250,
260, 325, 330, 340; 371 or 376
• 2 mathematical techniques and science courses from
an approved list, 1 of which must be a calculus-based
probability and statistics course
• 5 technical electives at the 300 level or higher in math
ematics, science, engineering, or another area supporting
the area of specialization; GEN ENG 220 may count
toward this requirement
• 2 courses from an approved list of design and synthesis
courses; 1 must be CIV ENV 382, which may not be
taken P/N
• 10 of the 16 courses in the major program must be civil
engineering courses
• Samples of traditional areas of specialization follow, but
students are encouraged to work with advisers to design
programs that meet their needs.
◦◦ Mechanics of materials and solids
◦◦ Construction
◦◦ Environmental engineering
◦◦ Geotechnical engineering
◦◦ Structural engineering
◦◦ Transportation systems

Environmental Engineering
Environmental engineering is concerned with the inter
actions of people and environment, the applications of
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scientific knowledge to the understanding and analysis of
these interactions, and the improvement of the quality of
our environment.
Traditionally, environmental engineers have ensured
safe drinking water, treated and properly disposed of
wastes, maintained air quality, controlled water pollution,
and remediated sites contaminated by hazardous sub
stances. They continue to do so with the realization that
anthropogenic activities at the earth’s surface are modi
fying the natural environment more quickly. As a result,
the emphasis in environmental engineering is shifting
from managing wastes to designing sustainable practices
that foster recovery, recycling, and reuse of resources.
Because environmental engineers understand how complex
environmental systems work, they develop, for example,
molecular tools and new technologies to track and remove
contaminates present at very low levels, and they use
genomic approaches to characterize microbial commu
nities. They are a vital link between scientific discovery,
technological development, and the societal need for pro
tecting the health of humans and ecological systems.
The environmental engineering curriculum provides
a broad fundamental training and prepares graduates
for highly interdisciplinary work. The first two years are
devoted to mathematics, physics, chemistry, basic engi
neering, and gateway courses that provide an overall view
of earth systems. Subsequently, the fundamentals of envi
ronmental engineering and their application to the atmo
sphere, land, and the hydrosphere are emphasized.
This program provides an engineering and scientific
basis for understanding contemporary environmental
problems and approaches to solutions, understanding the
natural systems with which human activities must be com
patible, and developing the engineering analysis and design
tools to plan and design environmental control systems.
Completion of the undergraduate degree prepares students
to practice engineering at the entry level or to continue
their education at the graduate level. It serves as prepara
tion for the Fundamentals of Engineering (FE) exami
nation and, with adequate experience, the Professional
Engineer (PE) examination.

Degree in Environmental Engineering
Requirements (48 units)
Core courses (32 units)
See general requirements on page 201 for details.
• 4 mathematics courses
• 4 engineering analysis and computer proficiency courses
• 4 basic science courses: PHYSICS 135-2; CHEM 101,
102, 103
• 3 design and communications courses
• 5 basic engineering courses
◦◦ Systems engineering and analysis: CIV ENV 304 or
IEMS 326
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◦◦ Thermodynamics: 1 course from BMD ENG 250;
CHEM ENG 211; MAT SCI 314
◦◦ Fluids and solids: MECH ENG 241
◦◦ Probability, statistics, and quality control: 1 course from
BMD ENG 220; CHEM ENG 312; CIV ENV 306
(recommended); EECS 302; IEMS 303; MECH ENG
359
◦◦ 1 course from EECS 328; MAT SCI 201, 301
• 7 social sciences/humanities courses
• 5 unrestricted electives
Major program (16 units)
• 12 core courses: CHEM 210-1; CIV ENV 201, 202, 203,
260, 340, 361, 363, 364, 365, 367, 382
• 4 technical electives from an approved list in engineer
ing, mathematics, or science
◦◦ 3 must be engineering courses.
◦◦ May include only 1 quarter of CIV ENV 399.
◦◦ No course may be taken P/N.

Minor in Environmental Engineering
Requirements (8 units)
Core courses (6 units)
• CIV ENV 201, 202, 203, 260, 363, 364
Electives (2 units)
• 2 courses from CIV ENV 340, 361-1,2, 367, 368, 3981,2, 399, or a 400-level course by permission; only 1
CIV ENV 399 unit may be counted toward the minor.
• No more than 4 courses may be used to fulfill require
ments in the major program.
• A grade of at least C– is required in each course for the
minor.
• Students should discuss with the minor coordinator how
best to satisfy prerequisites for required courses.
• A completed Petition to Receive form for the minor
must be submitted to the McCormick Academic Services
Office before the beginning of the final undergraduate
quarter.

Certificate in Architectural Engineering
and Design
The Architectural Engineering and Design Certificate
Program requires a mixture of design imagination, knowl
edge of materials and systems, and a variety of analytic
and management tools. Architects, who traditionally have
led the design effort, are best known for the aesthetic ele
ment of their products. It is the integration of architecture
and engineering perspectives that leads to buildings that
are pathbreaking in functionality, aesthetics, economy, and
sustainability. This certificate prepares students for further
pursuit of architecture-related careers.

Certificate Requirements (8 units)
• CIV ENV 385-1 Design Studio I: Fundamentals
• CIV ENV 385-2 Design Studio II: Intermediate
• CIV ENV 385-3 Design Studio III: Advanced
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• GEN ENG 220-1,2 (.5 unit each) Analytic and
Computer Graphics
• CIV ENV 323 Structural Steel Design or
352 Foundation Engineering
• ART HIST 232 Introduction to the History of
Architecture and Design
• CIV ENV 221 Theory of Structures I
• CIV ENV 325 Reinforced Concrete

Courses
CIV ENV 201-0 Earth: A Habitable Planet O
 verview of the
physical processes governing environmental systems, from
lithosphere to hydrosphere to atmosphere. Physical sci
ence perspectives on current debates, such as those over
water resources, energy, and climate change. Prerequisites:
MATH 224 or equivalent; CHEM 103, 172, or equivalent.
CIV ENV 202-0 The Health of the Biosphere P
 opulation
processes in nature; role of human population growth;
interactions between populations; major impacts of human
populations on the environment. Taught with ENVR SCI
202; students may not earn credit for both courses. Prereq
uisite: MATH 224 or equivalent.
CIV ENV 203-0 Energy and the Environment Introduction
to the mitigation of environmental impacts and the science
and engineering behind sustainable energy production.
Taught with ENVR SCI 203; students may not earn credit
for both courses. Prerequisites: MATH 224 or equivalent;
CHEM 103, 172, or equivalent.
CIV ENV 216-0 Mechanics of Materials I A
 nalytical and
experimental study of stresses and deformations and their
application to the design of machine and structural ele
ments subjected to static, dynamic, and repeated loads.
Prerequisite: 212 or GEN ENG 205-2.
GEN ENG 220-1,2 Analytical and Computer Graphics ( .5 unit
each) See General Engineering Courses.
CIV ENV 221-0 Theory of Structures I D
 eflections of struc
tures, energy concepts, idealization of structures, truss
analysis, column stability, and influence lines. Introduction
to indeterminate truss and frame analyses, slope-deflection
analysis, and moment distribution. Portal method. Pre
requisite: 216.
MECH ENG 241-0 Fluid Mechanics I S
 ee Mechanical
Engineering.
CIV ENV 250-0 Introductory Soil Mechanics F
 undamental
properties and behavior of soils as engineering materials.
Origin of soils through the properties of soil components
to the strength, permeability, and deformation of soil
masses. Prerequisite: 216.
CIV ENV 260-0 Fundamentals of Environmental Engineering
 ass and energy concepts applied to major issues facing
M

environmental engineers: safe drinking water, surface
water quality, ambient air quality, global atmosphere,
managing solid and hazardous wastes. Prerequisites:
CHEM 101; MATH 224 (may be taken concurrently).

CIV ENV 301-1,2 Professional Development Seminar ( 0
units) Preparation for the Fundamentals of Engineering
exam, case study of engineering ethics, and discussion of
topics associated with professional development and life
long learning. Prerequisite: senior standing.
CIV ENV 302-0 Engineering Law T
 he American legal system
from an engineer’s perspective. Socratic-method analysis
of statutory and case law. Contract, patent, corporation,
antitrust, property, and environmental law. Torts, product
liability, and arbitration. Prerequisite: junior standing.
CIV ENV 303-0 Environmental Law and Policy A
 n introduc
tion to important aspects of environmental law and policy.
Covers a wide range of environmental topics, with a focus
on major federal environmental statutes. Prerequisite:
junior or senior standing.
CIV ENV 304-0 Civil and Environmental Engineering Systems
Analysis Q
 uantitative techniques to develop descriptive

and prescriptive models that support efficient planning
and management of civil and environmental engineering
systems. Prerequisite: MATH 224 or equivalent.
CIV ENV 306-0 Uncertainty Analysis in Civil Engineering
 robability, statistics, and decision theory. Discrete and
P

continuous random variables, marginal and conditional
distributions, moments, statistical model selection and sig
nificance tests, hypothesis testing, and elementary Bayesian
decision theory. Application to problems in soil mechanics,
water resources, transportation, and structures.
CIV ENV 314-0 Organic Geochemistry T
 he sources and
fates of organic matter in the natural environment;
global cycling of organic carbon; applications to the
study of modern and ancient environments. Taught with
EARTH 314; students may not earn credit for both
courses. Prerequisites: 1 course in earth and planetary sci
ences or environmental sciences; 1 course in chemistry.
CIV ENV 317-0 Biogeochemistry Cycling of biogenic
elements (C, N, S, Fe, Mn) in surficial environments.
Emphasis on microbial processes and isotopic signatures.
Prerequisites: 1 quarter of chemistry; 1 quarter of geo
science, environmental sciences, or biological sciences.
CIV ENV 319-0 Theory of Structures II S
 hear center, non
prismatic members, nonlinear materials, influence lines,
Mueller-Breslau principle, approximate methods of analy
sis, energy methods, stiffness matrix, and computer meth
ods of analysis. Prerequisite: 221.
CIV ENV 320-0 Structural Analysis—Dynamics S
 ingle and
multiple degree-of-freedom systems subjected to periodic,
seismic, and general loadings. Time-history analysis of
linear and nonlinear systems. Design methods for earth
quakes. Prerequisite: 221.
CIV ENV 321-0 Properties of Concrete C
 oncrete as a com
posite material; relationship between constitutive laws and
microstructure; failure theories; fracture; fatigue; strain
rate effects; destructive and nondestructive testing; creep
and shrinkage; chemistry of cement hydration; admixtures;
aggregates; proportioning; new materials.
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CIV ENV 322-0 Structural Design D
 esign criteria; planning

and design aspects of structural systems for gravity and
lateral loads. A total design project involving the analysis
and design of a structure. Prerequisite: 222 or equivalent.
CIV ENV 323-0 Structural Steel Design R
 ational basis of
structural design. Design approach for structural-steel
components of a building system. Prerequisites: 216; 221
or equivalent.
CIV ENV 325-0 Reinforced Concrete F
 undamentals of
reinforced concrete theory and design. Analysis and design
of beams, slabs, and columns. Concurrent familiarization
with current building codes, specifications, and practices.
Prerequisite: 221.
CIV ENV 327-0 Finite Element Methods in Mechanics
 evelopment of finite elements from variational principles
D

and application to static stress analysis. Introduction to
techniques for transient and generalized field problems.
Computer implementation of finite element techniques.
CIV ENV 330-0 Construction Management T
 echniques for
coordinating decisions and actions of various parties in
the design and construction of civil and environmental
engineering projects. Delivery systems, preconstruction
services, project planning, cost control and value engineer
ing, bidding. Prerequisite: consent of instructor.
CIV ENV 332-0 Building Construction Estimating Estimation
of cost at different stages of design; conceptual estimating
and quantity takeoff of various elements, such as materials,
labor, and equipment. Prerequisites: 330 and consent of
instructor.
CIV ENV 336-0 Project Scheduling P
 roject planning, sched
uling, and control using CPM arrow and precedence net
works; basic resource allocation and leveling; earned-value
analysis; linear scheduling; PERT charts; hands-on experi
ence in using computer tools. Prerequisite: 330 or consent
of instructor.
CIV ENV 340-0 Fluid Mechanics II C
 ivil engineering appli
cations of fluid mechanics. Turbulent flow in pipes, pipe
networks, and open channels. Prerequisite: CHEM ENG
321, MECH ENG 241, or consent of instructor.
CIV ENV 346-0 Meteorology and Hydrology M
 echanics of
the atmosphere. Precipitation, runoff, groundwater flow.
Methods of analyzing rainfall and stream-flow records
for power generation, flood control, and water supply.
Prerequisite: MECH ENG 241.
CIV ENV 349-0 Environmental Management T
 he roles and
responsibilities of project managers who deal with environ
mental issues. How managers deal with previously created
environmental problems, respond to current requirements,
and anticipate future needs. Prerequisites: a technical back
ground and senior standing.
CIV ENV 352-0 Foundation Engineering A
 pplication of
soil mechanics to analysis and design of foundations and
embankments. Settlement of structures, bearing capacities
of shallow and deep foundations, earth pressures on retain
ing structures, and slope stability. Prerequisite: 250.

215

CIV ENV 355-0 Engineering Aspects of Groundwater Flow
 pplied aspects of groundwater flow and seepage, includ
A

ing Darcy’s law, parameter determination, aquifer test
analysis, flow-net construction and application, model
ing techniques, slope stability analysis, drainage, and filter
design. Prerequisite: fluid mechanics.
CIV ENV 358-0 Airphoto Interpretation P
 rinciples and
practice of using aerial photographs to obtain information
about natural features of the earth’s surface, with emphasis
on earth materials. Landforms, geological processes, rocks,
and soils. Stereoscopic photographs, elements of photo
grammetry. Prerequisite: junior standing or consent of
instructor.
CIV ENV 361-1 Environmental Microbiology B
 asic principles
and practical applications of microbiology to environmen
tal issues, such as microbial contamination, degradation of
organic contaminants, production of alternative fuels, and
global climate change.
CIV ENV 361-2 Public and Environmental Health C
 urrent
problems in public and environmental health, such as the
worldwide burden of major infectious diseases, emer
gence of new pathogens, and environmental reservoirs of
infectious organisms. Prerequisite: 361-1 or consent of
instructor.
CIV ENV 363-0 Environmental Engineering Applications I:
Air and Land N
 ature and control of community air pollu

tion. Sources, physical and chemical properties, and effects
of major air pollutants; analytical measurements and moni
toring of air pollutants; engineering and legislative control.
Prerequisites: junior standing and 260.
CIV ENV 364-0 Environmental Engineering Applications II:
Water E
 ngineering elements of water supply and water

pollution abatement. Water quality standards, water and
wastewater treatment processes, and the management of
receiving waters to control pollution. Prerequisites: 260,
MECH ENG 241; 340 recommended.
CIV ENV 365-0 Environmental Laboratory C
 hemical and
microbiological aspects of environmental engineering
and science are explored through an integrated laboratory
course.
CIV ENV 367-0 Aquatic Chemistry T
 errestrial, freshwater,
marine, and estuarine chemical equilibria in natural waters.
Development of theoretical basis for the investigation
of chemical behavior of aquatic systems emphasizing a
problem-solving approach. Prerequisite: BMD ENG 250.
CIV ENV 368-0 Sustainability: Issues and Action, Near and
Far Exploration of the issues that motivate the design and

engineering of sustainable resource use and development.
CIV ENV 371-0 Introduction to Transportation Planning and
Analysis A
 nalysis and design of solutions to transportation

problems; introduction to selected operations research and
statistical analysis techniques; use of case studies in urban
transportation, intercity passenger transport, and freight
movements. Prerequisite: junior standing or consent of
instructor.
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CIV ENV 376-0 Transportation System Operations T
 raffic-

flow theory; vehicle and human factors, capacity analysis,
intersection performance and control; management and
control of arterial streets and networks; neighborhood
traffic restraint, urban transit operations. Operations con
cepts and theories applied to actual problems through
laboratory practice. Prerequisite: basic understanding of
calculus and statistics; knowledge of MATLAB is desirable
but not required.
CIV ENV 382-0 Capstone Design C
 ulminating team-based
design experience in civil and environmental engineering,
with an overview of the function, design, and operation of
modern infrastructure systems. Prerequisite: senior stand
ing in civil or environmental engineering or consent of
instructor.
CIV ENV 385-1,2,3 Architectural Engineering and Design
 rchitectural engineering and design studios: architectural
A

history, case studies in design, construction and manage
ment of buildings, and drawing and model building.
1. Fundamental studio: basic architectural and structural
design of a simple building project. Prerequisite: junior
standing in engineering or consent of instructor. 2. Inter
mediate studio: architectural and structural design of a
building project with multiple requirements. Prerequi
sites: junior standing in engineering; 385-1 or consent of
instructor. 3. Advanced studio: architectural and structural
design of a large, complex building project. Prerequi
sites: junior standing in engineering; 385-2 or consent of
instructor.
CIV ENV 395-0 Special Topics in Civil Engineering T
 opics
suggested by students or faculty and approved by the
department.
CIV ENV 398-1,2 Community-Based Design Y
 earlong
participation in two- or three-person team projects
involving research, analysis, and/or design in the solution
of environmental problems affecting primarily lowerincome communities. Grade assigned only on completion
of both units. Prerequisite: consent of instructor.
CIV ENV 399-0 Projects S
 pecial studies under faculty
direction. Credit to be arranged.

