951H. Field Research Methods in
Education
(ED 861., T E 920., EAC 951H.)
Spring. 3(3-0)
Methods of interview, participant observation
or observation for earrying on educational
research.

9511, Professional Lectures in

Educational Administration.

(ED 978., EAC 9511} Fall. 3(3-0)

Graduate studenis in Educational Administra-
tion or approval of department.
Lectures by faculty in Educational Administra-
tion in individual faculty research and service
interests, exploration of recent research and
other scholarly publications,

951].,  Conflict Management in
Educational Administration
Fall, Spring. 3(3-0) Approval of
department.
Theories, rationales, and strategies of conflict
management. Managing conflict situations in
educational environments.

952A. Externship in Educational
Administralion
(ED §71., EAC 932A.) Fall, Winter,
Spring. 3 credits. May reenroll for a maximum of
27 credits. Present or past position as an educa-
tional administrator.
Discussion of participants’ current administra-
tive problems and solution strategies, faculty vis-
its to participants’ schools and speakers on 1ssues
in educational administration.

952B. Multidisciplinary Seminar in
Educational Administration
(ED 972., EAC 952B.) Fall, Winter,
Spring. 3eredits. May reenroll for @ maximum of
18 credits. 9 credits of EAD 9524,
Discussion of generic problems and issues in
administration identified and interpreted
throu%h selected readings and speakers from the
several behavioral sciences,

96(0.  Seminar: Continuing Education in
Higher Education Institutions
(ED 987B., EAC 960.) Winter. 3(3-0}
May reenroll for a maximum of 6 credits. Majors
ar approval of department.
Patterns, problems, and potential for continuing
education in two and fourgear colleges. Prob-
lems of governance, reward system, leadership
roles, etc.

964.  Adult Education: Program

Planning

Spring. 3(3-0) EAD 860, EAD 861.
Educational program planning and develop-
ment for organizations that serve adult popula-
tions. Alternative pru%}'am planning strategies
to accomodate adult learner needs, organiza-
tional resources and desired outcomes.

970A. The Law of Higher Education

(ED 580., EAC 870A.) Fall, Spring.
3(3-0) Graduate students in College and Univer-
sity Administration; others, approval of instruc-
tor.
Principles and cases of law applied to problems
of governance, management, and instruction in
post-secondary educational institutions.
Emphasis upon personnel and student adminis-
tration and equity issues.
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970B. Higher Education Finance

(EAC 970B.) Fall, Spring. 3(3-0)
Admission to M.A. or Ph.D. programs in the
College of Education.,
Structures, processes and problems related to the
financing of higher education in the United
States. Emphasis on alternatives for the future,

971A. The Department in Higher
Education

(ED 957., EAC 971A.) Winter. 3(3-0)
Approval of instructor.
The Department as an administrative structural
element of the University. The duties and
responsibilities of the chairperson as they relate
to the management of the Department.

971B. Management Systems in Higher
Education Administration

(ED 858., EAC 97IB.) Fall, Spring.
3(3-0) Graduate students in College and Univer-
sity Administration; others, approvel of instruc-
tor.

The application of National Center for Higher
Education Management Systems tools to deci-
sion making in higher education administration.
Resource Requirement Prediction Model 1.6,
student flow and faculty activity analysis are
major tools investigated.

971C. Evaluation of Higher Education
(ED965C., EAC 971C. ) Spring. 3(3-0)
Graduate students in College and University
Administration, EAD 872A or approval of
instructor.
Ways in which evaluation takes place in higher
education; course examinations, grading, com-
prehensive examinations, teacher evaluation,
institutional evaluation, state surveys, and
regional and national studies of higher education
problems.

8971D. Community College

Administration

(ED 979., EAC 971D.) Winter. 3(3-0)
Graduate students in College and University
Administration. Others, approval of instructor.
Functional areas of community college adminis-
tration with emphasis upon instruction, finance
and student services including the importance of
local, state and federal influences.

973A. College Student Affairs
Adminisiration I
(ED 973., EAC 973A.) Fall. 3(3-0}
Doctoral students in Student Affairs Emphasis,
Others, approval of instructor.
Emphasis on planning, organization, financing,
research, evaluation and administration for pro-
grams and services which exist principally to
serve individual student needs: counseling, ori-
entation, health, placement, financial aids, ete.

973B. College Student Affairs
Administration IT
(ED 974., EAC 973B.) Winter, 3(3-0)
Doctoral students in Student Affairs Emphasis.
Others, approval of instructor.
Student organizations and activities; student
union; on and off-campus living environments.
Emphasis on planning, organization, financing,
research, evaluation and administration of these
pregrams and services,

973C. College Student Affairs
Admanistration ITT
(ED 975., EAC 973C.) Spring. 3(3-0)
Doctoral students in Student Affairs Emphasis.
Others, approval of instructor.
Analysis of student rights and responsibilities;
academic freedom; regulation of student con-
duct; systems of governance and judicial proc-
esses; legal basis for student personnel programs
and administration.

of
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976A. Doctoral Internship in College and
University Administration
(ED 891., EAC 976A.) Fall, Winter,
Spring, Summer. 3{0-9} May reenroll for a maxi-
mumgj 12 eredits. Doctoral students in College
and University Administration, approval of
instructor,
Students intern in on- and off campus offices
and agencies as observers of and participants in
the administration of programs particular to
their major field of study. ’

978A.  Independent Research in Higher

Education Administration

(ED 840., EAC 978A.) Fall, Winier,
Spring, Summer. I to 6 credits. May reenvoll for
a maximum of 6 credits. Doctoral students in
College and University Administration.
Supervised and guided in-depth readings in liter-
ature and research specific to higher education
administration which lead to the development of
materials such as position papers, articles for
plublication, and grant and dissertation propos-
als.

