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Santa Clara University reserves the right to make program, regulation, and fee
changes at any time without prior notice. The University strives to assure the accu-
racy of the information in this bulletin at the time of publication; however, certain
statements contained in this bulletin may change or need correction.

NONDISCRIMINATION POLICY

Santa Clara University prohibits discrimination and harassment on the basis of a
person’s actual or perceived race, color, national origin, ancestry, sex, sexual orienta-
tion, age, religious creed, physical or mental disability, medical condition as defined
by California law, marital status, citizenship status, gender identity, gender expres-
sion, genetic information, military or veteran status, or other status protected by
law in the administration of its educational policies, admissions policies, scholar-
ships and loan programs, athletics, or employment-related policies, programs,

and activities; or other University-administered policies, programs, and activities.
The University condemns and will not tolerate such harassment or discrimination
against any employee, student, visitor, or guest on the basis of any status protected
by university policy or law, and upholds a zero tolerance policy for sexual violence
and sexual misconduct.

The University will take prompt and effective corrective action including, where
appropriate, disciplinary action up to and including dismissal or expulsion. The
university may implement interim measures in order to maintain a safe and non-
discriminatory educational environment. Additionally, it is the University’s policy
that there shall be no retaliation against a person for alleging discrimination, harass-
ment or sexual misconduct, cooperating with an investigation, or participating in
an informal or formal resolution procedure.

The Office of EEO and Title IX is responsible for monitoring the university’s com-
pliance with federal and state nondiscrimination laws, assisting with all aspects of
investigating and resolving reported violations of Policy 311: Prevention of Unlawful
Discrimination, Unlawful Harassment and Sexual Misconduct. The EEO and Title
IX Coordinator is also designated as the ADA/504 Coordinator responsible for coor-
dinating efforts to comply with federal and state disability laws and regulations. The
University encourages those who have witnessed or experienced any form of discrimi-
nation, harassment, or sexual misconduct to report the incident promptly, to seek all
available assistance, and to pursue informal or formal resolution processes as described
in this policy. Inquiries regarding equal opportunity policies, the filing of grievances,
or requests for a copy of the University’s grievance procedures covering discrimination
and harassment complaints should be directed to:

Belinda Guthrie, EEO and Title IX Coordinator
Office of EEO and Title IX

Santa Clara University

900 Lafayette Street

Suite 100

Santa Clara, CA 95053

408-554-4113

bguthrie@scu.edu

A person may also file a complaint within the time required by law with the appro-
priate federal or state agency. Depending upon the nature of the complaint, the ap-
propriate agency may be the federal Equal Employment Opportunity Commission
(EEOCQ), the federal Office for Civil Rights (OCR), or the California Department
of Fair Employment and Housing (DFEH).
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Letter from the Dean

On behalf of the School of Engineering faculty and staff, I welcome you to a new year
in your graduate school journey. If you are newly embarking on the next step in your aca-
demic journey, or if you are continuing along a path that we hope you have already found
stimulating and fulfilling at Santa Clara, we are here to help you. Some of you are continu-
ing your engineering education along the path that you started as an undergraduate. Others
of you might be seeking to change the trajectory of your engineering career. Still others of
you might be boldly changing the very field in which you seek to contribute your talents.

We here at Santa Clara University are ready to help you on your graduate journey,
wherever it started and wherever it will take you. Santa Clara University is committed to
providing you a graduate education that combines rigorous instruction in fundamentals
with the art of engineering practice. A Santa Clara graduate education will advance not
only your technical knowledge and skills, but will provide you the tools and skills to be a
life-long learner, skills that are critical in today’s rapidly changing and competitive work-
places iat drive engineering innovation. Your graduate education will empower you to
truly use your intellect and creativity as an engineer to its fullest expression.

The Santa Clara graduate engineering program aims to produce not only outstand-
ing engineers, but also engineering leaders of uncompromising dedication, integrity and
conscience who will be strong leaders in an increasingly complex global environment. As
the Jesuit University in Silicon Valley, Santa Clara University is proud to be a vital and
unique part of the limitless innovative force that is the heart of the Valley. Silicon Valley
pioneers were driven to explore, to innovate, and to improve society through advances in
engineering. That quest continues today not only in the Valley but indeed in the minds
of every engineer who wants to make a difference. At Santa Clara University, you will
find a community of teachers and scholars that will stimulate your imagination, expand
your knowledge, and nurture your conscience and compassion so that you can be part of a
profession that can and will create a more just, humane, prosperous, and sustainable world.

For over 100 years, the School of Engineering at Santa Clara University has helped
students turn their dreams to reality. We stand ready in our second century of engineering
excellence to help you in your journey. Welcome to Santa Clara University.

Sincerely,

Ronald Danielson, Ph.D.
Interim Dean, School of Engineering
Associate Pmﬁ’::or, Computer Science é’Engineerz'ng

vii



Engineering at Santa Clara

The undergraduate programs leading to the Bachelor of Science degree in Civil,
Electrical, and Mechanical Engineering were first offered at Santa Clara University
in 1912 and these programs were later accredited by the Accreditation Board for
Engineering and Technology in 1937. Since that time, the following degree pro-
grams have been added: Bachelor of Science in Computer Science and Engineering
and in Engineering; Master of Science in Aerospace Engineering, Applied Math-
ematics, Bioengineering, Civil Engineering, Computer Science and Engineering,
Electrical Engineering, Engineering Management and Leadership, Mechanical Engi-
neering, Software Engineering and Power Systems and Sustainable Energy; Engineer’s
degree in Computer Science and Engineering, Electrical Engineering and Mechanical
Engineering; and Doctor of Philosophy in Computer Science and Engineering,
Electrical Engineering, and Mechanical Engineering. In addition, the School of Engi-
neering offers a variety of certificate programs, as well as an Open University program.

SCHOOL OF ENGINEERING MISSION STATEMENT

The mission of Santa Clara University’s School of Engineering is to prepare
diverse students for professional excellence, responsible citizenship, and service to
society. The engineering school does this through:

* Distinctive academic programs that are designed to produce engineers who approach
their profession with competence, conscience, and compassion

* Broadly educated faculty, who model and encourage the notion of lifelong learning

* Scholarly activities that create new knowledge and advance the state of the art of
technology

* Interactions with professional societies and companies in Silicon Valley and beyond

* Service activities that benefit our diverse constituencies and humanity in general

SCHOOL OF ENGINEERING VISION

The School of Engineering will be known and treasured, in Silicon Valley and
beyond, for the impact of its graduates and faculty on improving the human con-
dition through engineering education, practice, and scholarship.

viil



Academic Calendar 2019-2020

Fall 2019 registration period

Open Enrol%ment Period Begins

Payment Deadline for Fall 2019

Labor Day; administrative holiday.

Late registration; $100 fee if no previous enrollment

Drop/Swap fee begins; $50 per course

Classes begin

New Student Orientation

Last day to petition for graduate degrees
to be conferred in December 2019

Last day to change registration or withdraw
from classes with a 100% tuition refund
(less fees) (Clear registration holds by Friday,
9/27 by 4 p.m.)

Mass of the Holy Spirit, 12 p.m. at the Mission
Church. Classes will not meet from11:45-
1:15 p.m. Classes scheduled to begin at 1 p.m.
will begin at 1:15 p.m. (some classes may meet,
consult with instructor)

Last day to withdraw from classes with a 50%
tuition refund (less fees)

Last day to submit incomplete work for Spring
2019 and Summer Session 2019

Last day to withdraw from classes with a 25%
tuition refund (less fees)

Last day to drop classes without a W
(no tuition refund)

Last day for faculty to remove Spring 2019 and

Summer Session 2019 incomplete grades

Winter 2020 registration period

Last day to drop classes with a W

Winter 2020 Open Enrollment Period Begins

Thanksgiving recess; administrative holiday

Classes end

Fall final examinations

Fall quarter grades due

Payment deadline for Winter 2020

Tuesday-Wednesday Christmas recess; administrative holiday

FALL QUARTER 2019

July 15-19 Monday-Friday
July 22 Monday
August 21 Wednesday
September 2 Monday
September 16 Monday
September 16 Monday
September 23 ~ Monday
September 25 Wednesday
September 27 Friday
September 29 Sunday
October 2 Wednesday
October 6 Sunday
October 11 Friday

October 13 Sunday
October 18 Friday
October 18 Friday
November 4-8 ~ Monday-Friday
November 8 Friday
November 11 Monday
November 28-29  Thursday-Friday
December 6 Friday
December 9-13 ~ Monday-Friday
December 18 Wednesday
December 21 Saturday
December 24-25

Dec 31-Jan 1

Tuesday-Wednesday New Year’s recess; administrative holiday

ix



X SCHOOL OF ENGINEERING

WINTER QUARTER 2020

November 4-8
November 11
December 21
December 30

December 30
January 6

January 8
January 10

January 12

January 19
January 20
January 24
January 26
January 31
January 31
February 3-7
February 10
February 17

February 21
February 21

March 13
March 16-20
March 21
March 25

Monday-Friday
Monday
Saturday
Monday

Monday
Monday
Wednesday
Friday

Sunday

Sunday
Monday

Friday

Sunday

Friday

Friday
Monday-Friday
Monday
Monday

Friday
Friday

Friday
Monday-Friday
Saturday
Wednesday

Winter 2020 registration period

Open enrollment period begins

Payment Deadline for Winter 2020

Late registration fee begins; $100 fee if no
previous enrollment

Drop/Swap fee begins; $50 per course

Classes begin

New Student Orientation

Last day to petition for graduate degrees to be
conferred in March 2020

Last day to change registration or withdraw from
classes with a 100% tuition refund (less fees)
(Clear regstration holds by Friday 1/10 by 4 p.m.)

Last day to withdraw from classes with a 50%
tuition refund (less fees)

Martin Luther King Day; administrative holiday
(Consult instructor)

Last day to submit incomplete Fall 2019 work
to faculty

Last day to withdraw from classes with a 25%
tuition refund (less fees)

Last day for faculty to remove Fall 2019
incomplete grades

Last day drop classes without a W
(no tuition refund)

Spring 2020 registration period

Spring 2020 Open Enrollment begins

Presidents’ Day; administrative holiday.
(Consult instructor)

Last day to drop classes with a W

Last day to petition for graduate degrees to be
conferred in June 2020

Classes end

Winter final examinations

Payment Deadline for Spring 2020

Winter quarter grades due



ACADEMIC CALENDAR xi

SPRING QUARTER 2020
February 3-7 Monday-Friday
February 10 Monday
February 21 Friday

March 21 Saturday
March 23 Monday
March 23 Monday
March 30 Monday

April 1 Wednesday
April 5 Sunday

April 6-10 Monday-Friday
April 10 Friday

April 12 Sunday

April 13 Monday

April 17 Friday

April 19 Sunday

April 24 Friday

April 24 Friday

May 15 Friday

May 21 Thursday

May 25 Monday

June 5 Friday

June 8-12 Monday-Friday
June 12 Friday

June 17 Wednesday

Spring 2020 registration period

Open enrollment period begins

Last day to petition for graduate degrees
to be conferred in June 2020

Payment Deadline for Spring 2020

Late registration fee begins; $100 fee if no
previous enrollment

Drop/Swap fee begins; $50 per course

Classes begin

New Student Orientation

Last day to change registration or withdraw from
classes with a 100% tuition refund. (less fees)
(Clear registration holds by 4/3 by 4:00 p.m.)

Summer 2020 registration period for all
three sessions

Good Friday; academic and administrative
holiday (Consult instructor)

Last day to withdraw from classes with a 50%
tuition refund (less fees)

Summer 2020 Open Enrollment period begins

Last day to submit incomplete work to faculty
for Winter 2020

Last day to withdraw from classes with 25%
tuition refund (less fees)

Last day for faculty to remove Winter 2020
incomplete grades

Last day to drop classes without a W
(no tuition refund)

Last day to drop classes with a W

Payment Deadline for Summer 2020

Memorial Day; academic and administrative
holiday (Consult instructor)

Classes end

Spring final examinations

Graduate Commencement

Spring quarter grades due
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SUMMER SESSIONS 2020

April 6-10 Monday-Friday ~ Registration period for all three sessions
April 13 Monday Open Enrollment Period Begins
May 21 Thursday Payment Deadline for Summer 2020
June 15 Monday Drop/Swap fee begins; $50 per course
June 15 Monday Late registration fee begins; $100 fee if no
previous enrollment
June 22 Monday Classes begin for Summer Sessions I and II
June 26 Friday Last day to register for all three summer sessions
July 3 Friday Last day to petition for graduate degrees to be
conferred in September 2020
July 4 Saturday Independence Day observed; administrative
holiday. Classes will meet
July 24 Friday Last day to withdraw from classes for Session II
only (no tuition refund)
July 24 Friday Classes end for Session II only
July 27-28 Monday-Tuesday Summer Session II final examinations
August 3 Monday Classes begin for Summer Session II1
August 28 Friday Last day to withdraw from classes for
Session I only (no tuition refund)
August 28 Friday Classes end for Session I only
Aug. 31 —Sept. 4 Monday-Friday =~ Summer Session I Final Examinations
September 4 Friday Last day to withdraw from classes for
Session I1I only (no tuition refund)
September 4 Friday Classes end for Session III only
September 7 Monday-Tuesday Summer Session III final examinations
September 7 Monday Labor day observed; administrative holiday:

Classes will meet

All dates are inclusive.

Registration dates are subject to change.

Registration holds must be cleared with the appropriate office by 4 p.m. on Friday when an
e-campus deadline to add or drop a class falls on a Sunday.

Fall, Winter, Spring and Summer Quarter refund polices: www.scu.edu/bursar

For more information regarding Tuition Refund Policies, please see the Financial Information,
Chapter 5 in bulletin.



Santa Clara University

Located in the heart of Silicon Valley, Santa Clara University blends high-tech inno-
vation with a social consciousness grounded in the Jesuit educational tradition. Founded
in 1851 by the Society of Jesus, California’s oldest operating higher education institution
offers a rigorous undergraduate curriculum in arts and sciences, business, and engineering,
plus nationally recognized graduate and professional programs in business, law, engineer-
ing, education, counseling psychology, pastoral ministries, and theology. The University
boasts a diverse community of scholars offering a values-oriented curriculum characterized
by small class sizes and a dedication to educating students for competence, conscience, and
compassion. The traditions of Jesuit education—educating the whole person for a life of
service—run deep in all of its curricular and co-curricular programs. Santa Clara University
is perennially ranked among the top comprehensive universities by U.S. News & World
Report and has one of the highest graduation rates for undergraduate students among all
comprehensive universities. The University has a national reputation for its undergraduate
program that features a distinctive core curriculum, an integrated learning environment,
and research opportunities for undergraduate students.

The University was established as Santa Clara College on the site of the Mission Santa
Clara de Asfs, the eighth of the original 21 California missions. The college originally
operated as a preparatory school and did not offer collegiate courses until 1853. Following
the Civil War, enrollment increased, and by 1875 the size of the student body was 275.
One-third of the students were enrolled in the collegiate division; the remainder attended
the college’s preparatory and high school departments.

Santa Clara experienced slow and steady growth during its first 60 years, becoming the
University of Santa Clara in 1912, when the schools of engineering and law were added.
In 1925, the high school was separated from the University and took the name of Bel-
larmine College Preparatory in 1928. The Leavey School of Business opened in 1926, and
within a decade, became one of the first business schools in the country to receive national
accreditation.

For 110 years, Santa Clara was an all-male school. In the fall of 1961, women were
accepted as undergraduates, and Santa Clara became the first coeducational Catholic
university in California. The decision resulted in an admissions explosion—from 1,500
students to more than 5,000. The size of the faculty tripled, and the University began the
largest building program in school history, building eight residence halls, a student union,
and an athletic stadium. In 1985, the University adopted “Santa Clara University” as its
official name.

UNIVERSITY VISION, MISSION, AND FUNDAMENTAL VALUES

Santa Clara University has adopted three directional statements to describe the kind of
university it aspires to become (Strategic Vision), its core purpose and the constituencies
it serves (University Mission), and the beliefs that guide its actions (Fundamental Values).
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Strategic Vision

Santa Clara University will educate citizens and leaders of competence, conscience,
and compassion, and cultivate knowledge and faith to build a more humane, just, and
sustainable world.

University Mission

The University pursues its vision by creating an academic community that educates
the whole person within the Jesuit, Catholic tradition, making student learning our cen-
tral focus, continuously improving our curriculum and co-curriculum, strengthening our
scholarship and creative work, and serving the communities of which we are a part in
Silicon Valley and around the world.

Student learning takes place at the undergraduate and graduate level in an
educational environment that integrates rigorous inquiry and scholarship, creative
imagination, reflective engagement with society, and a commitment to fashioning a
more humane and just world.

As an academic community, we expand the boundaries of knowledge and insight
through teaching, research, artistic expression, and other forms of scholarship. It is pri-
marily through discovering, communicating, and applying knowledge that we exercise our
institutional responsibility as a voice of reason and conscience in society.

We offer challenging academic programs and demonstrate a commitment to the
development of:

* Undergraduate students who seck an education with a strong humanistic orientation
in a primarily residential setting

* Graduate students, many of them working professionals in Silicon Valley, who seck
advanced degree programs that prepare them to make significant contributions to

their fields

In addition to these core programs, we also provide a variety of continuing education
and professional development opportunities for non-matriculated students.

Fundamental Values

The University is committed to these core values, which guide us in carrying out our
mission and realizing our vision:

Academic Excellence. We seck an uncompromising standard of excellence in teaching,
learning, creativity, and scholarship within and across disciplines.

Search for Truth, Goodness, and Beauty. We prize scholarship and creative work that
advance human understanding, improve teaching and learning, and add to the betterment
of society by illuminating the most significant problems of the day and exploring the endur-
ing mysteries of life. In this search, our commitment to academic freedom is unwavering.

Engaged Learning. We strive to integrate academic reflection and direct experience in
the classroom and the community, especially to understand and improve the lives of those
with the least education, power, and wealth.

Commitment to Students. As teachers and scholars, mentors and facilitators, we
endeavor to educate the whole person. We nurture and challenge students—intellectually,
spiritually, aesthetically, morally, socially, and physically—preparing them for leadership and
service to the common good in their professional, civic, and personal lives.

Service to Others. We promote throughout the University a culture of service—service
not only to those who study and work at Santa Clara but also to society in general and to
its most disadvantaged members as we work with and for others to build a more humane,
just, faith-filled, and sustainable world.
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Community and Diversity. We cherish our diverse and inclusive community of stu-
dents, faculty, staff, administrators, and alumni, a community that is enriched by people
of different backgrounds, respectful of the dignity of all its members, enlivened by open
communication, and caring and just toward others.

Jesuit Distinctiveness. We treasure our Jesuit heritage and tradition, which incorporates
all of these core values. This tradition gives expression to our Jesuit educational mission and
Catholic identity while also welcoming and respecting other religious and philosophical
traditions, promoting the dialogue between faith and culture, and valuing opportunities to
deepen religious beliefs.

ACADEMIC PROGRAMS

Santa Clara University offers undergraduate degrees leading to the bachelor of arts
(B.A.), bachelor of science (B.S.), and bachelor of science in commerce. The College of Arts
and Sciences offers the B.A. degree and the B.S. degree in 33 subject areas and includes the
graduate program in pastoral ministries, through which it offers the master of arts (M.A.)
degree in catechetic, pastoral liturgy, spirituality, and liturgical music. The Leavey School
of Business offers the B.S. degree in commerce with majors in eight subject areas. The
School of Engineering offers a B.S. degree with majors in seven subject areas. A variety of
interdisciplinary and discipline-based minors are also offered for undergraduates.

The School of Law offers programs leading to the degrees of juris doctor (J.D.) and
master of laws (LL.M.). ].D. students may earn certificates of specialization in high tech-
nology law, international law, and public interest and social justice law. LL.M students may
earn master of laws in intellectual property or U.S. law. A broad curriculum also includes
business and commercial law, taxation, criminal law and trial advocacy, environmental law,
estate planning, labor law, health law, legal writing and research, as well as opportunities for
externships, clinical work, and professional skill development.

The Leavey School of Business offers graduate programs leading to the master of busi-
ness administration (MBA) degree with coursework in accounting, economics, finance,
management, marketing, and operations management and information systems (OMIS).
The business school also offers graduate programs leading to the master of science in
information systems (MSIS), business analytics, supply chain management, or finance.
In conjunction with the law school, the business school also offers joint degree programs
leading to a ].D./MBA and ].D./MSIS.

The School of Engineering offers graduate programs leading to the master of science
(M.S.) degree in applied mathematics; bioengineering; civil, environmental, and sustain-
able engineering; computer science and engineering;s electrical engineering; engineering
management; mechanical engineering; software engineering; and sustainable energy; and
the engineer’s degree in computer science and engineering, electrical engineering, and
mechanical engineering. The engineering school also offers the doctor of philoso-
phy (Ph.D.) degree in computer science and engineering, electrical engineering, and
mechanical engineering.

The two departments in the School of Education and Counseling Psychology offer
credential and graduate programs. The Department of Education focuses on preparing
teachers and administrators for public and Catholic schools. It offers programs in teacher
preparation leading to credentials (i.e., California preliminary multiple-subject and sin-
gle-subject teaching credentials, and California Clear credential) and the master of arts in
teaching (MAT) degree. Its programs in educational administration prepare public K—12
administrators (i.e., the Preliminary California Administrative Services credential and the
California Clear Administrative Services credential), and Catholic school leaders through
the certificate program in Catholic School Leadership. The department also offers an M.A.
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program in interdisciplinary education (with emphases in curriculum and instruction; sci-
ence, technology, environmental education, and mathematics [STEEM]; and educational
administration). The departments of Education and Counseling Psychology jointly offer
the certificate program in Alternative and Correctional Education. The Department of
Counseling Psychology offers two degree programs: M.A. in counseling psychology and
M.A. in counseling. The M.A. in counseling psychology can lead to state licensure for mar-
riage and family therapists and/or licensed professional clinical counselors. The department
includes emphasis programs in health, correctional, and Latino counseling.

The Jesuit School of Theology (JST) is one of only two Jesuit theological centers in the
United States operated by the Society of Jesus, as the order of Catholic priests is known.
It is one of only two Jesuit theological centers in the country that offer three ecclesiastical
degrees certified by the Vatican Congregation for Catholic Education, and it also offers
four advanced theological degrees certified by the Association of Theological Schools. In
addition, JST offers a spiritual renewal program for clergy, religious, and lay people, and
conducts an annual Instituto Hispano that offers a certificate program to advance Hispanic

leadership in the pastoral life of the church.

