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THE CALENDAR

SUMMER SESSIONS1964First SessionJune 9
June 10June 15
June 16
June 18
June 19June 30
July
July 15July 16
Second SessionJuly 21
July 22July 27
July 30
July 31August 13
AugustAugust

Tues. Registration and fee payment. Late registration fee of(9:00 a.m. S5 payable by all registering after 1:00 p.m. June 9.1:00 p.m.)Wed. First day of classes.Mon. Last day for registration. Last day to withdraw withrefund less 37 registration fee and last day to drop anycourse with refund.Tues. Last day for filing application for admission to candi-dacy for students expecting to complete requirementsfor the master’s degree in August.Thurs. Deadline for submission of theses in final form toGraduate School by candidates for the master’s anddoctoral degrees in July.Fri. Last day to drop courses without grades.Tues. Last day for taking qualifying examinations for stu-dents expecting to receive doctorate in January, 1965.Thurs, Last day for taking final oral examinations for mastefsdegrees not requiring theses.Wed. Last day of classes.Thurs. Final examinations.
Tues. Registration and fee payment. Late registration fee of(9:00 a.m.- $5 payable by all registering after 12:00 noon July 21.12:00 noon)Wed. First day of classes.Mon. Last day for registration. Last day to withdraw withrefund less 57 registration fee and last day to drop anycourse with refund.Thurs. Deadline for submission of theses in final form toGraduate School by candidates for the master's anddoctoral degrees in August.Fri. Last day to drop courses without grades.Thurs. Last day for taking final oral examinations for master'sdegrees not requiring theses.Wed. Last day of classes.Thurs. Final examinations.

FALL SEMESTER1964September 8September 9
September 14September 16

September 18
SeptemberSeptember 30
November
November 7NovemberNovember 30

Tues. General faculty meeting.Wed. Registration day for all new students and other stu-dents not preregistered. Late registration fee of $5payable by all who register after Sept. 9.Mon. First day of classes.Wed. Last day to register. Last day [or filing application foradmission to candidacy for students expecting to com-plete requirements for the master's degree in January,1965.Fri. Last day to withdraw with refund less $7 registrationfee. Last day to add a course.Fri. Last day to drop courses without grades.Wed. Last day for taking qualifying examinations for stu-dents expecting to receive doctorate in May, 1965.Mon. Meeting of the Graduate Executive Council of theUniversity of North Carolina.Sat. Mid term reports due.Tues. Thanksgiving holidays begin at 6:00 p.m.Mon. Classes resume at 8:00 a.m.
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December 16 Wed.
December 17 Thurs.January 4, 1965 Mon.January 8 Fri.
January 13 Wed.January 14 Thurs.January 15-22 Fri-Fri.January 18 Mon.
SPRING SEMESTER1965January 27 Wed.
February 1 Mon.February 3 Wed.

February 5 Fri.
February 12 Fri.February 17 “led.
March 20 Sat.April 5 Mon.
April 14 Wed.April 20 Tues.April 30 Fri.
May 14 Fri.
May 19 “led.May 20 Thurs.May 21 28 Fri. Fri.May 29 Sat.
SUMMER SESSIONS1965First SessionJune 14 Mon.(9:00 a.m.-1:00 pm.)June 15 Tues.June 18 Fri.
June 21 Mon.
June 23 ‘Ved.
July 5 Mon.
July 7 Wed.
July 20 Tues.July 21 Wed.

Deadline for submission of theses in final form toGraduate School by candidates for the master’s anddoctoral degrees in January, 1965.Christmas holidays begin at 6:00 pm.Classes resume at 8:00 a.m.Last day [or taking final oral examinations for master'sdegrees not requiring theses.Last (lay of classes.Reading day.Final examinations.Meeting of the Graduate Executive Council of theUniversity of North Carolina.

Registration day. All new students and all other Stu.dents not preregistered. Late registration fee of $5payable by all who register after Jan. 27.Classes begin.Last day to register. Last day for filing application foradmission to candidacy for students expecting to com-plete requirements for the master's degree in May andjuly.Last day to withdraw with refund less $7 registrationfee. Last day to add a course.Last day to drop courses without grades.Last day for taking qualifying examinations for stu-dents expecting to receive doctorate in August, 1965.Mid-term reports due.Meeting of Graduate Executive Council of the Univer-sity of North Carolina.Easter holidays begin at 6:00 pm.Classes resume at 8:00 a.m.Deadline for submission of theses in final form toGraduate School by candidates for the master's anddoctoral degrees in May.Last day for taking final oral examinations for master'sdegrees not requiring theses.Last day of classes.Reading day.Final examinations.Commencement.

Registration and payment of fees. Late registration feeof $5 payable by all who register after 1:00 p.111. June14Classes begin.Last day for registration. Last day to withdraw withrefund less $7 registration fee and last day to dropcourses without grades.Last day for filing application for admission to candi-dacy for students expecting to complete requirementsfor the master’s degree in August.Deadline for submission of theses in final form toGraduate School by candidates for the master’s anddoctoral degrees in July.Last day for taking qualifying examinations for stu-dents expecting to receive doctorate in Ianuary, 1965.Last day for taking final oral examinations for master'sdegrees not requiring theses.Last day of classes.Final examinations.
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Second SessionJuly 22 Thurs.(9:00 a.m.-12:00 noon)July 23 Fri.July 29 Thurs.
July 30 Fri.
August 13 Fri.
August 26 Thurs.August 27 Fri.
FALL SEMESTER1965September 7 Tues.September 8 Wed.

September 13 Mon.September 15 Wed.

September 17 Fri.
September 29 Wed.
October 8 Fri.November 1 Mon.
November 6 Sat.November 15-December 1 Mon.-Wed.November 23 Tues.November 29 Mon.December 17 Fri.
December 18 Sat.January 3, 1966Mon.January 7 Fri.
January 12 Wed.January 13 Thurs.January 14-21 Mon.-Fri.January 17 Mon.
SPRING SEMESTER1966January 26 Wed.

January 31 Mon.

Registration and payment of fees. Late registration of$5 payable by all who register after 12:00 noon July 22.
Classes begin.Last day for registration. Last day to withdraw withrefund less 57 registration fee and last day to dropcourses without grades.Deadline for submission of theses in final form toGraduate School by candidates for the master’s anddoctoral degrees in August.Last day for taking final oral examinations for master‘sdegrees not requiring theses.Last day of classes.Final examinations.

General faculty meeting.Registration for all students who did not preregisterand for all preregistered students changing courses.Late registration fee of $5 payable by all who registerafter September 8.Classes begin at 8:00 a.m.Last day to register. Last day for filing application foradmission to candidacy for students expecting to com-plete requirements for the master's degree in January,1966.Last day to withdraw with refund less $7 registrationfee. Last day to add a course.Last day for taking qualifying examinations for stu-dents expecting to receive doctorate in May, 1966.Last day to drop courses without grades.Meeting of Graduate Executive Council of the Univer-sity of North Carolina.Mid term reports due.
Preregistration. All students continuing in the springsemester must see advisors.Thanksgiving holidays begin at 6:00 p.m.Classes resume at 8:00 a.m.Deadline for submission of theses in final form toGraduate School by candidates for the master’s anddoctoral degrees in January, 1966.Christmas holidays begin at 1:00 p.m.Classes resume at 8:00 a.m.Last day for taking final oral examinations for master’sdegrees not requiring theses.Last day of classes.Reading day.Final examinations.Meeting of the Graduate Executive Council of the Uni-versity of North Carolina.

Registration for all students who did not preregisterand for all preregistered students changing courses.Late registration fee of $5 payable by all who registerafter January 26.Classes begin at 8:00 a.m.
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Wed.

Wed.
Fri.Sat.Mon.-Fri.
Mon.
Wed.Tues.Fri.
Fri.
‘Ved.Thurs.Fri. Fri.Sat.

SUMMER SESSIONS1966June 7
June 8June 13
June 14
June 17
June 28
July 1
July 4July 14July 15
Second SessionJuly 19
July 20July 25
July 28
August 11
August 24August 25

Tues.(9:00 am.-1:00 pm.)\Ved.Mon.
Tues.

Mon.Thurs.Fri.
Tues.(9:00 a.m.-

Last day to register. Last day for filing application foradmission to candidacy for students expecting to com-plete requirements for the master‘s degree in May andful .Lars); day to withdraw with refund less $7 registrationfee. Last day to add a course.Last day /or taking qualifying examinations for stu-dents expecting to receive doctorate in August, 1966.Last day to drop courses without grades.Mid term reports due.Preregistraiion. All students continuing in the fallmust see advisors.Meeting of Graduate Executive Council of the Univer-sity of North Carolina.Easter holidays begin at 6:00 p.m.Classes resume at 8:00 a.m.Deadline for submission of theses in final form toGraduate School by candidates for the master’s anddoctoral degrees in [\Iay.last day for taking final oral examinations by candi.dates for master’s degrees not requiring theses.Last (lay of classes.Reading day.Final examinations.Commencement.

Registration and payment of fees. Late registrationfee of $5 payable by all who register after 1:00 p.m.,June 7.Classes begin.Last day for registration. Last day to withdraw withrefund less 37 registration fee and last day to dropcourses without grades.Last day for filing application for admission to candi-dacy for students expecting to complete requirementsfor the master’s degree in August.Deadline for submission of theses in final form toGraduate School by candidates for the master's anddoctoral degrees in July.Last day for taking qualifying examinations for stu-dents expecting to receive doctorate in January, 1966.Last day for taking final oral examinations by candi-dates for master's degrees not requiring theses.Holiday.Last day of classes.Final examinations.
Registration and payment of fees. Late registration feeof 35 payable by all who register after 12:00 noon12:00 noon) July 19.Wed.Mon.

Thurs.
Thurs.
Wed.Thurs.

Classes begin.Last day to register. Last day to withdraw with refundless $7 registration fee and last day to withdraw with-out grades.Deadline for submission of theses in final form toGraduate School by candidates for the master’s anddoctoral degrees in August.Last day for taking final oral examinations by candi-dates for master’s degrees not requiring theses.Last day of classes.Final examinations.



NORTH CAROLINA STATE TODAY

North Carolina State of the University of North Carolina at Raleighentered the field of higher education in America in the late 1800’s, theproduct of public demand for expansion of opportunity in higher educationand for college curricula of modern character—chiefly in “the agriculturalsciences and the mechanic arts.”
As North Carolina’s land~grant university, ”State" was founded underterms of the Federal Morrill Act of 1862, which provided for the establish-ment of at least one public college of this type in each state and territory.These institutions, sharing a common educational philosophy and nature,became known as ”land grant colleges” since public lands were used fortheir founding.
North Carolina State opened in 1889 with 45 students. Enrollment nowtotals slightly more than 8,000, with over 1,200 students engaged in graduatestudy.
“State’s" name has been changed three times in its history, in each instancethe result of the expansion of the college’s programs or in connection withmajor legislation providing for the orderly development of higher educationin North Carolina. The most recent change came in 1963 when North Caro-lina reaffirmed its intent to maintain the concept of one Consolidated StateUniversity composed of several campuses, and with exclusive jurisdiction togrant Ph.D. degrees and having primary responsibility for research.
”State,” as with its sister land-grant institutions, began as a state collegeof agriculture and mechanic arts and bore that name. It became NorthCarolina State College of Agriculture and Engineering in 1917. In 1931"of the University of North Carolina” was added when the concept of theConsolidated University was formalized by law.
In the three-quarters of a century since its founding, the research, ex-tension and academic programs at the institution have grown to embracethe work of more than 1,000 professional staff members, 16 branch agricul-tural experiment stations, eight undergraduate schools, agents in each of thestate’s 100 counties, and a $10 million annual research ‘expenditure.
The main campus of 2,500 acres is valued at more than $50 million, andincludes 75 major classroom, laboratory, and auxiliary facilities buildings.
As the programs for research and study have grown and become morecomplex, special institutes and curricula have been established. Prominent atNCS are the Institutes of Statistics, Biological Sciences, Water Resources,and Agricultural Policy and the Sensory Physiology Laboratory.
An interesting feature of the graduate program at State is the largenumber of international students. There are more than 350 foreign students—both graduate and undergraduate—studying at NCS. An International Stu-dent Center provides opportunity for students to become acquainted withfuture leaders of many countries.



Holladay Hall, the main

MA.

‘Immmmt:~-u..a..

president of the college.

There are eight undergraduate schools at ”State": Agriculture and LifeSciences, Design, Education, Engineering, Forestry, Liberal Arts, PhysicalSciences and Applied Mathematics, and Textiles.
With its many concerts, lectures, and arts programs, its cosmopolitancharacter, and its broad research and educational commitments, North Caro-lina State provides an ideal academic and cultural climate for graduate study.
Cast in the mold of the modern, complex state university, North CarolinaState also has responsibilities of international dimension. In addition to anextensive technical assistance program in Peru, “State” faculty conduct spe-cialized projects throughout the world and host a continuing procession ofinternational visitors.

administrative office building, is the oldest building on campus. Erected In1889, two years after State was founded, the building is named in honor of Alexander Q. Holladay, first
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THE GRADUATE SCHOOL

OF THE UNIVERSITY OF NORTH CAROLINA
NORTH CAROLINA STATE DIVISION

DONALD B. ANDERSON, Vice President, Academic Again, Chapel Hill\VALTER JOHN PETERSON, Dean, Raleigh
The Graduate School of the Consolidated Uni\ ersity of North Carolina iscomposed of three divisions, one at~each of the three units of the UniversitySystem. Each branch of the Consolidated Graduate School is administered bya graduate dean who works in close association with the Vice President inCharge of Academic Affairs. The Graduate Council is composed of rep-resentatives of the Administrative Boards of each of the three units ofthe Consolidated University. At North Carolina State the graduate clean isassisted in all matters of policy by an Administrative Board of ten members.Seven are elected by the faculties of the degree granting schools and three areappointed by the Chancellor after consultation with the Dean.Graduate instruction at North Carolina State is organized to provide opportunity and facilities for advanced study and research in the fields of agricul-ture and life sciences. engineering, forestry. physical sciences and appliedmathematics, technological education, and textiles. The purpose of thesegraduate programs is to develop in advanced students a more adequatecomprehension of the scope of knowledge in these special fields of learningand an understanding of the requirements and responsibilities essential forindependent research investigations. In all of the graduate programs emphasisis placed upon a high level of scholarship rather than upon the satisfactionof specific course or credit requirements.The full resources Of the Consolidated University of North Carolina areavailable to all graduate students enrolled at any of the three (Ii\isions ofthe Graduate School. Exceptional facilities for graduate study are providedat North Carolina State. New buildings lurnish rnocler n well equipped laboratories for graduate study in speciali/ed areas of agriculture and life sciences,engineering, forestry, physical sciences and applied mathematics, and textiles.The North Carolina Agricultural Experiment Station and the Departmentof Engineering Research are integral parts of the University at Raleigh. Thestaff, research facilities, equipment, and field studies of these organizationscontribute in a very important way to the graduate programs. The Instituteof Statistics at North Carolina State makes available to graduate studentsunusual opportunities in this important phase of research study.The State of North Carolina, extending from the Atlantic Ocean westwardabout 500 miles to the Appalachian Mountains, possesses an exceptionalrange of climatic and topographic environments. The Coastal Plain, thePiedmont, and the mountains provide a rich pattern of agricultural andindustrial activities which offer unusual opportunities for research study andemployment.
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North Carolina State is located in Raleigh, situated on the boundaryseparating the broad coastal plains on the East from the rolling terrain ofthe Piedmont on the West. about midway between the northern and southernboundaries of the State. Raleigh is 29 miles from the University of NorthCarolina at Chapel Hill, and 26 miles from Durham, the home of DukeUniversity. 7 he libraries and other facilities of the three institutions makethis area one of the important centers of research opportunity in the South.

The D. H. Hill Library
The D. H. Hill Librarv of North Carolina State has excellent holdings inmaterials essential for research study in the graduate curricula offered by theUniyersity.As of July 1. 1963, the Librarv held about 270,000 volumes of books andbound journals, including more than 12,000 bound volumes of documents.The books and journals reflect strongly the scientific and technologicalinterests of the University. and the documents represent a most importantincrement of the whole collection. They include publications of the FederalGovernment, all publications of the various Agricultural Experiment Stations,most of the publications of the Engineering Experiment and EngineeringResearch Stations, and publications of the various research stations all overthe world.The D. H. Hill Library holdings and other library holdings within a 30mile radius of North Carolina State constitute the greatest concentration oflibrary resources south of \Vashington, D. C, These include the D. H. HillLibrary, the Chemstrand Research Center Library, the Duke UniversityLibrary, and the Louis Round \Vilson Library at the University of NorthCarolina at Chapel Hill.An interlibrary' delivery service exchanges volumes among the three Uni-versity libraries three days a week. These three libraries have a total of morethan 3,000,000 volumes. This loan service serves faculty and graduate studentson the three campuses Identification certificates enabling participation in thereciprocal arrangement may be secured at the D, H. Hill Library.The D. H. Hill Library is preparing a list of scientific periodicals whichwill list holdings of Duke University and the units of the ConsolidatedUniversity. This will be available to faculty members and research scientistsin the area and to other libraries throughout the Nation.The North Carolina State Library is a depository for all unclassifiedpublications of the Federal Government that are available for distribution.They include publications of the United States Department of Agriculture,Geological Survey, National Bureau of Standards. Department of Interiorand others. Since the Library was designated as a depository in 1923, its docu-ment holdings in the University’s special interest fields are almost 100 percent complete.The Library is a depository for the publications of the Carnegie Institu-tion of Washington and has excellent files of these valuable monographs.Also, the Library is a depository for all unclassified and declassified publi.cations of the Atomic Energy Commission.
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Publications of many foreign countries—especially publications dealingwith the agricultural sciences and with engineering—are received on ex-change by the Library.In July, 1960, the Library became a depository for the publications of theFood and Agriculture Administration of the United Nations.The Library, in July, 1959, acquired the Tippmann Collection of Ento-mology, the outstanding private collection of Dr. Friedrich F. Tippmann ofVienna. The collection contains 6,200 books and bound research journalsin the field of entomology, many of them rare and unobtainable.A recent donation of $5,000 from the Alumni Association was used topurchase two outstanding sets of the rare 20 volume “Edizone Nazionale" ofthe works of Galileo and an almost complete file of the important Germanbotanical periodical, “Bibliotheca Botanica," covering the years 1889 to1960.Funds ($3,501) from the estate of the late Chancellor J. W. Harrelsonwere allocated to purchase 118 rare volumes in mathematics and history ofscience.The research holdings of the Library are particularly strong in the fieldsof entomology, nuclear energy, genetics, aeronautics and space technology,engineering and physics, and include files of the major journals in thesefields. A large and useful collection of books in the humanities and the socialsciences is available for the use of undergraduate students.The Library’s photocopy service is of great importance to faculty andgraduate students in that it provides facilities for copying materials not per-mitted to leave the library.The Textile Library, an on-campus branch of the main library, containsoutstanding holdings in textiles and textile chemistry. It is regarded as one ofthe best textile libraries in the country. The School of Design Library has avery fine collection of books, journals and slides in the fields of architecture,

landscape architecture and product design.
Institute of Statistics
The Institute of Statistics is composed of two sections, one at Raleigh andthe other at Chapel Hill. At North Carolina State, the Institute providesstatistical consulting services to all branches of the Institution, sponsors re-search in statistical theory and methodology, and coordinates the teachingof statistics at the undergraduate and graduate level. The actual instructionaland other academic functions are performed by the Department of Experi-mental Statistics, which forms a part of the Institute.The purpose of the Institute is to provide extra depth and strength in thedevelopment and use of modern statistical procedures throughout the Institu-tion. This involves cooperative efforts with many schools, departments, andagencies. The establishment of a nationally recognized program in quantita-tive genetics and recent developments in the field of biomathematics illu-strates the coordinating role the Institute plays in the quantitative Sciences.In addition to these local activities, the Institute maintains close andcontinuing contact with statistics scholars, research programs, and graduate
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instruction programs throughout the world. It has helped (lmelop an international abstracting journal for statistical articles. The Institute is the pointof (outact for grants and contracts in statistics. It has been actixe in organiz-ing and maintaining a strong Southern Regional Cooperative GraduateSummer Session in statistics. Approximately 15 graduate assistantships instatistics are made a tailahle annually through the efforts of the Institute. Allof these contributions have added substantially to the vigor of the entiregraduate program of North Carolina State.
Computing Facilities

"I he IBM l-llO Tape System in the Computing Center is available forgraduate instruction and research. The Computing Center each year offersseveral noncredit short courses in FORTRAN programming to facilitate theuse of this computer in graduate research.One IBM 1620 Computer. used jointly by the Department of AgriculturalEconomics and the Biomathenratics program, is available for use by graduatestudents in these areas. A second IBM 1620 is axailable for graduate studentsin the School of Textilcs.A IINC III Computer is available for research in the Biomathematicsprogram.
Nuclear Reactor Project
The Nuclear Reactor Project at North Carolina State descends from thefirst pri\ ately owned research reactor facility in the United States, installedat North Carolina State in 1952.A IOU-kilowatt tank-type heterogeneous reactor and supporting equipmentare available for graduate research and laboratory study. Facilities are alsomailable for studies in radiochemistry, nuclear physics, nuclear electronics,health physics, and neutron and gamma-ray spectroscopy.Student. faculty, and contract research activities are concurrent with theinstructional programs. This produces an atmosphere that is stimulating tothe student and aids in keeping course material abreast of recent develop-ments in the nuclear energy field.

Research Program at the Oak Ridge Institute of Nuclear Studies
North Carolina State is one of the sponsoring institutions of the Oak RidgeInstitute of Nuclear Studies at Oak Ridge, Tennessee. Through this coopera-tive association, North Carolina State’s graduate research program has at itsdisposal the facilities and research staff at Oak Ridge National Laboratory.Extensive research programs are underway there on physical and biologicaleffects of radiation, radioisotope utilization, and many other areas of nuclearscience and engineering. When master's and doctoral candidates have com-pleted their resident work, it may be possible, by special arrangement, forthem to do their thesis research at Oak Ridge. In addition, it is possible forthe staff members of this University to go to Oak Ridge for advanced studyin their particular fields.
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Institute of Biological Sciences
The Institute of Biological Sciences is an organization within the School ofl Agriculture and Life Sciences of the Departments of Botany and Bacteriology,Entomology, Genetics, Plant Pathology, Zoology and faculties of Microbiology1 and Biochemistry. Its function is to encourage and promote research andteaching in basic biology and to coordinate inter-departmental activities.Program-type grants are administered by the Institute and enable grant sup-port to be provided to discipline and subject matter areas involving facultiesin several departments. Personnel from six departments and three schools areinvolved in research and graduate training.Facility planning, development and support for biological sciences is animportant function of the Institute. Also, Summer Institutes are administeredin the Institute of Biological Sciences. These have included the NationalScience Foundation sponsored Summer Institutes in Genetics for CollegeTeachers, Biology for High School Teachers and Biology, Chemistry, andMathematics for High School Students.Undergraduate Research ParticipatiOn for Biological Sciences is a coopera-tive program administered in the Institute. This program has had an outstanding record in the percentage of individuals going into graduate studyfollowing their participation in this program.This organization provides a mechanism for strengthening research andinstruction in existing graduate programs and for developing new inter-disciplinary areas. Inter-departmental cooperative graduate programs havebecome increasingly important within the basic biological Sciences and be-tween the biological, physical and engineering sciences. The Institute playsan importantrole in encouraging the full utilization of the faculties andfacilities for graduate research and instruction.

Harrelson Hall’s unusual architecture makes it a campus landmark as well as a most functional class-room building. Home of the newly created School of Liberal Arts, the building contains 112 offices and77 classrooms, making it the largest classroom facility on campus.
Y1
J

.n-

-'\-l-
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ADMISSION

Graduate School admission may be to full graduate standing. provisional orunclassified status. Applications for admission to the Graduate School mustbe accompanied by official transcripts from all colleges previously attended.Full Graduate Standing For admission in this category a student musthave a bachelor’s degree from a recognized college or university regarded asstandard by a regional or general accrediting agency and must have at leasta B grade average in his undergraduate major.Provisional admission may be granted to applicants who lack under-graduate work considered essential for graduate study in the major field.Course work. without graduate credit, will be required to make up suchdeficiencies bcfore admission to full graduate status can be granted.Graduates from non»accredited institutions may be granted provisionaladmission when their academic records warrant this status. Additional coursework will be required of such students when deficiencies in their previoustraining are apparent.Graduates from accredited institutions whose scholastic records are belowthe standards for admission to full graduate standing may be admitted pro-visionally when unavoidable extenuating circumstances affected their undergraduate averages or when progressive improvements in their undergraduateprograms warrant provisional admission. All such students are required totake the Graduate Record Examination and to submit scores to the GraduateOffice in support of their application. The National Teacher Examinationmay be substituted for the Graduate Record Examination if recommendedby the department head. Information as to the dates on which the GraduateRecord and the National Teacher Examinations are gixen may be obtainedat the Graduate Office.Graduate students admitted on a provisional status may attain [ull graduatestanding when the deficiencies responsible for their provisional status arecorrected. They also must have maintained a satisfactory academic record inall course work taken as part of their graduate program. Change from provisional to full graduate standing is effected only on written recommendationfrom the department in which the student is seeking his degree.Unclassified graduate students are not candidates for graduate degrees.They may take courses for graduate credit, but may not apply more thanten credits earned while in the unclassified status to any program leading toan advanced degree at this institution. Unclassified graduate students areexpected to meet the same admission requirements that apply to graduatestudents in full standing.Applications for admission to the Graduate School should be on file inthe Graduate Office at least thirty days in advance of the registration datefor the term in which the student wishes to enroll in the Graduate School.Public school personnel (primary teachers, secondary teachers, or admini-strators) registering at North Carolina State for the first time who are interested primarily in “Certification Credit" may enroll as graduate studentsfor a maximum of six semester hours without forwarding official transcriptsof plevious work to the Graduate Office. If, however, application is not madethrough normal channels for graduate credit in the session in which the



THE GRADUATE CATALOG 19
course or courses are taken, the student will not be permitted to apply thecredit toward an advanced degree at North Carolina State, or elsewhere.In all cases where the teacher’s interest is primarily in approval for certifi-cation credit, the School of Education will be responsible for assessing theadequacy of the teacher’s qualifications for enrollment in the University inthe particular course or courses. The School of Education will also be responsi-ble for advising all such students early in each school session that if theywish their credits to be applied in due course to a higher degree at NorthCarolina State, or elsewhere, normal admission procedures will be required.All teachers who have previously attended North Carolina State and earnedsix semester hours of credit and wish to enroll for additional courses forgraduate credit will be required to make application for admission to theGraduate School in the usual manner, if they have not already done so.In all cases a “B” level of academic performance or better is required.Graduate-Speeial—This classification is used primarily for students en-rolling in special institutes such as the summer institutes regularly held forcollege teachers, high school teachers, and graduate students, or special grad-uate training programs for separate groups such as our summer offerings forextension staff.The following rules apply to students registered as Graduate-Special:1. All must have at least a baccalaureate degree from an accredited institu-tion of higher learning.2. Official transcripts need not be submitted to the Graduate Office forenrollment in this classification but the appropriate Institute or ProgramDirector must file with the Graduate Dean well in advance the natureof the program, the criteria and methods used in selection of the stu-dents, and assurances that the students have adequate preparation forthe courses contemplated.3. Placement in this classification carries with it no implication that stu-dents will be admitted to the Graduate School in any of the other classi-fications.4. Graduate credit will be allowed for not to exceed six hours of coursework at the 500 or 600 level if performance is at a “B" level or better.5. If the student is in due course admitted to the Graduate School, grad-uate credit obtained under this classification may apply to an advanceddegree, if in the judgment of the Advisory Committee the course (5) aregermane to the particular program of work.6. Students who have received as much as six hours of graduate creditunder this classification must make application for admission to theGraduate School before permission will be granted to enroll for addi—tional graduate work.Registration—The Office of Registration must have written authorizationfrom the Dean of the Graduate School before any graduate student will begiven a permit to register. This authorization will be sent to the Office ofRegistration by the graduate dean at the time the student is notified of hisacceptance.Physical Examinations—All regularly enrolled graduate students must takea physical examination preferably given by the family physician and the
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results recorded on forms provided by the University. XVhen this is not donethe examination may be given by the N. C. State physician during registra<tion for a fee of $5.00.Course Load—A full-time graduate load is considered to be nine to fifteencredits per semester. This course load restriction is made so that graduatestudents may have time for readingr and contemplation well beyond the limitsset for satisfactory undergraduate work. In exceptional cases one or twoadditional credit hours may be added to the roster if necessary in order toget prerequisite work which is not taught in subsequent terms, provided thecorresponding adjustment in course load is made in the other terms. Rosterswith additional credit hours beyond fifteen should be accompanied by aspecial note from the head of the major department indicating the reasonsfor the additional work.Full-time employees may register for credit or audit one course in eachsemester upon the recommendation of their department head and approvalof their dean and the business manager.Employees having academic rank higher than that of instructor mayregister for graduate work for credit to be transferred to other institutions.They may not undertake programs for graduate degrees in the ConsolidatedUniversity of North Carolina.Graduate assistants on half-time appointments are permitted a maximum course load of nine credits per semester unless corresponding adjust-ments are made in their service obligations during the same semester. If theappointment is for the academic year of nine months, half time assistants arerestricted to a maximum of eighteen credit hours of work during the ninemonths of their appointment. Half time graduate assistants whose appoint-ments are for twelve months may not exceed a total of twenty/tour creditsduring the twelve month period of their appointment. Three quarter timegraduate assistants whose appointments are for twelve months may registerfor a total of sixteen credits during the calendar year. A total of six creditsis the maximum load in a regular semester.A member of the North Carolina State senior class may, upon approvalof the Dean of the Graduate School, register for courses in the 500 group forgraduate credit to fill a roster of studies not to exceed fifteen credits in anysemester. Not more than six hours of graduate credit may be acquired by anundergraduate student. Courses listed with numbers in the 600 series are notordinarily open to undergraduates. Occasional exceptions may be made for“honor" students.

GRADUATE DEGREES
Admission to the Graduate School does not constitute admission to candidacy for a graduate degree. Application for admission to candidacy for graduate degrees must be submitted to the Administrative Board of the GraduateSchool. Applications of students preparing for the master’s degree may notbe filed before the satisfactory completion of one full semester of graduatestudy and must be presented before the end of the first week of the lastsemester in residence. Approval of the application will be determined by thequality of the scholastic record and 011 the certification by the major depart-
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ment that the student is qualified to continue advanced work. Admission tocandidacy for the doctorate is granted upon satisfactory completion of thequalifying or preliminary examinations.
The Graduate School at North Carolina State offers work leading to theMaster of Science degree and the Professional Master’s degree in certainspecialized fields in the Schools of Agriculture and Life Sciences, Education,Engineering. Forestry, Physical Sciences and Applied Mathematics, and Tex-tiles; and the Doctor of Philosophy degree in certain fields of agriculture and

life sciences, engineering, forestry and physical sciences and applied mathe-matrcs.
A graduate student is expected to familiarize himself with the requirementsfor the degree for which he is a candidate and is held responsible for thefulfillment of these requirements. This applies to the last dates on whichtheses may be accepted, the dates for examinations, the proper form of theses,and all other matters regarding requirements for degrees.

Master of Science Degree
The Master of Science degree is awarded at North Carolina State after astudent has completed a course of study in specialized fields in agricultureand life sciences, education, engineering, forestry, physical sciences andapplied mathematics, or textiles; demonstration of ability to read a modern

foreign language; completion of a satisfactory thesis and of comprehensiveexaminations in the chosen field of study.
In addition to complying with these requirements. the candidate for the

Master of Science degree is expected to achieve high levels of scholarship.
Graduate study is distinguished from undergraduate work by its emphasisupon independent research. The graduate student is more interested in thesignificance of facts than in the accumulation of data. He is concerned with
the materials of learning and the organi/ation and interpretation of thesematerials.
A graduate student's program of study is planned so as to provide a com-prehensive view of some major field of interest and to furnish the training

essential for successful research in this field and related areas of knowledge.As great a latitude is permitted in the selection of courses as is compatible
with a well defined major interest. The program of course work is selectedwith the object of making possible a reasonable nrastery of the subject matter
in a specialized field. Training in research is provided to familiarize the stu-dent with the methods, ideals, and goals of independent investigation. Since
there are many possible combinations of courses, the administration of grad
uate programs calls for personal supervision of each student’s plan of workby a special advisory committee of the graduate faculty. (See page 23). The
program of course work to be followed by the student as a part of the require-ments for the master’s degree and the thesis problem selected must be
approved by the student’s advisory committee and the Dean of the GraduateSchool.



The Erdahl-Cloyd Union is boththe sponsor and the center for abroad range of concerts, lectures,and exhibits, ranging from an un-dergraduate experimental theaterto appearances by internationalfigures. Madame Nhu addressed anoverflow student audience, thepress, and the public (over WUNC-TV, the educational TV station)from the Union.

World renowned artists, present-lng concerts under the auspices of"The Friends of the College, Inc."sponsored by the Union, attractupwards of 12,000 persons. This isthe Leningrad Philharmonic. Stu-dents are automatic members of theconcert organization.

The Union Gallery, now celebrating its 10th yearanniversary, features outstanding exhibits in art,design, crafts, and photography. The Gallery ls staffedby a volunteer committee, comprised of students inmany academic fields, and provides exhibitionsthroughout the year.
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Credits
1. For the Master of Science degree a minimum of 30 semester credits isrequired.2. No more than six of the academic credits required for the degree will beaccepted from other institutions.3. No graduate credit will be awarded for excess undergraduate credit fromanother institution.4. All work credited toward a master’s degree must be completed within sixcalendar years.5. No graduate credit is allowed for courses taken by correspondence. Amaximum of six semester credits may be obtained in extension study inthe field of education provided the extension courses are taught by amember of the graduate faculty and provided the courses are given graduate ranking by the Graduate School. Courses taken by extension areaccepted for graduate credit only when the student has been admittedto the Graduate School and when notice of his registration is filed withthe Graduate Office. Credit for extension courses reduces the amount ofcredit that may be transferred from other institutions by the amount ofgraduate credit granted.The thirty semester credit hour requirement for the master's degreerepresents the minimum quantity of work acceptable. The credit hours required of graduate students usually exceed the minimum requirements.Inadequate preparation and thesis research frequently make additional worknecessary.
Courses of Study
The program of the student shall include at least eight semester creditsin courses of the 600 group, no more than six of which may be allowed forresearch study. At least twenty semester hours must come from the 500 and600 group. A maximum of two hours of seminar is permitted.During the first term in residence an advisory committee of at least threefaculty members, one representing the minor field, will be appointed by thedean, after consultation with the head of the major department, for eachstudent engaged in a program of work leading to the master's degree. Theadvisory committee will meet with the student and prepare a program ofcourse work to meet the requirements of the student’s graduate objectives.Four copies of the program, prepared on forms provided for this purpose,must be approved by each member of the committee, by the head of themajor department, and by the Dean of the Graduate School. After approvalin the Graduate Office, three copies will be returned to the department head—one for his files, one for the chairman of the advisory committee, and one forthe student.The courses taken by a graduate student shall constitute a well roundedbut unified plan of study. This means that the program of research andcourse work shall be divided between a major and a minor field. While thereare no inflexible rules which govern the number of credit hours that mustconstitute the major and minor, in general, it is expected that approximately
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two thirds of the course work will fall in the major and one-third in theminor. The detailed course requirements for each graduate student programare left to the judgment of the advisory committee.
Residence

Students engaged in a course of study leading to the Master of Sciencedegree are requirtd to be in residence, pursuing graduate work, one fullacademic year.
Class Work
A graduate student is expected to show greater initiative in exploring thepossibilities of the subject matter presented in the courses he takes than isthe undergraduate. He is also expected to recognize the significance of factsand to assume a responsibility for relating data to theoretical concepts. Inpreparation. attendance. and in all the routine of class work the graduatestudent is subject to the regulations observed in other divisions of the Uni-versity.

Grades
A minimum grade of ”C must be made on all formal course work toobtain graduate credit. An average of “B” must be obtained on all coursework taken as a part of the student’s graduate program. Failure to maintaina “B" average in any ternr will place the student on probation. Any studentwhose academic record fails to meet the “B" average requirement for twoconsecutive terms will not be permitted to continue a graduate programwithout the written approval of the graduate dean.Grades in research, seminar, and special problem courses are given in termsof “S” (satisfactory) or “U” (unsatisfactory) in place of the symbols usedfor formal course work.The grade incomplete may be used in research and laboratory courses whencircumstances beyond the control of the student have prevented completionof the work by the end of the academic term. A grade of incomplete may begiven only after approval by the graduate dean and nrust be converted toone of the usual symbols before the end of the next academic semester inwhich the student is in residence.

Language Requirements
A reading knowledge of at least one modern foreign language (Germanic,Romance, or Slavic) is required of candidates for the Master of Sciencedegree.The language .requirenrent must be satisfied before a student can be ad-mitted to candidacy.Proficiency in languages is determined by the Department of ModernLanguages:1. By traditional reading knowledge examination at any time requestedby the student.
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2. By taking course work (audit) especially designed for graduate studentswho have no previous foreign language experience or who wish to refreshwork formerly done. The department offers special courses beginningwith elementary grammar and proceeding in the course of the semesterto general scientific reading. Pronunciation is emphasized to the degreeto which it will help in translating from the language into English.This first course is followed by a second course in which the studentselects work from scientific publications touching as nearly as possiblehis major interest. He will then be assigned a particular instructorwith whom he will read in individual conferences. When the conferenceinstructor is satisfied that the student has demonstrated his knowledgeof intricate grammatical problems, a decrease in the time required forreading, and a confidence in his ability to use the language, he will becertified without further examination. The completed translations maythen, depending upon their merit, be edited and prepared forpermanent filing with the various translation libraries throughout thecountry.Graduate students who expect to complete the requirements for theMaster of Science degree should confer with the Head of the Department ofModern Languages soon after registration to formulate plans for meetingthe language requirement of this degree.Students whose native language is other than English may meet the foreignlanguage requirement for the Master of Science degree by demonstrating asatisfactory mastery of English. Examinations in English are conducted bythe English Department.

Thesis
A candidate for the Master of Science degree must prepare a thesis repre-senting an original investigation. The subject of the thesis must be approvedby the head of the department in which the major work is done and by thestudent’s advisory committee. Three copies of the thesis in final form andfive copies of the abstract must be filed in the Graduate Office at least onemonth before the degree is awarded. Detailed instructions as to form andorganization of the thesis may be obtained at the Graduate Office.

Examinations
All candidates for the Master of Science degree must pass, with a grade of“A”, “B”, or “C”, all formal course work specified as part of the requirementsfor the degree. Graduate credit for research, seminar, and special problemcourses is granted when a grade of ”S” is recorded in the Registration Office.In addition, the candidate must pass a comprehensive oral examination thatis held to satisfy the examining committee that the candidate possesses areasonable mastery of knowledge in the major and minor fields and that thisknowledge can be used with promptness and accuracy. This examination maynot be held until all other requirements, except completing the course workof the last semester, are satisfied. Application for the comprehensive oralexamination must be filed with the graduate dean by the chairman of the
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advisory committee at least two weeks prior to the date on which the exami-nation is to be held.The oral examination will be conducted by an examining committee ap—pointed by the graduate dean. The chairman of the examining committeewill be the chairman of the student’s advisory committee. At least two additional members will be appointed to represent the major and minor fields.The comprehensive oral examination is open to all faculty members who careto attend but the decision as to the candidate's fitness rests solely with theexamining committee.At the discretion of the examining committee, written examinations cover-ing the subject matter in the major and minor fields also may be requiredof the candidate. \Vritten examinations, when required, may not be heldearlier than the end of the first month of the last semester in residence, andnot later than one week before the comprehensive oral examination.See Summary of Procedures for the Master's Degree below.
Master's Degree in a Professional Field
This degree is offered for students who are interested in the more advancedapplications of fundamental principles to specialized fields rather than in theacquisition of the broader background in the advanced scientific studieswhich would fit them for caleers in research. Students working for this degreeordinarily will terminate their graduate work at this point.Examples of the t)pes of degrees that may be awarded upon the completionof the course of study in a professional field are Master of Education, Masterof Forestr). Master of Agricultural Engineering, Master of Applied Mathe-matics, Master of Experimental Statistics, Master of Electrical Engineering,and Master of Textile Technology.The chief characteristic of these degrees is that the changes made inrequirements permit, in greater measure, the satisfaction of what are repre-sented as professional needs than do the requirements for the conventionalMaster of Science degree.

Language Requirements
The candidate for a master’s degree in a professional field is exempt fromthe requirement of a reading knowledge of a modern foreign language.

Thesis Requirements
In the School of Education the thesis requirement for the master’sdegree in each of the specialized fields may be waived by the department inwhich the degree is sought. XVhen the thesis requirement is waived the stu-dent must complete the course “Introduction to Educational Research," or adepartmental course in research and a problem report. A thesis is requiredfor the professional degree in the departments of the School of Agricultureand Life Sciences. A thesis is not required in the Master of Forestry, Masterof Applied Mathematics, Master of Experimental Statistics, Master of Elec-trical Engineering and Master of Textile Technology programs.
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Other Requirements
The other requirements for the master’s degree in a professional field arethe same as for the Master of Science degree.

Master of Agriculture Degree
This plan is olfered for the students who are interested in advanced train-ing in the broad field of agriculture but whose responsibility is not in re-search. The requirements for the degree are designed to provide an oppor-tunity for professional training without narrow specialization for those whoplan to devote their lives to some phase of practical agriculture. Among theindividuals interested in this degree are agricultural extension workers andforeign students who are in action or educational programs. The proposedplan differs from the plan for the Master of Science degree in the followingprincipal respects:1. A total of thirty-six semester credits is required.2. A minimum of four semester credits in special problems is required. Notmore than six semester credits in special problems will be allowed. Thiswork replaces the research thesis requirement for the Master of Sciencedegree.3. There are no specific requirements as to courses in the 600 group.4. A reading knowledge of a modern foreign language is not required.In all other respects the requirements for the Master of Agriculture degreeare the same as those for the Master of Science degree.

A Summary of Procedures for the Master's Degree
1. Letter of inquiry from prospective student to Graduate School ordepartment head.2. Mailing of proper forms to student by Graduate School or departmenthead.Receipt of application form and transcript by Graduate School.Application with transcript sent to department head for study.5. Department head recommends acceptance of prospective student statingcurriculum in which he will work and the degree sought.6. Assuming the prospective student meets the minimum scholasticstandards, notice of acceptance is mailed to him by the Graduate School.When the student’s academic record fails to meet the minimum scho-lastic standards of the Graduate School, provisional admission may begranted upon submission by the student of evidence of a satisfactoryperformance on the Graduate Record or National Teacher Examina—tions. The National Teacher Examination is accepted only whenapproved by the department head and the graduate dean.Permit to register is sent by the Graduate School to the registrar.Student arrives, reports to the department head, is assigned an advisorand makes out a roster of courses in consultation with departmentaladvisor.
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Adxisory committee of three or more faculty members, one of whomrepresents the minor field. appointed before the end of the first semesterof graduate study by the Graduate School after consultation with thedepartment head.Plan of work prepared by the advisory committee in consultation withthe student and submitted in quadruplicate to the Graduate School bythe end of the first semester in residence.Plait of work apprm ed by the graduate dean and three copies returnedto the department head. One copy is kept in department files. onegoes to the advisor, and one is given to the student.A thesis subject is selected and an outline of the proposed research sub-mitted to the department head and to the student’s advisory committee.Students preparing themselves for the professional degree in specializedfields of education should consult the chairman of their committeeswith relerence to their problem report.Student passes language examination. Students preparing themselves forthe master’s degree in a professional field are not required to pass alanguage examination. The language requirement must be satisfiedbefore admission to candidacy can be granted.Student applies for admission to candidacy for the master’s degree.Application must be filed before the end of the first week of the lastsemester in residence and may not be filed before the language require-ment is satisfied.Application is reviewed by the head of the major department and bythe graduate (lean and if approved the student becomes a candidatefor the degree.A copy of a preliminary draft of the thesis is submitted to the chairmanof the student's committee for criticism.At least two weeks prior to the final oral examination, the chairman ofthe student’s advisory committee submits a corrected draft of the dis-
sertation to members for re\iew.Permission for the candidate to take the final oral examination is requested of the Graduate School at least two weeks before the examina-tion and must be accompanied by a certification that the thesis is com—plete except for such revisions as may be necessary as a result of thefinal examination.Permission is granted by the graduate clean—date is set and examiningcommittee appointed. The report on the final examination should befiled with the Graduate School as soon as the examination has beencompleted.Three copies of the thesis in final form approved by each member ofthe student’s advisory committee and signed by the advisor must besubmitted to the Graduate School at least four weeks before the end ofthe semester or summer session in which the degree is to be conferred.Graduate School certifies to the Registration Office and to the generalfaculty that all requirements for the degree have been met and recommends the awarding of the degree.Student must be registered in term in which degree is to be awarded.



Memorial Tower, located at the mainentrance to the campus, has become thetraditional symbol of North Carolina State.The 122 foot tower, built in memory ofState alumni lost in World War I, isequipped with carillon bells which ring outthe almo mater three times daily.

Doctor of Philosophy Degree
The degree of Doctor of Philosophy is offered in the following depart-

ments: Agricultural EconomicsAgricultural EngineeringAnimal ScienceApplied MathematicsApplied PhysicsBotany and Bacteriology (in the fields of bacteriology,physiology and ecology)Chemical EngineeringCivil EngineeringCrop ScienceElectrical EngineeringEntomologyExperimental StatisticsFood ScienceForestryGeneticsMechanical Engineering
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Mineral Industries (in the field of ceramic engineering)Nuclear EngineeringPhysiologyPlant PathologyRural SociologySoil ScienceZoology (in the fields of ecology and wildlife biology)

The doctor’s denge symboli/es the fact that the recipient is capable ofundertaking original research and scholarly work at the highest levels with-out supervision. Therefore, the Doctor of Philosophy degree is not grantedon a basis of the successful completion of a given amount of course work, butrather upon the demonstration by the candidate of a comprehensive knowl-edgc and high attainments in scholarship and research in a specialized fieldof study. These attainments are determined by the quality of the dissertationwhich the candidate prepares to report the results of original investigationsand by passing successfully a series of rigorous and comprehensive examinations on the special and related fields of study.
Course of Study

At the time of admission the student should, with the advice of the chair-man of the department, elect a major field. During the student's first semesterin residence, an advison committee of at least four members will be appointedby the graduate dean, after consultation with the department head, to preparewith the student a plan of graduate work. Four copies of the program, signedby all nrembers of the achisory committee and the department head or grad-uate administrator. are referred to the graduate dean for approval. \Vhenapproved three copies are returned to the department head. one being re-tained in the department files, a second copy is given to the chairman of theadvisory committee, and the third copy is given to the student. The subjectof the dissertation must appear on the plan of work and any subsequentchanges in the subject of the thesis or in the plan of graduate work must bereported to the Graduate School for approval.There are no definite requirements in credit hours for the doctor's degree.Emphasis is placed upon a comprehensive knowledge of a well defined andrecognized field and related subjects. Each student will base a major and oneor two minor areas of speciali/ation. The minor field ordinarily will consistof at least twents semester credit hours. These may fall in an allied department or in the major department, A minor in the department of the majoris permitted only when the department offers recognized divisions of studyother than that designated as the major field.
Residence

For the Doctor of Philosophy degree, the student is expected to be register-ed [or graduate work for at least six semesters beyond the bachelor’s degreeat some accredited graduate school. The amount of work from other institutions credited to the fulfillment of degree requirements will be determinedby the dean after consultation with the student's ad\isory committee at thetime the plan of graduate work is filed.
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At least two residence credits, as defined below, must be secured in con-tinuous residence (registration in consecutive semesters) as a graduate stu-dent at some branch of the Consolidated University of North Carolina.Failure to take work during the summer does not break the continuity; how-ever, summer school work can be used to fulfill this requirement.Residence credit is based on the number of credits of graduate work beyondthe bachelor’s degree carried in a given term. During a regular semester,residence credit is calculated in the following manner:

Semester Credits Residence Credits9 or more 16 - 8 2/5less than six“ US
The residence credit for a six-week summer term is only one-half thecorresponding amount for a regular semester; i.e., six semester credits carry1/3 residence credit and less than six credits, 1/6 residence credit. If a studentregisters for a twelve-week summer term, the residence credit is computed asfor regular semesters. If a student registers for both twelve-week and six-week summer terms, the residence credit is computed separately for each typeand totaled, with the stipulation that no more than one residence credit canbe earned in a given summer.The candidate must complete all requirements for the degree, includingthe final examination on his dissertation, within a period of seven calendaryears from the date of admission to candidacy for the degree.

Languages
A reading knowledge of scientific literature in two modern foreign lan-guages or a comprehension in depth of one language is required for theDoctor of Philosophy degree.Comprehension in depth is to be interpreted as a proven ability in theoral and composition elements of a particular language as well as the readingknowledge normally required. Ph.D. students desiring to offer one languagein depth should consult with the Head of the Modern Languages Departmentas to the specific courses to be followed to achieve this comprehension.Specific arrangements may differ depending upon the student's previousbackground in the language. It is emphasized that students choosing toachieve competence in depth in one language will generally find thisalternative more rigorous than proof of reading ability in two languages.If the student elects to work in two languages, the languages may be acombination of Romance and Slavic, Romance and Germanic, or Slavic andGermanic.Students whose native tongue is some language other than English mayuse English as one of the languages required for the Doctor of Philosophydegree. When English is submitted in partial fulfillment of the languagerequirements, the native language may not be used to satisfy one of thelanguage requirements.

’ Including registration for thesis preparation on campus.
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Examinations in English will be given by the English Department, and astatement certifying the candidate’s proficience in English must be filed inthe Graduate Office before the qualifying examination may be taken.

The Dissertation
The doctoral dissertation presents the results of the candidate‘s originalinvestigations in the field of his major interests. It must represent a contribution to knowledge. adequately supported by data and written in a mannerconsistent with high standards of excellence in scholarship. Detailed instructions relating to the thesis may be obtained from the Graduate Office.Publication of the results obtained in the thesis investigation is expected.Each copy of the thesis must be accompanied by an abstract of approximately500 words.The dissertation will be examined by all members of the examining committee and must receixe their approval to be acceptable to the GraduateOffice.Two copies of the dissertation in final form and signed by all members ofthe student‘s advisory committee must be presented to the Graduate Schoolnot later than four weeks before the date on which the degree is to beawarded.North Carolina State now has an agreement with University Microfilms,Inc, of Ann Arbor, Michigan, by which all doctoral dissertations are micro<filmed and abstracts of the dissertations are published in DissertationAbstracts.

Examinations
Not earlier than the end of the second year of graduate study and notlater than the end of the third week of the academic year in which thedegree is expected, each doctoral student is required to pass general com-prehensive examinations (known as the qualifying or preliminary examina-tions) . If summer sessions are involved, the interx a1 between the date of thequalifying examinations and anticipated date of the awarding of the degreemay be interpreted as including two consecutive summer sessions and oneacademic semester. The examinations are given by an examining committeeof graduate faculty members appointed by the graduate dean after consultation with the head of the department in which the student’s major work hasbeen taken. The examining committee usually consists of the student's advisory committee and a representative of the Graduate School, but mayinclude other members of the graduate faculty. The examinations are opento all members of the graduate faculty who may care to attend.Authorization for the qualifying examination is requested of the GraduateSchool by the chairman of the student's advisory committee when the majorpart of the student’s program of course work has been completed and when.in the judgment of the committee, the student is prepared to devote thegreater part of his time to the prosecution of his research study. Members ofthe examining committee will be notified of their appointment by the Grad-uate Office. Official printed forms will be supplied to the chairman of theexamining committee for a report of the results of the examination.
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The examination consists of two parts: (1) written examinations preparedseparately by each member of the examining committee and (2) an oralexamination held before the entire examining committee. Upon receivingauthorization for holding the qualifying examination, the chairman of theexamining committee will request examination questions from each memberof the examining committee. Each set of questions will be given to the stu-dent by the chairman of the examining committee in any order that mayseem appropriate. The questions together with the student's answers will bereturned to the members of the committee for grading. The questions maycover any phase of the course work taken by the student during the periodof his graduate study or any subject logically related and basic to an under-standing of the subject matter of the major and minor areas of study. Theyshould be designed to measure the student’s mastery of these subject matterfields and the adequacy of his preparation for research investigations.Upon satisfactory completion of the written examinations the student mustpass an oral examination before the entire examining committee. This exami-nation is usually held within a week after the chairman of the examiningcommittee has certified to the Graduate School that the student has com-pleted satisfactorily the written examinations. The members of the examiningcommittee will be notified by the Graduate School of the time and placearranged for the oral examination. The oral examination is designed to testthe student’s ability to relate factual knowledge to specific circumstances. In

the oral examination the student is expected to use his knowledge withaccuracy and promptness and to demonstrate that his thinking is not limitedto the facts learned in course work.When the examining committee consists of four members, a unanimousvote of approval is required for passing the preliminary examination. Ap-proval may be conditioned, however, upon the completion of additional workin some particular field to the satisfaction of the committee. In case a singledissenting vote is cast in a four member committee, the course of action to betaken will become a matter for decision by the Administrative Board. Uponreceiving the approval of the examining committee the student is admittedto candidacy for the doctorate.A final oral examination is also required. During a normal academic year,an interval of at least eight months must elapse between admission tocandidacy and the final oral examination. If summer sessions are involved,this interval may be interpreted to include two consecutive summer sessionsand one academic semester.This examination is held after the dissertation has been completed andconsists of a defense by the candidate of the methods used and the conclusionsreached in his research study. The examination is conducted by an examiningcommittee. The examining committee usually includes the student’s advisorycommittee, plus a representative of the Graduate School, although thisprocedure is not always adopted. The examining committee is appointed bythe graduate dean after consultation with the head of the student‘s majordepartment.Failure of a student to pass either the preliminary or the final examinationterminates his graduate work at this institution unless otherwise recommended
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by the examining committee. No re examination may be given until at leastone full semester has elapsed since the first examination. Only one re-examination is permitted.See Summary of Procedures for Doctor of Philosophy Degree below.
Admission to Candidacy
A student is admitted to candidacy after he has successfully passed thepreliminary examinations. The language requirements must be fulfilled before permission to take the preliminary examination is granted. Admission tocandidacy must be obtained before the end of the third week in the academicyear in which the degree is expected; i.e., nearly two semesters before thedegree is awarded.

Additional Information
A booklet containing detailed instruction about the form of dissertationmay be obtained from the Graduate School.Further information concerning graduate work at North Carolina State maybe seculed from Dr. lI'n/lcr ]. Peterson, Dean of [116 Graduate School, NorthCarolina Stale of [he Uan 615in of N0th Carolina at Raleigh. Raleigh, N. C.

Summary of Procedures for Doctor of Philosophy Degree
1. Letter of inquiry from prospective student to Graduate School ordepartment head.2. Mailing of proper forms to student by Graduate School or departmenthead.Receipt of application forms by Graduate School.Application with transcript sent to department head for study.5. Department head recommends acceptance of prospective student statingcurriculum in which he will work.6. Assuming the prospective student meets the minimum scholasticstandards, notice of acceptance is mailed to him by the Graduate School.7. Permit to register is sent by Graduate School to the registrar.8. Student arrives, reports to the department head. is assigned an advisor,and makes out a roster of courses in consultation with departmentaladvisor.9. Advisory committee of at least four members is appointed in the firstterm of graduate study by the graduate dean after consultation withthe department head.10. Plan of work prepared by the advisory committee in consultation withthe student and submitted in quadruplicate to the Graduate School bythe end of the first semester in residence.11. Plan of work approved by the graduate dean and three copies returnedto the department head. One copy is kept in department files, one goesto the advisor, and one is given to the student.12. A dissertation subject is selected and an outline of the proposed researchsubmitted to the department head and the student’s advisory committee.13. Student passes language examinations.
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The chairman of the student’s advisory committee requests permissionto hold the qualifying examination. This must be done not earlier thanthe end of the second year of graduate study and not later than eight
months (two semesters or one semester and two summer sessions) beforethe date on which the degree is to be awarded.Permission to take qualifying examination granted by graduate dean ifthe student’s record is in order. A date is set and examining committeeappointed. The examination consists of two parts—a written and an oral.A report of the examination is sent to the Graduate School. If the reportis favorable, the student is admitted to candidacy.A copy of a preliminary draft of the dissertation is submitted to thechairman of the student’s committee for criticism.At least two weeks prior to the final oral examination, the Chairmanof the student’s advisory committee submits a corrected draft of thedissertation to members for review.Eight months (or two terms) after admission to candidacy or later,permission for the candidate to take the final oral examination is re—quested of the Graduate School by the Chairman of the candidate'sadvisory committee. Requests should be filed at least two weeks beforethe date of the examination and must be accompanied by a certificationthat the thesis is complete except for such revisions as may be necessaryas a result of the final examination.Permission is granted by the graduate dean if the student’s record is in
order. A date is set and examining committee appointed. The reporton the examination should be filed with Graduate School as soon asexamination has been completed.Two copies of the thesis in final form must be submitted to the Grad-uate School not later than four weeks before the date on which thedegree is to be awarded. It must carry the signatures of all members ofthe examining committee.Graduate School certifies to the Registration Office and to the generalfaculty that all requirements for the degree have been met and recom—mends the awarding of the degree.Student must be registered in the term in which the degree is to beawarded.

TUITION AND FEES
Tuition rates for students enrolled in the Graduate School at North Caro-lina State are as follows:North Carolina resident—$9 per semester hour for each semesterhour of enrollment up to and including nine semester hours. Forten semester hours or more, $87.50 for the semester.Nonresident—$32 per semester hour for each semester hour of en-rollment up to and including nine semester hours. For ten semesterhours or more, $300 for the semester.Incidental fees and charges are levied for purposes and services availableto all graduate students whether or not the student takes advantage of them.
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The full amount of incidental fees and charges will be collected, notwith-standing the number of semester hours of credit for which the student mayenroll.For the academic year 1961-65, fees are as follows.

First semester 373Second semester $67
In cases of occasional or part time graduate students not in residenceapplication for cancellation of non academic fees may be made if it is clearthat the student could not use the services covered. Application forms areavailable in the Graduate School and the Office of Business Affairs.Full time staff or faculty members may be permitted to take one courseper semester on the North Carolina State campus at a rate of $9 per semesterhour plus a $7 registration fee or to audit one course at a charge of 317.00,in either case upon the recommendation of their department head and approval of their dean and the Business Manager. This payment does not in-clude non-academic fees, and none of the prixileges attendant upon the pay-ment of such fees is allowed. Forms for this approval are available in theOffice of Business Affairs. .\ maximum of 8 semester hours may be takenduring the academic year.Faculty members on ltss than full-time appointments will be permitted totake more than one course ptr semester upon the recommendation of theirdean and the approval of both the Dean of the Graduate School and theDean of the FZMUlL). In these cases tuition and fees will be the same as thosefor part time graduate students computed at residence rates.Maximum permissible course loads for graduate students holding part-timeappointments are as follows: Three quarters time, six hours; half—time, ninehours: quarter—time, twelve hours.Students wishing to \isit classes without participation in class discussions,quizzes, or examinations must register for this privilege as auditors. Visitingclasses without registration is not permitted. Graduate students may registerfor one course as an audit in any semester without charge when the audit iscertified by the Dean of the Graduate School as a part of course work forwhich tuition charges are made (this does not apply in the summer sessions).Audits in subjects in which the student has had no previous experience willbe evaluated at full credit value in determining course loads. Audits taken asrepetition of work previously accomplished are considered at one-half theircredit value in calculating course loads. With the single exception of foreignlanguage audits, all audit registrations must fall within the maximum per-missible course loads. Audits are not permitted students registering for thesispreparation. While audit registrations are evaluated for purposes of de-termining permissive course loads in terms of the above regulations of theGraduate School, the Office of Business Affairs considers all audits, exceptingthe one permitted free of charge, in terms of full credit value in calculatingthe tuition for graduate students.All graduate students holding appointments of 1/3 service obligation ormore and receiving a regular monthly salary check are charged the residentor “in»state" rate of tuition.



THE GRADUATE CATALOG 37
Graduate students who have completed all course work and residencerequirements and who are in residence for the purpose of writing a thesisor dissertation may register for “thesis preparation.” The tuition charge forthis registration is $15. Students registering for thesis preparation will pay,in addition, fees of $73 in the fall semester and 567 in the spring semester.
Graduate students not in residence who have completed all requirementsfor the degree sought, including the thesis and final examination, will berequired to register for “degree only” in the semester in which the degreeis awarded. The charge for this registration is 510.
A diploma fee of 312 is charged all students receiving a master’s degree anda fee of $17 is charged all students who receive a doctorate. A fee of S21 ischarged all doctoral candidates for microfilming their dissertations.
Anyone who feels a mistake has been made in his bill may discuss thematter with the Office of Business AFfairs. Any further appeals should be madeto the Committee on Refund of Fees. Forms for this appeal may be obtainedfrom the Office of Business Affairs.
All tuition charges and fees are subject to change without notice.

