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990D. F.conomic Development 
Workshop 
Fall, Winter, Spring, Summer. 3 to 16 

credits. EC 850, EC 851, EC 852 or appro1:;al of 
department. 
Critical evaluation of research report~ by staff 
and students. Student~ writing doctoral disserta­
tions in De\'elopment are encouragt)d to partic­
ipate in the workshop and may do so while reg­
istered for EC 999. 

999. Doctoral Dissertation Research 
Fall, \Vinter, Spring, Summer. Vari­

ahle credit. Approval of dl'partment. 

EDUCATION 

See Administration and Curriculum; Coun~el­
ing, Educational Psychology and Special Edu­
cation; and Teacher Education. 

ELECTRICAL ENGINEERING 
AND SYSTEMS SCIENCE 

College of Engineering 

Electrical Engineering 

2.'30. Digital Logic Fundamentals 

EE 

Fall, Winter, Spring, Summer. 4(4-0) 
CPS 120 or CPS 251. 
Boolean algebra; <.:ombinational logic and 
minimization; sequential system fundamentals 
and components; arithmetic operations and de­
vkes; memory device~ and ensembles; data 
con\'er~ion principlE's; digital integrated cir­
cuits; practical engineering de~ign problems. 

2.31. 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 sh1d~; survey of applications in sci­
ence ami engineering. 

275. Consumer l!.lectronics 
Fall, Winter, Spring. 3(3-0) 

Electronic circuit components and device~; 
their operation in transmitter~, receivers, 
stereoamplifiers, etc. Electronic measurements, 
magnetic recording, speaker systems, and other 
topics will be considered. 

.'300. Electric Circuits I 
Fall, Winter. 4(4-0) MTH 113. 

Current voltage and power. DC and transient 
circuit analysh. Forced response. Sinu~oids and 
the phasor concept. Bridges. 

.'301. Electric Circuits II 
Winter, Spring. 4(4-0) E E 300, MTH 

214. 
Sinusoidal steady-state response. Averagf' 
power and rms concepts. Complex frequency 
response. Magnetically coupled circuits. Two­
port networks. Transfer functions. 
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.'302. Basic Electronic Circuits 
Spring, Swnmer. 4(4-0) E E 301, ,\!TH 

215. 
Volt-ampere characteristics of diode~ and tran­
sistor~. Voltage, current and power mnplifica­
tion. Stability, transient and high-frequency ef­
fects. Feedback, oscillators and operational 
amplifiers. 

30.'3. Electronics Laboratory 1 
H'inter, Spring.1(0-3)E E 300; E E 301 

concurrently. 
Electronic teq equipment and mea~uremcnt 
fundamentals. Experimental \crification of top­
ics covered in E E .300 and E E 301. Computer­
aided circuit analysis and design. 

."304. Electronics Laboratory II 
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 circuits. Computer-aided cir­
cuit design. 

305. Electromagnetic Fields and 
Wares I 

288. 
Fall, \Vinter. 3(3-0) ,\fTH 310, PHY 

\'ector analysis, Electro~tatic fields; E.\[ 
~ources, scalar potential, Poisson's and Lap­
lace's equations, dieletric media, capacitance, 
and energy storage. Boundary \'alue problems 
for electromtatiC" fields. 

."306. Electromagnetic Fields and 
Wat-'es II 
Winter, Spring. 4( 4-0) E E 305. 

1\lagnetostatic field~; EM sources, vector poten­
tial, magnetic media, inductancE', and energy 
storage, time-varying fields and .\laxwcll's 
equations; potcntial theory and boundary-value 
problems. Energy con~ervati011 and convenion. 

.307. Electromagnetic Fields and 
Wave8 Ill 
Spring, Summer. 3(3-0) E E 306; E E 

308 concurrently. 

Application of Maxwell'~ equations; radiation, 
propagation, reflection, and power flow of plane 
El\1 waves; E~I boundary Yalue problems. 
Transmission line theorv: transient and stead\' 
~tate waves, standing a~d traveling waves, re"­
flections and standing-wave-ratio. 

."308. Fields and Waces Laboratory 
Spring, Summer. 1(0-3) E E 306; E f: 

307 concurrently. 
Experimental investigation of: charged partide 
motion in EM fields, dicletric and magnetic 
properties and materials, probing of currents 
and charge~, and propagation of transient and 
steady-state waves. Digital computer solutions 
for EM field and \Vave problems. 

.345. Introduction to Electronic 
Instrumentation Sy8tems 
Fall, Winter, Spring. 4(3-3) PJIY 288. 

Basic electronic concepts; passh-e and active 
components; operational amplifier~; s\vitching 
devices, equivalent circuits; transducers; signal 
conditioning; recording; data management; 
basic elements of control. 

35.5. 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. 

41."3. Analysi8 of Control Systems 
(313.) Fall. 4(4-0) E E 301, E E 355 or 

SYS 312. Interdepartmental with and adminis­
ternl hy Srtstl'ms Science. 
Control system eharacteri~tics, performance 
criteria, transient and steady-stat!; re~ponsC"s, 
error analy'iis. ;tability. root locus and frc­
rJuency response te('hniques. Controller dc~ign 
using root locus and freqnt'llcy respon~e 
methods. 