CENTERS OF DISTINCTION

Santa Clara University has three Centers of Distinction that serve as major points of
interaction between the University and local and global communities. Each center focuses
on a theme that is central to Santa Clara’s distinctive mission as a Jesuit university and offers
an educational environment integrating rigorous inquiry and scholarship, creative imagina-
tion, reflective engagement with society, and a commitment to fashioning a more humane
and just world. Eac%l center engages faculty and students from different disciplines as well
as experts and leaders from the community through speakers, conferences, workshops, and
experiential learning opportunities.

Miller Center for Social Entrepreneurship

The mission of the Miller Center for Social Entrepreneurship is to accelerate global,
innovation-based entrepreneurship in service to humanity. Through an array of programs
including its signature Global Social Benefit Institute (GSBI™), the Center engages an
international network of social enterprises, investment capital, and technical resources
to build the capacity of the global social entrepreneurship movement. As a Center of
Distinction at Santa Clara University, the Center leverages its programs to inspire faculty and
students with real-world case studies, distinctive curricula, and unique research opportu-
nities, advancing the University’s vision of creating a more just, humane, and sustainable
world. More information can be found at the Miller Center for Social Entrepreneur-
ship website.

Ignatian Center for Jesuit Education

The Ignatian Center for Jesuit Education promotes and enhances the distinctively
Jesuit, Catholic tradition of education at Santa Clara University, with a view toward servin
students, faculty, staff, and through them the larger community, both local and global. The
Ignatian Center achieves this mission chiefly through four signature programs:

* Bannan Institutes provide yearlong thematic programs including academic events

and scholarly activities that further the Jesuit, Catholic character of the University.

* Community-based learning places over 1,200 students each year with community
partners, frequently in connection with an academic course.
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* Immersion programs offer students, during academic breaks, the opportunity to
experience local, domestic, and international communities with little access to

wealth, power, and privilege.

e Spiritual Exercises of St. Ignatius provide opportunities for members of the commu-
nity to encounter the spiritual sources of the Jesuit tradition.

Through these four programs, the Ignatian Center aspires to be recognized throughout
Silicon Valley and beyond as providing leadership for the integration of faith, justice, and
the intellectual life.

Markkula Center for Applied Ethics
The Markkula Center for Applied Ethics brings the traditions of ethical thinking to

bear on real-world problems. Our mission is to engage individuals and organizations in
making choices that respect and care for others. Beyond a full range of events, grants, and
fellowships for the Santa Clara University community, the Center serves professionals in
business, education, health care, government, journalism, and the social sector, provid-
ing training, programs, and roundtables that explore the ethical challenges in the field. In
addition, we focus on ethical issues in leadership, technology, and the internet. Through
our website and international collaborations, we also bring ethical decision-making
resources to the wider world.

FACULTY

Santa Clara University’s emphasis on a community of scholars and integrated educa-
tion attracts faculty members who are as committed to students’ intellectual and moral
development as they are to pursuing their own scholarship. The University’s 530 full-
time faculty members include Fulbright professors, nationally recognized authors, ground
breaking scientists, and distinguished economic theorists.

STUDENT BODY

Santa Clara University has a student population of 9,015, with over 5,500 under-
graduate students and 3,296 graduate students. The undergraduate population has a
male-to-female ratio of 50-to-50, and about 57 percent of undergraduate students identify
themselves as persons of color. About 62 percent of undergraduates are from California,
with the others coming from throughout the United States and 44 countries. Seventy-seven
percent of undergraduate students receive some kind of financial aid-scholarships, grants,
or loans. More than half (53 percent) of the undergraduate population live in University
housing, with 90 percent of first-year students and 70 percent of sophomores living on
campus. Students experience an average class size of 23, with 42 percent of classes having
fewer than 20 students and only 1.6 percent of classes having 50 or more students. The
student-to-faculty ratio is 12-to-1.

The University’s commitment to learning is expressed in the fact that 96.2 percent
of first-year students advance to the sophomore year, and the percentage of Santa Clara
students who graduate is among the highest in the country. The four-year graduation rate
for entering first-year students is 78 percent, with a five-year graduation rate of 84 percent
and a six-year graduation rate of 85.2 percent.

ALUMNI

Santa Clara University has over 100,000 alumni living in all 50 states and almost 100
countries. More than half of the alumni live in the San Francisco Bay Area, where many
are leaders in business, law, engineering, academia, and public service.
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CAMPUS

The University is located on a 106-acre campus in the city of Santa Clara in one of the
world’s great cultural centers. More than 50 buildings on campus house themed student
residences, a main library, a law library, two student centers, the de Saisset Museum, exten-
sive performing arts and athletic facilities, and a recreation and fitness center.

Santa Clara’s campus is located in the heart of Silicon Valley—a region known for
its visionaries, who have designed and created some of the most significant scientific and
technological advances of our age. More than a place, Silicon Valley is a mindsete—home
to more than two million residents and 6,600 science- and technology-related companies,
not including San Francisco, which is just an hour away.

Santa Clara’s campus is well known for its beauty and Mission-style architecture.
Opened in 2013, the brick-paved Abby Sobrato Mall leads visitors from the University’s
main entrance to the heart of campus—the Mission Santa Clara de Asis. The rose gardens
and palm and olive trees of the Mission Gardens surround the historic Mission Church,
which was restored in 1928. The adjacent Adobe Lodge is the oldest building on campus.
In 1981, it was restored to its 1822 decor.

ACADEMIC FACILITIES

Amid all this beauty and history are modern, world-class academic facilities. Students
study and thrive in places such as the Sobrato Family Technology Center and Orradre
Library. Individuals and groups alike enjoy studying in its inviting, light-filled, and open
environment. Notably, the library features an Automated Retrieval System, a high-density
storage area where up to 900,000 books and other publications can be stored and retrieved
using robotic-assisted technology.

Another example of Santa Clara’s excellent academic facilities is Lucas Hall, home of
the Leavey School of Business. This modern 85,000-square-foot building houses class-
rooms, meeting rooms, offices, study spaces, and a café. Classrooms are equipped with
state-of-the-art videoconferencing equipment as well as a multiplatform system to record
faculty lectures for later review by students. The Arts and Sciences Building adjacent
to Lucas Hall is home to the Markkula Center for Applied Ethics as well as academic
departments, classrooms, and a 2,200-square-foot digital television studio—among the best
found on any campus nationwide.

Nearby is the Patricia A. and Stephen C. Schott Admission and Enrollment Services
Building, a welcome center for campus visitors and home to several University depart-
ments. Opened in 2012, the lobby of this green-certified structure includes technology-
infused exhibits that illustrate Santa Clara’s Jesuit mission.

Opening in 2020, the University will introduce the new Sobrato Campus for Discov-
ery and Innovation, made possible by a game-changing gift of $100 million from John A.
and Susan Sobrato. The 300,000-square-foot, state-of-the-art facility will enhance STEM
education and promote cross-disciplinary exploration.

Slated to open in the summer 0f 2020, the Stephen C. and Patricia A. Schott Athletic
Excellence Center will provide dedicated space for student athletics to work out, train, eat
and study together, while also providing additional facility options for events and students
participating in club and intramural sports. The 50,000-square-foot, state-of-the-art facility
will enhance the achievements of Santa Clara University’s athletics program.

STUDENT LIFE

Santa Clara has 10 on-campus residence halls, most with traditional double rooms and
large common bathrooms, others with suite arrangements conducive to more informal
living. Juniors and seniors can apply for townhouse-style living in the 138-unit University
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Villas across from the main campus. Opening for the 2019-2020 academic year, Finn
Residence Hall will be located on the south end of campus. As the 11th residence hall,
this facility will be comprised of mini-suite style rooms for students. Neighborhood ame-
nities such as kitchens, living rooms and study spaces will be on each floor as well as a large
muld-purpose room and recreational space.

The Robert F. Benson Memorial Center serves as a hub for campus life. The Benson
Center offers dining services and houses the campus bookstore, post office, and meeting
rooms. The University’s main dining hall resembles an upscale food court with numerous
stations and options. For a more laidback experience, The Bronco is the Benson Center’s
late-night venue, serving beverages and pub-style food.

Another hotspot for student life, the Paul L. Locatelli, S.J., Student Activity
Center includes a 6,000-square-foot gathering hall with a high ceiling that can accom-
modate dances and concerts as well as pre- and post-game activities. Designed with
environmental sensitivity, the building is energy efficient and has daytime lighting controls
and motion sensors to maximize use of natural light. For fitness-minded students, the Pat
Malley Fitness and Recreation Center features a 9,500-square-foot weight training and
cardiovascular exercise room, three basketball courts, a swimming pool, and other facilities
to support the recreational and fitness needs of the campus community.

The campus features many locations for quiet reflection as well. One such place is the
St. Clare Garden, which features plants and flowers arranged into five groups to portray
the stages of the saint’s life. For campus members who want a more hands-on relationship
with nature, the Forge Garden, SCU’s half-acre organic garden, serves as a campus space
for course research, service learning, and sustainable food production.

ATHLETICS AND THE ARTS

Athletics is an important part of the University, and Bronco spirit is evident everywhere
on campus. Among the newest additions to Santa Clara’s athletics facilities is Stephen
Schott Stadium, home field for the men’s baseball team. The stadium features batting
cages, a clubhouse, concessions stands, and seating for 1,500 fans. Across the street is
Bellomy Field—cight acres of well-lit, grassy field space used for club and intramural
sports like rugby and field hockey. Adjacent to Bellomy Field is the well-appointed wom-
en’s softball field. Other athletic venues on campus include the 6,400-seat Stevens Sta-
dium, home to the men’s and women’s soccer programs, and the Leavey Event Center,
the University’s premier basketball facility. Over the years, it has hosted nine West Coast
Conference Basketball Championships.

The arts, an equally important part of life at Santa Clara University, are on vibrant dis-
play at the de Saisset Museum, the University’s accredited museum of art and history. The
de Saisset presents changing art exhibitions throughout the year and serves as the caretaker
of the University’s Calif%rnia History Collection, which includes artifacts from the Native
American, Mission, and early Santa Clara College periods. The Edward M. Dowd Art
and Art History Building opened in 2016. The 45,000-square-foot facility includes mod-
ern studios for students and faculty, technology-rich classrooms, student workspaces, and
meeting areas. The building features a rotunda on the third floor with an outdoor terrace
area. Student, faculty, and visiting artists’ work is displayed both indoors and outdoors.

SCU Presents represents the performing arts on campus, including the Louis B. Mayer
Theatre, the Fess Parker Studio Theatre, and the Music Recital Hall. Mayer Theatre
is Santa Clara University’s premier theatrical venue, housing 500 intimate seats in either
a flexible proscenium or thrust stage setting. The Fess Parker Studio Theatre has no fixed
stage or seating. Its black-box design, complete with movable catwalks, provides superb
flexibility in an experimental setting. The 250-seat Music Recital Hall provides a contem-
porary setting where students, faculty, and guest artists offer a variety of performances.
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Academic Programs
and Requirements

GENERAL INFORMATION

More than 800 students attend Santa Clara University’s graduate engineering programs
each quarter. The School of Engineering offers a large variety of programs to meet the needs
of these engineering professionals.

B.S./M.S. FIVE-YEAR DUAL DEGREE PROGRAM

The School of Engineering offers qualified Santa Clara University undergraduates the
opportunity to earn both a bachelor of science and a master of science degree in five years.
This is an excellent way to save time and open-up more career possibilities early on. The
degree is offered in bioengineering, civil engineering, computer science and engineering,
electrical engineering, engineering management and leadership**, mechanical engineering
and software engineering. This program is also open to students in the College of Arts
and Sciences who are majoring in mathematics, biology, computer science or engineering
physics.

The application fee and GRE General Test requirement are waived. Automatic
admission into the five-year program is based on a minimum GPA of 3.0 in the major.
Upon notification of acceptance into the B.S./M.S. program, students may begin taking
graduate-level courses in their senior year and a maximum of 20 units can be transferred
into the graduate program. Students must meet with a graduate advisor and submit a
program of studies with the undergraduate transfer credit listed.

Please Note: Undergraduate students will be charged the current undergraduate tuition rate
while enrolled in those graduate courses. Once students have been matriculated into the master’s
degree program, current graduate tuition rates will be charged.

**For more information on the engineering management and leadership option, please
see Chapter 14.

CERTIFICATE PROGRAMS

Certificate programs are designed to provide intensive background in a focused area at
the graduate level. With 16-20 required units for completion, each certificate is designed
to be completed in a much shorter period of time than an advanced degree. Santa Clara’s
certificate programs are appropriate for students working in industry who wish to update
their skills or for those interested in changing their career path. All units applied toward
the certificate program must be earned within a two year period.
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All Santa Clara University courses applied toward the completion of a certificate pro-
gram earn graduate credit that may also be applied toward a graduate degree, subject to
the requirements of the degree program. Students who wish to continue for such a degree
must submit a separate application and satisfy all normal admission requirements. The
general Graduate Record Examination (GRE) test requirement for graduate admission to
the master’s degree will be waived for students who have been formally admitted to and
who have completed a certificate program with a GPA of 3.5 or better.

Certificate programs are offered in frugal innovation, renewable energy, ASIC design
and test, analog circuit design, digital signal processing applications, digital signal process-
ing theory, microwave and antennas, fundamentals of electrical engineering, , mechanical
design analysis, mechatronics systems engineering, dynamics, controls, and thermofluids.
For more specific information on each certificate, please see Chapter 7.

Please Note: Santa Clara University does not issue F-1 visas to applicants who wish to enter
directly into this program.

MASTER OF SCIENCE PROGRAM

The master’s program is designed to extend the technical breadth and depth of an
engineer’s knowledge. Students in this program complete a program of studies approved
by the faculty advisor in the major department. The program must include no less than 45
quarter units and a 3.0 GPA (B average) must be earned in all coursework taken at Santa
Clara. Residence requirements of the University are met by completing 36 quarter units of
the graduate program at Santa Clara. A maximum of 9 quarter units (6 semester units) of
graduate-level coursework may be transferred from other accredited institutions that have
not been applied to a previous degree at the discretion of the student’s advisor. All units
applied toward the degree, including those transferred from other institutions, must be
earned within a six-year period.

Students have the option to write a thesis as part of their master’s degree. Students who
choose this option are responsible for obtaining an advisor for their thesis work. The max-
imum number of units awarded for the master’s thesis is nine. Please note that the thesis
option is not available in Engineering Management.

The School of Engineering offers master’s programs in applied mathematics,
bioengineering, civil environmental and sustainable engineering, computer science and
engineering, software engineering, electrical engineering, engineering management and
leadership, mechanical engineering and power systems and sustainable energy. The course-
work requirements for the degree are determined by each of the major departments. In
order to graduate, students must complete the required coursework for the program to
which they are admitted and must have a cumulative GPA of 3.0 in all coursework listed
on their approved program of study. In addition to this requirement, Engineering Man-
agement and Leadership degree candidates must earn a 3.0 GPA in those courses applied
to their technical stem and a 3.0 GPA in their engineering management course stem.

Please note: Only classes with assigned grades of C- or higher will count toward the completion
of the certificates, M.S. or Ph.D. degrees. The grades of all courses completed during the M.S.,
Ph.D. or certificate program are used to compile final cumulative grade point average (GPA)

Note that the number of engineering management courses accepted for other degrees
in the graduate engineering program is restricted to six units in computer engineering,
electrical engineering, and most options of mechanical engineering.
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GRADUATE MINOR IN SCIENCE, TECHNOLOGY, AND SOCIETY (STS)

The graduate minor in science, technology, and society (STS) is designed to help stu-
dents gain a deeper understanding of the influence that engineering has on society (and
vice versa). Knowledge of this kind has become essential in an increasingly complex and
interconnected world, in which purely technical expertise often needs to be supplemented
by additional skills. In order to successfully operate in such an environment, engineers must
(at the very least) have the ability to communicate clearly, function on interdisciplinary and
diverse teams, and make ethically and socially responsible decisions. The minor consists of
a Core and a set of electives, and entails a minimum of 12 units of coursework. It is open
to all students who are pursuing a master’s degree in engineering, regardless of the specific
program in which they are enrolled.

For more comprehensive information, please see Chapter 6.

ENGINEER’S DEGREE PROGRAM

The program leading to the engineer’s degree is particularly designed for the education
of the practicing engineer. It is offered in the computer science and engineering, electrical
engineering, and mechanical engineering departments. The degree is granted on comple-
tion of an approved academic program and a record of acceptable technical achievement
in the student’s field of engineering. The academic program consists of a minimum of 45
quarter units beyond the master’s degree. Courses are selected to advance competence in
specific areas relating to the engineering professional’s work. Evidence of technical achieve-
ment must include a paper principally written by the student and accepted for publication
by a recognized engineering journal prior to the granting of the degree. A letter from the
journal accepting the paper must be submitted to the department chairperson. In cer-
tain cases, the department may accept publication in the proceedings of an appropriate
conference.

Admission to the program will generally be granted to those students who demon-
strate superior ability in meeting the requirements for their master’s degree. Normally, the
master’s degree is earned in the same field as that in which the engineer’s degree is sought.
Students who have earned a master’s degree from Santa Clara University must file a new
application (by the deadline) to continue work toward the engineer’s degree. A program of
studies for the engineer’s degree should be developed with the assistance of an advisor and
submitted during the first term of enrollment.

DOCTOR OF PHILOSOPHY PROGRAM

The doctor of philosophy (Ph.D.) degree is sought by those engineers who wish to
become experts in a specific area within their field. The work for the degree consists of
engineering research, the preparation of a thesis based on that research, and a program of
advanced studies in engineering, mathematics, and related physical sciences. The student’s
work is directed by the degree-conferring department, subject to the general supervision of
the School of Engineering. The school grants the Ph.D. in computer science and engineer-
ing, electrical engineering, and mechanical engineering.
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Preliminary Examination

The preliminary examination shall be written and oral, and shall include subject matter
deemed by the major department to represent sufficient preparation in depth and breadth
for advanced study in the major. Only those who pass the written examination may take
the oral.

Students currently studying at Santa Clara University for a master’s degree who are
accepted for the Ph.D. program and who are at an advanced stage of the M.S. program
may, with the approval of their academic advisor, take the preliminary examination before
completing the ML.S. degree requirements.

Students who have completed the M.S. degree requirements and have been accepted
for the Ph.D. program should take the preliminary examination as soon as possible but not
more than one and one-half years after beginning the program.

Only those students who pass the preliminary examination shall be allowed to continue
in the doctoral program. The preliminary examination may be repeated only once and only
at the discretion of the thesis advisor.

Thesis Advisor

It is the student’s responsibility to obtain consent from a full-time faculty member in the
student’s major department to serve as his/her prospective thesis advisor.

It is strongly recommended that Ph.D. students find a thesis advisor before taking
the preliminary examination. After passing the preliminary examination, Ph.D. stu-
dents should have a thesis advisor before the beginning of the next quarter following the
preliminary examination. Students currently pursuing a master’s degree at the time of
their preliminary examination should have a thesis advisor as soon as possible after being
accepted as a Ph.D. student.

The student and the thesis advisor jointly develop a complete program of studies for
research in a particular area. The complete program of studies (and any subsequent changes)
must be filed with Engineering Graduate Programs and approved by the student’s doctoral
committee. Until this approval is obtained, there is no guarantee that courses taken will be
counted toward the Ph.D. course requirements.

Doctoral Committee

After passing the Ph.D. preliminary exam, a student requests his or her thesis advisor
to form a doctoral committee. The committee consists of at least five members, each of
which must have earned a doctoral degree in a field of engineering or a related discipline.
This includes the student’s thesis advisor, at least two orlgier current faculty members of
the student’s major department at Santa Clara University, and at least one current fac-
ulty member from another appropriate academic department at Santa Clara University.
The committee reviews the student’s program of study, conducts an oral comprehensive
exam, conducts the dissertation defense, and reviews the thesis. Successful completion of
the doctoral program requires that the student’s program of study, performance on the oral
comprehensive examination, dissertation defense, and thesis itself meet with the approval
of all committee members.
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Residence

The Ph.D. degree is granted on the basis of academic achievement. The student is
expected to complete a minimum of 72 units of graduate credit beyond the master’s
degree with an overall GPA of 3.0 or better. Please note: Only classes with assigned grades of
C- or higher will count toward the completion of the certificates, M.S. or Ph.D. degrees. Of
these, 36 quarter units may be earned through coursework, independent study and directed
research, and 36 through the thesis. Deviation from this distribution must be approved by
the student’s doctoral committee and must not be more than six units. All Ph.D. thesis
units are graded on a Pass/No Pass basis. A maximum of 18 quarter units (12 semester
units), not previously used for the completion of another degree, may be transferred from
any accredited institutions at the discretion of the student’s advisor.

Comprehensive Examinations and Admission to Candidacy

After completion of the formal coursework approved by the doctoral committee, the
student shall present his/her research proposal for comprehensive oral examinations on the
subject of his/her research work. The student should make arrangements for the compre-
hensive examinations through the doctoral committee. A student who passes the compre-
hensive examinations is considered a degree candidate.

The comprehensive examinations normally must be completed within four years from
the time the student is admitted to the doctoral program. These examinations may be
repeated once, in whole or in part, at the discretion of the doctoral committee.

Thesis Research and Defense

The period following the comprehensive examinations is devoted to research for the
thesis, although such research may begin before the examinations are complete. After
successfully completing the comprehensive examinations, the student must pass an oral
examination on his/her research, conducted by the doctoral committee and whomever they
appoint as examiners. The thesis must be made available to all examiners one month prior
to the examination. The oral examination shall consist of a presentation of the results of
the thesis and the defense. This examination is open to all faculty members of Santa Clara
University, but only members of the doctoral committee have a vote.

Thesis and Publication

At least one month before the degree is conferred, the candidate must submit one copy
of the final version of the thesis to the department and one copy to the University Library.
The thesis will not be considered as accepted until approved by the doctoral committee and
one or more refereed articles based on it are accepted for publication in a professional or
scientific journal approved by the doctoral committee. The quality of the refereed journal
must be satisfied by one of two criteria: (1) the refereed journal should have an impact
factor of at least 1.0; or (2) prior to submitting the candidate’s work to a refereed journal,
written approvals on satisfying the journal’s quality should be obtained from the candidate’s
advisor, the doctoral committee, the department chair, and the dean’s office. This written
approval must be kept in the candidate’s file.

