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ENGINEERING AT CORNELL
T H E  O B JE C T IV E  of the College of E ng ineering  is to p rov ide studen ts  w ith 
h igh-quality  education , co m bin ing  com petence in  en g in ee rin g  science an d  tech­
nology w ith  ap p rec ia tio n  of the hu m an itie s  an d  social sciences, an d  u tiliz ing  the 
in te llec tu a l an d  cu ltu ra l resources of C ornell U niversity . T o  a tta in  th is goal 
now, an d  to m eet the fu tu re  req u irem en ts  of the  en g inee rin g  profession, the 
College bu ild s u po n  a long  C ornell trad itio n  of significant co n trib u tion s  to 
en g ineering  education .

From  the fo u n d in g  of the U niversity , the College of E ng ineering  has recog­
nized the need for strong  u n d erg rad u a te  an d  g rad u a te  program s. M any early 
C ornell en g ineerin g  g raduates becam e educators w ho w ere in s tru m en ta l in  estab­
lishing the p a tte rn  of develop m en t of m od ern  en g ineerin g  ed ucatio n . C ornell 
g ran ted  the  first doctorate  in  en g ineerin g  in  the co u n try  an d  estab lished  the 
n a tio n ’s first separa te  p rogram  g ran tin g  degrees in  electrical en g ineering . T h e  
in tro d u c tio n  of the five-year u n d erg rad u a te  program  in  1946 reflected the  need 
for engineers w ith  a b e tte r  fo u n d a tio n  in  basic science an d  m athem atics, 
g rea te r com petence in  en g ineerin g  science an d  technology, an d  b ro ad er exposure 
to the hum an itie s  an d  social sciences. T o d ay  the five-year course provides flexi­
b ility  fo r m ore th a n  1800 u n d e rg rad u a te  studen ts, en ab lin g  them  to p rep a re  
effectively e ith er fo r g rad u a te  w ork o r fo r en g ineerin g  practice. P rogram s of 
g rad u a te  study p rov ide o p p o rtu n itie s  fo r nearly  300 g rad u ate  s tuden ts  to explore 
new  areas of technology in  a scholarly atm osphere.

T h e  m ore th an  130 p e rm a n en t m em bers of the faculty  reflect varied  in terests 
in the problem s of education , the challenges of new  fields of research, an d  the 
ad vancem en t of the en g in ee rin g  profession. Each year this staff is supp lem en ted  
by several o u ts tan d in g  v isiting  professors. T h e  en g ineerin g  faculty  last year 
conducted  bu d geted  an d  co n trac t research  covering the en tire  range of en g inee r­
ing science an d  technology from  the p heno m en a  of o u te r  space to the  subatom ic 
properties  of m aterials, an d  from  the decision m odels fo r com puter sim ulation  
to h o t gasdynam ics. Such research, essential to educatio n  in  an  age of dynam ic 
technology, creates o p p o rtu n itie s  for teachers to keep ab reast of the la test devel­
opm ents a t the fro n tiers  of eng ineering , an d  provides an  in te llec tua lly  s tim ula tin g  
atm osphere fo r a ttrac tin g  o u ts tan d in g  en g ineerin g  educators.

E ig h t m o d ern  bu ild ings on  the  en g ineerin g  cam pus p rov ide over 600,000 
square feet of floor space for teach ing  a n d  research. M any of these bu ild ings 
have been the gifts of d is tingu ished  C ornell a lu m ni:

L eroy R . G rum m an  ’16: G rad u a te  School of A erospace E ng ineering
F ran k lin  W . O lin  ’86 : C hem ical E n g ineering
Spencer T . O lin  ’21: C ivil E ng ineering
Ellis L. P h illip s  ’95: E lectrical E ng ineering
M axw ell M. U pson  ’99: M echanical E n g ineering
W alte r S. C arpen te r, J r .  ’10: E n g ineering  L ib rary  an d  A d m in is tra tion
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2 COLLEGE OF EN G IN EERIN G
B ard  H a ll fo r m etallu rg ica l en g ineering , now  u n d e r  co nstruc tion , the g ift of 
Francis N . B ard  ’04, will ad d  50,000 square fee t of space fo r classroom s an d  
lab ora to ries devoted  to ex p an d ed  program s in  m etallu rgy  w hen it is ready  for 
occupancy in  the fall of 1963.

W ith  the newly com pleted  nu c lear reac to r labora to ry , the  College of E ng i­
n eerin g  has in  o p e ra tio n  a reac to r facility  u n iq u e  am ong ed uca tio na l in s titu ­
tions. O ne reac to r has a m od era te  pow er core capable of being  p u lsed  to  very 
h igh  pow er for brief periods, thereby  affording an in tense pulse of n eu tro n s  
fo r investigations of various rad ia tio n  effects. In  ad d itio n , the  facility  has a 
zero pow er critical assem bly for studies of reac to r design an d  associated p ro b ­
lems. T h e  reac to r b u ild in g  also houses a gam m a irra d ia tio n  cell, laboratories, 
classrooms, an d  offices. O p p o rtu n itie s  exist fo r study an d  research in such areas 
of n uc lear technology as n uc lear m etallu rg ica l problem s, fuel processing, ra d ia ­
tion  effects on  chem ical reactions, h ea t transfer, design of reac to r structures, an d  
analysis of electric pow er p la n t systems. T h e  p u ls in g  fea tu re  of the  reac to r 
perm its special k inds of rad io iso to pe trace r w ork in  b iological research.

A  C en ter fo r R adiophysics an d  Space R esearch has been  organ ized  to co nduct 
g radu a te  program s an d  research  in :

1. R ad io  investigations of the  atm osphere, m oon, Venus, M ars, an d  p ro pertie s  
of space in  the v icin ity  of the ea rth  an d  near-by p lanets.

2. T h e  d evelop m ent of space vehicle in s tru m en ta tio n  fo r the  study of the 
gases of the solar system.

3. T h e  use of rad io  astronom y fo r investig ating  solar, galactic, an d  extra- 
galactic phenom ena.

A ra d a r  an te n n a  1000 feet in d iam eter, designed for use in m any of these investi­
gations, is u n d e r construction . In  ad d ition , num erous lab o ra to ry  studies w ill be 
carried  on. T h e  C en te r prov ides o p p o rtu n itie s  fo r facu lty  an d  g rad u a te  studen ts  
in astronom y, en g ineerin g  physics, electrical eng ineering , physics, a n d  aero ­
space en g ineerin g  to co llaborate  in  advancing  the  u n d e rs ta n d in g  of space.