414. Control Sy8tems Laboratory 
(464.) W"inler. 1(0-3) E E 231, E E 304, 

E E 413. Interdepartmental with Systems Sci­
ence. 
Experimental investigations of feedback s;.~­
tem~. Stud;. of solid state controllers. Propcrtie~ 
ami applications of pha~e lock loops. Introduc­
tion to digital control. 

41.5. Digital Control System8 
H"inter. 3(3-U) E E 231, srs 311, srs 

413. Interdepartmental with S!lstems Science. 
Organi.~:ation of digital control systems. cla~sical 
and modern techniques for the design of digital 
control systems. Hardware and software consid­
eration~ with ernpha'iis on mieroproces~or im­
plernentatiOJI. 

418. Introduction to Computer~Aided 
Circuit Design 
Spring. 3(3-0) CPS 120, E E 302. 

Introduces the techniques used for automatic 
formulation, analysis <md optimization of linear 
and nonlinear electrouic circuits. Students will 
\Vritc a modest hut useful analysi~ program 
package. 

419. Phy8ical Phenomena and 
Electronic Instrumentation I 
Winter. 4(3-3) PHY 28.9, PHY 298 or 

appro~Jal of department, MTH 215. Inter­
departmental with and administered by 
Physics. 
Concepts of electronic~ relative to uses in inves­
tigations of physical phenomena and their sub­
sequent application~ to provide reliable in­
stnnnentation. :\:udear radiation detectors, pho­
tometers and magnctomC"tcrs are example~ of 
specific topics covered. 

420. Electromechanical Energy 
Conversion 
Spring. 3(3-0) E E 301, E E 306. 

Review of clcctromagnetics; design, specifica­
tion, and use of d.c. machines in industrial and 
servo-control application, ~ynchronous 
gpnerators and transformers for power systems; 
three phase power, per unit notation. 

421. Poreer System Analysis 
Fall. 3(3-0) E E 307, E E 420 . 

Model of power system components; analy~is 
and planning techniques including load flow, 
short circuit, transient stability; voltage and fre­
quency eontrol; economic operation of power 
system~. 

430. Digital Electronics I 
Fall, Spring. 3{2-3) E E 230, E E 302. 

Diodes and transistors as switching element~; 
logic families, data conversion circuits; memory 
circuits; digital subsystem design. 

4.'31. Digital Electronics II 

E E 430. 
Fall, Winter, Summer. 3(2-3) E E 231; 

Case ~tudy of a small computer system; 1/0 eon­
troller design; bus interface requirements, 
interrupt structure, and data transfer. Digital 
system design. 



433. Digital Electronics Laboratory 
\Vinter, Spring. 1(0-3) May reenroll for 

a maximum of 2 credits. E E 431 or concur­
rently. 
Design, constn.ICt and test representative digital 
electronic circuits. Hands-on experience with 
minicomputer, microcomputers and progarn­
mable calculators. Applications in data acquisi­
tion and control. 
Approved through Summer 1983. 

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

\Vaves guided by open and closed-boundary 
systems. Normal modes of microstrip, metallic 
and dielectric waveguides. Microwave cavities, 
devices, and circuit theory. S-parameter de­
scription of microwave devices. System applica­
tion~. 

436. Radiation and Reception of 
Electromagnetic Waves 
Winter. 3(3-0) E E 307. 

Radiation, propagation, scattering and reception 
of electromagnetic waves; circuit and radiation 
characteristics of wire and microwave and an­
tennas; radiation fields, self and mutual imped­
ance~ of anteriT!as and arrays; microwave aper­
ture antennas. 

438. Transmission and Radiation 
Laboratory 
Winter. 1(0-3) E E 435; E E 436 con­

currently. 
l\Iicrowave transmission and radiation labora­
tory. Measurement of frequency, wavelength, 
standing waves, impedance, and power. Exper­
iments on transmission lines, waveguides, cav­
ity resonators, microwave circuits, and circuit 
and radiation properties of antennas. 

456. Applied Probability in 
Communication Theory 
Fall, Winter. 3(3-0) E E 355. 

Probability theory applied to communications. 
Representation of random signals as stochastic 
processes. Autocorrelation and spectral density. 
Noise in components and systems, performance 
of analog linear and nonlinear systems \vith 
noise. 

4.57. Statistical Communication 
Systems 
Spring. 3(3-0) E E 456; E E 467 con­

currently. 
Representation, processing and filtering of ran­
dom signals. PPrformance of digital systems 
with noise. Optimal digital communications sy~­
tems. Signal detection, infonnation concepts, 
coding. Communication systems such as radar, 
television, PC.\.1, and telephony. 

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

currently. 
Experimental investigations on communication 
theory and information transmission topics from 
E E 455, E E 4.'56, 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 
~tates; Fermi-Dirac and Manvell-Boltzmann 
statistic~; transport properties of bulk materials; 
metal-semiconductor contacts; the p-n junction 
and BJT. 

