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IN F O R M A T IO N

UNDERGRADUATES
A ll prospective engineering students should write for a copy of 
the A n n o u n c e m e n t  o f  G e n e ra l I n fo r m a t io n , which describes the 
University community in greater detail. E n g in e e r in g  a t C o rn e ll ,  
an illustrated Announcement prepared especially for precollege 
students, should also be obtained, for it describes the many career 
opportunities in engineering today, and additionally the Cornell 
campus environment. Both of these Announcements may be 
obtained by writing Cornell University Announcements, Day 
H all, Ithaca, New York 14850.

GRADUATES
T he A n n o u n c e m e n t  o f  th e  G r a d u a te  S c h o o l:  P h y s ic a l Sc ien ces  
should be consulted for additional information regarding admis
sion, financial assistance, and degree requirements. It may be 
obtained by writing Cornell University Announcements, Day 
Hall, Ithaca, New York 14850.
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Cornell Academic Calendar
1968-69*

O rien tation , new students:
Convocation, 2:00 p . m . T h .S ep t. 12

R egistration, new students F , Sept. 13
R egistration, old students S, Sept. 14
Fall term  instruction begins, 7:30 a . m . M , Sept. 16
M idterm  grade reports due S, O ct. 26
Thanksgiving recess:
Instruction  suspended, 1:10 p . m . W , Nov. 27
Instruction resum ed, 7:30 a . m . M , Dec. 2
Fall term  instruction ends, 1:10 p . m . S, D ec. 21
C hristm as recess:
Independent study period begins M ,J a n .  6
Final exam inations begin M ,J a n .  13
Final exam inations end T , J  an. 21
Intersession begins W , J a n . 22
R egistration, old students F , J a n .  31
R egistration, new students S, Feb. 1
Spring term  instruction begins, 7:30 a . m . M , Feb. 3 
Deadline: changed or m ake-up grades M , Feb. 10
M idterm  grade reports due S, M ar. 15
Spring recess:
Instruction suspended, 1:10 p .m . S, M ar. 29
Instruction resum ed, 7:30 a . m . M , Apr. 7
Spring term  instruction ends, 1:10 p . m . S, M ay 17
Independent study period begins M , M ay 19
Final exam inations begin M , M ay 26
Final exam inations end T , J u n e  3
C om m encem ent D ay M ,J u n e  9
Deadline: changed or m ake-up grades M , J u n e  16

* The dates shown in the Academic Calendar are subject to 
change at any time by official action o£ Cornell University.

The courses and curricula described in this Announce
ment, and the teaching personnel listed therein, are 
subject to change at any time by official action of Cornell 
University.
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Cornell University

E N G IN E E R IN G  A T  C O R N E L L

In  m odern  engineering , the one constan t factor is change: change so 
swift th a t the eng ineering  stu d en t m ust be offered a dynam ically  flexible 
education  w hich m atches his cu rricu lum  w ith  the con tinua lly  changing 
needs of the eng ineering  profession. In  its long, d is tinguished history, 
the College of E ngineering  a t C ornell has consistently offered such an 
education .

E ngineering  courses have been tau g h t a t C ornell since the U niversity  
was founded  m ore th an  one h u n d red  years ago. A t th a t tim e, C ornell 
was regarded  as a radical experim en t in  h igher education , teach ing  as it 
d id  subjects like eng ineering  and  agricu ltu re  as w ell as the trad itio n a l 
hum anities. T h e  U niversity’s founder and  first benefactor, Ezra C ornell, 
was convinced, however, th a t the classics an d  the m ore practical 
“m echanic a rts” w ould thrive together and  th a t the n a tio n  needed 
citizens educated  in both . M r. C ornell him self had  considerable experi
ence in  eng ineering  work. For Sam uel F. B. Morse, he had  la id  the first 
te leg raph  line betw een B altim ore and  W ashing ton , and  la te r he 
becam e a m ajo r stockholder in  the W estern  U nion  T e leg rap h  C om pany. 
T h e  m otto  M r. C ornell gave to  his university— “ I w ould  found  an 
in s titu tio n  w here any person can find instruction  in  any study”— was 
the first clear sta tem en t of w hat we now  know  to be the true  university  
concept in  h igher education .

In  add ition  to the College of E ngineering, C ornell U niversity  has six 
o th er divisions to w hich secondary-school graduates are adm itted : A gri
cultu re , A rchitecture, A rts an d  Sciences, H om e Economics, H o te l 
A dm inistra tion , and  In d u s tria l and  L abor R elations. Also, the U n i
versity has professional o r g raduate  divisions in  law, ve terinary  m edi
cine, business and  public  adm in is tra tion , n u tr itio n , nursing , and  
m edicine. All b u t the last two divisions (which are in  N ew  York City) 
are in  Ithaca, New York, on a cam pus th a t is generally  regarded  as one 
of the m ost beau tifu l in  the U n ited  States.

E ng ineering  students a t C ornell, w hether g radua te  o r underg raduate , 
are no t only a p a rt of a  d is tinguished eng ineering  college b u t are  also
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p art of the larger U niversity; they may, o f course, draw  u p o n  the b road  
curricu la  of o th er divisions o f C ornell.

T h e  U niversity  has no requ irem en ts w hich force studen ts in to  the 
same educational m old, an d  C ornell eng ineering  studen ts are  diverse. 
Each is encouraged in  his ind iv idua l educational interests, an d  this 
enables the College to p rovide society w ith  engineers whose ind iv idua l 
capab ilities are  as b road  and  con tinuous as those of the engineering  
profession itself.

C ornell has p roduced  m any eng ineering  firsts: it developed the first 
underg radua te  electrical eng ineering  program  in  the n a tio n  and  
p ioneered  in  the early developm ent of cu rricu la  in  ind u s tria l eng ineer
ing, m echanical engineering , an d  eng ineering  physics. In  add ition , 
C ornell was the first to aw ard g radua te  degrees in  engineering , g ran tin g  
the degree of Civil E ng ineer in  1870 and , in  1872, the first doctorate  
in  civil engineering . T h e  la tte r  was the first Ph.D . aw arded a t C ornell 
in  any g raduate  study. In  1885, the first Ph.D . in  electrical eng ineering  
was gran ted , and  in 1886, one of the first m ajo r n a tio n a l scientific 
fratern ities, Sigma X i, was founded  here.

T oday  approx im ate ly  2,000 u n d erg rad u a te  engineers are en ro lled  in 
the various schools and  departm en ts o f the College o f E ngineering . 
In  add ition , ab o u t 700 full-tim e studen ts are w orking on  advanced 
degrees in  areas covering every po rtio n  of the eng ineering  profession. 
T w o h u n d red  eng ineering  faculty m em bers, com plem ented  by the 
faculties in  th e  U niversity’s various m athem atics an d  science d e p a rt
m ents, give strong su p p o rt to all eng ineering  students.

T h e  rap id  acceleration of the grow th of m odern  science an d  tech
nology poses a com plex and  exciting  challenge for eng ineering  educa
tion. Every division of the College is com m itted  to offering the best 
possible u n d erg rad u a te  program s and  to advancing g raduate  education  
and  research; in  this way, C ornell engineers are prov ided  w ith  the 
fo u nda tion  essential for active an d  rew ard ing  professional careers.

ORGANIZATION OF T H E COLLEGE

T h e  College of E ng ineering  offers degree program s a t each of the fol
low ing levels: B achelor of Science, M aster of E ngineering , M aster of 
Science, an d  D octor of Philosophy.

T o  carry o u t the aim s of each of these degree program s, the faculty 
o f the College of E ng ineering  is organized in to  schools, departm ents, 
and  g radua te  fields of instruction .

G enerally , a school has the responsib ility  for defin ition  and  sub
sequent supervision of the u n d erg rad u a te  cu rricu lum  in its a rea of 
professional study. In  add ition , the faculty of a school is responsible for 
the professional m aster’s degree program , the M aster of Engineering .

For m aster of science and  doctoral program s the U niversity  faculty is 
organized in to  “Fields of In s tru c tio n .” (See page 8 fo r those "F ields” 
associated w ith  the faculty of the College of E ngineering.)

T h e  d epartm en ts w ith in  the College are responsib le fo r advancing 
bo th  in s truc tiona l an d  research activities in  th e ir  subject m atter. For
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exam ple, m uch of the M echanical E ng ineering  u n d erg rad u a te  program  
consists of courses offered by the D ep artm en t of M achine D esign and  
M aterials Processing and  the D ep artm en t of T h erm a l E ngineering.

U ndergraduate C urricu la
A n u n d erg rad u a te  studen t may develop a program  of studies in  any of 
the areas o r fields listed below. W ith  the excep tion  of the Field of A gri
cu ltu ra l E ngineering , all freshm en and  sophom ore eng ineering  students 
are en ro lled  in the D ivision of Basic Studies (see page 26) and  m ust com 
plete  the requ irem ents of th a t division before gain ing  form al adm ission 
to any o ther school o r d ep a rtm en t in  the College.

BACHELOR OF SCIENCE DEGREE1

A gricu ltura l E ngineering: a p rogram  adm in istered  jo in tly  by the C ol
leges of E ngineering  an d  A griculture . S tudents are en ro lled  in  the Col
lege of A gricu ltu re  for the first th ree years, and  d u rin g  the fo u rth  year 
in  the College of E ngineering  (see page 34).
Chemical E ng ineering  (see page 41).
C ivil E ngineering  (see page 47).
Electrical E ngineering  (see page 57).
E ngineering  Physics (see page 63).
Industria l E ngineering  and O perations Research  (see page 70). 
M aterials Science and  E ngineering  (see page 75).
M echanical E ngineering  (see page 81).
College Program: adm inistered  by the College P rogram  com m ittee of 
the College of E ngineering . A flexible cu rricu lum  developed to encou r
age un iq u e  and  well-defined objectives in engineering, no t served by one 
of the aforem entioned  areas (see page 53).

G raduate C urricula
T h e  College of E ng ineering  offers two d is tinc t M asters’ degree program s. 
O ne leads to a professional M aster’s degree, for exam ple, M aster of 
E ng ineering  (M echanical), and  the o th e r to a general degree (M aster 
of Science).

G raduates in ten d in g  to p repare  for professional eng ineering  careers 
in  one of the several eng ineering  fields generally  seek the professional 
degree. C o rn e ll’s u n d erg rad u a te  field program s, coup led  w ith  a p ro 
fessional M aster’s degree, offer an  in teg ra ted  cu rricu lum  of th ree years, 
follow ing com pletion  of the two-year Basic Studies program , to  those 
w ho seek professional com petence.

T h e  M aster of Science program s are o rien ted  to studen ts seeking 
academ ic o r research careers. B oth the M aster of Science and  the D octor

1 All Bachelor of Science degrees described are granted by the College of 
Engineering.
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of Philosophy degrees are u n d e r  the ju risd ic tion  of the U niversity ’s 
G raduate  School. T h e  professional M asters’ degrees are adm in istered  by 
the E ngineering  D ivision of the G raduate  School unless no ted  otherw ise.

M ASTER OF EN G IN EER IN G  DEGREES

Aerospace E ngineering: adm inistered  by the G radua te  School of A ero
space E ngineering  (see page 32).
A gricu ltura l E ng ineering  (see page 38).
C hemical E ng ineering  (see page 44).
C ivil E ngineering  (see page 50).
Electrical E ngineering  (see page 62).
E ngineering  Physics (see page 68).
Industria l E ngineering  and  O perations Research  (see page 74).
M aterials Science and E ngineering  (see page 80).
M echanical E ngineering  (see page 86).
N uclear E ngineering  (see page 89).

M ASTER OF SCIENCE AND D O C TO R  OF PHILOSOPHY  
DEGREES

F or those general degrees, adm in istered  by the G radua te  School of the 
U niversity, the faculty is organized in to  “Fields of In s tru c tio n .” M ost of 
these Fields coincide w ith  the respective eng inee ring  schools o r d e p a rt
m ents. H ow ever, in  some instances, the faculty is draw n from  m ore th an  
one college a t C ornell, and  are so ind ica ted  in  the Fields listed below.

F or each Field there is given below an  approved  list of titles from  
w hich candida tes for advanced general degrees choose m ajo r an d  m in o r 
subjects. A prospective cand ida te  is inv ited  to w rite the G rad u a te  Field 
R epresen tative of the F ield  in question  fo r de ta iled  in fo rm atio n  on  
m ajo r and  m in o r area offerings.

A ER O SPA C E E N G IN E E R IN G
A erospace E ngineering , Aerodynam ics.

A G R IC U L T U R A L  E N G IN E E R IN G  (w ith A griculture)
A gricu ltu ra l E ngineering , A gricu ltu ra l S tructures. E lectric Pow er and  
Processing, Pow er and  M achinery, Soil an d  W ate r E ngineering.

A PPLIED  PHYSICS (with A rts and  Sciences)
A pplied  Physics.

C H E M IC A L  E N G IN E E R IN G
B iochem ical E ngineering , C hem ical E ng ineering  (G eneral), Chem ical 
Processes and  Process C ontrol, M ateria ls E ngineering , N uclear Process 
E ngineering.

C IV IL  E N G IN E E R IN G
A erial P ho tograph ic  Studies, C onstruction  M anagem ent, E nv ironm en ta l 
Systems E ngineering, G eodetic and  P ho togram m etric  E ngineering , Geo- 
technical E ngineering , H ydraulics an d  H ydrology, Sanitary  E ngineering , 
S tructu ra l E ngineering , T ran sp o rta tio n  E ngineering , W a te r R esource 
Systems.



ENGINEERING CAMPUS 9

C O M P U T E R  SCIEN CE (w ith A rts an d  Sciences)
C om puter Science, In fo rm atio n  Processing, N um erical Analysis, T h eo ry  
of C om puta tion .

E L E C T R IC A L  E N G IN E E R IN G
Electrical E ngineering , E lectrical Systems, Electrophysics. 

O P E R A T IO N S  R ESE A R C H
A pplied  Statistics and  P robability , E ngineering  A dm in istra tion , In d u s
tr ia l E ngineering , In fo rm atio n  Processing, O pera tions Research, Systems 
Analysis and  Design.

M A T E R IA L S SC IEN C E A ND  E N G IN E E R IN G  
M aterials and  M etallurgical E ngineering, M aterials Science.

M E C H A N IC A L  E N G IN E E R IN G
M achine Design, M ateria ls Processing, T h erm a l Power, T h erm a l Proc
esses.

N U C L E A R  SCIEN CE A ND  E N G IN E E R IN G  (w ith A rts and  Sciences) 
N uclear E ngineering , N uclear Science.

T H E O R E T IC A L  A ND  A PPLIED  M EC H A N IC S 
F lu id  M echanics, M echanics of M aterials, Solid M echanics.

W A T E R  R ESO U R C ES (with A griculture , A rts an d  Sciences)
W ate r Resources.

TH E ENGINEERING CAMPUS 

Buildings and Laboratories
T h e  G radua te  School of A erospace E ng ineering  is in  G rum m an H all, 
connected to the southeast w ing of U pson H all. M any of the research 
laboratories for plasm a studies are found  in G rum m an  and  U pson 
H alls, and  in P hillips H a ll, the p rinc ipa l facility of the School of 
E lectrical Engineering.

C o rn e ll’s N uclear R eactor Laboratory  housing  bo th  a T R IG A  and  a 
“zero pow er” reactor, a gam m a irrad ia tio n  cell and  a low energy ion 
accelerator, is also located on the  E ngineering  Q uadrangle .

M ore deta iled  descrip tions of facilities for each of the in structional 
areas in the College may be found  w ith in  the section “Areas of Instruc
tio n .” (See pp. 26-96.)

T e n  m odern  bu ild ings b ring  eng ineering  teach ing  an d  research to 
ge ther in  fourteen  acres of floor space. Several of these bu ild ings have 
been gifts from  distinguished C ornell a lum ni. A ll facilities used by 
un its  of the College of E ng ineering  have been b u ilt w ith in  the past 
twenty-five years, m ost w ith in  the last decade.
Oliti H a ll houses the School of Chem ical E ngineering , and  recently  
constructed  Clark H all, the School of E ng ineering  Physics, as well as 
m any research laboratories of the D epartm en t o f A pp lied  Physics. T h e
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Offices o f die Basic Studies D ivision (the freshm an an d  sophom ore cur
ricu la  in  engineering) are located in  H ollister H a ll, the facility of the 
School of Civil Engineering.

Instruction , research, an d  the testing of m ateria ls an d  s truc tu ra l ele
m ents are conducted  in  three attached  buildings, T h u rs to n , K im ba ll and  
B ard H alls. B ard H a ll contains m ost of the laboratories an d  classrooms 
of the D ep artm en t of M ateria ls Science an d  E ngineering . T h e re  is a 
large struc tu ra l test bay in  T h u rs to n  H a ll whose facilities are used 
by the D ep artm en t of T heo re tica l an d  A pp lied  M echanics, an d  the 
S tructu ra l E ng ineering  D ep artm en t of the School of Civil E ngineering .

Upson H a ll  is the hom e of the Sibley School of M echanical E ng ineer
ing  and  its D ep artm en t of M achine D esign and  M ateria ls Processing 
an d  D ep artm en t of T h e rm a l E ngineering . Also housed in  U pson H all 
is the School of In d u stria l E ng ineering  an d  O pera tions R esearch, and  
the U niversity’s D ep artm en t of C om pu ter Science. A rem ote term inal 
in  the basem ent of U pson H a ll is connected  to  the U niversity ’s IBM  
360 M odel 65 com puter, located  some three m iles from  the cen tral 
campus. C o m pu ter w ork m ay be done d irectly  a t this U pson  H all 
term inal.

L ibrary Resources
T h e  eng ineering  library, in  C arp en te r H all, houses a collection of some 
90,000 books an d  periodicals. A m ong the specialized ho ld ings of the 
E ng ineering  L ib rary  are a fu ll depository  collection of the U.S. A tom ic 
Energy Com m ission and  sim ilar reports from  ab o u t tw enty foreign 
countries. T h e  K uichling  L ibrary  of Sanitary  E ng ineering  includes 
reports of federal, state, and  city hea lth  agencies an d  collected papers 
on  w ater supply  works in  various cities. F o r p a te n t research, the lib rary  
m ain ta ins a file of the B ritish  pa ten ts and  a set of the Official P a ten t 
Gazette of the U.S. P a ten t Office (p a ten t abstracts). T h e  lib rary  resources 
of the U niversity  to ta l m ore than  3,000,000 volumes.

A special feature  of the lib rary  in  C arp en te r H a ll is the Brow sing 
Room. Furn ished  as a club, this paneled  room  houses ab o u t 1,500 
selected books in  the fields o f the hum an ities and  the social studies. I t  is 
designed to p rovide for students and  faculty  an  in v iting  collection of 
cu ltu ra l reading.

A llied and  su p po rting  lite ra tu re  in  the basic sciences is to be found  
in  the new  physical sciences lib rary  in  C lark  H all and  in  the m athe
m atics library.

U N D E R G R A D U A T E  D E G R E E  PR O G R A M
T h e  u n d erg rad u a te  degree of the College of E ngineering  is th e  B achelor 
o f Science, aw arded up o n  the com pletion  of fou r years of study. T h e  
studen t reaches this degree by spend ing  his first two years in  the D ivi
sion of Basic Studies p rep a rin g  for his en try  in to  one o f seven Field  
Programs o r the College Program , w here he w ill spend  two years com 
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p le ting  the requ irem en ts for his u n d erg rad u a te  degree. H e th en  will 
go on to  g raduate  study o r  w ill seek em ploym ent.

S tudents in ten d in g  to engage in  the practice of professional eng ineer
ing will be encouraged to apply  fo r adm ission to the M aster of E ng ineer
ing  degree program  w hich requires one ex tra  year of study an d  is 
in teg ra ted  w ith the ju n io r  and  senior years.

T h e  purposes of the u n d erg rad u a te  program  in eng ineering  at 
C ornell are to provide an educational basis w hich will suppo rt the 
increasing range of activity un d ertak en  by engineers in  all form s of 
hum an  endeavor, and  to  accom m odate the rap id  change tak ing  place 
in  all the established fields of engineering.

C orne ll’s program s reflect the nationw ide trend  tow ard g radua te  and  
advanced study in engineering . T hey  provide flexibility for respond ing  
to  the enorm ous and  changing  dem ands on  eng ineering  education  and  
eng ineering  practice. A t the same tim e C ornell re ta in s  one of the 
features for w hich it has long been recognized— strong program s lead
ing to  practice in the m ajo r fields of professional engineering.

COMMON STUDIES CORE

O ne of the goals of the cu rricu la  is to  foster the developm ent of a sound 
education  w hich can be d irected  tow ard  a w ide choice of careers in  
eng ineering  and  app lied  science. Studies d u rin g  the ju n io r  an d  senior 
years, as well as subsequent g raduate  w ork in  the College, com plem ent 
the course w ork included  in  the core. T w o-th irds of the cred it hours in  
the C ollege’s u n d erg rad u a te  program s are inc luded  in  this core, w ith  
the rem ainder devoted  to the developm ent of a specific educational goal 
in  e ith e r one of several F ield  Programs o r the College Program. (T he 
Field Programs are described on  pages 41-88, and  the College Program  
is described on  page 53).

All freshm en und ertak e  a com m on p rogram  of studies, except for 
those who ob ta in  advanced p lacem ent. M athem atics, physics, chem istry, 
an d  a libera l studies elective are inc luded  in  the freshm an year. In  
add ition , one in troducto ry  eng ineering  course taugh t by m em bers o f the 
eng ineering  faculty is offered each term . O ne of these in troduces fu n d a
m entals of eng ineering  graphics and  the ro le th a t the design function  
plays in  m odern  engineering. T h e  o th e r course stresses the functions of 
m odern  engineering, the n a tu re  of eng ineering  and  the in te rre la tio n 
ships of several professional fields. Freshm en learn  C U PL , the C ornell 
com puting  language, w hile en ro lled  in  this la t te r  course, an d  m ake 
subsequent use of it in  the ir m athem atics, science, and  eng ineering  
courses.

D uring  the sophom ore year the core includes fu r th e r w ork in  m athe
m atics an d  physics and  a liberal studies course in each term  fo r all 
students. T o  ro u n d  o u t the sophom ore year, two eng ineering  science 
courses are chosen by a studen t each term . I t  is in ten d ed  th a t these 
serve as the m echanism  link ing  his w ork in m athem atics and  sciences 
w ith studies in the upperclass eng ineering  program .
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A fter com pleting  the sophom ore year, a C ornell eng inee ring  stu d en t 
may en ro ll in  one of the several Field Programs o r the College Program. 
In  e ither op tion , he continues w ork in  the core by inc lud ing  two add i
tional eng ineering  science sequences, twelve cred it hours of libera l 
electives and  six cred it hours of unspecified electives d u rin g  his ju n io r  
an d  senior years.

A t p resent, F ield  Programs are offered in  chem ical, civil, electrical, 
a n d  m echanical engineering , in dustria l eng ineering  an d  opera tions 
research, eng ineering  physics, an d  m ateria ls science an d  engineering . 
T o  p repare  for en try  in to  one o f these fields, the s tu d en t should  select 
the ap p ro p ria te  eng ineering  science courses d u rin g  the sophom ore year 
(see the Basic Studies curricu lum , page 27). A pprox im ate ly  30 percen t 
of the four-year p rogram  is devoted to  professional studies of a chosen 
field.

A t the com pletion  of the four-year F ield  Program, a g radua te  m ay 
apply  fo r adm ission to th e  C ollege’s professional M aster’s degree p ro 
gram , ea rn in g  th a t degree in  one ad d itio n a l year. T h e  professional 
M aster’s degree program  represen ts the level a t w hich graduates w ill be 
p rep a red  to seek professional eng ineering  em ploym ent. T h e  degree 
includes advanced w ork in  a field begun form ally d u rin g  th e  ju n io r  year 
and  represen ts a  three-year program  of in teg ra ted  studies p articu la rly  
suited  to the requ irem en ts of m odern  industry .

Ind iv iduals seeking careers in  research in  app lied  science o r in a 
specialized eng ineering  area, such as therm al eng ineering  w ith in  
m echanical engineering , can apply  for the M aster o f Science o r the 
D octor o f Philosophy p rogram  a t the end  of the four-year B achelor’s 
program . Some students may w an t to un d ertak e  g radua te  o r professional 
study in  o th e r fields such as law, business, pub lic  adm in is tra tion , o r 
m edical research. I t  w ill be th e ir  decision as to  w hich level of p rep a ra 
tion  they seek in  engineering— the B achelor o f Science o r  professional 
M aster’s— before em bark ing  on o th e r studies. T h e  B achelor o f Science 
degree in  a Field Program  o r  a College Program  m ay be the term inal 
p o in t in  the form al education  of some students; how ever, it is expected 
th a t m ost w ill seek to con tinue  studies beyond th is level.

T H E  ENGINEERING COOPERATIVE PROGRAM

T h e  basic prem ise of m ost cooperative education  p lans is th a t lea rn ing  
canno t take place on the cam pus alone. C ornell U niversity  has such a 
p lan  in  w hich m any eng ineering  students spend  a lte rn a tin g  periods 
in  college an d  industry  after th e ir sophom ore year. U n like  m ost coop
erative education  program s, how ever, there  is no  delay in  a p a rtic ip a n t’s 
g radua tion  date.

C om panies partic ip a tin g  in the E ng ineering  C ooperative P rogram  
include the follow ing: A m erican E lectric Pow er Service C orpo ra tion ; 
A naconda W ire an d  C able C om pany; C am pbell Soup C om pany; 
C ornell A eronautical L aboratory; Eastm an K odak C om pany; Em erson 
E lectric C om pany; F arrel C orpora tion ; G enera l E lectric C om pany; 
G enera l R ad io  C om pany; G leason W orks; H ew lett-Packard  (Sanborn



SUMMARY OF DEGREE REQUIREMENTS  
FOR B.S., M.ENG., M.S., AND Ph.D.

Freshman
Year

Sophomore
Year

Junior
and
Senior
Years

BACHELOR OF SCIENCE DEGREE

D O C TO R  OF PHILOSOPHY

* Consult the Announcement of the Graduate School: Physical Sciences for 
detailed requirements for the M.S. and Ph.D. degree programs.
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JU N IO R  YEAR

S E N IO R  YEAR

D ivision); In te rn a tio n a l Business M achines C o rpo ra tion ; M oore P ro d 
ucts Co.; T h e  N atio n a l Cash R egister C om pany; R ay theon  C om pany; 
Sanders Associates, Inc.; U n ited  A ir L ines; an d  X erox C orpora tion .

By u tiliz ing  the th ree sum m ers th a t follow  com pletion  o f th e  sopho
m ore year, three w ork periods, to ta ling  nearly  a ca lendar year, are 
provided. O n the follow ing schedule they are designated  I, II , and  III 
(Fall, Sum m er, Sum m er) respectively.

S u m m e r .........................F ifth  T e rm  Courses
( F a l l .................................. Industry  I
( S p r in g ............................. S ix th  T e rm  Courses
S u m m e r ...........................Industry  II

?F a l l ..................................Seventh T e rm  Courses
S p r in g ............................. E igh th  T e rm  Courses

(B achelor of Science Degree)
S u m m e r ...........................Industry  I I I

G raduate  study lead ing  to  the M aster of E ng ineering  degree, for 
exam ple, can begin in the fall term  follow ing a stu d en t p a rt ic ip a n t’s 
th ird  industry  period.

W ork assignm ents are chosen fo r th e ir  app rop ria teness to the stu 
d e n t’s in terests an d  tra in ing . A lthough  he earns a substan tia l salary 
w hile on  assignm ent, m ore im p o rtan t is the in dustria l experience th a t 
com plem ents classroom know ledge and  facilitates the tran sitio n  from  
college to industry . Because the P rogram  em phasizes the developm ent 
o f the ind iv idual and  his abilities, the stu d en t works fo r only  one com 
pany d u rin g  the three industry  periods. H ow ever, n e ith e r the stu d en t 
n o r the com pany is ob ligated  in  any way a fte r com pletion  of the 
P rogram . H av ing  p artic ip a ted  in  the P rogram , the g rad u a te  can expect 
his in itia l level of responsib ility  and  salary to be g rea te r th an  he 
m ight otherw ise receive.

A dmission to the P rogram  is open to any fourth-term  stu d en t who 
has chosen electrical engineering , eng ineering  physics, ind u s tria l eng i
neering  an d  opera tions research, o r  m echanical eng inee ring  as his 
field, and  w ho m eets the follow ing requ irem en ts: (1) a sound  scholastic 
perform ance inc lud ing  a ran k  in  the u p p e r  ha lf o f the class a t the 
tim e of adm ission to the Program , an d  (2) an  in v ita tion  from  one of 
the partic ip a tin g  com panies based on  an ind iv idual interview .

F u rth e r  in fo rm ation  ab o u t the P rogram  m ay be ob ta in ed  from  the 
E ng ineering  C ooperative P rogram  Office, 109-110 P hillips H all.

C O N T IN U IN G  E D U C A T IO N  A C T IV IT IE S

T h e  Office of C o n tin u in g  E ducation  provides special program s for 
engineers and  scientists in  industry , research institu tes, p riva te  p rac
tice, governm ent agencies, and  colleges an d  universities. T h e  grow ing 
flood of technical in fo rm ation  m akes it  im possible fo r the average en 
g ineer to  keep his know ledge cu rren t except perhaps in  a narrow  
specialty. M any engineers rise to  positions in  technical m anagem ent in
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w hich they m ust d irect the activities of a variety  o f specialists. F o r such 
w ork they m ust be conversant w ith  the concepts and  vocabulary of m any 
d ifferen t disciplines. Because of the constan t changes in  u n derg radua te  
an d  g raduate  curricula, the m anager w ho is ten  years ou t o f school o ften  
finds it  difficult to com m unicate effectively w ith  newly g radua ted  engi
neers even w ith in  his own specialty. Unless given opp o rtu n itie s  to 
up d a te  his know ledge, the eng ineer w ill soon find his professional 
ab ilities “obsolete” .

C ornell program s to com bat technological obsolescence include in- 
p la n t courses for firms in  the Ithaca  area, short courses in  various 
technical subjects; long-term  program s fo r specific industries; and  a 
p rogram  of technical service to industry  in  the S outhern  T ie r  of New 
York State. N o academ ic credit is given for most of the program s.

A four-week course en titled  "M odern  E ng ineering  C oncepts for 
T echn ica l M anagers” is offered annually . I t  consists of a series of sixty- 
four lecture-sem inars w hich include topics in m aterials science, m athe
matics, opera tions research, electronics and  solid-state devices, com m uni
cation  theory, b ioengineering, nuclea r science, and  o th er areas. T h e  
course emphasizes b read th , no t dep th , and  provides a struc tu re  for 
technological achievem ent and  a resource from  w hich to draw  ideas and  
direction  for effective technical m anagem ent. A sim ilar course is p lan n ed  
as a general offering in the 1969 sum m er program .

Courses in  m aterials science and  eng ineering  statistics, some carry ing 
academ ic credit, have been given to in d u stria l personnel by m eans of 
long-distance te lephone com m unications via an electronic "B lackboard- 
by-W ire” system. T h e  professor lectures a t C ornell; his voice an d  w rit
ing are carried  by te lephone to classrooms a t the in dustria l p lants.

In tensive short courses, one to  two weeks long, are offered in  various 
technical subjects each sum m er. T w enty-one courses w ere offered in  
1968; the subjects inc luded  program m ing  languages, optim ization , statis
tics, opera tions research, struc tu ra l m echanics, energy conversion, micros
copy, chem ical reacto r design, m echanical analysis, an d  o th e r topics. 
P artic ipan ts in  these courses are d raw n  from  m any differen t states and  
foreign countries.

A long-term  program  in construction  eng ineering  and  adm in istra tion , 
funded  in p a rt by the U n ited  States D epartm en t of Comm erce, provides 
th ree an n u a l two-week sessions held  on the C ornell cam pus d u rin g  
successive Januarys. L ectures on  statistics, app lications of opera tions 
research, and  technical developm ents are coupled  w ith  sessions on corpo
ra te  finance, con tract law, labo r re la tions and  o th e r topics of concern 
to construction  engineers. Betw een cam pus sessions, p a rtic ipan ts  are 
encouraged to study, w ith faculty assistance, re levant technical m a
terial. A new g roup  of engineers en ters this program  each January .

T h e  New York State T echn ical Services P rogram , suppo rted  by the 
State and  Federal D epartm en ts of Com m erce, provides technical assist
ance to  the sm aller m anu fac tu ring  firms of the New York S tate 
Southern  T ie r. Activities u n d e r this program  include a technical 
referral service; asistance in  defin ing  technical problem s; d issem ination 
of technical in fo rm ation  an d  news; and  lectures, workshops, a n d  sem



16 ADMISSION

inars w hich vary from  one to fou r days in  leng th , on topics of in terest 
to  area industry .

F u rth e r in fo rm ation  ab o u t any of these program s may be o b ta ined  
from  the D irec to r of C o n tin u in g  E ducation , 251 C arp en te r H all.

A D M ISSIO N

D etailed  in fo rm ation  concern ing  the m ethods an d  procedures of u n d e r
g radua te  adm ission is given in  the A n n o u n cem en t o f G eneral In fo r 
m ation.

REQUIREMENTS FOR ADMISSION AS AN 
UNDERGRADUATE

Secondary School Credits

Sixteen un its  o f college p rep ara to ry  subjects are requ ired . T h e  follow ing 
fourteen  un its  m ust be included:

Subject U nits1
E n g l is h ................................................................................................................  4
H is to r y ................................................................................................................  2
O ne foreign la n g u a g e ...................................................................................  2
A lgebra (elem entary and  in te rm e d ia te ) .................................................. 2
P lane g e o m e try ................................................................................................. 1
T rigonom etry  .................................................................  IA
A dvanced algebra o r solid g e o m e try .......................................................  i/2
C hem istry .......................................................................................................... 1
Physics ................................................................................................................. 1

1 A unit is one year of study, made up of 120 hours of classroom work; that 
is, a minimum of 160 class periods if each is forty-five minutes long. The 
mathematics units listed above may be taken as separate courses or may be 
included in four units of comprehensive college preparatory mathematics.

College Board Tests
T h e  Scholastic A p titu d e  T est of the College E n trance  E xam ination  
B oard is requ ired  of all freshm an applican ts. In  add ition , A chievem ent 
T ests in  m athem atics (Level I o r Level II) and  in  chem istry or physics 
are requ ired  of all applicants, to be taken  no t later than January  of 
th e ir last year in secondary school. G enerally , it is recom m ended th a t 
the A chievem ent I'est in science be taken  in May of the ju n io r  year, 
in th a t science in  w hich the ap p lican t is enro lled . T h e  adm issions 
com m ittee will, how ever, consider any A chievem ent T est in  science 
w hich is taken in  D ecem ber o r Ja n u a ry  of the senior year for a course
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com pleted in  the ju n io r  year, o r earlier, o r fo r a course cu rren tly  in  
progress. T est results of students in  these circum stances are com pared 
w ith those of a sim ilar g roup  and  are n o t expected  to  be as h igh  as 
the test results taken  a t the tim e of com pletion  of a fu ll year’s work. 
A pplican ts should  no t defer this test requ irem ent u n til M arch or M ay 
of the senior year. R esults from  those testing dates w ill be received too 
late to be useful to the Selection C om m ittee.

O ther Factors
A pplican ts w ill be adm itted  to  the College of E ng ineering  who, in  all 
essential respects, have dem onstra ted  a h igh o rder of scholastic achieve
m en t an d  who, so fa r as can be determ ined , have a  w ell-considered 
desire to study engineering . T hey  m ust possess positive characteristics of 
w ork and  study and  the m aturity  necessary to m eet the dem ands of 
living successfully in  an active and  stim ula ting  university  env ironm ent. 
G ood grades o r h igh College B oard scores are in  them selves no guar
antees of success o r even of adm ission. H igh  m otivation  and  the desire 
to succeed are equally  im portan t.

Advanced Placem ent
T h ro u g h  cooperation  w ith  the advanced placem ent program  of the C ol
lege E n trance E xam ination  B oard and  dep a rtm en ta l tests given d u rin g  
the fall o rien ta tio n  period , norm ally one-fifth of the class is given 
advanced p lacem ent o r ac tua l college cred it for one or m ore courses of 
the freshm an year. T h is  makes possible m ore ind iv idual developm ent 
tow ard a b roader liberal p rogram  o r advanced technical study in  line 
w ith the s tu d e n t’s own inclination .

S uperior students, who have achieved advanced p lacem ent in  m athe
matics and  e ither chem istry o r physics upon  g radua tion  from  h igh 
school, may find it possible to en ro ll a t the sophom ore level if they 
a tte n d  the U niversity  sum m er session preced ing  Septem ber m atricu la tion  
a n d  take the o th e r science. S tudents w ith  superio r perform ance in  the 
freshm an year are encouraged to  en ro ll in honors sections a t the 
sophom ore level.

E ligibility  to seek advanced placem ent is no t restricted  to those who 
have had a high school course specifically labeled “A dvanced Place
m en t”. M any types of enriched  o r accelerated program s provide the 
substance fo r ea rn in g  advanced standing.

T ransfer and Special Students
Students desiring  to transfer to the College of E ngineering  from  ano ther 
C ornell division o r from  an o th e r university  o r college and  who have 
the equ ivalen t of two o r few er years of app licab le  college credit, are 
inv ited  to com m unicate w ith  the D irector of E ng ineering  Admissions, 
C arp en te r H all.
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In  exceptional cases, ind iv iduals who do n o t wish to  becom e cand i
dates for any o f the u n d erg rad u a te  degrees m ay be ad m itted  to  the 
College of E ng ineering  as special students. Prospective s tuden ts  w ho 
can n o t m eet the en trance  requ irem en ts o r w ho do n o t wish to spend 
the requ ired  tim e to com plete the course m ust have had  some eng ineer
in g  tra in ing , an d  m ust satisfy th e  prerequisites for the courses they wish 
to  take. O thers w ith  a baccalaureate degree w ishing to pu rsue  fu rth e r 
w ork a t  the u n d erg rad u a te  level may also be ad m itted  as special 
students. In  e ith e r instance, ind iv iduals should w rite to  the d irec to r of 
the professional school to  w hich they w an t to be adm itted  as special 
students.

A pp lica tions fo r adm ission an d  general U niversity  in fo rm atio n  may 
be ob ta in ed  by w riting  the Office of Admissions, E dm u n d  Ezra D ay H all.

REQUIREMENTS FOR ADMISSION TO  T H E  
GRADUATE DEGREE PROGRAMS

A g raduate  stu d en t ho ld ing  a baccalaureate  o r equ iva len t degree from  
a college o r un iversity  of recognized stand ing  may pursue  advanced w ork 
lead ing  to  a  g radua te  degree in  eng ineering . Such a s tu d en t may e n te r as 
a cand ida te  e ith e r for th e  genera l degrees (M aster of Science o r D octor 
of Philosophy) o r  for the professional eng inee ring  degrees— M aster of 
E ng ineering  (Aerospace, A gricu ltu ra l, C hem ical, C ivil, E lectrical, E n
g ineering  Physics, In d u stria l, M echanical, M aterials, o r  N uclear).

G eneral Degrees
T h e  M aster of Science an d  D octor of Philosophy degrees are  availab le  in 
all fields and  subdivisions of the College o f E ngineering . T h ey  are 
adm in istered  by the G radua te  School an d  req u ire  w ork in  b o th  m ajo r 
an d  m in o r fields of study, as well as the com pletion  of a satisfactory 
thesis, usually  involving ind iv idual and  o rig inal research. A prospective 
g raduate  stu d en t in terested  in  ob ta in in g  an M.S. o r Ph.D . degree should 
consult the A n n o u n cem en t o f the G raduate School: Physical Sciences 
for add itio n a l in fo rm ation  concerning these degrees an d  should  corre
spond  w ith  the professor supervising the p a rticu la r field of eng ineering  
rep resen ting  his m ajo r in terest. S tudents w ho do n o t com pletely m eet 
the en trance  requ irem en ts for these degrees may be adm itted  as p ro 
visional candidates o r w ith o u t candidacy, according to previous p rep a 
ra tio n , b u t they m ust in  all cases ho ld  a baccalaureate  o r equ iva len t 
degree.

Professional M asters’ Degrees
Professional degrees at the M aster's level are offered in  aerospace, agri
cu ltu ra l, chem ical, civil, an d  electrical engineering , ind u s tria l eng ineer
ing  and  opera tions research, m ateria ls science an d  engineering ,
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m echanical, an d  nuclear engineering , and  eng ineering  physics. 
All except the degree in  aerospace eng inee ring  are adm in istered  by the 
E ng ineering  D ivision of the G raduate  School. T h e  M aster of E ngi
neering  (Aerospace) degree is g ran ted  on  the recom m endation  of the 
faculty o f the G radua te  School of A erospace E ngineering ; prospective 
candidates for this degree should apply  d irectly  to the D irec to r o f the 
G raduate  School o f A erospace E ngineering .

T hese degrees are in ten d ed  prim arily  for persons who wish to 
enhance th e ir ab ility  in  the practice of engineering , an d  n o t for those 
w ho expect to  en te r eng ineering  teach ing  o r research. T h e  s tu d en t w ith 
a baccalaureate degree in  the area of eng ineering  o r  science deem ed 
ap p ro p ria te  to his proposed field of study may becom e a cand ida te  for 
a professional degree.

T h e  professional degrees req u ire  a m in im um  of th irty  cred it hours of 
graduate-level w ork in  the princip les and  practices of the specific field. 
T h ey  do no t req u ire  the  p resen ta tion  of a thesis based upon  research 
studies; how ever, they requ ire  from  th ree  to twelve cred it hours of 
ind iv idual w ork in  some aspect of eng inee ring  design, in c lud ing  subm is
sion of a form al repo rt. Each p rogram  also requires com pletion  o f a 
cu rricu lum  of re la ted  technical courses, d iffering  in  co n ten t am ong the 
several professional degrees. Each cu rricu lum  includes some prescribed 
a n d  some elective courses, w ith  considerable flexibility to p erm it ad ap ta 
tion  to the special needs of the ind iv idua l studen t.

F u rth e r in fo rm ation  an d  app lica tion  form s m ay be o b ta ined  by 
w riting  to G raduate  Professional Program s, College of E ngineering , 
221 C arp en te r H all.

EXPENSES A N D  F IN A N C IA L  A ID

EXPENSES

For in fo rm ation  on  tu itio n , fees an d  w hat they cover, m ethod  of pay
m ent, refunds, estim ates of to ta l expenses, and  o th e r m atters of general 
in terest, consult the A n n o u n cem en t of G eneral In fo rm a tion .

UNDERGRADUATE FINANCIAL AID

Scholarships, loans, and  em ploym ent are available in  substan tia l 
am ounts to aid  students in  m eeting  the cost o f th e ir education . O ver one 
q u a rte r  m illion  dollars w ill be aw arded to  incom ing  freshm en in  
scholarship grants. Loans and  jobs will increase th is to ta l to  ab o u t 
$450,000 in  financial a id  fo r the freshm an class in  the College of 
E ngineering. O ver tw o-thirds of all u n d erg rad u a te  eng ineering  students 
receive financial aid, and  the to ta l resources available for these stu
d en ts  equal abou t one an d  one-half m illion  dollars per year. Freshm en 
seeking financial a id  should com plete the financial a id  app lica tion  and
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file it, still a ttached  to the adm issions app lica tion , w ith  the U niversity  
Office of Admissions.

For upperclassm en w ho d id  no t receive a id  as incom ing  freshm en, 
there are extrem ely lim ited  sources of financial a id  available. A p p li
cations fo r these funds are o b ta ined  from  the U niversity  Office of 
Scholarships and  F inancia l Aid.

N o stu d en t should  re fra in  from  app ly ing  for adm ission  because of 
financial circum stances. Adm issions decisions are ren d ered  w ithou t 
regard  to financial a id  circum stances. A fter adm ission app lican ts  for 
financial a id  are considered fo r available financial a id  resources. T h e  
College follows a policy of fu ll-need aw ards; th a t is, no aw ard w ill 
be m ade unless a package of scholarship, loan , and  occasionally a job  
can be prov ided  to  equal calculated  need. T h e  to ta l financial a id  pack
age may range as h igh  as $3,600 p e r year.

T h e  follow ing list rep resen ts the m ajo r scholarship resources specifi
cally aw arded to  eng ineering  students. A dditionally , accepted  eng ineer
ing  candida tes are  considered fo r U niversity-w ide scholarship funds, 
inc lud ing  the C ornell N atio n a l Scholarship an d  the G enera l M otors 
Scholarship.

Each ap p lican t files only one app lica tion ; th e  E ng ineering  Scholarship 
C om m ittee a ttem pts to assign specifically designated  aw ards to  those 
students whose qualifications m ost nearly  m atch  the d o n o r’s wishes.

Total

Donor
Designated 

Engineering Field
Number 

of Awards
Amount 

per Award

Any 5 S750
Various Specified 3 $700

Fields
Mechanical or 1 $2000
Electrical Engineering

Any 6 U p to $2000

Any 1 U p to $2000
Electrical Engineering 1 $200

Any 3 $1250*

Any 10 $1300*

Any 3 $1200
Any 5 $500

Any 1 $1500

Any 1 Variable

Mechanical 1 $500
Engineering

Any 5 $900*

Mechanical 1 $450
Engineering

Any 2 $900*

Alcoa Foundation Scholarship 
Allegheny-Ludlum 

Achievement Award 
AMF Foundation Scholarship

Charles R. Armington 
Scholarship 

John  Henry Barr Scholarship 
Seymour L. Baum Memorial 

Fund 
Robert H. Blackall 

Scholarship 
Edward P. Burrell 

Scholarship Endowment 
Carrier Memorial Scholarship 
Chrysler Corporation 

Scholarship 
Redmond Stephen Colnon 

Scholarship Endowment 
The Cornell Engineer 

Scholarship 
Calvin H. and Della N.

Crouch Endowment 
A. Clinton Decker Memorial 

Scholarship 
W arren V. Delano 

Memorial Endowment 
O tto M. Eidlitz Scholarship 

Endowment

* Range variable. Figure given is the mean average.
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Donor
Designated 

Engineering Field

Total 
Num ber 

of Awards
Amount 

per Award

Joseph H. Evans Endowment 
C. Harold Fahy Scholarship 

Endowment 
Elbert Curtiss Fisher 

Scholarship 
Foundry Educational 

Foundation Scholarship 
Carl R. Gilbert Memorial 

Endowment 
Emmet Blakeney Gleason 

Scholarship Fund 
Paul G. Haviland Memorial 

Scholarship 
Howard Elmer Hyde Civil 

Engineering Scholarship 
M artin J . Insull 

Scholarship Endowment 
Albert Jado t Memorial 

Scholarship Endowment 
Lockheed National 

Scholarship 
Chester H. Loveland 

Engineering Scholarship 
Fund

The Charles McAllister ’87 
Endowment 

Harrison D. M cFaddin 
Scholarship Endowment 

John M cM ullen Scholarship 
Fund

Minnesota Mining and 
Manufacturing Company 
U ndergraduate Scholarship 

Monsanto Chemical 
Company Scholarship 

Robert C. Newcomb 
Scholarship Fund 

N iagara Machine and Tool 
Works Scholarship 

Owens-Illinois Scholarship 
Frank William Padgham 

Scholarship Endowment 
Annie F. and Oscar W. 

Rhodes Scholarship 
Endowment 

Huldah Jane  Rice 
Scholarship Endowment 

Rohm and Haas Scholarship 
Scott Paper Company 

Foundation Award 
Frederick B. Scott 

Scholarship Fund 
Sylvester Edick Shaw 

Scholarship Endowment 
Judson N. Smith 

Scholarship Endowment 
Standard Oil of California 

Scholarship

1 SI200

1 or more U p to $500 

1 S350

1 or more U p to $2200

Any 1 $250
Civil Engineering 1 $700

Any

M aterials Science and 
Engineering 

Any

Various Specified 
Fields

Any 1 $1000

Civil Engineering 1 $300

Any 2 $1100*

Foreign Students 1 $600

Any 4 $2700

Civil Engineering 1 U p to $1550

Any 1 $350

Any 4 $1000*

Any 300* $1700*

Any 1 $1200

Chemical Engineering 1 $1000

Any 3 $950*
Mechanical 1 $1000

Engineering 
Any 4 $2350
M echanical 1 $200

Engineering
Any 15 $1100’

Any 5 $1800*

Chemical Engineering 1 $1000
Any 2 $1000

Any 1 $1000

Any 1 $300

Civil Engineering 1 $300

M echanical 1 $1725
Engineering
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Donor
Designated 

Engineering Field

Total 
Number 

of Awards
Amount 

per Award
Stauffer Chemical Company Chemical Engineering 1 $1000

Scholarship
William Delmore Thompson Mechanical 1 $100

Scholarship Endowment Engineering
Universal Oil Products Various Specified 2 U p to $1000

Foundation Scholarship Fields
Leon C. Welch Scholarship 

Fund
Any 1 $800

John L. Wentz Scholarship Any 1 $400
Endowment

Western Electric Fund Any 2 $1000
Scholarship

Henry G. White Civil Engineering 1 $2000
Scholarship

Jessel Stuart Whyte Mechanical 2 $1500*
Scholarship Endowment Engineering

Wilson Endowment Mechanical and 1 $300
Electrical Engineering

Wyman-Gordon Company Materials Science and 1 $1000
Scholarship Engineering

T H E  JO H N  M cM U L L E N  SC H O L A R SH IP  FU N D  provides the largest 
single source of eng ineering  studen ts’ assistance. In  any given year over 
300 underg radua tes w ill have su p p o rt from  this fund , w ith  ex p en d i
tures from  the fu n d  in  th e ir behalf exceeding $500,000.

GRADUATE FINANCIAL AID

Financial aid  to g radua te  studen ts is available in  several forms: fellow 
ships an d  scholarships, research o r teaching assistantships, residence 
hall assistantships, an d  loans.

G radua te  studen ts whose m ajo r subjects are in  the various branches of 
eng ineering  and  who wish to  be candidates for scholarship o r fellow ship 
aid  should  consult the A n n o u n cem en t o f the G raduate School: Physical 
Sciences and  m ake app lica tion  to the D ean  of the G radua te  School. 
T hose  w ho are candida tes for the professional degrees should  apply  to 
the d irec to r of the ap p ro p ria te  field. In fo rm atio n  re la ting  to  app lica tion  
for the o ther forms of financial aid  m en tioned  above w ill also be found  
in  the A n n o u n cem en t o f the G raduate School.

S T U D E N T  L IFE  A T  C O R N E L L  

HOUSING

U niversity  residence halls, located a conven ien t distance from  academ ic 
buildings, libraries, and  o th e r cam pus facilities, provide accom m oda
tions fo r approx im ately  2,000 u n d erg rad u a te  m en. N early  all freshm en 
reside in  dorm itories; upperclassm en may reside e ith e r in  dorm itories,
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in fra te rn ity  houses, o r in  off-campus room s or apartm ents. D in ing  
facilities are p rovided in  several locations th roughou t the campus.

H ousing  facilities for u n derg radua te  w om en, g raduate  students, and  
m arried  students are also available. C onsu lt the A n n o u n cem en t of 
G eneral In fo rm a tio n  for fu r th e r details.

UNIVERSITY ACTIVITIES

C ornell offers students the o p p o rtu n ity  to p artic ip a te  in  a varied  
program  of ex tracu rricu la r activities. Som ething can be found  to  m eet 
nearly  every in terest, in c lud ing  stu d en t governm ent, athletics, pub lica
tions, music, dram atics, and  various social and  cu ltu ra l organizations.

T h e  in tercollegiate ath letic  p rogram  is the largest in  the country , w ith  
com petition  in twenty-two sports. In  add ition , the various a th le tic  
facilities are available fo r in tram u ra l and  in form al com petition .

T h ro u g h o u t the year, there  are oppo rtu n ities  to h ea r lectures by 
d istinguished  visitors to the cam pus. C oncerts and  d ram atic  p e r
form ances are offered, bo th  by U niversity  g roups and  by outside artists. 
A rt of various form s is on  display a t the A ndrew  Dickson W hite  
M useum  of A rt, the  A rt R oom  of W illa rd  S traight H all, an d  o ther 
galleries on  campus.

C ornell studen ts pub lish  a full-scale, daily  new spaper, the C ornell 
Daily Sun , a yearbook, and  several lite ra ry  and  hum or magazines. T h e  
cam pus rad io  station , W V BR, is o p era ted  en tire ly  by students.

T h e re  are in te rn a tio n a l and  po litical clubs, service clubs, professional 
and  dep a rtm en ta l societies, and  clubs devoted  to a wide assortm ent of 
hobbies.
R E L IG IO U S  A FFAIRS. A lthough C ornell has been a nonsectarian  
in s titu tio n  from  its founding , it has a cen ter for the coord ination  and  
sponsorship of religious activities. A staff of twelve U niversity  chapla ins 
rep resen t the m ajo r religious denom inations. T h u s  facilities and  p e r
sonnel for religious study, w orship, counsel, and  fellow ship are avail
able. In  add ition , each Sunday d istinguished  visiting clergym en from  
all over the w orld conduct in te rd en o m in a tio n a l services in  Sage 
C hapel.
H E A L T H  SERVICES. H ea lth  services and  m edical care are available at 
C ornell's  G an n e tt C linic and  Sage H osp ita l (a fully accredited hospital). 
S tuden t fees cover trea tm en t and  care a t the C linic and  H ospita l, w ith  
up  to two weeks of hosp ita lization  per term . C onsult the A n n o u n cem en t  
of G eneral In fo rm a tio n  fo r details.
PH YSICA L E D U C A T IO N . All freshm en an d  sophom ores are requ ired  
to take physical education . T h e  freshm an program  includes activity in 
each of six sports, w hile in the sophom ore year a studen t concentrates 
on  one o r two sports.
O F F IC E R  E D U C A T IO N . T h e  Army, Navy, and  A ir Force all offer 
R O T C  program s a t C ornell. P artic ipa tion  is volun tary , an d  successful 
com pletion  of the program  results in a comm ission in  the chosen service. 
For fu r th e r in fo rm ation , consult the A n n o u n cem en t o f Officer E d u 
cation.
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H O N O R  SO C IE T IE S. E ng ineering  students may qualify  fo r m em ber
ship in  local an d  n a tio n a l h o n o r societies, in c lud ing  T a u  B eta Pi, Phi 
K appa Phi, Sigma Xi, P i T a u  Sigma, C hi Epsilon, R od  an d  Bob-Pyra- 
m id, Atmos, K appa T a u  C hi, and  E ta  K appa N u.
S T U D E N T  P U B L IC A T IO N . T h e  C ornell E ngineer, a m agazine con
ta in in g  articles o f professional in terest fo r eng ineering  studen ts and  
a lum ni, is pub lished  th ro u g h o u t the academ ic year by underg radua tes 
o f the College of E ngineering.
E N G IN E E R IN G  SO C IE T IE S. M any m eetings of the A m erican Society 
of Civil E ngineers, A m erican In s titu te  of In d u s tria l Engineers, A m eri
can Society of M echanical E ngineers, A m erican In s titu te  of E lectrical 
Engineers, Society of A utom otive E ngineers, an d  In s titu te  of E lectrical 
a n d  E lectron ic  Engineers are he ld  on  cam pus an d  are a tten d ed  by stu
dents. T h e  College also m ain ta ins active stu d en t b ranches of these 
societies, as well as o f the A m erican In s titu te  of C hem ical E ngineers, 
A m erican Society of A gricu ltu ra l Engineers, and  the A m erican In s titu te  
o f A eronautics and  A stronautics. T h e  C ornell M etallu rg ical Society was 
form ed in  1949 an d  is an  affiliate o f the A m erican In s titu te  o f M in ing  
and  M etallurg ical E ngineers. A stu d en t b ranch  of the A m erican N uclear 
Society was founded  in  1959.
E N G IN E E R IN G  S T U D E N T  C O U N C IL . T h e  E ng ineering  S tuden t 
C ouncil, consisting of elected stu d en t represen tatives from  each division 
of the  College, p lans the an n u a l E ngineers’ Day program  fo r h igh  school 
visitors to the cam pus an d  rep resen ts s tu d en t v iew points in  cam pus 
affairs. U pperclassm en on the C ouncil have p a rtic ip a ted  in  an  inform al 
tu to rin g  program  for freshm en desiring  such assistance.

STUDENT PERSONNEL SERVICES 

Advising and C ounseling
T h e  U niversity  provides extensive personnel services an d  counseling 
facilities for all students. A m ong these are the Office o f the D ean of 
S tudents, the U niversity  H ea lth  Services, the R ead ing  and  Study Skills 
C enter, the  E ducational-V ocational G uidance Office, C ornell U n ited  
R eligious W ork, the U niversity  P lacem ent Service, and  th e  Office of 
Scholarships and  F inancia l Aid.

F or p lan n in g  and  scheduling his academ ic w ork each eng ineering  
s tu d en t is assigned an adviser. T h e  adviser should usually  be the first 
person consulted in all m atters of stu d en t counseling  and  should  always 
be consulted  on questions of curricu lum , academ ic standards, o r  scho
lastic perform ance. In  add ition , studen ts are free to  confer w ith  the 
dean , directors, and  o th e r faculty m em bers on any educational o r 
personal m atters.

T h e  Office o f S tuden t Personnel, 221 C arp en te r H all, is the focal 
p o in t in  the College for the adm ission of freshm an students, the adm in 
is tra tion  of the eng ineering  scholarship funds, the p lacem ent of g rad u 
a tin g  students, and  the com pilation  and  m ain tenance  of a lum n i records.
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I t  is a source of in fo rm ation  on all personnel services to  students, and  
any studen t is welcome to consult the D irec to r of the Office on non- 
academ ic m atters. Special provision is m ade for questions re la tin g  to 
financial a id  and  placem ent.

Placem ent
T h e  facilities of the U niversity  P lacem ent Service are available to  all 
eng ineering  studen ts for sum m er and  p e rm an en t em ploym ent. T h e  
Office of S tuden t Personnel, in  coopera tion  w ith  the P lacem ent Service, 
an nua lly  arranges interview s betw een studen ts and  prospective em ploy
ers. M em bers of the eng ineering  faculty  are assigned as p lacem ent 
advisers w ith  w hom  studen ts may discuss th e ir career objectives, w hether 
for em ploym ent o r g radua te  study. In fo rm atio n  ab o u t com panies is 
available bo th  in  the P lacem ent Service an d  the Office of S tuden t P e r
sonnel, and  students may discuss specific em ploym ent o p p o rtu n itie s  
and  the procedures of job  p lacem ent w ith  the staff o f e ith e r office.
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BASIC STUDIES
DEGREES OFFERED: T he Basic Studies Division is responsible 
for the freshman and sophomore curricula in the College.

H O L L IS T E R  H A L L  
M r. H . G. Smith, D irector.

F reshm en in  the College of E ng ineering  are  en ro lled  fo r the first two 
years of th e ir u n d erg rad u a te  program  in  the D ivision of Basic Studies 
o f th e  College of E ngineering. T h e  D ivision supervises adm issions to 
the College a t the underclass level, adm inisters a p rogram  of courses 
fo r freshm en and  sophom ores, and  assigns to  each eng ineering  u n d e r
classman a senior m em ber of the College of E ng ineering  faculty as his 
adviser.

T h e  freshm an year p rogram  includes studies in  m athem atics, physics, 
chem istry, and  a libera l elective. T h ro u g h  contac t w ith  sen ior engineer
ing  staff, b o th  as advisers and  in  class discussions in  the freshm an in tro 
ductory  courses, the s tu d en t is m ade m ore fully aw are of the range of 
o p p o rtu n itie s  in  the eng ineering  profession. U n d erstan d in g  graphics as 
a form  o f technical com m unication  an d  the use of m odern  d ig ita l com 
p u tin g  m achines are p a rticu la r skills developed in  a ll freshm an engi
n eering  students.

D uring  the sophom ore year, the eng ineering  s tu d en t con tinues his 
w ork in  m athem atics and  physics and  begins to  in teg ra te  these sciences 
w ith  two eng ineering  science courses tau g h t by m em bers of the faculty 
o f the College of E ngineering . Inc luded  also is a libe ra l studies elective 
(libera l studies constitu te  approx im ate ly  one-fifth of the eng ineering  
cu rricu lum  a t C ornell). S tudents who an tic ip a te  en ro llm en t in  chem ical 
eng ineering  establish ea rlie r chem istry sequences d u rin g  th e ir  sopho
m ore program .

M ost students begin to  select th e ir  upperclass objectives before the 
beg inn ing  of the fall term  of th e ir  sophom ore year. Each professional 
school specifies two eng ineering  science courses. T h is  req u irem en t may 
a lternatively  be taken  e ither d u rin g  the fall an d  spring  term s of the 
sophom ore year o r in  the spring  term  and  sum m er session preced ing  the 
ju n io r  year. T h ro u g h  these options, a s tuden t still has a choice am ong 
several eng ineering  fields as la te  as the beg inn ing  of the ju n io r  year.

If a stu d en t expresses in terest in  a p a rticu la r b ranch  of eng ineering  
a t the outset, he w ill be assigned to  a faculty  adviser whose m ajo r 
in terest is in th a t field. O therw ise, a fter he determ ines his field of 
study he m ay change his adviser to o b ta in  the counsel of a faculty 
m em ber in  his chosen field.

H onors Sections and Advanced Placem ent
T h ro u g h  coopera tion  w ith  the advanced p lacem ent program  of the 
College E n trance  E xam ination  B oard  and  dep a rtm en ta l tests given
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d u rin g  the fall o rien ta tio n  period , students are en ro lled  in  course 
sections consistent w ith  th e ir  ind iv idual level of p rep a ra tio n . A pprox i
m ately one-fifth of the en te rin g  class is given advanced placem ent or 
actual college cred it for one o r m ore courses of the freshm an year. 
T h is  makes possible m ore ind iv idual developm ent tow ard a b roader 
liberal program , o r advanced technical study in  line w ith  the s tu d en t’s 
own inclina tion .

Superio r students w ho have achieved two term s of advanced p lace
m en t in  m athem atics and  e ither chem istry o r physics u p o n  g rad u a tio n  
from  h igh school, may find it possible to  en ro ll as a sophom ore by 
com pleting  the o th er science course p rio r to th e ir  en ro llm en t a t the 
U niversity in  Septem ber. S tudents w ith  superior perform ance in  the 
freshm an year may enro ll in  sophom ore honors sections.

Scholastic R equirem ents
T h e  D ivision of Basic Studies of the College of E ngineering  norm ally  
enrolls all s tudents for five courses each term . All of these courses m ust 
be passed, w ith  an average of C m inus or be tter, in  o rder to rem ain  in 
good standing  in  the D ivision. A ll eng ineering  students are requ ired  
to  com plete tw enty-four hours of liberal studies before g raduation ; 
twelve hours of libera l electives m ust be com pleted  by studen ts in  this 
D ivision as p a r t of the College requ irem en t.