982.  Seminars in Administration and
Curriculum
(ED 982., EAC 982.) Fall, Winter,
Spring, Summer. 1 to 9 credits. May reenroll for
a maximum of 13 eredits. Approval of depart-
ment.

Seminars in the various fields of emphasis.

983.  Readings and Independent Study
in Administration and Curriculum
(ED 983., EAC 983.) Fall, Winter,

Spring, Summer. I to 6 credits. May reenroll for

« maximum of 15 credits. Approval of depari-

ment.

Study on an individual or group basis in the vari-

ous fields of emphasis,

984.  Laboratory and Field Experience
in Administration and Curriculum
(ED 984., EAC 984.}) Fall, Winter,
Spring, Summer. I to 6 credits. May reenvoll for
a maximum of 13 crediis. Approval of depart-
ment.
Supervised advanced graduate practicums,
observation, internships, and externships in the
various areas of emphasis.

999,  Doctoral Dissertation Research

(ED 899., EAC 999.) Fall, Winter,
Spring, Summer. Variable credit. Approval of
epartment.

ELECTRICAL ENGINEERING
AND SYSTEMS SCIENCE

College of Engineering

Electrical Engineering EE

230.  Digital Logic Fundamentals

Fall, Winter, Spring, Summer. 4{4-0)
CPS1120r CPS251.
Baolean algebra; combinational logic and
minimization; sequential system fundamentals
and components; arithmetic operations and
devices; memory deviees and ensembles; data
conversion principles; digital integrated cir-
cuits; practical engineering design problems.

A-67



Descriptions — Electrical Engineering and Systems Science

of
Courses

231, Computer Organization and Usage

Fall, Winter, Spring. 4(4-0}E E 230.
Computer structure and machine language;
macros; addressing techniques; computer bus:
program segmentation and linkage; microcom-
puter case study: survey of applications in sci-
ence and engineering.

300.  Electric Circuits I

Fall, Winter. 4(4-0) MTH 113.
Current voltage and power. DC and transient
circuit analysis. Forced response. Sinusoids and
the phasor concept. Bridges.

301.  Electric Circuits I1

Winter, Spring. 3(3-0) E E 300, MTH
214.
Sinusoidal steady state response. Average power
and rms concepts, complex freyuency response.
Two-port networks. Transfer functions.

302.  Basic Electronic Circuits

Spring, Summer. 4(4-0) E E301, MTH
215.
Volt-ampere characteristics of diodes and tran-
sistors. Voltage, current and power amplifica-
tion. Stability, transient and high-frequency
effects. Feedback, oscillators and operational
amplifiers.

303.  Electronics Laboratory I

Winter, Spring. 1{0-3) E E 300; E E
301 concurrently.
Electronic test equipment and measurement
fundamentals. Experimental verification of top-
ics covered in E E 300 and E E 301. Computer-
aided circuit analysis and design.

304.  Electronics Laboratory IT

Fall. 1{0-3) E E 302
Experimental verification of topics covered in
E E 302. Single-stage and multi-stage transistor
amplifier design and analysis. Applications of
linear integrated cirouits. Computer-aided cir-
cuit design.

305.  Electromagnetic Fields and

Wages I

Fall, Winter. 3(3-0) MTH 310, PHY
288.
Vector analysis, Electrostatic fields; EM sources,
scalar potential, Poisson’s and Laplace’s equa-
tions, dieletric media, capacitance, and energy
storage. Boundary value problems for electron-
static Helds.

306.  Electromagnetic Fields and

Waves I1

Winter, Spring. 3(3-0) E E 305.
Electromagnetic fields; EM sources, vector
potential, magnetic media, inductance; energy
storage time varying fields, and Maxwell’s equa-
tions; pntentia{ theory and boundary value
problems.

307.  Electromagnetic Fields and

Waves IT1

Spring, Summer. 3(3-0) E E 306.
Application of Maxwell’s equations; radiation,
propagation, reflection, and power flow of
plane EM waves, EM boundary value problems.
Transmission line theory: transient and steady
state waves, standing and traveling waves,
reflections and standing-wave-ratio.
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308.  Fields and Waves Laboratory

Fall, Spring, 1{0-3) E E 307 or concur-
rently.
Experimental investigation of: charged particle
motion in EM fields, dieletric and magnetic
properties and materials, probing of currents
and charges, and propagation of transient and
steady-state waves. Digital computer solutions
for EM field and wave problems.

320.  Electromechanical Energy
Conversion
Fell, Spring. 3(3-0) E E 301, E E 306.
Review of electromagnetics, three phase power,
transformers, electromechanical energy conver-
sion, basic concepts of rotating machines, alter-
nating current machines,

345.  Introduction to Electronic

Instrumentation Systems

Fall, Winter, Spring, 4(3-3) PII'Y 288.
Basic electronic concepts; passive and active
components; operational amplifiers; switchiu%
devices, equivalent circuits; transducers; signa
conditioning; recording; data management;
basic elements of control.

355.  Deterministic Communication
Systems
(455.) Fall, Spring. 3(3-0} E E 301,
MTH 214. Interdepartmental with Systems Sci-
ence.
Communication systems. Representation of sig-
nals in time and frequency domain. Processing
of signals by linear, simple nonlinear and time-’
variant systems. Linear and nonlinear, analog
and digital modulation and demodulation; for
example, AM, FM, PCM.

412,  State Models, Analysis, and
Simulation
Spring. 3(3-0) $YS 311, MTH 310,
MTH 334. Interdepartmental with and adminis-
tered by Systems Seience.
Vector-matrix state-space models of dynamic
systems, exponential matrix, transform sola-
tions, convolution, stability, contro]labilitﬁ,
observability, simulation, cemputational tech-
nigues, extensions to nonlinear systems.