COMPUTER ENGINEERING

See Electrical Engineering and Computer Science.

COMPUTER SCIENCE

See Electrical Engineering and Computer Science.
See the Cross-School Options chapter for opportunities
open to all Northwestern undergraduates.

DESIGN ENGINEERING

See Manufacturing and Design Engineering for the
certificate in design engineering.

ELECTRICAL ENGINEERING AND
COMPUTER SCIENCE
www.eecs.northwestern.edu
The Department of Electrical Engineering and Computer
Science offers three programs for undergraduate students
leading to the bachelor of science degree: electrical engi
neering, computer engineering, and computer science. It
also offers graduate programs leading to the MS and PhD
degrees in those three areas. The department boasts an
internationally renowned faculty, state-of-the-art research
equipment, and the considerable resources offered by
a great university. It combine these advantages with an
uncommon commitment to students.
The department offers several interdisciplinary options,
including premedical/biomedical studies and cognitive sci
ence. It collaborates with Weinberg College to offer
that school’s major in computer science (see page 80).

Electrical Engineering
Electrical engineering involves the development and appli
cation of electronic and optical technologies for generat
ing, communicating, and processing information. The
electrical engineering curriculum includes courses in elec
tronic circuits, solid-state electronics, electromagnetics,
optics, lasers, controls, digital signal processing, commu
nications and networks. Students may specialize in any of
the following areas.

Circuits and Electronics
This area of study is concerned with the analysis and
design of circuits that employ electronic devices, such
as integrated circuits, transistors, diodes, light-emitting
diodes, data-storage elements, and image-forming devices.
Important applications include AM and FM radio, televi
sion, digital computers, and electronic control instrumen
tation systems.

Communications Systems
A communication system involves the generation of an
electrical signal representing information to be transmit
ted, its encoding in some form for efficient transmission,
its actual transmission, its decoding at the receiving end of
the system, and its reconversion into something intelligible
to the user. The thorough study of communications sys
tems theory requires knowledge of a broad range of math
ematical methods and of the capabilities and limitations of
electronic circuits. This subject also covers the design and
analysis of communication networks for the transmission
of audio, video, and data among many users.

Control Systems
The study of control systems deals with the analysis and
design of automatic regulators, guidance systems, numeri
cal control of machines, robotics, and computer control of
industrial processes. Students are concerned with identify
ing these systems and with such topics as system stability,
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system performance criteria, and optimization. These
concepts find application in other fields of engineering and
in the development of better understanding of biological,
energy, economic, and social systems.

Digital Signal Processing
Study in this area focuses on the digital representation
and algorithmic manipulation of speech, audio, image,
and video signals. Specific topics within this general
area include image and video processing, recovery and
compression, multimedia signal processing, filter design
and rank-order operators, image and video transmission,
medical and biomedical signal processing, medical
imaging, and algorithms for medical instrumentation.

Electromagnetics and Photonics
Study in the area of photonic systems and technology
focuses on microcavity lasers, nanostructures, quantum
and nonlinear optics, integrated optics, fiber-optic and
infrared waveguide devices, fiber-optic communications,
computational electromagnetics, and imaging through
turbulence. Special emphases include applications of novel
quantum amplifiers in optical communications, imaging,
and cryptography; devices for terabit second WDM and
TDM optical networks; and applications of computational
techniques in integrated and nonlinear optics.

Solid-State Engineering
This area is concerned with the design, physical principles,
and applications of solid-state devices both as discrete units
and integrated circuit systems. In addition to the various
diode, transistor, and FET devices fabricated from silicon
technology, devices developed from compound semicon
ductor materials are reviewed. Both analog and digital
circuit applications are stressed. Another important topic
is the behavior of conductors in the superconducting state,
with a stress on applications.

Degree in Electrical Engineering
Requirements (48 units)
Core courses (32 units)
See general requirements on page 201 for details.
• 4 mathematics courses
• 4 engineering analysis and computer proficiency courses
• 4 basic science courses
◦◦ PHYSICS 135-2,3
◦◦ 2 courses from
–– Physics: PHYSICS 335
–– Biological sciences: BIOL SCI 215, 216, 217;
CHEM ENG 275
–– Chemistry: CHEM 101, 102, 103, 171, 172, 210-1,2
–– Earth and planetary sciences/astronomy: EARTH 201,
202; ASTRON 220
• 3 design and communications courses
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• 5 basic engineering courses
◦◦ EECS 202, 203, 302 (grade of C– or better in 202 and
203 required for graduation)
◦◦ EECS 211 or 230
◦◦ 1 course from BMD ENG 250, 270, 271; CHEM 3421; CHEM ENG 210, 211, 321; CIV ENV 216, 219,
304; IEMS 310, 313, 326; MECH ENG 220, 241, 370;
MAT SCI 201, 203, 301, 314, 315
• 7 social sciences/humanities courses
• 5 unrestricted electives
Major program (16 units)
• 5 required courses: EECS 221, 222, 223, 224, 225
• 10 technical electives
◦◦ At least 6 courses from the following six tracks:
–– Biomedical engineering track: BMD ENG 317, 325,
327, 333, 383
–– Circuits and electronics track: EECS 303, 346, 353,
355, 391, 393
–– Communications systems track: EECS 307, 333, 378,
380
–– Control systems track: EECS 360 or MECH ENG
391; EECS 374, 390; MECH ENG 333
–– Digital signal processing track: EECS 332, 359, 363
–– Electromagnetics and optics track: EECS 308, 379, 382,
383, 386
–– Solid-state engineering track: MECH ENG 381;
EECS 250, 381, 384, 385, 388
◦◦ 2 courses from 300-level EECS technical electives
(which may include 205 and the courses above)
◦◦ 2 courses may be chosen from BIOL SCI 215, 216,
217; CHEM 210-1,2,3; or 300-level technical courses
in science, mathematics, computer science, or engi
neering or the courses above.
◦◦ No more than 2 units of 399 will be counted as techni
cal electives. Additional units of 399 may be taken but
will be counted as unrestricted electives.
• 1 required design course from EECS 347-1, 392, 398,
399 (when 399 is a design project and the student has
senior standing)

Computer Engineering
Computer engineering deals with digital design, computer
hardware and architecture, robotics, microprocessors, soft
ware and programming, and the interrelationships between
hardware and software. The computer engineering curric
ulum involves courses in digital logic, electronic circuits,
computer architecture, robotics, VLSI design, VLSI CAD,
software programming, operating systems, microprocessor
systems, and parallel computing. The computer engineer
ing curriculum allows students to develop a particular
specialization in the following areas.
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Embedded Systems
This area focuses on the use of digital hardware to
monitor and control physical systems. Topics include
discrete dynamics systems, digital controllers, analog-todigital converters, microprocessor-based design, and the
economic trade-offs of different software and hardware
systems.

• 7 social sciences/humanities courses
• 5 unrestricted electives

This area exposes students to concepts and skills necessary
to implement and understand computer software. Students
are taught how to design and analyze efficient algorithms,
how to develop operating systems and compilers, and how
to write programs using efficient data structures and soft
ware engineering practices.

Major program (16 units)
• 5 required courses: EECS 205, 214, 221, 303, 361
• 10 technical electives
◦◦ At least 2 courses from EECS 213, 222, 223, 224, 225
◦◦ 5 courses from the following four tracks:
–– Embedded systems track: EECS 332, 346, 347-1, -2,
390; BMD ENG 384
–– High-performance computing track: EECS 328, 333,
339, 350, 354, 358, 362, 368, 452, 453, 468
–– Software track: EECS 212, 322, 336, 339, 343, 394,
395 (by petition)
–– VLSI and CAD track: EECS 353, 355, 357, 391, 392,
393, 492, 459
◦◦ 3 electives from BIOL 215, 216, 217; CHEM 2101,2,3; or 300-level technical courses in science, math
ematics, computer science, or engineering
◦◦ No more than 2 units of 399 will be counted as techni
cal electives. Additional units of 399 may be taken but
will be counted as unrestricted electives.
• 1 required design course from EECS 347-1, 362, 392

VLSI and Computer-Aided Design

Computer Science

High-Performance Computing
This area introduces students to the field of state-of-theart high-performance computing. In particular, it deals
with aspects of computing involving multiple processors
working together on a common problem, including issues
of computer architecture, parallel programming and algo
rithms, numerical computing, and computer networking.

Software

This area focuses on systematic approaches to designing
high-performance integrated circuits consisting of mil
lions of transistors. This specialization includes topics
such as low-power, high-speed, and reliable circuit design,
hardware-software codesign, design verification, design
of field-programmable gate array (FPGA), and computeraided design (CAD) techniques.

Degree in Computer Engineering
Requirements (48 units)
Core courses (32 units)
See general requirements on page 201 for details.
• 4 mathematics courses
• 4 engineering analysis and computer proficiency courses
• 4 basic science courses
◦◦ PHYSICS 135-2,3
◦◦ 2 courses from ASTRON 220; BIOL SCI 215, 216,
217; CHEM 101, 102, 103, 171, 172, 210-1,2; CHEM
ENG 275; EARTH 201, 202; PHYSICS 335
• 3 design and communications courses
• 5 basic engineering courses
◦◦ Computer architecture and numerical methods: EECS 203
(grade of C– or better required for graduation)
◦◦ Computer programming: EECS 211
◦◦ Electrical science: EECS 202 (grade of C– or better
required for graduation)
◦◦ Probability, statistics, and quality control: EECS 302
◦◦ 1 course from BMD ENG 250, 270, 271; CHEM 3421; CHEM ENG 210, 211, 321; CIV ENV 216, 219,
304; IEMS 310, 313, 326; MAT SCI 201, 203, 301,
314, 315; MECH ENG 220, 241, 370

Computer science involves the understanding, use, and
extension of computational ideas and their implementa
tion. A Northwestern computer science graduate will
• Comprehend the breadth of computer science, its key
intellectual divisions and questions, and its past and
likely future influence on engineering, science, medicine,
business, and law
• Approach problems from the algorithmic perspective,
understanding the nature and broad reach of computa
tion and how to apply it abstractly
• Approach problems from the systems perspective, under
standing the evolving layers of the software/hardware
stack and how to create, use, and extend them
• Approach problems from the perspective of artificial
intelligence, understanding how to make progress
in solving seemingly intractable problems
• Design and implement complex software systems,
individually and as a team member
• Design and implement effective human-machine
interfaces
Courses and undergraduate research opportunities
focus on software, ranging from theoretical models to
practical applications. They establish a common breadth
of knowledge in computer science, allowing students flex
ibility in areas in which they choose to specialize, such as
• Artificial intelligence, including mobile robots with
perceptual systems, models of memory and reasoning,
knowledge representation, natural-language compre
hension, planning, and problem solving
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• Computer systems, including parallel, distributed, and
real-time systems, performance evaluation, prediction,
and scheduling
• Networked systems, including peer-to-peer computing,
large-scale data storage, network security, and pervasive
computing environments
• Programming languages and compilers, including semantics,
optimization, and software
• Human-computer interaction, including interface design,
task modeling, intelligent interfaces, and authoring tools
• Distributed interactive systems, including client-server and
web-based applications such as heterogeneous databases
and multimedia learning environments
• Theoretical computer science, focusing on algorithm design
and analysis of algorithms’ worst- and average-case
behavior
• Intelligent information systems, including “friction
less” proactive systems and context- and task-sensitive
retrieval systems
• Computer graphics and human-computer interfaces for
spatial applications, visualization, and computer
entertainment

Degree in Computer Science
Requirements (48 units)
Core courses (32 units)
See general requirements on page 201 for details.
• 4 mathematics courses: MATH 220, 224, 230; EECS 212
• 4 engineering analysis and computer proficiency courses:
GEN ENG 205-1,2,3 or 206-1,2,3; EECS 111
• 4 basic science courses from at least two of the areas
below; no more than 2 from earth and planetary sci
ences/astronomy; no more than 3 in any other area;
PHYSICS 135-2,3, 335; BIOL SCI 215; and CHEM
ENG 275 are recommended but not required
◦◦ Physics: PHYSICS 135-2,3, 335
◦◦ Biological sciences: BIOL SCI 215, 216, 217;
CHEM ENG 275
◦◦ Chemistry: CHEM 101, 102, 103, 171, 172, 210-1,2
◦◦ Earth and planetary sciences/astronomy: EARTH 201,
202; ASTRON 220
• 3 design and communications courses: DSGN 106-1,2;
ENGLISH 106-1,2; GEN CMN 102
• 5 basic engineering courses
◦◦ Computer programming: EECS 211
◦◦ Probability, statistics, and quality control: IEMS 201, 303,
or EECS 302
◦◦ 3 courses from at least two of the remaining basic
engineering areas: computer architecture and numeri
cal methods, electrical science, fluids and solids, mate
rials science and engineering, systems engineering and
analysis, and thermodynamics
• 7 social sciences/humanities courses
• 5 unrestricted electives
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Major program (16 units)
• 3 required courses: EECS 101, 213, 214
• 5 breadth courses, 1 from each of the following areas
(see department website for changes to this list):
◦◦ Artificial intelligence: EECS 325, 337, 344, 348, 349,
360
◦◦ Interfaces: EECS 321, 330, 332, 351, 352, 370
◦◦ Software development: EECS 338, 394
◦◦ Systems: EECS 303, 322, 339, 340, 343, 345, 346, 350,
358, 361, 440, 441, 443, 450, 464
◦◦ Theory: EECS 328, 335, 336, 356
• 6 depth courses
◦◦ 3 each from two of the following areas (see depart
ment website for changes to this list), chosen in con
sultation with advisers:
–– Artificial intelligence: EECS 325, 337, 344, 348, 349,
360
–– Interfaces: EECS 330, 332, 351, 352, 370
–– Security: EECS 322, 339, 340, 343, 345, 350, 440,
441, 443, 450
–– Systems: EECS 322, 339, 340, 343, 345, 350, 358,
361, 440, 441, 442, 443, 450, 464
–– Theory: EECS 328, 336, 355, 356, 357, 457, 459;
MATH 308
◦◦ May be a single 6-course depth area with approval.
◦◦ 321 may satisfy both breadth and depth requirements
for the major.
• 2 project courses: 2 units of 399 or others from the
department’s list of project courses
• Sections of 395 and 399 may be used for breadth and
depth requirements if appropriate; consult program
advisers for information.
• Courses at the 400 level are primarily for graduate
students but may be open to advanced undergraduate
students with the consent of the instructor.
• EECS 110 may be used as an unrestricted elective if
taken before EECS 111.

