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Graduate Objectives
The Graduate School coordinates advanced course offerings of all schools

and departments.

The Graduate Faculty of the School of Engineering adheres to the

purpose and objectives of the Graduate School at North Carolina Agricul-

tural and Technical State University.

It is expected that, while studying at this university, graduate students

(1) will acquire special competence in at least one field of knowledge;

(2) will develop further their ability to think independently and construc-

tively; (3) will develop and demonstrate the ability to collect, organize,

evaluate, and report facts which will enable them to make a scholarly

contribution to knowledge about their discipline; and (4) will make new
applications and adaptations of existing knowledge so as to contribute to

their profession and to mankind.

School Organization
The graduate engineering program is administered by the Dean of the

School of Engineering.

The Engineering Graduate Committee is a working committee of the

Engineering Graduate Faculty and assists the Dean in coordinating the

graduate engineering program.

Graduate Studies in Engineering
The School of Engineering offers a program of advanced study leading to

the Master of Science in Engineering (M.S.E.). The central emphasis of

the program is interdisciplinary—breaking with the traditional depart-

mentalized graduate specialization.

The program has been developed in such a way as to permit a graduate

engineering student to pursue advanced education which will prepare him
for advanced professional engineering practice or for further graduate

study at the doctoral level.

Formal instruction is offered in several areas of engineering such as

electrical systems, engineering mechanics, industrial operations, mechani-

cal systems, structural engineering, and structural mechanics. However,
the instructional areas are not limited to the aforementioned topics. The
programs reflect interdisciplinary emphases and are coordinated by the

student's Advisory Committee in such a way as to meet the professional

needs and experiences of each graduate student.



Admissions
Admission to graduate study toward a Master of Science in Engineering

requires a Bachelor's degree in engineering from an accredited under-

graduate institution and possession of a record which is distinctly above

average. Admission may be granted to individuals who hold baccalaureate

degrees in fields closely related to engineering and who, in the opinion of

the Engineering Graduate Committee, are qualified to undertake advanced

study in engineering.

Unconditional Admission
To qualify for unconditional admission to graduate studies, an applicant

must have earned an overall average of 2.6 on a 4 point system (or 1.6 on
a 3 point system) in his undergraduate studies.

Provisional Admission
An applicant may be admitted to graduate studies on a provisional basis

if (1) he earned his baccalaureate degree from a non-accredited institution

or (2) the record of his undergraduate preparation reveals deficiencies that

can be removed near the beginning of his graduate study. A student

admitted provisionally may be required to pass examinations to demon-
strate his knowledge in specified areas, to take specified undergraduate

courses to improve his background, or to demonstrate his competence for

graduate work by earning no grades below "B" in his first 9 hours of

graduate work at this institution.

Admission Procedure
Each person who desires to enroll in the graduate program in the School

of Engineering should apply to the Graduate School. Application forms

and two transcripts from each college or university the prospective student

has attended and letters of recommendation should be sent to the Graduate

School at least 15 days prior to any registration period. The Graduate

School forwards this information to the School of Engineering. The Dean
of the School of Engineering, in cooperation with members of the Engi-

neering Graduate Committee, reviews the credentials of the prospective

student. The Dean of the Graduate School informs the applicant regarding

whether or not he has been accepted for graduate study at this university.

Advisory System
Each student is formally assigned to an advisory committee which is com-

posed of three faculty members. The student's principal advisor serves as

chairman of the committee. The Advisory Committee is responsible for

working with the student regarding such areas as program formulation,

thesis development (if a thesis is required), qualifying examination (if



required by the School), candidacy requirements, and the comprehensive

examination.

Academic Standards
The School of Engineering is guided by the academic standards of the

Graduate School.

In order to earn a degree, a student must have a cumulative average of

3.0 in all course work. At least 20 semester hours must be in engineering

courses. Elective courses may be selected from mathematics, physics,

chemistry, or other appropriate disciplines.

The student may elect to pursue a program which consists of 30 semester

hours including a thesis of 6 semester hours, or complete a minimum of

33 semester hours.