413.  Analysis of Conirol Systems

(313.) Fall. 4(4-0) E E 301, E E 355.
Interdepartmental with and administered by
Systems Science.

Control system characteristics, performance cri-
teria, transient and steady-state responses, error
analysis, stability, root locus and frequency
response techniques. Controller design using
root locus and frequency response methods.

414.  Control Systems Laboratory

(464.) Winter, Spring. 1{0-3) E E 231,
E E 304, 5Y5 413, Interdepartmental with Sys-
tems Science.

Experimental investigations of feedback sys-
tems. Study of solid state controllers. Properties
and applications of phase lock loops. Introduc-
tion to digital contmlf.

415.  Digital Control Systems

Winter. 3(3-0) E E 231, SYS 311, SYS
413. Interdepartmental with Systems Science.
Organization of digital control systems, classical
an§ modern techniques for the design of digital
control systems, Hardware and software consid-
¢rations with emphasis on microprocessor imple-
mentation.

418, Introduction to Computer-Aided

Cireuit Design

Fall. 3(3-0) CPS 301, E E 302,
Introduces the techniques used for automatic
formulation, analysis and optimization of linear
and nonlincar electronic circuits. Students will
write a modest but useful znalysis program
package.

419.  Physical Phenomena and

Electronic Instrumeniation 1

Winter. 4(3-3) PHY 289, FHY 298 or
approval of department, MTH 215. Interde-
pertmental with and administered by Physics.
Concepts of electronics relative to uses in investi-
gations of physical phenomena and their subse-
quent applications to provide reliable
instrumentation. Nuclear radiation detectors,
photometers and magnetometers are examples
of specific topics covered.

421.  Power System Analysis

Spring. 3(3-0) E E 307, E E 420.
Model of power system cemponents; analysis
and planning techniques including load flow,
short circuit, transient stability: voltage and fre-
quency control; economic operation of power
systemns.

422, Power Electronics

Winter. 3(3-0) E E 302, E E 320.
Thyristor characteristics, commutation, AC
voltage controllers, single-phase and three-
phase rectifier and inverter circuits, DC-to-DC
converters, cycloconverters, AC and DC motor
drives.

423.  Electrical Machines Laboratory
Spring. I{0-3) E E 321).

Transformers, torque, power and speed charac-

teristics of induction, synchronous and dc

machines, steady state and transient operation of

machines, machine control.

430.  Digital Electronics

Fall, Winter, Spring. 3(2-3) E E 230,
E E302.
Diodes and transistors as switching elements;
logic families, data conversien circuits; memory
circuits; digital subsystem design.

431.  Computer Interfacing

Fall, Winter, Spring. 4(3-3) E E 231,
E E430.
Case study of a small computer system; I/O con-
troller design; bus interface requirements, inter-
rupt structure, and data transfer. Digital system
design.

435.  Microwave Circuits and Systems
Fall. 3(3-0) E E 307.

Waves guided by apen and closed-boundary sys-
tems. Normal modes of microstrip, metallic and
dielectric waveguides, Microwave cavities,
devices, and circuit theory. S-parameter
description of microwave devices. System appli-
cations.

436.  Radiation and Reception of
Electromagnetic Waves

Winter, 3(3-0) K E 307,

Radiation, propagation, scattering and recep-
tion of electromagnetic waves; circuit and radia-
tion characteristics of wire and microwave and
antennas; radiation fields, self and mutual impe-
dances of antennas and arravs; microwave aper-
ture antennas,



438.  Transmission and Radiation
Laboratory
Winter. 1{0-3) E E 435; E E 436 con-
currently.
Microwave transmission and radiation labora-
tory, Measurement of frequency, wavelength,
standing waves, impedance, and power, Experi-
ments on transmission lines, waveguides, cavity
resonators, microwave circuits, and circuit and
radiation properties of antennas.

456.  Applied Probability in

Communication Theory

Faull, Winter. 3(3-0) E E 355.
Probability theory applied to communications.
Representation of random signals as stochastic
processes. Autocorrelation and spectral density,
Noaise in components and systems, performance
of analog linear and nonlinear systems with
noise.

457. . Statistical Communication Systems
Spring. 3(3-0} E E 456; E E 467 con-
currently.
Representation, processing and filtering of ran-
dom signals, Performance of digital systems with
noise. Optimal digital communications systems.
Signal detection, information concepts, coding.
Communication systerns such as radar, televi-
sion, PCM, and telephony.

467.  Communications Laboratory
Spring. 1(0-3) E E 456; E £ 457 con-

currently.

Experimental investigations on communication

theory and information transmission topics from
E E 455, F E 456, and E E 457.

474.  Physical Principles of Electronic
Devices
Fall. 4(4-0) E E 302; E E 305,
Energy levels in atoms and crystals; density of
states; Fermi-Dirac and Maxwell-Boltzmann
statisties; transport properties of bulk materials;
metal-semiconductor contacts; the p-n junetion
and BJT.

475.  Electronic Devices and Circuils
Winter. 3(3-0) E E 474,

Fabrication technology; models and characteris-

tics of B]T’s, JFET’s, and MOS devices; applica-

tion to linear and digital cireuits.

476. - Applications of Electronic Devices
Spring. 3(3-0) E E 474.

Power devices and applications; tramsistors,

diacs, triacs, and SCR’s; high frequency devices

and applications; transitors; impatt, Gunn and

vacuum devices; photo-devices; solar cells and

LEDs.