All doctoral theses must also be reproduced on microfilm by University Microfilms
International, which keeps on deposit the master microfilm copy and responds to requests
for copies by individuals and libraries.
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Time Limit for Completing Degrees

All requirements for the doctoral degree must be completed within eight years follow-
ing initial enrollment in the Ph.D. program. Extensions will be allowed only in unusual
circumstances and must be recommended in writing by the student’s doctoral commit-
tee, and approved by the dean of engineering in consultation with the Graduate Program
Leadership Council.

Non-Enrollment Period

Ph.D. students are required to enroll in at least one unit for the fall, winter and spring
quarters. Those who do not wish to do so must submit a leave of absence form or a with-
drawal form to the Graduate Services office. A leave of absence form is required if a student
plans to miss one or two quarters, while any longer absence requires a withdrawal form.
Students who wish to resume their Ph.D. studies after withdrawing from the program
must apply for readmission, and obtain the signatures of their academic advisor and the
department chair.

Students are required to complete their degree within eight years from their original
admit term date. The eight-year time frame includes quarters during which a student was
not enrolled. Those who fail to complete their Ph.D. in eight years can request an extension
only under special circumstances. In such cases, the student’s advisor will need to discuss
the case with the Graduate Program Leadership Council, which will determine whether an
extension is warranted (and for how long).

Please Note: Students who miss one or more quarters and fail to submit the appropriate
Jorm(s) will be discontinued automatically and will have to reapply to the Ph.D. program. They
will need to follow the same procedure as students who withdrew from the program.

Additional Graduation Requirements

The requirements for the doctoral degree in the School of Engineering have been made
to establish the structure in which the degree may be earned. The student’s Ph.D. commit-
tee looks at the proposed research and the prior background of the student to determine
whether or not there are specific courses that must be added as requirements. The Univer-
sity reserves the right to evaluate the undertakings and the accomplishments of the degree
candidate in total and award or withhold the degree as a result of its deliberations.

THE INDUSTRIAL TRACK

In addition to our regular Ph.D. program, Engineering Graduate Programs also offer
an “industrial track” for working professionals as an option to facilitate the collaboration
between academia and industry. Details are as follows:

1. The topic of the research should be coordinated with the needs of the candi-
date’s employer and must be agreed upon by all parties. This topic must have a
component that is publishable and is presentable in open forums. If necessary,
a collaborative research agreement will be enacted to indicate the rights of the
School and the industrial partner.
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2. Asapart of the application process, candidates must submit a letter of support from
their employer. This letter should contain a pledge of financial support, and must
identify a co-advisor within the company. The co-advisor shares responsibilities for
guiding the candidate’s research with a full- time faculty advisor. This person is also
expected to be a member of the doctoral committee.

3. The full-time study component of the residence requirement is waived, but other
residence requirements remain the same. Students who opt for this “industrial track”
are responsible for meeting all other requirements for the Ph.D. The awarded degree
will be the same for all students, regardless of the track that they choose to pursue.

OPEN UNIVERSITY PROGRAM

Engineers who wish to update their skills or learn new technologies without pursuing a
specific degree may enroll in the School of Engineering’s Open University program. The
Open University program is closed to those students wishing to take Computer Science
and Engineering courses.

If a student from the Open University program is accepted into a degree program,
a maximum of 16 units may apply toward the degree (if the courses are in the same
discipline to which the student is accepted). The general GRE test requirement for admis-
sion to the master’s degree program will be waived if the student has completed a set of
required courses in the department to which they are applying, and has earned a GPA of
3.5 or higher. A list of these courses can be found on the Graduate Engineering website:
www.scu.edu/engineering/academic-programs/waiving-the-gre/

Open University students who are considering enrolling in the master’s program should
be aware that each specialization has its own set of requirements, and that the number of
“free electives” is very limited. Such students are therefore strongly encouraged to choose
their classes in consultation with a faculty advisor from the very beginning,

Students should remember, however, that all coursework taken at SCU, whether
as a degree-secking or an Open University student becomes a part of the student’s
academic history.

Please Note: Santa Clara University does not issue F-1 visas to applicants who wish to enter
directly into this program.






Admissions

To submit your online application, go to https://slate.scu.edu/apply/. Cre-
ate an application with your email as the username and create a password. Use this
website to view application status and official decision. Applications for admission
and related deadlines are available on the Graduate School of Engineering website:
www.scu.edu/engineering/graduate/admissions-deadlines/

APPLICATION REQUIREMENTS

OPEN UNIVERSITY

The Department of Computer Science and Engineering will not be accepting ap-
plications for Open University.

For those who want to update their skills and learn new technologies without the
commitment of earning a graduate degree, Open University allows students to enroll
in graduate-level classes.

For admission, applicants must submit the following materials:

* A completed online Application for Admission to Engineering Graduate Programs,

including a nonrefundable $60 application fee

¢ Official transcript from every university attended* to:

Santa Clara University
Graduate Engineering Program
500 El Camino Real

Santa Clara, CA 95053-0583
Email: GradEngineer@scu.edu
Phone: 408-554-4313

Fax: 408-554-4323

*Please Note: All applicants with degrees from universities outside of the United States
must also submit a transcript evaluation report from Educational Credential Evaluators
(ECE) or World Education Services (WES). The report must include a course-by-course
evaluation which will verify a GPA (based on a 4.0 scale) and the U.S. equivalence of each
educational credential. A copy of your original transcripts will be attached to the report.

For additional information, please reﬁ:r to the ECE or WES websites: www.ece.org
or www.wes.org. There is no exception to this requirement.

If students wish to apply to a degree program at a later date, they must
follow the same procedure and submit the same supporting documentation
required of degree-seeking applicants. A maximum of 16 units may apply toward
the degree if the courses are in the same discipline to which the student is accepted.
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The general GRE test requirement for admission to the master’s degree pro-
gram will be waived if the student has completed a set of required courses in the
department to which they are applying and has earned a GPA of 3.5 or higher.
A list of these courses can be found on the Graduate Engineering website:
www.scu.edu/engineering/academic-programs/waiving-the-gre/

Note 1: Santa Clara University does not issue F-1 visas to applicants who wish to enter
directly into this program.

Note 2: Open University students are not eligible to enroll in undergraduate classes.

Certificate Programs

To submit your online application go to https://slate.scu.edu/apply/. Create an
application with your email as the username and create a password.

Use this website to view application status and official decision. Depending on the
certificate, students will complete 16-18 units of coursework. Applicants for admission
to the certificate programs must submit the following materials:

* A completed online Application for Admission to Engineering Graduate Programs,
including a nonrefundable $60 application fee

* One official transcript from each academic institution attended, indicating the degree
received and date of conferral

Please Note: All applicants with degrees from universities outside of the United States
must also submit a transcript evaluation report from Educational Credential Evaluators
(ECE) or World Education Services (WES). The report must include a course-by-course
evaluation which will verify a GPA (based on a 4.0 scale) and the U.S. equivalence of each
educational credential.

For additional information, please refer to the ECE or WES website: www.ece.org
or www.wes.org There is no exception to this requirement.

Also please note that GRE and TOEFL scores are not required for admission.
Certificate programs are not appropriate for international students, who must pursue
full-time study.

All certificate units in the discipline may be applied toward a master’s degree.
Students who wish to pursue such a degree must submit a separate online application
and satisfy all normal admission requirements. The application fee will be waived for
currently enrolled certificate students. The general GRE and TOEFL test requirement
for graduate admission to the master’s degree will be waived for students who complete
a certificate with a GPA of 3.5 or higher.

Note 1: Santa Clara University does not issue F-1 visas to applicants who wish to enter
directly into this program.

Note 2: The Department of Computer Science and Engineering is currently not accepting
applications to the certificate programs.

Master of Science Degrees

To submit your online application go to https://slate.scu.edu/apply/. Create an
application with your email as the username and create a password. Use this website
to view application status and official decision.

Domestic applicants for admission to the master’s programs must submit the
following materials:

* A completed online Application for Admission to Engineering Graduate Programs,

including a nonrefundable $60 application fee
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* One official transcript from each academic institution attended, indicating the degree
received and date of conferral

e Official Graduate Record Examination (GRE) scores must be sent directly to
Engineering Graduate Programs by the Educational Testing Service (ETS). Our
institution code is 4851. For information on the GRE, please visit the website:
www.ets.org/

Please Note: Students app[ymg to the M.S. program in App/zed Mathematics, and
Mechanical Engineering may petition to waive the GRE requirement by completing the
Petition to Waive GRE Requirement form. However, applicants must be aware that there
is no guarantee that the waiver will be granted. The Department of Computer Science and
Engineering DOES NOT accept GRE waiver.

This option is also available to applicants for the Engineering Management
Program who have two or more years of working experience in the U.S. These students
will also complete the Petition to Waive GRE Requirement form, as indicated above.

International applicants for admission to the master’s programs must submit the
following materials:
A completed online Application for Admission to Engineering Graduate Programs,
including a nonrefundable $60 application fee

* One official transcript from each academic institution attended, indicating the degree
received and date of conferral. All applicants with degrees from universities outside
of the United States must submit a transcript evaluation report from Educational
Credential Evaluators (ECE) or World Education Services (WES). The report must
include a course by course evaluation which will verify a GPA based on a 4.0 scale,
and the U.S. equivalence of each educational credential. Please refer to the ECE
or WES website: www.cece.org or www.wes.org (There is no exception to this
requirement.)

¢ Official Graduate Record Examination (GRE) scores must be sent directly to
Engineering Graduate Programs by the Educational Testing Service (ETS).
Our institution code is 4851. For information on the GRE, please visit the website:
www.ets.org/

Please Note: Students applying to the M.S. program in Applied Mathematics or in
Mechanical Engineering may petition to waive the GRE requirement by completing the
Petition to Waive GRE Requirement form. However, applicants must be aware that there
is no guarantee that the waiver will be granted. The Department of Computer Science and
Engineering DOES NOT acce, ]pt GRE waiver.

This option is also available to applicants for the Engineering Management
Program who have two or more years of working experience in the U.S. These students
will also complete the Petition to Waive GRE Requirement form, as indicated above.

e Scores from the Test of English as a Foreign Language (TOEFL) or the Interna-
tional English Language Testing Systems (IELTS) exam (applies to non-U.S. citi-
zens or those students who have received a degree from a university outside of the
United States). Our institution code is 4851. Test scores over three years old will not
be accepted.

Ph.D. and Engineer’s Degrees

To submit your online application go to https://slate.scu.edu/apply/. Create an
application with your email as the username and create a password. Use this website
to view application status and official decision.
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Ph.D. and Engineer’s degrees are offered in the Departments of Computer Science
and Engineering, Electrical Engineering, and Mechanical Engineering.

Domestic applicants must submit the following materials:

A completed online Application for Admission to Engineering Graduate Programs,
including a nonrefundable $60 application fee

A 500-word statement of purpose emphasizing the applicant’s research interests and
outlining the applicant’s professional and academic goals, which must be included
with the online application

One official transcript from each academic institution attended, indicating the degree
received and date of conferral

Official Graduate Record Examination (GRE) scores must be sent directly to
Engineering Graduate Programs by the Educational Testing Service (ET). Our
institution code is 4851. For further information on the GRE, please visit the
website: www.ets.org/

Three letters of recommendation are required. These letters should attest to the
applicant’s academic preparation and capability for advanced studies

International applicants must submit the following materials:

A completed online Application for Admission to Engineering Graduate Programs,
including a nonrefundable $60 application fee

A 500-word statement of purpose emphasizing the applicant’s research interests and
outlining the applicant’s professional and academic goals, which must be included
with the online application

One official transcript from each academic institution attended, indicating the degree
received and date of conferral. All applicants with degrees from universities outside
of the United States must submit a transcript evaluation report from Educational
Credential Evaluators (ECE) or World Education Services (WES). The report must
include a course-by-course evaluation which will verify a GPA based on a 4.0 scale,
and the U.S. equivalence of each educational credential. Please refer to the ECE
or WES website: www.ece.org or www.wes.org There is no exception to this
requirement.

Scores from the Test of English as a Foreign Language (TOEFL) or the Interna-
tional English Language Testing Systems (IELTS) exam (applies to non-U.S. citi-
zens or those students who have received a degree from a university outside of the
United States). Our institution code is 4851. Test scores over three years old will not
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be accepted.

¢ Official Graduate Record Examination (GRE) scores must be sent directly to
Engineering Graduate Programs by the Educational Testing Service (ETS).
Our institution code is 4851. For further information on the GRE, please visit the
website: www.ets.org/

e Three letters of recommendation are required. These letters should attest to the

applicant’s academic preparation and capability for advanced studies.

ADMISSION DEFERRALS

Any student who has been admitted to a degree program and wishes to defer their
admission for one year must submit a request, in writing, to the Engineering Graduate
Programs Admissions Office prior to the beginning of the quarter.






Academic Information

ENGINEERING HONOR CODE

The Engineering Honor Code is a long-standing Santa Clara tradition, instituted at the
request of engineering students, states: All students taking courses in the School of Engj-
neering agree, indiviilally and collectively, that they will not give or receive unpermitted
aid in examinations or other coursework that is to be used by the instructor as the basis of
grading. Students and teachers cooperate and share responsibilities under the code. Teach-
ers are responsible for making clear what aid is permissible and for using procedures that
minimize temptations to violate the code. Students are responsible for behaving honorably,
for actively ensuring that others, as well as themselves, uphold the code, and for being
responsive to violations. Alleged violations should be reported to the Office of the Dean.

THE GRADUATE CORE

The Graduate Core is a set of requirements that is common to all departments in the
School of Engineering. The Core promotes an educational philosophy that goes far beyond
narrow specialization and emphasizes a global and societal orientation. It also reflects the
fact that we live in an increasingly complex world, in which engineers must continually
deepen their understanding of the interdisciplinary environment in which they operate.

Students will be required to take a course in each of the following three areas of the Core
(for a minimum of 6 units):

1. Emerging Topics in Engineering
2. Engineering and Business/Entrepreneurship
3. Engineering and Society
Emerging Topics in Engineering
e AMTH 308 Theory of Wavelets
* AMTH 351 Quantum Computing
¢ AMTH 367 Mathematical Finance
* AMTH 387 Cryptology
* BIOE 256/ENGR 256 Introduction to Nanobioengineering
e CENG 213 Sustainable Materials
e CENG 215 Sustainable Structural Engineering
* CENG 219 Designing for Sustainable Construction
e CENG 282 Introduction to Building Information Modeling
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ELEN 280/MECH 287 Introduction to Alternative Energy Systems
ELEN 285 Introduction to the Smart Grid

ELEN 360/ENGR 262 Nanomaterials

ENGR 260 Nanoscale Science and Technology

ENGR 273 Sustainable Energy and Ethics

ENGR 371/MECH 371 Space Systems Design and Engineering 1
ENGR 372 Space Systems Design and Engineering II

MECH 268 Computational Fluid Dynamics I

Engineering and Business/Entrepreneurship

AMTH 367 Mathematical Finance

CENG 208 Engineering Economics and Project Finance
CENG 292 Infrastructure Project Management

COEN 287 Software Development Process Management
ENGR 302 Managing in the Multicultural Environment
ENGR 304 Building Global Teams

ENGR 336 Engineering for the Developing World
ENGR 338 Mobile Applications for Emerging Markets
ENGR 350 Success in Global Emerging Markets

This requirement can also be satisfied by taking any 2-unit course in Engineering
Management (EMGT)

Engineering and Society

BIOE 210 Ethical Issues in Bioengineering

CENG 208 Engincering Economics and Project Finance
COEN 250 Information Security Management

COEN 288 Software Ethics

ELEN 217 Chaos Theory, Metamathematics, and the Limits of Science:
An Engineering Perspective on Religion

ENGR 261 Nanotechnology and Society

ENGR 272 Energy Public Policy

ENGR 273 Sustainable Energy and Ethics

ENGR 302 Managing in the Multicultural Environment
ENGR 303 Gender and Engineering

ENGR 304 Building Global Teams

ENGR 306 Engineering and the Law

ENGR 330 Law, Technology, and Intellectual Property

ENGR 332 How Engineers, Businesspeople, and Lawyers Communicate With
Each Other
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* ENGR 334 Energy, Climate Change, and Social Justice

* ENGR 336 Engineering for the Developing World

e ENGR 340 Distributed & Renewable Energy for the Developing World
* ENGR 341 Innovation, Design and Spirituality

e ENGR 342 3D Print Technology and Society

e ENGR 343 Science, Religion and the Limits of Knowledge

* ENGR 344 Artificial Intelligence and Ethics

e ENGR 349 Topics in Frugal Engineering

Note 1: Although certain courses (such as ENGR 302, ENGR 304, ENGR 336,
and AMTH 367 for example) may appear in multiple categories, they cannot be used
to satisfy more than one Core requirement. Students are encouraged to periodically check
Jor updates regarding new courses in these areas on the graduate engineering website:
hutps:/lsites.google.com/afscu.edulsoe-intranet/current-graduate-students

Note 2: Core requirements cannot be waived, and no substitutions will be approved.
Transfer credit is not approved for core courses, and all core courses must be taken ar SCU.

CLASSES

Classes are taught in the following timeslots: 7:10-9:00 a.m., 5:10-7:00 p.m., and 7:10-
9:00 p.m., Monday through Friday with some Saturday and/or Sunday offerings; 2-unit
courses meet one day per week, and four-unit courses meet two days per week. All students
are expected to attend the first class meeting of the quarter. Failure to do so can result
with an academic withdrawal from the professor of the course.

STANDARDS OF SCHOLARSHIP

Only courses in which the student has earned assigned grades of A, B, or C, with plus
(+) or minus (-) variations, may be counted for the Masters or Ph.D. degree. The student
must earn a 3.0 cumulative grade point average (GPA) overall, and a 3.0 grade point aver-
age (GPA) in their major in the approved minimum 45 units required for the completion
of the M.S. degree or the approved 72 units required for the Ph.D. degree. Only credits,
not grade points, are transferred from other institutions.

Students who have not met the cumulative 3.0 GPA overall or in their major for two
consecutive active quarters are eligible for dismissal. The student’s advisor and Department
Chair will be notified about their status by e-mail. The decision to dismiss will be based on
a departmental vote, which will be conducted at the request of the advisor or Department
Chair, and with approval from the Associate Dean for Graduate Studies. Students who
have been dismissed from the program can appeal to the Department Chair, and subse-
quently to the Associate Dean for Graduate Studies.

EMGT Major Note: In addition to the cumulative GPA requirement, Engineering
Management students must also maintain a GPA of 3.0 or higher in their EMGT and
technical courses.

Note 1: Only classes with assigned grades of C- or higher will count toward the completion
of the certificates, M.S., or Ph.D. degrees. The grades of all courses completed during the
certificate, M.S. or Ph.D. program are used to compile final grade point average (GPA).

Note 2: Directed Research, Independent Study, and Engineering courses will not go
toward the students’ major GPA. Only major subject courses will be calculated in the
students’ major GPA.
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GRADING SYSTEM

The grades A, B, C, and D may be modified by (+) or (-) suffixes, except that the
grade of A may not be modified by a (+). Grade point values per unit are assigned as fol-
lows: A=4.0;A-=3.7;B+=3.3;B=3.0;B-=2.7;C+=23;C=2;C-=1.7; D+ = 1.3;
D =1.0; D- = 0.7. F= 0., I (incomplete), P (pass), NP (no pass), and W (withdrawn) are
all assigned zero points. Unit credit, but not grade point credit, is awarded when the grade
of P is assigned. The P (pass) and NP (no pass) options are not available in engineering
management courses.

The University also uses the following marks: AUD (audit), I (incomplete), N (continu-
ing work), NP (not passed), NS (no show), and W (withdrawn). No unit credit or grade
point value is granted for any of these marks.

Please note: Only classes with assigned grades of C- or higher will count toward the
completion of the certificates, M.S. or Ph.D. degrees.

NONGRADED COURSES

Courses such as seminars (with the exception of COEN 400 and ELEN 200), Co-ops,
etc., are limited to a total of four units and must be approved by the student’s advisor.
Please Note: Co-0p units may not be used toward the completion of a degree.

INCOMPLETE GRADES

A student’s work may be reported incomplete if due to illness or other serious cir-
cumstance, some essential portion of the coursework remains unfinished after the final
examination, or if the thesis has not been completed. An incomplete (I) becomes a failure
(F) unless the unfinished work is completed to the satisfaction of the instructor and proper
notice is filed with the registrar within four weeks from the beginning of the next scheduled
quarter, not including summer session. Makeup work must be in the hands of the instruc-
tor no later than the end of the third week so that the instructor can meet the four-week
submission deadline.

AUDITING COURSES

A student may take courses with a grading basis of “audit” but need to keep in mind
the following:
* The current graduate tuition rate of $1044.00 per unit + the $150.00 engineering
fee will be charged.

* No grade points or credit will be earned so the class cannot be counted toward the
completion of a certificate, M.S. or Ph.D.

* A student will need to register for the class, then send an e-mail to the Director of
Records requesting that the grading basis be changed to “Audit”: Imjocewicz@scu.edu

* The last day to request to audit a course is at the end of the first week of the quarter.

REPEATING COURSES

A student may, with the permission of the department, repeat a course in which a grade
of C- or lower was received on the first attempt. All grades, whether received on the first or
second attempt, will be used in computing overall student performance. The units from a
course may be counted only once in fulfilling graduation requirements.
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WITHDRAWAL FROM COURSES

Students may change their course registration as stated in the Academic Calendar.
Withdrawal from any course may be accomplished up to the 7th Friday of the term. After
the fourth week of the quarter, a withdrawal will be recorded as W on the transcript. After
the tenth Friday, an emergency that qualifies may be handled as an incomplete (I). Drop-
ping a course without a formal withdrawal will result in a grade of F. Deadlines are strictly
adhered to and will result in loss of tuition refund.

PROGRAM OF STUDIES

During the first quarter of enrollment, a student in the M.S. degree program is required
to meet with a faculty advisor to complete a Program of Studies form which must include
all units and transfer credits and signed by the advisor then be submitted to the Engineering
Graduate Programs Office before the end of the first quarter of enrollment. Failure to do
so will result in a registration hold. Variations from the approved Program of Studies may
be made either with written approval of the advisor or submitting an updated Program of
Studies form with the advisor’s signature to the Engineering Graduate Programs Office.
The final Program of Studies form, including all units and transfer credits, must be sub-
mitted during the student’s last quarter for graduation.