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

Fabrication technology; models and characteris­
tics of BJT's, JFET's, and YIOS devices; appli­
t:ation to linear and digital circuits. 
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476. Applications of Electronic 
Devices 
Spring. 3(3-U) E E 474. 

Power devices and applications; transistors, di­
acs, triacs, and SCR's; high frequency devices 
and applications; transitors; impatt, Gunn and 
vacuum devices; photo-device~; solar cells and 
LED's. 

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 ~olid state lasers. 
.\.-fethods 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 resistor~, diodes, 
capacitors, and simple l\IOS or bipolar inte­
grated circuits. Yields, testing, and economic 
considerations. 

480. Integrated Circuits: Operational 
Amplifiers 
Spring. 3(3-0) E E 302. 

Integrated circuits: design principles all(l fabri­
cation. Differential-amplifier stage signal 
characteristic~. Properties and models of opera­
tional amplifiers. Applications: signal con­
ditioners, signal processors, ~ignal generator~, 
and ~pecial-purposc circuits. 

484. Electronic Dedces Laboratory 
Winter. 1(0-3) E E 474. 

:\-feasurement of semiconductor bulk properties; 
device fabrication; experimental study of 
selected electron device~ and design applica­
tion based on principles di~cussed in E E 474. 

490. Special1'opics in Electrical 
Engineering 
Fall, Winter, Spring, Summer. 1 to 4 

credits. May reenroll for a maximum of 12 cred­
its. Approval of department. 
Exposition of special topics in electrical en­
gineering. 

49.5. Independent Study 
Fall, Winter, Spring, Summer. 1 to 3 

credits. May reenroll for a maximum of 3 cred­
its in E E 495 and SYS 495 combined. Approval 
of department. 
Independent study of a topic in electrical en­
gineering of particular interest to the student. 

499. Undergraduate Research 
Fall, Winter, Spring, Summer. 1 to 3 

credits. May reenroll for a maximum of 6 cred­
its in E E 499 and SYS 499 combined. Approval 
of department. 
Independent undergraduate research in con­
temporary areas of electrical engineering such 
as: alternative energy, monitoring and control, 
bioengineering, 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, in­
terest, and ability. 

809. Computer Arithmetic Algorithm 
Design 
Fall. 4( 4-0) E E 431 or CPS 423. 1nter­

departmental with the Department of Compu­
ter Science. 
Number systems; fast two-operand and mul­
tioperand addition/subtraction; standard, re­
codcd and cellular array multipliers; high­
performance dividers; floating-point arithmetic; 
error control; pipelining. 

811. Noise and Fluctuation 
Phenomena 
Spring of even-numbered years; 

Summer of odd-numbered years. 3(3-0) Ap­
proval of department. 
Nyquist formulation of thermal noise; noise 
phenomena associated with electron tubes, 
transistors, beam and parametric devices, 
amplifiers, mixers, and detectors; techniques 
and equipment for noise measurements. 

815. Architecture of Computational 
Systems 
Winter. 3(3-0) CPS 423. 

departmental tdth and administered 
Department of Computer Science. 

Inter­
by the 

OvcrYiew of computer S)Stem organi,.;ation; 
theorPtical constructs of computer systems; 
processors; control nnits; memory; interconnec­
tion networks. 

822. Analysis of Faulted Power 
Sy8fems 
\\'inter. 4( 4-0) SYS 826. 

Symmetrical components; models of gPnerators, 
transformers, transmission lines; calculation of 
~hart circuits for symmetrical and unsymmetri­
cal faults; sy~tem protection devices and prac­
tice. 

823. Power System Stability and 
Control 
Fall of even-numbered years. 3(3-0) 

SYS 826. 
Analysh and simulation of small and large dis­
huhance stability of power systems; generator, 
exciter, voltage regulator models; design of exci­
tation systems and power ~ystem stabilizers. 

826. Advanced Linear Systems 
Analysis 
Fall. 4( 4-0) MTH 310, .UTH 334. Inter­

departmental with and administered by Sys­
tems Science. 
L'nified analysis of linear continuous-time and 
discrete-time system~ for both time-invariant 
and time-varying models; mathematical descrip­
tions, transforms, state models; transition matri­
ces; solution techniques; controllability; obser­
vability; stability. 

831. Active Netuork Synthesis 
Fall. 3(3-0) Approval of department. 

S-domain network synthesis. Root-locus design 
techniques for practical analog ~ignal proc­
essors, including semitivity and stability con­
siderations. Passive network svnthesis and func­
tional propertie.'> of operatiomll amplifiers. 

83.5. Electromagnetic Theory 
Fall. 3(3-0) Approval of department. 

Electrostatics, magnetostatics, electrodynanlics 
and :Maxwell's equations. Green's function and 
eigenfunction expansion techniques. Conserva­
tion ofE1-1 energv and momentum. Radiation of 
EM waves: Lore~tz potentials, Helmholtz inte­
grals, retarded potentials, general EM field. 
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836. Electromagnetic Waves I 
Winter. 3(3-0) E E 835. 