477.  Electro-optic Devices

Spring of odd-numbered years. 3(3-0)
E E 306.
Atomic origin and the operational characteris-
tics of light sources and detectors. Basic design
considerations for gas and solid state lasers.
Methods of optical detection, applications.

478.  Integrated Circuit Fabrication
Laboratory
Winter, Spring, Summer, 2(1-3) E E
474,
Integrated circuit design and fabrication. Labo-
ratory fabrication of diffused resistors, diodes,
capacitors, and simple MOS or bipalar inte-
grated circuits. Yields, testing, and economic
considerations.

Electrical Engineering and Systems Science — Descriptions

480.  Integrated Circuits: Operational

Amplifiers

Fall, Winter. 3(3-0) £ E 302.
Integrated circuits: design principles and fabri-
cation, Differential-amplifier stage signal char-
acteristics. Properties and models of operational
amplifiers. Applications: signal conditioners,
signal processors, signal generators, and special-
purpose circuits,

490.  Special Topics in Electrical
Engineering
Spring. I to 4 credits. Muay reenroll for
a maximum of 12 credits. Approval of depari-
ment,
Exposition of special topies in electrical engi-
neering.

495.  Independent Study

Fall, Winier, Spring, Summer. 1 f0 3
credits. May reenroll for @ maximum of 3 credits
in E E 495 and SYS 495 combined. Approval of
department. '
Independent study of a topic in electrical engi-
neering of particular interest to the student.

499,  Undergraduate Research

Fall, Winter, Spring, Summer. I t9 3
credits. May reenroll for a maximum of 6 credits
in E E 499 and SYS 499 combined. Approval of
department.
Independent undergraduate research in content-
porary areas of electrical engineering such as:
alternative energy, menitoring and control, bio-
engineering, power systems, integrated elec-
tronics, electromagnetic systems.

801.  Special Problems

Fall, Winter, Spring, Summer. 1 to 4
credits. Approval of department,
Investigation of a topic in electrical engineering
compatible with the student’s prerequisites,
interest, and ability.

809.  Compuier Arithmetic Algorithm
Design
Fall. 4(4-0} E E 431 or CPS 423. Inter-
departmental with the Depariment of Com-
puter Sclence.
Number systems; fast two-operand and mul-
tioperand addition/subtraction; standard,
recoded and cellular array multipliers; high-per-
formance dividers; floating-point arithmetic;
error control; pipelining.

812,  Computer Netiworks

Spring. 3(3-0} CPS 412. Interdepart-
mental with and administered by the Depari-
ment of Computer Science.
Network architecture model, routing and con-
%estion control, satellite and radio networks,
ocal computer networks, virtual terminal and
file transfer protocols, network security, trans-
port and session protocels, distributed process-
lrlg.

813.  Logic Design Methodologies
Spring. 353'0) CPS 423 or E E 431,
Interdepartmental with the Department of
Computer Science,
Modeling and simulation of logic circuits; hard-
ware description langunages; design methodolo-
gies for logic arrays and bit-slice processors; fault
tolerance, testability, computer aided design of
logic circuits; automated routing algorithms.

of
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815.  Architecture of Computational
Systems
Winter. 3(3-0) CPS 423. Interdepart-
mental with and edministered by the Depart-
ment of Computer Science.
Overview of computer system organization; the-
aretical constructs of computer systems; proces-
sors; control units; memory; interconnection
networks.

518.  Introduction to Robotics

Spring. 3(3-0) E E 415 or M E 458 or
approval of department. Interdepartmental
with the Department of Computer Science.
Robot configuration and geometry. Rebot drive
systems, kinematics, controller design, sensors,
sensor-based robots. Economie, political and
social implications. Industrial application.

820.  Electric Power Transmission
System
Spring of odd-numbered years, 4(4-0)
E E 421 or approval of instructor.
Symmetrical components, calculation of short
circuit currents for symmetrical and unsymme-
trical faults; methods and devices used in protec-
tion; pilot wire and carrier systems, circuit
interruption, grounding.

823.  Power System Stability and
Control
Fall of even-numbered years. 3(3-0)
$YS 826.
Analysis and simulation of small and large dis-
turbance stability of power systems; generator,
exciter, valtage regulatar models; design of exci-
tation systems and power system stabilizers.

824.  Power System Operation and

Control

Fall of odd-numbered years. 3(3-0)
E E421,8Y5413, E E 456 0r STT 441.
Operation planning of power systems including
load flow, umit commitment, and production
cost methods; on line operation and conircl
including automatic generation control, eco-
nomic dispatch, security assessment, and state
estimations,

826.  Advanced Linear Systems Analysis
Fall. 4(4-0) MTH 310, MTH 334,
approval of instructor. Interdeparimental with
and administered by Systems Science,
Analysis of linear continuous time and discrete
time systems for both tirne invariant and time
varying models; state space and transfer fune-
tion models; transition matrices; controllability;
cbservability; minimal realizations; stability.

831.  Active Network Synthesis

Winter. 3(3-0) Approval of depart-
ment.
S-domain network synthesis. Root-locus design
techniques for practical analog signal proces-
sors, including sensitivity and stability consider-
ations. Passive network synthesis and functional
properties of operational amplifiers.

832.  Switched Capacitor Circuils

Spring of even-numbered years. 3(3-0)
E E 480
Switched capacitor analog cireuit analysis and
design. Analog sampled data concepts; imple-
mentation of signal processing operations;
switched calaacitor filters; nonideal effects; lin-
ear and nonlinear applications.
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835.  Electromagnetic Theory
Fall. 3(3-0) Approval of department.