Please Note: Extension, online and continuing education units are not accepted for
transfer credit.

COURSES TRANSFERRED FROM SANTA CLARA UNIVERSITY

M.S. students who have an undergraduate degree from Santa Clara University can
transfer up to 12 units of eligible graduate level coursework into the program.
* Only those courses completed with a C grade or better will be eligible for transfer.
* The units will not transfer if they have been used for another degree.
e Since these courses were taken at SCU, the grades will count toward the overall grade
point average.

COURSES TRANSFERRED FROM OTHER INSTITUTIONS

AN M.S. students have the option to transfer a maximum of six semester or nine quarter
units of graduate level coursework from an accredited institution into their degree program
with their advisor’s approval. All Ph.D. students have the option to transfer a maximum of
12 semester or 18 quarter units of graduate level coursework from an accredited institution
into their degree program with their advisor’s approval. Please keep the following in mind
when transferring units:

* Only those courses completed with a C grade or better will be eligible for transfer.
e Extension, continuing education, and online courses may not be transferred.
¢ The units will not transfer if they have been used for another degree.

* Only the credit will transfer, but not grades so the overall grade point average will be
based on coursework completed at Santa Clara University only.

* An official transcript and course syllabus is required for verification of the units by
the student’s advisor and Engineering Graduate Programs.
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In order to transfer units into a degree program, please follow this procedure:

* Include those units you wish to transfer in the “Transfer Credit” section of the Pro-
gram of Studies form and include the Institution Name, Course Number and Title,
Grade, Units*, Year and (if applicable) the SCU equivalent course. If no equivalent
course is listed the transfer credit will be processed as general transfer credit. (Note
that 1 semester unit is equivalent to 1.5 quarter units. Please put the quarter unit value
on the Program of Studies so that the final total will be correct.)

¢ The student’s academic advisor must sign the Program of Studies form and submit
it to the Engineering Graduate Programs Office.

PETITION FOR GRADUATION

It is a student’s responsibility to file a petition for graduation no later than the last day to
petition for graduate degrees as indicated in the Academic Calendar. The petition to grad-
uate will only be accepted through online submission and may be found on the graduate
engineering website: www.scu.edu/engineering graduate under current student resources.

Please Note: Eligibility to participate in the June Commencement ceremony will be based
on the completion of all requirements, all units and a thesis, by the end of the spring quarter or
participation in the ceremony will be delayed until the following June.

COOPERATIVE EDUCATION OPTION

The objective of cooperative education is to provide students with the opportunity,
through the interaction of study and work experience, to enhance their academic knowl-
edge, to further their personal work experience, and to learn about working with people.
The Cooperative Education option integrates classroom work with practical industrial
experience. It alternates or parallels periods of college education with periods of practical
training in industry. The industrial training is related to the field of study in which the
student is engaged and often is diversified to afford a wide range of experience. To qualify
for this study option, students must complete at least 24 graduate level units at Santa Clara
University. Please note that COEN 900 level courses and transfer credit do not count
toward the 24-unit requirement.

International students who wish to pursue this option through curricular practical train-
ing (CPT) must enroll in ENGR 288. This class can be taken during the first quarter of
CPT, or before the training begins. To be eligible to enroll in ENGR 288 students must
complete at least 16 units of graduate level courses by the end of their second quarter at
SCU, or demonstrate that they will complete 24 units of graduate-level course work by
the end of their third quarter with department chair approval. Those who plan to start (or
continue) their CPT after they have taken ENGR 288 must enroll in ENGR 289 (which
is allowed for credit up to four times).** Students who were authorized for CPT but
received a No Pass (NP) grade in ENGR 288 or ENGR 289 will not be eligible for future
CPT authorization since they did not complete the academic requirements associated with
their internship.

**Note 1: The units associated with ENGR 288 and ENGR 289 are additional to the units
that are required by the department.

*** Note 2: ENGR 288 is not offered in the summer quarter. Students who plan to partici-
pate in a summer internship need to envoll in ENGR 288 in the Spring quarter.
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CONCURRENT ENROLLMENT

Concurrent Enrollment means that a student is enrolled in two places at the same time.
An international student at Santa Clara University may be given permission to engage in
Concurrent Enrollment provided the student meets the following USCIS requirements:

* Combined enrollment amounts to a full course of study

¢ The student has been granted permission from a faculty advisor to enroll at another
college (advisor must sign Concurrent Enrollment Form)

* Must receive written approval from DSO at International Student Services

* The student is making normal progress at Santa Clara and is not in danger of
probation or disqualification

* Any NON-vocational coursework from the other school will be accepted for fulfilling
degree requirements at SCU

For more information, please contact the International Student Services Office at
408-554-4318 or refer to website: www.scu.edu/globalengagement/international-students

NON-ENROLLMENT PERIOD

Students in the Master’s program are expected to enroll in at least one unit for the fall,
winter and spring quarters. Those who do not wish to do so must submit a leave of absence
or a withdrawal form to the Engineering Graduate Programs Office. A leave of absence
form is required if a student plans to miss one or two quarters, while a more prolonged
absence requires a withdrawal form. Students who wish to resume their Master’s studies
after a leave of absence or withdrawal from the program must submit a returning student
form. The forms can be found on the graduate engineering website: www.scu.edu/engi-
neering/graduate under current student resources. Leave of absence or withdrawal forms
must be submitted by the end of the first week of the quarter. Returning student’s forms
must be submitted three weeks prior to the start of the quarter returning. Please note the
return request is not guaranteed.

M.S. students are required to complete their degree within six years from their original
admit term date. The six-year time frame includes quarters during which a student was not
enrolled. Note that students who miss a quarter and fail to submit the appropriate form(s)
with the Graduate Programs Office will be discontinued automatically and will be required
to submit a returning student form. This is the same procedure for students who took a
leave of absence or withdrew from the program.

WITHDRAWAL FROM THE UNIVERSITY

Withdrawal from the University is not officially complete until students clear all of their
financial obligations with the Bursar’s Office. Students on deferments or a Federal Perkins
Loan must also clear their financial obligations with the Credit Counseling Office.

STUDENT RECORDS AND RELEASE OF INFORMATION

The Family Educational Rights and Privacy Act of 1974 (FERPA) protects the con-
fidentiality of the University records of Santa Clara University students. A student is any
person who attends or has attended a class, which includes courses taken through video
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conference, satellite, Internet, or other electronic telecommunication technologies, and for
whom the institution maintains education records. However, the University is authorized
under the provisions of the Act to release any directory information to any person upon
request, unless a student explicitly requests in writing that the University keep directory
information confidential. A student directory information is designated as follows:

¢ Student’s Name

* Address, campus post office box, local, and permanent addresses (residence hall and
room number not disclosed)

¢ Telephone number

¢ E-mail address

* Photograph

* Date and place of birth

e Major field of study

* Classification level/academic standing

* Dates of attendance (defined as academic year or quarter)
e DParticipation in officially recognized activities and sports
* Weight and height of members of athletic team

* Degrees (including expected or actual degree date), honors and awards received,
and dates

* Most recent educational agency or institution attended

During the registration period and throughout the academic year, students may request
in writing through the Office of the Registrar that directory information be kept confi-
dential. Once filed, the request remains in effect until the beginning of the next academic
year, or a shorter period if designated by the student. Graduating students must notify the
Office of the Registrar in writing to remove the nondisclosure notation from their record.

The University is authorized under FERPA to release educational and directory infor-
mation to appropriate parties without consent if the University finds an articulable and
significant threat to the health or safety of a student or other individuals in light of the
information available at the time.

Former or current borrowers of funds from any Title IV student loan program should
note carefully that requests for nondisclosure of information will not prevent the University
from releasing information pertinent to employment, enrollment status, current address,
and loan account status to a school lender, subsequent holder, guarantee agency, United
States Department of Education, or an authorized agent.

Students have the right to inspect and review their educational records at the following
offices:

¢ Official academic records, including application forms, admissions transcripts, letters
of acceptance, and a student’s permanent academic record are on file and maintained

in the Office of the Registrar
* Working academic files are also maintained by the deans in their respective offices.

¢ Records related to students’ nonacademic activities are maintained in the Office of
Student Life.

* Records relating to students’ financial status with the University are maintained in
the various student financial services offices.
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The law excludes individual records from inspection; specifically those created or main-
tained by a physician, psychiatrist, or psychologist in connection with the treatment or
counseling of a student. Parents’ financial information, including statements submitted
with scholarship applications, is also excluded by law from inspection. Third parties may
not have access to educational records or other information pertaining to any student with-
out the written consent from that student.

Students have the right to request an amendment of their educational records to ensure
that they are not inaccurate, misleading, or otherwise in violation of the student’s privacy
or other rights. Students may direct complaints regarding academic records to the dean of
the college or school in which they are enrolled or to the University Registrar. In addition,
students have the right to file a complaint with the United States Department of Edu-
cation concerning alleged failures by the University to comply with the requirements of
the Act. Written complaints should be directed to the Family Policy Compliance Office,
Department of Education, 400 Maryland Ave., S.W., Washington, D.C. 20202-5920.
For further information regarding Santa Clara University’s FERPA policy, please refer to
www.scu.edu/ferpa/scu-ferpa-policy/

CAMPUS SECURITY AND CRIME STATISTICS ACT

The U.S. Department of Education requires universities that receive Title IV funding
to disclose certain information, including institutional graduation rates, athlete graduation
rates, financial assistance awarded, and crime statistics. Information presented in compli-
ance with the Jeanne Clery Disclosure of Campus Security Policy and Campus Crime
Statistics Act is made available to assist current and potential students and employees in
making informed decisions regarding their attendance or employment with Santa Clara
University. To view the Santa Clara University reports, please refer to the Campus Safety
Services website: www.scu.edu/university-operations/campus-safety/

A paper copy of the report may be obtained by writing to Campus Safety Services, Santa
Clara University, 500 El Camino Real, Santa Clara, CA 95053.






Financial Information

FINANCIAL RESPONSIBILITY

Students assume responsibility for all costs incurred as a result of enrollment at Santa
Clara University. It is the student’s responsibility to be aware of their account balance and
financial aid information and maintain current valid contact information at all times to
ensure receipt of all University correspondence in a timely manner. All major correspon-
dence is sent using the University’s official gmail account. Students are responsible to check
their Santa Clara gmail for important information and updates.

FINANCIAL TERMS AND CONDITIONS

Students are required to accept the financial terms and conditions outlined by the
University in order to continue their enrollment at SCU. Students will be prompted to
accept the terms and conditions, on an annual basis, upon their login to ecampus. Students
will not have access to their Student Center until they have read and agreed to the informa-
tion contained on the page(s) prompted. By accepting SCU’s financial terms and condi-
tions, students are agreeing to pay and to abide by all policies and procedures as published.

TUITION AND FEES
Tuition, per quarter unit, for all courses $1,044
Graduate Design Center and Student Association (AGES) fee .........cceeveueerenennes $150

Per quarter, for each student enrolled in School of Engineering courses; includes
Association of Graduate Engineering Students (AGES) fee.

MANDATORY HEALTH INSURANCE
Annual graduate student health insurance fee $2,968

Santa Clara University requires all students taking two or more classes to have health insur-
ance. Students may either enroll in the University-sponsored health insurance plan or com-
plete the online waiver form each academic year with the student’s own health insurance
information. For details on completing the waiver or on-line insurance enrollment option
go to www.scu.edu/cowell and click on Student Health Insurance.

Graduate students who have medical insurance other than the University-sponsored
plan will be billed a $90 health center fee for each quarter they visit the Cowell Health
Center. Graduate students enrolled in the University plan may use the health center at any
time and the health center fee is included in the cost of the insurance premium.
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OTHER FEES

Non-refundable application fee, per application $60
Non-refundable Enrollment Deposit (will be credited toward student’s

account once enrollment is posted) $300
Late registration fee $100
Course drop/swap fee (per course) $50
Late payment fee $100
Ph.D. thesis microfilming $45
Parking permits (per-year) *TBD

Parking permits (N permit) after 4:30 p.m. only (per year)* TBD
*Please note: for parking permit fee information please go to https://university-operations.scu.
edulcampus-safetylparking-and-transportation-services/parking-services/

BILLING AND PAYMENT PROCEDURES

Students assume responsibility for all costs incurred as a result of enrollment at Santa
Clara University and agree to abide by applicable University policies and procedures. Stu-
dents may designate a third party (e.g., parent, family member, spouse) to be an authorized
user for the purpose of reviewing student account/billing information and remitting pay-
ment on the student’s behalf. However, it is ultimately the student’s responsibility to make
sure all financial obligations are completed by the published deadlines.

Students receive monthly bills electronically via a third-party vendor that are accessible
through University eCampus. A billing notification will be sent to the student’s assigned
SCU gmail account and to the email address of any authorized user. Students may also
forward their billing statements electronically to any third party they authorize for remit-
tance. Information on a student’s account cannot be provided to any third-party payer
unless a completed Family Educational Rights and Privacy Act (FERPA) form authorizing
its release by the student is on file with the University.

Students are obligated to pay the applicable tuition and fees associated with their
enrollment status by the published term payment deadline. Students enrolling after the
initial payment deadline may be required to pre-pay for their enrollment. Registered
students who do not withdraw formally from the University are responsible for all
tuition and fees assessed to their account as well as any penalty charges incurred for
nonpayment. Nonattendance does not relieve the student of his or her obligation to
pay tuition and fees.

Additional information, including detailed instructions on Santa Clara’s billing and
payment procedures, is located at the website: www.scu.edu/bursar

Graduate Programs Billing Dates and Deadlines

The following dates are the initial payment deadlines for each quarter:

Fall 2019 Billing available August 1; payment due August 21
Winter 2020 Billing available December 1; payment due December 21
Spring 2020 Billing available March 1; payment due March 21

Summer 2020 Billing available May 1; payment due May 21
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PAYMENT METHODS

Santa Clara University offers a variety of payment methods to students to assist with
their financial obligations:

Payment by Electronic Check

A student or authorized user may make online payments by authorizing a fund transfer
directly from their personal checking or savings account through a third-party website
accessible via the University eCampus system. The payer can make electronic check pay-
ments without incurring a transaction fee.

Payment by Mail

Payment for student account charges is accepted by mail utilizing the University’s
cash management service lock box. The payer should download a copy of the student
billing statement, enclose it with a personal or cashier’s check payable to “Santa Clara
University” and mail both items to SCU Payment Processing, P.O. Box 550, Santa
Clara, CA 95052-0550.

Payment in Person

Payments for student account charges may be made in person by cash or check only at
the Enrollment Services Center in the Admissions & Enrollment Services Building. This
office is not able to accept any electronic forms of payment. However, there are computer
kiosks located in the Admissions and Enrollment Services Building for the convenience of
students and their payers who wish to make electronic payments. The University does not
accept debit or credit card payments for student account charges.

International Payment by Wire Transfer

International students may submit payment quickly and securely by going to
www.flywire.com/scu. Students are able to benefit from excellent exchange rates and
payment can usually be made in the student’s home currency.

EXTENDED PAYMENTS OPTIONS

Currently enrolled students are eligible to enroll in a monthly payment plan to assist
with budgeting needs. The online monthly payment plan can be accessed by logging into
eCampus and selecting the Financial Account Tile. There is a non-refundable enrollment
fee each quarter, but no interest is charged during the payment term. Information about
these plans is available on the Bursar’s Office website: www.scu.edu/bursar/.

DELINQUENT PAYMENTS

If all charges on a student’s account have not been cleared by payment, financial aid,
or loan disbursement by the payment deadline, a late payment fee will be assessed to the
student’s account and a hold will be placed on the student’s record. A hold on a student’s
record prevents the release of transcripts or diplomas, restricts access to any registration
services, and may limit access to other University services. Students who have unpaid
accounts at the University or who defer payment without approval are subject to dismissal
from the University. All outstanding balances will accrue ten percent interest per annum
on the remaining balance from the date of default in accordance with California state law.



36 SCHOOL OF ENGINEERING

Delinquent student accounts may be reported to one or more of the major credit
bureaus and may be forwarded to an outside collection agency or an attorney for assistance in
recovering the debt owed to the University. The student is responsible for all costs incurred
to collect outstanding deb, including but not limited to accrued interest, late fees, court
costs, collection fees, and attorney fees. All outstanding bills and costs of collection incurred
by the University must be paid in full prior to a student re-enrolling at the University.

BILLING DISPUTES

If a student wishes to dispute any charge on their billing statement, a written
explanation should be forwarded to Santa Clara University, Bursar’s Office, 500 El
Camino Real, Santa Clara, CA 95053-0615. The Bursar’s Office must receive written
correspondence within 60 days from the billing statement date on which the item in
question appeared. Communication can be made by telephone, but doing so will not
preserve the student’s rights.

Communication should include the student’s name, SCU identification number, the
amount in question, and a brief explanation. Payment for the amount in question is not
required while the investigation is in progress; all other items not in question must be paid
by the due date. If the amount in question is found to be correct, payment must be sub-
mitted to the Bursar’s Office immediately upon notification.

REFUND PAYMENTS

Refunds will be granted only for student accounts reflecting a credit balance. A refund
will not be granted based on anticipated aid. All financial aid must be disbursed into a
student’s account before a refund is processed. It is the student’s responsibility to make
sure that all necessary documentation is completed and submitted to the Financial Aid
office so that aid can be disbursed properly and in a timely fashion. Payment received by
personal check will have a 14-calendar day hold before a refund can be issued; electronic
check payments require a 7-day hold.

Fall, Winter, and Spring Quarters

Graduate students who drop courses or withdraw from the University during fall,
winter, or spring term will receive a tuition refund in accordance with the following:

* By the end of the first week of classes — 100% tuition refund, less any applicable fees
* By the end of the second week of classes — 50% tuition refund, less any applicable fees
* By the end of the third week of classes — 25% tuition refund, less any applicable fees
o After the third week of classes — zero tuition refund

Summer
Students who drop courses or withdraw from the University during the summer session
term will receive a tuition refund in accordance with the following;
* By the end of day of the second class meeting — 100% tuition refund, less any
applicable fees

* By the end of day of the third class meeting — 50% tuition refund, less any
applicable fees
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Saturday/Sunday Courses/Off Cycle Courses

Students enrolled in a weekend course in which the first class meeting is after the first
week of the term must provide written notification, to the Graduate Programs Office, of
their intent to withdraw or drop any weekend/off cycle course(s). Failure to comply with
this process will result in an irreversible forfeit of tuition.

The following refund schedule applies:

* Students will receive a 100% tuition refund, less any applicable fees, if written

notification is received by 5 p.m. on the Tuesday immediately following the first
class meeting,

 Students will receive a 50% tuition refund, less any applicable fees, if written
notification is received by 5 p.m. on the Tuesday immediately following the second
class meeting,

To receive tuition refunds from the Bursar’s Office course drops must be handled
administratively. Students should NOT drop a weekend/off cycle course themselves
through eCampus after the first week of the quarter.

Please Note: If you withdraw or drop below half-time status you may no longer be eligible
to recetve financial aid or student loans. Your account will be adjusted accordingly and the aid
returned to the appropriate program. If you have received a refund for these ﬁfnﬂls, you must
reimburse Santa Clara University immediately. For more information on financial azjfo;ﬁiture,
please visit the Financial Aid website or make an appointment with your financial aid counselor.

One-Unit Courses

Students enrolled in a one-unit course must provide written notification to their respec-
tive Records Office of their intent to withdraw or drop any course(s). Failure to comply
with this process will result in an irreversible forfeit of tuition.

The following refund schedule applies:

* Students will receive a 100% tuition refund, less any applicable fees, if written notifi-
cation is received within two business days prior to the first class meeting,

* Students will receive a 50% tuition refund, less any applicable fees, after the first
class meeting unless the course has only one session, in which case no refund will be
granted.

Financial Hardship

Students who withdraw from the University or drop courses due to an illness, injury, or
psychological/emotional condition are eligible for a tuition refund in accordance with the
schedule above. Tuition insurance may be purchased to cover tuition charges for medically
related withdrawals that occur after the first week of the term.

Santa Clara University degree students who withdraw from the University or who are
administratively withdrawn from the University after the third week of the term due to a
qualifying financial hardship may be eligible for an allocation from the student hardship
fund for 25 percent of the tuition charges for that term. Qualifying financial hardships
include (1) death, disabling injury, medical emergency, (2) loss of job by an independent
student, (3) medical or other emergency involving a dependent of an independent student,
and (4) student deployment for active military duty. The Vice Provost for Student Life or
designee, in consultation with the Financial Aid Office, will determine qualifying financial
hardships and any allocation from the student hardship fund. Students must submit a
request for an allocation from the student hardship fund by the end of the applicable term.
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No tuition refunds are made because of curtailed services resulting from strikes, acts of
God, civil insurrection, riots or threats thereof, or other causes beyond the control of the
University.

TUITION INSURANCE PROTECTION

Students and families may protect themselves against financial loss due to unexpected
withdrawal from the University for medical or mental health reasons by purchasing tuition
insurance coverage. The University has identified an insurance company, A.W.G. Dewar
Inc., to provide an optional insurance protection plan. This plan is designed to protect from
loss of funds paid for tuition should it be necessary to withdraw completely from the Uni-
versity during the term for medical or mental health reasons. Information on the tuition
insurance plan is available from the Bursar’s Office and on Dewars” website.

FINANCIAL AID

Students must be enrolled at least part-time status (4 units) to receive Federal
financial aid.

California State Graduate Fellowships

State graduate fellowships are awarded to California residents pursuing a recognized
graduate or professional degree who intend to pursue teaching as a career and who have not
completed more than four quarters of full-time graduate work as of October 1. Selection
is based on state manpower needs, academic performance, and financial need. Applicants
should apply using the Free Application for Federal Student Aid (FAFSA), which is avail-
able at website: www.fafsa.ed.gov/.

Loans

Students applying for aid may find the most advantageous method of financing their
education through loan programs. Among those available to students of the School of
Engineering are the Federal Perkins Loan and Federal Stafford Loans through the School
as Lender Program. Applicants should apply using the Free Application for Federal Student
Aid (FAFSA), which 1s available at website: www.fafsa.ed.gov/.