Minor in Computer Science
The department offers a minor in computer science for
students who wish to develop stronger competence in
computer science while pursuing a degree in another field.

Requirements (15 units)
Prerequisites (6 units)
• MATH 220, 224, 230
• 3 units of engineering analysis: GEN ENG 205-1,2,3
or 206-1,2,3
Minor requirements (9 units)
Core courses (6 units)
• 6 units of computer science: EECS 101, 111, 211, 212,
213, 214; students without prior programming experi
ence may wish to take 110 before 111
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Breadth courses (3 units)
• 3 courses from the list of breadth courses (available
from the department); each course must be in a different
breadth area
Students must submit a completed Petition to Receive
form for the minor to the McCormick Academic Ser
vices Office before the beginning of their final quarter as
undergraduates.

Facilities
Students have access to state-of-the-art research and
teaching facilities, ranging from laboratories for electronic
devices to parallel computers and worldwide distributed
testbeds.
Electrical engineering facilities include laboratories
for electronic circuits, digital circuits, solid-state electron
ics, fabrication of solid-state lasers and other quantum
electronic/photonic devices, thin-film device development,
biomedical electronics, microwave techniques, holography
and coherent light optics, biological and other control
systems, and signal, image, and speech processing.
Computer engineering facilities include laboratories
in digital systems design, microprocessor systems, micro
programming, robotics, computer-aided design, and com
puter networking. The department has major research
facilities for work in parallel and distributed computing
systems, database systems, computer vision, VLSI design,
CAD, robotics, solid-state devices, fiber optics, lasers,
computational electromagnetics, electronic materials,
and biomedical engineering.
Computer science students benefit from access to com
puting laboratories that provide Linux, Windows, Solaris,
and PocketPC machines, a private network, sensor net
works, and the worldwide PlanetLab distributed systems
testbed. Students taking courses in experimental computer
systems also have access to a special cluster on which they
can instantiate their own collections of virtual machines.
The department is part of the Microsoft Developer Net
work Academic Alliance, which provides free or inexpen
sive access to Microsoft products widely used in desktop
computing.

Courses
EECS 100-0 Electrons, Photons, and Bits: Adventures in
Electrical and Computer Engineering I ntroduction to con

temporary topics in electrical and computer engineering
via lectures, demonstrations, lab tours, and invited speakers
from industry and government. Weekly reading and
writing assignments.
EECS 101-0 An Introduction to Computer Science for
Everyone General introduction to historical and current

intellectual questions in computer science. Theory,
systems, artificial intelligence, interfaces, software
development, and interactions with business, politics,
law, medicine, engineering, and other sciences.

EECS 110-0 Introduction to Computer Programming
I ntroduction to programming practice using a modern

programming language. Analysis and formulation of
problems for computer solution. Systematic design,
construction, and testing of programs. Substantial
programming assignments. Not to be taken for credit
with or after EECS 111.
EECS 111-0 Fundamentals of Computer Programming 

Introduction to principles of programming and procedural
thinking. Procedural abstraction, data abstraction, modu
larity, object-oriented programming. Use of the Scheme
programming language and computer facilities. Substantial
programming assignments, including numerical and sym
bolic programs. Required for the computer science degree.
EECS 130-0 Tools and Technology of the World Wide Web
I ntroduction to the theory and practice of developing

sites on and technology for the web. Basics of HTML,
JavaScript, ASP, and CGI programming.
EECS 195-0 Introductory Topics in Electrical Engineering
and Computer Science T
 opics suggested by students or

faculty and approved by the department.
EECS 202-0 Introduction to Electrical Engineering C
 oncepts
and applications of electrical engineering. Quantization,
binary representation, performance. Power spectral den
sity, digital filtering, fundamental limitations. Control
systems, feedback systems. Properties of lasers, amplifiers,
passive circuit elements, active circuit elements. Electronic
devices and materials.
EECS 203-0 Introduction to Computer Engineering
 verview of computer engineering design. Number sys
O

tems and Boolean algebra. Logic gates. Design of combi
national circuits and simplification. Decoders, multiplexers,
adders. Sequential logic and flip flops. Introduction to
assembly language. Application of concepts to a computer
engineering design project.
EECS 205-0 Fundamentals of Computer System Software
 asics of assembly language programming. Macros. System
B

stack and procedure calls. Techniques for writing assembly
language programs. Features of INTEL 8086/88-based
PC. Interfaces between C and assembly codes. Prerequi
sites: GEN ENG 205-1,2,3,4 or EECS 110; EECS 203
recommended.
EECS 211-0 Object-Oriented Programming in C++
 ontinuation of 111. Key concepts in software design
C

and systems programming. Object-oriented programming
in C++, design of interpreters and compilers, and register
machines. Required for the computer science degree.
Not to be taken for credit with or after 230 or 231. Pre
requisite: 110 or 111 or knowledge of any programming
language.
EECS 212-0 Numerical Foundations of Computer Science
 asic concepts of finite and structural mathematics. Sets,
B

axiomatic systems, the propositional and predicate calculi,
and graph theory. Application to computer science:
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sequential machines, formal grammars, and software
design. Prerequisite: MATH 230.
EECS 213-0 Introduction to Computer Systems T
 he hier
archy of abstractions and implementations that make up a
modern computer system; demystifying the machine and
the tools used to program it; systems programming in C
in the UNIX environment. Preparation for upper-level
systems courses. Prerequisite: 211 or 230.
EECS 214-0 Data Structures and Data Management D
 esign,
implementation, and analysis of abstract data types; data
structures and their algorithms. Topics include data and
procedural abstraction, linked lists, stacks, queues, binary
trees, searching, and sorting. Required for the computer
science degree. Prerequisite: 211 or 230.
EECS 221-0 Fundamentals of Circuits C
 ircuit analysis and
network theorems; linearity and superposition; series/
parallel combinations of R, L, and C circuits; sinusoi
dal forcing; complex frequency and Bode plots; mutual
inductance and transformers; two-port networks; Fourier
analysis; response of circuits to periodic nonsinusoidal
sources. Prerequisite: 202.
EECS 222-0 Fundamentals of Signals and Systems
 omprehensive introduction to analysis of continuous
C

and discrete-time signals and systems. Linear timeinvariant systems, convolution. Fourier series representa
tions of periodic signals. Continuous- and discrete-time
Fourier transforms. Laplace transform; z-transform.
Prerequisite: 202.
EECS 223-0 Fundamentals of Solid-State Engineering
 rystalline state of matter; quantum phenomena and
C

quantum mechanics; electrons in atoms, atoms in crystals,
electrons in crystals; semiconductors; thermal proper
ties of crystals, electrical properties of crystals and semi
conductors; p-n junction. Prerequisites: 202; PHYSICS
135-3; MATH 234.
EECS 224-0 Fundamentals of Electromagnetics and
Photonics C
 oncepts of flux, potential, gradient, divergence,

curl, and field intensity. Boundary conditions and solu
tions to Laplace and Poisson equations. Capacitance and
inductance calculations. Conductors, insulators, and mag
netic materials. Prerequisites: 202, 221; PHYSICS 135-2;
MATH 234; or consent of instructor.
EECS 225-0 Fundamentals of Electronics D
 iode, BJT, and
FET circuits; design using ideal operational amplifiers;
feedback; frequency response; biasing; current sources
and mirrors; small-signal analysis; design of operational
amplifiers. Prerequisites: 221, 223.
EECS 230-0 Programming for Computer Engineers
I ntroduction to computer programming in an object-

oriented language. Emphasis on applications to computer
systems, computer simulation, and discrete optimization.
Basic principles of software engineering. Not to be taken
for credit with or after 211 or 231. Prerequisites: GEN
ENG 205-1,2.
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EECS 231-0 Advanced Programming for Computer Engineers
 bject-oriented programming, classes and data hiding,
O

dynamic object construction and destruction, derived
classes and inheritance, virtual functions; file processing;
introduction to UNIX; testing and test generation. Not to
be taken for credit with or after 211 or 230. Prerequisite:
110 or knowledge of a programming language.
EECS 250-0 Physical Electronics and Devices T
 he physi
cal basis of electronic and optoelectronic devices and their
application in analog and digital systems. Diodes, transis
tors, LEDs, photodetectors, and lasers are described, and
their properties explored. Prerequisites: 221; PHYSICS
135-2.
EECS 270-0 Applications of Electronic Devices D
 C and
AC networks, rectifiers, transistor amplifiers, feedback
and operational amplifiers, digital electronics, and micro
processors. Not open to electrical engineering degree
candidates. Prerequisites: MATH 224; PHYSICS 135-2;
or equivalent.
EECS 295-0 Intermediate Topics in Electrical Engineering
and Computer Science T
 opics suggested by students or

faculty and approved by the department.
EECS 302-0 Probabilistic Systems and Random Signals
 asic concepts of probability theory and statistics, random
B

variables, moments; multiple random variables, conditional
distributions, correlation; random signals; applications to
engineering systems. Prerequisite: MATH 234.
EECS 303-0 Advanced Digital Logic Design O
 verview of
digital logic design. Technology review. Delays, timing in
combinational and sequential circuits, CAD tools, arith
metic units such as ALUs and multipliers. Introduction to
VHDL. Prerequisite: 203.
EECS 307-0 Communications Systems A
 nalysis of analog
and digital communications systems, including modulation,
transmission, and demodulation of AM, FM, and TV
systems. Design issues, channel distortion and loss, band
width limitations, additive noise. Prerequisites: 222, 302.
EECS 308-0 Advanced Electromagnetics and Photonics
 lectromagnetic waves, transmission lines; impedance
E

transformation; transients on lines; electrostatics, conduc
tors, and capacitors; magnetostatics and inductors; wave
reflection and transmission; electromagnetic motor,
Maxwell’s equations; metallic waveguides and wave
transmission; antenna and diffraction, antenna arrays,
communication, and radar. Prerequisite: 224.
EECS 313-0 Telecommunication Networks for Multimedia
 ignals and bandwidth concepts, spectra, basics of elec
S

tronics, information and coding, modulation, multiplexing,
transmission systems, transmission media, analog versus
digital communications, computer networks, and switch
ing techniques. Not for electrical engineering or computer
engineering degree candidates.
EECS 317-0 Data Management and Information Processing
 ata representation, file and record organization, linear
D

and linked lists, and scatter storage techniques. Sorting
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and searching algorithms. Solving problems involving
large databases. Not for computer science degree candi
dates. Prerequisite: 110, 111, or programming experience.
EECS 321-0 Programming Languages I ntroduction to key
parts of programming languages: syntax, semantics, and
pragmatics. Implementation of a series of interpreters
that show how various aspects of programming languages
behave. Prerequisites: 111, 214.
EECS 322-0 Compiler Construction O
 verview of compil
ers and context-free languages, top-down parsing, LL(1)
parser construction, translation grammars, implementation
of lexical analyzer, parser and translator, compiler optimi
zation, error handling, and recovery. Prerequisite: 214.
EECS 325-1,2 Artificial Intelligence Programming
I ntroduction to LISP and programming knowledge-based

systems and interfaces. Strong emphasis on writing main
tainable, extensible systems. Topics include semantic net
works, frames, pattern matching, deductive inference rules,
case-based reasoning, and discrimination trees. Projectdriven. Substantial programming assignments. Prerequi
site: 110, 111, or programming experience.
EECS 328-0 Numerical Methods for Engineers I ntroduction
to numerical methods; numerical differentiation, numeri
cal integration, solution of ordinary and partial differential
equations. Writing programs in FORTRAN, C, or
Pascal using methods presented in class. Prerequisites:
GEN ENG 205-1,2,3; MATH 220, 224, 230.
EECS 330-0 Human-Computer Interaction I ntroduction to
human-computer interaction and design of systems that
work for people and their organizations. Understanding
the manner in which humans interact with and use com
puters for productive work. Prerequisite: programming
experience.
EECS 332-0 Digital Image Analysis I ntroduction to com
puter and biological vision systems, image formation, edge
detection, image segmentation, texture, representation and
analysis of two-dimensional geometric structures and of
three-dimensional structures. Prerequisites: 214; IEMS
202; MATH 240.
EECS 333-0 Introduction to Communication Networks D
 ata
communication basics. Telephone, cellular, cable, and com
puter networks. Layered network architectures, models,
and protocols. Switching, routing, flow control, and con
gestion control. Medium access control, ARQ, and local
area networks. Queuing models and network performance
analysis. Prerequisite: 302; IEMS 202; MATH 320-1,2,3;
or equivalent basic probability theory.
EECS 334-0 Introduction to Computer Vision I ntroduction
to computer and biological vision systems, image forma
tion, edge detection, image segmentation, texture, and
representation and analysis of two- and three-dimensional
structures. Prerequisites: 214; IEMS 201.
EECS 335-0 Introduction to the Theory of Computation
 athematical foundations of computation, including
M

computability, relationships of time and space, and the P
vs. NP problem. Prerequisite: 212 or consent of instructor.
EECS 336-0 Design and Analysis of Algorithms A
 nalysis
techniques: solving recurrence equations. Algorithm design
techniques: divide and conquer, the greedy method, back
tracking, branch-and-bound, and dynamic programming.
Sorting and selection algorithms, order statistics, heaps,
and priority queues. Prerequisite: 212, 214, or consent of
instructor.
EECS 337-0 Natural Language Processing S
 emanticsoriented introduction to natural language processing,
broadly construed. Representation of meaning and knowl
edge inference in story understanding, script/frame theory,
plans and plan recognition, counterplanning, and thematic
structures. Prerequisite: 348 or consent of instructor.
EECS 338-0 Practicum in Intelligent Information Systems
 practical excursion into building intelligent information
A