Admission to Candidacy
In order to be classified as a candidate for a Master of Science in Engineer-

ing degree, a student must have a minimum overall average of 3.0 in at

least 9 semester hours of approved graduate work at this university and

must have removed all deficiencies resulting from undergraduate prepara-

tion. In addition to these general requirements for admission to candidacy,

the student's advisory committee may recommend, in certain cases, an

engineering qualifying examination.

Course Levels
At the university, six digit numbers are used to designate all course offer-

ings. The last three digits indicate the classification level of the course.

Courses numbered 600 through 699 are open to seniors and to graduate

students. Courses numbered 700 through 799 are open only to graduate

students. At least fifty percent of the courses counted in the work towards

a Master's degree must be those open only to graduate students; that is,

numbered 700 through 799.

Transfer of Credit
A maximum of 6 semester hours of graduate credit may be transferred

from another graduate institution if (1) the work is acceptable as credit

toward a comparable degree at the institution from which transfer is

sought, and (2) the courses to be transferred are approved by the Dean of

the Graduate School.

To request a transfer of credit, the student must complete an application

in the Graduate School Office. It will be the applicant's responsibility to

request from the appropriate institution(s) a statement certifying that the

work is acceptable as credit toward a comparable degree. The transcript

should then be sent to the Graduate School Office of A. and T. State

University.
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Final Comprehensive Examination

At least 45 days before a candidate expects to complete all work for the

Master's degree, he should file in the Graduate Office an application for

the final comprehensive examination. The examination may be oral or

written and is given by the respective Advisory Committee.

Time Limitation

The graduate program must be completed within 6 successive calendar

years. Programs remaining incomplete after this time interval are subject

to cancellation, revision, or special examination for outdated work.

When the program of study is interrupted because the student has been

drafted into the armed services, the time limit may be extended for the

length of time the student was on active duty, if the candidate resumes

graduate work no later than one year following his release from military

service.

Financial Aid

A number of scholarships and assistantships are available to the graduate

student, depending on his capabilities, academic record, and the openings

that exist.

Scholarships provide tuition for 30 credits for the normal academic year.

Graduate assistantships provide stipends of $2,000 for a nine-month

academic year. In addition, a tuition scholarship for a maximum of 6

credit hours each semester is provided. However, a graduate student may
be awarded a graduate assistantship which provides a larger stipend if his

duties and the time spent in carrying out such duties warrants such an

increase.

Expenses (Per Semester)

North Carolina Out-of-State

Student Student

Students living off campus $262.25 $1,036.75

Students living off campus, but

taking meals on campus 474.75 1,249.25

Students living on campus and

taking meals on campus 644.25 1,418.75

Part Time Student Rates
(Per Semester Hour) 14.45 58.15
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Advanced Undergraduate and Graduate Courses
400-602. Advanced Strength of Materials Credit 3(3-0)

Stress-strain in relations as applied to statically indeterminate structures,

bending in curved bars, plates, shells, and beams on elastic foundations; strain

energy concepts for formulation of flexibility matrix on finite elements; bending

in beams and plates; introduction to cartesian tensor notation and matrix

structural analysis. Prerequisite: 440-336 or equivalent.

440-603. Advanced Thermodynamics Credit 3(3-0)

Statistical mechanics and microscopic properties from statistical methods.

Equilibrium information, generalized coordinates, and general variables. Pre-

requisite: 440-442 or equivalent.

400-604. Analog Computer Applications Credit 3(2-3)

An introduction to the analog computer; methods of programming for the

solution of linear and non-linear differential equations, dynamic response of

physical systems and simulation of physical systems and phenomena. Prerequi-

site: 225-300 or equivalent.

400-606. Automatic Control Theory Credit 3(3-0)

The automatic control problem; review of operational calculus; state and

transient solutions of feedback control systems; types of servo-mechanisms and

control systems; design principles. Prerequisite: 420-501 or equivalent.

400-612. Communication Systems Credit 3(3-0)

The factors affecting the performance of communication systems, such as

intermodulation noise, thermal noise, bandwidth, and the design of pulse

modulation systems including delta and pulse code. Communication systems

using earth satellites are covered in great detail including space communication.