Please Note: A student must be a U.S. citizen or eligible non-citizen to qualify for federal
sources of financial assistance.

Deadlines

The Financial Aid Office has established deadlines for consideration of the various
programs it administers. All students requesting financial aid from the University should
contact the Financial Aid Office at the earliest possible date to request specific deadline
information and appropriate application materials. Files completed later than February
1 for new recipients and March 2 for current recipients will receive consideration on a
funds-available basis. All financial aid deadlines are posted on the Financial Aid website:
www.scu.edu/financialaid.



FINANCIAL INFORMATION 39

Veterans and Veterans’ Dependents Assistance

Santa Clara University has been certified by the Department of Veterans Affairs as
qualified to enroll students under applicable federal legislation and regulations, including
Chapter 35 (child of a deceased or 100 percent disabled veteran, widow of any person who
died in the service or died of a service-connected disability, or wife of a veteran with a 100
percent service-connected disability), Chapter 31 (Rehabilitation), Chapter 33 (Post 9/11
G.I. Bill). Individuals interested in attending under any of the Veteran’s assistance should
contact the Veterans Administration and the University Office of the Registrar.

Information regarding these programs may be obtained from the Santa Clara
University’s VA representative in the Office of the Registrar.

Teaching and Research Assistantships

The School of Engineering offers a limited number of teaching and research assis-
tantships providing up to eight units of tuition and, in some cases, a modest stipend.
For further information, students are encouraged to contact their faculty advisor or
their academic department.

University-Awarded Aid

Individual graduate schools may grant their students a specific amount of financial aid,
per term, in the form of Santa Clara University school scholarships. Once the amount has
been determined by the school, the information is sent to the Financial Aid Office for pro-
cessing. The Financial Aid Office awards the aid and sends an email notification to the stu-
dent’s SCU gmail address only, informing them of their financial aid package and/or any
aid revision. Students will be able to see their school scholarship award on e-campus. The
award amount will also appear as “anticipated aid” on the student’s account to alleviate the
assessment of holds/late fees from the Bursar’s Office. Generally, financial aid is disbursed
to the student’s account ten days before the start of classes each term. If eligible, the Bursar’s
Office will issue refunds to students reflecting credit balances after the first week of class.

Cancellation of Financial Aid and Return of Funds

Students who withdraw from the University and who have federal financial aid are
subject to the federal regulations applicable to the return of Title IV funds. These regula-
tions assume that a student earns his or her financial aid based on the period of time he or
she remains enrolled during a term. A student is obligated to return all unearned federal
financial aid funds governed under Title IV.

Unearned financial aid is the amount of disbursed Title IV that exceeds the amount of
Title IV aid earned in accordance with the federal guidelines. During the first 60 percent of
the term, a student earns Title IV funds in direct proportion to the length of time he or she
remains enrolled. That is, the percentage of time during the term that the student remains
enrolled is the percentage of disbursable aid for that period that the student has earned.

A student who withdraws after the 60 percent point of the enrollment term earns all
Title IV aid disbursed for the period. The amount of tuition and other charges owed by the
student plays no role in determining the amount of Title IV funds to which a withdrawn
student is entitled.
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All funds must be returned to federal programs before funds are returned to the state or
University financial aid programs and/or the student. The return of funds allocation will
be made in the following order for students who have received federal Tite IV assistance:

Unsubsidized Federal Direct Loans (other than Direct PLUS Loans)

Subsidized Federal Direct Loans

Federal Perkins Loans

Federal Direct Grad PLUS Loans

Federal PELL Grants for which a return is required

Federal Supplemental Educational Opportunity Grants for which a return is required
TEACH Grants for which a return is required

Iraq and Afghanistan Grants for which a return is required
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Graduate Minor in Science,

Technology, and Society (STS)

Program Adyisor: Dr. Aleksandar Zecevic

PROGRAM DESCRIPTION

The graduate minor in science, technology, and society (STS) is designed to help stu-
dents gain a deeper understanding of the influence that engineering has on society (and
vice versa). Knowledge of this kind has become essential in an increasingly complex and
interconnected world, in which purely technical expertise often needs to be supplemented
by additional skills. In order to successfully operate in such an environment, engineers must
(at the very least) have the ability to communicate clearly, function on interdisciplinary and
diverse teams, and make ethically and socially responsible decisions. The minor consists of
a Core and a set of electives, and entails a minimum of 12 units of coursework. It is open
to all students who are pursuing a master’s degree in engineering, regardless of the specific
program in which they are enrolled.

The need to develop such skills has been widely recognized in universities around the
country, as witnessed by the growing emphasis on interdisciplinary studies in undergradu-
ate engineering curricula. It is unusual, however, to encounter programs of this kind on the
graduate level. Most traditional master’s programs still focus on specialized technical topics,
and offer litte insight into how practicing engineers might engage global challenges such as
climate change, sustainability, or economic disparity (to name just a few).

The primary purpose of the STS minor is to offer graduate students an opportunity
to examine some of these key social issues on an advanced level. The scope of the minor
is broad, and includes topics that range from the social impact of new technologies, to
applied ethics, sustainability, and religion. As such, it reflects an educational philosophy
that goes well beyond narrow specialization and promotes a global and societal orientation.
All the courses in this program have a distinctly interdisciplinary flavor, and are designed to
develop creativity, innovation, and leadership.

PROGRAM REQUIREMENTS

The STS minor consists of a Core and a set of electives, and entails a minimum of 12
units of coursework. The Core courses cover four distinct thematic areas:

¢ Social and Philosophical Issues in Science and Engineering
* Engineering and Ethics
* Science and Religion

* Sustainability and Engineering
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Students will be required to take courses in at least three of the Core areas outlined
above (for a minimum of 6 units). The remaining units (up to a total of 12, or more if
desired) can be accumulated by taking a combination of electives and additional STS Core
courses.

The courses and the different thematic areas to which they belong are listed below. Note
that courses that appear in multiple areas can be used to satisfy only one Core requirement
(in other words, no “double dipping” is allowed).

Social and Philosophical Issues in Science and Engineering

* ENGR 261 Nanotechnology and Society

* ENGR 272 Energy Public Policy

ENGR 302 Managing in the Multicultural Environment
ENGR 303 Gender and Engineering

ENGR 304 Building Global Teams

ENGR 336 Engineering for the Developing World
ENGR 338 Mobile Applications for Emerging Markets
ENGR 341 Innovation, Design and Spirituality

ENGR 342 3D Print Technology and Society

Engineering and Ethics
¢ COEN 288 Software Ethics
ELEN 217 Chaos Theory, Metamathematics and the Limits of Knowledge
ENGR 273 Sustainable Energy and Ethics
ENGR 310 Engineering Ethics
ENGR 334 Energy, Climate Change, and Social Justice Science and Religion

A Scientific Perspective on Religion

* ENGR 334 Energy, Climate Change, and Social Justice
* ENGR 341 Innovation, Design and Spirituality

Sustainability and Engineering

» ELEN 280/MECH 287 Introduction to Alternative Energy Systems
ELEN 288/COEN 282 Energy Management Systems

ENGR 271 Energy Conservation

ENGR 272 Energy Public Policy

ENGR 273 Sustainable Energy and Ethics

ENGR 334 Energy, Climate Change, and Social Justice

ENGR 337 Sustainability and Green Information Technology

ENGR 340 Distributed and Renewable Energy for the Developing World
ENGR 349 Topics in Frugal Engineering
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Admission Procedures

The STS minor option is open to all master’s students in the School of Engineering.
Those who wish to pursue this minor must submit an application form to the Graduate
Services Office by the end of their third quarter at SCU (at the latest), and must have their
program of studies approved by the academic advisor for this program (Dr. Aleksander
Zecevic). Links to the application form and the program of studies form can be found at
the website: www.scu.edu/engineering/graduate

Students who complete all the technical requirements set by their department, as well as
an approved set of ST classes, will receive a master’s degree with a minor in science tech-
nology and society. The degree will be conferred by the department to which the student
was originally accepted. Please note that the grades obtained in STS courses will be included
in the overall GPA, and will carry the same weight as grades obtained in technical classes.

There are no financial or academic penalties for not completing the minor. Such stu-
dents will receive the standard master’s degree, with no reference to the STS minor.

Financial Aid for the STS Minor

Students who have declared a graduate minor in Science, Technology, and Society
(STY) are eligible for a special form of financial aid. The amount of aid is limited to 75%
of tuition for up to 12 units (excluding fees). These funds can be applied only to courses
taken beyond the 45 units that are required for a Master’s degree.

In order to become eligible for this benefit, students must check the appropriate box
that pertains to financial aid on the application form. In addition, their program of studies
must be approved by the academic advisor for the program (Dr. Aleksandar Zecevic).
Financial aid comes into effect once a student completes 45 units of course work, at which
point he or she should follow the procedure outlined below:

1. The quarterly tuition must be paid in full, and in the time-frame specified by the
Bursar’s Office.

2. In the second week of each quarter, students must provide the proiram academic
advisor with a list of courses in which they are currently enrolled (this will require
official proof of registration).

3. Once the academic advisor establishes that the courses conform to the approved
programs of studies (both in the technical and in the STS area), students will
receive financial aid in the amount of 75% of their tuition expenses for that quarter
(excluding fees).






Certificate Programs

GENERAL INFORMATION

Certificate programs are designed to provide intensive background in a narrow area at
the graduate level. At approximately one-third of the units required for a master’s degree,
the certificate is designed to be completed in a much shorter period of time. These certif-
icate programs are appropriate for students working in industry who wish to update their
skills or f%)r those interested in changing their career path.

INTERDISCIPLINARY

Certificate in Frugal Innovation
Advisor: Dr. Aleksandar Zecevic

Over the past two decades, global trends have been forcing businesses to adapt to grow-
ing consumer bases in Africa, Asia, and Latin America, which are in desperate need of low-
cost and high-quality solutions to the challenges that they face. The importance of these
new “economic realities” is underscored by the fact that emerging markets are expected
to exceed 50% of the world’s GDP in 2017 (according to IMF estimates). In order to
excel professionally in such an environment, engineers will have to be equipped with the
knowledge and skillsets to appropriately define, design, and implement solutions that are
not merely a “stripping down” of Western products to meet the rising demand. Industry,
particularly in the Silicon Valley, is becoming increasingly aware of this fact and has begun
to move toward a ‘Triple Bottom Line’ approach to business, which integrates environmen-
tal, societal and financial considerations. The Certificate in Frugal Innovation is designed
to give students the ability and the tools to adapt to this new model, and to expand their
understanding of the impact that engineering has on society.

This program is suitable for working pro?essionals in a wide variety of engineering dis-
ciplines. To enroll, students must have a B.S in Engineering from an accredited institution,
and should maintain a GPA of at least 3.0 in order to receive the certificate.

Program Requirements

The Certificate in Frugal Innovation entails a minimum of 16 units of course work.
It consists of an eight-unit Core, and a set of electives that are organized into two groups.
Students are required to take four units from Group A and another four from Group B,
as described below.
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Required Core Classes (8 units)
* ENGR 336 Engineering for the Developing World (2 units)

* ENGR 338 Mobile Applications and Instrumentation for Emerging Markets (2 units)
e ENGR 340 Distributed and Renewable Energy for the Developing World (2 units)

* ENGR 341 Innovation, Design and Spirituality (2 units)
Elective Group A (4 units)
* ENGR 273 Sustainable Energy and Ethics (2 units)

* ENGR 304 Building Global Teams (2 units)
e ENGR 342 3D Print Technology and Society (2 units)

* ENGR 349 Special Topics in Frugal Engineering (2 units)
Elective Group B (4 units)
* CENG 219 Designing for Sustainable Construction (4 units)

* COEN 389 Energy Efficient Computing (2 units)

ELEN 280/MECH 287 Introduction to Alternative Energy Systems (2 units)
ELEN 288/COEN 282 Energy Management Systems (2 units)

* ENGR 302 Managing in the Multicultural Environment (2 units)

e ENGR 334 Energy, Climate Change, and Social Justice (2 units)

Renewable Energy Certificate
Adpvisor: Dr. Maryam Khanbaghi

Renewable energy is the fastest-growing sector in California and brings together princi-
ples and practices from engineering, environmental science, and economics. Silicon Valley,
the home of the world’s largest cluster of renewable energy companies and green investors,
offers fertile ground to recruit career changers who wish to move into renewable energy and
students who want to take advantage of the tremendous career opportunities.

The main goal of this certificate is to introduce students to the field of renewable energy.
The intent is to help equip professionals in Silicon Valley with the knowledge that will help
them advance in their present career or enter the renewable energy field. To enroll in this
certificate an applicant should have a B.S. in Engineering from an accredited school and
should maintain a grade point average of 3.0. As with most certificates in the Graduate
School of Engineering, the requirement is 16 quarter units. Eight of these units are in
Power Systems, eight units are in Renewable Energy.

Required Courses (16 units total)
Power Systems (8 units)

* ELEN 280/MECH 287 Renewable Energy (2 units)

e ELEN 281A Power Systems: Generation and Transmission (2units)
* ELEN 281B Power Systems Distribution (2 units)

e ELEN 285 Introduction to the Smart Grid (2 units)



CERTIFICATE PROGRAMS 47

Renewable Energy (8 units)

ELEN 282 Photovoltaic Devices and Systems (2 units) or ELEN 284 Solar Cell
Technologies and Simulation Tools (2 units)

ELEN/MECH 286 Introduction to Wind Energy Engineering (2 units)
ELEN 287 Storage Device Systems (2 units)
ENGR 272 Energy Public Policy (2 units)

ELECTRICAL ENGINEERING

ASIC Design and Test
Adyisor: Dr. Shoba Krishnan

This certificate program has a dual purpose: (a) to strengthen fundamental knowledge
of the design process that helps the designer adapt to future innovations in technology; and
(b) to introduce the designer to state-of-the-art tools and techniques. The program consists
of the eight courses listed below. Any change in the requirements must be approved by the
academic advisor.

Required Courses (16 units)

ELEN 387 VLSI Design I (2 units)

ELEN 500 Logic Analysis and Synthesis (2 units)

ELEN 603 Logic Design Using HDL (2 units)

ELEN 605 High-Level Synthesis (2 units)

ELEN 608 Design for Testability (2 units)

ELEN 624 Signal Integrity in IC and PCB Systems (2 units)

Two electives from ELEN 388, 389, 601, 604, 609, 613, 614 or 620 (2 units each)

Analog Circuit Design
Adyisor: Dr. Shoba Krishnan

This certificate provides a background in the basic devices and circuits that are
fundamental to analog circuit design. The program will also introduce the student
to state-of-the-art analog IC design tools. The program consists of the courses listed
below totaling 16 units:

Required Courses (14 units)

ELEN 252 Analog Integrated Circuits I (2 units)

ELEN 253 Analog Integrated Circuits II (2 units)

ELEN 254 Advanced Analog Integrated Circuit Design (4 units)
ELEN 264 Semiconductor Device Theory I (2 units)

ELEN 387 VLSI Design I (2 units)
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Elective Courses (2 units)
e ELEN 251 Transistor Models for IC Design (2 units)

ELEN 265 Semiconductor Device Theory II (2 units)

ELEN 351 RF Integrated Circuit Design (2 units)

ELEN 352 Mixed Signal IC Design for Data Communications (2 units)
ELEN 353 Power IC Design (2 units)

ELEN 388 VLSI Design II (2 units)

Digital Signal Processing Applications
Adpisors: Dr. Tokunbo Ogunfunmi, Dr. Sally Wood

This certificate program provides a basic understanding of digital signal processing
theory and modern implementation methods as well as advanced knowledge of at
least one specific application area. Digital signal processing has become an important
part of many areas of engineering, and this certificate prepares students for traditional
or novel applications.

Required Courses (10 to 12 units)
e AMTH 210 or AMTH 245 (2 units)

» ELEN 223 Digital Signal Processing System Development (4 units) or
ELEN 226 Machine Learning and Signal Processing Using FPFA (2 units)

e ELEN 233E or ELEN 233 and 234 Digital Signal Processing I, I (4 units)

e ELEN 421 Speech Coding I or ELEN 640 Digital Image Processing I (2 units)

Elective Courses (4 to 6 units to make a total of 16 units) may be selected from the list
below. Any courses from the required list above that were not selected to meet the require-
ments may be included in the elective options.

* AMTH 308 Theory of Wavelets (2 units) or AMTH 358 Fourier Transforms (2 units)
e ELEN 241 Introduction to Communications (2 units)

e ELEN 243 Digital Communications Systems (2 units)

e FELEN 244 Information Theory (2 units)

* ELEN 247 Communication Systems Modeling Using Simulink I (2 units)

* ELEN 334 Introduction to Statistical Signal Processing (2 units)

* ELEN 422 Speech Coding II (2 units)

» ELEN 431 Adaptive Signal Processing I (2 units)

e ELEN 520 Machine Learning (3 units)

* ELEN 643 Digital Image Processing II (2 units)

e ELEN 644 Computer Vision I (2 units) or ELEN 645 Computer Vision II (2 units)
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Digital Signal Processing Theory
Adbisors: Dr. Tokunbo Ogunfunmi, Dr. Sally Wood

This certificate program provides a firm grounding in fundamentals of digital signal
processing (DSP) technology and its applications. It is appropriate for engineers involved
with any application of DSP who want a better working knowledge of DSP theory and its
applications. A novel feature of the program is a hands-on DSP hardware/software develop-
ment laboratory course in which students design and build systems for various applications
using contemporary DSP hardware and development software.

Required Courses (8 units)
e AMTH 308 Theory of Wavelets (2 units) or AMTH 358 Fourier Transforms (2 units)

* ELEN 233E or ELEN 233 and 234 Digital Signal Processing I, II (4 units)

* ELEN 334 Introduction to Statistical Signal Processing (2 units)
Elective Courses (8 units)
e ELEN 223 Digital Signal Processing System Development (4 units)

e ELEN 226 Machine Learning and Signal Processing Using FPGA (2 units)
e ELEN 235 Estimation I (2 units)

e ELEN 241 Introduction to Communications (2 units)

e ELEN 244 Information Theory (2 units)

e ELEN 336 Detection (2 units)

» ELEN 431 Adaptive Signal Processing I (2 units)

e ELEN 640 Digital Image Processing I (2 units)

* ELEN 641 Image and Video Compression (2 units)

* ELEN 643 Digital Image Processing II (2 units)

Fundamentals of Electrical Engineering
Adyisor: Dr. Shoba Krishnan

This certificate has been designed for those individuals who have significant work
experience in some area of electrical engineering and wish to take graduate-level courses
but may lack some prerequisite knowledge because they have not earned the BSEE degree.
This one-year program consists of 16 to 28 units, depending on the background of the
individual student, and covers electrical engineering core areas. Eight of these units may be
credited toward an MSEE degree after successful completion of the certificate.

The required courses are selected with the help of the program advisor according to the
student’s background.

e ELEN 21 Introduction to Logic Design (4 units)
e ELEN 33 Digital Systems Architecture (5 units)
e ELEN 50 Electric Circuits I (5 units)

¢ ELEN 100 Electric Circuits II (5 units)
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* ELEN 104 Electromagnetics I (5 units)
e ELEN 110 Linear Systems (5 units) or ELEN 210 (2 units)
e ELEN 115 Electronic Circuits I (5 units) or ELEN 250 (2 units)

Microwave and Antennas

Adpvisors: Dr. Timothy Healy, Dr. Ramesh Abhari, Dr. Kurt Schab

The purpose of this certificate is to meet the increasing need for the knowledge in mi-
crowave, antenna and RF integrated circuits in present electronic products. This program
is offered for students who have a B.S. in Electrical Engineering. The students are expected
to have had knowledge of multivariate calculus and preferably partial differential equations.

The curriculum consists of 16 units: two required courses (4 units) and the 12 units of
elective courses listed below:

Required Courses (4 units)
e ELEN 201 Electromagnetic Field Theory I (2 units)
e ELEN 701 Microwave System Architecture (2 units)
Elective Courses (12 units)

* ELEN 624 Signal Integrity in IC and PCB Systems (2 units)

e ELEN 351 RF Integrated Circuit Design or
ELEN 354 Advanced RFIC Design (2 units each)

e ELEN 726 Microwave Measurements, Theory and Tech (3 units)
(Laboratory Oriented)

e ELEN 706 Microwave Circuit Analysis and Design (2 units)(Passive Component)

e ELEN 711 Active Microwave Devices I or ELEN 712 Active Microwave
Devices II (2 units each)(Active Components)

e ELEN 715 Antennas I or ELEN 716 Antennas II (2 units each)

* ELEN 203 Bio-Electromagnetics (2 units)

e ELEN 202 Computational Electromagnetics (2 units)

e ELEN 204 Magnetic Circuits for Electric and Autonomous Vehicles (2 units)

Substitutions for these courses are only possible with the approval of the certificate
advisor and the chair.

MECHANICAL ENGINEERING

Controls

The Controls Certificate is intended for working engineers in mechanical and closely
related fields of engineering. The certificate will provide a foundation in contemporary
control theory and methods. The Controls Certificate covers classical and modern control
systems and analysis. Specialization in digital control, mechatronics, robotics, or aerospace
applications is possible with a suitable choice of electives. Completion of the certificate will
allow the student to design and analyze modern control systems.
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Admission

Applicants must have completed an accredited bachelor’s degree program in mechan-
ical or closely related field of engineering. They are expected to have prior coursework in
undergraduate mathematics. No prior control courses are required.

Program Requirements

Students must complete a total of 16 units as described below, with a minimum GPA
of 3.0 and a grade of C or better in each course.

Required Courses (8 units)
¢ MECH 217 Introduction to Control (2 units)

¢ MECH 218 Guidance and Control I (2 units)
e MECH 323 Modern Control Systems I (2 units)

* MECH 324 Modern Control Systems II (2 units)
Elective Courses (8 units)

* AMTH 245 Linear Algebra I (2 units)

e AMTH 246 Linear Algebra II (2 units)

e CENG 211 Advanced Strength of Materials (4 units)

¢ MECH 207 Advanced Mechatronics I (2 units)

¢ MECH 208 Advanced Mechatronics II (2 units)

¢ MECH 209 Advanced Mechatronics III (2 units)

¢ MECH 219 Guidance and Control II (2 units)

e MECH 329 Introduction to Intelligent Control (2 units)
e MECH 355, 356 Adaptive Control I, I (2 units each)

* MECH 429, 430 Optimal Control I, II (2 units each)

Dynamics and Vibrations

Objective

The Dynamics and Vibrations Certificate is intended for working engineers in mechan-
ical and related fields of engineering. The certificate will provide a fundamental and broad
background in engineering dynamics. The Dynamics and Vibrations Certificate includes
a strong foundational base in dynamics and applications in optimization, robotics, mecha-
tronics, or dynamics of aircraft or spacecraft (depending on the chosen elective courses).
Completion of the certificate will allow the student to formulate and solve the complex
dynamics problems that arise in such fields as robotics and space flight.