Fees for Summer School
Registration Fee $11.00Tuition (In-State Students per credit hour) 8 7.50Tuition (Out of State Students per credit hour) $18.50Audits (per credit hour) 8 7.50
In order to draw a clear line between in-state and outof state students,the Administration has ruled that all students whose parents have not beendomiciled in North Carolina for more than six months immediately precedingthe day of their first enrollment in the institution shall be termed out-of»state students, with the following exceptions.
(1) Students twenty one years of age at the time of their first matricula-tion who have resided in North Carolina [or more than one yearpreceding the day of their first enrollment;
(2) Children of regular employees of the Federal Government stationedin the State of North Carolina; and
(3) Children of regular employees of the Federal Government who areemployed outside of the State, but who through law are permitted toretain their North Carolina citizenship.
Students cannot claim a change in their resident status after matriculating.Students furnishing incomplete or incorrect information in order to obtainthe special Stateresident status shall be liable for dishonorable dismissal.
Graduate students employed by the University or the Experiment Stationon a part—time basis are not permitted to register for a full-time load ofcourse work. The Veterans Administration will classify such students as full-time students when it is officially certified by the Dean of the GraduateSchool that the students are engaged in a full-time program of professionalwork.



38 THE GRADUATE CATALOG
FELLOWSHIPS AND GRADUATE ASSISTANTSHIPS

Fellowships
Graduate fellowships are funds offered to graduate students to assist in thesupport of programs of advanced study. Holders of fellowships have noservice obligations to the University and may devote full time to theprosecution of their graduate programs.Some of the agencies sponsoring fellowships at North Carolina State arethe Alcoa, ASEE~Leeds Northrup, Atomic Energy Commission, CelaneseCorporation, Chemstrand, Douglas Aircraft Company, DuPont Company,E. Sig Johnson, Eastman Kodak Company, Edward Orton, Jr., CeramicFoundation, Ford Foundation, General Electric, General Foods Corporation,Honor Society of Phi Kappa Phi, Kellogg, Mortex Chemical Products, NorthCarolina Grange (E. G. Moss Fellowship), National Aeronautics and SpaceAdministration, National Science Foundation, National Institutes of Health,Office of Education of the Department of‘Health, Education and Welfare,R. J. Reynolds Tobacco Company, Rockefeller Foundation, Shell Oil Com-pany, Sperry Gyroscope Company, Union Carbide Corporation, and Westing-house.Information relative to stipends, areas of research study supported byspecific fellowships, and application forms may be obtained from the Grad-uate School or from the heads of the appropriate departments.

AssistantshipsGraduate assistantships are granted to selected students who devote somepart of their time to service duties for the University. Teaching assistantshipscarry stipends ranging from $2,400 to $2,700 for the academic year and permitthe holder to enroll for sixty per cent of a full course load. The stipends forresearch assistantships range from $2,700 to $3,000 for a 12 months’ appoint-ment. The University offers 350 assistantships which require a service obliga-tion in either teaching or research. Some of these are supported by funds

The new $1,000,000 General Laboratories Building provides laboratory and officespace for the Departments of Physics and Statistics and maior portions of the Schoolof Physical Sciences and Applied Mathematics. The six story building is Joined by aramp to Harrelson Hall.
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granted by the following agencies: the American Potash Institute, the Atomic
Energy Commission, Best Foods, Campbell Soup Company, the ChileanNitrate Education Bureau, Inc., Gerber Products Company, Hercules PowderCompany, the Lilliston Implement. Company, the Lilly Company, National
Cotton Council, the North Carolina Agricultural Foundation, the North
Carolina Dairy Foundation, the North Carolina Milk Commission, the Officeof Naval Research, the Pacific Coast Borax Company, Peanut Growers Asso-
ciation, Pulp and Paper Foundation, Inc., the Ralston-Purina Company,R. J Reynolds Tobacco Company, Shell Oil Company, the Tennessee Cor-
poration, the Solvay Process Division of the Allied Chemical Company, Union
Carbide Chemicals Company, and the Weyerhaeuser Foundation.

RESIDENCE FACILITIES
Dormitory facilities are provided on the campus for unmarried graduate

students. The rental charge for double rooms is $85 per semester. A limitednumber of apartments are provided for married graduate students.

McKimmon Village Is State's mar-ried student housing facility. The17 building community, locatedwest of the campus, contains ef-ficiency, I and 2 bedroom apart-ments for 300 married students.The inset Is at the living area of anewly opened apartment.
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FIELDS OF INSTRUCTION

Departmental Announcements and Description of Courses"
DEPARTMENT OF AGRICULTURAL ECONOMICS

Graduate Faculty
Professors: CIIARLrs EDuIN BISHOP, Head, GEORGE L. CAPEL, ARTHUR JAMESCOUTU, HERMAN BROOKS JA\Irs, RICHARD ADAMS KING, JAMES GRAYMADDox, \VALTER HENRY PIERcE, GEORGE STANrORD TOLLEY, \VILLIAMDOUGLAS TOUSSAINT, JAMES CLAUDE WILLIAMSON, JR.Associate PTOIEHOIS: WILLIAM RAY HENRY, DALE MAx HOOVER, PAUL R.JOHNSON, CHARLES RAY PUGH, JAMES ARTHUR SEAGRAYES, RICHARD LEESI\I\IONs, THOMAS DUDLEY \VALLACEAssistant Pin/cums: LOREN ALBERT IHNEN, EDGAR WALTON JONES, ERNESTCALEB PASOUR, JR., RALPH JAMES PEELERUSDA Agricultmal Economist: JOSEPH G\\YN SUTHERLAND
The Department of Agricultural Economics offers programs of study lead-ing to the Master of Agricultural Economics, the Master of Science and theDoctor of Philosophy degrees. Special emphasis is placed on the economics ofagricultural production and marketing, analysis of programs and policiesaffecting agriculture and statistical techniques used in solving economicproblems of the agricultural industry. The curriculum includes courses inadvanced economic theory with special attention to agricultural problemsincluding the use of econometric and linear programming techniques. Busi-ness management analysis, operations analysis and programming of firm andindustry decisions are emphasized. Special attention is given to public policiesinfluencing regional and national agricultural adjustments.Collateral fields of Study include Statistics, rural sociology, history andpolitical science, general economics,. agricultural education, and varioustechnical departments in the School of Agriculture and Life Sciences.As a part of their advanced training, students are required to prepare athesis dealing with a recognized problem in agriculture. This part of the pro-gram aHordS an opportunity to learn how to apply theory and analyticaltechniques in the solution of agricultural problems.The rapid growth and development of industry and agriculture in NorthCarolina and throughout the South have resulted in an increased demand forwell-trained workers throughout the region. Opportunities for employmentfar exceed the number of qualified workers available to perform the manyduties associated with the complex and technical problems of a developingeconomy. Many graduates of the Department of Agricultural Economics areemployed in various agencies of the Federal and State government where theyare engaged in research and educational work. Others are engaged in pro-fessional work with commercial organizations dealing in agricultural creditand the production and marketing of agricultural products.
‘ The course descriptions are planned for the academic years, 1964-65 and 1965-66, unlasindicated otherwise. Specific courses may not be offered, however, if registration for thecourse or courses is too low or if faculty or facilities are not available. Courses in the 500series are open to both seniors and graduate students. All courses in this series carry fullgraduate credit. Courses in the 600 series are open only to graduate students. Master’sprograms must include not less than 20 semester hours from courses in the 500 and 600 series.
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The department is located on the second floor of Patterson Hall. It has amodern and well equipped departmental library, including all the majorprofessional journals and United States Department of Agriculture publica-tions. Experiment Station publications from other institutions throughoutthe United States are kept on file. Modern reproducing equipment is ownedby the department, and used on manv theses.Computational facilities are ideal for students whose research problemsinvolve extensive manipulation of data as well as for those students whowant to learn to do their own programming. The department has a well

trained clerical staff and owns one half interest in an IBM 1620 computer.The University wide computing center has an IBM 1410 at Raleigh and a
Rand 1105 at Chapel Hill. Several analogue computers and a LINC 111 com-puter are also located on the Raleigh campus.

Courses for Graduates and Advanced Undergraduates
AGC 512. Economic Analysis of Agricultural Factor Markets 0-3Prerequisite: AGC 212 or EquivalentAn examination of the roles of land, labor and capital as factors of produotion in a modern agricultural economv, including major changes in the roles
of these factors in recent years; anah sis of changes in the supply and demandfor the factors; a review of the structure and efficiency of markets for thefactors, including relevance of the institutional and attitudinal setting in each
type of market and an investigation of the nature of the dtmand-supplyequilibration; a consideration of public policies relating to the use of the
factors of production in agriculture in relation to theories of economicgrowth, with particular attention to land, credit, education and researchprograms affecting the factors of production used in agriculture in develop
ing economies. Mr. Tolley.
AGC 521. Procurement, Processing and Distribution of Agricultural Products 3-0Prerequisite: AGC 311 or EquivalentA study of marketing firms as producers of marketing services and theirrole in the pricing process; the influence of government policies on theirbehavior of marketing firms; methods for increasing the efficiency of market-ing agricultural products, Mr. Simmons.
AGC 523. Planning Farm and Area Adjustments 0—3Prerequisite: AGC 303 or EquivalentThe application of economic principles in the solution of production prob
lems on typical farms in the State; methods and techniques of economicanalysis of the farm business; application of research findings to productiondecisions; development of area agricultural programs. Mr. Pasour.
AGC 533. Agricultural Policy 0-3Prerequisite: AGC 212 or EquivalentA review of the agricultural policy and action programs of the FederalGovernment in their economic and political setting; analysis of objectives,principal means, and observable results under short-term and long termviewpoints, and under the criteria of resource use and income distributionwithin agriculture, and between agriculture and the rest of the economy;appraisal of alternative policy proposals; the effects of commodity support
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programs on (lomcstlt and lorcign ronsumption, and some of the inter-national aspects of L nitt‘d States agricultural policy: the attempts at worldmaikct rcgulation, and the role of international organi7ati0ns, agreements,and programs. Mr. Hoover.
AGC 551. Agricultural Production Economics 3-0Prerequisite: AGC 212 or EquivalentAn economic analysis of agricultural production, including productionfumtions. cost functions, programming and decision making principles; andthe applications of these principlcs to farm and regional resource allocation,and to the distribution of income to and within agriculture.Mr. Toussaint.
AGC 552. Consumption, Distribution, and Prices in Agriculture 0-3Prerequisitc: \GC 212 or EquixalentBasis for family decisions concerning consumption of goods and servicesand supply of producthc factors: forces determining prices and incomes;interrelationships betwccn economic decisions of the household and the firm.Mr. West.
AGC 592. Topical Problems in Agricultural Economics MaximumPrerequisite: Permission of InstructorAn examination of current problems in the field of agricultural economicswith emphasis on the use of theory to define and facilitate the considerationof alternative solutions. Graduate Staff.

Courses for Graduates Only
AGC 602. Monetary and Fiscal Policies in Relation to Agriculture 0-3Prerequisite: AGC 551 or EquivalentAggregative theory needed to evaluate monetary and fiscal policies: fundamentals of model building; models involving income, employment, pricelevels, money supply, interest rates and other aggregative variables; relationof the models to the main economic magnitudes for the United Stateseconomy: institutional determinants of monetary and fiscal operations in theUnited States; stabilization, growth and equity objectives in relation to thestructure of taxes and government revenue and current government policies;introduction to international monetary equilibrium and the relation ofmonetary fiscal policies to agricultural incomes and prices. Mr. Tolley.
AGC 611. Agricultural Economic Analysis 3-0Prerequisites: MA 112, AGC 551 or EquivalentAn economic analysis of agricultural products and inputs. Includes analysisof price-determining forces and factors influencing distribution of incomewithin agriculture and between agriculture and the rest of the economy.Production, cost and demand functions are stressed, along with program-ming and decision making principles and their application to decisions atthe firm level and to regional resource allocation. Mr. Ihnen.
AGC 612. International Trade in Relation to Agriculture 0-3Prerequisites or Corequisites: AGC 602, AGC 641The principles of international and interregional trade; structures of trade
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relationships between countries engaged in the import or export of agricul-tural products; attempts at stabilizing trade and financial transactions.Mr. Johnson.
AGC 631. Economic and Social Foundations of Agricultural Policy 3-0Prerequisite: AGC 551 or EquivalentThe study of logical and empirical problems of inquiry into public policiesand programs that affect agriculture; analysis of policy making processes,interdependencies among economic, political and social objectives and action;the study of forces which shape economic institutions and goals and of thelogic, beliefs and values on which policies and programs that affect agricul-ture are founded. Graduate Staff.
AGC 632. Welfare Effects of Agricultural Policies and Programs 0-3Prerequisite: AGC 642Description of the conditions defining optimal resource allocation; applica~tion of the conditions for maximum welfare in appraisal of economic policiesand programs affecting resource allocation, income distribution, and economicdevelopment of agriculture. Mr. Bishop.
AGC 641. Economics of Production, Supply and Market lnterdependency 0-3Prerequisites or Corequisites: AGC 611, MA 211 or EquivalentAn advanced study in the logic of, and empirical inquiry into, producerbehavior and choice among combinations of factors and kinds and quantitiesof output; aggregative consequences of individuals’ and firms’ decisions interms of product supply and factor demand; factor markets and income dis-tribution; general interdependency among economic variables.Messrs. Seagraves, Toussaint.
AGC 642.. Economics of Consumption, Demand and Market lnterdependency 3-0Prerequisrtes: AGC 641, ST 513 or EquivalentAn advanced study in the theory of, and research related to, householdbehavior; aggregative consequences of household decisions concerning factorsupply and product demand; pricing and income distribution; economicequilibrium. Mr. Simmons.
AGC 651. (St 651) Econometric Methods | 3-0Prerequisites: ST 42], ST 502, AGC 611 or EquivalentThe role and uses of statistical inference in agricultural economic research;measurement problems and their solutions arising from the statistical modeland the nature of the data; limitations and interpretation of results ofeconomic measurement from statistical techniques. Topics include the problems of specification, aggregation, identification, multicolinearity and auto-correlation. Attention also is given to expectations models and simultaneousstochastic equations. Mr. Wallace.
AGC 652. (See ST 652. Econometric Methods ll.)
AGC 671. Analysis of Economic Development in Agriculture 3-0
Prerequisite: AGC 641A theoretical and empirical study of the processes of economic growth; theproblems of underdeveloped countries; the role of agriculture in a develop-ing economy; an examination of policies and programs needed for effectiveeconomic development. Mr. Maddox.
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AGC 699. Research in Agricultural Economics Credits by ArrangementPrerequisites: Graduate Standing in Agricultural Economics, Consent ofGraduate Advisory CommitteeA consideration of research methods and procedures employed in the field ofagricultural economics, including qualitative and quantitative analysis, in-ducti\e and deductive methods of research procedure, selection of projects,planning and execution of the research project. Graduate Staff.

DEPARTMENT OF AGRICULTURAL EDUCATION(See School of Education)
DEPARTMENT OF AGRICULTURAL ENGINEERING

Graduate Faculty
Pro/errors: FRANCIs _]EIELRs0N HAssLER, Head, HENRY DITFMUS BowEN,VVILLIAM EIDON SPLINTER, JAN VAN SCHILFGAARDEProfemor Emeritus: DAVID S. “VEAvERAssoeiale Professor: CHARLEs ‘VILSON SUGGsAssistant Profcssors: JAMES \VILLIAM DICKENS, BARNEY KUO-YEN HUANG,WILLIAM HucII JOHNSON, KENNETH ALLAN JORDAN, DAVID ALAN LINK,CLIFF R. WILLEY, RALPH E. \VILLIA\I50N
The Department of Agricultural Engineering offers programs of study forthe Master of Science. Doctor of Philosophy and Master of AgriculturalEngineering degrees. A bachelor's degree in Agricultural Engineering froman accredited curriculum or its equivalent entitles an individual to one oftwo approaches to graduate study. For those interested primarily in existingtechnologies, the Master of Agricultural Engineering program permits selec-tions from a variety of advanced technical courses. Such study is appropriateto certain superxisory and managerial positions, technical sales, service andpromotional work.The Master of Science program takes into account the increasing rigor ofmodern engineering. Emphasis here is placed on mathematics and theory asthe unifying link between otherwise widely divergent fields of knowledge,which are prerequisite to effective engineering advances in agricultural pro-ductions. As the student acquires competence in the advanced methods ofscience, he derives mathematical models for reduction of observationalknowledge to engineering applications.Study for the Doctor of Philosophy degree builds on the above Master ofScience program by an additional year of formal study followed by a periodof independent research to satisfy dissertation requirements.Unusual opportunities are available for graduate student participationin departmental research programs. Current projects include: Animal Envir-onment; Watershed Hydrology, Drainage and Irrigation; Crop Processing andMaterials Handling; Field Production Operations; Fruit and VegetableMechanization; Pesticide Applications: Human Engineering; EngineeringEconomy. The systems approach to operations in crop and animal produc



THE GRADUATE CATALOG 45
tions provides a variety of areas within which to define timely investigations.Graduate students have access to a research shop which is manned bycompetent mechanics.Information concerning fellowships and assistantships in AgriculturalEngineering may be obtained from the head of the department.

Courses for Advanced Undergraduates
AGE 4“. Farm Power and Machinery 3-3Prerequisite: AGE 211This course is designed to provide students in Agricultural EngineeringTechnology with a knowledge of the operations of manufacturing and dis-tributing organizations of farm machinery and their places in these organiza-tions. Included is a practical course in farm tractors and engines withemphasis on familiarizing the student with component parts—their applica-tions. Included is a practical course in farm tractors and engines withfrom the standpoint of power, performance and ratings.
AGE 433. Crop Preservation and Processing 3-0Prerequisite: AGE 341This course defines the enx‘ironmental requirements for preservation ofcrop quality as related to thrir physical and biochemical characteristics whenharvested and during storage. The use of modern methods, equipment andengineering applications are exemplified in obtaining the required environ-ments needed in solving present farm problem situations. Theory will alsobe phased into practical applications of the latest methods for farm process-ing of grains, seeds and feeds.
AGE 453. Bio-engineering Parameters 2-0Prerequisites: AGE 303, MA 301, AGE 352Physical properties and response characteristics of plant materials are
studied in their relationship to engineering analysis for production, hanest-
ing and processing operations. Topics include germination, growth dynamics,
physical properties for harvesting and materials handling, biological response
criteria, environmental eflects, theory of curing and drying and quality
esaluation.
AGE 461. Analysis of Agricultural Production Systems 3-0Prerequisites: MA 201, EC 205. ST 361This course is a survey of the basic methodology and techniques of opera
tions research and system analysis, particularly as they apply to Agricultural
Engineering. The costs and productivity of farm equipment, reliabilitytheory, time study techniques, work efficiency, activity network problems, de-
cision theory, game theory, model formulation, algorithm formulation, simu-
lation, computational procedures, and case studies of operations research inagriculture are all discussed.
AGE 462. Functional Design of Field Machines 0-3Prerequisites: AGE 36], AGE ‘16], ME 301, .856 200A study of the modern farm tractor and the design of field machines from a
functional point of view.
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AGE 47]. Soil and Water Conservation Engineering 0-3Prerequisites: SSC 200, CE 201, ST 361A study is made of climate, runofl, infiltration, soil water plant relations andflow tlreor), as well as those processes that aflect erosion. The above principlesare applied to the study of engineering design practices in erosion control,drainage, irrigation and flood control.
AGE 481. Design of Farmstead Engineering Systems 0-3Prerequisites: AGE 453, AGE 46], AGE 491Engineering principles will be combined with biological principles to de-velop a design procedure for non-field agricultural systems in which maximumprofit can be obtained. The lronreothermic mechanisms of animals will beused to indicate the influence of thermal environment upon animal growthand production. Techniques of labor efficiency and automation will be usedin design. The technology of building design will be developed. Materialseltction and structural design for economic buildings will be indicated.
AGE 49]. Electrotechnology for Agricultural Production 3-0Prerequisite: EE 332A course in the application of electrical circuits, electronic circuits and elec-trostatics to problems in agricultural production systems. The practical as—spects of motor selection, wiring and electronic circuitry will be given inthe laboratory.

Courses for Graduates and Advanced Undergraduates
AGE 552. Instrumentation for Agricultural Research and Processing 2-0Prerequisites: MA 301, EE 331Ilrcory and application of primary sensors and tranducers. Utilization ofelectronic and solid state devices. Indicating, recording and control circuitry.Spccial circuitry [or agricultural applications. Mr. Splinter.
AGE 590. Special Problems Credits by ArrangementPrerequisite: Senior 111 Agricultural Engineering or Graduate StandingEach strident will select a subject on which he will do research and writea technical report on his results. He may choose a subject pertaining to hisparticular interest in any area ol study in Agricultural Engineering.

Graduate Staff.
Courses for Graduates Only

AGE 654. Agricultural Process Engineering 3or3Prerequisite: MA 441Generalized classical thermodynamics is extended by Onsager’s relations toprovide a theoretical basis for analyzing the energetics of systems that includelife processes. Mr. Johnson.
AGE 661. Analysis of Function and Design of Farm Machinery 30r3Prerequisite: PY 411Methods and tools used in determining the functional requirements of ma-chine components; writing of machine specifications in terms of fundamentalparameters; introduction of the principles of discriminate and indiscriminatemechanical selection of agricultural products with emphasis on the theoryof servo-systems. Mr. Bowen.



THE GRADUATE CATALOG 47
AGE 671. Theory of Drainage, Irrigation and Erosion Control 074Emphasis is placed on the physical and mathematical aspects of problems Inconservation engineering and an attempt is made to rationalize procedureswhich have often come about through experience rather than through analy-tical considerations. Examples are presented of cases where such an analytical approach has already improved, or shows promise of improving, designcriteria and procedures. (Offered in 1963-64 and alternate years.)Mr. van Schilfgaarde.
AGE 68]. Analysis of Function and Design of Farm Buildings 4or 4Prerequisite: AGE 481A study of the functional requirements of farm structures with respect toman, animals and crops and development of the means of providing structures which fulfill the functional requirements. Application of the scienceand art of engineering in the solution of environmental problems. Advancedplanning in the integration of structural environmental design.

Mr. Jordan.AGE 695. Seminar l-lPrerequisite: Graduate StandingElaboration of the subject areas, techniques and methods peculiar to pro-fessional interest through presentations of personal and published works;opportunity for students to present and defend, critically, ideas, conceptsand inferences. Discussions to point up analytical solutions and analogiesbetween problems in Agricultural Engineering and other technologies, andto present the relationship of Agricultural Engineering to the socioeconomicenterprise. Mr. Hassler.
AGE 699. Research in Agricultural Engineering Credits by ArrangementPrerequisite: Graduate standing in Agricultural EngineeringA maximum of six credits is allowed toward a Master’s degree; no limitationon credits for Doctorate program.Performance of a particular investigation of concern to Agricultural Engi<neering. The study will begin with the selection of a problem and culminatewith the presentation of a thesis. Graduate Staff.
AGRICULTURE
AG 401. Principles and Methods of Extension Education 0-3A study of the background, development, and operation of the AgriculturalExtension Service. Consideration is given to major events leading to theestablishment of Agricultural Extension, its objectives, organization, andphilosophy. Major emphasis is placed upon the principles underlying Ex-tension education together with methods of program building and teaching.
AG 503. The Programming Process in the Cooperative ExtensionService and Related Organizations 0-3Prerequisite: Bachelor’s DegreeThe principles and processes involved in programming, including basictheories and concepts supporting the program process. Attention will begiven to the general framework in which programming is done, the organiza-tion needed, and the program roles of both professional and lay leaders.Mr. Boone.
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DEPARTMENT OF ANIMAL SCIENCE

Graduate Faculty
Professors: IRA DEWARI) POR'IERFIELD, Head, ELLIOTT ROY BARRICK, EDWARDGUY BATTE, GEORGE HYAT‘I, JR., JAMES GIACOMO LECCE, JAMES EDWARDLL(;ATI~:S, GFINNARD MATRONE, W. RAY MURLEY, FRANK HOUSTON SMITH,HAMILIoN ARLO STIWARI, SAMUEL B. Tove, LESTER CURTIS ULBERG,GEORGI HI R.\IAN \VISLAssocmle Professors: ALDLRT I. CLAWSON, EMHETT URCEY DILLARD, LEMUELGOODE, RICHARD DOULLAS MOCHRIL, HAROLD ARCH RAMSEY, WILLIAMWLSLLY GARRY S‘HARI‘, JR, MILTON B. WISEAssistant Professors: EDWARD VITANGELO CARUOLO, DONALD GOULD DAVEN-PORT, JAMES MURRAY LEA1HERWOOD, JOHN JosEPI-I MCNEILL, ALLEN HUFFRAMS, RICHARD MONII‘R MYFRS, ODIS WAYNE ROBISON
Advanced studies leading to the degrees of Master of Science and Doctorof Philosophy are offered in the Department of Animal Science. The grad-uate programs are presented in four subdivisions: Animal Breeding andPhysiology, Animal and Dairy Husbandry, Animal Diseases, and Nutrition.Students specializing in animal breeding concentrate their efforts in solv-ing problems concerned with the efficient utilization of superior germ plasm.Further emphasis is provided in the areas of quantitative animal geneticsand or Ieproductive physiology. Herds and flocks of livestock, as well assmall animals. are available near the campus. Environmental control cham-bers. surgery rooms, space for semen processing and storage are other Off~campus facilities provided for studies in animal breeding.Students specializing in animal and dairy husbandry may select options innutrition, physiology and management with beef cattle, dairy cattle, sheepand swine. Animals of various types and breeds, which are available forresearch. are quartered on approximately 2,000 acres of land operated by thedepartment. In addition, branch stations are located in all major geographicareas of N01 tlI Carolina so that the research programs may be applied to theconditions existing throughout the State.Students studying animal diseases are offered specialized work in pathology,parasitology, veterinary bacteriology and virology, and other phases of ani-mal diseases. The Animal Disease Section is located in a modern animaldisease laboratory building, which provides excellent facilities for researchand teaching in the animal disease field. Included are large animal isolationunits for work in the field of veterinary bacteriology and virology, para-sitology, physiology. and bacteriology research laboratories and a diagnosticlaboratory, and necropsy room.Training offered to students in nutrition is focused on the fundamentalaspects of the science of nutrition. III course programs the development of astrong foundation in the physical and the biological sciences is required.In research a wide choice of problems within current project areas, includingmicrobial metabolism, energy metabolism, digestive mechanisms, and metabo-lism of micronutrients, lipids. proteins, and complex carbohydrates, areavailable. Animal and chemical laboratory facilities available and types ofexperiments conducted are such that graduate students in nutrition have the
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opportunity to become familiar with principles and procedures employed inmany different kinds of biological investigations ranging from micro studiesof bacteria and of special components of animal cells to gross investigationsof intact mammals.All sections of the Department of Animal Science, with the exception ofAnimal Disease, are housed in Polk Hall. Modern research laboratories ap-propriate for the various areas of investigation are located in this building.A large animal facility, located adjacent to the campus, serves as an inter-mediary between the farms and the laboratories. At this research center,phases of the physiology and nutrition programs are conducted.The primary goal in all graduate programs in animal science is to providethe challenge and the opportunities for students to develop their ability tothe degree that they can contribute creatively and continue to grow in theirchosen profession.

Courses for Advanced Undergraduates
ANS 404. Dairy Farm Problems 0-3Prerequisite: ANS 201Advanced study of practical dairy farm management including farm records,farm buildings, sanitation, roughage utilization and herd culling.
ANS 406. Animal Science Seminar 0-1Review and discussion of special topics and the current literature pertain-ing to all phases of Animal Production.
ANS 407. Advanced Livestock Production 0—4Prerequisites: ON 411, ANS 312A study of the economic, nutritional, genetic, physiological and managerialfactors affecting the operation of commercial and purebred livestock enter<prises.
ANS 408. Reproduction and Lactation 0-3Prerequisite: 20 301Anatomy of the reproductive organs and mammary glands with detailedcoverage of the physiological processes involved and of factors controllingand influencing them. A Special research problem selected by the student isrequired.

Courses for Graduates and Advanced Undergraduates
ANS 503. (GN 503) Genetic Improvement of Livestock 3-0Prerequisite: ON 411 or Consent of InstructorThe application of genetic printiples to the economic improvement of animalagriculture, Phenotypic and genetic relationships among economic traits aswell as mode of inheritance and method of measurement of the traits. Therole of inbreeding, outbreeding and selection methods in producing superiorgenetic populations. Mr. Robison.
ANS 505. Diseases of Farm Animals 3-0Prerequisites: CH 101, CH 103The pathology of bacterial, viral, parasitic nutritional, thermal and mechani—cal diseases processes. Mr. Batte.



50 THE GRADUATE CATALOG
ANS 513. Needs and Utilization of Nutrients by Livestock 0-3Prerequisite: ANS 312 01 EquhalentMeasurement ()1 nutrients nccds of livestock and the nutrient values of feeds.Nutrithe rtquiitrncnts (or l)10(1ll(LI\C functions. Mr. Wise.
ANS 590. Topical Problems in Animal Science Maximum 6Spctial problems may be selected or assigned in various phases of AnimalSticmc. Graduate Staff.

Courses for Graduates Only
ANS 602. (GN 602) Population Genetics in Animal Improvement 3-0Prerequisites: 81‘ 512, ON 512A study of the forces influencing gene frequencies, inbreeding and its effects,and alternative breedingr plans. Mr. Legates.
ANS 604. (20 604) Experimental Animal Physiology 4-0Prerequisite: lo 513 or Equivalent.\ study of the theories and techniques involved in the use of animals inphysiological investigation. Messrs. Ulberg, Wise.
ANS 614. (BC 614) Bacterial Metabolism 0-2Prerequisites: BO 5H or Lquivalcnt: CH 551The energy metabolism of bacteria: synthesis of carbohydrates, lipids. pro-tcins, purines. p\rimr(lincs. and nucleic acids; bacterial photosynthesis;ctr/)rnc 1()111hll.1()11 and metabolic control mechanisms.

Mr. McNeill.
ANS 621. (CH 621) Enzymes and Intermediary Metabolism 4-0Prerequisites: CH 331 and Permission of InstructorA study of the properties of err7)mes and enzyme action; intermediarymetabolism of tarbohxdrates. lipids, fatty acids, vitamins, and porphyrins;metabolic energy relationships. Mr. Tove.
ANS 622. (CH 622 and ST 622) Principles of Biological Assays 0-3Prerequisites: CH 551. ST 312Techniques and designs ol biological assays. The interrelationship of logicalprinciples, designs, and analyses is emphasized. Mr. Smart.
ANS 653. (CH 6531 Mineral Metabolism 3-0Prerequisite: CH 531Principles of mineral metabolism. with emphasis on metabolic functions. re-action mechanisms and interrelationships. Mr. Matrone.
ANS 690. Seminar in Animal Nutrition 1-1Prerequisite: Permission of Seminar LeadersOrientation in philosophy of research, preparation for research and generalresearch methodology. Graduate Staff.
ANS 699. Research in Animal Science Credits by ArrangementA maximum of six hours is allowed toward the master’s degree; no llIIlltathl'lon credits in doctorate programs. Graduate Staff.
BIOLOGICAL SCIENCES
BS 531. (See ST 531, Biomathematics 1.)
BS 532. (See ST 532, Biomathematics II.)
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DEPARTMENT OF BOTANY AND BACTERIOLOGY

Graduate Faculty
Professors: GLENN RAY NOGCLE, Head, DONALD BENTON ANDERSON, EARNESTA. BALL, JAMES BRAINERD EVANS, *HERBERT TE\IPLE SCOFIELD, LARRYALSTON VVHITEORDVisiting Professor: GEORGE JOHN SCHL‘MACHERProfessor Emeritus: BERTRAM VVHITTIER “TELLSAssociate Professors: ERNEST OSCAR BEAL, ARTHUR W. COOPER, GERALD H.ELRAN, JAMES W. HARDIN, JEROME J. PERRY, JAMES RICHARD TROYERAssistant Professors: XVALTER J. DOBROGOSZ. JOSEPH S. KAIIN, HEINZ SELTMANN,RALPH E. WILLIAMSON

Members of the Microbiology Faculty
Professors: \VILLIAM VICTOR BARTHOLOMEVV, JOIIN LINCOLN ETCHELLS, JAMESBRAINERD EVANS, JAMES GIACO\IO LECCE, MARVIN LUTHER SPECKAssociate Professor: GERALD H. ELRANAssistant Professors: FRA\K B. ARMSTRONG. 'WALTER J. DonRocosz, JOIINJOSEPH MCNEILL
The Department Of Botany and Bacteriology Offers programs leading to theMaster of Science and Doctor Of Philosophy degrees in either Botany orBacteriology. A wide range of areas of Specialization is available within eachof these programs.Students majoring in Botany may select resear< h problems in plant physiology, ecology, anatomy, morphology, phycology and systematic botany.Students majoring in Bacteriology may select research problems in micro-bial physiology, metabolism or genetics, food microbiology or soil micro-biology.Adequate physical facilities and equipment are available for teaching and

research in all phases of the department's program. Outstanding are thelaboratory, growth chamber, and greenhouse facilities for research in bac-teriology, morphology and anatomy, and physiology, The use of radioisotopesin physiological, phychological, and morphological research is supported byadequate facilities. A fine herbarium supports Study in systematics andecology. The availability in the State of a wide range of habitats with anaccompanying diversity of flora provides oppOItunities for numerous researchproblems in ecology, phycology, and systematics.
Graduate students terminating their work at the master's level have asomewhat limited opportunity as professional botanists OI bacteriologists.State, Federal and industrial employment is available as well as academicpositions in some colleges and secondary schools. Holders of the Doctor ofPhilosophy degree will find opportunities for academic positions in collegesand universities, for research pOSitions in Federal and State ExperimentStations, and for reseaith and (ltvelopment work with private industrial orresearch institutions.
On Leave
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Courses for Advanced Undergraduates

BO 403. Systematic Botany 0-3Prerequisite: BO 103 or B8 100A systematic survey 01 \ascular plants emphasizing field identification, termi-nology, and general evolutionary relationships.
BO 412. General Bacteriology 4.0Prerequisites: CH 107 or CH 103, CH 221 or CH 220 Recommend But NotRequired.\n ad\anced biology course dealing with bacteria and other microorganisms,their structure, development, and function. Emphasis is placed on the funda-mental concepts and techniques in microbiology such as isolation, cultivation,observation, morphology, and the physiology and nutrition of bacteria. Theapplications of microbiology, the role of microbes in nature, and their rolein iniettion and immunity are considered.
BO 421. Plant Physiology 4-4Prerequisites: BO 103 or BS 100, 2 Courses in ChemistryAn introductory treatment of the chemical and physical processes occurringin higher green plants with emphasis upon the mechanisms, factors aEecting,correlations between processes, and biological significance.
BO 441. Plant Ecology 3-0Prerequisite: BO 103 or B5 100An introduction to the study of plants in relation to their environment.Major topics considered are: factors of the environment; the structure,analysis, and dynamics of plant communities; past and present distributionof vegctation types.

Courses for Graduates and Advanced Undergraduates
BO 505. (See FS 505. Food Microbiology.)
80 506. (See FS 506. Advanced Food Microbiology.)BO 511. Advanced Bacteriology 0-3Prerequisite: BO 412This course will present the principles and techniques of isolation and char-acterization of bacteria from a wide range of habitats. Particular stress willbe given to the principles of enrichment techniques, differential and selectivemedia, and pertinent diagnostic tests that are applicable to particular groupsof bacteria. Messrs. Evans, Elkan.
BO 512. Morphology of Vascular Plants 3-0Prerequisite: BO 103 or BS 100A study of comparative morphology, ontogeny and evolution of the vascularplants. Emphasis is placed upon the phylogeny of sexual reproduction and ofthe vascular systems. Mr. Ball.
BO 513. Plant Anatomy 0-3Prerequisite: BO 103 or B5 100A study of the anatomy of the Angiosperms and Gymnosperms. The develop-ment of tissues is traced from their origin by meristems to their maturestates. Mr. Ball.
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BO 514. Introductory Bacterial Physiology 3-0Prerequisites: BO 412, CH 221 or 220; CH 551 (May Be Taken Concur-rently.)Emphasis will be placed on general principles and function with respect tothe living cell. Included will be a Study of cell structure, growth, death,reproduction, nutrition, and metabolism. An attempt will be made toillustrate the application of basic principles to applied areas of bacteriologyand to other areas of basic science. Messrs. Dobrogosz, Evans.
80 521. Systematic Botany of Monocot Families 3-0Prerequisite: BO 403A comprehensive survey of the systematics and evolution of monocot families.Special emphasis is given to terminology, morphology, identification andrelationships. (Offered in 1965-66 and alternate years.) Mr. Beal.
BO 523, Systematic Botany of Dicot Families 0-3Prerequisite: BO 403A comprehensive survey of the systematics and evolution of dicot families.Special emphasis is given to terminology, morphology, identification, andrelationships. (Offered in 1965-66 and alternate years.) Mr. Hardin.
BO 531. (See SSC 532. Soil Microbiology.)
BO 534. Physiology of Plant Cells 3-0Prerequisite: BO 421 or Equivalent; Advanced Preparation in Chemistry orPhysics May Be Substituted ”With the Permission of the InstructorAn advanced treatment of basic plant processes at the cellular level withemphasis on theoretical principles. Mr. Troyer.
BO 535. Water, Solute and Gas Relations of Plants 0-2Prerequisite: BO 534An advanced treatment of processes of higher plants involving exchange ofmaterials between the plant and its surroundings and movement of materialswithin the plant. Theoretical principles are emphasized. (Offered in 1964-65and alternate years.) Mr. Troyer.
BO 536. Growth and Development of Plants 0-2Prerequisite: BO 534An advanced treatment of the physiology of growth and development ofhigher plants, with emphasis on theoretical principles. (Offered in 1965-66and alternate years.) Mr. Troyer.
BO 544. Plant Geography 0-3Prerequisites: BO 403, 441, ON 411, or EquivalentsA course in descriptive and interpretive plant geography, synthesizing datafrom the fields of ecology, genetics, geography, paleobotany, and taxonomy.The course will include a survey of the present distribution of major vegeta-tion types throughout the world, a discussion of the history and developmentof this present pattern of vegetation, and a discussion of the principles andtheories of plant geography. (Offered in 1964-65 and alternate years.)

Mr. Cooper.BO 545. Advanced Plant Ecology 0-3Prerequisites: BO 421, 441 or EquivalentsAn advanced consideration, through class discussions and individual projects,
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ol thc prirrtiplcs. theor‘ics and methods of plant ecology. (Offered in 1965 66and altcrnrtte years.) Mr. Cooper.
BO 561. (See GN 561. Biochemical and Microbial Genetics.)
BO 570. Sanitary Microbiology 3-0l’rercquisite: BO 112 or Consent of InstructorFundamental aspects of microbiology and biochemistry are presented andrelated to problems of stream pollution, refuse disposal and biological treat-mt'nl. Laboratory c‘xcrcises present basic microbiological techniques andillustrate from a chemical viewpoint some of the basic microbial aspects0] \\'.tstc (lispOsal. Mr. Elkan.
BO 574. Phycology 0-3Prerccluisitc: BO 103 or Equivalent.\n introduction to the structure, reproduction and importance of the(lasscs of organisms which may bc included in the algae. Considerable timeis dcvoted to the local fresh water and marine Horas and the ecology of im-portant spetics. Mr. “7hitf0rd.

Courses for Graduates Only
BO 614. (See ANS 614. Bacterial Metabolism.)
BO 620. Advanced Taxonomy 3-0Prerequisites: BO 521, 523 or Permission of Instructor.—\ course in the principles of plant taxonomy including the history oftaxonomy. systems 01 classification, rulcs of nomenclature, taxonomic litera-ture. taumomic‘ and biosvstematic methods, and monographic techniques.Mr. Hardin.
BO 635. The Mineral Nutrition of Plants 0-3Prerequisites: BO 521, 523 or Permission of InstructorDiscussion of clitlusion, molecular specificity and energetics of active trans—port. The plnsical chemistry of the essential elements and its significanceto their biochemical functions. Mr. Kahn.
BO 636. Discussions in Plant Physiology 0-1Prerequisite: BO 53-}Group discussions at an aclranced level of selected topics of current interestin plant physiology. Mr. Troyer.
BO 690. Bacteriology Seminar 'l-lScrentific articles, progress reports in research, and special problems of in-terest to bacteriologists are reviewed and discussed. Graduate student creditallowed if one paper per semester is presented at seminar. Graduate Staff.
BO 691. Botany Seminar l-‘lScientific articles. progress reports in research, and special problems of in-terest to botanists are reviewed and discussed. Graduate student credit isalloued if one paper per semester is presented at seminar.Graduate Staff.
BO 692. Special Problems in Bacteriology Credits by ArrangementDirected research in some specialized phase of bacteriology other than athesis problem but designed to provide experience and training in research.Graduate Staff.
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BO Special Problems in Botany Credits by ArrangementDirected research in some specialized phase of botany other than a thesisproblem but designed to provide experience and training in research.Graduate Staff.
BO 699. Research Credits by ArrangementOriginal research preparatory to writing a master’s thesis or a Ph.D. disserta-tion. Graduate Staff.

CERAMIC ENGINEERING(See Department of Mineral Industries)
DEPARTMENT OF CHEMICAL ENGINEERING

Graduate Faculty
Professors: EDWARD MARTIN SCHOENBORN, Head, RICHARD BRIGHT, JAMES K.FERRELL, KENNETH ORION BEATTY, JR.Associate Professors: DAVID BOYD MARSLAND, FRANCES MARIAN RICHARDSON,jonN FRANK SEELYAssistant Professor: EDWARD PAUL STAHEL
The Department of Chemical Engineering offers programs of advancedstudy and research leading to the Master of Science and Doctor of Philosophydegrees. The Chemical Engineering faculty seeks to provide a close associa-tion between faculty and students, to promote a common interest in advancedprofessional study, and to encourage intensive investigation, and top-levelcreative activity.Graduate work in Chemical Engineering is of increasing importance sinceit enables the student to attain a higher degree of specialized professionalcompetence and at the same time to secure greater mastery of the scienceswhich underlie the quantitative aspects of chemical technology. The demandfor chemical engineers with advanced training is greater now than at anytime since the beginning of the chemical industry.Students having had one or more years of training beyond the bac-calaureate are especially needed for fundamental and applied research, forprocess development and design, for production, and even for management.technical services and sales. Private consulting work and careers in teachingusually demand a period of advanced study well beyond the normal four-year undergraduate program.At present, major emphasis in the department is concerned with basicstudies of unit operations such as fluid flow, heat transfer at high and lowtemperatures, distillation, solvent extraction, etc., with thermodynamics,reaction kinetics, phase equalibria, plastics technology, process measurementand control, and many other aspects of chemical technology. The varied in-terests of an exceptionally well qualified staff can provide guidance for ad-vanced study in any phase of chemical engineering. Strong supporting programs of work are also available in mathematics, statistics, physics, chemistry,nuclear engineering, metallurgy, the life sciences, textiles, and other fields ofengineering.
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1er Department of Chemical Engineering occupies the fourstory eastwing of the Riddick Engirrecring Laboratories building. Modern, well-equipped laboratories are provided with all necessary services for both teach~ing and research. A wide variety of special facilities such as X ray equipment,spc'ctroplrotometers, electron microscope, electro-mechanical testing machine,elcctronic controllers and recorders, etc., are available for graduate research.In cooperation with the Department of Engineering Research, members ofthe Chemical Engineering staff conduct a number of important researchprojects which are supported by industry, and by State and governmentalagencies. Graduate students assisting on these projects not only acquirefinancial assistance but gain valuable research experience on problems ofcurrent interest.In addition to research assistantships, the department also offers eachyear a limited number of graduate assistantships for part time work in thedepartment. Thcse may be for teaching, laboratory preparation, etc., or forresearch. as the needs arise. Appointments are for one academic year ofnine months for half time work and at the present carry a stipend of $2,400.The) are renewable upon evidence of satisfactory performance.

Courses for Advanced Undergraduates
CHE 421, CHE 422. Reactor Energy Transfer 3-3Prerequisites: MA 20?, FY 208Thermodynamics, heat transfer and fluid flow with emphasis on the problemsand methods used in the design and analysis of nuclear reactors.
CHE 425. Process Measurement and Control 0-3Prerequisite: CHE 312Required of Seniors in Chemical EngineeringTheory and application of methods for measuring, recording, transmittingand controlling process variables. The techniques of analysis, beginning withprocess elemcnts in automatic control and proceeding through systemanalysis, are employed. Commercial instruments are available for simulatingindustrial control problems.
CHE 427, CHE 428. Separation Processes I, 11 3-3Prerequisite: CHE 311Required of Seniors in Chemical EngineeringA study of the principles underlying such unit operations as absorption,extraction, distillation. drying. filtration, etc. with emphasis on proceduresand economic considerations.
CHE 431. Chemical Engineering Laboratory I 0-2Prerequisite: CHE 311Required of Juniors in Chemical EngineeringLaboratory work on typical apparatus involving unit operations. Experi-ments are designed to augment the theory and data of lecture courses andto develop proficiency in the writing of technical reports.
CHE 432, CHE 433. Chemical Engineering Laboratory 11, Ill 2-2Prerequisites: CHE 312, CHE 43lRequired of Seniors in Chemical EngineeringA continuation of CHE 431.
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CHE 446. Chemical Process Kinetics 3-0Prerequisite: CHE 315Required of Seniors in Chemical EngineeringA basic study of homogeneous and heterogeneous chemical reactions, and ofcatalysis.
CHE 460. Seminar 'l-lOne Semester Required of Seniors in Chemical EngineeringProfessional aspects of chemical engineering; topics of current interest inchemical engineering.
CHE 470. Chemical Engineering Projects 2-2(By Arrangement)Elective for Seniors in Chemical EngineeringIntroduction to research through experimental, theoretical and literaturestudies of chemical engineering problems. Oral and written presentation ofreports.

Courses for Graduates and Advanced Undergraduates
CHE 5'”. Problem Analysis for Chemical Engineers 3 or3Prerequisite: CHE 428, MA 301The application of the methods of mathematical analysis to the formulationand solution of problems in transport phenomena, transient phenomena inunit operations, process dynamics, and thermodynamics. Study and use ofanalog computer solutions of these problems. Mr. Ferrell.
CHE 513. Thermodynamics I 3or3Prerequisite: CHE 315 or EquivalentAn intermediate course in thermodynamic principles and their application tochemical and phase equilibria. The course is largely from a macroscopicviewpoint but consideration will be given to some aspects of the statisticalviewpoint. Mr. Beatty.
CHE 515. Transport Phenomena 3or3Prerequisite: CHE 312A theoretical study of transport of momentum, energy, and matter with
emphasis on the latter two. The diffusional operations, including coupledheat and mass transfer, are introduced in the light of the theory.Mr. Marsland.
CHE 517. Kinetics and Catalysis 3 or3Prerequisite: CHE 446An intensive study of homogeneous and heterogeneous kinetic reactions.Emphasis will be placed on fundamental approaches, experimental methods,and mathematical techniques in engineering analysis of chemical reactionsystems. Mr. Stahel.
CHE 540. Electrochemical Engineering 3or3Prerequisite: Physical ChemistryThe application of electrochemical principles to such topics as electrolysis,electroanalysis, electroplating, metal refining, etc. Mr. Schoenborn.
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CHE 541. Cellulose Industries 3or3Prerequisite: Organic ChemistryMethods of manufacture and application of cellulose chemical conversionproducts. Emphasis placcd on recent developments in the field of syntheticfibers, films, lacquers, and other cellulose compounds Mr. Seely.
CHE 543. Technology of Plastics 3or3Prerequisite: Organic ChemistryThe properties, methods of manufacture, and applications of synthetic resins.Recent developmcnts in the field are stressed. Mr. Seely.
CHE 55]. Thermal Problems in Nuclear Engineering 3or3Prerequisites: ME 302 or ME 303; or CHE 311; or EquivalentThe design and operation of nuclear reactors and the utilization of thepower from them in\ol\'es major problems in nearly every phase of heattransfer, and many important problems in fluid flow. Possible solutions tothese problems are severely affected by the influences of radiation on heattransfer media, ha7ards of handling radioactive substances, etc. The courseconsiders the thermal problems of nuclear reactor design and the principlesof fluid flow and heat transfer necessary to their solutions. The course isintended for engineers and science students with backgrounds in physicsand mathematics and elementary thermodynamics. Mr. Beatty.
CHE 597. Chemical Engineering Proiects 'lfo3 CreditsPrerequisite or Concurrent: CHE 112A laboratory study of some phase of chemical engineering or allied field.Graduate Staff.

Courses for Graduates Only
CHE 610. Heat Transfer 3 or3Prerequisite: CHE 515An advanced course dealing primarily with heat transfer between liquidsand solids, optimum operating conditions and design of equipment, conduction, heating and cooling of solids, radiant heat transmission.Mr. Beatty.
CHE 621. Mass-Transfer Operations 3or3Prerequisite: CHE 515An application of transport theory and empirical devices to the analysis,synthesis and design of mass transfer equipment. The operations of absorp-tion, extraction, distillation, humidification, drying, etc., will be considered.Mr. Marsland.
CHE 622. Chemical Reaction Engineering 3or3Prerequisite: CHE 517An advanced study of ideal and real reactor systems. The approach em-ployed is twofold: 1. Characterization of actual systems by empirical rateexpressions coupled with fundamental analysis; 2. Simulation of coupledphysical and chemical processes in a reactor by solution of various typesof physical models. Mr. Stahel.
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CHE 623. Fluid and Particle Dynamics 3 or3Prerequisite: CHE 515The principles of fluid dynamics and their application to laminar and tur-bulent flow, flow in closed channels, flow in packed beds and porous media,particle technology, industrial rheology, and two-phase flow. Mr. Ferrell.
CHE 624. Process Dynamics 3 or3Prerequisite: CHE 511A detailed study of the dynamic response of typical chemical process equip-ment including instrumentation and process control devices. Fundamentalconcepts of automatic control of process variables such as temperature,pressure flow, liquid level, etc. Mr. Ferrell.
CHE 625._ Thermodynamics ll 3or3PrerequiSIte: CHE 513A consideration of various thermodynamic topics of special interest tochemical engineers. The effects of high pressures and high temperatures onequilibria, relationship of thermodynamics to rate process, thermodynamicsof the steady state including coupled transfer process, and experimentalmethods in thermodynamics would be typical. Mr. Beatty.
CHE 631. Chemical Process Design 3 M3Prerequisite: CHE 428Design and selection of process equipment, through solution of comprehen-sive problems involving unit operations, kinetics, thermodynamics, strengthof materials and chemistry. Graduate Staff.
CHE 690. Readings in Chemical Engineering Credits by ArrangementA comprehensive survey of the literature in a specified area, and an exhaus-tive survey on a chosen topic within that area, under the direct guidance ofthe thesis adviser. This course has the goals of (a) mature selection of aresearch topic, and (b) preparation for a research proposal in fullest possibledetail. Graduate Staff.
CHE 693. Advanced Topics in Chemical Engineering 1 to 3 Credits(Per Semester)A study of recent development in chemical engineering theory and practice,such as ion exchange, crystallization, mixing, molecular distillation, hydro-genation, fluorination, etc. The topic will vary from term to term.Graduate Staff.
CHE 695. .Seminar 1-]Literature 1nvestigations and reports of special topics in chemical engineer-ing and allied fields. Graduate Staff.
CHE 699. Research Credits by ArrangementIndependent investigation of an advanced chemical engineering problem.A report of such an investigation is required as a graduate thesis.Graduate Staff.
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DEPARTMENT OF CHEMISTRY

Graduate Faculty
Professors: RALPH CLAY SWANN, Head, DAVID MARSHALL CATES‘, GEORGEOSMORE DOAK, RICHARD HENRY LOEPPERT, GENNARD MATRONE‘, WALTERJOHN PETERSON, \VILLIS ALTON REID, COWIN COOK ROBINSON, HENRY AMEsRUTHERFORD", ALFRED «I. STAMM", PAUL PORTER SUTTON, SAMUEL B. TOVE“,JOSEPH ARTHUR VVEYBREW‘
Adjunct Professor: MONROE ELIOT WALL
Assoeiate Professors: CARL LEE BUMGARDNER, ALONZO FREEMAN COOTs, LEONDAVID FREEDMAN, FORREST WILLIAM GETZEN, LOUIS ALLMAN JONES, RICHARDCOLEMAN PINRERTON, RAYMOND CYRUS WHITE
Assistant Professors: LAWRENCE HOFFMAN BOWEN, GEORGE GILBERT LONG,EDWARD CARROLL SISLER, WILLIAM PRESTON TUCKER
The Department of Chemistry offers the degree of Master of Science inChemistry. Instruction is available in all major areas of chemistry.Before the master’s program is initiated, a student must have met the re-quirements set forth by the Committee on Professional Training of theAmerican Chemical Society for the baccalaureate degree, either at the insti-tution in which he received his undergraduate training or at North CarolinaState. The minimum course requirements in chemistry for the bachelor'sdegree consist of four basic year courses in general, analytical, physical,and organic chemistry, plus one semester of inorganic chemistry and atleast two advanced courses. The equivalent of two years of college mathe-matics, including at least one year of differential and integral calculus andone semester of differential equations, is required.Graduates are eligible for positions in industry, educational institutionsor in research laboratories. Many graduates with the Master of Science de-gree have continued their education toward the Doctor of Philosophydegree with a major in one of the branches of chemistry.The Department of Chemistry is equipped with standard instruments andapparatus for both teaching and research. Many items of specialized equip-ment are available. Such equipment includes Geiger counters, a gammaspectrometer, proportional counters, a neutron source, a double gratinginfrared spectrometer, an ultraviolet-visible-near infrared absorptionspectrophotometer, a grating emission spectrograph, a photofluorimeter, acoulometer, controlled potential electrodeposition apparatus, polarographs,conductivity bridges oscillometers, high pressure reactors, a precision re-fractometer, polarimeters, fractionating columns, controlled atmosphereboxes, etc.A shop equipped with standard power tools (drill press, lathes, bandsaws, etc.) is available to research workers for construction of special appara-tus. Glassblowing facilities are also available.Areas of research specialization include kinetics of gas phase reactions;problems in electrochemistry; distribution and structure of the flavin en-zymes; charged particle cross-section measurements; application of radio-tracer techniques to physical chemistry problems; research in fission product
Affiliated Graduate Faculty member.



THE GRADUATE CATALOG 61
analysis, neutron activation and nuclear thermodynamics; synthesis andproperties of organophosphorus and organoarsenic compounds; structure oforganometallic compounds; kinetics of inorganic reactions; relation ofchemical structure to herbicidal properties; problems in infrared and ultra-violet spectroscopy; problems in solid state chemistry; mechanisms involvedin plant physiological processes; techniques of spectrographic analysis andtheir application in research with plants, soils, and animals.

Courses for Advanced Undergraduates
CH 411. Analytical Chemistry I 4-4Prerequisites: CH 431, CH 432Corequisites: CH 433, CH 434An introduction to analytical chemistry, including both classical and moderntechniques involving the distribution of a component between phases.Gravimetric methods, gas chromatography and adsorption techniques areincluded.
CH 413. Analytical Chemistry II 4-0Prerequisite: CH 411A continuation of Analytical Chemistry I with emphasis upon modernapproaches to acid-base chemistry, oxidation-reduction, potentiometric
methods, and spectrophotometry.
CH 420. Organic Preparations 0-3Prerequisites: Three Years Chemistry Including CH 223Experiments selected to acquaint the student with advanced methods andtechniques in the preparation of organic substances.
CH 431. Physical Chemistry I 3-3Prerequisites: CH 107, MA 202, PY 207On intensive study of the states of matter, solutions, colloids, homogeneousand heterogeneous equilibrium, reaction kinetics, electrolysis, conductance,oxidation reactions, and ionic equilibrium.
CH 432. Physical Chemistry Laboratory 1-0Corequisite: CH 431Laboratory courses to accompany lecture work in Physical Chemistry 1.
CH 433. Physical Chemistry ll 3-3Prerequisite: CH 431A continuation of CH 431.
CH 434. Physical Chemistry Laboratory 0-1Corequisite: CH 433Laboratory course to accompany lecture work in Physical Chemistry II.
CH 435. Physical Chemistry lll 3-0Prerequisite: CH 433An intensive study of the structure of atoms and molecules, an introductionto statistics, and selected topics in modern physical chemistry.
CH 441. Colloid Chemistry 0-3Prerequisites: CH 220, CH 215Adsorption, preparation, properties, constitution, stability and applicationof sols, gels, emulsions, foams, and aerosols; dialysis; Donnan membraneequilibrium.
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CH 491. Reading in Honors Chemistry Credits by ArrangementA reading (otnse lor exceptionally able students at the senior level. Thestudents will do extensive reading in areas of advanced chemistry and willpresent written rcports of their findings.

Courses for Graduates and Advanced Undergraduates
CH 501. Inorganic Chemistry I 3-0Prereqrrisitt: (111 I33Morltrn inorqanit (htrnistry from the point of \iew of the chemical bond.Topics cmercd include chemical periodicity and its origins in atomic struc-ture: the ionic bond and electronegatixity; crystal structure and bonding inionic solids; the metallic state, conduction and semiconductors; the prepara-tion and properties of illustrative compounds. Mr. Pinkerton.
CH 503. Inorganic Chemistry II 0-3Prerequisite: (211 501A continuation of (.11 501. Topics coxered include the hydrogen molecule-ion and the theory of the covalent bond; molecular orbitals and hybridiza-tion; dipole moments and magnetic properties; the theory of acids andbases; nonaqueons solvents; co-ordination compounds, carbonyls and quasi-aromatic compounds; and the chemistry of the transition metals, lanthanidesand actinides. Mr. Long.
CH 511. Chemical Spectroscopy 3-0Prerequisite: CH .133Theory, analytical applications and interpretation of spectra as applied tochemital problems. Major emphasis will be placed upon ultraviolet, visibleand infrared spectra. Mr. Long.
CH 512. (TC 512) Chemistry of High Polymers 0-31’ trcqnisite: CH 181Principles of condensation and free radical polymerization; kinetics andmolecular weight distribution: copolymerization and composition; emulsionpolymerization; structure. Mr. Gates.
CH 513. Electroanalytical Chemistry 0-3Prerequisite: CH 413A course in electroanalytical chemistry including the foundations of theore-tical electrochemistry. Topics covered include potentiometric measure-ments and electrical resistance; diffusion and transport; theory of dilute solu-tions; polarography and amperometric measurements; surface effects andelectrode kinetics; electroclremistry in non-aqueous systems.Mr. Pinkerton.
CH 521. Advanced Organic Chemistry I 3-0Prerequisites: Three Years Chemistry Including CH 223Resonance; reaction mechanisms; hydrocarbons, organic halides, alcohols,amines, and carbonyl compounds. Mr. Doak.
CH 523. Advanced Organic Chemistry II 0-3Prerequisite: CH 521Stereochemistry of organic compounds, including steroids and other naturalproducts. Mr. Doak.
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CH 525. _ Physical Organic Chemistry 0-3Prerequisues: CH 223, CH 433Theoretical and physical aspects of organic chemistry; structure and mechan-ism in organic chemistry. Mr. Loeppert.
CH 527. Chemistry of Metal-Organic Compounds 3-0Prerequisites: Three Years Chemistry Including CH 223A study of the preparation, properties and reactions of compounds con-taining the carbon-metal bond, with a brief description of their uses.Mr. Doak.
CH 528. Qualitative Organic Analysis 4-0Prerequisites: Three Years Chemistry Including CH 223A study of functional groups; separation and identification of compounds;preparation of derivatives. Mr. Doak.
CH 531. Chemical Thermodynamics 3-0Prerequisites: CH 433, MA 301An extension of elementary principles to the treatment of ideal and realgases, ideal solutions, electrolytic solutions, galvanic cells, surface systems,and irreversible processes. An introduction to statistical thermodynamics andthe estimation of thermodynamic functions from spectroscopic data. (Ofieredin alternate years.) Mr. Sutton.
CH 533. Chemical Kinetics 0-3Prerequisites. CH 433, MA 301An intensive survey of the basic principles of chemical kinetics with emphasison experimental and mathematical techniques, elements of the kinetictheory, and theory of the transition state. Applications to gas reactions,reactions in solution, and mechanism studies. (Offered in alternate years.)Mr. Bowen.
CH 535. Surface Phenomena 3-0Prerequisites: CH 433, MA 301An intensive survey of the topics of current interest in surface phenomena.This course is designed to cover the foundations of the present understand-ing of surface behavior. Formulation of basic theories are presented together
with illustrations of their current applications. (Offered in alternate years.)Mr. Getzen.
CH 537. Quantum Chemistry 0-3Prerequisites. CH 435, PY 401, PY 407The elements of wave mechanics applied to stationary energy states andtime—dependent phenomena. Applications of quantum theory to chemistry,particularly chemical bonds. (Offered in alternate years.) Mr. Coots.
CH 543. Radioisotope Principles 3-0Prerequisites: CH 433, PY 207, MA 202A presentation of the basic knowledge of radioactivity, nuclear reactions,ionizing radiations, and radiochemistry essential to competence in the useof radioisotopes. Mr. Coots.
CH 544. Radioisotope Techniques 1-0Corequisite: CH 543A laboratory course in the physical and chemical techniques essential tocompetence in the use of radioisotopes. Mr. Coots.
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CH 545. Radiothemistry 0-3Prerequisites: C11 513 or PY ’107, PY 410An advanced presentation of the applications of radioactivity to chemistryand of the applications of chemistry to the radioactive elements, particularlythe heavy elements and fission products. Mr. Coots.
CH 546. Radiochemistry Laboratory 0-1Corequisite: CH 515The laboratory work associated with CH 515 Radiochemistry. Mr. Coots.
CH 551. General Biological Chemistry 3-3Prerequisites: Three Years Chemistry Including CH 223The chemical constitution of living matter. Biochemical processes as wellas compounds are studied. \lr. Peterson.
CH 552. General Biological Chemistry Laboratory 2-2Corequisite: CH 551Laboratory course to accompany lecture work in General Biological Chemis-try . Graduate Staff.
CH 553. Chemistry of Proteins and Nucleic Acids 0-3Prerequisite: CH 551Composition, distribution, structure, properties and metabolism of aminoacids, proteins, and nucleic acids. Graduate Staff.
CH 555. Plant Chemistry 0-3Prerequisite: CH 551Composition of plants; propeities, nature, and classification of plant con-stituents; changes occurring during growth, ripening and storage of plantproducts. Mr. Sisler.
CH 561. (TC 561) Chemistry of Fibers 3-0Prerequisite: CH 223The theory of fiber structure; the relationship between chemical structureand physical properties of natural and man made fibers; the nature of thechemical reactions which produce degradation of fibers; the production ofman made fibers. Mr. Rutherford.