EM description of circuits. EM boundary-value 
problems. Hertzian potentials. Field 1quiva­
lcnce theorems. Green's functions. TEM waves: 
propagation in curvilinear coordinates, tmns­
rnission and scattering coefficients. Transmis­
sion lines: variational methods, microstrip. 

837. Electromagnetic Waves II 
Spring. 3(3-0) E E 836. 

Guided transmis,.;ion systems. Modes of metallic 
and open-boundary dielectric ·wavegnides and 
cavities. Mode orthogonality. Excitation and 
coupling. Scattering by waveguide discon­
tinuities. Radiation modes. Fiber and integrated 
optics. 

84I. Fourier Optics 
Spring of et;en-numbered years. 3(3-0) 

E E 455 orE E 880, E E 307 orE E 835. 
Electromagnetic (Fourier) optics and optical in­
formation processing. Spatial linear systerns, 
EM optics and scalar diffraction; lenses; optical 
imaging systems; optical information process­
ing; holography. 

847, Communication Engineering 
Fall. 4( 4-0) E E 456 or dpproml of in­

structor. Interdepartmental with Systems Sci­
ence. 
Communications in probabilhtic channeh. 
Measures in system performance. Channel 
models. Optimal reception of analog and digital 
signals. Coding for various channel models. De­
tection of targets. Signal solution. 

848. Communication Theory 
Spring. 3(3..()) E E 847, E E 880, E E 

863. Interdepartmental with Systems Science. 
Hypothesis testing, d~cision thcory and parame­
ter estimation in communications and signal 
proces~ing. Optimal filtering techniques. Com­
munication in non-white noise. Communication 
in non-GatiSsian noise. Quantum detection 
theory. 

849. Microtcace Electronics 
Spring of odd-numbered years. 3(3-0) 

E E 835, E E 875. 
Microv .. ·ave gaseous, solid-statE' and vacuum de­
vices, active microwave integrated circuits and 
system~. \Yll\'eS in solid-state plasma~ and their 
applications, parametric amplifiE'fs. Design of 
microwave amplifiers, oscillators and conlrnuni­
cation systems. 

850. Electrodynamics of Plasmas I 
Fall. 3(3-0) E E 835 or PHY 448; E E 

874. Interdepartmental tcith the Department of 
Physics and Astronomy. 
Boltzmann equation; moment equations; two­
fluid theory of plasma, waves in cold, wam1 and 
anisotropic infinite plasma; waves in bounded 
plasma stmctures, energy flow in anisotropic 
pla~mas. 

863. Analysis of Stochastic Systems 
Winter. 3(3-0) E E 415,£ E 456. Inter­

departmental u:ith and administered by Sys­
tems Science. 
Anahsb and modeling of stochastic ~ignals and 
syste"111s. Topics inl"lude ~tochastic models, de­
scription of processes, stationarity, ergodicitv, 
correlation aud power spectn.un, linear stol"has­
tic systems, harmonic analysis, \Iarkov proc­
esses, Poisson processes. 
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87I. Integrated Circuit Engineering 
Spring. 3(3-0) E E 475. 

Design, fabrication, and selected applications of 
silicon, thin film, and thick film integrated cir­
cuits. Physics and chemistry of processing, cur­
rent technologies and limitations. Measure­
ment, testing, and reliability considerations. 

874. Physical Electronics 
Fall. 4( 4-0) Approt;al of department. 

Application of quantum mechanics in solids, 
band theory of serni-conductors, electrical 
transport phenomena, induced current conccpt. 
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 fonned with semicon­
ductors and solid state materials. Emphasis is on 
performance limitations of high speed inte­
grated circuit unipolar and bipolar devices. 

876. Semiconductor Power Devices 
Spring of e~:en-numhered years. 3(3-0) 

E E 474. 
Fonnulation of operating properties and appro­
priate models of devices formed with semicon­
ductors and solid ~tate materials. Performance 
limitations of semiconductor power deYices due 
to voltage, temperature and po\ver consid­
f'rations. 

880. Signal Analysis 
Winter. 3(3-0) Approval of depart­

ment. Interdepartmental with Systems Science. 
Continuous and discrete signals-generation, 
representation and classification. Fourier trans­
form, spectral analy~is and filtering for continu­
ou~ and discrete signals. Computer implementa­
tion of signal processing. 

899. ,\Jaster's Thesis Research 
Fall, Winter, Spring, Summer. Vari­

able credit. Apprv~:al of department. 

911. General Automata Theory I 
Fall of odd-numbered years. 3(3-0) 

CPS 423 or SYS 827 or approt;al of department. 
Interdepartmental with and administered hy 
the Department of Computer Science. 
Characterization of machines and programs as 
automata; mathematical decomposition of finite 
automata. 