Admission

Applicants must have completed an accredited bachelor’s degree program in mechani-
cal or a closely related field of engineering. They are expected to have prior coursework in
undergraduate dynamics and mathematics.

Program Requirements
Students must complete a total of 16 units as described below, with a minimum GPA
of 3.0 and a grade of C or better in each course.
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Required Courses (16 units)
* MECH 205, 206 Aircraft Flight Dynamics I, II (2 units each)

* MECH 214, 215 Advanced Dynamics I, II (2 units each)
¢ MECH 305, 306 Advanced Vibrations I, IT (2 units each)
* MECH 431, 432 Spacecraft Dynamics I, I (2 units each)

Materials Engineering
Objective

The Materials Engineering Certificate is intended for working engineers in mechanical,
materials, or manufacturing engineering. The certificate will provide either an upgrade in
materials understanding, or advanced study in a particular aspect of the subject. Comple-
tion of the certificate will allow the student to develop a deeper understanding of materials
and their applications in design and manufacturing.

Admission

Applicants must have completed an accredited bachelor’s degree program in mechan-
ical or related engineering discipline. They are expected to have prior coursework in basic
materials science and strength of materials.

Program Requirements

Students must complete 16 units as described below, with a minimum GPA of 3.0 and
a grade of C or better in each course.

Required Courses (12 units)
e MECH 281 Fracture Mechanics and Fatigue (2 units)

* MECH 330 Atomic Arrangements, Defects, and Mechanical Behavior (2 units)
e MECH 331 Phase Equilibria and Transformations (2 units)

e MECH 332 Electronic Structure and Properties (2 units)

* MECH 333 Experiments in Materials Science (2 units)

¢ MECH 345 Modern Instrumentation and Control (2 units)
Elective Courses (4 units)

e AMTH 210 Introduction to Probability I and
AMTH 211 Continuous Probability (2 units each)

e AMTH 217 Design of Scientific Experiments and
AMTH 219 Analysis of Scientific Experiments (2 units each)

e CENG 211 Advanced Strength of Materials (4 units)

e ENGR 260 Nanoscale Science and Technology (2 units)

¢ ENGR 262 Nanomaterials (2 units)

* MECH 273 Designing with Plastic Materials (2 units)

e MECH 274 Processing Plastic Materials (2 units)

e MECH 277 Injection Mold Tool Design (2 units)

* MECH 334 Elasticity (2 units)

e MECH 350 and 351 Composite Materials I and II (2 units each)
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Mechanical Design Analysis

Objective

The Mechanical Design Analysis Certificate is intended for working engineers in
mechanical or structural engineering. The certificate will provide a succinct upgrade in
knowledge and skills that will allow the student to gain a deeper understanding of CAD
and FEA principles and practices. Completion of the certificate will allow the student to
pursue more advanced design and analysis tasks.

Admission

Applicants must have completed an accredited bachelor’s degree program in mechani-
cal, civil, aerospace, or related field. They are expected to have prior coursework in strength
of materials, thermodynamics, fluid mechanics, and mathematics through differential
equations.

Program Requirements
Students must complete 16 units as described below, with a minimum GPA of 3.0 and
a grade of C or better in each course.

Required Courses (12 units)
e CENG 205 Finite Element Methods I (2 units)

e CENG 206 Finite Element Methods II (2 units)
¢ CENG 207 Finite Element Methods III (2 units)

* MECH 325 Computational Geometry for Computer-Aided
Design and Manufacture (2 units)

e MECH 334 Elasticity (2 units)

* MECH 415 Optimization in Mechanical Design (2 units)
Elective Courses (4 units)
e AMTH 220 Numerical Analysis I (2 units)

e AMTH 221 Numerical Analysis II (2 units)

e AMTH 308 Mathematical Modeling I (2 units)

* AMTH 309 Mathematical Modeling II (2 units)

e AMTH 370 Optimization Techniques I (2 units)

e AMTH 371 Optimization Techniques II (2 units)

* CENG 211 Advanced Strength of Materials (4 units)

* CENG 214 Theory of Elasticity (4 units)

e CENG 222 Advanced Structural Analysis (4 units)

e MECH 268 Computational Fluid Mechanics I (2 units)
* MECH 269 Computational Fluid Mechanics I (2 units)
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Mechatronics Systems Engineering

Objective

The Mechatronics Systems Engineering Certificate is intended for working engineers in
mechanical engineering and related fields. The certificate program introduces students to
the primary technologies, analysis techniques, and implementation methodologies relevant
to the detailed design of electro-mechanical devices. Completion of the certificate will allow
the student to develop systems that involve the sensing, actuation and control of the phys-
ical world. Knowledge such as this is vital to engineers in the modern aerospace, robotics
and motion control industries.

Admission

Applicants must have completed an accredited bachelor’s degree program in mechan-
ical, aerospace, electrical, engineering physics, or a related field. They are expected to have
prior coursework in mathematics through differential equations, introductory linear con-
trol theory, and introductory electronics and programming,

Program Requirements

Students must complete a total of 16 units as described below, with a minimum GPA
of 3.0 and a grade of C or better in each course.

Required Courses (8 units)
¢ MECH 207 Advanced Mechatronics I (3 units)

¢ MECH 208 Advanced Mechatronics II (3 units)

¢ MECH 217 Introduction to Control (2 units)
Elective Courses (8 units)
¢ MECH 218 Guidance and Control I (2 units)

¢ MECH 219 Guidance and Control II (2 units)

* MECH 275A Design for Competitiveness (2 units)
¢ MECH 310 Advanced Mechatronics IV (2 units)

* MECH 311 Modeling and Control of Telerobotic Systems (4 units)
* MECH 315 Digital Control Systems I (2 units)

e MECH 316 Digital Control Systems II (2 units)

* MECH 323 Modern Control Systems I (2 units)

* MECH 324 Modern Control Systems II (2 units)
e MECH 329 Intelligent Control (2 units)

¢ MECH 337 Robotics I (2 units)

¢ MECH 338 Robotics II (2 units)

e MECH 339 Robotics III (2 units)

e MECH 345 Modern Instrumentation (2 units)

An independent study or Capstone project would be suitable as one of the electives.
In addition, other courses may serve as electives at the discretion of the program advisor.
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Thermofluids
Objective

The Thermofluids Certificate is intended for working engineers in mechanical,
chemical, or a closely related field of engineering. The certificate will provide fundamental
theoretical and analytic background, as well as exposure to modern topics and applications.
Specialization in fluid mechanics, thermodynamics, or heat transfer is possible with suit-
able choice of electives. Completion of the certificate will allow the student to design heat
transfer and fluid solutions for a range of modern applications.

Admission

Applicants must have completed an accredited bachelor’s degree program in mechanical
or a closely related field of engineering. They are expected to have prior undergraduate
coursework in fluid mechanics, thermodynamics and heat transfer.

Program Requirements
Students must complete 16 units as described below, with a minimum GPA of 3.0 and
a grade of C or better in each course.

Required Courses (12 units)
* MECH 228 Equilibrium Thermodynamics (2 units)

¢ MECH 236 Conduction Heat Transfer (2 units)

¢ MECH 238 Convective Heat Transfer I (2 units)

¢ MECH 240 Radiation Heat Transfer (2 units)

¢ MECH 266 Fundamentals of Fluid Mechanics (2 units)

e MECH 270 Viscous Flow I (2 units)
Elective Courses (4 units)
* MECH 202 Mathematical Methods in Mechanical Engineering (4 units)

e MECH 225 Gas Dynamics I (2 units)

* MECH 226 Gas Dynamics II (2 units)

* MECH 230 Statistical Thermodynamics (2 units)

¢ MECH 239 Convective Heat Transfer IT (2 units)

¢ MECH 241 Radiation Heat Transfer II (2 units)

¢ MECH 242 Nanoscale Heat Transfer (2 units)

* MECH 268 Computational Fluid Mechanics I (2 units)
e MECH 269 Computational Fluid Mechanics II (2 units)
e MECH 271 Viscous Flow II (2 units)

* MECH 288 Energy Conversion I (2 units)

* MECH 289 Energy Conversion II (2 units)

e MECH 345 Modern Instrumentation and Control (2 units)






Department of Applied Mathematics

Senior Lecturer: Stephen A. Chiappari (Chair)
Renewable Term Lecturer: Aaron Melman

MASTER OF SCIENCE PROGRAM

The Applied Mathematics Program is open to those students who have earned a B.S.
degree in engineering, science, or mathematics, provided that the student has completed
a program in undergraduate mathematics that parallels the program of the mathematics
major at Santa Clara University. The undergraduate program at Santa Clara includes calcu-
lus and differential equations, abstract algebra, linear algebra, advanced calculus and/or real
analysis; and a minimum of five upper-division courses chosen from the areas of analysis,
complex variables, partial differential equations, numerical analysis, logic, probability, and
statistics.

Courses for the master’s degree must result in a total of 45 units. These units may
include courses from other fields with permission of the Applied Mathematics Department
advisor. A minimum of 12 quarter units must be in 300-level courses.

Concentration in Mathematical Finance within the Master of Science in

Applied Mathematics

In addition to its freestanding master’s degree program, the Department of Applied
Mathematics offers a concentration in mathematical finance within its master’s degree
program. Specific course requirements change from time to time. For further information,
please consult with the chair of the department.
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COURSE DESCRIPTIONS

Undergraduate Courses

AMTH 106. Differential Equations

Explicit solution techniques for first order
differential equations and higher order lin-
ear differential equations. Use of numerical
and Laplace transform methods. Only one
of MATH 22 and AMTH 106 may be
taken for credit. Prerequisite: MATH 13.
(4 units)

AMTH 108. Probability and Statistics

Definitions of probability, sets, sample
spaces, conditional and total probability,
random variables, distributions, functions
of random variables, sampling, estimation
of parameters, testing hypotheses. Prerequi-
site: MATH 14. (4 units)

AMTH 112. Risk Analysis in Civil
Engineering

Set theory and probability, random vari-
ables, conditional and total probability,
functions of random variables, probabilistic
models for engineering analysis, statistical
inference, hypothesis testing. Prerequisites:
MATH 14 and at least junior standing.
(4 units)

AMTH 118. Numerical Methods

Numerical solution of algebraic and
transcendental equations, numerical dif-
ferentiation and integration, and solution
of ordinary differential equations. Solution
of representative problems on the digital
computer. Prerequisites: AMTH 106 or
MATH 22 and one of the following: COEN
11, 44 or 45 or CSCI 10. (4 units)

AMTH 120. Engineering Mathematics

Review of ordinary differential equations
(ODEs) and Laplace transform, vector
calculus, linear algebra, orthogonal func-
tions and Fourier Series, partial differential
equations (PDEs), and introduction to
numerical solutions of ODEs. Cross-listed
with MECH 120. Prerequisite: AMTH 106.
(4 units)

AMTH 194. Peer Educator in
Applied Mathematics

Peer educators in applied mathematics
work closely with a faculty member to
help students understand course material,
think more deeply about course material,
benefit from collaborative learning, feel less
anxious about testing situations, and help
students enjoy learning. Prerequisite:
Instructor Approval. (2 units)
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Graduate Courses

All 200-level applied mathematics courses are assumed to be first-year graduate courses.
The minimum preparation for these courses is a working knowledge of calculus and a
course in differential equations. A course in advanced calculus is desirable. The 300-level
courses are graduate courses in mathematics that should be taken only by students who

have completed several 200-level courses.

AMTH 200. Advanced Engineering
Mathematics I

Method of solution of the first, second,
and higher order differential equations
(ODEs). Integral transforms including
Laplace transforms, Fourier series and
Fourier transforms. Cross-listed with MECH
200. Prerequisite: AMTH 106 or equivalent.
(2 units)

AMTH 201. Advanced Engineering
Mathematics I1

Method of solution of partal dif-
ferential equations (PDEs) including
separation of variables, Fourier series
and Laplace transforms. Introduction to
calculus of variations. Selected topics
from vector analysis and linear algebra.
Cross-listed with MECH 201. Prerequisite:
AMTH/MECH 200. (2 units)

AMTH 202. Advanced Engineering
Mathematics

Method of solution of first, second,
and higher order ordinary differential
equations, Laplace transforms, Fourier
series, and Fourier transforms. Method of
solution of partial differential equations,
including separation of variables, Fourier
series, and Laplace transforms. Selected
topics in linear algebra, vector analysis, and
calculus of variations. Ako listed as MECH
202. Prerequisite: AMTH 106 or equivalent.
(4 units)

AMTH 210. Probability I

Definitions, sets, conditional and total
probability, binomial distribution
approximations, random variables, import-
ant probability distributions, functions of
random variables, moments, characteristic

functions, joint probability distributions,
marginal distributions, sums of ran-
dom variables, convolutions, correlation,
sequences of random variables, limit theo-
rems. The emphasis is on discrete random
variables. (2 units)

AMTH 211. Probability IT

Continuation of AMTH 210. A study of
continuous probability distributions, their
probability density functions, their char-
acteristic functions, and their parameters.
These distributions include the continuous
uniform, the normal, the beta, the gamma
with special emphasis on the exponential,
Erlang, and chi-squared. The applica-
tions of these distributions are stressed.
Joint probability distributions are covered.
Functions of single and multiple random
variables are stressed, along with their
applications. Order statistics. Correlation
coefficients and their applications in pre-
diction, limiting distributions, the central
limit theorem. Properties of estimators,
maximum likelihood estimators, and
efficiency measures for estimators. Prerequi-

site: AMTH 210. (2 units)

AMTH 212. Probability I and IT

Combination of AMTH 210 and 211.
(4 units)

AMTH 214. Engineering Statistics I

Frequency distributions, sampling, sam-
pling distributions, univariate and bivariate
normal distributions, analysis of variance,
two- and three-factor analysis, regression
and correlation, design of experiments.
Prerequisite: Solid background in discrete and
continuous probability. (2 units)
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AMTH 215. Engineering Statistics IT

Continuation of AMTH 214. Prerequisite:
AMTH 214. (2 units)

AMTH 217. Design of Scientific
Experiments

Statistical techniques applied to scientific
investigations. Use of reference distribu-
tions, randomization, blocking, replication,
analysis of variance, Latin squares, factorial
experiments, and examination of residuals.
Prior exposure to statistics useful but not
essential. Prerequisite: Solid background in
discrete and continuous probability. (2 units)

AMTH 219. Analysis of Scientific
Experiments

Continuation of AMTH 217. Emphasis
on the analysis of scientific experiments.
The theory of design of experiments so
that maximal information can be derived.
Prevequisites: AMTH 211 or 212 and 217.
(2 units)

AMTH 220. Numerical Analysis I

Solution of algebraic and transcendental
equations, finite differences, interpolation,
numerical differentiation and integration,
solution of ordinary differential equations,
matrix methods with applications to linear
equations, curve fittings, programming of
representative problems. (2 units)

AMTH 221. Numerical Analysis IT

Continuation of AMTH 220. Prerequisite:
AMTH 220. (2 units)

AMTH 222. Design and Analysis of
Scientific Experiments

Combination of AMTH 217 and AMTH
219. Prerequisite: AMTH 211 or 212.
(4 units)

AMTH 225. Vector Analysis I

Algebra of vectors. Differentiation of vec-
tors. Partial differentiation and associated
concepts. Integration of vectors. Appli-
cations. Basic concepts of tensor analysis.
(2 units)

AMTH 226. Vector Analysis IT

Continuation of AMTH 225. Prerequisite:
AMTH 225. (2 units)

AMTH 230. Differential Equations
with Variable
Coefficients

Solution of ordinary differential equations
with variable coefficients using power
series and the method of Frobenius.
Solution of Legendre differential equation.
Orthogonality of Legendre polynomi-
als, Sturm-Liouville differential equation.
Eigenvalues and Eigenfunctions. General-
ized Fourier series and Legendre Fourier
series. (2 units)

AMTH 231. Special Functions and
Laplace Transforms

Review of the method of Frobenius in
solving differental equations with variable
coefficients. Gamma and beta functions.
Solution of Bessel’s differential equation,
properties and orthogonality of Bessel
functions. Bessel Fourier series. Laplace
transform, basic transforms, and applica-
tions. Prerequisite: AMTH 230. (2 units)

AMTH 232. Biostatistics

Statistical principles used in bioengi-
neering; distribution-based analyses and
Bayesian methods applied to biomedical
device and disease testing; methods for
categorical data, comparing groups (analy-
sis of variance), and analyzing associations
(linear and logistic regression). Special
emphases on computational approaches
used in model optimization, test-method
validation, sensitivity analysis (ROC
curves), and survival analysis. Abso listed as
BIOE 232. Prerequisite: AMTH 108, BIOE
120, or equivalent. (2 units)

AMTH 232L. Biostatistics Laboratory

Laboratory for AMTH 232. Abo listed as
BIOE 232L. Co-requisite: AMTH 232.
(1 unit)
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AMTH 235. Complex Variables I

Algebra of complex numbers, calculus
of complex variables, analytic functions,
harmonic functions, power series, residue
theorems, application of residue theory to
definite integrals, conformal mappings.

(2 units)

AMTH 236. Complex Variables IT

Continuation of AMTH 235. Prerequisite:
AMTH 235. (2 units)

AMTH 240. Discrete Mathematics
Jor Computer Science

Relations and operation on sets, orderings,
combinatorics, recursion, logic, method of
proof, and algebraic structures. (2 units)

AMTH 245. Linear Algebra I

Vector spaces, transformations, matrices,
characteristic value problems, canonical
forms, and quadratic forms. (2 units)

AMTH 246. Linear Algebra I1

Continuation of AMTH 245. Prerequisite:
AMTH 245. (2 units)

AMTH 247. Linear Algebra I and II

Combination of AMTH 245 and 246.
(4 units)

AMTH 256. Applied Graph Theory I

Elementary treatment of graph theory.
The basic definitions of graph theory are
covered; the fundamental theorems are
explored. Subgraphs, complements, graph
isomorphisms, and some elementary algo-
rithms make up the content. Prerequisite:
Mathematical maturity. (2 units)

AMTH 257. Applied Graph Theory II

Extension of AMTH 256. Networks,
Hamiltonian and planar graphs are cov-
ered in detail. Edge colorings and Ramsey

numbers may also be covered. Prerequisite:
AMTH 256. (2 units)

AMTH 258. Applied Graph
Theory I and IT

Combination of AMTH 256 and AMTH
257. Prerequisite: Mathematical maturity.
(4 units)

AMTH 297. Directed Research

By arrangement. Prerequisite: Permis-
sion of the chair of applied mathematics.
May be repeated for credit with permis-
sion of the chair of applied mathematics.
(1-8 units)

AMTH 299. Special Problems

By arrangement. (1-2 units)

AMTH 308. Theory of Wavelets

Construction of Daubechies’ wavelets
and the application of wavelets to image
compression and numerical analysis.
Multi resolution analysis and the prop-
erties of the scaling function, dilation
equation, and wavelet filter coefficients.
Pyramid algorithms and their applica-
tion to image compression. Prerequisites:
Familiarity with MATLAB or other high-level
language, Fourier analysis, and linear algebra.
(2 units)

AMTH 313. Time Series Analysis

Review of forecasting methods. Con-
cepts in time series analysis; stationarity,
auto-correlation, Box-Jenkins. Moving
average and auto-regressive processes.
Mixed processes. Models for seasonal time
series. Prerequisite: AMTH 211 or 212.
(2 units)

AMTH 315. Matrix Theory I

Properties and operations, vector spaces
and linear transforms, characteristic root;
vectors, inversion of matrices, applications.