Prerequisite: 420-565 or equivalent.

400-614. Communication Theory Credit 3(3-0)

Fundamental principles of modulation theory commonly used in the design

of communication systems; linear modulation systems—amplitude, double and

single sideband, and vestigial sideband modulation; and non-linear modulation

systems—frequency and phase. Prerequisites: 225-500 and 420-452 or equiv-

alent.

400-622. Electronic Engineering Credit 4(3-3)

A study of various types of electronic circuits used in engineering practice-

wave shaping and computing circuits, photosensitive devices and circuits;

control and switching circuits; modulation and demodulation circuits. Coordi-

nated laboratory work with industrial applications and special projects. Pre-

requisite: 420-565 or equivalent.

400-624. Elementary Nuclear Reactor Theory Credit 3(3-0)

A lecture course in the principles of chain reactors, slowing down of neu-

trons, neutron diffusion equations, space distribution of neutrons, conditions

for criticality, reactor dimensions for simple geometries, elementary group

theories, and time-dependent reactor behavior. Prerequisites: 225-300 and
440-450 or equivalent.



400-625. Engineering and Environment Credit 3(2-3)

An examination of the engineering role, impact, and demands upon the

environment relative to its conditions, limitations, chain linkages and effects.

Prerequisite: Consent of instructor.

400-626. Engineering Research Credit Variable

Special investigation adapted to the special abilities of individual students.

Prerequisite: Consent of instructor.

400-627. Fundamentals of Logic Systems Credit 3(3-0)

Introduction to digital information handling concepts of counting, transfer,

sequence control, selection, addressing and digital system control. Corequisite:

420-452 or equivalent.

400-628. Foundation Engineering Credit 3(2-2)

Subsoil investigations, analysis and design of foundations and other sub-

structures. Caisson and cofferdam design and methods of construction—ground

water control. Prerequisite: 410-564 or equivalent.

400-632. Information Theory Credit 3(3-0)

Probability theory and its application in the analysis of information transfer.

Special attention is given to information in communications, random signals,

noise processes, microscopic processes, and macroscopic events. Prerequisite:

420-501 or equivalent.

400-634. Instrumentation-Theory and Applications Credit 3(3-0)

Consideration is given to applications of software and hardware techniques

of instrumentation. Attention is given to treatment of data, errors in measure-

ments and instruments capabilities, and limitations of instruments as to

precision and accuracy. Commercial instruments, transducers and their specifi-

cations are used as models to illustrate basic principles involved. Students are

encouraged to design instrumentation for measurements of both electrical and

non-electrical quantities in systems, subsystems and processes. Prerequisite:

420-452 or equivalent.

400-642. Management, Organization and Industrial Economics Credit 3(3-0)

The production system; fixed and variable cost systems, break-even chart,

probability distribution and risk analysis. Objectives of production manage-

ment; models: decision planning, behavioral and control models. Responsibility,

cycle, optimality, effectiveness and efficiency. Management and technology or

methodology. Industrial economy; value and utility, the economy of exchange,

prices by supply and demand, quantitative and qualitative knowledge. Interest

formulas, depreciation, pattern for analysis. Prerequisite: 440-443 or equivalent.

400-644. Matrix Analysis of Structures Credit 3(2-2)

Lecture and Laboratory. Review of matrix algebra; statically and kinemati-

cally, indeterminate structures; introduction to flexibility and stiffness methods;

applications to beams, plane trusses and plane frames. Prerequisite: 410-457

or equivalent.
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440-646. Network Synthesis Credit 3(3-0)

Use of positive real functions and linear graphs in the synthesis of passive

networks. Investigation of the properties of the driving point and transfer

functions of passive networks and the synthesis of one- and two-part networks

using positive real functions. Linear graphs and topological aspects are intro-

duced. Prerequisite: 420-448 or equivalent.