Freshm an Year
Freshm an students en te rin g  the College of E ngineering  in  the fall of 
1968 will take the follow ing program  of courses:

T E R M  1
M athem atics 191 or 193, C alculus for Engi-

C ontact H ours  
C redit Lee. Lab.
H ours R ec. Com p.

n e e r s ........................................................................
Physics 121, In troduc to ry  A nalytical Physics I
C hem istry 107, G enera l C hem istry ..................
F reshm an H u m a n it ie s ...........................................
E ngineering  103, E ng ineering  G raphics and

4
3

3 2
2
3
03

3
3
2
3

Design 3 2 2 i/2
or

E ng ineering  104, In tro d u c tio n  to E ng ineer
ing 3 2 2 i/2
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C ontact H ours  
C redit Lee. Lab .
H ours R ec. C om p.

T E R M  2
M athem atics 192 o r 194, C alculus fo r E n

gineers   4 3 2
Physics 122, In tro d u c to ry  A nalytical Physics

I I   3 3 2
C hem istry 108, G eneral C h e m is try ....................  4 3 3
Freshm an H u m a n it ie s ...........................................  3 3 0
E ng ineering  103, E ng ineering  G raphics and

D esign .................................................................... 3 2 2 y2
o r

E ng ineering  104, In tro d u c tio n  to  E ng ineer
ing    3 2 2 i/ 2
In  ad d itio n  to  these courses, a ll underclassm en m ust satisfy the U n i

versity’s requ irem en ts in  physical education .

Sophom ore Year

A ll sophom ore eng ineering  students, except those p lan n in g  to  m a jo r in  
chem ical engineering , w ill take the follow ing program  of courses:

T E R M  3
M athem atics 293 o r 293H , E ng ineering

M athem atics ........................................................
Physics 233, In troduc to ry  A nalytical Physics

I I I .............................................................................
and

Physics 235, In tro d u c to ry  A nalytical Physics,
L aboratory  ...........................................................
o r

Physics 237, In troduc to ry  A nalytical Physics
III , H o n o r s ...........................................................

L ibera l E lective* ....................................................
E ng ineering  Sciences (two o f follow ing) . . . .

M ateria ls Science 6210 ....................................
E lectrical Science 241 .......................................
M echanics 211 ....................................................

4 4 0

3 4 0

1 0 2

4 4 21/
3 o r 4 - -

6 or 7 - -

(3) (2) (2)
(3) (3) (0)
(4) (3) (2)

See footnote page 30.
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C ontact H ours  
C redit Lee. Lab.
H ours R ec. Comp

T E R M  4
M athem atics 294 o r 294H, E ngineering

M athem atics ........................................................
Physics 234, In troduc to ry  A nalytical Physics

IV  ............................................................................
and

Physics 236, In troduc to ry  A nalytical Physics,
L aboratory  ...........................................................
or

Physics 238, In troduc to ry  A nalytical Physics
IV, H onors ..........................................................

L ibera l Elective* ....................................................
E ng ineering  Sciences (two of following) . . . .

M aterials Science 6211 ....................................
E lectrical Science 242 ......................................
M echanics 212 ....................................................

* See footnote page 30.

Each upperclass F ield  P rogram  specifies two eng ineering  sciences w hich 
m ust be successfully com pleted  in  o rd e r to en ro ll in  the p rogram  a t 
the beg inn ing  of the ju n io r  year. T h e  specific Field P rogram  req u ire 
m ents are as follows:
Civil E ng ineering  ..................................................................M echanics 211-212

Preferably  M aterials Science 6210-6211
Electrical E ng ineering  ......................................... E lectrical Science 241-242

M echanics 211-212
E ngineering  P h y s ic s ................................................ E lectrical Science 241-242

M ateria ls Science 6210-6211
In dustria l E ngineering  and  O pera tions R e s e a rc h .........................Any two

Preferably M echanics 211-212, M ateria ls Science 6210-6211
M ateria ls Science and  E n g in e e r in g ................................ M echanics 211-212

M aterials Science 6210-6211
M echanical E n g in e e r in g .......................................................M echanics 211-212

Preferab ly  M aterials Science 6210-6211 
M echanics, electrical science, and  m ateria ls science w ill be offered from  
fall th rough  sum m er: M echanics 211 in  the fall and  spring, and  
M echanics 212 in  the spring  and  sum m er; E lectrical Science 241 in  the 
fall and  spring, and  E lectrical Science 242 in  the spring  and  sum m er; 
M aterials Science 6210 in  the fall an d  spring, and  M ateria ls Science 
6211 in  the spring  and  sum m er.

All sophom ore engineering  studen ts ind ica ting  a p reference for 
chem ical eng ineering  will take the follow ing program  of courses:

3 3 0

3 4 0

1 0 2

4 4 2l/2
3 or 4 - -

6 or 7 - -

(3) (2) (2)
(3) (3) (0)
(4) (3) (2)
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C ontact H ours  
C redit Lee. Lab. 

T E R M  3 H ours R ec. C om p.
M athem atics 293 o r 293H , E ng ineering

M athem atics ........................................................  4 4 0
Physics 233, In tro d u c to ry  A nalytical Physics

I I  I ............................................................................. 3 4 0
and

Physics 235, In troduc to ry  A nalytical Physics,
L abora to ry    1 0 2
o r

Physics 237, In tro d u c to ry  A nalytical Physics
I I I , H o n o r s ..........................    4 4 2 i/ 2

C hem istry 287, In tro d u c to ry  Physical
C hem istry .............................................................  3 3 0
and

C hem istry 289, In tro d u c to ry  Physical C hem 
istry L a b o ra to ry .................................................. 2 1 6

C hem ical E ng ineering  5101, Mass an d  Energy
Balances ...............................................................  3 3 2

L ibera l E lective* ....................................................  3 o r 4 -  -

T E R M  4
M athem atics 294 o r  294H , E ngineering

M athem atics   3 3 0
Physics 234, In tro d u c to ry  A nalytical Physics

IV    3 4 0
and

Physics 236, In tro d u c to ry  A nalytical Physics,
L aboratory    1 0 2
or

Physics 238, In tro d u c to ry  A nalytical Physics
IV, H onors ........................................................... 4 4 2 i/ 2

C hem istry 288, In tro d u c to ry  Physical
C hem istry ............................................................. 3 3 0
and

C hem istry 290, In troduc to ry  Physical C hem 
istry L a b o ra to ry .................................................. 2 1 6

C hem ical E ng ineering  5102, E q u ilib ria  and
Staged O p e r a t io n s .............................................  3 3 2

L ibera l Elective*   3 o r 4 -  -

* Liberal electives include courses in social sciences, history, humanities, 
modern foreign languages, and expressive arts (courses such as accounting, 
management, and law excluded) chosen from a list approved by the Core 
Curriculum Committee. A total of twenty-four credit hours are reserved for 
liberal studies, and at least six of the credit hours in upperclass courses. No 
more than six liberal credit hours may be earned in a modern foreign 
language.

In addition to the twenty-four credit hours for liberal studies, there are 
six credit hours for free electives. T o satisfy this requirem ent, a student may 
take any course at the University to which he can gain admission.
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DEGREES OFFERED: Master of Engineering (Aerospace); 
Master of Science; Doctor of Philosophy.

G R U M M A N  H A L L
Mr. E. L. Resler, Jr ., D irector; Messrs. P. L. A uer, P. C. T . deB oer, A. R. 
George, W. R. Sears, A. R. Seebass II I , S. F. Shen, D. L. T u rco tte .

A erospace eng ineering  deals w ith problem s concerned w ith  the flight 
of a ircraft, gu ided  missiles, and  space vehicles in  p lane ta ry  atm ospheres 
and  in the regions of space ad jo in ing  these atm ospheres. T h e  prim ary  
objective o f the G raduate  School of A erospace E ng ineering  is to educate 
selected eng ineering  and  science g raduates in  the research an d  technical 
aspects of this Field. T h e  tra in in g  is in ten d ed  especially to p repare  
students for research and  developm ent eng ineering  in  the aerospace 
industry  and  in  allied  research institu tions, and  for un iversity  teaching 
and  research.

S uperio r facilities are p rov ided  for laboratory  studies in  fluid m echan
ics, aerodynam ics, gasdynam ics, plasm a physics, h igh  tem pera tu re  chem i
cal kinetics, laser chem istry, rarefied  gas dynam ics, m agnetohydrody- 
namics, and  o th e r areas. S tudents and  staff also carry o u t h ighly  theo
retical investigations in such subjects o f th e ir ow n choice in  the  aero
space field o r in  subjects re la ted  to  the above experim en ta l areas. 
Em phasis is p u t on the scientific and  eng ineering  aspects of the 
phenom ena  encoun tered  by space vehicles w hich leave an d  re-enter 
p lanetary  atm ospheres a t ex trem e speeds. R esearch w ork m ay also be 
carried  ou t in  o th e r re la ted  disciplines of m u tua l in te rest to the stu d en t 
an d  advising professors.
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Preparation  for G raduate Study
T h e  G radua te  School of A erospace E ng ineering  w ill adm it students 
w ho ho ld  baccalaureate degrees (or equivalen t) in  any b ran ch  of engi
neering , m athem atics, o r the physical sciences from  qualified  in s titu 
tions, p rovided th a t th e ir  u n d erg rad u a te  scholastic records ind ica te  
ability  to successfully pursue g radua te  study. T h e  C ornell courses of 
study in  eng ineering  physics, electrical engineering , and  m echanical 
eng ineering  are especially recom m ended to  students w ho expect to 
en te r this School a fte r g raduation .

All students w ho expect to  en te r the G radua te  School o f A erospace 
E ng ineering  should try to arrange th e ir u n d erg rad u a te  program s to 
inc lude  as m uch w ork as possible in  ap p lied  m echanics, therm odynam ics, 
m athem atical analysis, chem istry, and  physics. Suggested courses for 
eng ineering  studen ts to elect as p rep a ra tio n  for g raduate  w ork in  
aerospace eng ineering  include areas of in term ed ia te  o r advanced 
physics, such as atom ic and  m olecular physics, k ine tic  theory of gases, 
electricity and  m agnetism , etc.
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T h e  Degree Program s

MASTER OF EN G IN EER IN G  (AEROSPACE)

U nderg radua te  studen ts who have dem onstra ted  m ore th a n  average 
ability , have shown adequate  prom ise for carry ing on  g radua te  study, 
an d  are in terested  in  ex tend ing  th e ir  education  in  the aerospace field 
by tra in in g  in advanced analytical an d  research-oriented  aerospace sub
jects are eligible to apply  fo r this program .

A pplications for adm ission should be m ade to the D irector of the 
G radua te  School of A erospace E ngineering , G rum m an  H all. A special 
app lica tion  b lan k  fo r this pu rpose can be o b ta ined  from  the D irec to r’s 
office. I t  should  be re tu rn e d  directly  to  him . C andidates fo r an  advanced 
degree in  this field who do n o t already ho ld  the M aster’s degree are 
encouraged to m atricu la te  first as candidates fo r this degree. I t  is no t 
recom m ended th a t candidates app ly  fo r adm ission a t m idyear, except 
in  very unusual circumstances.

T h e  program  of aerospace eng ineering  studies is designed to acqua in t 
the stu d en t w ith  p ioneering  eng ineering  w ork in  the aerospace industry , 
and , beyond that, its objective is to increase the s tu d en t’s facility in  the 
use of the basic sciences in eng ineering  an d  to stim ulate  his grow th in  
in d ep en d e n t research and  developm ent work. Because progress in  this 
field is so rap id , an  essential objective of this p rogram  is to  go beyond 
the study of present-day practices an d  techniques and  to  supply  the 
stu d en t w ith  a fu ndam en ta l background  an d  analytical techniques th a t 
generally  w ill p rove useful w hatever the d irec tion  of m odern  eng inee r
ing  developm ent.

T h e  successful com pletion  of the w ork for this degree requ ires th a t 
the stu d en t pass a series of courses o r exam inations in  the subjects listed 
below. T h e  subject list constitu tes a standard  of accom plishm ent for the 
M aster of E ng ineering  (Aerospace) candidate , b u t the faculty  may 
m odify the list to su it the needs, interests, an d  background  of each in d i
v idual candidate . Courses are cu rren tly  available to p erm it candidates 
to study in  any of five areas of aerospace eng ineering : (1) fluid 
m echanics; (2) h igh  tem pera tu re  gasdynam ics; (3) m agnetohydrody- 
namics; (4) space m echanics; and  (5) aerospace Structures. Active re
search in  these areas is be ing  carried  o u t in  the School. O th e r course 
sequences lead ing  to specialization in  allied  fields can also be arranged , 
fo r exam ple, space pow er, aerophysics, chem ical kinetics, etc. Faculty  
m em bers an d  visiting staff frequen tly  offer ad d itio n a l courses (besides 
those listed on pages 102-104) in the ir specialties.

T h e  M .Eng. (Aerospace) is aw arded for course w ork only  and  
requ ires successful com pletion  of two six-hour sequences from  those 
listed below, six hours o f m athem atics (1180-81, o r 415-416, o r equ iva
len t) six hours of electives, a ttendance  a t the weekly colloquium , and  
one advanced sem inar (two hours) each term . T h is  is a to ta l of th irty  
cred it hours. Exceptions in  ra re  instances m ay be m ade a t the d iscretion  
of the faculty.



Course Sequences Available for M aster of 
E ngineering (Aerospace)

H ours
7101-02, A dvanced K inetic T heory , G a sd y n a m ic s ................................ 6
7201-02, In troduc to ry  Plasm adynam ics, In troducto ry

M agnetohydrodynam ics ............................................................................  6
7301-02, F lu id  M echanics, A erodynam ics

1171, 1172, A rtificial Satellite T heory , Space F ligh t M echanics 6
2730, A erospace S tructu ra l Analysis and  one three-credit 

h o u r elective course ...................................................................................  6

Electives: List A 1

7103, Dynam ics of R arefied G a s e s ............................................................. 3
7104, A dvanced T op ics in  H igh  T em p era tu re  G a sd y n a m ic s   3
7203, In te rm ed ia te  Plasm a Physics ........................................................... 3
7303, Com pressible F lu id  Flow .................................................................  3
7304, T heory  of Viscous F lo w s ...................................................................  3
7305, H ypersonic Flow T h eo ry  .................................................................  3
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1 Basic sequence (01-02) or equivalent is required for registration in elective 
courses in List A.

Electives: List B
1162, V ib ra tion  of Elastic S y s te m s...............................................................  4
1163, A pplied  E la s t ic i ty .................................................................................... 3
1164, T heo ry  of Elasticity ...............................................................................  3
1165, M athem atical T heo ry  of E la s t ic i ty ..................................................  3
1170, A dvanced D y n a m ic s ...............................................................................  3
1175, N o n lin ea r V ib ra t io n s .............................................................................  3
3652, C om bustion  T h e o r y ...............................................................................  3
3674, S tatistical T herm odynam ics ...............................................................  3
3681, N o n equ ilib rium  Flow an d  R ad ia tive  T r a n s f e r ............................ 3
Physics 443, A tom ics and  In troduc to ry  Q u an tu m  M echanics . . . .  4
Physics 444, N uclear and  H igh-E nergy Particle P h y s ic s ........................ 4
Physics 454, In troduc to ry  Solid State P h y s ic s .........................................  4
Physics 510, A dvanced E xperim en ta l P h y s ic s .........................................  3
Physics 561, T heo re tica l Physics I ..............................................................  4
Physics 562, T h eo re tica l Physics II  .......................................................... 4
Physics 572, Q u an tu m  M echanics ..............................................................  4
Physics 574, In te rm ed ia te  Q u an tu m  M e c h a n ic s ..................................... 4
C hem istry 580, K inetics of Chem ical R e a c t io n s ..................................... 4
C hem istry 593, Q u an tu m  M echanics I ......................................................  4
C hem istry 596, S tatistical M e c h a n ic s ...........................................................  4
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H ours
C hem istry 598, Selected T op ics in  Physical C h e m is try ..................... 2 o r 4
4511, E lectrodynam ics ...................................................................................  4
4531, Q u an tu m  E lectronics I .......................................................................  4
4532, Q u an tu m  Electronics I I .....................................................................  4
4561, In tro d u c tio n  to Plasm a P h y s ic s ......................................................... 3
4562, W aves in  P la s m a s .................................................................................  3
4661, K inetic E quations ...............................................................................  3

M ASTER OF SCIENCE A N D  D O C TO R  OF PHILOSOPHY  
DEGREES

T o  do o rig inal w ork in  aerospace eng inee ring  in  its broadest sense 
requires fu r th e r advanced study in  th e  Field, p lus a thesis. Such 
study may lead to the degrees of M aster of Science o r  D octor of Philoso
phy. T h e  stu d en t usually  w orks very closely w ith  the faculty  m em bers 
of the School in  areas such as basic plasm a dynam ics, h igh tem pera tu re  
chem ical reactions, space m echanics problem s, fu n d am en ta l fluid m e
chanics, etc. T h e  program s are extrem ely b road  in  o rd e r to accom m o
da te  the widest in terests o f the studen ts and  the broadest needs o f the 
industry.

T h e  School’s activities are  best sum m arized th rough  its research  w ork 
a n d  published  papers. T hose in terested  in  ob ta in in g  copies o r abstracts 
of w ork recently  com pleted  may o b ta in  them  by w riting  to the D irector 
of the School, G rum m an H all.

AGRICULTURAL ENGINEERING
DEGREES OFFERED: Bachelor of Science; Master of Engineer
ing (Agricultural); Master of Science; Doctor of Philosophy.

R ILEY -R O BB  H A L L
Mr. O. C. French, D irector; Messrs. R. D. Black, J. R . Cooke, R. B. 
Furry, W . W . G unkel, G. L evine, R. C. Loehr, H . A. Longhouse, R . T . 
Lorenzen, D. C. L ud ing ton , W . F. M illier, G. E. R ehkugler, N. R. 
Scott, E. S. Shepardson, J . W . Spencer.

A jo in t program  adm inistered  by the Colleges of A gricu ltu re  and  
E ngineering  leads to the degree of B achelor of Science. S tudents in  
th is cu rricu lum  register in  the College of A gricu ltu re  d u rin g  th e  first 
th ree years b u t take courses in  the College of E ngineering , A rts and  
Sciences, and  A griculture . R eg istra tion  fo r the fou rth  an d  final year is 
in  the College of E ngineering , w hich g ran ts the degree

T h e  purpose of this cu rricu lum  is to p repare  engineers fo r a career 
in  one of the m any industries and  agencies th a t supply  the great variety 
of products, m achines, and  services requ ired  by com m ercial farms, o r 
those w hich process, hand le , an d  d is tribu te  the products from  farms.

R iley-R obb H a ll w ith  over 100,000 square feet of floor a rea  provides 
excellent classroom and  labora to ry  facilities fo r b o th  teaching and
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research. M ajor item s of laboratory  eq u ip m en t include electric dyna
mom eters, universal testing m achines, fluid flow dem onstra tion  and  
m etering  equ ipm en t, s tra in  m easurem ent instrum ents, d ig ita l recording 
equ ipm en t, e lectronic analog com puter, to rque  m eters, high speed cam 
era and  film analysis equ ipm en t, m odern  farm  m achines, pow er units 
and  m aterials h an d lin g  equ ipm en t, soil p roperties an d  m oisture d e te rm i
na tion  appara tus, and  com plete m achine shop facilities.

T h e  D epartm en t has an extensive research p rogram  supported  
th rough  the C ornell A gricu ltu ra l E xperim en t S tation  w hich provides 
m any studen ts w ith  o p p o rtu n itie s  for part-tim e w ork d u rin g  the 
academ ic year and  sum m er periods.

Practice R equirem ent
Since ag ricu ltu ra l eng ineering  students are registered in  the College of 
A gricu ltu re  fo r the first th ree years, they m ust m eet the practice req u ire 
m en t of th a t College. T h e  basic req u irem en t is th irteen  un its  of 
acceptable farm  experience gained  a t the app rox im ate  ra te  of one u n it 
per week. E igh t of these un its  m ust be com pleted  before reg istration  for 
the sophom ore year. T h e  en tire  th irteen  un its  m ust be com pleted  p rio r 
to reg istra tion  in  the th ird  year. T h e  A n n o u n cem en t o f the College of 
A gricu lture  should  be consulted for details of the requ irem en t.

Scholastic R equirem ents
T o  rem ain  in  good standing, a stu d en t m ust have a w eighted average 
for the term  of C m inus (1.7 quality  points) o r above.

T h e  Degree Programs
BACHELOR OF SCIENCE

For a com plete descrip tion  of the courses in agricu ltu re , consult the 
A n n o u n cem en t o f the College o f A griculture.

Contact H ours  
C redit Lee. Lab. 

T E R M  1 H ours R ec. Com p.
M athem atics 191, C alculus for Engineers 4 4 0
Physics 121, In troduc to ry  A nalytical Physics I 3 3 21/2
C hem istry 103, In tro d u c tio n  to  C hem istry 3 2 3

or
Chem istry 107, G enera l C hem istry .................... 3 2 3

or
Chem istry 115, G eneral C hem istry an d  In 

organic Q ualita tive  A n a ly s is ............................. 4 3 3
Freshm an H u m a n it ie s ............................................... 3 -  -
Agr. E ng ineering  153, E ngineering  D raw ing 3 2 31/2
A griculture  101, O r ie n ta t io n .................................. 1 1 0

T o ta l ....................................................................  17-18
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C ontact H ours  
C redit Lee. Lab.
H ours R ec . Com p.

T E R M  2
M athem atics 192, C alculus for E ngineers. 4 4 0
Physics 122, In troduc to ry  A nalytical Physics

II  ............................................................................  3 3 2 1/2
C hem istry 104, In tro d u c tio n  to  C hem istry. 3 2 3

or
C hem istry 108, G eneral C h e m is try ..................  4 3 3
C hem istry 116, G eneral C hem istry and  In 

organic Q ualita tive  A n a ly s is .........................  4 2 6
Freshm an H u m a n it ie s ........................................... 3 3 0
Agr. E ng ineering  152, In tro d u c tio n  to  A gri

cu ltu ra l E ng ineering  M e a s u re m e n t  3 1 5

T o ta l .................................................................  16-17
In  ad d itio n  to these courses, a ll freshm en m ust satisfy the U niversity ’s 

requ irem en ts in  physical education .

T E R M  3
M athem atics 293, E ng ineering  M athem atics 4 4 0
Physics 233, In troduc to ry  A nalytical Physics

I I I  ............................................................................  3 3 0
Physics 235, In troduc to ry  A nalytical Physics,

L aboratory  ........................................................... 1 0 2
E ng ineering  211, M echanics o f R ig id  and

D eform able Bodies I ......................................... 4 3 214
B iological Sciences 101, G eneral Biology . . . .  3 3 3

o r
Biological Sciences 103, P lan t an d  A nim al

B io lo g y .................................................................... 3 2 3
E ngineering  6210, M ateria ls S c ie n c e   3 2 2i/s>

T o ta l ....................................................................  18



Contact H ours  
C redit Lee. Lab.
H ours R ec. Com p.

T E R M  4
M athem atics 294, E ng ineering  M athem atics 3 3 0
Physics 234, In troduc to ry  A nalytical Physics

IV   3 3 0
Physics 236, In troduc to ry  A nalytical Physics,

L aboratory    1 0 2
E ng ineering  212, M echanics of R ig id  and

D eform able Bodies I I ................................  4 3 214
Biological Sciences 102, G enera l Biology . . . .  3 3 3

or
Biological Sciences 104, P lan t an d  A nim al

Biology   3 2 3
E ng ineering  6211, M aterials S c ie n c e .......  3 2 2 y2

T o ta l ....................................................................  17
In  add ition  to these courses, all sophom ores m ust satisfy the U n i

versity’s requ irem en ts in  physical education .
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T E R M  5
E ngineering  3631, T h e rm o d y n a m ic s .............. 3 3 0
A gronom y 200, N atu re  an d  P roperties of

Soils ........................................................................  4 3 2 i/2
L ibera l Elective ......................................................  3 -  -
C om m unication  A rts 301, O ral

C om m unication  ...............................................  2 -  -
Agr. E ng ineering  462, Agr. Power*   3 2 2]/2
E ngineering  2701, S tructu ra l T h e o r y *   3 2 2

T o ta l ....................................................................  18

T E R M  6
E ngineering  3632, F lu id  M e c h a n ic s   3 3 0
T echn ical E le c t iv e .................................................  3 -  —
L iberal Elective   3 -  -
E ng ineering  3331, K inem atics and

C om ponents of M a c h in e s   3 2 2 i/ 2
Agr. E ng ineering  471, Soil and  W ater

E ngineering^ ......................................................  3 2 214
Agr. E ng ineering  481, Agr. S t r u c tu r e s f   3 2 214

T o ta l ....................................................................  18

* f  See footnotes at end of the Bachelor of Science Program.
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C ontact H ours
C redit Lee. Lab.
H ours R ec. C om p.

T E R M  7
A nim al Science 100, o r 112 o r 250* ................ 3-4 2-3 2 )/2
E ng ineering  4941, In troduc to ry  E lectrical

E ngineering  ........................................................ 3 2 2 l/2
A gronom y 111, In tro d u c tio n  to C rop Science 4 3 2 i/ 2
L ibera l Elective ...................................................... 3 -

Elective ...................................................................... 3 - -

T o ta l ................................................................. 16-17

T E R M  8
Agr. Economics 302, Farm  M anagem ent . . . . 5 3 21/2
E ng ineering  4942, In troduc to ry  E lectrical

E ngineering  ........................................................ 3 2 21/2
Agr. E ngineering  461, Agr.

M achinery Design-)- ........................................... 3 2 21/2
Agr. E ng ineering  463, Processing and

H an d lin g  Systems for Agr. Materials-)- . . . 4 3 21/2
Agr. E ng ineering  450, Special T op ics in

Agr. E n g in e e r in g ............................................... 1 1 0
L ibera l Elective ...................................................... 3 - -

T o ta l ................................................................. 19
T o ta l fo r e igh t t e r m s ......................................... 139-142

* Agr. Engineering 462, Agr. Power, and Engineering 2701, Structural Theory, 
are taken either in the fifth or seventh terms, alternating with Agronomy 111, 
Field Crops, and Animal Science.
f  Agr. Engineering 463, Processing and Handling Systems, and Agr. Engi
neering 461, Agr. Machinery Design, are taken either in the sixth or eighth 
terms, alternating with Agr. Engineering 481, Agr. Structures, and Agr. Engi
neering 471, Soil and W ater Engineering.

MASTER OF EN G IN EER IN G  (A G RICULTURAL)

T h e  degree of M aster of E ng ineering  (A gricultural) is available as a 
cu rricu lum  type of professional degree, in ten d ed  prim arily  for those 
students who plan  to en te r eng ineering  practice, and  no t for those who 
expect to  study for the doctorate. T h is  program  consists o f courses w hich 
are in ten d ed  to develop the s tu d e n t’s background  in  eng ineering  design 
as well as streng then  his fundam en ta l eng ineering  base. Six hours of 
the requ ired  th irty  hours consist of eng inee ring  design experience 
involving ind iv idual effort and  a form al repo rt. A dmission to the M .Eng. 
(A gricultural) p rogram  is open  to persons w ho have been  g ran ted  
B achelor’s degrees, o r the equ ivalen t an d  w ho have sufficient tra in ing  
to ind ica te  th a t they can profitably study the advanced courses 
offered in the program . A stu d en t can choose to concentrate  his studies
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in one of the sub-areas of ag ricu ltu ra l eng ineering  o r take a b road  
program  w ithou t specialization. T h e  sub-areas are: (a) pow er and  
m achinery, (b ) soils an d  w ater eng ineering , (c) ag ricu ltu ra l structures 
an d  associated systems, and  (d) electric pow er an d  processing.

E ng ineering  electives are chosen from  am ong subject areas re levan t 
to ag ricu ltu ra l eng ineering  such as therm al eng ineering , m echanical 
design and  analysis, theoretical an d  app lied  m echanics, struc tu ra l 
engineering, hydraulics, sanitary  engineering, and  soil engineering .

M ASTER OF SCIENCE AND D O C TO R  OF PHILOSOPHY  
DEGREES

Flexible program s lead ing  to bo th  the M.S. an d  Ph.D . are offered in  
the follow ing areas of specialization for e ither a m ajo r o r  m inor: 
ag ricu ltu ra l structures, pow er an d  m achinery, soil and  w ater eng ineer
ing, and  electric pow er and  processing. M inors for those m ajo ring  in 
ag ricu ltu ra l eng ineering  m ay be selected from  the engineering, agri
cu ltu ra l, o r basic sciences. A broad  and  active research program , 
su ppo rted  by the C ornell A gricu ltu ra l E xperim en t Station, gives the 
studen t an o p p o rtu n ity  to select a challenging  research p ro ject fo r his 
thesis. Several assistantships are available w ith  an n u a l stipends th a t are 
com parable to those offered a t o th e r L and  G ran t institu tions. F or m ore 
detailed  in fo rm ation  w rite the G radua te  Field R epresen tative, Riley- 
R obb  H all.

APPLIED PHYSICS

DEGREES OFFERED: Master of Science; Doctor of Philosophy. 

C LA R K  H A L L
Mr. N. R ostoker, C hairm an; Messrs. B. W . B atterm an, K. B. Cady, 
D D. C lark, R. K. C layton, D. R Corson, T . R. C uykendall, H . H . 
Fleischm ann, P. L. H artm an , J. A. K rum hansl, R. M cPherson, M. 
N elkin , H . G. N ew hall, E. L. Resler, Jr., T . N. R hod in , H . S. Sack; 
Mrs. M. Salpeter: Messrs. B. M. Siegel, J. Silcox. W . W . W ebb, G. J. 
W olga. V isiting Staff: Messrs. 1. Kuscer, A. R on.

M em bers of the U niversity’s G raduate F ield  of A p p lied  Physics include, 
in  add ition  to  those of the D epartm en t o f A pplied  Physics, the follow 
ing: Messrs. N. W . Ashcroft, P. L. A uer, J. M. B allantyne, R . W. 
Balluffi, S. H  B auer, J. M. Blakely, T . A. Cool, E. T . C ranch, P. C. T . 
de Boer, L. F. Eastm an, M. E. Fisher, T . Gold, M. O. H arw it, H . H . 
Johnson , C. Lee, C. Y. Li, R. L. Liboff, P. R. M clsaac, A. L. Ruoff, D. N. 
Seidm an. R. N. Sudan. C. L. T an g , A. T ay lo r, D. L. T u rco tte .

G raduate  study in the Field of A pplied  Physics offers the opp o rtu n ity  
to achieve proficiency in physics, m athem atics, an d  ap p lied  science. T h e  
course p rogram , w hich resem bles a m ajo r in  physics, is particu larly  
suitable for students p rep a rin g  fo r a scientific career in  areas of
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app lied  science, based on  princip les an d  techniques of physics, an d  in  
associated areas o f physics. I t  provides a m eans fo r studen ts w ith  
underg radua te  tra in in g  in  physics to  b ranch  o u t in to  app lied  science 
w hile co n tin u in g  the study of physics, and  for studen ts w ith  back
g rounds in  eng ineering  o r an o th e r science to ex tend  th e ir  know ledge 
of physical science p rincip les an d  techniques.

A stu d en t may choose for specialization and  thesis research any 
subject th a t is com patib le w ith an  app roach  based on  th e  ap p lica tion  of 
p rincip les o f physics and  m athem atics. In d iv id u a l program s of study are 
p lan n ed  to  m eet the needs an d  in terests o f each s tuden t, an d  program s 
involving several academ ic disciplines an d  topics th a t are undergo ing  
tran sition  from  fu ndam en ta l physics to  ap p lied  science are readily  
accom m odated.

C u rren t areas of advanced study an d  research inc lude: app lied  
theoretical physics, biophysics, chem ical physics, physics of fluids, nuclear 
an d  reacto r physics, optics, plasm a physics, rad ia tio n  an d  m atte r, solid 
state physics and  m ateria ls sciences, space physics, an d  surface physics.

T h e  faculty of the G raduate  F ield  of A pp lied  Physics consists o f the 
faculty of the D epartm en t of A pp lied  Physics and  ad d itio n a l m em 
bers from  o th e r d epartm en ts  in  the Colleges of E ngineering , and  A rts 
and  Sciences. T h is  b road  rep resen ta tion  makes possible p rogram s in  
a b road  range of areas of ap p lied  and  eng ineering  physics.

T h e  g radua te  program  in ap p lied  physics is an  ex tension  to  the 
g raduate  level of the same philosophy on  w hich the u n d erg rad u a te  
cu rricu lum  in eng ineering  physics is based. T h e  form al course program  
a t the g raduate  level contains a core of physics an d  m athem atics courses 
and  provides for advanced study an d  research  in  a variety  of areas of 
physics and  app lied  science. D etails of the program , requ irem en ts for 
adm ission, an d  areas of advanced study are given in  the A n n o u n cem en t 
o f the G raduate School: Physical Sciences and  in bu lle tin s availab le  from  
F ield  R epresen tative, A pp lied  Physics, C lark  H all.

R esearch in  w hich g raduate  studen ts in  ap p lied  physics cu rren tly  
partic ipa te  includes studies of coherence of ligh t genera ted  by lasers, 
superconductiv ity  in  h igh  m agnetic  fields, phase transfo rm ations at 
h igh  pressures, high reso lu tion  e lec tron  optics, studies o f q u an tu m  
electronics using in fra red  spectroscopy, observations of critical phenom e
na  in  fluids using hom odyne spectroscopy, observations o f the atom ic 
structu re  of crystal surfaces by field ion  microscopy and  low energy 
elec tron  diffraction, analysis of nuclea r s truc tu re  by analysis of the 
decay of short-lived rad io  isotopes form ed in  a pulsed  nuclea r reactor, 
an d  theoretical studies of plasm a instabilities, m olecu lar dynam ics in  
fluids, an d  the statistical physics of phase tran sitions in  q u an tu m  fluids. 
T hese topics rep resen t ju s t a few of the in te resting  variety  o f tim ely 
topics available for study and  research in  app lied  physics.
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CHEMICAL ENGINEERING

DEGREES OFFERED: Bachelor of Science; Master of Engineer
ing (Chemical); Master of Science; Doctor of Philosophy.

O L IN  H A L L
Mr. C. C. W ind ing , D irector; Messrs. G. G. Cocks, V. H . Edwards, R . K. 
F inn , P. H arrio tt, J . E. H edrick , J. P. L ein ro th , F. R odriguez, G. F. 
Scheele, J . C. Sm ith, R. G. T h o rp e , R. L. V on Berg, D. M. W att, Jr.,
H . F. W iegandt, R. York. V isiting Staff: Messrs. P. G. Ashmore, P. H . 
C alderbank.

Chem ical eng ineering  involves the app lica tion  of the princip les of the 
physical sciences an d  of m athem atics, and  of eng ineering  judgm en t to 
fields in  w hich m a tte r is trea ted  to effect a change in  state, energy con
ten t, o r chem ical com position. M ost chem ical engineers are em ployed 
in the process industries. In  these industries, raw  m aterials are converted 
in to  useful products such as in dustria l chemicals, pe tro leum  products, 
metals, rubbers, plastics, synthetic fibers, foods, paints, and  paper.

P repara tion  fo r professional w ork in  chem ical eng ineering  has always 
involved a five-year program  a t C ornell. T h e  p resen t program  in  w hich 
a stu den t receives a B achelor of Science degree a t the end  of four years 
and  the degree M aster of E ng ineering  (Chem ical) at the end  of the 
fifth year is based on over th irty  years of experience w ith  five-year p ro 
gram s. T h e  cu rricu lum  th a t has evolved applies the la test developm ents 
in  the fields of m athem atics, chem istry, physics, and  the eng ineering  
sciences to chem ical eng ineering  concepts in  o rder to develop com
petence in  professional work. G raduates of the five-year p rogram  are 
p repared  to start th e ir professional eng ineering  careers o r continue 
in  g radua te  program s lead ing  to doctoral degrees.

Laboratory and Research Facilities
All C ornell program s in chem ical engineering , bo th  u n derg radua te  and  
graduate , are given in O lin  H a ll of C hem ical E ngineering. T h is  m odern  
and  w ell-equipped bu ild ing , w ith over 100,000 square feet of floor 
space, provides lecture an d  rec ita tion  room s as well as laboratories for 
in struction  an d  research. T h e  m ain  labora to ry  extends th rough  three 
floors and  contains p ilo t-p lan t equ ipm en t for u n derg radua te  projects 
and  research as well as space for setting  u p  research app ara tu s for 
g radua te  students. Shops, storage, and  service facilities are ad jacen t to 
this laboratory .

In  add ition , a large po rtion  of the b u ild in g  is devoted to  sm all-unit 
laboratories con ta in ing  fu rn itu re  and  eq u ip m en t su itable for the 
chem ical and  bench-scale p rojects and  research carried  ou t by bo th  
underg radua te  an d  g radua te  students. Specialized laboratories are also 
available. T h e  G eer L aboratory  for R u b b er and  Plastics has facilities 
for m aking, processing, and  testing  all types of polym eric m aterials. 
T h e  biochem ical eng ineering  laboratory  contains eq u ip m en t for fer
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m en ta tion  an d  o th e r biochem ical processes. T h e  process con tro l area 
is equ ipped  w ith  con tro l instrum ents, recorders, and  com puters. A 
large m odel shop is used to construct scale m odels o f p la n t designs.

T h e  Degree Program s
T h e  five-year professional program  lead ing  to the degree of M aster of 
E ng ineering  (Chem ical) provides a coord inated  sequence of chem ical 
eng ineering  courses s ta rting  in  the second year an d  ex ten d in g  th rough  
the fifth year. M athem atics, physics, m echanics, and  electrical science 
are com m on w ith  the o th er divisions of the E ng ineering  College, b u t 
the need  fo r g rea ter b read th  and  d ep th  in  chem istry requ ires ad d itio n a l 
courses tau g h t by the C hem istry D epartm en t. T h e  courses in  chem ical 
processes, m aterials science, a n d  therm odynam ics req u ire  sound  p rep a ra 
tion  in  chem istry and  form  an  im p o rtan t p a rt of specialized chem ical 
eng ineering  tra in ing .

C ourse program s for T erm s 1 th rough  4, adm in is tered  by th e  D ivision 
of Basic Studies, are described on pages 27-29. A lthough  the stu d en t 
p lan n in g  to  en ro ll in  the five-year professional chem ical eng ineering  
program  rem ains in  the D ivision of Basic Studies fo r the first two 
years, and  can transfer to  o ther program s d u rin g  th a t tim e, he selects 
chem ical eng ineering  a t the end  of the freshm an year an d  registers for 
C hem istry 287-288, 289-290 and  E ng ineering  5101, 5102 d u rin g  the 
sophom ore year.

BACHELOR OF SCIENCE

Contact H ours
Credit Lee. Lab.

T E R M  5 H ours Rec. C om p.
C hem istry 357, In troduc to ry  O rganic

C hem istry .......................................................... 3 3 0
C hem istry 355, E lem entary  O rganic

L aboratory  ........................................................ 2 0 6
E ngineering  5303, Analysis o f Stage

Processes ............................................................. 3 2 2
E ngineering  211, M echanics o f R ig id  and

D eform able Bodies I ...................................... 4 3 21/2
E ngineering  58511, C hem ical M icroscopy . . 3 o r 0 1 5
L ibera l Elective(s) ............................................... 3 o r 6 - -

T o ta l ............................................................... 18

1 If included in Term 5, student elects one liberal studies course in each of 
Terms 5 and 6; if included in Term 6, student elects two liberal studies courses 
in Term 5 and none in Term 6.
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C ontact H ours  
C redit Lee. Lab.
H ours R ec. Com p.

T E R M  6
C hem istry 358, In troduc to ry  O rganic

C hem istry ................................................................  3 3 0
Chem istry 356, E lem entary  O rganic

L aboratory  ............................................................  2 0 6
E ngineering  5304, In tro d u c tio n  to R ate

Processes ...............................................................  3 2 2
E ngineering  5203, C hem ical P ro cesse s   4 4 0
E ng ineering  212, M echanics of R ig id  and

D eform able Bodies II ......................................  4 3 2 y 2
E ngineering  5851, Chem ical M icroscopy . . . .  0 o r 3 1 5
L ibera l Elective ......................................................  3 o r 0 -  -

T o ta l ....................................................................  19

T E R M  7
E ng ineering  5106, R eaction  K inetics and

R eactor Design .................................................. 3 2 2
E ngineering  5353, U n it O perations

L aboratory  ........................................................... 3 2 3
E ngineering  5742, Polym eric M a te r ia ls   3 3 0
E ngineering  4941, In tro d u c to ry  E lectrical

E ng ineering  ........................................................  3 3 0
L ibera l Elective ......................................................  3 -  -
Free E le c t iv e ............................................................. 3 -  -

T o ta l ....................................................................  18

T E R M  8
E ngineering  5103, C hem ical E ngineering

T herm odynam ics ............................................... 3 2 2
E ng ineering  5354, Project L a b o ra to ry ........... 3 1 5
E ngineering  5256, M a te r ia ls ................................ 4 4 0
E ngineering  4942, In troducto ry  E lectrical

E ng ineering  ........................................................ 3 3 0
L ibera l Elective ...................................................... 3 - -
Free E le c t iv e ............................................................. 3 - -

T o ta l ................................................................. 19
T o ta l for eight t e r m s ..................................  144-147
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C ontact H ours  
C redit Lee. Lab.
H ours R ec . Com p.
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T E R M  9
E ng ineering  5621, Process D esign and

Economics   6 4 4
E ngineering  1150, A dvanced E ng ineering

Analysis   3 3 0
T echn ical Electives ...............................................  6 -  -

T o ta l ....................................................................  15

T E R M  10
E ngineering  5622, Process and  P la n t D esign 6 4 4
E ng ineering  5717, Process C o n t r o l ..................  3 2 2]A
Chem ical E ngineering  E le c t iv e .........................  3 -  -
T echn ica l Electives ...............................................  3 -  -

T o ta l ....................................................................  15

O PTIO NS

Specialized w ork is offered in  biochem ical engineering , polym eric 
m aterials, process contro l, reaction  kinetics, process an d  p lan t design, 
and  process economics. T h e  free electives in  the seventh and  eighth  
terms and  the n ine  credits of technical electives in  the professional 
M aster’s degree program  perm it a stu d en t to select a m axim um  of 
fifteen credit hours in  o ther divisions o f the E ng ineering  C ollege o r the 
U niversity. T h is  choice o f electives a t an  advanced level allows students 
to arrange program s th a t are the  equ ivalen t of o p tions in  e ith e r the 
specializations m en tioned  above or in  o th e r fields such as nuclear 
engineering , industria l eng ineering , chem istry, economics, and  business 
adm in istra tion . T h e  exact sequence of courses to  be selected for 
advanced tra in in g  is no t specified, since it depends on  the s tu d e n t’s 
interests and  capabilities.

T H E  COLLEGE PROGRAM: MAJORS AND M INORS

Students pu rsu ing  the four-year College Program , described on  page 
53, may elect a m ajo r o r a m ino r in  chem ical eng ineering . T hese 
m ajors and  m inors requ ire  a sequence of chem ical eng ineering  courses 
in  the th ird  and  fou rth  years, p lus the p ro p er p rerequisites, as specified 
by th e  s tu d en t’s adviser an d  the College P rogram  C om m ittee.
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PREDO CTO RAL H O NO RS PROGRAM

T h e  P redoctoral H onors P rogram  is available to  capable u n d erg radua te  
students w ho in ten d  to seek a doctorate. O ne of the prim e objectives of 
this program  is to m inim ize the tim e req u ired  to o b ta in  this degree, thus 
increasing the num ber of Ph .D .’s available for teaching, research, and  
highly technical positions in  industry .

Q ualified underg raduates in terested  in  this p rogram  may apply  for 
adm ission d u rin g  th e ir th ird  year. Evidence of in itia tive  and  research 
ability  is requ ired  and  is considered to be just as im p o rtan t as scholastic 
standing. Admission to this program  m ust be approved  by the faculty 
of the School, and  a s tu d en t’s progress is reviewed a t the end  of each 
term .

Students in  this p rogram  are expected  to com plete a M aster of Science 
degree d u rin g  th e ir fifth year ra th e r th an  the M aster of E ngineering  
(Chem ical) program . D uring  the fou rth  year, a research pro jec t is begun 
in  place of the p roject-laboratory  course w hich is requ ired  otherw ise. 
T h is  research continues th ro u g h o u t the fifth year to m eet the thesis 
requ irem en t for the M.S. degree. T h e  electives available d u rin g  the 
fou rth  and  fifth year perm it the com pletion  of one Ph.D . m in o r and  a 
s ta rt on the second m inor. A t the end  of the sixth year, these students 
will have com pleted all the course w ork requ ired  for the Ph.D ., and  
should have enough research experience to select and  com plete a 
Ph.D . thesis d u rin g  the follow ing fifteen m onths. If  this p rogram  is 
followed successfully, the docto ra te  is achieved in three years and  one 
sum m er beyond the B achelor’s degree. T h e  actual courses requ ired  
d u rin g  the fou rth  year in  the B.S. p rogram  and  the fifth year lead ing  
to the M.S. are ou tlin ed  below.

C ontact H ours

T E R M  7
C redit
H ours

Lee.
R ec.

Lab.
C om p.

E ngineering  5106, R eaction  K inetics and  
R eacto r D e s ig n .................................................... 3 2 2

E ngineering  5353, U n it O pera tions 
L aboratory  ........................................................... 3 2 3

E ngineering  5742, Polym eric M ateria ls . . . . 3 3 0
E ngineering  5909, R esearch Sem inar ........... 0 1 0
E ng ineering  4941, In troduc to ry  E lectrical 

E ngineering  ........................................................ 3 3 0
L ibera l Elective ...................................................... 3 - -
Free E le c t iv e ............................................................. 3 - -

T o ta l ................................................................. 18
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C ontact H ours  
C redit Lee. L ab .
H ours R ec. C om p.

T E R M  8
E ngineering  5103, C hem ical E ngineering

T herm odynam ics ............................................... 3 2 2
E ngineering  5952, R esearch P r o j e c t ................ 3 0 9
E ngineering  5256, M a te r ia ls ............................. 4 4 0
E ng ineering  4942, In tro d u c to ry  E lectrical

E ngineering  ........................................................ 3 3 0
L ibera l Elective ...................................................... 3 - -

Free Elective ........................................................... 3 - -

T o ta l ................................................................. 19

T E R M  9
E ngineering  5505, A dvanced T ra n sp o r t

Phenom ena ........................................... .............. 4 4 0
E ngineering  5900, S e m in a r ................ ........... 1 1 0
Elective ...................................................... .............. 3 0 0
M inor Courses ......................................... .............  3 - -

T o ta l ................................................. .............. 11

T E R M  10
E ngineering  5717, Process C o n t r o l .................... 3 2 2 i/ 2
E ngineering  5506, A dvanced T ra n sp o r t

P henom ena ........................................................... 4 4 0
E ngineering  5900, S e m in a r   1 1 0
M inor Courses ........................................................  6 -  -

T o ta l ....................................................................  14
In  add ition , students w ill co n tinue  th e ir  research p ro ject th ro u g h o u t 

term s 9 and  10. C red it hours an d  grades are no t g ran ted  for thesis 
research.

MASTER OF EN G IN EER IN G  (CHEMICAL), M ASTER OF 
SCIENCE AND DO C TO R  OF PHILOSOPHY DEGREES

A studen t ho ld ing  a baccalaureate o r equ ivalen t degree in  chem ical 
engineering  from  a college of recognized stand ing  may pursue advanced 
work lead ing  to a professional degree, M aster of E ng ineering  (C hem i
cal), o r to  the general degrees, M.S. o r Ph.D ., w ith  m ajors in  chem ical 
engineering.

T h e  professional M aster’s degree requ ires the successful com pletion  
of th irty  cred it hours of specified courses as ou tlin ed  on  page 44. T h is  
M .Eng. (Chem ical) degree is aw arded for the successful com pletion  of
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the five-year professional program  in chem ical eng ineering  a t C ornell, 
bu t studen ts from  o th e r in s titu tio n s may also be aw arded this degree if 
they have the p ro p e r p rerequisites an d  com plete the req u ired  th irty  
cred it hours.

T h e  M.S. and  Ph.D . degrees are adm inistered  by the G raduate  School 
an d  requ ire  w ork in  bo th  m ajo r and  m ino r fields of study, as well as the 
com pletion  of a satisfactory thesis involving ind iv idual o r o rig inal 
research or investigations. A stu d en t in terested  in  these degrees should 
consult the A n n o u n cem en t of the G raduate School: Physical Sciences. 
For a descrip tion  of the research in terests of the staff of the School of 
C hem ical E ngineering , w rite the G raduate  Field R epresen ta tive  in  
C hem ical E ngineering , O lin  H all.

CIVIL ENGINEERING

DEGREES OFFERED: Bachelor of Science; Master of Engineer
ing (Civil); Master of Science; Doctor of Philosophy.

H O L L IS T E R  H A L L
M r. W . L. H ew itt, A cting D irector; Messrs. V. C. Behn, D. J . Belcher, 
G. H . Blessis, W . B rutsaert, L. B. Dworsky, S. J . E rrera , M. I. Esrig, 
L. M. Falkson, G. P. Fisher, R. G allagher, C. D. Gates, P. Gergely,
D. J. H enkel, A. W. Law rence, T . D. Lewis, T . L iang, J . A. L iggett, R. 
C. Loehr, D. P. Loucks, W . R. Lynn, G. B. Lyon, W . M cG uire, A. J. 
M cN air, A. H . N ilson, C. S. ReVelle, R . G. Sexsm ith, F. O. Slate, S. 
S tidham , Jr ., R. N. W hite, G. W in ter. V isiting Staff: Messrs. P. B aron, 
B. LeLievre, G. Terzidis.

Civil E ng ineering  deals p rim arily  w ith  the large fixed works, systems, 
a n d  facilities th a t are basic to com m unity living, industry , an d  com 
merce and  v ital to the w elfare of m an. T h e  p lann ing , design, con
struction , and  opera tion  of tran sp o rta tio n  systems, bridges, build ings, 
w ater and  sewage trea tm en t facilities, dams, and  o th er m ajo r artifacts 
of society are civil eng ineering  activities. T h e  civil eng ineer is a m ajo r 
co n tr ib u to r to  the solu tion  of problem s of u rban iza tion  and  to  city 
p lan n in g . A burgeon ing  n a tio n a l p o p u la tio n  and  the desire of people  
to cluster in  city com plexes requ ire  a g rea t increase in  the num ber 
of w ell-tra ined civil engineers w ho can m eet the basic needs of society 
w ith efficiency, economy, and  safety.

T h e  wide range of subjects w hich are the concerns of the civil 
eng ineer are generally  grouped  in to  a nu m b er of sub-fields an d  special
izations. A t C ornell, there  are fou r subject d epartm en ts  in  Civil 
E ngineering:

E nvironm en ta l Systems E ngineering  (See page 51)
G eotechnical E ngineering  (See page 52)
Structural E ngineering  (See page 52)
W ater Resources E ngineering  (See page 53)
T hese d epartm en ts  p rov ide courses for g radua te  study lead ing  to 

advanced degrees an d  also those courses necessary to  su p p o rt the
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u n derg radua te  cu rricu lum  in  civil engineering . T h e  specific aims, 
objectives, and  program s of the above dep artm en ts  are described u n d er 
the subject nam es of the departm en ts on  the pages listed above.

T h e  Degree Program s
T h e  u n d erg rad u a te  field cu rricu lum  in  civil eng inee ring  leads to the 
degree, B achelor of Science. I t  provides a  tho rough  fo u n d a tio n  in the 
basic sciences, ap p lied  sciences, an d  m athem atics w hich are  fu n d am en ta l 
to  the profession. I t  also includes an  in tro d u c tio n  to  the m a jo r areas of 
m odern  civil eng ineering  technology an d  substan tia l o p p o rtu n ity  for 
libera l study.

M ost studen ts go on  to g raduate  study in  the fifth  year follow ing 
com pletion  of the baccalaureate. T h ree  m ain  paths of advanced w ork 
a t C ornell are:

1. G radua te  study in  the F ield  of C ivil E ng ineering  lead ing  to the 
degree o f M aster of E ng ineering  (Civil). T h is  is the first degree w ith  
a civil eng ineering  designation . I t  is o b ta ined  u p o n  com pletion  o f a 
cu rricu la r program  of th irty  cred it hours o f advanced study, inc lud ing  
an  extensive design project. T h e  M .Eng. (Civil) program  is designed 
p rim arily  for studen ts who in ten d  to  e n te r  the professional practice of 
civil engineering , an d  the degree rep resen ts a tta in m en t o f an  educa
tiona l level considered essential for m odern  practice.

2. G radua te  study lead ing  to  the degrees M aster of Science o r D octor 
of Philosophy. T hese  degrees are  in ten d ed  p rim arily  for studen ts who 
p lan  a career in  research, developm ent, o r  teach ing  in  an  area o f civil 
engineering.

3. A dvanced study in  a re la ted  technical field such as ap p lied  m echan
ics, aerospace engineering , o r u rb an  p lan n in g , o r in  a  nontechn ica l 
field req u irin g  an  eng ineering  background, such as law  o r business 
adm in istra tion .

Bachelor of Science (Field Program )
T h e  first four term s are described on  pages 27-29 of th is A n n o u n ce 
m ent. T h e  D ivision of Basic Studies p rogram  specifies th a t two engi
neering  science courses be taken  in  each term  of the sophom ore year. 
M echanics 211 and  212 are  req u ired  for en try  in to  the Civil E ng ineer
ing  F ield  Program . It is recom m ended, b u t n o t requ ired , th a t students 
p lan n in g  to en te r civil eng ineering  take M ateria ls Science 6210 an d  
6211 as th e ir  o th er sophom ore eng ineering  science courses.
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Contact H ours  
C redit Lee. Lab. 

T E R M  5 H ours R ec. Com p.
E ngineering  2701, S tructu ra l E ng ineering  I .  . 3 2 2
E ngineering  2301, F lu id  M e c h a n ic s   3 3 -
Geology 203, Geology for E n g in e e r s   3 2 3
E ngineering  9170, In troduc to ry  E ngineering

S ta t is t ic s   3 2 2 i/ 2
E ngineering  4941, In troduc to ry  E lectrical

E ng ineering    3 2 2 i^
L ibera l Elective   3 -  -

T o ta l ....................................................................  18

T E R M  6
E ngineering  2751, E ngineering  M ateria ls. . .  . 3 2 21/2
E ngineering  2702, S tructu ra l E ngineering  II  3 2 2
E ngineering  2451, E ngineering  M easurem ents 3 2 2]/^
E ngineering  2302, H ydrau lic  E ng ineering . 3 2 21/2
E ngineering  4942, In troduc to ry  E lectrical

E ng ineering    3 2 2 y2
L ibera l Elective ......................................................  3 -  -

T o ta l .................................................................  18

T E R M  7

E ngineering  2703, S tructu ra l E ng ineering  II I  3 2 2
E ngineering  2401, E lem ents of Soil

M echanics     3 2 2 y2
E ngineering  2501, W ate r Supply and  W aste-

W ate r E ng ineering    3 2 2 \/2
E ngineering  2601, T ran sp o rta tio n

E ngineering    3 2 2 1/%
E ngineering  3631, T h e rm o d y n a m ic s   3 3 -
L ibera l o r Free E le c t iv e   3 -  -

T o ta l .................................................................  18

T E R M  8
E ngineering  2603, E ng ineering  Econom y. 3 3 -
Civil E ngineering  E le c t iv e s ................................ 6 -  -
L ibera l Electives*   3 o r 6 -  -
Free E lectivesf   6 o r 3 -  -

T o ta l 18

* One course if Liberal Elective was taken in Term 7. 
f  One course if Free Elective was taken in Term 7.



Bachelor of Science (College Program )

As an  a lte rna tive  to  the F ield  P rogram , a  stu d en t w ith  a strong  in terest 
in  an  in terd isc ip linary  a n d /o r  specialized program  m ay wish to  con
sider the College Program  (see page 53). W here this involves one of the 
areas o f civil engineering , e ith e r as a m ajo r o r m in o r subject, the  
various d ep a rtm en t chairm en are p rep a red  to advise a n d  assist the 
s tu d en t up o n  request. E xam ples of College Programs are those com bin
ing  study in struc tu ra l eng ineering  and  arch itectu re , tran sp o rta tio n  
eng ineering  and  u rb an  p lann ing , env ironm en ta l systems eng ineering  
a n d  opera tions research, an d  san itary  eng ineering  an d  oceanography.
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M aster of E ngineering  (Civil)

T h is  degree is available as a cu rricu la r type of professional degree, the 
genera l requ irem en t for w hich are  sta ted  on page 18. T h e  basic 
School req u irem en t is satisfactory com pletion  of a t least th irty  cred it 
hours o f approved  course w ork beyond the C ornell four-year program  
o r its equ iva len t in  the F ield  of Civil E ngineering . A substan tia l po r
tion  of the w ork may be in  one of the areas o f concen tra tion  w ith in  
civil engineering . A t least six cred it hours in  the areas o f law, m anage
m ent, o r economics is requ ired . Also req u ired  as p a r t o f the to ta l is 
satisfactory com pletion  of a graduate-level civil eng inee ring  p ro jec t of 
th ree to e igh t cred it hours. Projects are designed to inc lude  the follow 
ing  aspects o f eng ineering : feasibility study, analysis, design, economics, 
and  systems analysis. N orm ally , the pro ject req u irem en t is m et th rough  
the two course sequence, E ng ineering  2010 an d  2011.

M aster of Science and D octor of Philosophy

T h e  requ irem en ts fo r the degrees of M aster of Science an d  D octo r of 
Philosophy are described in  the A n n o u n cem en t o f the G raduate School: 
Physical Sciences. T hese are  degrees o rien ted  tow ard  research. T hey  
req u ire  subm ission of a thesis.

In  the Field of Civil E ng ineering  a n u m b er of special areas of con
cen tra tion  are available e ith e r as m ajo r o r m in o r subjects. F o r clarity, 
these concen tra tions are identified  as follows w ith  the d epartm en ts 
w hich provide the re la ted  g raduate  instruction . E N V IR O N M E N T A L  
SYSTEMS E N G IN E E R IN G : construction  m anagem ent, tran sp o rta tio n  
eng ineering , env ironm en ta l systems engineering . G E O T E C H N IC A L  
E N G IN E E R IN G : geodetic an d  pho togram m etric  engineering , geo- 
technical engineering, aerial pho tograph ic  studies. S T R U C T U R A L  
E N G IN E E R IN G : struc tu ra l engineering , struc tu ra l m echanics. W A 
T E R  R ESO U R C ES E N G IN E E R IN G : hydraulics and  hydrology, w ater 
resource systems, sanitary engineering . A brief descrip tion  of the activ
ities o f each of these four d epartm en ts  follows.
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EN V IR O N M EN TA L SYSTEMS EN G IN EER IN G

M r. G. P. Fisher, C hairm an; Messrs. G. H . Blessis, L. M. Falkson, T . D. 
Lewis, W . R. Lynn, C. S. ReVelle, S. S tidham , Jr . V isiting Staff: P. 
B aron.

E nv ironm enta l systems eng ineering  is a un iq u e  a rea  of activity, the m ain  
th ru st of w hich is the app lica tion  of systems analysis, opera tions research, 
and  economics to the com plex an d  massive technological p roblem s of 
m odern  society w hich fall p redom inan tly  in  the area of civil engineering . 
I t is concerned  w ith  m ethods of a llocation  of resources in  the pub lic  
sector and  w ith  enhancem en t of the quality  of in fo rm ation  up o n  w hich 
to base ra tiona l decision-m aking and  pub lic  investm ent. P a rticu la r 
em phasis is placed on  tran sp o rta tio n  systems; air, w ater, and  o ther 
n a tu ra l systems; eng ineering  and  construction  p ro jec t m anagem ent; 
solid waste disposal; and  pub lic  h ea lth  systems. T h e re  is special in terest 
in the problem s of u rban iza tion , inc lud ing  an  in teg ra ted  approach  
to the m any technological an d  p lan n in g  aspects of m odern  u rb an  
areas, and  to associated social and  po litica l factors.

S ubstan tia l effort is d irected  to the trea tm en t of large-scale problem s 
such as in te ru rb a n  and  u rban  tran sp o rta tio n  netw orks, tran sp o rt te rm i
nal facilities and  in ter-m odal transfer efficiency, river basin studies, 
ra tiona liza tion  of com plex construction  projects, op tim al location  of 
tran sp o rta tio n  links and  pub lic  facilities, and  to associated land  use p a t
terns and  land  values. T h e  economics, p lan n in g , an d  m anagem ent of all 
forms of m an-m ade and  n a tu ra l en v ironm en t and  the associated 
decision-m aking process are stressed. M uch use is m ade of m athem atical 
m odeling and  com puters.

T h ro u g h  established re la tionsh ips w ith  the D epartm en ts of C ity an d  
R egional P lann ing , O pera tions Research, G eotechnical E ngineering , 
S tructu ra l E ngineering , W ater Resources E ngineering , and  w ith  m any 
o th e r areas of the U niversity, studen ts are encouraged to  take advan 
tage of a large variety of ancillary  course offerings th a t su p p o rt the 
general program  of study.

U nderg raduates may concen tra te  in  this subject a rea by elec ting  the 
College Program  and  fram ing  a course of study w ith  the assistance of 
the D epartm en t. G raduate  studies in tran sp o rta tio n  engineering , con
struction  p ro ject m anagem ent, and  u rb an  systems are conducted  p ri
m arily by the D ep artm en t of E nv ironm enta l Systems E ngineering . 
M aster o f Science and  D octor of Philosophy candida tes m ajo ring  in  
E nv ironm enta l Systems E ng ineering  follow g raduate  program s com 
prising  systems analysis, economics, an d  a specific app lica tion  area such 
as those aforem entioned .

C andidates for advanced degrees are considered w ho have u n d e r
g radua te  o r g raduate  w ork in  any area of civil engineering , in  op era
tions research and  ind u s tria l engineering , and  in  economics. S tudents 
w ith o th e r backgrounds and  w ell-developed career objectives w ill also be 
considered for g raduate  studies.
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GEOTECHNICAL EN G IN EER IN G

M r. D. J . H enkel, C hairm an; Messrs. D. J . Belcher, M. I. Esrig, W . L. 
H ew itt, T . L iang, G. B. Lyon, A. J. M cN air. V isiting Staff; B. LeLievre.

G eotechnical eng ineering  is concerned w ith  those aspects o f civil 
eng ineering  w hich are associated w ith the use of the surface of the 
earth . E arth  m easurem ent is an  im p o rtan t p a rt an d  involves surveying, 
geodesy, photogram m etry , and  the re la ted  com pu ting  an d  d a ta  p resen ta
tion  m ethods. T h e  techniques of in te rp re ta tio n  of aeria l pho tographs 
an d  o th e r rem ote sensing devices coupled  w ith  g ro u n d  observations 
are used to  establish the overall env ironm en t and  to define the n a tu re  
of the problem s. Soil m echanics and  fo u nda tion  eng ineering  provide 
the q u an tita tiv e  link  w ith  the m easurem ent of soil an d  rock p roperties 
and  th e ir  use in  the design process. Subgrade an d  pavem en t design are 
also covered.