Prerequisite: AMTH 246 or 247. (2 units)

AMTH 316. Matrix Theory IT

Continuation of AMTH 315. Prerequisite:
AMTH 315. (2 units)
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AMTH 318. Advanced Topics in
Wavelets

An overview of very recent developments
in the theory and application of wavelets.
Study of a new generation of wavelet-like
objects, such as beamlets, which exhibit
unprecedented capabilities for the com-
pression and analysis of 3D data. The
beamlet framework consists of five major
components: The beamlet dictionary, a
dyadically organized library of line segments
over a range of locations, orientations, and
scales. The beamlet transform, a collection
of line integrals of the given 3D data along
the line segments in the beamlet dictionary.
The beamlet pyramid, the set of all beam-
let transform coefficients arranged in a
hierarchical data structure according to
scale. The beamlet graph, the graph struc-
ture in which vertices correspond to voxel
corners of the underlying 3D object, and
the edges correspond to beamlets con-
necting pairs of vertices. The beamlet
algorithms, to extract information from
the beamlet graph consistent with the
structure of the beamlet graph. Study of
each component in detail. Implementa-
tion issues. Selected applications in the
areas of computer graphics, pattern recog-
nition, and data compression. Prerequisite:

AMTH 308. (2 units)

AMTH 340. Linear Programming I

Basic assumptions and limitations, problem
formulation, algebraic and geometric repre-
sentation. Simplex algorithm and duality.
(2 units)

AMTH 341. Linear Programming II

Continuation of AMTH 340. Network
problems, transportation problems,
production problems. Prerequisite:

AMTH 340. (2 units)

AMTH 342. Linear Programming

Combination of AMTH 340 and 341.
(4 units)

AMTH 344. Linear Regression

The elementary straight-line “least squares
least-squares fit;” and the fitting of data
to linear models. Emphasis on the matrix
approach to linear regressions. Multiple
regression; various strategies for introduc-
ing coefficients. Examination of residuals
for linearity. Introduction to nonlinear
regression. Prerequisite: AMTH 211 or 212.
(2 units)

AMTH 351. Quantum Computing

Introduction to quantum comput-
ing, with emphasis on computational

and algorithmic aspects. Prerequisite:
AMTH 246 or 247. (2 units)

AMTH 358. Fourier Transforms

Definition and basic properties. Energy and
power spectra. Applications of transforms
of one variable to linear systems, random
functions, communications. Transforms
of two variables and applications to optics.
Prerequisites: Calculus sequence, elemen-
tary differential equations, fundamentals of
linear algebra, and familiarity with MAT-
LAB (preferably) or other high-level pro-
gramming language. (2 units)

AMTH 360. Advanced Topics in

Fourier Analysis

Continuation of AMTH 358. Focus on
Fourier analysis in higher dimensions,
other extensions of the classical theory, and
applications of Fourier analysis in mathe-
matics and signal processing. Prerequisite:
AMTH 358 or instructor approval. (2 units)

AMTH 362. Stochastic Processes I

Types of stochastic processes, stationarity,
ergodicity, differentiation and integration
of stochastic processes. Topics chosen from
correlation and power spectral density
functions, linear systems, band-limit pro-
cesses, normal processes, Markov processes,
Brownian motion, and option pricing.
Prerequisite: AMTH 211 or 212 or instruc-
tor approval. (2 units)
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AMTH 363. Stochastic Processes IT

Continuation of AMTH 362. Prerequisite:
AMTH 362 or instructor approval. (2 units)

AMTH 364. Markov Chains

Markov property, Markov processes, dis-
crete-time Markov chains, classes of states,
recurrence processes and limiting proba-
bilities, continuous-time Markov chains,
time-reversed chains, numerical techniques.
Prerequisite: AMTH 211 or 212 or 362 or
ELEN 233 or 236. (2 units)

AMTH 367. Mathematical Finance

Basic principles of finance and economic
investments. Random processes with
white noise. Topics in control theory,
optimization theory, stochastic analysis, and
numerical analysis. Mathematical mod-
els in finance. Financial derivatives.
Software to implement mathematical
finance models. Undergraduate mathe-
matical background in calculus, probabil-
ity, and matrices or instructor approval.
Calculus background should be up to and
including multivariable calculus. Probabil-
ity background should include knowledge
of mean, variance, binomial and nor-
mal random variables, the covariance of
random variables and the central limit
theorem. Matrices background need only
cover matrix and vector multiplication and
the transpose and inverse of a matrix. Some
background in computer programming is
recommended as well. Ako listed as FNCE
3489 and as MATH 125 and FNCE 116.
(4 units)

AMTH 370. Optimization
Techniques I

Optimization techniques with emphasis on
experimental methods. One-dimensional
search methods. Multidimensional uncon-
strained searches: random walk, steepest
descent, conjugate gradient, variable met-
ric. Prerequisites: Ability to program in some
computer language and AMTH 246 or 247.
(2 units)

AMTH 371. Optimization
Techniques I1

Optimization problems in multidimen-
sional spaces involving equality constraints
and inequality constraints by gradient and
non-gradient methods. Special topics.
Prerequisite: AMTH 370. (2 units)

AMTH 372. Semi-Markov and

Decision Processes

Semi-Markov processes in discrete and
continuous time, continuous-time Mar-
kov processes, processes with an infinite
number of states, rewards, discounting,
decision processes, dynamic programming,
and applications. Prerequisite: AMTH 211
or 212 or 362 or 364 or ELEN 233 or 236.
(2 units)

AMTH 374. Partial Differential
Equations 1

Relation between particular solutions,
general solutions, and boundary values.
Existence and uniqueness theorems. Wave
equation and Cauchy’s problem. Heat
equation. (2 units)

AMTH 375. Partial Differential
Equations I1

Contnuation of AMTH 374. Prerequisite:
AMTH 374. (2 units)

AMTH 376. Numerical Solution
of Partial Differential
Equations

Numerical solution of parabolic, elliptic,
and hyperbolic partial differential equa-
tions. Basic techniques of finite differences,
finite volumes, finite elements, and spec-
tral methods. Direct and iterative solvers.
Prerequisites: Familiarity with numerical
analysis, linear algebra, and MATLAB.
(2 units)
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AMTH 377. Design and Analysis of
Algorithms

Advanced topics in design and analysis
of algorithms: amortized and probabi-
listic analysis; greed technique; dynamic
programming; max flow/matching.
Intractability: lower bounds; P, NP, and
NP completeness; branch-and-bound;
backtracking. Current topics: primality
testing and factoring; string matching. Also
listed as COEN 279. Prerequisite: Familiar-
ity with data structures. (4 units)

AMTH 379. Advanced Design and

Analysis of Algorithms
Amortized and probabilistic analysis of
algorithms and data structures: disjoint
sets, hashing, search trees, suffix arrays and
trees. Randomized, parallel, and approx-
imation algorithms. Also listed as COEN
379. Prerequisite: AMTH 377/COEN 279.
(4 units)

AMTH 387. Cryptology

Mathematical foundations for informa-
tion security (number theory, finite fields,
discrete logarithms, information theory,
elliptic curves). Cryptography. Encryption
systems (classical, DES, Rijndael, RSA).
Cryptanalytic techniques. Simple proto-
cols. Techniques for data security (digital
signatures, hash algorithms, secret sharing,
zero-knowledge techniques). Prerequisite:
Mathematical maturity at least at the level of
upper-division engineering students. (4 units)

AMTH 388. Advanced Topics in

Cryptology
Topics may include advanced cryptogra-
phy and cryptanalysis. May be repeated

for credit if topics differ. Prerequisite:
AMTH 387. (2 units)

AMTH 397. Master’s Thesis

By arrangement. Limited to master’s stu-
dents in applied mathematics. (1-9 units)

AMTH 399. Independent Study

By arrangement. Prerequisite: Instructor
approval. (1-4 units)
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OVERVIEW

Bioengineering is the fastest-growing area of engineering and holds the promise of im-
proving the lives of all people in straightforward and diverse ways. Bioengineering focuses
on the application of electrical, chemical, mechanical, and other engineering principles to
understand, modify, or control biological systems. As such, the curriculum teaches prin-
ciples and practices at the interface of engineering, medicine and the life sciences. The
Department of Bioengineering currently offers an M.S. degree program with a focus on
biodevice engineering, biomaterials and tissue engineering, and biomolecular engineering.

A number of faculty offer research projects to bioengineering students that are engaging
and involve problem-solving at the interface of engineering, medicine and, biology.

Dr. Yan’s research interests center on bioimaging, image and signal analysis, and

Al-assisted medical diagnosis. Notable achievements of her lab include the development
of new imaging modalities to study laryngeal dynamics and function, with associated ana-
lytical methods for the classification of laryngeal pathologies.

Dr. Zhang is currently engaged in research on several NIH-funded projects spanning
protein engineering to drug discovery.

Dr. Araci’s research goals are directed toward the development and application of novel
microfluidic and optofluidic technologies for biology and medicine. His work is focused
on two major areas: i) implantable and miniaturized devices for telemedicine and ii) single
molecule protein counting.

Dr. Asuri’s research interests involve integrating tools and concepts from biomaterials
engineering, biotechnology, and cell biology to explore the role of biomaterial properties
such porosity, matrix stiffness, etc., on protein structure and function and in regulating
cell fate.

Dr. Kim investigates the application of integrated microfluidic systems for multiple uses
in diagnostics as well as experimental science.

Dr. Lu’s research focuses on medical translations of protein engineering that includes
protein therapeutics and drug delivery as well as molecular sensor and imaging technology.

Dr. Mobed-Miremadi’s research interests are in the areas of mesoscience, specifically
the interface of cellular engineering/chemical engineering, bio-device development based
on membrane-based therapies and bio-fabrication.
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DEGREE PROGRAM

The bioengineering graduate program at Santa Clara University is designed to accom-
modate the needs of students interested in advanced study in the areas of medical devices/
bioinstrumentation and molecular and cellular bioengineering. An individual may pursue
the degree of Master of Science (M.S.), either as a full-time or part-time student, through
a customized balance of coursework, directed research and/or thesis research. Students are
also required to supplement their technical work with coursework on other topics that are
specified in the graduate engineering core curriculum.

Master of Science in Bioengineering

To be considered for admission to the graduate program in bioengineering, an applicant
must meet the following requirements:

* Abachelor’s degree in bioengineering or related areas from an ABET accredited four-
year B.S. degree program or it’s equivalent

* An overall grade point average (GPA) of at least 3.0 (based on a 4.0 maximum scale)
¢ Graduate Record Examination (GRE)-general test

e For students whose native language is not English, Test of English as a Foreign
Language (TOEFL) or the International English Language Testing Systems (IELTYS)
exam scores are required before applications are processed.

Applicants who have taken graduate-level courses at other institutions may qualify to
transfer a maximum of nine quarter units of approved credit to their graduate program at
Santa Clara University.

Upon acceptance or conditional acceptance, to the graduate program in bioengineer-
ing, a student will be required to select a graduate advisor (full-time faculty member) from
within the Department of Bioengineering. The student’s advisor will be responsible for
approving the student’s course of study. Any changes to a student’s initial course of study
must have the written approval of the student’s advisor.

To qualify for the degree of Master of Science in Bioengineering, students must com-
plete a minimum of 45 quarter units, including required core and elective courses, within
the School of Engineering. Required and elective courses for the bioengineering programs
are provided below. Students undertaking thesis work are required to engage in research
that results, for example, in the development of a new method or approach solving a bioen-
gineering related problem, or a technical tool, design criteria, or a biomedical application.
This work should be documented in a journal publication, conference, or research report,
and must also be included in a Master’s thesis. Alternatively, students may elect to take only
courses to fulfill the requirement for the M.S. degree.

Course requirements
* Graduate Core (minimum six units including BIOE 210 Bioethics) (See descriptions
in Chapter 4, Academic Information)

* Applied Mathematics (4 units) Select from AMTH 200 & 201 (or 202),210 & 211
(or 212), or consult with advisor

* Bioengineering Core (15 or 21* units)

Students must take six units from one of the five primary focus areas (additional six
units are required for Computational Bioengineering or Translational Bioengineering),
four units from other focus areas, three units from biostatistics (BIOE 232 L&L) and two
quarter research seminar units (BIOE 200, 2 x 1 unit).
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ive pri u :
¢ Five primary focus areas are

1. Biomolecular Engineering/
Biotechnology BIOE 282, 283, 286, 300, 301, 302

2. Biomaterials and Tissue Engineering  BIOE 208, 240, 245, 269, 273, 378
3. Microfluidics/Biosensors and Imaging BIOE 260, 268, 276, 277

4. Computational Bioengineering BIOE 251, 252, 261, 263, 281,
310, 312
Advanced Applied Mathematics* AMTH 240, 364, 370, 371, 377
5. Translational Bioengineering BIOE 207, 208, 209, 263, 279,
302, 307, 320, 380
Graduate Capstone Project* BIOE 294, 295, 296

*additional six units required for primary focus in Computational Bioengineering or
Translational Bioengineering

¢ Bioengineering Technical Electives (14* or 20 units)

All graduate-level BIOE courses (except BIOE 210) may count as Technical Elective
(TE) units. Select graduate courses from ELEN, MECH, or COEN may be credited as
Technical Electives upon approval by faculty advisor. A maximum of 4 units total from
ENGR and EMGT graduate courses may be credited as Technical Electives. A maximum
of 3 units total of Directed Research (BIOE 297) may be credited for Technical Electives
if also doing the Master’s Thesis option (BIOE 397, maximum 9 units total), otherwise
a maximum of 6 units total of BIOE 297 is allowed. Submission of a Master’s Thesis is
required for BIOE 397.

For students in the five-year BS/MS program, a maximum of 20 units may be trans-
ferred. Courses used to meet the 45-unit minimum total for the Master of Science in
Bioengineering degree cannot include courses that were used to satisfy a previous under-
graduate degree program requirement. This includes cross-listed undergraduate courses
at Santa Clara University and/or their equivalent courses at other institutions. If some
required courses in the SCU graduate bioengineering program have been completed prior
to graduate-level matriculation at SCU, additional elective courses will be required to satisfy
the minimum unit total requirement as necessary.

Ph.D. in Electrical Engineering/Bioengineering

The departments of Electrical Engineering and Bioengineering are collaborating to offer
a Ph.D. in interdisciplinary topics related to Bioengineering. Faculty from both depart-
ments will co-advise the Ph.D. students, and the degree will be awarded by the Department
of Electrical Engineering.

Bioengineering Laboratory Facilities

The Anatomy & Physiology Laboratory provides a full range of activities to study
human anatomy and organ function. Through computational modeling, organ dissection,
and design projects, students will develop essential skills in conceiving and implementing
engineering solutions to medical problems.

The Bioimaging/lmage and Signal Analysis Laboratory carries out fundamental and
translational research on voice. Current research in the laboratory includes the development
of imaging modalities to study laryngeal dynamics and function, and novel approaches for
image/biosignal-based analysis and assessment of voice pathologies. The lab also supports
the development of new detection and analytical methods using optical probes for applica-
tions in high-contrast fluorescence imaging in cells and tissues.
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The Biological Micro/Nanosystems Laboratory supports research and teaching activi-
ties in the broad areas of microfluidics/biosensing,. Utilizing microfluidic technologies, spec-
troscopy, and microfabrication techniques, we develop innovative microfluidic platforms
for applications in basic biology, diagnostics, and cellular engineering,.

The Biomaterials Engineering Laboratory focuses on the use of hydrogels to develop in
vitro platforms that explore the role of in vivo like microenvironmental cues on controlling
protein structure and function and regulating cell fate. The lab also supports the design and
characterization of biomaterial nanocomposites for applications in tissue engineering.

The Biomolecular Engineering Laboratory conducts “bioengineering towards ther-
apy.” The idea is to engineer novel materials (particularly proteins and peptides) and devices
and apply them to study basic biological and medical questions that ultimately lead to drug
discovery and disease diagnosis.

The Biophotonics & Bioimaging Laboratory supports research and teaching on por-
table imaging systems for wearable/implantable biosensors as well as on optical coherence
tomography (OCT) probes for stereotactic neurosurgery. The time-lapse fluorescence
microscopy setup is used for measuring enzyme activity and single cell protein expression
at the single molecular level.

The Biosignals Laboratory provides a full range of measurement and analysis
capabilities including electrocardiography (ECG), electroencephalography (EEG), and elec-
tromyography (EMG) measurement system, vocal signal recording, and analysis software.

The Micro-devices & Microfluidics Laboratory focuses on the fabrication and testing
of microfluidic devices for biomedical research and teaching. The soft-lithography room
is equipped with necessary instruments (e.g., mixer, spinner, plasma cleaner) to build
micro-devices using a wide variety of materials and processes. Multiple microfluidic test
setups (i.e., computer-controlled solenoid valves and microscopes) allow several tests to be
run simultaneously.

The Tissue Engineering Laboratory supports research and teaching activities related
to mammalian cell and tissue culture. Activities include but are not limited to 2D and 3D
mammalian cell culture, investigation of the role of biophysical cues on cancer cell migra-
tion and response to drugs, and genetic manipulation of mammalian cells.

COURSE DESCRIPTIONS

Undergraduate Courses

BIOE 100. Bioengineering Research
Seminar

A series of one-hour seminars will be pre-
sented by guest professors and researchers
on their particular research topics in bio-
engineering or related fields. Students are
required to attend four to five seminars
and submit a one-page report summarizing
the presentation for each seminar. May be
repeated for credit up to three times. P/NP
grading. Abso listed as BIOE 200. (1 unit)

BIOE 106. Design Control for
Medical Devices

This course will cover the principles
behind design control. All of the essential
elements required in the regulated medical
device environment will be covered from
design planning, inputs and outputs to ver-
ification, validation, risk management and
design transfer. A problem-based learning
approach will be utilized so that students
will develop proficiency to apply the prin-
ciples. Knowledge will be acquired through
lectures, class activities, industry guest
lectures and field trips. Also listed as
BIOE 206. (2 units)
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BIOE 107. Medical Device Invention -
From Ideas to Business Plan

This course will introduce students to
various tools and processes that will
improve their ability to identify and prior-
itize clinical needs, select the best medical
device concepts that address those needs,
and create a plan to implement inventions.

Also listed as BIOE 207. (2 units)

BIOE 108. Biomedical Devices:
Role of Polymers

This course is designed to highlight the role
of polymers play in the design and fabri-
cation of various medical devices ranging
from simple intravenous drip systems to
complex cardiac defibrillator implants and
transcatheter heart valves. Topics include
polymer basics, biocompatibility, biodeg-
radation and other tangentially related top-
ics such as regulatory %ody approvals and
intellectual property. Also listed as BIOE
208. (2 units)

BIOE 109. Translational Development
Jor Emerging Biomedical
Devices

This course exposes the student to ongo-
ing case-based interventional cardiology
diagnostic and therapeutic biomedical
device and clinical translational problems,
where real-world bioengineering innova-
tive solutions are being envisioned, and
at times successfully being applied by
startup teams of Bioengineers and Med-
ical professionals. Bioengineering device
design concepts and clinical translational
development considerations are analyzed
and case-based team project reports are
assigned for final grading. Prerequisites:
BIOE 10 and BIOE 21, BIOE 108 or
BIOE 153 preferred. (4 units)

BIOE 115L. Fundamentals of Cell
Culture Laboratory

This lab will introduce the basic funda-
mentals and applications of mammalian
cell culture techniques. Prerequisite: BIOE
22 or BIOL IC. (1 unit)

BIOE 120. Experimental Methods
in Bioengineering

This course will cover the principles of data
representation, analysis, and experimental
designs in bioreactors, biomaterials, and
medical devices. Topics include error analy-
sis, modeling, normality testing, hypothesis
testing, and design of experiments. Special
emphases will be placed on the interpreta-
tion of data from high-throughput assays
used in “omics”/tissue engineering, and

formulation designs used for optimal dru;
delivery. Prerequisite: AMTH 106. (4 units)

BIOE 153. Biomaterials Science

Basic principles of material properties,
biomaterials categories, biomaterials engi-
neering concepts, and selected applications
and practical aspects are taught in this
class. This course is a foundation for an
entry-level medical device engineer or bio-
engineering advanced degree. Prerequisite:

CHEM 13, PHYS 33 or 13. (4 units)

BIOE 154. Introduction to Biomechanics

Engineering mechanics and applications
in the analysis of human body movement,
function, and injury. Review of issues
related to designing devices for use in, or
around, the human body including safety
and biocompatibility. Prerequisites: BIOE
10, PHYS 33. (4 units)

BIOE 155. Biological Transport

Phenomena

The transport of mass, momentum, and
energy are critical to the function of living
systems and the design of medical devices.
This course develops and applies scal-
ing laws and the methods of continuum
mechanics to biological transport phenom-
ena over a range of length and time scales.
Prerequisites: BIOE 10, PHYS 33, AMTH
106. (4 units)
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BIOE 157. Introduction to
Biofuel Engineering

This course will cover the basic principles
used to classify and evaluate biofuels in
terms of thermodynamic and economic
efficiencies as well as environmental impact
for resource recovery. Special emphases
will be placed on emerging applications
namely microbial fuel cell technology and
photo-bioreactors. Also listed as BIOE 257/
ENGR 257. Prerequisites: BIOE 21 (or
BIOL 1B), CHEM 13, PHYS 33. (2 units)

BIOE 161. Bioinstrumentation

Transducers and biosensors from tradi-
tional to nanotechnology; bioelectronics
and measurement system design; interface
between biological system andg instrumen-
tation; data analysis; clinical safety. Labo-
ratory component will include traditional
clinical measurements and design and test
of a measurement system with appropriate
transducers. Prerequisites: BIOE 10, BIOE
21 or BIOL 1B, ELEN 50. Co-requisite:
BIOE 161L. (4 units)

BIOE 161L. Bioinstrumentation
Laboratory

Laboratory for BIOE 161. Co-requisite:
BIOE 161. (1 unit)

BIOE 162. Signals and Systems

Jfor Bioengineers

Origin and characteristics of bioelectric,
bio-optical, and bioacoustic signals gen-
erated from biological systems. Behavior
and response of biological systems to stim-
ulation. Acquisition and interpretation of
signals. Signal processing methods include
FFT spectral analysis and time-frequency
analysis. Laboratory component will
include modeling of signal generation and
analysis of signals such as electrocardiogram
(ECQ), electromyogram (EMG), and vocal
sound pressure waveforms. Prerequisites:
BIOE 10, COEN 45, ELEN 50, AMTH
106. Co-requisite: BIOE 162L. (4 units)

BIOE 162L. Signals and Systems for
Bioengineers Laboratory

Laboratory for BIOE 162. Co-requisite:
BIOE 162. (1 unit)

BIOE 163. Bio-Device Engineering

This course will instruct students
with the fundamental principles of
bio-device design, fabrication, and
biocompatibility, and let students
experiment with the state-of-the-art
bio-devices. Students will gain hands-on
experience with these bio-instru-
ments which are also used in the field.
Empbhasis is given to the cutting-edge
applications in biomedical diagnostics
and pharmaceutical drug discovery and
development, particularly detection and
monitoring interaction, and activity of
biomolecules, such as enzymes, receprors,
antibody, nucleic acids, and bioanalytes.
Prerequisites: BIOE 22 or BIOL 1C and
CHEM 31. Co-requisite: BIOE 163L.
(4 units)

BIOE 163L. Bio-Device Engineering
Laboratory

Laboratory for BIOE 163. Co-requisite:
BIOE 163. (1 unit)

BIOE 167. Medical Imaging Systems

Overview of medical imaging systems
including sensors and electrical interfaces
for data acquisition, mathematical mod-
els of the relationship of structural and
physiological information to sensor mea-
surements, resolution and accuracy limits
based on the acquisition system parame-
ters, impact of the imaging system on the
volume being imaged, data measured, and
conversion process from electronic signals
to image synthesis. Analysis of the specifica-
tion and interaction of the functional units
of imaging systems and the expected perfor-
mance focus on MRI, CT, and ultrasound.
Also listed as ELEN 167 and BIOE 267.
Prerequisite: BIOE 162 or ELEN 110 or
MECH 142. (4 units)
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BIOE 168. Biophotonics and
Bioimaging

This course starts with an introduction
of optics and basic optical components
(e.g., lenses, mirrors, diffraction grating,
etc.). Then focuses on light propagation
and propagation modeling to examine
interactions of light with biological matter
(e.g., absorption, scattering). Other topics
covered in this course are; Laser concepts.
Optical coherence tomography. Micros-
copy. Confocal microscopy. Polarization in
tissue. Absorption, diffuse reflection, light
scattering, Raman spectroscopy. Fluores-
cence lifetime imaging. Abo listed as BIOE
268. Prerequisite: BIOE 22 or BIOL 1C,
CHEM 31, PHYS 33. (4 units)

BIOE 168L. Biophotonics and
Bioimaging Laboratory

The lab will provide hands-on experience
for essential imaging and microscopy
techniques as well as advanced techniques
such as fiber-optics and optical coherence
tomography. Some of the experiments
that will be conducted are: measuring the
focal length of lenses and imaging using a
single lens and a lens system, determining
the magnification of optical systems (e.g.,
of a microscope), interference in Young’s
double slit and Michelson configuration,
diffraction, polarization, and polariza-
tion rotation. Albo listed as BIOE 268L.
Co-requisite: BIOE 168. (1 unit)

BIOE 171. Physiology and Anatomy
Jor Engineers

Examines the structure and function of
the human body and the mechanisms for
maintaining homeostasis. The course will
provide a molecular-level understanding
of human anatomy and physiology in
select organ systems. The course will include
lectures, class discussions, case studies,
computer simulations, field trips, lab exer-
cises, and team projects. Prerequisite: BIOE
21 or BIOL 1B. Co-requisite: BIOE 171L.
(4 units)

BIOE 171L. Physiology and Anatomy
Jfor Engineers Laboratory

Laboratory for BIOE 171. Co-requisite:
BIOE 171. (1 unit)

BIOE 172. Introduction to Tissue
Engineering

Introduces the basic principles underly-
ing the design and engineering of func-
tional biological substitutes to restore
tissue function. Cell sourcing, manipula-
tion of cell fate, biomaterial properties and
cell-material interactions, and specific bio-
chemical and biophysical cues presented by
the extracellular matrix will be discussed,
as well as the current status and future
possibilities in the development of bio-

logical substitutes for various tissue types.
Prerequisite: BIOE 22 or BIOL 1C. (4 units)

BIOE 173. Advanced Topics in Tissue
Engineering

Overview of the progress achieved in devel-
oping tools, technologies, and strategies for
tissue engineering-based therapies for a vari-
ety of human diseases and disorders. Lectures
will be complemented by a series of stu-
dent-led discussion sessions and student team
projects. Abso listed as BIOE 273. Prerequisite:
BIOE 172 or instructor approval. (2 units)

BIOE 174. Microfabrication and
Microfluidics for
Bioengineering Applications

Microfluidics uses principles from a

broad range of disciplines including fluid

mechanics, material science and optics for
miniaturization, and automation of bio-
chemical applications. This course will
introduce the basic physical and engineering
concepts which have practical importance in
microfluidics and will allow a better under-
standing of molecule and cell manipulation
in the micro-domain. The course aims to
introduce students to the state-of-art applica-

tions of various microfluidic techniques (e.g.,

mLSI, droplet and paper-based), in biological

and biomedical research through lectures and
discussion of current literature. Prerequisites:

BIOE 10, BIOE 21 or BIOL 1B, PHYS 33.