A newly established in te rd isc ip linary  M ateria ls Science C en te r offers g rad u a te  
study an d  research in  the broad  field of m aterials science, in teg ra tin g  the perspec­
tives of the basic an d  en g ineerin g  sciences. Investiga tions w ill be conduc ted  to 
o b ta in  a b e tte r  u n d erstan d in g  of the genera l laws gov ern ing  the b ehav io r of 
m aterials, to  de te rm in e  m ethods for im prov ing  the  en g inee rin g  p ro p e rtie s  of 
m aterials, an d  to develop en tire ly  new k inds of m aterials. Such un ified  teach ing  
an d  research efforts will benefit b o th  u n d erg rad u a te  an d  g rad u a te  in s tru c tion , an d  
will enab le C ornell to m a in ta in  its p ro m in en t re p u ta tio n  in the m ateria ls sci­
ence field.

In  reco gn ition  of the g row ing im pact of electron ic  com puters on  every area 
of en g ineerin g  analysis, the C ornell C o m pu tin g  C en ter has ad ded  a large-scale, 
m agnetic-core, m agnetic-type B urroughs 220 d ig ita l co m p u te r fo r use by studen ts  
an d  faculty. T h e  C en te r w ill install d u rin g  1902 1903 a C o n tro l D ata C orp o ra­
tion  1604-160A co m pu te r system. Courses are offered in the o p e ra tio n  an d  
p rincip les  of the com puter, en ab ling  bo th  u n d erg rad u a te  an d  g rad u a te  en g in ee r­
ing  studen ts  to o b ta in  the  advantages of this pow erfu l co m p u ta tio n a l tool in  
p ro jec t an d  thesis work.

In  the sp ring  of 1961, the F o rd  F o u n d a tio n  m ade a g ra n t of $4,350,000 to 
C ornell U niversity  to  advance g radu a te  study an d  research in  the  College of
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E ngineering. T h is  g ran t has m ade possible the estab lishm ent of new  professor­
ships, ad d ition a l research  facilities, ex p an d ed  financial assistance for g raduate  
studen ts, an d  o th e r  special projects w ith in  the College. R esu ltin g  streng thened  
program s of teach ing  an d  research are en ab lin g  the College of E ng ineering  to 
m eet m ore effectively the ed ucatio nal an d  research req u irem en ts  of rap id ly  ex­
p a n d in g  m odern  technology. T h e  F ord  F o u n d a tio n  g ran t is hav ing  a significant 
a n d  pervasive influence u p o n  the fu tu re  dev elo p m en t of en g ineerin g  a t  C ornell.

As of Ju ly  1, 1962, two new  professorships, the G iven F o u n d a tio n  Professor­
ship  in  E ng ineering , endow ed by the  G iven F o u n d a tio n  in  m em ory o f Jo h n  
L aP orte  G iven, Class of 1896, an d  the  IBM  Professorship in  E ngineering , en ­
dow ed by In te rn a tio n a l Business M achines C orp o ra tio n , Inc., have been es­
tab lished. T h e  chairs are held  by W illiam  R . Sears, D irector of the  G rad u ate  
School of A erospace E ngineering , an d  H en ry  G. Booker, D irec to r of the School 
of E lectrical E ngineering , respectively.

T h e  accelera ting  ex pansion  of m o d ern  science an d  technology poses a com ­
plex  challenge fo r en g ineerin g  educatio n  to keep pace w ith  the dem ands of the 
fu tu re . T h e  program s described above are  rep resen ta tive  of the  co n tin u in g  
efforts of every division of the  College to  im prove u n d erg rad u a te  program s an d  
to develop g rad u a te  ed ucatio n  a n d  research, in  o rd e r to p rov ide C ornell 
en g ineering  g radu ates w ith  sound  p rep a ra tio n  for rew ard ing  professional careers.

UNDERGRADUATE CURRICULA. 
REQUIREMENTS, AND DEGREES
Prospective freshm en interested in engineering should  write for  a special illus­
trated booklet  en t i t led  E ng ineering  a t  C ornell. R equests  should  be addressed  
to the A n n o u n cem en ts  Office, Day Hall ,  Cornell University, and  should  m en tion  
that the writer is a prospective freshman.

C O R N E L L  U niversity  confers seven baccalaureate  degrees in  en gineering :
B achelor of A g ricu ltu ra l E n g in eerin g  (B.Agr.E.)
B achelor of C hem ical E ng ineering  (B.Ch.E.)
B achelor of C ivil E ng ineering  (B.C.E.)
B achelor of E lectrical E n g ineering  (B.E.E.)
B achelor of E ng ineering  Physics (B.Eng.Phys.)
B achelor of M echanical E ng ineering  (B.M .E.)
B achelor of M etallu rg ical E ng ineering  (B.M et.E.)
T h e  degrees are  conferred  on  cand ida tes  w ho have fu lfilled  the follow ing 

requirem ents:
1. T h e  cand ida te  m ust have been  in  residence an d  reg istered  in  the College 

of E ng ineerin g  fo r the last two term s, m ust have satisfied the U niversity  
req u irem en ts  in  physical education , an d  m ust have p a id  his tu itio n  an d  fees.

2. H e  m ust have com pleted  to the  satisfaction of the facu lty  of the College 
of E n g ineering  all the subjects an d  the elective hou rs p rescribed  in  the 
course of study as o u tlin ed  by th a t faculty.
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3. A s tu d en t who transfers to  the C ollege of E ng ineering , a f te r  hav ing  spen t 
one o r m ore term s in  an o th e r college of C ornell U n iversity  o r elsewhere, 
m ust conform  to the requ irem en ts  of the  class w ith  w hich he graduates.

4. Each s tu d en t in  the first term  of the  freshm an year in  the  C ollege of E n ­
g ineering  m ust a tte n d  regula rly  the  lec tu res in  o rien ta tio n  fo r s tuden ts  in 
eng ineering .

T h e  first two years of u n d erg rad u a te  w ork are substan tia lly  the  same for 
s tuden ts  expectin g  to study chem ical, civil, electrical, m echanical, o r  m e ta llu rg i­
cal eng ineering , o r en g ineerin g  physics. T h e  freshm an a n d  sophom ore courses 
of study there fo re are  ad m in istered  by the D ivision of Basic S tudies described on  
pages 23-25. C hoice of a  specific degree p ro g ram  in  m ost cases does n o t have 
to  be m ade u n til  the  second year.