Courses for Graduates Only
CH 621. (ANS 621) Enzymes and Intermediary Metabolism 4-0Prerequisite: CH 551A study of the pioperties of enzymes and enzyme action; intermediarymetabolism of carbohydrates, amino acids, fatty acids, vitamins, purines andporphyrins; metabolic energy relationships. Mr. Tove.
CH 653. (ANS 653) Mineral Metabolism 3-0Prerequisite: CH 551Principles of mineral metabolism, with emphasis on metabolic functions,reaction mechanisms, and interrelationships. Mr. Matrone.
CH 671. Advanced Physical Chemistry 3.0Prerequisite: CH 533A thorough review of the fundamental principles of physical chemistrywith extension and application of these to the study of solid state.Mr. Sutton.
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CH Advanced Physical Chemistry 0-3Prerequisite: CH 671The elements of statistical mechanics and kinetic theory, in terms of whichcertain topics from CH 671 will be more exhaustiVely developed.Mr. Sutton.
CH 691. Seminar 1-1Prerequisite: Graduate Standing in ChemistryRequired of graduate students with a major in Chemistry.Scientific articles, progress reports in research, and special problems ofinterest to chemists are reviewed and discussed. A maximum of two semester credits is allowed toward the master’s degree, but any number towardthe doctorate. Graduate Staff.
CH 695. Special Topics in Chemistry Maximum 3 CreditsPrerequisites: Forty Semester Credits in ChemistryCritical study of some special problems in one of the branches of Chemistry.Graduate Staff.
CH 699. Chemical Research Credits by ArrangementPrerequisites: Forty Semester Credits in ChemistrySpecial problems that will furnish material for a thesis. A maximum of sixsemester credits is allowed toward a master’s degree; there is no limitation
on credits in doctorate programs. Graduate Staff.

DEPARTMENT OF CIVIL ENGINEERING
Graduate Faculty

Professors: CHARLES RAYMOND BRAMER, Acting Head, RALPH EIOIL FADUM,CHARLES RUSSELL MCCULLOUCH, CARROLL LAMB MANN, JR, CHARLESSMALLWOOD, JR, Graduate Administrator, MEHEMET ENSAR UYANIKAssociate Professors: RICHARD HUGH BICELOW, PAUL DAY CRIBBXNS, JOHNWILLIAM HORN, HARVEY EDWARD WAHLs, PAUL ZUNG TEH ZIAAssistant Professors: MICHAEL AMEIN, JOHN FREDERICK ELY, CIIARLEs PAGEFISHER, DONALD MCDONALDVisiting Lecturer: ABDELAAZIZ ISMAIL KASHEF
The Department Of Civil Engineering Offers programs of study leading toMaster of Science and Doctor of Philosophy degrees. Graduate course workis available in the fields of sanitary engineering, soil mechanics and founda—tion engineering, structural engineering, and transportation engineering.Whereas the Master of Science program would normally include coursework in only one of these specialty fields, a program of study leading to theDoctor of Philosophy degree would encompass course work in a relatedcombination of these fields.Laboratory facilities for sanitary engineering research work include anhydraulics laboratory, a chemical laboratory, and a biological laboratory.For work in soil mechanics and foundation engineering, a fully equippedlaboratory with modern soil-testingr equipment is available.Facilities for structural engineering research include a well-equippedphysical testing laboratory, an air controlled structural models laboratory,and a special laboratory for testing large models or lull-scale Structures.
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Transportation engineering facilities are a bituminous laboratory, anairphoto interpretation laboratory, a photogrammetry laboratory, and atraffic engineering laboratory provided with traffic control devices.In addition to these facilities, equipment for research is made availableby the Department of Engineering Research.Some unique opportunities for research are offered the graduate studentsin Civil Engineering by reason of the location of North Carolina State inthe State's Capital City. There are a number of cooperative researchendeavors with municipal and State governmental agencies that providefunds for research assistantships.The resources of the institution also provide unique opportunities forcombining studies in Civil Engineering with studies in other related fields.The broad nature of water resources problems has been recognized bythe creation of a “Water Resources Institute" under the joint direction ofthe Deans of the Graduate School, the School of Engineering and the Schoolof Agriculture and Life Sciences. Students in the major disciplines are urgedto select one of the many aspects of the control, conservation and manage-ment of this resource as a topic for study and research.In recognition of the need by industry for personnel with training inwater supply and the abatement of water pollution, the Civil EngineeringDepartment suggests that students in the many curricula leading to positionsin industry (food processing, textile chemistry, pulp and paper technology,chemical engineering, zoology and others) consider courses of instruction insanitary engineering for minor sequences for advanced degrees. Among thecourses appropriate for such students are the following: CE 484, WaterResources Engineering II; CE 571, Theory of Water and Sewage Treatment;CE 573, Analysis of Water and Sewage; CE 673, Industrial Water Supplyand Waste Disposal; and CE 674, Stream Sanitation.There exists a growing need for the coordination of transportation facili-ties and land planning and for individuals with competence in both fields.To fulfill this need, an advanced program leading to a post-baccalaureatedegree in engineering, majoring in transportation engineering, and to thedegree of Master of Regional Engineering is offered through the combinedresources of the Department of Civil Engineering at North Carolina Stateand the Department of City and Regional Planning at the University ofNorth Carolina at Chapel Hill. Qualified students have the opportunity toschedule their courses in instruction to enable them to qualify for bothadvanced degrees.The program is designed for students who are desirous of becomingtechnically proficient in both the fields of transportation engineering andcity and regional planning. The minimum residence requirements includetwo academic years plus a summer internship. The curriculum includes themajor core courses for both the advanced transportation engineering pro-gram and the city and regional planning program, plus supplementarycourses important to both endeavors and a thesis. A bachelor’s degree inengineering, including a knowledge of transportation engineering, from aninstitution of recognized standing is required for admission to the program.Applicants who do not meet these requirements in full may submit theircredentials for examination and consideration.
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Further information concerning the joint program may be obtained fromthe Department of Civil Engineering at North Carolina State in Raleigh orfrom the Department of City and Regional Planning at the University ofNorth Carolina in Chapel Hill.

Courses for Advanced Undergraduates
CE 405, CE 406. Transportation Engineering I, ll 4-4Prerequisites: CE 201, CE 331, CE 342Required of Seniors in Civil EngineeringAn integrated approach to the planning, design and operation of transpor-tation systems. Engineering and economic aspects of the basic transportmodes, including highway, rail, water and air facilities, are investigated fromthe viewpoint of the civil engineer.
CE 421. Structural Design I 3-0Prerequisites: CE 324, EM 301Required of Seniors in Civil Engineering and Civil Engineering Construc-tion OptionBasic design concepts. Analysis and design of tension, compression andflexural members in metal. Behavior and design of connections—riveted,bolted and welded. Term project in design of mill-building bent.
CE 422. Structural Design ll 0-3Prerequisites: CE 421, CE 425Required of Seniors in Civil EngineeringAnalysis and design, in reinforced concrete, of beams in flexure, diagonaltension, bond and anchorage; axially loaded columns, eccentrically loadedcolumns, footings, retaining walls, continuous beams and one-way slabs.Introduction to ultimate strength design. Term project in design of amulti-story building frame in reinforced concrete.
CE 425. Structural Analysis ll 3—0Prerequisites: CE 324, EM 301Required of Seniors in Civil EngineeringDeflection of beams and trusses; indeterminate stress analysis by momentarea, slope deflection and moment distribution.
CE 429. Structural Design Ill 0-3Prerequisite: CE 421Required of Seniors in Civil Engineering Construction OptionAnalysis and design of reinforced concrete beams, columns, footings andretaining walls. Design of timber beams, columns and connections. Termproject in planning and making structural design for the timber formingneeded for a reinforced concrete building.
CE 443. Foundations 0-3Prerequisite: CE 421Required of Seniors in Civil Engineering Construction OptionIdentification and classification of soils; geological aspects of foundationengineering; methods of investigating subsoil conditions; control of water;types of foundations and conditions favoring their use; legal aspects offoundation engineering.
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CE 461. Project Planning and Control I 3-0Prerequisite: CE 362Required of Seniors in Civil Engineering Construction OptionAnalysis of construction plant layout requirements and performance char-acteristics of equipment.
CE 462. Proiect Planning and Control ll 0-3Prerequisite: CE 461Required of Seniors in Civil Engineering Construction OptionScheduling, analysis and control of construction projects.
CE 464. Legal Aspects of Contracting 0-3Prerequisite: Senior StandingRequired of Seniors in Civil Engineering Construction Option; electiveLegal aspects of construction contract documents and specifications; owner-engineercontractor relationships and responsibilities; bids and contractperformance; labor laws.
CE 483. Water Resources Engineering I 3-0Prerequisite: CE 382Required of Seniors in Civil EngineeringThe hydrological cycle is studied with particular emphasis on those phasesthat are of engineering significance. The occurrence and distribution ofwater; rainfall, runoff, ground water. The development and control ofwater resources.
CE 484. Water Resources Engineering ll 0-3Prerequisite: CE 48?:Required of Seniors in Civil EngineeringA synthesis of mechanics, chemistry and hydrology in the design of elementsof water resources systems. Water supply, treatment and distribution. Wastewater collection, treatment and disposal. Consideration of flood control andstream flow regulation.
CE 485. Elements of Hydraulics and Hydrology 3-0Prerequisite: EM 303Required of Seniors in Civil Engineering Construction OptionElements of fluid mechanics, hydraulics and hydrology, with application toproblems in construction engineering.

Courses for Graduates and Advanced Undergraduates
CE 507. Airphoto Analysis I 3-0Prerequisite: junior StandingEngineering evaluation of aerial photographs, including analysis of soilsand surface drainage characteristics. Mr. McCullough.
CE 508. Airphoto Analysis ll 0-3Prerequisite: CE 507Engineering evaluation of aerial photographs, including analysis of soilsprojects. Mr. McCullough.
CE 514. Municipal Engineering Projects 0.3Prerequisite: Senior StandingSpecial problems relating to public works, public utilities, urban planningand city engineering. Messrs. Horn, Smallwood.
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CE 515. Transportation Operations 3-0Prerequisite: CE 406The analysis of traffic and transportation engineering operations.Messrs. Cribbins, Horn.
CE 516. Transportation Design 0.3Prerequisite: CE 406The geometric elements of traffic and transportation engineering design.Messrs. Cribbins, Horn.
CE 524. Analysis and Design at Masonry Structures 3-0Corequisite: CE 425Analysis and design of arches, culverts, dams, foundations and retainingwalls. Mr. Bramer.
CE 525, CE 526. Advanced Structural Analysis I, II 3-3Prerequisite: CE 425Analysis of rigid frames and continuous structures; treatment of redundantmembers and secondary stresses. Messrs. Bigelow, Ely.
CE 527. Numerical Methods in Structural Analysis 0-3Prerequisite: CE 425Newmark's numerical integration procedure and its applications; matrixoperations, relaxation and iteration, finite difference method. Force anddisplacement methods, string polygon method. High-speed computation.Messrs. Bigelow, McDonald.
CE 531. Experimental Stress Analysis 3-0Prerequisite: CE 425Principles and methods of experimental analysis; dimensional analysis;applications to full-scale structures. Messrs. Bigelow, Bramer.
CE 534. Plastic Analysis and Design 0-3Prerequisite: CE 421Analysis of steel structure behavior beyond the elastic limit; concept of designfor ultimate load and the use of load factors. Analysis and design of com-ponent parts of frames. Methods of predicting strength and deformationbehavior of structures loaded in the plastic range. Bracing and connectingrequirements for frame. Mr. Bramer.
CE 535. Ultimate Strength Theory and Design 3-0Prerequisite: CE 422Ultimate strength theories of axially loaded column, flexure, combinedflexure and axial load, shear. Critical review of important research andtheir relationship with the development of design codes for reinforcedconcrete. Mr. Zia.
CE 536. Theory and Design of Prestressed Concrete 0-3Prerequisite: CE 422The principles of prestressed concrete. Materials. Methods of prestressing.Loss of prestress. Design of beams for bending, shear and bond. Ultimatestrength. Deflection. Composite beams. Continuous beams. Special topics.Design Projects. Mr. Zia.
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CE 544. Foundation Engineering 3or3Prerequisite: CE 342Subsoil investigations; excavations; design of sheeting and bracing systems;control of water; footing, grillage and pile foundations; caisson and coffer-(lam methods of construction; legal aspects of foundation engineering.Messrs. Kashef, Wahls.CE 547. Fundamentals of Soil Mechanics 3 MBPrerequisite: EM 301Physical and mechanical properties of soils governing their use for engi-neering purposes; stress relations and applications to a variety of funda-mental problems. Mr. Wahls.
CE 548. Engineering Properties of Soils I 3-0Prerequisite: CE 342The study of soil properties that are significant in earthwork engineering,including properties of soil solids, basic clay mineral concepts, classification,identification, plasticity, permeability, capillarity and stabilization. Labora-tory work includes classification, permeability and compaction tests.Mr. Kashef.CE 549. Engineering Properties of Soils II 0-3Prerequisite: CE 548Continuation of CE 548, including the study of compressibility, stress-strainrelations and shear strength theories for soil. Laboratory work includesconsolidation and shear strength tests. Mr. Kashef.
CE 570. (See BO 570. Sanitary Microbiology.)
CE 571. Theory of Water and Sewage Treatment 3-0Prerequisite: Graduate StandingStudy of the physical and chemical principles underlying water and sewagetreatment processes; diffusion of gases, solubility, equilibrium and ioniza-tion, anaerobic and aerobic stabilization processes, sludge conditioning anddisposal. Mr. Smallwood.CE 572. Unit Operations and Processes in Sanitary Engineering 0-3Prerequisite: CE 571Processes and operations in sanitary engineering; sedimentation, aeration,filtration, adsorption, coagulation, softening, sludge digestion, aerobic treat-ment of sewage. Mr. Smallwood.
CE 573. Analysis of Water and Sewage 3-0Corequisite: CE 571Chemical and physical analysis of water and sewage and interpretation ofresults. Mr. Smallwood.
CE 574. Radioactive Waste Disposal 3or3Prerequisite: PY 407Unit operations and processes employed in treatment and disposal of radio—active wastes. Mr. Smallwood.
CE 580. Flow in Open Channels 30,3Prerequisite: CE 483The theory and applications of flow in open channels, including dimensionalanalysis, momentum energy principle, gradually varied flow, high-velocityflow, energy dissipators, spillways, waves, channel transitions and modelstudies. Mr. Amein.



THE GRADUATE CATALOG 71
CE 591, CE 592. Civil Engineering Seminar 1-]Discussions and reports of subjects in Civil Engineering and allied fields.Graduate Staff.
CE 598. Civil Engineering Projects Credits by ArrangementSpecial projects in some phase of Civil Engineering. Graduate Staff.

Courses for Graduates Only
CE 601. Transportation Planning 0-3Prerequisite: CE 515The planning. administration, economics and financing of various trans-portation engineering facilities. Mr. Cribbins.
CE 602. Advanced Transportation Design 0-3Prerequisite: CE 516Design of major traffic and transportation engineering projects.Messrs. Cribbins, Horn.
CE 603. Airport Planning and Design 3.0Corequisite: CE 515The analysis, planning and design of air transportation facilities.Mr. Horn.
CE 604. Urban Transportation Planning 0-3Prerequisite: CE 515Thoroughfare planning as related to land usage and urban master-planning.Mr. Horn.
CE 623. Theory and Design of Arches 3-0Prerequisites: CE 422, CE 526General theory of elastic arches. Boundary conditions and their effect onbehavior of the arch. Single span, multiple span arches on elastic piers,influence lines of various functions under moving loads, economical layoutof arches, design criteria for steel and concrete arches. Mr. Uyanik.
CE 624. Analysis and Design of Structural Shells and Folded Plates 0-3Prerequisites: CE 623, EM 511Roof structures consisting of surfaces of revolution, both single and compound curved. Mebrane stresses, bending stresses at boundaries. Domes andcylindrical shells. Approximate and exact analyses. Design criteria. Foldedplane structures of concrete plates and steel frames. Mr. Uyanik.
CE 625, CE 626. Advanced Structural Design I, II 3-3Prerequisite: CE 422Corequisites: CE 525, CE 526Complete structural designs of a variety of projects; principles of limit andprestress design. Mr. Uyanik.
CE 627. Design of Blast Resistant Structures 3~0Prerequisites: CE 526, EM 555Sources, intensities, and methods of transmission of dynamic loads. Be‘havior of structures and structural elements subjected to dynamic forces.Design criteria and factor of safety. Design of surface and undergroundstructures for nuclear blasts. Mr. McDonald.
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CE 641, CE 642. Advanced Soil Mechanics 3-3Prerequisite: Graduate StandingTheories of soil mechanics; failure conditions; mechanical interaction be-tween solids and water, and problems in elasticity pertaining to earthworkengineering soil dynamics. Mr. Wahls.
CE 643. Hydraulics of Ground Water 3or3Prerequisite: Graduate StandingPrinciples of ground water hydraulics; theory of flow through idealizedporous media; the flow net solution; seepage and well problems.Mr. Kashef.
CE 671. Advanced Water Supply and Sewerage 4-0Prerequisite: CE 484Problems relating to the design of water supply and sewerage works.Mr. Smallwood.
CE Advanced Water and Sewage Treatment 0-4Prerequisite: CE 484Problems relating to the treatment of water and sewage. Mr. Smallwood.
CE 673. Industrial Water Supply and Waste Disposal 3or3Corequisite: CE 571Water requirements of industry and the disposal of industrial wastes.Mr. Smallwood.
CE 674. Stream Sanitation 3or3Corequisite: CE 571Biological, chemical and hydrological factors that affect stream sanitationand stream use. Mr. Smallwood.
CE 699. Civil Engineering Research Credits by ArrangementIndependent investigation of an advanced Civil Engineering problem; areport of such an investigation is required as a graduate thesis.Graduate Staff.
DEPARTMENT OF CROP SCIENCE

Graduate Faculty
Professors: PAUL HENRY HARVEY, Head, DOUGLAS SCALES CHAMELEE, DANULRICH GERSTEL, XVALTON CARLYLE GREGORY, GUY LANCSTON JONES, KEN-NETH RAYMOND KELLER, GLENN CHARLES KLINCMAN, ROY LEE LOWORN,PHILIP ARTHUR MILLER, ROBERT PARKER MOORE, DONALD LORAINE THOMP-SON, JOSEPH ARTHUR WEYBREwProfessor Emeritus: GORDON KENNEDY MIDDLETONAssociate Professors: CHARLES A. BRIM, WILL ALLEN COPE, JOHN WESLEYDUDLEY, DONALD ALLEN EMERY, HARRY DOUGLASS GROSS, VVILLIAM MASONLEWIS, JACKSON R. MAUNEY, DONALD EDWIN MORELAND, LYLE L. PHILLIPS,LUTHER SHAW, DAVID HARRY TIVOTHY, ROBERT PHILLIP UPCHURCHAssistant Professors: ‘VXLLIAM BEST GILBERT, JOSHUA ALEXANDER LEE, DAR-RELL ALVIN MILLER, CHARLES FRANKLIN MURPHY, EDWARD CARROLLSISLER, JEROME BERNARD WEBER, DAVID C. WHITENBERG
The Department of Crop Science Offers to students interested in cropscience training leading to the Master of Science and Doctor of Philosophy
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degrees in the fields of plant breeding, crop production, forage cropsecology, weed control, and plant chemistry. For students who wish a generaltraining, the Master of Agriculture degree is offered.Excellent facilities for graduate training are available. Each student isassigned office and laboratory space. In addition, many special facilitiesare available such as preparation rooms for plant and soil samples, coldstorage facilities for plant material, air-conditioned rooms for studying thephysical properties of cotton fiber and tobacco leaf, and soil and plantanalytical service laboratories. Greenhouse space and growth control chambers are provided for projects which require special facilities. Sixteen farmsare owned and operated by the State for research investigations. These farmsare located throughout the State and include a wide variety of soil andclimatic conditions needed for experiments in plant breeding, crop man-agement, forage ecology, and weed control.Strong supporting departments greatly increase the graduate students’ op-portunities for a broad and thorough training. Included among those depart»ments in which graduate students in crop science work cooperatively orobtain instructions are botany, chemistry, genetics, horticultural science,mathematics, plant pathology, entomology, soil science, and statistics.In North Carolina, a state which derives 80 per cent of its agriculturalincome from farm crops, the opportunities for the well trained agronomistare exceedingly great. The recipients of advanced degrees in crop scienceat North Carolina State are found in positions of leadership in research andeducation throughout the nation and the world.

Courses for Advanced Undergraduates
CS 413. Plant Breeding 0-3Prerequisite: GN 411The application of genetic principles to the improvement of economicplants, including discussions of the methods employed in the developmentand the perpetuation of desirable clones, varieties, and hybrids.
CS 414. Weeds and Their Control. 3-0Prerequisite: CH 220 or EquivalentPrinciples involved in cultural and chemical weed control. Discussmns onchemistry of herbicides and the effects of the chemicals on the plant. Identification of common weeds and their seeds is given.

Courses for Graduates and Advanced Undergraduates
CS 511. Tobacco Technology 0-2Prerequisites: CS 311, B0 421 or EquivalentA study of special problems concerned with the tobacco crop. The latestresearch problems and findings dealing with this important cash crop willbe discussed. Mr. Jones.
CS 512. Grassland Dynamics 0.2Prerequisites: BO 421, 20 301 or EquivalentA discussion of forage production practices of national and internationalimportance. An attempt will be made to relate the seemingly divergent
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practices to fundamentals of physiology and ecology. The dynamic relation-ship among soil, plant, animal and man, as it affects production prac-tices and research, will be emphasized. (Offered in 1964-65 and alternateyears.) Mr. Gross.
CS 541. (GN 541 or HS 541) Plant Breeding Methods 3-0Prerequisites: ON 512, ST 511 RecommendedAn advanced study of methods of plant breeding as related to principles andconcepts of inheritance. Messrs. Haynes, Timothy.
CS 542. (GN 542 or HS 542) Plant Breeding Field Proceduresin Summer SessionsPrerequisite: CS 541 or GN 541 or HS 541Laboratory and field study of the application of the various plant breedingtechniques and methods used in the improvement of economic plants.Mr. Harvey.
CS 591. Special Problems Credits by ArrangementPrerequisite: Admitted Only With Consent of InstructorSpecial problems in various phases of Crop Science. Problems may be
selected or will be assigned. Emphasis will be placed on review of recentand current research. Graduate Staff.

Courses for Graduates Only*
CS 611. Forage Crop Ecology 0-2Prerequisites: CS 412, B0 441A study of the effect of environmental factors on the growth of forage crops.Attention will be given to methods of research in forage ecology.Mr. Chamblee.
CS 612. Special Topics'In Weed Control 0-2Prerequisites or Corequisites: CS 414, CH 223, B0 534Detailed examination of current concepts and literature of weed control. Thechemistry, physiology, ecology, taxonomy, microbiology, equipment, andtechniques used in weed control research will be discussed.Graduate Staff.
CS 613. (GN 613 or HS 613) Plant Breeding Theory 0-3Prerequisites: CS 541 or Equivalent, ON 513, STry512 (A Course in Quanti-tative Genetics Recommended.)A study of theoretical bases for plant breeding procedures with specialemphasis on the relationship between type and source of genetic variability,mode of reproduction and effectiveness of difierent selection procedures. Thelatest experimental approaches to plant breeding will be discussed as wellas standard procedures. Mr. Dudley.
CS 690. Seminar 1-1Prerequisite: Graduate StandingScientific articles, progress reports in research, and special problems of in-terest to agronomists reviewed and discussedA maximum of two credits is allowed toward the Master's degree, however,
additional credits toward the doctorate are allowed. Graduate Staff.
“ Students are expected to consult the instructor before registration.
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CS 699.. _ Research Credits by ArrangementPrerequisite: Graduate StandingA maximum of two credits is allowed towards the Master's degree, but norestrictions toward the doctorate. Graduate Staff.

DEPARTMENT OF ECONOMICS
Graduate Faculty

Professors: ERNST W. SWANSON, Head, BERNARD MARTIN OLSENAssociate Professon: LOUIS A. Dow, GERALD GARE, CLEON WALLACE HARRELLAssistant Professor: CHING SHENG SHEN
No graduate degrees are offered in economics at North Carolina State. Thecourses listed below are eligible for graduate credit when they form a partof an approved graduate program in other departments. Economics may serveas a minor field.

Courses for Advanced Undergraduates
EC 401, EC 402. Principles of Accounting 3~3Fundamental principles of accounting theory and practice; the analysis andrecording of business transactions; explanation and interpretation of thestructure, form and use of financial statements.
EC 407. Business Law I 3 M3Prerequisite: EC 201 or EC 205A course dealing wih elementary legal concepts, contracts, agency, negoti-able instruments, sales of personal property, chattel mortgages, partnerships,corporations, suretyship and bailments, insurance.
EC 408. Business Law II 3 or 3Prerequisite: EC 407Deals with real property, mortgages on urban and farm lands, landlord andtenant, requirements for valid deed, insurance law, wills. suretyship andconditional sales.
EC 409. Accounting for Production Costs 3-3Prerequisite: EC 312An introduction to accounting problems peculiar to manufacturing, fabrication, and construction—type enterprises. Cost determination and allocationof costs for materials, labor, and overhead to the various units of product.Estimating and cost control in the production and manufacturing process.Special emphasis to be placed on managerial analysis and interpretation ofcost data.
EC 410. Industry Studies 3-0Prerequisite: EC 201 or EC 205An analysis of organization, market structure, and competitive behavior inspecific industries using the tools of the economist as a guide to pertinentfactors and their significance. The course will be organized along the linesof intensive but broadly-relevant case-studies.
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EC 411. Marketing Methods 3-3Prerequisite: EC 201 or EC 205Marketing institutions and their functions and agencies; retailing; marketanalysis; problems in marketing.
EC 413. Competition, Monopoly, and Public Policy 3-3Prerequisite: EC 201 or EC 205, EC 301 Recommended But Not RequiredAn analysis of the effect of modern industrial structure on competitivebehavior and performance, in the light of contemporary price theory andthe theory of workable competition. A critical evaluation of the legislativecontent, judicial interpretation, and economic effects of the antitrust laws.
EC 414. Tax Accounting 3or3Prerequisite: EC 312 or EC 401An analysis of the Federal tax laws relating to the individual and business.Determining and reporting income. Payroll taxes and methods of reportingthem. Actual practice in the preparation of income tax returns.
EC 420. Corporation Finance 3or3Prerequisite: EC 201 or EC 205Financial instruments and capital structure; procuring funds; managingworking capital; managing corporate capitalization; financial institutionsand their work.
EC 425. Industrial Management 3-0Prerequisite: Junior StandingPrinciples and techniques of modern scientific management; relation offinance, marketing, industrial relations, accounting, and statistics to produc-tion; production planning and control; analysis of economic, politicaland social influences on production.
EC 426. Personnel Management 0-3Prerequisite: Junior StandingThe scientific management of manpower, from the viewpoint of the super-visor and the personnel specialist. A study of personnel policy and a reviewof the scientific techniques regarding the specific problems of employment,training, promotion, transfer, health and safety, employee services, and jointrelations.
EC 431. Labor Problems 3 M3Prerequisite: Junior StandingAn economic approach to labor problems including wages, hours, workingconditions, insecurity, substandard workers, minority groups, social security,and public policy relative to these problems.
EC 432. Industrial Relations 3or3Prerequisite: Junior StandingCollective bargaining. Analysis of basic labor law and its interpretation bythe courts and governmental agencies. An examination of specific terms oflabor contracts and their implications for labor and management. An
examination of labor objectives and tactics and management objectives andtactics. Problems of operating under the labor contract.
EC 440. Economics of Growth 0-3Prerequisite: EC 302An examination of the inStitutional background required for national
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economic development. The conditions apparent for past growth of nationsare compared with conditions obtaining in presently retarded nations. Con-clusions are drawn from this comparison to provide an introduction totheoretical models of growth.
EC 442. Evolution of Economic Ideas 0-3Prerequisite: EC 201 or EC 205An analysis of the development of economic thought and method during thepast two centuries. Economics considered as a cumulative body of knowledge,in a context of emerging technology, changing institutions, pressing newproblems, and the growth of science.
EC 446. Economic Forecasting 3-0Prerequisite: EC 201 or EC 205, EC 302 Recommended But Not RequiredAn examination of the basic principles and techniques of economic fore-casting with strong emphasis upon the economic models upon which forecasting is based.
EC 448. International Economics 3-0Prerequisites: EC 201, EC 202, EC 302 RecommendedA study of international economics, including trade, investment, monetaryrelations, and certain aspects of economic development. Emphasis uponanalytical and policy approaches, although some institutional material isincluded.
EC 450. Economic Decision Processes 0-3Prerequisites: EC 201 or EC 205 and MA 202 or MA 212An analysis of processes for decision making by individuals and groups.Linear programming, probability, and game theory in the light of a generaltheory of decision.
EC 490, EC 491. Senior Seminars in Economics 3 or 3Prerequisite: Consent of InstructorsThe terminal courses in undergraduate study of economics. The student isassisted in summarizing his training, and in improving his capacity torecognize problems and to select logically consistent means of solving theproblems. This is done on a smallgroup and individual basis.

Courses for Graduates and Advanced Undergraduates
EC 501. Intermediate Economic Theory 3.0Prerequisite: EC 301 or AGC 212, or EquivalentAn intensive analysis of the determination of prices and of market behavior,including demand, cost and production, pricingr under competitive condi-tions, and pricing under monopoly and other imperfectly competitive con-ditions. Messrs. Dow, Garb, Shen.
EC 502. Money, Income, and Employment 0-3Prerequisite: EC 302 or EC 501, or EquivalentA study of the methods and concepts of national income analysis withparticular reference to the role of monetary policy in maintaining fullemployment without inflation. Messrs. Garb, Olsen, Siren.
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EC 510. (PS 510) Public Finance 30r3Prerequisite: EC 20] or EC 205A survey of the theories and practices of governmental taxing, spending,and borrowing, including intergovernmental relationships and administrative practices and problems. Mr. Block.
EC 525. Management Policy and Decision Making 3-0Prerequisites: Nine Hours in Economics and Related Courses and Consentof Instructor.A review and consideration of modern management processes used inmaking top level policies and decisions. An evaluation of economic, socialand institutional pressures, and of the economic and non~economic motiva-tions, which impinge upon the individual and the organization. The prob-lem of coordinating the objectives and the mechanics of management isexamined. Messrs. Bartley, Wood.
EC 531. Management of Industrial Relations 0-3Prerequisites: Nine Hours in Economics and Related Courses, Consent of theInstructorA seminar course designed to round out the technical student’s program.Includes a survey of the labor movement organization and structure ofunions, labor law and public policy, the union contract, the bargainingprocess, and current trends and tendencies in the field of collective bargain-ing. Messrs. Bartley, Wood.
EC 541. Origins of the United States' Economy 3-0Prerequisites: Senior or Graduate Standing, EC 302, HI 261, or H1 333, orEquivalentA seminar on growth and development of American economic institutions.Emphasis is placed on the relationship between the growth of the economyof the United States and theories of economic development. Mr. Olsen.
EC 550. Mathematical Models in Economics 3 M3Prerequisites: EC 201 or EC 205, MA 202 or MA 212, EC 450 RecommendedBut Not RequiredAn introductory study of economic models emphasizing their formal proper-ties. The theory of individual economic units is presented as a special casein the theory of inductive behavior. Mathematical discussions of the theoryof the consumer, the theory of the firm, and welfare economics will showthe relevance of such topics as constrained maxima and minima, set theory,partially and simply ordered systems, probability theory, and game theory toeconomics. Mr. Harrell.
EC 552. Econometrics 0-3Prerequisites: EC 201 or EC 205, MA 202 or MA 212, MA 405, ST 362Recent developments in the theory of production, allocation, and organi-zation. Optimal combination of integrated productive processes within thefirm. Applications in the economics of industry and of agriculture.Messrs. Harrell, Stober.
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EC 555. Linear Programming 3-3Prerequisites: EC 201 or EC 205, MA 202 or MA 212, MA 405Recent developments in the theory of production, allocation and organi-zation. Optimal combination of integrated productive processes within thefirm. Applications in the economics of industry and of agriculture.Messrs. Harrell, Garb.
EC 590, EC 591. Seminar in Special Economic Topics 3 or3Prerequisite: Consent of Instructor.Topics presented by a visiting professor or special lecturer. This course willbe offered from time to time as distinguished visiting scholars are available.

Courses for Graduates Only
EC 601. Advanced Economic Theory 30:3Prerequisite: EC 501 or EquivalentA rigorous examination of contemporary microeconomic theory.Messrs. Dow, Garb, Shen, Swanson.
EC 602. (AGC 602) Monetary and Employment Theory 3 or3Prerequisite: EC 502 or EquivalentThe course consists of an analysis of the forces determining the level ofincome and employment; 3 review of some of the theories of economicfluctuations; and a critical examination of a selected macroeconomic system.Messrs. Garb, Tolley.
EC 603. History of Economic Thought 3.3Prerequisite: EC 442 or EC 501, or EquivalentA systematic analysis of the development and cumulation of economicthought, designed in part to provide a sharper focus and more adequateperspective for the understanding of contemporary economics.Messrs. Garb, Olsen, Swanson.
EC 605. Research in Economics Credits by ArrangementPrerequisite: Graduate StandingIndividual research in economics, under staff supervision and direction.Graduate Staff.
EC 640. Theory of Economic Growth orPrerequisite: EC 440 or EC 502, or EquivalentSeveral theoretical models of economic growth are compared and analyzed.Contemporary developments in the theory of national economic growth arestudied and evaluated for consistency with older theories. Mr. Olsen.
EC 648. Theory of International Trade 0.3Prerequisite: EC 448 or EC 501, or EquivalentA consideration, on a seminar basis, of the specialized body of economictheory dealing with the international movement of goods, services, capital,and payments. Also, a theoretically-oriented consideration of policy.Mr. Swanson.
EC 650. Economic Decision Theory 3-0Prerequisites: EC 501 or Equivalent, EC 550 or EC 555Study of general theories of choice. Structure of decision problems; the roleof information; formulation of objectives. Current research problems.Mr. Harrell.
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EC 655. Topics in Mathematical Economics 3 or3Prerequisites: EC 501 or Equivalent, EC 550 or EC 555A seminar and research course devoted to recent literature and developmentsin mathematical economics. Messrs. Garb, Harrell.
EC 665. Economic Behavior of the Organization 0-3Prerequisites: EC 501 or Equivalent, Consent of InstructorThis seminar will apply methods and findings derived from the behavioralsciences to the economic behavior of the organization, particularly thebusiness firm. Among the approaches which may be utilized are organiza-tion theory, information theory, reference group theory, and decision theory.Messrs. Swanson, Harrell.

SCHOOL OF EDUCATION*
JAMES BRYANT KIRKLAND, DeanProfessor: HERBERT ELVIN SPEECEAssociate Professor: NORMAN M. CHANSKY
The School of Education offers graduate programs leading to the master'sdegree for students majoring in Agricultural Education, Industrial ArtsEducation, Industrial Education, Occupational Information and Guidance,and Industrial Psychology. Graduate students in education may pursue pro-grams leading to the degree of Master of Science or Master of Education.Both degrees are recognized by the State Department of Education.The Master of Science degree is regarded as a research degree and aspreparation for further graduate study. Programs leading to the Master ofScience degree are planned to include a major (twenty credit hours) in somespecialized area of education and minor (ten or more credit hours) in someother field such as psychology or agricultural economics. If two minors arechosen, a minimum of six credits will be required in each.A reading knowledge of one modern foreign language is required. Athesis representing an original investigation in the major field must beprepared.The Master of Education degree is designed to meet the needs of studentswho are preparing themselves for teaching in the secondary schools. Theprogram of study meeting the requirements for the professional degreediffers from that for the Master of Science degree in that in the former awider latitude is permitted in the choice of course work outside the major.A problem may be substituted for a thesis if, in the opinion of the stu-dent's advisory committee, this alternative contributes maximally to thestudent’s objective.A knowledge of a foreign language is not required to meet the require-ments for the professional degree.The School of Education is located in Tompkins Hall where laboratoriesand research facilities are provided for graduate study.A limited number of teaching and research assistantships are availablefor qualified graduate students. National Defense Education Act loans arealso available for graduate students needing financial aid.

* Following the School of Education's general write-up and description of courses are section:pertaining to the departments within the school.
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General Courses

Courses for Graduates and Advanced Undergraduates
ED 501. Education of Exceptional Children 3-0Prerequisite: Six Hours in Education or PsychologyDiscussion of principles and techniques of teaching the exceptional childwith major interest on the mentally handicapped and slow learner. Practicewill be given in curriculum instruction for groups of children, individualtechniques for dealing with retarded children in the average classroom.Opportunity for individual work with an exceptional child will be provided.Mr. Corter.
ED 502. Analysis of Reading Abilities 3 or3Prerequisite: Six Hours in Education or PsychologyA study of tests and techniques in determining specific abilities; a study ofreading retardation and factors underlying reading difficulties. Mr. Rust.
ED 503. Improvement of Reading Abilities or3Prerequisite: Six Hours of Education or PsychologyA study of methods used in developing specific reading skills or in over-coming certain reading difficulties; a study of methods used in developingpupil vocabularies and work analysis skills; a study of how to control vocabu-lary burden of reading material. Mr. Rust.
ED 552. Industrial Arts in the Elementary School 3 or3Prerequisites: Twelve Credits in Education and Consent of InstructorThis course is organized to help elementary teachers and principles under-stand how tools and materials and industrial processes may be used tovitalize and supplement the elementary school children’s experiences. Prac-tical children's projects along with the building of classroom equipment.Mr. Hostetler.
ED 563. Effective Teaching 3 or3Prerequisite: ED 411 or EquivalentAnalysis of the teaching-learning process; assumptions that underlie courseapproaches; identifying problems of importance; problem solution for effec-tive learning; relationship of learning and doing; responsibility for learn-ings; evaluation of teaching and learning; making specific plans for effectiveteaching. Mr. Scarborough.
ED 595. (See IA 595. Industrial Arts Workshop.)

Courses for Graduates Only
ED 614. Modern Principles and Practices in Secondary Education 20r2Prerequisite: Twelve Hours in EducationFoundations of modern programs of secondary education purposes, curricu-lum, organization, administration, and the place and importance of the highschool in the community in relation to contemporary social force.Graduate Stall.
ED 615. Introduction to Educational Research 3-0Prerequisite: Twelve Hours in EducationAn introductory course for students preparing for an advanced degree. The
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purposes are: to assist the student in understanding the meaning and pur-pose of educational research and the research approach to problems, to de—velop students‘ ability to identify educational problems, and to plan andcarry out research to solve these problems; to aid in the preparation of theresearch report. Special attention is given to tools and methods of research.Consideration is also given to the educator as a consumer of research.Graduate Staff.
ED 665. Supervising Student Teaching 3 or 3Prerequisite: Twelve Hours in EducationA study of the program of student teaching in teacher education. Specialconsideration will be given the role of the supervising teacher including thefollowing areas: planning for effective student teaching, observation andorientation, school community study, analysis of situation, evaluating studentteacher, and coordination with North Carolina State. Graduate Staff.
ED 699. Research Credit: by ArrangementPrerequisites: Fifteen Credits and Permission of the AdvisorIndividual research on a specific problem of concern to the student.Graduate Staff.

DEPARTMENT OF AGRICULTURAL EDUCATION
Graduate Faculty

Professors: CLARENCE CAYCE SCARBOROUGH, Head, JAMES BRYANT KIRKLANDAssociate Professor: LAWRENCE WILLIAM DRABICRAssistant Professor: HOMER EDWIN BEAMAdjunct Professor: GERALD BLAINE JAMES
The Department of Agricultural Education offers programs of study leadingto the Master of Science and the Master of Education degrees. Graduate pro-

grams are designed to meet the needs of the individual student. The depart-ment emphasizes instruction that will prepare the student for the role of a
local educational leader. In addition to agricultural education courses, pro-grams include courses in rural sociology, agricultural economics and public
administration. All programs emphasize research. As a part Of the graduateprogram, each student must complete a thesis or a research problem.

In addition to the many resources available to all North Carolina State
graduate students, agricultural education students have available administra-tive and supervisory personnel staff members of the State Department ofPublic Instruction which is located in Raleigh. The State Director and Asso-ciate Director of Vocational Education, former members Of North CarolinaState faculty, are available as consultants to graduate students in agriculturaleducation. Other members of the State Department of Public Instructionstaff are also available for consultation.
A limited number of assistantships are available. Preference is given toexperienced educational leaders in the field.
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Courses for Graduates and Advanced Undergraduates

ED 554. Planning Programs in Agricultural Education 3or3Prerequisite: ED 411 or EquivalentAnalysis of theory of planning and change. Consideration of the need forplanning programs in Agricultural Education; objectives and evaluation ofcommunity programs; use of advisory groups; organization and use of fa-cilities; role of the leader. Messrs. Beam, Scarborough.
ED 568. Adult Education in Agriculture 30r3Prerequisite: ED 411 or EquivalentDesigned to meet the needs of leaders in adult education. Opportunity tostudy some of the basic problems and values in working with adult groups.Particular attention will be given to the leadership role in educational pro-grams for adults. Messrs. Beam, Scarborough.
ED 593. Special Problems 3 or3Prerequisite: ED 411 or EquivalentOpportunities for students to study current problems under the guidance ofthe stafl. Graduate Staff.

Courses for Graduates Only
ED 617. Philosophy of Agricultural Education 3 or3Prerequisite: ED 554 or EquivalentAn examination of educational philosophies and their relation to currenteducational programs in agricultural education. Mr. Scarborough.
ED 664. Supervision in Agricultural Education 3 or3Prerequisite: ED 563 or EquivalentOrganization, administration, evaluation and possible improvement of super-visory practice; theory, principles and techniques of effective supervision inAgricultural Education at different levels. Mr. Scarborough.
ED 693. Advanced Problems 3ur3Prerequisite: ED 558 or EquivalentStudy of current and advanced problems in the teaching and administrationof educational programs; evaluation of procedures and consideration for im-proving. Graduate Staff.
ED 694. Seminar in Agricultural Education . 1-1A critical review of current problems, articles, and books of interest to stu-dents of agricultural education. Graduate Staff.
DEPARTMENT OF INDUSTRIAL ARTS

Graduate Faculty
Professor: IVAN HOSTETLER, HeadAssociate Professor: TALMAGE BRIAN YOUNG
The Department of Industrial Arts oHers graduate work leading to theMaster of Science degree and the Master of Education degree. Industrial Artsmajors may select one or two minors in such fields as guidance, psychology,sociology, or school administration.



8~l THE GRADUATE CATALOG
Professional and lab01atory courses are provided on the graduate level toassure a well rounded program of graduate studies. Special emphasis is beinggiven and special funds provided for the development of an ExperimentalLaboratory with specialized equipment which will be used exclusively byadvanced undergraduate and graduate students for experimentation and re-search. The industrial arts facilities of the public schools are also availablefor research work.
Teaching and graduate assistantships are available each year for experi—enced teachers interested in pursuing graduate work. Loans may also besecured through the National Defense Education Act for graduate students.
Holders of Master's degrees in Industrial Arts Education are much in de-mand [or supervisory and teaching positions in the public schools and colleges.

Courses for Graduates and Advanced Undergraduates
IA 510. Design for Industrial Arts Teachers 3 MBPrerequisites: Six Hours of Drawing and IA 205 or EquivalentA study of new developments in the field of design with emphasis on therelationship of material and form in the selection and designing of industrialarts projects. Graduate Staff.
IA 560. (ED 560) New Developments in Industrial Arts Education 3 M3Prerequisites: Twelve Hours in Education and Teaching ExperienceThis course is a study of the new developments in industrial arts education.It is designed to assist teachers and administrators in developing new con-cepts and new content based on the changes in technology. They will berequired to re-evaluate their programs in the light of these new concepts andthe new content. Mr. Hostetler.
IA 570. Laboratory Problems in Industrial Arts Maximum 6Prerequisites: Senior Standing and Permission of InstructorCourses based on individual problems and designed to give advanced majorsin industrial arts education the opportunity to broaden or intensify theirknowledge and abilities through investigation and research in the variousfields of industrial arts, such as metals, plastics, or ceramics.Graduate Staff.
IA 592. Special Problems in Industrial Arts MaximumPrerequisite: One Term of Student Teaching or EquivalentThe purpose of these courses is to broaden the subject matter experiences inthe areas of industrial arts. Problems involving experimentation, investigationand research in one or more industrial arts areas will be required.Graduate StaE.
IA 595. (ED 595) Industrial Arts Workshop 3-3Prerequisite: One or More Years of Teaching ExperienceA course for experienced teachers, administrators and supervisors of industrialarts. The primary purpose will be to develop sound principles and practicesfor initiating, conducting and evaluating programs in this field. Enrolleeswill pool their knowledge and practical experiences and will do intensive re-search work on individual and group problems. Graduate Staif.
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Courses for Graduates Only

ED 630. Philosophy of Industrial Arts 20r2Prerequisite: Twelve Hours in EducationRequired of All Graduate Students in Industrial Arts EducationCurrent and historical developments in Industrial Arts; philosophical con-cepts, functions, scope, criteria for the selection and evaluation of learningexperiences, laboratory organization, student personnel program, communityrelationships, teacher qualifications, and problems confronting the industrialarts profession. Mr. Hostetler.
ED 635. Administration and Supervision of Industrial Arts 2or2Prerequisite: Twelve Hours in EducationA study of the problems and techniques of administration and supervision inthe improvement of Industrial Arts in the public schools. Selection of teachersand their improvements in service and methods of evaluating industrial artsprograms. Mr. Hostetler.
ED 692. Seminar in Industrial Arts Education 1-1Prerequisite: Graduate StandingReviews and reports on special topics of interest to students in IndustrialArts Education. Mr. Hostetler.

DEPARTMENT OF INDUSTRIAL EDUCATION
Graduate Faculty

Professor: DURWIN M. HANSON, Head, JOSEPH T. NERDEN
The Department of Industrial Education offers graduate work leading tothe degrees of Master of Science and Master of Education. The rapid develop-ment of industrial and technical education in North Carolina and through-out the nation provides many Opportunities for teachers and administratorswho have earned advanced degrees.The facilities at North Carolina State afford an excellent program of sup-porting courses at the graduate level in the related fields of science, mathe-matics, guidance, psychology, sociology, economics, statistics, and engineering.The prerequisite for graduate work in Industrial Education is a proficiencyin the undergraduate courses required for the bachelor’s degree in IndustrialEducation, or a substantial equivalent.A limited number of teaching and research assistantships are available forqualified graduate students.

Courses for Graduates and Advanced Undergraduates
ED 516. Community Occupational Surveys 0-2Prerequisites: Six Credits in Education, Consent of InstructorMethods in organizing and conducting 10cal surveys and evaluation of find-ings in planning a program of vocational education. Graduate Staff.
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ED 521. Organization of Related Study Materials 30r3Prerequisite: ED 422The principles of selecting and organizing both technical and general relatedinstructional material for trade extension and industrial cooperative trainingclasses. Graduate Staff.
ED 525. Trade Analysis and Course Construction 3-0Prerequisites: ED 344, PSY 304Principles and practices in analyzing occupations for the purpose of de-termining teaching content. Practice in the principles underlying industrialcourse organization based on occupational analysis covering instruction in
skills and technology and including course outlines, job sequences, the de-velopment of instructional materials and schedules. Graduate Staff.
ED 527. Philosophy of Industrial and Technical Education 0-3Prerequisites: ED 422, ED 440A presentation of the historical development of industrial and technicaleducation; the types of programs, philosophy, trends and problems of voca-tional‘industrial education; study of Federal and State legislation pertaining
to industrial education, practical nurse education and technical education.Mr. Nerden.
ED 528. Principles and Practices in Industrial Cooperative Training 3 M3Prerequisites: ED 422, ED 440A study of the developments, the objectives, and principles of industrialcooperative training. The organization, promotion and management of pro-grams in this area of vocational education. Graduate Staff.
ED 529. Curriculum Materials Development 3-3Prerequisite: ED 525Selection and organization of curricula used in vocational—industrial andtechnical education; development of curricula and instructional materials.Mr. Hanson.
ED 591. Special Problems in Industrial Education Maximum 6Prerequisites: Six Hours Graduate Work and Permission of Department HeadDirected study other than thesis problem to provide individualized studyand analysis in a specialized area of trade, industrial or technical education.Messrs. Hanson, Nerden.

Courses for Graduates Only
ED 609. Planning and Organizing Technical Educational Programs 3or3Prerequisites: PSY 304, ED 344, ED 420, ED 440, ED 516Principles of planning and organizing technical education programs spon-sored by Federal vocational acts. Professional course for coordinators anddirectors, with emphasis on the organization of post high school technical
education level. Survey of needs, building plans, equipping and maintenanceof buildings, financial structure, and personnel organization and manage-ment. Messrs. Hanson, Nerden.
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ED 610. Administration and Supervision of Vocational Education 3 MBPrerequisites: PSY 304, ED 344, ED 420, ED 440 or EquivalentAdministrative and supervisory problems of vocational education; practicesand policies of Federal and State offices; organization and administration ofcity and consolidated systems. Messrs. Hanson, Nerden.
ED 691. Seminar in Industrial Education 1-1Prerequisite: Graduate Standing or Permission of the InstructorReviews and reports of topics of special interest to graduate students inIndustrial Education. The course will be offered from time to time in ac—cordance with the availability of distinguished professors.Messrs. Hanson, Nerden.

DEPARTMENT OF
OCCUPATIONAL INFORMATION AND GUIDANCE

Graduate Faculty
Professor: Roy NELS ANDERSON, HeadAssociate Professor: CHARLES C. MOREHEAD
The Department of Occupational Information and Guidance has beentraining guidance and personnel workers for more than four decades. Thefirst master‘s degree was awarded in 1926. The programs of graduate studyare planned to develop a broad understanding of guidance and personnelservices to be applied in various settings. It is most desirable for an applicantwho wishes to specialize in guidance and personnel services to have hadundergraduate course work in economics, education, psychology, sociology,or social work. Students accepted into the program are those who anticipatedevoting full or part time to guidance and personnel work. Teachers, ad-ministrators and others who wish to increase their knowledge of guidanceand personnel may enroll for courses as a graduate minor or for certificationrenewal.Professional opportunities for placement in this field are on the increase.The department prepares students for positions as counselors in secondaryschools, industrial education centers, colleges, community agencies, schoolor county guidance directors, rehabilitation counselors, employment counse-lors, placement interviewers, and personnel workers in higher education,business or industry, and State and Federal Government agencies. Thestudent may specialize in one of several areas depending upon his careergoals.The master’s program includes a core of guidance and personnel coursesto be selected according to the student’s vocational goals. Students may selecttheir minor from the following areas: economics, psychology, sociology andanthropology. The master’s degree program of the department meets therequirements for the Counselor’s Certificate issued by the North CarolinaState Department of Public Instruction, as well as counselor certification inmany other states.The Department of Occupational Information and Guidance has had acontract with the Office of Vocational Rehabilitation for the training ofRehabilitation Counselors, and has been awarded five Counseling and
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Guidance Training Institutes under contract with the United States OFficeof Education as authorized by the National Defense Education Act of 1958.The department also provides service courses in guidance and personnelfor undergraduate students in the School of Education.

Courses for Graduates and Advanced Undergraduates
ED 520. Personnel and Guidance Services 3-0Prerequisite: Six Hours of Education or PsychologyAn introduction to the philosophies, theories, principles, and practices ofpersonnel and guidance services; the relationship of personnel services withthe purposes and objectives of the school and the curriculum.Mr. Morehead.
ED 524. Occupational Information 0-3Prerequisites: Six Hours of Education or Psychology and ED 520 or Equiva-lentThis course is intended to give teachers, counselors, placement workers, andpersonnel workers in business and industry an understanding of how to col-lect, classify, evaluate, and use occupational and educational information.This will include a study of the world of work, sources of occupationalinformation, establishing an educational-occupational information library,usingr educational, occupational, and social information, and sociological andpsychological factors influencing career planning. Mr. Morehead.
ED 530. Group Guidance 3-0Prerequisites: Six Hours of Education or Psychology and ED 520 or Equiva-lentThis course is designed to help teachers, counselors, administrators, andothers who work with groups, or who are responsible for group guidanceactivities, to understand the theory and principles of effective group work,to develop skill in using specific guidance techniques, and to plan and or-ganize group activities in the secondary school and other institutions.Mr. Morehead.
ED 533. Organization and Administration of Guidance Services 0-3Prerequisites: Graduate Standing and ED 520 or EquivalentThis course is designed for school guidance counselors, prospective counse-lors. personnel and guidance directors, and school administrators. Thephilosophy and scope of guidance and personnel services; the functions andresponsibilities of personnel involved; basic principles and current practicesin planning, developing, operating, and supervising guidance and personnelservices will be studied. Administrative relationships, utilization of schoolstaff, interrelationships of guidance services with instruction, and evaluationof guidance services will be considered. Mr. Morehead.
ED 590. Individual Problems in Guidance MaximumPrerequisite: Six Hours Graduate Work in Department or EquivalentIntended for individuals or group studies of one or more of the majorproblems in guidance and personnel work. Problems will be selected to meet
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the interests of individuals. The workshop procedure will be used wherebyspecial projects and reports will be developed by individuals and by groups.Messrs. Anderson, Morehead.

Courses for Graduates Only
ED 631. Educational and Vocational Guidance 3—0Prerequisite: Nine Hours from Following Fields—Economics, Education, Psy-chology or SociologyThis course aims to provide training for teachers who are part-time or full—time counselors, employment interviewers, social workers and personnelworkers, who are aiding individuals with vocational adjustment problems.The course will cover the functions performed in vocation and educationalguidance such as assembling and imparting occupational information, coun-seling regarding vocational and educational plans, the use of aptitude tests,placement in jobs and follow-up, and procedures in setting up services ofvocational and educational guidance in schools, employment offices, andsocial services agencies. Mr. Anderson.
ED 633. Techniques of Counseling 0-3Prerequisite: Nine Hours from Following Fields—Economics, Education, Psy-chology or SociologyThis course is designed to aid the personnel worker in the secondary school,college, employment office, social agency to develop an understanding and todevelop skill in counseling techniques; philosophies, theories, principles andpractices of counseling will be considered. Students will become acquaintedwith counseling techniques through lectures, demonstrations, case historiesand tape recordings. Attention will be given to both diagnosis and treatment.Mr. Anderson.
ED 641. Laboratory and Practicum Experiences in Counseling 2-6Prerequisite: Advanced Graduate StandingA practicum course in which the student participates in actual counselingexperience under supervision in a school, college, social service agency,employment office, and business or industrial establishment. The studentmay observe and participate in some personnel and guidance services andmay study the organization and administration of the program.Messrs. Anderson, Morehcad.

DEPARTMENT OF PSYCHOLOGY
Graduate Faculty

Professors: HOWARD G. MILLER, Head, KEY LEE BARKLEY, HAROLD MAXWELLCORTERAssociate Professors: NORMAN M. CIIANSKY, IOIIN OLIVER COOK, JOSFPIICLYDE JOHNSON, SLATER EDMUND NEWMAN, PAUL .[vas RUs rAssistant Professors: TIIOMAs SANDERsON BALDWIN, EUGENE EDWIN BERNARD,DONALD W. DREWEs, ROBERT E. LUBOWAdjunct Assistant Professor: GILBERT GOTTLIEB
The Department of Psychology offers courses leading to the Master of
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Science degree. An industrial option includes courses in the application ofscientific methods to the study of industrial behavior based on strong re-search training. An experimental option provides a program with majoremphasis on the development of proficiency in experimental methodologyin psychological research. Human factors and human engineering trainingmay be elected as a part of the industrial or experimental options. A pro-gram is oFfered which provides professional competence in school psychology.All programs are designed to provide the student with solid grounding inthe basic areas of psychology. A set of required core courses includes statis-tics, social psychology, experimental psychology, psychology of personality,and the theory and method of measurement.A minimum of thirty semester hours of graduate credit is required for themaster's degree, but the actual graduate program for each student is deter-mined on the basis of his individual needs, interests, and accomplishmentsand very likely will require hours in excess of this minimum.Admission requirements for graduate study in the Department of Psy-chology are a minimum of twenty semester credit hours in undergraduatepsychology, the maintenance of a “B" average in undergraduate psychologycourses, satisfactory grades in other collegiate studies, and satisfactory refer-ences from faculty and others in regard to character and quality of work. Insome cases provisional acceptance is granted where some of the requirementsare not met.The physical facilities for the training of graduate students in psychologyinclude testing, statistics, general and human engineering laboratories.In addition to teaching and basic research activities, the Department ofPsychology carries on research for industrial, military and other organiza-tions. To facilitate this activity, the Industrial Psychology Center has beenestablished as a special organization within the department.A limited number of research and teaching assistantships are availableannually. These assistantships are usually based on one-third time assign-ments, but are also occasionally for one-half time.

Courses for Advanced Undergraduates
PSY 438. Industrial Psychology ll 0-3Prerequisites: PSY 200, PSY 337The application of psychological principles to the problems of modern in-dustry; with particular emphasis on human relations and supervision.Mr. Miller.
PSY 441. Human Factors in Equipment Design 0.3Prerequisites: PSY 200, PSY 337 recommendedHuman factors in the design of machines and other equipment. Items ofequipment are understood as extensions of man’s capacity to sense, compre-hend, and control his environment. Includes problems in the psychology ofinformation, communication, control, and invention. Mr. Baldwin.
PSY 464. Visual Perception for Designers 3.0Prerequisite: PSY 200The nature of the seeing process and its relation to architecture, industrial
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arts, and to the industrial engineering, and textile design fields. Topics in-clude the basis of sight, perception of color and form, vision and illumina-tion, psychological factors in visual design, and a unit of training plannedto improve the student’s ability to perceive visual form. Mr. Bernard.
PSY 475. Child Psychology 0-3Prerequisite: PSY 200 or PSY 304The development of the individual child of the elementary school age willbe the inclusive object of study in this course. Emphasis will be placedupon the intellectual, social, emotional, and personality development of thechild. Physical growth will be emphasized as necessary to an understandingof the psychological development of the pupil. Mr. Barkley.
PSY 476. Psychology of Adolescence 2-2Prerequisite: PSY 200Nature and source of the problems of adolescents in western culture; emo-tional, social, intellectual and personality development of adolescents.Messrs. Barkley, Johnson.
PSY 490. Social Psychology 0-3Prerequisite: PSY 200The individual in relation to social factors. Socialization, personality de-velopment, communication, social conflict and social change.Messrs. Barkley, Miller.

Courses for Graduates and Advanced Undergraduates
PSY 501. Experimental Psychology 3-3Prerequisite: Nine Hours of PsychologyExperimental study of problems in general and theoretical psychology withparticular emphasis on sensation and perception. Particular attention is paidto problem formulation, experimental design and experimental methods.Effective written and oral performance by the student is a basic objective.Messrs. Barkley, Cook, Newman.
PSY 502. Physiological Psychology ~ 3-0Prerequisites: Twelve Hours of Psychology, Including PSY 200, PSY 201A survey of the physiological bases of behavior including the study of co-ordination, sensory processes, brain functions, emotions, and motivation.Messrs. Bernard, Corter.
PSY 504. Advanced Educational Psychology 0-3Prerequisite: Six Hours in PsychologyA critical appraisal of current psychological findings that are relevant toeducational practice and theory. Mr. Johnson.
PSY 511. Advanced Social Psychology 3.0Prerequisites: PSY 200, PSY 514A study of social relationships and their psychological bases; emphasis onthose aspects of behavior determined by personal interactions; work will in-volve analysis of representative research studies, and individual projects.Mr. Miller.
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PSY 514. Psychological Research Design 'I-OPrerequisite: Graduate Standing in PsychologyThe objectives of this course are to acquaint students with current develop-ments in theOIy and research in several areas of psychological interests; tofoster capability to derive experimentally testable hypotheses, and experi-mental tests of these hypotheses; to write and speak effectively about theoryand experimentation in psychology. Graduate Staff.
PSY 530. Abnormal Psychology 0-3Prerequisites: PSY 200, PSY 302A study of the" causes, symptomatic behavior, and treatment of the majorpersonality disturbances, emphasis also placed on preventive mental hygienemethods. Mr. Corter.
PSY 535. Tests and Measurements 3-3Prerequisite: Six Hours in PsychologyA study of standard tests with an emphasis on the selection and use ofsuch instruments. Mr. Johnson.
PSY 550. Mental Hygiene in Teaching 3.0Prerequisite: Six Hours in PsychologyA survey of mental hygiene principles applicable to teachers and pupils;practical problems in prevention and treatment of psychological problemsin schools; case studies and research. Messrs. Barkley, Corter.
PSY 565. Industrial Management Psychology 3-3Prerequisite: Nine Hours of PsychologyA study of the application of behavioral science, particularly psychology andsocial psychology to organizational and management problems.Mr. Miller.
PSY 570. Theories of Personality 3-0Prerequisite: Nine Hours in PsychologyA survey of modern theories of personality with some emphasis on intelli-gence and cognitive factors. Mr. Corter.
PSY 576. Developmental Psychology 0-3Prerequisites. Nine Hours in Psychology, including PSY 476 or PSY 475A survey of the role of growth and development in human behavior; par-ticularly of the child and adolescent periods. This course will pay particularattention to basic principles and theories in the area of developmentalpsychology. Mr. Johnson.
PSY 578. Individual Differences 3-0Prerequisite: Six Hours in PsychologyNature, extent, and practical implications of individual differences andindividual variation. Mr. Barkley.
PSY 591. Individual Intelligence Measurement 0-3Prerequisite: Psychology 570A practicum in individual intelligence testing with emphasis on the Wechs—ler-Bellevue, Stanford—Binet, report writing, and case studies. Mr. Corter.
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Courses for Graduates OnlyPSY 604. Advanced Experimental Psychology: Learning and Motivation M3Prerequisite: PSY 501 or EquivalentThe objectives of this course are to promote familiarity with the kinds ofresearch currently being conducted within the areas of “learning andmotivation;” to foster effective performance in writing, speaking and read-ing in this area, in the derivation of hypotheses capable of experimentaltest and in the design of experiments to test them.Messrs. Cook, Newman.