912. General Automata Theory II 
Winter of even-numbered years. 3(3-0) 

CPS 911. Interdepartmental with and adminis­
tered by the Department of Computer Science. 
Reliability and redundancy of finite autornata. 
Probabilistic sequential machines. Languages 
definable by probabilistic and detem1inistic Uu­
tomata. Axioms for equivalence of regular ex­
pressions. 

913. General Automata Theory III 
Spring of et;en-numbered years. 3( 3-0) 

CPS .912. Interdepartmental with and adminis­
tered hy the Department of Computer Science. 
Degrccs of difficulty of computation. Models of 
parallf'l computatio11. Iterative anton1ata. 

921. Advanced Computer Systems I 
Fall of odd-numbered years. 3(2-3) 

CPS 827; graduate course in operating systems. 
Interdepartmental with and administered bu 
the Department of Computer Science. 
.\fodels of single and multiple proce,sors, their 
computational power, and mea~ures of perform­
ance. Interconnection networks, data driven 
machines, and pipelines. 

922. Advanced Computer Systems II 
Winter of e~_;en-numbered years. 3(2-3) 

CPS 921. Interdepartmental with and adminis­
tered by the Department of Computer Science. 
Design and characterization of parallel al­
gorithms. Matching of algorithms with appro­
priate hardware configurations. Programming 
languages which support parallel computation. 

926. Antenna Theory I 
Winter of even-numbered years. 3(3-0) 

E E 835. 
\\-'ire antennas as radiating, receiving and scat­
tering elements; analytical and numerical inte­
gral equation methods; coupled antennas and 
arrays; transient phenomena. 

927. Antenna Theory II 
Spring of even-numbered years. 3(3-0) 

E E 926. 

Radiation by equivalent aperture fields; aper­
hue antennas, slot antennas, horn and reflector 
antennas, frequency independent antennas; pat­
tern theory; scattering from various objects. 

929. Advanced Topics in 
Electromagnetics 
Fall, Winter, Spring, Summer. 2 to 4 

credits. 2Hay reenroll for a maximum of 4 cred­
its. E E 835 and approval of department. 
Topics will be drawn from contemporary re­
search areas ~uch a~ transient elcctromagnetics 
(SEM solutions), open-boundary waveguides, 
solid-state la~ers, aud microwave plasma~. 

9.31. Electronic Properties of 
Semiconductors 
Winter of odd-numbered years. 3(3-0) 

E E 874. 

Advanced treatment of phenomena basic to 
semiconductor materials and devices. Elec­
tronic transport, high field effect~, recombina­
tion theory, electro-optical phenomena, experi­
mental characterization techniques. 

9.32. Topics in Solid State Decice 
Research 
(930.) Spring uf odd-numbered years. 

3(3-0) E E 874. 
Relationship of solid state theory and material 
properties to device performance. Topic~ 
selected from current device research areas and 
vary with year. Examples are photovoltaic, 
amorphous ~emiconductor. and piezoelel"tric 
device~. 

947. Topics in Communications 
Fall of odd-numbered uears. 3(3-0) 

,\fay reenroll for a maximum of 6 credits. E E 
848. Interdepartmental with Systems Science. 
Advanced treatment of a topic or group of topics 
of current research interest in the field of com­
munications, information theor} and signal 
proces~ing. 

97.5. Quantum Electromagnetics 
Winter of odd-numbered uears. 3(3-0) 

E E 874. 
Emhsion, ab~orption and amplification of radia­
tion; energy levels for optically active Illllterials; 
kinetic modeling of plasm<ts and chemically 
reacting pla~mas; rate equation modeling and 
empty cavity modes of lasers and maser~. 

976. Lasers and Masers 
Spring of odd-numbered years. 3(3-0) 

E E 975. 
Advanced modeling of lasers and masers, quan­
tization of waye fields, line width, multimode 
phenomena. mode locking, ring and Zeeman la­
sers, recent developments lmd applications. 



989. Electrodynamics of Plasmas II 
Winter of odd-numbered years. 3(3-0) 

E E 850. Interdepartmental with the Depart­
ment of Physics and Astronomy. 
One fluid plasma model, magnetohyd­
rodynamic~, Maxwell's stress tensor, low fre­
quency waves, transport phenomena, Landau 
damping, collision and rate coefficients. Diffu­
sions in a magnetic field; investigation of de, rf 
and micro"\vave discharges. 

999. Doctoral Dissertation Research 
Fall, Winter, Spring, Summer. Vari­

able credit. Approcal of department. 

Systems Science SYS 

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

Discrete-time system modeling, discrete-time 
signals, difference equations, convolutiou 
summations, z-transform, transfer functions, 
stability analysis, digital filters. 

.312. Linear System.~ Modeling and 
Analysis 
Winter. 3(3-0) SYS 311, MTH 310. 

Continuous-time system models, signal repre­
sentations, convolution, transform techniques, 
stability, transients, steady-state, state-space 
modeling and analvsis procedures, tran~ition 
matrix cinnputation~. continuous and discrete­
time examples. 