Electrostatics, magnetostatics, electrodynamics
and Maxwell’s equations. Green’s function and
eigenfunction expansion techniques. Conserva-
tion of EM energy and momentum. Radiation of
EM waves: Lorentz potentials, Helmholtz inte-
grals, retarded potentials, general EM field.

836.  Electromagnetic Waves I
Winter, 3(3-0} E E 835.

EM description of circuits. EM boundary-value

roblems. Hertzian potentials. Field equiva-
ence theorems. Green’s functions, TEM waves:
propagation in curvilinear coordinates, trans-
mission and scattering coefficients. Transmis-
sion lines: variational methods, microstrip.

837.  Electromagnetic Waves IT
Spring. 3(3-0) E E 8386.

Guided transmission systems, Modes of metallic
and open-boundary dielectric waveguides and
cavities. Mode orthogonality. Excitation and
coupling. Scattering by waveguide disconti-
nuities. Radiation modes. Fiber and integrated
optics.

§41.  Fourier Optics

Spring of even-numbered years. 3(3-0)
E E4550r E E880, E E307or E E 835.
Electromagnetic (Fourier) optics and optical
information processing. Spatial linear systems,
EM optics and sealar diffraction; lenses; optical
ima{n% systems; optical information process-
ing; holography.

845.  Detection and Estimation Theory
Spring of edd-numbered years, 3(3-0)
SYS 863.
Classical detection theory, hypothesis testing,
deeision criteria, multiple hypotheses, colored
noise, detection of signals with unknown param-
eters, Bayes estimates, MAP, ML, LMSE, Wie-
ner and Kalman filters, nonlinear estimation,
application to communications and radar sys-
tems.

846.  Information Theory and Coding
Spring of even-numbered years. 3(3-0)
SYS 863 or approval of instructor.
Discrete and continuous channels. Channel
capacity. Shannon’s source coding and channel
coding theorems. Rate distortion theory. Linear
codes, Hamming, BCH, Cyclic codes. Convalu-
tional codes. Viterbi algorithm, sequential
decoding,

847. Communication Engineering

Fall. 4(4-0) E E 457. Interdepartmen-
tal with Systems Science.
Communications in probabilistic channels.
Measures in system pertormance. Channel mod-
els. Optimal reception of analog and digitaj sig-
nals. Coding for various channel models.
Detection of targets. Signal solution.

848.  Communication Theory

Spring. 3(3-0) SYS 863. Interdepart-
mentel with Systems Science.
Hypothesis testing, decision theory and parame-
ter estimation in communications and signal
processing. Optimal filtering techniques. Com-
munication in non-white noise. Communication
in non-Gaussian noise. Quantum detection the-
ory.
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849.  Microwave Elecironics

Spring of odd-numbered years. 3(3-0)
E E835,E E 875.
Microwave gaseous, solid-state and vacuum
devices, active microwave integrated circuits
and systems, waves in solid-state plasmas and
their applications, parametric amplifiers.
Design of microwave amplifiers, oscillators and
communication systems.

850.  Electrodynamics of Plasmas I

Fgll. 3(3-0) E E 835 or PHY 448; EE
874. Interdepartmental with the Department af
Physics and Astronomy.

Beltzmann equation; moment equations; two-
fluid theory of plasma, waves in cold, warm and
anisotropic infinite plasma; waves in bounded
plasma structures, energy flow in anisotropic
plasmas.

857,  Microprocessor-based System
Design
Spring. 4(2-6) E E 431 or CPS 423,

Microprocessor-based system design methodol-
ogy; performance measures; single-chip com-
puter organization alternatives; local networks
of processors; applications in signal processing
control and instrumentation.

863.  Analysis of Stochastic Systems

Winter. 3(3-0) 5YS§ 826, 5TT 441,
MTH 424. Interdepartmental with and edminis-
tered by Systems Science.

Analysis and modeling of stochastic signals and
systems. Topies include stochastic models,

escription of processes, stationarity, ergodicity,
correlation and power spectrum, linear stochas-
tic systems, harmonic analysis, Markov proc-
esses, Poisson processes.

871.  Integrated Circuit Engineering
Winter. 3(3-0) E E 474,

Fabrication and design of integrated circuits.
Physics and chemistry of processing. Compari-
son of current bipolar and MOS technola%ies,
and their limitations. VLSI design methodology

and layout examples.

874.  Physical Electronics

Fall. 4(4-0) Approval of depertment.
Application of quantum mechanies in solids,
band theory of serni-conductors, electrical trans-

port phenomena, induced current concept,
charged particle dynamics, electron optics.

875.  High Speed Solid-State Devices
Winter. 3(3-0) E E 474.

Formulation of operating properties and appro-
priate models of devices formed with semicon-
ductors and solid state materials. Emphasis is on
performance limitations of high speed inte-
grated cireuit unipolar and bipolar devices.

876.  Semiconductor Power Devices
Spring of even-numbered years. 3(3-0)
E E474.
Formulation of operating properties and appro-
priate models of devices formed with semicon-
ductors and solid state materials. Performance
limitations of semiconductor power devices due
to voltage, temperature and power consider-
ations.

880.  Digital Signal Processing

Winter. 3(3-0) E E 456 or STT 441,
Interdepartmental with Systems Science.
Discrete time signals and systems, random dis-
crete time signals. Basic principles of estimation
theory, spectral estimation. Digital filter design
techniques.

8§99.  Master’s Thesis Research

Fall, Winter, Spring, Summer. Varia-
ble credit. Approval of department.

911.  General Automata Theory I

Fall of odd-numbered years. 3(3-0)
CPS 423 or SYS 827 or approval of department.
Interdepartmental with and administered by
the Department of Computer Science.

Characterization of machines and programs as
automata; mathematical decomposition of finite
automata.