systems. Students develop a working program in infor
mation access, management, capture, or retrieval. Project
definition, data collection, technology selection, imple
mentation, and project management.
EECS 339-0 Introduction to Database Systems D
 ata models
and database design. Modeling the real world: structures,
constraints, and operations. The entity relationship to
data modeling (including network hierarchical and objectoriented), emphasis on the relational model. Use of
existing database systems for the implementation of
information systems. Prerequisite: 214.
EECS 340-0 Introduction to Networking A
 top-down
exploration of networking using the five-layer model and
the TCP/IP stack, covering each layer in depth. Students
build web clients, servers, and a TCP implementation and
implement routing algorithms. Prerequisite: 214.
EECS 343-1,2 Operating Systems F
 undamental overview
of operating systems. 1. Operating system structures,
processes, process synchronization, deadlocks, CPU
scheduling, and memory management. 2. File systems,
secondary storage management, issues in distributed
systems, case studies, and special topics. Requires substan
tial programming projects. Prerequisites: 214; 213 or 205;
231.
EECS 344-0 Design of Computer Problem Solvers P
 rinciples
and practice of organizing and building artificial intelli
gence reasoning systems. Pattern-directed rule systems,
truth-maintenance systems, and constraint languages. Pre
requisites: 348 and 325-1 or equivalent LISP experience.
EECS 345-0 Distributed Systems B
 asic principles behind
distributed systems (collections of independent compo
nents that appear to users as a single coherent system) and
main paradigms used to organize them. Prerequisites: 340,
343.
EECS 346-0 Microprocessor System Design S
 tructure and
timing of typical microprocessors. Sample microprocessor
families. Memories, UARTS, timer/counters, serial devices,
and related devices. MUX and related control structures
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for building systems. Sample single-board computers.
Standard bus structures. Interrupt programming. Hard
ware/software design tradeoffs. Prerequisites: 203, 205.
EECS 347-1 Microprocessor System Projects I P
 rogram
mable logic devices such as PAL and FPGA. Design,
prototype, and test individual projects involving micropro
cessors and programmable logic devices. Prerequisite: 346.
EECS 347-2 Microprocessor System Projects II
 esigning, prototyping, and testing individual projects
D

involving microprocessors and related devices, such as
PAL/FPGA and special-purpose ICs. Embedded-system
tools such as special-purpose compilers and ICE (in-circuit
emulation). Manufacturing issues such as PCB layout.
Survey of microprocessor platforms. Prerequisite: 347-1.
EECS 348-0 Introduction to Artificial Intelligence C
 ore
techniques and applications of AI. Representing, retrieving,
and applying knowledge for problem solving. Hypothesis
exploration. Theorem proving. Vision and neural networks.
Prerequisite: 325-1 or LISP programming experience.
EECS 349-0 Machine Learning S
 tudy of algorithms that
improve through experience. Topics typically include
Bayesian learning, decision trees, genetic algorithms, neu
ral networks, Markov models, and reinforcement learning.
Assignments include programming projects and written
work. Prerequisite: 348.
EECS 350-0 Introduction to Computer SecurityBasic prin
ciples and practices of computer and information secu
rity. Software, operating system, and network security
techniques, with detailed analysis of real-world examples.
Topics include cryptography, authentication, software and
operating system security (e.g., buffer overflow), Internet
vulnerability (DoS attacks, viruses/worms, etc.), intrusion
detection systems, firewalls, VPN, and web and wireless
security. Prerequisite: 213 or equivalent or consent of
instructor; 340 highly recommended.
EECS 351-0 Introduction to Computer Graphics
 athem
M
 atical software and hardware requirement for

computer graphics systems. Data structures and program
ming languages. Random displays. Graphic applications.
Prerequisite: 214.
EECS 352-0 Machine Perception of Music and Audio
 achine extraction of musical structure in audio and
M

MIDI and score files, covering areas such as source
separation and perceptual mapping of audio to machinequantifiable measures. Prerequisite: GEN ENG 205-2,
EECS 211, EECS 231, or prior programming experience
in MATLAB.
EECS 353-0 Digital Microelectronics L
 ogic families,
comparators, A/D and D/A converters, combinational
systems, sequential systems, solid-state memory, largescale integrated circuits, and design of electronic systems.
Prerequisites: 203, 225.
EECS 354-0 Network Penetration and Security P
 ractical
tools for vulnerability assessment and defense of computer
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and communication systems. Prerequisites: 213 or 205;
231; 333 or 340.
EECS 355-0 Introduction to FPGA Design O
 verview of
computer-aided design tool flow for ASIC and FPGA
design. Synthesis from hardware description languages
and creation of finite-state machines. Differences between
FPGA and ASIC design flows. Exploration of concepts in
several projects. Prerequisite: 303.
EECS 356-0 Introduction to Formal Specification and
Verification I ntroduction to formal techniques used for

system specifications and verifications: temporal logic,
set theory, proofs, and model checking. TLA+ (Temporal
Logic of Actions) specifications. Safety and liveness
properties. Real-time specs and verifications.
EECS 357-0 Introduction to VLSI CAD V
 LSI physical
design, including logic design, architectural design, and
packaging. Development of CAD tools for VLSI physical
design. Prerequisites: 214, 303.
EECS 358-0 Introduction to Parallel Computing
I ntroduction to parallel computing for scientists and

engineers. Shared-memory parallel architectures and
programming, distributed memory, message-passing dataparallel architectures, and programming. Prerequisites:
361; 211 or 230.
EECS 359-0 Digital Signal Processing D
 iscrete-time signals
and systems. Discrete-time Fourier transform, z-transform,
discrete Fourier transform, digital filters. Prerequisite: 222.
EECS 360-0 Introduction to Feedback Systems L
 inear
feedback control systems, their physical behavior,
dynamical analysis, and stability. Laplace transform,
frequency spectrum, and root locus methods. System
design and compensation using PID and lead-lag control
lers. Digital implementations of analog controllers. Not
to be taken for credit with or after MECH ENG 391.
Prerequisite: 222.
EECS 361-0 Computer Architecture D
 esign and understand
ing of the computer system as a whole unit. Performance
evaluation and its role in computer system design; instruc
tion set architecture design, datapath design and optimi
zations (e.g., ALU); control design; single cycle, multiple
cycle, and pipeline implementations of processor. Hazard
detection and forwarding; memory hierarchy design; cache
memories, virtual memory, peripheral devices, and I/O.
Prerequisites: 205, 303.
EECS 362-0 Computer Architecture Project Q
 uarter-long
team project designing a processor for a complete instruc
tion set. Involves ISA design, design of components,
datapath, and control for a pipelined processor to imple
ment the ISA. Use of industrial-strength design tools and
VHDL as the design specification language. Designs are
evaluated using benchmark programs for correctness and
performance. Prerequisite: 361.
EECS 363-0 Digital Filtering R
 ecursive and nonrecursive
digital filters, decimation and interpolation, A/D and D/A
conversion as digital filtering problems. Implementation of
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nonrecursive filters via FFT, quantization problems (e.g.,
companding and limit cycles). Prerequisite: 359.
EECS 368-0 Programming Massively Parallel Processors with
CUDA GPU architecture, CUDA programming model,

parallel programming optimizations for 1000+ cores,
performance analysis, OpenCL. Requires two-week mini
project on optimized histogramming on GPUs. Students
may not earn credit for both 368 and 468. Prerequisites:
213; 211, 230, or intermediate C programming experience;
or consent of instructor.
EECS 369-0 Introduction to Sensor Networks B
 asic hard
ware and software platforms for sensor networks. Various
algorithmic techniques for data routing, query processing,
and tracking. Prerequisite: 343 or 340.
EECS 370-0 Computer Game Design P
 lot, narrative, and
character simulation for creating game worlds; artificial
intelligence for synthetic characters; tuning gameplay. Sub
stantial programming and project work. Prerequisites: 214;
1 unit of 322, 343, 348, or 351.
EECS 371-0 Knowledge Representation and Reasoning
 rinciples and practices of knowledge representation,
P

including logics, ontologies, common-sense knowledge,
and semantic web technologies. Prerequisite: 348, 325,
or equivalent experience with artificial intelligence.
EECS 372-0 Designing and Constructing Models with
Multiagent Languages E
 xploration and analysis of multi

agent models, which simulate “emergent” scientific
phenomena in a wide variety of content domains.
EECS 374-0 Introduction to Digital Control D
 iscrete dynam
ics systems; discrete models of continuous systems feed
back and digital controllers; analog-digital conversion;
digital control design including PID, lead/lag, deadbeat,
and model-matching controllers. Prerequisite: 360.
EECS 378-0 Digital Communications S
 ampling and timedivision multiplexing, baseband digital signals and systems.
Coded pulse modulation, error control coding, digital
modulation systems, information measure and source
encoding, and introduction to spread spectrum communi
cations. Prerequisites: 302, 307.
EECS 379-0 Lasers and Coherent Optics O
 ptical resonators;
fundamental operation of lasers; mode-locking and
Q-switching; optical propagation and diffraction; Gaussian
beams; thin-lens imaging; optical signal processing. Pre
requisites: 222, 224.
EECS 380-0 Wireless Communications O
 verview of existing
and emerging wireless communications systems; interfer
ence, blocking, and spectral efficiency; radio propagation
and fading models; performance of digital modulation in
the presence of fading; diversity techniques; code-division
multiple access. Prerequisite: 378.
EECS 381-0 Electronic Properties of Materials F
 unda
mental properties of electrons in materials. Classical and
quantum mechanical descriptions of free and bound elec
trons. Optical, electrical, thermal, and magnetic properties

of materials. Microelectronic, optoelectronic, magnetic
recording, superconductivity. Prerequisites: 223 and 224 or
consent of instructor.
EECS 382-0 Photonic Information Processing I ntroduction
to photonic information processing; coherent and inco
herent light; electro-optic and acousto-optic modulation;
optical signal processing; holography; optical storage.
Prerequisites: 222 and 224 or consent of instructor.
EECS 383-0 Fiber-Optic Communications S
 emiconductor
diode lasers, internal modulation, electro-optic modula
tion, coherent and incoherent detection, optical fibers
and their properties, optical amplifiers, communication
systems, optical networks. Prerequisites: 223, 224.
EECS 384-0 Solid-State Electronic Devices E
 nergy-band
model for semiconductors; carrier statistics and trans
port; diodes, bipolar and field-effect transistors; inte
grated circuits, optoelectronic and heterojunction devices.
Prerequisite: 381 or consent of instructor.
EECS 385-0 Optoelectronics I ntroduction to solid-state
optoelectronic devices; display devices, laser diodes,
photodetectors, and light modulators; optical waveguides
and fibers; system application of optoelectronic devices.
Prerequisite: 381 or consent of instructor.
EECS 386-0 Computational Electromagnetics and Photonics
I ntroduction to the finite-difference time-domain (FDTD)

method in numerical modeling of electromagnetic and
optical wave interactions with engineering structures.
Finite differences; Maxwell’s equations; numerical disper
sion and stability; free-space and waveguide field sources;
absorbing boundary conditions; material dispersions
and nonlinearities; modeling examples in modern electro
magnetic and optical engineering. Prerequisite: 308.
EECS 388-0 Nanotechnology P
 hysics and fabrication of
photonic and electronic devices. Physics of semiconduc
tors: crystal structures, reciprocal lattice, elements of
quantum mechanics, heterojunctions, quantum wells, and
superlattices. Bulk crystal, thin-film, and epitaxial growth
technologies. Device processing technologies: diffusion
oxidation, ion implantation, annealing, etching, and photo
lithography. Prerequisite: 223 or consent of instructor.
EECS 389-0 Superconductivity and Its Applications
 roperties of materials in the superconducting state;
P

charge flow dynamics of type II superconductors; highTc superconductors; applications for computers and
high-frequency devices. Prerequisite: 381 or consent of
instructor.
EECS 390-0 Introduction to Robotics H
 omogeneous vectors
and planes; homogeneous transformation, position and ori
entation transformations, kinematics and inverse kinematic
solutions of robot manipulators; Jacobian and inverse Jaco
bian relation; robot trajectory and task planning; dynamic
formulation and computation of robot manipulators; robot
programming and control systems. Prerequisite: 230.
EECS 391-0 VLSI Systems Design D
 esign of CMOS digi
tal integrated circuits, concentrating on architectural and
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topological issues. Tradeoffs in custom design, standard
cells, gate arrays. Use of VLSI design tools on a small
project. Prerequisite: 303.
EECS 392-0 VLSI Systems Design Projects D
 esign of a
cutting-edge VLSI chip. Teams of 5 to 10 students under
take a large circuit design problem, going from specifica
tion to VLSI implementation while optimizing for speed,
area, and/or power. Group collaboration and engineering
design. Prerequisite: 391.
EECS 393-0 VLSI Design and Analysis of High-Speed
Integrated Circuits I ssues that arise in the design and analy

sis of VLSI circuits at high speeds, such as buffer sizing,
repeater insertion, noise, electromigration, Elmore decay,
scaling trends, and power consumption. Prerequisite: 391.
EECS 394-0 Software Project Management and Development
 oftware development methodologies. Object-oriented
S

analysis and design, CASE tools, software life cycle. Proj
ect management tools, programming teams. Executable
specifications, automatic test generation. Prerequisite: 343
or equivalent programming experience.
EECS 395-0 Special Topics in Electrical Engineering and
Computer Science T
 opics suggested by students or faculty

and approved by the department.
EECS 398-0 Electrical Engineering Design D
 esign of elec

trical and electronic devices, circuits, and systems by the
application of the engineering sciences, economics, and
Institute of Electrical and Electronics Engineers or other
national standards. Prerequisite: senior standing.
EECS 399-0 Projects S
 eminar and projects for advanced
undergraduates on subjects of current interest in electrical
and computer engineering.

ENGINEERING DESIGN

See Manufacturing and Design Engineering for the certifi
cate in engineering design.

ENGINEERING SCIENCES AND
APPLIED MATHEMATICS
www.esam.northwestern.edu
The Department of Engineering Sciences and Applied
Mathematics offers coursework in applied mathematics
and administers an undergraduate program leading to a BS
in applied mathematics and a graduate program in applied
mathematics.
The applied mathematics program is intended to pro
vide the knowledge necessary for applying mathematical
ideas and techniques to the problems that arise in engi
neering or science. It is expected that a student receiving
a BS in applied mathematics would have the background
for suitable employment in industry or for graduate study
in either mathematics (pure or applied) or an engineer
ing field, including computer science and operations
research. To achieve these goals, the applied mathematics
program is designed to be flexible and allow the student to
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concentrate a substantial part of the coursework either in
mathematics or one or more areas of application.