T h e  laboratories, used for bo th  in s truc tion  an d  research, are well 
equ ipped . In  the pho togram m etric  area a th ree p ro jec to r stereo p lo tte r  
and  a n u m b er of o th er in strum en ts are  available. A large collection of 
aerial pho tographs from  all over the w orld are  held  in  the libraries, and  
these are used in  both photogram m etric  and  aeria l pho tog raph ic  studies. 
A b road  range of geodetic instrum en ts is also available. T h e  soil m echan
ics laboratories con ta in  a w ide variety  of both  standard  an d  specialized 
soil testing  equ ipm en t. E xcellent facilities fo r the testing  of stabilized 
soils and  asphaltic  m ixtures are  provided.

ST R U C T U R A L  EN G INEERING

M r. G. W in te r, C hairm an; Messrs. S. J . E rrera , R . H . G allagher, P. 
Gergely, W . M cG uire, A. H . N ilson, R . G. Sexsm ith, F. O. Slate, and  
R. N. W hite.

S tructu ra l eng ineering  com prises the analysis an d  design of structures 
o f all types, those trad itiona lly  iden tified  w ith  civil eng inee ring  (e.g., 
buildings, bridges, w atertanks, and  dam s) as well as those connected  
w ith  o th e r branches of eng ineering  (e.g., aero-space structures, pressure 
vessels, an d  nuclea r eng ineering  structures). T h e  D ep artm en t o f S truc
tu ra l E ngineering  is responsible for u n d e rg rad u a te  an d  g radua te  in struc
tion  an d  fo r research in  all these areas. In  add ition , in s truc tion  and  
research in  civil eng ineering  struc tu ra l m ateria ls (e.g., concretes, as
phalts, and  structu ra l m etals) are also the D ep a rtm en t’s responsib ility .

In s truc tion , b o th  u n d erg rad u a te  and  g raduate , em phasizes fu n d a 
m en ta l u n d ers tan d in g  of struc tu ra l behavior and  m odern  m ethods of 
design and  analysis, m any of them  com puter-orien ted . A large volum e 
of research, sponsored by a diversity of governm en t agencies an d  by 
industry , is carried  o u t in  th ree large an d  fully eq u ip p ed  laboratories: 
a struc tu ra l laboratory  for full-scale testing, an  extensively eq u ipped  
m odels laboratory , and  a versatile cem ent and  concrete laboratory .



COLLEGE PROGRAM 53

W ATER RESOURCES EN G IN EER IN G

Mr. C. D. Gates, C hairm an; Messrs. V. C. B ehn, W . H . B ru tsaert, L. B. 
Dworsky, A. W . Lawrence, J . A. L iggett, D. P. Loucks, R. C. L oehr. 
V isiting Staff: G. Terzidis.

W ater resources eng ineering  brings together u n d erg rad u a te  in struction , 
advanced study and  research in fluid m echanics, hydraulics, hydrology, 
sanitary (env ironm ental) eng ineering  an d  w ater resource systems en 
g ineering. D epartm en ta l activities fall in to  th ree general categories: (1) 
the developm ent of fund am en ta l know ledge of p e rtin en t phenom ena 
and  princip les th rough  theoretical analysis and  labora to ry  ex p eri
m en ta tion ; (2) the app lica tion  o f these princip les, a long w ith  skills in  
ap p lied  m athem atics, statistics an d  p robability , and  d ig ita l com pu ta
tion  techniques, to the analysis and  design of processes an d  systems for 
w ater quality  contro l, w ater q u an tity  contro l, and  waste m anagem ent; 
(3) the app lica tion  of m athem atical m odeling, econom ic theory, and  
systems analysis to the solu tion  of problem s in  w ater resource p lan n in g  
and  m anagem ent, and  in  env ironm en ta l quality  contro l.

U nderg raduates may concen tra te  in  this subject area e ith e r by choos
ing the F ield  P rogram  in Civil E ng ineering  and  electing  advanced 
courses offered by the D ep artm en t o r by electing the College Program  
and  choosing an eng ineering  m ajo r w ith in  the D epartm en t. Ind iv iduals 
considering g raduate  study in  this area should have a baccalaureate  
degree in  eng ineering  science, a b ranch  of engineering , o r in  a physical 
science.

A dditional Inform ation
A num ber of fellow ships an d  assistantships are available to g raduate  
studen ts in  civil engineering . Prospective g radua te  studen ts should 
consult the A n n o u n cem en t of the G raduate School: Physical Sciences. 
A brochure, G raduate S tudy in C ivil E ngineering , may be ob ta in ed  by 
w riting  the G radua te  Field R epresen tative, C ivil E ngineering , H ollister 
H all.

TH E COLLEGE PROGRAM
DEGREES OFFERED; Bachelor of Science.

C A R P E N T E R  H A L L

Mr. W . H . Erickson, C hairm an, College P rogram  C om m ittee.

T h e  College Program  has been established to accom m odate those stu 
den ts whose educational objectives req u ire  m ore cu rricu la r flexibility 
than  is possible in  the Field Program s. T hus, to  reach a given objective, 
a studen t in  the College Program  may com bine course sequences from  
two or m ore eng ineering  fields o r com bine an  eng ineering  course 
sequence w ith  a sequence from  a noneng inee ring  d iscipline. M any com 
binations are possible u n d e r  the P rogram  as established, and  the College 
Program  C om m ittee, w hich adm inisters the P rogram , approves all p ro 
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posals th a t com bine sequences o f courses th a t have an educational 
objective req u irin g  an  eng ineering  founda tion .

S im ilar to the Field  Program s in  th a t the same core cu rricu lum  
requ irem en ts m ust be satisfied, the College Program  differs from  them  
in  th a t the courses to  satisfy the forty to forty-six ad d itio n a l cred it 
hours are no t specified by the eng ineering  faculty, b u t are to  be sug
gested by the studen t w hen he applies for adm ission to the College 
Program. Such adm ission is norm ally  a t the beg inn ing  of the s tu d en t’s 
ju n io r  year b u t app lica tions are m ade in  the first term  of the sophom ore 
year.

W ith in  these forty to  forty-six cred it hours, the s tu d en t is req u ired  to 
have a m in im um  of twelve hours in  an  eng ineering  m ajor, e igh t hours 
in  an eng ineering  m inor, and  eigh t hours in  technical electives, w ith 
the rem ain ing  hours to be satisfied by courses ap p ro p ria te  to the stu
d e n t’s objective. T h e  eng ineering  m inor m ay be w aived if the objective 
of the stu d en t is best satisfied by a com bination  o f an  eng ineering  m ajor 
and  a m ino r th a t is in  a noneng inee ring  discipline.

C om pletion  of the app lica tion  form  fo r adm ission to the P rogram  
requires a sta tem ent of the objective o f the studen t and  a term -by-term  
listing  of the courses th a t are proposed fo r m eeting  th is objective. I t  is 
n o t expected  th a t the stu d en t w ill com pile such a listing  on  his own, 
b u t tha t, a fter discussing his objective w ith  the chairm an  o f the College 
Program  C om m ittee, he w ill develop his program  w ith  the advice of a 
technical consu ltan t in  the field of the proposed m ajor. T h e  technical 
consu ltan t w ill be a professor recom m ended to the s tu d en t by the cha ir
m an  of the C om m ittee.

O nce adm itted  to the P rogram , the s tu d e n t’s progress is u n d e r the 
supervision of the College Program  C om m ittee. H is adviser is the chair
m an  of the C om m ittee. T h e  C om m ittee is responsible for a ll the  adm in 
istrative functions norm ally  perform ed by the faculty o f a Field 
Program . Exam ples of studen t program s cu rren tly  in  progress are:

M ajor M in o r
A irphoto  In te rp re ta tio n  Geology
T ran sp o r ta tio n  R egional p lan n in g
C om pu ter science E lectrical systems
Electrical systems Psychology
Electrical systems B iological science
In dustria l eng ineering  Psychology
N uclear eng ineering  E ng ineering  physics
M ateria ls science Geology
M achine design E lectrical systems
T h e rm a l eng ineering  In d u s tria l eng inee ring
T h eo re tica l and  app lied  m echanics A pplied  m athem atics 
E nv ironm en ta l systems In d u s tria l eng ineering
M echanical eng ineering  O ceanography
E nv ironm enta l systems City p lan n in g
W ate r resources T h e rm a l eng ineering
Electrical systems Prem edical
C om pu ter science In d u stria l eng ineering
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A fter com pleting  the College Program  the s tu d en t is aw arded a 
B achelor of Science degree. In  p lan n in g  his College Program , the 
studen t should consider his g radua te  objective w hether it be M aster 
of Science, D octor o f Philosophy, o r M aster of E ngineering , an d  should  
so construct his program  th a t he has the p ro p e r p rerequisites for the 
g raduate  w ork he contem plates.

COMPUTER SCIENCE

(COLLEGES OF EN G IN EER IN G  AND OF ARTS  
AND SCIENCES) 

DEGREES OFFERED: Master of Science; Doctor of Philosophy. 

UPSO N  H A L L

Mr. J. H artm an is, C hairm an; Messrs. K. M. Brown, R. L. C onstable, 
R. W . Conway, J. E. H opcroft, W . L. M axwell, H . L. M organ, C. Pottle ,
G. Salton, A. G. Shaw, R. A. Sweet, R. A. W agner, R. J. W alker, P. 
W egner, W . S. W orley.

C om puter science, the science of in fo rm ation , is concerned w ith the 
na tu re  and  p roperties of in fo rm ation , its structures and  classification, 
its storage and  retrieval, and  the various types of processing to  w hich 
it  can be subjected. I t  is also concerned w ith the physical m achines th a t 
perform  these operations, w ith  the e lem ental un its  of w hich they are 
composed, and  w ith the organization  of these un its  in to  efficient 
in fo rm ation  processing systems.

C om puter science is closely re la ted  to m any o th e r fields. T h e  fu n d a 
m ental theory of in fo rm ation  processing and  the exp lo ra tion  of the 
lim its of the abilities o f com puting  m achines are topics in  pu re  and  
ap p lied  m athem atics. N um erical analysis, w hich is concerned w ith 
the accuracy and  efficiency of p ractical num erical procedures, is a topic 
in  app lied  m athem atics. C om pu ter science and  electrical eng ineering  
have a com m on in terest in  the characteristics of physical m achines and  
in  com puter design. L inguistics an d  com pu ter science share an  in terest 
in language structu re  an d  transla tion . T h e  im plications of cu rren t 
da ta  processing technology fo r the organ ization  and  contro l o f indus
tria l and  business opera tions are p e rtin en t to industria l eng ineering  and  
business adm in istra tion . Investigations in  the area of artificial in te lli
gence are subjects of in terest in psychology and  biology. W ork  in experi
m ental com puting  relates to several of the disciplines a lready m entioned .

In  the past, m any of these subjects were pursued  as parts of separate 
fields. T oday  g reater stress is placed on th e ir com m on basis, and  com 
p u te r o r in fo rm ation  science is being established as an  in d ep en d en t 
d iscipline a t m any lead ing  institu tions. Because research in  this field is 
re la ted  to the w ork of so m any disciplines, the D ep artm en t o f C om 
p u te r Science a t C ornell is organized as an intercollege dep artm en t 
of the College of E ng ineering  and  the College of Arts and  Sciences.
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C om puting  Facilities
T h e  p rin c ip a l com puting  facility a t C ornell is an IBM  360 M odel 65. 
T h is  is located  in  L angm uir L aboratory  a t the C ornell R esearch  P ark  on 
the p e riphery  of the cam pus, an d  is d irectly  linked  to  satellite  com
p u te rs  a t th ree  d ifferent cam pus locations. T h e  E ng ineering  College is 
served th rough  one of these satellite  sta tions in  U pson H a ll as well as 
by a n u m b er of te le typew riter te rm inals in  d ifferen t locations. A n 
IBM  1800 com puter is also linked  to  the cen tra l com pu ter to  p rovide 
an  analog-digital in terface an d  g raph ica l display equ ipm en t.

T h e  Degree Program s
In  th e  F ield  o f C om pu ter Science, qualified  g radua te  studen ts can earn  
M aster of Science an d  D octor o f Philosophy degrees. A lthough  there  is 
no  u n d erg rad u a te  field p rogram  in  com pu ter science in  th e  College of 
E ngineering , it  is possible for studen ts in  the College Program  (described 
on p. 53) to  develop a course of study w hich em phasizes com puter 
science and  re la ted  fields.

Because of the im portance  of a strong  background  in  m athem atics 
a n d  eng ineering  sciences, underg radua tes in  the College Program  w ho 
are in terested  in  advanced study in  com pu ter science should  p lan  a 
course of upperclass study th a t w ill inc lude  w ork in  ap p lied  m athe
matics, p robab ility  an d  statistics, an d  electrical eng ineering , as well as 
ap p ro p ria te  courses in  com puter science.

G radua te  studen ts w ho are in terested  in  the theory, design, an d  
use of au tom atic  com puting  eq u ip m en t as a subject in  itself should  
consider th e  o p p o rtu n itie s  for advanced tra in in g  in  com pu ter science. 
In  general, they are  expected  to  have a strong  background  in  m athe
matics, science, o r engineering , a lthough  students w ith  excep tional 
records from  o th e r fields w ill also be considered for adm ission. S tudents 
w ith  an  in terest in the app lica tion  of com puters to  th e ir  own m ajo r 
fields should  consider a g radua te  m in o r in  com pu ter science to supp le 
m en t th e ir  m ajo r field o f study. O p p o rtu n itie s  fo r research  an d  study 
exist in  the follow ing areas of com pu ter science: num erical analysis, 
p rogram m ing  languages an d  systems, au tom ata  an d  com putab ility  
theory, an d  in fo rm ation  o rganization  and  retrieval.

T h e  program  fo r the M.S. degree typically involves one year of 
graduate-level course w ork an d  the w ritin g  of a thesis. Before the degree 
is aw arded, a cand ida te  m ust pass a com prehensive exam ination  covering 
his course w ork an d  his thesis.

A Ph.D . program  usually involves approx im ate ly  two years of 
graduate-level course work, the dem onstra tion  of ab ility  to  read  scien
tific lite ra tu re  in  two foreign languages (usually chosen from  French, 
G erm an, an d  R ussian), the passing of a com prehensive o ra l exam ina
tion , the w riting  of a d issertation , and  a final o ra l exam ina tion  on  the 
d issertation . T h e  d issertation  m ust dem onstra te  th e  ability  o f the 
cand ida te  to  conduct an o rig inal an d  in d ep en d e n t investigation  o f h igh
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quality  and  to  presen t the results of the research  in  a w ell-organized 
and  cogent m anner.

I t  is possible to o b ta in  the Ph.D . degree w ithou t first receiv ing  the 
M.S. degree, o r to  o b ta in  the M.S. only, o r the M.S. follow ed by the 
Ph.D .

ELECTRICAL ENGINEERING

DEGREES OFFERED: Bachelor of Science; Master of Engineer
ing (Electrical); Master of Science; Doctor of Philosophy.

P H IL L IP S  H A L L
M r. H . J . C arlin , D irector; M r. J . L. Rosson, A ssistant D irector; Messrs. 
P. D. A nkrum , J . M. B allantyne, T . Berger, R. B olgiano, N. M. Brice, 
N. H . B ryant, R . E. C urry, G. C. D alm an, L. F. E astm an, W . H . E rick
son, D. T . Farley, T . L. F ine, T . G old, B. H oefflinger, C. E. Ingalls, F. 
Jelinek , M. Kim, C. A. Lee, R . L. Liboff, S. L inke, L. A. M acKenzie,
H . S. M cG aughan, P. R. M clsaac, C. A. M erriam  III , J. A. N ation , B. 
Nichols, R. E. O sborn, E. O tt, C. P o ttle , N. J . A. Sloane, H . G. Sm ith, 
R . N. Sudan, G. Szentirm ai, C. L. T an g , J . S. T h o rp , H . C. T o rn g , N . M. 
V rana, L. S. W agner, C. B. W harto n , G. J . W olga, S. W . Z im m erm an. 
V isiting Staff: M r. B. J. Leon.

T h e  cu rricu lum  lead ing  to the degree of B achelor o f Science in  the F ield  
Program  of the School of E lectrical E ng ineering  is in ten d ed  to create 
in the stu d en t an  u n d ers tan d in g  of the m ean ing  an d  the app lica tio n  of 
those physical laws th a t are basic to  electrical eng inee ring  and , a t the 
same time, to p rovide the o p p o rtu n ity  fo r as m uch study in  the fields 
of hum anities and  social studies as is consistent w ith the objectives of 
m odern  education  in  the field of eng ineering . T h e  successful com pletion  
of this degree program  enables the stu d en t to follow one of th ree 
possible routes to advanced studies. T hey  are:

1. G radua te  studies in the F ield  of E lectrical E ng ineering  lead ing  to 
the degree of M aster of E ng ineering  (E lectrical). T h is  degree is aw arded 
for successful com pletion  of a cu rricu la r program  and  is in ten d ed  for 
a stu d en t w ho expects to  practice electrical eng inee ring  as a profession 
b u t does n o t p lan  to  engage in  research as a career. (See page 62 for 
a general descrip tion  of these requirem ents.)

2. G raduate  studies lead ing  to  the degree of M aster of Science or 
D octor of Philosophy. E ither o f these degrees involves residence on  the 
cam pus and  subm ission of a thesis an d  is in ten d ed  fo r studen ts who 
p lan  to engage in  research as a career. T h e  requ irem en ts for th is degree 
are described in  the A n n o u n cem en t o f the G raduate School: Physical 
Sciences.

3. A dvanced studies in  fields o th e r than  eng ineering  such as law  and  
business adm in istra tion .

T h e  education  of the m odern  electrical engineer, as rep resen ted  by 
the successful com pletion  of the requ irem en ts for the degree of M .Eng. 
(Electrical), provides a sound  fo u n d a tio n  for h im  to p ractice electrical 
eng ineering  successfully in  a rap id ly  ex p an d in g  field inc lu d in g  such



areas as random , tim e variable, lin ea r an d  n o n lin ea r systems an d  cir
cuits; q u an tu m  electronics; plasm a physics; m agnetohydrodynam ic 
pow er genera tion ; space com m unication  and  contro l systems; design of 
sw itching circuits an d  com puter-aided design; m icrow ave p ropagation ; 
rad io  physics; and  solid state microw ave devices. In  establish ing this 
cu rricu lum , the faculty  of the School of E lectrical E ng ineering  has 
recognized the enorm ous scope of electrical eng ineering  today and  has 
concluded th a t th ree m ain  them es are necessary to  p rep are  its students 
adequately . T hese them es are called Electrophysics, Systems, and  Labora
tory. T hey  are in te rre la ted  and  the cu rricu lum  contains an  in teg ra ted  
series of requ ired  courses in  each.

Electrophysics is chiefly concerned w ith  o u r p resen t u n d e rs tan d in g  of 
the physical laws th a t govern the design o r  ap p lica tion  of electrical 
devices. M odern  devices from  m achines to lasers are based on  the laws 
govern ing  electric and  m agnetic  fields, in te rac tion  of fields an d  p a r
ticles, fluid flow, k inetic  theory, therm odynam ics, q u a n tu m  m echanics, 
p ropertie s of m ateria ls in  the solid state, and  plasmas. In  the curricu lum , 
these subjects are  trea ted  in  significant d ep th  an d  b read th . A ll u n d e r
g raduate  studen ts en ro lled  in  the E.E. F ield  P rogram  are req u ired  to  
com plete 4311, 4312, 4411, an d  4412 as a sequence of electrophysics 
courses.

T h e  Systems sequence deals w ith  the laws th a t govern the in te rac tion  
of devices whose ind iv idual behavior is specified, as well as the response 
o f these systems to  various inpu ts. T hese systems m ay be solely electrical 
o r  involve transducers; they may con ta in  bo th  lin ea r and  no n lin ea r 
elem ents; they may be passive, active, o r random . Systems may be used 
fo r m any purposes, e.g., pow er d is trib u tio n  contro l, com m unications, 
an d  in s trum en ta tion . T h e  course p rogram  is designed to  develop the 
general m ethods of analysis requ ired  for all such systems together w ith  
u n d ers tan d in g  of the physical significance of the solutions. A ll u n d e r
g radua te  students en ro lled  in  the E.E. F ield  P rogram  are requ ired  
to  com plete 4301, 4302, 4401, and  4402 as a sequence of courses in  
the systems area of study.

T h e  Laboratory  sequence em phasizes th a t new  developm ents in 
eng ineering  practice come from  a b lend  of theory  an d  experim en ta tion . 
L aboratory  w ork brings students in to  close touch w ith  reality  in  the 
areas o f both systems and  electrophysics. T h e  experim en ta l w ork may 
be based on th e  analysis developed in  e ith e r of the areas. E ach of the 
th ird-year labora to ry  courses involves two labora to ry  periods each 
week. Sufficient tim e an d  flexibility are p rov ided  to allow  for ind iv idual 
exp lo ra tion , an d  the goal is to enab le  the s tu d en t to  devise his own 
experim ents. All u n d erg rad u a te  studen ts en ro lled  in  th e  E.E. Field 
Program  are req u ired  to  com plete 4321, 4322, an d  six ad d itio n a l hours 
of E.E. electives w ith  laboratory.

Laboratory and Research Facilities
A w ide variety  of excellent facilities are available fo r bo th  u n d e r
g radua te  and g radua te  studen ts en ro lled  in  the F ield  of E lectrical E ngi
neering. Jdost of the u n d erg rad u a te  an d  g radua te  in s tru c tio n  is housed
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in  P hillips H all, a  m odern  b u ild in g  w idi m ore th an  100,000 square feet 
of floor space. In  ad d itio n  to  the classrooms, offices for faculty  an d  g rad 
uate  students, conference rooms, and  m achine and  electronics shops, 
there are two u n d erg rad u a te  laboratory  areas— each covering ap p ro x i
m ately 6,000 square feet. Each laboratory  is served by a stockroom  
con ta in ing  the most m odern  electrical an d  electronic eq u ip m en t and  
re la ted  instrum en ts needed to im plem en t the labora to ry  sequence of 
courses. A num ber of electrical eng ineering  labora to ries are devoted 
solely to  g raduate  studies and  research program s. A m ong these are 
laboratories for systems and  netw ork research, con tro l systems, analog 
com puters, sw itching circuits, m icrowave electronics, physical and  solid 
state electronics, q u an tu m  electronics inc lud ing  high pow er lasers, plas
m a and  gas discharge phenom ena, and  h igh energy pulse pow er. T h e  
A recibo Ionospheric  O bservatory at A recibo, P uerto  Rico, has in te r
nationally  recognized facilities w hich include two rad a r transm itters 
each hav ing  a peak-pow er o u tp u t of 2,500,000 w atts and  o p era ting  
in  con junction  w ith a 1000-foot-diameter an ten n a . T hese facilities are 
used for research studies of the u p p e r  atm osphere and  for radio- 
astronom y and  radar-astronom y research.

T h e  Degree Program s
B A C H E L O R  O F  S C IE N C E  (F IE L D  P R O G R A M )

C ontact H ours

T E R M  5
Credit
H ours

Lee.
Rec.

Lab.
C om p.

E ngineering  4301, Analysis o f E lectrical 
Systems I ............................................................... 4 3 214

E ngineering  4311, E lectrom agnetic Fields and  
W a v e s ...................................................................... 4 3 21/2

E ngineering  4321, E lectrical L aboratory  I . . . 4 1 5
E ngineering  3631, T herm odynam ics* ........... 3 3 -
L iberal Elective* .................................................... 3 - -

T o ta l ................................................................. 18

PE R M  6
E ngineering  4302, Analysis of E lectrical

Systems II ............................................................. 4 3 21/2
E ngineering  4312, E lectrom agnetic Fields

and  W aves ........................................................ .. 4 3 21/2
E ngineering  4322, E lectrical L aboratory  II 4 5
E ngineering  3632, F lu id  M e c h a n ic s* .............. 3 3 -

L ibera l Elective* .................................................... 3 -

T o ta l ................................................................. 18
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T E R M  7
C ontact H ours

C redit Lee. Lab.
H ours R ec. C om p.

E ngineering  4401, D eterm in istic  Signals in
L in ea r Systems ............................................... 4 3 2i/2

E ngineering  4411, Q u an tu m  T h eo ry  and
A p p lica tionsf ................................................. 4 3 214

E. E. Elective w ith  labora to ry  .................... 3 o r 4 1 o r 2 2 i/ 2 to  5
L ibera l Elective* ............................................... 3 - -
F ree E le c t iv e ........................................................ 3 -

T o ta l .................................................................  17 o r 18

T E R M  8
E ng ineering  4402, R an d o m  Signals in

L in ea r Systems   4 3 214
E ngineering  4412, Solid State Physics

an d  A p p lica tions!   4 3 2 i/ 2
E. E. Elective w ith  labora to ry  .........................  3 o r 4 1 o r  2 214 to  5
L ibera l Elective* .................................................... 3 -  -
Free E le c t iv e ............................................................. 3 -  -

T o ta l   17 o r 18

* The engineering science and liberal electives listed above are part of the 
core curriculum requirements described on page 11.
■f-4411 and 4412 satisfy the core curriculum engineering science requirements 
of physical chemistry and materials science.

Scholastic Requirements
A studen t fa iling  to  m ake satisfactory progress tow ard his degree, 
evidenced by a low average, by course failures, o r by low grades in  m ajo r 
courses, m ay be given a tria l term  o r suspended from  the School. In  
o rd e r to  qualify  for g rad u a tio n  an  electrical eng ineering  stu d en t m ust 
have a m in im um  grade-po in t average of 1.8 in  th ird- an d  fourth-year 
courses.

Field Elective Courses
T h e  curricu lum  of the School of E lectrical E ng ineering  provides for a 
w ide selection of elective technical courses w hich may be inco rpo ra ted  
in to  the F ield  Program s of the students. T h e  selection of these courses 
can begin w ith  T e rm  7. I t  is hoped  th a t studen ts w ill use these elective 
courses to pursue effectively th e ir  in d iv idua l in terests in  the F ield  
P rogram  of E lectrical E ngineering.
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TH EO RY OF SYSTEMS AND NETW ORKS

4501 Systems w ith  R andom  Signals and  Noise
4502 Statistical Aspects of C om m unication
4503 T heo ry  of L in ear Systems I
4504 T heo ry  of N o n lin ea r Systems I
4507-08 R andom  Processes in  E lectrical Systems
4571 N etw ork Analysis
4572 N etw ork Synthesis
4601 T heo ry  of N o n lin ea r Systems II
4603 T heo ry  of L in ea r Systems II

ELECTROM AGNETIC TH EO RY

4511 Electrodynam ics
4514 M icrowave T heo ry
4567 A ntennas and  R ad ia tion
4568 A dvanced A n tenna  M ethods and  Problem s

LABORATORY

4421-22 A dvanced E lectrical L aboratory  
4520 G raduate  L aboratory

ELECTRONICS

4431-32 E lectronic C ircu it Design 
4433-34 Sem iconductor E lectronics I and  II 
4531-32 Q u an tu m  E lectronics I and  II  
4535-36 Solid State Devices I and  II 
4538 E lectrom agnetic P roperties of Solids 
4631-32 T h e  Physics of Solid State Devices

POW ER SYSTEMS AND M ACHINERY

4441-42 C on tem porary  E lectrical M achinery I and  II
4443 Pow er System E qu ipm en t
4444 H igh  V oltage P henom ena
4445-46 E lectric Energy Systems I and  II

RADIO AND PLASMA PHYSICS

4461 W ave P henom ena in  th e  A tm osphere
4462 R adio  E ngineering
4464 E lem entary  Plasm a Physics and  Gas Discharges
4551-52 U p p er A tm osphere Physics I and  II
4561 In tro d u c tio n  to Plasm a Physics
4562 W aves in  Plasmas
4564 A dvanced Plasm a Physics
4565-66 R adiow ave P ropagation  I and  II
4661 K inetic E quations
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CO M M UNICATIO NS

4472 In tro d u c tio n  to  A lgebraic C oding
4673 Princip les of A nalog an d  D ig ita l C om m unication
4674 T ransm ission  of In fo rm ation
4676 D ecision an d  E stim ation  T h eo ry  fo r Signal Processing

C O M PU TIN G  SYSTEMS A N D  C O N TR O L
4481-82 Feedback C on tro l Systems
4483 A nalog  C om puta tion
4484 A nalog-H ybrid  C om pu ta tion  
4487-88 Sw itching T heo ry  an d  Systems
4505-06 O ptim ization  and  A pprox im ation  T echn iques I an d  II
4588 B ionics and  R obots
4681 R andom  Processes in  C on tro l Systems

M ASTER OF EN G IN EER IN G  (ELECTRICAL)
A dm ission to  the M aster o f E ng ineering  (E lectrical) degree program  is 
open  to persons who have been g ran ted  B achelor’s degrees, o r  the 
equivalen t, an d  who have sufficient tra in in g  to ind ica te  th a t they can 
profitably  study the advanced courses offered for these studen ts in  the 
School of E lectrical E ngineering . T h e  purpose of th is degree p rogram  
is to offer d ep th  of study in  b o th  com prehensive and  specialized e lec tri
cal eng ineering  subjects, an d  to  offer study ex ten d in g  th e  ab ilities of 
the electrical eng ineer to o th e r fields.

T h e  requ irem en ts for the M .Eng. (E lectrical) degree are:
1. A m in im um  to ta l of th irty  cred it hours of advanced technical course 

w ork in  the Field of E lectrical E ng ineering  o r in  re la ted  subjects.
2. A m in im um  of two, two-course sequences in  advanced electrical 

eng ineering  (chosen from  a designated  list).
3. A m in im um  of th ree  cred it hours of eng inee ring  design experience 

involving ind iv idual effort and  a form al report.
4. A m in im um  grade p o in t average of 2.5 an d  a m in im um  final grade 

of C for any courses coun ting  tow ard this degree.
T h e re  are  no  residence requ irem ents, a lthough  all course w ork m ust, 

in  general, be com pleted  u n d e r C ornell U niversity  staff in struction . 
T h e  degree requ irem en ts m ust norm ally  be com pleted  w ith in  a period  
of fou r ca lendar years.

G raduates of C ornell U niversity  w ith  a B achelor of E lectrical E ngi
n eering  degree may be g ran ted  u p  to  fifteen hours of cred it fo r advanced 
courses taken d u rin g  the fifth u n d erg rad u a te  year, p rov ided  they en te r 
the M .Eng. (Electrical) program  no t la te r th an  the fall term  follow ing 
the six th  anniversary of th e ir receiving the B.E.E. degree. F or those 
studen ts w ho are g ran ted  fifteen cred it hours of advanced standing , the 
requ irem en t is six cred it hours in  the School o f E lectrical E ngineering  
ra th e r  th an  two-course sequences, and  the design req u irem en t m ay be 
waived.
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M ASTER OF SCIENCE A N D  D O C TO R  OF PHILOSOPHY  
DEGREES
T h e  requ irem en ts lo r the degrees of M aster of Science and  D octor of 
Philosophy are described in  the A n n o u n cem en t oj the G raduate School: 
Physical Sciences. T hese are research degrees th a t involve residence on  
the cam pus and  subm ission of a thesis.

In  the School of E lectrical E ngineering , research w ork lead ing  to 
these degrees may be u n dertaken  in  the area of electrophysics includ ing  
rad io  propagation , rad io  an d  ra d a r  astronom y, electrom agnetics, plasm a 
physics, m agnetohydrodynam ics, physical and  m icrowave electronics, 
m icrowave solid state devices, m aterials science and  solid state physics 
in electrical engineering, q u an tu m  electronics and  laser optics, bio
m edical electronics, electric pow er conversion, electrical b reakdow n 
phenom ena, etc., and  in  the area of systems inc lud ing  in fo rm ation  
theory, netw ork theory, com m unications systems, contro l systems, 
sw itching circuits, com puters and  com puter-aided design, cognitive 
systems, etc. A nu m b er of fellowships, research assistantships, and  
teaching assistantships are available to candida tes for the M.S. and  Ph.D. 
degrees who are do ing  th e ir  thesis research in  the School of E lectrical 
E ngineering. A ssistantship app lica tions and  fu rth e r in fo rm ation  can 
be o b ta ined  by w riting  to the G raduate  Field R epresen tative, School 
of E lectrical E ngineering, P h illips H all.

ENGINEERING PHYSICS

DEGREES OFFERED: Bachelor of Science; Master of Engineer
ing (Engineering Physics). T he Graduate Field of Applied  
Physics offers the Master of Science and Doctor of Philosophy 
degrees (see page 39).

C LA R K  H A L L
Mr. T . R. C uykendall, D irector; Messrs. B. W . B atterm an , K. B. 
Cady, D. D. C lark, R . K. C layton, D. R. Corson, E. T . C ranch, H . H . 
Fleischm ann, P. L. H artm an , J . A. K rum hansl, R. M cPherson, M. S. 
N elkin, H . F. N ew hall, E. L. Resler, Jr ., T . N. R hod in , N. R ostoker, 
and  H . S. Sack, Mrs. M. M. Salpeter; Messrs. B. M. Siegel, J. Silcox, 
W. W . W ebb, G. J  W olga. V isiting Staff: Mr. I. KuScer.

C reativity  and  innovation  in  engineering  and  ap p lied  science depend  
significantly on basic and  advanced know ledge in  physics and  app lied  
m athem atics and  on the techniques of app ly ing  this know ledge to 
eng ineering  problem s. A ccordingly the eng ineering  physics p rogram  
provides this k ind  of know ledge, encourages this ap p roach  am ong 
students w ith an in te rest and  com petence for such areas. I t  seeks to 
p repare  studen ts for the con tinually  w iden ing  eng ineering  challenges 
w ith deepen ing  roots in fundam en ta l know ledge w hich are p roduced  
by physical research.

T h e  s tuden t pursues tho rough  and  advanced courses in  physics and  
app lied  m athem atics. H e is encouraged to  develop insigh t in to  the
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app lica tion  of concepts. T o  th is end, his cu rricu lum  includes a core of 
engineering  sciences a n d  a systematic developm ent of electrical and  
elec tronic systems. T h u s  he may proceed from  a basic u n d ers tan d in g  
of m atte r and  energy th rough  a know ledge of techniques to a nu m b er 
of ap p lied  them es. By selecting electives, he opens fo r him self the way 
to  several m odern  technological areas such as recen t advances in  gas
dynam ics, aerodynam ics, plasmas, rad io  astronom y, astrophysics, o th e r 
space sciences, m odern  topics in  solid state physics systems developm ent, 
an d  nuclea r science an d  engineering .

Study in  this field provides a  sound  fo u n d a tio n  for g radua te  study 
in  physics, ap p lied  physics, nuclear science an d  engineering , aerospace 
engineering , an d  in  o th e r areas of eng inee ring  research  based on 
physics a n d  app lied  m athem atics. Also, the cu rricu lum  has proved 
to  be an  excellen t fo u n d a tio n  for em ploym ent in  the new er technologi
cal industries th a t transcend  the boundaries o f the established engi
neering  professions. T herefo re , studen ts in  the p rogram  have the 
o p p o rtu n ity  to qualify  for: (1) the five-year professional M aster of 
E ng ineering  program s in  eng inee ring  physics, n uc lea r engineering , and  
aerospace engineering , each created  for those w ho wish to  practice the 
new er app lica tions of physical science; (2) fu r th e r education  in  p ro 
fessional fields en riched  by a background  in  ap p lied  science; o r (3) 
positions in  industry  a t the end  of fo u r years, usually  to co n tin u e  lea rn 
ing  on  the job  and  o ften  to p artic ipa te  in advanced tra in in g  program s.

Laboratory and Research Facilities

T h e  p rin c ip a l activities of the School take place in  C lark  H all, w hich 
also houses the D epartm en t of Physics, and  in  the N uclear R eacto r 
L aboratory . C lark H a ll is the cen te r for u n d erg rad u a te  affairs such as 
s tu d en t records, scheduling, an d  advising. G radua te  activities and  
projects re la ted  to the M aster o f E ng ineering  (E ngineering  Physics) 
degree are  carried  o u t in  bo th  buildings.

E q u ip m en t is available for p ro jec t and  research studies in  the areas 
of e lectron m icroscopy and  diffraction, solid state an d  surface physics, 
low energy nuclear physics, n uc lea r chem istry, an d  n uc lea r reacto r 
physics an d  technology. S tudents also may pa rtic ip a te  actively in  the 
University-wide plasm a physics program .

Five com m ercial elec tron  microscopes are  used in  research activities. 
U ltrah igh  reso lu tion  instrum ents for atom ic an d  m olecu lar m icroscopy 
are being  developed. Superconducting  an d  m agnetic phenom ena  are 
being  stud ied  a t very low tem peratures. A p p ara tu s  an d  eq u ip m en t for 
studying nuclear eng ineering  an d  re la ted  nuclear phenom ena  are 
extensive. (See page 89).

T h e  Degree Program s
O f the core eng ineering  sciences th a t m ay be com pleted  before the 
end  of the fou rth  sem ester in  the D ivision of Basic Studies, the physical
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chem istry-m aterials science sequence and  electrical science sequence are 
requ ired . Fam iliarity  w ith  the phenom ena occurring  in  m aterials and  in 
electrical systems provides a good basis fo r b u ild ing  deeper an d  w ider 
un d ers tand ing  as well as sound  applications. T h e  re la tionsh ip  betw een 
in terest and  proficiency in  physics and  m athem atics a t this and  la te r 
stages of progress is obvious.

W hile studen ts may en ro ll in  the eng ineering  physics p rogram  from 
the nonhonors section of physics and  m athem atics, reg istra tion  in honors 
sections is very desirable and  strongly recom m ended.

In itia tio n  of the study of a specialty is encouraged th rough  courses 
such as Physics 444, N uclear and  H igh-Energy Particle Physics; or 
E ngineering  8309, Low Energy N uclear Physics; Physics 454, In tro d u c 
tory Solid State Physics; and  ad d itiona l topics in  Physics 410, A dvanced 
E xperim en tal Physics.

By suitable selection of technical electives d u rin g  his last year, 
o r th rough  studies for the M aster of E ngineering  (E ngineering  Physics) 
degree, the qualified studen t may p repare  for a career in one of the 
m any specialized fields of engineering . As exam ples, six possible p ro 
gram s are ou tlined :

MASTER OF SCIENCE AND D O C TO R  OF PHILOSOPHY  
DEGREES IN  APPLIED PHYSICS

G raduate  study in  the Field of A pplied  Physics offers the o p p o rtu n ity  
to achieve proficiency in  physics, m athem atics, and  app lied  science. T h e  
course program  resembles a m ajo r in physics, and  app lied  physics is 
particu larly  suitable for students p rep arin g  fo r a scientific career in  
areas of app lied  science based on princip les and  techniques of physics 
and  in  associated areas of physics. I t  provides a m eans fo r students 
w ith  u n derg radua te  tra in in g  in  physics to b ranch  o u t in to  app lied  
science w hile con tinu ing  the study of physics, an d  for studen ts w ith 
backgrounds in  eng ineering  o r an o th e r science to ex tend  th e ir 
know ledge of physical princip les and  techniques.

A ERO SPACE E N G IN E E R IN G  (see page 31). T h e  u n derg radua te  p ro 
gram  in eng ineering  physics is particu larly  suited  for w ork in  aerospace 
eng ineering  a t e ither the u n derg radua te  o r g raduate  level.

PLASM A PHYSICS. A m ajo r in  eng ineering  physics provides an excel
len t background  in  subjects such as electrom agnetic field theory, therm o
dynam ics and  statistical m echanics, and  fluid m echanics, all of w hich 
w ould be useful for a career in  the area of plasm a physics.

N U C L E A R  E N G IN E E R IN G . T h e  studen t in terested  in  the nuclear 
energy field, o r in  nuclear reacto r pow er developm ents, should choose 
his electives from  courses in  reacto r physics, nuclear m easurem ents, 
advanced hea t transfer, and  in  physics of solids underly ing  rad ia tion  
dam age problem s. H is a tten tio n  is d irected  to  courses 8303, 8309, 8312, 
8351, and  to 5760, 6873, and  7201. A dd itional closely re la ted  courses 
such as Physics 444 are also available.
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M A T E R IA L S  SCIENCE. T h e  core p rogram  of the eng inee ring  physics 
cu rricu lum  com bined w ith  electives in  ap p lied  physics (e.g., 8262, 8212), 
m aterials science an d  engineering , an d  specialized sem inars provides 
an  excellent p rep a ra tio n  fo r research in  m ateria ls science, a  field th a t 
o ften  holds the key to fu r th e r technological progress. S tudents can find 
am ple possibilities for g radua te  projects by jo in in g  one of the active 
research groups studying such topics as surface physics, p ropertie s  of th in  
films, e lectron m icroscopy and  diffraction, re laxa tion  phenom ena 
an d  th e ir  re la tion  to dislocations and  o th e r defects, photoconductiv ity , 
and  others.

SPACE SC IEN C E A N D  T E C H N O L O G Y . E ng ineering  physics provides 
an excellent p rep a ra tio n  for u n d erg rad u a te  o r  g radua te  specialization 
in  this challenging  field. Q ualified studen ts may elect courses in  gas
dynam ics, rad io  wave p ropagation , optics, astronom y, rela tiv ity , and  
o th e r re la ted  courses. Several faculty m em bers have strong  research 
in terests in  this field and  are  available to supervise sen ior research 
projects re la ted  to  th e ir  areas of specialization. S tudents m ay u n dertake  
projects as a p a rt of the w ork of the C en te r fo r R adiophysics and  Space 
R esearch.

BACHELOR OF SCIENCE
T h is  degree may be ob ta in ed  by satisfactorily com pleting  the follow ing 
cu rricu lum  o r its equ ivalen t. (T erm s 1 th ro u g h  4 are  described on 
pages 27-29).

C ontact H ours  
C redit Lee. Lab. 

T E R M  5 H ours R ec. C om p.
M ath  421, A pplicab le  M a th e m a tic s .................... 4 4 0
Physics 355, In te rm ed ia te  E lectrodynam ics 3 3 0
E ng ineering  8133, M echanics of Particles

and  Solid B o d ie s ...................................................  3 3 0
E ngineering  4301, Analysis of E lectrical

Systems I ...................................................................  4 3 1
E ngineering  4921, E lectrical E ngineering

L aboratory  ............................................................... 1 0 1
L ibera l E le c t iv e ..........................................................  3 o r 4

T o ta l 18 o r 19
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T E R M  6
C ontact H ours  

C redit Lee. L ab .
H ours R ec. Com p.

M ath  422, A pplicab le  M a th e m a tic s ................ 4 4 0
Physics 356, In te rm ed ia te  E lectrodynam ics 3 3 0
E ngineering  8134, M echanics o f C o n tin u a  . . 3 3 0
E ngineering  4302, Analysis of E lectrical

Systems I I  ............................................................. 4 3 1
E ngineering  4922, E lectrical E ngineering

L aboratory  .......................................................... 1 0 1
L ibera l Elective ...................................................... 3 o r 4 -

T o ta l .................................................................  18 o r 19

T E R M  7
M athem atics 423, A pplicable M athem atics 
Physics 443, A tomics and  In troduc to ry

Q u an tu m  M e c h a n ic s ........................................
E ngineering  8121, T herm odynam ics and

Flu id  M e c h a n ic s .................................................
Free E le c t iv e .............................................................
L iberal Elective   3 o r 4

4 4 0

3 3 0

3 3 0
3 - -

T o ta l   16 o r 17

T E R M  8
Physics 444, N uclear and  H igh-Energy

Particle Physics .................................................. 4 4 0
or

Physics 454, In troducto ry  Solid State Physics 
o r

E ngineering  8309, Low Energy N uclear
Physics ...................................................................  3 0 0

Physics 410, A dvanced E xperim en ta l Physics 4 1 6
E ngineering  8122, S tatistical M echanics and

K inetic T h e o r y   3 3 0
Free E le c t iv e   3 0 0
L iberal Elective   3 o r 4 0 0

T o ta l   16 to 18

T H E  COLLEGE PROGRAM

T h e  College Program  (see page 53), lead ing  to  the degree of B achelor 
of Science, may be pursued  th rough  a suitable selection of courses and  
them es in  physics and  app lied  physics. Such a program  m igh t be a 
com bination  of physics, app lied  physics, and  biological sciences as the
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beg inn ing  of a  career in  biophysics. Each p rogram  m ust be approved  
after fo rm u la tion  by the stu d en t an d  canno t be specified in  approved  
form  in  advance. Some p a rtia l course com binations from  w hich a 
stu d en t m igh t fo rm ula te  a p rogram  are:

M A JO R  IN  N U C L E A R  E N G IN E E R IN G  

Physics 436, M odern  Physics
E ngineering  8303, In tro d u c tio n  to  N uclear Science an d  E ng ineering  
E ngineering  8351, N uclear M easurem ents L aboratory  
E ngineering  5760, N uclear and  R eac to r E ngineering

M IN O R  IN  N U C L E A R  E N G IN E E R IN G  

Physics 436, M odern  Physics
E ng ineering  8303, In tro d u c tio n  to N uclear Science and  E ngineering  
E ng ineering  8351, N uclear M easurem ents L abora to ry

M A JO R  IN  E N G IN E E R IN G  PHYSICS

Physics 355, In te rm ed ia te  E lectrodynam ics
Physics 356, In te rm ed ia te  E lectrodynam ics
Physics 443, Atomics and  In troduc to ry  Q u an tu m  M echanics
Physics 410, A dvanced E xperim en ta l Physics

Scholastic Requirements
A stu d en t is expected  to pass every course for w hich he is registered, to 
m ain ta in  each term  a g rade p o in t average of ab o u t 2.3 o r higher, an d  to 
dem onstrate  ap titu d e  an d  com petence in  the basic subject m a tte r of the 
curriculum .

A stu d en t whose perform ance falls below  these requ irem en ts w ill be 
academ ically deficient, an d  may be refused perm ission to con tinue  his 
studies in  the D epartm en t.

M ASTER OF EN G IN EER IN G  (ENG INEERING  PHYSICS)

T h e  objectives of the four-year eng ineering  physics p rogram  are well 
served by an  add itio n a l year of advanced study and  by the in itia tio n  of 
ind iv idual and  in d ep en d e n t work. T h e  s tu d en t has the o p p o rtu n ity  to 
m aster advanced topics in  physics an d  can ex tend  his skill in  his chosen 
eng ineering  specialties. H e m ust carry o u t an  in d ep en d e n t p ro jec t th a t 
provides experience in  defin ing objectives, m aking  plans, p rosecuting  
a program , and  repo rting  conclusions. T h u s  he is expected to develop 
and  display the skills and  the responsibility  needed for w orking in d e
penden tly  o r cooperatively tow ard eng ineering  goals w ith o u t firmly 
prescribed guide lines o th er th an  his own know ledge an d  judgm ent.

From  the M aster’s p rogram  the s tu d en t may move in to  developm ent 
work, fo r exam ple in  industry , o r he m ay go on  to m ore advanced
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graduate  study, e ith e r in  the Field of A pp lied  Physics o r in  some o ther 
re la ted  field.

M ost of the laboratory  facilities fo r research in  the areas described 
above are m ade available for the s tu d en t projects req u ired  for the 
M .Eng. (E ngineering  Physics) degree. Each p ro jec t is supervised by a 
m em ber of the faculty w ho is active in  the subject.

Admission Requirements
1. F or C ornell students: A grade p o in t average of 2.5 o r h igher in  the 

four-year Field P rogram  in  eng ineering  physics w ill allow  adm ission 
w ithou t pe tition .

2. F or transfer students: Evidence is requ ired  th a t the cand ida te  has 
the ability  an d  p rep a ra tio n  to com plete successfully the p rogram  of 
study.

Requirements for the Degree
1. A n in form al study, o r p roject, of a t least six credit hours value, 

which requires ind iv idual effort and  a form al repo rt, and  w hich may 
be e ither experim en ta l o r analytical.

2. (a) If  the p ro ject is experim ental, one course in  m athem atics o r 
app lied  m athem atics; o r (b) if it is analytical, one term  of advanced 
laboratory, Physics 510, o r an  equ ivalen t labora to ry  course to be taken 
upon  approval by the C urricu lum  C om m ittee of the D epartm en t.

3. Physics 572, Q u an tu m  M echanics.
4. A m inim um  of six hours in  an eng ineering  course sequence.
5. C hem istry 596, o r an  equ ivalen t course to  be a rranged  w ith  adviser's 

approval.
6. A sem inar course— a m odified version of 8252. O ne cred it h o u r 

or m ore by arrangem ent.
7. T echn ica l electives to b ring  the to ta l cred it hours to thirty.

M ASTER OF EN G IN EER IN G  (NUCLEAR)

T h is  program  is described elsewhere in  the A n n o u n cem en t. See page 88.

ENVIRONMENTAL SYSTEMS ENGINEERING
(see page 51.)

GEOTECHNICAL ENGINEERING
(see page 52.)
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INDUSTRIAL ENGINEERING AND 
OPERATIONS RESEARCH
DEGREES OFFERED: Bachelor of Science; Master of Engineer
ing (Industrial). T he Graduate Field of Operations Research 
offers the Master of Science and Doctor of Philosophy degrees. 
(See page 91).

UPSO N  H A L L
M r. B. W . Saunders, D irector; Messrs. R . N . A llen, R . E. Bechhofer, 
R. H . B ernhard , H . Em m ons, H . P. G oode, K. O. K ortanek, W . L. 
M axwell, N. U. P rabhu , M. R ub inovitch , S. Saltzm an, M. W . Sampson, 
A. Schultz, Jr., H . M. T ay lo r II I , L. I. Weiss.

Industria l E ngineering  is concerned w ith  the analysis, design, and  
o p era tion  of in teg ra ted  systems of m en, m aterials, an d  eq u ip m en t to 
perfo rm  a useful function . O p era tin g  systems, w hich app ea r to  be very 
d ifferen t from  each o th er physically, may have a  n u m b er of com m on 
characteristics w hich allow  th e ir  analysis an d  synthesis to be p e r
form ed by m odern  industria l eng ineering  (systems engineering) m eth 
odology and  techniques. O perations research, on  the o th e r hand , is con
cerned w ith research in to  the underly ing  phenom ena an d  in terac tions 
th a t are p resen t in  o p era ting  systems for the pu rpose of b e tte r u n d e r
stand ing  the behavior of ind iv idua l elem ents w ith in , as w ell as the 
to ta l system perform ance in  loosely coupled  m an-m achine systems. 
Such systems are fo u n d  typically in  p roduction , d is trib u tio n , trans
po rta tion , m erchandising, p lann ing , an d  research an d  developm ent 
activities, to nam e a few rep resen tative functional areas of in terest. 
O rganizationally  they are found  in  industria l, com m ercial, an d  govern 
m en ta l groups; hence the field of ap p lica tion  is exceedingly b road  and  
the relevance of the w ork extrem ely im p o rtan t fo r the needs of m odern  
society w ith  its ever increasing com plexity  an d  costs. T h e  m odern  
industria l eng ineer has, therefore, a trem endous range of op p o rtu n itie s  
to  app ly  the "science of o p era tions” in  the analysis, synthesis, and  
design of no t only industria l systems b u t also of m any types of loosely 
coupled  m an-m achine systems and  th e ir associated in fo rm ation  and  
contro l systems.

T h e  C ornell concept o f education  for a career in  m odern  industria l 
eng ineering  (operations research o r  m anagem ent science as well) 
stresses analy tical m ethodology; hence the course w ork em phasizes the 
re levan t m athem atics, com puter science, costs, an d  econom ic analysis. 
T hese topics are the resu lt of co n tinu ing  research for m any years by the 
staff in  app lied  p robab ility  topics such as q ueue ing  an d  inventory  
theories; in  statistical topics such as decision theory, ran k in g  procedures, 
and  sequential decision problem s; in  several topics of m athem atical 
p rogram m ing; in  com puter science w ith em phasis on  in fo rm ation  and  
da ta  processing and  experim en ta tion  w ith  d ig ita l sim ulation ; in  p ro 
duction  p lan n in g  th rough  scheduling studies; and  in  cap ita l budgeting  
and  investm ent p lann ing . New staff m em bers are ex pand ing  this 
research to include such topics as gam e theory, com binato ria l analysis,
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and  netw ork theory w ith  special em phasis on tran sp o rta tio n  netw orks.
By en tering  the Field of In d u stria l E ngineering , the studen t w ill 

be in troduced  to m any of these topics d u rin g  the first two years of 
the three-year program  lead ing  to the M aster of E ngineering  (Industria l) 
degree. For those te rm ina ting  th e ir study a fter two years (a to ta l of 
four, inc lud ing  those in  the D ivision of Basic Studies) the B achelor of 
Science degree is aw arded. T h e  stu d en t m ay then  choose to transfer to 
an o th e r professional field, e.g., Law, City and  R egional P lann ing , o r 
Business and  Public A dm inistration , to en ro ll a t an o th e r university, 
or to seek em ploym ent. Inasm uch as the four-year degree represents 
only the first phase of the education  requ ired  for the eng ineering  degree, 
s tuden ts are strongly urged  first to com plete th e ir fu ll eng ineering  
education  by qualify ing for the M .Eng. (Industria l) degree aw arded 
after five years of study.

S tudents w ho desire to app ly  the analytical m ethodology learned  in  
industria l eng ineering  to  an o th e r professional field can do this by the ir 
choice of em ploym ent. If ad d itiona l form al education  seems desirable, 
e ither the M aster of City and  R egional P lan n in g  or the M aster of Busi
ness A dm in istra tion  can be earned  in one ad d itiona l year. A ny studen t 
con tem pla ting  such a com bined program  is urged to consult the D irector 
of the School to w ork o u t the best sequence of electives to  achieve his 
special goals. T h e  stu d en t w ho has identified  an  in terest and  ability  in  
teaching o r research, and  desires to em bark  on a program  of study lead
ing to  a M.S. degree o r a Ph.D . degree (at C ornell o r elsewhere) should 
consult w ith e ither the D irector of the School o r the C hairm an  of the 
D epartm en t of O pera tions R esearch as early as possible.

Laboratories and Research Facilities

T h e  program  in industria l eng ineering  is u n d e r the d irection  of the 
faculty of the School of In d u s tria l E ngineering  and  O pera tions Research. 
T h e  p rinc ipa l in struction  is given in  the D epartm en t of O perations 
Research w ith o ther d epartm en ts (e.g., C om puter Science) p rov id ing  
instruction  in certain  m ethodological specialties of in terest to industria l 
engineers. Facilities inc lude  some conference-type class an d  sem inar 
rooms, a m ethods laboratory , an d  com puting  room s con ta in ing  add ing  
m achines and  desk calculators. M any of the activities req u ired  in  the 
opera tion  of the U niversity, certain  com m unity activities, and  opera
tions in  industria l p lan ts located in  the area, supply  real-life research 
problem s an d  projects in eng ineering  design. Also, a basic laboratory  
for the D ep artm en t is the C ornell C om puting  C en te r (see page 56). 
W hile  every eng ineering  stu d en t a t C ornell learns how to program  
problem s for the com puter in  his freshm an year, in dustria l engineering  
upperclassm en are requ ired  to learn  considerably m ore abou t com 
p u te r science, w ith problem s req u irin g  use of a h igh speed d ig ita l 
com puter assigned in m any of the courses. In  recen t years the D ep art
m en t has consistently been one of the largest users of the com puter on 
the campus.
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T h e  Degree Program s 
BACHELOR OF SCIENCE

T h e  first fou r term s are described on  pages 27-29 of this A n n o u n ce 
m ent. T h e  D ivision of Basic Studies program  specifies two engineering  
science courses in  each term  of th e  sophom ore year. F o r in d u stria l 
eng ineering  students, these can be any two th a t are offered, w ith  the 
m echanics an d  the physical chem istry-m aterials science sequences p re 
ferred. T h e  rem ain ing  two w ill then  be scheduled d u rin g  the ju n io r  
year in  o rder to delay electives u n til the senior year w hen a w ider 
choice w ill be available because of the s tu d en t’s m ore com plete prepara- 
tio in  a t th a t po in t.

C ontact H ours  
C redit Lee. Lab. 

T E R M  5 H ours R ec. C om p.
E ngineering  Science* ........................................... 3 -  -
E ngineering  9301, In tro d u c tio n  to In dustria l

E ng ineering  ........................................................  3 2 2
E ng ineering  9381, In tro d u c tio n  to C om puter

Science .................................................................... 4 2 2y>
E ngineering  9360, In tro d u c tio n  to P ro b ab il

ity T h eo ry  w ith  E ng ineering  A pplications 4 3 2 i/ 2
L ibera l Elective ......................................................  3 8 -

T o ta l ....................................................................  17

T E R M  6
E ng ineering  Science* ...........................................  3 -  -
E ngineering  3632, F lu id  M e c h a n ic s   3 3 -
E ngineering  9350, Cost A ccounting, Analysis,

an d  C on tro l ........................................................  4 3 21/4
E ngineering  9370, In tro d u c tio n  to  Statistical

T heo ry  w ith  E ng ineering  A pplications . . .  4 3 2 y 2
L ibera l Elective   3 3 -

T o ta l ....................................................................  17

* This will be the third engineering science course mentioned above (under 
the heading “Bachelor of Science”) and not taken in the second year. I t will 
generally be Electrical Engineering 4941-4942.

Note: Students may take four-credit hour elective courses in place of three- 
credit hour courses where they so desire.
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T E R M  7
C ontact H ours 

C redit Lee. Lab.
H ours R ec. C om p.

E ngineering  9310, In d u stria l E ngineering
Analysis .................................................................  4 3 2i/2

E ngineering  9320, D eterm inistic  M odels in
I.E. an d  O .R .........................................................  4 3 2 i/ 2

T echn ical E le c t iv e .................................................. 4 -  -
L ibera l Elective   3 -  -
Free E le c t iv e   3 -

T o ta l ....................................................................  18

T E R M  8
E ngineering  9303, In d u stria l E ngineering

L aboratory  ..........................................................  4 2 5
E ngineering  9321, P robabilistic  M odels in

I.E. and  O .R .........................................................  4 2 5
T echn ical E le c t iv e .................................................. 4 -  -
L ibera l Elective   3 -  -
Free E le c t iv e   3 -  -

T o ta l ....................................................................  18

Scholastic Requirements
A studen t in the School of In d u s tria l E ngineering  and  O pera tions R e
search w ho does no t receive a passing grade in  every course for w hich 
he is registered, who fails in  any term  or sum m er session to m a in ta in  an 
average grade of C, o r w ho is no t otherw ise m aking  substan tia l and  
steady progress tow ard the com pletion  of his degree, m ay be suspended.

Elective Courses
T h e  in dustria l eng ineering  cu rricu lum  is designed to  p rovide con
siderable flexibility in  its elective con ten t. A liberal elective, chosen 
from  the offerings of the College of A rts and  Sciences in  e ither the 
hum anities o r the social sciences, m ust be taken  each term  of the th ird  
and  fo u rth  years. T h is  w ill allow  some d ep th  in these subjects w hich 
should be chosen to  com plem ent the req u ired  science and  engineering  
courses. In  the fou rth  year, eigh t hours of technical electives an d  six 
hours of free electives offer the studen t innum erab le  o p p o rtu n itie s  to 
develop program s to  m eet his special needs an d  objectives. W ork  can 
be taken in  paralle l eng ineering  fields to  provide g rea te r b read th  for 
an  eng ineering  career before specialization is started  in  the fifth year.

If the studen t has decided to go on to a teaching o r research career 
and  to pursue the advanced research degrees, m ore m athem atics can be 
elected. If he has decided to con tinue  for the M aster of E ngineering  de
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gree, the fourth-year electives should be p lan n ed  to  enhance th a t p ro 
gram  and  com bine w ith  those electives available in  the M .Eng. p rogram . 
If  he has decided to apply  the in dustria l eng ineering  tra in in g  to  an o th e r 
professional field such as City and  R egional P lan n in g  o r Business and  
P ub lic  A dm in istra tion , some electives can be devoted to the in troducto ry  
w ork in  those fields. I t  is im p o rtan t, therefore, th a t the elective p ro 
g ram  be carefully  p lan n ed  an d  th a t freq u en t consu lta tion  w ith  the 
D irector a n d /o r  the s tu d en t’s adviser be m anaged so as to  take advan
tage of the flexibility  prov ided  in  the curriculum .

M ASTER OF ENG INEERING  (INDUSTRIAL)

T h is  one-year degree p rogram  is in teg ra ted  w ith  the C ornell u n d e r
g radua te  degree program  in  In d u s tria l E ng ineering  an d  O pera tions 
R esearch. T hose  who apply  d u rin g  th e ir  senior year w ill generally  be 
adm itted  to the p rogram  if the ir past perform ance indicates th e ir 
ab ility  to do M aster’s degree work. T h e  course w ork centers on ad d i
tional study of analy tical techniques w ith  p a rticu la r em phasis on  th e ir 
eng ineering  applications, especially to  the design of new  o r im proved 
m an-m achine systems, in fo rm ations systems, an d  con tro l systems.

A pplications w ill also be accepted from  non-C ornellians who: 
have (or w ill have earned) a B achelor’s degree in  a field of eng ineering  
from  an  in s titu tio n  of recognized stand ing , have adequate  p rep a ra tio n  
fo r g raduate  study in  industria l eng ineering , and  show prom ise of 
doing well in  advanced study as judged  by previous scholastic records 
o r o th er achievem ents.

C ontact H ours  
C redit Lee. Lab. 

FA LL T E R M  H ours R ec. Comp.
E ngineering  9526, M athem atical Models-—

D evelopm ent an d  A pplica tion  ........................  4 3 2y2
E ngineering  9580, D ig ita l Systems S im ulation  4 3 -
E ng ineering  9593, In d u s tria l E ng ineering

G radua te  S e m in a r ....................................................  1 -
E ng ineering  9598, P r o j e c t ........................................  2 As A rranged
Professional Elective ................................................. 3 -

T o ta l ....................................................................  14

SPR IN G  T E R M
E ngineering  9521, P roduction  P lan n in g

an d  C on tro l ........................................................  4 3 -
E ng ineering  9551, A dvanced E ngineering

Econom ic A n a ly s is .............................................  4 3 —
E ngineering  9594, In d u s tria l E ngineering

G radua te  S e m in a r .................................................  1 \y2 -
E ngineering  9599, P ro ject ...................................... 4 As A rranged
Professional Elective   3 -  -

T o ta l ....................................................................  16
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MACHINE DESIGN AND MATERIALS 
PROCESSING

(See page 83.)

MATERIALS SCIENCE AND ENGINEERING

DEGREES OFFERED: Bachelor of Science; Master of Engineer
ing (Materials); Master of Science; Doctor of Philosophy.

BARD H A L L
M r. W . S. O w en, D irector; Mr. M. S. B urton , A ssistant D irector; Messrs. 
R. W. Balluffi, B. W . B atterm an , J . M. Blakely, P. S. H o, J . O. Jeffrey,
H . H . Johnson, E. J . K ram er, C. Y. Li, A. L. Ruoff, S. L. Sass, E. Scala, 
D. N. Seidm an, S. V. Sm ith, A. T ay lo r. V isiting Staff: M r. H . B. 
H u n tin g to n .