PSY 606. Behavior Theory 0-3Prerequisites: PSY 200, a Course in Learning, Experimental Psychology andStatisticsA study of the most fundamental considerations in behavior theory. Suchtopics as criteria of scientific meaningfulness, the nature of scientific ex-planation, the application of formal, logical techniques to theory analysis,the nature of probability, operationism, intervening variables, etc., will becovered. The aim of the course is to develop skill in handling theoreticalconcepts, the ability to analyze and evaluate theories, to deduce hypothesesfrom them, and to devise means of testing them. Mr. Cook.
PSY 607. Advanced Industrial Psychology l 3-0Prerequisites: Nine Hours of Psychology and Statistics or Concurrent withStatisticsApplication of scientific methods to the measurement and understandingof industrial behavior. Messrs. Baldwin, Drewes, Miller.
PSY 608. Advanced Industrial Psychology ll 0-3Prerequisite: PSY 607Application of scientific methods to the measurement and understanding ofindustrial behavior. Messrs. Baldwin, Drewes, Miller.
PSY 610. Theories of Learning 0.3Prerequisite: PSY 604The objectives of this course are to promote learning of the theories cur-rently used to explain how learning and forgetting occur so that testableconsequences of these theories can be derived and so that the theories andtheir testable consequences are capably written and spoken about.Messrs. Cook, Newman.
PSY 635. Psychological Measurement 0-3Prerequisite: ST 5ll or Equivalent and Twelve Hours of PsychologyTheory of psychological measurement. Statistical problems and techniquesin test construction. Mr. Drewes.
PSY 690. Seminar in Industrial Psychology 3-3Scientific articles, analysis of experimental designs in industrial psychology,and study of special problems of interest to graduate students in IndustrialPsychology. Messrs. Baldwin, Drcwes, Miller.
PSY 691. Personality Measurement 3.3Prerequisites: PSY 570, PSY 571Theory and practicum in individual personality testing of children andadults with emphasis on projective techniques, other personality measures,report writing and case studies. Mr. Corter.
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PSY 693. Psychological Clinic Practicum Maximum 12Prerequisite: Eight Hours in PsychologyClinical participation in interviewing, counseling, psychotherapy and ad-ministration of psychological tests. Practicum to be concerned with adultsand children. Mr. Corter.
PSY 699. Research in Psychology Credits by ArrangementIndividual or group research problems; a maximum of six credits is allowedtoward the Master's degree. Graduate Staff.

DEPARTMENT OF ELECTRICAL ENGINEERING
Graduate Faculty

Professors: GEORGE BURNHAM HOADLEY, Head, WILLIAM JOHN BARCLAY,ARTHUR RAYMOND EchLs, WILLIAM DAMON STEVENSON, JR., GraduateAdministrator
Associate Professors: NORMAN ROBERT BELL, EDWARD GEORGE MANNING,WILBUR CARROLL PETERSON
Assistant Professor: ROBERT WALTER LADE
Visiting Professor: MAKOTO ITOH
The Department of Electrical Engineering offers the Master of Scienceand the Doctor of Philosophy degrees. Graduate work in electrical engi-neering at the first-year or master’s level is limited to one or two areas ofspecialization. In the more advanced study for the doctorate a comprehen-

sive understanding of all fields of electrical engineering is required, andspecialization appears in the research problem undertaken.
Advanced courses of a general and fundamental nature, such as electrical

network synthesis and electromagnetic waves, are recommended for all
graduate students in electrical engineering, and are required of those whoplan to carry their advanced studies to the level of the doctorate. Minorsequences of study in advanced mathematics or physics are planned to fit
the needs of individual students.
The laboratories of the department are equipped for research in elec-

tronic circuits, in automatic controls, and in solid-state devices. Activeresearch is in progress, especially in the solid-state area where our laboratory
equipment makes possible the construction of a wide variety of solid—statedevices.

Courses for Advanced Undergraduates
EE 401. Advanced Circuits and Fields 3.0Prerequisites: EE. 302, MA 301Required of Seniors in EETransient analysis of electric circuits by the Laplace transform method, thestudy of transient and sinusoidal steady-state response in terms of poles andzeros of network functions.
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EE 402. Advanced Circuits and Fields 0-3Prerequisites: EE 302, MA 301Required of Seniors in EEA study of classical electric and magnetic field theory and its applicationto problems of electrical engineering. Consideration of electrostatics, radia-tion, and guided waves.
EE 4'”. Electrical Engineering Senior Seminar 1-0Prerequisite: Senior StandingRequired of Seniors in EEWeekly meetings for the delivery and discussion of student papers on topicsof current interest in Electrical Engineering.
EE 430. Essentials of Electrical Engineering 4-0Prerequisite: EE 301 or EE 832Not Available to Undergraduates in Electrical EngineeringEssential theory of electric circuits, including electron tubes, solid statedevices, transformers and rotating machines as needed to supply the electri-cal background for instrumentation and control theory. Intended primarilyfor graduate students who do not have an electrical engineering under-graduate degree.
EE 431. Electronic Engineering 3-0Prerequisites: EE 302, EE 314Departmental Elective for SeniorsComprehensive coverage of circuits and equipment using electronic devices;variable frequency effects; amplifiers, oscillators, modulators, detectors, wave-shaping circuits, generators of nonlinear waveforms; basic pulse techniques;principles of electronic analogue computers. Emphasis on quantitativeanalysis and engineering design.
EE 432. Communication Engineering 0-3Prerequisite: EE 431Departmental Elective for Seniors in EEApplication of electronic circuits and equipment to communication systems.Generation and modulation of radio frequency power. Elements of completesystems, wave propagation, antennas, transmitters, receivers, television,radar, electronic navigation systems, noise, special applications.
EE 433. Electric Power Engineering 3-0Prerequisites: EE 301, E13 305Departmental Elective for Seniors in EEA study of industrial power supply and power factor correction; direct andalternating current motor characteristics, starting methods, dynamic brakingand speed control; motor applications, and industrial control apparatus.
EE 434. Power System Analysis 0-3Prerequisites: EE 302, BE 305Departmental Elective for Seniors in EEAnalysis of problems encountered in the long distance transmission ofelectric power. Line parameters of the method of geometric mean distances.Circle diagrams, symmetrical components, and fault calculations. Elementaryconcepts of power system stability. Applications of digital computers topower-system problems.
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EE 435. Elements of Control 3-0Prerequisites: EE 314 and EE 305, or EE 430Departmental Elective for Seniors in EEIntroductory theory of open and closed loop control. Functions and per-formance requirements of typical control systems and system components.Dynamic analysis of error detectors, amplifiers, motors, demodulators, ana-logue components and switching devices. Component transfer characteristicsand block diagram representation.
EE 438. Instrumentation in Nuclear Technology 0-3Prerequisites: Either EE 430 or EE 301 and RE 314; also MA 301Departmental Elective for Seniors in EERequired course in Nuclear Engineering, Instrumentation Option. Radiationdetectors, pulse amplifiers, pulse shapers, amplitude discriminators, counters,coincidence circuits.
EE 440. Fundamentals of Digital Systems 0-3Prerequisite: EE 314 or RE 430Departmental Elective for Seniors in EEThe basic theory of digital computation and control. Introduction to num-ber systems, data handling, relay algebra, switching logic, memory circuits,the application of electronic devices to switching circuits and the design ofcomputer control circuits.

Courses for Graduates and Advanced Undergraduates
EE 503. Linear Network Theory 3-0Prerequisites: EE 302, EE 314, MA 301, B Average in EE and MAAnalysis of linear networks, with emphasis on the system functions of thenetwork in the frequency domain and response in the time domain.Mr. Stevenson.
EE 504. Introduction to Network Synthesis 0-3Prerequisite: EE 503A development of the methods of network synthesis of one-port and two-port passive structures based on partial fraction techniques.Mr. Stevenson.
EE 506. Dynamical Analogies 0-3Prerequisites: EE 301 or EE 331; EM 312 or EM 301; MA 301; B Averagein EE, EM and MAA study of dynamic systems in various branches of engineering and sciencewith emphasis on the similarities that exist among such integrated groupsof devices. Analogous elements and quantities in these fields as determinedfrom equations basic to each. Analytical formulation of system problemsin acoustical, electrical, mechanical, and related fields and their solutionby analog methods. Use of electronic analog computers for the solution ofsystem problems. Mr. Eckels.
EE 507. Electromagnetics 0-3Prerequisites: EE 302, EE 314, MA 301; B Average in EE and MABasic principles of electromagnetic field theory in vector analysis formula-tion, including static electric and magnetic fields, Maxwell’s equations andapplications to guided waves. Graduate Staff.



THE GRADUATE CATALOG 97
EE 5] 1. Electronic Circuits 3-0Prerequisites: EE 3314 or RE 430, B Average in EE and MASolid-state and vacuum electronic devices in amplifiers, feedback systems,oscillators, modulators, switching and wave shaping circuits. Generation ofnonlinear waveforms; electronic instruments; circuits basic to electroniccomputers. Use of complex frequency concepts to obtain generalized re-sponse. Communication, power, and industrial applications. Synthesis ofcircuits to satisfy system requirements. Mr. Barclay.
EE 512. Communication Theory 0—3Prerequisites: RE 431, B Average in EE and MAThe frequency and time domain, modulation, random signal theory, auto-correlation, basic information theory, noise, communication systems.Mr. Barclay.
EE 516. Feedback Control Systems 0-3Prerequisites: BB 401, EE 435Departmental Elective for Seniors in EEStudy of feedback systems for automatic control of physical quantities suchas voltage, speed and mechanical position. Theory of regulating systemsand servo-mechanisms. Steady state and transient responses. Evaluation ofstability. Transfer function loci and root locus plots. Analysis using differ-ential equation and operational methods. System compensation and intro
duction to design. Mr. Peterson.
EE 5'17. Control Systems Laboratory O-‘lCorequisite: EE 516Laboratory study of feedback systems for automatic control of physical quan-tities such as voltage, speed and mechanical position. Characteristics ofregulating systems and servo-mechanisms. The laboratory work is intendedto contribute to an understanding of the theory developed in RE 516, Feed-back Control Systems. Mr. Peterson.
EE 520. Fundamentals of Logic Systems 3-0Prerequisites: ER 314 or RE 430; B Average in EE and MAA study of switching algebra, logic circuitry, systematic minimization, blockdiagrams, logic systems in computers, diode and transistor logic, symmetricfunctions, iterative networks, cascaded systems, sequential circuits, andpulsed operation. Mr. Bell.
EE 521. Digital Computer Technology and Design 0-3Prerequisite: KB 520A study of the internal organization and structure of digital systems includ-ing toggle circuits, gates and pulse circuitry. Analysis and synthesis of themajor components of computers, and their integration into a complete sys-tem. Mr. Bell.
EE 531. Introduction to Solid State Devices 3-0Prerequisites: EE 314 or RE 430 or PY 403; MA 301The object of this course is to introduce the studtnt to the microscopicphenomena responsible for the operation of solid state electronic devices. Aqualitative description of the band model of solids is followed by a descrip-tion of the transport properties of charge carriers. P n junction diodes and
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transistors, solar cells, controlled rectifiers, tunnel diodes, and unijunctiontransistors are treated along with more recently developed devices.Mr. Lade.
EE 533. Transistor Circuits 3-0Prerequisites: ER 302, ER 314, B Average in EE and MAA study of the application of transistors to linear and switching circuitry.The electrical response of such systems is considered in the light of certainphysical characteristics of the transistor, in addition to the piecewise linearmodel. Device characteristics, temperature stability, cascaded amplifiers, andelementary switching circuits are treated. Mr. Manning.
EE 591, EE 592. Special Topics in Electrical Engineering 3-3Prerequisite: B Average in Technical SubjectsA two semester sequence to develop new courses, and to allow qualifiedstudents to explore unusual areas. Graduate Staff.

Courses for Graduates Only
EE 611, EE 612. Electric Network Synthesis 3-3Prerequisite: E15 504A study of modern network theory, with the emphasis on synthesis of bothpassive and active networks based on the work of Brune, Bode, Guillemin,Bott and Dufiin, Darlington, Foster, Linville and many others. Both therealization problem and the approximation problem will be treated.Mr. Hoadley.
EE 613. Advanced Feedback Control 3-0Prerequisite: RE 516An advanced study of feedback systems for the control of physical variables.Analysis of follower systems and regulators, mathematical and graphicaldescription of systems. Stability theory and performance criteria. Frequencyresponse and root locus methods of analysis. System compensation anddesign. Synthesis of linear systems. Introductory analysis of non-linearsystems. Mr. Peterson.
EE 615. Electromagnetic Waves 4-0Prerequisite: BB 507Maxwell’s equations applied to a study of the propagation of energy byelectromagnetic waves. Vector and scalar retarded potentials, propagationin free space and material media, guided electromagnetic waves, commonwaveguides, skin effects, resonant cavities. Microwave network theory appliedto measurement problems. Messrs. Barclay, Itoh.
EE 616. Microwave Electronics 0-4Prerequisite: BB 615Frequency limitations of conventional electron tubes. Microwave powergeneration and control by interaction of electromagnetic fields with chargedparticles and molecular energy levels, and by non-linear reactances. Appli-cations in klystrons, magnetrons, traveling-wave tubes, masers, and reactanceamplifiers. Measurement problems and techniques in microwave region.Mr. Barclay.
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EE 617. Pulse, Switching, and Timing Circuits 3-0Prerequisites: HE 503, BB 512Tube and transistor circuit techniques for the production, shaping, andcontrol of nonsinusoidal wave forms. Fundamental circuits needed in pulseinformation systems, instrumentation, and computers. Mr. Barclay.
EE 618. Antennas and Propagation 0-4Prerequisite: EE 615Electromagnetic wave theory applied to antennas and antenna arrays withemphasis on microwave frequencies. Calculation and measurement of direc-tional characteristics, gain, field intensity, propagation via the ionosphereover various terrains, obstacle gain, gain height theory, forward scatter andother topics. Mr. Itoh.
EE 623. Electronic Properties of Solid State Materials 3-0Prerequisite: RE 531 or PY 552A study of the electronic properties of solids. Consideration of the motionof electrons in periodic potentials leads directly to the study of the bandtheory and its consequences on the electrical and magnetic properties ofmaterials. Beginning with the Boltzmann transport equations a phenomeno-logical description of charge carrier flow is developed in terms of an effec-tive mass tensor. Hot electron transport, radiative transition mechanismsand high field effects will be treated in some depth. Mr. Lade.
EE 624. Electronic Properties of Solid State Devices 0-3Prerequisite: BB 623A study, in detail of the terminal properties of a large class of solid statedevices. Boundary relationships at solid-state interfaces will be consideredin considerable depth along with the determination of added carrier profilesin neutral and non-neutral bulk regions. The role of deep lying traps ondevice performance will be treated as an introduction to a class of space-charge-limited devices. The present technology of device fabrication willbe discussed and demonstrated. Mr. Lade.
EE 641. Advanced Digital Computer Theory 0-3Prerequisite: EE 520A study of the circuits and components of modern digital computers, includ-ing basic logic systems, codes, advanced systems of circuit logic, vacuumtube, transistor, and magnetic components. Memory devices, counters, con-verters, adders, accumulators, inputs, outputs, and computer control systemswill be analyzed. Mr. Bell.
EE 642. Automata and Adaptive Systems 3-0Prerequisite: RE 520The study of neural nets in natural systems, artificial nerve nets, pattern-recognition devices, artificial intelligence, goal-directed behavior, self-repairing machines, the logic of automata, and adaptive Boolean logic.Mr. Bell.
EE 643. Advanced Electrical Measurements 0-3Prerequisites: EE 503, BE 431A critical analysis of circuits used in electrical measurements, with specialattention to such topics as balance convergence, effects of strays, sensitivity,the use of feedback in electronic devices, automatic measuring systems, anddigital measuring systems. Mr. Hoadley.
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EE 645,'E.E 646. Advanced Electromagnetic Theory 3-3Prerequnsrtes: EE 615 or PY 503, MA 512A comprehensive study of electromagnetic theory with emphasis on fieldtheory applications. Charges in both uniform and accelerated motion, fieldequivalence principles, anisopropic media, ferrite media, variational methodsfor waveguide discontinuities, periodic structures including Floquet’s theo-rem, integral transform and function-theoretical techniques, solid state theoryapplied to quantum electronic devices. Mr. Itoh.
EE 69I, EE Special Studies in Electrical Engineering 3-3This course provides an opportunity for small groups of advanced graduatestudents to study, under the direction of qualified members of the profes-sional staff, advanced topics in their special fields of interest.Graduate Staff.
EE 695. Electrical Engineering Seminar ‘I-‘lPrerequisite: Graduate Standing in BEA series of papers and conferences participated in by the instructional staff,invited guests, and students who are candidates for advanced degrees.Mr. Eckels.
EE 699. Electrical Engineering Research Credits By ArrangementPrerequisites: Graduate Standing in EE, and Approval of Adviser,Graduate Staff.

DEPARTMENT OF ENGINEERING MECHANICS
Graduate Faculty

Professors: PATRICK HILL MCDONALD, jR., Head, *ROBERT ALDEN DOUGLAS,ADOLPHUS MITCHELLAssociate Professors: JOHN EDWARD GRIFFITH, Graduate Administrator, DANIELSHOU-LING WANGAssistant Professors: JOHN AUERT EDWARDS, JOHN FREDERICK ELY, EDWARD D.GURLEY
Affiliated Graduate Faculty

Associate Professors: FREDERICK OTTO SMETANA, JAMES CLIFFORD WILLIAMS,
JAMES T. YEN, PAUL ZUNG TEH ZIA, CARL FRANK ZOROWSKIAssistant Professor: MICHAEL AMEIN
The faculty of the Department of Engineering Mechanics offers a broadrange of graduate courses both for its own students seeking advanced de-grees and for inclusion in the graduate programs of students in allied areasof engineering and in the physical and mathematical sciences.Graduate studies in Engineering Mechanics embrace four broad areas;namely, fluid mechanics, solid mechanics, continuum mechanics, and dynam-ics. Each of these areas is of considerable importance in current research,to the extent that professional demands in these areas by space-related in-dustry and governmental agencies is second only to those for the electronicsspecialties. Professional interests of the faculty are represented by courses de-voted to the elastic and plastic behavior of solids, viscous and compressible* On leave, 1964-66
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fluid flow, the generalized behavior of matter when described as a continuum,and in sequences devoted to the theory of periodic and aperiodic vibrationsand to space mechanics,Courses for individual programs may be chosen rather broadly from thelistings indicated, and special attention is directed to the reservoir of coursesappropriate to mechanics studies, selected from closely allied engineeringspecialties. Beginning graduate students ordinarily will choose a programto encompass several of the major areas, thus establishing a broad base forsubsequent studies at the advanced graduate level which usually are concen-trated about one particular area of research.Graduate research in mechanics in any of the four major areas outlinedmay follow the lines of either analytical or experimental investigations. Thedevelopment of new research techniques for both types of endeavors is ofprime concern to the field of mechanics and the laboratory complex of Engi-neering Mechanics now includes four research laboratories. One of these isequipped for the study of fluid behavior of liquid metals, another fordynamic studies in viscoelasticity, still a third for research in fracture me-chanics, and the fourth for static and dynamic studies in stress concentra-tion. Whether a student is inclined toward analytical or toward experimentalinvestigations, he ordinarily will gain experience in both types of endeavorprior to his independent research activities.The faculty of Engineering Mechanics has submitted, for administrativeapproval, a proposal for a doctoral program to be inaugurated in July, 1964.

Courses for Graduates and Advanced Undergraduates
EM 501, EM 502. Continuum Mechanics I, II 3.3Prerequisites: EM 301, EM 303, ME 301, MA 405The concepts of stress and strain are presented in generalized tensor form.Emphasis is placed on the discussion and relative comparison of the analyti—cal models for elastic, plastic, fluid, viscoelastic, granular, and porous media.The underlying thermodynamic principles are presented, the associatedboundary value problems are formulated and selected examples are used toillustrate the theory. Mr. Griffith.
EM 503. Theory of Linear Elasticity 3-0Prerequisites: EM 301, MA 301The equations describing the linear elastic solid are used to illustrate thedevelopment of analytical models used to predict the behavior of solids.Studies in instability, wave propagation, thermal stresses, and fracture me-chanics illustrate the viewpoints employed for varied physical phenomena.Mr. Douglas.
EM 504. Mechanics of Ideal Fluids 3.0Prerequisites: EM 430 or EM 304Corequisite: MA 513Basic equations of ideal fluid flow; potential and stream functions; vortexdynamics; body forces due to flow fields; methods of singularities in two-dimensional bows; analytical determination of potential functions: con-formal transformations; free streamline flows. Messrs. Amein, Edwards.
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EM 505. Mechanics of Viscous Fluids I 3-0Prerequisites: EM 430 or EM 304Corequisite: MA 532Equations of motion of a viscous fluid (Navier-Stokes Equations); generalproperties of the Navier Stokes equations; some exact solutions of theNavier-Stokes equations; boundary layer equations; some approximate meth-ods of solution of the boundary layer equations; laminar boundary layersin axi-symmetric and three dimensional flows; unsteady laminar boundarylayers. (Offered in 1964-65 and alternate years.) Messrs. Amein, Edwards.
EM 506. Mechanics of Compressible Fluids I 3-0Prerequisites: EM 430 or EM 304, ME 302Corequisite: MA 532Introduction to compressible fluid flow; isentropic, one-dimensional flow;Rayleigh and Fanno line flows; generalized one-dimensional flow; normalshock waves; introduction to multidimensional, compressible flow. (Offeredin 1963 64 and alternate years.) Messrs. Edwards, Yen.
EM 509. Space Mechanics l 3-0Prerequisites: EM 302, EM 304Corequisite: MA 511The application of mechanics to the analysis and design of orbits andtrajectories. Trajectory computation and optimization; space maneuvers; re-entry trajectories; interplanetary guidance. (Oflered in 1964-65 and alternateyears.) Mr. Clayton.
EM 510. Space Mechanics II 0-3Prerequisites: EM 509, MA 511Continuation of EM 509. The analysis and design of guidance systems. Basicsensing devices; the characteristics of an inertial space; the theory of stabi-lized platforms; terrestrial inertial guidance. (Offered in 1964-65 and alter-nate years.) Mr. Clayton.
EM 511. Theory of Plates and Shell: 3-0Prerequisites: EM 301, MA 441Bending theory of thin plates; geometry of surfaces and stresses in shells.Various methods of analysis are discussed and illustrated by problems ofpractical interest. Messrs. Ely, Wang.
EM 551. Advanced Strength of Materials 3-0Prerequisite: EM 301Stresses and strains at a point; rosette analysis; stress theories, stress concen-tration and fatigue; plasticity; inelastic, composite and curved beams; pre-stress energy methods; shear deflections; buckling problems and columndesign; and membrane stresses in shells. Mr. Mitchell.
EM 552. Elastic Stability 0-3Prerequisites: MA 301, MA 405, EM 551A study of elastic and plastic stability. The stability criterion as a determi-nant. The energy method and the theorem of stationary potential energy.The solution of buckling problems by finite differences and the calculus of
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variations. The application of successive approximations to stability prob-lems. Optimization applied to problems of aeroelastic and civil engineeringstructures. Messrs. Mitchell, Zia.
EM 555. Dynamicsl 0:3Prerequisites: EM 501, MA 405The theory of vibrations from the Lagrangian formulation of the equationsof motion. Free and forced vibrations with and without damping, multipledegrees of freedom, coupled motion, normal mode vibrations, wave propaga-tion in solid bodies. (OEered in 1963-64 and alternate years.)Mr. Clayton.
EM 556. Dynamics ll 0-3Prerequisites: EM 301, MA 405The dynamics of particles and rigid bodies by the use of formulations ofthe laws of mechanics due to Newton, Euler, Lagrange, and Hamilton.Accelerated reference frames, constraints, Euler's angles, the spinning top,the gyroscope, precession, stability, phase space, and nonlinear oscillatorymotion. (Offered in 1963-64 and alternate years.) Mr. Clayton.

Courses for Graduates Only
EM 601, EM 602. Unifying Concepts in Mechanics I, ll 3-3Prerequisite: PY 601Generalized treatment of the fundamental equations and boundary valueproblems of continuous and non-continuous media. Use is made of con-temporary developments in irreversible thermodynamics, statistical me-chanics, and electrodynamics to provide a unified foundation for the devel—opment of principles governing the dynamic and thermodynamic behaviorof elastic, plastic and visco—elastic solids, viscous fluids and rheological media.(Offered in 1963-64 and alternate years.) Messrs. Griffith, McDonald.
EM 604. Theory of Plasticity 0-3Prerequisite: EM 503Analytical models are developed to represent the behavior of deformablesolids in the plastic regime. Conditions of yielding and fracture whichinitiate and terminate plastic behavior are studied, with the special stressstrain relationships necessary in plasticity. The hyperbolic equations andslip-line fields characteristic of plane strain theory are developed.Messrs. Douglas, Zorowski.
EM 611. Mechanics of Compressible Fluids ll 0-3Prerequisite: EM 506Continuation of EM 506; linearized theory of two-dimensional flow; methodof characteristics for two-dimensional supersonic flow; oblique shock waves;unsteady one-dimensional flow; shock-wave boundary layer interactions;transonic flow. (Offered in 1963—64 and alternate years.)Messrs. Edwards, Smetana.
EM 612. Mechanics of Viscous Fluids II 0-3Prerequisite: EM 505Continuation of EM 505; phenomenological theories of turbulence; turbu-lent flow in ducts and pipes; turbulent boundary layer with and without
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pressure gradient; compressible boundary layer; boundary layer control;free viscous flow. (Ofiered in 1964-65 and alternate years.)Messrs. Amein, Williams.
EM 695. Experimental Methods in Mechanics 0-3Prerequisite: Consent of InstructorThe study of specialized experimental techniques utilized in contemporaryresearch in the areas oi Mechanics. Messrs. Douglas, Edwards, McDonald.
EM 697. Seminars in Mechanics 1to3-1 to3Prerequisites: Graduate Standing and Consent of AdviserThe discussion and development of theory relating to contemporary researchin the frontier areas of Mechanics. Mr. McDonald.
EM 698. Special Topics in Mechanics 3 to9The study, by small groups of graduate students under the direction ofmembers of the faculty, of topics of particular interest in various advancedphases of Mechanics.
EM 699.

CHE 551CE 580CE 525, CE 526CE 534CE 535CE 547EE 506MA 555 (PY 555)ME 515ME 516ME 521ME 541, ME 542ME 554ME 581, ME 582MIM 561CE 624CE 625, CE 626CE 627CE 641, CE 642CE 643MIC 605, MIC 606MA 605MA 632, MA 633MA 661, MA 662ME 606ME 611, ME 612ME 613ME 614ME 615, ME 616ME 617ME 652ME 653ME 654ME 660MIM 651, MIM 652

Research in MechanicsIndividual research in the field of Mechanics.
Graduate Staff.

3 to 6Graduate Staff.
Courses in Allied Areas
Thermal Problems in Nuclear EngineeringFlow in Open ChannelsAdvanced Structural Analysis I, 11Plastic Analysis and DesignUltimate Strength Theory and DesignFundamentals of Soil MechanicsDynamical AnalogiesPrinciples of AstrodynamicsExperimental Stress AnalysisPhotoelasticityAerothermodynamicsAerodynamic HeatingAdvanced Aerodynamic TheoryHypersonic AerodynamicsAdvanced Structure and Properties of MaterialsAnalysis and Design of Structural Shells and Folded PlatesAdvanced Structural Design 1, 11Design of Blast Resistant StructuresAdvanced Soil MechanicsHydraulics of Ground WaterCrystal StructuresNon-Linear Differential EquationsOperational Mathematics I, llTensor Analysis I, llAdvanced Gas DynamicsAdvanced Machine Design I, llMechanics of MachineryMechanical Transients and Machine VibrationsAeroelasticity I, llPlates and Shells in Mechanical DesignDynamics of Compressible FlowSupersonic AerodynamicsDynamics of Viscous FluidsAero-Mechanical Engineering ProblemsTheory and Structure of Metals
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DEPARTMENT OF ENTOMOLOGY

Graduate Faculty
Professors: CLYDE FUHRIMAN SMITH, Head, CHARLES H. BRETT, FRANR EDWINGUTHRIE, ROBERT LAMAR RABB, DAVID ALLEN YOUNG, JR.Professor Emeritus: THEODORE BERTIs MITCHELLVisiting Professor: WESLEY GORDON BRUCEAssociate Professors: WILLIAM V. CAMPBELL, MAURICE H. FARRIER, ERNESTHODGSON, ALEXANDER RUSSELL MAIN, WALTER jOSEPH MISTRIC, JR, HERBERTH. NEUNZIGAssistant Professors: RICHARD CHARLES AXTELL, WALTER CARL DAU’I‘ERMAN
The Department of Entomology offers graduate work leading to theMaster of Science and Doctor Of Philosophy degrees. The work in entomologyis well supported by strong departments in chemistry, statistics, and thebiological and plant and animal sciences.Excellent facilities for advanced study and research are provided in amodern building designed for the use of the biological sciences. Equip-ment includes modern greenhouses, air-conditioned laboratories with pre-cision temperature and humidity control, spray chambers, dust towers, lowtemperature rooms, and pesticide residue laboratories. Facilities are pro-vided to support research in insect toxicology, insect physiology, insect bl0~chemistry, biology, ecology, and taxonomy.The well-trained faculty teaches the specialized courses in the variousphases of advanced entomological work.Opportunities for employment of well-trained entomologists are plentifuland varied. Research and teaching opportunities exist in many State institu-tions. Federal agencies offer positions in control, research, and regulatorywork. Private industry is using more and more entomologists in the develop-ment, production, control testing and sale of agricultural chemicals. Jobs asconsultants in domestic or foreign service as well as in private business andsales are available. Also, a person can go into business for himself as a pestcontrol operator or as an insecticide formulator.

Courses for Advanced Undergraduates
ENT 401... Literature of Biology 1-0Prerequmte: Enrollment as upper-classman, undergraduate, or graduateA general course intended to acquaint students with literature problems ofthe scientist, mechanics of the library book classifications, bibliographies, ab-stract journals, taxonomic indexes, and preparation of scientific papers inagriculture, forestry, biology and their sub-divisions.

Courses for Graduates and Advanced Undergraduates
ENT 502. Fundamentals of Entomology A 5-0Prerequisites: Twelve Hours of Biology; ENT 301 or ENT 312 or EquivalentAn intensive treatment of the general external morphology of insects anda survey of the adults and immatures of the orders and principal familiesof insects with attention to their biology. Messrs. Neunzig, Rabb, Young.
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ENT 503. Fundamentals of Entomology B 0-5Prerequisites: Twelve Hours of Biology; Nine Hours of Chemistry; ENT 301
or EquivalentStructure and morphological variations of organ systems in insects includingconsiderations of their histology and function. Sensory physiology and be-
havior will then lead into the basic elements of insect ecology.Messrs. Campbell, Hodgson, Rabb, Young.
ENT 504. Insect Morphology 3-0Prerequisite: ENT 502Concerned with external morphology, primary and comparative phases, withemphasis on knowledge and techniques which can be applied to specific
problems. (Offered 1968-64 and fall of alternate years.) Mr. Young.
ENT 511. Systematic Entomology 3.0Prerequisite: ENT 301 or ENT 312 or EquivalentA somewhat detailed survey of the orders and families of insects, designedto acquaint the student with those groups and develop in the student someability in the use of keys, descriptions, etc. (Offered 1964-65 and fall ofalternate years.) Mr. Young.
ENT 531. Insect Ecology 3-0Prerequisite: ENT 301 or ENT 312 or EquivalentThe environmental relations of insects, including insect development,habits, distribution and abundance. (Offered 1963~54 and fall of alternateyears.) Mr. Rabb.
ENT 541. Immature Insects 2.0Prerequisite: ENT 502 or Permission of InstructorAn advanced study of the immature stages of selected orders of insects withemphasis on generic and specific taxa. Primary consideration is given to
the larval stage, but a brief treatment of eggs and pupae is also included.(Offered 1964-65 and fall of alternate years.) Messrs. Neunzig, Rabb.
ENT 551. Fundamentals of Insect Control 3-0Prerequisites: ENT 512 or Equivalent; Twelve Hours of Chemistry; TwelveHours of BiologyThe course is divided into two phases. The first deals with the basic causesof insect problems, an evaluation of the biological and economic aspectsof insect attack, and the fundamental methods employed in insect control.The second part deals with the critical chemical, physical, and biologicalproperties of compounds used for insect control. The material presentedin the course is directed toward obtaining fundamental knowledge of thescientific principles underlying modern methods of protection of food, cloth-ing, shelter, and health from anthropods. Mr. Guthrie.
ENT 552. Applied Entomology 0-3Prerequisites: ENT 502, ENT 503, ENT 551A course dealing with the organization of the field of applied entomology,
the significance of other disciplines, research and extension methods, theconcept of integrated control, and the solution of economic problems. (Of-fered 1963—64 and spring of alternate years.) Mr. Mistric.
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ENT 572. Forest Entomology 0-3Prerequisite: ENT 301 or ENT 312A study of the methods of identification of forest pests, the factors governingtheir abundance, habits and control. (Offered 1964-65 and spring of alter-nate years.) Mr. Farrier.
ENT 582. (lo 582) Medical and Veterinary Entomology 0-3Prerequisite: ENT 30] or ENT 312A study of the morphology, biology and control of the parasitic anthropodsof man, domestic and wild animals. (Offered 1963-64 and spring of alter-nate years.) Messrs. Farrier, Harkema.
ENT 590. Special Problems Credits By ArrangementPrerequisites: Graduate Standing and Consent of the InstructorOriginal research on special problems in entomology not related to a thesisproblem, but designed to provide experience and training in research.Graduate Staff.
ENT 592. Acarology 0-3Prerequisite: ENT 301 or ENT 312 or ZO 103A systematic survey of the mites and ticks with emphasis on identification,biology and control of the more common and economic forms attackingmaterial, plants and animals including man. (Offered 196165 and springof alternate years.) Mr. Farrier.

Courses for Graduates Only
ENT 602. Principles of Taxonomy 0-3Prerequisite: ENT 511A course introducing the methods and tools used in animal taxonomy,designed to promote a better understanding of taxonomic literature, andprovide a foundation for taxonomic research. (Offered 1964-65 and springof alternate years.) Mr. Young.
ENT 611. Biochemistry of Insect: 3-0Prerequisite: CH 551 or Permission of InstructorThe biochemistry of insects will be considered with primary emphasis onintermediate metabolism. Aspects in which insects show specialization willbe treated in greater detail. The comparative treatment used necessitatessome consideration of other animal groups. (Offered 1964 65 and {all ofalternate years.) Mr. Hodgson.
ENT 622. Insect Toxicology 0-3Prerequisites: ENT 55], CH 551 or EquivalentThe relation of chemical structure to insect toxicity, the mode of action oftoxicants used to kill insects, the metabolism of insecticides in plant andanimal systems, the selectivity within the cholinesterase inhibitors and otherselective mechanisms, and the analysis of insecticide residues will be dis-cussed. (Offered 1965-66 and spring of alternate years.)Messrs. Dauterman, Guthrie.
ENT 690. Seminar 1-1Prerequisite. Graduate Standing in Entomology or Closely Allied FieldsDiscussion of entomological topics selected and assigned by Seminar Chair-man. Graduate Staff.
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ENT 699. Research Credits By ArrangementPrerequisite: Graduate Standing in Entomology or Closely Allied FieldsOriginal research in connection with thesis problem in entomology.Graduate Staff.

DEPARTMENT OF EXPERIMENTAL STATISTICS
Graduate Faculty

Professors: DAVID DICKENSON MASON, Head, RICHARD LOREE ANDERSON, Grad-uate Administrator, COLUMBUS CLARK COCRERHAM, ARNOLD HERBERT ED»WARD GRANDAGE, ROBERT JOHN HADER, DON WILLIAM HAYNE, HENRYLAURENCE LUCAS, JR, FRANCIS EDWARD MCVAY, ROBERT JAMES MONROE,JACKSON ASHCRAFT RIGNEY, RALPH WINSTON STACY, ROBERT DOUGLAS STEEL,HUBERTUS ROBERT VAN DER VAART, OSCAR WESLERProfessor Emeritus: GERTRUDE MARY CoxAdjunct Professors: WILLIAM STOKES CONNOR, ALVA LEROY FINKLER, WALTERANTON HENDRICKS, DANIEL GOODMAN HORVI'I‘ZAssociate Professors: WILLIAM JACRSON HALL, ROGER GENE PETERSEN,CHARLES HARRY PROCTOR, JOHN OREN RAWLINGS, WILLIAM WESLEY GARRYSMART, JR., THOMAS DUDLEY WALLACEVisiting Associate Professor: JOHN CLEMENT KoorAdjunct Associate Professor: WILLIAM ALEXANDER GLENNAssistant Professors: BIBHUTI BHUSHAN BHATTACHARYYA, LAURENCE JAYHERBSTAdjunct Assistant Professor: SIDNEY ADDELMAN
The Department of Experimental Statistics offers work leading to theMaster of Science, Master of Experimental Statistics (non-thesis), andDoctor of Philosophy degrees. This department has a working arrangementwith the Department of Biostatistics in the University of North Carolina’sSchool of Public Health at Chapel Hill, whereby the graduate students canmajor in experimental statistics and minor in the Division of HealthAffairs. The Department of Experimental Statistics maintains a close liaisonwith the Department of (Mathematical) Statistics at Chapel Hill in orderto strengthen the offerings in statistical theory. (See University of NorthCarolina courses listed below.) Introductory courses in the three depart-ments are coordinated so that it is easy for a beginning statistics graduatestudent to transfer from one institution of the Consolidated University toanother. The three departments are alfiliated with the Institute of Statistics(See page 15). Some Ph.D. theses in experimental Statistics are directedby members of the graduate faculty of the two statistics departments atChapel Hill.Members of the department conduct research in statistical theory, tech-niques of design and analysis for surveys and experiments, econometrics,time series and spectral analysis and computational methods. At least onestaff member consults with researchers in each of the following fields andconducts his own research on statistical problems which are encountered:the various agricultural sciences, quantitative genetics, wildlife science
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(game and fish), industrial development and engineering, physical sciences,and social sciences and economics.A graduate student who majors in experimental statistics may specializein any one of these fields with his minor in the associated department; orwith a strong mathematical background he may prefer to minor in mathema-tics or mathematical statistics. For the graduate student who wishes to minorin statistics, the department has developed a curriculum tailored to his needs.Many employers are offering added inducements for research personnel whohave such a minor. The department cooperates with other graduate depart—ments in order to provide the type of courses needed for their students andto provide a staff to participate in their graduate programs.A program of training in biomathematics at the doctoral and postdoctorallevels recently has been initiated in the Department of Experimental Sta-tistics. This program requires that the student become well grounded infour areas—mathematics, statistics, physical science, and some phase ofbiology. Several assistantships are available for doctoral students and severalfellowships for postdoctorals. Mathematical biology and related areas arenow developing rapidly and there is much opportunity for properly trainedpeople.In addition to its consulting services, the department provides computerprogramming and other assistance to the Agricultural Experiment Stationstaff in close cooperation with the campus Computing Center. This workis currently augmented by a computer facility grant from the NationalInstitutes of Health. The department also provides a desk calculator com-puting service for sets of data not economical to program for the digitalcomputer. It furnishes several federal agencies, other states and privateconcerns with research and consulting services on a contract basis. This worksupplies live problems on which graduate students may acquire experienceand maturity.The Department of Experimental Statistics is located in a new buildingconvenient to classroom and central library facilities. Ample space forgraduate students is provided adjacent to faculty offices. A well-equippeddesk computing laboratory is conveniently located in the graduate studentarea. Plans have been made for a departmental library facility, which, together with reprint files of several faculty members, will provide eveneasier access to the main periodicals and reference books.The Computing Center currently has an IBM 1410 digital computer withadequate peripheral equipment. The department has, jointly with the De-partment of Agricultural Economics, an IBM 1620 computer. Both of thecomputers are available for use in connection with computer programmingcourses and graduate student research problems.The department has approximately twenty graduate assistantships atstipends adjusted to the previous training and experience of the recipients.Students who have a major in an applied field and who have a minimumof one year of calculus, or students who have a major in statistics or mathe-matics are encouraged to apply for these assistantships. Students who haveno advanced calculus or matrix algebra are advised to make arrangementsto take these courses in the summer previous to entrance in the graduateprogram. If a graduate assistant has a satisfactory course record, he can
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complete the requirements for the master's degree in two years (in less timeif he takes courses during the summer). A graduate assistant with a master'sdegree in statistics can complete the requirements for the doctorate in twoyears.Most fields of research, development, production, and distribution areseeking persons trained in statistical theory and methods. The demand isequally strong from universities, agricultural and engineering experimentalstations, national defense agencies, other federal agencies, and a widevariety of industrial concerns. There is a need for experimental statisticianswith the master's degree as well as for those with the doctorate.At the request of the Southern Regional Education Board’s AdvisoryCommission on Statistics, Virginia Polytechnic Institute, Oklahoma StateUniversity, the University of Florida, and North Carolina State have joinedin a continuing program of graduate summer sessions in statistics, held atthe four institutions in rotation. In 1964, the host institution is the VirginiaPolytechnic Institute, followed by the University of Florida and OklahomaState Unversity. Each of the sponsoring institutions will accept the creditsearned by students in the summer sessions as residence credit. The coursesare arranged to provide consecutive work in successive summers. Informa-tion regarding these courses may be obtained from any of the cooperatingstatistical departments or the deans of the Graduate Schools.

Courses for Advanced Undergraduates
ST 421, ST 422. Introduction to Mathematical Statistics 3-3Prerequisite: MA 202 or MA 212Elementary mathematical statistics primarily for students not intending totake further work in theoretical statistics. Includes introduction to prob-ability, common theoretical distributions, moments, moment generating func-tions, sampling distributions, (F, t, chi-square), elementary estimation andhypothesis testing concepts, bivariate distributions, simple and multiplelinear regression, analysis of variance, and elementary design of experi-ments.

Courses for Graduates and Advanced Undergraduates
ST 501, ST 502. Basic Statistical Analysis 3-3Prerequisite: ST 311 or Equivalent or Graduate StandingBasic concepts of statistics; random variables, distributions, statistical meas-ures, estimation, tests of significance, analysis of variance, elementary designand sampling, factorial experiments, multiple regression, analysis of dis-crete data, and other topics. Intended primarily for statistics majors andPh.D. minors and not intended as a service course for other departments.Mr. Steel.
ST 5'”. Experimental Statistics for Biological Sciences I 3-3Prerequisite: ST 311 or Graduate StandingBasic concepts of statistical models and use of samples; variation, statisticalmeasures, distributions, tests of significance, analysis of variance and elemen-
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tary experimental design, regression and correlation, chi-square. [Offeredalso in special summer sessions at Virginia Polytechnic Institute (1964) andUniversity of Florida (1965).] Messrs. Monroe, Rawlings.
ST 512. . Experimental Statistics for Biological Science: ll 3-3Prerequisue: ST 511 or EquivalentConvariance, multiple regression, factorial experiments, individual degreesof freedom, incomplete block designs, experiments repeated over space andtime. [Offered also in special summer session at Virginia Polytechnic Insti-tute (1964) and University of Florida (1965).] Messrs. Mason, Monroe.
ST 513. Experimental Statistics for Social Science: I 3-0Prerequisite: ST 311 or Graduate StandingBasic concepts in collection and analysis of data. Variability of sample data,distributions, confidence limits, chi-square, t-test, analysis of variance, re-gression, correlation, experimental designs. Mr. McVay.
ST 514. Experimental Statistics for Social Sciences ll 0-3Prerequisite: ST 513 or EquivalentExtension of basic statistical concepts to social experiments and surveys;sampling from finite populations and estimating using unrestricted, strati-fied, systematic, and multistage selections; analysis of variance continued;multiple regression; covariance; experimental designs. Mr. Proctor.
ST 515, ST 516. Experimental Statistics for Engineers 3-3Prerequisite: ST 361 or Graduate StandingGeneral statistical concepts and techniques useful to research workers inengineering, textiles, wood technology, etc. Probability, distributions, meas-urement of precision, simple and multiple regression, tests of significance,analysis of variance, enumeration data, sensitivity data, and experimentaldesign. (Offered also in regular summer session.) Mr. Hader.
ST 531. (35 531) Biomathemotics I 3-0Prerequisites: MA 301, MA 405, or Consent of InstructorLinear time-invariant operators and their Laplace transforms, with a dis-cussion of homogeneous and non-homogeneous linear differential equationsand their analysis in time-domain and frequency-domain; applications tothe study of input and output in biological systems; systems of linear andnon-linear differential equations and their perturbation equations, especiallywith reference to the study of population dynamics and growth processes,stability of biological systems, and tracer kinetics. Mr. van der Vaart.
ST 532. (BS 532) Biomothematics II 0-3Prerequisites: ST 531, ST 541 (MA 541) , or Consent of InstructorContinuation of topics in ST 531. The general framework for mathematiza-tion of biological problems; deterministic and stochastic models; birth anddeath processes with applications to physiology and population dynamics;desirable features of mathematical models in biology. Mr. van der Vaart.
ST 541. (See MA 541. Theory of Probability 1.)
ST 542. (See MA 542. Theory of Probability II.)
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ST 551. Basic Statistical Inference 0-3Prerequisites: MA 441, ST 541 (MA 541)Frequency distributions and moments; sampling distributions; introductorytheory of point and interval estimation; tests of hypotheses. [Offered also inspecial summer sessions at Virginia Polytechnic Institute (1964) and Uni-versity of Florida (1965).] Mr. Grandage.
ST 552. Basic Theory of Least Squares and Variance Components 3-0Prerequisites: ST 551, MA 405Theory of least squares; multiple regression; analysis of variance and covari-ance; experimental design models; factorial experiments; variance com-ponent models. [Offered also in special summer sessions at Virginia Poly-technic Institute (1964) and University of Florida (1965).] Mr. Anderson.
ST 591. Special Problems 1 to 3 - ‘l to 3Development of techniques for specialized cases, particularly in connectionwith thesis and practical consulting problems. Graduate Staff.
U.N.C. ST 111. Methods of Mathematical Statistics I 3-0Prerequisite: Advanced CalculusIntroductory treatment of special mathematical techniques of particularimportance in probability and statistics, including topics from combinatorial
mathematics, Fourier and Laplace transforms, contour integration, specialinequalities and finite differences. Mr. Smith.
U.N.C. ST 131. Elementary Probability Theory 3-0Prerequisite: Advanced CalculusFundamentals of probability theory and distribution theory essential for the
study of mathematical statistics, including: axiomatic treatment of prob-ability models, combinatorial probability, conditional probability and inde-pendence, random variables, distribution and density functions, momentsand generating functions, combined random variables.Messrs. Hall, Johnson.
U.N.C. ST 132. Intermediate Probability 0.3Prerequisite: U.N.C. ST 131 or ST 134Laws of large numbers, characteristic functions, and central limit theorems.Elements of stochastic processes and their applications, including randomwalks, Markov chains, recurrent events, Brownian motion, and elementaryqueueing theory. Mr. Smith.
U.N.C. ST 133. Least Squares and Time: Series 3-0Prerequisites: U.N.C. ST 134; Matrix AlgebraThe classical method of least squares with modern improvements anddevelopments. Interpretations of the results in terms of probability. Appli-cations to social and to natural sciences. The problem of observations or-dered in time. Correlation and regression of time series. Seasonal variationand secular trends. Methods of correcting for lack of independence and ofavoiding fallacies. Mr. Hotelling.
U.N.C. ST 134. Statistical Theoryl 5-0Prerequisite: Advanced CalculusU.N.C. ST 131 plus regression and correlation theory, convergence andapproximation, common distributions, functions of random samples, multi-normal theory, and random normal sampling. Messrs. Hall, Johnson.



THE GRADUATE CATALOG 113
U.N.C. ST 135. Statistical Theory ll 0-3Prerequisite: U.N.C. ST 131 or ST 134Fundamentals of statistical inference and statistical decision theory, includ-ing: the decision and inference problem, sufficient statistics, point estimation(unbiasedness, Bayes and minimax methods, maximum likelihood andlarge sample theory), hypothesis testing, interval estimation, chi squaretests, and introduction to nonparametric, Bayesian, and sequential methods.Linear estimation, analysis of variance and regression are largely excluded.Messrs. Hall, Johnson.
U.N.C. ST 144. Correlation, Contingency, and Chi TestsPrerequisite: U.N.C. ST 135Corequisite: Matrix AlgebraElements of the theory of testing composite hypotheses. Multivariate normalpopulations; total, partial, and multiple correlations. Singular multivariatedistributions. Tests of independence, homogeneity, and goodness-of-fit.Contingency tables; exact tests for independence and the chi approxima-tion. Many-dimensional contingency tests. Mr. Hotelling.
U.N.C. ST 150. Analysis of Variance with Application toExperimental Designs 0-3Corequisite: U.N.C. ST 135Linear estimation. Non-estimability. The best linear estimate and its vari-ance. The Gauss-Markov theorem. Sums of squares. Analysis of variance andthe generalized t and F tests. Unified mathematical theory of the intrablockanalysis of incomplete block designs. Applications to balanced, lattice, par-tially balanced and Latin square designs. Mr. Bose.
U.N.C. ST 182 Mathematical Economics 3-0Prerequisite: Advanced CalculusCorequisite: Matrix AlgebraPerfect and imperfect competition. Monopoly. Utility vs. ranking of prefer-
ences. Relations between commodities. General equilibrium. Effects of taxesand controls of various kinds. Index numbers. Welfare economics. (Offered
in fall of 1964-1965 and alternate years.) Mr. Hotelling.
U.N.C. ST 183. Advanced Mathematical Economics ‘-3Prerequisites: U.N.C. ST 182, Differential EquationsDynamic variations in the economy. Calculus of variations and stochasticprocess theory with applications to economic problems. Valuation, deprecia-tion, and depletion. Most profitable rates of exploitation of mineral andbiological resources. (Offered in spring of 1964-1965 and alternate years.)Mr. Hotelling.
U.N.C. ST 197. Population Statistics 0-3Prerequisite: Permission of InstructorTraining in techniques for quantitative research with population data, com-position characteristics, making of population estimates, computation andstandardization of birth and death rates, construction and application of lifetables, measurement of migration. Mr. Price.
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Courses for Graduates Only

ST 611, ST 612. Intermediate Statistical Theory 3-3Prerequisites: ST 551, MA 512, MA 405This course will provide the additional theory, above that of ST 551, neededfor many advanced theory courses. Many of the topics of ST 551 will bedeveloped more rigorously, with more attention paid to mathematicalaspects. Advanced probability theory; limit theorems, distribution theory,multinormal distributions. Statistical decision theory, theory of estimation,confidence regions, theory of tests of hypotheses, sequential tests, non-parametric methods. Mr. Bhattacharyya.
ST 613. Time Series Analysis 1 0-3Prerequisite: ST 552Statistical analysis of realizations of second order stationary random pro-cesses, and mathematical specifications of the underlying processes, withemphasis throughout on the spectrum. Discussions of applications are givento illustrate the theory and methods. Topics include second order stationaryparent sequences, correlation analysis, autoregressive series, moving averages,hidden periodicities models, spectral analysis, estimation of the correlogramand the coefficients of autoregressive schemes, the pcriodogram, estimationof the spectral density; serial correlation theory, goodness offit tests.Mr. Herbst.
ST 614. Time Series Analysis ll 3-0Prerequisites: ST 613, ST 542 (MA 542)Cross-covariance analysis of two time series, cross~spectral analysis of twotime series, estimation of co—spectral density, quadrature-spectral density,coherence and phase, interpretations and applications of coherence analysis,detection and estimation of periodicities in variances of time series, spectralrepresentation theory for second order stationary processes, further discus-sion of spectral estimation. Mr. Herbst.
ST 621. Statistics in Animal Science 3-0Prerequisite: ST 502 or EquivalentSources and magnitude of errors in experiments with animals, experimentaldesigns and methods of analysis adapted to specific types of animal research,relative efficiency of alternate designs, amount of data required for specifiedaccuracy, student reports on selected topics. (Offered in fall of 1965-1966and alternate years.) Mr. Lucas.
ST 622. (See ANS 622. Principles of Biological Assays.)
ST 623. Statistics in Plant Science 3-0Prerequisite: ST 502 or EquivalentPrinciples and techniques of planning, establishing, and executing field andgreenhouse experiments. Size, shape and orientation of plots; border effects;selection of experimental material; estimation of size of experiments forspecified accuracy; scoring and subjective tests; subsampling plots and yieldsfor laboratory analysis. Mr. Mason.
ST 626. (GN 626) Statistical Concepts in Genetics 0-3Prerequisite: GN 512Corequisite: ST 502 or EquivalentFactors bearing on rates of change in population means and variances, with
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special reference to cultivated plants and domestic animals; selection, in-breeding, magnitude and nature of genotypic and non-genotypic variability;experimental and statistical approaches in the analysis of quantitative in-heritance. Mr. Cockerham.
ST 631. Theory of Sampling Applied to Survey Design 3-0Prerequisite: ST 422 or ST 502 or EquivalentBasic theory of sampling from a finite population. Confidence limits andestimation of optimum sample size, comparison of different sample designs,methods and probabilities for selection and methods of estimation, choiceof a sampling unit, double sampling, matched samples. Mr. Proctor.
ST 641. (Sea RS 641. Statistics in Sociology.)
ST 651. (See AGC 651. Econometric Methods I.)
ST 652. (AGC 652) Econometric Methods II 0-3Prerequisites: ST 422 or ST 552, MA 405Mathematical programming, theory of games. Applications of dynamic pro-gramming techniques and queueing theory to problems of inventory andreplacement. Special topics in regression analysis.Messrs. Anderson, Bhattacharyya.
ST 671. Advanced Topics in Least Squares and Variance Components 0-3Prerequisites: ST 502 or Equivalent, ST 552Use of non-balanced designs to estimate variance components; comparisonof estimators; problems with finite populations. Least squares proceduresfor non-standard conditions; unequal variances, correlated errors, non-additivity, measurement errors, non-normality. Functional relationships. Fac-torial experiments with continuous factor levels; incomplete blocks.Mr. Anderson.
ST 672. Special Advanced Topics in Statistical Analysis 3-0Prerequisites: ST 502 or Equivalent, ST 552Enumeration data; covariance; non-linear models; discriminant functions and
other multivariate techniques. Mr. Monroe.
ST 674. Advanced Topics in Construction and Analysis of Experimental Designs0-3Prerequisites: ST 502 or Equivalent, ST 552Interblock analysis of incomplete blocks designs, partially balanced designs,confounding, data collected at several places and times, multiple factordesigns, changeover trails, analysis of groups of means. Mr. Addelman.
ST 691. Advanced Special Problems 'I to 3 - 'l to 3Prerequisites: ST 502 or Equivalent, ST 552Any new advance in the field of statistics which can be presented in lectureseries as unique opportunities arise, including (a) theory of sampling appliedto survey design and (1)) analysis of linear models.Graduate Faculty, Visiting Professors.
ST 694. Seminar 1-1A maximum of two credits is allowed toward the master's degree, but anynumber toward the doctorate. Graduate Staff.
ST 699. Research Credits by ArrangementA maximum of nine credits is allowed toward the Master of Science degree;no limitation on credits in doctorate programs. Graduate Stall.
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U.N.C. ST 200. Applied Multivariate Analysis I 3-0Prerequisite: U.N.C. ST 135Relations between multiple regression, analysis of variance, multivariateanalysis and factor analysis. Tests with discriminant functions. The gener-alized Student ratio. Use of roots of determinantal equations. Classificationproblems. Distance and group constellations. (Offered in fall of 1964—1965and alternate years.) Mr. Nicholson.
U.N.C. ST 202. Methods of Operations Research 3-0Prerequisite: U.N.C. ST 135Linear programming, theory of games, techniques for analyzing waiting linesand queues. Applied probability, recent developments, applications of re-sults to specific problems. Case studies. Messrs. Nicholson, Smith.
U.N.C. ST 204. Selected Techniques of Approximation 3-0Prerequisite: Advanced CalculusThe methods of steepest descent and other methods of approximating inte-grals, with special attention to integrals occurring in probability and statis-
tics. Asymptotic series. Large-sample approximations. Orthogonal poly-nomials and their applications to numerical quadrature, interpolation andmoment problems. (Offered in fall of 1965-1966 and alternate years.)Mr. Hotelling.
U.N.C. ST 212. Methods of Mathematical Statistics ll 0-3Prerequisite: Advanced CalculusMeasure and integration theory, with special reference to random variables,distribution functions, probability measures, and including Fubini's Theorem,the Radon-Nikodym Theorem, conditional probability, conditional expecta-tion, and modes of convergence. Messrs. Hall, Smith.
U.N.C. ST 220. Theory of Estimation and Hypothesis Testing 4-0Prerequisites: U.N.C. ST 132, ST 135, ST 212Bayes procedures for estimation and testing. Minimax procedures. Sufficientstatistics. Optimal unbiased estimators. Most powerful similar tests. Admis-sibility. Invariance. Confidence sets. Large sample theory.Messrs. Hall, Hoefiding.
U.N.C. ST 221. Sequential Analysis 2-0Prerequisites: U.N.C. ST 132, ST 135Hypothesis testing and estimation when the sample size depends on theobservations. Sequential probability ratio tests. Sequential design of experi-ments. Stochastic approximation. Mr. Hoeffding.
U.N.C. ST 222. Nonparametric Inference 0-3Prerequisites: U.N.C. ST 132, ST 135, ST 212Estimation and testing when the functional form of the population distri-bution is unknown. Rank and sign tests. Tests based on permutations ofobservations. Power of nonparametric tests. Optimum nonparametric testsand estimators. Nonparametric confidence intervals and tolerance limits.Mr. Hoeffding.
U.N.C. ST 231. Advanced Probability 3-0Prerequisites: U.N.C. ST 132, ST 212Advanced theoretic course, including: random variables and expectations,
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distributions and characteristic functions, infinitely divisible distributions,central limit theorems, laws of large numbers, and stable laws. (Offered infall of 1964—1965 and alternate years.) Mr. Smith.
U.N.C. ST 232. General Theory of Statistical Decision 0-3Prerequisites: U.N.C. ST 135, ST 212Selected topics in the general theory of statistical decisions, based on thework of Abraham Wald. (Offered in spring of 1964-1965 and alternateyears.) Mr. Hoeffding.
U.N.C. ST 235. Stochastic Processes 0-3Prerequisites: U.N.C. ST 132, ST 212Advanced theoretic course, including: separability of a process, processeswith orthogonal random variables, Markov processes, martingales, andprocesses with independent increments. (Offered in spring of 1965-1966 andalternate years.) Mr. Smith.
U.N.C. ST 237. Time Series Analysis 0-3Prerequisite: U.N.C. ST 133Analysis of data involving trends, seasonal variations, cycles and serial cor-relations. Periodograms and correlograms. Exogenous and endogenous cycles.Stochastic difference equations. Tests for randomness. Distributions of serialcorrelation coefficients. The sinusoidal limit theorem. (Offered in spring of1965-1956 and alternate years.) Mr. Hotelling.
U.N.C. ST 251. Combinatorial Problems of the Design of Experiments 3-0Prerequisite: U.N.C. ST 150Application of Galois fields and two dimensional finite geometries to theconstruction of complete sets of orthogonal Latin squares. Finite hyperspacegeometries and balanced incomplete block designs obtainable from them.Factorial designs. Theory of confounding. Construction and analysis ofsymmetrical factorial designs with confounding. Construction and analysisof symmetrical fractionally replicated designs. Mr. Bose.
U.N.C. ST 252. Information Theory 3.0Prerequisite: U.N.C. ST 132Corequisite: U.N.C. ST 212Transmission of information. Entropy. Simple message ensembles. Discretesources. Transmission channels. Channel encoding and decoding. Encodingfor binary symmetric channels. Encoding for discrete constant channels.(Offered in fall of 1965-1966 and alternate years.) Mr. Bose.
U.N.C. ST 253. Error Correcting Codes 0-3Prerequisite: U.N.C. ST 251Linear codes and their error correction capabilities. Some important linearcodes. Linear switching circuits. Cyclic codes, Bose-Chaudhuri codes. Codesfor burst error correction. Recurrent codes. Codes for checking arithmeticoperations. (Offered in spring of 1965-1966 and alternate years.)Mr. Bose.
U.N.C. ST 254. Special Topics in Design of Experiments I 3-0Prerequisite: U.N.C. ST 150Response surface designs. Conditions for rotatibility. Construction andanalysis of rotatable designs of the second and third order. Interblock



118 THE GRADUATE CATALOG
analysis. General analysis of covariance. Missing plot techniques. (Offered infall of 1964-1965 and alternate years.) Mr. Bose.
U.N.C. ST 255. Special Topics in the Design of Experiments II 0-3Prerequisite: U.N.C. ST 251Combinatorial properties and construction of balanced, group divisible andpartially balanced designs. Impossibility proofs. Orthogonal Latin squaresof non-prime power orders. Orthogonal arrays. Asymmetrical fractionallyreplicated designs. (Oflered in spring of 1964-1965 and alternate years.)Mr. Bose.
U.N.C. ST 260. Multivariate Analysis 3-0Prerequisites: U.N.C. ST 135, MatricesCharacterization and properties of a multivariate normal distribution, ran-dom samples from this distribution. Tests and confidence intervals relatedto the hypotheses of equality of two or more dispersion matrices againstvarious types of alternatives. Multivariate analysis of variance, covarianceand regression, under a linear model with fixed effects against varioustypes of alternatives, and associated tests and confidence bounds. Associa-tion between subsets of a multivariate normal set, including several kindsof independence. Factor analysis. Mr. Roy.
U.N.C. ST 261. Advanced Multivariate Analysis 0-3Prerequisite: U.N.C. ST 260Distribution problems connected with the tests and confidence intervalsdiscussed in U.N.C. ST 260. The properties, in terms of statistical inference,of the tests and confidence intervals against different classes of alternatives.Advanced multivariate analysis of variance under a linear model withrandom or mixed-type effects against various kinds of alternatives. Multi-variate designs for problems of MANOVA and for patterned dispersionmatrices. Problems of classification. Some applications. Mr. Roy.
U.N.C. ST 262. Multifactor Multiresponse Experiments with ResponseNot Necessarily Normal 3-0Corequisite: U.N.C. ST 260Unstructured and structured factors. Unstructured and structured responsesbased on a single or a product multinominal or hypergeometric distribution.Hypotheses against alternatives, analogous to those discussed in U.N.C. ST260 for the multivariate normal case. Large sample tests and the associatedconfidence intervals. One or more structured responses based on a con-tinuous c.d.f., and the appropriate hypotheses against alternatives in thissituation. Exact and asymptotic tests Mr. Roy.
U.N.C. ST 263. Advanced Multifactor Multiresponse Experiments withResponses Not Necessarily Normal 0-3Prerequisite: U.N.C. ST 262Properties, in terms of statistical inference, of the tests and confidence inter-vals discussed in U.N.C. ST 262. Generalization of univariate or multivariateanalysis of variance to the case of normal error and random effects notnecessarily normal. Design and analysis of factorial experiments with oneor more normal response-types, treated as a problem in structured hypo-thesis. Relation to the classical design and analysis of factorial experimentsand to those based on the response surface approach. Mr. Roy.
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U.N.C. ST 300-301. Seminar in Statistical Literature 1-1Prerequisrte: U.N.C. ST 135 Graduate Staff.
U.N.C. _ST 310-311. Seminar in Theoretical Statistics 3-3Prerequisite: U.N.C. ST 135 Graduate Staff.
U.N.C. ST 321-322. Special Problems 3-3Prerequisite: Permission of the Instructor Graduate StalI.
U.N.C. ST 331-332. Advanced Research 3-3Prerequisite: Permission of the Instructor Graduate Staff.