A fter the second year, a s tu d en t co n tem p la tin g  a transfe r w ith in  the College 
of E ng ineering , o r to  an o th e r d ivision of the  U niversity , should  discuss his p lans 
first w ith  his adviser. If  he decides to  tran sfer to an o th e r school w ith in  the 
College of E ng ineering , the  s tu d en t m ust ap p ly  to the  d irec to r of th a t school 
d u rin g  the  term  p reced ing  the  one in  w hich h e  wishes to  m ake the change. 
T ransfers  m ade a fte r the b eg in n in g  of the th ird  year, w hile still possible, m ay 
requ ire  one o r m ore ad d itio n a l term s of study in  o rd e r to  m eet degree req u ire ­
m ents. In  general, transfers early  in  the college p rog ram  resu lt in  few er com plica­
tions an d  less tim e lost.

SPECIAL UNDERGRADUATE 
PROGRAMS OF STUDY
UNDERGRADUATE PROGRAM IN 
AEROSPACE ENGINEERING
D U R IN G  the fo u rth  a n d  fifth years, s tuden ts  w ith  good scholastic records in  
electrical eng ineering , en g ineerin g  physics, o r m echanical en g in ee rin g  m ay elect 
courses in  the G rad u a te  School of A erospace E ng ineering . T h ey  m ay carry 
o u t senior pro jec ts in  the  aerospace field u n d e r  the  d irec tion  of the School’s 
staff. S tudents w ho elect this p rog ram  g rad u a te  w ith  an  unu su ally  sound  ae ro ­
space ed ucatio n  in  ad d itio n  to th e ir  b road , u n d erg rad u a te  en g inee rin g  ed ucation . 
T hese  specialized aerospace studies are of a type usually  reserved fo r g rad u ­
ate  students.

T h e  s tu d en t p la n n in g  to  follow  this course of studies should  consu lt w ith  
W . R . Sears, D irec to r of the  G rad u a te  School of A erospace E ng ineering , by 
the b eg inn ing  of his th ird  year in  en g ineerin g  so as to p la n  his p ro g ram  to best 
advantage.

T h is  same p rogram  p repares the  s tu d en t p la n n in g  to w ork fo r the M aster of 
A ero nau tica l E n g in eering  degree. I t  is also a basic p rogram , along w ith  his 
o th e r  en g ineerin g  course w ork, fo r the  s tu d en t p la n n in g  study in  this field 
beyond the M aster’s degree. (See page 6.)
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NUCLEAR TECHNOLOGY
Q ualified  s tuden ts  in  the fo u rth  an d  fifth years of chem ical, civil, electrical, 

m echanical, an d  m eta llu rg ica l en g ineering , an d  en g ineerin g  physics, m ay elect 
a series of co ord inated  courses in  n u c lea r technology. T h e  courses, in trodu cto ry , 
advanced, an d  supplem entary , com prise a re latively  com plete coverage of the 
field of n uc lear engineering.

In troduc tory:  8301 (or Physics 243), 8311, 8351, 3605 (or 3665 o r 5505), 5760,
6872

INDUSTRIAL COOPERATIVE PROGRAM
D u rin g  the fo u rth  term , above-average studen ts  in  electrical an d  m echanical 

en g ineerin g  an d  in  en g ineerin g  physics are inv ited  to be in terv iew ed fo r adm is­
sion to  the In d u s tr ia l C oopera tive P rogram .

T h e  C ooperative P rogram  provides th ree  term -length  w ork periods (abou t 
sixteen weeks each) in  one  of the fo llow ing industries o p e ra tin g  the p la n  w ith  
the U niversity: A m erican E lectric Pow er Service C o rpo ra tion , A naconda W ire  
& C able C om pany, C ornell A ero nau tica l L abora to ry , Em erson E lectric C om ­
pany, G eneral D y nam ics/T elecom m unica tion , G eneral E lectric C om pany, G en ­
eral R ad io  C om pany, the G leason W orks, In te rn a tio n a l Business M achines 
C orpora tion , Philco  C orp o ra tio n , P rocte r an d  G am ble M an u fac tu rin g  C om pany, 
R aytheon  M anu fac tu ring  C om pany.

T h e  p rogram  incorporates the sum m er vacation  periods a fte r T e rm  4 in to  the 
s tu d en t’s work-study schedule. T h e  cooperative s tu d en t com pletes the regu la r 
academ ic study fo r his B ache lo r’s degree, pursues his w ork program , to ta lin g  one 
year in  industry , an d  still g raduates w ith  his reg u la r class. H e  rem ains on cam pus 
w ith  his reg u la r classmates except d u rin g  the fifth an d  eig h th  term s. T h e  w ork 
of these term s he takes in  the sum m er co-op term .

T h e  schedule fo r the  C oopera tive P rogram , beg inn ing  a fte r the fo u rth  term , 
is as follows:

T h ir d  Year  
Sum m er: F ifth  term  courses 
Fall: In dustry  
Spring: Sixth term  courses

Fifth  Year
Sum m er: E ig h th  term  courses 
Fall: N in th  term  courses 
Spring : T e n th  term  courses

T h e  objective of the  p rogram  is ed u ca tio n a l ra th e r  th a n  rem un era tive , a l­
though  the  s tu d en t receives a sub stan tia l salary from  ind u stry  d u rin g  his th ree 
w ork periods.

T h e  w ork p rogram  of each s tu d en t is arran g ed  to  advance his ind iv idu al 
in terests an d  ap titu d es  w ith in  the reg u la r activity of the  com pany w ith  w hich 
he is affiliated. H e  has no  ind u stry  assignm ent the first sum m er, a n d  he does 
his in d u stria l w ork in  one  com pany th ro u g h o u t the en tire  p rogram . T hese  
two req u irem en ts  en ab le  h im  to pu rsue  his en g ineerin g  objectives in  w ork areas 
seldom  available th ro ug h  o rd in a ry  sum m er p lacem ent. T h e  in d iv id u a l coun­

Fourth  Year
Sum m er: In du stry  
Fall: Seventh term  courses 
Spring : In du stry
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seling an d  ap p ra isa l of progress th a t characterize the P ro g ram  en ab le  the  s tu den t 
to pu rsue  his studies an d  g rad u a te  in to  in du stry  w ith  rea lis tic  objectives.