M aterials science relates the p rincip les of physics an d  chem istry to  
m aterials. M odern  eng ineering  requ ires new an d  im proved  m aterials 
having p roperties no t a tta in ab le  a few years ago. T hus, fu r th e r u n d e r
standing  of the n a tu re  of m aterials an d  con tro l of th e ir  p ropertie s has 
become essential. E m pirical approaches have been rep laced  by theo
retical and  analytical trea tm en ts of the re la tionsh ips betw een the 
physical p roperties and  the structu re  of m etallic  and  nonm eta llic  solids 
from  the m acroscopic to  the atom ic scale. Selection, processing, and  
app lica tion  of m aterials for specific needs is m aterials engineering.

Laboratory and Research Facilities
T h e  M aterials Science and  E ng ineering  D ep artm en t is cen te red  in 
B ard H all, occupying, in  add ition , parts  of T h u rs to n  H all an d  K im ball 
H all, a to tal area of 50,000 square feet. Facilities include the new est of 
the C ornell eng ineering  buildings, B ard H all, com pleted  in  1963, an d  
extensively equ ipped  for bo th  u n d erg rad u a te  and  g raduate  in struction  
and  research. N ew  facilities for studying the s tructu re  of solids by 
physical m easurem ent, m icroscopy, m etallography, an d  x ray diffraction 
are available. E q u ip m en t for processing m aterials by casting, w elding, 
heat trea tm en t, com pacting  an d  sin tering , deform ation , an d  m any of 
the new er processing procedures is included. L aboratories fo r p rep a r
ing and  studying nonm eta llic  m aterials, especially ceramics, are also 
housed in  B ard H all.

T h is  D epartm en t partic ipa tes w ith o th e r d epartm en ts  of the U n iver
sity in  the in terd isc ip linary  M ateria ls Science C en te r established at 
C ornell w ith funds from  the A dvanced R esearch Projects Agency. T h e  
M aterials Science C en te r supports cen tra l facilities in  Bard, T h u rsto n , 
and  C lark H alls for service and  research in  m etallography, x  ray d if
fraction, e lectron microscopy, effects of high tem p era tu re  on m aterials
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a n d  effects of h igh  pressure on  m aterials. T h e  M aterials Science C en te r 
also supports service facilities for p roducing , characterizing, and  testing 
various m etallic  and  nonm eta llic  m aterials.

T h e  Degree Program s
A t C ornell, the  m ateria ls science an d  eng ineering  cu rricu la  provide 
m athem atics, physics, chem istry, an d  eng ineering  sciences th a t are 
fund am en ta l to effective w ork in  m aterials science an d  m ateria ls  eng i
neering. T h e  basic w ork on m ateria ls is con ta ined  in  the requ ired  
courses. T hese  inc lude  discussions of crystallographic an d  o th e r struc
tu ra l aspects, m echanical behavior, phase transfo rm ations an d  kinetics, 
a n d  electrical an d  m agnetic p ropertie s of m aterials. T h ro u g h  suitable 
choice of electives there  can be considerable p rogram  flexibility.

T h e re  are tw o  genera l course program s: the m aterials science p rogram  
em phasizes the scientific basis of the subject; the m aterials science and  
engineering  p rogram  contains req u ired  courses in  chem ical an d  m e
chanical m ateria ls processing in  place of some of the courses in  m athe
m atics an d  solid state physics w hich are req u ired  in  the M aterials 
Science Program .

A ll qualified  studen ts are encouraged to take a t least one year of 
g raduate  study to ex tend  th e ir eng ineering  course w ork o r th e ir experi
ence in  laboratory  investigation  an d  research.

BACHELOR OF SCIENCE

Course program s for T erm s 1-4, adm in istered  by the D ivision of Basic 
Studies, a re  described on  pages 27-29.

Materials Science Program
C ontact H ours  

C redit Lee. Lab.
T E R M  5 H ours R ec. C om p.
E ngineering  6031, S tructure  of M ateria ls I . . 3 3 0
E ngineering  6033, S tructure of M ateria ls I I . . 2 2 0
E ng ineering  6035, T herm odynam ics and

F lu id  M e c h a n ic s ............................................... 3 3 0
Physics 355, In te rm ed ia te  E lectrodynam ics . . 3 3 0
E ngineering  1150, A dvanced E ng ineering

A nalysis I ............................................................. 3 3 0
L ibera l E lective .................................................... 3-4* - -
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Contact H ours  
C redit Lee. Lab. 
H ours R ec. C om p.

T E R M  6
E ng ineering  6032, M echanical P roperties of

M aterials ...............................................................  3 3 0
E ngineering  6034, S tructure  of M aterials 

L aboratory  ...................................................... . . 3 0 4i/2
E ngineering  6036, T herm odynam ics of 

C ondensed Systems ...................................... . . 3 3 0
Physics 360, In troduc to ry  Electronics . . 3 2 2l/2
E ngineering  1151, A dvanced E ngineering  

Analysis I I ........................................................ . . 3 3 0
L ibera l Elective .................................................. 3-4* — —

T E R M  7
E ngineering  6041, K in e tic s ............................. . .  3 3 0
E ngineering  6043, Senior M aterials

L aboratory  I .................................................. . .  3 -4 f 0 5
Physics 443, A tom ics and  In troduc to ry  

Q u an tu m  M e c h a n ic s .................................... . . 4 4 0
L iberal Elective .................................................. 3-4* - -

Free E le c t iv e ........................................................ 3 -4J — —

T E R M  8
E ngineering  6042, E lectrical and

M agnetic P roperties .................................... . .  3 3 0
E ngineering  6044, Senior M ateria ls

L aboratory  II ............................................... 3-4 f 0 5
Physics 454, In troduc to ry  Solid

State Physics .................................................... . . 4 4 0
L ibera l Elective .................................................. . . 3-4* - -

Free E le c t iv e ........................................................ 3-4+ - -

* Minimum for B.S. degree is 133 credits. Students must take in excess of the 
minimum during some terms to meet this requirement.
f  Students will normally register for three credits, but may register for four 
credits with the consent of the instructor.
J Students intending to take a professional engineering degree in materials 
science are advised to elect the materials processing courses, Engineering 6045, 
6046.
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Materials Science and Engineering Program
Contact H ours  

C redit Lee. Lab.
H ours R ec. Com p.

T E R M  5
E ng ineering  6031, S tructure  of M ateria ls I  . .  3 3 0
E ng ineering  6033, S tructure  of M ateria ls I I . . 2 2 0
E ng ineering  6035, T herm odynam ics and

F lu id  M e c h a n ic s .................................................. 3 3 0
E ngineering  241, E lectrical Science,]: 

o r
E ngineering  4941, In troduc to ry  E lectrical

E ng r........................................................................... 3 3 0
Free E le c t iv e ............................................................. 3 -  -
L ibera l Elective ......................................................  3 -4* -  -

T E R M  6
E ng ineering  6032, M echanical P roperties of

M aterials ...............................................................  3 3 0
E ng ineering  6034, S tructure  of M ateria ls

L aboratory  ........................................................... 3 0 4l/2
E ngineering  6036, T herm odynam ics of

C ondensed Systems ...........................................  3 3 0
E ng ineering  242, E lectrical Science,] 

or
E ng ineering  4942, In tro d u c to ry  E lectrical

E n g r...........................................................................  3 3 0
Free E le c t iv e .............................................................  3 -  -
L ibera l E lective ....................................................  3-4* -  -

T E R M  7
E ng ineering  6041, K inetics ................................ 3
E ng ineering  6043, Senior M ateria ls

L abora to ry  I ........................................................  3 -4 f
E ng ineering  6045, M ateria ls Processing I

(M echanical) ........................................................  3
Free E le c t iv e .............................................................  3
L ibera l Elective ......................................................  3-4*
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C ontact H ours  
C redit Lee. Lab.
H ours R ec. C om p.

T E R M  8
E ngineering  6042, E lectrical and  M agnetic

Properties ............................................................. 3 3 0
E ngineering  6044, Senior M aterials

L aboratory  II ...................................................... 3—4 f 0 5
E ngineering  6046, M aterials Processing II

(Chemical) .......................................................... 3 3 0
Free E le c t iv e ............................................................. 3 - -

L iberal Elective ...................................................... 3-4* _ -

* Minimum for B.S. degree is 133 credits. Students must take in excess of the 
minimum during some terms to meet this requirement.
f  Students will normally register for three credits, but may register for four 
credits with the consent of the instructor.
J Students who complete Engineering 241, 242 as sophomores will register for 
Engineering 211, 212.

Elective Courses
T h e  program s in M aterials Science an d  E ngineering  have a substan tia l 
n u m b er of elective hours d u rin g  the last two years. T h is  flexibility 
allows studen ts w ho have special in terests w ith in  the F ield  o r in  o th e r 
divisions of the College o r  U niversity  to p lan  educational program s 
th a t com plem ent the ir interests. Faculty advisers of the D epartm en t 
will assist each studen t to  p lan  a su itable program  and  to  select a p p ro 
pria te  elective courses.

T h e  follow ing are given as exam ples o f elective courses. M any o thers 
are possible.
C hem istry 357, In troduc to ry  O rganic C hem istry 
Chem istry 358, In troduc to ry  O rganic  C hem istry 
Chem istry 410, Inorgan ic  C hem istry 
Chem istry 481, A dvanced Physical C hem istry 
E ngineering  1159, E xperim en ta l M echanics 
E ngineering  1163, A pplied  E lasticity 
E ngineering  1168, T h eo ry  of Plasticity
E ngineering  3331, K inem atics and  C om ponents of M achines
E ng ineering  3372, E xperim en ta l M ethods in  M achine Design
E ngineering  3665, T ra n sp o r t Processes
E ngineering  5742, Polym eric M aterials
E ngineering  5752, Polym eric M ateria ls L aboratory
E ngineering  5760, N uclear an d  R eacto r E ngineering
E ngineering  6762, Physics of Solid Surfaces
E ngineering  6764, F ractu re  of M aterials
E ngineering  6765, A m orphous and  Sem icrystalline M aterials
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T H E  COLLEGE PROGRAM

For students w ishing to  com bine the study of m ateria ls w ith  some o ther 
discipline, course sequences are available to  p rov ide a m ajo r o r m inor 
p rogram  in  m ateria ls science an d  engineering . A ll studen ts w ill be 
req u ired  to  take M ateria ls Science 6210, 6211. A d d itiona l courses in  
m ateria ls science o r m ateria ls eng ineering  w ill com plete the m ajo r 
o r m in o r sequence. T hese  w ill be selected to m eet th e  needs of each 
s tuden t: (See pages 53-55 for an o u tline  of the College Program.)

M ASTER OF ENG INEERING  (MATERIALS)

A s tu d en t who has com pleted  a four-year u n d erg rad u a te  p rogram  in 
eng ineering  o r the physical sciences is eligible fo r consideration  for 
adm ission to this program . T h e  studen t w ill carry o u t an  in d ep en d en t 
p ro ject th a t provides experience in  defin ing  objectives, p lan n in g  and  
carry ing  th rough  system atic work, an d  rep o rtin g  conclusions. In  
add ition , he w ill have the o p p o rtu n ity  to  develop fu r th e r his know ledge 
and  skill in  specialized areas of m ateria ls science.

Admission Requirements
1) F or C ornell students: A g rade p o in t average of 2.5 o r h igher in  the 
four-year F ield  P rogram  in  M ateria ls Science and  E ng ineering  will 
allow  adm ission w ith o u t pe tition .

2) F or transfer students: Evidence is requ ired  th a t the cand ida te  
has the ab ility  an d  p rep a ra tio n  to com plete successfully the p rogram  
of study.

Requirements for the Degree
1) A p ro jec t of a t least twelve cred it hours is requ ired . T h is  project, 
usually  experim en ta l a lthough  it can be analytical, w ill be carried  ou t 
u n d e r the supervision of a m em ber of the faculty  b u t w ill requ ire  in d i
v idual effort and  in itia tive.

2) Six cred it bours of courses in  m athem atics o r ap p lied  m athem atics 
are requ ired . T h is  req u irem en t may be satisfied by courses 1150 and  
1151. S tudents w ho have previously com pleted  these m ust select o th e r 
courses acceptable to the faculty.

3) Courses in  m aterials science and  eng ineering  selected from  any  of 
those offered a t the g radua te  level, o r o th e r courses approved  by the 
faculty, are requ ired  to  b ring  the to ta l c red it hours to th irty .

G R A D U A TE STUDY

U nique  o p p o rtu n itie s  are open  to the stu d en t u n d e rtak in g  g raduate  
study in  m ateria ls a t C ornell. In s truc tion  is given in  a b road  spectrum  of 
topics, rang ing  from  the fu ndam en ta l aspects of m aterials behavior to  
problem s associated w ith  m aterials applications. S tudies of m etallic  and  
nonm eta llic  m aterials, as w ell as some aspects of the liq u id  state, are 
incorpora ted  in to  a com m on fram ew ork of in struction .
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T h e  M aster of Science and  D octor of Philosophy program s are 
prim arily  science-oriented courses of study an d  research d irected  tow ard 
a career in  research, developm ent, advanced engineering , o r teaching. 
A candidate  for e ither degree may choose as his m ajo r subject area e ither 
m aterials science o r m aterials and  m etallurgical engineering.

A s tu d en t w ho enters w ith  an  u n d erg rad u a te  degree may register for 
e ith e r the M.S. o r Ph.D . degree. T ow ard  the end  of his first year, the 
s tu d en t’s progress is review ed by his Special C om m ittee. If  th a t g roup  
takes favorable action  then , o r a t a la te r date, the s tuden t is accepted as 
a Ph.D . cand ida te  and  he m ay then  proceed directly  to  the Ph.D . 
w ithou t tak ing  the M.S.

T h e  courses offered by the Field presum e a sound u n derg radua te  
education  in  such areas as m athem atics, physical m etallurgy, atom ic 
and  solid state physics, and  therm odynam ics. G raduate  studen ts en ro lled  
w ith  deficiencies in  any of these areas w ill be p erm itted  to take in te r
m ediate level courses, w ith  the u n d ers tand ing  th a t m ore tim e m ay be 
needed to  com plete the degree program .

T o  form  an  adequate  fo u nda tion  for m ore specialized courses an d  
for thesis research, the faculty has developed a core p rogram  of courses 
in  m aterials science. T hese  cover m odern  theories of struc tu re  an d  of 
m aterials behavior a t an advanced level.

A significant p a rt of the C ornell g radua te  educational experience is 
the o p p o rtu n ity  to p artic ipa te  in  form al an d  inform al sem inars and  
research conferences a t w hich cu rren t C ornell research program s are 
described and  guest speakers p resen t the latest developm ents in  o th er 
laboratories.

MECHANICAL ENGINEERING

DEGREES OFFERED: Bachelor of Science; Master of Engineer
ing (Mechanical); Master of Science; Doctor of Philosophy.

U PSO N  H A L L
M r. D. G. Shepherd, D irector; Messrs. N. W . A braham s, J . F. Booker,
A. H . Burr, B. J . C onta, T . A. Cool, D. D ropkin , G. B. DuBois, H . N. 
Fairchild , B. G ebhart, R . L. G eer, S. Leibovich, H . N. M cM anus, Jr.,
F. K. M oore, R . M. Phelan , K. E. T o rrance , R . L. W ehe. V isiting  Staff: 
Mr. B. K. G up ta .

M echanical eng ineering  is the broadest of the several fields of engi
neering  and  the cu rricu lum  is designed to p rov ide b read th  of tra in ing . 
M echanical engineers are involved in  two m ajo r stream s of technology: 
one, the p ro duc tion  an d  u tilization  of energy an d  the o ther, the design 
and  p roduction  of goods, m achines, eq u ip m en t an d  systems. In  accord
ance w ith this b road  classification there  are two subject d epartm en ts 
in  m echanical eng ineering  at C ornell: M achine Design and  M aterial 
Processing (see p. 83), and  T h erm a l E ng ineering  (see p. 83). Studies 
from  these areas and  others m ake u p  the Field Program .

T h e  Field P rogram  in M echanical E ngineering , lead ing  to the Bach
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elo r of Science degree a fte r four years of study, is designed to provide 
the studen t w ith  u n d ers tan d in g  in  some d ep th  of the eng ineering  
sciences basic to  the Field and  w ith  an  in tro d u c tio n  to  the professional 
and  technical areas w ith w hich m echanical eng ineering  is particu larly  
concerned. T h e  objective is to  in troduce  the stu d en t to the com plete 
design of a m echanical eng ineering  system. For those com pleting  the 
five years of study cu lm inating  in  the M aster of E ng ineering  (M echani
cal) degree, this objective of in teg ra ted  design is ex tended  to include 
the o p p o rtu n ity  to  understake a design p ro jec t req u irin g  considerable 
ind iv idual study.

T h e  liberal course electives p rescribed in  the core p rogram  are 
scheduled one each term  in  the th ird  an d  fou rth  years, w ith  the two 
unrestric ted  electives available in  the fo u rth  year. In  add ition , the 
program  allows for two technical electives in  the fo u rth  year. Technica l 
elective  m eans any course in  engineering , science, o r m athem atics 
w hich con tribu tes to the p a rticu la r educational objective of th e  stu 
d en t. T h is  elective program  allows each s tu d en t to pursue an  op tion  
in  his u n d erg rad u a te  work, w hether it  be d irected  tow ard a particu la r 
b ranch  of technology o r as p rep a ra tio n  for advanced study.

A lthough  there is no  req u irem en t of in dustria l experience for any of 
the m echanical eng ineering  program s a t the p resen t tim e, all students 
are u rged  to  o b ta in  sum m er em ploym ent w hich b roadens th e ir  know l
edge of engineering . T h is  is regarded  as particu larly  desirab le  fo r those 
p lan n in g  to  en te r the professional p rogram  for the M .Eng. (M echanical) 
degree. F u ll use should  be m ade of the em ploym ent o p p o rtu n itie s  avail
able th rough  the U niversity  and  College p lacem ent services.

T h e  b read th  of tra in in g  in  m echanical eng ineering  leads to  several 
possibilities for advanced study follow ing the B.S. degree. If possible, 
the studen t should p lan  his rou te  to advanced w ork in  his th ird  year so 
th a t fu ll advantage may be m ade of the to tal of fo u r technical and 
unrestric ted  electives available in the fo u rth  year. Possible program s of 
advanced study include:

1. G raduate study leading to the degree o f M aster o f E ngineering  
(M echanical). T h is  is a cu rricu lar type of professional program  in 
tended  for those studen ts w ho wish to  practice m echanical eng ineer
ing. A lthough the course of study is available fo r all qualified  studen ts 
who hold  a baccalaureate degree in  engineering , the program  is specially 
adap ted  as a g raduate  year of study in teg ra ted  w ith  the previous w ork 
in  the Sibley School of M echanical E ngineering . I t  is the program  
com m only taken  by qualified  studen ts no t p lan n in g  to  pu rsue  research 
o r teaching as a career (see parag raph  2) o r  no t changing  th e ir  field 
for advanced w ork (see p arag raph  3). D etails of th is program  are given 
on  follow ing pages.

2. G raduate study leading to the degrees o f M aster o f Science or 
D octor o f Philosophy, w ith  majors in either m achine design or therm al 
engineering. S tudents p lan n in g  to engage in  research o r teach ing  as a 
career w ould norm ally en ro ll in  such a program . In fo rm atio n  is given 
in  the A n n o u n cem en t o f the G raduate School: Physical Sciences.
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3. G raduate study in  related Fields, such as Aerospace E ngineering , 
In d u stria l E ng ineering  o r N uclear E ngineering , o r in  d ifferen t Fields 
such as Business A dm in istra tion , Law, or M edicine.

M achine Design and M aterials Processing
Mr. H . N. M cM anus, Jr ., C hairm an; Messrs. J . F. Booker, A. H . Burr,
G. B. DuBois, R. L. Geer, B. k . G up ta , A. I. K rauter, S. O ldberg , R. 
M. Phelan , R. L. W ehe.

T h e  D ep artm en t of M achine D esign and  M ateria ls Processing is respon
sible fo r those aspects of m echanical eng ineering  involving the analysis 
and  design of machines, th e ir  com ponents and  systems. I t  is also con
cerned w ith  the re la ted  field of m anufactu ring , particu larly  w ith  m a
terial rem oval m ethods. I t  supports class and  ind iv idual design projects. 
Its g raduate  students and  staff engage in  these projects o r in  research 
activities to  ob ta in  perform ance characteristics and  design data  for 
m achines and  to  o b ta in  physical phenom ena in  re la ted  m echanical 
sciences. T h e  cu rren t in terests of its staff include conceptual design 
m ethods, electro-m echanical controls, au tom atic  con tro l systems, m e
chanical v ib ra tion  studies, an d  bearing  perform ance an d  lub rica tion  
theory.

T h e  D epartm en t has its own laboratories for stress, photoelastic, 
v ib ra tion , and  endu rance  testing of m achine parts  as w ell as fo r the 
study of hydraulic an d  pneum atic  controls. N um erous electronic 
instrum en ts are available for the m easurem ent and  record ing  of force, 
m otion , strain , v ibration , and  noise. T h e  laboratories are particu larly  
well eq u ip p ed  for studies of lub rica tion  phenom ena in  jo u rn a l bearings 
and  for studies req u irin g  the use of analog  com puters.

T h e  m aterials processing laboratories, w ith  a generous selection of 
production-type m achine tools, p rovide u n d erg rad u a te  an d  research 
facilities for tool p lann ing , statistical q u a lity  contro l, surface texture , 
and  dynam om etric  projects. Specially tooled  and  instrum en ted  eq u ip 
m en t fo r studying tool w ear and  geom etry characteristics, ch ip  form a
tion , work-tool tem pera tu re  phenom ena, an d  stress pa tte rn s is available. 
For m etrology and  gaging studies, a constan t tem pera tu re  room  is avail
able. T h e  laboratories are well eq u ip p ed  w ith all standard-type m easur
ing devices, inc lud ing  optical, electronic, an d  pneum atic  com parators.

T herm al E ngineering
M r. F. K. M oore, C hairm an; Messrs. B. J . C onta, T . A. Cool, D. D rop- 
kin, H . N. Fairchild , B. G ebhart, S. Leibovich, H. N. M cM anus, Jr., 
D. G. Shepherd , K. E. T o rrance .

T h erm a l eng ineering  is concerned w ith those aspects of m echanical 
eng ineering  involving the p roduction , transfer, an d  u tilization  of energy. 
T h e  p a rticu la r areas of in terest include therm odynam ics, hea t transfer, 
fluid flow, and  reacting  systems. T hese  subject areas are of bo th  theo re t
ical an d  practical interest.
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T h e  laboratories of the D ep artm en t are well eq u ip p ed  fo r u n d e r
g radua te  instruction  an d  fo r the su p p o rt of g radua te  research. C u rren t 
research in terests of th e  staff m em bers include h igh  tem p era tu re  and  
non eq u ilib riu m  effects in  fluid dynam ics; plasm a processes; h ea t tran s
fer in  the convective, conductive, rad ia tive  and  com bined modes; an d  
areas of statistical, irreversible, and  classical therm odynam ics. C oncern  
w ith  real systems is a fea tu re  of the research.

T h e  Degree Programs
T h e  u n d erg rad u a te  p rogram  in  m echanical eng inee ring  leads to  a 
B achelor of Science degree up o n  the successful com pletion  o f a  four-year 
curricu lum . T h e  m in im um  nu m b er of cred it hours req u ired  is 139.

T h e  first two years of this program  are given in  the D ivision of Basic 
Studies an d  are substan tially  com m on to all u n d e rg rad u a te  eng ineering  
students (see pages 27-29). In  the sophom ore year, two eng ineering  
science sequences are requ ired . S tudents desiring  to pursue a program  
in  m echanical eng ineering  m ust take the m echanics sequence, since it 
is a p rerequ isite  for ju n io r  courses; m aterials science is recom m ended 
fo r the second sequence, b u t is n o t requ ired .

In  the ju n io r  an d  senior years, fifty-four cred it hours of technical 
courses re la ted  to  m echanical eng ineering  are requ ired . T hese  include 
courses in  the M echanical E ng ineering  D epartm en ts of T h e rm a l 
E ngineering  an d  of M achine D esign an d  M ateria ls Processing, p lus 
specified courses in  in dustria l eng ineering  a n d  opera tions research  and  
in  m ateria ls science an d  engineering . In  add ition , e igh teen  cred it hours 
in  liberal and  unrestric ted  electives are requ ired . U nrestricted electives 
may be any  courses in  the U niversity  to w hich the s tu d en t can  gain  
adm ission, inc lud ing  six hours of advanced R O T C .

T o  be in  good stand ing  in  the School o f M echanical E ng ineering , a 
s tu d en t m ust, each term , earn  a passing grade in  a t least fifteen cred it 
hours, w ith  a g rade of C m inus o r b e tte r in  eleven hours. If  he fails in  
any term  to pass twelve hours, he m ay be suspended from  the School. 
N o  u n d erg rad u a te  stu d en t may take few er than  fifteen cred it hours 
per term .

BACHELOR OF SCIENCE 

TERM S 1-4

See D ivision of Basic Studies C urricu lum  (pp. 27-29).
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Contact H ours  
C redit Lee. Lab. 

T E R M  5 H ours R ec. Comp.
E ngineering  Science (E lectrical o r M aterials) 3 2 2)4
E ngineering  3321. K inem atics an d  Dynamics

of M echanism s ........................................................ 3 2 2 y 2
E ngineering  3431, M ateria ls P ro c e s s in g   3 1 5

or
E ng ineering  9170, In troduc to ry  E ngineering

S ta tis tic s .....................................................................  3 2 2)4
E ngineering  3621, In tro d u c tio n  to T h e rm o 

dynam ics ...................................................................  3 3 0
E ng ineering  6316, M ateria ls E ngineering  3 2 2)4
L ibera l E lective* ........................................................ 3 o r 4 -  -

T o ta l   18 or 19

T E R M  6
E ngineering  Science (E lectrical o r M aterials) 
E ng ineering  3322, Analysis and  D esign of

M achine C o m p o n e n ts ......................................
E ngineering  3622, E ng ineering  T herm o-

E ngineering  9170, In troduc to ry  E ng ineering
S ta t is t ic s .................................................................
o r

E ng ineering  3431, M ateria ls Processing . . . .  
L ibera l Elective* ....................................................

3 2 2 )4

3 2 2 )4

2 2 0
4 4 0

3 2 21/2

3 1 5
3 or 4 - -

T o ta l .................................................................  18 or 19

T E R M  7
E ngineering  3053, M echanical E ngineering

L aborato ry  ........................................................... 4 1 5
E ngineering  3324, V ibration  and  C on tro l of

M echanical S y s te m s ........................................... 3 2 2)4
E ng ineering  3625, H ea t T r a n s f e r ....................  3 3 0
L ibera l Elective*   3 o r 4 -  -
U nrestric ted  Elective ...........................................  3 -  -
T echn ica l E le c t iv e .................................................. 3 -  -

T o ta l .................................................................  19 or 20

* See page 30 for definition of liberal electives.
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Contact H ours  
C redit Lee. L ab .
H ours R ec. C om p.

T E R M  8
E ngineering  3054, D esign of M echanical

E ng ineering  Systems   4 2 5
E ngineering  3626, T h e rm a l Systems E ngi

neering  .................................................................  4 2 21/2
L ibera l Elective*   3 o r 4 -  -
U nrestric ted  E le c t iv e .............................................  3 -  -
T echn ica l E le c t iv e .................................................. 3 -  -

T o ta l .................................................................. 17 o r 18

* See page 30 for definition of liberal electives.

MASTER OF EN G IN EER IN G  (M ECHANICAL)

T h is  degree is available as a  cu rricu la r type of professional degree, the 
general requ irem en ts fo r w hich are sta ted  on page 00. O f the th irty  
credit hours requ ired , the M echanical E ng ineering  p rogram  allows n in e  
elective hours together w ith considerable la titu d e  in  the choice of a 
labora to ry  course and  the design project. In  this way, an  o p tio n  is pos
sible in  a p a rticu la r area, e.g., m achine dynam ics and  contro l, m echan
ical analysis an d  developm ent, vehicles an d  propu lsion , p ropu lsion  en 
gines, therm al pow er, therm al env ironm ent, m anu fac tu ring  engineering , 
m aterial rem oval, etc.

T h e  professional degree, M .Eng. (M echanical), m ay be earned  in  a 
m in im um  of two term s of full-tim e study by the successful com pletion  
of the requ irem en ts described below.

C redit
FA LL T E R M  H ours
M athem atics ........................................................................................................ 3
E ng ineering  3361, A dvanced M echanical A n a ly s is .............................. 3
E ng ineering  3651, A dvanced T h e rm a l S c ie n c e ....................................... 3
E ngineering  L aboratory* o r M echanical E ng ineering  Elective . . . .  3
T echn ica l Elective ..........................................................................................  3

T o ta l ............................................................................................................  15
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C redit
SP R IN G  T E R M  H ours
M athem atics ..........................................................................................................  3
E ngineering  3055, A dvanced M echanical E ng ineering  D esign . . . .  3
E ngineering  3090, M echanical E ngineering  D esign P r o j e c t   3
M echanical E ng ineering  Elective o r E ng ineering  L aboratory*  . . . .  3
T echn ical E le c t iv e ...............................................................................................  3

T o ta l .............................................................................................................. 15
T o ta l for two term s ................................................................................. 30

* One Engineering Laboratory course is required, either fall or spring term.

In  the cu rricu lum  o u tlined  above, it  is recom m ended th a t the m athe
m atics req u irem en t be satisfied by A pp lied  M athem atics 1150, 1151 or, 
on a m ore advanced level, by 1180, 1181. Courses in the D epartm en t 
of M athem atics may be taken  w ith  the approval of the adviser.

T h e  E ngineering  Laboratory  course m ay be selected from  E xperi
m en ta l M ethods in  M achine Design, 3372 (fall); A dvanced Flow 
M easurem ent, 3673 (fall); o r T echn iques of T h erm a l M easurem ent, 3667 
(spring). Q ualified studen ts m ay seek approval fo r o th e r laboratory  
courses given in  the College of E ng ineering  if such courses are acceptable 
for a p a rticu la r objective. M echanical E ng ineering  Design Project, 
3090, in  the spring  term , provides design experience req u irin g  in d i
v idual effort and  the p rep a ra tio n  of a form al repo rt. If the six-hour 
m athem atics req u irem en t is previously satisfied w hen fu lfilling  u n d e r
g radua te  elective requ irem ents, tw enty-one hours of the  th irty -hour 
requ irem en t are, to a large ex ten t, elective. In  this way, the s tuden t 
has wide la titu d e  to o b ta in  a specific educational objective.

Some scholarship a id  is available. Adm ission and  scholarship a p p li
cation forms m ay be o b ta ined  by w riting  the C hairm an, G raduate  
Professional E ng ineering  Program , 221 C arp en te r H all. F u rth e r 
in fo rm ation  on the program  can be o b ta ined  from  the D irector, School 
of M echanical E ngineering , 105 U pson H all.

M ASTER OF SCIENCE AND DO C TO R  OF PHILOSOPHY  
DEGREES

T hese research degrees involve residence on  the cam pus an d  subm ission 
of a thesis. T h e  requ irem en ts for these degrees are described in  the 
A n n o u n cem en t of the G raduate School: Physical Sciences.

R esearch studies may be undertaken  in  the F ield  of M echanical 
E ngineering  in areas such as heat transfer, fluid m echanics, energy 
conversion, plasm a studies, lub rica tion , m echanical systems dynamics, 
stress analysis an d  m achine tools. T h e re  is no  requ ired  p a tte rn  of 
courses; ind iv idual program s of form al o r in form al study are arranged  
by a studen t in  consu lta tion  w ith  a Special C om m ittee of his own 
selection.

A n u m b er of fellowships, research assistantships, and  teach ing  assist
antsh ips are available to candidates for the M.S. and  Ph.D . degrees w ho
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are do ing  th e ir  thesis research in  the Field of M echanical E ngineering. 
A ssistantship app lica tions an d  fu r th e r in fo rm ation  m ay be ob ta ined  
from  the F ield  R epresen tative, Sibley School of M echanical E ngineering , 
U pson H all.

NUCLEAR SCIENCE AND ENGINEERING

DEGREES OFFERED: Master of Engineering (Nuclear); Master 
of Science; Doctor of Philosophy.

N U C L E A R  R E A C T O R  L A B O R A T O R Y

Faculty of the E ngineering  F ield  of N uclear E ngineering , supervising 
the M .Eng. (N uclear) degree: Messrs. K. B. Cady, D. D. C lark, T . R. 
C uykendall, D. D ropkin , C. D. Gates, S. L inke, R. M cPherson, M. 
N elkin , R. L. Von Berg. V isiting Staff: M r. I. Kuscer.

Faculty  of the G raduate Field  of N uclear Science and  E ngineering , 
supervising the M.S. an d  Ph.D . degrees: T h e  persons listed above and , 
in  add ition , Messrs. R . M. L ittau e r an d  G. H . M orrison.

N uclear science an d  nuclea r eng ineering  are concerned w ith  the u n d e r
standing, developm ent, an d  practical ap p lica tion  pf the scientific know l
edge of nuclear reactions and  rad iations. In  this b road  contex t, nuclear 
science an d  eng ineering  treats th e  p ro d u c tio n  of neu trons, gam m a 
rad ia tio n , radioisotopes, and  tran sm u ta tio n  of elem ents. T h e  aim s of 
the program s a t C ornell a re  to p rovide the s tu d en t w ith  a tho rough  
u n d ers tan d in g  of the laws and  p rincip les up o n  w hich nuclear systems 
are based, to  develop research abilities, an d  to develop the skills of 
app ly ing  basic p rincip les to eng ineering  problem s. T o  im p lem en t these 
aim s C ornell offers th ree g raduate  degrees: the research degrees, M aster 
o f Science and  D octor of Philosophy, adm in istered  by the G radua te  
F ield o f N uclear Science an d  E ngineering ; an d  a professional degree, 
M aster of E ngineering  (N uclear), adm in istered  by the E ng ineering  Field 
o f N uclear Engineering.

T h e  faculty a t C ornell believes the specialized education  of nuclea r 
engineers lies a t the g radua te  level; fo r this reason no  B achelor of 
Science p rogram  in  the nuclea r field is offered. A p p ro p ria te  u n d e r
g radua te  program s w hich can lead  to  g radua te  study in  nuclea r eng inee r
ing  are civil, chem ical, electrical, o r m echanical eng ineering , o r eng ineer
ing physics. In  add ition , the College Program  offers a w ide range of 
m ajors an d  m inors in  the  above fields as well as a m ajo r a n d  m in o r 
in  nuclea r engineering.

Ind iv idua ls p rep arin g  fo r g radua te  study in  nuclea r eng ineering  
should  select th e ir technical electives carefully  to  insure th a t they m eet 
the en trance  requ irem en ts for the g radua te  program . W h e th e r o r no t 
a stu d en t is p rep a rin g  fo r g raduate  study in  nuclea r engineering , there 
are a n u m b er of courses in  the nuclear field available to  h im  as technical 
electives. T hese  courses are described u n d e r the specific eng ineering  field 
w hich is in charge of the course con ten t.

N uclear eng ineering  uses the  basic sciences of chem istry, physics, an d
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m athem atics, and  the skills of m etallurg ical, chem ical, civil, electrical, 
and  m echanical engineering. T h e  nuclear eng ineering  faculty is m ade 
u p  of m em bers from  each of these eng ineering  fields as well as from  
engineering  physics.

Laboratory and Research Facilities
T h e  N uclear R eactor L aboratory  contains: (1) A T R IG A  research 
reactor w ith a steady-state pow er of 100 kilow atts and  a pu lsing  capa
bility of 250 m egaw atts p rov id ing  sources of n eu trons and  gam m a rays 
fo r activation  analysis, solid and  liqu id  state studies, an d  nuclear 
physics research. In  ad d ition  to  standard  pneum atic  an d  m echanical 
transfer systems for activated specimens, the reacto r is equ ipped  w ith  a 
rap id  transfer m echanism  in one of the six beam  ports; (2) a critical 
facility o r “zero pow er reac to r” of versatile design for basic studies of 
reacto r physics, such as space-dependent reacto r kinetics an d  noise 
analysis; (3) a 3 MeV C ockroft-W alton accelerator for studies of rad ia 
tion  effects and  low energy nuclear levels an d  reactions; (4) a shielded 
cell w ith  10,000 curies of Co60 gam m a sources for rad ia tio n  chem istry 
studies; (5) a radiochem istry laboratory; and  (6) subcritical assemblies 
for reacto r physics investigations.

T h e  College Program
Students w ho wish to begin specialization in  nuclear science and  
engineering  a t the u n d erg rad u a te  level may consider the follow ing 
courses subject to the approval of the College Program  com m ittee.

M A J O R  IN  N U C L E A R  E N G I N E E R I N G

Physics 436, M odern Physics
E ngineering  8351, N uclear M easurem ents L aboratory  
E ngineering  5760, N uclear an d  R eacto r E ngineering  
E ng ineering  6873, M ateria ls Science fo r E ngineers (same as E ng ineer

ing  8337)

M I N O R  IN  N U C L E A R  E N G I N E E R I N G  

Physics 436, M odern  Physics
E ngineering  8303, In tro d u c tio n  to N uclear Science an d  E ngineering  
E ngineering  8351, N uclear M easurem ents L aboratory  

o r
E ngineering  6873, M ateria ls Science for E ngineers (same as E ng ineer

ing  8337)

M aster of Engineering (Nuclear)
T h is  tw o-term  degree program  is in ten d ed  bo th  fo r students w ho w ant 
a te rm inal degree an d  for studen ts w ho w an t an  in te rim  degree before
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undertak in g  doctoral study in  nuclea r science an d  engineering . T h e  
p rogram  develops the basic princip les of nuclear reactors a n d  shows a 
studen t how  his field of u n d erg rad u a te  specialization m ay be app lied  
to nuclear eng ineering  problem s. T h e  recom m ended en trance  req u ire 
m ents include:

1. A baccalaureate degree in  engineering , ap p lied  science, o r its 
equivalent.

2. Physics, inc lud ing  atom ic and  nuclear physics.
8. M athem atics, inc lud ing  advanced calculus.
4. T herm odynam ics.
S tudents should m ake every effort to com plete the en trance  req u ire 

m ents before beg inn ing  the p rogram ; this may be done in  some cases 
by inform al study d u rin g  the sum m er. T h e  th irty  cred it hours fo r the 
degree include the follow ing courses:

FA LL T E R M
E ngineering  8312, N uclear R eacto r T h eo ry  I 
E ng ineering  8333, N uclear R eacto r E ngineering  
E ngineering  Elective 
M athem atics o r Physics Elective

SP R IN G  T E R M
E ngineering  8351, N uclear M easurem ents L aboratory  
E ngineering  8309, Low Energy N uclear Physics 
E ngineering  Elective 
E ng ineering  D esign Project

T h e  eng ineering  electives are to be in  a subject area re levan t to 
nuclear eng ineering  (e.g., nuclear m aterials, nuclea r chem ical eng ineer
ing, fluid dynam ics, h ea t transfer, energy conversion, au tom atic  feed
back contro l systems). T yp ical exam ples of electives taken  by the 
professional M aster’s degree studen ts are:
E ng ineering  8334, N uclear E ng ineering  Sem inar 
Physics 444, N uclear an d  H igh-Energy Partic le  Physics 
E ngineering  5505, A dvanced H ea t T ran sfe r 
E ngineering  7201-7202, M agnetohydrodynam ics I an d  II  
E ng ineering  1163, A pp lied  Elasticity 
E ngineering  3665, T ra n sp o r t Processes 
E ng ineering  3672, Energy C onversion

M aster of Science and D octor of Philosophy
A cand ida te  fo r e ith e r research degree m ay choose as his m ajo r subject 
nuclear science o r nuclear engineering . T h e  deta iled  program  of studies 
is flexible and  is no t prescribed as a curricu lum , b u t is p lan n ed  by each 
ind iv idual stu d en t and  the faculty  m em bers of his Special C om m ittee. 
T h is  system w hich is the trad itio n  of g radua te  w ork a t C ornell is well 
su ited  fo r in terd iscip linary  Fields such as N uclear Science and  E ng ineer
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ing. Form al courses do no t dom inate  the p a tte rn  of g raduate  education . 
In d ep en d en t research leading to the w riting  of a thesis, and  form al and  
in form al discussions w ith  staff m em bers an d  o th e r students are v ital 
parts  of the program .

T yp ical “core” courses in  the m ajo r Field of e ither N uclear Science 
or N uclear E ngineering  are the follow ing:
M athem atics 415-416, M athem atical M ethods in Physics 
Physics 561, T heo re tica l Physics I 
Physics 572, Q u an tu m  M echanics 
E ngineering  8309, Low Energy N uclear Physics 
E ngineering  8312, N uclear R eacto r T heo ry  
E ng ineering  8351, N uclear M easurem ents L aboratory  

A t the h ea rt of the research degree program s is the s tu d en t’s thesis 
research. Areas of research in  nuclea r science include nuclear chemistry, 
low energy nuclear physics, theory of n eu tro n  in terac tions w ith  m atter, 
radio-chem istry, rad ia tio n  chem istry, activation  analysis, an d  rad ia tio n  
detection . A reas of research in nuclea r eng ineering  include n eu tra l 
partic le  tran sp o rt theory, reactor statics an d  dynamics, nuclear m aterials 
an d  fuels, basic processes in the p ro duc tion  an d  use of pow er from  
nuclear reactions, an d  selected problem s in  nuclear reacto r design and  
optim ization .

A dd itional in fo rm ation  on the M.S. an d  Ph.D . program s is available 
in  the A n n o u n cem en t o f the G raduate School: Physical Sciences. F u rth e r 
in fo rm ation  may be o b ta ined  from  the G radua te  Field R epresen tative, 
N uclear R eacto r Laboratory .

OPERATIONS RESEARCH

DEGREES OFFERED: Master of Science; Doctor of Philosophy. 

UPSON  H A L L

Mr. R . E. B echhofer, C hairm an; Messrs. R. H . B ernhard , L. J . B illera, 
M. Brown, R. W . Conway; Mrs. S. C. D aferm os; Messrs. H . Em m ons, H . 
P. Goode, J. C. Kiefer, K. O. K ortanek, W . R. Lynn, W . L. Maxwell,
H . L. M organ, N. U. P rabhu , M. R ub inov itch , S. Saltzm an, B. W . 
Saunders, A. Schultz, Jr ., S. S tidham , Jr ., H . M. T ay lo r III, L. I. Weiss. 
Visiting Staff: M r. M. F. N euts.

MAJOR AND M INO R SUBJECTS

T h e  Field of O pera tions R esearch offers doctoral program s in  four 
m ajo r subjects: opera tions research, app lied  p robab ility  an d  statistics, 
systems analysis and  design, and  industria l engineering. M aster of 
Science program s are offered in all the above subjects, as well as in 
in form ation  processing.

A general descrip tion  of the five subjects is given below.



92 OPERATIONS RESEARCH

O perations Research
T h e  prob lem  areas and  techniques of opera tions research are ap 
proached  from  a highly analy tical view point. Em phasis is placed on 
constructing  ap p ro p ria te  m athem atical m odels to rep resen t various 
real-life o p e ra tiona l systems, and  on  developing techniques for analyz
ing  the perform ance of these models. In  th is way procedures w ith 
desirable p roperties fo r dealing  w ith  such systems are developed. Q u eu 
ing, inventory, reliability , replacem ent, and  scheduling theories are 
am ong the m ajo r techniques em ployed. O p tim ization  techniques such 
as m athem atical p rogram m ing  (linear, non linear, an d  probabilistic), 
com binatorics, an d  dynam ic program m ing  are also used extensively.

T h e  opera tions research stu d en t pursues a course of study and  re 
search th a t em phasizes the use of the m athem atical, probabilistic , statis
tical, and  com pu ta tiona l sciences in  the developm ent of the techniques 
of opera tions research. H is u ltim ate  goal, how ever, m ay range from  
m aking a fu n d am en ta l co n trib u tio n  to  the techniques of opera tions 
research to  app ly ing  opera tions research to problem s in  diverse profes
sional areas.

A pplied Probability  and Statistics
T h is  subject of study and  research is designed fo r studen ts having 
p rim ary  in terests in  the techniques an d  associated underly ing  theory of 
p robab ility  and  statistics, particu larly  as they are ap p lied  to  problem s 
arising  in  science and  engineering . T h e  techniques em phasized are 
those associated w ith app lied  stochastic processes (for exam ple, qu eu in g  
theory, inventory  theory, and  time-series analysis) and  statistics (inc lud
ing statistical decision theory; the statistical aspects of th e  design, 
analysis, and  in te rp re ta tio n  of experim ents, an d  of ran k in g  and  selec
tion  theory; re liab ility  theory; statistical quality  con tro l; sam pling 
inspection; and  acceptance sam pling).

Because a doctoral d issertation  m ust rep resen t a fund am en ta l co n tri
bu tio n  to  theory and  app lica tion , studen ts w ho elect w ork in  this area 
are expected to acquire considerable know ledge of the theory  of 
p robab ility  and  statistics. In  add ition , all studen ts w ho m ajo r in  ap p lied  
probab ility  and  statistics are requ ired  to m in o r in  m athem atics.

Systems Analysis and Design
A lthough  the solu tion  of systems problem s requ ires know ledge of 
underly ing  theory, the in h e ren t p ractical lim ita tions of the p roblem  
m ust be understood . Analysis of a system alone is insufficient; a lte rnative  
solutions m ust be genera ted  before selecting the one w hich can best be 
in teg ra ted  w ith o th e r elem ents of the system. M odeling  concepts are 
equally im portan t, b u t only w hen they can produce w orkable systems. 
Illu stra tions of the design of in teg ra ted  systems can be found  in  indus
try, the env ironm ent, commerce, and  in  governm ent. R esearch activity
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may involve the developing of new m ethodology or the synthesizing 
of new com binations from  w hat is already know n. Such activity can 
im prove the u n d ers tan d in g  of systems o r can lead  to the developm ent 
of new  decision criteria  fo r such systems.

Industria l E ngineering
Studies of the analysis and  design of the com plex opera tiona l systems 
th a t occur in industry , particu larly  in  m anufactu ring , are included  in  
this subject. P lan t design, cost analysis an d  contro l, and  p roduction  
p lan n in g  rep resen t some of the m ajo r topics. A s tu d en t is expected to 
have considerable facility in  the m odern  analytical techniques associated 
w ith ra tio n a l decision m aking and  w ith the establishm ent of valid 
design criteria. T hese techniques are draw n from  am ong inventory  
theory, qu eu in g  theory, m athem atical p rogram m ing, quality  control, 
an d  com puter sim ulation .

Because the design and  o p era tion  of m odern  eng ineering  systems 
apply  to areas o th e r than  m anufactu ring , the use of the w ord “indus
tr ia l” should  n o t be considered restrictive. In d u stria l engineers fre
quen tly  are em ployed as systems specialists in commerce, banking , d is tri
bu tion , m erchandising , and  hosp ital m anagem ent.

Inform ation Processing
In fo rm ation  processing deals w ith the analysis and  design of systems 
which record, transm it, store, and  process in fo rm ation . T h e  a p p li
cation and  in teg ra tion  of eq u ip m en t is em phasized ra th e r than  the 
design of m achines. Areas of in terest include systems for in fo rm ation  
retrieval, m anu fac tu ring  contro l, and  traffic contro l. T h is  subject also 
includes such underly ing  theoretical topics as in fo rm ation  theory and  
com puting  language structure. T h e  p rin c ip a l cam pus com puting  facility 
is an IBM  360/65, w ith on-line o p era tion  from  m any cam pus locations. 
A satellite  360/20 directly  connected  to the 360/65 is located in  U pson 
H all w here the D epartm en t of O pera tions R esearch is housed. T e le 
typew riter term inals are also in  use.

A P P R O P R I A T E  M I N O R  S U B J E C T S

T h e  follow ing m inor subjects have been chosen most frequently  in 
recent years: com puter science (C om puter Science), con tro l systems 
eng ineering  (Electrical E ngineering), econom etrics (Economics), m an 
agerial economics (Business and  Public  A dm inistra tion), m athem atics 
(M athem atics), regional p lan n in g  (City and  R eg ional P lann ing), and  
w ater resources (W ater Resources). S tudents w ho are in terested  in  m inor- 
ing  in any of these subjects should refer to the respective Field program s 
listed elsewhere in this A n n ouncem en t.
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ADMISSION REQ UIREM ENTS

As a p rerequ isite  for g radua te  study lead ing  to  the degree of M aster of 
Science o r D octor of Philosophy w ith  a m ajo r in  the F ield  of O pera tions 
Research, the cand ida te  m ust have been g radua ted  from  an  in s titu tio n  
o f recognized stand ing  w ith  a B achelor’s degree in  eng ineering , m athe
matics, economics, o r the physical sciences. In  add ition , he m ust have a 
com m endable u n derg radua te  scholastic record  and  m ust supply  o th er 
evidence of his in terest in  and  ability  to pursue advanced study and  
research in  his m ajo r an d  m inor subjects. I t  is strongly recom m ended 
th a t all app lican ts to  the F ield  take the G raduate  R ecord  E xam ination  
and  subm it the results a long w ith  th e ir app lica tion  for g radua te  study. 
Fellow ship an d  assistantship app lican ts m ust subm it scores from  this 
exam ination .

F u rth e r in fo rm ation  abou t any of the g radua te  program s may be 
ob ta in ed  by w riting  to  the G radua te  F ield  R epresen ta tive  o f O pera tions 
Research, U pson H all.

STRUCTURAL ENGINEERING

(see page 52.)

THEORETICAL AND APPLIED MECHANICS 

DEGREES OFFERED: Master of Science; Doctor of Philosophy. 

T H U R S T O N  H A L L
Mr. E. T . C ranch, C hairm an; Messrs. K. T . A lfriend, H . D. Block,
B. A. Boley, H . D. Conway, C. M. D aferm os, M. D. G reenberg , R . H . 
Lance, G. S. S. L udford , J . R . M oynihan, Y. H . Pao, R . H . R and , D. N. 
R obinson. V isiting Staff: M r. S. A. T h au .

T h e  D epartm en t of T heo re tica l and  A pplied  M echanics is responsible 
for u n derg radua te  an d  g raduate  in struction  and  research in  theoretical 
and  app lied  m echanics an d  ap p lied  m athem atics. Subject m a tte r in 
these fields is of a fu n d am en ta l n a tu re , an d  the u n d erg rad u a te  courses 
p rovide a substan tia l p a r t of the basic eng ineering  science education  
fo r eng ineering  students. In  ad d itio n  to  the req u ired  core courses, the 
u n derg radua te  can elect advanced courses w hich are  especially suited  
to  studen ts w ho have dem onstrated  superio r analytical o r experim en ta l 
ability  an d  w ho wish to ex tend  and  develop this ability . T h e  D ep art
m en t offers m ajo r an d  m inor individualized, p lan n ed  program s in  a 
newly in itia ted  College Program.

T h e  g raduate  program  in  m echanics and  app lied  m athem atics em 
phasizes fundam en ta l u n d e rs tand ing  of the new est developm ents in  
eng ineering  an d  ap p lied  science. G raduate  studen ts are exposed to 
the m echanics of liquids, gases, particles, rig id  and  deform able solids, 
and  re la ted  areas of m aterials, m athem atics, and  physics. T h e  analy tical 
n a tu re  of the studies encourages research th a t cuts across various fields.
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G raduate  studen ts may pursue program s in  the follow ing areas of 
specialization: (1) space m echanics— includ ing  research on trajectories 
and  o rb its of space vehicles an d  satellites as w ell as the theory of ligh t
weight, thin-w alled structures; (2) wave p ropaga tion  in  solids— w ith 
research on the waves in  layered m edia, scattering  of elastic waves and  
dynam ic stress concentrations, waves in  plates, rods and  shells; (3) struc
tu ra l m echanics inc lud ing  static and  dynam ic loading, v ibrations, and  
buckling; (4) theory of elasticity and  plasticity; (5) theoretical fluid 
m echanics— w ith research in  gas dynam ics an d  m agnetohydrodynam ics.

T h e  flexibility  of the g raduate  study program s a t C ornell perm its stu 
den ts to draw  on  several divisions of the U niversity  for su p p o rtin g  w ork 
in  pu re  and  app lied  science. G radua te  students in terested  p rim arily  in  
theoretical and  app lied  m echanics and  ap p lied  m athem atics find these 
suppo rting  fields of in terest: m athem atics, structures, eng ineering  phys
ics, servomechanisms, m achine design, aerospace engineering, soil 
m echanics, and  physics.

A brochure, G raduate S tudy in  Theoretica l and  A p p lied  M echanics 
can be ob ta ined  by w riting  the G rad u a te  F ield  R epresen tative, T h e o 
retical an d  A pplied  M echanics, T h u rs to n  H all.

T h e  College Program
Faculty m em bers of the D ep artm en t are  p repared  to sponsor ind iv idual 
underg radua te  students desiring a p rogram  in eng ineering  science as a 
College Program  (see page 53). T h e  course details of such a  program  
will be d ep en d en t upon  the educational goal of the s tuden t and  w ill be 
w orked o u t in  consu lta tion  w ith  a m em ber of the D epartm en t, b u t all 
such program s will have the follow ing genera l form:

T E R M  5
E ngineering  Science (core 

requ irem en t) 
T herm odynam ics 
M ath  o r E ngineering  Analysis 
E lectrical Science, Physics, o r 

E ng ineering  Science 
L ibera l Elective

T E R M  6
E ngineering  Science (core 

requ irem en t)
F lu id  M echanics 
M ath  o r E ng ineering  Analysis 
E lectrical Science, Physics, o r 

E ngineering  Science 
L ibera l Elective

T E R M  7
E lectrical Science, Physics, or 

E ngineering  Science 
M ath  o r E ngineering  Analysis 
A dvanced Dynamics 
L ibera l Elective 
Free Elective

T E R M  8
E lectrical Science, Physics, o r 

E ng ineering  Science 
M ath  o r E ng ineering  Analysis 
C o n tin u u m  M echanics 
L ibera l Elective 
Free Elective

S tudents w ishing to pursue E ng ineering  Science as a College Program  
should discuss the m a tte r w ith the D ep artm en t C hairm an .
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(see page 83.)

96 WATER RESOURCES ENGINEERING

WATER RESOURCES ENGINEERING
(see page 53.)



D E S C R IP T IO N  O F COURSES

Course descrip tions are listed u n d e r the school, dep artm en t, o r division 
in  w hich they are offered. C erta in  English, m athem atics, and  physical 
science courses are listed u n d e r Basic Studies, even though  they are 
offered by the College of A rts an d  Sciences. F or m ore com plete listings 
in  hum anities, social science, an d  n a tu ra l sciences, consult the A n n o u n ce 
m en t o f the College o f A rts  and  Sciences.

Each course title  is followed by a (u) o r (g) designation  to ind icate  
the level a t w hich the course is taught. T h e  (u) designation  m eans th a t 
the course is in tended  p rim arily  for underg raduates, and  the (g) for 
graduates. In  m any instances, bo th  underg raduates an d  g raduates are 
welcome in p a rticu la r courses if they m eet the prerequisites. U n d er
g raduates should consult th e ir  school o r d ep a rtm en t adviser concerning 
e lig ib ility  for courses w ith  g radua te  designations.

D escriptions o f courses w ill be fo u n d  in this section of the A n n o u n ce 
m en t, arranged alphabetically according to school or departm en t. T h e  
first digit(s) of the four-digit course num bers have significance as follows:

1000 T H E O R E T IC A L  AND APPLIED MECHANICS

2000 CIVIL EN G IN EER IN G

2300, 2500 W ater Resources E ngineering (see Civil Engineering)

2400 Geotechnical Engineering (see Civil Engineering)

2600 E nvironm ental Systems E ngineering (see Civil Engineering)

2700 S tructural Engineering (see Civil Engineering)

3000 MECHANICAL EN G IN EER IN G

3300, 3400 M achine Design and M aterials Processing (see M echanical 
Engineering)

3600 T herm al Engineering (see M echanical Engineering)

4000 ELECTRICAL EN G IN EER IN G

5000 CHEM ICAL EN G IN EER IN G

6000 M ATERIALS SCIENCE AND EN G IN EER IN G

7000 AEROSPACE EN G IN EER IN G

8000 EN G IN EER IN G  PHYSICS

8000 Applied Physics

8300 N uclear Science and Engineering

9000 IN D U STR IA L EN G IN EER IN G  AND O PERA TIO N S
RESEARCH

A G R IC U LTU R A L EN G IN EER IN G

BASIC STUDIES

C O M PU T E R  SCIENCE
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BASIC STUDIES DIVISION 

E ngineering Problem s and M ethods
103. EN G IN EER IN G  GRAPHICS AND DESIGN (u)
C redit 3 hrs. E ither term . 1 Lect., 1 Rec., 1 Lab. Fundam entals of the  engi
neering graphic language including orthographic  draw ing and sketching, 
p ictorial draw ing and sketching, auxiliaries, sections, intersections, and devel
opm ents. Instrum en t drawings will show applications of visual com m uni
cation in the design process. F reehand conceptual design. Mr. W. L. Hew itt.

104. IN T R O D U C T IO N  T O  EN G IN EER IN G  (u)
C redit 3 hrs. E ither term . 2 Lect., 1 Lab. O rien tation  to the engineering  p ro 
fession: discussion of curriculum , engineering functions, engineering fields, 
in troduction  to technical rep o rt writing. D igital com puting: m achine lan 
guage, problem s, and com puter applications. Engineering design: analysis of 
factors such as safety, reliability , efficiency, and  economy th a t con tribu te  to 
sound design. Mr. W. H. Erickson.

M athem atics
191. CALCULUS FOR ENGIN EERS (u)
C redit 4 hrs. E ither term . Prerequisite, three years of high school m athem atics, 
including trigonom etry. Fall term : lectures, M W F 9:05, 11:15 plus recitation 
periods to be arranged. Spring term : M W  F S 9:05, 11:15. Prelim inary  ex
am inations will be held a t 7:30 p .m . on Oct. 9, Oct. 30, Nov. 20, Dec. 11. Plane 
analytic geometry, differential and integral calculus, applications.

193. CALCULUS FOR ENGINEERS (u)
C redit 4 hrs. Fall. Prerequisite, four years of high school m athem atics, includ 
ing trigonom etry and calculus. Lectures, M W  F 9:05, 11:15 plus recitation  
periods to b e  arranged. Prelim inary  exam inations will be held  a t 7:30 p .m . on 
Oct. 9, Oct. 30, Nov. 20, Dec. 11. P lane analytic geometry, differential and 
integral calculus, applications.

192. CALCULUS FOR ENGINEERS (u)
C redit 4 hrs. E ither term . Prerequisite, 191 o r 193. Fall term : M W  F S 9:05, 
11:15. Spring term : lectures, M W  F 9:05, 11:15 plus recitation periods to be 
arranged. Prelim inary  exam inations will be held a t 7:30 p .m . on Feb. 19, Mar. 
12, Apr. 9, May 7. Spring term . T ranscendental functions, technique of in te 
gration  and m ultip le  integrals, vector calculus, analytic geom etry in space, 
partia l differentiation, applications.

194. CALCULUS FOR ENGINEERS (u)
C redit 4 hrs. Spring. Prerequisite, recom m endation of the lecturer in course 
191 o r 193. Lectures, M W  F 9:05, 11:15 plus recitation  periods to be arranged. 
P relim inary exam inations will be held  a t 7:30 p .m . on Feb. 19, Mar. 12, Apr. 
9, May 7. Covers contents of Course 192 in  m ore deta il and includes m ore 
theoretical m aterial.

293-293H. EN G IN EER IN G  M A TH EM ATICS (u)
C redit 4 hrs. E ither term . Prerequisite, 192 o r 194. Fall term : lectures, M W  F 
8, 12:20 plus recitation  periods to be arranged. Spring term : M W  F S 9:05,
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11:15. P relim inary exam inations will be held a t 7:30 p .m . on Oct. 15, Nov. 12, 
Dec. 10. 293H is an honors section o£ 293 in fall term  only. Vectors and 
matrices, first-order differential equations, infinite series, complex num bers, 
applications. Problem s for program m ing and  ru n n in g  on the au tom atic  com
p u te r  will be assigned, and  students are expected to have a knowledge of 
com puter program m ing equivalent to th a t taugh t in E ngineering 104.

294-294H. EN G IN EER IN G  M A TH EM ATICS (u)
C redit 3 hrs. E ither term . Prerequisite, 293. Fall term : M W F 8, 12:20. Spring 
term : lectures, M W 8, 12:20 plus recitation periods to be arranged. P re 
lim inary exam inations will be held a t 7:30 p .m . on M ar. 4, M ar. 25, May 6. 
294H is an honors section of 294 in spring term  only. L inear differential 
equations, quadratic  forms and eigenvalues, differential vector calculus, a p 
plications.

Physics

121-122. IN T R O D U C T O R Y  ANALYTICAL PHYSICS I AND II (u)
Credit 3 hrs. a term . T h ro u g h o u t the  year. (Physics 121 is also offered in  the 
spring term , T  T h  S 9:05, for those students who have com pleted b u t failed 
the  course in the preceding fall term ; permission of the instructor is required.) 
Prerequisite, calculus or coregistration in M athem atics 191-192, o r consent of 
the instructor. Course 121 is prerequisite  to 122. Prim arily  for students of 
engineering. Lecture, F 9:05 or 11:15 or 1:25. Tw o discussion periods pe r week 
and one tw o-hour laboratory  period every o th er week, as assigned. P relim inary  
exam inations will be held a t 7:30 p .m  on Oct. 8, Nov. 12, Dec. 10, Mar. 4, Apr. 
15, and May 6. T h e  m echanics of particles: kinem atics, dynamics, conservation 
of energy, conservation of linear m om entum , c ircular m otion, special relativity. 
R otation  of rigid bodies. H arm onic m otion. T h e  properties of the fu n d a
m ental forces: gravitational, electrom agnetic, and nuclear. At the level of 
Introductory Analytical Physics, fourth  edition , by Newhall. Messrs. Newhall, 
Chester, Horwitz, K rum hansl, McDaniel, and staff.

233-234. IN T R O D U C T O R Y  ANALYTICAL PHYSICS III AND IV (u) 
C redit 3 hrs. a term . T h ro u g h o u t the year. (Physics 233 is also offered in the 
spring term , T  T h  S 11:15, for those students who failed the course in the 
preceding fall term  bu t who passed Physics 235.) Prerequisites, Physics 122 
and coregistration in M athem atics 293-294 and  in Physics 235-236, o r consent 
of the instructor. Course 233 is p rerequisite  to 234. Lectures, T  T h  9:05 or 
11:15 or 1:25. Tw o discussion periods every week, as assigned. Each term  the 
course is subdivided in to  three  independent sections, each of no m ore than  
180 students (and for each lecture, no m ore than  ninety students). Prelim inary  
exam inations will be held a t 7:30 p .m . on Oct. 11, Nov. 8, Dec. 13, Feb. 20, 
Mar. 20, and April 24. Electrostatic fields, po ten tial, fields a round  conductors 
and in sim ple dielectrics, special relativity , charges in m otion, tim e-varying 
fields, induced electrom otive force, energy of charge and curren t distributions, 
electrical oscillations and oscillatory behavior in general, electrom agnetic 
waves, polarization, interference and diffraction. Q uantum  effects, atom ic and 
x ray spectra, nuclear structure  and  reactions, particle  physics, and solid state 
physics. At the level of Electricity and Magnetism, 1966, by Purcell (Berkeley 
Physics Course, Vol. 2), of Introduction to Special Relativity, 1965, by Smith, 
and  of Fundamentals of Optics and Modern Physics, 1968, by Young. Fall term , 
Messrs. O rear, Rostoker, Silverman, and Shepherd. Spring term , Messrs. E d
wards, Groom, and L ittauer.
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235-236. LABORATORY T O  ACCOMPANY PHYSICS 233-234 (u)
C redit 1 hr. a term . T h ro u g h o u t the year. M ust be taken w ith Physics 233-234. 
Course 235 is p rerequisite  to 236. One tw o-hour period  every week, as assigned. 
E xperim ents include electrical m easurem ents, circuits, physical electronics, 
optics, lasers, atom ic spectroscopy, solid state, nuclear and particle  physics. 
Messrs. Lee, Loh, R ichardson, and  staff.