DEPARTMENT OF FOOD SCIENCE
Graduate Faculty

Professors: WILLIAM MILNER ROBERTS, Head, LEONARD WILLIAM AURAND,THOMAS NELSON BLUMER, JOHN LINCOLN ETCHELLS, MAURICE W. HOOVER,IVAN DUNLAVY JONES, MARVIN LUTHER SPECK, FREDERICK GAIL WARRENAssociate Professors: THOMAS ALEXANDER BELL, DANIEL FROMM, FRED RUSSELLTARVER, JR.
The Department of Food Science was established at North Carolina Statein 1961 to integrate the various scientific disciplines which are basic to thepreparation, processing, packaging, and distribution of foods in general.Programs of graduate study are Offered leading to the Master of Science andDoctor of Philosophy degrees. In order to pursue graduate study in the fieldof food science, the student must possess adequate information in the funda-mentals of the area in which he expects to specialize. The student’s under-graduate education should have prepared him in mathematics, chemistry,biological and physical sciences as well as in the humanities and languageskills. Following this preparation, the student can pursue more specializedfields.In the area of food chemistry, the student can conduct research and studyin peroxidation of lipids in foods, flavor chemistry, protein denaturation,and various problems of biophysical chemistry.Engineering aspects of food science are offered in the principles of automation and industrial engineering in food plant Operations.The field of food products technology is concerned with the developmentOf new foods and the improved quality of existing foods.Food microbiology is designed to offer study and research in fundamentalprinciples Of microbiology involved in promoting growth of microorganismsessential to the manufacture of various foods and the control of unwantedmicroorganisms in foods.The department’s physical facilities include research laboratories equippedfor chemistry and microbiology, and processing facilities and equipmentfor dairy, fruit, vegetable, poultry, and meat products.The Department of Food Science maintains close liaison with the facul-
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ties of supporting departments. Depending on the area chosen by thestudent for his major interest, he will have strong support for his minorfrom faculties in chemistry, economics, engineering, genetics, microbiology,and statistics.
A graduate program in Food Science and Sanitation is offered by theDepartment of Food Science and the Department of Environmental Sciencesand Engineering of the University of North Carolina at Chapel Hill. Thisprogram is designed to provide an enrichment in environmental health tograduate students majoring in Food Science at Raleigh; similarly, it is toprovide an enrichment in food science to graduate students majoring inEnvironmental Sciences and Engineering at Chapel Hill.

Courses for Advanced Undergraduates
FS 401. Market Milk and Related Products 3-0Principles of processing, distribution and quality of fluid milk and relatedproducts.
FS 403. Ice Cream and Related Frozen Dairy Foods 0-3Prerequisite: FS 401Choice, preparation and processing of ingredients and freezing of ice creamand other frozen desserts.
FS 404. (PO 404) Poultry Products 3-0Prerequisites: CH 101, 20 103Selection, processing, grading and packaging poultry meat and eggs. Factorsinvolved in preservation of poultry meat and eggs.
FS 410. Food Products Evaluation 0-3Prerequisite: ST 361 or EquivalentA comprehensive study of problems encountered in new food product de-velopment and consumer acceptance. A study of the nature of sensoryresponses with emphasis on taste, smell and appearance (color) as relatedto foods; design and methodology of small and large consumer panel test-ing; and the application of appropriate mathematical procedures to foodacceptance testing and methodology.

Courses for Graduates and Advanced Undergraduates
FS 502. Food Chemistry 3-0Prerequisite: CH 220 or CH 221The basic composition, structure and properties of food, and the chemistryof changes occurring during processing and utilization of food. Interpretationand integration of widely published data in the food field with basic prin-ciples of chemistry. Mr. Aurand.
FS 503. Food Analysis 0-3Prerequisites: CH 2l5, CH 351, FS 502A study of the principles, methods and techniques necessary for quantitativephysical and chemical analyses of food and food products. Results of analysiswill be studied and evaluated in terms of quality standards and governingregulations. Mr. Aurand.
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FS 505. (BO 505) Food Microbiology 0-3Prerequisite: BO 412The relationship of habitat to the occurrence of microorganisms on foods;environmental factors affecting the growth of various microorganisms infoods; microbiological action in relation to food spoilage and food manu-facture; physical, chemical and biological destruction of microorganisms infoods; methods for microbiological examination of food-stuffs; and publichealth and sanitation bacteriology. Mr. Speck.
FS 506. (BO 506) Advanced Food Microbiology 3-0Prerequisite: FS 505 or Consent of InstructorEcology and physiology of microorganisms important in the manufactureand deterioration of various classes of foods; the identification of represen-tative species of such microorganisms isolated from natural environments;principles of nutrition, symbiosis and bacteriophage activity in culturemaintenance for food production. Mr. Speck.
FS 521, FS 522. Technology of Fruit and Vegetable Products 3-3Prerequisite: BO 412Comprehensive treatment of principles and methods of preservation offruits and vegetables, including studies of commercial plant operations, andvisits to food processing plants. Mr. Hoover.
FS 590. Food Science Seminar O-lPrerequisites: Senior or Graduate Standing and Consent of InstructorA review and discussion of scientific articles, progress reports in researchand special problems of interest. Graduate Staff.
FS 591. Special Problems in Food Science 1to3 -'l to3Prerequisites: Senior or Graduate Standing and Consent of InstructorAnalysis of scientific, engineering and economic problems of current interestin foods. The scientific appraisal and solution of a selected problem. Theproblems are designed to provide training and experience in research.Graduate Staff.

Courses for Graduates Only
FS 690. Seminar in Food Science 'l-‘IPreparation and presentation of scientific papers, progress reports of researchand special topics of interest in foods. Graduate Staff.
FS 691. Special Research Problems in Food Science Credits by ArrangementDirected research in a specialized phase of food science designed to provideexperience in research methodology and philosophy. Graduate Stall.
FS 699. Research in Food Science Credits by ArrangementOriginal research preparatory to the thesis for the Master of Science orDoctor of Philosophy degree. Graduate Staff.
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SCHOOL OF FORESTRY

Graduate Faculty
Professors: RICHARD JOSEPH PRESTON, Dean, ROY MERWIN CARTER, JOHNWARREN DUFFIELD, ERIC LOUIS ELLWOOD, BENJAMIN ANDERSON JAYNE,ARTHUR KELMAN, JOE OSCAR LAMMI, T. EWALD MARI, ALFRED J. STAMM,BRUCE J. ZOBELAssociate Professors: ALDOS CORTEz BAREEOOT, JR., CHARLES BINCHAM DAVEY,MAURICE H. FARRIER, CLARENCE ARTHUR HART, THOMAS O. PERRYAssistant Professors: GENE NAMKOONG, LEROY C. SAYLOR
The School of Forestry offers graduate work leading to the Master’s andthe Doctor of Philosophy degrees. Two types of master's programs areavailable to the graduate student.The professional degrees of Master of Forestry and Master of Wood Tech-nology are Offered for Students who are interested in advanced applicationsof fundamental principles to the specialized fields of forestry. The courseprogram emphasizes professional Specialization. There is no language re-quirement.The degree of Master of Science is offered for the student who contem-plates a career in research, in teaching, or both. The course of study for theMaster of Science degree provides for a comprehensive knowledge of forest

management or wood technology and furnishes the training essential forsuccessful research in these fields. Training is broadly-based and emphasizesfundamental science. There is both a thesis and language requirement.The Doctor of Philosophy degree is available to forestry students of highintellectual capactiy who can demonstrate the ability to undertake originalresearch and scholarly work at the highest levels.Candidates for the master's degree fall under one of the followingcategories:1. Students with a bachelor’s degree in forestry from a school of recog-nized standing. These students may secure the master's degree in one aca-demic year.2. Students with a bachelor's degree, other than in forestry, from acollege, university, or scientific school of high standing. These students
may secure the master's degree in two academic years provided they havethe requirements in botany, chemistry, and mathematics required in thefreshman and sophomore years of the curricula. Candidates for the degree
of Master of Forestry or Master Of Science in forest management who do nothold an undergraduate degree in forestry must Start their program with the
summer camp.3. Students not possessing a bachelor's degree may earn, through proper
selection of courses, a Bachelor Of Science degree in one of the forestrycurricula at the end of the fourth year and a master’s degree in forestry or
wood technology at the end of the fifth year.A wide and rapidly expanding field of employment possibilities is avail-able in the Southeast to young men trained in forestry. Until recent yearsmost job opportunities were with government agencies in managing publicforests. This field still constitutes a major source of employment. These
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agencies include state and federal forest services, extension services, andother groups such as the Soil Conservation Service and the Tennessee ValleyAuthority.In recent years job opportunities with private industries have expandedgreatly. Increasing numbers of technically trained young men are enteringa wide variety of professional positions in the fields of forest land manage-ment, watershed management, logging, sawmilling, veneer and plywoodmanufacturing, pulp and papermaking, kiln drying, wood preservation,plastics and other chemical derivatives of wood, and the manufacture ofwood products such as furniture, dimension stock, and various prefabricateditems.Graduate training offers tangible well-established values to young men ofproven ability. The demand for men with advanced degrees in forestry hasfar exceeded the supply for many years.Graduate preparation is essential for the specialists which are needed inmany fields. Training through the master’s degree is almost a requirementfor men entering college teaching and public or industrial research. Stateand federal agencies as well as forest industries are employing researchinvestigators at unprecedented levels.The continuing rapid expansion of southern forestry has resulted in acorresponding expansion in the need for trained men. As a general rulemost employers will prefer a candidate with graduate training. While forestindustry and public forest administration do not normally require gradu-ate training, increasing numbers of positions in these fields are being filledby men with advanced forestry degrees, particularly the master’s degree.The administrative offices of the School of Forestry are located in KilgoreHall. The first floor houses portions of the Wood Products Laboratory andthe second and third floors consist of laboratories, library, classrooms, andoffices. The Reuben B. Robertson Pulp and Paper Laboratory provides12,000 square feet of Space for teaching and research in the production ofpulp and paper. The Brandon P. Hodges Wood Products Laboratory pro-vides 18,000 square feet of space for pilot plant installations for productdevelopment work in the manufacture of lumber, veneer, plywood, particleboard, laminated structures, furniture, and other fabricated wood products.The School of Forestry now owns, or has access to, over 80,000 acres offorest land located in six tracts and representing major forest types in theState. The largest tract is the Hofmann Forest on the coastal plain whichis operated by the North Carolina Forestry Foundation for the benefit of theSchool of Forestry. The Hill Forest in Durham County, the Hope ValleyForest in Chatham County, the Goodwin Forest in Moore County, and theSchenck Memorial Forest in Wake County include representative types ofthe Piedmont area. The Wayah Recreational Area of the North CarolinaNational Forest near Franklin is located in a typical mountain forest, andfacilities at this area, leased from the Government, supplement the pre-viously established forestry camps of the Hofmann and Hill Forests andprovide the School with permanent, well-equipped, modern camps in eachof the three major regions of the State.An extensive research program in the fields of wood products, geneticsand management, sponsored by the Agricultural Experiment Station, the
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U. S. Forest Service, and the lumber, plywood, furniture, pulp and paper,and particle board industries provides broad opportunities for graduateresearch at the master’s and doctoral level. These programs offer researchassistantships for graduate students whose backgrounds qualify them. Muchvaluable equipment is made available by industry for research in woodtechnology and it is accessible to the graduate student working in this area.

Courses for Advanced Undergraduates
FOR 403. Paper Process Analysis 0-3Manufacture of several types of papers with particular attention to stockpreparation, sizing, filling and coloring. The finished products are testedphysically and chemically and evaluated from the standpoint of quality andin comparison with the commercial products they are intended to duplicate.
FOR 404. Management Analysis 0—3Application of management, logging, silvicultural and utilization practiceson assigned areas. Each student must make a forest survey of an individualarea and submit a report.
FOR 405. Forest Inventory _ _ 0-3Timber estimating and data compilation.
FOR 411, FOR 412. Pulp and Paper Unit Processes 3-3Principles of operation, construction and design of process equipment inthe pulp and paper industry.
FOR 413. Paper Properties and Additives 4-0Physical, chemical and microscopical examination of experimental and com‘mercial papers and evaluation of the results in terms of the utility of theproduct tesred.
FOR 422. Forest Products 3-0Prerequisites: FOR 201; CH 203 or CH 426The source and method of obtaining derived and manufactured forestproducts other than lumber.
FOR 423. Logging and Milling 3-0Timber harvesting and transportation methods, equipment and costs; safetyand supervision; manufacturing methods; log and lumber grades.
FOR 432. Merchandising Forest Products 2-0Principles and practices in the distribution and marketing of the productsobtained from wood; organization and operation of retail, concentration andwholesale outlets.
FOR 434. Wood Operations l 3-0Prerequisites: FOR 301, FOR 302Organization of manufacturing plants producing wood products includingcompany organization, plant layout, production planning and control. Analy-sis of typical manufacturing operations in terms of process, equipment, sizeand product specification. The organization and operation of Wood Prod-ucts markets.
FOR 435. Wood Operations II 0-3Prerequisites: FOR 301, FOR 302The application of the techniques of operations analysis to managementdecision making in the wood products field. Choice of products to manu-
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facture. Allocation of production resources. Development of product distri-bution systems.
FOR 441. Design of Wood Structures 0-3Prerequisite: EM 341Strength and related properties of commercial woods; standard A.S.T.M.strength tests; toughness; timber fastenings; design of columns; simple,laminated and box beams; trusses and arches.
FOR 444. Introduction to Quality Control 0-3Prerequisite. ST 361A study of methods used to control quality of manufactured wood products.Control charts for variable and attributes. Acceptance sampling techniques.
FOR 461. Paper Converting 0-1A survey of the principal processes by which paper and paper board arefabricated into the utilitarian products of everyday use.
FOR 462. Artificial Forestation 0-2Production collection, extraction, and storage of forest tree seeds; nurserypractice; field methods of planting.
FOR 463. Plant Inspections 0.]One week inspection trips covering representative manufactures of pulppaper and papermaking equipment.
FOR 471. Pulping Process Analysis 4-0Preparation and evaluation of the several types of wood pulp. The influenceof the various pulping and bleaching variables on pulp quality are studiedexperimentally and these data evaluated critically.
FOR 481. Pulping Processes and Products 0-2Prerequisites: FOR 202, CH 203 or CH 221Fiber manufacturing process and equipment; wall insulation and containerboard products; manufacture of roofing felts; pulp products manufacturing;resin and specialty products, lignin and wood sugar products.
FOR 482. Pulp and Paper Mill Mano ement 0-2A survey of the economics of the pu p and paper industry is followed by astudy of the work of the several departments of a paper mill organizationand the functions of the executives who administer them.
FOR 491, FOR 492. Senior Problems Credits by ArrangementProblems selected with faculty approval in the areas of management ortechnology.

Courses for Graduates and Advanced Undergraduates
FOR 501. Forest Valuation 3.0Prerequisite: FOR 372The theory and techniques of valuation of forest land, timber stands, andforest practices as investments and for appraisals of damage. Risks andhazards in forestry as they apply to forest investments, forest insurance, andforest taxation. Mr. Bryant.
FOR 511. Silvicultuve 0-3Prerequisites: FOR 36], BO 421The principle and application of intermediate and reproductive methods
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of cutting; controlled burning, silvicides, and other methods of hardwoodcontrol. The application of silvicultural methods in the forests of the
United States. Mr. DuEield.
FOR 5‘12. Forest Economics 3-0Prerequisites: FOR 372, EC 201Economics and social value of forests; supply of, and demands for forestproducts; land use; forestry as a private and a public enterprise; economics
of the forest industries. Mr. Lammi.
FOR 513. Tropical Woods 0-2Prerequisites: FOR 203, FOR 301Structure, identification, properties, characteristics and use of tropical
woods, especially those used in plywood and furniture. Mr. Barefoot.
FOR 521, FOR 522. Chemistry of Wood and Wood Products 3-3Prerequisites: FOR 202, CH 215, CH 426, PY 212Fundamental chemistry and physics of wood and wood components; pulping
principles; electrical and thermal properties. Mr. Stamm.
FOR 531, FOR 532. Forest Management 3-3Prerequisite: FOR 372Corequisite: FOR 511Management of timber lands for economic returns; the normal forest taken
as the ideal; the application of regulation methods to the forest.Mr. Bryant.
FOR 533. Advanced Wood Structure and Identification 2-0Prerequisite: FOR 202Advanced microscopic identification of the commercial woods of the United
States and some tropical woods; microscopic anatomical features and labora-
tory techniques. Mr. Barefoot.
FOR 553. Forest Photogrammetry 0-2Prerequisites: FOR 372; FOR 531
Interpretation of aerial photographs, determination of density of timber
stands and area mapping. Mr. Lammi.
FOR 571. Advanced Forest Mensuration 3-0Prerequisites: ST 311, FOR 372Study of cyclical variation in growth of individual trees and stands; analysis
of stand structures in even-aged versus all-age stands; general concepts ofgrowing stock levels on yields; evaluation of growth prediction methods.Mr. Maki.
FOR 572. Forest Policy 3-0Prerequisites: EC 201, FOR 219
Corequisite: FOR 531Analysis of the forest policies of the United States and selected foreigncountries; criteria for their evaluation; appraisal of current policies and
alternatives. Mr. Lammi.
FOR 591. Forestry Problems Credits by ArrangementPrerequisite: Senior or Graduate Standing
Assigned or selected problems in the field of silviculture, logging, lumbermanufacturing, pulp technology, or forest management. Graduate Staff.
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FOR 59%. Methods of Research in Forestry Credit: by ArrangementPrerequisite: Senior or Graduate StandingResearch procedures, problem outlines, presentation of results; considerationof selected studies by forest research organizations; sample plot technique.Messrs. Ellwood, Maki, Zobel.

Courses for Graduates Only
FOR 601. Advanced Forest Management Problems Credit: by ArrangementPrerequisite: Graduate StandingDirected studies in forest management.
FOR 603. Technology of Wood Adhesives 3 or3Prerequisites: CH 425, CH 426, FOR 433The fundamentals of adhesives as applied to wood-to—wood and wood~to-metal bonding. Technology of adhesives. Preparation and use of organicadhesiVES. Testing of adhesives and evaluation of quality of adhesives andbonded joints, Mr. Hart.
FOR 604. Timber Physics 3or3Prerequisite: FOR 441Density, specific gravity and moisture content variation affecting physicalproperties; physics of drying at high and low temperatures; thermal, sound,light and electrical properties of wood. Messrs. Ellwood, Hart.
FOR 605. Design and Control of Wood Processes 3 or 3Prerequisite: FOR 604Design and operational control of equipment for processing wood.Mr. Ellwood.
FOR 606. Wood Process Analysis 3-0Prerequisites: FOR 512, FOR 604Analysis of wood process through the solution of comprehensive problemsinvolving the physics of temperature and moisture relations. Mr. Ellwood.
FOR 607. Advanced Quality Control 0-3Prerequisites: FOR 606; ST 515Advanced statistical quality control as applied to wood processing.Mr. Hart.
FOR 611. Forest Genetics 3 or 3Prerequisites: GN 411 and Permission of InstructorApplication of genetic principles to silviculture, management and pulp utili-zation. Emphasis is on variations in wild populations, on the bases for selec-tion and desirable qualities and on fundamentals of controlled breeding.Mr. Zobel.
FOR 621. Advanced Wood Technology Problems Credit: by ArrangementPrerequisite: Graduate StandingSelected problems in the field of wood technology. Graduate Staff.
FOR 691. Graduate Seminar 1.]Prerequisite: Graduate Standing in Forestry or Closely Allied FieldsPresentation and discussion of progress reports on research, special problemsand outstanding publications in forestry and related fields.Graduate Staff.
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FOR 699. Problems in Research Credit: by ArrangementPrerequisite: Graduate StandingSpecific forestry problems that will furnish material for a thesis.Graduate StaE.
DEPARTMENT OF GENETICS

Graduate Faculty
Professors: THURSTON JEFFERSON MANN, Head, CAREY HOYT BOSTIAN, DANIELSWARTWOOD GROSCH, WARREN DURWARD HANSON, HAROLD FRANK ROBIN-SON, BENJAMIN WARFIELD SMITH, STANLEY GEORGE STEPHENSAssociate Professors: KEN ICHI KOJIMA, DALE FREDERICK MATZINCER, LAw-RENCE EUGENE MET'ILER, ROBERT HARRY MOLLAssistant Professors: FRANK BRADLEY ARMSTRONG, GENE NAMKOONG, LEROYCHARLES SAYLOR, ANASTASIOS CHRISTOS TRIANTAPHYLLOU

Associate Members of the Genetics FacultyProfessors: JAY LAWRENCE APPLE, FRED DERWARD COCHRAN, COLUMBUS CLARKCOCKERHAM, DAN ULRICH GERSTEL, EDWARD WALKER GLAZENER, WALTONCARLYLE GREGORY, PAUL HENRY HARVEY, FRANK LLOYD HAYNES, JR., TEDDYTHEODORE HEBERT, GUY LANCSTON JONES, KENNETH RAYMOND KELLER,JAMES EDWARD LECATES, THURSTON JEFFERSON MANN, PHILIP ARTHURMILLER, DANIEL TOWNSEND POPE, HAMILTON ARLO STEWART, DONALD Lo-RAINE THOMPSON, NASH NICKS WINSTEAD, BRUCE JOHN ZOBELAssociate Professors: ERNEST OSCAR BEAL, WILLIAM LOWERY BLOW, CHARLES
ALOYSIUS BRIM, WILL ALLEN COPE, EMMETI‘ URCEY DILLARD, JOHN WESLEY
DUDLEY, DONALD ALLEN EMERY, JAMES WALKER HARDIN, RICHARD ROBERT
NELSON, THOMAS O. PERRY, LYLE LLEWELLYN PHILLIPS, JOHN O. RAWLINCS,
DAVID H. TIMOTHYAssistant Professors: GENE JOHN GALLET'rA, W. R. HENDERSON, JOSHUA A.
LEE, ODIS WAYNE ROBISON
Graduate Study under direction of the genetics faculty may enable thestudent to qualify for the Master of Science or the Doctor of Philosophy

degree. A candidate for the master’s degree must acquire a thorough under-standing of genetics and its relation to other biological disciplines and mustpresent a thesis based upon his own research. In addition to a comprehen-sive knowledge of his field, a candidate for the doctorate must demonstratehis capacity for independent investigation and scholarship in genetics.At North Carolina State there are no Sharp divisions along departmental
lines between theoretical and applied aspects of genetics research. The
members and associate members of the genetics faculty are located in ninedifferent departments of the School of Agriculture, the School of Forestry,and the School of Physical Sciences and Applied Mathematics. They are
studying an extremely wide range of genetic problems and are utilizing not
only the “classic" laboratory material (Drosophila, Habrobracon, maize,
mice) but also farm animals and agricultural and horticultural plants ofthe region. A Student has, therefore. a wide choice of research problems inany of the following fields: cytology and cytogenetics, physiological andirradiation genetics, forest genetics, population genetics, and the application
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of quantitative genetics to breeding methodology. Arrangements with theSchool of Medicine at the University of North Carolina at Chapel Hillenable specialized study in human and medical genetics.The offices and laboratories of the department are located in GardnerHall with greenhouse facilities adjacent to the building. A genetics gardenfor use in the intensive research with plants and teaching functions islocated three miles from the departmental offices. The departmental staEand the associate faculty members in Animal Science, Botany, Crop Science,Horticultural Science, Poultry Science, Plant Pathology, Experimental Sta-tistics, and Forest Management are most fortunate in being able to drawupon the extensive facilities of the North Carolina Agricultural ExperimentStation.

Courses for Advanced Undergraduates
GN 411. The Principles of Genetics or 3Prerequisite: BO 103 or 20 103An introductory course. The physical and chemical basis of inheritance;genes as functional and structural units of heredity and development; quali-tative and quantitative aspects of genetic variation.

Courses for Graduates and Advanced Undergraduates
GN 503. (See ANS 503. Genetic Improvement of Livestock.)
GN 512. Genetics 4-0Prerequisite: GN 411Intended for students desiring more thorough and detailed training infundamental genetics with some attention to physiological aspects. (Stu-dents conduct individual laboratory problems.) Mr. Grosch.
GN 513. Cytogeneticsl 4-0Prerequisite: GN 512 or With Consent of InstructorThe chromosomes as vehicles of heredity. Mitosis and meiosis as bases ofgenetic stability and recombination. Structural and numerical aberrationsand their effect upon the breeding systems of plants and animals. Interspeci—fic hybrids and polyploids. Lectures and laboratory. Mr. Gerstel.
GN 520. (See PO 520. Poultry Breeding.)
GN 532. (20 532) Biological Effects of Radiations 0-3Prerequisite: 20 103 or With Consent of InstructorQualitative and Quantitative effects of radiations (other than the visiblespectrum) on biological systems, to include both morphological and physiological aspects in a consideration of genetics, cytology, histology, and mor-phogenesis. Mr. Grosch.
GN 540. (20 540) Evolution 3-0Prerequisite: ON 411The facts and theories of evolution in plants and animals. The causes andconsequences of organic diversity. (Offered in 1964-65 and alternate years.)Mr. Smith.
GN 541. (CS 541 and HS 541) Plant Breeding Methods 3.0Prerequisites: ON 512, ST 511 or Consent of InstructorPrinciples and methods of plant breeding. Graduate Staff.
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GN 542. (See CS 542 or HS 542. Plant Breeding Field Procedures.)
GN 550. Experimental Evolution 0.3Prerequisites: ON 512, ON 513 or Consent of InstructorExperimental evolution deals primarily with micro-evolutionary processesexamined at the inter- and intra-specific population level. A review of theresults from experimental population studies and analyses of natural popu-lations concerning variation patterns and adaptation, natural selection, poly-morphism, introgression, population breeding structure, isolating mechanism,etc., is made and interpreted in relation to Neo-Darwinian concepts of theorigin of species. Mr. MCttler.
GN 561. Biochemical and Microbial Genetics 3-0The course will include the development of the fields of biochemical andmicrobial genetics and will emphasize both the techniques and conceptsutilized in current research. Mr. Armstrong.

Courses for Graduates Only
GN 602. (See ANS 602. Population Genetics in Animal Improvement.)
GN 607. (PP 607) Genetics ol Fungi 3-0Prerequisite: ON 512 or Equivalent, Consent of InstructorReview of major contributions in fungus genetics with emphasis on prin-ciples and theories that have evolved in recent developments. Mr. Nelson.
GN 611. (See FOR 611. Forest Genetics.)GN 613. (See CS 613. Plant Breeding Theory.)GN 626. (See ST 626. Statistical Concepts in Genetics.)GN 631. Mathematical Genetics 3-0Prerequisites: GN 512, ST 511 or Consent of InstructorHistory of mathematical biology, role of mathematical concepts in thedevelopment of genetic science, theory of genetic recombination, dynamicsof genetic population. (Offered in 1963-64 and alternate years.)Mr. Kojima.GN 633. Physiological Genetics 0-3Prerequisite: GN 512Recent advances in physiological genetics. Attention will be directed toliterature on the nature and action of genes, and to the interaction ofheredity and environment in the expression of the characteristics of higherorganisms.
GN 641. Colloquium in Genetics 2-2Prerequisites: Graduate Standing; Consent of InstructorInformal group discussion of prepared topics assigned by instructor.Graduate Staff.GN 691. Seminar 1-1Prerequisite: Graduate StandingGN 695. Special Problems in Genetics 1 to 3 -1 to 3Prerequisites: Advanced Graduate Standing, Consent of InstructorSpecial topics designed for additional experience and research training.Graduate Staff.
GN 699. Research Credits by ArrangementOriginal research related to the student's thesis problem. A maximum ofsix credits for the Master's degree; by arrangement for the Doctorate.Graduate Stafl.
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GEOLOGICAL ENGINEERING
(See Department of Mineral Industries)

DEPARTMENT OF HISTORY AND POLITICAL SCIENCE
Graduate Faculty

Professors: PRESTON WILLIAM EDSALL, Head, WILLIAM JOSEPH BLOCK, MARVINL. BROWN, 1k, FRED VIRGIL CAHILL, JIL, JOHN TYLER CALDWELL, ABRAHAMHOLTZMAN, STUART NOBLINAssociate Professors: BURTON FLOYD BEERS, RALPH WELLER GREENLAW
No graduate degrees are offered in history or political science at NorthCarolina State. Graduate programs leading to advanced degrees in thisfield are offered at the University of North Carolina at Chapel Hill. Thecourses listed below are eligible for graduate credit when they form a partof an approved graduate program in other departments, and work in historyand political science may serve as a minor field.

Courses for Advanced Undergraduates
HI .401. Russian History 3-0This course presents the major trends in Russian social, political, economic,and cultural history, with emphasis on the nineteenth and twentieth cen-turies. USSR policy is studied in relation to the full sweep of Russianhistory.
H1 402. Asia and the West 0-3A history of Asia from the mid-nineteenth century to the present with em-phasis on Asian nationalism and conflict with the imperial powers.
HI 409. Colonial America 2-0A study of the development of the American colonies in the seventeenthand eighteenth centuries, with special emphasis on European backgrounds
HI 411. The American Revolution and the Confederation 3-0The historical steps in the establishment of the United States as an inde-pendent nation. The conflict with Great Britain after 1763 leading to thedeclaring of independence; the military and diplomatic aspects of the warfor American independence; the peace negotiations and the peace settlementof 1783; the domestic problems and foreign relations in the immediate post-war years; the establishment of government in the new nation terminatingwith the adoption of the Constitution of 1787.
HI 412. Recent United States History 3 M3A study of the main current in American political, economic, social, anddiplomatic history of the twentieth century.
HI 422. History of Science 3—0A study of the evolution of science from antiquity to the present WIthparticular attention given to the impact of scientific thought upon selectedaspects of western civilization. The course provides a broad perspective ofscientific progress and shows the interrelationship of science and major his-torical developments.



132 THE GRADUATE CATALOG
HI 491, HI 492. Seminar in History 3-3Prerequisite: Senior Standing in History; Open to Other Seniors and Grad-uate Students With Departmental ApprovalA study of the works of significant historians and a survey of historical phi-losophies, theories, and techniques. Intensive reading on selected topics andexercises in research, criticism, and exposition.
PS 401. American Parties and Pressure Groups 3 or3After a brief survey of those features of American government essential toan understanding of the political process, the course proceeds to examinethe American electorate and public opinion and devotes its major attentionto the nature, organization, and programs of pressure groups and politicalparties and to their efforts to direct opinion, gain control of government,and shape public policy. Special attention is given to party organizationand pressure group activity at the governmental level and to recent proposalsto improve the political party as an instrument of responsible government.
PS 406. Problems in State Government 0-2Prerequisite: PS 201 or An Acceptable SubstituteSelected problems arising from the operation of the legislative, administra-tive, and judicial machinery. In addition to acquiring a comprehensive viewof these problems each student will make an intensive study of a specialphase of one of them. Special attention will be given to North Carolina.
PS 431. International Organization 3-0Prerequisite: PS 201 or H1 205 or An Acceptable SubstituteA study of the evolving machinery and techniques of international or-ganization in the present century with particular emphasis on recent de-velopments. The actual operation of international organization will beillustrated by the study of selected current international problems.
PS 452. The Legislative Process 0-3A study of the formulation of public policy from the institutional andbehavioral viewpoints. Important current legislative problems at the con-gressional and state legislative levels will be selected and will serve as abasis for analyzing the legislative process.
HI, PS 461. The Soviet Union 0-3An analysis of the structure and function of the major Soviet economic,political, and social institutions with special stress on the historical rootsand continuity of Russian civilization. The course is presented in threeequal phases of approximately five weeks each, covering Russian history,Soviet government, and Soviet economy.
PS 491, PS 492. Seminar in Political Science 3-3Prerequisite: Senior Standing in Political Science; Open to Other Seniors andGraduate Students With Departmental ApprovalEmphasizing intensive independent work on selected topics, this seminarstresses familiarity with the literature and other resources of political scienceand further develops the student’s skills in the methodology of the discipline.
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Courses for Graduates and Advanced Undergraduates

PS 501. Modern Political Theory 3-0Prerequisite: PS 201 or H1 205 or An Acceptable SubstituteA study of the state and its relationship to individuals and groups, ap-proached through the reading of selected passages from the works of out-standing political philosophers from the sixteenth century to the present.Mr. Holtzman.
PS 502. Public Administration 0—3Prerequisite: PS 201 or PS 202 or An Acceptable SubstituteA study of the principles and problems of administration in public agencies,including such matters as organization, personnel, fiscal management, rela-tionship to the legislative and judicial functions, control of administrativeagencies and policies, and public relations. Mr. Block.
PS 510. (EC 510) Public Finance 0-3Prerequisite: The Basic Course in Economics Required by the Degree Grant-ing SchoolA survey of the theories and practices of government taxing, spending, andborrowing, including inter-governmental relationships and administrativepractices and problems. Mr. Block.
PS 512. American Constitutional Theory 0-3Prerequisite: PS 201 or An Acceptable SubstituteBasic constitutional doctrines, including fundamental law, judicial review,individual rights and political privileges, and national and state power.Specal attention is given to the application of these doctrines to the regulation of business, agriculture, and labor and the rights safeguarded by theFirst, Fifth, and Fourteenth Amendments to the Constitution.Messrs. Cahill, Edsall.
HI 534. (RS 534) Farmers' Movements 0-3Prerequisite: Three Credits in American History, American Government,Sociology or A Related Social ScienceA history of agricultural organizations and movements in the UnitedStates and Canada principally since 1865, emphasizing the Grange, theFarmers’ Alliance, the Populist revolt, the Farmers’ Union, the Farm Bureau,the Equity societies, the Nonpartisan League, cooperative marketing, gov-ernment programs, and present problems. Mr. Noblin.

Courses for Graduates Only
PS 691. Applied Principles of Public Administration 2-4 By ArrangementPrerequisite: PS 502 or An Acceptable SubstituteAn advanced course in administrative principles and methods. Studentswill perform individual or group research, under supervision, in specificadministrative topics within the context of those public agencies whichfunction in their respective fields of technology. Mr. Block.



134 THE GRADUATE CATALOG
PS 696. Problems in Political Science 2-4 By ArrangementPrerequisite: Advanced Graduate StandingAn independent advanced research course in selected problems of govern-ment and politics. The problems will be chosen in accordance with the needsand desires of the students registered for the course. Graduate Staff.

DEPARTMENT OF HORTICULTURAL SCIENCE
Graduate Faculty

Professors: FRED DERWARD COCHRAN, Head, MONROE EVANS GARDNER,FRANK LLOYD HAYNES, JR., JOHN MITCHELL JENKINS, JR., CLARENCE LESLIEMCCOMBS, DANIEL TOWNSEND POPEAssociate Professors: WALTER ELMER BALLINGER, THOMAS FRANKLIN CANNON,LEATON JOHN KUSHMAN, CONRAD HENRY MILLERAssistant Professors: GENE JOHN GALLETrA, ROY AXEL LARSON
The Department of Horticultural Science offers the Master of Sciencedegree and the professional degree, Master of Horticulture. Evidence ofhigh scholastic achievement in the basic biological sciences is particularlydesirable for students who expect to study for the Master of Science degreein horticulture.
The department has excellent greenhouses, laboratories, cold storages,and access to adequate field plots, for graduate training in crop production,plant propagation, nutrition and physiology, biochemistry, morphology,plant breeding, cytology, and post-harvest physiology. The greenhouse rangecovers over 30,000 square feet of space and has twenty-one sections, eachcontaining individual temperature and light control equipment. Laboratoryfacilities include four analytical laboratories, two cytological and anatomicallaboratories, one soil testing laboratory for greenhouse control, one radio—isotope laboratory, and one landscape and floral design laboratory. Post-harvest facilities include, additionally, fourteen controlled temperaturestorage rooms, and grading, washing and packaging equipment. Thesecombined facilities provide a wide variety of opportunities in basic andtechnical research in the horticultural field. An extensive and varied as-sortment of plant materials is available for use in graduate programs.
The wide variations in climate and soils in North Carolina, from thecoast to the mountains, make possible the study of plant responses underthese varied conditions. Land and facilities for horticultural research areavailable on ten of the outlying stations located throughout the State.
The opportunities for employment after advanced training include teach-ing and research in state and privately endowed educational institutions;research and regulatory positions with the United States Department ofAgriculture, both foreign and domestic; extension specialists and countyagents; research, production and promotional work with food, chemical,and seed concerns: orchard, nursery and greenhouse supervisors; and in-spectors and quality control technologists.
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Courses for Advanced Undergraduates

HS 41]. Nursery Management 3-0Prerequisites: BO 103, SSC 200The principles and practices involved in the production, management, andmarketing of field-grown and container-grown nursery plants. Field tripswill be taken.
HS 42]. Fruit Production 3-0Prerequisites: BO 103, SSC 200A study of identification, adaptation, and methods of production andmarketing of the principal tree and small fruits. Modern practices as re-lated to selection of sites, nutritional requirements, management practices,and marketing procedures will be discussed.
HS 432. Vegetable Production 0-3Prerequisites: BO 103, SSC 200A study of the origin, importance, distribution, botanical relationships, andprinciples of production and marketing of the major vegetable crops.
HS 441. Floriculture I 3-0Prerequisites: BO 103. SSC 200The scope and importance of the commercial flower industry; the basicprinciples and practices involved in the production and marketing of flowersgrown in the greenhouse and in the field.
HS 442. Floriculture ll 0-3Prerequisites: BO 103, SSC 200Principles and methods of production of commercial flower crops in thegreenhouse and in the field, including fertilization, moisture, temperature,and light relationships, insect and disease control, and marketing of cutflowers and pot plants.
HS 471. Aboriculture 0-3Prerequisites: BO 103, SSC 200A study of the principles and practices in the care and maintenance ofornamental trees and shrubs, such as pruning, fertilization, control of insectsand diseases, and tree surgery. Field trips will be taken.
HS 481. Breeding of Horticultural Plants 3-0Prerequisite: ON 411The application of genetic and other biological sciences to the improve-ment of horticultural crops.

Courses for Graduates and Advanced Undergraduates
HS 541. (GN 541 or C5 541) Plant Breeding Methods 3-0Prerequisites: ON 512; ST 511 RecommendedAn advanced study of methods of plant breeding as related to principlesand concepts of inheritance. Messrs. Haynes, Timothy.
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HS 542. (GN 542 or FC 542) Plant Breeding Field Procedures2 in Summer SessionsPrerequisites: HS 541 or CS 541 or ON 541Laboratory and field study of the application of various plant breedingtechniques and methods used in the improvement of economic plants.Graduate Staff.
HS 552. Growth of Horticultural Plants 0-3Prerequisite: BO 421A study of the effect of nutrient elements, water, light temperature, andgrowth substances on horticultural plants. Messrs. Fish, Miller.
HS 562. Post-Harvest Physiology 0-3Prerequisite: BO 421A study of chemical and physiological changes that occur during handling,transportation, and storage which aEect the quality of horticultural crops.Consideration will be given to pre- and post-harvest conditions which in-fluence these changes. Messrs. Ballinger, McCombs.
HS 591. Senior Seminar 1.]Prerequisite: Senior in HorticulturePresentation of scientific articles, ro ess re orts in research, and s ecial_ . P gr P Pproblems in horticulture and related fields. Graduate Staff.
HS 599. Research Principles Credits by ArrangementPrerequisite: Permission of InstructorInvestigation of a problem in horticulture under the direction of the in-structor. The students obtain practice in experimental techniques and pro-cedures, critical review of literature and scientific writing. The problem maylast one or two semesters. Credits will be determined by the nature of theproblem, not to exceed a total of 4 hours. Graduate Staff.

Courses for Graduates Only
HS 613. (See CS 613. Plant Breeding Theory.)
HS 621. Methods and Evaluation of Horticultural Research 3-0Prerequisite: Graduate StandingPrinciples and methods of research in the field of horticulture and theirapplication to the solution of current problems. Critical study and evaluationof scientific publications. Compilation, organization, and presentation ofdata. Mr. Cochran.
HS 691. Seminar 1-]Prerequisite: Graduate StandingPresentation of scientific articles and special lectures. Students will be re-quired to present one or more papers. Attendance of all graduate studentsis required. Graduate Staff.
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HS 699.. Research Credits by ArrangementPrerequisites: Graduate Standing in Horticulture; Consent of Chairman ofAdvisory CommitteeOriginal research on specific problems in fruit, vegetable, and ornamentalcrops. Thesis prepared should be worthy of publication. A maximum of sixcredits is allowed toward the Master of Science degree; no limitation oncredits in Doctorate program. Graduate Staff.

DEPARTMENT OF INDUSTRIAL ARTS
(See School of Education)

DEPARTMENT OF INDUSTRIAL EDUCATION
(See School of Education)

DEPARTMENT OF INDUSTRIAL ENGINEERING
Graduate Faculty

Professors: CLIFrON A. ANDERSON, Head, ROBERT GORDON CARSON, JR, ROBERTW. LLEWELLYNVisiting Professor: RUDOLPH WILLARD
The Department of Industrial Engineering offers graduate study leadingto the Master of Science degree. The courses in this department reflect thenew emphasis in the so-called operations research approach to the field.Industrial engineering is concerned with the technical details of organiz-ing men, materials, machines, capital and other resources to improve theefficiency of manufacturing, processing, and distribution activities. The basiceducation in industrial engineering emphasizes the utilization of the engineer-ing sciences and mathematical and statistical analyses in the solution ofplanning, operating and control problems.

Courses for Advanced Undergraduates
IE 401. Industrial Engineering Analysis 3-0Prerequisites: IE 304; MA 405; ST 362An introductory course in some of the more recently developed operationsresearch techniques; applications of dynamic programming, replacementtheory, Markov processes, queueing theory, linear programming; graphicalmethods of solutions; information theory and servomechanisms in Inclus-trial Engineering. A balance will be sought between theory and practicalapplications.
IE 402. Industrial Engineering Analysis 0-3Prerequisite: 113 401Continuation of IE 401.
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IE 443. Quality Control 0-3Prerequisite: ST 361Economic balance between cost of quality and value of quality, and tech-niques for accomplishing this balance. Organization for, specification andutilization of quality controls. Statistical theory and analyses as applied tosampling, control charts, tolerance determination, acceptance proceduresand control of production.

Courses for Graduates and Advanced Undergraduates
IE 515. Process Engineering 3-0Prerequisites: IE 401; IE 443The technical process of translating product design into a manufacturingprogram. The application of industrial engineering in the layout, tooling,methods, standards, costs and control functions of manufacturing. Labora-tory problems covering producer and consumer products. Graduate Staff.
IE 517. Automatic Processes 3-0Prerequisites: IE 401; IE 443Principles and methods for automatic processing. The design of product,process, and controls. Economic, physical, and sociological effects of auto-mation. Gradute Staff.
IE 521. Control Systems and Data Processing 3-0Prerequisite: IE 401This course is designed to train the student in the problem and techniquesrequired for systematic control of the production process and the businessenterprise. This includes training in the determination of control factors,the collection and recording of data, and the processing, evaluation and useof data. The course will illustrate the applications and use of data processingequipment and information machines in industrial processes. Case problemswill be used extensively. Mr. Llewellyn.
IE 522. Dynamics of Industrial Systems 0-3Prerequisite: IE 401A study of the dynamic properties of industrial systems; introduction toservomechanism theory as applied to company operations. Simulation oflarge nonlinear, multi-loop, stochastic systems on a digital computer; methodsof determining modifications in system design and/or operating parametersfor improved system behavior. Mr. Llewellyn.
IE 543. Standard Data 3-0Prerequisites: ST 361 or ST 515, One Course in Motion and Time StudyTheory and practice in developing standard data from stopwatch observa-tions and predetermined time data; methods of calculating standards fromdata; applications of standard data in cost control, production planning andscheduling, and wage incentives. Mr. Anderson.
IE 546. Advanced Quality Control 0-3Prerequisite: IE 304 or ST 362The statistical foundation of Quality Control is emphasized in this course
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as well as its economic implications. Mathematical derivation of most of theformulas used is given. Sampling techniques are treated extensively andmany applications of this powerful technique are explained.Graduate Staff.IE 547. Engineering Reliability 3-0Prerequisites: IE 353 or IE 304; ST 42]The methodology of reliability including application of discrete and con-tinuous distribution models and statistical designs; reliability estimation.relability structure models, reliability demonstration and decisions, and re-liability growth models. Examples of reliability evaluation and demonstra—tion programs. Graduate Staff.
IE 551. Standard Costs for Manufacturing 0-3Prerequisites: One Course in Accounting; One Course in Motion and TimeStudyThe development, application and use of standard costs as a managementtool; use of industrial engineering techniques in establishing standard costsfor labor, material and overhead. Analysis of variances and setting ofbudgets. Measures of management performance. Mr. Willard.
IE 591. Project Work 2 to 6 - 2 toPrerequisite: Graduate or Senior StandingInvestigation and report on an assigned problem for students enrolled inthe fifth-year curriculum in Industrial Engineering. Graduate Staff.

Courses for Graduates Only
IE 621. Inventory Control Methods 0-3Prerequisite: Graduate StandingA study of inventory policy with respect to recorder sizes, minimum pointsand production schedules. Simple inventory models, models with restric-tions, price breaks, price changes, analysis of slow-moving inventories.Introduction to the smoothing problem in continuous manufacturing. Ap-plications of linear and dynamic programming and zero-sum game theory.Mr. Llewellyn.
IE 65I. Special Studies in Industrial Engineering Credit: by ArrangementPrerequisite: Graduate StandingThe purpose of this course is to allow individual students or small groupsof students to take on studies of special areas in Industrial Engineeringwhich fit into their particular program and which may not be covered byexisting industrial engineering graduate level courses. The work would bedirected by a qualified staff member who had particular interest in thearea covered by the problem. Such problems may require individual re-search and initiative in the applicatio.) of industrial engineering trainingto new areas or fields. Graduate Staff.
IE 695. Seminar 1-]Seminar discussion of industrial engineering problems for graduate students.Case analyses and reports. Mr. Anderson.
IE 699. Industrial Engineering Research Credit: by ArrangementGraduate research in Industrial Engineering for thesis credit.Graduate Staff.
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DEPARTMENT OF MATHEMATICS

Graduate Faculty
Professors: JOIIN WESLEY CELL, Head, ROBERTS COZART BULLOCK, JOHNMONTGOMERY CLARKSON, WALTER JOEL HARRINGTON, JACK LEVINE, CAREYGARDNER MUMEORD, HOWARD MOVESS NAHIKIAN, Graduate Administrator,HUBERT VERN PARK, HANS SAGAN, DARRELL RHEA SHREVE, HERBERT ELVINSPEECE, RAIMOND ALDRICH STRUBLE, HUBERTUS ROBERT VAN DER VAART,OSCAR WESLER, LOWELL SHERIDAN WINTONAdjunct Professors: ALAN STUART GALBRAITI-I, HORACE MAYNARD TRENTAssociate Professms: JOHN WILLIAM QUERRY, TSUAN WU TINGAdjunct Associate Professor: ROBERT TAYLOR HERBSTAssistant Professors: JOHN WILLIAM BIsHIR, BRUCE EDWARD GOODWINVisiting Professor: MAROTO ITOH
The Department Of Mathematics offers graduate studies in applied mathe-matics leading to the Master of Applied Mathematics, the Master of Science,and the Doctor of Philosophy degrees. The Master of Applied Mathematicsdegree does not require a thesis nor a foreign language, but in all otherrespects it is the same as the Master of Science degree. Students who areadmitted to the Graduate School to pursue studies in applied mathematics areexpected to have had a strong undergraduate major in mathematics, includ-ing a year of advanced calculus and a year of modern algebra including ab-stract algebra and matrices. Those students who do not have these courseswill be required to take them in addition to the minimum number requiredfor the Master’s degree. The areas of application require that the studentsoffer a minor in some mathematically oriented area such as physics, the en-gineering sc1ences, or genetIcs.Individuals with graduate training in applied mathematics are in greatdemand in industry, in governmental laboratories, and in college teachingpositions. Opportunities are many and varied in this field and include workas a member of a research team in such areas as satelite orbit theory,viscoelasticity, biomathematics, thermodynamics, aerodynamics, acoustics,"solid state physics, nuclear reactor theory, geophysics, and in applicationsof computers in business.The department has available a number of teaching and research assistant-ships (a student holding a half-time assistantship is allowed to carry a studyload of nine semester hours). Also available for those graduate studentsstudying toward the Ph.D. degree are a limited number of NDEA and FordFoundation fellowships.

Courses for Advanced Undergraduates
MA 401. Intermediate Differential Equations 3-3-3Prerequisite: MA 301Theory of linear independence of solutions of linear differential equations,variation of parameters, superposition integral, simultaneous linear dif-ferential equations by transform methods, series solutions, special functions(Bessel, Legendre, etc.), orthogonal functions, and partial diiferential equa-
tions by separation of variables.
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MA 403. Fundamental Concepts of Algebra 3-3-3Prerequisite: MA 202 or MA 212Integers; integral domains; rational numbers; fields, rings, groups. Booleanalgebra.
MA 404. Fundamental Concepts of Geometry 0-3Prerequisite: MA 202 or MA 212Foundations of geometry; laws of logic; affine geometry; geometric transfor-mations; homogeneous coordinates; comparison of Euclidean and non-Euclidean geometries.
MA 405. Introduction to Determinants and Matrices 3-3-3Prerequisite: MA 202 or MA 212Properties of determinants; theorems of Laplace and Jacobi; systems oflinear equations. Elementary operations with matrices; inverse, rank, char-acteristic roots and eigenvectors. Introduction to algebraic forms.
MA 421. Introduction to Probability 3—3Prerequisite: MA 202Elementary probability theory primarily for students not intending to takefurther work in probability or theoretical statistics. Includes theory of sets,finite probability, conditional probability, compound experiments, Bayes’theorem, counting techniques, random variables, binominal and other dis-tributions, generating functions, joint probability, continuous distributions.
MA 441. Advanced Calculus 1 3-3-3Prerequisite: MA 301 and preferably a B-Average in Mathematics CoursesThrough MA 301 or MA 401Partial differentiation and applications, vectors, Stieltjes integrals, multipleintegrals.
MA 481. Special Topics in Mathematics 3-3
MA 491. Reading for Honors in Mathematics 3-3

Courses for Graduates and Advanced Undergraduates
MA 512. Advanced Calculus ll 3-3-3Prerequisite: MA 441Line and surface integrals, limits and indeterminate forms, infinite series,improper integrals. Graduate Staff.
MA 513. Introduction to Complex Variables 3-3-3Prerequisite: MA 512 or Consent of DepartmentFundamentals of differentiation and integration; mapping by elementaryfunctions; power series; residues and poles. Graduate Stall.
MA 514. Methods of Applied Mathematics 0-3-3Prerequisite: MA 512 or Consent of DepartmentIntroduction to difference equations, integral equations, and calculus ofvariations. Graduate Staff.
MA 516. Principles of Mathematical Analysis 3-0Prerequisite: MA 512The real number system, elements of set theory, limits, continuity, differen-
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tiation, Riemann-Stieltjes integration, sequences of functions, fundamentalsof Lebesgue theory, axiomatic development of set theory, topological andmetric spaces. Graduate Staff.
MA 517. Introduction to Point-Set Topology 0-3Prerequisite: MA 516A study of basic set-theoretic and general topological notions of modernmathematics. Topics include set theory and cardinal numbers, topologicalspaces, metric spaces, and elementary discussion of function spaces.Graduate Staff.
MA 524. Boundary Value Problems 3-0Prerequisite: MA 441, MA 401 or MA 512Theory of first variation with applications to various physical phenomena(vibrating string, vibrating membrane, heat conduction, and wave propaga-tion); Bernoulli's separation theorem with application to vibration and heatconduction problems; Fourier series, Fourier-Bessel series, and Fourier-Legendre series and a full discussion of the Sturm-Liouville problem; andnumerical approximation of eigenvalues by Rayleigh-Ritz method.Graduate Staff.
MA 527. Numerical Analysis I 3-3-3Prerequisite: MA 441Numerical solution of equations, introduction to the theory of errors,finitedifference tables and the theory of interpolation, numerical integra-tion, numerical differentiation, and elements of difference calculus.Graduate Staff.
MA 528. Numerical Analysis ll 0-3Prerequisite: MA 527Difference operators, summation procedures, numerical solution of ordinarydifferential equations, least-squares polynominal approximation, and Gaus~sian quadrature. Graduate Staff.
MA 532. Differential Equations 0-3Prerequisite: MA 441Phase-plane concepts; elementary critical points and stability theory; secondorder linear equations with variable coefficents; general linear autonomoussystems; forced oscillations of linear systems; Sturm—Liouville systems;eigenvalue problems and generalized Fourier expansions; existence anduniqueness theorems. Graduate Staff.
MA 536. Logic for Digital Computers 3-0Prerequisite: MA 441Introduction to logic and formal languages of digital computers, algorithms,compilers, and heuristic programming. Graduate Staff.
MA 537. Non-numeric Uses of Computers 0-3Prerequisite: MA 536The use of computers in problems not im olving numerical analysis. Formaldifferentiation and integration, algebraic models, combinatorics, theoremproving and decision making. Problems of mechanical translation. Specialcomputers. Graduate Staff.
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MA 541. (ST 541) Theory of Probability I 3-0Prerequisite: MA 441Axioms, discrete and continuous sample spaces, events, combinatorial analy-sis, conditional probability, repeated trials, independence, random variables,expectation, special discrete and continuous distributions, probability andmoment generating functions, central limit theorem, laws of large numbers,branching processes, recurrent events, random walk. [Offered also in specialsummer sessions at Virginia Polytechnic Institute (1964) and University ofFlorida (1965).] Graduate Staff.
MA 542. (ST 542) Theory of Probability II 0-3Prerequisites: MA 405, MA 541Markov chains and Markov processes, Poisson process, birth and deathprocesses, queueing theory, renewal theory, stationary processes, Brownianmotion, information theory. Graduate Staff.
MA 555. (PY 555) Principles of Astrodynamics 0-3Prerequisites: MA 441; PY 411 or EM 312The differential equations of motion in two body problems and their in-tegrals; orbit theory; integrals of the n-body problem; differential equationsof motion of natural and artificial satellites and their approximate solutions.Graduate Staff.
MA 581. Special Topics 3-3Prerequisite: Consent of Department Graduate Staff.

Courses for Graduates Only
MA 602. Partial Differential Equations 0-3Prerequisite: MA 512Ordinary differential equations in more than two variables, partial differen-tial equations of the first order, partial differential equations of the secondorder, Laplace's equation, the wave equation, the diffusion equation.Mr. Struble.
MA 605. Non-Linear Differential Equations 3-0Prerequisites: MA 512, MA 532Phase-plane and phase-space concepts; existence and uniqueness theorems;continuity, analytic and differentiability properties of solution; propertiesof linear systems; stability in non-linear systems; topological methods; per-turbations of periodic solutions; asymptotic methods and resonance problems.Mr. Struble.
MA 608. Integral Equations 0-0-3Prerequisites: MA 512, MA 532Linear Volterra integral equations of the first and second kinds. Relationshipto linear differential initial value problems. Special Volterra equations ofthe convolution type. Singular Volterra equations. Linear Fredholm integralequations of the first and second kind. Basic theory. Symmetric kernels.Hilbert-Schmidt theory (generalizations). Mr. Winton.
MA 6'”. Complex Variable Theory and Applications l 3-0Prerequisite: MA 512Elementary functions; analytic functions and Cauchy-Riemann equations;
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conformal mapping and applications; Taylor and Laurent series; contourintegration and residue theory; the Schwarz-Christoffel transformation.Mr. Bullock.
MA 612. Complex Variable Theory and Applications II 0-3Prerequisite: MA 611Conformal mapping and applications to flow phenomea; multiple-valuedfunctions and Riemann surfaces; further applications of residue theory;analytic continuation; infinite series and asymptotic expansions; ellipticfunctions and other special functions in the complex domain; representa-tion theorems. Mr. Bullock.
MA 615. Theory of Functions of a Real Variable I 3-0Prerequisites: MA 516, MA 517 or Consent of DepartmentSets and spaces; continuity of functions; measure, measurable sets and func-tions. Mr. Harrington.
MA 616. Theory of Functions of a Real Variable II 0-3Prerequisite: MA 615The Lebesgue integral; summable functions; absolute continuity; the spaceL2. Mr. Harrington.
MA 621. Introduction to Modern Abstract Algebra 3-0Prerequisite: MA 512A study of the abstract structure and properties of groups, rings and ideals,and fields. Messrs. Nahikian, Park.
MA 622. Vector Spaces and Matrices 0-3-3Prerequisite: MA 405 or Consent of DepartmentA study of vector spaces and their relation to the theory of matrices. Matrixinversion, linear transformations, including similarity and orthogonal trans-formations, canonical forms. Properties of the characteristic and reduced char-acteristic function. Elementary divisors and functions of matrices. Applica-tions to systems of differential equations. Messrs. Nahikian, Park.
MA 625. Introduction to Differential Geometry 0-0-3Prerequisite: MA 512Theory of curves and surfaces in 3-dimensional euclidean space with specialreference to those properties invariant under the rigid body motions.Mr. Levine.
MA 632. Operational Mathematics 1 3-0Corequisite: MA 513 or MA 611Laplace transform with theory and application to problems in ordinary andpartial differential equations arising from engineering and physics problems;Fourier integral and Fourier transforms and applications. Mr. Cell.
MA 633. Operational Mathematics ll 0-3Prerequisite: MA 632Extended development of the Laplace and Fourier transforms and theiruses in the solution of problems in ordinary and partial differential equa-tions and in difference equations; Sturm-Liouville systems; advanced theoryin ordinary and partial differential equations; Z-transforms, other infiniteand finite transforms and their applications. Mr. Cell.
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MA 635. Mathematics of Computers 0-3Prerequisites: MA 355, MA 512, MA 528Corequisite: MA 405 or MA 622The development of methods for the solution of selected problems involvingmatrices; integral rational equations; ordinary and partial differential equa-tions. Particular attention is paid to the question of convergence and sta-bility; examples solved on the IBM 650. Graduate Staff.
MA 641. Calculus of Variations 0-0-3Prerequisite: MA 512The simplest problem of the calculus of variations in detail; variable end-points; iso-perimetric problems; Hamilton’s principle; least action principle;introduction to the theory of linear integral equations of the Volterra andFredholm types. Mr. Winton.
MA 651. Expansion of Functions 0-0-3Prerequisites: MA 611, MA 633 or EquivalentExpansion of functions of one or more variables in Taylor series; asymptoticseries; infinite products, partial fractions, continued fractions, series oforthogonal functions; applications in ordinary partial differential equations,difference equations and integral equations. Messrs. Cell, Harrington.
MA 661. Tensor Analysis I 3-0Prerequisite: MA 512The basic theory, tensor algebra, tensor calculus, invariants of quadraticdifferential forms; covariant differentiation; geometric applications, Rieman-nian spaces; generalized vector analysis. Mr. Levine.
MA 662. Tensor Analysis II 0—3Prerequisite: MA 661Continuation of MA 661, physical applications; dynamics, Legrange’s equa-tions, the geometry of dynamics, cofiguration spaces. Further applications toelectromagnetic theory and elasticity. Mr. Levine.
MA 681. Special Topics in Analysis Up to 6 Hours Credit
MA 683. Special Topics in Algebra Up to 6 Hours Credit
MA 685. Special Topics in Numerical Analysis Up to 6 Hours Credit
MA 687. Special Topics in Geometry Up to 6 Hours Credit
MA 689. Special Topics in Applied Mathematics Up to 6 Hours CreditThe above courses, MA 68l-MA 689, afford opportunities for graduate stu-dents to study advanced topics in mathematics under the direction of mem-bers of the graduate staff. These will on occasion consist of one of severalareas such as, for example, advanced theory of partial differential equations,topology, mathematics of elasticity or of viscoelasticity, orbital mechanics,functional analysis, combinatorial analysis. Graduate Staff.
MA 699. Research in Mathematics Credits by ArrangementPrerequisites: Graduate Standing, Approval of AdviserIndividual research in the field of mathematics. Graduate Staff.
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DEPARTMENT OF MECHANICAL ENGINEERING

Graduate Faculty
Professors: ROBERT WESLEY TRUITr, Head, NORVAL WHITE CONNER, JESSESEYMOUR DOOLl'I'I‘LE, Graduate Administrator, KARL P. HANSON, HASSANAHMAD HASSAN, RICHARD BENNETr KNIGHT, TOYOKI KOGI, ROBERT MCLEANPINRERTON, JAMES WOODBURNAssociate Professors: MUNIR R. EL SADEN, BERTRAM HOWARD GARCIA, RICH-ARD SHAo-LIN LEE, MEHMET NECATI OZlSIK, FREDERICK OTTO SMETANA,
JOHN KERR WHITFIELD, JAMES CLIFFORD WILLIAMS, 111., JAMES T. YEN,CARL FRANK ZOROWSKIAssistant Professors: THOMAS BENSON LEDBE'I'I'ER, HUSEYXN CAvrr TOPAKOGLU,
SRIDHAR M. RAMACHANDRA
The Department of Mechanical Engineering offers graduate study leadingto the Master of Science and Doctor of Philosophy degrees. Entrance to thevarious programs in the department is normally based upon an accreditedbaccalaureate degree in engineering.At present, the major emphases in graduate study are the thermal sciences,including classical thermodynamics, heat transfer and transport phenomena,statistical thermodynamics and direct energy conversion; gas dynamics(aerothermochemistry, aerothermodynamics, plasmagasdynamics, magnetogas—dynamics and rarefied gasdynamics) and the mechanical sciences, such as

principles of fluid motion, dynamics of compressible flow and viscous fluids,
vibrations, mechanical transients and stress analysis; the aerospace science
of aerodynamics, propulsion, boundary layer theory and heat transfer, andspacecraft design.The professional technological interests of the department are representedby graduate courses in nuclear power plants, steam and gas turbines, re-
frigeration, internal combustion engines, lubrication, mechanics of machinery,
and machine design analysis and synthesis.Graduate programs in mechanical engineering normally include sub-stantial work in the basic sciences of mathematics and physics, and study inrelated engineering departments is encouraged.The fundamental objective of graduate study in this field is to preparethe student for leadership in the various categories of research, teaching,and design. The graduate student is placed in close association with thegraduate faculty who conduct individual research. Participation in a re-search project as a research assistant or employment as a teaching assistant isregarded as significant experience during residence.