400-648. Numerical Analysis for Engineers Credit 3(3-0)

Scientific programming, error analysis, matrix algebra, eigenvalue problems,

curve-fitting approximations, interpolation, numerical differentiation and inte-

gration, solutions to simultaneous equations, and numerical solutions of dif-

ferential equations. Prerequisite: Consent of instructor.

400-650. Operations Research Credit 3(3-0)

Management decision making, queuing theory, probability and sequences,

formulation of mathematical models of processes with orientation to optimiz-

ing by use of digital computers. Prerequisite: 225-224 or equivalent.

400-652. Plates and Shells Credit 4(2-4)

Lecture and Laboratory. Introduction to plane plate theory; membrane
stresses in shells with axial symmetry; cylindrical shells; applications in the

design of shell roofs, tanks, pipelines and pressure vessels. Prerequisite: 410-

455 or equivalent.

400-654. Projects in Electronic Networks and Systems Credit 3(1-6)

Special topics and laboratory work of special interest to students in electronic

networks and communications circuits; most of the work is carried on by the

project method and emphasizes actual circuit construction. Prerequisite: 420-

452 or equivalent.

400-655. Professional Development I Credit Variable (1-3)

Directed self-study in exploring an area both of special interest to the student

and of mutual interest to Architectural Engineering faculty member(s).

400-656. Professional Development II Credit Variable (1-3)

Continuation of 400-655.

400-660. Selected Topics in Engineering Credit 3(3-0)

Selected engineering topics of interest to students and faculty. The topics will

be selected before the beginning of the course and will be pertinent to the pro-

grams of the students enrolled. Prerequisite: Consent of instructor.

400-666. Special Projects Credit Variable (1-3)

Study arranged on a special engineering topic of interest to student and
faculty member, who will act as advisor. Topics may be analytical and/ or
experimental and encourage independent study. Prerequisite: Consent of

instructor.
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400-670. Semiconductor Theory Credit 3(3-0)

An examination of the phenomena of solid-state conduction and devices

using band modeling. Prerequisite: 420-565 or equivalent.

400-672. Theory of Elasticity Credit 3(3-0)

Introduction; stress; strain; stress-strain relations; energy principles; special

topics. Prerequisites: 440-336 and 225-300 or equivalent.

400-674. Transmission of Signals and Power Credit 3(3-0)

Generalized transmission circuits; transmission line parameters; long dis-

tance steady state transmission; transients in transmission lines; signal trans-

mission lines; high frequency lines. Prerequisites: 420-448 and 225-300 or

equivalent.
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Graduate Courses

400-700. Advanced Reinforced Concrete Design Credit 3(2-2)

Advanced theory and methods applied to the design of reinforced concrete

structures, including yield line methods, ultimate strength theory and limit

design. Prerequisite: 410-455 or equivalent.

400-701. Advanced Structural Analysis Credit 3(3-0)

The analysis of various types of structural problems, including the applica-

tions of modern analytical methods. Prerequisite: 410-562 or equivalent.

400-702. Applied Numerical Methods Credit 3(3-0)

Numerical solutions to ordinary differential equations, initial-value and

boundary-value problems, non-linear equations, numerical solution to partial

differential equation, finite differences, and relaxation techniques. Stability of

solutions. Prerequisite: 225-500 or equivalent.

400-710. Boundary Layer Theory Credit 3(3-0)

A study of fluid flow with effects of viscosity analyzed as a boundary layer

phenomena derivation of general equations of motion, velocity potential and
stream function, perturbation theory and determination of drag and lift for

subsonic and supersonic flows. Prerequisite: 440-568 or equivalent.

400-715. Continuum Mechanics Credit 3(3-0)

The applications of the laws of mechanics and thermo-dynamics to the

continuum: a rigorous development of the general equations applied to a

continuum, the application and reduction of the general equations for specific

cases of both solids and fluids. Prerequisite: 440-336 or equivalent.

400-722. Electromagnetic Wave Theory Credit 3(3-0)

Fundamental electromagnetic concepts at ultra-high frequencies and above;

analysis of transmission lines and networks; Maxwell equations and their appli-

cations; wave guides and radiating systems. Prerequisite: 420-450 or equivalent.