;~.5.5. Determini.~tic Communication 
Systems 
(455.) Fall, Spring. 3(3-0) E E 301, 

MTH 214. Interdepartmental with and ad­
ministered by Electrical Engineering. 
Communication systems. R('presentation of ~ig­
nals in time and frequency domain. Processing 
of signals by linear, simple nonlinear and time­
variant svstems. Linear and nonlinear, analog 
and digital modulation and demodulation; for 
example, A1-l, F~l, PCI\·1. 

404. Biological and Ecological 
Concepts for Engineers and 
Mathematicians 
\Vinter. 3(3-0) Approcal of depart­

ment. Interdepartmental u;ith and adminis­
tered by the Department of Zoology. 
Biological and ecological concepts important to 
formal analysis of living systems, vital prop­
erties, processes, and limitations; population 
dvnamics, selection competition, and predation; 
e~·ological community structure and function; 
industrialized ecosystem. 

410. Systems l\4ethodology 
\\.'inter. 3(3-0) MTH 113, CPS 110 or 

CPS 120. 
The syst('ms approach in multidisciplinary large 
~calc problem solving. The development of use­
ful systems analysis tools; syste!lls design; 
feasibility study; computer simulation for feasi­
bility evaluatio11. 

411. Systems Project 
Spring. 2(3-0) Sl"S 410. 

Completion of a systems study initiated in SYS 
410. The project may involve the design of 
hard"\vare, simulation of a solution to an inter­
disciplinary problem, or development of a solu­
tion concept. 
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4I3. Analysis of Control Systems 
(313.) Fall. 4(4-U) E E 301, E E 355 or 

SYS 3I2. Interdepartmental with Electrical 
Engineering. 
Control system characteristics, performance 
criteria, transient and steady-state responses. 
error analysis, stability, root locus and fre­
quency response techniques. Controller design 
using root locu5 and frequency response 
methods. 

414. Control Systems Laboratory 
(464.) Winter. 1(0-3) E E 231, E E 304, 

E E 413. Interdepartmental with and adminis­
tered by Electrical Engineering. 
Experimental investigation~ of feedback sys­
tems. Study of solid state controllers. Properties 
and applications of pha~e lock loops. Introduc­
tion to digital control. 

415. Digital Control Systems 
Winter. 3(3-U) E E 231, SYS 311, SYS 

413. Interdepartmental u;ith and administered 
by Electrical Engineering. 
Organization of digital control systems, classical 
and modem techniques for the df'sign of digital 
control systems. Hardware and software con~id­
erations with emphasis on microprocf'ssor im­
plementation. 

442. Systems Concepts for Biologists 
Winter. 3(3-0) Approcal of depart-

ment. 
Basic concepts of sy~tems ~cience important to 
formal analysis and control of biological com­
munities, with emphasis on modeling and on 
analy~is of behavior through numerical solu­
tions. 

46.5. Process Optimization Methods 
Fall. 3(3-0) MTH 3IO. Interdepartmen­

tal with and administered hy the Department of 
Chemical Engineering. 
Methods for determining optimum design and 
operating policies of systems of varying com­
plexity. Includes classical nwthods, mathemat­
ical programming and modern methods. 

49.5. Independent Study 
Fall, Winter, Spring, Summer. I to 3 

credits. May reenroll for a maximum of 3 cred­
its in SYS 495 and E E 49.5 combined. Approwl 
of department. 
Independent study uf a topic in systems science 
of particular interest to the student. 

499. Undergraduate Research 
Fall, Winter, Spring, Summer. 1 to 3 

credits. ,\,fay reenroll for a maximum of6 cred­
its in SYS 499 and E E 499 combined. Approwl 
of department. 
Independent undergraduate re~earch in COli­

temporary areas of systems science. 

801. Special Problems 
Fall, \Vinter, Spring, Summer. 1 to 4 

credits. May reenroll for a maximum of 8 cred­
its. Approcal of department. 

810. Introduction to Linear System 
Theory 
Fall. 3(3-0) lv!TH 214.lnterdepartmen­

tal with Social Science (College of). 
A first course in system theory for students from 
a range of disciplines. Mathematical representa­
tion of system variables, transfOrm and state 
~pace method of analysis, introduction to control 
theory, application~ to phy~ic-al, economic and 
social sy~tems. 

811. System Methodology and 
Simulation 
Winter. 3(3-0) SYS 8IO, STT 44I. In­

terdepartmental u;ith the College of Social Sci­
ence. 
Problem definition, design of abstract models 
for system design and control, ~imulation of sys­
tems described by differential and difference 
equations, generation of random variables, 
simulation of discrete object stochastic systems, 
simulation languages, applications to physical, 
economic and social ~ystems. 

813. System Project 
Spring. 3(1-6) SYS 8I1. Inter­

departmental u;ith Social Science (College of} 
Individual or team application of simulation 
methods to system design and/or management. 

814. Advanced System Methodology 
and Simulation 
Spring. 3(3-0) SYS 811. 

Simulation of a class of time-varying distributed 
parameter processe~; organization and design of 
large simulation models; optimization and pa­
rameter estimation in large simulation models; 
application~ to economic, social and biological 
systems; other topics of current interest. 