Courses for Advanced Undergraduates
ME 401. Energy Conversion 3or3Prerequisite: ME 302A course on the conversion of energy for engineering purposes based uponthe fundamentals leading to engineering decisions in the arrangement andselection of energy conversion equipment. The conventional type of plantfor energy conversion and the unconventional types, in particular, directenergy conversion and the feasibility of such plants. Factors which effectthe cost of power and elements entering into the problem of monetary rates.
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ME 402. Heat and Mass Transfer 3 or3Prerequisites: ME 302, MA 301A study of the fundamental relationships of steady and transient heattransfer by conduction, convection, radiation and during changes of phase;mass transfer by diffusion and convection; simultaneous mass and heat trans
fer.
ME 405. Mechanical Engineering Laboratory Ill 'l-OPrerequisite: ME 306Required of Seniors in Mechanical EngineeringThe selection of appropriate instrumentation and the experimental analysisof small, predetermined engineering systems designed for flexibility andwide variation of parameters. Systems cover the gamut of Mechanical En-gineering activity with emphasis on analysis of system rather than character-istics of particular systems.
ME 406. Mechanical Engineering Laboratory IV 0-‘lPrerequisite: ME 405Individual or small group investigation of an original problem under thesupervision of a faculty member with an interest in the problem area. Theinvestigation may be experimental, analytical, or both. Emphasis is placedon the philosophy and methodology of engineering research, and on in-dividual thinking and effort.
ME 410. Jet Propulsion 0-3Prerequisites: ME 302 and ME 352 or EM 303Application of fundamental principles of thermodynamics and the me-chanics of a compressible fluid to the processes of jet»propulsion and turbo-propeller aircraft; the effect of performance of components on performance
of engine; analysis of engine performance parameters.
ME 411, ME 412. Mechanical Design I, II 3-3Prerequisites: EM 301, MIM 201, ME 315Required of Seniors in Mechanical EngineeringApplication of the basic principles of the mechanical sciences to the
analysis and design of machines, devices and mechanical systems. Considera-tion of the complete design process including formulation of design concepts,synthesis of components, analysis of the assembly, and evaluation of thefinalized design. Project activity with design orientation.
ME 421. Aerospace Propulsion Systems 0-3Prerequisite: ME 353Corequisite: ME 461A study of propulsion systems and their relation to the various flight regimesand space missions. The principles of thrust generation, the control, andthe performance of various propulsion systems will be considered.
ME 431. Thermodynamics of Fluid Flow 3 M3Prerequisites: MA 301, EM 303 or ME 352, ME 302The fundamental dynamics and thermodynamic principles governing theflow of gases are presented from both theoretical and experimental view-points. Mathematical relations are closely correlated with physical phe-nomena to emphasize the complimentary nature of theory and experiment.
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ME 432. Boundary Layer Theory and Heat Transfer 0-3Prerequisites: C or Better in ME 352; MA 401 or MA 441The course is intended to give the student both a physical and mathematicalunderstanding of the problems of skin friction and heat transfer in presentday aerospace engineering.
ME 435. Industrial Automatic Controls 3or3Prerequisites: ME 301, MA 301Introduction to concept of automatic controls; fundamentals of two position,proportional, floating and rate modes of control with a graphical andanalytical presentation of each. Theoretical considerations of the process andan introduction to system analysis.
ME 441. Technical Seminar 1or1
Prerequisite: Graduating Senior Standing.Meetings once a week for the delivery and discussion of student papers ontopics of current interest in Mechanical Engineering.
ME 447. Performance, Stability and Control of Flight Vehicles 3-0Prerequisites: C or Better in ME 352; MA 401 or MA 441A study of aerodynamic and inertial factors and how they influence the
motion of flight vehicles and their performance. The transfer function ap-proach is emphasized in the analysis of flight vehicle motion.
ME 461. Aerospace Technology 3-0Prerequisites: PY 208, EM 200, MA 301, ME 353An introduction to the principles of flight in and beyond the atmosphere.Includes the elements of aerodynamics of flight, the reentry problem, flightdynamics, guidance and control, power generation in space, manned and
unmanned space flight and life support systems.
ME 465, ME 466. Aerospace Engineering Laboratory 1-1Prerequisites: ME 306, ME 352Laboratory experience in wind tunnel experimentation, structural testing,environmental testing, and in5trumentation for flight in and beyond theatmosphere.
ME 468. Spacecraft Structures 3-0Prerequisite: ME 369Corequisite: ME 461Basic techniques and procedures in the analysis of stresses and strains causedby the extreme heating of reentry space vehicles as well as the dynamic andimpulsive loads occurring during the launching and loading period of flightwill be considered and the resulting efiects on the vehicle structure will bestudied.
ME 481. Flight Vehicle Design 0-5Prerequisites: ME 352, ME 461, ME 468, ME 447, ME 42], EE 202Integration of previous aerodynamic, heat transfer, materials, structures,and dynamical theory in the design of typical air-supported and space ve-hicles and their sub-systems.
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Courses for Graduates and Advanced Undergraduates

ME 501. Steam and Gas Turbines 3-3Prerequisites: ME 302 and EM 303 or ME 352Fundamental analysis of the theory and design of turbomachinery flowpassages; control and performance of turbomachinery; gas-turbine engineprocesses. Mr. Doolittle.
ME 507, ME 508. Internal Combustion Engine Fundamentals 3-3Prerequisite: ME 302The fundamentals common to internal combustion engine cycles of opera-tion. The Otto engine: carburetion, fuel distribution, flame propagation,normal and knocking combustion, throttling, pumping, valve and sparktiming, and altitude effects; the Diesel engine: injection and spray forma-tion fuel rating, atomization, penetration, diesel knock, combustion, pre-combustion, and scavenging as applied to reciprocating and rotary engines.Mr. Ledbetter.ME 515. Experimental Stress Analysis 3-0Prerequisite: ME 315Theoretical and experimental techniques of strain and stress analysis. withexperimental emphasis on electrical strain gages and instrumentation, brittlecoatings, grid methods, and photoelasticity. Laboratory includes a full ex-perimental investigation and report of a problem chosen by the studentunder the guidance of the instructor. Mr. Whitfield.
ME 516. Photoelosticity 0-3Prerequisite: ME 411Two and three-dimensional photoelasticity; the stress-optic law, isochroma-tics, isoclinics, stress trajectories, fractional orders of interference; three-dimensional techniques, oblique incidence, rotational and thickness effects;determination of principal stresses at interior points; laboratory investiga-tions. Mr. Whitfield.
ME 517. Lubrication 0-3Prerequisite: EM 303The theory of hydrodynamic lubrication; Reynold’s equation, the Sommer-field integration, effect of variable lubricant properties and energy equationfor temperature rise. Properties of lubricants. Application to design ofbearings. Boundary lubrication. Mr. Woodburn.
ME 521. Aerothermodynamics 3-3Prerequisites: ME 301, MA 301 and EM 303 or ME 352An examination of the basic concepts of gas dynamics such as the continuum,domain of applicability of continuum, acoustic velocity, compressibility ef-fects, and the conservation laws. Analysis of one dimensional flows such asisentropic flow, adiabatic flow, flow with friction, the normal shock. Anintroduction to the vector formulation of multi-dimensional problems.Mr. Lee.ME 541, ME 542. Aerodynamics Heating 3-3Prerequisites: MA 441 and ME 521 or EquivalentA detailed study of the latest theoretical and experimental findings of thecompressible laminar and turbulent boundary layers with special attentionto the aerodynamic heating problem; application of theory in the analysisand design of aerospace hardware. Mr. Williams.
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ME 545, ME 546. Project Work in Mechanical Engineering I, ll 20r2Individual or small group investigation of a problem stemming from amutual student-faculty interest. Emphasis is placed on providing a situa-tion for exploiting student curiosity. Graduate Staff.
ME 554. Advanced Aerodynamic Theory 0-3Prerequisite: ME 352Development of fundamental aerodynamic theory. Emphasis upon mathe-matical analysis and derivation of equations of motion, airfoil theory andcomparison with experimental results. Introduction to supersonic flowtheory. Mr. Pinkerton.
ME 562. Advanced Aircraft Structures 0-3Prerequisite: ME 468Development of methods of stress analysis for aircraft structures, specialproblems in structural design, stiffened panels, rigid frames, indeterminatestructures, general relaxation theory. Mr. Topakoglu.
ME 571. Air Conditioning 3-0Prerequisite: ME 302A fundamental study of summer and winter air conditioning including tem-perature, humidity, air velocity and distribution. Mr. Knight.
ME 572. Refrigeration 0-3Prerequisite: ME 302A thermodynamic analysis of the simple, compound, centrifugal and multipleeffect compression systems, the steam jet system and the absorption system ofrefrigeration. Mr. Knight.
ME 581, ME 582. Hypersonic Aerodynamics 3-3Prerequisites: MA 512 and ME 521 or EquivalentA detailed study of the latest theoretical and experimental findings in hyper-sonic aerodynamics. Mr. Truitt.

Courses for Graduates Only
ME 601. Advanced Engineering Thermodynamics 3-0Prerequisite: ME 302First and Second Laws; theory of variable specific heats; general equationsof thermodynamics; characteristic equations of state; reduced coordinates;prediction of properties of gases and vapors; chemical equilibrium; meta-stables; thermodynamics of fluid flow. Mr. EISaden.
ME 602. Statistical Thermodynamics 0-3Prerequisites: ME 601, MA 441Fundamental principles of kinetic theory, quantum mechanics, statistical me-chanics and irreversible phenomena with particular reference to thermo-dynamics systems and processes. The conclusions of the classical thermo-dynamics are analyzed and established from the microscopic viewpoint.Mr. El-Saden.
ME 603. Advanced Power Plants 3-0Prerequisite: ME 401A critical analysis of the energy balance of thermal power plants, thermo-
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dynamics and economic evaluation of alternate schemes of development;study of recent developments in the production of power. Mr. Doolittle.ME 605. Aerathermochemishy 0-3Prerequisites: ME 601 and MA 441 or EquivalentA generalized treatment of combustion thermodynamics including deriva-tion of thermodynamic quantities by the method of Jacobians, criteria forthermodynamic equilibrium, computation of equilibrium composition andadiabatic flame temperature. Introduction to claSSical chemical kinetics.Conservation equations for a reacting system, detonation and deflagration.Theories of flame propagation, flame stabilization, and turbulent combus-tion. Mr. Lee.
ME 606. Advanced Gas Dynamic: 0-3Prerequisites: ME 521, ME 601, MA 441The general conservation equations of gas dynamics from a differential andintegral point of view. Hyperbolic compressible flow equations, unsteadyone-dimensional flows, the non-linear problem of shock wave formation,isentropic plane flow, flow in nozzles and jets, turbulent flow.Mr. Smetana.
ME 608. Advanced Heat Transfer I 0-3Prerequisite: ME 402 or EquivalentFundamental aspects, from an advanced viewPoint, will be considered in theconduction of heat through solids, convective phenomena, and the measure-ment and prediction of appropriate physical properties. Boundary valueproblems arising in heat conduction will be examined and both numericaland function solution techniques developed. Internal and external boundarylayer analyses will be made on a variety of representative convection situa-tions. Mr. Ozisik.
ME 609. Advanced Heat Transfer ll 0-3Prerequisite: ME 608Advanced topics in the non-isothermal flow of fluids through channels willbe investigated for slug, laminar, transitional and turbulent conditions.The influence of mass transfer on flow and heat transfer processes will beconsidered. Radiation exchange processes between solid surfaces, and solidsurfaces and gases both stationary and moving will be discussed.Mr. Ozisik.ME 610. Advanced Topics in Heat Transfer 3-0Prerequisite: ME 609This course constitutes a study of recent developments in heat transferand related areas. It is anticipated that the course content will change fromsemester to semester. Mr. Ozisik.
ME 611, ME 612. Advanced Machine Design I, ll 3-3Prerequisite: ME 412Kinematics of mechanical media, the stress tensor, the tensor of strains,elasticity, plasticity, time-dependent behavior; theories of failure, workingstresses; shock and steady dynamic loading, creep, stress concentration,thermal stress, contact stresses; energy theories, finite difference and relaxa-tion methods; hydrodynamic lubrication. Application to the design of ma-chine frames, shafts, bearings, gears, springs, cams, etc. Mr. Zorowski.
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ME 613. Mechanics of Machinery 3-0Prerequisites: ME 315, MA 512Vector dynamics, d'Alembert's principle, Lagrange's equations; rigid kine-matics, Euler's angles, rigid rotation, Coriolis accelerations; the inertiatensor. Application to mechanisms, gyroscopes, guidance and control sys-tems, rotating and reciprocating devices. Mr. Zorowski.
ME 614. Mechanical Transients and Machine Vibrations 0-3Prerequisites: ME 315; MA 401 or 441Dynamic loads in mechanical media are considered in two categories—steadyvibrations and transient shock and impact. The Lagrange equations and
the wave equation are employed to study internal stresses and displacementsin mechanical devices which result from such loading. Mr. Zorowski.
ME 615. Aeroelasticityl 3-0Prerequisites: MA 441, ME 411 or ME 468, ME 521Deformations of aero structures under static and dynamic loads, naturalmode shapes and frequencies; two and three dimensional incompressibleflow, wings, and bodies in unsteady flow; static aeroelastic phenomena.Mr. Topakoglu.
ME 616. Aeroelasticity II 0-3Prerequisite: ME 615Flutter, dynamic response phenomena such as transient landing stresses,
gusts, continuous atmospheric turbulence; aeroelastic model theory, model
design and construction. Mr. Topakoglu.
ME 617. Plates and Shells in Mechanical Design 0-3
Prerequisites: MA 441, ME 611The concept of members which are thin in one dimension, that is, plates
and shells, is applied to mechanical design with particular emphasis on typeof loading, conditions of service, and compliance of the member to itsenvironment. Mr. Garcia.
ME 625, ME 626. Direct Energy Conversion 3-3Prerequisite: ME 601An engineering study of the modern developments in the field of conver-sion of heat to power in order to meet new technology demands. Thermo-
electric, thermomagnetic, thermionic, photovoltaic and magnetohydrody-namic effects and their utilization for energy conversion purposes, staticand dynamic response, limitations imposed by the first and the second lawsof thermodynamics. Energy and entropy balances, irreversible sources; in-herent losses, cascading, design procedures, experimental studies to determinethe response and efficiency of various systems. Mr. El-Saden.
ME 631. Applications of Ultrasonics to Engineering Research 3-0Prerequisites: MA 441, RE 332The technique and theory of propagation of ultrasonics in liquids, gasesand solids. Development of ultrasonic transducers, the elastic piezoelectricand dielectric relationships. Ultrasonic applications of asdic or sonar cavita-tion, emulsification, soldering, welding, and acoustic properties of gases,liquids and solids. Mr. Woodburn.
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ME 651. Principles of Fluid Motion 3-0Prerequisite: ME 453Corequisite: MA 511Fundamental principles of fluid dynamics. Mathematical methods of analysisare emphasized. Potential flow theory development with introduction to theeffects of viscosity and compressxbility. Two dimensional and three dimen-sional phenomena are considered. Mr. Pinkerton.
ME 652. Dynamics of Compressible Flow 3-0Prerequisites: ME 521, MA 44]Properties of compressible fluids, equation of motion in one-dimensionalmotion, channel flows, shock wave theory, methods of observation, and flowsat transonic speeds. Mr. Pinkerton.
ME 653. Supersonic Aerodynamics 0-3Prerequisite: ME 652Equations of motion in supersonic flow, Prandtl-Meyer turns, method ofcharacteristics, hodograph plane, supersonic wind tunnels, supersonic airfoiltheory, and boundary layer shock interaction. Mr. Yen.
ME 654. Dynamics in Viscous Fluids 0-3Prerequisite: ME 651Development of the Navier-Stokes equations and the boundary layer theory.Laminar and turbulent boundary layers in theory and experiment, flowseparation, and transition. Mr. Williams.
ME 657. Measurement in Rarefied Gas Streams 3-0Prerequisite: ME 602A study of the basis for measurement of flow properties in rarefied gasstreams. Included will be ionization gauges, hot wire anemometers and tem-perature probes, pitot and static tubes, Langmuir probes, electron scatteringand electron beam density gauges. Mr. Smetana.
ME 658, ME 659. Molecular Gasdynamics 3-3Prerequisites: ME 521, ME 602Statistical mechanics as applied to the derivation of the equations of gas—dynamics from the microscopic viewpoint. Energy levels of atoms and mole-cules and their relation to equilibrium thermodynamic concepts, in par-ticular, specific heats. Approximate solutions of the Boltzmann Equation.Treatments of viscosity, heat conduction, and electrical conductivity. Col-lision processes. High temperature behavior of multispecies gas mixtures.Mr. Smetana.ME 660. Aero-Mechanical Engineering Problems 0-3Prerequisites: ME 402, MA 514Derivation of governing equations and set up of representative problemsin heat transfer, gas dynamics, and magneto-hydrodynamics; review of tech-niques for solving these problems. Introduction of other techniques such asmethod of steepest descent, method of Weiner-Hopt. variational methodsand others. Phase-space and function space concepts will be introduced also.Purpose of the course in the graduate program is to strengthen the analy-tical techniques of the students in dealing with aeromechanical engineeringproblems so that in their later studies more emphasis may be put on for-mulation of new problems and physical interpretation of new results.Mr. Yen.
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ME 661, ME 662. Aerospace Energy Systems 3-3Prerequisites: MA 512, ME 521, PY 407 or EquivalentA study of energy systems appropriate to the varied requirements of spaceoperations. Includes analysis of chemical, nuclear and solar energy sourcesand the theory of their adaptation to operational requirements for propuLsion and auxiliary power, cooling requirements, coolants and materials.Mr. Truitt.
ME 671, ME 672. Advanced Air Conditioning Design I, II 3-3Prerequisites: ME 571, ME 572The design of heating and air conditioning systems; the preparation ofspecifications and performance tests on heating and air conditioning equip-ment. Mr. Knight.
ME 681. Introduction to Rocket Propulsion 3-0Prerequisite: ME 601Review of the exterior ballistics and performance of rocket propelled ve-hicles. Thermodynamics of real gases at high temperatures. Nonequilibriumflow in rocket nozzles. Mr. Hassan.
ME 682. Solid Propellant Rockets 0-3Prerequisite: ME 681A study of the design and performance of solid-propellant rockets; proper-ties and burning characteristics of solid propellants. Internal ballistics ofsolid propellant rockets. Design and design optimization. Combustion in-stabilities. Mr. Hassan.
ME 683. Liquid Propellant Rockets 0-3Prerequisite: ME 681The study and design of liquid propellant rockets. Combustion of liquidfuels. Thrust chamber, propellant supply and injection system. Cooling ofrocket motors. Low and high frequency instability in liquid rocket motors.Scaling laws. Mr. Hassan.
ME 691, ME 692. Advanced Spacecraft Design 3-3Prerequisites: ME 542, ME 582Analysis and design of spacecraft including system design criteria, accelera-tion tolerance, entry environment, thermal requirements, criteria for con-figuration design, aerodynamic design, heating rates, thermostructural de-
sign, boost phase, de-orbit, entry corridor, lift modulation, rolling entry,glide phase, maneuvering and landing, stability and control, thermal pro—tection system, materials, instrumentation, and life support systems.Mr.Truitt.
ME 693. Advanced Topics in Mechanical Engineering 'I to 6Prerequisite: Graduate StandingFaculty and graduate Student discussions of advanced topics in contemporaryMechanical Engineering. Graduate Staff.
ME 695. Mechanical Engineering Seminar 1 orlFaculty and graduate student discussions centered around current researchproblems and advanced engineering theories. Graduate Staff.
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ME 699. . Mechanical Engineering Research Credit: by ArrangementPrerequiSIte: Graduate Standing in Mechanical Engineering and Approvalof AdviserIndividual research in the field of Mechanical Engineering.Graduate Stafl.
METALLURGICAL ENGINEERING
(See Department of Mineral Industries)

DEPARTMENT OF MINERAL INDUSTRIES
Graduate Faculty

Professors: WILLIAM WYATT AUSTIN, Head, WILLIAM CALLUM BELL, WILLIAMWURTH KRIEGEL, JOHN MASON PARKER, III, HANs HEINRICH STADELMAIER,ROBERT FRANKLIN STOOPSAdjunct Professor: HENRY MAUZEE DAVISAssociate Professors: HENRY SEAWELL BROWN, WILLIAM CULLEN HACKLER,JOHN VALENTINE HAMME, CARLTON JAMES LEITH, HAYNE PALMOUR, IIIVisiting Associate Professor: JOACHIM-DIETRICH SCHOBELAssistant Professor: WILLIAM CALVIN HOOD
The Department of Mineral Industries offers graduate programs leadingto the degrees of Master of Science in ceramic engineering, geological en-gineering, and metallurgical engineering, and to the Doctor of Philosophydegree in ceramic engineeriig. Certain graduate courses are also offeredfor the benefit of students majoring in other areas who may be interested inpursuing advanced work in the mineral industries fields.Financial assistance is available to graduate students in the Department ofMineral Industries. Graduate assistantships permit halftime studies ineither ceramic engineering, geological engineering, or metallurgical engi-neering, and half time to be devoted to teaching or other assigned duties.Also, certain sponsored fellowships that permit full time to be devoted tograduate studies, such as the Edward Orton, Jr. Ceramic Foundation Fel-lowship, the International Lead Zinc Research Organizations Fellowshipin Ceramics, and the Ford Foundation Fellowships, are available. Applica-tions should be made to the department.

Ceramic Engineering
The potentially superior characteristics of ceramics for many advancedengineering applications in space, nuclear, and industrial technologies pre-sents many challenging opportunities [or basic research in this rapidly ex-panding materials science. Present programs at N. C. State are characterizedby intensive study and research in establishing intrinsic properties andelucidating governing mechanisms as functions of structure and environment.Crystalline ceramics are being investigated as single crystals (sapphire, ruby,and spinel grown in the Engineering Research Department’s High Tempera-ture Crystal Laboratory) and as polycrystalline compacts produced by sinter-
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ing and hot pressing. Traditional glass bonded, polyphase ceramics in avariety of product areas are under investigation.Statistically designed experimentation to study the properties of glasseshave been initiated. Phase studies in the uranium-carbon-oxygen-nitrogensystem are continuing.The prerequisite for graduate work in ceramic engineering is a proficiencyin the undergraduate courses required for the bachelor’s degree in ceramicengineering, or substantial equivalent.The department's ceramic laboratories are well equipped for researchwork. These facilities are augmented by those of the Ceramic ResearchLaboratories of the Department of Engineering Research. Also available arethe Electron Microscope, X-Ray Diffraction, Crystal Growing, and PhaseEquilibria Laboratories of that department, the Nuclear Reactors of thePhysics and Nuclear Engineering Departments, and the computer facilities
of the Experimental Statistics Department.

Geological Engineering
The graduate program in geological engineering is directed to the ad-vanced training of qualified students interested in the professional economicapplications of geological knowledge. The occupational fields include thelocating of mineral resources, and the assessing of geological conditions atthe sites of large civil engineering projects. Candidates for admission tothis program should hold the Bachelor of Geological Engineering degreeor a satisfactory equivalent, preferably including a strong background inphysics, chemistry, and engineering sciences.The solution of professional problems in geology is today requiring morespecialized training and quantitative methods than can be included in anundergraduate curriculum. A person with such training in geology findsemployment with petroleum, mining, and construction companies, govern-mental agencies, and educational research institutions.A great variety of problems in igneous, sedimentary, and metamorphicgeology are to be found within a radius of fifty miles of North CarolinaState.Facilities are available for research in mineralogy, petrography, economicgeology, mineral dressing, and geologic problems relating to civil engineer-ing. Excellent collections of geological literature are available at NorthCarolina State, at the University of North Carolina at Chapel Hill, and at

Duke University in Durham. A well staffed unit of the Ground Water divi-sion of the U. S. Geological Survey is housed nearby on the campus and isavailable for consultation.
Metallurgical Engineering

The rapid development of space and nuclear technology and attendantmaterials problems has brought about a sharp increase in the demand fortrained leaders in the materials fields. There is at present intense emphasison advanced study and research on the fundamental behavior of metals and
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alloys. From this work will come urgently-needed improvements in metallicmaterials of construction to withstand increasingly drastic service require-ments—higher stresses, higher temperatures, corrosive and radioactive en-Vironments.

Opportunities for men with graduate training in metallurgy and metallur-gical engineering are almost unlimited. Industry and universities today needapproximately four times as many metallurgists with advanced degrees asare available. It has been estimated that by 1975 the electrical, chemical,aircraft, and nuclear industries will require 50,000 research metallurgists andmetallurgical engineers. The number presently available is approximately8,000. Present ratios indicate that one-third to one-half of the 50,000 grad-uates needed should have advanced training beyond the bachelor‘s degree.The shortage of graduates with advanced degrees is further accentuated bythe need for qualified college faculty members to provide adequate instruc-tion in metallurgical and related fields.
North Carolina State is one of the few institutions 1n the South, and theonly institution in North Carolina, prepared to offer graduate instruction inmetallurgical engineering. In addition to the advanced work in metallurgicalengineering, the School of Engineering also offers an excellent program ofsupporting courses at the graduate level in the related fields of physics,chemistry, mathematics, engineering mechanics, and in mechanical, chemical,ceramic, and nuclear engineering.

Ceramic Engineering
Courses for Advanced Undergraduates

MIC 415, MIC 416. Ceramic Engineering Design 3-3Prerequisites: MIC 306, EM 301A two-semester study to encourage creative solutions to problems of currentinterest and need in the ceramic profession. Discussion of sources of data,design principles, creativity, optimization, economic value analysis anddecision making. Individual and team study involving interdependence ofplant layout, processes, equipment and materials in the design of engineer-ing systems or sub-systems. Study of factors in utilization of ceramics inmaterials systems.
MIC 425. Seminar 1.]One Semester Required of Seniors in Ceramic EngineeringA Second Semester May Be ElectedLiterature survey of selected topics in ceramic engineering. Oral and writ-ten reports, discussions.
MIC 430. Research and Control Methods 3-0Prerequisite: MIC 306Interpretation of results, instrumental methods applied to research andproduct development. Statistical quality control.
MIC 431. Reaction Kinetics in Ceramic Systems 0-4Prerequisites: MIM 201, CH 431A study of reactions taking place during thermal treatment of ceramic
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systems. Such topics as thermodynamics, heterogeneous phase equilibria,diffusion, solid state reactions, nucleation and grain growth are treated.
MIC 432. Glass Phase 4-0Prerequisite: MIC 431A study of the glassy state to include the structure, properties, and types ofglasses (including glazes and enamels). Opacity, color, and devitrification.Nature of the glassy phase in kiln fired ceramics.
MIC 433. Ceramic Microstructure and Properties 0-4Prerequisite: MIC 431A study of the properties and behavior of processed ceramics from the
standpoint of their phase characterization, atomic, micro-and macrostructure.Characteristics of ceramics are interpreted in terms of basic mechanisms af-fecting thermal, electronic, magnetic, mechanical, optical and nuclearproperties. Emphasis is placed on process treatment and environmentaleflects.

Courses for Graduates and Advanced Undergraduates
MIC 50'l, MIC 502. Ceramic Structural Analysis 3-3Prerequisite: MIG 331Basic laws of crystal structures. Arrangement of ions in crystals. Estimationof phases present in multi-coponent systems utilizing x-ray techniques.
Analysis of glass structure. Correlation of structure with composition andproperties. Mr. Hamme.
MIC 503. Ceramic Microscopy 3 M3Prerequisite: MIG 331Transmitted and reflected light techniques for the systematic study of ceramicmaterials and products. Interpretation and representation of results.Mr. Hackler.
MIC 506. Electron Microscopy 3or3
Prerequisite: MIC 503 or PY 404 or ER 507The theory of the realization of electrostatic and magnetic lenses for elec-
tron microscopy. Major emphasis is placed on interpretation of electron dif-fraction and surface replications of ceramics and metals. Mr. Lucier.
MIC 509. High Vacuum Technology 3or3Prerequisite: CH 433 or ME 301Properties of low pressure gases and vapors. Production, maintenance, and
measurement of high vacuum; design, construction, and operation of highvacuum, high temperature facilities. Properties and reactions of materialswhich are processed, tested, and/or utilized in high vacuum environments.Mr. Palmour.
MIC 527. Refractories in Service 30r3Prerequisite: CH 433A study of the physical and chemical properties of the more important re-fractories in respect to their environment in industrial and laboratory fur-naces. Mr. Kriegel.
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MIC 529. Properties of High Temperature Materials 3or3Prerequisite: MIM 201Effect of temperature on the physical, mechanical and chemical propertiesof inorganic materials; relationships between microstructure and high tem-perature properties; uses of ceramics, cermets, and metals at extremely hightemperatures. Mr. Stoops.
MIC 533, MIC 534. Advanced Ceramic Engineering Design 3-3Prerequisites: MIC 416, MIC 435Advanced studies in analysis and design of ceramic products, processes, andsystems leading to original solutions of current industrial problems andthe development of new concepts of manufacturing. Mr. Palmour.
MIC 540. Glass Technology 3 or3Prerequisite: MIC 432Fundamentals of glass manufacture including compositions, properties andapplication of the principle types of commercial glasses. Mr. Kriegel.
MIC 548. Technology of Cements 3ar3Prerequisite: MIC 431The technology of the Portland cement industry including manufacture,control and uses. Mr. Kriegel.
MIC 596, MIC 597. Advanced Ceramic Experiments 3-3Prerequisite: MIC 430 or EquivalentAdvanced studies in ceramic laboratory experimentation. Graduate Staff.

Courses for Graduates Only
MIC 601. Ceramic Phase Relationships 3or3Prerequisite: Consent of InstructorHeterogeneous equilibrium, phase transformations, dissociation, fusion, lat-tice energy, defect structure, thermodynamic properties of ionic phases andsilicate melts. Mr. Hackler.
MIC 603. Advanced Ceramic Reaction Kinetics 3or3Prerequisite: MIC 43], MIC 501Fundamental study of the kinetics of high temperature ceramic reactionssuch as diffusion, nucleation, grain growth, recrystalization, phase transfor-mation, vitrification and sintering. Mr. Stoops.
MIC 611. Ceramic Process Analysis 3 or3Prerequisite: MIC 502Corequisite: ST 516Analysis of experimental and production data for ceramic processes.Quantitative evaluation of the effect of materials, materials preparation,heat distribution, composition, and other variables on properties. Samplingfrom production. Linear programing to compound glass and cement batches.Mr. Hackler.
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MIC 621. The Vitreous State 3 M3Prerequisite: MIC 540An advanced study of the structure of binary and ternary silicate and borateglasses. Influence of structure on properties of vitreous systems.Mr. Hackler.
MIC 63'I, MIC 632. Advanced Physical Ceramics I, II 3-3Corequisites: MIC 501, MIC 502 or MIM 521, MIM 522, EM 501, EM 502 or
PY 503, PY 552Lattice structures and lattice energies in crystalline ceramics; relationships
with elastic, optical, and thermal properties. Effects of constitution and
microstructure on lattice»sensitive properties. The defect crystalline state
in ceramics: vacancies, color centers, dislocations, boundaries. Crystal growth.Plastic deformation processes, including creep and fatigue; the ductile-brittle transition. Structure sensitive properties of cystalline, vitreous andcomposite ceramics; effects of constitution, microstructure, non-stoichiometry.Mr. Palmour.
MIC 635, MIC 636. Electronic Ceramics 3-3Prerequisites: MA 441 and FY 407 or PY 414 or BB 531Lattice energy, dielectric and optical properties of insulators, ferroelectrics,magnetic oxides, electron distribution in insulators and semiconductors;
electronic properties of alkali halides. Mr. Stadelmaier.
MIC 695. Ceramic Engineering Seminar 'I-IReports and discussion of special topics in ceramic engineering and allied
fields. Graduate StaflE.
MIC 697. Special Studies in Ceramic Engineering I to 3 Credits' . _ _ Per SemesterSpecial studies of advanced topics in ceramic engineering. Credlt wrll vary
with the topic. Graduate Staff.
MIC 699. Ceramic Research . . Credits By ArrangementAn original and independent investigation in ceramic engmeerlng. A report
of such an investigation is required as a graduate thesis. Graduate Staff.

Geological Engineering
Courses for Advanced Undergraduates

MIG 415. Mineral Exploration and Evaluation 0-3Prerequisites: MlG 440, MIG 452Application of the principles of geology, geophysics, and geochemistry to
the discovery and evaluation of mineral deposits. Design of mineral ex-
ploration and development programs based on knowledge of the unique
thermodynamic, geochemical, and tectonic features that control mineral
formation and concentrations in well known mining districts, especiallythose yielding ferrous, base, and precious metals. Review of economic and
technological factors governing the value of mineral deposits.
MIG 440. Endogenic Materials and Processes 0-4Prerequisites: MIG 220, MIG 331Minerals. rocks, and mineral deposits that are formed at high temperaturesand pressures by crystallization or solidification of molten magma, or by
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solid state recrystallization of older rocks. Application of principles ofthermodynamics and of phase-rule chemistry, and the results of modern highpressure-temperature laboratory research on the stability fields of crystallinephases, to an understanding of igneous and metamorphic rocks. Identifica-tion, classification, occurrence, origin, and economic value of the principaligneous and metamorphic rocks.
MIG 452. Exogenic Materials and Processes 4-0Prerequisites: MIG 220, MIG 331Identification, classification, geologic occurrence, origin, and economic valueof minerals, rocks, and mineral deposits formed by physical, chemical, andbiological processes at low temperatures and pressures at and near theearth’s surface. Hydrodynamics of sediment transport and deposition, settlingvelocities and size sorting, chemical and biochemical precipitation fromaqueous solutions, principles of division of stratified terranes into naturalunits, correlation of strata, identification of depositional environments, andfacies analysis.
MIG 461. Engineering Geology 3 or 3Prerequisite: MIG 120 or MIG 220The application of geologic principles to engineering practice; analysis ofgeological factors and processes affecting specific engineering projects.
MIG 462. Geological Surveying 0-3Prerequisites: MlG 351, MIG 440, \IIIG 452Required of Seniors in Geological EngineeringMethods of field observation and use of geologic surveying instruments insurface and underground work; representation of geologic features by maps,sections and diagrams. Lectures, laboratories, and field work.
MIG 465. Geological Field Procedures 6SummerPrerequisite: MIG 351 or Special PermissionA six week summer field course. Practical field procedures and instrumentscommonly used to procure geologic data for evaluating mineral deposits,solving engineering problems involving earth materials, and drawing scientific conclusions. Observation of geologic phenomena in their natural setting.Large and intermediate scale geologic mapping of surface features and largescale mapping underground in mine workings.
MIG 472. Elements of Mining Engineering 3-0Prerequisite: MIG 220 and at Least Junior Standing in Geological Engi~neering.Introduction to mining; surface and underground methods of developmentand production; explosives, drilling and blasting; ore loading, transport,and hoisting; drainage and ventilation; mine surveying and sampling; fireassaying; mining law, organization, administration, and safety. Lectures,laboratory and field inspections.
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Courses for Graduates and Advanced Undergraduates

MIG 522. Petroleum Geology 3 or 3Prerequisite: MIG 452Properties, origin and modes of occurrence of petroleum and natural gas.Geologic and economic features of the principal oil and gas fields, mainlyin the United States. Mr. Leith.
MIG 552. Exploratory Geophysics 0-3Prerequisites: MIG 351, PY 202Fundamental principles underlying all geophysical methods; procedure andinstruments involved in gravitational, magnetic, seismic, electrical, andother methods of studying geological structures and conditions. Spontaneouspotential, resistivity, radioactivity, temperature, and other geophysical loggingmethods. Study of applications and interpretations of results. Mr. Leith.
MIG 563. Applied Sedimentology 0-3Prerequisite: MlG 452Advanced treatment of the geological aspects of erosion and sediment trans-port and deposition, especially as related to engineering works, and to landand water utilization. Analysis of physical, mineralogical, and some chemicalproperties of sediments and sedimentary rocks; interpretation of these prop—erties in terms of depositional basins and environments. Mr. Leith.
MIG 565. Hydrogeology 3-0Prerequisite: MIG 452Occurrence and sources of surface and subsurface water. Relationship ofsurface water to subsurface water. Rock properties affecting infiltration.movement, lateral and vertical distribution, and quality of ground water.Determination of permeability, capacity, specific yield, and other hydrauliccharacteristics of quifers. Principles of well field design. Legal aspects ofwater supplies. Mr. Hood.
MIG 567. Geochemistry 3-0Prerequisite: CH 231 or CH 433The quantitative distribution of elements in the earth’s crust, the hydro-sphere, and the atmosphere. Application of the laws of chemical equilibruimand resultant chemical reactions to natural earth systems. Geochemical ap~plications of Eh—pH diagrams. Geochemical cycles. Isotope geochemistry.Mr. Hood.
MIG 571, MIG 572. Mining and Mineral Dressing 3-3Prerequisite: MIG 472Principles of the mineral industry; mining laws, prospecting, sampling, development, drilling, blasting, handling, ventilation and safety; administration, surveying, assaying; preparation, benefication and marketing.Graduate Staff.
MIG 581. Geomorphology 3-0Prerequisite: MIG 452A systematic study of land forms and their relations to processes andstages of development and adjustment to underlying structure. Lectures,map interpretations, and field trips. Mr. Brown.
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MIG 593.. Advanced Topics in Geological Engineering I to 6-1 toPrerequisrte: Permission of StaffSpecial study of some advanced phases of geological engineering.Graduate Staff.

Courses for Graduates Only
MIG 6‘I'I, MIG 612. Advanced Economic Geology 3-3Prerequisites: MIG 440, MIG 452Detailed study of the origin and occurrence of specific mineral deposits.Mr. Brown.
MIG Microscopic Determination of Opaque Minerals 3 or 3Prerequisite: MIG 331Identification of metallic, opaque minerals in polished sections by physical
properties, etch reactions and microchcmical tests. Laboratories.Mr. Brown.
MIG 642. Advanced Petrography 3 or 3Prerequisites: MIG 331, MIG 440Application of the petrographic microscope to the systematic study of thecomposition and origin of rocks; emphasis on igneous and metamorphicrocks. Graduate Staff.
MIG 695. Seminar ‘l-‘lPrerequisite: Graduate StandingScientific articles, progress reports and special problems of interest to geol-ogists and geological and mining engineers discussed. Graduate Staff.
MIG 699. Geological Research Credits by ArrangementPrerequisite: Permission of the InstructorLectures, reading assignments, and reports; special work in Geology tomeet the needs and interests of the students. Graduate Staff.

Metallurgical Engineering
Courses for Advanced Undergraduates

MIM 401, MIM 402. Metallurgical Operations I, II 4-4Prerequisite: MIM 332A systematized treatment of the fundamental operations involved in theproduction and fabrication of metals and alloys. Part I deals primarily withprocedures and operations employed in chemical or extractive metallurgy.Part II covers the operations of physical and mechanical metallurgy.
MIM 421, MIM 422. Metallurgy I, II 2-2Prerequisite: CH l02Required of Seniors in M.E. and M.E.A.The constitution, structure and properties of engineering ferrous and non-ferrous metals and alloys; influences of mechanical working and heat treat-ment; physical testin", corrosion and its prevention.
MIM 423. Metallurgical Laboratory 'lor'lCorequisite: MIM 421 or MIM 422Laboratory work to attompany Metallurgy I, ll.
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MIM 431, MIM 432. Metallography I, II 3-3Prerequisite: MIM 332An intensive study of the principles and techniques for examination andcorrelation of the structure, constitution, and properties of metals andalloys.
MIM 451, MIM 452. Metallurgical Engineering Seminar. 'l-lPrerequisite: Senior Standing in Metallurgical EngineeringReports and discussion of special topics in metallurgical engineering andrelated subjects.

Courses for Graduates and Advanced Undergraduates
MIM 521, MIM 522. Advanced Physical Metallurgy I, ll 3-3Prerequisite: MIM 422Theories concerning behavior and control of engineering alloys, reactionrates in the solid state, and alloy influences; current heat treating practices;surface treatments; behavior of metals at high and low temperatures; specialpurpose alloys; powder metallurgy; review of modern equipment and meth-ods for the study of metals. Mr. Stadelmaier.
MIM 523, MIM 524. Metallurgical Factors in Design 3-3Prerequisite: MIM 422A study of the metallurgical factors that must be considered in using metalsin design. Mr. Austin.
MIM 541, MIM 542. Principles of Corrosion I, ll 3-3Prerequisite: MIM 422The fundamentals of metallic corrosion and passivity. The electro-chemicalnature of corrosive attack, basic forms of corrosion, corrosion rate factors,methods of corrosion protection. Laboratory work included. Mr. Austin.
MIM 561. Advanced Structure and Properties of Materials 3-0Prerequisite: MIM 422A systematic treatment of the fundamental physico~chemical principles gov»erning the constitution of both metallic and ceramic materials. Correlationof these principles with physical, mechanical and chemical properties ofmaterials. Particular emphasis is placed upon materials of construction fornuclear reactors. Lecture and Laboratory. Mr. Austin.
MIM 562. Materials Problems in Nuclear Engineering 0-3Prerequisite: MIM 561Engineering aspects of problems involved in the selection and applicationof reactor materials. Specific attention is given to elevated temperaturebehavior, fatigue, corrosion, irradiation damage, and the fabrication andprocessing of these materials. Lecture and Laboratory. Graduate Staff.
MIM 595, MIM 596. Advanced Metallurgical Experiments I, ll 3-3Prerequisite: MlM 422 or Approval of InstructorAdvanced engineering principles applied to a specific experimental projectdealing with metallurgy or metallography. A seminar period is provided, anda written report is required. Graduate Staff.
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Courses for Graduates Only

MIM 651, MIM Theory and Structure of Metals 3-3Prerequisite: MlM 522An advanced interpretation of the development of theories of the metallicstate with emphasis on modern physical concepts. Topics include theory ofcrystallinity, bonding forces, stability of metallic structures, diffusion, anddislocation theory. Mr. Stadelmaier.
MlM 699. Metallurgical Engineering Research Credits by ArrangementIndependent investigation of an appropriate problem in MetallurgicalEngineering. A report on this investigation is required as a graduate thesis.Graduate Staff.

DEPARTMENT OF MODERN LANGUAGES
Graduate Faculty

Professors: GEORGE W. POLAND, Head, EDWARD M. STACK
The Department of Modern Languages courses listed below are recom-

mended to assist graduate students in preparing themselves for the use ofmodern foreign languages in research and advanced study. Students are
given the opportunity of working a translation project in connection withtheir subject of major interest. They are encouraged particularly to seekin this instance useful foreign research related to thesis or other research
in progress. Although these courses do not carry graduate language credit,they may be taken as a means of attaining a reading knowledge.Certification may be obtained in languages not normally taught by thedepartment with special permission of the Graduate School.
MLR 101, MLR 102. Russian 3—3These two courses are given for graduate students only, the first dealing withgrammar and structure and the second with reading of Russian scientific ma-
terial.
MLF 401. French Grammar for Graduate Students 3—3This course is designed to present the grammar of scientific French as rapidly
as possible in preparation for the reading course which follows.
MLF 402. Scientific French 3—3Prerequisite: MLF 401 or EquivalentReading and translation of technical French, supplemented by discussions onterminology, word order, vocabulary analysis and other linguistic techniques.Subject material adjusted to individual needs; conferences.
MLS 401. Spanish Grammar for Graduate Students _ 3-3This course is designed to present the grammar of scientific Spanish as rapidlyas possible in preparation for the reading course which follows.
MLS 402. Scientific Spanish 3-3Prerequisite: MLS 401 or EquivalentReading and translation of technical Spanish, supplemented by discussionson terminology, word order, vocabulary analysis and other linguistic tech-niques. Subject material adjusted to individual needs; conferences.
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MLG 40L German Grammar for Graduate Students ‘ 3—3This course is designed to present the grammar of scientific German asrapidly as possible in preparation for the reading course which follows.
MLG 402. Scientific German 3-3Prerequisite: MLG 401Reading and translation of technical German, supplemented by discussionson terminology, word order, vocabulary analysis and other linguistic tech—niques. Subject material adjusted to individual needs; conferences.
DEPARTMENT OF NUCLEAR ENGINEERING

Graduate Faculty
Professors: RAYMOND LEROY MURRAY, Head, HAROLD AUGUSTUS LAMONDS"

Affiliated Graduate Faculty
Professors: \VESLEY OSBORNE DOGGETT, Physics, JAMEs K. FERRELL, ChemicalEngineering, ARTHUR W. 'WALTNER, PhysicsAssociate Professors: ALONZO FREEMAN COOTs, Chemistry, MUNIR R. EL-SADEN.NECATI Ozrsrx, Mechanical Engineering, EDWARD GEORGE MANNING, Elec-trical EngineeringAssistant Professors: LAWRENCE HOFFMAN BOWEN, Chemistry, ROBERT WALTERLADE, Electrical Engineering
The Department of Nuclear Engineering offers graduate study leadingto the Master of Science and Doctor of Philosophy degrees.Courses and research are available within the department and cooperatingdepartments in several areas of nuclear engineering, including reactor theoryand analysis, radiation attenuation and detection, energy transfer and con-version, nuclear materials, and instrumentation.Among the available research facilities are a loo-kilowatt heterogeneousreactor, a pulsed positive ion Van de Graalf accelerator, digital and analogcomputers, a high pressure heat transfer loop, and plasma physics labora-tories. Close associations are maintained with many departments in theSchool of Engineering and the School of Physical Sciences and AppliedMathematics.Candidates for admission are expected to hold the bachelor’s degree inone of the fields of engineering or the physical sciences. Experience innuclear physics, advanced differential equations, and basic reactor theorywill reduce the time required for completion of the degree. Courses in theseareas can be included in the initial phases of the graduate program. Thirtycredit hours (including four for research) and a thesis are required for theMaster of Science degree. Especially well-qualified students may studydirectly toward the Doctor of Philosophy degree.The Department of Nuclear Engineering participates in the Nuclear Sci-ence and Engineering Fellowship Program of the Atomic Energy Commis-sion. Students are also eligible for fellowships from the Ford Foundation,the National Science Foundation, the National Aeronautics and SpaceAgency, and others. A few half-time graduate assistantships are availablein which a nine credit-hour load per semester is permitted.
On leave until July, 1964.



THE GRADUATE CATALOG 167
Graduates of the department find positions in industry, government, andacademic institutions. Opportunities include analysis, design, utilization,and operation of nuclear facilities associated with the nuclear aerospace pro-gram, power reactors, research reactors, and radioisotopes.

Courses for Advanced Undergraduates
NE 404. Nuclear Energy Conversion I 0-3Prerequisite: ChE 421 or equivalentBasic principles of the transformation of nuclear energy into useful forms.Considers the reactor as a heat source for a heat engine cycle. Descriptionand analysis of various reactor concepts and associated power plants.
NE 405. Nuclear Energy Conversion ll 3-0Prerequisite: ChE 422 or equivalentBasic principles of the transformation of nuclear energy into useful forms.Considers isotope production and utilization, direct conversion techniques,nuclear propulsion concepts, research reactors, and breeder reactors.

Courses for Graduates and Advanced Undergraduates
NE 501. Nuclear Reactor Theory 3-0Corequisite: PY 410An introductory course in reactor theory including the fission process,neutron energy distribution, lethargy, neutron slowing and intcractions,diffusion, Fermi age theory, the diffusion equation, criticality conditions,and reactor instrumentation. Mr. Verghese.
NE 502. Nuclear Reactor Theory ll 0-3Prerequisite: NE 501Continuation of reactor theory from NE 501. Topics include: treatment
of reactor parameters for homogeneous and heterogeneous reactors, reflectedreactors, multi-group theory, reactor kinetics, temperature effects, control
rod theory, perturbation theory, and transport theory. Mr. Verghese.
NE 503. Nuclear Engineering Systems 0-3Prerequisite: NE 501Considers reactor as a system including aspects of reactor control, radiation
protection, shielding, and thermal design. Mr. Carnesale.
NE 511. Radiation Detection and Analysis 2-2Prerequisite: PY 410Interaction of radiation with detectors. Characteristics of detectors andanalysis equipment. Statistics of the counting process. Emphasis is on prepara-
tion for use of radiation counting equipment for research. Mr. Verghese.
NE 530. Introduction to Nuclear Reactor Theory 0-3Prerequisite: PY 410The principles of neutron motion in matter, with emphasis on the analysis
of the nuclear chain reactor. Slowing of neutrons, diffusion, space distri-butions of flux, conditions for criticality, group theories, and the time-de-pendent behavior of fissionable assemblies, Graduate Staff.



168 THE GRADUATE CATALOG
NE 531. Nuclear Reactor Laboratory l-lPrerequisite: NE 530 or NE 501Observation and measurements of static and dynamic nuclear reactor be-havior, the effectiveness of control and temperature, and correlation withtheory. Experiments on the motion and detection of neutrons and gammarays, with emphasis on the research uses of nuclear reactor radiations.Graduate Staff.
NE 540. Nuclear Reactor Control 0-3Prerequisite: NE 502 or NE 530Considers non~steady state reactor behavior including reactivity effects dueto temperature, poisoning, and control rods. Uses elementary servomechanismtheory in treating reactor as a control element. Treats automatic controlincluding control mechanisms and dynamic effect of power plant character-istics. Mr. Leonard.
NE 545. Nuclear Reactor Kinetics 3-0Prerequisite: NE 502 or NE 530The kinetic behavior of nuclear reactors is carefully analyzed from boththeoretical and experimental viewpoints. Solutions of the basic kineticequations are developed and applied to specific reactor behavior. Tempera-ture, void, and xenon poisoning effects are considered. Digital and analogcomputer techniques are discussed and utilized. Correlation of theory withobserved reactor behavior is made and safety considerations in reactor de-sign are discussed. Mr. Leonard.
NE 591, NE 592. Special Topics in Nuclear Engineering I, II 3-3Prerequisite: Consent of the InstructorThese courses will be used to explore unusual and/or specialized areas ofnuclear engineering. Graduate Staff.

Courses for Graduates Only
NE 619. Reactor Theory and Analysis I 3-0Prerequisite: NE 502 or NE 530The theory of neutron slowing, resonance capture, Doppler effect, andthermal flux distributions in heterogeneous nuclear reactors. Analysis ofreactor control by temperature, effects of localized and distributed absorbers,fission products, fuel consumption and production. One-velocity neutrontransport theory. Mr. Murray.
NE 620. lPY 620) Nuclear Radiation Attenuation 3-0Prerequisites: NE 502 or NE 530 or PY 510, MA 512The physical theory and mathematical treatment of the penetration of neu-trons, gamma-rays, and ,charged particles in matter. Gamma-ray transporttheory. Analysis of experimental methods for obtaining penetration data.Mr. Doggett.
NE 630. Reactor Theory and Analysis ll 0-3Prerequisite: NE 502 or NE 530The theory of neutron multiplication in uniform media with several dimen-sions, regions, and neutron energy groups. Reactor control by absorbers,
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time dependent reactor behavior, matrix treatment of perturbation theory,neutron thermalization, energy dependent neutron transport theory, andmultigroup machine methods. Mr. Murray.
NE 691, 'NE Advanced Topics in Nuclear Engineering I, ll 3-3PrereqUISIte: Consent of the InstructorA study of recent developments in nuclear engineering theory and practice.Graduate Staff.
NE 695. Seminar in Nuclear Engineering I-lDiscussmn of selected topics in nuclear engineering. Graduate Staff.
NE _6_99. Research in Nuclear Engineering Credits by ArrangementInleIdual research in the field of nuclear engineering. Graduate Staff.

DEPARTMENT OFOCCUPATIONAL INFORMATION AND GUIDANCE
(See School of Education)
DEPARTMENT OF PHILOSOPHY AND RELIGION

Courses for Advanced Undergraduates
PHI 401. Symbolic Logic 3or3Modern methods in logic involving formalized expression that avoids in-herent difficulties and ambiguities of ordinary language and make possiblegreater elfectiveness in handling complex material.
REL 403. Religion: of the World 3 or 3Background, general characteristics, and basic teachings of the major livingreligions of the world; consideration of contemporary secular movementsthat are in a sense religions.
PHI 405. Foundations of Science 3 or 3Nature and validity of knowledge, basic concepts of modern science, scien-tific method, and the implications of the philosophy of modern science forethics, social philosophy, and the nature of reality.

DEPARTMENT OF PHYSICS
Graduate Faculty

Professors: DUDLEY WILLIAMS, Head, WILLARD HARRISON BENNETT, WESLEYOSBORNE DoccETr, HARRY CHARLES KELLY, FORREST WESLEY LANCASTER,EDWARD MANRING, JEFFERSON SULLIVAN MEARES, ARTHUR CLAYTON MENIUS,JR., RAYMOND LEROY MURRAY, ARTHUR W. WALTNERProfessor Emeritus: RUFUS HUMMER SNYDERAssociate Professors: WILLIAM ROBERT DAVIS, JOSEPH THOMAS LYNN, Graduate AdministratorAssistant Professors: GROVER CLEVELAND COBB, JR, GERALD HOWARD KA'I‘LIN,DAVID HAMILTON MARTIN, MARVIN KENT Moss, JAE YOUNG PARK, RICHARDROLAND PATTY
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Study in physics leading to the degrees Master of Science and Doctor ofPhilosophy is available. Courses, staff, and facilities are provided for presen-tation of the fundamental subject matter of physics and for specialized studyand research in several areas, as listed below:(a) Nuclear Physics: Theoretical and experimental work in the fields oflow energy charged particle physics, neutron physics, and the statis-tical behavior of nuclear processes.(1)) Space Physics: Research on phenomena in the upper atmosphere andinterplanetary space.(c) Plasma Physics: Studies of basic ionic processes and applications tothermonuclear research.((1) Infrared Studies: Research on transmission of radiation through plane-tary atmospheres and spectroscopic investigations of molecular andsolid-state structures.(e) Lasers: Theoretical and experimental work on the irradiation of lasercrystals, and studies relating to new laser materials.(f) Theoretical Physics: Theory of fields, non-inertial systems, nuclearstructure and interactions, plasmas, molecular spectroscopy, and solidstate.Recommended programs of study with emphasis on fundamental physicsor on nuclear science leading to the Master of Science degree are available.A minimum of 30 semester credits is required, which is to include 4 creditsfor research and 2 for seminar. Research and presentation of a thesis arerequired. Graduates are prepared for college teaching and for researchand development activity in general physics or in the space, missile, andenergy conversion programs of our country.The Doctor of Philosophy degree is granted on successful completion ofexaminations, independent research, and the submission of a dissertation.A minor in mathematics or other area in science is normally elected.All graduate students and staff are expected to attend a weekly depart-mental colloquium at which topics of current interest in physics are discus-sed.Extensive laboratory facilities are available for research in the areas ofspecialization. These facilities include:(a) A l-mev Van de Graaff accelerator with pulsing equipment forstudy of neutron scattering, polarization, and diffusion.(b) A hypersonic ionic wind tunnel for study of simulated space environ-ments.(c) Fully equipped laboratories (supported by a glass blowing and tubemaking facility) for the investigation of the stability of ionic streamsand the measurement of plasma phenomena by ultrasonic methods.(d) Laboratories for research in magneto-optical effects, radiation detec-tion, radiation dosimetry, and laser research.(e) Laboratories for infrared spectroscopy and studies of synthetic plane-tary atmospheres.(f) The IBM 1410 Tape System, located in the Computing Center, isavailable for use in research by graduate students. The ComputingCenter also offers non—credit short courses in FORTRAN programsmmg.
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The Department of Physics participates in the Nuclear Science and Engi-neering Fellowship program of the Atomic Energy Commission, and Fellowships in Health Physics are currently available under a continuing grantfrom the U. S. Public Health Service. Students are also eligible for fellow-ships from the Ford Foundation, the National Science Foundation, andothers. Research assistantships are available supported by grants or con-tracts with federal agencies, and a number of openings for halftime teach-ing assistantships in general and intermediate physics is available eachyear.Research work on nuclear chain reacting systems and on the attenuationof nuclear radiation in matter is conducted cooperatively with the Depart-ment of Nuclear Engineering. Research in biophysics is done cooperativelywith the Institute of Statistics.

Courses for Advanced Undergraduates
PY 407. Introduction to Modern Physics 3-3Prerequisites: PY 207 or PY 208, MA 202A survey of the important developments in atomic and nuclear physics ofthis century. Among topics covered are: atomic and molecular structure,determination of properties of ions and fundamental particles, the originof spectra, ion accelerators, and nuclear reactions.
PY 410. Nuclear Physics I 4-4Prerequisite: PY 407An introduction to the properties of the nucleus, and the interaction ofradiation with matter. A quantitative description is given of natural andartificial radioactivity, nuclear reactions. fission, fusion, and the structureof simple nuclei.
PY 411, PY 412. Mechanics 3-3Prerequisites: PY 207 or PY 208, MA 301A sequence of courses in intermediate theoretical mechanics, including thedynamics of particles and rigid bodies, gravitation, moving reference systems,and the physics of continuous media. An introduction is given to advancedmechanics, including D'Alembert’s Principle and Lagrange’s equations ofmotion, with applications. Two hours of lecture, and a laboratory or problemperiod each week.
PY 413. Thermodynamics and Kinetic Theory 0-3Prerequisite: PY 207 or PY 208, MA 301An intermediate course in the principles of classical thermodynamics andthe kinetic theory of gases with an introduction to statistical mechanics.Topics covered include equations of state, entropy, Maxwellian distribu-tions, transport processes, and the statistics of Maxwell-Boltzmann, BoseEinstein, and Fermi-Dirac. Two hours of lecture, and a laboratory or problem period each week.
PY 414, PY 415. Electricity and Magnetism 3-3Prerequisite: PY 207 or PY 208Corequisite: MA 441An intermediate course in the fundamentals of static and dynamic electricityand electromagnetic theory, developed from basic experimental laws. Vector
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methods are introduced and employed throughout the course. Two hours oflecture, and a laboratory or problem period each week.
PY 416. Optics 3-0Prerequisite: PY 415An intermediate course in physical and geometrical optics with the majoremphasis on the wave properties of light. Two hours of lecture, and alaboratory or problem period each week.
PY 499. Special Problems in Physics 1to3-1to3Prerequisite: Permission of DepartmentStudy and research in special topics of classical and modern physics. Ex-perimental measurements with emphasis on the treatment and interpretationof data, literature surveys, or theoretical investigations.