Degree in Applied Mathematics
Requirements (48 units)
Core courses (32 units)
See general requirements on page 201 for details.
• 4 mathematics courses
• 4 engineering analysis and computer proficiency courses
• 4 basic science courses
◦◦ PHYSICS 135-2,3
◦◦ 2 courses from the following list:
–– Biological sciences: BIOL SCI 210-1,2,3; CHEM
ENG 275
–– Chemistry: CHEM 101, 102, 103, 171, 172, 210-1,2
–– Earth and planetary sciences/astronomy: EARTH 201,
202; ASTRON 220
• 3 design and communications courses
• 5 basic engineering courses
◦◦ EECS 230 or 231
◦◦ 4 courses from at least three of the following areas:
–– Computer architecture and numerical methods: EECS
203, 205, 328
–– Electrical science: EECS 202, 221, 222, 223, 224, 270;
MECH ENG 233
–– Fluids and solids: BMD ENG 270, 271; CHEM ENG
321; CIV ENV 216, 219; MECH ENG 241
–– Materials science and engineering: MAT SCI 201, 203,
or 301
–– Systems engineering and analysis: CHEM ENG 210;
CIV ENV 304; IEMS 310, 313, 326
–– Thermodynamics: BMD ENG 250; CHEM 342-1;
CHEM ENG 211; MAT SCI 314, 315; MECH
ENG 220, 370 (MECH ENG 220 may not be taken
with CHEM 342-1 or CHEM ENG 211)
• 7 social sciences/humanities courses
• 5 unrestricted electives
Major program (16 units)
• 5 engineering sciences and applied mathematics courses:
ES APPM 311-1,2, 322, 346, 421-1
• ES APPM 311-3 or MATH 325
• MATH 334
• 2 courses chosen from EECS 302; IEMS 202, 303;
IEMS 310 or 313; MATH 330-1,2,3
• 1 course chosen from ES APPM 339, 421-2, 3, 495
(subject to department approval)
• 4 courses in engineering or the sciences at the 300-level
or higher leading to an approved concentration in one of
the following areas:
◦◦ Engineering
◦◦ Mathematical social sciences (e.g., economics)
◦◦ Mathematics (e.g., discrete mathematics or analysis)
◦◦ Numerics
◦◦ The sciences
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• 2 technical electives at the 300 level or higher in
engineering, science, or mathematics

Courses
ES APPM 252-1,2 Honors Calculus for Engineers A
 lternative
to standard calculus sequence. Covers more material at a
deeper level with more applications. Satisfies same require
ments as MATH 230 and 234. Prerequisite: invitation or
consent of instructor.
ES APPM 311-1,2 Methods of Applied Mathematics
 rdinary differential equations; Sturm-Liouville theory,
O

properties of special functions, solution methods including
Laplace transforms. Fourier series: eigenvalue problems
and expansions in orthogonal functions. Partial differential
equations: classification, separation of variables, solution
by series and transform methods. Prerequisite: GEN ENG
205-4, 206-4, or MATH 250.
ES APPM 311-3 Methods of Applied Mathematics: Complex
Variables I maginary numbers and complex variables, ana

lytic functions, calculus of complex functions, contour inte
gration with application to transform inversion, conformal
mapping. May be taken independently of 311-1,2. Prereq
uisite: GEN ENG 205-4, 206-4, or MATH 250.
ES APPM 321-0 Modeling Soft Matter: Networks,
Membranes, Fluctuations F
 undamental mathematical tools

(e.g., differential geometry, variational calculus) are applied
to modern concepts of soft-matter structure and mechan
ics in various fields (e.g., biological membranes, polymers).
Prerequisites: 311-1,2 or consent of instructor.
ES APPM 322-0 Applied Dynamical Systems E
 xampleoriented survey of nonlinear dynamical systems, includ
ing chaos. Combines numerical exploration of differential
equations describing physical problems with analytic
methods and geometric concepts. Applications to mechani
cal, fluid dynamical, electrical, chemical, and biological
systems. Prerequisites: 311-1,2 or equivalent or consent of
instructor.
ES APPM 346-0 Modeling and Computation in Science and
Engineering A
 dvanced techniques for initial value prob

lems, differential algebraic systems, bifurcations, chaos,
and partial differential equations. Applications drawn from
different physical areas. Prerequisites: MATH 234, 240;
MATH 250 or GEN ENG 205-4; PHYSICS 135-1,2 or
equivalent; familiarity with a programming language; or
consent of instructor.
ES APPM 370-1 Introduction to Computational Neuroscience
 rom neurons to networks. Ion channels, HodgkinF

Huxley framework, simplified models, cable equation,
synapses, spike-triggered average, and optimal stimulus.
Feed-forward and recurrent firing-rate networks. Statisti
cal approach, Bayesian modeling. Brief introduction to
numerical methods.
ES APPM 399-0 Projects S
 pecial studies to be carried out
under faculty direction. Credit to be arranged.

ENVIRONMENTAL ENGINEERING
See Civil and Environmental Engineering.

INDUSTRIAL ENGINEERING AND
MANAGEMENT SCIENCES
www.iems.northwestern.edu
Northwestern’s industrial engineering students gradu
ate with the skills needed to create, design, analyze, and
improve the operation of complex organizational systems,
e.g., financial systems, information systems, production
systems, logistics, and transportation. All students acquire
an understanding of statistics, economics, optimization,
computing, and simulation techniques. Elective opportu
nities include courses in business management, advanced
economics and mathematics, quality control and reliability,
communications and information systems, and production
and supply-chain management. Realistic (i.e., open-ended
and ill-defined) problems are used to help students refine
the application of these principles as well as their ability to
work in teams and to communicate their results effectively.
These are the experiences that employers find most valu
able in our graduates regardless of the field they enter.
Students may pursue an optional concentration using
technical electives and other courses from one or more
of the following areas: economics and finance, general
business management, industrial behavioral sciences,
mathematical sciences/graduate research, production and
logistics, and statistics and quality control.
Many industrial engineering graduates eventually
assume management positions. In preparation for such
careers, students take full advantage of the additional
academic, business, and leadership programs available
at Northwestern: a major or minor in economics, the
business enterprise certificate for engineers, the Under
graduate Leadership Program, the Business Institutions
Program, study abroad, and the co-op program. The twoquarter senior design project allows students to integrate
all of these experiences.

Degree in Industrial Engineering
Requirements (48 units)
Core courses (32 units)
See general requirements on page 201 for details.
• 4 mathematics courses
• 4 engineering analysis and computer proficiency courses
• 4 basic science courses
◦◦ Chosen from at least two of the following areas:
–– Physics: PHYSICS 135-2,3, 335
–– Biological sciences: BIOL SCI 210-1,2,3;
CHEM ENG 275
–– Chemistry: CHEM 101, 102, 103, 171, 172, 210-1,2
–– Earth and planetary sciences/astronomy: EARTH 201,
202; ASTRON 220
◦◦ No more than 2 courses from earth and planetary
sciences/astronomy
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•
•

•
•

◦◦ No more than 3 courses in any other area
◦◦ PHYSICS 135-2 and 1 unit of chemistry
recommended
3 design and communications courses
5 basic engineering courses from four different areas
◦◦ EECS 230, 317
◦◦ IEMS 326
–– May not be taken concurrently with or after
KELLG FE 310.
–– 1 of the courses on the following list may substitute
for 326, as long as the 5 basic courses are from four
different areas.
◦◦ 2 courses from two different areas from the follow
ing list or by petition (provided the 18-course ABET
requirement is met)
–– Computer architecture and numerical methods
EECS 205
–– Electrical science
EECS 202, 270
MECH ENG 233
–– Fluids and solids
BMD ENG 270, 271
CHEM ENG 321
CIV ENV 216
MECH ENG 241
–– Materials science and engineering
MAT SCI 201, 301 (may not be taken concurrently)
–– Probability, statistics, and quality control
BMD ENG 220
CHEM ENG 312
MECH ENG 359
–– Thermodynamics
BMD ENG 250
CHEM ENG 211
MAT SCI 314, 315
MECH ENG 220 (may not be taken with
CHEM ENG 211 or CHEM 342-1), 370
7 social sciences/humanities courses
5 unrestricted electives

Major program (16 units)
• 2 probability and statistics courses: IEMS 202, 303
• 3 operations research courses: IEMS 313, 315, 317
• 1 applied behavioral science course: IEMS 340 or 342
• 1 production and logistics course chosen from IEMS
381, 382, 383, 385
• 2 senior design project courses
◦◦ IEMS 393-1,2
• 7 electives
◦◦ 3 industrial engineering/operations courses from
IEMS 304, 305, 306, 307, 373, 381, 382, 383, 385, 391
◦◦ 1 management science course from IEMS 325, 340,
341, 342, 390, 392
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◦◦ 3 engineering courses at the 200 level or higher or
any course from the general technical elective group
(available from the department)
–– No more than 2 units of 399 are allowed.
–– No more than 2 courses in this group may be taken
P/N; no other electives may be taken P/N.
• Concentration (optional): at least 4 courses from an
approved list
◦◦ Students may pursue more than one concentration.
◦◦ Concentrations may be created from courses that
satisfy other requirements or concentrations.
◦◦ A list of available concentration areas may be found
on the department website.

Courses
IEMS 201-0 Introduction to Statistics C
 ollecting data;
summarizing and displaying data; drawing conclusions
from data; probability background, confidence intervals,
hypotheses tests, regression, correlation. Not open to
industrial engineering degree candidates. Not to be taken
for credit with or after STAT 210.
IEMS 202-0 Probability I ntroduction to probability theory
and its applications. Random variables and distributions,
including binomial, Poisson, exponential, and normal.
Monte Carlo simulation. Examples in reliability, inventory,
finance, and statistics. Homework, labs, and exams. Not
to be taken for credit with or after MATH 310-1. Pre
requisite: concurrent enrollment in MATH 234.
IEMS 210-0 Methods, Standards, and Work Design
I ntroduction to traditional topics in industrial engineering,

including time study, work measurement, standards, and
design. Enables industrial engineering students to under
stand and assume traditional industrial engineering roles
upon graduation. Prerequisite: knowledge of probability
and statistics.
IEMS 225-0 Principles of Entrepreneurship I ntroduction
to essential elements of building one’s own business, from
brainstorming ideas and assessing opportunities to pitch
ing a business idea. History of entrepreneurship and
the entrepreneurial psyche. Business plan fundamentals,
including strategy, finance, accounting, marketing, opera
tions, and choosing the ideal management team. May not
be taken after 325.
IEMS 295-0 Introductory Topics in Industrial Engineering
 opics suggested by students or faculty members and
T

approved by the department; taught at an intermediate
level.
IEMS 303-0 Statistics S
 tatistical methods for data analysis.
Descriptive plots and statistics; observational studies and
experiments; confidence interval estimation; hypothesis
testing; regression and correlation. Homework, labs, and
project. Not to be taken for credit with or after STAT 3201. Prerequisite: 202 or equivalent.
IEMS 304-0 Statistical Methods for Data Mining A
 dvanced
statistical methods. Multiple regression; analysis of
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variance; design and analysis of single-factor and multifac
tor experiments; categorical data; nonparametric methods.
Homework and project. Prerequisite: 303 or equivalent.
IEMS 305-0 Statistical Methods for Quality Improvement
 ethods for controlling and improving industrial pro
M

cesses. Control charts; process capability; gage repeatabil
ity and reproducibility. Multifactor experiments; screening
experiments; robust design. Homework, labs, and project.
Prerequisite: 303 or equivalent.
IEMS 306-0 Decision Analysis T
 heory and practice of
analyzing decisions in the public and private sectors.
Multiple objectives; influence diagrams; decision trees;
sensitivity analysis; probability assessment; utility; human
biases. Problems, cases, and projects. Prerequisite: 202 or
equivalent.
IEMS 307-0 Quality Improvement by Experimental Design
 ethods for designing and analyzing industrial experi
M

ments. Blocking; randomization; multiple regression; fac
torial and fractional factorial experiments; response surface
methodology; Taguchi’s robust design; split plot experi
mentation. Homework, labs, and project. Prerequisite: 303
or equivalent.
IEMS 310-0 Operations Research S
 urvey of operations
research techniques. Linear programming, decision theory,
stochastic processes, game theory. Not open to industrial
engineering degree candidates. May not be taken with 313
or 315.
IEMS 313-0 Deterministic Models and Optimization
 ormulation and solution of applicable optimization
F

models, including linear, integer, nonlinear, and network
problems. Efficient algorithmic methods and use of com
puter modeling languages and systems. Homework, exams,
and project. Prerequisites: GEN ENG 205-1; MATH 230;
sophomore standing.
IEMS 315-0 Stochastic Models and Simulation M
 odeling
and analysis of dynamic systems subject to uncertainty.
Integrated approach to stochastic analysis and simulation.
Rough-cut analysis of queuing systems. Homework, exams,
computer labs, and project. Prerequisites: 202, 303; GEN
ENG 205-1.
IEMS 317-0 Discrete-Event Systems Simulation C
 omputer
simulation of discrete-change systems subject to uncer
tainty. Choice of input distributions; development of
models; design and analysis of simulation experiments.
Miniprojects, exams, and computer labs. Prerequisites:
303; 310 or 315.
IEMS 325-0 Engineering Entrepreneurship O
 verview of the
entrepreneurial process from an engineering perspective.
Idea generation, planning, financing, marketing, protect
ing, staffing, leading, growing, and harvesting. Students
write startup business plans. Lectures, guest speakers, and
case studies. Prerequisite: 1 course in accounting or finance
such as 326 or BUS INST 260.
IEMS 326-0 Economics and Finance for Engineers P
 rinciples
of corporate finance; financial decisions of firms; value;

risk and return; investment and capital budgeting decisions
under certainty and uncertainty; performance evaluation.
Homework and exams. Students may not receive credit for
326 after taking KELLG FE 310. Prerequisites: MATH
220; basic understanding of probability and economics
recommended.
IEMS 340-0 Field Project Methods U
 se of field research
methods to solve management problems. Assignments
focus on individual student projects. Students define proj
ects, design field studies and pilot tests of data collection
instruments, and present results. Prerequisite: consent of
instructor for students who are not degree candidates.
IEMS 341-0 Social Network Analysis T
 he use of social net
work analysis to understand the growing connectivity and
complexity in the world around us on different scales,
ranging from small groups to the World Wide Web. How
we create social, economic, and technological networks,
and how they enable and constrain attitudes and behaviors.
IEMS 342-0 Organizational Behavior M
 anager’s view of
tools available to recruit, develop, appraise, compensate,
organize, and lead a team going through change. Applica
tion of psychological principles relating to human dynam
ics, motivation, teams, power, and organizational culture.
Lectures, guest speakers, and exams. Work experience
recommended.
IEMS 343-0 Project Management for Engineers A
 case
study–based exploration of the body of project manage
ment knowledge. Key topics include project scheduling,
risk management, project leadership, small-group dynam
ics, project methodologies, lifecycle concepts, and project
controls. A Socratic approach is taken to exploring various
case studies in the context of established and leading-edge
project-management concepts. Prerequisites: 303 and 342
recommended.
IEMS 345-0 Negotiations and Conflict Resolution for
Engineers H
 ighly interactive case-study-based exploration

of the field of negotiation and dispute resolution. Simu
lated negotiations and disputes ranging in complexity from
single-party/single-issue to multiparty/multi-issue cases
that illustrate integrative negotiation techniques. Also, dis
pute resolution techniques in the context of typical indus
trial situations. Prerequisites: 303 and 342 recommended.
IEMS 373-0 Introduction to Financial Engineering F
 inancial
markets, derivative securities, risk management, mathe
matical models in finance. Foreign exchange, debt, equity,
commodity markets. Investing, trading, hedging, arbi
trage. Forwards, futures, options, swaps, exotic derivatives.
Models of price dynamics, binomial model, introduction
to Black-Scholes theory and Monte Carlo simulation.
Homework, projects, and guest speakers. Prerequisites:
315, 326, MATH 234, EECS 230, or equivalent or consent
of instructor.
IEMS 381-0 Supply-Chain Modeling and Analysis A
 pplication
and development of mathematical modeling tools for the
analysis of strategic, tactical, and operational supply-chain
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problems, including facility location, customer assignment,
vehicle routing, and inventory management. Related top
ics including the role of information and decision support
systems in supply chains. Homework, exams, and project.
Prerequisite: 313.
IEMS 382-0 Production Planning and Scheduling
 pplications of operations research methods to practical
A