826. Advanced Linear Systems 
Analysis 
Fall. 4(4-0) ,'\.JTH 310, MTH 334. Inter­

departmental with Electrical Engineering. 
Unifit:d anah sis of linear continuous-time and 
discrete-tim~ systems fur both time-invariant 
and time-varying modeh; mathematical descrip­
tions, tran~forms, state Jllodcls; transition matri­
ce~; solution techniques; controllability; obser­
vability; stability. 

827. Nonlinear Concepts in Systems 
Science 
Winter. 4( 4-0) SYS 826. 

Existence, uniqueness and stability in nonlinear 
sy~tems; autonomous systems and the phase 
space; linearization, perturbation, describing 
functions and harmonic balance procedures; 
nnmeiical solution~. 

829. Modern Control Systems 
Spring. 4(4-0) STT 44I, SYS ~26. 

Stochastic processes and white noise; analysis 
of linear continuous-time control ~v~tems; state 
feedback design; state observer deSign; optimal 
linear control and Kalman filter; linear discrete­
time control systems. 

835. Nonlinear Optimization Models 
Winter, Summer. 4(4-0) Students may 

not receive credit for both SYS 835 and MGT 
835. MTH 21S or MTH 228; MGT 834 or CHE 
465. Interdepartmental and jointly adminis­
tered u;ith the Department of Management. In­
terdepartmental with the Department of Chem­
ical Engineering. 
Nonlinear optimization-examples and applica­
tiom. Kuhn-Tucker Theory. Saddle point opti­
mality conditions. Algorithms for problems with 
constraints. Unconstrained optimization; intro­
duction to sC'arch methods. 

8.38. Feasibility Analysis of Energy 
Systems 
Spring. 3(3-0) SJT 441. 

\lethods for s('lecting energy conver~ion and 
transmission facilities with emphasis on electric 
utilities. Demand forecasting system reliability; 
~election of size, type and location of conversion 
facilities; cost analysis. 
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841. Optimization of Urban Traffic 
Flow 
Fall of odd-numbered years. 3(3-0) 

Appro-ual of department. Interdepartmental 
with Civil Engineering. 
Tntffic flo"'" models used iu design of compu­
terized traffic control systems. Optimal freeway 
ramp n1etering algorithms. Offiine and online 
optimization of traffic signal timing. 

843. Ecm;ystem Analysis, Design and 
A1anagement 
Spring. 3(3-U) SYS 442 or ZOL 404. 

Interdepartmental with the Department of 
Zoology. 
Groups of students from various biological and 
nonbiological disciplines will synthesize and 
analy;.o:e models of selected biological systems. 
Project should yield information relevant to w­
lution of contemporary ecological problems. 

847. Communication Engineering 
Fall. 4(4-0) E E 456 or approval of in­

structor. Interdepartmental with and adminis­
tered by Electrical Engineering. 
Communication~ in probabilistic channels. 
Measure~ in system performance. Channel 
models. Optimal reception of analog and digital 
signals. Coding for various channel models. De­
tection of targets. Signal solution. 

848. Communication Theory 
Spring. 3(3-0) E E 847, E E 880, f: E 

863. Interdepartmental with and administered 
hy Electrical Engineering. 
Hypothesis te~ting, det:hion theory and parame­
ter estimation in communications and signal 
processing. Optimal filtering techniques. Corn­
m~mication in non-white noise. Communication 
in non-Gau~sian noise. Quantum detection 
theory. 

8/'H. Modeling of Engineering 
Systems I 
Fall. 3(3-0) lo.J E 458 orE E 415. Inter­

departmer~tal with and administered by the 
Department of Mechanical Engineering. 
:\lode ling of engineering components and 
dynamic systems; mechanical, electrical, fluid, 
thermal, and transducer effects. Linear state­
space responses, impedarlce methods. Simula­
tion of linear models. Design project. 

852. Modeling of Engineering 
Systems II 
Winter. 3(3-0) ME 851. Inter­

departmental with and administered by the 
Department of Mechanical Engineering. 
Continuation of:\I E 851. :\lodeling of nonlinear 
dynamic systems. ApplicatiOns of phase-plane 
and linearization methods. Simulation of non­
linear systems. Design project. 

863. Analysis of Stochastic Systerm 
Winter. 3(3-0) E E 415, E E 456. Inter­

departmental with Electrical Engineering. 
Analysis and modeling of stochastic signals and 
systems. Topics include stochastic models, de­
scription of processes, stationarity, ergodicity, 
correlation and power spectrum, linear stochas­
tic systems, harmonic analysis, :\Iarkov proc­
esses, Poisson processes. 

880. Signal Analysis 
Winter. 3(3-0) Approval of depart­

ment. Interdeparlmental with and adminis­
tered by Electrical Engineering. 
Continuous and discrete signals-generation, 
representation and classification. Fourier trans­
form, spectral analysis and filtering for continu­
ous and discrete signals. Computer implementa­
tion of signal processing. 
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899. ,Uaster's Thesis Research 
Fall, Winter, Spring, Summer. Vari­

able credit. Approcal of department. 