Courses for Graduates and Advanced Undergraduates
PY 501. Wave Mechanics 0-3Prerequisites: PY 407, MA 441, and either PY 411 or PY 414An introduction to the foundations of quantum and wave mechanics, withsolutions of the problems of the free particle, harmonic oscillator, rigidrotating molecule, and the hydrogen atom. Approximation methods aredeveloped for more complex atomic systems. Mr. Cobb.
PY 503. Introduction to Theoretical Physics 3-0Prerequisites: PY 412, PY 414, MA 441An introductory course in theoretical physics which offers preparation forgraduate study. Emphasis is on classical mechanics, special relativity, andthe motion of charged particles. Topics which are covered include thevariational principles of mechanics, Hamilton’s equations, canonical trans-formations, Hamilton-Jacobi theory, and the theory of small vibrations.Mr. Moss.
PY 507. Advanced Atomic Physics 3-0Prerequisites: PY 412. PY 415, MA 441A study of atomic structure and spectra, with emphasis on the analysis ofspectra. Topics include: the alkali spectra, multiplet structure, electron spin,hyperfine structure, moments. Mr. Cobb.
PY 508. Ionization in Gases 3-0Prerequisite: PY 414Statistical theory of particles, excitation and ionization in gases; mobilitiesand conductivities; processes at solid surfaces in ionized gases; characteris-tic forms of electrical discharges in gases. Mr. Bennett.
PY 509. Plasma Physics 0-3Prerequisite: PY 508Individual and collective motion of charged particles in electric and mag-netic fields and through ionized gases. Pinch effect, relativistic streams,conductivities, and runaway electrons. Astrophysical concepts and approxi-mations. Properties of plasmas, including waves, confinement, instabilitiesand shocks, with applications. Mr. Bennett.
PY 510. Nuclear Physics ll 4-0Prerequisite: PY 410The description and analysis of nuclear energy levels, meson theory, nuclear
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resonance, atomic and molecular magnetism, and cosmic radiation. Prin-ciples and experiments in neutron physics are discussed. In the laboratorywork, emphasis is placed on gaining experience in independent research.Mr. Waltner.
PY 514, PY 515. Advanced Electricity and Magnetism 3-3Prerequisite: PY 415An advanced treatment of electricity and magnetism and electromagnetictheory. Topics include: techniques for the solution of potential problems;development of Maxwell's equations; wave equations; energy, force, andmomentum relations of an electromagnetic field; covariant formulation ofelectrodynamics; radiation from accelerated charges. Mr. Katzin.
PY 518. Radiation Hazard and Protection 3-3Prerequisite: PY 410Principles of radiation dosimetry and radiation dose units. Radiation hazardsto man. Maximum permissible levels of exposure to external and to internalsources of radiation. Methods of providing protection. Graduate Stall.
PY 520. Physical Measurements in Radioactivity 3-3Prerequisite: PY 410The principles of experimental measurements on radioactive materials arepresented and demonstrated through laboratory work. Emphasis is placedon the analytical interpretation of experimental data. Mr. Lynn.
PY 552. Introduction to the Structure of Solids 0-3Prerequisite: PY 407Corequisite: PY 501Basic considerations of crystalline solids, metals, conductors, and semi<conductors. Mr. Doggett.
PY 555. (See MA 555. Principles of Astrodynamics)
PY 599. Senior Research 3-3Prerequisite: Senior Honors Program Standing, Except with SpecialPermissionInvestigations in physics under the guidance of staff members. Literaturereviews, experimental measurements, or theoretical studies. A project reportis required. Graduate Staff.

Courses for Graduates Only
PY 601, PY 602. Theoretical Physics 3-3Prerequisites: PY 503, PY 514Corequisite: MA 66]Mathematical and theoretical approach to the relationships between variousbranches of physics. The restricted theory of relativity, electrodynamics, thetheory of electrons, classical field theory, and the general theory of relativityare treated. Mr. Davis.
PY 610. Advanced Nuclear Physics 0-3Prerequisite: PY 510Corequisite: PY 611A theoretical study of nuclear structure and reactions. Topics include: the
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deuteron, low-cnergy nucleon nucleon scattering, nuclear forces, nuclearmoments, nuclear shell theory, collective model, compound nucleus, opticalmodel, and direct reactions. Mr. Park.
PY 6“. Quantum Mechanics 3-0Prerequisites: PY 501, MA 512Theory. of quantum mechanics with applications to atomic and molecularstructure, scattering phenomena, and a semi-classical treatment of theinteraction of radiation with matter. Mr. Davis.
PY 612. Advanced Quantum Mechanics 0—3Prerequisites: PY 601, PY 611Ditac's rclativistic cleetron theory, elementary scalar and vector meson fieldthcory. Introduction to quantum clectrodynamics and the general theoryof quantized fields. Mr. Davis.
PY 620. (See NE 620. Nuclear Radiation Attenuation.)
FY 62]. Kinetic Theory of Gases 3-0Prercquisites: PY 501, PY 503, MA 512The theory of molccular motions, including velocity and density distributionfunctions; the phenomena of viscosity. heat conduction, and diffusion; equations of state; fluctuations. Graduate Staff.
PY 622. Statistical Mechanics 0-3Prerequisites: PY 413, PY 503Corequisite: PY 611A treatment of classical and quantum statistical mechanics with some applications to theimodynamics. Topics include: statistics of Maxwell-Boltz-mann, Fermi~Ditac, and Bose Einstein, canonical ensembles and grandcanonical ensembles, ideal Fermi gas, and c00perative phenomena.Mr. Park.
PY 641. Non-Inertial Space Mechanics 0-3Prerequisites: PY 601, MA 661Corequisite: PY 602The theotetical description of the phenomena of mechanics relating tonon-inertial frames of reference with emphasis on applications to spacetravel and the instrumentation problems of rocketry. Applications to inertialguidance and electromagnetic inertial coupling effects are also considered.Mr. Davis.
PY 695. Seminar 1.]
Reports on topics of current interest in physics. Several sections are offeredso that students with common research interests may be grouped together.Graduate Staff.
PY 699. Research Credits by ArrangementGraduate students sufficiently prepared may undertake research in someselected field of physics. Graduate Staff.



THE GRADUATE CATALOG 1’75
DEPARTMENT OF PLANT PATHOLOGY

Graduate Faculty
Professors: DON EDWIN ELLIS, Head, *JAY LAWRENCE APPLE, ROBERT AYCOCK,CARLYLE NEWTON CLAYTON, FRANK ARLO HAASIS, TEDDY THEODOREHEBERT, ARTHUR KELMAN, GEORGE BLANCHARD LUCAS, LOWELL WENDELLNIELSEN, CHARLES JOSEPH NUSBAUM, NASH NICRS WINSTEADProfessor Emeritus: SAMUEL GEORGE LEHMANAssociate Professors: \VILLIAM EARL COOPER, CHARLES S. HODGES, JR., DAVIDM. KLINE, RICHARD ROBERT NELSON, NATHANIEL T. POWELL, JOHN PAULRoss, JOSEPH NEAL SASSER, ROBERT T. SHERWOOD, HEDWIG HIRSCHMANNTRIANTAPHYLLOUVisiting Professor: FREDERICK LOVEJOY VVELLMARAssistant Professors: ROBERT DONALD MILHOLLAND, DA\ ID LEWIS STRiDERAdjunct Assistant Professor: GUY VERNON GOODING, JR.
The department is equipped with laboratory and greenhouse facilities forgraduate Study in plant pathology including special equipment for all phasesof phytopathological research. The State’s wide range of soil types andclimatic areas make possible the commercial production of a variety of field.vegetable, fruit, and ornamental crops as well as forest trees. Especially favor-able opportunities exist for training in diseases caused by nematodes, viruses,fungi, and bacteria which affect many crops. Land and facilites forexperimental work are available at some sixteen permanent research stationslocated throughout the State. Student participation in the Plant DiseaseClinic provides excellent training and experience in the diagnosis of alltypes of plant diseases.Many opportunities for employment in research, extension, and teachingare available to persons with the Master of Science or Doctor of Philosoph)degree in plant pathology. There are openings for qualified persons inplant pathology research in the United States Department of Agriculture,State Experiment Stations and in industry. Opportunities exist in foreignservice through international and federal organizations as well as commercialproduction enterprises. The rapid development of agricultural chemicalsfor disease control offer numerous opportunities in research, promotion,and service activities.

Courses for Graduates and Advanced Undergraduates
PP 500. Advanced Plant Pathology 0-2Prerequisite: PP 315 or EquivalentAn advanced Study of the economic importance, symptoms, disease cycles,epiphytology and control of major groups of plant diseases. Students whoregister for this course are also required to register for either PP 501 orPP 502, or they may register for both. Mr. Winstead.
PP 501. Advanced Plant Pathology Laboratory-Field Crops Diseases 0-]Prerequisite: PP 315 or EquivalentLaboratory course for students whose major interest is diseases of fieldcrops to accompany lecture course in Advanced Plant Pathology (PP 500).
’On leave until November, 1965
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Diseases will be selected for study which are important on field crops. Eitherthis course or PP 502 must be taken concurrently with PP 500.Mr. Kline.
PP 502. Advanced Plant Pathology Laboratory-Horticultural Crop Diseases 0-1Prerequisite: PP 315 or EquivalentLaboratory course {or students whose major interest is in diseases of horti-cultural crops to accompany lecture course in Advanced Plant Pathology(PP 500). Diseases will be selected for study which are important on fruit,ornamental and vegetable crops. Either this course or PP 501 must be takenconcurrently with PP 500. Mr. VVinstead.
PP 503. Disgnosis of Plant Diseases Summer School 3Prerequisites: One Advanced Course in Plant Pathology and Permission ofInstructorA study of techniques used in plant disease diagnosis with emphasis ondiagnostic value of signs and symptoms for certain types of diseases. Con-sideration will be given to major sources of descriptive information on plantpathogens and the use of keys for the identification of fungi. (Offeredsummer 1964 and in alternate years.) Mr. Hebert.

Courses for Graduates Only
PP 601. Phytopathologyl 4-0Prerequisites: PP 315 and Permission of InstructorA study of the principles of phytopathological research. The course is de—signed to apply the classical scientific method to disease investigation. Exer-
cises will include appraising disease problems, reviewing literature, labora-tory and greenhouse experiments and the evaluation and presentation ofdata. Mr. Apple.
PP 602. Phytopathology ll 0-4Prerequisites: PP 315 and Permission of InstructorThe basic concepts of the etiology, pathology, epiphytology and control of
plant diseases. Mr. Nusbaum.
PP 604. Plant Parasitic Nematodes 2-0Prerequisite: PP 315A study of morphology, anatomy, physiology and taxonomy of plant parasiticnematodes. Methods of isolating nematodes from soil and plant partsand other laboratory techniques used in the study and identification of
nematodes will be considered. Mrs. Triantaphyllou.
PP 605. Plant Virology 3-0Prerequisites: PP 315, GN 411, A Course in Organic ChemistryA study of plant viruses including effects on host plants, transmission.classification, methods of purification, determination of properties, chemical
nature, structure and multiplication. (Offered 1965-66 and in alternate
years.) Mr. Hebert.
PP 607. (GN 607) Genetics of Fungi 3-0Prerequisites: ON 512, or Equivalent and Permission of InstructorReview of major contributions in fungus genetics with emphasis on prin-ciples and theories that have evolved in recent developments. (Offered 1964-65 and in alternate years.) Mr. Nelson.
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PP 608. History of Phytopathology 1-0Prerequisites: PP 315 and Permission of InstructorDevelopment of the science of phytopathology from its early beginnings tothe early part of the 20th century. (Offered 1965-66 and in alternate years.)Mr. Ellis.
PP 609. Current Phytopathological Research Under Field Conditions 0-2Prerequisite: Graduate StandingStudy of concepts involved, procedures used, and evaluation made in currentphytopathological research by Plant Pathology staff. Visits to various ResearchStations will be made by the class. Mr. Clayton.
PP 611. Nematode Diseases of Plants 0-3Prerequisite: PP 604A study of plant diseases caused by nematodes. Special consideration willbe given to host-parasite relationships, host ranges and life cycles of themore important economic species. Principles and methods of control willbe considered. Mr. Sasser.
PP 612. Plant Pathogenesis 3-0Prerequisites: PP 500 and Permission of InstructorA study of interactions of pathogens and suscept plants. The following majortopics will be considered: hydrolytic enzymes, polysaccharides, and toxinsin wilting phenomena; mode of action of toxins in altering plant metabolism; role of growth regulators in hypertrophic responses; alterations inrespiration and other physiological processes during pathogenesis; and nature and biochemical basis for disease resistance. (Offered 1964 65 and inalternate years.) Mr. Kelman.
PP 690. Seminar in Plant Pathology 1-1Prerequisite: Consent of Seminar ChairmanDiscussion of phytopathological topics selected and assigned by seminarchairman. Mr. Nielsen.
PP 699. Research in Plant Pathology Credits by ArrangementPrerequisites: Graduate Standing and Consent of InstructorOriginal research in Plant Pathology. Graduate Staff.
U.N.C. BO 211, BC 212. Advanced Mycology 5-5Prerequisite: U. N. C. 42 or BO 101 or EquivalentPhycomycetes, Ascomycetes, Basidiomycetes and Fungi Imperfecti. Thesecourses are intended for students who plan to specialize in Mycology, PlantPathology, and Biology. Classwork consists of lectures and student reports onliterature. Laboratory work consists of the collection and identification offungi and the study of their structure and development, and techniquesfor isolation and pure culture. (Two hours of lecture and four hours oflaboratory each week.) Mr. Couch.
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DEPARTMENT OF POULTRY SCIENCE

Graduate Faculty
Professors: HENRY WILBURN GARREN, Head, CLIFFORD WARREN BARBER,FRANK RANKIN CRAIG, EDWARD WALKER GLAZENER, CHARLES HORACE HILL,JR, MORLEY RICIIARD KARE, JOSEPH WHEELER KELLYAssociate Professors: \VILLIAM LOWRY BLOW, FREEMAN VVALDO COOKAssistant Professors: WILLIAM E. DONALDSON, ROBERT E. LUBOW
The Department of Poultry Science Offers graduate study leading to theMaster of Science degree in poultry science with major emphasis in eithergenetics, nutrition or physiology. Arrangements also exist whereby Ph.D.candidates can be directed by certain staff members of this department.Students accepted for graduate study must present evidence of scholasticachievement in the basic biological sciences.The Department of Poultry Science occupies Scott Hall. This buildingcontains well equipped research laboratories, animal rooms, library andofliccs. Additional research facilities are located on the University poultryfarms and on three outlying farms in the western, Piedmont and easternsections of North Carolina. The research program is comprehensive andranges from fundamental biochemical, physiological and genetic investiga—tions to applied agricultural problems.Many opportunities, both domestic and foreign, exist for graduates withadvanced training. These include teaching and research positions in publicand private educational institutions, Civil Service, and industry. Graduatescan expect to find employment in areas of basic biological science and pub-lic health as well as agriculture. The demand for men and women withadvanced training is far greater than the supply.

Courses for Advanced Undergraduates
PO 401. Poultry Diseases 0-4Prerequisites: Required of Majors in Poultry Science. Elective for Otherswith Permission of the InstructorThe prevention, control, and treatment of the diseases of poultry.
PO 402. Commercial Poultry Enterprises 0-4Prerequisites: Required of Majors in Poultry Science. ElectIve for Otherswith Permission of the InstructorPrinciples of incubation, hatchery management, development and organiza-tion of plans for the building, operation, and maintenance of a commercialpoultry plant. (Problem)
PO 403. Poultry Seminar l-‘lPrerequisite: Required of Majors in Poultry Science, Senior YearTopics and problems relating to Poultry Science and Poultry Industryassigned for report and discussion.

Courses for Graduates and Advanced Undergraduates
PO 520. Poultry Breeding 3-0Prerequisites: GN 411, Required of Majors iII Poultry Science; Elective forOthers with Permission of the Instructor
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Application of genetic principles to chickens and turkeys, considering phy-sical traits and physiological characteristics—feather patterns, egg produc-tion, hatchability, growth, body conformation, and utility. (Laboratoryproblems.) Mr. Martin.
PO 521. Poultry Nutrition 3-0Prerequisites: CH 203, CH 451. Required of Majors in Poultry Science;Elective for OthersProtein, vitamin, and mineral requirements for growth, egg production, andreproduction in the chicken and turkey. Methods of feeding and compound-ing poultry mashes. Laboratory exercises in the production of vitamin andmineral deficiencies. Mr. Kelly.
PO 524. (10 524) Comparative Endocrinology 0-3Prerequisite: ZO 301 or EquivalentStudy of the endocrine system with respect to its physiological importanceto metabolism, growth, and reproduction. Mr. Garren,

Courses for Graduates Only
PO 602. Advanced Poultry Nutrition 3or3Prerequisites: PO 521, CH 551 or EquivalentResearch problem in poultry nutrition involving the design and carrying outof microbiological and chick experiments. Results from microbiological andchick assays are correlated. Mr. Hill.
PO 698. Special Problems in Poultry Science Maximum 6Prerequisite: Graduate StandingSpecific problems using advanced technology for theory exploration.Graduate Stall.
PO 699. Poultry Research Credits by ArrangementPrerequisite: Graduate Standing in Poultry ScienceCritical study of some particular problem involving original investigation.(A maximum of six credits is allowed toward the Master's degree.)Graduate Staff.
DEPARTMENT OF PSYCHOLOGY
(See School of Education)
DEPARTMENT OF RURAL SOCIOLOGY

Graduate Faculty
Professors: SELZ CABOT MAYO, Head, EDGAR JOHN Boom-., CHARLES HORALFHAMILTON.issociale Professors: CULPEPPER PAUL MARSH, *GLi-LNN C. MCCANN, JAMESNEAL YOUNG
The Department Of Rural Sociology oilers the Master of Science and theDoctor of Philosophy degrees.Graduate students studying [or the Doctor of Philosophy degree usuallytake approximately one semester of course work in the Department of

" On leave until July 1965.
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Sociology at the University of North Carolina at Chapel Hill. Students seek-ing the Master of Science degree may take courses at Chapel Hill. However,they will be able to complete their entire program at North Carolina State.The physical and educational resources of the Rural Sociology Department,available to graduate students, include a departmental library of bulletins,monographs, and other materials consisting of several thousand items, ac-cumulated over a period of thirty years, and catalogued in indexed files.Laboratory equipment consists of calculating machines, drawing table andinstruments, chart making materials, cameras, typewriters, and statisticalaids. Also at the disposal of the graduate students are automobiles used formaking field surveys and IBM tabulating equipment operated by the Computing Center.The Department of Rural Sociology prepares graduate students for avariety of positions. Men and women with graduate degrees in rural so-ciology have opportunities for careers in college teaching, socological re-search, social statistics, social work, administration of social organzations andgovernmental agencies, agricultural journalism, and in branches of thegovernment’s foreign service relating to agriculture and the developingareas of the world.Institutions offering employment to graduates are Land-Grant colleges,agricultural experiment stations, and extension services; other colleges anduniversities; the United States Departments of Agriculture, State, and Health,Education and Welfare; state departments of health, education and welfare;farm journals and newspapers, and voluntary social agencies such as RedCross, Community Chest, Boy Scouts, and National Tuberculosis Association.Each year outstanding graduate students are awarded research or teachingassistantships, usually requiring the devotion of half of their time to a research project or teaching function as appropriate. Cooperative researchwork in the department frequently provides opportunities for part-timeemployment for other graduate students.

Courses for Graduates and Advanced Undergraduates
RS 5'”. Rural Population Problems 3-0Prerequisite: RS 301A study of population growth, rates of change, and distribution. Consider-able attention is given to the functional roles of population, i.e., age, sex,race, residence, occupation, marital status, and education. The dynamicaspects of population are stressed: fertility, mortality, and migration. Popu-lation policy is analyzed in relation to national and international goals. Aworld view is stressed throughout. Mr. Mayo.
RS 512. Rural Family Living 0-3Prerequisite: RS 301Values, patterns, and levels of rural family living. Differentials and factorsrelated thereto in the world, the nation, and North Carolina. Analysis ofselected problems, programs, policies, and methods of study.Mr. Hamilton.RS 513. Community Organization 3-0Prerequisite: RS 301Community organization is viewed as a process of bringing about desirable
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changes in community life. Community needs and resources available tomeet these needs are studied. Democratic processes in community actionand principles of community organization are stressed, along with techniquesand procedures. The roles of leaders, both lay and professional, in com-munity development are analyzed. Mr. Mayo.
U.N.C. Philo. 107. Foundations of the Social Sciences 0-3Prerequisites: Two Courses in Philogophy, Psychology or SociologyAn inquiry into the nature of social reality through an examination of thebasic concepts of sociology, history, etc. Behavioral and subjective ap~proaches are contrasted. Both methodological and more broadly philosophicalproblems are discussed. Mr. Natanson.
U.N.C. Anthro. 121. Culture and Personality 0-3A scientific analysis of the influence of cultural forms on the individual in
our own and other societies, considered from the anthropological. psycholog-ical, and clinical points of view. (Offered in the spring of 1965-66 and inalternate years.) Mr. Honigrnann.
U.N.C. Soc. 122. Cultural Anthropology . 3-0A systematic survey of the customs and modes of lite of mankind based onscientific explanation of the ways of culture. Fee: $1.00. Fall.Mr. Johnson.
U.N.C. Soc. 125. The Negro 0-3A study of the Negro community and its institutions, status of the Negroin American society, problems of race relations, and the process of integra-
tion. Spring. Mr. Johnson.
U.N.C. Soc. 128. Folk Cultures in the Modern World 0-3The folk culture is viewed as a way of life which stands midway between
that of the “primitive” tribal native and of the urbanized city dweller.Fee: $1.00. (Offered in 1965 66 and alternate years.) Mr. Erasmus.
RS 523. Sociological Analysis of Agricultural Land Tenure Systems 3-0Prerequisite: Three Hours of SociologyA systematic sociological analysis of the major agricultural land tenure sys-tems of the world with major emphasis on the problems of family farmownership and tenancy in the United States. Mr. Johnson.
RS 534. (H1 534) The Farmers' Movement 0-3Prerequisite: Three Hours of SociologyA history of agricultural organizations and movements in the United Statesand Canada principally since 1865, emphasizing the Grange, the Farmers'Alliance, the Populist revolt, the Farmers’ Union, the Farm Bureau, theEquity societies, the Nonpartisan League, cooperative marketing, govern-ment programs, and present problems. Mr. Noblin.
U.N.C. Soc. 152. History of Social Thought 3-0Prerequisite: One Course in One of the Social Sciences or PhilosophyEmphasis on historic social ideas of Western culture considered against abackground of general cultural analysis in terms of systematic theory.Mr. Vance.U.N.C.. Soc. 153. Social Structure 3-0Analysm of social structure and stratification in terms of class, status, pres-tige, rank, and function. Attention is given to the social role of the elite,bureaucracies, and professional and middle classes. Mr. Vance.
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U.N.C. Soc. 161. Sociology of the Family (1-3Analysis of the family institution as a background for the study of familyinteraction: socialization and the parent-child relationship, courtship andmarriage interaction, family crises and problems. Mr. Bowerman.
RS 541. Social Systems and Planned Change 3-0Prerequisite: Three Hours of SociologyStudy of social agencies and programs and their implementation throughspecific organizations in dynamic relation with the people whom they serve.Consideration is given to the relation of these agencies and programs tocommunity structure and forces in rural society; coordination of the severaltypes of agencies and programs; professional leadership in the local com—munity; and, problems of stimulating local leadership and participation.Mr. Mayo.U.N.C. Soc. 168. The City 0-3The city as a social phenomenon in the modern world. Analysis of urbantrends, characteristics, and functions; urban social organization. Sociologicalelements in housing, urban planning, and metropolitan dominance. Growthpatterns in new centers of urbanization. Mr. Campbell.
U.N.C. Religion 170. Sociology of Religion 0-3Analysis of tensions between the scientific, ethical, and theological study ofsociety; the role of religion in social change; the social origins of thedenominations; the sociological significance of the Reformation; “sect" and"church" in sociological theory. Mr. Nash.
U.N.C. Soc 181. Regional Sociology of the South 0-3A sociological analysis of the southern region of the United States. Em-phasis on fact, factors, and policies pertaining to geography, populationand culture; resources and waste: social institutions and planning.Mr. Simpson.

Courses for Graduates Only
U.N.C. Soc. 210. Folk Sociology 3-0Folk sociology as a subject field for the historical study of total humansociety and the empirical study of group behavior. Mr. Simpson.
RS 611. Research Methods in Sociology 3-0Prerequisite: Six Hours of SociologyDesigned to give the student a mature insight into the nature of scientificresearch in sociology. Assesses the nature and purpose of research designs,the interrelationship of theory and research, the use of selected techniquesand their relation to research designs, and the use of modern tabulationequipment in research. Mr. McCann.
U.N.C. Soc. 212. American Sociologists 0-3A general treatise on the rise a‘nd development of American sociology anda survey of the work and personalities of American sociologists projected onthe background of social theory and research. Mr. Simpson.
U.N.C. Soc. 218. Human Ecology (Seminar) 0-3Consideration of theory and research emerging around the concept of humanecology. A review of the background of human ecology is followed by read-ings, reports, and research on its contemporary development. (Offered in1964-65 and alternate years.) Mr. Vance.
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U.N.C. Anthro. 220. Theories of Culture ' 0-3A systematic survey of the history in cultural anthropology leading to thedevelopment of a system of operational principles which the student mayapply in his own fieldwork and further studies involving cultural problems.(Offered in 1965—66 and alternate years.) Mr. Honigmann.
RS 621. Rural Social Psychology 3-0Prerequisite: Six Hours of SociologyTreats the genetic development of the rural personality and the interrela-tionship of the individual and the rural society. Studies of social psy-chological factors related to rural leadership, morale, social organization,and social change, and examines the attitudes and Opinions of rural peopleon current local and national issues. Mr. McCann.
U.N.C. Anthro. 221. Field Methods in Cultural Anthropology .0-3Practical exercises and discussion cover topics of role taking, observation,interviewing, note taking, and pattern generalization. Mr. Honigmann.U.N.C. Anthro. 230. Race and Culture Contact: 0-3An analysis of acculturation situations arising from contracts of peoples ofdifferent racial or cultural heritages in America. Africa, Polynesia, Melanesia,and other areas. Mr. Johnson.
RS 631. Population Analysis 0-3Prerequisite: Six Hours of SociologyMethods of describing, analyzing, and presenting data on human popula-tions: distribution, characteristics, natural increase, migration, and trendsin relation to resources. Mr. Hamilton.
RS 632. Rural Family 3-0Prerequisite: Six Hours of SociologyEmphasis is placed on the development of an adequate sociological frameof reference for family analysis; on discovering both the uniquely~cultura1and common-human aspects of the family by means of cross-cultural com-parisons; on historical explanations for variability in American familieswith special concern for the rural family; and on analyzing patterns offamily stability and effectiveness. Mr. Hamilton.
RS 633. The Rural Community 0-3Prerequisite: Six Hours of SociologyThe rural community is viewed in sociological perspective as a functioningentity. A method of analysis is presented and applied to eight “dimensions”,with emphasis on the unique types of understanding to be derived frommeasuring each dimension. Finally, the effect of change on community inte-gration and development is analyzed. Mr. Mayo.
U.N.C. Soc. 262. European Sociological Theory 3-0Theory in sociological research. Major methodological and theoreticalorientations. Development from European backgrounds of current theoriesof differentiation, integration, change, social systems and structural-func—tional analysis. Mr. Simpson.
U.N.C. Soc. 333. Seminar in Marriage and the Family 3-0Mr. Bowerman.
U.N.C. Soc. 334. Critique of Research in Marriage and the Family 3-0This seminar reviews the basic conceptual frameworks used in family re-
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search in the past; identifies changing emphasis in family study; andevaluates current studies in the major fields of family research. (Offeredin 1964-65 and alternate years.) Mr. Bowerman.
U.N.C. Psych. 233. Methods of Investigation in Social Psychology 0:3Methods of investigation in psychology with application to the socralsciences. Survey methodology with particular emphasis on techniques, con-tributions, and limitations of public opinion polling. Mr. Thibaut.
RS 641. (ST 641) Statistics in Sociology 3-0Prerequisite: Statistics 513The application of statistical methods of sociological research. Emphasison selecting appropriate models, instruments, and techniques, for the morefrequently encountered problems and forms of data. Mr. Hamilton.
RS 652. Comparative Rural Societies 3-0Prerequisite: Six Hours of SociologySociological analysis of rural societies around the world with particularreference to North and South America. Special emphasis is given to culturaland physical setting, population composition, levels of living, relationshipof the people to the land, structure and function of the major institutions,and forces making for change. Mr. Mayo.
RS 653. Theory and Development of Rural Sociology 0-3Prerequisite: Six Hours of SociologyRequired of all masters and doctoral candidates in rural sociology and isrecommended for all graduate minors. Designed to meet two objectives: (1)to introduce the student to the study of current sociological theory, and(2) to survey events and trends in the historical development of ruralsociology. Mr. Hamilton.
RS 690. Seminar Credits by ArrangementAppraisal of current literature; presentation of research papers by students:progress reports on departmental research; review of developing researchmethods and plans; reports from scientific meetings and conferences; otherprofessional matters. (A maximum of two credits is allowed toward theMaster’s degree, and four credits toward the Doctorate.)
RS 699. Research in Rural Sociology Credits by ArrangementPrerequisite: Permission of Chairman of Graduate Study CommitteePlanning and execution of research, and preparation of manuscript undersupervision of graduate committee. (Maximum of six credits.) Staff.

DEPARTMENT OF SOCIOLOGY AND ANTHROPOLOGY
Graduate Faculty

Professors: SELZ CABOT MAYO, Head, ELMER HUBERT JOHNSON, SANFORDRICHARD WINSTONAssociate Professor: HORACE DARR RAst
The Department of Sociology and Anthropology cooperates with the De-partment of Rural Sociology in programs of study leading to graduate de-grees. In addition, courses are available to students pursuing a graduate pro-gram in other areas of study.
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Courses for Advanced Undergraduates

SOC 401. Human Relations in Industrial Society 3 or 3Prerequisite: Senior Status or Permission of InstructorSelected societies about the world are contrasted with American society to
demonstrate the correlation between technology and general behavior pat-terns, both within industry and in the total social order. The patterns ofadjustment by the individual to the organizational framework (business
concern, manufacturing enterprise, etc.) are analyzed in terms of socialstatus, social roles, work norms, and attitudes. The social significance ofmajor characteristics of contemporary industry is considered in terms of suchtopics as enlargement of the geographic bounds of the human community,development of occupational specialization, alteration of the character ofinter-group interaction, and the growing integration of American culture.
The interrelationships between industry and social change are discussed
to show the effect of new social conditions upon industrial operations andthe effect of technological change upon the family, school, church, and gov~ernment. The contribution of industry to social progress is analyzed to promote the student’s understanding of the dynamic quality of the socialenvironment within which he will function.
SOC 402. Urban Sociology 3or3Prerequisites: SOC 202 and Permission of InstructorThe course begins with a study of the factors behind the organic growthof cities. The relationship between the physical design of cities and their
social organization is discussed. This is followed by a detailed analysis ofnew developments in the serving of human needs (adequate housing, andthe design of physical and social structures for religious, educational, publicwelfare, and recreational activities). Socio-psychological aspects of life inan urbanized society are compared with those of predominantly agriculturalsocieties. The increasing integration of urban and rural living is emphasized.
Finally, the changing character of urban life is seen in the resulting demandfor city and regional planning and the use of administrative personnel hav-ing both technical and social backgrounds.
SOC 411. Community Relationships 3 or 3Prerequisites: SOC 202 and Permission of InstructorA survey of the institutions, organizations, and agencies to be found inmodern communities; the social conditions or problems, such as recreation, health, welfare, etc, with which they deal; their inter-relationshipand the trend toward over-all planning.
SOC 412. introduction to Social Work 3 M3Prerequisites: SOC 202 and Permission of InstructorAn introductory course, designed to acquaint students with the varioustypes of public and private social work and with remedial and preventiveprograms in applied sociology; social psychiatry, health, public welfare,and recreation.
SOC 414. Social Structure 3or3Prerequisites: Six Hours in Sociology and Permission of InstructorStudies of the major social institutions and systems of stratification; the
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organization of social systems as. for example, religion, education, and gov-ernment; the functions of such structural components as age and sex groups,vocational and professional groups, and social classes.
SOC 416. Research Methods 3or3Prerequisites: Nine Hours in Sociology and Permission of InstructorAn analysis of the principle methods of social research; the development ofexperiments; schedules and questionnaires; the measurement of behavior.

Courses for Graduates and Advanced Undergraduates
SOC 50]. Leadership 3 or3Prerequisites: SOC 202, SOC 30], or EquivalentA study of leadership in various fields of American life: analysis of the var-ious factors associated with leadership; techniques of leadership. Particularattention is given to recreational, scientific, and executive leadership pro~cedures. Mr. Winston.
SOC 502. Society, Culture, and Personality 3or3Prerequisites: SOC 202, SOC 301, or EquivalentHuman personality is studied from its origins in primary groups throughits development in secondary contacts and its ultimate integration withsocial norms. \Vhile comparative anthropological materials will be drawnupon, emphasis is placed upon the normal personality and the adjustmentof the individual to our society and to our culture. The dynamics of per-sonality and character structure are analyzed in terms of the general cul-ture patterns and social institutions of society. Mr. Rawls.
SOC 505. The Sociology of Rehabilitation 3or3Prerequisites: SOC 202, SOC 301, or EquivalentThe course stresses the social and cultural implications of the rehabilitationapproach. Emphasis is placed upon the social and personal problems ofphysically and mentally handicapped persons. The interrelationships of themajor social environments are considered at length in this regard. Objectivesof the rehabilitation processes are analyzed in terms of the sociology ofwork. A major portion of the course is devoted to rehabilitation as a pro-fession, particular attention being given to the diverse roles of specialists inthis field. Mr. Rawls.
SOC Sl'l. Sociological Theory .30r3Prerequisites: Six Semester Hours in Sociology and Graduate Standing orPermission of the InstructorStudy of the interdependence of theory and method; the major theoreticaland methodological systems; and examination of selected cases of research inwhich theory and method are classically combined. Mr. Rawls.
SOC 510. Industrial Sociology 3or3Prerequisites: SOC 202, SOC 301, or EquivalentIndustrial relations are analyzed as group behavior with a complex anddynamic network of rights, obligations, sentiments, and rules. This socialsystem is viewed as an interdependent part of total community life. Thebackground and functioning of industrialism are studied as social and cul-tural phenomena. Specific social problems of industry are analyzed.Mr. Johnson.



THE GRADUATE CATALOG 187
SOC 590. Applied Research 3or3Prerequisites: SOC 202, SOC 301, or EquivalentIndividual research problems in applied fields of sociology, such as problemsof the family, population, and social work; rural-urban relations; studentsuccess; American leadership. Graduate Staff.

DEPARTMENT OF SOIL SCIENCE
Graduate Faculty

Professors: RALPH J. MCCRACREN, Head, WILLIAM VICTOR BARTHOLOMEw,JAMES WALTER FITTS, EUGENE J. KAMPRATH, JAMES FULTON LUTz, CHARLESB. MCCANTS, WILLIAM GARLAND WOL'IZ, WILLIAM WALTON WOODHOUSE, JR.
Associate Professors: CHARLES BINGHAM DAVEY, WILLIAM A. JACKSON, PRESTONHARDING REID, JAMES MAURICE SPAIN, RICHARD J. VOI R, STERLING B. WEED
Assistant Professors: MAURICE GAYLE COOK, GEORGE A. CUMMINGS, ROBERTE. MCCOLLUM, RAYMOND JARVIS MILLER
The Department of Soil Science offers training leading to the degrees ofMaster of Science and Doctor of PhiIOSOphy with major emphases in thefields of soil chemistry, soil fertility, soil physics, soil genesis, and soil micro-biology.
Facilities are provided for soils graduate teaching and research in Wil-liams Hall, a large modern building. Office and laboratory space is assignedto each Student. A library equipped with books, periodicals and biographicmaterial relative to soils and related subjects is maintained for departmentaluse. Facilities for graduate study include radioactive and stable isotope lab-oratories containing automatic recording scalers, a mass spectrometer, aminoacid analyzer, complete equipment for soil mineralogical studies includingx-ray diffraction apparatus with fluorescence, differential thermal analysis,infrared spectrophotometer, polarizing microscope, high speed centrifuges,thin sectioning apparatus, and other modern equipment. Photomicrographicequipment is available for photographing thin sections and microorganisms.
Service laboratories for routine soil and plant analyses are available aswell as Special preparation rooms for soil and plant samples. Greenhousesand growth chambers situated at the back of Williams Hall are accessible for

controlled plant studies. Outdoor experiments in concrete frames, largetile, or small plots are conducted in an area near Williams Hall. Field ex-periments are made on the sixteen research farms owned or Operated by theState. These farms are located throughout North Carolina to include a wide
variety of soil and climatic conditions needed for experiments in soils. One
of the largest and best equipped soil testing laboratories in the UnitedStates is operated by the North Carolina Department of Agriculture in Ra-leigh. Special Studies on the various problems of soil testing can be made inconjunction with this laboratory.

Strong supporting departments greatly increase the graduate student’s op-portunities for a broad and thorough training. Included among those (1e
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partments in which graduate students in soil science work cooperatively orobtain instruction are crop science, botany, chemistry, geology, mathematics,plant pathology, physics, and statistics.

Courses for Graduates and Advanced Undergraduates
SSC 5'”. Soil Physics 4-0Prerequisites: SSC 200, PY 212Physical constitution and analyses; soil structure, soil water, soil air andsoil temperature in relation to plant growth. Mr. Lutz.
SSC 522. Soil Chemistry 0-4Prerequisites: SSC 200, SSC 553 and CH 433 or Permission of InstructorA consideration of the chemical and colloidal properties of clay and soilsystems, including ion exchange and retention, soil solution reactions,solvation of clays, and eletrokinetic properties of clay-water systems.Mr. Weed.
SSC 524. Mass Spectrometry 0-2Prerequisites: SSC 302 and CH 435 or Permission of InstructorAn examination of theoretical and analytical aspects of mass spectrometryand stable isotopic techniques; application of these methods to biochemicalresearch. (Offered 1964 65 and in alternate years.) Mr. Volk.
SSC 532. (BO 53]) Soil Microbiology 0-3Prerequisites: SSC 302, B0 312, CH 220The more important microbiological processes that occur in soils; decom-position or organic materials, ammonification, nitrification, and nitrogenfixation. Mr. Bartholomew.
SSC 541. Soil Fertility 3-0Prerequisites: SSC 302, SSC 341Soil conditions affecting plant growth and the chemistry of soil and fertilizerinterrelationships. Factors affecting the availability of nutrients. Methodsof measuring nutrient availability. Mr. Kamprath.
SSC 55]. Soil Morphology, Genesis and Classification 3-0Prerequisites: SSC 200, SSC 302 or SSC 341 and MIG 120Morphology: Study of concepts of soil horizons and soil profiles and chemi-cal, physical and mineralogical parameters useful in characterizing them.Genesis: Critical study of soil forming factors and processes. Classification:Critical evaluation of historical development and present concepts of soiltaxonomy with particular reference to great soil groups as well as discussionof logical basis of soil classification. Mr. McCracken.
SSC 553. Soil Mineralogy 3-0Prerequisites: SSC 200, SSC 341 and MIG 330 or Permission of InstructorComposition, structure, classification, identification, origin, occurrence, andsignificance of soil minerals with emphasis on primary weatherable silicates,layer silicate clays, and sesquioxides. Messrs. McCracken, Weed.
SSC 560. North Carolina Soils and Their Management Summer School3Prerequisites: SSC 200, SSC 302 or SSC 341Field studies of selected soil series in the Coastal Plain, Piedmont andMountain areas of North Carolina. Discussion of management practices
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that should be associated with the various soils under different types offarming. (Offered 1965 summer and in alternate years.)Messrs. Fitts, McCracken, Spain.
SSC 590._ Special Problems Credits by ArrangementPrerequisrtes: SSC 200, SSC 502Special problems in various phases of soils. Problems may be selected orwill be assigned. Emphasis will be placed on review of recent and currentresearch. Staff.

Courses for Graduates Only
SSC 622. Physical and Chemical Properties of Soils 0-4Prerequisites: SSC 511, SSC 522, CH 438, MA 301 or Permission of InstructorAn examination in depth of current ideas concerning the physics and chem-istry of soil and clay systems. Topics will include ion exchange, molecularadsorption, electrokinetics, relations between mineral structures and theirphysical and chemical properties, and the properties of adsorbed water.Emphasis will be determined by student interest and by current literature.(Offered 1964-65 and in alternate years.) Messrs. Miller, Weed.
SSC 651. Pedology 3.0Prerequisites: SSC 522, SSC 511A critical study of current theories and concepts in soil gencsis and morph-ology; detailed study of soil taxonomy. TOpics include weathering and claymineral genesis as related to soil morphology and genesis, functional analysesof soil genesis, properties of and processes responsible for soil profiles formedunder various sets of soil forming factors, classification theory and logic asapplied to soil classification, structure of soil classification schemes. Any ofthose topics may be emphasized at the expense of the others according tointerests of students. (Offered 1965-66 and in alternate years.)Mr. McCracken.
SSC 672. Soil Properties and Plant Development 0-4Prerequisites: CH 551, SSC 522 or EquivalentA detailed examination of the effects of soil factors in the development ofcrop plants. Segments of the course will treat (1) soil transformation proces-ses of both organic and inorganic constituents, (2) concepts of nutrientavailability and (3) the relation of plant development indices to specificsoil properties. (Offered 1965-66 and in alternate years.)Messrs. Bartholomew, Davey, Jackson.
SSC 690. Seminar 1-1Prerequisite: Graduate Standing in Soil ScienceScientific articles, progress reports in research and special problems ofinterest to agronomists reviewed and discussed. (A maximum of two creditsis allowed toward the Master's degree, but any number toward the Doctorate.)Graduate Staff.
SSC 699. Research Credits by ArrangementPrerequisite: Graduate Standing in 8011 ScienceA maximum of six credits is allowed toward the Master's degree, but anynumber toward the Doctorate. Graduate Staff.
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SCHOOL OF TEXTILES

Graduate Faculty
Professors: MALCOLM EUDLNE CAMPBELL, Dean, CLARENCE MONROE ASBILL,_]R., JOIIN FRANCIs BOGDAN, KENNETH SrODDARD CAMPBELL, DAVID MARSHALLCAI'ES, ELLIOT BROWN GROVER, DAME SCOTT HAMBY, HARLEY YOUNG JENNINGs, JOSEPH ALEXANDER PORTER, JR., HENRY A\IEs RUTHERFORD, WILLIAMEDWARD SHINN.lswcx’alc Professors: .\RTHUR A. ARMSTRONG, jR., ARTHUR COURTNEY HAYES,\VIILIAM CLIFI‘ON STUCREY, JR.Assistant Profuse): ERNEsT BE70LD BERRYPost Doctoral Research Instructms: lLHAM A. BIRRAN, jOACHIM GAYLER
The School of Textiles oflers programs leading to the Master of Sciencein Textile Technology, Master of Textile Technology, and Master of Sci»ence in Textile Chemistry.The fundamental objectives of the graduate program in the School ofl‘extiles are to develop in students their abilities to initiate and conductindependent investigations which lead to the development of new knowledge,and to stimulate the thought processes associated with learning and decisionmaking. These objectives are accomplished through programs designed toincrease the general knowledge of the student and to develop a more comprehensive understanding of the major field through study and research.The program of study for the graduate student in Textile Technologymay be arranged to develop a broad background in advanced technologyand, at the same time, emphasize areas such as fiber and yarn technology,fabric technology, knitting technology, or quality control. In addition to themajor field of Textile Technology, students may minor in fields such asexperimental statistics, economics, mathematics, physics, engineering, psychology, and political science.The programs of study for the Master of Science degree include a minimumof 30 semester credit hours of advanced courses, a thesis based on researchconducted by the student, and proficiency in one foreign language. The planof course work and the research activities for the Master of Science degreeare designed to prepare the student for a career in research, quality control,and other technical phases of the textile industry, as well as a continuation ofhis educational program to more advanced degrees. The minimum re-quirement for a Master of Textile Technology is the satisfactory completionof 36 semester credit hours of advanced courses. There is no thesis orforeign language requirement for the Master of Textile Technology. Thebasic purpose of this program is to offer to the student the more advancedtechnology without the emphasis on research. Students studying for thisdegree are encouraged to minor in economies with emphasis in the areaof management.In the Department of Textile Technology the current activities in re-search include such problems as fundamental studies of man-made fiberproperties, characterization of combed and carded yarns, influence of varia-tion in linear density of in-process materials as related to finished productquality, and processing problems as associated with the newest develop-ments in materials and supplementary equipment.
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In the Department of Textile Chemistry research emphasis is placed onabsorption studies, textile chemical processes, new materials and newmethods, and modification of fibrous polymers. The objective of the grad-uate program is to stimulate basic research and to train scientists at thegraduate level in the general field of fiber chemistry. Strong supporting pro-grams are maintained in chemistry, chemical engineering, mathematics,experimental statistics, and physics.The physical resources of the School of Textiles are at the disposal of allgraduate students. Separate research laboratories for both physical andchemical investigations are available for graduate research. The researchand educational programs of the school have facilitated the development ofa competent staff of instructors and researchers. A shop is available inNelson Textile Building for construction and maintenance of apparatus,A number of teaching assistantships and research fellowships are available.The stipend ranges from 31,800 to $2,700 with some fellowships also including tuition and fees.The demand by industry and educational institutions for graduates withadvanced degees has constantly exceeded the supply. The financial remuneration is not only larger, but professional development and recognitionare generally more readily attained.

Courses for Advanced Undergraduates
Textile Technology
TX 430. Continuous Filament Yarns 3-3Prerequisite: TX 303Required of students in Fiber and Yarn Technology and Knitting Tech-nology; Elective for OthersA study of properties and processes applicable only to filament yarns suchas texturizing and bulking. Detailed studies of throwing systems, engineer-ing requirements of equipment, and yarn property changes resulting fromprocessing. (Two 1—hour lectures and one 2 hour laboratory period per week.)
TX 436. Staple Fiber Processing 3-3Prerequisite: TX 303Required of Students in Fiber and Yarn Technology; Elective for OthersA study of special systems of processing long, staple, natural and man-madefibers, including woolen, worsted, direct spinning. Turbo Stapler, or PacificConverter, and sliver to yarn methods. New concepts and research findingsas applied to all yarn processes. (Two 1—hour lectures and one 2 hour laboratory period per week.)
Textile Chemistry
TC 403, TC 404. Textile Chemical Technology 3-3Prerequisites: TC 304, CH 223Required of seniors in Textile ChemistryBasic principles are applied to the study of three important areas of textiltprocessing; dyeing, printing, and finishing. These areas are concerned with
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the chemical nature of dyes and other chemical agents applied to fibroussystems; with the chemical and physical properties of the various fibers; andwith the mechanical aspects of the application of chemical materials to fibersand fabrics. The course includes an extensive review of the various classesof dyes and their application to all important textile fibers and blends offibers; a comparative analysis of dyeing machinery and processes involvingspecial machinery and equipment; a survey of modern preparatory andbleaching for all important fibers; a study of the roller printing machine,and the principles involved in print formulations for the major classes ofdyes and their application to the various fibers; a study of importantmechanical. additive, and chemical modification type finishes for fabric.Three 1-hour lectures per week. Mr. Campbell.
TC 405, TC 406. Textile Chemical Technology Laboratory 2-2Required of seniors in Textile ChemistryTo be taken concurrently with TV 403 or 404. Two 3-hour laboratories perweek.
TC 412. Textile Chemical Analysis II 3.0Prerequisite: CH 215Required of Students in Textile ChemistryAnalysis of textile materials involving specialized instruments, and tech-niques such as spectrophotometry, pH measurements, electrometric titration,viscometry, etc. (One 1-hour lecture and two 3-hour laboratories per week.)
TC 421. Fabric Finishing l 0.2Prerequisite: TC 201Students in Textile Chemistry may not take this course for degree credit.A general course in fabric finishing designed for students not majoring inTextile Chemistry. Emphasis placed on finishes used on garment-typefabrics, including stabilization finishes, water repellency, crease resistance,moth and mildew proofino, fire-proofing, etc. Emphasis on chemistry offinishes varied to fit requirements of students. (Two 1—hour lectures perweek.)
General Textile Courses
TX 483. Textile Cost Methods 3-3Prerequisites: TX 303, TX 565Required of Seniors in Textiles except those in Management OptionA survey of cost methods applicable to textile operations with emphasis ondecision making as related to costing and cost control. (Three l-hour lecturesper week.)
Knitting Technology
TX 441. Flat Knitting 3-0Prerequisite: TX 342Required of Seniors in Knitting Technology; Elective for OthersA study of the leading types of flat knitting machines including warpknitting machines, design possibilities and fabric adaptability. (Two l-hourlectures and one 2-hour laboratory per week.)
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TX 442. Knitted Fabrics 3-3Prerequisite: TX 342Required of Seniors in Textile Technology and Knitting TechnologyDesign, analysis, and production of knitted fabrics, including flat, circular,and warp types. The economic aspects of the knitting process as a method ofclothing production. Introduction to garment design, production and market-ing. (Two 1-hour lectures and one 2-hour laboratory period per week.)
TX 444. Garment Manufacture 0-3Prerequisite: TX 342Required of Seniors in Knitting Technology; Elective for OthersA study of circular latch needle and spring needle machines for knittedfabric production. Styling, cutting and seaming of the basic garment typesfor underwear and outerwear, standard seam types; high-speed sewing ma-chines. (Two lhour lectures and one 2 hour laboratory period per week.)
TX 447, TX 448. Advanced Knitting Laboratory 2-2Prerequisite: TX 342Required of Seniors in Knitting Technology; Elective for OthersSystematic study of circular hosiery mechanisms; hosiery types and construc-tions. Seamless hosiery production methods utilizing the newer syntheticyarns, toe closing methods, finishing processes, and marketing are em—phasized.
TX 449. Tricot Knitting 0-3Prerequisite: TX 342Elective for Juniors and SeniorsA study of basic types of tricot knitting machines with emphasis on mecha-nisms and fabrics. Attention is given to warp preparation methods appli-cable to the tricot machine, the characteristics of yarn made from naturaland synthetic fibers as they affect processing into warp knitted fabrics, ma-chine settings for proper qualities and ratios; economics of warp knitting,and end uses. Attention is given to fabric design and analysis. (Two 1-hourlectures and one 2-hour laboratory period per week.)
TX 478. Design and Weaving 3-3Prerequisite: TX 366Required of Students in Fabric Technology; Elective for OthersAdvanced study of special weave formations and the techniques and equip-ment necessary to form these fabrics. Studies in depth of new developmentsand research findings in the areas of warp preparation, design, weaving andfabric formation. (Two 1-hour lectures and one 2-hour laboratory periodper week.)
TX 485. Mill Design and Organization 3-3Prerequisites: TX 303, TX 365Required of Students in Textile Technology Curriculum; for Seniors inFinal Semester OnlyApplication of economic principles to textile factoring, hedging, and otherbuying and selling problems. Inventory control, organization, and depart-mental functions of textile companies. Technical problems of plant site
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selection, plant design and layout, and selection of equipment. Layout of:1 mill by each student. (Two l-hour lectures and one 2hour laboratoryperiod per week.)
TX 490. Development Proiect I Credits by ArrangementPrerequisite: Senior Standing and Permissron of Instructor; ElectiveA problem of independent study assigned to seniors in the major field ofstudy serving also as the laboratory period [or senior lexel courses. (Labora-tory hours arranged.)

Courses for Graduates and Advanced Undergraduates
Textile Technology
TX 501. Textile Technology Seminar 2-2Prerequisite: Senior Standing and Permission of Instructor; ElectiveLecturc and discussion periods are designed for students who are particu-larly intercsted in the yarn manufacturing aspects of the textile industry.Subject matter will include such various aspects as training methods, safetyprograms. modern nrill design. speciali7cd techniques in setting rates, em-ployee rtlations. and developments that arise from technical meetings.(Two lhour lectures per week.) Mr. Grover, Gradute Staff.
TX 521. Textile Testing ll 3-0Prerequisite: TX 327ElectiveAdvanced techniques for measuring properties of natural and man-madefibers, yarns, and fabrics. Interrelations of raw material quality, processingcharacteristics. and end product properties. The application of the laws ofphysical sciences to evaluation of textile materials. (Two lhour lecturesand one 3 hour laboratory per week.) Messrs. Hamby, Stuckey.
TX 522. Textile Quality Control 0-3Prerequisite: TX 521ElectiveQuality control systems for textile operations. Defect prevention methods,isolation of processes contributing to substandard quality, relationshipbetween quality control department and operating division. Laboratorydesign, equipment and personnel selection, installation of quality controlsystems. (Two 1-hour lectures and one 3-hour laboratory period per week.)Messrs. Hamby, Stuckey.
TX 525. Advanced Textile Microscopy 2-2Prerequisite: TX 327ElectiveExperiments, lectures and demonstrations in more advanced techniquesof textile microscopy. Detailed studies of structures of fibers covered inlecture series, supplemented by experiments on lecture topics. Detailedstudy of all types of microscopes and their uses in textiles. Preparation ofslides for photography. Uses of photomicrographic equipment. Lecturesand laboratories arranged. Mr. Stuckey.
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TX 551. Complex Woven Structures 4-4Prerequisites: TX 303, TX 478ElectiveThe development of design specifications for complex fabrics as relatedto fabric geometry, functional and aesthetic properties and manufacturinglimitations. (Three lhour lectures and one 2-hour laboratory per week.)Mr. Berry.
TX 575. Fabric Analytics and Characteristics 3-3Prerequisite: TX 365 or TX 366 or TC 511Analysis and study of textile fabrics to determine the composite effects ofyarn and fiber properties. Fabric design features that are related to me-chanical as well as aesthetic properties. Engineering and fabrics based onutilization of other mixtures and homogeneous blends of natural andman-made fibers. (Three 1-hour lectures per week.) Messrs. Berry, Porter.
TX 590. Special Projects in Textiles l to 3Prerequisites: TX 327, Senior Standing, Permission of Instructors, ElectiveSpecial studies in either the major or minor field of the advanced under-graduate or graduate student. These special studies will take the form ofcurrent problems of the industry, independent investigations in the areas oftextile testing and quality control, seminars and technical presentations,both oral and written. Staff.
Textile Chemistry
TC 501. Seminar in Textile Chemistry 0-2Prerequisite: TC 403Required of Seniors in Textile ChemistryThe course is designed to familiarize the student with the principal sourcesof textile chemical literature and to emphasize the importance of keepingabreast of developments in the field of textile chemistry. Particular atten-tion is paid to the fundamentals of technical writing. (Reports. Lecturesarranged.) Mr. Campbell, Staff.
TC 512. (CH 512) Chemistry of High Polymers 0-3Prerequisite: CH 431ElectivePrinciples of condensation and free radical polymerization; kinetics andmolecular wright description; copolymerization and composition; emulsionpolymerization; structure. (Three 1-hour lectures per week.) Mr. Gates.
TC 521. Textile Chemical Analysis Ill 3-3Prerequisite: TC 421 or Permission of InstructorElective for Students in Textile Technology; No Credit Allowed for Stu-dents Majoring in Textile ChemistryThe work includes a survey of organic chemistry, with emphasis on organicsurfactants, warp sizes, and fabric finishes of all types; the identification offibers by chemical means; the qualitative and quantitative analysis of fiberblends by chemical means, the identification of finishes; the evaluation tech-niques for dyed and finished materials. (Two 1-hour lectures and one 3-hour laboratory period per week.) Staff.
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TC 561. (CH 56]) Chemistry of Fibers 3-0Prerequisite: CH 22?)Required of Strriors in Textile ChemistryA lttture course emplrasi/inq the theory of fiber structure; the relationshipbetween the chemical structure and physical properties of natural and man-rnade fibers; the nature of the chemical reactions which produce degrada-tion of fibers; the production of man-made fibers. (Three 1-hour lecturesper week.) Mr. Rutherford.
General Textiles
TX 581. Instrumentation and Control 3-3Prerequisitt: PY 212Required of All seniors in Textiles and Textile ChemistryA letture series with coordinated laboratory exercises designed to familiarizethe student with the theory and application of instruments and controlapparatus that he will find in the modern textile plant. The studies coverthe measurement and tontrol of temperature, humidity, pressure, How andliquid level, the application oi control apparatus to chemical processes andphysital finishing ol textile products. (Two 1-hour and one 2-hour laboratoryperiod per week.) Mr. Asbill.

Courses for Graduates Only
TX 601, TX 602. Yarn Technology 3-3Prerequisite: Graduate StandingStudies of advanttd techniques in textile production; the technological as-pects of fiber properties in relation to processing; studies of research findingsand application ol these to processing equipment. Messrs. Grover, Hamby.
TC 605. Physical Chemistry of Dyeing 3-3Prerequisite: CH 433Development of principles of thermodynamics, emphasizing applications inthe and fiber chemistry. Mr. Gates.
TC 606. Chemistry of Fiber-Forming High Polymers 3-0Prerequisite: CH ~l3lStructure and properties of fibers; thermodynamics of sorption and solution;solution properties; molecular weight determination; flow properties; me-chanical properties. (Three lhour lectures per week.) Mr. Gates.
TX 62]. Textile Testing Ill 2-2Prerequisite: TX 522 or EquivalentDesign of textile laboratories, including conditioning equipment and instru-ments required tor specific needs: performance of tests and analysis of dataon industrial problems; specialized physical tests; inter laboratory tests andanalysis; study of A.S.T.M. specifications and work on task groups for theA.S.T.M. Society. Mr. Hamby.
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TX 631. Synthetic Fibers 0-2Prerequisite: TX 430 or TX 436 or EquivalentLectures and projects on advanced problems relative to the properties andprocessing of man-made continuous filament and staple fiber yarns.Messrs. Grover, Hamby.
TX 641, TX 642. Advanced Knitting Systems and Mechanisms 3-3Prerequisite: TX 441 or EquivalentA critical study of inventions which have contributed to the development ofthe modern knitting industry; knitting needles and their adaption forspecific uses; means for mounting them for individual and en masse opera-tion; construction and functioning of cooperating elements including sliders,jacks, sinkers, dividers, pressing elements, narrowing and tensioning anddraw-off motions, regulating mechanisms, timing and control chains andcams. Use will be made of patent literature which covers important develop-ments in the hosiery industry. (Three 1-hour lectures per week.)Mr. Shinn.
TX 643, TX 644. Knitting Technology 3-3Prerequisites: Graduate Standing and Eight Credits in Knitting TechnologyProblems of specific interest to the knitting industry will be assigned forstudy and investigation. The use of experimental methods will be empha-sized. Attention will be given to the preparation of reports for publication.Graduate Staff.
TX 65], TX 652. Fabric Development and Construction 3-3Prerequisite: Graduate StandingApplication of advanced technology to the development and construction ofwoven fabrics. Mr. Porter.
TX Seminar 1-]Discussion of scientific articles of interest to textile industry; review and dis-cussion of student papers and research problems. Graduate Staff.
TX 699. Textile Research Credits by ArrangementProblems of specific interest to the textile industry will be assigned for studyand investigation. The use Of experimental methods will be emphasized.Attention will be given to the preparation of reports for publication. Themaster’s thesis may be based upon the data obtained. Graduate Staff.
DEPARTMENT OF ZOOLOGY

Graduate Faculty
Professors: BERNARD STEPHEN MARTOF, Head, FREDERICK SCHENCK BARKALOW,JR., DANIEL SWARTwoon GRosCH, REINARD HARREMA, DON WILLIAM HAYNE,MORLEY RICHARD KARE, RALPH WINSTON STACY, THOMAS LAVELLE QUAYProfessor Emeritus: BARTHOLOMEW BRANDNER BRANDTAdjunct Professor: THEODORE R. RICEAssociate Professors: WILLIAM WALTON HASSLER, FRANCIS EUGENE HESTER,GROVER CLEVELAND MILLER, JOHN ANTHONY SANTOLUCITOAssistant Professors: CHARLES WALTER ALLISTON, ROBERT E. Lunow
The Department of Zoology offers to qualified students the opportunityto earn the Master of Science and the Doctor of Philosophy degrees. Students
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may specialize in many areas: behavior, general ecology, population dynamics,limnology, fisheries biology, wildlife biology, the taxonomy, ecology and lifehistories of parasites, comparative morphology and systematics of vertebrates,comparative and developmental physiology, endocrinology, sensory physiol-ogy, and the dynamics of respiration and circulation.The department is located in Gardner Hall where facilities for a widevariety of research activities are available. Several ponds and pools nearRaleigh are used for graduate studies as are certain parks and recreationareas. A research station is available at Hatteras for studies in marine andestuarine fisheries; additional field facilities occur in the Roanoke River,Albemarle Sound and Chowan River areas.By mutual agreement, a student may choose to do his research with anymember of the graduate staff. A student will make up his plan of study afterdiscussing his interests and objectives with his major professor and advisorycommittee. Those courses will be selected which will best prepare him for hisparticular interests. Advanced courses in other departments provide a varietyof subjects for minor fields of study: botany, entomology, genetics, statistics,biochemistry, psychology, and other related sciences. The student is giventhe opportunity to develop a high order of independent thought, broadknowledge, technical skills, and thorough training in investigative techniques.Strong emphasis is placed on active participation in seminars, practice in themethods of original research and preparation of manuscripts for publicationin scientific journals.A variety of positions are open to students holding advanced degrees.There is a great need for professional zoologists in teaching and research ininstitutions of higher learning and in industry. Research personnel areespecially in demand in behavior, physiology and the paramedical sciences.Numerous positions in the Fish and Wildlife Service, the Soil ConservationService, the Forest Service, and the Park Service are open to zoologists.