S tudents are ad m itted  to  the  C oopera tive P rogram  in  the  fo u rth  term  only. 
A p p lican ts  are subject to ap p ro val bo th  by the C ollege an d  by one  o f the 
co operatin g  industries. A dm ission to the p la n  involves n o  o b lig a tio n  o n  the 
p a r t  of e ith e r  the  s tu d en t o r the in du stry  w ith  reg a rd  to  fu tu re  em ploym ent.

GRADUATE PROGRAMS OF STUDY
M.S., Ph.D ., and M.AERO.E. DEGREES
A G R A D U A T E  s tu d en t h o ld ing  a baccalau reate  o r eq u iv a len t degree fro m  a 
college o r university  of recognized s tan d in g  m ay pu rsue  advanced  w ork lead ­
ing to  a g rad u a te  degree in  eng ineering . Such a s tu d en t m ay en te r  as a cand ida te  
e ith e r  fo r the genera l degrees (M.S. o r Ph.D .) o r fo r the  professional degrees 
(M .Ch.E., M .C.E., M .E.E., M .I.E ., M .M .E., M .M et.E .).

T h e  genera l degrees (M.S. an d  Ph.D .) are  availab le  in  a ll the  fields an d  sub­
divisions of the College of E ng ineering . T h ey  are  adm in is te red  by the  G rad u a te  
School an d  req u ire  w ork in  b o th  m a jo r a n d  m in o r fields of study, as well as 
the com pletion  of a  satisfactory thesis, usually  invo lv ing  in d iv id u a l a n d  o rig in a l 
research. A  prospective g rad u a te  s tu d en t in te rested  in  o b ta in in g  an  M.S. o r 
Ph.D . degree should  consu lt the A n n o u n c e m e n t  o f the Graduate School  for 
ad d itio n a l in fo rm atio n  co ncern ing  these degrees a n d  shou ld  co rrespond  w ith  
the professor supervising  the p a rtic u la r  field of en g inee rin g  rep resen tin g  his 
m ajor in terest. S tuden ts w ho do  n o t com pletely m eet the  en tran ce  req u irem en ts  
fo r these degrees m ay be ad m itted  as p rov isional cand ida tes  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 eq u iva len t degree.

T h e  degree of M aster of A ero nau tica l E n g in eering  (M .A ero.E.) is g ran te d  on  
the recom m endation  of th e  faculty  of the G rad u a te  School of A erospace E n ­
gineering. P rospective cand idates fo r th is degree shou ld  ap p ly  d irec tly  to  the 
D irec tor of the G rad u a te  School of A erospace E ng ineering .

PROFESSIONAL MASTERS’ DEGREES
Professional degrees a t  the  M aster’s level are  offered in  chem ical, civil, elec­

trical, in du stria l, m echanical, an d  m eta llu rg ica l en g inee rin g  an d  are  adm in is­
tered  by the  E n g ineering  D ivision of the  G rad u a te  School. T h ese  degrees are 
in te n d ed  p rim arily  for those persons w ho wish to en hance  th e ir  ab ility  in  the 
practice of en g ineering , an d  n o t fo r those whose expected  activ ities w ill be in  
en g ineering  teach ing  o r research. T h e  s tu d en t w ith  a baccalau reate  degree in 
an  area of en g ineerin g  o r science deem ed a p p ro p ria te  to his p roposed  field of 
study m ay becom e a cand id a te  fo r a  p rofessional degree. T h ese  professional 
degrees req u ire  a t  least 45 c red it hou rs of g raduate-level course work, o r  its 
eq u ivalen t, in  the  p rincip les  an d  practices of the  specific field. T h ey  do  n o t 
req u ire  the  p resen ta tio n  of a thesis based u p o n  research  studies. F o r each can­
d ida te  a  special cu rricu lum  of re la ted  courses, d iffering  in  co n ten t am ong  the 
several p rofessional degrees, is e ith er p rescribed  o r ag reed  u p o n  in  advance. T h e



prospective s tu d en t shou ld  consu lt the  d e ta iled  descrip tions of requ irem en ts  of 
the various schools elsew here in  th is A n nouncem en t.

T h e  req u ired  n u m b er of c red it hou rs  in  each cu rricu lum  m ay be reduced  by 
allow ing cred it fo r g raduate-level w ork com pleted  before  en try  in to  the program , 
o r for professional experience ap p ro v ed  by the facu lty  as substan tia lly  covering 
the same area as any p a r t  of the cu rricu lum , p rov id ed  th a t the  to ta l allow ance 
does n o t exceed fifteen c red it hours. Such allow ance fo r w ork ou tside the p ro ­
gram  w ill be g ran ted  only  a fte r the  cand ida te  is en ro lled  in  the program , and, 
in  o rd er to avoid m isunderstand ing , no  com m itm ents co ncern in g  advanced cred it 
can be m ade by p rio r  correspondence betw een facu lty  m em bers a n d  prospective 
studen ts. T h e  cand ida te  in te rested  in  com ing in to  this p rogram  fro m  industry  
should  w rite  to the  d irec to r of the d iv ision  of en g inee rin g  he p lans to  en ter. 
U n d er a special a rrang em en t, a s tu d en t w ith  a su perio r reco rd  of perform ance 
fo r fou r years of u n d erg rad u a te  en g ineerin g  studies a t  C ornell m ay en ro ll in  the 
program  d u rin g  his fifth u n d erg rad u a te  year an d  beg in  the  accum ulation  of 
professional degree credits fo r ce rta in  advanced  courses tak en  d u rin g  this year. 
T h e  m in im um  tim e req u ired  fo r a C ornell s tu d en t to o b ta in  the professional 
degree will be one  term  beyond  the  baccalaureate  degree.

T h e  professional degrees are considered to  be a t the  five-and-one-half to  six- 
year level of university  w ork, re q u ir in g  from  one to two years of ad d ition a l 
study beyond a four-year baccalaureate  program .