237-238. IN T R O D U C T O R Y  ANALYTICAL PHYSICS III AND IV (u) 
C redit 4 hrs. a term . T h ro u g h o u t the year. An H onors section of 233-234 
and 235-236. Prerequisites, same as for 233-234 and  235-236, and  in addition
(a) a request for this course as expressed by the  studen t in consultation w ith 
the 237 in structor and, for an engineering student, w ith the  concurrence of 
the d irector of the Division of Basic Studies in the College of Engineering, and
(b) an invita tion  from the instructor. E nrollm ent lim ited. Course 237, or 
consent of the instructor, is prerequisite  to 238. T  T h  S 9:05 or 11:15 and  one 
laboratory  every week, M T  VV o r T h  2-4:25. T opics include those (none 
om itted) in Physics 233-234 b u t their trea tm en t is generally m ore analytical 
and  som ewhat m ore intensive. At the level of Lectures on Physics, Vol. II, 
1964, by Feynm an, of Spacetime Physics, 1966, by T ay lo r and  W heeler, and 
of Fundamentals of Optics and Modern Physics, 1968, by Young. Fall term , 
Mr. Berkelm an and staff. Spring term , Mr. Delvaille and staff.

Chem istry
107-108. GENERAL CHEM ISTRY (u)
C redit 3 hrs. fall term  and 4 hrs. spring term . T h ro u g h o u t the  year. P re
requisite, high school chemistry; 104 or 107 are prerequisites to 108. E nro ll
m ent is lim ited. Recom m ended for those students who will take fu rth er 
courses in chem istry. Lectures, T  T h  9:05 an d  10:10. Laboratory, W F or S 
8-11; T  or T h  1:25-4:25; M W or F 1:25^4:25. Scheduled p relim inary  ex 
am inations m ay be held in  the evening. T h e  im p o rtan t chem ical principles 
and  facts are covered, w ith considerable a tten tio n  given to the qu an tita tiv e  
aspects and  to the techniques th a t are im p o rtan t for fu rth e r work in chem istry. 
Second-term laboratory  includes a systematic study of qualita tive  analysis. 
Fall term , Mr. Freed; spring term , Mr. Fay; and  assistants.

Note: E ntering  students exceptionally well p repared  in chem istry may receive 
advanced credit for Chem istry 107-108 by dem onstra ting  com petence in the 
Advanced Placem ent E xam ination of the  College E ntrance E xam ination Board, 
or in advanced standing exam ination  given a t Ithaca on the  Saturday before 
classes sta rt in the fall.

287-288. IN T R O D U C T O R Y  PHYSICAL CHEM ISTRY (u)
C redit 3 hrs. a term . T h ro u g h o u t the  year. Prerequisites, Chem istry 108 or 
116 and  M athem atics 111-112 or consent of the  instructor. Chem istry 287 is 
prerequisite  to 288. Lectures, M W F 9:05. Prelim inary  exam inations may be 
given in the evening. A systematic trea tm en t of the  fundam ental principles of 
physical chemistry. Mr. A lbrecht and assistants.

289-290. IN T R O D U C T O R Y  PHYSICAL CHEM ISTRY LABORATORY (u) 
C redit 2 hrs. a term . T h ro u g h o u t the year. C oregistration in Chem istry 287- 
288 required . Chem istry 289 is p rerequisite  to 290. L aboratory lecture, F 12:20. 
Laboratory, M T  or W T h  1 :25^:25  or F 1:25-4:25, S 8-11. T h e  developm ent 
of needed skills in the experim ental aspects concerned w ith the fundam ental 
principles of physical chemistry.
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E ngineering Sciences

241-242. ELECTRICA L SCIENCE I AND II (u)
C redit 3 hrs. T h ro u g h o u t the year. 3 Lect.-Rec. Prerequisites, M athem atics 192 
and Physics 122 and  coregistration in M athem atics 293 and Physics 223. An 
integrated  sequence providing an in troduction  to m odern electrical engi
neering. Simple models are developed for a wide variety of electrical devices, 
and interactions between several devices are considered. Analytical and  g rap h i
cal techniques for calculating responses to various excitations of sim ple electri
cal systems contain ing  these devices are included. Indicative of the types of 
systems considered are: networks of linear resistances and capacitances sub
jected to steady and sinusoidal excitations; circuits contriode and transistor 
amplifiers; inductive systems, both linear and nonlinear, such as transform ers 
and elem entary electrom echanical transducers; and simple d istribu ted  systems 
such as transmission line and resonators. T h ro u g h o u t the sequence, em phasis 
is placed upon the physical principles underlying system behavior.

211. M ECHANICS OF R IG ID  AND DEFORM ABLE BODIES I (u)
Credit 4 hrs. Fall and spring. 2 Lect., 1 Rec., 1 (2-hour) Com p.-Lab. P re req u i
sites, coregistration in M athem atics 293 and Physics 233. Force systems and 
equilib rium . D istributed  forces, static friction, statically determ inate  plane 
structures. Concepts of stress and strain . Shearing force, bending m oment, 
bending and tension of beams. Analysis of plane stress and strain, combined 
stress, therm al stress. T heories of failure. Instability  of columns. (Evening 
prelims.)

212. M ECHANICS OF R IG ID  AND DEFORM ABLE BODIES II (u)
C redit 4 hrs. Spring and sum m er. 2 Lect., 1 Rec., 1 (2-hour) Com p.-Lab. P re 
requisite, Mechanics 211. Inelastic behavior. Energy m ethods in mechanics. 
Principles of particle  dynamics. T heory  of oscillations. Kinematics of rigid 
body m otion. Dynamics of systems of particles. Kinetics of rigid bodies. 
(Evening prelims.)

6210-6211. M ATERIALS SCIENCE (u)
C redit 3 hrs. 6210 offered fall and spring. 6211 offered spring and sum m er. 
Prerequisites, M athem atics 192, Chem istry 108. 2 Lect.; 1 Lab., 1 Rec., a lte r
nate weeks. An in troduction  to the basic concepts of m aterials science. (1) 
Structure. S tructure of gases, liquids and solids, atom ic binding, observations 
of structure by x-ray diffraction, packing concepts and crystalline defects, 
m icrostructures.

(2) T herm odynam ics and E quilibrium . Laws of therm odynam ics; chemical 
and physical reactions; phase equ ilib ria , electrochem ical systems, therm o
dynam ical and  statistical m echanical models of solutions, equ ilib rium  defects, 
surfaces.

(3) Kinetics. Reaction rates in gases and condensed systems; atom ic and ionic 
transport processes; kinetics of phase transform ation.

(4) Properties. M echanical, electrical and m agnetic properties of m aterials 
with em phasis on structure-sensitive properties. Messrs. Blakely and Ruoff.

5101. MASS AND ENERGY BALANCES (Chemical Engineering) (u)
C redit 3 hrs. Fall. 3 Lect., 1 Comp, period. Parallel, Physical Chem istry 287, 
289. E ngineering problem s involving m ateria l and energy balances. Flow-sheet 
systems and balances. T o ta l energy balances for flow systems. Mr. T horpe.
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5102. E Q U IL IB R IA  AND STAGED O PER A TIO N S (Chemical Engineering) 
(u)
C redit 3 hrs. Spring. 3 Lect., 1 Comp, period. Parallel, Physical Chemistry 
288, 290. Phase equ ilib ria  and  phase diagrams. T h e  equ ilib rium  stage, m a th 
em atical description of single and  m ultistage operations, analytical and 
graphical solutions. Mr. T horpe.

Physical Education

All undergraduate  students are requ ired  by the  University to com plete four 
term s of work in physical education. T h e  requ irem ent m ust be com pleted 
w ith in  the first four term s (for fu rth e r details, see the  Announcement of 
General Information). Descriptions of the physical education  courses offered 
will be found in publications m ade available to en tering  students by the 
D epartm ent of Physical E ducation and  Athletics.

AEROSPACE ENGINEERING

7101. ADVANCED K IN ETIC  TH E O R Y  (g)
C redit 3 hrs. Fall. T h e  Boltzm ann equation . Solution for gas in equ ilib rium . 
Collision frequency and  m ean free p a th  calculations. C onservation equations. 
Review of Enskog-Chapm an theory of transport coefficients. G rad’s th irteen  
m om ent equations. T h e  BGK equation . T h e  BBGKY theory. Mr. de Boer.

7102. GASDYNAMICS (g)
C redit 3 hrs. Spring. Strong shock waves and  th e ir use in the p roduction  and 
study of h igh tem pera ture  gases. H igh tem pera ture  chem ical kinetics and  its 
application  to hypersonic ex ternal flows, rocket in te rnal flows, and  o th er 
phenom ena of cu rren t interest. Chem ical relaxation  effects of flow fields and 
the m ethod of characteristics including chem ical reactions. Experim ental 
techniques. Mr. Resler.

7103. DYNAMICS OF RAREFIED GASES (g)
C redit 3 hrs. Spring. Prerequisite, 7101. Flow regimes according to the 
Knudsen num ber. T heories of the shock struc tu re  a t high Mach num bers. 
B oundary conditions a t a solid wall. Slip-flow conditions. Free-molecule flows. 
Eigen function expansion of the linearized Boltzm ann equation . Full-range 
and  half-range m om ent m ethods. T h e  m odel equation  approach and  recent 
developm ents for hand ling  the transition  regim e. Mr. Shen.

7104. ADVANCED TO PIC S IN H IG H  T E M PE R A T U R E  GASDYNAMICS (g) 
C redit 3 hrs. E ither term . Prerequisites, 7101, 7102. C u rren t topics re la ting  to 
present engineering practice a n d /o r  research interests of the  faculty and staff. 
Staff.

7201. IN T R O D U C T O R Y  PLASMADYNAMICS (g)
C redit 3 hrs. Fall. Macroscopic and  microscopic p roperties of plasmas. W ave 
m otion and stability. C haracter of laboratory-produced and natu ra lly  occur
ring  plasm a systems. A pplication to power conversion and space propulsion. 
In troduction  to controlled therm onuclear research. Mr. Auer.
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7202. IN T R O D U C T O R Y  M AGNETOHYDRODYNAM ICS (g)
C redit 3 hrs. Spring. Basic equations of m agnetohydrodynatnics. Plow p ro b 
lems. Hydrom agnetic shock waves. T h e  pinch effect and instabilities. T ensor 
conductivity and excess electron tem perature. Mr. T urco tte .

7203. IN T E R M E D IA T E  PLASMA PHYSICS (g)
C redit 3 hrs. Spring. Prerequisite, 4561 or 7201 or equivalent. Collective 
oscillations in a cold plasma; waves in a warm  plasma; application  to n a tu ra l 
phenom ena. N on-linear theory of collision-free shocks. Q uantum  effects in 
solid state plasma waves; plasm a-phonon interactions. In troduction  to rad ia 
tion and  scattering in plasmas. (At the level of Theory of Plasma Waves, Stix; 
and Radiation Processes in Plasmas, Bekefi.) Mr. Auer.

7301. FLUID M ECHANICS (g)
C redit 3 hrs. Fall. T h e  continuum  and the stress tensor. Vectors and tensors. 
Hydrostatics. Strain and rate-of-strain tensors. C onstitutive equations. T h e  
ideal elastic continuum . E quilib rium  and com patibility  equations, boundary 
conditions. Plane stress and  strain. T h e  stress function. Elastic energy. 
V enant's principle. T h e  Newtonian fluid, viscosity and bulk viscosity Navier- 
Stokes equations. Poiseuille flow, Rayleigh and  Stokes problem s. T h e  concept 
of the boundary  layer. T h e  ideal-fluid approxim ation , Kelvin and  Helm holtz 
theorems. Irro ta tiona l flows. Mr. George.

7302. AERODYNAMICS (g)
C redit 3 hrs. Spring. Laplace’s equation . Source, sink, and doublet. Vortices. 
Boit-Savart theorem , the flow field of a vortex. Spherical and cylindrical 
harmonics. M ethods of singularity  distributions. C om plex-variable m ethods. 
W ing theory. Acoustics. Compressible flows, subsonic and supersonic. Shock 
waves. Hypersonic flow. R otational flows. M agnetohydrodynamics. Flow in the 
boundary  layer, P rand tl theory. H eat transfer, separation. Mr. Sears.

7303. COM PRESSIBLE FLUID FLOW  (g)
C redit 3 hrs. Spring. Aerodynamics of compressible fluids. Brief review of linear 
theories. Im provem ents on linear theory. T heory  of sonic boom. Role of 
entropy in supersonic flows. Shock wave interactions. Exact theories; m ethod 
of characteristics for ro tational reacting flows; conical flows. T ransonic flow 
theory and sim ilitude. Viscous effects in compressible flows. O ther topics of 
curren t interest. Mr. George or Mr. Seebass.

7304. T H E O R Y  OF VISCOUS FLOW S (g)
C redit 3 hrs. Fall. Prerequisites, 7301, 7302. Exact solutions of the Navier- 
Stokes equations. T h e  small Reynolds num ber approxim ation . T h e  boundary  
layer theory and the techniques for its solution. Com pressibility effects. 
Stability of lam inar flows. T urbulence . Mr. Shen.

7305. HYPERSONIC FLOW  T H E O R Y  (g)
C redit 3 hrs. On dem and. Prerequisites, 7301, 7302. Hypersonic small d is tu rb 
ance theory and  the related  sim ilitude; blast wave analogy; entropy layers. 
Newtonian theory and shock layer structure. C onstant density solutions. T h e  
b lu n t body problem ; num erical techniques. Viscous and real gas effects: ideal 
dissociating gas; viscous interactions; o th er real gas phenom ena. Mr. George 
or Mr. Seebass.

7801. RESEARCH IN AEROSPACE EN G IN EER IN G  (g)
(Credit to be arranged.) Prerequisite, admission to the G raduate School of
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Aerospace E ngineering and approval of the  D irector. Independen t research in 
a field of aerospace science. Such research m ust be un d er the  guidance of a 
m em ber of the staff and m ust be of a scientific character.

7901. AEROSPACE EN G IN EER IN G  C OLLOQU IUM  (g)
C redit 1 hr. Lectures by Cornell staff mem bers, g raduate  students, and 
visiting scientists on topics of in terest in aerospace science, especially in 
connection w ith new research.

7902. SEMINAR IN AEROSPACE EN G IN EER IN G  (g)
C redit 2 hrs. Prerequisite, approval of the D irector. Study and discussion 
of topics of cu rren t research interest in aerospace engineering. M em bers of 
the sem inar will p repare  and deliver reports on these topics, based on p u b 
lished lite ra tu re . Staff.

7903. PLASMA PHYSICS C OLLOQU IUM  (g)
C redit 1 hr. Fall and spring. Lectures by staff m em bers, g raduate  students, 
and  visiting scientists on topics of cu rren t interest in plasma research.

AGRICULTURAL ENGINEERING
(For a com plete description of the  courses in agriculture, see the Announce
ment of the College of Agriculture.)

152. IN T R O D U C T IO N  T O  A G R IC U L TU R A L  EN G IN EER IN G  
M EASUREM ENTS (u)
C redit 3 hrs. Spring. 1 Lect., 2 Lab. A study of the principles and m ethods 
of engineering m easurem ents. Fundam entals of m easurem ent, sources of errors, 
and m easurem ent systems will be considered, w ith em phasis upon surveying 
m easurem ents. Special a tten tion  will be given to m ethods for ob tain ing  
m easurem ents th a t are requ ired  in a variety of ag ricu ltu ra l engineering p ro b 
lems. CUPL, the  Cornell com puting  language, will be tau g h t and used in 
the solution of these problem s. Mr. Rehkugler.

153. EN G IN EER IN G  D RA W IN G (u)
C redit 3 hrs. Fall. 2 Lect., 1 Lab. Designed to prom ote an understand ing  of 
the engineer's universal graphic  language. T h e  lectures will deal p rim arily  
with spatial relationships involving the  problem -solving techniques of descrip
tive geometry. T h e  laboratories will develop a working knowledge of draw ing 
conventions, standard  and advanced d rafting  techniques, and  th e ir application  
to m achine, a rch itectural, and  p ictorial draw ing problem s. G raphs and 
engineering graphics (nom ography and graphical calculus) will also be in 
cluded. Students will accomplish their work w ith d rafting  m achines as well 
as the standard  T -square and board. T h e  first half of the laboratory  will be 
utilized as an instruction-recitation  period. Mr. Longhouse.

450. SPECIAL TO PIC S IN A G R IC U LTU R A L EN G IN EER IN G  (u)
C redit 1 hr. Spring. Open only to seniors. Presentation  and  discussion of the 
opportun ities, qualifications, and responsibilities for positions of service in 
the various fields of ag ricu ltu ra l engineering. Mr. French.

461. A G R IC U LTU R A L M ACHINERY DESIGN (u,g)
C redit 3 hrs. Spring. 2 Lect., I Lab. Prerequisite, E ngineering 3331 or the  
equivalent. T h e  principles of design and developm ent of ag ricu ltu ra l m achines



COURSES—AGRICULTURAL ENGINEERING 105

to m eet functional requirem ents. Em phasis is given to com puter-aided analysis 
and design, stress analysis, selection of construction m aterials, and testing p ro 
cedures involved in agricu ltu ral m achine developm ent. Mr. Gunkel.

[462. A G R IC U LTU R A L PO W ER  (u,g)]
C redit 3 hrs. Fall. 2 Lect., 1 Lab. and  com puting periods. Prerequisite, 
Engineering 212, o r the equivalent. Basic theory, analysis, and  testing of 
in ternal com bustion engines specifically for use in farm tractors, and o ther 
agricu ltu ra l power applications. T rac to r transmissions, Nebraska T rac to r 
Tests, soil mechanics related  to traction stability, shop dynam om eters, fuels, 
hydraulic equipm ent. Not given in 1968-69.

463. PROCESSING AND HA N D LIN G  SYSTEMS FOR A G R IC U LTU R A L 
M ATERIALS (u,g)
C redit 4 hrs. Spring. 3 Lect., 1 Lab. Processes such as size reduction, separation 
m etering, drying, and refrigeration will be studied. Psychrometrics, fluid flow 
m easurem ent, and an  in troduction  to systems engineering  and electrical 
controls for agricu ltu ral applications are included. Mr. Furry.

[471. SOIL AND W A TER  E N G IN EE R IN G  (u,g)]
C redit 3 hrs. Spring. 3 Lect., 1 Lab. every o th er week. Prerequisites, Engi
neering 3632 and  Agronomy 200, o r th e ir equivalents. T h e  application  of engi
neering principles to the problem s of soil and water control in agriculture. 
Includes design and construction of drainage systems and farm ponds, design 
and operation  of sprinkler systems for irrigation . Not given in 1968-69.

[481. A G R IC U LTU R A L ST R U C T U R E S (u,g)]
C redit 3 hrs. Spring. 2 Lect., 1 Lab. Prerequisites, E ngineering 2701 and  3621. 
Synthesis of com plete farm stead production  units, including structures, eq u ip 
m ent, and m anagem ent techniques. In tegrated  application  of structu ral theory, 
therm odynam ics, m achine design, and m ethods engineering to satisfy biologi
cal and  economic requirem ents. Not given in 1968-69.

491. LOW -COST ROADS (u,g)
C redit 3 hrs. Prim arily  for applications to developing countries. Offered upon 
sufficient dem and, usually in fall term . Prerequisite, consent of instructor. 
Principally  directed study w ith one 2|/2-hour class session per week. Study of 
economic considerations in road system im provem ent; road im provem ent p lan 
ning and program m ing; road location and geom etric design; engineering soil 
characteristics and classification; design of roadbed thickness; drainage; stab ili
zation m ethods and m aterials; dust palliatives; wearing surfaces. Mr. Spencer.

501. SIM ILITU D E EN G IN EER IN G  (g)
C redit 3 hrs. Spring. 2 Lect., 1 Lab. Sim ilitude methodology, including the 
use of dim ensional analysis to develop general equations to define physical 
phenom ena; m odel theory; d istorted models; and analogies, including the use 
of electronic analog and d igital com puters. In troduction  to a variety of a p 
plications in engineering. It is preferred  th a t students know how to program  
in Fortran , a lthough knowledge of CUPL is acceptable. Mr. Furry.

502. IN ST R U M E N T A T IO N  (g)
C redit 3 hrs. Spring. 2 Lect., 1 Lab. P rerequisite, permission of instructor. 
A pplication of instrum entation  to physical and biological m easurem ents in 
agricultura l and biological research, including m easurem ent of force, displace
m ent, velocity, acceleration, pressure flow of m aterials, electric and m agnetic
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quantities, tem peratu re, hum idity , chem ical com position analysis, particle  size, 
and electric m agnetic rad ia tion  w ith em phasis on transducers and recording 
m ethods. M r. Scott.

504. BIOLOGICAL EN G IN EER IN G  ANALYSIS (g)
C redit 3 hrs. Fall. 3 Lect. Prerequisite, consent of instructor, o r E ngineering 
1151. Engineering problem  solving techniques will be treated. Particu lar 
a tten tio n  will be given to the form ulation  of biological problem s in  an eng i
neering context. Experience will be gained in problem  definition, m ath e
m atical form ulation , and  in te rp reta tio n  of results. P rinciples of feedback 
contro l theory will be studied and applied  to biological systems. Mr. Cooke.

505. SOLID W ASTE M ANAGEM ENT (u,g)
C redit 3 hrs. Spring. Prerequisite, permission of instructor. Study of m unicipal, 
industria l and  agricu ltu ra l solid wastes. Em phasis on waste characteristics, 
m ethod of trea tm ent, and  disposal and in terela tionsh ip  w ith air, w ater and 
land  environm ent. Discussion of economic and  political aspects. In tended  
prim arily  for g raduate  students b u t open to qualified undergraduates. Mr. 
Loehr.

551-552. A G R IC U L TU R A L  EN G IN EER IN G  PR O JE C T  (g)
T o ta l credit 6 hrs. (R equired  for M.Eng. degree) C om prehensive design 
projects utilizing  real engineering  problem s to present fundam entals of ag ri
cu ltu ra l engineering design. Em phasis on form ulation  of a lte rna te  design 
proposals, including economics and  nontechnical factors, and  com plete design 
of the  best alternative. Staff.

600. SPECIAL TO PIC S (g)
C redit 1 o r m ore hrs. Fall o r spring. Special work in any area of agricu ltu ra l 
engineering  on problem s of special interest to the students and faculty.

601. GENERAL SEM INAR (g)
Fall and  spring. Fall term  requ ired  of all g raduate  students m ajoring  in Field. 
Spring term , optional.

602. PO W ER  AND M ACHINERY SEMINAR (g)

603. SOILS AND W A T ER  EN G IN EER IN G  SEMINAR (g)

604. A G R IC U LTU R A L STR U C TU R ES SEMINAR (g)
Seminars 602, 603, 604. C redit 1 hr. Spring. T horough  investigation and  dis
cussion of research or new developm ents in an area of special interest to 
those enrolled.

APPLIED PHYSICS

8051 and  8052. PR O JE C T  (g)
C redit 3 hrs. Fall and spring. Inform al study un d er d irection of a m em ber 
of the  U niversity staff. T h e  objective is to develop self-reliance and in itiative, 
as well as to gain experience w ith m ethods of attack  and  w ith overall planning, 
in  the carrying ou t of a special problem  related  to  the stu d en t’s field of 
interest.



COURSES—APPLIED PHYSICS 107

8090. INFORM A L STUDY IN EN G IN EER IN G  PHYSICS (u.g)
Fall o r spring. Laboratory or theoretical work in any branch of engineering 
physics un d er the direction of a m em ber of the staff. H ours to be arranged.

8121. THERM ODYNAM ICS AND FLU ID  M ECHANICS (u)
C redit 3 hrs. Fall. Classical therm odynam ics and applications, compressible 
one-dim ensional flows and  shock waves; in troduction  to  fluid mechanics. 
T h e  general level of sophistication expected in  8121-8122 is th a t of the fourth- 
year studen t in engineering physics. Mr. Resler.

8122. STA TISTIC A L M ECHANICS AND K IN ETIC  TH E O R Y  (u)
C redit 3 hrs. Spring. Prerequisite, 8121 or equivalent. Ensembles and  p a r
tition  functions, ideal q uan tum  and classical gases, im perfect gases, d is tr ib u 
tion and correlation functions. R andom  walks and Brownian m otion, fluctu
ations, k inetic theory. At the level of F-Reif, Fundamentals of Statistical and 
Thermal Physics. Mr. W ebb.

8133. M ECHANICS OF PARTICLES AND SOLID BODIES (u)
C redit 3 hrs. Fall. 3 Rec. Prim arily  for m ajors in engineering physics. New
to n ’s laws, harm onic oscillator, Fourier series and  G reen’s function solutions, 
Lagrange equations, H am ilton ian  form alism , central force m otion, orbits, 
scattering, cross-sections. M any particle  dynamics, Lagrangian form ulation. 
Lorentz transform ation. Mr. R hodin.

8134. M ECHANICS OF C O N TIN U A  (u)
C redit 3 hrs. Spring. 3 Rec. P rim arily  for m ajors in engineering  physics. 
Mechanics of continua, equ ilib rium , propagation  of sound waves. Elasticity, 
torsion, shear, bending  stresses. Mr. Fleischm ann.

8205. ELECTRICA L AND M A GNETIC PR O PE R T IE S OF EN G IN EER IN G  
M ATERIALS (g)
C redit 3 hrs. Fall. (Same as 6605.) P rerequisite, Physics 454 or consent of 
instructor. E lectrical properties of sem iconductors. M etallic alloys. F erro
m agnetic m aterials. Superconductivity. O ptical and  dielectric properties of 
insulators and semiconductors. At the level of Kittel, Introduction to Solid 
State Physics; Chikazum i, Physics of Magnetism; Lynton, Superconductivity; 
Livingston and Schadler, The Effect of Metallurgical Variables on Super
conductivity Properties. Mr. W ebb.

8211. PR IN C IPLES OF D IFFR A C TIO N  (g)
C redit 3 hrs. Fall. Offered jo in tly  with the  D epartm ent of M aterials Science 
and Engineering. P roduction of neutrons, x rays, absorption, scattering, 
Com pton effect. Diffraction from periodic lattices, crystal symmetry, single 
crystal and powder techniques. F ourier m ethods, therm al v ibration  and 
scattering, diffraction from liquids and gases, in troduction  to dynamical 
diffraction of x rays and electrons, extinction  phenom ena, and perfect crystals. 
Selected experim ents in diffraction.

8212. SELECTED TO PICS IN D IFFR A C TIO N  (g)
C redit 3 hrs. Spring. 3 Lect. P rerequisite, 8211. Offered jo in tly  w ith  the 
D epartm ent of M aterials Science and Engineering. Dynam ical diffraction: 
Ewald-von Laue theory of dynam ical diffraction app lied  to x rays and  elec
trons. C urrently  developing theory and application  to defects in solids. 
Phenom ena investigated via diffuse scattering: phonons, m easurem ent of 
dispersion curves, frequency spectrum , Debye tem peratures, v ib rational am p li
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tudes. O rder-disorder phenom ena: short and  long-range order, Guinier- 
Preston zones. Selected topics of cu rren t interest related  to x ray, neutron, 
and electron diffraction, w ith con tributions from o th er m em bers of the faculty.

8252. SELECTED TO PIC S IN PHYSICS OF EN G IN EER IN G  M ATERIALS 
(g)
C redit 1 hr. Fall. Prim arily  for candidates for M aster of E ngineering (EngL 
neering Physics); others w ith consent of instructor. Sem inar-type discussion 
of special topics in  the  field of engineering m aterials, such as plastic and 
rheological properties; dielectric and  m agnetic behavior; semiconductors; 
radiation  damage, etc. Em phasis is given to the in te rp reta tion  of the p h e
nom ena in ligh t of m odern theories in physics of solids and  liquids and their 
im pact on the engineering applications. C u rren t lite ra tu re  is included in  the 
assignments.

8262. PHYSICS OF SOLID SURFACES (g)
C redit 3 hrs. Spring. A lecture course for g raduate  students and upperclassm en 
offered jo in tly  w ith the D epartm ent of M aterials Science and Engineering. 
(6762). An in troductory  critical review of advances in the  theory of the 
solid-state related  directly to surface phenom ena. T herm odynam ics of su r
face phases, atom istic theory of surfaces and dynam ics of in teraction  of 
electrons, ions and atom s w ith surfaces are considered. Reference is m ade 
to application  of the  theory to surface and  interface phenom ena in metals, 
insulators and sem iconductors as m uch as possible. Presented a t the level 
of Advances in Solid State Physics, Editors, Seitz and T u rn b u ll.

8303. IN T R O D U C T IO N  T O  NUCLEAR SCIENCE AND EN G IN EER IN G
(u.g)
C redit 3 hrs. Fall. A lecture and  sem inar course providing an in troduction  
to nuclear engineering and low energy nuclear physics for qualified juniors, 
seniors, and  graduate  studen ts m ajoring  in subjects o th er than  nuclear science 
o r nuclear engineering. T h e  objective is to relate  the experience of students 
in o th er fields to nuclear science and  engineering. Topics include: systematics 
of nuclear structure; properties of nuclear radiations; nuclear fission and  the 
neu tron  chain reaction; the  classification an d  uses of nuclear reactors. Messrs. 
Cady and M cPherson.

8309. LOW  ENERGY NUCLEAR PHYSICS (g)
C redit 4 hrs. Spring. 3 Lect. Prerequisite, an  in troductory  course in atom ic 
and nuclear physics including q uan tum  m echanics. Low' energy nuclear 
physics as an  organized body of experim ental facts. P roperties of g round and 
excited states of nuclei; m odels of nuclear structure; low energy nuclear 
reactions—scattering, absorption, fission, resonance effects, coherent scattering 
effects. At a level between Introductory Nuclear Physics by Halliday, and 
Nuclear Physics by Ferm i. Mr. M cPherson.

8312. NUCLEAR R EA C TO R  T H E O R Y  I (g)
C redit 4 hrs. Fall. 3 Lect. Prerequisites, one year of advanced calculus and  an 
in troductory  course in atom ic and  nuclear physics. T h e  physical processes in 
neu tron  chain reactors are described. T h e  theory of neu tron  diffusion and 
slowing down is developed and app lied  to those processes. N eutron transport 
theory is in troduced a t the level of Nuclear Reactor Theory by Lam arsh.

8313. NUCLEAR R EA C TO R  TH E O R Y  II (g)
C redit 3 hrs. Spring. 3 Lect. C ontinuation  of 8312 prim arily  in tended for 
students p lan n in g  to do research in  the fields of reactor physics and reactor
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engineering. Delayed neu tron  kinetics, fission p roduct poisoning, nonlinear 
kinetics, pertu rb a tio n  theory, tem peratu re  coefficients, control rod theory, 
hydrogenous reactors, neu tron  transport and heterogeneous reactor theory. 
At the level of The Physical Theory of Neutron Chain Reactors by W einberg 
and W igner. Mr. Cady.

8314. N E U T R O N  T R A N S PO R T  TH E O R Y  (g)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, 8312 or consent of instructor. T h e  
linear Boltzm ann equation  describing neu tron  m igration  in m atte r is in ten 
sively studied. Topics will vary, b u t m ay include M ilne's problem , neu tron  
therm alization, deep penetration  of rad ia tion , as well as a form al developm ent 
of approxim ate m ethods of solution. At the level of Neutron Transport Theory 
by Davison. Offered in a lte rna te  years. Mr. Kuscer.

8333. NUCLEAR R EA C TO R  EN G IN EER IN G  (g)
C redit 4 hrs. Fall. 3 Lect. Prerequisite, consent of instructor. A selected set 
of topics representing the fundam entals of nuclear reactor engineering; energy 
conversion and power p lan t therm odynam ics, fluid flow and heat transfer, 
therm al stresses, rad ia tion  protection and shielding, m aterials for nuclear 
reactors, economics of nuclear power and  fuel cycles, instrum entation  and 
control. At the level of Nuclear Reactor Engineering by Glasstone and 
Sesonske. Mr. Cady.

8334. NUCLEAR EN G IN EER IN G  DESIGN SEMINAR (g)
C redit 4 hrs. Spring. Prerequisite, 8333. A conceptual design study of a 
nuclear reactor system. Em phasis on the  in te rp lay  of requirem ents of safety 
and economics in the design of nuclear power systems. Mr. Cady.

8337. M ATERIALS SCIENCE FO R ENGINEERS (see M aterials Science 6873) 
(g)
C redit 3 hrs. Fall.

8351. NUCLEAR M EASUREM ENTS LABORATORY (g)
C redit 4 hrs. E ither term . Tw o 2i/2-hour afternoon periods. Prerequisite, 
some knowledge of nuclear physics. L aboratory experim ents p lus lectures 
on interaction of rad ia tion  w ith m atte r and  on rad iation  detection, including 
electronic circuits. Some twenty different experim ents are available in the 
fields of nuclear and reactor physics. Am ong these are experim ents on 
emission and absorption of radia tion; on radiation  detectors and nuclear 
electronic circuits; on interactions of neutrons with m atter (absorption, 
scattering, m oderation, and diffusion); on activation analysis and  radiochem 
istry; and  on properties of a subcritical assembly. M any of the experim ents 
use the T R IG A  Reactor. T h e  student is expected to perform  eight to ten 
experim ents, selected to m eet his needs. Some stress is laid  on independent 
work by the student. Mr. McPherson.

8352. ADVANCED NUCLEAR AND R EA C TO R  LABORATORY (g)
C redit 3 hrs. E ither term . Tw o 2i/^-hour afternoon periods. Prerequisites, 
8351 and 8309 or 8312. L aboratory experim ents p lus lectures on experim ental 
m ethods in nuclear physics and reactor physics. Some ten different experi
m ents are available, am ong them  ones using the Zero Power R eactor critical 
facility.

8601. PHYSICAL APPROACHES T O  PROBLEM S OF PH O TO SY N TH ESIS
(u-g)
C redit 3 hrs. Fall. (Same as Bio. Sci. 545) Given in a lte rna te  years. P re
requisites, C hem istry 104 or 108, M athem atics 112, Physics 208, o r by p e r
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mission of the instructor. Lectures M 1:25, T  T h  10:10. Emphasis is on physi
cal and photochem ical mechanism s and physical experim ental approaches. 
Photosynthetic organisms; their photochem ical apparatus, m etabolic p a th 
ways, and m echanism s for energy conversion. Descriptive in troduction  to 
the physics of excited states in  m olecules and  m olecular aggregates. O ptical 
and photochem ical properties of chlorophyll, and  of the living photosynthetic 
tissue. C ontem porary investigations of the photosynthetic  m echanism . T h e  
level of the course can be judged by consulting Molecular Physics in Photo
synthesis, R. K. Clayton (Blaisdell Publish ing Co., W altham , 1965). Mr. 
Clayton.

[8603. GENERAL PH O TO B IO LO G Y  (u,g)]
C redit 3 hrs. Fall. (Same as Bio. Sci. 547) Given in a lte rna te  years. P re req u i
sites same as for Bio. Sci. 545. Lectures M 1:25, T  T h  10:10. A survey of systems 
of curren t interest in photobiology, including photosynthesis, biolum inescence, 
vision, photoperiodism , and  the  action of u ltrav io le t on nucleic acids. Physical 
concepts and m ethodologies are emphasized. N ot offered 1968-69.

CHEMICAL ENGINEERING

5041. N O N R ESID EN T LECTURES (g)
Fall. 1 Lect. Given by lecturers invited from  industry  and from  selected d e p art
m ents of the University for the  purpose of assisting students in th e ir transition  
from college to industria l life. Mr. W inding.

5101. MASS AND ENERGY BALANCES (u)
C redit 3 hrs. Fall. 2 Lect., 1 Comp. Parallel, Physical Chem istry 287. E ngineer
ing problem s involving m ateria l and energy balances. Flow sheet systems and 
balances. T o ta l energy balances and  flow systems. Mr. T horpe.

5102. EQ U ILIB R IA  AND STAGED O PER A TIO N S (u)
C redit 3 hrs. Spring. 2 Lect., 1 Comp. Parallel, Physical Chem istry 288. Phase 
equ ilib ria  and phase diagram s. T h e  equ ilib rium  stage; m athem atical descrip
tion of single and m ultistage operations; analytical and  graphical solutions. 
Mr. T horpe.

5103. CHEM ICAL EN G IN EER IN G  THERM OD YNA M ICS (u)
C redit 3 hrs. Spring. 3 Lect. Prerequisites, Chem istry 287, 288. A study of the 
first and  second laws w ith application  to batch  and flow processes. Physical 
and  therm odynam ic properties. Availability; free energy; chem ical equ ilib rium . 
A pplication to gas compression; process steam; power generation; adiabatic  
reactors; and  chem ical process developm ent. Mr. Von Berg.

[5105. ADVANCED CHEM ICAL EN G IN EER IN G  THERM OD YNA M ICS (g)] 
C redit 3 hrs. Spring. 3 Lect. Prerequisite, 5104 or equivalent. A pplication of 
the  general therm odynam ics m ethod to advanced problem s in  chemical 
engineering. E valuation, estim ation and correlation of properties. Chemical 
and  phase equilibria . N ot offered 1968-69.

5106. R EA C TIO N  KINETICS AND R EA C TO R  DESIGN (g)
C redit 3 hrs. Fall. 3 Lect. Prerequisite, 5304. A study of chem ical reaction 
kinetics and  principles of reactor design for chem ical processes. Mr. Finn.
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5107. ADVANCED R EA C TIO N  KIN ETICS (g)
C redit 3 hrs. Fall. 3 Lect. Effects of heat transfer, diffusion, and nonideal flow 
on reactor perform ance. O ptim um  design for complex reactions. Analysis of 
curren t lite ra tu re  on topics such as pa rtia l oxidation, catalytic cracking, hydro
genation, and polym erization. Mr. H arrio tt.

5108. COLLOIDAL AND SURFACE PH EN OM ENA (g)
C redit 3 hrs. Fall. Prerequisite, physical chemistry. Lectures, dem onstrations, 
and problem s in the physics and chem istry of small particles and surface 
films. Topics include surface energy, surface films, electrokinetics, and colloidal 
behavior. Mr. Finn.

5161. PHASE EQ U ILIB R IA  (g)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, physical chem istry. A detailed study 
of the pressure-tem perature-com position-relations in b inary and m ulticom 
ponent heterogeneous systems where several phases are of variable composi
tion. P rediction of phase data. Mr. T horpe.

5203. CHEM ICAL PROCESSES (u)
C redit 4 hrs. Spring. 4 Lect. An analysis of im po rtan t chemical processes and 
industries. Mr. W iegandt.

5205. CHEM ICAL PROCESS SEM INAR (g)
Credit 2 hrs. Fall. For g raduate  students. A discussion of recent advances in 
chemical process developm ent. Mr. W iegandt.

5256. M ATERIALS (u)
C redit 4 hrs. Spring. 4 Lect. Prerequisites, 5101, 5102, Chem. 287, 288. An 
in troductory  presentation  of the na ture , properties, treatm ent, and  app lica
tions of the m ore im portan t m etals and alloys, including extractive and physi
cal m etallurgy and behavior un d er service conditions. Nonm etallic m aterials, 
including refractories and cem ent, are also discussed. Mr. Cocks.

5303. ANALYSIS OF STAGE PROCESSES (u)
C redit 3 hrs. Fall. 3 Lect., 1 Comp. Prerequisites, 5101, 5102. An analysis of 
separations involving mass transfer in stage processes. Design variables, p re 
diction of equ ilib rium  and non-ideal solutions, binary, m ulticom ponent, and 
extractive distillation , liqu id-liqu id  extraction. Extensive use m ade of d ig ital 
com puter. Desirable to have some knowledge of CUPL. the Cornell C om puting  
Language. Messrs. Leinroth  and W att.

5304. IN T R O D U C T IO N  T O  R A T E  PROCESSES (u)
C redit 3 hrs. Spring. 2 Lect., 1 Comp. Prerequisite, 5303. An in troduction  to 
fluid m echanics, heat and  mass transfer. Mr. Scheele.

5312. SPECIALIZED U N IT  O PER A TIO N S (g)
C redit 3 hrs. Fall. 3 Lect. Lectures, problem s, and dem onstrations of new or 
less common separation techniques such as chrom atography; ion exchange, 
electrophoresis, and m em brane operations; analysis, design, and scale-up. Mr. 
Edwards.

5353. U N IT  O PER A TIO N S LABORATORY (u)
C redit 3 hrs. Fall. 2 Lect., 1 Lab. Prerequisite, 5304. L aboratory experim ents 
in fluid dynamics, heat transfer, and mass transfer. Correlation and in te rp re 
tation of data. T echnical report writing. Messrs. Cocks, Edwards, H arrio tt, and 
W inding.
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5354. PR O JE C T  LABORA TO RY (u)
C redit 3 hrs. Spring. P rerequisite, 5353. Special laboratory  projects involving 
bench-scale o r p ilo t-p lan t equipm ent. Messrs. L einro th  and  W att.

5505, 5506. ADVANCED T R A N S PO R T  PH EN O M EN A  (g)
C redit 4 hrs. each term . Fall and  spring. An in tegrated  trea tm en t of m om en
tum , mass and  heat transfer. M olecular transport; the  equations of change; 
viscous lam inar flow of N ew tonian and  non-N ew tonian fluids; perfect fluid 
theory; boundary  layer theory; unsteady-state transfer; penetra tion  theory 
m odels of mass and heat transfer; flow stability; tu rb u len t transport; sim ul
taneous heat and  mass transfer; applications to industria l operations. Messrs. 
H arrio tt, Sm ith, and  Scheele.

5605, 5606, 5607, 5608. DESIGN PR O JE C T  (g)
C redit variable. Fall and  spring. Ind iv idual projects involving the design of 
chem ical processes and p lants. E stim ation of costs of construction and opera
tion, variation  of costs and  profits w ith ra te  of p roduction , etc. Staff.

5609. ANALYSIS AND DESIGN OF PROCESS E Q U IPM E N T  (g) .
C redit 3 hrs. Fall. 3 Lect. Prerequisite, 5304 or consent of instructor. Discus
sion and  analysis of operating  principles, design, and selection of chemical 
process equ ipm ent. Mr. Smith.

5621. PROCESS DESIGN AND ECONOM ICS (g)
C redit 6 hrs. Fall. Prerequisites, 5104, 5204, 5304. M ethods for estim ating 
capital and  operating  costs. Perform ances, selection, design, and cost of process 
equ ipm ent. Process developm ent and design. M arket research and  survey. 
Mr. York.

5622. PROCESS AND PL A N T  DESIGN (g)
C redit 6 hrs. Spring. Prerequisite, 5621. C on tinuation  of 5621. Process design, 
includ ing  reactors, process equ ipm ent, and  separating  systems. Layout and 
m odel of process units. P lan t location, design, and  layout. Cost estim ates and 
project evaluation. Mr. York.

[5635. M A R K ETIN G  OF CHEM ICAL PR O D U C TS (g)J
C redit 3 hrs. Fall. 3 Lect. Prerequisite, 5621. Exam ination  of m arketing
activities, organizations, and  costs in the  d istribu tion  of chemicals. Chemical
prices. A m arket research project is requ ired . A lternate years. Not offered in
1968-69.

5636. ECONOMICS OF T H E  CHEM ICAL E N T E R PR ISE  (g)
C redit 3 hrs. Fall. 3 Lect. Prerequisite, 5621. Research economics; feasibility 
studies; inform ation  services; venture analysis; depreciation and  am ortization; 
planning. Mr. Hedrick.

[5641. INV EN TION S, PA TEN TS, AND T R A D E  SECRETS (g)J 
C redit 3 hrs. Fall. Prerequisite, o r parallel, 5621. Protection of inventions and 
trade secrets. S tatutory and  o th er legal requirem ents for p a ten tab ility  of 
inventions. Evaluation of patents. Role and  m anagem ent of p a ten ts in 
p lann ing  grow th and expansion in to  new product lines. Not offered 1968-69.

[5642. DEV ELO PM EN T ECONOM ICS (g)]
C redit 3 hrs. Spring. Prerequisites, 5621, 5622, 5641. Planning, evaluation, and 
m anagem ent of developm ent activities in the  process industries, as re la ted  to 
research, processing, new products, m arkets, and  long-range grow th. N ot offered 
1968-69.
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5717. PROCESS C O N TR O L  (g)
C redit 3 hrs. Spring. 2 Lect., 1 Lab. Prerequisite, 5304. Dynam ic response of 
processes and control instrum ents. Use of frequency response analysis. Laplace 
transform s, and  electronic analogs to predict the behavior of feedback control 
systems. Mr. H arrio tt.

5741. PETR O LEU M  R EFIN IN G  (g)
C redit 3 hrs. Fall. 3 Lect. Prerequisite, 5304. A critical analysis of the processes 
em ployed in petroleum  refining. Mr. W iegandt.

5742. POLYM ERIC M ATERIALS (u)
C redit 3 hrs. Fall. 3 Lect. Chem istry and  physics of the form ation and  ch ar
acterization of polymers. T h e  engineering applications of polymers as plastics, 
fibers, rubbers, and coatings. Mr. Rodriguez.

5743. PR O PE R T IE S OF POLYM ERIC M A TERIALS (g)
C redit 3 hrs. Spring. 3 Lect. P rerequisite, 5742. Phenom enological aspects and 
m olecular theories of non-N ew tonian flow, viscoelasticity, and u ltim ate  tensile 
properties. Special topics. Mr. Rodriguez.

[5745. ANALYSIS OF POLYM ERIC PROCESSES (g)]
C redit 3 hrs. Fall. 3 Lect. Prerequisite, 5256 or 5742. Technical and  economic 
evaluations of the p rincipal processes used in  m anufacture  of resins, plastics, 
and elastomers, including analysis of raw  m aterials, reactor systems, product 
p reparation , and problem s in d istribu tion  and  m arketing. N ot offered 1968-69.

5746. CASE STUDIES IN T H E  COM M ERCIAL D EVELOPM EN T OF 
CHEM ICAL PR O D U C TS (g)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, o r parallel, 5622. D etailed analysis 
of specific cases involving the developm ent of new chem ical products. P a r
ticular em phasis is given to p lann ing  activities, research justification, and 
m arket forecasting. Profitability  calculations and projections are required. 
Mr. Hedrick.

5748. FE R M E N T A T IO N  EN G IN EER IN G  (g)
C redit 3 hrs. Spring. 2 Lect., 1 Rec. Prerequisites, o r parallel courses, Chem istry 
288, and any course in  m icrobiology. An advanced discussion of ferm entation  
as a u n it process. T opics include sterilization, aeration , agitation , and con
tinuous ferm entation.

5749. IN D U STR IA L M ICROORGANISM S (g)
C redit 1 hr. Fall. 1 Lect. Prerequisites, organic chem istry and physical chem 
istry. A brief in troductory  course in m icrobiology for students w ith a good 
background in chemistry. Mr. Finn.

5752. POLYM ERIC M ATERIALS LABORA TO RY (g)
C redit 2 hrs. Fall. 1 Lab. Prerequisite, 5256 or 5742. Experim ents in the 
form ation, characterization, fabrication, and  testing of polymers. Mr. R o d 
riguez.

5760. NUCLEAR AND R EA C TO R  EN G IN EER IN G  (g)
C redit 2 hrs. Fall. 2 Lect. Prerequisite, 8302 o r consent of the instructor. Fuel 
processing and isotope separation, radioactive waste disposal, fuel cycles, rad ia 
tion damage, biological effects and hazards, shielding, power reactors. Mr. 
Von Berg.
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5790. CONSUM ER PRO DUCTS E N G IN EE R IN G  (same as Industrial 
Engineering and  O perations Research 9514) (u,g)
C redit 3 hrs. Fall. 2 Lect., 1 Comp. Open to qualified seniors and  graduate 
students in engineering. T h e  organization and  the  in te rre la ted  departm ental 
functions for the developm ent of new consum er products. Case studies are 
draw n from the food industry  to describe the  special problem s and  situations 
encountered. T h e  role of scientists and  engineers in the  consum er product 
industries is stressed. Staff will be from industry.

5851. CHEM ICAL MICROSCOPY (u)
C redit 3 hrs. E ither term . 1 Lect., 2 Lab. Prerequisites, o r parallel courses, 
Chem istry 287, 288, o r 387, 388 and Physics 223, 224 o r special permission. 
Microscopical exam ination  of chem ical and technical m aterials, processes and 
products. M easurem ent, particle  size determ ination , analyses of m ixtures, 
crystallization, phase changes and  colloidal phenom ena. Mr. Cocks.

5857. ELEC TR O N  MICROSCOPY (g)
C redit 2 hrs. Fall. 1 Lect., 1 Lab. Prerequisite, Chem ical Microscopy 5851 or 
special permission. An in troduction  to the principles of electron microscope, 
including: electron optics, the operation  and  care of the microscope, m ethods 
of specimen prepara tion , and  the in te rp reta tio n  of electron microscopical 
images. Mr. Cocks.

5859. ADVANCED CHEM ICAL MICROSCOPY (g)
Offered on dem and e ith e r term . C redit variable. Prerequisite, 5851 and 
special permission. L aboratory practice in special m ethods and special app lica
tions of chem ical microscopy. Mr. Cocks.

5900. SEMINAR (g)
C redit 1 hr. Fall and spring. G eneral chem ical engineering sem inar required  
of a ll g raduate  students m ajoring  in the  field of chem ical engineering. Staff.

5903. SEMINAR IN BIOCHEM ICAL EN G IN EER IN G  (g)
C redit 1 h r. Spring. Advanced topics in the  engineering  applications of 
biophysics and biochem istry. Discussion of cu rren t research in the  field. Staff.

5909. RESEARCH SEMINAR (g)
Fall. 1 Lect. R equired  of all students enrolled  in the predoctoral honors 
program . An in troduction  to the research m ethods and techniques of chemical 
engineering. Staff.

5952, 5953, 5954. RESEARCH PR O JE C T  (g)
C redit 3 hrs.; add itional credit by special permission. Fall and Spring. P re 
requisite, 5304. Research on an original problem  in chem ical engineering.

5955 , 5956. SPECIAL PR O JEC TS IN  CHEM ICAL EN G IN EER IN G  (g) 
C redit variable. E ither term . Research o r studies on special problem s in 
chem ical engineering.

CIVIL ENGINEERING 

G eneral
2001. THESIS (g)
T h e  thesis gives the studen t an  op p o rtu n ity  to work ou t a special problem  
or m ake an engineering investigation, to record the results of his work, and
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to obtain  academic credit for such work. R egistration for the thesis m ust be 
approved by the professor in charge a t the beginning of the semester du ring  
which the work is to be done.

Indiv idual courses may be arranged to suit the requirem ents of graduate  s tu 
dents. T hey  are in tended to be pursued  un d er the  im m ediate direction of the 
professor in charge, the studen t usually being free from the  restriction of 
the classroom and working e ither independently  or in conjunction w ith others 
taking the same course.

2002. CIVIL EN G IN EER IN G  PR A C TIC E (u,g)
C redit 3 hrs. On dem and. Prerequisite, fou rth  year o r graduate  standing. 
Analysis of large engineering works; p lann ing  and  organizing engineering and 
construction projects; professional practice; feasibility evaluations; financial 
justification of projects; social and political im plications. T h e  case m ethod 
will be used extensively.

2010. CIVIL EN G IN EER IN G  DESIGN PR O JE C T  I (g)
C redit 2 hrs. Fall. N orm ally requ ired  for students in the M.Eng. (Civil) p ro 
gram. Design of a m ajor civil engineering project em bodying several aspects 
of civil engineering. First term  of a two-term  sequence. P lann ing  and  p a rt 
of prelim inary  design to be accomplished in the fall term . R em ainder of 
prelim inary  design and final design in the  spring term . Projects to be carried 
ou t by students working under the direction of a faculty project coordinator.

2011. CIVIL EN G IN EER IN G  DESIGN PR O JE C T  II (g)
C redit 3 hrs. Spring. Prerequisite, 2010. N orm ally requ ired  for students in 
the M.Eng. (Civil) program . C ontinuation  of 2010.

E nvironm ental Systems E ngineering
201. M ICROECONOM IC ANALYSIS (u)
C redit 3 hrs. Fall. Lectures, M W  F 10:10. Prerequisite, one year of college 
level m athem atics. Topics include the theory of the firm, of production , of 
m arket structures, of consum er behavior, and of welfare economics. May not 
be taken for credit in addition  to Econ. 103.

202. M ACROECONOM IC ANALYSIS (u)
C redit 3 hrs. Spring. Lecture, M W F 10:10. Prerequisite, 201. T opics include 
the theory of in te rnational trade, national incom e determ ination , economic 
growth and  stability, and m onetary and fiscal policy. May no t be taken for 
credit in addition  to Econ. 104.

301. M ICROECONOM IC ANALYSIS (g)
C redit 3 hrs. Fall. T h is  course is an  in troduction  to microeconomic analysis 
for graduate  students. It offers the same lectures as 201 bu t has an additional 
discussion section and a m ore intensive reading list.

302. MACROECONOM IC ANALYSIS (g)
C redit 3 hrs. Spring. T h is  course is an in troduction  to macroeconomic analysis 
for graduate  students. It offers the same lectures as 202 b u t  has an  additional 
discussion section and a m ore intensive read ing  list.

2601. T R A N SPO R T A T IO N  EN G IN EER IN G  (u.g)
C redit 3 hrs. Fall. 2 Lect., 1 Lab. T ran sporta tion  systems analysis; traffic 
generation, d istribu tion , and assignm ent models; m odal split models. Elem ents
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of traffic flow theory and congestion. Physical environm ent evaluation, in c lu d 
ing rou te  location and  use of aerial photography. T ran sp o rt economics. 
Technological and economic characteristics of cu rren t transporta tion  modes. 
C u rren t policy issues. L aboratory includes subgrade and  pavem ent design, 
signalization m ethods and  devices, geom etric design and  drainage. U nder 
special circumstances, m ay be scheduled as lectures only for 2 hrs. credit.

2602. LAW  FOR ENGINEERS (u,g)
C redit 3 hrs. Fall. 3 Lect. Basic features of laws and  practices re la ting  to 
contracts, torts, agency, property, w ater rights, business and  governm ent 
organizations, insurance, labor, governm ental regu lation  of business, w ork
m en's com pensation, patents, ethical responsibilities of the engineer. T erm  
paper: com parative analysis of the legal princip les which affected the court 
decisions in  some actual cases. Legal struc tu re  and  prerogatives of au thorities 
and o th er regional agencies.

2603. EN G IN EER IN G  ECONOMY (u)
C redit 3 hrs. Spring. Principles and techniques for m aking decisions about 
the  economic aspects of engineering  projects; the  economic environm ent; 
choosing betw een alternatives; criteria  for m aking decisions; tim e value of 
money; economic selection and  operation ; effect of income taxes; re tirem en t 
and  replacem ent; in troduction  to estim ating costs of construction. L inear p ro 
gram m ing and critical pa th  m ethods for economic analysis. Public project 
financing and economic analysis. A uthorities and regional agencies.

[2604. C O N ST R U C T IO N  E N G IN EE R IN G  (u,g)j
C redit 3 hrs. Fall. 3 Rec. In troduction  to m ethods, equ ipm ent, and  engineer
ing principles and  procedures involved in construction activities; m ajo r em 
phasis is on heavy construction such as large earth-m oving projects, tunnels 
and  caisson foundations. N ot offered 1968-69.

2611. ECONOM ICS OF EN V IR O N M EN TA L QU A LITY  M A NAG EM EN T (g) 
C redit 4 hrs. Fall or spring. Prerequisite, 201 or equivalent. A graduate  
sem inar devoted to theoretical welfare economics and  its app lication  to the 
m anagem ent of environm ental quality.

2612. APPLIED W ELFARE ECONOM ICS (g)
C redit 1^1 hrs. On dem and. Prerequisite, permission of instructor. T h is 
sem inar is an  extension of 2611 w ith substantially  greater em phasis on the 
application  of welfare economics, statistics, and  systems analysis to public  
investm ent decisions in areas such as w ater resources, transporta tion  and 
public  health .

2617. EN V IR O N M EN TA L SYSTEMS ANALYSIS I (g)
C redit 3 hrs. Fall. 3 Lect. Prerequisite, permission of instructor. In tended  for 
g raduate  students b u t open to qualified undergraduates. S tructuring  and 
solution of m athem atical program m ing m odels w ith em phasis on linear p ro 
gram m ing and  its extensions. In troduction  to Lagrangian m ultip liers, dynam ic 
program m ing, nonlinear program m ing. A pplication of systems analysis tech
niques to the  solution of complex environm ental, engineering-econom ic p ro b 
lems.

2618. EN V IR O N M EN TA L SYSTEMS ANALYSIS II (g)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, 9320, 9522, 9530, o r permission of 
instructor. Advanced topics in the app lication  of m athem atical program m ing 
and probability  theory to the solution of environm ental engineering problem s.
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Special emphasis on topics such as water-resource systems p lann ing  and m an 
agem ent, transporta tion  systems, public  health  systems, regional planning. 
S tudents will be expected to identify and  solve practical problem s using sys
tems analysis.

2621. TH EO R Y  OF TR A FFIC  FLOW  (g)
C redit 3 hrs. Fall. One 21/2 hr. m eeting pe r week. Prerequisite, 9170 or 
equivalent, and consent of instructor. Study of traffic flow phenom ena and 
related  m athem atical models. Car following models, hydrodynam ic analogies, 
and o th er determ inistic approaches. P robabilistic  deductions, queu ing  models, 
Markov processes, sim ulation and o th er stochastic approaches. Flows in n e t
works. Congestion and traffic assignment.

2622. T R A N SPO R T A T IO N  SYSTEMS ANALYSIS (g)
C redit 3 hrs. Spring. Prerequisite, 301, 2621, 9360, and 2617 or 9522 or equiv
alents. Techniques of systems analysis are applied  to physical planning, 
operating, and financing of transporta tion  facilities. W herever applicable, 
m athem atical models of transporta tion  processes are used to exam ine questions 
related  to the  developm ent of op tim al public  policy decisions in the area of 
transporta tion . A ttention  is given to analysis of single and m ultim odal forms 
of transporta tion . M ethods of m athem atical program m ing, sim ulation and 
stochastic processes are employed.

2626. TR A FFIC  EN G IN EER IN G  (u,g)
Credit 3 hrs. Fall. 2 Lect., 1 Lab. Prerequisite, permission of instructor. City 
and highway traffic surveys and  designs. Accidents, congestion, delay, speed, 
volume, density, parking, channelization, lighting, traffic control, and  routing . 
Signs, signals, and m arkings. U rban traffic consideration in  city planning. 
D river reactions and hab it patterns. Traffic engineering organization.

2628. HIGHW AYS AND A IR PO R T S—PLA N N IN G  AND DESIGN (u,g) 
Credit 3 hrs. Spring. Prerequisite, 2601, o r permission of instructor. R oute 
selection; design controls and criteria , including vehicle characteristics and 
highway capacity; sight distance, and horizontal and vertical control; right- 
of-way problem s and access control; geometries; at-grade intersection design; 
ro tary  and channelized intersection; grade separations and interchanges; 
regional systems of highways. A irport site selection; heliports; a ir  traffic con
trol. T erm inal facilities.

2631. C O N STR U C TIO N  M ANAGEM ENT (u,g)
C redit 3 hrs. Spring. Prerequisite, permission of instructor. P lann ing  and 
operation of construction projects by the civil engineer using m odern m an 
agem ent techniques. C oordinated organization and  control of m en, m aterials, 
and m achines; scheduling, estim ating, purchasing, inventory, selection and 
train ing  of employees, cost control, accident prevention.

[2632. C O N ST R U C T IO N  SYSTEMS ANALYSIS (g)]
C redit 3 hrs. Spring. One th ree-hour m eeting per week. Prerequisite, 2617 
or consent of instructor. A project-oriented sem inar on the identification of 
im portan t construction problem s and the application  to them  of systems 
analysis, designed to give the studen t a deep experience in the form ulation, 
conceptualization, and m athem atical m odeling of construction systems as a 
basis for ra tional decision-making. Norm ally a single problem  to be attacked 
is agreed upon by students and instructor. Typical problem s have been (1) 
earth-m oving and equipm ent scheduling on a m ajor stretch of In tersta te  
Highway 81, and (2) inventory control of construction projects. Not offered 
1968-69.
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2691. EN V IR O N M EN TA L SYSTEMS DESIGN PR O JE C T  (u,g)
C redit variable. On dem and. Prerequisite, perm ission of instructor. May ex
tend over two semesters. Design of feasibility study of environm ental systems, 
supervised and  assisted by one or m ore faculty advisers. Ind iv idual o r group 
participation . F inal rep o rt required.

2692. EN V IR O N M EN TA L SYSTEMS EN G IN EER IN G  RESEARCH (u,g) 
C redit variable. On dem and. Prerequisite  p repara tion  m ust be su itable to the 
investigation to be undertaken. W ith  permission of the instructor. For investi
gation in  d ep th  of particu la r environm ental systems problem s.

2693. EN V IR O N M EN TA L SYSTEMS EN G IN EER IN G  C O LLO Q U IU M  (u,g) 
C redit 1-2 hrs. Fall o r spring. R equ ired  of all g raduate  students w ith a 
m ajor o r m in o r in environm ental systems engineering. Open to  advanced 
undergraduates by permission of instructor. P repara tion , presentation , and 
inform al discussion of topics concerned w ith environm ental systems. Dis
tinguished visiting lecturers.

2694. 2695. SPECIAL TO PIC S IN  EN V IR O N M EN TA L SYSTEMS 
EN G IN EER IN G  (g)
C redit variable. On dem and. Supervised study by individuals o r small groups 
in  one o r m ore specialized topics not covered in regu lar courses.

In  addition  to the above list, courses offered th ro ughou t the University 
may be selected to support studies in the  general subject area of environ
m ental systems engineering. See especially the  listings of o th er civil engineer
ing departm ents as well as those of city and  regional p lann ing  (College of 
A rchitecture, Art, and P lanning), business and  public  adm in istration , eco
nomics (College of Arts and  Sciences), and  operations research (College of 
Engineering).

G eotechnical Engineering
SOIL MECHANICS AND FO U N D A T IO N  ENG INEERING , 
SUBGRADES AND PAVEM ENTS

2401. ELEM ENTS OF SOIL M ECHANICS (u)
C redit 3 hrs. Fall. 2 Lect., 1 Lab. Soil properties; chem ical na ture ; particle  
size d istribu tion ; A tterberg  lim its; perm eability; p rincip le  of effective stress; 
compressibility; shear strength; the consolidation process. In troduction  to 
bearing  capacity; earth  pressure; slope stability; settlem ent; seepage and  the 
solution of practical problem s. Laboratory  tests for the m easurem ent of soil 
properties.