400-724. Electronic Systems Analysis Credit 3(3-0)

An analytical approach involving mathematics and graphical methods is

used to arrive at solutions of problems encountered in interconnecting electri-

cal, electronic, mechanical, and physical components to form a workable sys-

tem. The formulation of compatible interfaces and transformation functions

to make a workable system is the objective of the problems considered. Model
and simulation theory is also utilized. Prerequisite: 420-565 or equivalent.

400-728. Experimental Stress Analysis Credit 3(2-2)

Principles and methods of experimental stress analysis. Photo-elastic and
micromeasurement techniques applied to strain and stress investigations.

Experiments using structural models. Prerequisite: 410-457 or 400-602 or

equivalent.
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400-735. Heat Transfer I—Conduction Credit 3(3-0)

The development and application of the general energy equations. Heat

transfer through walls, cylinders, real boundary conditions, and numerical

procedures. Prerequisite: 440-562 or equivalent.

400-736. Heat Transfer II—Radiation Credit 3(3-0)

A study of energy transfer by means of thermal radiation. Black body radia-

tion, gray body radiation, gas radiation, and real body radiation. Prerequisite:

440-562 or equivalent.

400-738. Irreversible Thermodynamics Credit 3(3-0)

A study of processes which are inherently entropy producing. Development
of general equations, theory of minimum rate of entropy production, mechani-

cal processes, life processes, and astronomical processes. Prerequisite: 440-603

or equivalent.

400-740. Machine Tool Design Credit 3(3-0)

Basic principles of single point and multiple point tools, materials, forces,

velocities, and power requirements. Dies and punches; material and manu-
facture; die and assemblies design clearances; supports, stops and pilots; strip-

pers and knockouts. General requirements of a machine tool; design principles

of machine tools; stiffness and rigidity standardization of speeds and feeds;

layout of speed change gears; design of some constructional elements. Pre-

requisite: 440-226 or equivalent.

400-742. Mechanical Properties and Theories of Failure Credit 3(3-0)

Static properties in tension and compression; stress and combined stresses;

fatigue, impact, creep and temperature. Various theories of failure under the

above loading conditions. Applications. Prerequisite: 440-336 or equivalent.

400-744. Network Matrices and Graphs Credit 3(3-0)

Use of vector space techniques in the description, analysis and realization of

networks modeled as matrices and graphs. The course investigates vector

space concepts in the modeling and study of networks. The system concept of

networks is introduced and explored as a dimensional space consideration in

terms of matrices and graphs. Prerequisite: 420-501 or equivalent.

400-750. Statistical Methods and Quality Control Credit 3(3-0)

Statistical series; frequency distribution and its analysis; central tendency;

arithmetic mean; dispersion and skewness; time series analysis; the least squares

methods, linear and non-linear. The normal curve, theory of sampling, index

numbers. Collection of data, statistical tables, graphical presentation. Control

charts for measurements and attributes, acceptance sampling by attributes and
by variables. Prerequisite: 225-624 or equivalent.

400-755. Plastic Analysis and Design Credit 3(3-0)

Behavior of structural steel beyond the elastic limit. Ultimate load theory,

the analysis and design of steel-framed structures and components. Strength

and behavior or structures stressed in the plastic range. Prerequisites: 410-457
and 410-461 or equivalent.
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400-757. Physical Metallurgy of Industrial Alloys Credit 3(3-0)

Review of principles of alloying and heat treatment and their application

to commercially important alloy systems. Principles of corrosion. Prerequisites:

440-226 and 440-560 or equivalent.

400-759. Prestressed Concrete Theory and Design Credit 3(3-0)

Theory and methods of design for prestressed concrete structures. Material

and construction techniques, ultimate-strength design. Prerequisite: 410-455

or equivalent.

400-764. Rheology Credit 3(3-0)

Study of the flow and deformation of matter. A rigorous analysis of the

various modes of deformation of matter, space, deformation, strain, stress,

strain-rate, creep, non-Newtonion fluids, and plasma flows. Prerequisite: Con-
sent of instructor.