947. Topics in Communications 
Fall of odd-numbered years. 3(3-0) 

,\fay reenroll for a maximum of 6 credits. E E 
848. Interdepartmental with and administered 
by Electrical Engineering. 
Advanced treatment of a topic or group of topic' 
of current research interest in the field of com­
munications, information theory and signal 
processing. 

961. Optimal Control Theory 
Fall. 3(3-0) SYS 827, ZHTII 426. 

Optimal control, performance mea~ures, princi­
ple of optimality, dynamic programming, 
Hamilton-Jacobi-Bellman equation,· variational 
approach, constrained extrema, Pontryagin 
principle, nece~sary conditions, ~olution tech­
niques, singular ca~es. 

962. Computational Techniques for 
Optimal Control 
Winter of odd-numbered years. 3(3-U) 

SYS 961. 
Computational method~ of optimal controls, 
steepest descent, variation of extremals, 
quasi linearization, gradknt projection, dynamic 
programming, convexity techniques, support 
function~ for reachable sets, current literature. 

96.'3. Dynamic System Identification 
and Control 
Spring of odd-numbered years. 3(3-0) 

SYS 863, SYS 829. 
System identification; dynamit: programming; 
stochastic and adaptive control. Topics under 
identification include review of statistics back­
gromld, dynlltnic system models, identification 
methods, recursive algorithms, input design, 
and structure di~crimination. 

964. Large Scale Dynamic Systems 
Winter of eJ;ert-numbered years. 3(3-0) 

srs 961. 
:\1odel simplification; stability oflarge scale sys­
tems; decentralized control; optimization by 
decomposition and coordination; multilevel 
hierarchical control; applications. 

999. Doctoral Dissertation Research 
Fall, Winter, Spring, Summer. Vari­

able credit. Approval of department. 

ENGINEERING 

College of Engineering 

1255. Orientation to Engineering 
Careers 

EGR 

Winter. 2(2-0) Credits earned in this 
course are included in computation ofGPA 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. Inter­
departmental with the Department of Natural 
Science. 
Description and analysis of certain current 
technologies and their consequences; explora­
tion of avenues for assessing such consequences 
as an aid to formulation of public policy. 

270. Computer Graphics 
Spring. 3(3-0) EGR 160 or EGR 161; 

CPS 110 or CPS 120; or approval of depart­
ment. 
Usc of computer controlled display systems for 
the ~olution of multidimensional problems. 

290. Selected Topics 
Fall, Winter, Spring, Summer. 1 to 3 

credits May reenroll for a maximum of6 credits 
if different topics are taken. 
Experimental cour~e developments or special 
topics appropriate for fn"ihmen and sopho­
mores. 

344. Engineering C ooperatice 
Education 
Fall, Winter, Spring, Summer. Zero 

credits. [3 credits-See page A-1, item 3.] May 
reenroll for a maximum of six terms. Employ­
ment assignment approced by College of En­
gineering. 
Pre-professional employment in industry and 
govemment related to student's major. 

.390. Value Engineering 
Fall, Winter, Spring. 4(4-0) ,\JAfM 280 

or approval of department. 
The ba~is of value engineering is function, 
value, and a grovp of special techniques devel­
oped to aid in isolating and identifying prob­
lems created by our complex society and 
technology. 

401. Engineering and Public Policy 
Spring. 3(3-0) Seniors or approval of 

department. Interdepartmental with the De­
partment of Natural Science. 
Sociotcchnical assessment of impact of technol­
ogy on society, with analysis of the role of en­
gineering and natnral science in contributing to 
public policy formulation. 

ENGLISH 

College of Arts and Letters 

091. English for Foreign 
Students-Structures 

ENG 

Fall, Winter, Spring, Summer. Zero 
credits. [3(5-0) See page A-1 item 3.] English 
language proficiency examination. 
Explanation and intensive practice of basic 
grammatical structures of English. Students are 
tested and then placed in small groups, from 
beginning to advanced, depending on their 
need. 

092. English/or Foreign 
Students-Speaking and 
Listening 
Fall, Winter, Spring, Summer. Zero 

credits. [3(5-0) See page A-1 item 3.] English 
language proficiency examination. 
Intensive speaking and listening practice of 
spoken English in small groups (detennined by 
proficiency). For beginners, practice is largely 
drill. Advanced groups use drill, films, discus­
sion, and practical conversations. 

093. English for Foreign 
Students-Language Laboratory 
Fall, Winter, Spring, Summer. Zero 

credits. [3(5-0) See page A-1 item 3.] English 
language proficiency examination. 
Language laboratory practice in small groups 
(detennined by proficiency). Beginnings review 
and supplement E~G 091, El\'G 092. Advanced 
groups use carefully prepared lectures, 
speeches, and presentations to practice struc­
tures and vocabulary. 