2406. FO U N D A TIO N  EN G IN EER IN G  (u,g)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, 2401. Princip les of bearing  capacity 
and  deform ation theory; stress d istribu tion ; shallow and deep foundations; 
p rediction  of settlem ent; design of footing, raft, caisson, and pile foundations. 
Problem s of construction, support of excavations; g round w ater lowering. 
Foundation  investigations.

2410. EN G IN EER IN G  PR O PE R T IE S OF SOILS (u,g)
C redit 3 hrs. Fall. 3 Lect. Prerequisite, 2401. N a tu ral environm ents in which 
soils are formed; the chem ical and physical n a tu re  of soils; soil classification;
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principle of effective stress; shear strength and  com pressibility of saturated  
and  partly  sa tu rated  soils; sensitivity; effects of anisotropic consolidation; 
perm eability; laboratory  and field tests.

2412. GRA DUA TE SOIL M ECHANICS LABORA TO RY (g)
C redit 3 hrs. Spring. Prerequisite, 2410. L aboratory m easurem ent of soil p ro p 
erties: classification tests; direct shear tests; triax ial tests for the m easurem ent 
of pore w ater pressure; streng th  param eters. Pore pressure dissipation tests. 
R elationship of laboratory tests to field behavior.

2414. E A R T H  PRESSURE AND SEEPAGE (u,g)
C redit 3 hrs. Fall. 3 Lect. Prerequisite, 2401. Mechanics of the developm ent of 
earth  pressure in relation  to  soil p roperties and the imposed deform ation 
conditions. Effects of seepage on the developm ent of earth  pressure. Design 
and stability  of bulkheads and cofferdams. Pressures on shafts, tunnels and 
conduits. Steady and  transien t flow of fluids th rough  compressible and  incom 
pressible porous media. Consolidation processes. Sand drains. Field de te rm in a
tion of perm eability . Flow nets and  the  m odification of flow pa tte rn s by 
drains and  relief wells.

2416. SLOPE STABILITY, E A R T H  AND ROCK-FILL DAMS (u,g)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, 2401. Principles of stability  for 
earth  and rock slopes; effects of pore w ater pressure; short and  long term  
stability; problem s of draw  down; analysis of landslides and dam  stability; 
principles of earth  and rock-fill dam  design; in te rn al pore w ater pressures 
and drainage; filters; relief wells; foundation  problem s; grouting; cut-offs; 
control and instrum entation .

2418. CASE STUDIES IN SOIL MECHANICS AND FO U N D A TIO N  
EN G IN EER IN G  (g)
C redit 3 hrs. Spring. Study of real engineering problem s of various types; 
im portance of the geological environm ent in  recognizing the n a tu re  of field 
problem s; application  of m echanics and soil p roperties to ob tain  engineering 
solutions. Preparatfon  of engineering reports.

Aerial Photographic Studies and Physical 
E nvironm ent Evaluation
2421. PHYSICAL EN V IR O N M EN T EVALUATION (u,g)
C redit 3 hrs. Fall. 2 Lect., 1 Lab. In tended  for g raduate  students o r u p p e r
classmen in engineering and p lanning. Prerequisite, permission of the  in 
structor. A study of physical environm ent factors affecting engineering and 
p lann ing  decisions and the  evaluation m ethods of these factors. Physical 
factors include the clim ate, soil and rock Conditions, and w ater resources in 
different parts of the world. E valuation m ethods include field reconnaissance, 
in te rp reta tion  of meterological, topographic, geological, and  soil m aps, aerial 
photography, engineering data, and  subsurface exploration  records.

2422. ADVANCED PHYSICAL EN V IR O N M EN T EVALUA TION (u,g) 
C redit 3 hrs. Spring. 2 Lect., 1 Lab. In tended  for g raduate  students o r u p p e r
classmen in engineering or planning. Prerequisite, 2421 or 2423 or permission 
of instructor. A study of physical environm ent by use of airphotos and  o ther 
remote-sensing m ethods. Conventional photography, sequential photography,
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m ultip le  spectral photography, space photography, in frared  therm al and 
rad ar imageries are included in the  study. Evaluation of environm ent is 
directed to the p lann ing  of engineering and  developm ent projects in gen
eral, and  some em phasis on those re la ted  to  special clim atic regions such as 
tropical hum id  as well as arid  regions.

2423. ANALYSES AND IN T E R P R E T A T IO N  OF AERIAL PH O T O G R A PH S
(u.g)
Preregistration required. C redit 3 hrs. Fall and spring. 2 Lect., 1 Lab. (The 
student is expected to pay the cost of field trips an d  aerial photographs for 
use in a term  project, am ounting  to approxim ately  $15.) M ethods of identifica
tion of a broad  spectrum  of soils, rocks, and  drainage conditions as well as the 
significance of vegetative and cu ltu ral p a tte rns of the  world. N atu ral resources 
inventories and specific fields of application  are emphasized.

2424. ADVANCED IN T E R P R E T A T IO N  OF AERIAL PH O T O G R A PH S (u,g) 
Preregistration  required . C redit 3 hrs. Fall and  spring. Course includes lec
tures and  team projects in laboratory  an d  field. Facilities include m ateria l for 
city-regional planning, soil m apping, conservation, g round and  surface water, 
and civil engineering projects.

2431. SUBGRADES AND PAVEM ENTS FO R HIG HW AY AND A IR PO R TS
(u.g)
C redit 3 hrs. Offered upon sufficient dem and, usually in  spring. 2 Lee., 1 Lab. 
Prerequisite, 2601 or permission of the  instructor. P a rt I: Subgrade evaluation; 
com paction; drainage and  frost action; stabilization. P a rt II: Aggregates; 
b itum inous m aterials; evaluation of flexible pavem ent com ponents; design 
and  construction of flexible pavem ent structure . P a rt III: Design and  con
struction of rig id  pavem ents.

2432. LOW -COST ROADS (u,g)
C redit 3 hrs. Prim arily  for foreign students. Offered upon sufficient dem and, 
usually in fall term . Prerequisite, consent of instructor. Principally  directed 
study w ith one 21/j h o u r class session pe r week to be arranged. R u ra l road 
systems as instrum ents of economic developm ent. Study of economic con
siderations in  road system im provem ent; road  im provem ent p lann ing  and 
program m ing; road location and  geom etric design; engineering soil character
istics; design of roadbed thickness; drainage; stabilization m ethods and 
m aterials; dust palliatives; wearing surfaces.

2445. FIELD PR A C TIC E IN G EO TEC H N IC A L EN G IN EER IN G  (u,g) 
C redit 3 hrs. T h is  course extends th ro ughou t the academ ic year w ith field 
studies conducted as two-day trips allocated to  ap p ro p ria te  weekends in  each 
term . (T he studen t is expected to pay transporta tion  and re la ted  costs, am o u n t
ing to approxim ately  $85.) Prerequisite, 2401 or permission of instructor. 
T h is  course is designed to provide experience w ith field conditions in im 
p o rtan t pro ject environm ents w ith in  reach of the cam pus, including con
struction scenes in New York and  central Pennsylvania. P repara tion  for and 
reports on various sites is a requ irem ent. T h e  program  includes field testing 
and sam pling; resistivity and seismic prob ing  of soils and  bedrock; soil 
m oisture and density m easurem ents using nuclear equ ipm ent. Engineering 
construction practices and  site evaluation re la ted  to landslides, bedrock, d ra in 
age, and  unstable soils. T h e  influence of rock types, g round  water, and  soil 
m aterials on existing structures; ap p ro p ria te  design procedures applied  to 
sophisticated structures a t difficult sites.
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GEODETIC AND PH O TO G RAM M ETRIC EN G IN EER IN G

2451. EN G IN EER IN G  M EASUREM ENTS (u)
C redit 3 hrs. Spring. 2 Lect., 1 Lab. Study of basic surveying instrum ents and 
of procedures for m easuring and  laying ou t angles, distances, areas, and 
volumes; data processing and presentation  of results of m easurem ent oper
ations; geometric geodesy; photogram m etry; field astronom y; graphical and 
num erical representation of topography; and p lann ing  and specifications for 
surveying operations.

2452. ELEM ENTS OF SURVEYING (u)
C redit 2 hrs. Fall and  spring. 1 Lect., 1 Lab. Fundam entals of engineering 
m easurements. Study of observations and errors. Principles of recording data. 
Use of steel tape, level, and transit. Optical tooling. Photogram m etry. P ro b 
lems of p a rticu lar interest to students in fields o th er than  civil engineering.

2461. ELEM ENTARY GEODESY (u,g)
C redit 3 hrs. Fall. 3 Lect. P rincipal problem s of geodesy. C oordinate systems, 
reference datum . Geom etric problem s on earth  ellipsoid. Geom etric astronomy. 
A pplication of B jerham m ar singular m atrix  calculus; singular m atrices to 
geodesy.

2462. GEOPHYSICAL GEODESY (u,g)
C redit 3 hrs. Spring. 3 Lect. Basic po ten tial theory, Laplace and Poisson 
equations; gravity and po ten tial field in, on, and outside the spheroid; figure 
of the earth , application of Stokes form ula for determ ining undulations of 
the geoid and deflection of the vertical; applications of spherical harmonics.

2463. G EO D ETIC C O N TR O L  SURVEYS (u,g)
C redit 3 hrs. 2 Lect., 1 Lab. Prerequisite, 2451 or 2461. Principles of estab
lishing a geodetic sea-level datum ; isostasy, the geoid and ellipsoid; altim etry, 
trigonom etric, spirit, and electronic leveling; orthom etric  and dynamic heights; 
electronic distance m easurem ent; triangulation  and trila teration ; design of 
control networks and systems; astronom ic and gravim etric observations, and 
satellite triangulation .

2464. G EOD ETIC ASTRONOM Y (u,g)
C redit 2 hrs. 2 Lect. Prerequisite, 2451 or equivalent work in field astronomy. 
Study of the precise determ ination  of la titude , longitude, and azim uth from 
astronom ical observations. N ight observation periods.

2465. ADVANCED EN G IN EER IN G  M EASUREM ENTS (u,g)
C redit 3 hrs. Fall. Prerequisites, laboratory  work involving physical m easure
ments, M ath. 293 or equivalent. M easurem ent systems; analysis of errors and 
of e rro r propagation; application  of the  principles of p robability  to the 
results of m easurem ents for the purpose of determ in ing  the best estim ates 
of m easured and deduced quantities; and the best estim ate of uncertain ty  
in these quantities; ad justm ent of conditioned m easurem ents by the  m ethod 
of least squares and o th er m ethods; curve fitting.

2466. MAP PR O JE C TIO N S AND CARTO G RA PH Y  (u.g)
C redit 3 hrs. 3 Lect. On dem and. T heory  of m ap projections including con- 
form al, equal-area, azim uthal equidistant, et al. projections; coordinate trans
form ations; p lane coordinate systems for surveying. Design of m ap projections. 
C artographic principles, systems, and  related  economic factors.
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2471. ELEM ENTS OF PH O TO G R A M M ETR Y  (u,g)
C redit 3 hrs. Fall. 2 Lect., 1 Lab. P rinciples and practice of terrestria l and 
aerial photogram m etric  m apping, including p lann ing  flights, control surveys, 
uncontrolled mosaics, radia lline  control, sim ple stereoplotting  instrum ents, 
parallax  distortions, graphical tilt determ ination , trim etrogen charting, and 
economics. A Balplex projection stereoplotter w ith th ree  projectors is avail
able for use.

2472. ADVANCED PH O TO G R A M M ETR Y  (u.g)
C redit 3 hrs. Spring. 2 Lect., 1 Lab. Prerequisite, 2471. An advanced study of 
photogram m etric  principles including: controlled mosaics; rectification;
graphical and instrum ental aero triangulation . Princip les of photogram m etric  
p lo tters and systems and the economic re la tion  of these to density of ground 
control, office m ethods, and personnel. Balplex projection  p lo tte r is used 
extensively.

2473. ANALYTIC A E R O T R IA N G U L A T IO N  (u,g)
C redit 3 hrs. 3 Lect. Prerequisite, 2471. Analysis, theories, and  com putation  
of stereostrip triangulation  by direction cosines, vector, and  m atrix  m ethods. 
C oplanarity  and  colinearity equations for relative o rien tation  and absolute 
orien tation . Stereogram assemblage and coordinate transform ation  of strip  
and block coordinates. Cantilever extension and  general b ridging solutions. 
Propagation of errors.

2481. CADASTRAL SURVEYING (u,g)
On dem and. C redit 3 hrs. 3 Lect. Study of legal principles and  surveying 
operations associated w ith acquisition of evidence for the delineation  of 
boundaries of real estate. T opics covered include: m etes and  bounds, sub
division, and  o th er m ethods of description of real property; land  courts; 
riparian  rights; m ineral rights; resurveys; and  au th o rity  and  responsibilities 
of the  C adastral surveyor.

2482. EN G IN EER IN G  SURVEYS (u,g)
C redit 3 hrs. Spring. 1 Lect., 2 Labs. Prerequisite, 2451 or equivalent. C ircular 
curves, transition  curves, earthw ork m easurem ent and  calculation, topographic 
surveys, construction surveys, and  project p lan n in g  from maps.

GENERAL

2491. DESIGN PR O JE C T  IN  G EO TEC H N IC A L E N G IN EE R IN G  (u,g) 
C redit 1-6 hrs. On dem and. Design problem s frequently  associated w ith the 
M aster of E ngineering Program .

2492. RESEARCH IN G EO TEC H N IC A L EN G IN EER IN G  (g)
C redit 1-6 hrs. On dem and. For students who wish to study one particu la r 
area of geotechnical engineering in dep th . T h e  work may take the  form of 
a laboratory  investigation, field study, theoretical analyses o r the develop
m ent of design procedures.

2493. SEMINAR IN G EO TEC H N IC A L EN G IN EER IN G  (u,g)
C redit 1-2 hrs. On dem and. Presentation and  discussion of technical papers 
and cu rren t research in the  general field of geotechnical engineering or one 
of its specialized fields.
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2494. SPECIAL TO PIC S IN  G EO TEC H N IC A L EN G IN EER IN G  (u,g) 
C redit 1-6 hrs. On dem and. Supervised study in small groups in one or m ore 
special topics not covered in the regular courses. Special topics may be of a 
theoretical o r applied  nature .

Structural Engineering
2701. STR U C TU R A L EN G IN EER IN G  I (u)
C redit 3 hrs. Fall. 2 Lect., 1 2-hour period. Prerequisites, Mech. 212 and 
coregistration in 6031. Evening prelim s. First course in a four-course sequence 
of structural theory, behavior, and design. Basic structural concepts. E xternal 
forces on sim ple structures un d er fixed and m oving loads. P roperties of 
structural metals. Behavior under load of m etal m em bers (beams, compression 
members, and beam-columns), including elastic and inelastic buckling.

2702. STR U C TU R A L EN G IN EER IN G  II (u)
C redit 3 hrs. Spring. 2 Lect., 1 2-hour period. Prerequisites, 2701, 6031, and 
coregistration in 2751. Analysis of sim ple trusses under fixed and m oving 
loads. A pproxim ate analysis of bu ild ing  frames. Properties and behavior of 
reinforced concrete. Behavior un d er load of reinforced concrete beams, col
um ns, and beam  columns, includ ing  effects of prestressing. C om puter ap p li
cations to analysis and design.

2703. STR U C TU R A L EN G IN EER IN G  III (u)
C redit 3 hrs. Fall. 2 Lect., 1 2-hour period. Prerequisite, 2702, 2751. Elastic 
displacem ents. Analysis of statically indeterm inate  structures by classical and 
m odern methods. Collapse theory and  plastic design concepts. A pplications 
to steel and concrete structures.

2704. STR U C TU R A L DESIGN (u)
C redit 3 o r  4 hrs. Spring. 2 Lect., 1 o r  2 2-hour periods. Prerequisite, 2703. 
Com prehensive design project draw ing on m ateria l from previous courses 
(2701-03). A dditional design topics such as structural models, shell structures, 
connections, composite construction.

2710. ST R E N G T H  OF STR U C TU R ES (u,g)
C redit 3 hrs. Fall. 3 Rec. P rerequisite, 2703, can be taken concurrently. 
Analysis of two- and three-dim ensional stress and strain. T heories of failure of 
ductile and b rittle  m aterials. M icrostructure of m aterials. S tructural m ate
rials un d er load, strain hardening. Bauschinger effect, residual stresses, hystere
sis, stress concentration, b rittle  fracture, creep, a lte rn a tin g  stress. Design for 
fatigue. Stresses beyond the elastic lim it. Inelastic behavior of steel and re in 
forced concrete structures. Critical discussion of recent research and curren t 
design specifications.

2711. BUCKLING: ELASTIC AND INELASTIC (u,g)
C redit 3 hrs. Spring. Prerequisite, 2710. Analysis of elastic and plastic sta
bility. D eterm ination  of buckling loads and postbuckling behavior of columns. 
Solid and open web colum ns with variable cross-section. Beam columns. Fram e 
buckling. Torsional-flexural buckling. Lateral strength of unbraced beams. 
Buckling loads and postbuckling behavior of plates, shear webs, and cylindri
cal shells. Critical discussion of cu rren t design specification.

2712. ADVANCED ST R U C T U R A L  ANALYSIS (u,g)
C redit 3 hrs. Fall and spring. 3 Lect. Prerequisites, 2703 or consent of in 
structor, and coregistration in C.S. 311. Stability, determ inacy, redundancy of
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structures. A pproxim ate m ethods of analysis. Force, displacem ent, and  transfer 
m atrix  m ethods of m atrix  structu ral analysis. Developm ent of space frame 
elem ent equations, including d istribu ted  loads and  therm al strain  effects. 
M ethods of solution: direct and iterative, tridiagonalization, partition ing , and 
special transform ations. Analysis techniques for tall buildings and o ther special 
problem s.

2713. FINITE ELEMENT ANALYSIS (u,g)
Credit 3 hrs. Spring. 3 Lect. Prerequisite, 2712. T heoretical and conceptual 
bases for form ulation  of finite elem ent representations in con tinuum  m echan
ics. D evelopm ent of elem ent relationships for struc tu ra l analysis of plates, 
shells, and solids. Extension of elem ent an d  system solution techniques to deal 
w ith problem s in elastic stability, inelastic deform ation, finite displacem ents, 
dynam ic response, and o th er special behavior mechanisms.

2714. STR U C TU R A L MODEL ANALYSIS AND E X PER IM EN TA L 
M ETHOD S (g)
C redit 3 hrs. Spring. 2 Lect., 1 2-hr. period. Prerequisite, indeterm inate  
analysis. D im ensional analysis and principles of sim ilitude. Ind irect m odel 
analysis of beams, frames, and trusses. D irect m odel analysis including loading 
and instrum entation  techniques. Strain m easurem ent and in terp reta tion . C on
fidence levels for m odel results. Laboratory projects in  elastic behavior and 
u ltim ate  strength of m odel structures.

2715. NU M ERICAL M ETHOD S AND PR O B A B ILITY  (g)
C redit 3 hrs. Fall. Prerequisites, differential equations, consent of instructor, 
and coregistration in C.S. 311. N um erical in tegration  techniques. Solution of 
linear systems. Finite difference techniques for boundary  value problem s. 
Eigenvalue determ ination . In troduction  to p robability  concepts perta in in g  to 
structural analysis and design. S tructural reliability; inference techniques; 
decision theory; stochastic processes.

2716. C O N C R ETE STR U C TU R ES I (u,g)
C redit 3 hrs. Fall. 3 Lect. Prerequisite, 2703 or equivalent. Analysis, design, 
and behavior of prestressed concrete structures; beams, slabs, composite con
struction, continuous beam s an d  frames, tension and  compression members; 
deflection analysis, end zone stresses, detailing, losses, efficiency. Design of 
concrete shells: shells of revolution, hyperbolic paraboloids.

2717. C O N C R ETE STR U C TU R ES II (u,g)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, 2703 or equivalent. Analysis, design 
and behavior of reinforced concrete structures; safety considerations, deflection 
analysis, crack control; beams, colum ns, slabs, continuous frames, flat plates, 
flat slabs, composite construction; lim it analysis and  yield line theory. Design 
of concrete shells: folded plates and cylindrical shells.

2718. 2719. BEHAVIOR AND DESIGN OF M ETAL ST R U C T U R E S (u.g) 
C redit 3 hrs. each term . Fall and spring. Prerequisite, 2703 or equivalent. 
C ontem porary m ethods for analyzing and designing m etal structures. Be
havior of structural elem ents and frames. Selected design applications from 
the fields of steel p late  structures, bridges, suspension systems, ligh t weight 
structures. 2719 not offered 1968-69.

2720. SHELL TH E O R Y  AND DESIGN (u,g)
C redit 3 hrs. Fall. Prerequisites, M athem atics 294 or equivalent and consent of 
instructor. D ifferential geometry of surfaces. B ending and m em brane theory
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of shells. Analysis and  design of cylindrical shells, domes, paraboloids. 
A pplication to reinforced concrete roofs and pressure vessels. Stability of 
certain  types of shells.

2722. DYNAMICS OF STR U C TU R ES (u,g)
C redit 3 hrs. Spring. Prerequisite, M athem atics 294 or equivalent and consent 
of instructor. E quations of m otion and  vibration  of sim ple systems. N um eri
cal, energy and m atrix  m ethods of analysis of m u ltip le  degree systems. Analysis 
and design of structures for ground  disturbances, including inelastic effects.

2730. AEROSPACE ST R U C T U R A L  ANALYSIS (u,g)
Credit 3 hrs. Fall. Prerequisites, Mechanics 211 and 212. Evolution of aero
space structural design concepts and the design cycle. S tructural design 
criteria , environm ents, and  specifications. M aterials of construction and their 
properties. Modes of failure. Review of analytical problem  areas, including 
dynam ic response, aeroelasticity and  therm al protection. Design charts for 
stressed skin construction.

2751. EN G IN EER IN G  M ATERIALS (u)
Credit 3 hrs. Fall and spring. 2 Lect., 1 Lab. Prerequisite, 6311. E ngineering 
properties of concrete; engineering properties of steel, wood, and o th er 
selected structural m aterials; physico-chemical properties of soils, concrete, and 
b itum inous m aterials. Design characteristics and significance of test results of 
m aterials used in engineering works. Extensive laboratory  testing and report 
writing.

2752. ADVANCED PLAIN C O N C R ETE (g)
C redit 2 hrs. Spring. 2 Lect. Prerequisite, 2001 or the equivalent. Topics in the 
field of concrete, such as history of cem enting m aterials, a ir-en tra inm ent, light 
weight aggregates, petrography, durab ility , chem ical reactions, and properties 
of aggregates. R elationships between in te rnal structure, physical properties, 
chemical properties, and the m echanical properties of interest to the design 
and construction engineer.

2753. ST R U C T U R E  AND PR O PE R T IE S OF M ATERIALS (g)
C redit 3 hrs. Fall. 2 Lect. plus Conference. Open to graduate  students in 
engineering or the physical sciences or to undergraduates by consent of the 
instructor. In terna l structu re  of m aterials ranging from the am orphous to the 
crystalline state. Forces hold ing m atte r together versus forces causing deform a
tion and failure. Correlation of the in te rnal structures of m aterials w ith their 
physical and m echanical properties. Applications to various engineering m a
terials.

2757. CIVIL EN G IN EER IN G  M ATERIALS PR O JE C T  (g)
On dem and. C redit 1-6 hrs. Indiv idual projects involving civil engineering 
m aterials.

2758. CIVIL EN G IN EER IN G  M ATERIALS RESEARCH (g)
On dem and. H ours and credit variable. Indiv idual assignments, investigations 
a n d /o r  experim ents with civil engineering m aterials.

2791. DESIGN PR O JE C T  IN ST R U C T U R A L  EN G IN EER IN G  (g)
(Meets project requ irem ent for M.Eng. degree.) C redit I hr. fall and 3 hrs. 
spring; both term s required . Com prehensive design projects by design teams. 
Form ulation of a lte rna te  design proposals, including economics and p lan 
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ning, for a given situation, and complete design of the best alternate. 
Determination of construction costs and preparation of sketches and draw
ings. Presentation of designs by oral and written reports.

2792. RESEARCH IN STR U C TU R A L EN G IN EER IN G  (g)
On dem and. H ours and  credit variable. S tudents w ishing to pursue one p a r
ticu lar branch of struc tu ra l engineering fu rth er than  can be done in any of 
the regu lar courses m ay elect work in  this field. T h e  prerequisite  courses 
depend upon the n a tu re  of the work desired. T h e  work may be in the n a tu re  
of an investigation of existing types of construction, theoretical work w ith a 
view of sim plifying present m ethods of design or proposing new m ethods, or 
experim ental investigation of su itable problem s.

2793. STR U C TU R A L EN G IN EER IN G  SEMINAR (u,g)
C redit 1-3 hrs. Spring. Open to qualified seniors and graduate  students. P rep 
aration  and presentation of topics of cu rren t interest in the field of structures 
for inform al discussion.

2794. SPECIAL TOPICS IN ST R U C T U R A L  E N G IN EE R IN G  (g)
On dem and. H ours and credit variable. Indiv idually  supervised study in one 
or m ore of the specialized topics of civil engineering  such as tanks and  bins, 
suspension bridges, towers o r movable bridges, which are no t covered in the 
regu lar courses. Independent design or research projects may also be selected.

W ater Resources Engineering 
HYDRAULICS AND HYDROLOGY
2301. FLUID M ECHANICS (u)
Credit 3 hrs. Fall. 3 Lect.-Rec. F lu id  properties, hydrostatics, the  basic eq u a
tions of fluid flow, po ten tial flow, dim ensional analysis, flow in conduits, open 
channel flow.

2302. HYDRAULIC EN G IN EER IN G  (u)
C redit 3 hrs. Spring. 2 Rec., 1 Lab. P rerequisite, 2301. Free surface and  pipe 
flow, fluid m eters and  m easuring devices, hydraulic  m achinery, unsteady flow, 
netw ork analysis. T h e  laboratory  will include a nu m b er of experim ents in fluid 
m echanics and  hydraulic engineering.

2303. HYDROLOGY (u,g)
C redit 2 hrs. Fall. 2 Lect.-Rec. Prerequisite, 2301. In troduction  to hydrology 
including topics on p recip ita tion , evapotranspira tion , g round water, surface 
water, sedim entation.

2312. EX PER IM EN TA L AND NU M ERICAL M ETH O D S IN  FLUID 
MECHANICS (u,g)
C redit 2 hrs. Fall and spring. Prerequisite, 2302 or permission of instructor. 
Prim arily  a laboratory  course for undergraduates and graduates; may be re 
peated for credit on permission of the instructor. Em phasis is on p lann ing  
and  conducting laboratory  and  field experim ents and  on num erical com puta
tion. Each section is lim ited  to four students.

2315. ADVANCED FLUID MECHANICS I (g)
C redit 3 hrs. Fall. 3 Rec. P rerequisite, 2301. In troduction  to vector and  tensor 
notation . T h e  equations of conservation of mass, m om entum , and energy
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from a rigorous po in t of view. Sim ilitude and m odeling po tential flow includ 
ing circulation, vorticity, conform al m apping, and hodograph methods.

2316. ADVANCED FLUID M ECHANICS II (g)
C redit 3 hrs. Spring. 3 Rec. Prerequisite, 2315. Exact solutions to the  Navier- 
Stokes equations, the lam inar and  tu rb u len t boundary  layers, turbulence, 
in troduction  to non-N ew tonian flow, and o th er topics.

2317. FREE SURFACE FLOW  (g)
C redit 3 hrs. Spring. 3 Rec. Prerequisite, 2315 or permission of instructor. T h e  
form ulation of the free surface equations and boundary  conditions. Shallow 
water theory and the theory of characteristics. Unsteady and two-dimensional 
flow in open channels. T heory  of small am plitude  waves.

2320. SURFACE W A TER  HYDROLOGY (g)
C redit 3 hrs. Fall. Prerequisite, 2301. Physical and statistical analysis relating  
to hydrologic processes. Hydrom eterology and evaporation. Surface runoff, 
base flow, and storage rou ting  in linear and non-linear systems. U nit hydro 
graph theory.

2321. FLOW  IN POROUS MEDIA (g)
C redit 3 hrs. Spring. Prerequisite, 2301 (also recom m ended, 2315). Fluid 
mechanics of flow through porous solids. T h e  general equations of single 
phase and m ultiphase flow and  the m ethods of solving the differential form 
of these equations. H ydraulics of wells, of infiltration  and of ground  water 
recharge, and of o ther steady state and transien t seepage problem s in fully 
and partially  saturated  m aterials.

[2331. RIVER AND COASTAL HYDRAULICS (u,g)]
C redit 3 hrs. Spring. Prerequisite, 2302 or permission of instructor. T h e  first 
pa rt of this course deals w ith the hydraulics of fixed bed channels including 
the specific energy concept, secondary currents, rap id  flow problem s, artificial 
obstructions in  channels, and  the  general problem s of frictional resistance. In 
the  second p a rt of the course, a tten tion  is paid  to coastal and oceanographical 
engineering problem s including the theory of waves, breaking of waves, wave 
refraction and wave diffraction. N ot offered 1968-69.

2332. SEDIM EN T T R A N S PO R T  (u,g)
C redit 3 hrs. Fall. Prerequisite, 2302 or permission of instructor. Hydraulics 
of channels w ith a movable bed including particle  mechanics, critical tractive 
force theory, the DuBoys Problem , the Swiss form ulas, E instein’s Bedload 
theory, the suspension and saltation theory, calculation of total sedim ent loads. 
Interesting problem s in fluvial hydraulics will be included.

2391. PR O JE C T  (g)
Offered on dem and. H ours and  credit variable. T h e  studen t may elect a 
design problem  or undertake the design and construction of special equipm ent 
in  the fields of fluid m echanics, hydraulic  engineering or hydrology.

2392. RESEARCH IN HYDRAULICS (g)
Offered on dem and. H ours and credit variable. T h e  student may select an area 
of investigation in fluid mechanics, hydraulic  engineering, o r hydrology. T h e  
work may be e ither of an experim ental or theoretical nature . Results should 
be subm itted to the instructor in  charge in the form of a research report.
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2393. HYDRAULICS SEMINAR (u,g)
C redit 1 hr. Fall and  spring. Open to undergraduates and  graduates and 
requ ired  of g raduate  students m ajoring in hydraulics o r hydraulic  engineer
ing. Topics of cu rren t interest in fluid mechanics, hydraulic  engineering, and 
hydrology.

2394. SPECIAL TO PICS IN HYDRAULICS (g)
Offered on dem and. H ours and credit variable. Special topics in fluid m e
chanics, hydraulic engineering, o r hydrology.

SANITARY (ENVIRONMENTAL) ENGINEERING AND  
WATER RESOURCE SYSTEMS ENGINEERING

2501. W A TER  SUPPLY AND W ASTE W A T ER  EN G IN EER IN G  (u)
C redit 3 hrs. Fall. 2 Lect., 1 Lab o r Comp. Prerequisites, 2301, 2302. In tro d u c
tion to w ater resources engineering, including w ater supply and  w ater quality  
control. Principles applicable to the  disposal, assim ilation, and fate of 
m unicipal and industria l wastes in the  environm ent. Problem s in  the  analysis 
and design of w ater transm ission and d istribu tion  systems, and of waste
w ater and storm -w ater collection and  waste m anagem ent systems.

2502. W A T ER  AND W ASTE W A T ER  T R E A T M E N T  (u,g)
C redit 3 hrs. Spring. 2 Lect., 1 Lab. P rerequisite  2301. Study of the m icrobio
logical, chem ical, and  physical phenom ena underly ing  the trea tm en t of w ater 
and of m unicipal and industria l waste-water. L aboratory studies of these 
phenom ena.

2510. CHEM ISTRY OF W A T ER  AND W ASTE W A TER  (u,g)
C redit 3 hrs. Fall. 2 Lect.-Rec., 1 Lab. Prerequisite, one year of college 
chemistry. Principles of chem istry applicable to the understand ing , design 
and  control of w ater and  waste-water trea tm en t processes and  to reactions 
in receiving waters. Analytical m ethods applicable to the m easurem ent and 
control of a ir  and w ater quality.

2512. M ICROBIOLOGY OF W A T ER  AND W A STE-W A TER (u,g)
C redit 3 hrs. Spring. 2 Lect., 1 Lab. In troduction  to the characteristics of 
microorganisms, th e ir in teraction  w ith the  environm ent, and their effect 
on w ater quality . T h e ir  role in the oxidation  of organic substances in waste
w ater trea tm en t and in receiving waters. Kinetics of m icrobial substrate 
assim ilation and growth. Bacteriological, biological, and lim nological pa ram 
eters of w ater quality  and th e ir m easurem ent.

2513. T R E A T M E N T  PROCESSES (u,g)
Credit 3 hrs. Fall. 3 Lect. Prerequisite, 2502 or equivalent. Analysis and  
design of processes for the removal of im purities from  w ater and  from 
m unicipal and industria l waste-water. T heoretical and  applied  aspects of 
treatm ent process design, including reaction kinetics, transfer phenom ena, 
and the  mechanics of fine particles.

2514. ASSIM ILATION OF WASTES IN W A TER  (u.g)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, app ro p ria te  underg raduate  course. 
Capacity of w ater resources to assim ilate gaseous, liqu id , and  particu la te  
wastes. Phenom ena pertin en t to the dispersion and stabilization of wastes 
in water. Analog and d ig ital com puter m ethods. Emphasis on the advanced 
literature.
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2515. W A T ER  RESOURCES PROBLEM S AND POLICIES (u,g)
C redit 3 hrs. Fall. Lect.-Discuss. Prerequisite, permission of the instructor. 
In tended prim arily  for g raduate  engineering  and  nonengineering students 
b u t open to qualified undergraduates. A com prehensive approach to w ater 
resources p lann ing  and developm ent. H istorical and  contem porary perspec
tives of w ater problem s, organization and  policies.

2518. W A TER  RESOURCE SYSTEMS (g)
Credit 3 hrs. Spring. Prerequisites, Econ. 301; 2617 or 9522; 9360 or 9460; or 
permission of instructor. A pplication of economic theory and systems analysis 
to problem s in w ater resources p lann ing  and m anagem ent. D eterm inistic and 
stochastic models. Review of the cu rren t lite ra tu re .

2520. EN V IR O N M EN TA L H E A L T H  EN G IN EER IN G  (u,g)
C redit 3 hrs. Spring. 3 Lect., Reports. Prerequisite, 2501, o r equivalent, or 
permission of the instructor. Concepts of environm ental health , principles 
of epidem iology and of toxicology. In troduction  to radiological health . C on
sideration of problem s in environm ental control w ith emphasis on waste 
m anagem ent, w ater quality  control, a ir  quality  control, and solid waste 
disposal.

2530. SOLID W ASTE M ANAGEM ENT (u,g)
C redit 3 hrs. Spring. 3 Lee., Reports. Prerequisite, permission of the instructor. 
Study of m unicipal, industrial, and ag ricu ltu ra l solid waste. Emphasis on 
waste characteristics, m ethods of trea tm en t and disposal, interrelationships 
w ith air, water, and land environm ent. In tended  prim arily  for graduate  
students b u t open to qualified undergraduates.

2532. EN V IR O N M EN TA L QU ALITY EN G IN EER IN G  (u,g)
C redit 3 hrs. Fall. Lect.-Discuss., reports and field trips. O pen to students who 
are not in civil engineering. Environm ental h ealth  concepts and  m ethods, and 
their application  to environm ental p lann ing  and control a t the subdivision, 
m unicipal, and m etropolitan  levels. In troduction  to: water resource p lan 
n ing and developm ent; w ater quality  control; w ater supply; m unicipal, 
industria l and private waste-water disposal; a ir  quality  control; solid waste 
disposal and  radiological health .

2545. W A TER  RESOURCES PLA N N IN G  SEMINAR (n.g)
C redit 3 hrs. Spring. Prerequisite, 2515 or permission of the instructor. 
T h e  concepts, processes, and techniques of regional, m ulti-purpose river 
basin p lann ing  and  developm ent. T h e  case study m ethod, including the 
p reparation  of an integrated, com prehensive report for the  study area, is 
followed.

2547. SEMINAR IN W A T ER  RESOURCES SYSTEMS ANALYSIS (g) 
C redit 4 hrs. Spring or fall. Prerequisite, permission of the  in structor which 
will be based on the stu d en t’s ability  to con tribu te  substantially  to the 
sem inar. An interd iscip linary  approach to the solution of a complex problem  
in w ater resources engineering involving the application  of systems analysis, 
statistics, economic theory, hydrology and  hydraulic  and  sanitary engineering. 
Each studen t will study and discuss a particu la r aspect of the problem . T h e  
results of the individual studies should con tribu te  to the solution of the 
overall problem . T au g h t by engineering and economics faculty.

2591. DESIGN PR O JE C T  IN W A TER  RESOURCES EN G IN EER IN G  OR 
IN SANITARY EN G IN EER IN G  (g)
On dem and. C redit variable. Prerequisites, 2501 or 2502 or equivalent. T h e
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studen t will elect o r be assigned problem s in  the design of w ater and 
waste-water trea tm en t processes o r p lants; waste-water disposal systems; 
water quality  control systems; w ater resource developm ent o r m anagem ent 
systems; o r of laboratory  ap p ara tus of special interest.

2592. SANITARY EN G IN EER IN G  RESEARCH (g)
On dem and. C redit variable. Prerequisites will depend upon  the p a rticu lar 
investigation to  be undertaken. For the studen t who wishes to study a 
special topic o r problem  in g reater dep th  than  is possible in form al courses.

2593. W A T ER  RESOURCES EN G IN EER IN G  COLLO Q U IU M  (u,g)
C redit 1-2 hrs. Fall and  spring. R equired  of all g raduate  students tak ing a 
m ajor o r m inor in sanitary engineering; open to undergraduates by p e r
mission of instructor. P reparation , presentation, and discussion of topics 
and  problem s of cu rren t interest in sanitary engineering and  w ater resources 
engineering.

2594. SPECIAL TOPICS IN  SANITARY AND W A T ER  RESOURCE 
SYSTEMS EN G IN EER IN G  (g)
Offered on dem and. H ours and  credit variable. Supervised study in special 
topics no t covered in form al courses.

COMPUTER SCIENCE

201. SURVEY OF C O M PU T E R  SCIENCE (u)
C redit 3 hrs. Spring. M W  F 8:00. In troduction  to the struc tu re  and  use of 
the m odern digital com puter. T h is  course is in tended  to be a nonm athe- 
m atical trea tm en t of the  m aterial, w ith  em phasis on nonnum eric com puter 
applications such as inform ation  retrieval, language processing, and  artificial 
intelligence. A lim ited  in troduction  to program m ing in a problem -oriented 
language is included.

311. IN T R O D U C T IO N  T O  C O M PU T E R  PR O G R A M M IN G  (u)
C redit 2 o r 3 hrs. E ither term . T  T h  11:15. N otations for describing algo
rithm s, analysis of com putational problem s. A pplication of the (FO R TR A N  
IV, P L /I) p rogram m ing language to solve sim ple num erical and nonnum eri- 
cal problem s using a d igital com puter.

385. AU TO M A TA  (u)
C redit 3 hrs. Spring. Prerequisite, M athem atics 294, 222 or equivalent. M W  
F 10:10. T h e  capabilities, lim ita tions and structures of finite au tom ata, T u rin g  
m achines and  o th er abstract com puting devices will be studied. A pplications 
to questions of undecidability  and  artificial intelligence.

401. C O M PU T E R  O R G A N IZA TIO N  AND PR O G R A M M IN G  (g)
C redit 4 hrs. E ither term . Prerequisite, M athem atics 221, 293 or equivalent. 
T  T h  11:15, W  2:30—1:25. C haracteristics and  structure  of dig ital com puters. 
P rogram m ing in assembly and h igher-order languages. R epresentation  of data, 
index registers and  indirect addressing, program  organization, m acro op era 
tions, recursive procedures, in terpretive  routines, auxiliary  storage and  input- 
o u tp u t, operating  systems.

404. ADVANCED C O M PU T E R  PR O G R A M M IN G  (g)
C redit 4 hrs. Spring. Prerequisite, 401 or consent of instructor. T  T h  1:25, F 
2:30. T h is course is in tended  for students who wish to learn  com puter p ro 
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gram m ing for eventual use in professional systems program m ing or advanced 
applications. T o  develop this ability, the basic logical and physical structure 
of d igital com puters is considered and the applicability  and lim itations of 
this struc tu re  are studied th rough  m any exam ples and exercises. T h e  ap 
proach, therefore, is not a theoretical one, b u t ra th e r an engineering one, in 
which techniques are emphasized. S tudents a re  expected to  participate  in  a 
large system s-program m ing design and im plem entation  project.

411. IN FO R M A TIO N  AND C O M PU T E R  STR U C TU R ES (g)
C redit 4 hrs. Fall. Prerequisite, 401 or equivalent. T  T h  9:05, W 2:30. F u n d a
m entals of com puter organization and the representation of struc tu red  oper
ands in computers. Inform ation  flow durin g  instruction  execution; addressing 
structures, symbol table techniques. A lgorithm s for the m anipu lation  of arrays, 
trees, strings, lists. Program m ing language structure; recognition and  analysis 
systems. T im e sharing com puter organization, paging, segmenting, and core 
m anagem ent.

412. C O M PU TER  LANGUAGES AND COM PILERS (g)
C redit 4 hrs. Spring. Prerequisite, 411 or consent of instructor. M W  F 1:25. 
Concerned w ith the theory and  techniques of program m ing languages and 
systems for large-scale d igital com puter systems. T opics include comparison 
of structure  and form of assemblers, in terpreters, com pilers and list proces
sors; form al definition of algorithm ic languages and techniques used in 
com pilation. Students will design and im plem ent several sim ple languages 
du ring  the term.

413. SYSTEMS PRO G RA M M IN G  (g)
C redit 4 hrs. Fall. Prerequisite, 412 or consent of instructor. M W  F 1:25. 
Brief review of batch process p rogram m ing systems, their components, 
operating  characteristics, user services and th e ir lim itations. Im plem entation  
techniques for parallel processing of I /O  and in te rru p t handling. Overall 
structure of m ultip rogram m ing  systems on large-scale m ultiprocessor h a rd 
ware configuration. Details on addressing techniques, core m anagem ent, file 
system design and  m anagem ent, system accounting, and o th er user-related 
services. Com m and languages and the  em bedding of subsystems. O perating  
characteristics (param eters) of large-scale systems.

416. O PER A TIO N S RESEARCH MODELS FO R C O M PU T E R  AND 
PRO GRAM M IN G SYSTEMS
C redit 4 hrs. Spring. Prerequisites: 411 and a course in  p robability  (e.g., 
M ath 371 or Engineering 9460), o r consent of instructor. T  T h  10:10, occa
sionally W  2:30. M odeling and analysis of com puter hardw are and software 
systems. Some applications of the  theories and techniques of operations 
research to problem s arising in com puter systems design and program m ing. 
O perating  systems design: resource allocation and scheduling. Q ueueing 
models for tim e sharing and m ultip rogram m ing  systems. R eliability  of com 
p u ter systems and com puter networks. Statistical techniques for m easuring 
systems perform ance. Sim ulation of hardw are and software; systems balancing. 
Applications of stochastic processes and inventory theory, e.g., file organiza
tion and m anagem ent, models of com puter center operation . M athem atical 
program m ing techniques applied to hardw are configuration selection. S tu
dents will be expected to program  and analyze a m odel which can be applied 
to a problem  of hardw are o r software design.

[417. ADVANCED IN FO R M A TIO N  PROCESSING (g)]
C redit 4 hrs. Fall. Prerequisite, 401 or equ ivalen t experience. T  T h  9:05, W 
2:30. Provides a theoretical foundation  in inform ation  processing, w ith em 
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phasis on the use of com puters for the solution of prim arily  nonnum eric 
problem s. Covered are recent developm ents in processor organization and 
processing m ethods, com piling and transla ting  systems, search and sorting 
techniques. Students will ru n  indiv idual term  projects on the available com 
p u tin g  equipm ent. Not offered 1968-69.

420. C O M PU T E R  A PPLICATIONS OF NU M ERICAL ANALYSIS (g) 
C redit 4 hrs. Fall. Prerequisites, M athem atics 222 or 294, and  C om puter Sci
ence 311 o r equivalent program m ing experience. M W  F 10:10. M odern com 
p u tatio n al algorithm s for the num erical solution of a variety of applied  
m athem atics problem s are presented; students solve cu rren t representative 
problem s by program m ing each of these a lgorithm s to be ru n  on the com 
pu ter. Topics include num erical a lgorithm s for the solution of linear systems; 
finding determ inants, inverses, eigenvalues and eigenvectors of matrices; 
solution of a single polynom inal or transcendental equation  in one unknow n; 
solution of systems of nonlinear equations; acceleration of convergence; 
Lagrangian in terpo lation  and  least squares approxim ation  for functions given 
by a discrete da ta  set; differentiation and  in tegration; solution of o rd inary  
differential equations: in itial value problem s for systems of non linear first 
o rder differential equations, tw o-point boundary  value problem s; pa rtia l 
differential equations: finite difference grid  technique for the solution of 
the Poisson equation.

421—122. NU M ERICAL ANALYSIS (g)
C redit 4 hrs. a term . T h ro u g h o u t the year. Prerequisite, M athem atics 412, 416, 
422, o r consent of instructor. M W  F 9:05. A m athem atically  rigorous tre a t
m en t of num erical analysis. Covers the topics of C om puter Science 420 in a 
m ore com plete fashion w ith em phasis on  careful analytical derivation  of 
algorithm s, proofs of convergence and e rro r analysis. Includes some com puter 
program m ing projects.

435. IN FO R M A TIO N  O R G A N IZA TIO N  AND R E TR IE V A L  (g)
C redit 4 hrs. Spring. Prerequisite, 401 or equivalent. T  T h  9:05, occasionally 
W  2:30. Covers all aspects of au tom atic language processing on d igital com 
puters, w ith em phasis on applications to inform ation retrieval. Analysis of 
inform ation content by statistical, syntactic and logical m ethods. D ictionary 
techniques. A utom atic retrieval systems, question-answ ering systems. Evalua
tion of retrieval effectiveness.

[441. H E U R ISTIC  PRO G RA M M IN G  (g)]
C redit 4 hrs. Spring. Prerequisites, 401 and  411. C om parison of heuristic  and 
algorithm ic m ethods. Justification of the need for heuristic approach and 
discussion of the objectives of work in artificial intelligence and  in  sim ulation 
of cognitive behavior. Discussion of research projects using heuristic  p ro 
gram m ing techniques. N ot offered 1968-69.

485. T H E O R Y  OF A U TO M A TA  I (g)
C redit 4 hrs. Fall. Prerequisite, C om puter Science 401 or consent of instructor. 
M W  F 11:15. A utom ata theory is the study of abstract com puting  devices, 
their classification, structure, and  com putational power. Topics include finite 
state autom ata , regu lar expressions, decom position of finite au tom ata  and 
their realization, T u rin g  m achines and  th e ir com putational power.

486. TH EO R Y  OF A U TO M A TA  II (g)
C redit 4 hrs. Spring. Prerequisite, 485 or consent of instructor. M W  F 11:15. 
Topics include context-free and context-sensitive languages and th e ir relation
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to push down and linearly-bounded autom ata. Q uantita tive  aspects of T u rin g  
m achine com putations: tim e and m em ory bounded com putations w ith a p 
plications to language processing and classification of o th er au tom ata  and 
com putations.

487. FORM AL LANGUAGES (g)
C redit 4 hrs. Fall. Prerequisite, 486 or consent of instructor. M W  F 2:30. A 
study of form al languages, th e ir processing and processors. Topics include 
regular, context-free, and  context-sensitive languages; their recognition, pars
ing, algebraic properties; decision problem s; recognition devices; and  app lica
tions to com puter and  n a tu ra l languages.

488. TH E O R Y  OF EFFECTIVE C O M PU TA B ILITY  (g)
C redit 4 hrs. Spring. Prerequisite, C om puter Science 401, 485, M athem atics 
481, o r consent of instructor. T  T h  9:05. T u rin g  m achines and C hurch ’s 
Thesis, universal T u rin g  m achines, unsolvability of the ha lting  problem . 
Recursively enum erable sets, productive and creative sets, relative com 
putab ility , the recursion theorem , Post’s problem . C om putational complexity 
hierarchies.

521. NU M ERICAL ANALYSIS OF LINEAR AND N O N LIN EA R  SYSTEMS 
OF EQUA TIO NS (g)
C redit 4 hrs. Spring. Prerequisite, C om puter Science 422. M W  F 9:05. Topics 
include recent m ethods for the solution of linear systems and eigenvalue, 
eigenvector determ ination; global convergence theorem s for nonlinear systems, 
N ewton-Kantorovich theory and its variations; function m inim ization.

[523. NU M ERICAL SO LU TIO N  OF ORDINARY D IFFER EN TIA L 
EQUA TIO NS AND IN T E G R A L  EQU A TIO N S (g)]
C redit 4 hrs. Fall. Prerequisite, C om puter Science 422. M W  F 11:15. Topics 
include solution of n-th  order nonlinear in itial value problem s and boundary 
value problem s; single step m ethods; predictor-corrector techniques; stability, 
accuracy and precision of m ethods; eigenvalue problem s; solution of integral 
equations having constant o r variable lim its; finite difference and iterative 
m ethods; singular and nonlinear integral equations. Not offered 1968-69.

[525. NU M ERICAL SO LU TIO N  OF PA R TIA L  D IFFER EN TIA L 
EQUATIONS (g)]
C redit 4 hrs. Spring. Prerequisite, C om puter Science 523. M W  F 11:15. 
General classification; solution by m ethod of characteristics; finite-difference 
m ethods for hyperbolic and e llip tic  equations; parabolic equations in two 
dimensions; direct solution of ellip tic  finite-difference equations; iterative 
m ethods for the solution of elliptic equations; block m ethods for large systems; 
singularities in ellip tic  equations; stability  in relation to in itial value problem s 
and nonlinear discretization algorithm s. N ot offered 1968-69.

[527. NU M ERICAL M ETHOD S IN A PPR O X IM A TIO N  TH EO R Y  (g)] 
C redit 4 hrs. Spring. Prerequisite, C om puter Science 422. M W  F 9:05 L„ 
norms; least-square approx im ation  and orthogonal functions; Tchebycheff, 
asymptotic, ra tional and continued fraction approxim ations; the quotient- 
difference a lgorithm ; m ethods of descent and  ascent. Not offered 1968-69.

587. C O M PU TA TIO N A L COM PLEX ITY (g)
Credit 4 hrs. Fall. Prerequisite, 486, 488, or consent of instructor. T  T h  9:05. 
General m easures of com putational com plexity and  m ethods of classifying
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com putable (recursive) functions. Exam ples of topics include restricted T u rin g  
m achines, tim e and m em ory bounded com putations, as well as quan titative  
results ab o u t form al languages.

590. SPECIAL INV ESTIG ATIO NS IN C O M PU T E R  SCIENCE (g)
C redit and sessions to be arranged. T h ro u g h o u t the year. Offered to qualified 
students individually  or in small groups. D irected study of special problem s 
in  the field of com puter science. (Register only w ith the  registration  officer 
of the departm ent.)

591. C O M PU TER  SCIENCE GRA D U A TE SEMINAR (g)
C redit 1 hr. T h ro u g h o u t the year. For g raduate  students in terested  in  com 
p u te r  science. T h  4:30-6:00. Staff, visitors and students. A weekly m eeting 
for the discussion and  study of im p o rtan t topics in the  field.

611. SEM INAR IN PRO GRAM M IN G (g)
C redit 4 hrs. Spring. Prerequisite, 411 o r consent of instructor.

621. SEMINAR IN NU M ERICAL ANALYSIS (g)
C redit 4 hrs. Fall. Prerequisite, consent of instructor.

635. SEMINAR IN  IN FO R M A TIO N  ORG A N IZA TIO N  
AND RETR IEV A L (g)
C redit 4 hrs. Fall. Prerequisite, C om puter Science 435.

681. SEMINAR IN A U TO M A TA  TH E O R Y  (g)
C redit 4 hrs. Spring. Prerequisite, 486 or consent of instructor.

D IG ITA L  SYSTEMS SIM U LA TIO N  (Industrial E ngineering 9580)
C redit 4 hrs. Fall. Prerequisite, C om puter Science 401 and  O perations R e
search 9470, o r consent of instructor. T h e  use of a program  for a d igital 
com puter to sim ulate the operating  characteristics of a com plex system in 
time. Discussion of problem s encountered  in  construction of a  sim ulation 
program ; synchronization and  file m aintenance, random  num ber generation, 
random  deviate sam pling. P rogram m ing in the  CLP and  SIM SCRIPT lan 
guages. Problem s in the design of effective investigations using sim ulation; 
statistical considerations when sam pling from a sim ulated process.

DATA PROCESSING SYSTEMS (Industrial E ngineering 9589)
C redit 3 hrs. Fall. Prerequisite, C om puter Science 401 or consent of instructor. 
Concerned w ith design of in tegrated  data  processing systems for operational 
and  financial control: questions of system organization, languages and eq u ip 
m ent ap p ro p ria te  to this type of application , file structures, addressing and 
search problem s, sorting techniques; problem s of m ultip le-rem ote-input, on 
line data processing systems; techniques of system requ irem en t analysis.

SW IT C H IN G  SYSTEMS I (Electrical Engineering 4487)
C redit 3 hrs. Fall. Prerequisite, 4322 or consent of instructor. Switching 
algebra; sw itching devices; logical form ulation  and realization of com bina
tional sw itching circuits; m inim ization aids; n u m b er represen tation  and  codes; 
simple mem ory devices; synchronous sequential circuits; counters; shift reg
isters, and  arithm etic  un its  in  a d ig ital com puter.

SW ITC H IN G  SYSTEMS II (Electrical Engineering 4488)
C redit 3 hrs. Spring. Prerequisite, 4487 or equivalent. Synchronous and 
asynchronous sequential circuits, form ulation  and  optim ization; large-scale
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mem ory units, selection and control; fu rth e r discussion of arithm etic  units; 
in tegrated  study of sw itching systems including general-purpose d igital com
pu ter, control sw itching, and  com m unication sw itching; in troduction  to the 
general theory of learn ing  m achines.

ELECTRICAL ENGINEERING

Required  Courses 

SYSTEMS SEQUEiNCE

4301-4302. ANALYSIS OF ELECTRICA L SYSTEMS I AND II (u)
C redit 4 hrs. 3 Lect., 1 Rec.-Comp. Prerequisites, E lectrical Science 242 and 
M athem atics 294 or equivalents. Analysis of linear RLC-networks; netw ork 
graphs, linear independence, dim ensionality. Voltage, curren t, and m ixed 
bases of analysis in vector-m atrix form. Network energy state, state transi
tion, fundam ental m atrix , stability, excitability, observability. Forced respon
ses; superposition integral, excitations derived from real and complex ex
ponentials, netw ork equ ilib rium  state, netw ork functions. Sinusoidal excita
tions; power and energy functions, p roperties of driving-point netw ork func
tions. Analysis of linear RLC-networks w ith m u tu a l inductance. Tw o-winding 
transform ers. L inear m odels for active devices; frequency dependency, gain- 
bandw idth product. Analysis of linear active networks. Flow graphs; p roper 
graphs. In ten tional feedback; sensitivity. R oot locus and Nyquist plots. In 
tentional oscillation; conditions for instability; piecewise linear m odels and 
networks. Phase plane analysis. Dynam ical equations for m echanical and o ther 
systems. Passive and active analogs. Analysis of elem entary electrom echanical 
systems. C oupling fields, forces, and m otion for linear and nonlinear m aterials. 
Lagrangian and H am ilton ian  form ulations of system equations. Messrs. T h o rp  
and Pottle.

4401. D E T ER M IN IST IC  SIGNALS IN LIN EA R  SYSTEMS (u)
C redit 4 hrs. Fall. 3 Lect., 1 Rec-Comp. Prerequisite, 4302. Fourier integral 
as the lim iting  form of Fourier Series. Response of asym ptotically stable 
linear-systems to aperiodic excitations. T h e  Gibbs phenom enon. Convolution. 
Application of Fourier theory to the analysis and design of linear and pulse 
m odulation  systems. T h e  sam pling theorem . Singularity functions and  in itial 
conditions. T h e  m agnitude-phase, and real-im aginary p a rt relations for 
transform s of realizable systems. Nyquist criterion. T im e-bandw idth  relations. 
T h e  Laplace T ransform  and  its convergence properties. Analytic functions 
and contour in tegration . At the  level of A. Papoulis, The Fourier Integral 
and its Applications. Mr. Sloane.

4402. RANDOM  SIGNALS IN  LINEAR SYSTEMS (u)
Credit 4 hrs. Spring. 3 Lect., 1 Rec.-Comp. Prerequisite, 4401. Analysis of 
linear systems subjected to random  excitation. A pplications to com m unication 
and control systems. In troduction  to probability , random  variables, expecta
tions, random  vectors. M easurem ent of m om ents and probabilities. Least 
m ean square estim ation, m atched filters, and  channel capacity. Random  
processes, correlation functions, and power spectral densities. In p u t-o u tp u t 
relations in linear systems. At the level of D avenport and Root, Random  
Signals and Noise. Mr. Fine.



136 COURSES—ELECTRICAL ENGINEERING

ELECTROPHYSICS SEQUENCE

4311-4312. ELEC TR O M A G N ETIC  FIELDS AND WAVES (u)
C redit 4 hrs. T h ro u g h o u t the year. 3 Lect., 1 Rec.-Comp. Prerequisites, E lectri
cal Science 242 or 244 and  M athem atics 294 or equivalent. Foundations of 
electrom agnetic theory for static and  dynam ic fields w ith applications to 
waves, circuits, and  devices. Topics treated  will include: one-dim ensional 
waves and  transmission lines; vector calculus; polarization of dielectric and  
m agnetic m aterials; boundary-value problem s, separation  of variables, o rth o 
norm al functions; field energy and stresses; M axwell’s equations, wave solu
tions, re tarded  potentials, applications to circuits including skin effect; 
electrom echanics of rigid conductors and  continuous m edia, elem ents of 
m agnetohydrodynam ics; radia tion , e lem entary antennas; wave propagation  
in  periodic structures; reflection and refraction of waves, wave guides, cavities, 
coupled modes; frequency dependence of conductivity and  perm ittiv ity , 
plasmas; wave propagation  in  gyrotropic m edia and  in electron steams. At the 
level of Ram o, W hinnery, and  Van Duzer, Fields and Waves in Communi
cation Electronics. Mr. Mclsaac.

4411. Q U A N TU M  T H E O R Y  AND A PPLIC A TIO N S (u)
C redit 4 hrs. Fall. 3 Lect., 1 Rec.-Comp. Prerequisite, 4311, 4312 o r equivalent. 
In troduction  to nonrelativistic q uan tum  theory w ith em phasis on applications; 
experim ental basis for wave-particle duality; structu re  of the theory in term s 
of wave functions and operators; solution of Schroedinger’s equation  for one 
and  three dim ensional potentials; angu lar m om entum ; spin; tim e independent 
p ertu rb a tio n  theory; in teraction  of atom s w ith static fields; central field 
m odel of atom ic structure; antisym m etry and  the  Pauli exclusion principle. 
A t the level of W hite, Basic Quantum Mechanics. Mr. Liboff.

4412. SOLID STA TE PHYSICS AND A PPLICA TIO N S (u)
Credit 4 hrs. Spring. 3 Lect., 1 Rec.-Comp. Prerequisite, 4411 or equivalent. 
In troduction  to solid state physics and  application  to electronic devices; 
crystal sym m etry and structure; x ray diffraction, reciprocal lattice; free 
electron theory, photo  emission, therm ionic emission, field emission, D rude 
theory of electrical conductivity; band theory; sem iconductors and  semicon
ductor devices including p-n junctions, transistors, avalanche and  ho t electron 
devices; dielectric properties of solids; m agnetism ; superconductivity. A t the 
level of C. K ittel, Introduction to Solid State Physics (3rd ed.). Mr. Ballantyne.

LABORATORY SEQUENCE

4321. ELECTRICA L LABORATORY I (u)
C redit 4 hrs. Fall. 1 Lect., 2 Lab. Basic electrical and  electronic in stru m en ta 
tion and  m easurem ents involving circuits and  fields of bo th  active and passive 
elem ents; and an experim ental in troduction  to solid state and  high vacuum  
devices.

4322. ELECTRICA L LABORATORY II (u)
C redit 4 hrs. Spring. 1 Lect., 2 Lab. Basic experim ents concerning transm is
sion lines, high-frequency m easurem ents and  techniques, am plifiers and 
oscillators, non linear and negative-resistance devices, and  energy-conversion 
methods.
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Elective and Graduate Courses
Of the following elective and  graduate  courses, certain  ones may no t be 
offered every year if the dem and is considered to be insufficient.

THEORY OF SYSTEMS AND NETWORKS

4501. SYSTEMS W IT H  RANDOM  SIGNALS AND NOISE (g)
Credit 4 hrs. Fall. 3 Lect., 1 Rec. Prerequisite, 4402 or equivalent. L inear- 
systems and signals; probability  and random  variables; random  processes in 
com m unication systems; spectral analysis of random  processes; filtering of 
random  signals; band-pass signals and noise; envelope detection of signals 
and noise; post detection filtering; nonlinear receiver operations; m odulation  
systems; tim e and frequency m ultip lex  systems; noise in analog m odulation  
systems. Mr. M cGaughan.

4502. STA TISTIC A L ASPECTS OF C O M M U N IC A TIO N  (g)
Credit 4 hrs. Spring. 3 Lect., 1 Rec. Prerequisite, 4501. D igital transmission 
systems; the discrete transmission channel; elem ents of inform ation  tran s
mission and coding; inform ation capacity; system optim ization; linear least 
squares prediction  and sm oothing; m atched filters; optim um  receivers; hy
pothesis testing; param eter estim ation; the  m atched filter and the correlation 
receiver; wave form systems and signal design; e rro r probabilities and  error 
bounds for various systems. At the level of W ozencraft and Jacobs, Principles 
of Communicatiort Engineering. Mr. M cGaughan.

4503. TH EO R Y  OF LINEAR SYSTEMS I (g)
C redit 4 hrs. Fall. 3 Lect. Prerequisite, 4401, o r consent of instructor. T h e  
state space m odel for linear systems. Properties of ord inary  linear differential 
equations. Fundam ental and  transition  matrices. M atrix  exponential functions, 
the Cayley-Hamilton theorem  and the Jo rdan  form. T im e invarian t and time- 
varying netw ork and system response. C ontrollability , observability, stability. 
Realizability of linear causal systems and applications of Fourier, Laplace, 
H ilbert transform s. Paley-W iener theorem . D istributed  systems. A t the  level 
of Schwarz and Friedland, Linear Systems. Mr. Szentirmai.