Co-requisite: BIOE 174L. (4 units)
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174L. Microfabrication and
Microfluidics for Bioengineering
Applications Laboratory
Muldlayer soft-lithography will be taught
and integrated microfluidic chips will
be built. Basic pressure driven microflu-
idic chip tests will be performed. A team
design project that stresses interdisciplin-
ary communication and problem-solving
is required in this course. Co-requisite:

BIOE 174. (1 unit)

BIOE 175. Biomolecular and
Cellular Engineering I

This course will focus on solving problems
encountered in the design and manufactur-
ing of biopharmaceutical products, includ-
ing antibiotics, antibodies, protein drugs,
and molecular biosensors, with particular
emphasis on the principle and application
of protein engineering and reprogramming
cellular metabolic networks. Prerequisites:
BIOE 22 or BIOL 1C, CHEM 31, or equiv-
alent knowledge and instructor approval,
BIOE 153 is recommended. Co-requisite:
BIOE 175L. (4 units)

BIOE 175L. Biomolecular and
Cellular Engineering I
Laboratory

Laboratory for BIOE 175. Co-requisite:
BIOE 175. (1 unit)

BIOE 176. Biomolecular and
Cellular Engineering I1

This course will focus on the principle of
designing, manufacturing synthetic materi-
als and their biomedical and pharmaceuti-
cal applications. Emphasis of this class will
be given to chemically synthetic materials,
such as polymers, inorganic and organic
compounds. Abo listed as BIOE 226. Pre-
requisites: BIOE 22 or BIOL 1C, CHEM
31, or equivalent knowledge and instructor
approval. BIOE 171 and BIOE 175 are rec-
ommended. (4 units)

BIOE 177A. Machine Learning:
Fundamentals and
Applications

This course covers fundamental methods

that form the core of modern machine

learning. Theoretical foundations for su-
pervised and unsupervised learning, as well
as neural networks will be introduced. Se-
lected biomedical applications of machine
learning will be presented. The co-requisite
of this course will provide introductions to
programming in Python and TensorFlow
for algorithm implementation. Prerequisite:
BIOE 120 or AMTH 108. Co-requisite:
BIOE 177B. (2 units)

BIOE 177B. Machine Learning:
Algorithm Implementation

As the co-requisite of BIOE 177A, this
course will focus on the algorithm imple-
mentation. Programming and building
projects with TensorFlow, Keras, and
NumPy will be discussed. (2 units)

BIOE 179. Introduction to Neural
Engineering
This course provides a foundation in the
neural principles underlying existing and
upcoming neurotechnologies. The goal is
to understand the design criteria necessary
for engineering interventions in neural
structure and function with application
to neurological diseases, disorders, and
injuries. Topics include brain imaging and
stimulation, neural implants, nanotechnol-
ogies, stem cell and tissue engineering. This
course includes lectures, literature critiques,
and design projects. Abso listed as BIOE 275.
Prerequisites: BIOE 21 or BIOL 1B. BIOE
171 recommended. (2 units)

BIOE 180. Clinical Trials: Desion,
Analysis and Etbicangsues

This course will cover the principles be-
hind the logistics of design and analysis of
clinical trials from the statistical and ethical
perspectives. Topics include methods used
for quantification of treatment effect(s) and
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associated bias interpretation, cross-over
designs used in randomized clinical trials
and clinical equipoise. Also listed as BIOE
380. Prerequisites: BIOE 10, BIOE 120 or
AMTH 108, or instructor approval. (4 units)

BIOE 185. Physiology and Disease
Biology

The course will provide a molecular-level
understanding of physiology and disease
biology, an overview of gastrointestinal
diseases, and an introduction to medical
devices used in the diagnosis and treatment
as well as challenges in this field. The course
will include lectures, class discussions, case
studies, and team projects. Ako listed as
BIOE 285. Prerequisite: BIOE 21 or BIOL
1B. BIOE 171 recommended. (2 units)

BIOE 186. Current and Emerging
Techniques in Molecular
Bioengineering

The course is designed to introduce fun-

damental and practical biotechniques to

students with minimum training and back-
ground in biomolecular engineering. The
basic principles and concepts of modern
biotechniques will be illustrated and high-
lighted by studying real cases in lectures.
Also listed as BIOE 286. Prerequisite: BIOE
22 or BIOL 1C. (2 units)

BIOE 188. Co-op Education

This course is designed to prepare students
for the working environment, and enable
them to relate d%eir experience in the indus-
try to their academic program. They will
then engage in practical work experience
related to their academic field of study and
career objectives. All students must enroll in
BIOE 188 before enrolling in BIOE 189.
Students can take BIOE 188 during the
first quarter of work experience, or before
an internship begins. International students
who wish to start (or continue) their CPT
after they have taken BIOE 188 must be
enrolled in BIOE 189. Prerequisites: Junior
status and cum GPA = 2.75. (2 units)

BIOE 189. Work Experience and
Co-op Technical Report

Credit is given for a technical report on a
specific activity, such as a design or research
activity, after completing a co-op work
assignment. Letter grades will be based on
the content and quality of the report. May
be taken more than once. Prerequisites:
Junior status, cum GPA = 2.75, and approval
of departmental co-op advisor. (2 units)

BIOE 194. Design Project I

Specification of an engineering project,
selected with the mutual agreement of the
student and the project advisor. Complete
initial design with sufficient detail to esti-
mate the effectiveness of the project. Initial
draft of the project report. Prerequisite:
Senior standing. (2 units)

BIOE 195. Design Project 11

Continued design and construction of the
project, system, or device. Second draft
of project report. Prerequisite: BIOE 194.
(2 units)

BIOE 196. Design Project 111

Continued design and construction of the
project, system, or device. Final report.
Prerequisite: BIOE 195. (2 units)

BIOE 198. Internship

Directed internship in local bioengineer-
ing and biotech companies or research in
off-campus programs under the guidance
of research scientists or faculty advisors.
Required to submit a professional research
report. Open to upper-division students.
(Variable units)

BIOE 199. Supervised Independent
Research
By arrangement. Prerequisite: Advisor

approval. (14 units)
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Graduate Courses

BIOE 200. Graduate Research Seminar

Seminar lectures on the progress and
current challenges in fields related to bio-
engineering. P/NP grading. Alo listed as
BIOE 100. (1 unit)

BIOE 203. Bio-Electromagnetics

Fundamentals of electromagnetics applied
to bioengineering. Dielectric characteristics
of biological materials. Tissue characteriza-
tion. Wave propagation in layered medium.
RF/Microwave interaction mechanisms in
biological materials. Electromagnetic field
absorption and SAR. Safety and stan-
dards. Microwave hyperthermia. Design of
on-body and implant antennas. Also listed
as ELEN 203. Prerequisite: ELEN 201 or
BIOE 168/268. (2 units)

BIOE 206. Design Control for
Medical Devices

This course will cover the principles be-
hind design control. All of the essential
elements required in the regulated medical
device environment will be covered from
design planning, inputs and outputs to ver-
ification, validation, risk management and
design transfer. A problem-based learning
approach will be utilized so that students
will develop proficiency to apply the prin-
ciples. Knowledge will be acquired through
lectures, class activities, industry guest lec-
tures and field trips. Ako listed as BIOE 106.
(2 units)

BIOE 207. Medical Device Invention -
From Ideas to Business Plan

This course will introduce students to var-
ious tools and processes that will improve
their ability to identify and prioritize clinical
needs, select the best medical device con-
cepts that address those needs, and create a

lan to implement inventions. Alo listed as
BIOE 107. (2 units)

BIOE 208. Biomedical Devices:
Role of Polymers

This course is designed to highlight the role
of polymers play in the design and fabri-
cation of various medical devices ranging
from simple intravenous drip systems to
complex cardiac defibrillator implants and
transcatheter heart valves. Topics include
polymer basics, biocompatibility, biodegra-
dation and other tangentially related topics
such as regulatory body approvals and in-
tellectual property. Also listed as BIOE 108.
(2 units)

BIOE 209. Development of Medical
Devices in Interventional

Cardiology

This course will be an in-depth, case-based
review of medical devices that are currently
used in clinical practice, meeting the heart
patient’s medical needs. Directed reading
will be assigned, and the in-class discus-
sions will focus on bioengineering design
considerations including measurements of
physiology vs. anatomy, intracoronary
blood flow vs. pressure, invasive vs. non-
invasive imaging; as well as, the significant
economic challenges facing innovative
start-ups developing medical devices within
our changing health care delivery system.
(2 units)

BIOE 210. Ethical Issues in
Bioengineering

This course serves to introduce bioengi-
neering students to ethical issues related to
their work which includes introductions to
ethical theories, ethical decision-making,
accessibility, and social justice concerns,
questions in personalized medicine, envi-
ronmental concerns, and so on. This course
will also cover ethical and technical issues
related to biomedical devices. (2 units)
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BIOE 226. Biomolecular and
Cellular Engineering I1

This course will focus on the principle
of designing, manufacturing synthetic
materials and their biomedical and pharma-
ceutical applications. The emphasis of this
class will be given to chemically synthetic
materials, such as polymers, inorganic and
organic compounds. Abso listed as BIOE
176. Prerequisites: BIOE 22 or BIOL 1C,
CHEM 31, or equivalent knowledge and in-
structor approval. BIOE 171 and BIOE 175

are recommended, (4 units)

BIOE 232. Biostatistics

This course will cover the statistical princi-
ples used in Bioengineering encompassing
distribution-based analyses and Bayesian
methods applied to biomedical device and
disease testing including methods for cate-
gorical data, comparing groups (analysis of
variance) and analyzing associations (linear
and logistic regression). Special emphases
will be placed on computational approaches
used in model optimization, test-method
validation, sensitivity analysis (ROC curve)
and survival analysis. Also listed as AMTH
232. Prerequisite: AMTH 108 or BIOE 120
or equivalent. (2 units)

BIOE 232L. Biostatistics Laboratory

Laboratory for BIOE 232. Also listed as
AMTH 232L. Co-requisite: BIOE 232.
(1 unit)

BIOE 240. Biomaterials Engineering
and Characterization

This course will cover the fundamental
principles of soft biomaterials characteriza-
tion in terms of mechanical and rheological
properties related to biocompatibility. Areas
of focus in the lab include study and fabri-
cation of implantable hydrogels for eukary-
otic cell immobilization in scaffolds and
microscapsules, cytotoxicity measurements
in the engineered micro-environment and
nutrient diffusion visualized by fluores-
cence microscopy. Prerequisite: CHEM 13.
Co-requisite: BIOE 240L. (2 units)

BIOE 245. Introductory Biotribology
Jor Orthopedic Implants

This course will provide an introduction to
surface mechanics and tribology as applied
to biological systems and medical devices,
with a specific focus on orthopedic tissues
and implants. Students will learn about the
mechanisms of friction, lubrication, and
wear in tissues and considerations for the
design of implants to minimize adverse
interactions in vivo while maximizing
lifespan. Topics will include dry, lubri-
cated, and mixed mode contact and the
physiological conditions resulting in each
case. Class discussions will primarily center
around assigned readings of published liter-
ature guided by lecture topics. Prerequisites:
BIOE 240 or BIOE 153, 154, BIOE 21 (or
BIOL 1B). (2 units)

BIOE 249. Topics in Bioengineering

An introduction to the central topics of
bioengineering including physiological
modeling and cellular biomechanics (e.g.,
modeling of the human voice production
and speech biomechanics), biomedical
imaging, visualization technology and
applications, biosignals and analysis meth-
ods, bioinstrumentation and bio-nanotech-

nology. Also listed as ENGR 249. (2 units)

BIOE 251. Introduction to Bioinformatics

This course provides an introduction to
tools and databases essential for bioen-
gineering including DNA, RNA, and
protein. Topics include but not limited
to pairwise sequence alignment, multiple
sequence alignment, hidden Markov mod-
els and protein sequence motifs, phylo-
genetic analysis, and fragment assembly.
Protein structure and domain analysis, as
well as genome rearrangement and DNA
computing, are also covered. Students will
become proficient in searching multiple da-
tabases (Genome, GenBank, Protein, and
Conserved Domain), retrieving and analyz-
ing sequences, and working with metadata.
Students will design a new gene/protein or
write an original program to complete an
independent search project. Prerequisite:
BIOE 22 or BIOL 1C. Programming experi-
ence and BIOL 175 recommended. (2 units)
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BIOE 252. Computational
Neuroscience 1

This course provides a foundation in cel-
lular and molecular neuroscience and
applied computational techniques for the
purpose of modeling neuronal and whole
brain structural and functional net-
work organization. The central ideas,
methods, and practice of modern
computational neuroscience will be
discussed in the context of relevant
applications in biomedical interventions.
(2 units)

BIOE 252L. Computational
Neuroscience Lab

Laboratory for BIOE 252. Co-requisite:
BIOE 252. (1 unit)

BIOE 256. Introduction to

NanoBioengineering

This course is designed to present a broad
overview of diverse topics in nanobioen-
gineering, with emphasis on areas that
directly impact applications in biotech-
nology and medicine. Specific examples
that highlight interactions between nano-
materials and various biomolecules will
be discussed, as well as the current status
and future possibilities in the development
of functional nanohybrids that can sense,
assemble, clean, and heal. Also listed as
ENGR 256. (2 units)

BIOE 257. Introduction to Biofuel
Engineering

This course will cover the basic principles
used to classify and evaluate biofuels in
terms of thermodynamic and economic
efficiencies as well environmental impact
for resource recovery. Special emphases will
be placed on emerging applications namely
Microbial Fuel Cell Technology and Pho-
to-bioreactors. Also listed as ENGR 257
and BIOE 157. Prerequisites: BIOE 21 or
BIOL 1B, CHEM 13, PHYS 33. (2 units)

BIOE 258. Syntbhetic Biology &
Metabolic Engineering

This course covers current topics and trend
in the emerging field of synthetic biology.
These topics include applying the retro-
synthetic analysis approach in classic
organic chemistry, identifying and engi-
neering metabolic pathways and mech-
anisms for bioproduction of antibiotics,
biofuel compounds, novel bio-building
blocks, and non-natural proteins.
Genetic regulation of biosynthetic pathways,
e.g., genetic circuit will also be discussed.
(2 units)

BIOE 259. Engineering In Drug
Delivery

Engineering is a major contributor to the
advancement of drug delivery systems,
which improves treatment and enhances
patients quality of life. In this course, we
will explore engineering principles, appli-
cations, and techniques in drug delivery
systems. The purpose of this course is to
identify the roles of engineers in the phar-
maceutical industry and how to propose a
solution to an emerging topic in this sub-
ject. (2 units)

BIOE 260. Selected Topics in
Bio-Transport Phenomena

This course will cover the principles of
mass and oxygen transport and across extra-
corporeal devices and bio-membrane
design principles, dialyzers, blood-oxy-
genators, hollow-fiber based bio-artificial
organs and PK/PD. Prerequisite: BIOE
155 or equivalent. BIOE 232 recommended.
(2 units)

BIOE 261. Omics: Global High-
throughput Technologies
in Life Sciences Discovery
Research

This course provides a practical application
focused survey of global high-through-
put technologies in life sciences discovery
research. The impact of all facets of study
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design and execution on obtaining valuable
molecular insights from genomics, metag-
enomics, transcriptomics, metabolomics,
and proteomics methods will be explored.
Strategies for integration and interpretation
of data-rich read-outs will be applied to
case studies focused on research and
development of companion diagnostics.
Prerequisite: BIOE 22 or BIOL 1C. (2 units)

BIOE 263. Applications of Genome
Engineering and Informatics
in Mammalian System

Advances in genome engineering technol-

ogies offer versatile solutions to systematic

interrogation and alteration of mammalian
genome function. Among them, zinc finger
transcription factor nuclease (ZNF), tran-
scription activator-like effector nuclease
(TALEN) and CRSPR-associated RNA-
guided Cas9 endonuclease (CRISPR/Cas9)
have become major drivers for innovative
applications from basic biology to biotech-
nology. This course covers principles and
real cases of genome engineering using
either ZFN/TALEN or CRSPR/Cas9-
based system. Key applications will be
discussed comparatively to understand the
advantages/disadvantages of each system
better. In addition, informatics’ tools that
facilitate the application design, implemen-
tation, data analysis will be covered. Prereg-
uisites BIOE 22 or BIOL 1C or equivalent.
(2 units)

BIOE 266. Advanced Nano-
Bioengineering

In Introduction to Nano-bioengineering
(BIOE 256), students were introduced to
how nanomaterials offer the unique possi-
bility of interacting with biological entities
(cells, proteins, DNA, etc.) at their most
fundamental level. This course will provide
a detailed overview of nanobioengineering
approaches that support research in life
sciences and medicine. Topics will include
nanotopographical control of in vivo and
in vitro cell fate, miniaturization and par-
allelization of biological assays, and early
diagnosis of human disease. Prerequisite:

BIOE 256. (2 units)

BIOE 267. Medical Imaging Systems

Overview of medical imaging systems
including sensors and electrical interfaces
for data acquisition, mathematical mod-
els of the relationship of structural and
physiological information to sensor mea-
surements, resolution and accuracy limits
based on the acquisition system parameters,
impact of the imaging system on the vol-
ume being imaged, data measured, and
conversion process from electronic signals
to image synthesis. Analysis of the specifica-
tion and interaction of the functional units
of imaging systems and the expected perfor-
mance. Focuson MR, CT, and ultrasound.
Also listed as ELEN 167 and BIOE 167.
Prerequisite: BIOE 162 or ELEN 110 or
MECH 142. (4 units)

BIOE 268. Biophotonics and Bioimaging

This course starts with an introduction
of optics and basic optical components
(e.g., lenses, mirrors, diffraction grating,
etc). Then focuses on light propagation
and propagation modeling to examine
interactions of light with biological matter
(e.g., absorption, scattering). Other top-
ics that will be covered in this course are;
laser concepts, optical coherence tomog-
raphy, microscopy, confocal microscopy,
polarization in tissue, absorption, diffuse
reflection, light scattering, Raman spectros-
copy. Fluorescence lifetime imaging. Also
listed as BIOE 168. Prerequisite: BIOE 22 or
BIOL 1C, CHEM 31, PHYS 33. (4 units)

BIOE 268L. Biophotonics and
Bioimaging Laboratory

The lab will provide hands-on experience
for basic imaging and microscopy tech-
niques as well as advanced techniques
such as fiber-optics and optical coherence
tomography. Some of the experiments that
will be conducted are: measuring the focal
length of lenses and imaging using a sin-
gle lens and a lens system, determining the
magnification of optical systems (e.g. of a
microscope), interference in Young’s dou-
ble slit and in Michelson configuration,
diffraction, polarization and polarization
rotation. Ako listed as BIOE 168L. (1 unit)
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BIOE 269. Stem Cell Bioengineering

A majority of recent research in bioengi-
neering has focused on engineering stem
cells for applications in tissue engineering
and regenerative medicine. The graduate
level course aims to illuminate the breadth
of this interdisciplinary research area, with
an emphasis on engineering approaches
currently being used to understand and
manipulate stem cells. The course topics
will include basic principles of stem cell
biology, methods to engineer the stem cell
microenvironment, and the potential of
stem cells in modern medicine. (2 units)

BIOE 270. Mechanobiology

This course will focus on the mechanical
regulation of biological systems. Students
will gain an understanding of how mechan-
ical forces are converted into biochemical
activity. The mechanisms by which cells
respond to mechanical stimuli and current
techniques to determine these processes
will be discussed. Class discussions will pri-
marily center around assigned readings of
published literature guided by lecture top-
ics. Prerequisite: BIOE 154. (2 units)

BIOE 273. Advanced Topics in Tissue
Engineering

Ove