problems of production planning and inventory control.
Forecasting; aggregate planning; deterministic and sto
chastic inventory models; MRP; JIT; variability; sched
uling in production and service systems. Case studies,
homework, and exams. Prerequisites: 202; 310 or 313.
IEMS 383-0 Service Operations Management E
 xploration of
service industries: cost-reduction and service-enhancement
models, location planning, workforce scheduling, yield
management, queuing analysis, and call-center manage
ment. Prerequisites: 313, 315.
IEMS 385-0 Introduction to Health Systems Management
 ealth systems, lean concepts, patient-flow analysis, infer
H

ence, and data-driven knowledge generation, decisions,
and change. Forecasting, operations, and optimization of
health resources. Prerequisites: 303, 313.
IEMS 390-0 Systems Management I ntroduction to
systems problems and methods. Small-group development
of potential classwide projects to be carried out the follow
ing quarter. Identifying projects, team skills, presenting
plans and proposals.
IEMS 392-0 Systems Project Management P
 roject manage
ment methods applied to analysis and design of a com
plex real-world system. Selection and implementation of
a single classwide project. Planning, organizing, staffing,
directing, and controlling; working with clients and stake
holders. Prerequisite: senior standing.
IEMS 393-1,2 Industrial Engineering Design Project 1
 . Case
studies and small-scale projects involving application of
operations research techniques to complex-decisions prob
lems. Mathematical modeling, optimization, and policy
analysis in public- and private-sector systems. Written
and oral presentations of analyses. Prerequisites: 313, 315.
2. Large-scale, open-ended team projects from selected
fields of industrial engineering. Systems approach requir
ing establishment of objectives and criteria, analysis and
synthesis of alternatives, feasibility, tradeoffs, testing, and
evaluation. Written and oral reports. Prerequisite: 393-1.
IEMS 395-0 Special Topics in Industrial Engineering T
 opics
suggested by students or faculty members and approved by
the department.
IEMS 399-0 Independent Study I ndependent study on
an industrial engineering topic supervised by a faculty
member.
See the Cross-School Options chapter for opportunities
open to all Northwestern undergraduates.
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MANUFACTURING AND DESIGN
ENGINEERING
www.segal.northwestern.edu
The Segal Design Institute is the unit of the McCormick
School that promotes the importance of design throughout
the undergraduate curriculum and is dedicated to fostering
innovation among engineering students and faculty.
Through the institute students gain design experience
using state-of-the-art tools by participating in projects on
topics that range from blast-resistant structures to HIV
monitoring in the developing world. They also develop
portfolios to showcase their design work.

Degree in Manufacturing and Design Engineering
Requirements (48 units)
Core courses (32 units)
See general requirements on page 201 for details.
• 4 mathematics courses
• 4 engineering analysis and computer proficiency courses
• 4 basic science courses: PHYSICS 135-2,3; 2 courses
from CHEM 101, 102, 103, 171, 172, 210-1,2
• 3 design and communications courses
• 5 basic engineering courses
◦◦ Electrical science: MECH ENG 233
◦◦ Fluids and solids: CIV ENV 216
◦◦ Materials science and engineering: MAT SCI 201
◦◦ Systems engineering and analysis: IEMS 326
◦◦ 1 additional course from BMD ENG 220, 250, 270,
271; CHEM 342-1; CHEM ENG 210, 211, 312, 321;
CIV ENV 219, 304, 306; EECS 205, 211, 221, 222,
223, 224, 230, 231, 270, 302 317, 328; ES APPM 346;
IEMS 303, 310, 313; MAT SCI 203, 301, 314, 315;
MECH ENG 220, 233, 241, 359, 370
• 7 social sciences/humanities courses
• 5 unrestricted electives
Major program (16 units)
• 10 core courses: DSGN 308, 386; IEMS 201 or 303,
305 or 307, 310, 382; MAT SCI 318; MECH ENG 240,
340-1, 340-2 or -3
• 3 project courses from DSGN 384-1,2, MECH ENG
398, IEMS 393-1,2. At least 1 of these must be taken in
the final 3 quarters before graduation.
• 3 technical electives: 2 courses from an approved list;
1 300-level engineering course

Segal Design Certificate
This certificate program, administered by the Segal Design
Institute, develops a set of design and problem-solving
skills that prove valuable in careers across the entire spec
trum available to McCormick graduates. The program
focuses on user-centered design in team-based, crossdisciplinary settings that address real-world problems.
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Certificate Requirements (6 units)
• 1 2-quarter design sequence: 384-1,2 or 380-1,2
• 1 portfolio course: 370
• 3 elective courses from an approved list
◦◦ 1 must be a DSGN course.
◦◦ 2 must be at the 300-level.
• A design portfolio demonstrating accomplishments in
design tools such as prototyping and implementation,
modern software tools, design analysis, writing, project
management, and effective graphical communication
• Successful completion of a Northwestern baccalaureate
degree

Courses
DSGN 106-1,2 Design Thinking and Communication
( .5 unit each) See General Engineering Courses.
DSGN 220-0 Introduction to Design Sketching ( .5 unit)

Design sketching to increase one’s skills as a basic but
essential form of communication. It is the medium for
preliminary ideation. Basic rules and skills in a design
studio setting.
DSGN 221-0 Design Sketching ( .5 unit) Advanced sketching
techniques. Further development of skills for the design
studio setting. Prerequisite: DSGN 220 or consent of
instructor.
DSGN 240-0 Introduction to Solid Modeling: SolidWorks ( .5
unit) Solid modeling by creating three-dimensional shapes
through two-dimensional sketches. Assemblies of individ
ual parts. CAD modeling theory; modeling objects using
different approaches for creating identical features. Lec
ture balanced with hands-on use of SolidWorks.
DSGN 245-0 Introduction to Computer-Aided Design: NX

(.5 unit) Introduction to CAD software. Students develop
solid models, detailed drawings, and product assemblies.
DSGN 246-0 Computer-Aided Design: NX (.5 unit) Building
more complex shapes such as splines and other developed
curves, building sheets through one or more sets of curves,
and applying specially shaped transitions between faces.
Sequence may not be repeated for credit.
DSGN 253-0 Managing Student-Run Projects Program
management, structure, and control for complex, multi
year efforts such as the vehicle teams, a startup business,
and other student-run activities. Developing a team vision,
designing strategy, and preparing a multiyear business plan
using a combination of casework and a team project.
DSGN 295-0 Introductory Topics in Design T
 opics suggested
by students or faculty members and approved by the insti
tute; taught at an intermediate level.
DSGN 297-0 Intermediate Topics in Engineering Design
( .5 unit) Topics suggested by students and faculty and

approved by the institute.
DSGN 305-0 Human-Centered Service Design Design of new

or improved services that tap deeply into people’s needs
for connectedness, belonging, and autonomy. Project

outcomes may include organizational structures, service
designs, and designed products.
DSGN 308-0 Human-Centered Product Design P
 rojectbased course focusing on user needs: observational meth
ods, brainstorming, prototyping, business models, and
the social and engineering concerns for product design.
Prerequisite: sophomore standing or 106-1,2.
DSGN 320-0 Introduction to Industrial Design Methods
 rocess of product development from an industrial design
P

perspective.
DSGN 325-0 Rendering: SolidWorks Focus on how to use
surfacing, multibody solids, sweep and loft features, and
the photorealistic rendering capabilities of SolidWorks for
conceptual development and presentations. Prerequisite:
DSGN 240 (or CAD equivalent ) or consent of instructor;
Adobe Photoshop basics helpful but not required.
DSGN 345-0 Computer-Aided Manufacturing: NX ( .5 unit)
CAM using the NX manufacturing environment to pro
gram machining operations for CNC milling. Operations,
tool generation, and proper manufacturing geometries.
Final project involving design and manufacture, g-code
generation, and CNC, with emphasis on design for manu
facturing considerations. Prerequisite: 245-1.
DSGN 346-0 Design for Fabrication: NX Part design from
manufacturing setup and g-code generation to proper
machine operation and manufacturing. Final project
involving design and CNC manufacturing of a part outside
of class time. Prerequisite: 345.
DSGN 348-0 Rapid Prototyping (.5 unit) The landscape of
additive manufacturing processes and the operation of
modern RP and reverse engineering equipment. Prerequi
sites: 245-1,2 or consent of instructor.
DSGN 350-0 Intellectual Property and Innovation T
 he criti
cal role of engineers in the invention/creative process and
of technologists in wealth creation. Prerequisite: senior
standing or consent of instructor.
DSGN 360-0 Design Competition U
 ndergraduate teams
compete in McCormick’s annual autonomous robot con
test. Work begins winter quarter; teams must pass a quali
fying milestone to register for credit in spring quarter.
Students may register for this course no more than twice.
DSGN 370-0 Engineering Design Portfolio and Presentation
 reation of design projects that showcase engineering
C

work and further career goals. The portfolio physically
presents a story that embodies its creator’s goals.
DSGN 371-0 Communicating Complex Data ( .5 unit) Best
practices in creating graphs, tables, and diagrams to com
municate complex technical data clearly and powerfully.
Emphasis on display of complex data as evidence in sup
port of effective arguments.
DSGN 380-1,2 Industrial Design Projects I, II Design think
ing; user-centric principles of design and DFM. Indus
trial design project for personal portfolio development.
Concept ideation and sketching; use of discovery research
and data visualization; problem framing and prototyping;
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design for manufacturing, Keyshot rendering, rapid
prototyping.
DSGN 384-1,2 Interdisciplinary Design Projects I, II O
 penended, team-based product or system design projects in
real-world settings. Sequence must be taken in consecu
tive quarters. 1
 . Project research, concept development,
professional communication, advanced topics in design.
Prerequisite: 106-1. 2. Implementation, evaluation, com
munication, documentation. Prerequisite: 384-1.
DSGN 386-0 Manufacturing Engineering Design H
 andson design project addressing manufacturing engineering
design topics, such as automation, quality control, process
planning, tooling design, concurrent engineering, and con
tinuous improvement. FactoryCAD, FactoryFLOW, and
FactoryVIEW. Prerequisite: MECH ENG 340-1 or con
sent of instructor.
DSGN 395-0 Special Topics in Design Engineering T
 opics
relevant to design engineering and approved by the insti
tute. Prerequisite: consent of instructor.
DSGN 397-0 Topics in Engineering Design ( .5 unit) Topics
suggested by students and faculty and approved by the
institute.
DSGN 399-0 Independent Study I ndependent study on a
manufacturing engineering topic supervised by a faculty
member. Prerequisite: consent of instructor.

MATERIALS SCIENCE AND ENGINEERING
www.matsci.northwestern.edu
The discipline of materials science and engineering has
expanded rapidly in response to growing demand for
materials that make improved use of existing resources or
are needed for new technologies. The program at North
western is broad based, offering educational and research
opportunities in polymer science, ceramics, metallurgy,
surface science, biomaterials, nanomaterials, and elec
tronic materials. Engineers, scientists, and technologists
who work on these different materials all basically apply
the same scientific principles governing the interrelation
of processing, structure, properties, and material perfor
mance. A key theme of the Northwestern program is the
integration of these principles in the systematic design of
new materials.
The department offers an undergraduate program
leading to the BS degree and participates in the co-op
and BS/MS programs. The curriculum centers on basic
engineering and materials coursework but also provides
the flexibility to focus on different areas of concentration
as described below. The student’s educational experience
is broadened by courses in the humanities, arts, sciences,
and other areas of engineering. The undergraduate pro
gram culminates in the senior project, in which the student
carries out a research/development project with a faculty
member and his or her research group.
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Students who complete the BS program will be well
prepared for professional work or graduate study in the
application, production, processing, or research and devel
opment of materials. Graduates find opportunities in
many areas, since materials expertise is important in vari
ous engineering fields as well as in medicine, physics, and
chemistry.

Areas of Concentration
The undergraduate program at Northwestern offers a
close relationship between students and faculty. Every
effort is made to tailor specific programs to needs and
interests. Several broad areas of concentration are
described below. Students are encouraged to create other
areas that fit particular interests.

Biomaterials
The growth of biotechnology has stimulated interest in
the interface of the life sciences and materials science. The
field of biomaterials spans three broad areas: biomedical
implant materials to replace natural structures; biomimetic
materials applying biological concepts to the design of new
engineering materials; and application of materials science
principles to the understanding of structure and function
in biological systems.

Design and Manufacturing
This concentration is especially appropriate for those plan
ning a career in industry, where engineers typically work
in teams on projects requiring experience with design
and manufacturing. It builds on the design content in
the materials science curriculum and provides additional
interdisciplinary design experience. The concentration
also develops industrially relevant strengths in the areas of
materials selection, computational tools, materials process
ing, and failure analysis.

Electronic Materials
As microelectronics enters the era of ultralarge-scale
integration, materials scientists face new challenges in
developing materials and processes for integrated circuits
with components of nanometer dimensions. New scientific
principles, materials fabrication techniques, and improved
instrumentation will be needed to exploit electronic-level
structure/property relations in devices and their com
ponents. New electronic materials must be developed to
meet requirements in a growing range of application areas,
such as spintronics, optical computing, and fuel cells.

Metals and Ceramics
The ability to design increasingly higher-strength alloys
allows for lighter structures, and higher-temperature
materials provide energy efficiency. Heat-treatable and
toughened ceramics exploit advanced knowledge of solidstate phase transformations and reactions. Exciting devel
opments are taking place in high-performance composite
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combinations of these and other materials for structural
and electronic applications.

Nanomaterials
The area of nanomaterials, focusing on materials with sizes
in the range of 1 to 100 nanometers, is an increasingly
important research topic as nanotechnology industries
develop. Examples of nanomaterials include ultrahighstrength materials with nanometer-range structural fea
tures and structures designed and self-assembled atom
by atom or molecule by molecule. Machines smaller than
the tip of a pin can be built using either semiconductor
materials processing or biologically inspired processing
technology. This specialization is designed to give students
the knowledge needed to work at the nanoscale, includ
ing design and synthesis, characterization, and theory/
modeling/simulation of nanomaterials.

Polymeric Materials
Synthetic polymers offer the engineering community an
ever-expanding array of materials having properties tai
lored by chemical and physical processing. New devel
opments are opening up applications for polymers as
high-strength, low-weight materials; optoelectronic com
ponents; and key materials in other revolutionary areas.
The basic understanding of engineering properties in
terms of multilevel microstructure is essential for the full
utilization of polymers.

Surface Science
A solid communicates with the outside world through its
surface. Wear, corrosion, and passivation are well-known
surface processes. Chemical, electronic, and mechanical
properties of materials depend on composition
at surfaces and grain boundaries (internal surfaces), surface
treatments, and the environment. The surface scientist
must be able to not only determine the properties of
surfaces and interfaces but also to control them.

Laboratories and Facilities
Materials science and engineering demands sophisticated
experimental techniques for the preparation and character
ization of advanced materials. The undergraduate program
makes heavy use of state-of-the-art laboratory facilities in
core courses, technical electives, and senior projects.
Materials preparation and processing equipment is
available for all classes of materials, including an advanced
crystal growth facility in a clean-room environment for
preparing single crystals of metals, oxides, alkali halides,
and semiconductors. Investigation of complex microstruc
tures employs a wide array of microscopy, diffraction,
and microanalysis techniques. A unique combination of
instruments (cold field–emission transmission electron
microscope, atom-probe field-ion microscopes, scanning
tunneling microscopes) provides atomic resolution imag
ing and chemical analysis. These are complemented by an

extensive surface analytical laboratory. Characterization
of material properties employs an advanced mechanical
testing facility featuring static and dynamic loading under
controlled temperature and environment. Specialized
facilities measure electrical, spectroscopic, magnetic, and
photonic properties. Computer laboratories and a design
studio address thermodynamic modeling and simulation
of microstructural evolution, with application in materials
design.