4504. T H EO R Y  OF NO NLINEAR SYSTEMS I (g)
Credit 4 hrs. Spring. 3 Lect. Prerequisite, 4503. 4501, 4571, o r consent of 
instructor. Lagrangian form ulation. Analysis of first and second o rder n o n 
linear systems with applications. Phase-plane analysis of autonom ous systems; 
singular points, lim it cycles, and equ ilib rium  states; theories of Bendixson, 
L ienard, and Poincare; relaxation  behavior in the  phase plane; pertu rb a tio n  
theory, existence, convergence, and periodicity of pertu rb a tio n  series; m ethods 
of van der Pol and of Krylov and Bogoliubov. Forced nonlinear systems, 
harmonics, subharm onics, ju m p  phenom ena, and  frequency en tra inm ent; 
periodic systems. E loquent theory, M athieu-H ill theory, applications to the 
stability  of nonlinear systems and to param etrically-excited systems. Mr. 
Szentirmai.

4507—1508. RANDOM  PROCESSES IN ELEC TR IC A L SYSTEMS (g)
C redit 4 hrs. Fall and  spring. 3 Lect. T h e  concepts of random ness and uncer
tain ty  and th e ir relevance to the design and analysis of electrical systems. An 
axiom atic characterization of random  events. Num erically valued events: ra n 
dom variables and random  vectors. D istribution  functions and  densities. 
Functions of random  vectors. Expectation and m easures of fluctuation. M om ent
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and  probability  inequalities. Properties and  applications of characteristic 
functions. Convergence of sequences of random  variables: laws of large 
num bers and central lim it theorems. M ore general collections of random  
variables, random  processes. R andom  processes as signal o r system m odels 
an d  th e ir specification. Sample function  behavior. M arkov processes, p a r 
ticularly  chains and  the Poisson process. S tationarity  and ergodicity. T h e  
Gaussian process. W ide sense stationary  processes: correlation  functions, spec
tra. R epresentations of random  processes. T ransform ations of random  proc
esses by nonlinear devices and  filters. O ptim um  filtering theories. Messrs. 
Fine and Berger.

4571. N E T W O R K  ANALYSIS (g)
C redit 4 hrs. Fall. 3 Lect. O pen to qualified seniors. In troduction  to netw ork 
topology. Scattering, im m ittance, hybrid , and  state space form alism s for n e t
works. Steady state  analysis and power transfer in  n -port netw orks including 
nonreciprocal and active structures. Scattering p roperties and  realizability 
theorem s for lossless m u ltip o rt junctions. Analysis of transm ission line n e t
works. A t the  level of C arlin  and  G iordano, Network Theory: An Introduc
tion to Reciprocal and Non-Reciprocal Circuits. M r. C arlin.

4572. N E T W O R K  SYNTHESIS (g)
C redit 4 hrs. Spring. 3 Lect. Prerequisite, 4571, 4503, o r consent of instructor. 
Physical basis for netw ork techniques in lum ped  and d istribu ted  systems 
deduced from  linearity , tim e-invariance, and  power-energy constraints. G en
eralized bounded real and  positive real functions and m atrices and  the theory 
of physical realizability. A pplications to insertion  loss synthesis, synthesis of 
n-ports, design of transmission line fdters and equalizers. Rc-lines. Gain 
bandw id th  theory of active devices. Synthesis of active networks. Mr. C arlin.

[4601. TH E O R Y  OF N O N LIN EA R  SYSTEMS II (g)]
C redit 4 hrs. Spring. 3 Lect. Prerequisite, 4504 or consent of instructor. Non- 
autonom ous and h igher order non linear systems w ith applications: represen ta
tion  of systems w ith several degrees of freedom ; approxim ations; use of 
L iapunov functions in system stability determ ination  and  design; describing 
functions and A izerm an’s hypothesis, theory of L u r’e-Letov for nonlinear 
control; asym ptotic expansions for the  period behavior of systems un d er the 
influence of periodic external forces; m ethod  of averaging; systems w ith slowly 
varying param eters, M anley-Rowe relations; orthogonal representation  of 
non linear systems; nonlinear filters and  com pensating systems, system o p tim i
zation. Not offered in 1968-69.

[4603. T H E O R Y  OF LIN EA R  SYSTEMS II (g)]
C redit 4 hrs. Spring. 3 Lect. Prerequisite, 4503. N ot offered 1968-69.

ELECTROMAGNETIC THEORY  

4511. ELECTRODYNAM ICS (g)
C redit 4 hrs. Fall. 3 Lect., 1 Rec. Prerequisite, 4312 o r equ ivalen t and  co
registration in M athem atics 421 or equivalent. Foundations of electrom agnetic 
theory. Statics: M ultipole distributions, images and  po ten tial theory. E le
m ents of m agnetostatics. M axwell’s equations. W ave guides and  cavities. 
Stress-energy tensor. Gauge invariance. Poynting’s theorem . R ad ia tion  theory. 
Postulates of relativity . L ienard-W iechert potentials. Synchrotron and Cheren- 
kov radia tion . Energy and angu lar m om entum  of the rad ia tion  field. R adiative 
reaction force. Electrom agnetic force. Mr. Mclsaac.
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4514. MICROW AVE T H E O R Y  (g)
C redit 4 hrs. Spring. 3 Lect., 1 Rec. Prerequisite, 4511 or equivalent. T heory  
of passive microwave devices for propagating , storing, coupling, o r rad ia ting  
microwave energy, including the theory of uniform  and  periodic waveguides, 
cavities, junctions, and antennas; application  of inhom ogeneous, anisotropic, 
dispersive, o r nonlinear dielectric and  m agnetic m aterials to microwave 
devices; circulators, isolators, tunab le  filters, lim iters, artificial dielectrics; 
techniques of analysis, including use of orthogonal functions, pertu rb a tio n  
theory, variational techniques, G reen’s functions, and sym m etry principles. 
Mr. Mclsaac.

4567. ANTENNAS AND R A D IA T IO N  (u,g)
C redit 3 o r 4 hrs. (4 hrs. w ith lab) Spring. 3 Lect. P rerequisite, 4312, 4401 or 
equivalent. Form ulation  of the electrom agnetic field in term s of vector and 
scalar potentials; radiation  from elem ental electric and m agnetic dipoles. 
L inear radiators: rad ia tion  from short dipoles, small loops; resonant wire 
antennas; long wire antennas, linear arrays and  p a tte rn  synthesis; im pedance 
properties of wire antennas, includ ing  m u tu a l im pedance, parasitic elem ents; 
wire receiving antennas. A perture  antennas: uniqueness theorem  for vector 
fields, equivalence and  induction  principles; rad ia tion  from open-ended wave
guides, horn  antennas, reflector antennas; B abinet’s principle; slot antennas. 
Laboratory experim ents will be conducted on an an tenna  range. At the level 
of Jordan , Electromagnetic Waves and Radiating Systems. Messrs. Brice and 
Ott.

[4568. ADVANCED A N TEN N A  M ETH O D S AND PROBLEM S (g)]
C redit 3 hrs. Spring. 3 Lect. Prerequisites, 4567 o r equivalent, 4511 or equ iva
lent. Huygens’ princip le for electrom agnetic fields, application  to problem s 
of diffraction and apertu re  radiators; surfacewave antennas; various special
ized antennas, helical, log periodic, radio astronom y systems, space and satel
lite systems; rad ia tion  in dielectric and  plasma media, including m edia in 
m otion; an tenna  therm odynam ics. Not offered 1968-69.

LABORATORY

4421-4422. ADVANCED ELEC TR IC A L LABORATORY (u)
C redit 4 hrs. May be taken in the fall and spring term s consecutively o r 
separately. 1 Lect., 2 Lab. Prerequisite, 4322 o r consent of instructor. Advanced 
experim ents concerning a wide range of topics app ro p ria te  to electrical 
engineering, and  lectures concerning experim ental techniques and practical 
aspects of electronics. A bout th irty  different experim ents are available concern
ing topics of transistor and tube amplifiers, feedback, class-C am plifiers and 
oscillators, gyrators, double tuned  circuits, push-pu ll amplifiers, m ultiv ibrators, 
operational amplifiers, sw itching systems, oscillator synchronization, noise 
properties, microwave circuits, microwave propagation  and scattering, sem i
conductor properties such as the hall effect and m inority  carrier m obility, 
helicon waves, G unn and avalanche diode oscillators, lasers, propagation  of 
electrom agnetic waves, antennas, and  a-c and  d-c m achines. T h e  studen t is 
expected to perform  three  o r four experim ents per term , selected to m eet 
his needs. Em phasis is placed upon independent work. M r. N ation  and Staff.

4520. GRA DUA TE LABORATORY (g)
C redit 3 hrs. Fall norm ally, b u t e ith e r term  if dem and is sufficient. 1 Lab. 
Choice of three to five experim ents in the fields of solid-state and q uan tum  
electronics, microwave electronics, vacuum  and  physical electronics, optics,
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radio and  com m unication circuits, networks, transm ission lines, antennas, 
propagation  of electrom agnetic waves, plasm a physics, and  electrical m a
chinery. Mr. Eastm an.

ELECTRONICS

4431-4432. ELEC TR O N IC  C IR C U IT  DESIGN (u)
C redit 3 hrs. per term . T h ro u g h o u t th e  year. 2 Lect.-Rec., 1 Lab. Prerequisite,
4322. Design techniques for circuits used in electronic instrum entation . C ircuits 
will be designed to provide specific functions, th en  constructed and tested in 
the  laboratory. At the  level of M illm an and  T au b , Pulse Digital and Switching 
Waveforms. Mr. Bryant.

4433. SEM ICO NDU CTO R ELECTRO N ICS I (u,g)
C redit 4 hrs. Fall. 3 Lect., 1 Lab. Prerequisite, 4302, 4322. Band theory of 
solids; properties of sem iconductor m aterials; th e  physical theory of p-n 
junctions, m etal-sem iconductor contacts, and p-n junction  devices; device 
fabrication; properties of sem iconductor devices such as diodes and  rectifiers, 
light-sensitive and ligh t em itting  devices, field-effect and  b ipo lar transistors, 
un ijunc tion  transistors, p-n-p-n devices (diodes, controlled rectifiers, and 
switches), etc.; device equivalent-circuit models; field-effect an d  bipo lar tra n 
sistor am plifier stages. At the  level of the  Sem iconductor Electronics E duca
tion Com m ittee (S.E.E.C.) Series, Vols. 1—I. Mr. Ankrum .

4434. SEM ICO NDU CTO R ELECTRO N ICS II (u,g)
C redit 4 hours. Spring. 3 Lect., 2 Lab. Prerequisite, 4433. A continuation  
of Sem iconductor Electronics I w ith  em phasis on the application  of sem i
conductor devices as active o r passive elem ents in circuits for use as power 
supplies, power controls, amplifiers, oscillators and m ultiv ibrators, pulse 
circuits, gates and switches, etc.; transistor noise; in tegrated  circuits. A t the 
level of the  S.E.E.C. Series. Vols. 5 and 6; and Gentry, Semiconductor Con
trolled Rectifiers: Principles and Application of p-n-p-n Devices. Mr. A nkrum .

4531. Q U A N TU M  ELECTRO N ICS I (g)
C redit 4 hrs. Fall. 3 Lect., 1 Rec.-Comp. Prerequisites, 4311, 4412, and  Physics 
443 or 4411. A detailed treatm ent of the  physical princip les underly ing  m icro
wave and  optical masers and related  fields. Topics will include a b rief review 
of q uan tum  mechanics and the  theory of angular m om entum ; spectroscopy 
of free atom s and  ions w ith particu la r em phasis on the application  of the 
results to neu tra l and  ionized noble gas masers; theory of in teraction  of 
rad ia tion  and  m atter; q uan tum  theory of coherence; a thorough study of 
the steady-state and dynam ic characteristics of m icrowave and  optical masers. 
A t the  level of Yariv, Quantum Electronics. Mr. Tang.

4532. Q U A N TU M  ELECTRONICS II (g)
C redit 4 hrs. Spring. 3 Lect., 1 Rec.-Comp. Prerequisite, 4531 or consent of 
instructor. A continuation  of the trea tm en t of the  physical principles u n d e r
lying masers and related  fields. Topics will include a consideration of m icro
wave and optical spectroscopy of im purity  ions in  solids w ith particu la r 
em phasis on the application  of the results to  microwave and  optical solid 
state masers; density m atrix  and  its applications in  the study of m asers and 
related  problem s; nonliner optical phenom ena and m ultip lepho ton  processes; 
in teraction  of intense light waves w ith m olecular vibrations and elastic waves; 
theory and  properties of m olecular and  sem iconductor masers; characteristics 
of optical resonators. At the level of Yariv, Quantum Electronics. Mr. T ang.
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4535. SOLID STA TE DEVICES I (g)
C redit 4 hrs. Fall. 3 Lect. Prerequisite, 4412 or equivalent. Available to fourth- 
year students w ith permission of instructor. A study of the  properties of 
sem iconductor devices w ith em phasis on low frequency operation  (below 1000 
GHz). Devices based on the  tunnel effect: tunnel diodes, field em itte r cathodes, 
th in  film resistors. Devices based on charge flow across semiconductor-semi- 
conductor contacts: p-n diodes, avalanche diodes, transistors, field-effect t ra n 
sistors, un ip o la r transistors. Devices based on m etal-sem iconductor contacts: 
Shottky diode, Shottky triode. Em phasis is placed on determ in ing  the  factors 
determ ining perform ance capabilities. Equivalent circuits are developed. T h e  
student will carry ou t e ith e r a term  laboratory  project o r p repare  a term  
paper on an ap propria te  contem porary topic. T h e  course is presented a t the 
level of Moll, Physics of Semiconductors (McGraw Hill), and  of cu rren t papers 
published in  the  IEEE Transactions on Electron Devices. Mr. Dalm an.

4536. SOLID STA TE DEVICES II (g)
C redit 4 hrs. Spring. 3 Lect. Prerequisite, 4551 or equivalent. Available to 
fourth-year students w ith permission of instructor. A study of the properties 
of sem iconductor devices w ith em phasis on high frequency operation  (above 
1000 GHz). T h e  approaches to the  analysis to be studied  are: Ballistic 
analysis, electronic-netw ork analysis (Llewellyn-Peterson), space-charge wave 
and coupled-m ode analysis. Devices studied include: avalanche microwave d i
ode (Read diode), microwave transistors, tunnel diodes, G unn oscillators, 
injection lasers. Em phasis is placed on determ in ing  the factors th a t determ ine 
the perform ance capabilities. Equivalent circuits are developed. T h e  studen t 
will carry ou t e ith e r a term  laboratory  project o r p repare  a term  p ap er on an 
ap propria te  contem porary topic. T h e  course is presented a t the  level of 
cu rren t papers published in  the IEEE Transactions on Electron Devices. Mr. 
Dalman.

4538. ELEC TR O M A G N ETIC  PR O PE R T IE S OF SOLIDS (g)
C redit 4 hrs. Spring. 3 Lect., 1 Rec. Prerequisites, Physics 454 or 4412 and 4511 
(Electrodynamics) o r consent of instructor. Microscopic in te rp re ta tio n  of 
complex perm ittiv ity  and perm eability: electronic, atom ic, o rien tation  and  
space charge polarization; in teraction  of elem entary m agnetic m om ents; d i
electric dispersion via resonance and relaxation, plasm a resonance; q uan tum  
theory of dielectric constant; local in te rnal field and  spontaneous ordering; 
in troductory  lattice dynamics, lattice frequency spectrum , in troductory  group 
theory and application  to derivation  of selection rules for in frared  and  
R am an active norm al modes; extended frequency analysis of v ibrational 
spectra. Mr. Ballantyne.

4631—1632. T H E  PHYSICS OF SOLID STA TE DEVICES (g)
C redit 2 o r 3 hrs. per term . Fall and spring. 2 Lect. Prerequisite, 4536 or 
permission of instructor. T h e  analysis of solid state devices of cu rren t interest 
(avalanche, LSA, G unn devices, etc.) will be considered in sufficient detail to 
understand some of the  lim itations of analysis a n d /o r  physical understand ing  
th a t are involved in the design of such devices. T ow ard  this end, the  relevant 
aspects of the transport p roperties of warm and ho t charge carriers and the 
com plications of band struc tu re  will be considered. In o rder to deal thoroughly 
w ith these basic aspects, the num ber of devices considered will be lim ited, 
bu t subjects of specific interest to individuals may be considered on a sem inar 
basis. Mr. Lee.
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POWER SYSTEMS AND MACHINERY
[4441. CON TEM PORARY ELECTRICA L M ACHINERY I (u,g)]
C redit 3 hrs. Fall. 2 Lect.-Rec., 1 Lab.-Comp. Prerequisite, 4302. Em phasis on 
engineering principles. R eal and reactive power requirem ents of core m aterials 
w ith symmetrical and w ith biased m agnetizing forces; analysis and  character
istic p rediction  of high-efficiency transform ers; m agnetic amplifiers, energy 
transfers am ong electric circuits, m agnetic fields and m echanical systems; con
trol of m agnetic field d istribu tion  by reluctance and  w inding d istribu tion ; 
travelling fields from polyphase excitation; elem entary idealized com m utator- 
type, asynchronous, and  synchronous machines. N ot offered 1968-69.

[4442. C ON TEM PORARY ELEC TR IC A L M ACHINERY II (u,g)]
C redit 3 hrs. Spring. 2 Lect-Rec., 1 Lab.-Comp. P rerequisite, 4302. Emphasis 
on engineering principles. P roduction  of air-gap m agnetic fields; elem entary 
and  idealized ro ta ting  machines; steady-state and  transien t characteristics of 
realistic ro ta ting  m achines; a-c com m utator-type single phase motors; poly
phase synchronous, and  single phase induction  m achines; recently developed 
types: Saturistor m otor, self-excited a-c generators; m iscellaneous ro tary  d e 
vices; Hysteresis m otor, selsyns, am plidynes, frequency converters. N ot offered 
1968-69.

4443. PO W ER  SYSTEM E Q U IPM E N T  (u,g)
C redit 3 hrs. Fall. 2 Lect., 1 Comp. Prerequisite, 4302. System equipm en t and 
control param eters are studied. T est requ irem ents for electrical ap p ara tu s 
for conventional and  nuclear electrical power production  and  d istribu tion  are 
considered. Prim e movers, generators and  th e ir accessories, switchgear, p ro 
tective devices, power transform ers, converters, towers, conductors, regu lating  
devices, and da ta  gathering  and com puter contro l systems are analyzed. In 
spections of nearby station equ ipm en t are p lanned  to supplem ent classroom 
work. Mr. Zim m erm an.

4444. H IG H  VOLTAGE PH EN OM ENA (u,g)
Credit 3 hrs. Spring. Prerequisite, 4302. T h e  study of problem s of the  norm al 
operation  of power systems a t very h igh voltages, of the ab norm al conditions 
imposed by lightn ing, of the m ethods em ployed to assure p ro p er operation  
of power systems and ap p ara tu s un d er high-voltage conditions, and of the 
devices available for laboratory  testing of equ ipm en t un d er actual o r sim u
lated conditions. An invita tion  to visit electrical m anufactu ring  test facilities 
is usually accepted. Considerable a tten tion  is given to dielectric behavior 
and  testing techniques. Mr. Zim m erm an.

4445-4446. E LEC TR IC  ENERGY SYSTEMS I AND II (u,g)
C redit 4 hrs. pe r term . 3 Lect.-Rec.-Comp. Prerequisites, 4422 o r 4302 and 
consent of instructor. T h e  physical and  engineering principles underly ing  
steady-state and  transient operation  and  contro l of m odern electric-power 
systems, w ith em phasis on the  characteristics of m ajo r power-system p aram 
eters. T heory  of electrom echanical energy converters, power transform ers, 
conventional transmission lines and  cables, h igh-voltage-direct-current systems, 
power networks and  o th er power-system com ponents; use of the d igital com
p u ter as a dynam ic “laboratory” m odel of a complex pow er system for load 
flow, fault, transient stability, and economic-analysis studies. Laboratory- 
com puting periods will include selected experim ents w ith electrom echanical 
energy converters. At the level of Stevenson, Elements of Power System A nal
ysis (2nd ed.). Mr. Linke.
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RADIO AND PLASMA PHYSICS

[4461. WAVE PH ENOM ENA IN T H E  A TM O SPH ER E (u,g)]
C redit 3 hrs. Fall. 3 Lect.-Rec. Prerequisites, 4302, 4312. An elem entary 
treatm ent of wave phenom ena in the atm osphere of the earth  including 
gravity waves, p lanetary  waves, acoustic waves, radio waves, and plasm a waves; 
a tten tion  is directed to the role of these phenom ena in various atm ospheric 
processes and engineering problem s, such as weather, pollu tion , radio com 
m unication, atom ic fall-out. N ot offered in  1968-69.

[4462. RADIO EN G IN EER IN G  (u,g)]
C redit 3 hrs. Spring. 3 Lect.-Rec. Prerequisites, 4312, 4401. A study of electrical 
systems for com m unications, control, detection, and o th er purposes, in which 
radiowaves play a central role: system functions, including generation, m odu
lation, transmission, reception, and  dem odulation; guidance, rad ia tion , and 
propagation  of radiowaves, including transmission lines and  waveguides, 
an tenna systems, and the effects of atm ospheric inhom ogeneity; system design 
problem s. N ot offered in 1968-69.

4464. ELEM ENTARY PLASMA PHYSICS AND GAS DISCHARGES (u,g) 
C redit 3 hrs. Spring. 2 Lect., 1 Lab. Prerequisite, 4312 or equivalent. A review 
of electrom agnetic wave theory. Plasma as a dielectric m edium , plasm a oscilla
tions and waves, interaction of electrom agnetic waves w ith a plasma, gas 
discharges, positive colum n, plasm a sheath, L angm uir probes, collisions, m ag
netohydrodynam ics, M HD generator. L aboratory work will include experi
m ents w ith microwave circuits, gas discharges, lasers and  application  of 
m easurem ent techniques to laboratory  plasmas. Messrs. N ation and W harton .

4551-4552. U PPER  A TM O SPH ER E PHYSICS I AND II (u,g)
C redit 3 hrs. each term . Fall and  spring. 3 Lect. Prerequisite, 4312 or 
equivalent. T h e  physical processes governing the behavior of the  e a r th ’s 
ionosphere and m agnetosphere will be considered. Topics covered will include 
the  production, loss, and transport of charged particles in the ionosphere and 
m agnetosphere; tem pera ture  variations; airglow; tidal m otions, winds, and 
gravity waves in the ionosphere; the electrical conductivity of the  ionosphere, 
the dynam o cu rren t system, and the equatoria l and au ro ra l electrojets; the 
interaction between the m agnetosphere and the solar wind; the acceleration 
and d rift of energetic particles in the m agnetosphere; the p recip ita tion  of 
particles and  the aurora; m agnetic and ionospheric storms. M r. Farley.

4561. IN T R O D U C T IO N  T O  PLASMA PHYSICS (u,g)
Credit 3 hrs. Fall. 3 Lect. Prerequisites, 4311, 4312 or equivalent. O pen to 
fourth-year students a t discretion of instructor. Plasm a state; m otion of 
charged particles in fields; ad iabatic  invariants, collisions, coulom b scattering; 
Langevin equation; transport coefficients, am bipolar diffusion, plasma oscil
lations and waves; hydrom agnetic equations; plasma confinement, energy 
principles and  microscopic instabilities; test particle  in a plasma; elem entary 
applications. At the level of Longmire, Elementary Plasma Physics. Mr. Sudan.

4562. WAVES IN  PLASMAS (u,g)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, 4561. M agnetoactive cold plasma 
theory, CMA diagrams, plasma and cyclotron waves, whistlers, hydrom agnetic 
waves, bounded plasmas, shocks, rad ia tion ; applications to laboratory  and 
n a tu ra l phenom ena. At the level of Stix, Theory of Plasma Waves. Mr. Nation.



144 COURSES—ELECTRICAL ENGINEERING

4564. ADVANCED PLASMA PHYSICS (u,g)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, 4561. Boltzm ann and Vlasov 
equations; m om ents of kinetic equation , Chew-Goldberger-Low theory, waves 
in ho t plasmas, Landau dam ping, instabilities due to anisotropies in  velocity 
space, gradients in  m agnetic field, tem pera tu re  and  density, etc., effects of 
collisions and Fokker-Planck terms; h igh frequency conductivity  and fluctu 
ations, quasi-linear theory; non linear wave interaction , weak tu rbu lence and 
tu rb u len t diffusion. Mr. Sudan.

4565^566. RADIOW AVE PR O PA G A TIO N  I AND II (g)
C redit 3 hrs. each term . Fall and  spring. 3 Lect. Prerequisites, 4312 and  4401 
or equivalent. Propagation  in the  e a r th ’s environm ent: the  troposphere, iono
sphere, m agnetosphere, and  in te rp lane tary  space. T opics covered will include 
diffraction and  surface wave propagation; tropospheric refraction  and  ducting; 
p ropagation  in the ionospheric plasm a including m agnetoionic theory, the 
CMA diagram , cross-m odulation and  Faraday ro ta tion , w histler m ode p ro p a 
gation, ion effects and ion whistlers, group  velocity and  ray tracing, WKB 
solutions of the coupled wave equations, and  full wave solutions; interactions 
betw een particles and  waves in the m agnetosphere; ra d ar astronom y; the 
scattering of rad io  waves from random  fluctuations in refractive index: tro p o 
spheric and  D region ionospheric scatter propagation , incoherent scatter from 
the ionosphere and  its use as a diagnostic tool, radio  star and  satellite scin tilla
tions and  th e ir use in studying the  ionosphere and  solar wind. Mr. Brice.

4661. K IN ETIC  EQU A TIO N S (g)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, Physics 561, 562 or perm ission of 
instructor. Designed for students w ishing a firm foundation  in fluid dynamics, 
plasm a kinetic theory, and  nonequ ilib rium  statistical m echanics. Brief review 
of classical dynamics. T h e  concept of the  ensemble and  the  theory of the 
Liouville equation . Prigogine and Bogoliubov analysis of the  BBKGY se
quence. C hapm an-Kolm ogorov analysis of M arkovian kinetic equations. 
Derivation of fluid dynamics. Kinetic form ulation  of the stress tensor. Boltz
m ann, Krook, Fokker-Planck, L andau and Balescu-Lenard equations. P ro p 
erties and  theory of the L inear Boltzm ann collision operator. C hapm an-Enskog 
and  G rad m ethods of solution of the  Boltzm ann equation . E quilib rium  
prescrip tion  of the approach to equ ilib rium . Coarse g rain ing  and  ergodic 
theory. At the level of Prigogine, Nonequilibrium Statistical Mechanics. Mr. 
Liboff.

COMMUNICATIONS
4472. IN T R O D U C T IO N  T O  ALGEBRAIC COD ING (u,g)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, M athem atics 293 o r equivalent. 
In tended  for students interested in inform ation  theory o r dig ital systems. 
Codes for correcting errors in data  transm ission or processing: G roup codes, 
H am m ing codes, B ose-Chaudhuri codes. Bounds on perform ance. Codes for 
d ata  compression and storage: V ariable-length codes, prefix codes. Codes for 
synchronization and  th e ir application  to  location of d istan t objects by radar. 
Analysis of these codes in  term s of the underly ing algebraic theory. Im p le 
m entation  by sequential m achines. T h e  algebraic theory (groups, fields, etc.) 
will be developed as needed. Mr. Sloane.

[4673. PR IN C IPLES OF ANALOG AND D IG ITA L 
C O M M U N IC A TIO N  (g)]
C redit 4 hrs. Fall. 3 Lect. Prerequisite, 4508 or consent of instructor. T h e  
course uses the  fundam entals of inform ation  theory, signal theory, and s ta 
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tistical estim ation and decision theory to form ulate approaches to the solution 
of problem s arising in d igital and analog com m unication. P articu lar topes are: 
receiver and signal design, p robability  of error, capacity, threshold effects for 
the additive Gaussian channel. Extensions to the additive Gaussian channel: 
feedback, random  gain and  phase, diversity. T im e-varian t Gaussian channels; 
receiver and  signal design, p robability  of error, and capacity. At the level of 
V iterbi, Principles of Coherent Communication. N ot offered 1968-69.

4674. TRANSM ISSION OF IN FO R M A TIO N  (g)
C redit 4 hrs. Fall. 3 Lect. Prerequisite, 4507 or M athem atics 571 or consent 
of instructor. A course applying inform ation  theory to the analysis and 
design of com m unication systems. Selection of fidelity criteria  for accurate 
and efficient transmission of inform ation . Efficient representation  of ou tp u ts  
of message sources. T h e  entropy m easure and  its properties. Encoding for 
reliable com m unication th rough  discrete memoryless noisy channels. R ate  of 
inform ation transmission and the p robab ility  of decoding error, channel 
capacity. Systematic codes and  the instrum entation  problem . Sequential de
coding. Coding and decoding for the band-lim ited  Gaussian channel. Coding 
of sources w ith a fidelity criterion. A t the level of F. Jelinek, Probabilistic 
Information Theory. Mr. Berger.

[4676. DECISION AND ESTIM A TIO N  T H E O R Y  FOR 
SIGNAL PROCESSING (g)]
C redit 4 hrs. Fall. 3 Lect. Prerequisite, a t least coregistration in 4507 or 
M athem atics 571. An exam ination  of selected decision or estim ation problem s 
encountered in the design and analysis of rad ar/so n a r target discrim ination, 
signal dem odulation , and  p a tte rn  classification systems. T h e  hypotheses of 
risk and  uncertain ty , the  role of objectives, criteria  for evaluating  decision 
or estim ation procedures and characteristics of such procedures. A dditional 
topics, draw n from the fields of param etric  and nonparam etric  statistics, 
em pirical tim e series analysis, and nonprobabilistic  decision o r estim ation 
procedures, will be treated  as requ ired  for the resolution of the  selected 
problem s. Not offered in 1968-69.

COMPUTING SYSTEMS AND CONTROL  

4481-4482. FEEDBACK C O N T R O L  SYSTEMS (u,g)
C redit 4 hrs. Fall and spring. Prerequisite, 4302 or consent of instructor. 
Principles of feedback control systems w ith em phasis on m ethods of analysis 
and synthesis to m eet prescribed perform ance criteria . One-sided Laplace 
transform  applications; electronic, electrom echanical, electrohydraulic, and 
pneum atic com ponents; cascade and  feedback com pensation of linear control 
systems. Com mon physical nonlinearities encountered  in control systems; phase 
plane and describing function; nonlinear com pensation; dual m ode systems; 
relay control systems. Z-transform ; analysis of sam pled data  systems; d igital 
com pensation; optim ization of sam pled data  systems. Laboratory work con
sists of experim ents in: com ponents, transien t and frequency response m eas
urem ents; com pensation on linear and  nonlinear control systems; sim ulation, 
design and  optim ization of control systems by analog and d ig ita l com puters; 
projects of the stu d en t’s choice. At the level of D ’Azzo and Houpis, Control 
System Analysis and Synthesis. Mr. Curry.

4483. ANALOG C O M PU T A T IO N  (u,g)
C redit 4 hrs. Fall. 2 Lect., 1 Lab. Prerequisites, concurrent registration in 4401 
or an equivalent background w ith consent of the  instructor. Concepts and
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principles of analog com putation  and sim ulation  as applied  to engineering 
analysis and design. L inear, tim e varying, and  nonlinear differential equations. 
A utom atic iterative and  basic optim ization techniques using d ig ital logic. 
L aboratory work w ith general-purpose analog com puters. Course develops 
fundam ental ideas to include subjects a t the level of Levine, Methods of 
Solving Engineering Problems Using Analog Computers. Mr. Vrana.

4484. ANALOG-HYBRID C O M PU T A T IO N  (u,g)
C redit 3 or 4 hrs. by perm ission of instructor. Spring. 2 Lect., 1 Lab. P re 
requisite, 4483. T heory, design, characteristics and  program m ing of analog- 
orien ted  hybrid  com puter systems; analog-digital com puter linkage com 
ponents; e rro r analysis and erro r com pensation in hybrid  com putation; theory 
and laboratory  work on analog iterative procedures, boundary  value problem s, 
optim ization and  random  search. T h e  laboratory  work will m ake use of an 
analog com puter linked w ith d ig ital logic com ponents. M r. Vrana.

4487-88. SW ITC H IN G  TH EO R Y  AND SYSTEMS (g)
C redit 3 o r 4 hrs. per term  (4 hrs. w ith laboratory). Fall and spring. 3 Lect., 
1 Lab. Prerequisite, M athem atics 293-294 or equivalent. First term  prerequisite  
to second. M athem atical foundation , sw itching devices, logical form ulation 
and  realization of com binational sw itching circuits; function m inim ization 
and decom position, fault detection and diagnosis; im plem entation  algorithm s; 
threshold logic, num ber representation  and codes; iterative netw ork; simple 
mem ory devices; synchronous and  asynchronous sequential circuit, regular 
expression; circuit equivalence; decom position theorem s and  a lgorithm s for 
secondary assignments; hazards in sw itching circuits; logic design of general- 
purpose d igital com puters. T opics for the op tional laboratory  session: design 
and  construction w ith solid-state m odules of counters, shift registers, adders, 
o th er arithm etic  circuits in  d ig ital com puter, and  general sequential networks. 
Mr. T orng.

4505^506. O PTIM IZA TIO N  AND A PPR O X IM A TIO N  TEC H N IQ U ES 
I AND II (g)
C redit 4 hrs. Fall and  spring. 3 Lect. Prerequisites, 4402 and  cu rren t regis
tra tion  in  4503 or consent of instructor. O ptim ization and approxim ation  
techniques used in the  synthesis of systems and  signals, w ith applications in 
control and com m unication. Signal approx im ation  problem s; Kautz filters, 
m easurem ent of expansion coefficients, com plem entary filters. Exam ples of 
signal approxim ation  problem s in biological and  electrical systems. O ptim um  
pole positions for exponential approx im ation . C om putational m ethods for 
param eter optim ization and  approxim ation  problem s. Form ulation  of de 
term inistic  control optim ization problem s; m inim al tim e, m in im al fuel, regu
lato r problem s. In troduction  to variational m ethods. Solution of tw o-point 
boundary-value problem s by control vector iteration . Statistical optim ization 
problem s. Synthesis of op tim al filters and  feedback controllers. Mr. M erriam .

4588. BIONICS AND R O B O TS (T heoretical and A pplied Mechanics 1157)
(u.g)
C redit 3 hrs. Fall. 3 Lect. Prerequisites, elem entary differential equations, 
linear algebra and probability , o r consent of instructor. E ngineering app lica
tions of strategies and  tactics of biological systems. M achines th a t learn. 
Artificial intelligence. Cybernetics, inform ation  and  adaptive control. R eliable 
systems from unreliable  com ponents. Self-organizing systems. Features in p a t
terns. N eural nets, perceptrons, threshold  logic, m adelines. B rain models. 
Behavior models. M achines for proving theorem s, playing games, navigating, 
exploring. Problem s of sensors, perception, recognition and recall. Problem s
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of m achines learn ing  concepts, English, n a tu ra l environm ents. M achine tran s
lation. H euristic program m ing. A utom ata, pu re  and applied. Robots, h a rd 
ware and software. Self-reproducing and self-repairing machines; m odels for 
embryology, developm ent and evolution. In troduction  to algebraic linguistics, 
T u rin g  m achines, and com putability , G odel’s theorem , the  E uler-D iderot 
M etatheorem . Mr. Block.

4681. RANDOM  PROCESSES IN C O N TR O L  SYSTEMS (g)
C redit 4 hrs. Spring. 3 Lect. Prerequisites, 4508 and 4506. Prediction and filter
ing in  linear control systems; Gaussian-M arkov sequence, Gaussian-M arkov 
process, prediction  problem , H am ilton ian  form ulation of filtering problem , 
generalized W iener filtering, stochastic op tim al and adaptative control p ro b 
lems. Selected topics: Bayes decision rule, m in-m ax policy, m axim um  likeli
hood estim ate, control of systems with uncertain  statistical param eters; sto
chastic differential equations, optim al nonlinear filtering; Gaussian in p u t 
describing function, stability of control systems w ith random  param eters. Mr. 
T horp .

GENERAL

4591-4592. PR O JE C T  (u.g)
C redit 3 hrs. Fall and spring. Ind iv idual study, analysis, and usually experi
m ental tests in connection with a special engineering problem  chosen by the 
student after consultation w ith the faculty m em ber d irecting his project; an 
engineering report, on the project is required.

4593. FUNDAM ENTALS OF ACOUSTICS (u,g)
Credit 4 hrs. Fall. 3 Lect., 1 Lab. For first year g raduate students and qualified 
seniors. V ibrations in strings, bars, m em branes and plates; plane and  spher
ical acoustic waves; transmission, reflection, absorption, resonators, filters; 
loudspeakers and  m icrophones; speech, hearing, and noise; arch itectural 
acoustics; ultrasonic and sonar transducers; underw ater acoustics. At the 
level of Kinsler and Frey, Fundamentals of Acoustics. Mr. Ingalls.

4595^596. ELECTRICA L EN G IN EER IN G  DESIGN (g)
C redit 3 hrs. per term . Offered for students enrolled in the M. Eng. (E.) P ro 
gram. A course u tilizing real engineering situations in which to present 
fundam entals of engineering design.

4700-4800. SPECIAL TO PICS IN ELEC TR IC A L EN G IN EER IN G  (g) 
C redit 1 to 3 hrs. Seminar, reading course, o r o ther special arrangem ent 
agreed upon between the students and faculty m em bers concerned.

Courses for O ther Engineering Curricula
4921-4922. ELECTRICA L EN G IN EER IN G  LABORATORY (u)
C redit 1 hr. each term . 1 Lab. An in troduction  to electrical and electronic 
instrum entation , high-vacuum  and solid-state devices, analog com putation, 
and sw itching circuits.

4941-4942. IN T R O D U C T O R Y  ELEC TR IC A L EN G IN EER IN G  (u)
C redit 3 hrs. per term . 2 Lect., 1 Rec.-Comp. Prerequisites, M athem atics 192, 
Physics 122 and at least coregistration in M athem atics 293 and Physics 223.
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T h is  sequence provides an  in troduction  to the  two broad  in terre la ted  areas of 
systems and  electrophysics in electrical engineering. T h e  four m ajor topic areas 
of circuits, electronics, control systems, and  electrom echanics are treated  
th roughou t the year by exam ining the p rincipal devices encountered  in 
each area and considering th e ir application . A lthough em phasis is placed 
on practical aspects, a unified trea tm en t of devices and  circuits is developed 
which can be applied  to advanced topics beyond the scope of the sequence. 
Some specific devices considered are transform ers, tubes, transistors, volt and 
amm eters, m otors, and generators. At the level of Fitzgerald, H igginbotham , 
and Grabel, Basic Electrical Engineering.

Courses for O ther Curricula
4110. AN IN T R O D U C T IO N  T O  C O M PU T E R  TECH N O LO G Y  (u)
C redit 3 hrs. Fall. 2 Lect., 1 Lab. A course for freshm en and  sophom ores w ith 
little  o r no background in technology. C oncurrent registration in calculus 
desirable b u t not required . Covers in some detail the  underly ing  technology 
of d ig ital and  analog com puters, th e ir  com ponent parts, organization, app lica
tion, and  im pact on various aspects of society. In  the laboratory  sessions, 
readily  understood devices are assem bled to perform  m any sim ple tasks of 
the sort requ ired  in a com puter. Includes lectures and  exercises on the  use of 
CUPL, a dig ital-com puter program m ing language em ployed on th is cam pus 
w ith the IBM 360. Mr. Bryant.

ENGINEERING PHYSICS

(For descriptions of courses see the  section Applied Physics.)

ENVIRONMENTAL SYSTEMS ENGINEERING

(see page 115.)

GEOTECHNICAL ENGINEERING

(see page 118.)

INDUSTRIAL ENGINEERING AND 
OPERATIONS RESEARCH 

Service Courses
[9110. IN T R O D U C T O R Y  IN D U STR IA L EN G IN EER IN G  (u)]
C redit 3 hrs. Spring. 2 Rec., 1 Lab.-Comp. Prerequisite, 9170. An in tro 
duction to m odern industria l engineering w ith  em phasis on the  design 
activities of industria l engineers in specifying workplaces in to  in tegrated  
m an-m achine activity in  such systems. Q ueuing theory, line balancing, and 
in troductory  concepts of linear p rogram m ing will be presented  as analytical
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m ethods to be used in the analysis of p lan t design problem s. Laboratory 
work and com puting problem s will be drawn from situations of interest 
to chemical, m echanical, electrical, and  civil engineers. N ot offered 1968-69.

9114. CONSUM ER PRO D U CTS EN G IN EER IN G  (Same as Chem. Eng. 
5790) (g)
C redit 3 hrs. Fall. 2 Lect., 1 Comp. Open to qualified seniors and  M.Eng. 
students. T h e  organization and the  in terrela ted  departm ental functions for 
the developm ent of new7 consum er products. Case studies are draw n from 
the food industry  to describe the  special problem s and situations encountered. 
T h e  role of scientists and engineers in the consum er products industries is 
stressed. Staff will be from industry.

9170. IN T R O D U C T O R Y  EN G IN EER IN G  STATISTICS (u)
Credit 3 hrs. Both term s. 2 Rec., 1 Com p. Prerequisite, M athem atics 294 or 
equivalent. Applications of p robability  theory and  statistics to industria l 
and engineering problem s; po in t and confidence interval estim ation; sta 
tistical testing of hypothesis; properties of binom ial, Poisson, and  hyper
geometric distributions, and applications to sam pling inspection problem s; 
large sam ple theory and the norm al d istribu tion , small sam ple theory and 
S tudent’s t and Chi-square d istributions; in troduction  to correlation theory 
and curve fitting by least squares.

Required  Courses
9301. IN T R O D U C T IO N  T O  IN D U STR IA L EN G IN EER IN G  (u)
C redit 3 hrs. Fall. 2 Lect., 1 Rec. An in troduction  to industria l engineering 
with em phasis on the  changing character of m odern industria l engineering 
practice. T h e  work of the early industria l engineers will be studied, and  the 
im pact of the developing science of operations on design m ethodology asso
ciated with the engineering of complex m an-m achine systems will be reviewed. 
T h e  relationship  of systems engineering, industria l engineering, adm in is
trative engineering, m anagem ent engineering, operations engineering, o p er
ations analysis, operations research, and m anagem ent science will be discussed. 
Typical problem s of interest to present-day industria l engineers and  research
ers will also be discussed to dem onstrate the range of interest and application  
of industria l engineering m ethodology.

9303. IN D U STR IA L EN G IN EER IN G  LABORATORY (u)
Credit 4 hrs. Spring. 2 Lect., 2 Lab. Em phasis will be placed on the devel
opm ent of the scientific m ethod as it relates to industria l engineering s itu 
ations. Problem  definition, developm ent of hypotheses, and experim entation  
will be discussed w ith relevant techniques of m easurem ent, estim ation, design 
of experim ents, prediction, and perform ance evaluation.

9310. IN D U STR IA L EN G IN EER IN G  ANALYSIS (u)
C redit 4 hrs. Fall. 3 Lect., 1 Comp. Prerequisites, 9350 and 9370, o r equivalent. 
T h e  application of cost, probability , and statistical theories in the analysis 
and evaluation of data  typical to industria l engineering  and operations re
search. Among the topics included are process capability  studies; tests for 
statistical control; industria l sam pling inspection procedures; statistical tech
niques in life and reliability  analysis; engineering economic analysis for invest
m ent and replacem ent; work m easurem ent; and probabilistic  m ethods in 
inventory planning.
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9320. D E T ER M IN IST IC  MODELS IN  IE  AND OR (u,g)
C redit 4 hrs. Fall. 3 Lect.-Rec., 1 Comp. Prerequisite, 9350. M athem atics 295. 
A nalytical techniques for the  solution of design, p lanning, and  operational 
problem s. L inear program m ing and the sim plex m ethod; transporta tion  p ro b 
lem and assignm ent problem s as special cases; the dual and  its in te rp reta tion ; 
the quadratic  assignm ent problem . Flows in networks and flow algorithm s; 
application  to the  transporta tion  problem . Practical application  of these 
techniques to m ake-buy decisions, p roduct m ix problem s, facility allocation, 
m achine grouping, rou ting  of m aterials hand ling  equ ipm ent, raw  m ateria l 
blending, and general operational p lann ing  problem s.

9321. PRO BA BILISTIC MODELS IN IE AND OR (u,g)
C redit 4 hrs. Spring. 3 Rec., 1 Comp. Prerequisite, 9360 or equivalent. Basic 
probabilistic  techniques will be developed and applied  in engineering  problem  
areas. T opics to be covered include: transform  m ethods (particularly  the 
z-transform  and  the LaPlace transform ); the  Poisson process w ith extensions; 
the general b irth -death  process; a variety of queueing  and  inventory models. 
T heoretical background and  derivations will be included to make clear the 
assum ptions and  lim ita tions of the m odels and  to in troduce the  studen t to 
the problem s of form ulation  of analogous m odels found in engineering  and 
operational situations.

9350. COST A CCO U N TIN G , ANALYSIS, AND C O N T R O L  (u)
C redit 4 hrs. Spring. 3 Lec.-Rec., 1 Com p. A ccounting theory and procedures, 
financial reports; p roduct costing in job o rder and  process cost systems— 
historical and  standard  costs; cost characteristics and  concepts for analysis, 
control, and  decision m aking; differences betw een accounting and  engineering 
objectives in the developm ent and uses of cost data. C apital budgeting, 
investm ent p lann ing , and  in troduction  to decision m aking based on eco
nom ic criteria.

9360. IN T R O D U C T IO N  T O  PR O B A B ILITY  T H E O R Y  W IT H  
EN G IN EER IN G  A PPLICA TIO N S (u)
C redit 4 hrs. Fall. 3 Lect.-Rec., 1 Comp. Prerequisite, M athem atics 294 or 
equivalent. Definition of p robability  and  basic rules of p robab ility  theory. 
R andom  variables, p robability  distributions, and expected values. Special dis
tribu tions im p o rtan t in  engineering work and  relations am ong them ; elem en
tary lim it theorems. In troduction  to stochastic processes and  M arkov chains, 
and  th e ir applications in  the construction of m athem atical m odels of op era 
tion, w ith em phasis on queu ing  and inventory models.

9370. IN T R O D U C T IO N  T O  STA TISTIC A L T H E O R Y  W IT H  
EN G IN EER IN G  A PPLICA TIO N S (u)
C redit 4 hrs. Spring. 3 Lect.-Rec., 1 Com p. P rerequisite, 9360. T h e  a p p li
cation of statistical theory to problem s associated w ith the  analysis of data  
and  inferences draw n therefrom . Principles of statistical inference: estim ating 
the value of unknow n param eters of p robability  d istributions, testing hy
potheses concerning these param eters; elem ents of statistical decision theory. 
In troduction  to correlation theory and curve fitting by least squares. A pplica
tions in  regression, statistical control, and  experim entation .

9381. IN T R O D U C T IO N  T O  C O M PU T E R  SCIENCE (u)
C redit 4 hrs. Fall. 2 Lect., 1 Rec.-Comp. In troduction  to the field of com 
p u te r  sciences including principles and characteristics of inform ation proc
essing equipm ent, program m ing languages, and applications. Topics are 
selected to illustra te  a wide range of cu rren t and  poten tial areas of app lication
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w ith em phasis being placed on the m odern d ig ital com puter as a sym bol-ma
n ip u la tin g  device ra th e r than  as an arithm etic  calculator. N um ber systems, 
com puter logic and organization, and  characteristics of cu rren t equ ipm ent 
are covered along w ith various aspects of program m ing. Also, in troductory  
concepts and problem s associated w ith using com puters in inform ation 
processing systems, real-tim e control systems, sim ulated experim entation , and 
the design process are considered.

Graduate Honors Section of U ndergraduate 
Courses
R egistration in the following courses will be by permission of the instructor 
o r departm en t head only. R egistrants will be lim ited  to those underg rad 
uates enrolled in an Honors program  or to g raduate  students taking a m ajor, 
a m inor, o r an advanced professional degree in the G raduate  Field of O pera
tions Research. O ther qualified students will be adm itted  only if section 
sizes perm it.

9460. IN T R O D U C T IO N  T O  PR O B A B ILITY  T H E O R Y  W IT H  
EN G IN EER IN G  A PPLICA TIO N S (u,g)
C redit 4 hrs. Fall. 3 Lec.-Rec., 1 Com p. T h is course covers the same topics 
as 9360 described above, bu t all lectures and com putings are independent of 
those for 9360.

9470. IN T R O D U C T IO N  T O  STA TISTIC A L T H E O R Y  W IT H  
EN G IN EER IN G  A PPLICA TIO N S (u,g)
C redit 4 hrs. Spring. 3 Lect., 1 Rec.-Comp. Prerequisite, 9360 o r 9460. T h is 
course covers the  same topics as 9370 described above, b u t all lectures and 
com putings are independent of those for 9370.

9481. IN T R O D U C T IO N  T O  C O M PU T E R  SCIENCE (Comp. Sc. 401) (u,g) 
Credit 4 hrs. Fall. 3 Lect., 1 Rec.-Comp. T h is  course covers the  same topics 
as 9381 described above.

Elective and Graduate Courses
9501. EN G IN EER IN G  A D M IN ISTR A TIO N  (g)
C redit 3 hrs. Spring. 3 Lect.-Rec. Prerequisite, g raduate  standing. O rganiza
tion of the  engineering function, p lann ing  and analysis of engineering 
activities. Project m anagem ent and control. Problem s of innovation and 
in troducing technological change. M easurem ent and evaluation of engineer
ing activities. Selected topics from cu rren t literatu re.

[9511. M A N U FA C TU R IN G  EN G IN EER IN G  (g)]
C redit 3 hrs. Fall. 1 Lect., 1 Rec.-Comp. In tended  for graduates o r qualified 
undergraduates. Prerequisite, 9311. T h e  analysis and  design of production  
facilities based on o u tp u t requirem ents of the system. A ttention  will be 
directed towards the in teraction  of processing m ethods and requirem ents 
with handling  m ethods and storage facilities. T h e  effects of various levels 
of m echanization on operating  costs and  in itia l investm ent will be studied. 
Not offered 1968-69.
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9512. STA TISTIC A L M ETHOD S IN QU A LITY  AND RELIA B ILITY  
C O N TR O L  (g)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, 9370 or equivalent. C ontrol concepts: 
control chart m ethods for a ttrib u tes and  for variables; process capability  
analysis; a ttrib u tes acceptance sam pling p lans and  procedures; double and 
m ultip le  sam pling plans; elem entary procedures for variables; acceptance- 
rectification procedures; basic re liability  concepts; exponential and norm al 
d istribu tions as m odels for reliability  applications; life and  re liability  analysis 
of com ponents; analysis of series and parallel systems; stand-by and re d u n 
dancy; elem entary sam pling-inspection procedures used for life and reliability .

[9513. SYSTEMS EN G IN EER IN G  (g)]
C redit 3 hrs. Spring. 2 Rec., 1 Lab. Elective for g raduate  studen ts and  q u a li
fied undergraduates. Prerequisite, 9320 and 9370 or permission of instructor. 
M ethods of describing, analyzing, and  m an ipu lating  complex, in terrela ted  
open systems. G raphical and m athem atical analysis. T echniques of design of 
transporta tion , service, and  inform ation systems and app ro p ria te  evaluation 
m ethods. N ot offered 1968-69.

9521. PR O D U C T IO N  PLAN NING AND C O N T R O L  (g)
C redit 4 hrs. Spring. 3 Lect.-Rec., 1 Comp. Prerequisites, 9320 and 9321, or 
perm ission of instructor. M ethods for the  p lan n in g  and contro l of large-scale 
operations w ith emphasis on m anufactu ring  systems. Am ong th e  areas covered 
will be sales and production  forecasting; m anufactu ring  p lanning; routing , 
scheduling, and loading; sequencing; dispatching; p lann ing  and  contro l of 
inventories. Em phasis will be on m athem atical, statistical, and com puter 
m ethods for perform ing these functions. T h e  em pirical systems and  procedures 
in  use will also be discussed and evaluated.

9522. O PER A TIO N S RESEARCH I (g)
C redit 3 hrs. Fall. 3 Lect.-Rec. Prerequisite, permission of the instructor. 
N ot open to students who have had 9320. M odel design, m ethodology of 
operations research, linear program m ing, transporta tion  problem , assignm ent 
problem , dual theorem , param etric  linear program m ing, in teger program m ing, 
non-linear program m ing, dynam ic program m ing, in troduction  to inventory 
theory; com prehensive problem s and case studies.

9523. O PER A TIO N S RESEARCH II (g)
C redit 3 hrs. Spring. 3 Lect.-Rec. P rerequisite, 9360, 9170, o r permission 
of the  instructor. N ot open to students who have had 9526. Models for 
inventory and production  control; replacem ent theory; q ueu ing  including 
standard  b ir th  and  death  process m odel and non-standard  models, a p p li
cation of queu ing  theory; sim ulation; game theory, illustra tive  exam ples and 
problems.

[9524. PROBLEM S IN  O PER A TIO N S RESEARCH (g)]
C redit 3 hrs. One 2-hr. m eeting weekly. Prerequisite, 9523 or equivalent. An 
advanced sem inar concentrating on problem  definition, m easures of effective
ness, applicability  of various analytical m ethods to the solution of real p ro b 
lems. N o t offered in 1968-69.

[9525. FLOW  AND SCHEDULING IN  N ETW O R K S (g)]
C redit 3 hrs. Spring. 3 Lect.-Rec. N etwork analysis for continuous static flow; 
feasibility theorems, capacity determ ination , m inim al cost operation . Sequenc
ing models for determ inistic discrete flow networks. D eterm ination  of capacity, 
rou ting  and discipline for networks of queues. N ot offered in  1968-69.
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9526. M A TH EM A TIC A L M ODELS-DEVELOl’M EN T 
AND A PPLIC A TIO N  (g)
C redit 4 hrs. Fall. 3 Lect.-Rec., 1 Comp. Prerequisite, 9320 and 9321, or 
equivalent. E xam ination of relevant probabilistic  and  determ inistic  models 
to industria l engineering work. T h e  function of models and their usefulness 
in analysis, synthesis, and design. Em phasis will be given to the application  
of various models, th e ir m odification to fit special circumstances, and  the 
developm ent of new m odels to describe particu la r conditions o r situations. 
Model testing, validation, and sensitivity will be discussed.

9529. PROBLEM S AND TEC H N IQ U ES IN O PTIM IZA TIO N  (g)
C redit 3 hrs. Spring. 3 Lect. Prerequisites, 9360 and 9320. T h e  application  of a 
variety of operations research techniques and analytical skills in  actual 
situations. Lectures on enum eration  m ethods as found in branch and bound 
techniques, discrete dynam ic program m ing, colum n generation m ethods, linear 
program m ing, quadratic  assignm ent techniques, com binatorial analysis and 
g raph theoretic techniques, and  netw orks including techniques for hand ling  
problem s of uncertainty. Problem s will include m ultid im ensional trim  p ro b 
lems, networks and scheduling problem s, m aintenance problem s, rou ting  
problem s, selection problem s, fixed charge problem s, location problem s, and 
special problem s in optim al design of p roduction  and d istribu tion  systems 
w ithin the context of a vertically integrated  firm.

9530. M A TH EM A TICA L PRO G RA M M IN G  I (g)
C redit 3 hrs. Spring. 3 Lect. Prerequisites, M athem atics 331, M athem atics 411 
or 9320, o r permission of the instructor. T h e  geom etry and duality  of linear 
program m ing. Com plete regularization and  the resolution of degeneracy. 
Adjacent extrem e po in t m ethods such as sim plex, dual, and m ultipage in 
linear and  nonlinear problem s. Models of transporta tion  and netw ork type, 
and zero-sum and two-person games. M ixing routines and decom position. 
In troduction  to integer program m ing. Convex program m ing and K uhn-T ucker 
theory.

[9531. M A TH EM A TIC A L PRO G RA M M IN G  II (g)]
C redit 3 hrs. Fall. 3 Lect.-Rec. Prerequisite, 9530. C om plem entary pivot 
theory. Semi-infinite program m ing and duality  in convex program m ing. Com 
p u tatio n al algorithm s. Integer program m ing. C hance-constrained program m ing 
and piecewise linear decision rules. C om binatorial analysis and extrem al 
m ethods. N ot offered in 1968-69.

[9533. GRA PH  T H E O R Y  AND C O M B IN A TO R IA L ANALYSIS (g)] 
C redit 3 hrs. Fall. 3 Lect.-Rec. Prerequisite, permission of the instructor. 
F inite, infinite, directed, undirected, com binatorial, and  topological graphs. 
Connectedness, p lanarity , coloring and m atching problem s, m atrix  m ethods, 
netw ork problem s. Applications to electrical networks, economics, and socio- 
metry. Incidence systems such as finite geometries and block designs. M atrices 
of zeros and  ones, perfect difference sets, L atin  squares. C om binatorial ex
trem um  problem s. N ot offered in 1968-69.

9535. GAME T H EO R Y  (g)
C redit 3 hrs. Fall. 3 Lect.-Rec. Prerequisite, permission of the instructor. 
Two-person zero-sum games; the m inim ax theorem , rela tionsh ip  to linear p ro 
gram m ing. Two-person general-sum  games. Noncooperative n-person games: 
Nash equ ilib rium  points. Cooperative n-person games: the core, stable sets, 
Shapley value, bargain ing set, kernel, nucleolus. Games w ithou t side pay
ments. Games w ith infinitely m any players. Economic m arket games.
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9537. DYNAMIC PRO G RA M M IN G  (g)
C redit 3 hrs. Spring. 3 Lect.-Rec. Prerequisite, 9560. Dynam ic program m ing 
as a com putational technique for solving a wide variety of problem s. C on
centration  on determ inistic problem s: the  knapsack problem , the  obstacle 
course problem , finite horizon inventory m odels w ith known dem and. In tro 
duction  to Markov sequential decision problem s; H ow ard’s algorithm  in the 
finite state and action space case.

[9539. SELECTED TO PIC S IN  M A TH EM A TIC A L PR O G R A M M IN G  (g)] 
C redit 3 hrs. Spring. 3 Lect.-Rec. Prerequisite, 9532. T opics chosen from  cu r
ren t research areas such as in teger program m ing over finitely generated groups, 
chance-constrained games, duality  theory, infinite games. N ot offered in 
1968-69.

9550. EN G IN EER IN G  ECONOM IC ANALYSIS (g)
C redit 3 hrs. Fall. 3 Lect. Use of cost inform ation  for financial reporting , cost 
control and  decision making. Specific topics include: theory of double-entry 
accrual accounting. Use of costs in m anufacturing: job  o rder vs. process cost
ing; p redeterm ined overhead rates; standard  costs and  variances. M odification 
of cost inform ation for decision m aking: cost dichotom ies; profit-volum e charts; 
direct costing; costing of jo in t products and  by-products; economic lo t sizes; 
use of costs in o th er m odels of operations research. C apita l investm ent p lan 
ning: the  tim e value of money; use of in terest rates; rank ing  procedures for 
proposed projects; handling  of risk and uncertainty.

9551. ADVANCED EN G IN EER IN G  ECONOM IC ANALYSIS (g)
C redit 4 hrs. Spring. 3 Lect. Prerequisite, 9311 or equivalent. T opics include: 
capital investm ent p lann ing  procedures, pro ject ranking, interdependence of 
productive investm ent, and financing decisions. T h e  cost of capital controversy. 
H andling  of risk and  uncertainty. A pplications of linear p rogram m ing to 
capital budgeting  problem s. T heory  of the firm including objectives, m arket 
structure  and pricing  policies. M easures of perform ance. Problem s of profit 
m easurem ent in the decentralized firm includ ing  intensive discussion of 
transfer pricing.

9560. APPLIED STOCH ASTIC PROCESSES (g)
C redit 4 hrs. Spring. 3 Lect., 1 Rec. O pen to qualified undergraduates. P re 
requisites, 9360 and 9370, o r permission. An in troduction  to stochastic 
processes, em phasizing basic theory and  its engineering application . T h e  
following topics are covered: second o rder processes; covariance function and 
spectral d istribu tion ; M arkov chains and processes; diffusion processes; re 
newal theory and recu rren t events; fluctuation theory; random  walks, b ran ch 
ing processes, queues, Brownian m otion, and  b ir th  and death  processes.

9561. Q U EU IN G  T H E O R Y  (g)
C redit 3 hrs. Fall. 2 Rec., 1 Comp. Prerequisites, 9360 and  permission of the 
instructor. Definition of a queu ing  process. Poisson and E rlang queues. Im 
bedded chains. T ran sien t behavior of the systems M /G /l  and  G I/M /1 . T h e  
general queue G I/G /1 . Bulk queues. A pplications to specific engineering 
problem s such as shop scheduling, equ ipm en t m aintenance, and  inventory 
control.

9562. IN V EN TO RY  T H E O R Y  (g)
C redit 3 hrs. Spring. 3 Lect.-Rec. Prerequisites, 9321 and  permission of the 
instructor. An in troduction  to the m athem atical theory of inventory and 
production  control w ith em phasis on the  construction and solution of m ath e
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m atical models; topics will be drawn from the recent technical lite ra tu re  and 
will include determ inistic and stochastic dem ands; dynam ic program m ing and 
stationary analyses of inventory problem s; renewal theory applied  to inventory 
problem s; m ulti-echelon problem s; statistical problem s; and production  
sm oothing. N ot offered 1968-69.

[9563. SELECTED TO PIC S IN T H E  TH E O R Y  OF QU A LITY  AND 
R ELIA B ILITY  C O N TR O L  (g)[
C redit 3 hrs. Spring. 3 Lect. Open to qualified undergraduates. Prerequisite, 
9370 or the equivalent. T h e  statistical properties and derivation of some 
quality  and reliability  control procedures. Topics w’ill include the economic 
design of Shewhart control charts, cum ulative sum control charts, G irshick 
and R ubin  control procedures, m oving average control charts, sam pling in 
spection by variables for percent defective, re liab ility  estim ation, and re li
ability growth models. N ot offered in 1968-69.

[9564. SEQU EN TIA L DECISION AND C O N TR O L  PROCESS (g)]
C redit 3 hrs. Fall. 3 Lect. Prerequisite, 9537. C oncentration on Markov 
sequential decision models w ith general action and state species. A careful 
study of the underlying probabilistic  structure . F inite  horizon problem s, total 
expected discounted re tu rn , optim al stopping, tim e average re tu rn  criteria. 
Study of the  existence and characterization of op tim al control strategies. Not 
offered in 1968-69.

9565. T IM E  SERIES ANALYSIS (g)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, permission of the instructor. In tro 
duction to H ilbert space and its application  to linear regression, linear p re 
diction and estim ation, and spectral analysis. Properties of m artingales with 
application  to prediction and discrim ination.

9569. SELECTED TO PIC S IN APPLIED PRO BA BILITY  (g)
C redit 3 hrs. E ither term . 3 Lect. Prerequisites, 9560 and permission of the 
instructor. Selected topics in app lied  p robability  for advanced students. Topics 
will be selected from curren t lite ra tu re  and from the cu rren t research areas 
of the staff.