COMBINED PROGRAMS IN LAW, BUSINESS 
AND PUBLIC ADMINISTRATION, 
AND CITY AND REGIONAL PLANNING

Q ualified  studen ts  m ay ap p ly  fo r adm ission to special program s p e rm ittin g  
co m pletion  of b o th  a  B achelor’s degree in  en g inee rin g  a n d  a  g rad u a te  o r 
ad vanced degree in  law, business o r p u b lic  ad m in is tra tio n , o r city an d  reg ional 
p lan n in g , in  one year less th an  the  no rm al period . In te res ted  s tuden ts  should  
consu lt the ir advisers d u rin g  the ir th ird  year, in  o rd e r to p la n  ap p ro p ria te  
elective courses d u rin g  the fo u rth  an d  fifth years.

O rd in arily  such a com bined  p rogram , lead ing  to two degrees, w ould  co n­
stitu te  an  eight-year course of study in  the  case of law  an d  seven years in  the 
case of business an d  p u b lic  ad m in is tra tio n  o r city an d  reg ion al p la n n in g . By 
choosing as electives courses accep tab le  to  the  o th e r schools o r colleges an d  
by be ing  p e rm itted  to  co un t ce rta in  o th e r  courses as m eeting  req u irem en ts  in  
b o th  areas, studen ts  w ill be ab le  to  acqu ire  the  two degrees in  the  shortened  
period .

A rrangem en ts fo r one o r m ore such com bined  program s of study are  possible 
for selected studen ts  in  chem ical, civil, electrical, m echanical, an d  m etallu rg ical 
eng ineering . A pp lica tions w ill be accepted  a t  any tim e p r io r  to the fifth  year, bu t, 
fo r m axim um  flexibility  a n d  ease of p rogram  p lan n in g , the choice shou ld  be 
m ade as early as possible. A pp lica tions m ust be ap p ro ved  by bo th  p a rtic ip a tin g  
schools o r colleges.

GRADUATE SCHOLARSHIPS AND FELLOWSHIPS
G rad uate  studen ts  whose m ajo r subjects are in  the  various branches of en ­

g ineering  an d  w ho wish to be candidates fo r scholarship  o r fellow ship a id  should

GRADUATE PROGRAMS 7
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consu lt the A n n o u n c e m e n t  o f  the Graduate School  an d  m ake ap p lica tio n  to  the 
D ean  of the G rad u a te  School. T ho se  w ho are cand ida tes  fo r the  degree of 
M .A ero.E. should  ap p ly  to the D irec to r of the G rad u a te  School of A erospace 
E ng ineering .

STUDENT PERSONNEL SERVICES
STUDENT PERSONNEL OFFICE
T H E  A D M ISSIO N  of new  studen ts, the  ad m in is tra tio n  of scholarships in  the 
C ollege of E ng ineering , an d  the p lacem en t of g rad u a tes  are  activities o f the 
College w hich are co ord inated  in  the S tu d en t P ersonne l Office. T h e  P ersonnel 
Office, in  ad d itio n  to  o th e r  facilities, is also availab le  a t  a ll tim es to  s tuden ts  w ho 
wish to  discuss any q uestio n  re la tin g  to th e ir  life in  the College.

STUDENT COUNSELING
In  general, the  counseling  of studen ts  rests w ith  the class advisers to  w hom  

the studen ts  are  assigned p rim arily  fo r assistance in  p la n n in g  a n d  scheduling  
th e ir academ ic work, b u t who will welcom e studen ts  a t  any tim e to discuss o th e r  
persona l m atters. In  each school of the  College, s tuden ts  are  re fe rred  to  the 
ch airm an  of the  scholarship com m ittee w hen  in  financial n eed  a n d  to a p lace­
m en t adviser fo r assistance in  vocational choice an d  po stg rad ua te  em ploym ent. 
Also, the studen ts  are  free to  consu lt w ith  the dean , d irec tors, d e p a rtm en t heads, 
an d  instructors, n o t only  on  m atters p e rtin e n t to th e ir  ed ucatio n  an d  fu tu re  p lans, 
b u t also on  persona l m atters. In  ad d itio n , the U n iversity ’s D ean  of S tudents an d  
staff m ay be consu lted  by studen ts  rega rd ing  th e ir  nonacadem ic  problem s.