400-767. Structural Dynamics Credit 3(3-0)

A study of structures subjected to dynamic loading. Formulation of mass-

lumped and consistent, stiffness and damping matrices. Equivalent structural

damping and elastic-plastic effects on response. Prerequisite: 400-644 or

equivalent.

400-772. Theory and Design of Digital Systems Credit 3(3-0)

Digital system concepts of language models, algorithms, manipulative

schemes, information structures, and pulse networks. Prerequisite: Consent

of instructor.

400-774. Theories of Manufacturing Processes Credit 3(3-0)

Review of metal cutting and forming, material behavior characteristics

related to cutting and forming. Metal cutting analysis, mechanics of chip

formation, thermal aspects of cutting, prediction of tool wear and tool life.

Metal forming analysis, hot-working and cold-working, upper and lower bound
solutions, slip line theory, plane strain. Applications to rolling, forging, wire

drawing, extrusion, deep drawing and bending. Prerequisite: 440-226 or

equivalent.

400-776. Theory of Plasticity Credit 3(3-0)

Basic concepts of plastic deformation, trusses and beams; plane shear theory;

axially symmetric problems; torsion, limit analysis, and extremum principles.

Prerequisite: 400-672 or equivalent.

400-777. Thesis Credit Variable (1-6)

400-778. Theory of Vibrations Credit 3(3-0)

Vibration analysis of systems with one, two, or multi-degrees of freedom.

Instrumentation, continuous systems, computer techniques. Prerequisite: 440-

566 or equivalent.
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400-779. Advanced Structural Steel Design Credit 3(2-2)

Modern methods and advanced theory applied to the design of steel struc-

tures. Project design includes the solution to various types of framed struc-

tures. Prerequisites: 410-457 and 410-563 or equivalent.

400-788. Research Credit Variable (1-3)

Advanced research in an area of interest to student and instructor.

400-789. Special Topics Credit Variable (1-3)

Study of advanced topics selected prior to the offering and pertinent to

student's programs of study.
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Graduate Faculty
Gail H. Allwine Assistant Professor of

Electrical Engineering, Ph.D., University of Washington.

*Reginald L. Amory Professor of Engineering,

Ph.D., Rensselaer Polytechnic Institute.

Botros M. Botros Professor of Mechanical Engineering,

Ph.D., Sheffield University, England.

Suresh Chandra Professor of Mechanical Engineering,

Ph.D., Colorado State University.

William J. Craft Associate Professor of

Mechanical Engineering, Ph.D., Clemson University.

Amar Datta Associate Professor of

Mechanical Engineering, Ph.D., University of South Carolina.

George J. Filatovs Associate Professor of

Mechanical Engineering, Ph.D., University of Missouri.

Paul E. Gray Professor of Electrical Engineering,

Ph.D., Kansas State University.

Jagadish Joshi Associate Professor of Architectural

Engineering, Ph.D., Stanford University.

David E. Klett Associate Professor of

Mechanical Engineering, Ph.D., University of Florida.

Ralph E. Kuehn Visiting Associate Professor of

Electrical Engineering, M.S., University of Illinois.

Reginald G. Mitchiner Associate Professor of

Mechanical Engineering,

Ph.D., Virginia Polytechnic Institute and State University.

*Paul E. Parker Assistant Professor of

Mechanical Engineering,

M.S., State University of New York at Buffalo.

A. Vishnu Sharma Professor of Mechanical Engineering,

Ph.D., Pennsylvania State University.

Earnest E. Sherrod . .Assistant Professor of Electrical Engineering,

M.S., Newark College of Engineering.

William A. Streat, Jr Professor of Architectural

Engineering, S.M., Massachusetts Institute of Technology.

Jan A. Stulinsky Professor of Architectural Engineering,

Dr. Tech. Sc, Warsaw Polytechnic University.

Chung Yu Assistant Professor of

Electrical Engineering, Ph.D., Ohio State University.

Leo Williams, Jr Professor of Electrical Engineering,

M.S., University of Illinois.

* Leave of absence