920.  Advanced Topics on Power
Winter. 3(3-0) E E 823 or E E 824,

Current research topics in power system plan-
ning, operation and control, Topics may include
AC/DC systems, computational methods for
balanced and unbalanced systems, stability, and
security.

921.  Advanced Computer Systems I

Fall. 3(3-0) Two graduate level courses
in computer system design (hardware or soft-
ware}. Interdepartmental with and adminis-
tered by the Department of Computer Science.
Maodels of sin%le and multiple processors, their
computational power, and measures of perform-
ance. Interconnection networks, data driven
machines, and pipelines.

922,  Advanced Computer Systems I1
Winter. 3(3-0} CPS 921. Interdepart-
mental with and administered by the Depart-
meni of Computer Science.
Design and characterization of parallel algo-
rithms. Matching of algorithms with appropri-
ate hardware configurations. Programming
languages which support parallel computation.

926.  Anfenna Theory I

Winter of even-numbered years. 3(3-0)
E E835. -

Wire antennas as radiating, receiving and scat-
tering elements; analytical and numerical inte-
gral equation methods; coupled antennas and
arrays; transient phenomena.

927.  Antenna Theory 11

Spring of even-numbered years. 3(3-0)
E E 926.
Radiation by equivalent aperture fields; aper-
ture antennas, slot antennas, horn and reflector
antennas, frequency independent antennas; pat-
tern theory; scattering from various objects.

929.  Advanced Topicsin
Electromagnetics

Winter, 2 to 4 credits. May reentoll for
a maximum of 4 credits. E E 835 and approval
of department.
Topics will be drawn from contemporary
research areas such as transient electromagnetics
(SEM solutions}, open-boundary waveguides,
solid-state lasers, and microwave plasmas.

931.  Electronic Properties of
Semiconductors
Winter of odd-numbered years. 3(3-0}
E E §74.
Advanced treatment of phenomena basic to
semiconductor materials and devices. Electronic
transport, high field effects, recombination the-
ory, electro-optical phenomena, experimental
characterization techniques.



932.  Topics in Solid State Device
Research
Spring of edd-numbered years. 3(3-0)
E E874.
Relationship of solid state theory and material
properties to device performance. Topics
selected from current device research areas and
vary with year. Examples are photovoltaic,
amorphous semiconductor, and piezoelectric
devices.

947.  Topics in Communications

Fall of odd-numbered years. 3(3-0)
May reenroll for ¢ maximum of 6 credits. E E
§48. Interdepartmental with Systems Science.
Advanced treatment of a topic or group of topics
of current research interest in the field of com-
munications, information theory and signal
processing.

975.  Quantum Flectromagnetics

Winter of odd-numbered years. 3(3-0)
E E874.
Emission, ahsorption and amplificatien of radi-
ation; energy levels for optically active materi-
als; kinetic modeling of plasmas and chemically
reacting plasmas; rate equation modeling and
empty cavity modes of lasers and masers.

976.  Lasers and Masers
Spring of odd-numbered years. 3(3-0)
E E975.
Advanced modeling of lusers and masers, quan-
tization of wave fields, line width, multimode
henomena, mode locking, ring and Zeeman
asers, recent developments and applications.

989,  Electrodynamics of Plasmas II
Winter of odd-numbered years, 3(3-0)
E E 850. Interdepartmental with the Depari-
ment of Physics and Astronomy.
One fluid &lasma model, magnetohydro-
dynamics, Maxwell's stress tensor, low fre-
uency waves, transport phenomena, Landau
gamping, collision and rate coefficients. Diffu-
sions in a magnetic field; investigation of de, of
and mierowave discharges.

999.  Docioral Dissertation Research

Fell, Winter, Spring, Summer. Varia-
ble credit. Approval of department.

Systems Science 8Ys

311.  Discrete-Time Systems
Fall, Winter. 3(3-0) MTH 215.

Discrete-time system modeling, discrete-time
signals, difference equations, convolution sum-
mations, z-transform, transfer functions, stabil-
ity analysis, digital filters,

355.  Deterministic Communication

Systems

(455.) Fall, Spring. 3(3-0) E E 301,
MTH 214, Interdepartmental with and adminis-
tered by Electrical Engineering.
Communication systems. Representation of sig-
nals in time and frequency omain. Processing
of signals by linear, simple nonlinear and time-
variant systems. Linear and nonlinear, analog
and digital modulation and demedulation; for
example, AM, FM, PCM.
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404.  Biological and Ecological Concepis

for Engineers and Mathematicians

Winter. 3(3-0) Approval of depart-
ment, Interdepartmental with and administered
by the Department of Zoology. :
Biological and ecotogical concepts important to
formal analysis of living systems, vital proper-
ties, processes, and limitations; population
dynamics, selection competition, ancfj redation;
ecological community structure andpfuncticln;
industrialized ecosystem.

410,  Systems Methodology

Winter. 3(3-0) MTH 113, CPS 115 or
CP5 120,
The systems approach in multidisciplinary large
seale problem solving. The development of use-
ful systems analysis tools; systems design; feasi-
bility study; computer simulation for feasibility
evaluation.

411.  Systems Project

Spring. 2(3-0) SYS 410,
Completion of a systems study initiated in SYS
410. The project may involve the design of hard-
ware, simulation of a solution to an interdiscipli-
nary problem, or development of a solution
concept.

412, State Models, Analysis, and
Simulation
Spring. 3(3-0) SYS 311, MTH 310,
MTH 334. Interdepartmental with Electrical
Enginecring.
Vector-matrix state-space models of dynamic
systems, exponential matrix, transform solu-
tions, convolution, stability, controllability,
observability, simulation, computational tecﬁ
nigues, extensions to nonlinear systerns.