SCHOLARSHIPS, GRANTS-IN-AID. 
AND PRIZES
SCHOLARSHIPS FOR FRESHMEN
SO M E O F T H E  scholarships listed  below  are  p a id  fo r from  the incom e of 
endow m ents; o thers  derive from  revolv ing funds established by industries, 
found ations, o r indiv iduals. M any of the  revolv ing funds prov ide  generous 
gifts to the U n iversity  in  su p p o rt of the costs of ed ucatin g  studen ts  n o t covered 
by tu itio n  a n d  fees. T h e ir  gifts to  the U niversity  are  m ade in  ad d itio n  to the 
scholarship  gran ts, an d , in  the list below, the  am oun ts  are  in d ica ted  in  p a re n ­
theses fo llow ing the am oun ts  p a id  the  students.
C H A R L E S  R .  A R M 1 N G T O N  S C H O L A R S H I P S  I N  E N G I N E E R I N G  . . . 
G ift of M r. an d  M rs. R . Q. A rm ing ton , in  m em ory of th e ir  son w ho was a 
s tu d en t in  the School of M echanical E n g in eering  a t the tim e of his d ea th  in  
1956. O p en  to m en  studen ts  in  any b ran ch  of eng ineering . O n e  scholarship
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an n u a lly  w ith  an n u a l s tip en d  u p  to $2000 ($1000). T e n u re , n o t lim ited . Selec­
tio n  based on  ba lance of academ ic a n d  ex tracu rricu la r in terests w ith  o u ts tan d ­
ing  personal characteristics.
J O H N  H E N R Y  B A R R  S C H O L A R S H I P  . . . G ift of M rs. M abel R . B arr, fo r 
a  deserving s tu d en t to be chosen by the  U niversity  from  recom m en dations of 
the C ornell C lub  of the L ehigh  Valley. A n n u a l aw ard, u p  to $2000. T en u re , 
n o t lim ited.
E D W A R D  P. B U R R E L L  S C H O L A R S H I P S  . . . G ift u n d e r  the will of K a th ­
erine  W . B urre ll, in  m em ory of h e r  husband . O p en  to m en  an d  w om en en te rin g  
the College of E ng ineering . Aw ard, u p  to  $800 for freshm an year oidy. N eed 
is an  im p o rta n t facto r in  selecting the w inners.
G E N E R A L  M O T O R S  C O L L E G E  S C H O L A R S H I P  . . . E stablished in  1957 
by the G eneral M otors C o rpo ra tion . A vailable to  m en  o r w om en w ho are 
citizens of the  U n ited  States an d  are en te rin g  the  College of E ngineering . 
O n e scholarship an n u a lly  w ith  s tip en d  of from  $200 to  $2000 ($800), d ep en d ing  
u p o n  need. T e n u re , un lim ited . Selection based u p o n  o u ts tan d in g  academ ic 
prom ise, genera l character, an d  financial need.
I N L A N D  S T E E L  F O U N D A T I O N  S C H O L A R S H I P S  . . . E stablished by the 
In la n d  Steel F ou nd atio n . A n n u a l aw ard, $1500 ($1000). T e n u re , n o t lim ited . 
Selection is based  on  scholastic a tta in m en t, persona l characteristics, a n d  finan­
cial need. Sum m er em ploym ent m ay be offered to rec ip ien t by the In la n d  Steel 
Com pany.
M A R T I N  J. I N S U L L  S C H O L A R S H I P  . . . G ift of his wife, M rs. V irg in ia  
Insu ll. O p en  to m en en te rin g  the College of E ng ineering . A n n u a l aw ard, $1500. 
T en u re , n o t lim ited . F u r th e r  provisions as fo r the  M cM ullen  R eg ion al Scholar­
ships (see below), except th a t financial need  is an  essential criterion .
L O C K H E E D  N A T I O N A L  E N G I N E E R I N G  S C H O L A R S H I P  . . . E stablished 
by the L ockheed L eadersh ip  F un d . O p en  to en te rin g  studen ts  in  the  College 
of E ng ineering . A n n u a l aw ard, tu itio n  an d  fees p lus $500 ($500). T e n u re , 
u n lim ited . O ne aw ard each year to  a s tu d en t w ho is in  a field of en g ineerin g  
ap p licab le  to the aerospace in du stry  an d  whose to ta l persona l qua lities  can  be 
expected  u p o n  g rad u a tio n  to  offer a significant co n trib u tio n  to  the  aerospace 
industry .
J O H N  M c M U L L E N  R E G I O N A L  S C H O L A R S H I P S  . . . G ift u n d e r  the  will 
of Jo h n  M cM ullen . O p en  to m en en te r in g  the College of E ng ineering . A n n u a l 
aw ard, u p  to  $1500. T e n u re , n o t lim ited . F ifty  o r m ore scholarships aw arded 
an nually . A p p lican ts  w ill be selected on the basis of h ig h  scholastic achievem ent 
an d  o th e r ind ication s of qua lities  likely to  p roduce leadersh ip  in  en gineering . 
A lth ough  financial need  is n o t a fac to r in  selecting the w inners, fu ll considera­
tio n  w ill be g iven to need  in  fixing stipends.
O W E N S - I L L I N O I S  S C H O L A R S H I P  . . . E stab lished  by O w ens-Illinois. O p en  
to  m en. A n n u a l aw ard, tu itio n  an d  fees p lus $125 fo r books an d  supplies in  
the freshm an year an d  $100 an n u a lly  th e rea fte r ($1340). T e n u re , n o t lim ited . 
Selection w ill be based on  scholastic achievem ent, personality , an d  financial 
need. Sum m er em ploym ent m ay be offered by O w ens-Illinois.
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P R O C T E R  A N D  G A M B L E  S C H O L A R S H I P S  . . . E stab lished  by the P rocte r 
a n d  G am ble C om pany. O p en  to  m en o r w om en en te rin g  the C ollege of 
E ng ineering . A n n u a l aw ard, tu itio n  an d  fees p lus $115 for books an d  supplies 
($600). T e n u re , u n lim ited . Selection based on  academ ic achievem ent, character, 
an d  financial need.
A N N I E  F. A N D  O S C A R  W . R H O D E S  S C H O L A R S H I P S  . . . G ift u n d e r  the 
w ill of O scar L ynn  R hodes in  m em ory of his m o th er an d  fa th e r  fo r scholarships 
to  studen ts  in  eng ineering . O p en  to freshm en. A n n u a l aw ard, u p  to  $1500. 
T e n u re , n o t lim ited . O n e  o r m ore scholarships to be aw arded  an n u a lly  to 
s tuden ts  on  the  basis of h igh  scholastic ach ievem ent a n d  professional prom ise. 
A lth ough  financial need  is n o t a  fac to r in  selecting the w inners, fu ll co nsidera­
tio n  w ill be given to need  in  fixing stipends.
A L F R E D  P. S L O A N  N A T I O N A L  S C H O L A R S H I P S  . . . E stab lished  by the 
A lfred  P. Sloan F o u n d atio n . O p en  to  m en  en te r in g  the  C ollege of E ng ineering . 
A n nu al aw ard varies from  a prize scholarship  of $200 to  as m uch  as $2000, de­
p e n d in g  u p o n  financial need  ($520). T e n u re , n o t lim ited . N in e  scholarships 
aw arded  an nually . A pp lican ts  will be selected o n  the  basis o f h igh  character, 
sound  personality , leadersh ip  p o ten tia l, an d  professional prom ise.
U N I O N  C A R B I D E  E N G I N E E R I N G  S C H O L A R S H I P S  . . . E stablished in 
1960 by the  U n io n  C arb ide  C o rpo ra tion . O n e  scholarship  aw arded  an n u a lly  to 
an  en te r in g  s tu d en t w ith  a p reference fo r chem ical, m echanical, o r m eta llu rg ica l 
engineering . A w ard equal to the am o u n t of tu itio n  an d  fees p lus $100 fo r books 
an d  supplies ($600). T e n u re , n o t lim ited . Sam e req u irem en ts  as fo r the  M c­
M u llen  R eg ion al Scholarships.
JE SSE L  S T U A R T  W H Y T E  S C H O L A R S H I P  . . . G ift of M rs. A n n a  Jessel 
W hyte in  m em ory of h e r  son. O p en  to  en te rin g  s tuden ts  w ith  a  p reference  for 
m echanical en g ineering . A n n u a l aw ard, $1000. T e n u re , n o t lim ited . P reference 
w ill be given to residents of Illinois, Iow a, M ichigan, M inneso ta , an d  W isconsin. 
F u r th e r  p rov ision  as fo r M cM ullen  R eg ion al Scholarships.