9570. IN T E R M E D IA T E  EN G IN EER IN G  STA TISTIC S (g)
C redit 3 hrs. Fall. 2 Rec., 1 Comp. Prerequisite, 9370, 9470 or permission of 
the instructor. A pplication of statistical m ethods to the efficient design, 
analysis, and in te rp reta tio n  of industria l and engineering experim ents; ra tio n 
al choice of sam ple size for various statistical decision procedures and the 
operating  characteristic curves of these procedures; curve fitting by least 
squares; simple, p artia l, and m ultip le-correlation  analysis.

9571. DESIGN OF EX PER IM EN TS (g)
C redit 4 hrs. Fall. 2 Rec., 1 Comp. Prerequisite, 9570 or permission 
of the  instructor. Use and analysis of experim ental designs such as random ized 
blocks and Latin  squares; analysis of variance and covariance; factorial ex
perim ents; statistical problem s associated w ith finding best operating  con
ditions; response-surface analysis.

[9572. STA TISTIC A L DECISION TH EO R Y  (g)]
C redit 3 lirs. Fall. 3 Rec. P rerequisite, 9370, 9570, o r equivalent. T h e  general 
problem  of statistical decision theory and its applications. T h e  comparison 
of decision rules; Bayes, admissible, and  m inim ax decision rules. Problem s
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involving a sequence of decisions over time, including sequential analysis. 
Use of the sam ple cum ulative d istribu tion  function, and o th er nonparam etric  
m ethods. A pplications to problem s in the areas of inventory control, sam pling 
inspection, capital investm ent, and procurem ent. N ot offered in  1968-69.

9573. STA TISTIC A L M U LT IPL E  DECISION PRO CED URES (g)
C redit 3 hrs. Spring. 2 Rec., 1 Comp. Prerequisite, 9571 or perm ission of the 
instructor. T h e  study of m ultiple-decision problem s in which a choice m ust be 
m ade am ong two or m ore courses of action. Statistical form ulations of the 
problem s. Fixed-sample size, two-stage, and  sequential procedures. Special 
em phasis on applications to ranking problem s involving choosing the “best” 
category where goodness is m easured in  term s of a particu la r param eter of 
interest. R ecent developments.

9579. SELECTED TO PIC S IN  STA TISTIC S (g)
C redit 3 hrs. E ither term . 2 Rec., 1 Com p. Prerequisite, 9570 or permission 
of the instructor. Selected topics chosen from  such fields as nonparam etric  
statistical m ethods, sequential analysis, m ultivariate  analysis.

9580. D IG ITA L  SYSTEMS SIM U LA TIO N  (g)
C redit 4 hrs. Fall. 2 Lect., 1 Rec. R equired  of M.Eng. (Ind.) students. P re 
requisites, 9381 and 9370, o r permission of the  instructor. T h e  use of a p ro 
gram  for a dig ital com puter to sim ulate the  operating  characteristics of a 
complex system in time. Discussion of problem s encountered  in construction 
of a sim ulation program ; synchronization and  file m aintenance, random  
num ber generation, random  deviate sam pling. Program m ing in  sim ulation 
languages. Problem s in the  design of effective investigations using sim ulation; 
statistical considerations when sam pling from a sim ulated process.

9582. DATA PROCESSING SYSTEMS (g)
C redit 4 hrs. Spring. 2 Lect., 1 Comp. Prerequisite, 9381 or perm ission of the 
instructor. T h e  design of in tegrated  data  processing systems for operational 
and financial control; questions of system organization, languages and eq u ip 
m ent ap p ropria te  to this type of application , file structures, addressing and 
search problem s sorting techniques; problem s of m ultip le-rem ote-input, o n 
line data  processing systems; techniques of system requ irem en t analysis.

9590. SPECIAL INV ESTIG ATIO NS IN  IN D U STR IA L EN G IN EER IN G  
AND O PER A TIO N S RESEARCH (u,g)
C redit and sessions as arranged. E ither term . Offered to students individually  
o r in small groups. Study, un d er direction, of special problem s in the  Field 
of In dustria l E ngineering and O perations Research. (Register only w ith the 
registration officer of the school.)

9591. O PER A TIO N S RESEARCH GRA D U A TE SEM INAR (g)
C redit 1 h r. Both terms. A weekly li/^-hr. m eeting. A weekly sem inar devoted 
to presentation , discussion, and study of research in the  Field of O perations 
Research. D istinguished visitors from  o th er universities and institu tions, both 
domestic and foreign, as well as faculty m em bers and advanced graduate  
students of the D epartm ent and the  U niversity speak on topics of cu rren t 
interest.

9593 (FALL TER M ), 9594 (SPRING TER M ), IN D U STR IA L EN G IN EER IN G  
GRA DUA TE SEM INAR (g)
Credit 1 hr. each term . A weekly m eeting to discuss assigned topics and to 
hear presentations of the  cu rren t “state of the  a r t” from  practitioners in the 
Field.
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9598 (FALL TER M ), 9599 (SPRING TER M ), PR O JE C T  (g)
Variable credit. A norm al requ irem ent of 8 credit hrs. m ust be com pleted 
by each candidate for a professional M aster's degree, du rin g  the last two 
term s of m atriculation . Project work requires the  identification, analysis, 
and design of feasible solutions to some loosely struc tu red  industria l engi
neering problem . T h e  solutions m ust be defended on sound engineering 
and economic argum ents. F inal bound copies of each project report m ust 
be filed with the School.

MACHINE DESIGN AND MATERIALS 
PROCESSING

(se page 162.)

MATERIALS SCIENCE AND ENGINEERING

6031. ST R U C T U R E  OF M ATERIALS I (M ATERIALS SCIENCE I) (u) 
C redit 3 hrs. Fall. 3 Lect.-Rec. Prerequisite, 6211. Properties of crystalline 
m atter discussed in term s of the  spacial arrangem ent of atoms. T h e  influence 
of defects and m icrostrncture on physical properties.

6032. MECHANICAL PR O PE R T IE S OF M A TERIALS (M ATERIALS 
SCIENCE II) (u)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, 6211. Elastic, plastic, and fracture 
phenom ena in solids, including yielding, strain  hardening, b rittle  fracture, 
creep and fatigue.

6033. ST R U C T U R E  OF M ATERIALS II (M ATERIALS SCIENCE I) (u) 
C redit 2 hrs. Fall. 3 Lect.-Rec. Prerequisite, 6211. In ternal and  external 
symmetry of crystals. Fresnel and F raunhofer diffraction. Resolution of optical 
instrum ents. Gratings. O ptical and phase contrast microscopy, interferem etry, 
electron and x ray diffraction. Reciprocal lattice. P roduction of x rays, 
electrons and  neutrons, x ray techniques. Intensity  calculations.

6034. ST R U C T U R E  OF M ATERIALS LABORA TO RY (u)
Credit 2 hrs. Spring. Lab. Experim ents designed to dem onstrate basic tech
niques in crystallography. X ray diffraction, optical m etallography, electron 
transmission m etallography and q u an tita tive  m etallography.

6035. THERM ODYNAM ICS AND FLUID M ECHANICS (u)
C redit 3 hrs. Fall. 3 Lect. In troduction  to classical therm odynam ics, kinetic 
theory of gases and statistical mechanics. A pplication to engineering problem s.

6036. THERM ODYNAM ICS OF CONDENSED SYSTEMS (u)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, 6035. Review of 7.eroth, first, second 
and th ird  laws of therm odynam ics; fugacity, activity and the equ ilib rium  
constant; first and second o rder phase transform ations; classical theory of 
solutions; heterogeneous equ ilib rium ; free-energy com posit ion diagrams; 
Einstein and Debye theory of specific heats; quasi-chem ical theory of solu
tions; short-range order; surfaces and interfaces; po in t defects. At the level 
of R. A. Swalin, Thermodynamics of Solids; G. S. Rushbrooke, Introduction 
to Statistical Mechanics.
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6041. KINETICS (M ATERIALS SCIENCE III) (u)
C redit 3 hrs. Fall. 3 Lect. An in troduction  to the kinetics of atom ic transport 
and  transform ations in solid m aterials. Atom istic theory of therm ally  activated 
ra te  processes: theory of nucleation in vapor, liqu id , and solid phases. T h e r 
m ally activated and  atherm al grow th du rin g  transform ations. A pplications to 
phenom ena such as recovery, recrystallization, and  grain grow th. T ransfo rm 
ations of bo th  the diffusional and m artensite  type. Solid state  capillary 
phenom ena. O xidation and corrosion.

6042. ELECTRICA L AND M A GNETIC PR O PE R T IE S (M ATERIALS 
SCIENCE IV) (u)
C redit 3 hrs. Spring. 3 Lect. An in troduction  to electrical and  m agnetic 
properties of m aterials with em phasis on struc tu ra l aspects. Classification of 
solids; charge and  heat transport in m etals and alloys; sem iconductors and 
insulators; principles of operation  and  fabrication of sem iconductor devices; 
behavior of dielectric and  m agnetic m aterials; phenom enological description 
of super-conducting m aterials.

6043-6044. SENIO R M ATERIALS LABORA TO RY (u)
C redit 3 hrs. Fall o r spring. E xperim ents are available in the  areas of struc
tu ral studies, properties of m aterials, deform ation and  plasticity, m echanical 
and chem ical processing, phase transform ations, surface physics, etc.

6045. M ATERIALS PROCESSING I (MECHANICAL) (u)
C redit 3 hrs. Fall. 3 Lect. A course re la ting  basic and  applied  sciences to the 
processing of m aterials. T h e  effect of processing on the  p roperties of the 
m aterials and control of m ateria l p roperties by variation  in  processing is 
emphasized. Processing m ethods considered include solidification, deform a
tion, heat treatm ent, m ateria l bonding, m ateria l rem oval, consolidation of 
powders, and others.

6046. M ATERIALS PROCESSING II (CHEM ICAL) (u)
C redit 3 hrs. Spring. 3 Lect. Principles of m aterials processing (chemical) are 
discussed, including application  of therm odynam ics and  kinetics principles; 
m om entum , heat and  mass transfer; and  process control.

6210-6211. M ATERIALS SCIENCE (u)
C redit 3 hrs. Fall or spring. 2 Lect., 1 Lab., 1 Rec. a lte rna te  weeks. An in tro 
duction  to the basic concepts of m aterials science.
1. S tructure: S tructure of gases, liquids and  solids, atom ic binding, observa
tions of structure  by x ray diffraction, packing concepts and crystalline defects, 
m icrostructures.
2. Therm odynam ics and E quilib rium : Laws of therm odynam ics; chem ical and 
physical reactions; phase equ ilib ria , electrochem ical systems, therm odynam ical 
and  statistical m echanical m odels of solutions, equ ilib rium  defects, surfaces.
3. Kinetics: Reaction rates in gases and condensed systems; atom ic and  ionic 
transport processes; kinetics of phase transform ation.
4. Properties: M echanical, electrical, and  m agnetic p roperties of m aterials 
w ith em phasis on structure-sensitive properties.

6316. M ATERIALS EN G IN EER IN G  (u)
C redit 3 hrs. Fall. 2 Lect., 1 Lab. Selection and  processing of m aterials for 
engineering applications. T h e  effect of processing on the struc tu re  and  
properties of the m aterials and  the control of properties by variations in 
processing is emphasized. Processing m ethods considered involve solidifica
tion, plastic deform ation, heat treatm ent, m ateria l bonding, and consolida
tion of powders.
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Graduate Core Program: Materials Science 
and Engineering
6601. TO PICS IN THERM ODYNAM ICS AND KIN ETICS (g)
C redit 3 hrs. Fall. G eneralization of therm odynam ics to include nonchem ical 
forms of energy. Statistical n a tu re  of entropy. Phase stability. Defect equilibria . 
Therm odynam ics of solutions, surfaces, and  interfaces. R eaction kinetics. 
Diffusion. At the level of Slater, Introduction to Chemical Physics; Guggen
heim, Thermodynamics.

6602. PHASE TR A N SFO R M A TIO N S (g)
C redit 3 hrs. Spring. Interfaces between phases. N ucleation theory. Growth 
theory. Form al theory of nucleation and  grow th transform ations. Spinodal 
decomposition. Diffusionless transform ations. A pplications of the theory to 
specific changes in real m aterials. At the level of C hristian, Theory of Phase 
Transformations in Metals and Alloys.

6603. CRYSTAL MECHANICS (g)
Credit 3 hrs. Fall. Crystal symmetry. Vector fields and tensor fields. Lattice 
deform ation and fault crystallography. Reversible tensor properties of crystals. 
Relationships between different tensor properties. Crystal elasticity, elastic 
waves and polym er elasticity. Lattice dynamics. Therm o-physical properties. 
Irreversible tensor properties. C oupling of transport phenom ena. H igher order 
effects. At the level of Nye, Physical Properties of Crystals; Born and H uang, 
Dynamical Theory of Crystal Lattices; and  Sm ith, Wave Mechanics of Crystal
line Solids.

6604. DISLOCATIONS (g)
Credit 3 hrs. Fall. Review of geom etrical and  strain  energy aspects of dis
location theory. Experim ental evidence for dislocations. Dislocation stra in  and 
stress fields and associated strain  energy. In teractions w ith app lied  stresses 
and with o ther dislocations. Jogs, po in t defects, and climb. Dislocation sources. 
C rystallographic aspects such as stacking faults and partia l dislocations in 
specific crystal structures. G rain boundaries. At the  level of Friedel, Disloca
tions and  N abarro, Theory of Crystal Dislocations.

6605. ELECTRICA L AND M A GNETIC PR O PE R T IE S OF EN G IN EER IN G  
M ATERIALS (g)
C redit 3 hrs. Fall. Prerequisite, 454 or consent of the instructor. Electrical 
properties of semiconductors. Optical and  dielectric properties of insulators 
and semiconductors. Ferrites. At the  level of K ittel, Introduction to Solid 
State Physics; Chikazum i, Physics of Magnetism; L ynton, Superconductivity; 
Livington and Schadler, The Effect of Metallurgical Variables on Super
conductivity Properties.

6606. M ECHANICAL BEHAVIOR OF M A TERIALS (g)
C redit 3 hrs. Spring. Strain hardening. Dislocation dynam ical treatm ent of 
yield and flow. Polycrystalline hardening. In teraction  of in terstitia l solute 
atom s w ith dislocations. Solution hardening. Two-phase hardening. T im e 
dependent deform ation. Dislocation m odels for cleavage of crystals. At the 
level of review articles in Progress in Materials Science and  various confer
ence reports.

6611. PR IN C IPLES OF D IFFR A C TIO N  (g)
C redit 3 hrs. Fall. Offered jo in tly  w ith A pplied Physics (8211). A broad in tro 
duction to diffraction phenom ena as app lied  to solid state problem s. P ro 



160 COURSES—MATERIALS SCIENCE, ENGINEERING

duction of neu trons and  x rays, scattering and  absorption  of neutrons, 
electrons and x ray beams. Diffraction from two-and three-dim ensional periodic 
lattices. Crystal symmetry, Fourier representation  of scattering centers and  the 
effect of therm al v ibrations on scattering. Phonon inform ation  from diffuse 
x ray and neu tron  scattering as well as Bragg reflections. S tandard  crystallo- 
g raphic techniques for single crystals and powders. D iffraction from alm ost 
periodic structures, surface layers, gases and  am orphous m aterials. A survey of 
dynam ical diffraction from perfect and im perfect lattices. T echniques for 
im aging struc tu ra l defects. Selected experim ents illu stra ting  diffraction effects.

For the Professional M aster’s Degree
[6503. METALS SELECTION AND USE (g)]
C redit 3 hrs. Fall. 3 Lect. Prerequisite, 6032. M etallurgical and m echanical 
factors governing the selection of m etals for various services. Analysis of 
service requirem ents and  the selection and  fabrication of m etals to fulfill 
such requirem ents; analysis of service failures of m etals and  rem edies for 
such failures; and study of the  m erits and  lim ita tions of m aterials app lica
tions in existing products and  equipm ent. N ot offered 1968-69.

6553-6554. PR O JE C T  (g)
C redit 6 hrs. Fall and spring. Research on a specific problem  in m aterials 
or m etallurgical engineering.

6555. M ATERIALS PROCESSING (g)
C redit 3 hrs. Spring. 3 Lect. A course on the principles of m aterials processing 
including bo th  m etallic and  nonm etallic  m aterials. T h e  control of m aterials 
properties and various solutions to engineering problem s of shaping, m aking, 
and treating  practice are stressed.

O ther Graduate Courses
6612. SELECTED TO PIC S IN  D IFFR A C TIO N  (g)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, 6611 or consent of instructor. Offered 
jo in tly  w ith Applied Physics 8212. T h e  Ewald-von Laue dynam ical theory 
applied  to x ray and h igh energy electron diffraction in solids. T herm al 
scattering and m easurem ent of phonon dispersion, frequency spectrum , in te r
atom ic force constants, Debye tem peratu res and v ibrational am plitudes. D if
fuse scattering, short- and  long-range order, p recip ita tion  in solids, po in t 
defects.

6762. PHYSICS OF SOLID SURFACES (g)
C redit 3 hrs. Spring. 3 Lect. Offered jo in tly  w ith A pplied Physics 8262. 
E quilibrium  therm odynam ics and statistical m echanics of interfaces. Diffuse 
interfaces, crystal surfaces, anisotropy and  o rien tation  dependence of surface 
properties, W ulff diagrams. Atom ic struc tu re  of surfaces in equ ilib rium . Sur
face fields, dipoles and defects in  insulators. E lectronic and  v ibrational p ro p 
erties of surfaces. Surface barriers and  work functions, surface v ibrational 
and electronic states. Kinetic processes a t surfaces. Mass and charge transport 
in the surface region. Condensation and  evaporation processes. Experim ental 
techniques: discussion of LEED, FIM , FEM, etc. M aterials draw n from re 
search papers and  various review articles such as Progress in Materials Science.
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Advances in Chemistry, Solid State Physics; and  specialized texts such as Many, 
Goldstein and Grover, Semiconductor Surfaces, and  Kaminsky, Atomic and 
Ionic Impact Phenomena.

6764. FR A C TU R E OF M ATERIALS (g)
C redit 3 hrs. 3 Lect. Mechanics of fracture. Griffith theory. Crack tip  stresses 
and strains. Crack tip  plasticity. Macroscopic aspects of fracture in  crystalline 
and noncrystalline m aterials. Dislocation models. Void growth. Special topics 
such as fatigue, environm ent and fracture, fracture testing. M aterial from 
various conference reports; T ete lm an  and McEvily, Fracture of Structural 
Materials; Kelly, Strong Solids.

6765. AM ORPHOUS AND SEM ICRYSTAI.LINE M ATERIALS (g)
C redit 3 hrs. 3 Lect. Topics re la ted  to the  science of the am orphous state 
selected from w ithin the following general areas: struc tu re  of liqu ids and 
polymers, rheology of elastom ers and  glasses, electrical, therm al and  optical 
properties of am orphous m aterials. Presented a t the  level of J. D. Mackenzie, 
Modern Aspects of the Vitreous State; Frechette, Non-crystalline Solids; T re- 
loar, The Physics of Rubberlike Elasticity.

6766. M ATERIALS SCIENCE SEMINAR (g)
C redit 2 hrs. One sem inar period. T opics selected from curren t research 
interest of the faculty.

6873. M ATERIALS SCIENCE FOR ENGIN EERS (g)
C redit 3 hrs. Fall. 3 Lect. S tructure of crystals. Crystal lattice properties. 
Crystal defects (point, line, p lanar). T herm odynam ics of solids. Diffusion and 
kinetics (emphasis on defect annealing, e.g., polygonization, recrystallization, 
grain growth, po in t defect recovery, etc.). M echanical properties (role of 
crystal defects in plastic deform ation, creep, fracture). Topics in rad ia tion  
dam age including defect productions, rad ia tion  dam age annealing  and effect 
of dam age on physical properties.

MECHANICAL ENGINEERING

T h e  courses in m echanical engineering are listed under the following h ead 
ings: General, Engineering Design, Materials Processing, and Thermal Engi
neering.

General
3053. M ECHANICAL EN G IN EER IN G  LABORATORY (u)
C redit 4 hrs. Fall. 1 Lect., 2 Lab. Prerequisites, 3322, 3622, 3623, and sim ul
taneous registration in 3324 and 3625. L aboratory exercises in instrum entation , 
techniques, and m ethods in m echanical engineering. M easurem ent of pressure, 
tem perature, heat How, mass transfer, displacem ent, force, stress, strain , v ib ra
tions, noise, etc. Use of electronic instrum ents and fast-response sensors for 
steady and  transien t states. Use of density-sensitive optical systems. E rror 
analysis in experim ental determ inations.

3054. DESIGN OF M ECHANICAL EN G IN EER IN G  SYSTEMS (u)
C redit 4 hrs. Spring. 2 Lect., 2 Design periods. Prerequisites, 3322, 3324, and
3625. Design experiences in the conception of m achines and m echanical
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engineering systems. T h e  determ ination  of size from therm al o r fluid-flow 
considerations. T h e  conception of configuration from considerations of m otion, 
strength , rigidity, and  v ibration. Selection of m aterials and  m echanical com 
ponents, including regard for therm al and  corrosive environm ents. Design 
considerations for the processing of com ponents, and  th e ir assembly. Feasibil
ity studies and prelim inary  designs by sketches and  layouts.

3055. ADVANCED M ECHANICAL EN G IN EER IN G  DESIGN (g)
C redit 3 hrs. Spring. 1 Lect., 2 Design periods. Prerequisite, 3054 o r equ iv
alent. Design of engineering systems, com ponents and equ ipm en t in the 
widest sense, requ iring  the  in tegration  of engineering disciplines a t an 
advanced level.

3090. M ECHANICAL EN G IN EER IN G  DESIGN PR O JE C T  (g)
C redit 3 hrs. Spring. In tended  for students in the M.Eng. (Mech.) program . 
Design of an engineering system or a device of advanced n a tu re . Projects to be 
carried ou t by individual students o r by small groups w ith individual assign
m ents cu lm inating  in an  engineering report by each student. In m ost cases, 
the  project is perform ed in collaboration w ith an industria l com pany or 
in stitu tion , whose representatives suggest cu rren t problem s and review the 
final designs.

Engineering Design
See also Courses 3054, 3055, 3090 under General above.

3116. IN T R O D U C T IO N  T O  IN D U STR IA L DESIGN (u,g)
C redit 3 hrs. Spring. 2 Lab. Prerequisite, permission of the instructor. R ead
ings; abstract and  app lied  design problem s which investigate and apply  the 
relationships existing am ong form, function, and m aterials.

3321. KINEM ATICS AND DYNAMICS OF MECHANICS (u)
C redit 3 hrs. Fall. 2 Rec., 1 Comp. Prerequisite, 212. Analysis o f displacem ent, 
velocity, and  acceleration in basic m echanism s for control, transm ission, and 
conversion of m otion and  force. Cams, gears, and  four-bar linkages. Forces 
associated w ith accelerated m otion and gyroscopic action. T h e  flywheel as a 
speed control device. C ounter balancing. (Evening prelim inary  exam inations)

3322. ANALYSIS AND DESIGN OF M A CHINE C O M PO N EN TS (u)
C redit 3 hrs. Spring. 2 Rec., 1 Design period. Prerequisites, 3321, 6316, and 
3431; 3431 may be taken concurrently. A study of some m ajo r com ponents of 
mechanical equ ipm en t such as clutches, brakes, gears, shafts, and  bearings, 
with p a rticu lar a tten tion  to perform ance characteristics, strength and  d u r 
ability , optim um  proportions, and choice of m aterials. Stress-concentration, 
fatigue, and  residual stresses. Curved beams, pressure vessels, and rotors. 
(Evening prelim inary  exam inations.)

3324. V IB R A TIO N  AND C O N TR O L  OF M ECHANICAL SYSTEMS (u) 
C redit 3 hrs. Fall. 2 Rec., 1 Lab. Prerequisite, 3321 o r 3331. Free, dam ped, 
and forced vibrations. V ibration isolation m ounts, absorbers, and  dam pers. 
C ontrol systems: the Laplace transform , transien t response to specific inputs, 
transfer functions, frequency response, stability. Analog com puter solutions. 
Laboratory on the vibration  of m achines and  th e ir com ponents, and  on 
hydraulic and electrom echanical control circuits. M odern instrum ents for 
m easuring force and m otion.
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3331. KINEM ATICS AND CO M PO N EN TS OF MACHINES (u)
C redit 3 hrs. Spring. 2 Lect.-Rec., 1 Comp. Prerequisite, 212 or equivalent. 
May be elected by qualified students not in m echanical engineering. T heory  
and analysis of mechanism s and com ponents based upon consideration of 
m otion, velocity, acceleration, m aterial, strength , and  durab ility . Cams, link 
ages, couplings, clutches, brakes, belts, chains, gears, bearings, shafts, and 
springs.

3361. ADVANCED M ECHANICAL ANALYSIS (g)
C redit 3 hrs. Fall. 3 Rec. Prerequisite, 3322 or 3331. T heory  of film -lubricated 
bearings; advanced analysis of special friction devices; theories of failure and 
design equations; prestressing; im pact; therm al stresses and  creep; selected 
topics from advanced strength  of m aterials such as b u ilt-up  cylinders, rotors, 
plates, shells, beam s on elastic foundations, etc.

3362. M ECHANICAL DESIGN OF TU R B O M A C H IN ER Y  (g)
Credit 3 hrs. Spring. 3 Rec. Prerequisites, 3361 and 3324. M echanical design 
of m ajor com ponents of high speed compressors and tu rb ines for structu ral 
adequacy and vibration-free operation . Selected topics from am ong the  follow
ing: design of ro tor com ponents: disks, vanes, blades, shafts, and connections. 
Design of bearings, seals, gaskets, expansion mem bers. Investigation of n a tu ra l 
frequencies and critical speeds. Selection of m aterial.

3364. DESIGN FOR M A NUFACTURE (u,g)
C redit 3 hrs. Fall. 2 Rec., 1 Design or Lab period. Prerequisites, 3322 or 3331, 
and 3431 or equivalent, o r perm ission of the instructor. P rinciples and 
m ethods of design to im prove the p roducibility  of m achines and products. 
Design techniques to sim plify and  im prove the processing operations, to 
reduce cost, and to increase accuracy and reliability . Designs and operation 
sequences for sm all-lot and large-lot m anufacture  to exploit the capabilities 
inheren t in m achine tools, jigs and fixtures, and o th er production  equipm ent. 
A pplications of the foregoing by design exercises.

3366. ADVANCED KINEM ATICS (u,g)
C redit 3 hrs. Fall. 2 Rec., 1 Comp. Prerequisite, 3321 or 3331. Advanced 
analytical and graphical determ ination  of velocities and  accelerations in 
mechanisms. Special geometrical concepts on the  kinem atics of mechanisms. 
Synthesis of linkages by graphical and  analytical m ethods. Design of linkages 
to give prescribed paths, positions, velocities, and accelerations.

3368. M ECHANICAL VIBRA TIO NS (g)
C redit 3 hrs. Spring. 2 Rec., 1 Lab. Open to qualified undergraduates. P re 
requisite, 3324 or equivalent. F u rth e r developm ent of vibration phenom ena in 
single- and m ulti-degree of freedom linear and  nonlinear systems, w ith em p h a
sis on engineering problem s involving analysis and design. Also gyroscopic 
effects, branched systems, random  vibrations, im pact and transient phenom ena, 
isolation of shock and vibration , and  noise and its reduction. Im pedance, 
m atrix , and num erical m ethods. Analog and d igital com puter solutions and 
laboratory studies.

3372. E X PER IM EN TA L M ETHOD S IN M A CHINE DESIGN (g)
C redit 3 hrs. Fall. 1 Rec., 2 Lab. Prerequisite, 3322 or 3331. Investigation and 
evaluation of m ethods used to obtain  design and  perform ance data. Techniques 
of photoelasticity, strain  m easurem ent, photography, vibration and sound 
m easurements, and developm ent techniques are studied as applied  to m achine 
design problem s.
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3374. C ON CEPTU AL DESIGN (g)
C redit 3 hrs. Fall. 3 Rec. Prerequisite, 3322 or equivalent. Open to qualified 
undergraduates. C onception and  in itia l design of p roducts and  m achines. 
M ethods to stim ulate m echanical ingenuity  and  im prove appearance. P rinci
ples of synthesis and creativity em ploying association, inversion, and  o th er 
techniques. Sketching, class discussion, and  com parative evaluation of solutions.

3375. A U TO M A TIC  M ACHINERY (u)
C redit 3 hrs. Spring. 2 Rec., 1 Field trip . Prerequisite, 3321 or 3331. A study 
of autom atic and sem iautom atic m achinery such as dairy, canning, w ire-form 
ing, textile, m achine-tool, com puting, and  p rin tin g  equ ipm ent.

3377. A U TO M O TIV E EN G IN EER IN G  (u)
C redit 3 hrs. Spring. 3 Rec. P rerequisite, 3322. Analysis of various designs for 
the parts of an autom otive vehicle, o th er th an  the  engine, in  relation  to its 
perform ance; stability, weight d istribu tion , traction , steering, driving, braking, 
rid ing  comfort, power requ ired  and available, transm ission types, acceleration, 
and clim bing ability. R ecom m ended together w ith Course 3670 for a study of 
autom otive engineering.

3378. A U TO M A TIC  C O N TR O L  SYSTEMS (g)
C redit 3 hrs. Spring. 2 Rec., 1 Lab. Open to qualified undergraduates. P re 
requisite, 3324 or equivalent. F u rth e r developm ent of feedback control theory, 
including stability criteria , frequency response, and transfer functions, w ith 
em phasis on engineering problem s involving the  analysis of existing control 
systems and the design of systems to perform  specified tasks. Also, non linear 
systems, describing functions, sam pled-data systems, and  com pensation tech
niques. Analog com puter sim ulation and  laboratory  studies of hydraulic, 
pneum atic, and  electrom echanical com ponents and systems.

3380-3381. DESIGN OF COM PLEX SYSTEMS (g)
C redit 3 hrs. Fall and spring. Tw o m eetings of 2 hours per week to be a r 
ranged. Perm ission of professor in charge. A sem inar course relying heavily 
on studen t participation  in discussing fron tier problem s such as systems for 
space and  underw ater exploitation , salt w ater conversion, and transporta tion . 
D eterm ination  of specifications for these systems to m eet given needs. Critical 
discussion of possible solutions based on technical as well as economic and 
social considerations. R eports will be requ ired  con tain ing  recom m endations 
and  reasoning leading to these considerations.

3382. HYDRODYNAMIC LU B R IC A TIO N  (g)
C redit 3 hrs. Spring. 3 Rec. Designed to acquain t those having a general 
knowledge of solid and  fluid m echanics w ith the  special problem s and lite ra 
tu re  curren tly  of interest in  various fields of hydrodynam ic lubrication . Gen- 
tral topics include equations of viscous flow in th is films, self-acting and 
externally  pressurized bearings w ith liq u id  and  gas lub rican t films, bearing 
system dynamics, d ig ital and  analog com puter solutions. Also selected special 
topics in elasto-hydrodynam ic, therm o-hydrodynam ic, and  m agneto-hydrody
nam ic lubrication.

3390. SPECIAL INV ESTIG ATIO NS IN M ACHINE DESIGN (u,g) 
Permission of d ep artm en t head requ ired . C redit arranged. E ither term . 
Indiv idual work or work in  small groups u n d e r guidance in the design and 
developm ent of a com plete m achine, in the  analysis of experim ental investiga
tion of a m achine or com ponent of a m achine, o r studies in a special field of 
m achine design.
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3392. SPECIAL TO PICS IN EN G IN EER IN G  DESIGN (u.g)
C redit 1 hr. o r more. E ither term . 10-15 lecture periods per term  on a topic 
of special interest not requ iring  a course of standard  length. Series of 
lectures by staff m em bers o r visiting staff on subjects of cu rren t interest; 
topics announced p rio r to beginning of term . H ours to be arranged to suit. 
More than  one topic may be taken if offered. D epartm ent to be consulted 
before registration.

Materials Processing
3431. M ATERIALS PROCESSING (u)
C redit 3 hrs. Both terms. 1 Lect., 2 Lab. Com prehensive studies of m aterials 
and m achinery involved in m ateria l removal. Force, deform ation, and power 
relationships. Single, m ultip le, and m ulti-too th  tool capabilities. U ltrasonic, 
electrical discharge, electro chemical, and o th er “n onch ip” removal processes. 
Process planning. T h read  and gear m anufacturing . Metrology, fixed and 
com parative systems of gaging. Surface tex ture  determ ination . Q uality  control 
systems.

3451. M A TERIAL REMOVAL SYSTEMS (u,g)
C redit 3 hrs. Fall. 1 Lect., 2 Lab. Prerequisites, 3431, 6316. Advanced study 
of mechanics of chip form ation. Forces and power dynam om etry. O rthogonal 
and three-dim ensional relationships. C u tte r geometry and chip  control. N on
chip techniques using chemical, electrical, ultrasonic, and  o ther m edia; surface 
characteristics; and  post-process treatm ents.

3461. QU ALITY ASSURANCE SYSTEMS (u)
C redit 3 hrs. E ither term  by arrangem ent. 2 Lect., 1 Lab. Prerequisites, 3431, 
9170. T heory  and com putational techniques for control by a ttrib u tes or vari
ables. M achine tool capability  studies, instrum entation  systems. Standards 
codes and applications. E quipm ent perform ance characteristics. Fixed and 
com parative gaging systems; noncontract, reflective, and radiation  principles. 
Surface tex ture  phenom ena. T rue-position  tolerancing and charting.

3475. NUM ERICAL C O N T R O L  OF PROCESSES (u.g)
C redit 3 hrs. Spring. 2 Lect., 1 Lab-Comp. Prerequisite, 3431. A thorough 
study of concepts, systems, and com ponent designs for flexible-program m ed 
processing. M achine tools as related  to num erical control. M achine cont- 
m and-response factors, stick-slip, resonance, shaft w indup, m ass-inertia and 
o th er effects. Positioning control systems and coding. M anual and  com puter 
program m ing. Sim ulation studies.

3490. SPECIAL INV ESTIG ATIO NS IN M A TERIALS PROCESSING (u) 
C redit and hours as arranged. Discussion and study of selected topics on theory 
of m etal cu tting  and working processes, the technology of m anufacture with 
m achine tools, and m etrology and  production  gaging; topics and  assigned 
study to suit indiv idual needs.

T herm al Engineering
3621. IN T R O D U C T IO N  T O  THERM ODYNAM ICS (u)
C redit 3 hrs. Fall. 3 Rec. Prerequisites, M athem atics 294, Physics 224. T h e  
definitions, concepts, and laws of classical therm odynam ics. A pplications to
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hom ogeneous systems and  control volumes. Po ten tia l function, m axim um  
work, availability, and  irreversibility. M axwell's relations and  general therm o
dynamics functions. E ntropy and  therm odynam ic probability . Ideal gases, gas 
processes, and  variable specific heats.

3622. EN G IN EER IN G  THERM ODYNAM ICS (u)
C redit 2 hrs. Spring. 2 Rec. P rerequisite, 3621 o r equivalent. Therm odynam ic 
properties of m ultiphase  pu re  substances and  real gases. N onreactive m ix 
tures, reactive systems, com bustion. Chemical equ ilib rium  and chem ical 
potential; applications to com bustion. H eat engine and h eat p u m p  cycles. 
In troduction  to irreversible therm odynam ics; applications.

3623. FLUID M ECHANICS (u)
C redit 4 hrs. Spring. 4 Rec. Prerequisites, Mechanics 212, 3621. P roperties of 
fluids, fluid statics; kinem atics of flow, stream  function, velocity po tential, 
elem ents of hydrodynamics; dynamics of flow, m om entum  and energy re la 
tions, E uler equations, wave m otion; therm odynam ics of flow, stagnation 
values, Mach n u m b er relationships; dim ensional analysis; real fluid phenom 
ena, lam inar and tu rb u len t m otion; flow in  ducts, universal velocity dis
tribu tion ; compressible flow w ith area change, friction and  heating , norm al 
shock; flow over imm ersed bodies, lam inar and  tu rb u len t layer, exact and  
m om entum  solutions; lift and  drag; elem ents of tw o-dim ensional compressible 
flow, expansion waves, oblique shock.

3625. H EA T TRA N SFER (u)
C redit 3 hrs. Fall. 1 Lect., 2 Rec. Prerequisites, 3622, 3623. Conduction of heat 
in the steady state, unsteady state and periodic heat flow; analogic m ethods; 
num erical m ethods; systems w ith heat sources. Convection; boundary  layer 
fundam entals; n a tu ra l convection; forced convection inside tubes and  ducts; 
forced convection over various surfaces. Boiling and  condensation. R adiation: 
emission, absorption, reflection, transm ission, and exchanges. R ad ia tion  com 
bined w ith conduction and  convection. H eat exchanges: overall heat transfer 
coefficients; m ean tem pera ture  difference; effectiveness; design.

3626. T H E R M A L  SYSTEMS EN G IN EER IN G  (u)
C redit 4 hrs. Spring. 2 Lect., 1 Lab. Prerequisites, 3622, 3623, 3053, 3625. 
Applications of therm odynam ics, fluid mechanics, and heat transfer to com 
plete therm al systems ra th e r than  to processes. W ork-producing, heat-pro
ducing, heat-pum ping, propulsion , and environm ental control systems. Steady 
state and transient system perform ance. C om ponent m atching.

3631. THERM ODYNAM ICS (u)
C redit 3 hrs. Fall. 2 Lect., 1 Rec. Prerequisites, M athem atics 294, Physics 224. 
N ot open to students in  m echanical engineering. T h e  definition, laws, and 
concepts of classical therm odynam ics. Applications to hom ogeneous systems 
and control volumes. Availability, equ ilib rium , and chem ical therm odynam ics. 
An in troduction  to microscopic descriptions, therm odynam ic probability , and 
statistical mechanics.

3632. FLUID M ECHANICS (u)
C redit 3 hrs. Spring. 2 Lect., 1 Rec. Prerequisite, 3631. N ot open to students 
in m echanical engineering. Course em phasis is on the dynam ics of real fluid^ 
and approaches to be used in solving these problem s. T rea tm en t includes the 
finite control volume, differential equations of m otion, and  dynam ic sim ili
tude. Applications are to problem s of incom pressible and compressible fluid 
flow, both inviscid and  viscous.



3651. ADVANCED T H E R M A L  SCIENCE (g)
C redit 3 hrs. Fall. 3 Rec. Prerequisites, 3622, 3623, 3625, o r equivalent. 
In tended  for graduate  students in the M.Eng. (Mech.) program . Advanced- 
level study of topics from therm odynam ics, fluid mechanics, and  h eat tran s
fer. Selection of subjects from irreversible therm odynam ics, statistical m e
chanics, real gas behavior, chem ical therm odynam ics, unsteady flow phenom 
ena, gas dynamics, tu rb u len t flow of jets and wakes, compressible boundary  
layer, num erical methods, and variable transport properties.

3652. COM BUSTION TH E O R Y  (g)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, 3625. Open to qualified u n d e r
graduates. A pplication of the  basic equations of fluid flow and  heat and 
mass transfer to hom ogeneous and  diffusion flames. Ignition, quenching, ra te  
processes, and dissociation effects will be exam ined. Consideration will be 
given to flame stabilization and practical systems. Mr. McManus.

3653. R E FR IG E R A T IO N  (u)
C redit 3 hrs. Fall. 3 Rec. Prerequisite, 3625 or 3625 concurrently. In troduction  
to refrigeration w ith em phasis on application  of therm odynam ics, fluid dynam 
ics and heat transfer. Cycle and com ponent perform ance. A pplications in a ir 
conditioning and cold storage. Overall perform ance under varied operating  
conditions. Cryogenic refrigeration; gas liquefaction, purification, storage, and 
special heat transfer problem s. T herm oelectric  cooling. Mr. Fairchild.

3654. AIR C O N D IT IO N IN G  (u)
C redit 3 hrs. Spring. 3 Rec. Prerequisite, 3625 or 3625 concurrently. In tro 
duction to a ir conditioning w ith em phasis on application  of therm odynam ics, 
fluid dynamics, mass transfer and heat transfer. Psychrometrics, a ir condition
ing processes and  cycles. H eat transm ission in buildings; solar effects; lum ped 
therm al circuit methods. H eat pum ps. A ir d istribu tion . Com ponent and  sys
tem perform ance. Mr. Fairchild.

3661. EQ U ILIB R IU M  THERM ODYNAM ICS (g)
C redit 3 hrs. Fall. 3 Lect. Prerequisites, 3621 and  3622 or equivalent. In tended  
for g raduate  students b u t open to qualified undergraduates. A general trea t
m ent of classical o r axiom atic therm odynam ics w ith em phasis upon the 
m athem atical developm ents and  philosophical in terpreta tions. Concepts and 
laws of therm odynam ics and  equivalence proofs. Hom ogeneous and p u re  sub
stances, heterogeneous systems, and chemical therm odynam ics. E quilibrium , 
irreversibility, and availability. T h e  statistics of ensembles, classical and q u a n 
tum  statistics, and an in troduction  to inform ation  theory. T h e  connections 
between the  statistical and  classical viewpoints. Mr. Conta.

[3663. TU R B O M A C H IN ER Y  (u,g)]
C redit 3 hrs. Fall. 3 Rec. Prerequisites, 3622, 3623, o r permission of instructor. 
A erotherm odynam ic design of turbom achines in general, followed by con
sideration of specific types; fans, compressors, and pum ps; steam, gas, and 
hydraulic  turbines. Energy transfer between a fluid and a rotor; flow in chan
nels and over blades. Compressible flow, three-dim ensional effects, surging and 
cavitation. O utline design of a high-perform ance com pressor-turbine un it. 
A ttention  is drawn to 3362 as a com panion course for m echanical design. N ot 
offered 1968-69.

3665. T R A N SPO R T  PROCESSES (u,g)
C redit 3 hrs. Fall. 3 Rec. Prerequisites, basic therm odynam ics and fluid 
mechanics. Description of basic m icroscopic modes of therm al and mass
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diffusion. M olecular transport mechanics in gases. Form ulation  of the  tran s
p o rt equations and their application  to engineering problem s. C onduction 
and mass diffusion in solids, boundary  value problem s. T h erm al rad ia tion  
between opaque surfaces in vacuum  and as a diffusion process in nonopaque 
media. Mass and  energy diffusion by m olecular and by eddy processes in  con
vection. Analytical m ethods in convection investigated, lim its shown, and  the 
role of correlations discussed. Analogous phenom ena. C om bined m ode heat 
transfer. M r. G ebhart.

3667. TEC H N IQ U ES OF T H E R M A L  M EASUREM ENT (g)
C redit 3 hrs. Spring. 2 Lect., 1 Lab. Open to qualified undergraduates. P re 
requisite, 3625. T heory, construction, calibration , and  application  of liquid- 
in-glass therm om eters, solid expansion therm om eters, pressure-spring th e r
mometers, resistance therm om eters, therm oelectric therm om eters, optical pyro
meters, rad ia tion  pyrom eters, en tha lpy  probes, heat flux probes. Mr. D ropkin.

3669. COM BUSTION ENGINES (u)
C redit 3 hrs. Fall. 3 Rec. Prerequisite, 3625 or 3625 concurrently. In troduction  
to com bustion engines w ith em phasis on application  of therm odynam ics, fluid 
dynamics, and heat transfer; reciprocating com bustion engines; gas turbines; 
com pound engines; reaction engines. Mr. Fairchild.

3670. ADVANCED COM BUSTION ENGINES (u)
C redit 3 hrs. Spring. 3 Rec. Prerequisite, 3669 or equivalent. Advanced study 
of topics in field of reciprocating engines, bo th  spark-ignition and  diesel. 
M ethods of therm odynam ic analysis and perform ance prediction  for free- 
piston pow’e r plants and supercharged engines. R elation  of engine p e r
form ance characteristics and  perform ance characteristics of autom otive ve
hicles. Recom m ended together w ith Course 3377 for study in autom otive 
engineering. Mr. Fairchild.

3671. AEROSPACE PRO PU LSION SYSTEMS (u,g)
C redit 3 hrs. Fall. 3 Rec. Prerequisites, 3622, 3623, o r permission of instructor. 
A pplication of therm odynam ics and fluid m echanics to the  design an d  p e r
form ance of therm al-jet and  rocket engines in  the  atm osphere and  in space. 
Mission analysis in space as it affects the propulsion system. C onsideration of 
auxiliary  power supply; study of advanced m ethods of space propulsion . Mr. 
Shepherd.

3672. ENERGY CONVERSION (g)
Credit 3 hrs. Spring. 3 Lect. Open to qualified undergraduates. Prerequisite, 
3622 or equivalent. P rim arily  an analysis of energy conversion devices from 
a classification in to  heat engines, chemical engines, and  expansion engines. An 
analysis of each class from the p o in t of view of efficiency and  o th er criteria  
of perform ance. A m ore detailed study of some conventional and  some direct 
energy conversion devices including therm oelectric, therm ionic, and p h o to 
voltaic converters; and  fuel cells. Energy sources and energy storage, a p p li
cation to terrestrial and space power systems. M r. Conta.

3673. ADVANCED FLO W  M EASUREM ENT (g)
C redit 3 hrs. Fall. 2 Lect., 1 Lab. Open to qualified fifth year students. T heory  
and operation  of instrum ents used in  fluid flow investigations; ho t wire 
anem om eters; density-sensitive optical systems, transien t tem pera ture  and 
pressure m easurem ents; m easurem ents in reacting  systems; e rro r analysis and 
treatm ent of data. Mr. McManus.
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3674. STA TISTIC A L THERM ODYNAM ICS (g)
C redit 3 hrs. Spring. 3 Rec. Prerequisites, 3622, 3623 or equivalent. In tended  
for g raduate students bu t open to qualified undergraduates. T h e  statistical 
m echanical basis of the first and  second laws of therm odynam ics. T h e  in te r
relationships between classical therm odynam ics and the fields of classical, 
q u an tum , and statistical m echanics. T h e  statistical mechanics of ideal and 
real gases, black body rad iation , diatom ic m olecular systems, and  fluctuations. 
T herm al considerations of m olecular laser systems. E quilib rium  in m ulti- 
com ponent systems. Mr. Cool.

3675. T H E O R E T IC A L  FLUID MECHANICS I (g)
C redit 3 hrs. Fall. 3 Rec. Prerequisite, concurrent enrollm ent in 1180 or 
equivalent. Navier-Stokes equation  and  exact solutions. Vorticity theorems. 
Irro ta tiona l incom pressible flow in two and  three  dimensions. W ing theory, 
slender body theory. R otational flow including shear-induced secondary flows, 
effects of strong ro tation  or stratification, Ekm an layers. Com pressible flow in 
one dimension, wave equation , R iem ann invariants. Shock waves. Mr. 
Leibovich.

3676. T H E O R E T IC A L  FLUID MECHANICS II (g)
C redit 3 hrs. Spring. 3 Rec. A con tinuation  of 3675. Effects of viscosity includ 
ing exact solutions, boundary-layer theory and  calculation m ethods; sim ilarity 
solutions; displacem ent effects; wake flows; dissipation of sound waves and 
weak-shock structure. Stability of lam inar flows and elem ents of turbulence 
theory. Supersonic and hypersonic flow fields. Two-phase flow. Mr. Moore.

3680. ADVANCED CON VECTIO N H E A T  TRA N SFER (g)
C redit 3 hrs. Spring. 3 Rec. Prerequisite, 3665 or consent of instructor. 
Processes of transport of therm al energy, m om entum , and mass in fluids are 
considered in detail. Theories of transfer processes and analytic solutions. 
Analytical and experim ental results com pared. T ran sp o rt equations for a 
fluid, delineation of kinds of processes, differential sim ilarity, n a tu ra l convec
tion, forced convection a t low and  high velocities. Boundary layer solutions, 
sim ilarity theories, and effects of turbulence. T ran sp o rt in rarefied gases. 
Mr. G ebhart.

3681. N O N EQ U ILIB R IU M  FLOW  AND R A D IA TIV E TRA N SFER (g) 
C redit 3 hrs. Fall. 3 Rec. Prerequisites, 3674 and 3676 or equivalent. T h e  
influence of physical and chemical nonequilib rium , including surface effects, 
on gasdynamics, fluid m echanics and heat transfer. Flows including sound and 
shock waves, viscous waves and boundary  layers, hypersonic shock layers and 
wakes, and  channel and nozzle flows. N onequilib rium  processes including 
vibrational and chem ical relaxation  and, especially, radiative transfer of heat. 
Mr. Moore.

3682. SEMINAR IN H E A T  TR A N SFER  (g)
C redit 3 hrs. Spring. 2-hr. m eetings weekly to be arranged. Prerequisite, p e r
mission of professor in  charge. Discussion of fields of active inqu iry  and 
curren t interest in heat transfer. Considerations of m ajo r recent work and 
several sum m aries of associated contributions. Mr. G ebhart.

3690. SPECIAL INV ESTIG ATIO NS IN T H E R M A L  EN G IN EER IN G  (u) 
C redit by arrangem ent. Fall and spring. In tended  e ither for inform al instruc
tion to a small num ber of students in terested  in work to supplem ent th a t 
given in regu lar courses o r for a student w ishing to pursue a p a rticu lar 
investigation outside of regular courses. Permission of the d ep artm en t required  
for registration.
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NUCLEAR SCIENCE AND ENGINEERING
(For description of courses see the section Applied Physics.)

STRUCTURAL ENGINEERING
(see page 123.)

THEORETICAL AND APPLIED MECHANICS

211. M ECHANICS OF R IG ID  AND DEFORM ABLE BODIES I (u)
C redit 4 hrs. Fall and spring. 2 Lect., 1 Rec., 1 Lab. C oregistration in M athe
m atics 293 and  Physics 223. Force systems and  equilib rium . D istribu ted  forces, 
static friction, statically de term inate  plane structures. Concepts of stress and 
strain. Shearing force, bending m om ent, bending  and  torsion of beams. 
Analysis of p lane stress and  strain , com bined stress, therm al stress. T heories 
of failure. Instability  of columns. (Prelims: Oct. 17, Nov. 14, Dec. 12 a t 7:30 
p .m .) Staff.

212. M ECHANICS OF R IG ID  AND DEFORM ABLE BODIES II (u)
C redit 4 hrs. Spring. 2 Lect., 1 Rec., 1 Lab. Prerequisite, 211. Inelastic be 
havior. Energy m ethods in m echanics. Princip les of particle  dynamics. T heory  
of oscillations. Kinematics of rigid body m otion. Dynamics of systems of 
particles. Kinetics of rig id  bodies. (Prelim s: M ar. 6, M ar. 27, May 8 a t 7:30 
p .m .) Staff.

1150. ADVANCED E N G IN EE R IN G  ANALYSIS I (u)
C redit 3 hrs. Fall. P rerequisite, M athem atics 294 or equivalent. A course 
including m athem atical m ethods in app lied  science w ith em phasis on a p p li
cations of im portance in engineering. M athem atical topics include ordinary  
differential equations, Fourier series and pa rtia l differential equations. A pp li
cations to heat flow, reaction rates, diffusion, wave propagation , dynam ic 
response. Use of the  d ig ital com puter is included. Mr. Block.

1151. ADVANCED EN G IN EER IN G  ANALYSIS II (u)
C redit 3 hrs. Spring. P rerequisite, 1150 o r equivalent. A continuation  of 1150 
including pa rtia l differential equations and  boundary  value problem s, vector 
fields, complex variables, Laplace transform ations. A pplications to heat flow 
and  diffusion, fluid flow, electrodynamics. Use of th e  dig ital com puter is 
included. Mr. Block.

1157. BIONICS AND ROBO TS (u,g)
C redit 3 hrs. Fall. Prerequisites, elem entary differential equations, linear 
algebra and probability , o r consent of instructor. E ngineering applications of 
strategies and  tactics of biological systems. M achines th a t learn. Artificial 
intelligence. Cybernetics, inform ation and  adaptive control. R eliable systems 
from unreliab le  com ponents. Self-organizing systems. Features in patterns. 
N eural nets, perceptrons, threshold logic, m adelines. Brain models. Behavior 
models. M achines for proving theorems, playing games, navigating, exploring. 
Problem s of sensors, perception, recognition and recall. Problem s in m achine 
learn ing  of concepts, English, n a tu ra l environm ents. M achine translation . 
H euristic  program m ing. A utom ata, pu re  and  applied. Robots, hardw are and
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software. Self-reproducing and  self-repairing m achines, m odels for embryology, 
developm ent and evolution. In troduction  to algebraic linguistics, T u rin g  
m achines, and com putability , G odel’s theorem , the  E uler-D iderot m etatheorem . 
Mr. Block.

1159. E X PER IM EN TA L MECHANICS (u,g)
C redit 3 hrs. Fall. T h e  studen t is expected to perform  4 to 6 experim ents 
selected to m eet his indiv idual interests. Available experim ents include: 
elastic waves in rods; viscoelastic waves and in te rn al dam ping; linear v ib ra
tions of beam s and plates; non linear response of elastic plates; two- and three- 
dim ensional photoelasticity; plastic response of structures; m agnetoelastic 
buckling of a beam -plate; gyroscopic m otion; linear oscillators and  analog 
computers. Messrs. Robinson and  Pao.

1160. C O N TIN U U M  M ECHANICS (u,g)
C redit 3 hrs. Fall. 3 Lect. A unified approach to the theory of continuous 
m edia based on therm odynam ic and invarian t principles. Kinematics of the 
continuum , stress hypothesis, uniqueness, constituitive equations. Special topics 
and  exam ples from finite elasticity theory, the Navier-Stokes fluid and 
plasticity. Mr. Dafermos.

[1162. V IB R A TIO N  OF ELASTIC SYSTEMS (u,g)]
C redit 4 hrs. Spring. 3 Lect., 1 Lab. Review of v ibration  of linear lum ped 
system w ith em phasis on m atrix  m ethod and transient phenom ena. Free and 
forced vibration of continuous systems, including strings, rods, beams, m em 
branes, and plates. Waves in rods and beams. O rthogonality  conditions and 
application  of generalized functions. R ayleigh-Ritz m ethod. M athieu function 
and  dynam ic instability  of strings, colum ns and o th er elastic systems. N on
linear phenom ena. Not offered 1968-69.

1163. APPLIED ELASTICITY (u,g)
C redit 3 hrs. Fall. 3 Lect. Analysis of th in  curved bars. Plane stress and plane 
strain  in the c ircular cylinder, effects of pressure, rotation , and therm al stress. 
Small and large deflection theory of plates, classical and approxim ate  m ethods. 
Strain energy methods. Sym m etrically loaded th in  cylindrical shell. T orsion  
of thin-w alled members. A first course in the mechanics of elastic deform able 
bodies w ith structural applications. Mr. Conway.

[1164. TH E O R Y  OF ELA STICITY (g)]
Credit 3 hrs. Spring. 3 Lect. General analysis of stress and strain. P lane stress 
and strain. A iry’s stress function solutions using Fourier series, Fourier 
integral, and approxim ate m ethods. St. V enant and  M itchell torsion theory. 
Simple three-dim ensional solutions. Bending of prism atical bars. Axially 
loaded circular cylinder and  half space. N ot offered 1968-69.

1165. M A TH EM A TICA L TH E O R Y  OF ELA STICITY (g)
C redit 3 hrs. Spring. 3 Lect. Developm ent in tensor form of the  basic eq u a 
tions of large deform ation elasticity; solution of certain  large deform ation 
problem s. L inearization to infinitesim al elasticity. Boussinesq-Papkovich po 
tentials and their application  to three-dim ensional problem s; contact p ro b 
lems; plane stress by m ethod of M uskhelishvili; application  of conform al 
m apping; Cauchy integral techniques in elasticity, torsion problem s. Mr. 
Dafermos.

1166. STRESS WAVES IN SOLIDS (g)
C redit 3 hrs. Spring. 3 Lect. General equations of elastodynamics. Waves in 
extended elastic media. Reflection and refraction  of waves. Surface waves and
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waves in layered m edia. V ibrations and waves in  strings, rods, beam s and 
plates. Dispersion in m echanical wave guides. T ran sien t loads. Scattering of 
elastic waves and  dynam ical stress concentration. Waves in anisotropic m edia 
and  visco elastic media. Mr. Robinson.

1168. T H E O R Y  OF PLA STICITY  (u,g)
C redit 3 hrs. Spring. 3 Lect. T heory  of inelastic behavior of m aterials. Plastic 
stress-strain laws, yield criteria  and  flow laws. Flexure and  torsion of bars, 
thick-walled cylinders, m etal form ing and  extrusion, stress analysis in m etals 
and soils. L im it analysis of beams, plates and shells. Shakedown. Selected topics 
in dynam ic plasticity. Mr. Robinson.

1169. T H E R M A L  STRESSES (g)
C redit 3 hrs. Fall. A trea tm en t of the  behavior of solids and  structures a t 
elevated tem peratures. T herm om echanical coupling, inertia  effects. Review of 
heat conduction in solids. T herm ally  induced vibrations. Elastic and  inelastic 
stress analysis. T herm al buckling. Mr. Boley.

1170. ADVANCED DYNAMICS (u,g)
Credit 3 hrs. Fall. 3 Lect. N ew ton’s equations for a system of particles, 
Lagrange’s equations, H am ilton ’s principle, two-body problem , particle  m otion 
in non-N ew tonian frames, rigid body m otion. E u ler’s equations, tops, gyro
scopes, variational principles of m echanics. Mr. R and.

1172. SPACE F L IG H T  MECHANICS (u,g)
Credit 3 hrs. Spring. 3 Lect. G ravitational po ten tial of the earth ; two-body 
problem ; three-body problem ; restricted three-body problem ; Jacob’s in tegral; 
H ill curves; lib ra tion  points and stability. L agrange’s p lanetary  equations; 
effect of oblate earth , atm ospheric drag  and  solar rad ia tion  on satellite orbits; 
satellite a ttitu d e  control; o rb ita l transfer and  orb ita l m aneuvers; rendezvous 
problem s. Mr. Alfriend.

1175. NO NLINEAR VIBRA TIO NS (g)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, 1162 or equivalent. P e rtu rbation  
and  iteration  m ethods, phase-plane analysis, lim it cycles, Lyapunov stability, 
Floquet theory, M ath ieu ’s equation , graphical m ethods, m ethod  of Krylov- 
Bogoliubov, nonlinear vibrations of a continuous system. Mr. R and.

1180. M ETHOD S OF APPLIED M A TH EM ATICS I (g)
C redit 3 hrs. Fall. 3 Lect. G raduate  students o r underg raduate  studen ts w ith 
consent of instructor. O rdinary  differential equations; series; orthogonal func
tions and  Sturm -Liouville theory; Fourier transform ; functions of several real 
variables; vector fields and in tegral theorems; matrices; pa rtia l differential 
equations. Developm ent is based upon applications wherever possible. Mr. 
Greenberg.

1181. M ETHOD S OF APPLIED M A TH EM A TICS II (g)
C redit 3 hrs. Spring. 3 Lect. Prerequisite, 1180 or the equivalent. C ontinuation  
of pa rtia l differential equations; G reen’s function; F ourier and Laplace trans
forms; complex variables; calculus of variations; tensor analysis. Developm ent 
based largely upon applications; m ore so th an  in 1180. Mr. Greenberg.

1182. M ETHOD S OF APPLIED M A TH EM A TICS III (g)
C redit 3 hrs. Fall. 3 Lect. Prerequisite, 1181 or equivalent. A pplication of 
advanced m athem atical techniques to engineering problem s. Conform al 
m apping; complex in tegral calculus; G reen’s function; in tegral transform s;
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asym ptotics including steepest descent and  stationary phase; W iener-H opf 
technique; general theory of characteristics; p e rtu rb a tio n  m ethods; singular 
p e rtu rba tions including PLK m ethod and boundary  layers. Developm ent 
will be in term s of problem s draw n from vibrations and acoustics, fluid 
m echanics and elasticity, heat transfer, electrom agnetics. Mr. T h au .

1183. M ETHOD S OF APPLIED M A TH EM A TICS IV (g)
C redit 3 hrs. Spring. 3 Lect. P rerequisite, 1182 or equivalent. M ore extensive 
treatm ent of 1182 in same spirit. Topics include: m ethod of m atched 
asym ptotic expansions. W.K.B. approxim ation; H ilbert-Schm idt and Fredholm  
theories of integral equations; singular in tegral equations. W iener-H opf 
equations w ith application  to finite interval. C arlem an equation  and its 
generalization, effective approxim ations; fu rth er m ethods in partia l differential 
equations, slot problem s. Mr. T h au .

1184. NU M ERICAL M ETHOD S IN EN G IN EER IN G  (g)
C redit 4 hrs. Spring. Prerequisite, 1181 or equivalent. M ethods for ob tain ing  
num erical solutions to problem s arising in engineering. L inear and n o n 
linear m echanical systems. O rdinary  and  pa rtia l differential equations, in itial 
value problem s, boundary  value problem s, eigenvalue problem s, and  extrem a. 
Calculus of Variations. Function-space m ethods. A pplications to vibrations, 
diffusion, heat transfer, wave propagation , m em branes, plates, fluid flow, and 
celestial mechanics. Sim ulation of dynam ical systems. Analog com putation. 
Mr. Block.

1196. RESEARCH IN T H E O R E T IC A L  AND APPLIED MECHANICS (g) 
C redit as arranged, any term . Thesis, lite ra tu re  survey or independent research 
on a subject of theoretical and applied  mechanics. Such research m ust be 
under the guidance of a staff m em ber. Staff.

1197. SELECTED TO PIC S IN  T H E O R E T IC A L  AND APPLIED 
M ECHANICS (g)
C redit as arranged, any term . Special lectures or sem inars on subjects of cu r
ren t interest and in the Field of T heoretical and Applied Mechanics. Topics 
and credit hours to be announced when the course is offered. Staff.

THERMAL ENGINEERING
(see page 165.)

WATER RESOURCES ENGINEERING
(see page 126.)
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neering.
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M ichael D. Greenberg, B.M.E., M.S., Ph.D., Assistant Professor of T heoretical 

and A pplied Mechanics.
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Pau l S. Ho, B.S., M.S., Ph.D., Assistant Professor of M aterials Science and 

Engineering.
Bernd Hoefflinger, Dipl.Phys., D r.rer.nat., Assistant Professor of Electrical 

Engineering.
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Charles A. Lee, B.E.E., Ph.D., Associate Professor of Electrical Engineering.
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David C. L udington, B.S., M.S., Ph.D., Associate Professor of A gricultural 

Engineering.
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George B. Lyon, B.S., M.S., P.E., Associate Professor of Civil Engineering.
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Joseph L. Rosson, B.S., M.E.E., Associate Professor of Electrical Engineering; 

Assistant D irector of the  School.
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Dennis G. Shepherd, B.S., Professor of M echanical Engineering; D irector of 

the Sibley School of M echanical Engineering (on leave, spring term  1969).
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How ard M. Taylor 3d, B.M.E., M.I.E., Ph.D., Assistant Professor of O perations 

Research.
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R obert L. Von Berg, B.S., M.S., Sc.D., P.E., Professor of Chem ical Engineering.
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R obert A. W agner, B.S., Ph.D., Assistant Professor of C om puter Science.
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George W inter, D ipl.Ing., Ph.D., Class of 1912 Professor of Engineering; 
Professor of Civil Engineering; C hairm an of the D epartm en t of S tructural 
Engineering.
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