Courses for Graduates and Advanced Undergraduates
10 501. Ornithology 0-3Prerequisite: BS 100The biology and classification of birds. Field trips for the study and identifi-:ation of local forms, including trips to Lake Mattamuskeet in Februaryand the coast in May. Individual research projects on nesting populations.Mr. Quay.
20 513. Comparative Animal Physiology 3-0Prerequisite: 20 801The comparative physiology of selected systems. Topics will be chosen fordetailed consideration in lectures, collateral reading, and class discussion.Each student will, in addition, prepare a term report. A few topics for studymay be determined by the interests of the students and by their needs as maybe expressed by the supervisor of their major work. Mr. Santolucito.
20 520. Fishery Science 3-0Prerequisites: BS 100 and Approval of InstructorThis course is intended as an introduction to the principles and methods of
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fishery science. Current theories and practices of fish management will bestudied. Life history and biology of important game and commercial species.Survey of fishery resources. Mr. Hassler.
20 521. Fishery Science 0-3Prerequisite: 20 520An analysis of fishery research methods and objectives. Detailed studies ofthe procedures for estimating fish populations, annual reproduction, mor-tality rates, growth rates, and exploitation rates. The relationship betweennatural fluctuations in fisheries and environmental factors. Mr. Hassler.
Z0 522. Animal Ecology 3-0Prerequisite: BS 100The general principles of the inter-relations among animals and betweenanimals and their environments—land, freshwater, marine. Mr. Quay.
lo 524. (PO 524) Comparative Endocrinology 0-3Prerequisite: ZO 301 or EquivalentStudy of the endocrine system with respect to its physiological importanceto metabolism, growth, and reproduction. Laboratory techniques and dem-onstrations. Mr. Garren.
20 532. (See GN 532. Biological Effects of Radiations.)
20 540. (See GN 540. Evolution.)
ZO 54l. Ichthyology 0-3Prerequisite: Approval of the InstructorThe classification and ecology of selected groups of fishes. Lectures, labora-tories, and field trips dealing with the systematic positions, life histories,interrelationships, and distribution of the particular groups of fishes selectedin accordance with the needs and interests of the class. Mr. Hassler.
10 542. Herpetology 0-3Prerequisite: BS 100The biology of amphibians and reptiles. Lectures, laboratories, and field tripsdealing with systematics, life histories, anatomy, behavior, and ecology.(Offered 1964-65 and alternate years.) Mr. Martof.
10 544. Mammalogy 3-0Prerequisites: BS 100, ZO 201, and Approval of InstructorThe classification, identification, and ecology of the major mammaliangroups. Mr. Barkalow.
20 545. Histology 4-0Prerequisite: BS 100The microscopic anatomy of animal tissues. Staflf.
Z0 550. (See GN 550. Experimental Evolution.)
20 55l, ZO 552. Wildlife Science 3-3Prerequisite: 20 201The principles of wildlife management and their application are studiedin the laboratory and in the field. Mr. Barkalow.
20 561. Animal Embryology 0-4Prerequisite: BS 100The study of fundamental principles which apply in the achievement ofcomplex animal structure. Mr. Alliston.
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20 581. Parasitologyl 4-0Prerequisite: Z0 223The study of the morphology, biology, and control of the parasitic protozoaand helminths of man, domestic and wild animals. Mr. Harkema.
20 582. (ENT 582) Medical and Veterinary Entomology 0-3Prerequisite: ENT 30] or LNT 312A study of the morphology, biology and control of the parasitic arthropods0[ man, domestic and wild animals. Messrs. Farrier, Harkema.
20 590. Special Studies Credits by ArrangementPrerequisite: Apprmal of Instructor.\ directed individual investigation of a particular problem in Zoology,accompanied by a review of the pertinent literature. A maximum of threecredits allowed toward thc bachelor’s degree, six toward the master's degreeand nine toward the doctorate. StaE.

Courses for Graduates Only
20 603. Advanced Parasitology 0-3Prerequisite: lo 581The study of the theoretical and practical aspects of parasitism; taxonomy,ph) siology, and immunology of animal parasites. Mr. Harkema.
20 604. (ANS 604) Experimental Animal Physiology 4-0Prerequisite: ZO 513 or EquivalentA Stud) of the theories and techniques involved in the use of animals inphysiological investigation. Messrs. Ulberg, Wise.
20 614. Cell Physiology 3-0Prerequisites: lo 301 and Approval of InstructorA study of those lundamental physiological properties at the cellular levelwhich are common to nearly all organisms. Lectures, discussions, and criticalreports (oral and written) to promote acquaintance with general literatureand recent advances. Mr. Santolucito.
lo 627. Zoogeography 3-0Prerequisites: L0 522 and Approval of InstructorThe geographic distribution of animals, with primary emphasis on land andfresh-water vertebrates. Mr. Quay.
lo 690. Seminar 1-1The presentation and defense of current literature papers dealing eitherwith the findings of original research or with fundamental biological con-cepts. Staff.
lo 699. Research in Zoology Credits by ArrangementPrerequisites: Twelve Semester Credits in Zoology and Approval of InstructorOriginal research related to the student’s thesis. A maximum of six creditsis allowed toward the master’s degree, but any number toward the doctorate.Staff.



Agricultural Engineering—Human energy requirements under simulated work-loads and environmentalvariables are given quantitative description.

Chemical engineering and civilengineering graduate students andfaculty cooperate on highway re-search. Recording temperaturemeasurements at test strips on aNorth Carolina highway is partof the bituminous highway project.



Textiles—Graduate students test a fabric in the Gas Chromatograph,a device for anclyling volatile products arising from thermal decomposi-tion of high polymers. The Gas Chromatograph is iust one of many re-search aids in laboratories of the Department of Textile Chemistry.

Civil Engineering—An experimental study on an aluminum alloy connection at ageodesic dome under axial loads is conducted by a civil engineering professor investiga-ting the stability ot connecting elements.



Nuclear Engineering—This impas-ing concrete form shields State’snuclear reactor, housed in the Bur-lington Nuclear Laboratories, centerfor research on peacetime applica-tion of atomic energy. State wasthe first school in the United Statesto own a nuclear reactor.

Library—Among State’s research facilities is the D. H. Hill library with holdings atover 279,000 volumes. The library has a well—rounded collection for graduate study.Recent acquisitions reflect increasing campus interest in the liberal arts and strongresearch programs in the fields of science and engineering.
'iii! Ui-x,‘ .



Design—Students work out a problem in structural design. The three depart-ments of the School of Design are located in Brooks Hall.

Engineering Research—The ultra high temperature plasma crystal growing facilityis an integral part at the materials research program.



Agricultural Research—Vital to the multi—million dollar agricultural research activi-ties are the extensive greenhouse facilities for crop and horticulture sciences.

Animal Science—Spacious, well-equipped laboratories offer grad-uate students excellent opportunityfor research and study. Students ofanimal science frequently usediagnostic laboratories in theircourse of study.



Applied Mathematics—Researchers in applied mathematics employ the intricatemachinery of the Goodyear Electronic Differential Analyler in their work.

Wood Technology—Research in forestry and wood products is leading to the develop-ment of new processes, techniques, and uses for woods. A veneer cutting investigationis made by these students in wood technology.



Food Science—The research staffis constantly seeking ways of im-proving the important dairying in-dustry. Modern facilities, such asthis steam-vacuum equipment, isaiding in research to meet the chal-lenge at new products.

Engineering—Research problems frequently call for specialiled equipment. Heregraduate students in engineering carry out their research with the aid of the Van deGraaft control and instrumentation panel.
if
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Computing Center—The IBM 1410 Tape System provides the computing facility forfaculty and students in research and instruction. Two IBM 1620'; and a LINC Illfurnish additional computing capabilities for some departments.

IHHHIP
l}

Civil Engineering—Students in a physical testing laboratory conduct stress analysisstudy on an aluminum beam.
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* GRADUATE FACULTY

AT
NORTH CAROLINA STATE

OF
THE UNIVERSITY OF NORTH CAROLINAAT RALEIGH

Sidney Addelman, Adjunct Assistant Professor of Experimental Statistics.Ph.D., Iowa State University.Charles \Valter Alliston, Assistant Professor of Zoology.Ph.D., North Carolina State.Raul E. Alvarez, Assistant Professor of Industrial Engineering.M.S., North Carolina State.Michael Amein, Assistant Professor of Civil Engineering.Ph.D., Cornell University.Clifton A. Anderson, Professor of Industrial Engineering and Head ofDepartment.Ph.D., Ohio State University.Donald Benton Anderson, Professor of Botany and Vice President of Academic Affairs of The University of North Carolina.Ph.D., Ohio State University.Richard Loree Anderson, Professor of Experimental Statistics and GraduateAdministrator.Ph.D., Iowa State College.Roy Nels Anderson, Professor of Education and Head of Department ofOccupational Information and Guidance.Ph.D., Columbia University.*Jay Lawrence Apple, Professor of Plant Pathology.Ph.D., North Carolina State.Arthur A. Armstrong, Associate Professor of Textile Chemistry.Ph.D., North Carolina State.Frank B. Armstrong, Assistant Professor of Genetics and Botany and Bac-teriology.Ph.D., University of California.Clarence Monroe Asbill, In, Professor of Textile Machine Design and De-velopment and Head of Department.B.S., Clemson College.Leonard William Aurand, Professor of Food Science.Ph.D., Pennsylvania State College.William Wyatt Austin, In, Professor of Metallurgical Engineering and Headof Department of Mineral Industries.Ph.D., Vanderbilt University.Richard Charles Axtell, Assistant Professor of Entomology.Ph.D., Cornell University.Robert Aycock, Professor of Plant Pathology.Ph.D., North Carolina State.Thomas Sanderson Baldwin, Assistant Professor of Psychology.Ph.D., Ohio State University.Ernest A. Ball, Professor of Botany and Bacteriology.Ph.D., University of California.
Membership in the graduate faculty may be in either of two categories: (1) full status or(2) associate status. Full status permits a faculty member to engage in any and all phasesof the graduate programs of the University. Associate members may teach courses at thegraduate level and serve as chairman of master’s advisory committees.’ On leave until November, 1965
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Walter Elmer Ballinger, Associate Professor of Horticultural Science.Ph.D., Michigan State College.Clifford Warren Barber, Professor of Poultry Science.Ph.D. Cornell University.William John Barclay, Professor of Electrical Engineering.Ph.D., Stanford University.Aldos Cortez Barefoot, Jr., Associate Professor of Wood Products.Doctor of Forestry, Duke University.Frederick Schenck Barkalow, Jr., Professor of Zoology.Ph.D., University of Michigan.Key Lee Barkley, Professor of Psychology.Ph.D., University of North Carolina.Elliott Roy Rarrick, Professor of Animal Science and Head of Animal Dairyand Husbandry Section.Ph.D., Purdue University.William Victor Bartholomew, Professor of Soil Science.Ph.D., Iowa State College.Edward Guy Batte, Professor of Animal Science and Head of VeterinarySection.D.V.M., Texas A 8: M.Ernest Oscar Beal, Associate Professor of Botany and Bacteriology.Ph.D., State University of Iowa.Homer Edwin Beam, Assistant Professor of Agricultural Education.Ed.D., University of North Carolina.Kenneth Orion Beatty, Jr., Professor of Chemical Engineering.Ph.D., University of Michigan.Burton Floyd Beers, Associate Professor of History and Political Science.Ph.D., Duke University.Norman Robert Bell, Associate Professor of Electrical Engineering.M.S., Cornell University.Thomas A. Bell, Associate Professor of Food Science.M.S., North Carolina State.William Callum Bell, Professor of Ceramic Engineering in EngineeringResearch.Ph.D., Ohio State University.Willard Harrison Bennett, Burlington Professor of Physics.Ph.D.,‘ University of Michigan.Eugene Edwin Bernard, Assistant Professor of Psychology.Ph.D., University of Leeds.Ernest Bezold Berry, Assistant Professor of Textiles.B.S., Clemson College.Bibhuti Bhushan Bhattacharyya, Assistant Professor of Experimental Statistics.Ph.D., London School of Economics.Richard Hugh Bigelow, Associate Professor of Civil Engineering.M.S., North Carolina State.Ilham Ahmet Birkan, Research Instructor of Textiles.Ph.D., Technical University of Istanbul.john William Bishir, Assistant Professor of Mathematics.Ph.D., North Carolina State.Charles Edwin Bishop, William Neal Reynolds Distinguished Professor ofAgricultural Economics and Head of Department.Ph.D., University of Chicago.William Joseph Block, Professor of History and Political Science.Ph.D., University of Illinois.
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William Lowry Blow, Associate Professor of Poultry Science.Ph.D., North Carolina State.Thomas Nelson Blumer, Professor of Food Science.Ph.D., Michigan State College.John Francis Bogdan, Professor of Textiles and Director of ProcessingResearch.B.T.E., Lowell Textile Institute.Edgar John Boone, Professor of Rural Sociology and Assistant Director ofExtension.Ph.D., University of Wisconsin.Carey H. Bostian, Professor of Genetics.Ph.D., University of Pittsburgh.Henry Dittimus Bowen, Professor of Agricultural Engineering.Ph.D., Michigan State College.Lawrence Hoffman Bowen, Assistant Professor of Chemistry.Ph.D., Massachusetts Institute of Technology.Charles Raymond Bramer, Professor of Civil Engineering and Acting Headof Department.E. M., Michigan College of Mining and Technology.Bartholomew Brandner Brandt, Professor Emeritus of Zoology.Ph.D., Duke University.Charles H. Brett, Professor of Entomology.Ph.D., Kansas State College.Richard Bright, Professor of Chemical Engineering.MS, State University of Iowa.Charles A. Brim, Associate Professor of Crop Science.Ph.D., University of Nebraska.Henry Seawell Brown, Associate Professor of Geological Engineering.Ph.D., University of Illinois.Marvin L. Brown, Jr., Professor of History and Political Science.Ph.D., University of Pennsylvania.Wesley Gordon Bruce, Visiting Professor of Entomology.M.S., Kansas State College.Roberts Cozart Bullock, Professor of Mathematics.Ph.D., University of Chicago.Carl Lee Bumgardner, Associate Professor of Chemistry.Ph.D., Massachusetts Institute of Technology.Fred Virgil Cahill, Jr., Professor of History and Political Science and Deanof the School of General Studies.Ph.D., Yale University.John Tyler Caldwell, Professor of Political Science and Chancellor.Ph.D., Princeton University.Kenneth Stoddard Campbell, Professor of Textile Chemistry.B.S., Bates College.Malcolm Eugene Campbell, Professor of Textiles and Dean of the School ofTextiles.B.S., Clemson College.William V. Campbell, Associate Professor of Entomology.Ph.D., North Carolina State.Thomas Franklin Cannon, Associate Professor of Horticultural Science.Ph.D., Ohio State University.George L. Capel, Professor of Agricultural Economics.Ph.D., University of Florida.
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Robert Gordon Carson, Jr., Professor of Industrial Engineering and Directorof Instruction for School of Engineering.Ph.D., University of Michigan.Roy Merwin Carter, Professor of Wood Technology.M.S., Michigan State College.Edward Vitangelo Caruolo, Assistant Professor of Animal Science.Ph.D., University of Minnesota.David Marshall Cates, Professor of Textile Chemistry.Ph.D., Princeton University.John Wesley Cell, Professor of Mathematics and Head of Department.Ph.D., University of Illinois.Douglas Scales Chamblee, Professor of Crop Science.Ph.D. Iowa State College.Norman M. Chansky, Associate Professor of Agricultural Education andPsychology.Ph.D., Columbia University.John Montgomery Clarkson, Professor of Mathematics.Ph.D., Cornell University.Albert J. Clawson, Associate Professor of Animal Science.Ph.D., Cornell University.Carlyle Newton Clayton, Professor of Plant Pathology.Ph.D., University of Wisconsin.Grover Cleveland Cobb, Jr., Assistant Professor of Physics.Ph.D., University of Virginia.Fred Derward Cochran, Professor of Horticulture and Head of Department.Ph.D., University of California.Columbus Clark Cockerham, Professor of Experimental Statistics.Ph.D., Iowa State College.Eloise Snowden Cofer, Assistant Director, Agricultural Extension (HomeEconomics) .Ph.D., University of Chicago.Norval White Conner, Professor of Mechanical Engineering and Director ofDepartment of Engineering Research.M.S., Iowa State College.William Stokes Connor, Adjunct Professor of Experimental Statistics.Ph.D., University of North Carolina.Freeman Waldo Cook, Associate Professor of Poultry Science.M.S., North Carolina State.John Oliver Cook, Associate Professor of Psychology.Ph.D., New York University.Maurice Gayle Cook, Assistant Professor of Soil Science.Ph.D., Virginia Polytechnic Institute.Arthur W. Cooper, Associate .Professor of Botany and Bacteriology.Ph.D., University of Michigan.William Earl Cooper, Associate Professor of Plant Pathology.Ph.D., Louisiana State University.Alonzo Freeman Coots, Associate Professor of Chemistry.Ph.D., Vanderbilt University.Will Allen Cope, Associate Professor of Crop Science.Ph.D., North Carolina State.Harold Maxwell Corter, Professor of Psychology and Director of PsychologicalClinic.Ph.D., Pennsylvania State College.Arthur James Coutu, Professor of Agricultural Economics.Ph.D., North Carolina State.
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Frederick Russell Cox, Assistant Professor of Soil Science.Ph.D., North Carolina State.Gertrude Mary Cox, Professor Emeritus of Experimental Statistics.M.S., Iowa State College.Frank Rankin Craig, Professor of Poultry Science.D.V.M., University of Georgia.Paul Day Cribbins, Associate Professor of Civil Engineering.Ph.D., Purdue University.George A. Cummings, Assistant Professor of Soil Science.Ph.D., Purdue University.Edmund Pendleton Dandridge, Associate Professor of English.Ph.D., University of Virginia.Walter Carl Dauterman, Assistant Professor of Entomology.Ph.D., University of Wisconsin.Donald Gould Davenport, Assistant Professor of Animal Science.M.S., Cornell University.Charles Bingham Davey, Associate Professor of Soil Science.Ph.D., University of Wisconsin.Henry Mauzee Davis, Adjunct Professor of Mineral Industries.Ph.D., University of Minnesota.William Robert Davis, Associate Professor of Physics.Doktor der Naturwiss, University of Hanover, Germany.James William Dickens, Assistant Professor of Agricultural Engineering.M.S., North Carolina State.Emmett Urcey Dillard, Associate Professor of Animal Science.Ph.D., University of Missouri.'George Osmore Doak, Professor of Chemistry.Ph.D., University of Wisconsin.Walter J. Dobrogosz, Assistant Professor of Botany and Bacteriology.Ph.D., Pennsylvania State University.Wesley Osborne Doggett, Professor of Physics.Ph.D., University of California.William Emmert Donaldson, Assistant Professor of Poultry Science.Ph.D., University of Maryland.Jesse Seymour Doolittle, Professor of Mechanical Engineering and GraduateAdministrator.M.S., Pennsylvania State College.Robert Alden Douglas, Associate Professor of Engineering Mechanics.Ph.D., Purdue University.Louis A. Dow, Associate Professor of Economics.Ph.D., Indiana University.Lawrence William Drabick, Associate Professor of Agricultural Education andRural Sociology.Ph.D., Pennsylvania State University.Donald W. Drewes, Assistant Professor of Psychology.Ph.D., Purdue University.John Wesley Dudley, Associate Professor of Crop Science.Ph.D., Iowa State College.John W. Duffield, Professor of Forestry.Ph.D., University of California.Arthur Raymond Eckels, Professor of Electrical Engineering.D. Eng, Yale University.Preston William Edsall, Professor of History and Political Science and Headof Department.Ph.D., Princeton University.
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John Aucrt Edwards, Assistant Professor of Engineering Mechanics.Ph.D., Purdue University.William Frederick Edwards, Associate Professor of Social Studies.Ph.D., Columbia University.Gerald H. Elkan, Associate Professor of Botany and Bacteriology.Ph.D., Virginia Polytechnic Institute.Don Edwin Ellis, Professor of Plant Pathology and Head of Department.Ph.D., University of North Carolina.Eric Louis Ellwood, Professor of Wood Science and Technology and Head ofDepartment.Ph.D., Yale University.Munir R. El-Saden, Associate Professor of Mechanical Engineering.Ph.D., University of Michigan.John Frederick Ely, Assistant Professor of Civil Engineering and EngineeringMechanics.Ph.D., Northwestern University.Donald Allen Emery, Associate Professor of Crop Science.Ph.D., University of Wisconsin.John Lincoln Etchells, Professor of Food Science and Botany and Bacteri-olo .PhSDy” Michigan State College.James Brainerd Evans, Professor of Botany and Bacteriology.Ph.D., Cornell University.Ralph Eigil Fadum, Professor of Civil Engineering and Dean of the Schoolof Engineering.S.D., Harvard University.Maurice H. Farrier, Associate Professor of Entomology and Forestry.Ph.D., North Carolina State.James K. Ferrell, Professor of Chemical Engineering.Ph.D., North Carolina State.Alva Leroy Finkner, Adjunct Professor of Experimental Statistics.Ph.D., North Carolina State.Charles Page Fisher, Assistant Professor of Civil Engineering.Ph.D., North Carolina State.James Walter Fitts, Professor of Soil Science.Ph.D., Iowa State College.Leon David Freedman, Associate Professor of Chemistry.Ph.D., Johns Hopkins University.Daniel Fromm, Associate Professor of Food Science.Ph.D., Pennsylvania State University.Alan Stuart Galbraith, Adjunct Professor of Mathematics.Ph.D., Harvard University.Gene John Galletta, Assistant Professor of Horticultural Science.Ph.D., University of California.Gerald Garb, Associate Professor of Economics.Ph.D., University of California.Bertram Howard Garcia, Jr., Associate Professor of Mechanical Engineering.MS, Pennsylvania State University.Monroe Evans Gardner, Professor of Horticultural Science.BS, Virginia Polytechnic Institute.Henry Wilburn Garren, Professor of Poultry Science and Head of Depart-ment.Ph.D., University of Maryland.
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Joachim Gaylor, Research Instructor of Textiles.Ph.D., Technische Hochschule.Dan Ulrich Gerstel, Professor of Crop Science.Ph.D., University of California.Forrest William Getzen, Associate Professor of Chemistry.Ph.D., Massachusetts Institute of Technology.William Best Gilbert, Assistant Professor of Crop Science.Ph.D., North Carolina State.Edward Walker Glazener, Professor of Poultry Science and Director of In-struction for the School of Agriculture and Life Sciences.Ph.D., University of Maryland.William Alexander Glenn, Adjunct Associate Professor of Industrial Engi-neering and Experimental Statistics.Ph.D., Virginia Polytechnic Institute.Lemuel Goode, Associate Professor of Animal Science.M.S., University of West Virginia.Guy Vernon Gooding, Assistant Adjunct Professor of Plant Pathology.Ph.D., University of California.Bruce Edward Goodwin, Assistant Professor of Mathematics.Ph.D., Rensselaer Polytechnic Institute.Gilbert Gottlieb, Adjunct Assistant Professor of Psychology.Ph.D., Duke University.Arnold H. E. Grandage, Professor of Experimental Statistics.Ph.D., North Carolina State.Ralph Weller Greenlaw, Associate Plofessor of History and Political Science.Ph.D., Princeton University.Walton Carlyle Gregory, William Neal Reynolds Distinguished Professor ofCrop Science.Ph.D., University of Virginia.John Edward Griffith, Associate Professor of Engineering Mechanics andGraduate Administrator.Ph.D., Pennsylvania State University.Daniel Swartwood Grosch, Professor of Genetics.Ph.D., University of Pennsylvania.Harry Douglas Gross, Associate Professor of Crop Science.Ph.D., Iowa State College.Elliott Brown Grover, Abel C. Lineberger Professor of Textiles and Headof Department of Textile Technology.B.S., Massachusetts Institute of Technology.George Albert Gullette, Professor of Social Studies and Head of Department.Ph.D., University of Michigan.Edward DeWitt Gurley, Assistant Professor of Engineering Mechanics.Ph.D., University of Illinois.Frank Edwin Guthrie, Professor of Entomology and Assistant Dean of theGraduate School for Research.Ph.D., University of Illinois.Frank Arlo Haasis, Professor of Plant Pathology.Ph.D., Cornell University.William Cullen Hackler, Associate Professor of Mineral Industries.Ph.D., North Carolina State.Robert John Hader, Professor of Experimental Statistics.Ph.D., North Carolina State.William Jackson Hall, Associate Professor of Experimental Statistics.Ph.D., University of North Carolina.
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Dame Scott Hamby, Burlington Industries Professor of Textiles.B.S., Alabama Polytechnic Institute.Charles Horace Hamilton, William Neal Reynolds Distinguished Professor ofRural Sociology.Ph.D., University of North Carolina.John Valentine Hamme, Associate Professor of Mineral Industries.Ph.D., North Carolina State.Durwin M. Hanson, Professor of Industrial Education and Head of Depart-ment.Ph.D., Iowa State University.Karl P. Hanson, Professor of Mechanical Engineering.MS, University of Michigan.Warren Durward Hanson, Professor of Genetics.Ph.D., Purdue University.James W. Hardin, Associate Professor of Botany and Bacteriology.Ph.D., University of Michigan.Reinard Harkema, Professor of Zoology.Ph.D., Duke University.Cleon Wallace Harrell, Associate Professor of Economics.M.A., University of Virginia.Walter Joel Harrington, Professor of Mathematics.Ph.D., Cornell University.Clarence Arthur Hart, Associate Professor of Forestry.Ph.D., North Carolina State.Lodwick Charles Hartley, Professor of English and Head of Department.Ph.D., Princeton University.Paul Henry Harvey, William Neal Reynolds Distinguished Professor ofCrop Science and Head of Department.Ph.D., Iowa State College.Hassan Ahmad Hassan, Professor of Mechanical Engineering.Ph.D., University of Illinois.Francis Jefferson Hassler, Professor of Agricultural Engineering and Head ofDepartment.Ph.D., Michigan State College.William Walter Hassler, Associate Professor of Zoology.Ph.D., University of Tennessee.Arthur Courtney Hayes, Associate Professor of Textile Chemistry.M.S., North Carolina State.Don W. Hayne, Visiting Professor of Experimental Statistics.Ph.D., University of Michigan.Frank Lloyd Haynes, Jr., Professor of Horticultural Science.Ph.D., Cornell University.Teddy Theodore Hebert, Professor of Plant Pathology.Ph.D., North Carolina State.Walter A. Hendricks, Adjunct Professor of Experimental Statistics.M.A., George Washington University.William Ray Henry, Associate Professor of Agricultural Economics.Ph.D., North Carolina State.Laurence jay Herbst, Assistant Professor of Experimental Statistics.Ph.D., Harvard University.Robert Taylor Herbst, Adjunct Associate Professor of Mathematics.Ph.D., Duke University.Francis Eugene Hester, Associate Professor of Zoology.Ph.D., Alabama Polytechnic Institute.
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Charles Horace Hill, Professor of Poultry Science.Ph.D., Cornell University.Thomas I. Hines, Professor of Recreation and Park Administration and Headof Department.M. A., University of North Carolina.George Burnham Hoadley, Professor of Electrical Engineering and Head ofDepartment.D.Sc., Massachusetts Institute of Technology.Charles S. Hodges, Jr., Associate Professor of Plant Pathology.Ph.D., University of Georgia.Ernest Hodgson, Associate Professor of Entomology.Ph.D., Oregon State University.Abraham Holtzman, Professor of History and Political Science.Ph.D., Harvard University.William Calvin Hood, Assistant Professor of Mineral Industries.Ph.D., Montana State University.Dale Max Hoover, Associate Professor of Agricultural Economics.Ph.D., University of Chicago.Maurice W. Hoover, Professor of Food Science.Ph.D., University of Florida.John William Horn, Associate Professor of Civil Engineering.M.S.C.E., Massachusetts Institute of Technology.Daniel Goodman Horvitz, Adjunct Professor of Experimental Statistics.Ph.D., Iowa State College.Ivan Hostetler, Professor of Industrial Arts Education and Head of Depart-ment.Ed.D,, University of Missouri.Barney Kuo-Yen Huang, Assistant Professor of Agricultural Engineering.Ph.D., Purdue University.George Hyatt, Jr., Professor of Animal Science and Director of AgriculturalExtension Service.Ph.D., University of Wisconsin.Loren Albert Ihnen, Assistant Professor of Agricultural Economics.Ph.D., Iowa State University.Makoto Itoh, Visiting Professor of Electrical Engineering and Mathematics.Ph.D., Hiroshima University.William A. Jackson, Associate Professor of Soil Science.Ph.D., North Carolina State.Gerald Blaine James, Adjunct Associate Professor of Agricultural Education.Ed.D., University of Illinois.Herman Brooks James, Professor of Agricultural Economics and Dean of theSchool of Agriculture and Life Sciences.Ph.D., Duke University.Benjamin Anderson Jayne, Professor of Wood Science and Technology.B.S., University of Idaho.John Mitchell Jenkins, Jr., Professor of Horticultural Science.Ph.D., University of Minnesota.Harley Young Jennings, Professor of Textile Research.Ph.D., University of Michigan.Elmer Hubert Johnson, Professor of Sociology and Anthropology.Ph.D., University of Wisconsin.Joseph Clyde Johnson, Associate Professor of Psychology.Ed.D., Peabody College.Paul R. Johnson, Associate Professor of Agricultural Economics.Ph.D., University of Chicago.
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William Hugh Johnson, Assistant Professor of Agricultural Engineering.Ph.D., North Carolina State.Edgar Walton Jones, Assistant Professor of Agricultural Economics.Ph.D., North Carolina State.Guy Langston Jones, Professor of Crop Science.Ph.D., University of Minnesota.Ivan Dunlavy Jones, Professor of Food Science.Ph.D., University of Minnesota.Louis Allman Jones, Associate Professor of Chemistry.Ph.D., Texas Agricultural and Mechanical College.Kenneth Allan Jordan, Assistant Professor of Agricultural Engineering.Ph.D., Purdue University.Charles Howard Kahn, Associate Professor of Architecture.M.S., Massachusetts Institute of Technology.Joseph S. Kahn, Assistant Professor of Botany and Bacteriology.Ph.D., University of Illinois.Eugene J. Kamprath, Professor of Soil Science.Ph.D., North Carolina State.Morley Richard Kare, Professor of Poultry Science and Zoology.Ph.D., Cornell University.Abdel Aziz Ismail Kashef, Visiting Lecturer of Civil Engineering.Ph.D., Purdue University.Gerald Howard Katzin, Assistant Professor of Physics.Ph.D., North Carolina State.Kenneth Raymond Keller, Professor of Crop Science and Assistant Directorin Charge of Tobacco Research.Ph.D., Iowa State College.Harry Charles Kelly, Professor of Physics and Dean of Faculty.Ph.D., Massachusetts Institute of Technology.Joseph Wheeler Kelly, Professor of Poultry Science.Ph.D., Iowa State College.Arthur Kelman, William Neal Reynolds Distinguished Professor of PlantPathology and Professor of Forestry.Ph.D., North Carolina State.Henderson Grady Kincheloe, Professor of English.Ph.D., Duke University.Richard Adams King, M. G. Mann Professor of Agricultural Economics.Ph.D., Harvard University.James Bryant Kirkland, Professor of Agricultural Education and Dean of theSchool of Education.Ph.D., Ohio State University.David M. Kline, Associate Professor of Plant Pathology.Ph.D., University of Wisconsin.Glenn Charles Klingman, Professor of Crop Science.Ph.D., Rutgers University.Richard Bennett Knight, Professor of Mechanical Engineering.M.S., University of Illinois.Toyoki Koga, Professor of Mechanical Engineering.Ph.D., Tokyo University.Ken-ichi Kojima, Associate Professor of Genetics.Ph.D., North Carolina State.Benjamin Granade Koonce, Jr., Associate Professor of English.Ph.D., Princeton University.
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John Clement Koop, Visiting Associate Professor of Experimental Statistics.Ph.D., North Carolina State.William Wurth Kriegel, Professor in Charge of Ceramic Engineering.Dr. Ing., Technische Hochschule, Hanover, Germany.Leaton John Kushman, Associate Professor of Horticultural Science.M.S., George Washington University.Robert Walter Lade, Assistant Professor of Electrical Engineering.Ph.D., Carnegie Institute of Technology.John Ralph Lambert, Professor of Social Studies.Ph.D., Princeton University.Joe Oscar Lammi, Professor of Forestry.Ph.D., University of California.*Harold Augustus Lamonds, Professor of Nuclear Engineering.Ph.D., North Carolina State.Forrest Wesley Lancaster, Professor of Physics.Ph.D., Duke University.Roy Axel Larson, Assistant Professor of Horticultural Science.Ph.D., Cornell University.James Giacomo Lecce, Professor of Animal Science.Ph.D., University of Pennsylvania.James Murray Leatherwood, Assistant Professor of Animal Science.Ph.D., North Carolina State.Thomas Benson Ledbetter, Assistant Professor of Mechanical Engineering.M.S., North Carolina State.Joshua Alexander Lee, Assistant Professor of Crop Science.Ph.D., University of California.Richard Shao-Lin Lee, Associate Professor of Mechanical Engineering.Ph.D., Harvard University.James Edward Legates, William Neal Reynolds Distinguished Professor ofAnimal Science and Head of Animal Breeding Section.Ph.D., Iowa State College.Samuel George Lehman, Professor Emeritus of Plant Pathology.Ph.D., Washington University.Carlton James Leith, Associate Professor of Mineral Industries.Ph.D., University of California.Jack Levine, Professor of Mathematics.Ph.D., Princeton University.William Mason Lewis, Associate Professor of Crop Science.Ph.D., University of Minnesota.David Allen Link, Assistant Professor of Agricultural Engineering.Ph.D., Iowa State University.Robert W. Llewellyn, Professor of Industrial Engineering.M.S., Purdue University.Richard Henry Loeppert, Professor of Chemistry.Ph.D., University of Minnesota.George Gilbert Long, Assistant Professor of Chemistry.Ph.D., University of Florida.Roy Lee Lovvorn, Professor of Crop Science and Director of Research in theSchool of Agriculture.Ph.D., University of Wisconsin.Robert E. Lubow, Assistant Professor of Psychology, Poultry Science, andZoology.Ph.D., Cornell University.
On leave until July, 1964
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George Blanchard Lucas, Professor of Plant Pathology.Ph.D., Louisiana State University.Henry Laurence Lucas, Jr., William Neal Reynolds Distinguished Professorof Experimental Statistics.Ph.D., Cornell University.James Fulton Lutz, Professor of Soil Science.Ph.D., University of Missouri.Joseph Thomas Lynn, Associate Professor of Physics and Graduate Admini-strator.M.S., Ohio State University.*Glenn C. McCann, Associate Professor of Rural Sociology.Ph.D., Washington State College.Charles B. McCants, Professor of Soil Science.Ph.D., Iowa State College.Robert E. McCollum, Assistant Professor of Soil Science.Ph.D., University of Illinois.Clarence Leslie McCombs, Professor of Horticultural Science.Ph.D., Ohio State University.Ralph Joseph McCracken, Professor of Soil Science and Head of Department.Ph.D., Iowa State College.Charles Russell McCullough, Professor of Civil Engineering.M.S., Purdue University.Donald McDonald, Assistant Professor of Civil Engineering.M.S., University of Illinois.Patrick Hill McDonald, Professor of Engineering Mechanics and Head ofDepartment.Ph.D., Northwestern University.John Joseph McNeill, Assistant Professor of Animal Science.Ph.D., University of Maryland.Francis Edward McVay, Professor of Experimental Statistics.Ph.D., University of North Carolina.James Gray Maddox, Professor of Agricultural Economics.Ph.D., Harvard University.Alexander Russell Main, Associate Professor of Entomology.Ph.D., Cambridge University.T. Ewald Maki, Carl Alwin Schenck Professor of Forest Management.Ph.D., University of Minnesota.Carroll Lamb Mann, Jr., Professor of Civil Engineering.C.E., Princeton University.Thurston Jefferson Mann, Professor of Genetics and Head of Department.Ph.D., Cornell University.Edward George Manning, Associate Professor of Electrical Engineering.M.S., North Carolina State.Edward Raymond Manring, Professor of Physics.Ph.D., Ohio State.Culpepper Paul Marsh, Associate Professor of Rural Sociology.M.S., North Carolina State.David Boyd Marsland, Associate Professor of Chemical Engineering.Ph.D., Cornell University.David Hamilton Martin, Assistant Professor of Physics.M.S., University of Wisconsin.Bernard Stephen Martof, Professor of Zoology and Head of Department.Ph.D., University of Michigan.
* On leave until July, 1965
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David Dickenson Mason, Professor of Experimental Statistics and Head ofDepartment.Ph.D., North Carolina State.Gennard Matrone, Professor of Animal Science.Ph.D., North Carolina State.Dale Frederick Matzinger, Associate Professor of Genetics.Ph.D., Iowa State College.Jackson R. Mauney, Associate Professor of Crop Science.Ph.D., University of Wisconsin.8612 Cabot Mayo, Professor of Rural Sociology and Head of Department;Head of Department of Sociology and Anthropology.Ph.D., University of North Carolina.Jefferson Sullivan Meares, Professor of Physics.M.S., North Carolina State.Arthur Clayton Menius, Jr., Professor of Physics and Dean of the School ofPhysical Sciences and Applied Mathematics.Ph.D., University of North Carolina.Lawrence Eugene Mettler, Associate Professor of Genetics.Ph.D., University of Texas.Gordon Kennedy Middleton, Professor Emeritus of Crop Science.Ph.D., Cornell University.Robert Donald Milholland, Assistant Professor of Plant Pathology.Ph.D., University of Minnesota.Conrad Henry Miller, Associate Professor of Horticultural Science.Ph.D., Michigan State University.Darrell Alvin Miller, Assistant Professor of Genetics and Plant Breeding.Ph.D., Purdue University.Grover Cleveland Miller, Associate Professor of Zoology.Ph.D., Louisiana State University.Howard G. Miller, Professor of Psychology and Head of Department.Ph.D., Pennsylvania State University.Philip Arthur Miller, Professor of Crop Science.Ph.D., Iowa State.Raymond Jarvis Miller, Associate Professor of Soil Science.Ph.D., Purdue University.Walter Joseph Mistric, Associate Professor of Entomology.Ph.D., A 8: M College of Texas.Adolphus Mitchell, Professor of Engineering Mechanics.MS, University of North Carolina.Theodore Bertis Mitchell, Professor Emeritus of Entomology.D.S., Harvard University.Richard Douglas Mochrie, Associate Professor of Animal Science.Ph.D., North Carolina State.Robert Harry Moll, Associate Professor of Genetics.Ph.D., North Carolina State.Robert James Monroe, Professor of Experimental Statistics.Ph.D., North Carolina State.Frank Harper Moore, Associate Professor of English.Ph.D., University of North Carolina.Robert Parker Moore, Professor of Crop Science.Ph.D., Ohio State University.Charles G. Morehead, Associate Professor of Occupational Information andGuidance.Ed.D., University of Kansas.
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Donald Edwin Morcland, Associate Professor of Crop Science.Ph.D., North Carolina State.Marvin Kent Moss, Assistant Professor of Physics.Ph.D., North Carolina State.Carey Gardner Mumford, Professor of Mathematics and Assistant to Deanof the School of Physical Sciences and Applied Mathematics.Ph.D., Duke University.W. Ray Murley, Professor of Animal Science.Ph.D., Iowa State College.Charles Franklin Murphy, Assistant Professor of Crop Science.Ph.D., Iowa State University.Raymond LeRoy Murray, Burlington Professor of Physics and Head of theDepartment of Nuclear Engineering.Ph.D., University of Tennessee.Richard Monier Myers, Assistant Professor of Animal Science.M.S., Pennsylvania State University.Howard Movess Nahikian, Professor of Mathematics and Graduate Admini-strator.Ph.D., University of North Carolina.Gene Namkoong, Assistant Professor of Genetics and Forestry.Ph.D.. North Carolina State.Richard Robert Nelson, Associate Professor of Plant Pathology.Ph.D., University of Minnesota.Joseph T. Nerden, Professor of Industrial Education.Ph.D., Yale University.Herbert H. Neun7ig, Associate Professor of Entomology.Ph.D., Cornell University.Slater Edmund Newman, Associate Professor of Psychology.Ph.D., Northwestern University.Lowell Wendell Nielsen, Professor of Plant Pathology.Ph.D., Cornell University.Stuart Noblin, Professor of History and Political Science.Ph.D., University of North Carolina.Glenn Ray Noggle, Professor of Botany and Bacteriology and Head of De—partment.Ph.D., University of Illinois.Charles Joseph Nusbaum, \Villiam Neal Reynolds Distinguished Professor ofPlant Pathology.Ph.D., University of Wisconsin.Bernard Martin Olsen, Professor of Economics.Ph.D., University of Chicago.Guy Owen, Jr., Associate Professor of English.Ph.D., University of North Carolina.Mehmet Nicolti Ozisik, Associate Professor of Mechanical Engineering.Ph.D., University of London.Hayne Palmour, 111, Associate Professor of Mineral Industries.Ph.D., North Carolina State.Hubert Vern Park, Professor of Mathematics.Ph.D., University of North Carolina.Jae Young Park, Assistant Professor of Physics.Ph.D., University of North Carolina.John Mason Parker, III, Professor in Charge of Geological Engineering.Ph.D., Cornell University.Ernest Caleb Pasour, Assistant Professor of Agricultural Economics.Ph.D., Michigan State University.
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Richard Roland Patty, Assistant Professor of Physics.Ph.D., Ohio State.Ralph James Peeler, Jr., Assistant Professor of Agricultural Economics.Ph.D. North Carolina State.Jerome J. Perry, Associate Professor of Botany and Bacteriology.Ph.D. University of Texas.Thomas Oliver Perry, Associate Professor of Forestry.Ph.D., Harvard University.Roger Gene Petersen, Associate Professor of Experimental Statistics.Ph.D., North Carolina State.Walter John Peterson, William Neal Reynolds Distinguished Professor ofChemistry and Dean of the Graduate School.Ph.D., University of Iowa.Wilbur Carroll Peterson, Associate Professor of Electrical Engineering.Ph.D., Northwestern University.Lyle L. Phillips, Associate Professor of Crop Science.Ph.D., University of Washington.Walter Henry Pierce, Professor of Agricultural Economics.Ph.D., University of Minnesota.Richard Coleman Pinkerton, Associate Professor of Chemistry.Ph.D., Iowa State University.Robert McLean Pinkerton, Professor of Aeronautical Engineering.B.Sc., Bradley University.George Waverly Poland, Professor of Modern Languages and Head of De-partment.Ph.D., University of North Carolina.Daniel Townsend Pope, Professor of Horticultural Science.Ph.D., Cornell University.Joseph Alexander Porter, Jr., Professor of Textiles.M.S., North Carolina State.Ira D. Porterfield, Professor of Animal Science and Head of Department.Ph.D., University of Minnesota.Nathaniel T. Powell, Associate Professor of Plant Pathology.Ph.D., North Carolina State.Richard Joseph Preston, Professor of Forestry and Dean of the School ofForestry.Ph.D., University of Michigan.Charles Harry Proctor, Associate Professor of Experimental Statistics.Ph.D., Michigan State University.Charles Ray Pugh, Associate Professor of Agricultural Economics.Ph.D., Purdue University.Thomas Lavalle Quay, Professor of Zoology.Ph.D., North Carolina State.John William Querry, Associate Professor of Mathematics.Ph.D., State University of Iowa.Robert Lamar Rabb, Professor of Entomology.Ph.D., North Carolina State.Allen Huff Rakes, Assistant Professor of Animal Science.Ph.D., Cornell University.Sridhar M. Ramachandra, Assistant Professor of Mechanical Engineering.Ph.D., University of Illinois.Harold Arch Ramsey, Associate Professor of Animal Science.Ph.D., North Carolina State.
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John Oren Rawlings, Associate Professor of Statistics.Ph.D., North Carolina State.Horace Darr Rawls, Associate Professor of Sociology and Anthropology.M.S., North Carolina State.Preston Harding Reid, \ssociate Professor of Soil Science.Ph.D., North Carolina State.Willis Alton Reid, Professor of Chemistry.Ph.D., University of \Visconsin.Theodore R. Rite, Adjun<t Professor of Zoology.Ph.D., Hanartl.Frances M. Richardson, Associate Professor of Chemical Engineering.MS, University of Cincinnati.Jackson Ashcraft Rigney, Professor of Experimental Statistics and Directorof Agricultural Mission to Peru.M.S.. Iowa State College.William Milner Roberts, Professor of Food Science and Head of Department.Ph.D., University of Minnesota.Cowin Cook Robinson, Professor of Chemistry.Ph.D., University of INisconsin.Harold Frank Robinson, Professor of Genetics, Director of Institute ofBiological Sciences, and Assistant Director of Research, AgriculturalExperiment Station.Ph.D., Nebraska University.Oclis Way ne Robison, Assistant Professor of Animal Science.Ph.D., University of \Visconsin.john Paul Ross, Associate Professor of Plant Pathology.Ph.D., Cornell Unisersity.Paul James Rust, Associate Professor of Psychology and English.Ph.D., University of Washington.Henry Ames Rutherford, Professor of Textile Chemistry and Head ofDepartment.M.S., George IVashington University.Hans Sagan, Professor of Mathematics.Ph.D., University of Vienna.John Anthony Santolucito, Associate Professor of Zoology.Ph.D., University of California.Joseph Neal Sasser, Associate Professor of Plant Pathology.Ph.D., University of Maryland.Leroy C. Saylor, Assistant Professor of Genetics.Ph.D., North Carolina State.Clarence Caycc Scarborough. Professor of Agricultural Education and Headof Department.Ed.I)., University of Illinois.Edward Martin Schoenborn, Jr., Professor of Chemical Engineering and Headof Department,Ph.D., Ohio State University.Joachim-Dietrich Schobel, Associate Professor of Mineral Industries.Doktor—Eng, Tech. Hochschule.George John Schumacher, Visiting Professor of Botany and Bacteriology.Ph.D., Cornell University.*Herbert Temple Scofield, Professor of Botany and Bacteriology.Ph.D., Cornell University.
* On leave until September, 1965
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James Arthur Seagraves, Associate Professor of Agricultural Economics.Ph.D., Iowa State College.John Frank Seely, Associate Professor of Chemical Engineering.M.S., North Carolina State.Heinz Seltmann, Assistant Professor of Botany and Bacteriology.Ph.D., University of Chicago.Luther Shaw, Associate Professor of Crop Science.Ph.D., University of Wisconsin.Ching Sheng Shen, Assistant Professor of Economics.Ph.D., University of North Carolina.Francis Webber Sherwood, Professor Emeritus of Animal Science.Ph.D., Cornell University.Robert T. Sherwood, Associate Professor of Plant Pathology.Ph.D., University of Wisconsin.William Edward Shinn, Chester H. Roth Professor of Knitting and Head ofKnitting Department, School of Textiles.M.S., North Carolina State.Darrell Rhea Shreve, Professor of Mathematics and Director of ComputingLaboratory.Ph.D., University of Illinois.Richard Lee Simmons, Associate Professor of Agricultural Economics.Ph.D., University of California.Edward Carroll Sisler, Assistant Professor of Chemistry and Crop Science.Ph.D., North Carolina State.Charles Smallwood, Jr., Professor of Civil Engineering and Graduate Admini-strator.M.S., Harvard University.William Wesley Garry Smart, J.‘., Associate Professor of Animal Science andExperimental Statistics.Ph.D., North Carolina State.Frederick Otto Smetana, Associate Professor of Mechanical Engineering.Ph.D., University of Southern California.Benjamin Warfield Smith, Professor of Genetics.Ph.D., University of Wisconsin.Clyde Fuhriman Smith, Professor of Entomology and Head of Department.Ph.D., Ohio State University.Frank Houston Smith, Professor of Animal Science.M.S., North Carolina State.Rufus Hummer Snyder, Professor Emeritus of Physics.Ph.D., Ohio State University.James Maurice Spain, Associate Professor of Soil Science.Ph.D., Purdue University.Marvin Luther Speck, \Villiam Neal Reynolds Distinguished Professor ofFood Science.Ph.D., Cornell University.Herbert Elvin Speece, Professor of Mathematics and Education.Ph.D., University of North Carolina.William Eldon Splinter, Professor of Agricultural Engineering.Ph.D., Michigan State University.Edward M. Stack, Professor of Modern Languages.Ph.D., Princeton University.Ralph Winston Stacy, Professor of Biomathematics, Experimental Statistics,and Zoology.Ph.D., Ohio State University.
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Hans Heinrich Anton Stadelmaier, Professor of Mineral Industries.Dr. rer. nat., Technische, Hochschule, Stuttgart, Germany.Edward Paul Stahel, Assistant Professor of Chemical Engineering.Ph.D., Ohio State University.Alfred J. Stamm, Professor of Wood Technology.Ph.D., University of Wisconsin.Robert George Douglas Steel, Professor of Experimental Statistics.Ph.D., Iowa State College.Stanley George Stephens, William Neal Reynolds Distinguished Professor ofGenetics.Ph.D., Edinburgh University, Scotland.William Damon Stevenson, Jr., Professor of Electrical Engineering andGraduate Administrator.M.S., University of Michigan.Hamilton Arlo Stewart, Professor of Animal Science and Assistant Directorof Research in the School of Agriculture and Life Sciences.Ph.D., University of Minnesota.Robert Franklin Stoops, Research Professor of Ceramic Engineering.Ph.D., Ohio State University.Daxid Lewis Strider, Assistant Professor of Plant Pathology.Ph.D., North Carolina State.Raimond Aldrich Struble, Professor of Mathematics.Ph.D., University of Notre Dame.William Clifton Stuckey, Jr., Associate Professor of Textiles.M.S., North Carolina State.Jack Suberman, Professor of English and Director of Summer Sessions.Ph.D., University of North Carolina.Charles Wilson Suggs, Associate Professor of Agricultural Engineering.Ph.D., North Carolina State.Joseph Gwyn Sutherland, U.S.D.A. Agricultural Economist.Ph.D., North Carolina State.Paul Porter Sutton, Professor of Chemistry.Ph.D., Johns Hopkins University.Ralph Clay Swann, Professor of Chemistry and Head of Department.Ph.D., Massachusetts Institute of Technology.Ernst \V. Swanson, Professor of Economics and Head of Department.Ph.D., University of Chicago.Fred Russell Tarver, Jr., Associate Professor of Food Science.Ph.D., University of Georgia.Donald Loraine Thompson, Professor of Crop Science.Ph.D., Iowa State College.David Harry Timothy, Associate Professor of Crop Science.Ph.D., University of Minnesota.Tsuan Wu Ting, Associate Professor of Mathematics.Ph.D., Indiana University.George Stanford Tolley, Professor of Agricultural Economics.Ph.D., University of Chicago.Huseyin Cavit Topakoglu, Assistant Professor of Mechanical Engineering.B.Sc., Technological Institute of Istanbul.William Douglas Toussaint, Professor of Agricultural Economics.Ph.D., Iowa State College.Samuel B. Tove, Professor of Animal Science and Chemistry.Ph.D., University of Wisconsin.
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Horace Maynard Trent, Adjunct Professor of Mathematics.Ph.D., Indiana University.Anastasios Christos Triantaphyllou, Assistant Professor of Genetics.Ph.D., North Carolina State.Hedwig Hirschmann Triantaphyllou, Associate Professor of Plant Pathology.Ph.D., University of Erlangen, Germany.James Richard Troyer, Associate Professor of Botany and Bacteriology.Ph.D., Columbia University.Robert Wesley Truitt, Professor of Mechanical Engineering and Head ofDepartment.Ph.D., Virginia Polytechnic Institute.William Preston Tucker, Assistant Professor of Chemistry.Ph.D., University of North Carolina.Lester Curtis Ulberg, Professor of Animal Science.Ph.D., University of Wisconsin.Robert Phillip Upchurch, Associate Professor of Crop Science.Ph.D., University of California.Mehmet Ensar Uyanik, Professor of Civil Engineering.Ph.D., University of Illinois.Jan van Schilfgaarde, Professor of Agricultural Engineering.Ph.D., Iowa State College.Hubertus Robert van der Vaart, Professor of Experimental Statistics.Ph.D., University of Leiden, Netherlands.Richard J. Volk, Associate Professor of Soil Science.Ph.D., North Carolina State.Harvey Edward Wahls, Associate Professor of Civil Engineering.Ph.D., Northwestern University.Monroe Eliot Wall, Adjunct Professor of Chemistry.Ph.D., Rutgers University.Thomas Dudley Wallace, Associate Professor of Agricultural Economics andExperimental Statistics.M.S., Oklahoma State University.Richard Gaither Walser, Professor of English.M.A., University of North Carolina.Arthur W. Waltner, Professor of Physics.Ph.D., University of North Carolina.Daniel Shou-ling Wang, Associate Professor of Engineering Mechanics.Ph.D., University of Illinois.Frederick Gail Warren, Professor of Food Science.Ph.D., Pennsylvania State College.David S. Weaver, Professor Emeritus of Agricultural Engineering.M.S., North Carolina State.Jerome Bernard Weber, Assistant Professor of Cop Science.Ph.D., University of Minnesota.Sterling Barg Weed, Associate Professor of Soil Science.Ph.D., North Carolina State.Frederick Lovejoy Wellman, Visiting Professor of Plant Pathology.Ph.D., University of Wisconsin.Bertram W. Wells, Professor Emeritus of Botany and Bacteriology.Ph.D., University of Chicago.Oscar Wesler, Professor of Experimental Statistics and Mathematics.Ph.D., Stanford University.Joseph Arthur Weybrew, William Neal Reynolds Distinguished Professor ofCrop Science and Chemistry.Ph.D., University of Wisconsin.
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Raymond Cyrus White, Associate Professor of Chemistry.Ph.D., West Virginia University.David C. Whitenberg, Assistant Professor of Crop Science.Ph.D., A 8c M College of Texas.John Kerr Whitfield, Associate Professor of Mechanical Engineering.M. 8., North Carolina State.Larry Alston Whitford, Professor of Botany and Bacteriology.Ph.D., Ohio State University.Rudolph Willard, Visiting Professor in Industrial Engineering.Ph.D., Yale University.Cliff R. Willey, Assistant Professor of Agricultural Engineering.Ph.D., University of Wisconsin.Dudley Williams, Professor of Physics and Head of Department.Ph.D., University of North Carolina.James Clifford Williams, 111, Associate Ptofessor of Mechanical Engineering.Ph.D., University of Southern California.Porter Williams, Jr., Associate Professor of English.M.A., Cambridge University; University of Virginia.James Claude Williamson, Jr., Professor of Agricultural Economics.M.S., North Caiolina State.Ralph E. Williamson, Assistant Professor of Botany and Bacteriology andAgricultural Engineering.Ph.D., University of Wisconsin.Nash Nicks Winstead, Professor of Plant Pathology.Ph.D., University of Wisconsin.Sanford Richard \A’inston, Professor of Sociology and Anthropology.Ph.D., University of Minnesota.Lowell Sheridan VVinton. Professor of Mathematics.Ph.D., Duke University.George Herman Wise, XVilliam Neal Reynolds Distinguished Professor ofAnimal Science and Head of Animal Nutrition Section.Ph.D., University of Minnesota.Milton Garland Woltz, Professor of Soil Science.Ph.D., Cornell University.James Woodburn, Professor of Mechanical Engineering.Dr. Engr., Johns Hopkins University.William Walton Woodhouse, Jr., Professor of Soil Science.Ph.D., Cornell University.James T. Yen, Associate Professor of Mechanical Engineering.Ph.D., University of Minnesota.David Allan Young, Jr., Professor of Entomology.Ph.D., University of Kansas.James N. Young, Associate Professor of Rural Sociology and Assistant Direc-tor of InStruction in the School of Agriculture and Life Sciences.Ph.D., University of Kentucky.Talmage Brian Young, Associate Professor of Industrial Arts Education.Ph.D., University of Florida.Paul Z. T, Zia. Associate Professor of Civil Engineering.Ph.D., University of Florida.Bruce J. Zobel, Professor of Forestry.Ph.D., University of California.Carl Frank Zorowski, Associate Professor of Mechanical Engineering.Ph.D., Carnegie Institute of Technology.



INDEX
Administration, Officers of 5, 6Administrative Board:University of North Carolina, Raleigh,members 5University of North Carolina, ChapelHill, members 6University of North Carolina,Greensboro, members 6Admission:full graduate standing .......... 18proviSIonaI OdmlSSlOn ....... 18unclassified graduate stud 18public school personnel .. 18graduate-special .. 19Advisory Committee .. 23, 3OAgricuitural Economics 40Agricultural Education 44 82Agricultural Engineering .. 44Agriculture . 47Animal Science 48Anthropology ..l 84Assistantships 38Bacteriology .......... 51Biological Sciences .......Biological SCIences, Institute ofBotany .4 51Calendar .i .....Ceramic Engineering 157Chemical Engineering 55Chemistry 60Civil Engineering ..Computing FaCIlitiesCourse of StudyCourse LoadCourse Numbers ..... 40Crop Science .. .s 72Degrees .20-35Doctor of Philosophy Degree .29—35admission to candidacy .course of study ..dissertation .. 32examinationslanguages .. ..residence .. 3Osummary of proceduresEconomicsEducationElectrical EngineeringEngineering Mechanics .......... ..Engineering Research, Department of ,. 13English:examination inrequirements forEntomology 105Examinations:Master’sPhD . .physical...Examining Committee 26, 32Executive Council .. 5Experimental Statistics ..Fees .35-37Fellowship 38Fields of InstrUCI n .. 40Food Science 1 19Foreign LanguageForestryGenetics .. 128Geological EngineeringGrades ...........................Graduate Assistantships .....Graduate Credit:for correspondence courses 23for extension courses .. ..for faculty membersfor seniors

Graduate Degrees 20-35Graduate Faculty:conditions of membership in ....209members of(See list under each department)Graduate Record Examinations ............Graduate School, organization of AHistoryHorticultural ScienceIndustrial Arts ............Industrial EducationIndustrial Engineering .In- State Students, definitiInstitute of Biological SciencesInst‘tute of StatisticsLanguage Requirements:for Master of Science ........................ 24for Master's Degree in a ProfessionalField ..for Doctor of Philosophy .LibraryMap, CampusMaster’s Degree, Summary of procedures 27Master of Agr'culture 2Master of Science Degreeclass workcourses of studycreditsexaminat'onsgradeslanguage reQUIrementssummary of proceduresresidencetheSIS
Fieldlanguage requirementsother requirementsthesis requ'rementsMathematics ...................Mechanical EngineeringMetallurgical EngineeringMineral IndustriesModern LanguagesNational Teachers ExaNorth Carolina AgriculturalExperiment Station 13North Carolina State, history ofNuclear EngineerngNuclear Reactor Proiect ..Oak Ridge Institute of Nuclear Studies 16Occupational Information andGu‘danceOut-of-State Students, d . 37Philosophy ..169Physical Exam nations .. I9Phy5ics ..................... ..169Pant PathologyPolitical SciencePoultry ScienceProcedures:for Master’s degree ............................ 27for Doctor of Philosophy degree .. 34Psychology .. 89Reg stration .. 19Religion ..169ReSIdence Facilit esRura SOCIologySoaoloqy ........Sail Science ................Statistics, ExperimentalStatistics, Institute of . 15Text’les ..I9OThesis 25Tumon on



IDENCLCHANCELLOQ‘SRES

\@



. WILLIAMS52 AGRONONY GREENHOUSES53V LABORATORY BUILDINGOWEN55. TURLINGTON56. TUCKER57. CAFETERIA60. KILGORE6|. NELSON62 MANGUM63‘ PRINT SHOP64, BRAGAW65 BRANDON P HODGES66. ROBERTSON67. AGRICULTURAL ENGINEERINGso RIDDICK se, ANIMAL DIAG. LABORATORY3I. DANIELS as. 0‘ R c32 MANN 1O wuuc-Tva: SIIEETLSDING 7|. MARRIED STUDENT HOUSING, n’ H smcunlcxs 77. FRATERN y ou35 PATTERSON37. BURLINGTON NUCLEAR LABSan WILLIAM NEAL REYMLDS COLISEUIIMSWL HOLLNMY 39. CARMCHAEL GYa ALUMNI 4|. ALEXANDERAPRIMROSE 4a STUDENT SUPPLY STORE«PULLEN 41. BUREAU of MINES5 PEELE 44, BROUGHTONa. wATAusA 45. POLK1 BROOKS as. HARRELSONaFOuRTH 47 o. H. RILL LIBRARY9. GOLD “mo-ML COLLEa: wonIO WELCHll BAGWELLIzBERRvI3 BECTONH CLARKIfiFRANK THOMPSON GYMNASIUI‘Is squrz'FIELD HOUSEINgfafm NORTH CAROLINA STATE21 DORMITORY 62ZZTOMPKINSEWINSTON24 CERAMICSZAMEzapm SHOPS2'1 NORRIS2n LAUNDRY3 POWER PLANT