Degree in Materials Science and Engineering
Requirements (48 units)
Core courses (32 units)
See general requirements on page 201 for details.
• 4 mathematics courses
• 4 engineering analysis and computer proficiency courses
• 4 basic science courses
◦◦ PHYSICS 135-2,3
◦◦ CHEM 101 and 103 or CHEM 171 and 172
• 3 design and communications courses
• 5 basic engineering courses
◦◦ Fluids and solids: CIV ENV 216
◦◦ Materials science and engineering: MAT SCI 301
◦◦ Thermodynamics: MAT SCI 314, 315
◦◦ 1 course from BMD ENG 220; CHEM ENG 210,
312; CIV ENV 304, 306; EECS 202, 203, 205, 211,
221, 222, 223, 224, 230, 231, 270, 302, 328, 317; ES
APPM 346; IEMS 201, 303, 310, 313, 326; MECH
ENG 233, 359
• 7 social sciences/humanities courses
• 5 unrestricted electives
Major program (16 units)
• 11 required courses: MAT SCI 316-1,2, 331, 332,
351-1,2, 361, 390, 391, 396-1,2
• 5 technical electives in engineering, natural sciences
(usually chemistry or physics), and mathematics chosen
to fulfill an area of concentration
◦◦ No more than 2 of the 5 units may be 200-level
courses.
◦◦ At least 2 of the 5 must be 300-level materials science
and engineering courses.
◦◦ Examples of programs for concentrations in bio
materials, design and manufacturing, electronic
materials, metals and ceramics, nanomaterials, poly
meric materials, and surface science are described in
a departmental manual for degree candidates.
◦◦ No more than 1 unit of 399 may be counted.

Courses
MAT SCI 101-0 Modern Materials and Society I ntroduc
tion to materials—how they function, how they are made,
the devices they enable, and their impact on society. Role
of materials developments in technological innovation
and global competitiveness. Prerequisites: high school
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mathematics and science background. Fulfills Weinberg
College distribution requirements; not intended for engi
neering students.
MAT SCI 190-0 Materials Science and Engineering
Freshman Projects L
 aboratory-oriented, with research

projects emphasizing use of the scanning electron micro
scope and other modern apparatus; correlation of structure
with other properties of materials. Lectures, laboratory.
MAT SCI 201-0 Introduction to Materials I ntroduction to
atomic and molecular organization in solids, with empha
sis on structure-property relations in ceramics, electronic
materials, metals, and polymers. Not to be taken for credit
with or after 203 or 301. Prerequisite: CHEM 102.
MAT SCI 301-0 Materials Science Principles E
 quilibrium
and nonequilibrium development of microstructures.
Mechanical behavior of metals, ceramics, and polymers.
Corrosion and stability of engineering materials. Materi
als processing. Not to be taken for credit with or after 201.
Prerequisite: CHEM 102.
MAT SCI 314-0 Thermodynamics of Materials C
 lassical and
statistical thermodynamics; entropy and energy functions
in liquid and solid solutions, and their applications to
phase equilibria. Lectures, problem solving. Materials sci
ence and engineering degree candidates may not take this
course for credit with or after CHEM 342-1.
MAT SCI 315-0 Phase Equilibria and Diffusion in Materials
 pplication of thermodynamics to ternary phase equilibria.
A

Defects and diffusion in solids. Interdiffusion. Short-circuit
diffusion. Defects and transport in ionic solids. Lectures,
problem solving. Prerequisite: 314 or equivalent.
MAT SCI 316-1,2 Microstructural Dynamics P
 rinciples
underlying development of microstructures. Defects,
diffusion, phase transformations, nucleation and growth,
thermal and mechanical treatment of materials. Lectures,
laboratory. Prerequisite: 315 or equivalent.
MAT SCI 318-0 Materials Selection M
 ethods of specifying
materials and the processes for making them in the context
of a given application. Service performance of materi
als based on their physical and chemical properties. Case
studies and use of high-level databases. Prerequisite: 201.
MAT SCI 331-0 Soft Materials D
 ifferent kinds of polymeric
materials. Relationships between structure and physical
properties; rubber elasticity, the glassy state, crystallinity
in polymers. Lectures, laboratory. Prerequisites: 301 or
equivalent; 314 or CHEM 342-1.
MAT SCI 332-0 Mechanical Behavior of Solids P
 lastic defor
mation and fracture of metals, ceramics, and polymeric
materials; structure/property relations. Role of imperfec
tions, state of stress, temperatures, strain rate. Lectures,
laboratory. Prerequisites: 316-1; 316-2 (may be taken
concurrently).
MAT SCI 333-0 Composite Materials I ntroduction to
ceramic-, metal-, polymer-matrix composites for struc
tural applications. Emphasis on structure (reinforcements,
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architecture), properties (elasticity, strength, toughness,
creep), processing, role of interface. Prerequisites: 316-1,2,
332.
MAT SCI 336-0 Chemical Synthesis of Materials T
 he design
of materials targeting important properties through pro
cesses that break and form primary chemical bonds. Fun
damental principles and main methodologies, including
polymerization, biosynthesis, self-assembly, sol-gel reac
tions, synthesis of nanomaterials, vapor-phase synthesis,
and composite synthesis. Prerequisite: junior standing in
materials science and engineering or consent of instructor.
MAT SCI 337-0 Conducting Polymers F
 undamentals and
applications of conducting polymers. Hands-on experience
in synthesizing conducting polymer nanostructures.
MAT SCI 340-0 Ceramic Processing S
 teps in production
of fired ceramic articles. Powder preparation and char
acterization, compact formation, slip casting, extrusion
and injection molding; firing, liquid-phase and solid-state
sintering. Lectures, laboratory. Prerequisite: 316-1 or
equivalent.
MAT SCI 341-0 Introduction to Modern Ceramics
 pplications of ceramic materials, with emphasis on
A

structure (bond, crystal, glass, defect, micro-); properties
(thermal, electrical, optical, magnetic, mechanical); and
processing (powders, forming, densification). Prerequisites:
316-1,2 or consent of instructor.
MAT SCI 351-1,2 Introductory Physics of Materials
 uantum mechanics; applications to materials and engi
Q

neering. Band structures and cohesive energy; thermal
behavior; electrical conduction; semiconductors; amor
phous semiconductors; magnetic behavior of materials;
liquid crystals. Lectures, laboratory, problem solving.
Prerequisites: GEN ENG 205-4 or equivalent; PHYSICS
135-2,3.
MAT SCI 355-0 Electronic Materials P
 rinciples, models,
and characterization of semiconductor materials. Crystal
growth and doping. Diffusion, epitaxy, and monolithic pro
cesses. Current transport, nonequilibrium processes, thin
films, low-mobility materials, and interfaces. Prerequisite:
316-1 or consent of instructor.
MAT SCI 360-0 Introduction to Electron Microscopy
 heories and practice involved in application of scanning
T

electron microscopy and transmission electron microscopy.
Lectures, laboratory. Primarily for undergraduates and for
graduate students in other departments. Prerequisites: 301;
PHYSICS 135-2,3 or equivalent.
MAT SCI 361-0 Crystallography and Diffraction E
 lementary
crystallography. Basic diffraction theory; reciprocal space.
Applications to structure analysis, preferred orientation.
Film and counter techniques. Lectures, laboratory. Pre
requisites: GEN ENG 205-4; PHYSICS 135-2,3.
MAT SCI 362-0 Point, Line, and Planar Imperfections
I ntroduction to point defects, dislocations, and internal

interfaces in crystalline solids. Interactions among point,
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line, and planar imperfections. Metals, ionic solids, semi
conductors. Prerequisite: 315.
MAT SCI 370-0 Biomaterials I ntroduction to biomaterials
from a materials science perspective, focusing on synthesis,
structure, and properties. Materials used for human repair
(permanent implants, devices, materials for drug delivery,
tissue-engineering scaffolds); naturally occurring and engi
neered materials synthesized through biotechnology; bio
mimetic materials that copy microstructures from nature.
MAT SCI 371-0 Biominerals: Hierarchical Architecture and
Function H
 ow biologically based processing of mineral-

organic composites used by living organisms inspires
new approaches to materials synthesis in many critical
applications—locomotion (bones), defense (shells), and
sensing (light, acceleration, magnetic fields).
MAT SCI 372-0 Engineering Strategies in Tissue Engineering
and Regenerative Medicine Introduction to the fundamental

concepts involved in tissue engineering and regenerative
medicine. Different molecular, cellular, and biomaterials
engineering approaches used to regenerate tissue or treat
disease. Prerequisite: 201, 301, or consent of instructor.
MAT SCI 376-0 Nanomaterials I ntroduction to structureproperty relationships of materials processed at the nano
meter scale. Highly interdisciplinary course appropriate
for undergraduate and graduate students in other depart
ments. Prerequisite: 351-1 or consent of instructor.
MAT SCI 380-0 Introduction to Surface Science and
Spectroscopy S
 urface spectroscopy, including Auger

spectroscopy, photoemission, and LEED. Surface dynamics
and thermodynamics. Electronic properties of surfaces and
interfaces. Gas-surface interactions. Prerequisite: 351-1 or
equivalent.
MAT SCI 381-0 Materials for Energy-Efficient Technology
 materials-science approach to the challenges of energyA

efficient technology: energy content of materials; advanced
materials for energy harvesting, transmission, storage, and
conversion; materials for energy-efficient transportation
and housing. Term paper and oral presentation. Prerequi
site: 201, 301, or consent of instructor.
MAT SCI 390-0 Materials Design A
 nalysis and control of
microstructures. Quantitative process/structure/property/
performance relations, with case studies. Computer lab for
modeling multicomponent thermodynamics and transfor
mation kinetics. Prerequisites: 315, 316-1,2, or consent of
instructor.
MAT SCI 391-0 Process Design P
 rocessing of materials.
Design and analysis of experiments to identify and opti
mize key parameters to control properties and perfor
mance. Resolving conflicting requirements. Statistical
process control.
MAT SCI 394-0 Honors Project in Materials Science
I ndependent study and/or research linked to 396.

Comprehensive report on a specific area of modern
materials science and engineering. Prerequisite:
registration in department honors program.

MAT SCI 395-0 Special Topics in Materials Science and
Engineering T
 opics suggested by students or faculty and

approved by the department.
MAT SCI 396-1,2 Senior Project in Materials Science and
Engineering T
 o be taken in two consecutive quarters.

Independent basic or applied research project, conceived
and performed under the direction of a department faculty
member. Prerequisite: senior standing in materials science
program.
MAT SCI 398-0 Introduction to Plasma Science and
Processing Technology P
 lasma production, plasma proper

ties (microscopic and macroscopic); plasma characteriza
tion, transport phenomena, plasma processing of powders
and advanced materials.
MAT SCI 399-0 Special Problems in Materials Science
I ndividual problems, including library and design work;

comprehensive report on a specific phase of modern
materials science. Credit to be arranged.

MECHANICAL ENGINEERING
www.mech.northwestern.edu
The Department of Mechanical Engineering offers a
broad range of programs leading to the bachelor of science
degree in mechanical engineering.
Mechanical engineering has always meant engines
and machinery, but the character of modern engines and
machinery has changed enormously because of the everincreasing demands of performance, compactness, reli
ability, and productivity. The early devices were built by
ingenious mechanics who possessed the know-how to
reduce ideas to practice. In an increasingly competitive
world, traditional know-how and creative ability are as
necessary as ever but no longer sufficient. It is also neces
sary to know why things occur and thus be able to guide
the earliest stages of planning. With finite resources and
increasing awareness of the environment, mechanical engi
neers must cope with the undesirable effects of pollution
as well as the traditional concerns of efficiency and safety.
The tools they need must be more sophisticated.
Mechanical engineering plays a dominant role in a wide
spectrum of industries, among them transportation (auto
motive, rail, air, and marine), heavy machinery (machines
producing other machines), the power industry, the envi
ronmental industry (heating, ventilation, and air-condi
tioning), robotics, light precision-machine enterprises
(optical, prosthetic devices, mechanical instruments, and
the like), and numerous commercial-product industries.
Preparation for a career in mechanical engineer
ing requires a basic understanding of the mathematical,
physical, and engineering principles essential to planning,
designing, and manufacturing new equipment. The curric
ulum provides a broad fundamental preparation for direct
entry into industry as well as for further professional study.
The first part of the curriculum is devoted to mathematics,
physics, and chemistry. With this background, fundamental
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mechanical engineering subjects, such as dynamics, solid
mechanics, fluid mechanics, and thermodynamics, are
studied, followed by specialized subjects, such as manu
facturing, heat transfer, and automatic control. During
the final two years design courses, laboratory courses, and
project courses allow students to acquire a taste for the
complex task of designing, analyzing, and building a piece
of “hardware.” In particular, students become aware of the
relationships among conceptual design, subsequent analy
sis (mathematical modeling), manufacturing, systematic
experimentation, and final testing. Supporting courses in
allied fields of science and engineering broaden technical
proficiency, while the elective courses in social sciences,
fine arts, history, and philosophy enlarge the background
in the problems of humanity.

Elective Concentrations
The program in mechanical engineering is designed to
appeal to students with a wide variety of interests and
professional goals. By choosing the 5 required elective
courses wisely, students can develop a highly personalized
curriculum. Some areas of concentration are computeraided design and manufacturing, fluid mechanics, robotics,
systems and control, and tribology. In addition, there are
concentrations: biomedical engineering, design, energy,
intelligent mechanical systems, manufacturing, nanotech
nology/MEMS, and solid mechanics.
The biomedical engineering concentration is open to
students interested in the biological and medical applica
tions of mechanical engineering procedures. Students in
this concentration can also satisfy the entrance require
ments of medical schools.
The design concentration focuses on product design
with related conceptual and manufacturing processes.
The energy concentration emphasizes the mechanical
aspects of energy conversion and management.
The intelligent mechanical systems concentration
focuses on the design of devices featuring mechanical
hardware interfaces with electronic hardware and software.
The manufacturing concentration is directed toward
planning and selecting manufacturing methods, design
for manufacture, computer-aided flexible automation and
robotics, and increased efficiency and productivity of cur
rent and emerging manufacturing technologies.
The nanotechnology/microelectromechanical systems
concentration focuses on engineering at nanometer- and
micrometer-length scales, including properties of materials
and design and fabrication of devices.
The solid mechanics concentration focuses on the study
of stress and strain in solid bodies, along with the applica
tion of computational methods for stress analysis.
A listing of courses that satisfy the elective requirements
may be found in the department office.
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Facilities
A detailed description of facilities in the reconstructed
mechanical engineering laboratories is available in the
department office.