SCHOLARSHIPS AND GRANTS-IN-AID 
FOR UPPERCLASSMEN

S tudents in  th e ir  sophom ore year an d  beyond  m ay ap p ly  fo r financial assist­
ance th roug h  the Office of Scholarships an d  F inancia l A id, D ay H all.

Aw ards are  of two genera l types: ( 1 ) those for w hich the  p rin c ip a l qualifica­
tio n  is financial need, an d  (2 ) those fo r w hich o u ts tan d in g  scholastic achieve­
m en t is the  chief criterion . In  the first category are scholarships w hich are  essen­
tially  grants-in-aid. E lig ib ility  ex tends to any s tu d en t n o t o n  scholastic p ro b a tio n .

T h e  second category of aw ards, based o n  h igh  scholastic a n d  o th e r  a tta in ­
m ents, consist of (1 ) a lim ited  n u m b er of scholarships sponsored by in d u str ia l 
com panies, m ostly fo r s tuden ts  in  th e ir  last two years of study, a n d  (2 ) such 
vacancies as m ay occur in  scholarships of this type usually  aw arded  to  en te rin g  
studen ts  an d  sub ject to  renew al.

M any of the  sponsoring  in s titu tio n s  prov ide  generous gifts to the  U n iversity  
in  su p p o rt of the  costs of ed ucatin g  studen ts  n o t covered by tu itio n  a n d  fees. 
T h e ir  gifts to the U niversity  are  m ade in  ad d itio n  to  the  scholarship  gran ts, and ,
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in  the list below, the am oun ts  are ind icated  in  paren theses fo llow ing the am ounts 
p a id  the students.

Below are the scholarships sponsored by in d u stria l com panies an d  foundations.
A L C O A  S C H O L A R S H I P S  . . . Established in 1959 by the A lcoa F ou nd atio n . 
O p en  to  th ird , fou rth , o r fifth year studen ts. Five aw ards an nually , one  of 
w hich shall be fo r a s tu d en t in  m etallu rg ica l eng ineering . A w ard, $625 ($125). 
T e n u re , one  year.
A L L E G H E N Y  L U D L U M  S C H O L A R S H I P  . . . Established by the  A llegheny 
L u d lu m  Steel C orporation . A w ard, $500 ($500). T e n u re , th ree years. A w arded 
an nu a lly  to  a s tu d en t in  chem ical o r m etallu rg ica l eng ineering , norm ally  to 
a  s tu d en t in  m etallu rg ica l engineering , w ith  p rim ary  consid era tion  fo r academ ic 
record , prom ise of ab ility , an d  success in  his field of study. N eed  is a  secondary 
factor.
A M E R I C A N  M A C H I N E  A N D  F O U N D R Y  C O M P A N Y  S C H O L A R S H I P S  . . . 
Established in  1960 by the  A m erican M ach ine an d  F ou ndry  C om pany. O ne 
scholarship aw arded an nu ally  to  a lead ing  fo u rth  year s tu d en t in  m echanical 
o r electrical en g ineering . T e n u re , two years. A n n u a l aw ard, $500 o r $1000 d e­
p e n d in g  u p o n  need  (variable).
C H A R L E S  R .  A R M I N G T O N  P R IZ E  S C H O L A R S H I P  I N  E N G I N E E R I N G  
G ift of M r. an d  M rs. R . Q. A rm ington , in  m em ory of th e ir  son who was a 
s tu d en t in  the Sibley School of M echanical E ng in eerin g  a t  the tim e of his death  
in  1956. O n e  scholarship  an n u a lly  to a s tu d en t en te rin g  his fo u rth  year in  any 
b ran ch  o f eng ineering , w ith  a n n u a l s tip en d  of $500 o r m ore d ep en d in g  u p o n  
need  ($1000). T en u re , two years. R ecip ien ts  will be s tuden ts  w ho in  th e ir  first 
th ree years of college have dem on stra ted  o u ts tan d in g  qua lities  of personality , 
no tab ly  sportsm ansh ip  of a h igh  order.
C A R R I E R  M E M O R I A L  S C H O L A R S H I P S  . . . Established in  1961 by the 
C arrie r A ir C on d itio n in g  C om pany. A w ard, $1200. T e n u re , th ree years. O ne 
scholarship an n u a lly  to a s tu d en t in  his th ird  year w ho has established an  
o u ts tan d in g  scholastic record , w ho needs financial assistance o r possesses ex­
cep tiona l ability.
C H E M S T R A N D  S C H O L A R S H I P  . . . Established in  1958 by tbe C hem strand  
C orpora tion . O p en  to  a sen ior in  chem ical en g ineerin g  w ho is a sup erio r s tu ­
d e n t an d  a U.S. citizen. A n n u a l aw ard, $500.
D O W  C H E M IC A L  C O M P A N Y  S C H O L A R S H I P S  . . . E stablished by the  Dow 
C hem ical C om pany. A w ard, $1000. O n e  scholarship to be aw arded  an n u a lly  an d  
renew able fo r the fifth year to a s tu d en t in  chem ical eng ineering . O n e  o th e r 
scholarship , w ith  a ten u re  of one  year an d  a s tip en d  of $500, w ill be aw arded 
an n u ally  to  an  upperclassm an  in  m etallu rg ica l engineering.
D R A V O  C O R P O R A T I O N  S C H O L A R S H I P S  . . . Established by the D ravo 
C orpora tion . O p en  to fo u rth  year s tuden ts  in  civil, electrical, o r m echanical 
eng ineering . O n e  new  aw ard  of $1000 an n u a lly  ($500); m ay be renew ed for 
fifth year. Selections based on  scholastic ab ility , need, an d  persona l ch aracter­
istics.
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F O U N D R Y  E D U C A T I O N A L  F O U N D A T I O N  S C H O L A R S H I P S  . . . O p en  to 
a ll s tuden ts  (except freshm en) in  m eta llu rg ica l an d  m echan ical en g in ee rin g  w ho 
a re  in te rested  in  p rep a rin g  them selves for p rofessional en g inee rin g  w ork in  the  
found ry  industries. A n n u a l aw ard, u p  to  $600. T e n u re , one  o r m ore years. 
A w arded on  the  basis of leadersh ip , financial need, scholastic stand in g , an d  
in te rest in  fou nd ry  work.
M I N N E S O T A  M I N I N G  A N D  M A N U F A C T U R I N G  C O M P A N Y  S C H O L A R ­
S H IP S  . . . E stab lished  in  1962 by the M in neso ta  M in ing  an d  M an u fac tu rin g  
C om pany. O ne o r  m ore aw ards to u n d erg rad u a te  s tuden ts. A w ard, n o t to 
exceed $1000. T e n u re , one  year.
M O N S A N T O  S C H O L A R S H I P  . . . E stab lished  by the M onsan to  C hem ical 
C om pany. O p en  to  fifth year s tuden ts  in  the  School of C hem ical an d  M eta llu rg i­
cal E ng ineering . A w ard based u p o n  academ ic stand in g , in te re s t in  chem istry, 
an d  p ro b ab ility  of success. F inancia l need  n o t considered. A n n u a l aw ard, $1000.
N I A G A R A  M A C H I N E  ir T O O L  W O R K S  S C H O L A R S H I P  . . . E stab lished  in  
1956 by the N iagara  M ach ine & T o o l W orks. A w ard, $1000 ($1000). T en u re , 
two years. O ne scholarship every two years to a fo u rth  year s tu d en t in  m echan­
ical en g ineerin g  w ith  p rin c ip a l in te rest in  m ach ine design an d  developm ent.
T H E  S C O T T  A W A R D  A T  C O R N E L L  . . . E stablished by the Scott P ap er 
C om pany. O n e scholarship aw arded  an n u a lly  to  an  o u ts tan d in g  fo u rth  year 
s tu d en t in  m echanical en g in ee rin g  w ho in ten ds  to follow  an  in d u stria l career. 
T e n u re , two years. A w ard, tu itio n  ($500). T h e  rec ip ien t m ust have dem o nstra ted  
those h igh  qua lities  of in te llect, personality , an d  physical v igo r associated w ith  
the R hodes Scholars.
S T A N D A R D  O IL  C O M P A N Y  OF C A L IF O R N IA  S C H O L A R S H I P  . . . E stab­
lished in  1961 by the  S tan d ard  O il C om pany of C alifo rn ia . A w ard, $1200. 
T en u re , one year. O n e  scholarship  fo r a s tu d en t in  any u n d e rg rad u a te  year.
W E S T E R N  E L E C T R I C  S C H O L A R S H I P S  . . . E stab lished  by the  W estern  
E lectric C om pany. O p en  to studen ts  in  any division of the College o f E n g in eer­
ing. T h re e  scholarships w ith  a n n u a l aw ard  u p  to  $800 to be ap p lied  against the 
cost of tu itio n , fees, an d  books. T e n u re , o ne  year; m ay be renew ed. Selection 
based u p o n  need  an d  ab ility  in  fields of study re la ted  to the  C om pany’s o p e ra ­
tions.