413.  Analysis of Control Systems

(313.) Fall. 4(4-0) E E 301, E E 355.
Interdepartmental with Electrical Engineering.

Control system characteristics, performance eri-
teria, transient and steady-state respenses, error
analysis, stability, roat locus and frequency
response techniques, Controller design using
root locus and frequency response methods.

414.  Control Systems Laboratory

(464.) Winter, Zpring. 1(0-3) E E 231,
E E 304, SYS 413, Interdepartmental with and
administered by Electrical Engineering.
Experimental investigations of feedback sys-
temns. Study of solid state controllers. Properties
and applications of ﬂ)hase lock loops. Introduc-
tion to digital control.

415.  Digital Conirol Systems

Winter. 3(3-0) E E 231, SYS 311, §YS
413, Interdepartmental with and administered
by Electrical Engineering.
Orsganization of digital control systems, classical
.mc% modern technigues for the design of digital
control systems. Hardware and software consid-
erations with emphasis on microprocessor imple-
mentation.

442, Systems Concepis for Biologists
Winter. 3{3-0) Approval of depart-
ment,
Basic concepts of systems science important to
formal analysis and control of biological com-
munities, with emphasis on_modeling and on
analysis of behavior through numerical selu-
tions.

of
Courses

465.  Process Optimization Methods
Spring. 3(3-0) MTH 319. Interdepart-
mental with and administered by the Depart-
ment of Chemical Engineering.
Methods for determining optimum design and
operating policies of systems of varying complex-
ity. Tncludes classical methods, mathematical
programming and modern methods. Flowsheet
optimization with process simulation packages.

495.  Independent Study

Fall, Winter, Spring, Summer, 1 t0 3
credits. May reenroll for a mazimum of 3 credits
in SYS 4895 and E E 495 combined. Approval of
department.
Independent study of a topic in systems science
of particular interest to the student.

489.  Undergraduate Research

Fall, Winter, Spring, Summer. I te 3
credits. May reenvoll for a maximum of 6 credits
in SYS 499 and E E 499 combined. Approval of
department,
Independent undergraduate research in contem-
porary areas nf systermns scicrce.

801.  Special Problems

Fall, Winter, Spring, Summer. I to 4
credits. May reenroll for a maximuim of 8 credits.
Approval of department.

810.  Introduction to Linear System

Theory

Fall. 3(3-0) MTH 214. May not he used
for graduate credit by Electrical Engineering
and Systems Science majors except Operations
Research/Systems Science. Interdepartmental
with the College of Social Science.
A first course in system theory for students from a
range of disciplines. Mathematical representa-
tion of systemn variables, transform and state
space method of analysis, introduction to control
theory, applications to physical, economic and
social systems.

811.  System Methodology and
Simulation
Winter. 3(3-0) SYS 810, STT 441.
Interdepartmental with the College of Social
Science.
Prablem definition, design of abstract models for
system design and control, simulation of systems
escribed by differential and difference equa-
tions, generation of random variables, simula-
tion of discrete object stochastic systems,
simulation languages, applications to physical,
ecomomic and social systems.

814.  Advanced System Methodology
and Simulation
Spring. 3(3-0) SYS 811.
Simulation of a class of time-varying distributed
arameter provesses: organization and design of
arge simulation models; optimization and
parameter estimation in large simulation mod-
els; applications to economic, social and biologi-
cal systems; other topics of current interest.

826.  Advanced Linear Systems Analysis
Fall. 4(4-0) MTH 310, MTH 334,
approvel of instructor, Interdepartmental with
Electrical Engineering,
Analysis of linear continuous time and discrete
time systems for both time invariant and time
varying modeis; state space and transfer func-
tion models; transition matrices; controllability;
observability; minimal realizations; stability.
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of
Courses

827.  Nonlinear Systems Analysis
Spring. 4(4-0) 5Y5 826, MTH 424,
Existence, uniqueness and stability in nonlinear
systems: autonomous systems and the phase
‘s[‘pace; linearization, perturbation, describing
unctions and harmonic balance procedures;
numerical solutions.

529.  Linear Multivariable Control
Systems
Winter. 4(4-0) SYS 826, STT 441, SYS
413,
Linear continuous time and discrete time
multivariable control systemns; state and output
feedback; observers; eigenstructure placement;
asymptotic tracking; optimal kinear control; sto-
chastic processes; Kalman filter; LQG optimal
control.

835.  Static Optimization Methods
Summer. 4(4-0) MTH 424. Students
may not receive credit for both S5YS 835 and
MGT 835.
Linear and nonlinear optimization examples
and applications; Kuhn-Tucker theory; saddle
point optimality conditions; algorithms for
problems with constraints; unconstrained opti-
mization; introduction to search methods.

841,  Optimization of Urban Traffic
Flow
Fall of even-numbered years. 3(3-0)
C E 346, STT 351 or approval of department.
Interdepartmental with and administered by
Civil Engineering.
Traffic flow models used in design of computer-
ized traffic control systems. Optimal freeway
ramp metering algorithms, Offline and online
optimization of traific signal timing.

843.  Ecosystem Anualysis, Design and
Management
Spring. 3(]3—0) SYS 442 or ZOL 404.
Interdepartmental with the Department of
Zoology.
Groups of students from various biological and
nonbiological disciplines will synthesize and
analyze models of selected biological systems.
Project should yield information relevant to
solution of contemporary ecological problems.

847.  Communication Engineering

Fall. 4(4-0) E E 457, Interdepartmen-
tal with and administered by Electrical Engi-
neering.
Communications in prebabilistic channels.
Measures in system performance. Channel mod-
els, Optimal reception of analog and digital sig-
nals, Coding for various channel models.
Detection of targets. Sigmal solution.