Degree in Mechanical Engineering
Requirements (48 units)
Core courses (32 units)
See general requirements on page 201 for details.
• 4 mathematics courses
• 4 engineering analysis and computer proficiency courses
• 4 basic science courses
◦◦ PHYSICS 135-2,3
◦◦ 2 courses from CHEM 101, 102, 103, 171, 172,
210-1,2
• 3 design and communications courses
• 5 basic engineering courses
◦◦ Electrical science: MECH ENG 233 (students planning
to take advanced EECS courses may petition to
substitute EECS 221)
◦◦ Fluids and solids: CIV ENV 216; MECH ENG 241
◦◦ Materials science and engineering: MAT SCI 201
◦◦ Thermodynamics: MECH ENG 220 (may not be taken
with CHEM 342-1 or CHEM ENG 211)
• 7 social sciences/humanities courses
• 5 unrestricted electives
Major program (16 units)
• 7 required courses: MECH ENG 202, 224, 240, 315,
340-1, 377, 390
• 4 advanced study courses, at least 1 course from each
group:
◦◦ Design: MECH ENG 340-2, 398, 433 (taken senior
year)
◦◦ Dynamics/controls: MECH ENG 314, 363, 391;
EECS 360
◦◦ Mechanics: MECH ENG 362, 365; CIV ENV 327
◦◦ Thermofluid science: MECH ENG 370, 373
• 5 electives
◦◦ 2 300-level mechanical engineering courses
◦◦ 1 200- or 300-level technical elective
◦◦ 2 300-level technical electives
◦◦ At least 1 unit must be in mathematics or basic sci
ences: it may be chosen from IEMS 201 or 202; 200or 300-level courses in biological sciences, chemistry,
earth and planetary sciences, or physics and astron
omy; or 300-level courses in mathematics, applied
mathematics, or statistics (except BIOL SCI 307,
CHEM 393, PHYSICS 301).
◦◦ No more than 2 units of 399 are allowed.
◦◦ Students are encouraged to concentrate electives in
areas of interest. A list of seven areas of concentra
tion, including appropriate courses and descriptions,
is available from the department office.
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Courses
MECH ENG 201-0 Mechanics I E
 quivalent force systems.

Equilibrium of rigid bodies. Distributed forces and centers
of gravity. Kinematics of rigid bodies in planar motion.
Prerequisites: PHYSICS 135-1; concurrent registration in
MATH 234.
MECH ENG 202-0 Mechanics II D
 ry friction. Kinetics
of rigid bodies in planar motion. Kinetics of particles.
Moments of inertia of rigid bodies. Prerequisite: GEN
ENG 205-4.
MECH ENG 220-0 Thermodynamics I B
 asic definitions;
Zeroth law and the meaning of temperature; the First Law
applied to flow and nonflow processes; the Second Law
and its applications; properties of pure substances; equa
tions of state, the Third Law of Thermodynamics, and
introduction to cycles. Prerequisites: GEN ENG 205-3;
concurrent registration in MATH 234.
MECH ENG 224-0 Experimental Engineering I M
 odern elec
tronics; analog and digital circuit construction and con
version. Modern data acquisition involving temperature
measurements, control of stepper motors, transient heat
transfer, fluid mechanics, deformation of beams. Prerequi
sites: 220, 241; 233 or EECS 270; 262 or CIV ENV 216.
MECH ENG 233-0 Electronics Design D
 esign and proto
typing of analog and digital electronic circuits using semi
conductor devices: diodes, transistors, op amps, logic chips,
etc. Optical and other sensors, power electronics, filters,
and feedback control. Extensive hands-on construction and
debugging. Intended for engineers in all disciplines.
MECH ENG 240-0 Introduction to Mechanical Design and
Manufacturing I ntroduction to strategy and methods

of designing, manufacturing, and testing of mechanical
products. Material properties and selection methodology,
engineering drawing and CAD, and simple manufacturing
processes. Prerequisite: MAT SCI 201; CIV ENV 216.
MECH ENG 241-0 Fluid Mechanics I F
 undamentals of fluid
mechanics. Properties and statics of fluids. Kinematics and
dynamics of fluid motion—continuity, momentum, and
energy equations. Dimensional analysis, flow in closed
conduits. Prerequisites: GEN ENG 205-4.
MECH ENG 260-0 Mechanics of Sports A
 pplications of
mechanics and mathematical modeling to sports: baseball,
basketball, golf, soccer, swimming, running, and others.
Introduction to the biomechanics of sports. Prerequisites:
GEN ENG 205-2; MATH 230; or high school physics and
consent of instructor.
MECH ENG 262-0 Stress Analysis and Finite Elements I
 nalytical and numerical methods for study of strains,
A

stresses, and deformations in solids, with applications to
design of mechanical components subjected to static and
repeated loads. Prerequisite: GEN ENG 205-3.
MECH ENG 314-0 Theory of Machines—Dynamics T
 hreedimensional kinematics: rotation axes and mechanism anal
ysis, rotation matrices and Euler’s angles for rigid bodies.
Three-dimensional kinetics: dynamics of particles, central

force problems, dynamics of rigid bodies, rotational inertia
matrices and principal axes, dynamics of mechanisms, the
gyroscope and other torque-free problems. Prerequisite:
202.
MECH ENG 315-0 Theory of Machines—Design of Elements
 actors influencing the proportioning of machine elements
F

—stresses, deformations, and failure criteria—as applied to
shafts, springs, belts, bearings, gears. Lectures, laboratory.
Prerequisites: MAT SCI 201; CIV ENV 216.
MECH ENG 316-0 Mechanical Systems Design D
 esign of
mechanical systems such as cams, multibar linkages, and
precision machines. Design principles and best practices.
Case studies and team-based projects. Prerequisite: 315.
MECH ENG 317-0 Molecular Modeling and the Interface to
Micromechanics I ntroduction to modern computational

methods for calculating thermodynamic, transport, and
structural properties of materials. Computational chemis
try, molecular simulation, and mesoscopic methods, with
emphasis on tribology applications.
MECH ENG 318-0 Multiscale Simulations I ntroduction to
multiscale modeling and simulation methods for study
ing material interactions in micro- and nanomechanical
systems, as well as in electronic packaging. Hands-on exer
cises using equipment to characterize nanoscale properties
and parallel computer codes.
MECH ENG 319-0 Applications of Surface Science to Nano
mechanics and Nanotribology O
 verview of the composi

tion, structure, chemical, and mechanical properties of
surfaces and how they affect surfaces mechanically and
tribologically.
MECH ENG 320-0 Micro- and Nanomechanical Properties of
Surfaces M
 icro- and nanomechanical interactions between

surfaces, fractal nature of surfaces, interfacial forces,
principles of micromechanics, characterization of surfaces
using atomic-force microscopy, optical interferometry,
and nanoindentation.
CIV ENV 327-0 Finite Element Methods in Mechanics 

See Civil Engineering.
MECH ENG 333-0 Introduction to Mechatronics I ntroduc

tion to microprocessor-controlled electromechanical
systems. Interfacing sensors and actuators to computers,
electrical and mechanical prototyping, dissection of a
commercial product. Final team project. Prerequisite:
233, EECS 221, or consent of instructor.
MECH ENG 340-1,2,3 Computer-Integrated Manufacturing
 se of computers to improve productivity and reduce
U

costs in the manufacture of discrete parts and assemblies.
1. Manufacturing processes: Analysis and evaluation of
process usage in the contemporary manufacturing environ
ment. Prerequisite: 240 or consent of instructor. 2. CAD/
CAM: Geometric modeling, dimensioning systems, toler
ances, design for manufacture, programming of machine
tools. Prerequisites: 340-1; 262 or CIV ENV 216; or con
sent of instructor. 3. Manufacturing automation: sensors,
actuators, and computers for automation; principles of
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computer control; programmable logic controllers; robotic
devices; assembly automation. Prerequisite: 340-2 or con
sent of instructor.
MECH ENG 341-0 Computational Methods for Engineering
Design I ntroduction to a wide range of computational

techniques for engineering design. Modeling, simulation,
optimization, design software, examples, and projects with
emphasis on computational techniques for design- and
manufacturing-related applications. Prerequisite: senior
standing or consent of instructor.
MECH ENG 342-0 Mechanics of Cutting and Forming
I ntroduction to plasticity theory applications to simple

cutting and forming processes. Process analysis and design:
force estimation, friction and redundant work effects,
temperature-generated defects, and process and equipment
limitations. Prerequisites: 262 or CIV ENV 216; senior
standing.
MECH ENG 346-0 Introduction to Tribology F
 undamen
tals of surface contact: surface topography, asperity con
tact, interfacial phenomena. Friction theories and wear
mechanisms. Temperatures in sliding contacts. Hydrody
namic, hydrostatic, elastohydrodynamic, and boundary
lubrication.
MECH ENG 358-0 Experimental Engineering II O
 ptical
metrology. Stress analysis, fluid flows, combustion, dynam
ics, and control. Use of optical interferometry, anemom
eters and pitot tubes, accelerometers, and other advanced
measurement devices.
MECH ENG 359-0 Reliability Engineering P
 robability con
cepts and random variables. Failure rates and reliability
testing. Wear-in, wear-out, random failures. Probabilistic
treatment of loads, capacity, safety factors. Reliability of
redundant and maintained systems. Fault tree analysis.
Prerequisite: GEN ENG 205-4.
MECH ENG 362-0 Stress Analysis T
 heory of elasticity:
elastic stability, principle of minimum potential energy,
Rayleigh-Ritz methods. Introduction to finite element
methods of stress analysis: computer implementation
and use of commercial codes. Structural analysis of rods,
beams, columns, and plates. Prerequisite: 262 or CIV
ENV 216.
MECH ENG 363-0 Mechanical Vibrations A
 nalysis of vibra
tions in single- and multidegree-of-freedom systems.
Free and forced vibrations with various types of damping.
Response to steady-state and transient excitations. Pre
requisites: 202; GEN ENG 205-4.
MECH ENG 366-0 Finite Elements for Design and
Optimization N
 umerical methods for interaction and

optimal CAD. Fully stressed design; design sensitivity
analysis and descent methods; optimality criteria to auto
mated design. Prerequisites: senior standing; 365 or con
sent of instructor.
MECH ENG 367-0 Finite Elements for Stress Analysis
I ntroduction to the finite-element method for stress
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analysis, with emphasis on linear elasticity. Computer
implementation of finite-element techniques: finite-ele
ment code development and modification; use of commer
cial codes. Prerequisite: 262, MATH 234, or CIV ENV
216.
MECH ENG 370-0 Advanced Thermodynamics with
Applications to Energy Systems E
 lementary classical ther

modynamics, application of first and second laws of ther
modynamics to power and refrigeration cycles, mixtures
and solution, thermodynamic relations, chemical reactions,
phase and chemical equilibrium. Prerequisite: 220.
MECH ENG 373-0 Engineering Fluid Mechanics L
 aminar
and turbulent duct flows. Boundary layers and potential
flows. Lift and drag forces. Thermodynamics and mechan
ics of compressible flow. Nozzle flows and choking. Wave
motion and shock waves. Applications to fluid machinery.
Prerequisite: 220, 241, or equivalent.
MECH ENG 377-0 Heat Transfer F
 undamentals of heat
transfer by conduction, convection, and radiation. Steady
and transient heat conduction in solids. Forced and free
convection in fluids. Properties of thermal radiation.
Radiation heat transfer between solids. Solar radiation.
Prerequisite: 241.
MECH ENG 379-0 Elements of Combustion Engineering
I ntroduction to combustion processes, providing an under

standing of flame processes as they relate to efficiency and
pollution due to propulsion and power-generating sys
tems. Diffusion and premixed flames, problems of ignition,
quenching, flammability limits, and detonation. Prerequi
site: senior standing in mechanical engineering or consent
of instructor.
MECH ENG 381-0 Introduction to Microelectromechanical
Systems I ntroduction to MEMS devices, with an emphasis

on their manufacturing and mechanical behavior. Materi
als properties, microfabrication technology, mechanical
behavior of microstructures, design, and packaging. Case
studies on sensors, wireless communications, fluidic sys
tems, microengines, and biological devices. Prerequisites:
CIV ENV 216 or consent of instructor.
MECH ENG 382-0 Experiments in Micro- and Nanoscience
and Engineering I nterdisciplinary topics spanning the

physical and biological sciences and engineering. Seven
integrated labs in which students acquire hands-on expe
rience in various aspects of micro- and nanoscience and
engineering: clean-room microfabrication, flow visualiza
tion in microchannels, nanomechanics, AFM and dip-pen
nanolithography, multiphysics computational tools, and
experimental techniques to evaluate micro- and nanoscale
devices. Prerequisites: 381 or consent of instructor.
MECH ENG 385-0 Nanotechnology M
 anipulation of matter
at the nanometer-length scale to produce useful devices
and materials. Scientific and engineering properties of
nanoscale systems. Emphasis on development of new
techniques.
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MECH ENG 389-0 Molecular Machines in Biology
I ntroduction to engineering principles that govern cellular

activities at the molecular level. Emphasis on the dynam
ics and kinematics of proteins, especially those that are
locomotory or force generating. Lectures, team projects,
and presentations. Prerequisite: MATH 230 or consent of
instructor.
MECH ENG 390-0 Introduction to Dynamic Systems
 odeling the dynamic behavior of physical systems. Con
M

cepts of causality, dependent and independent storages,
and state. Introduction to bond graphs. Generation of state
equations; analytical and computer simulation of system
behavior. Application to problems of engineering interest.
Prerequisite: GEN ENG 205-4.
MECH ENG 391-0 Fundamentals of Control Systems

Mathematical modeling of automatic control systems.
Open-loop and closed-loop control. Laplace transform
techniques and transfer functions. Stability. Root locus
technique, Bode plots, Nyquist criterion. Approaches to
control system design, including PID and lead-lag com
pensation. Not to be taken for credit with or after EECS
360. Prerequisite: 390 or consent of instructor.
MECH ENG 395-0 Special Topics in Mechanical Engineering
 opics suggested by students or faculty members and
T

approved by the department.
MECH ENG 398-0 Engineering Design P
 roduct or system

design projects carried out by small student groups. Proj
ect definition, conceptual and detailed design, evaluation,
and documentation. Prerequisite: senior standing.
MECH ENG 399-0 Projects S
 pecial studies to be done under
faculty direction. Credit to be arranged.
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Full-time, freshmen and transfers
Office of Undergraduate Admission
1801 Hinman Avenue
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847-491-7271
www.ugadm.northwestern.edu
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Office of Admissions
Northwestern University School of Law
357 East Chicago Avenue
Chicago, Illinois 60611-3069
312-503-8465
www.law.northwestern.edu

Graduate Study
Office of Admissions
Graduate School
633 Clark Street
Evanston, Illinois 60208-1113
847-491-5279
www.tgs.northwestern.edu

Medical Study
Office of Admissions
Feinberg School of Medicine
303 East Chicago Avenue
Chicago, Illinois 60611-3008
312-503-8206
www.feinberg.northwestern.edu/admissions

Graduate Management Study
Full-time
Office of Admissions
J. L. Kellogg School of Management
2001 Sheridan Road
Evanston, Illinois 60208-2003
847-491-3308
www.kellogg.northwestern.edu

Continuing Education
Office of the Dean
School of Continuing Studies
339 East Chicago Avenue
Chicago, Illinois 60611-3008
312-503-6950
www.scs.northwestern.edu

Part-time
Office of Admissions
Part-Time MBA Program
J. L. Kellogg School of Management
340 East Superior Street, 2M
Chicago, Illinois 60611-3008
312-503-8385
www.kellogg.northwestern.edu

Summer Study
Office of the Director
Summer Session
405 Church Street
Evanston, Illinois 60208-4220
847-491-5250
www.scs.northwestern.edu/summernu

For information about faculty, please see the Northwestern Scholars website at www.scholars.northwestern.edu
and the websites of individual schools.
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