848.  Communication Theory

Spring. 3(3-0) §YS 863. Interdepari-
mental with and administered by Electrical
Engineering.
Hypothesis testing, decision theory and parame-
ter estimation in communications and signal
processing. Optimal filtering technigues. Com-
munication in nen-white noise. Communication
in non-Gaussian noise. Quantum detection the-
ory.

851.  Modeling of Engineering Systems I

Fall. 3(3-0)M E 458 or E E 415 Inter-
departmental with and administered by the
Department of Mechanical Engineering.
Modeling of engineering components and
dynamic systems; mechanical, electrical, fluid,
thermal, and transducer effects. Linear state-
space responses, impedance methods. Simula-
tion of linear models. Design project.
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852.  Modeling of Engineering

Systems 11

Winter. 3(3-0) M E 851. Interdepart-
mental with and administered by the Depart-
ment of Mechanical Engineering.
Continuation of M E 851. Modeling of nonlinear
dynamic systems. Applications of phase-plane
and linearization methods. Simulation of nonli-
near systems. Design project.

863.  Analysis of Stochastic Systems
Winter. 3(3-0) SYS 826, STT 441,
MTH 424. Inierdepartmental with Electricel
Engineering.
Analysis and modeling of stochastic signals and
systems. Topies include stochastic models,
escription of processes, stationarity, ergodicity,
correlation and power spectrum, linear stochas-
tic systems, harmonic analysis, Markov proc-
esses, Poisson processes.

880.  Digital Signal Processing

Winter, 3(3-0) E E 456 or STT 441.
Interdepartmental with and administered by
Electrical Engineering.
Discrete time signals and systems, random dis-
crete time signals. Basic principles of estimation
theory, spectral estimation. Digital filter design
techniques.

899.  Master’s Thesis Research

Fall, Winter, Spring. Summer. Varia-
ble credit. Approval of department.

947.  Topics in Communications

Fall of odd-numbered years. 3(3-0)
May reenroll for o maximum of 6 credifs. E E
848. Interdepartmental with and administered
by Electrical Engineering.
Advanced treatment of a topic or group of topics
of current research interest in the field of comn-
munications, information theory and signal
processing.

961.  Optimal Control Theory

Fall of odd-numbered years, 3(3-0) SYS
8329, MTH 424,

Optimal control, performance measures, princi-
ple of optimality, dynamic programming, Ham-
ilton-Jacobi-Bellman equation, variational
approach, constrained extrema, Pontryagin
principle, necessary conditions, sclution tech-
niques, singular cases.

962.  Computational Techniques for
Optimal Control

Winter of even-numbered years. 3(3-0)
§YS 961,

Computational methods of optimal controls,
steepest descent, variation of extremals, quasili-
nearization, gradient projection, dynamic pro-
ramming, convexity techniques, support
unctions f%r reachable sets, current literature.

963.  Dynamic System Identification

Winter of odd-numbered years. 3(3-0)
SYS 863.

Review of stochastic system modeling; identifia-
bility; canonical forms; spectral factorization;
least squares and maximum likelihood identifi-
cation methods and their properties, consistent
estimators; closed-loop system identification,
recursive algorithms; experiment design.

964.  Large Scale Dynamic Systems
Spring of even-numbered years, 3(3-0}

SYS 827, 5YS 829.

Topies will be drawn from: model reduction and

agg]regation; stability of interconnected systems:;

multiple time scale decomposition; decentra-

lized control; hierarchical control.

965,  Adaptive Control

Spring of odd-numbered years. 3(3-0
SYS 827, sg’s S%QfSYS 963. ¥ 0
Model reference adaptive control in continous
time and discrete time; Lyapunov and hypersta-
bility approaches; adaptive observers; self tun-
ing regulators; design using pole-zero
assignments, minimum variance control and
LQ control,

999,  Doctoral Dissertation Research

Fall, Winter, Spring, Summer. Varia-
ble credit. Approval of department.

ENGINEERING EGR

College of Engineering

1255, Orientation to Engineering Careers

Winter. 2(2-0) Credits earned in this

course are included in computation of GPA and
MAPS but are not included in the 180 credits
required for graduation.
Engineering careers, history and philosophy of
engineering profession, present and future chal-
lenges, industrial job functions, employment
trends.

200.  Technology, Society and Public
Policy
Winter. 3(3-0) Twelve credits from
natural science or engineering. Interdepartmen-
tal with the Department of Natural Science.

Description and analysis of certain current tech-
nologies and their consequences; exploration of
avenues for assessing such consequernces as an aid
to formulation of public poliey.

290.  Selected Topics

Fall, Winter, Spring, Summer. 1to 3
credits May reenroll for a maximum of 6 credits
if different topics are taken.

Experimental course developments or special

topics appropriate for freshmen and sopho-
mores.

344.  Engineering Cooperative
Education

Fall, Winter, Spring, Summer. Zero
credits, {3 credits-See page A-1, item 3.] May
reenrell for a maximum of ten terms. Employ-
ment assignment approved by College of Engi-
neering.

Pre-professional employment in industry and
government related to student’s major.

390.  Value Engineering

Fall, 4{4-0) Engineering Arts juniors,
approval of department.
The hasis of value engineering is function, value,
and a group of special techniques developed to
aid in isclating and identifying Eroblems created
by our complex society and technology.

401,  Engineering and Public Policy
Spring. 3(3-0) Seniors or approval of
department. Interdepartmental with the
Department of Natural Science.
Sociotechnical assessment of impact of technol-
ogy on society, with analysis of the role of engi-
neering and natural science in contributing to
public poliey formulation.