PRIZES
C ornell U niversity  has a considerable n u m b er of fu nd s  given for the endow ­

m en t of prizes to be aw arded  annually . Some of these prizes are  o p en  to com ­
p e titio n  by any studen ts  in  the U niversity . T h e  p ub lica tio n , Prize Competit ions ,  
describ ing the prizes a n d  the  n a tu re  of the  com petitions, m ay be o b ta in ed  at 
the V isitor In fo rm atio n  C en ter, D ay H all. Prizes op en  to  co m p etitio n  p a rticu la rly  
by studen ts  of the  C ollege of E n g ineering  are:
T H E  A M E R I C A N  I N S T I T U T E  OF C H E M IC A L  E N G I N E E R S  P R IZ E  is a 
badge aw arded  by the  School of C hem ical E n g in eering  to  a ju n io r  in  chem ical 
en g ineerin g  for the best scholastic reco rd  a t  the en d  of the fo u rth  term .
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T H E  A M E R I C A N  S O C I E T Y  OF T E S T I N G  M A T E R I A L S  P R IZ E S ,  consist­
ing of six one-year m em berships in  the Society, are  aw arded  to  studen ts  in  the 
College of E n g ineering  fo r the h ighest scholastic average in  m aterials.
T H E  C H A R L E S  L E E  C R A N D A L L  P R IZ E S ,  fo un d ed  in  1916 by a lu m n i of the 
School of C ivil E ngineering . T h e  prizes of $200 a n d  $100 are aw arded  each 
year by a  com m ittee a p p o in te d  by the  D irec to r of the  School of C ivil E ng ineering  
fo r the  best papers  w ritten  by studen ts in  the fifth te rm  o r above in  th a t School, 
on  su itab le  subjects, p rov id ed  th a t b o th  the  substance an d  the  w ritten  form  of the 
papers subm itted  show rea l m erit. T h e  prizes w ere established to encourage 
o rig ina l research, to s tim ulate  in te rest in  m atters  of p u b lic  concern , an d  to 
insp ire  in  the  studen ts  an  ap p rec ia tio n  of the  o p p o rtu n itie s  w hich the  profes­
sion of civil en g ineerin g  offers them  to serve the ir fellow m en as in te llig en t and 
pub lic-sp irited  citizens. Papers m ust be su bm itted  to the D irec to r of the School 
of C ivil E ng ineering  on  o r before A p ril 15 of each year.
T H E  F U E R T E S  M E D A L S ,  established by the la te  Professor E. A. Fuertes. T h e  
en dow m ent provides fo r two go ld  m edals. O n e is aw arded  an n u a lly  by the 
facu lty  to th a t s tu d en t of the  School of C ivil E n g ineering  w ho is fo u n d  a t the 
end  of the first term  of his sen ior year to  have m a in ta in e d  the h ighest degree 
of scholarship in  the subjects of this course, p rov ided  he has been in  a tten d an ce  
a t the U niversity  for a t  least two years. T h e  o th e r  is aw arded  an n ua lly  by the 
faculty  to a g rad u ate  of the School of C ivil E ng ineering , o r the  rec ip ien t of a 
g rad u ate  degree w ith  m ajo r in  civil en g ineering , w ho has w ritten  a m erito rious 
p ap er u p o n  some en g ineerin g  subject ten d in g  to advance tbe scientific o r p rac ti­
cal in terests of the profession of the civil eng ineer. I t  is desired  th a t papers  be 
p resen ted  on o r before A p ril 15. If  a p a p e r  is p resen ted  in  p r in te d  form , it will 
no t be received if it has been p r in te d  ea rlie r th an  the n e x t p reced ing  A p ril 15. 
N e ith er m edal is aw arded unless it  ap pears  to  the  facu lty  of the  School of 
C ivil E n g ineering  th a t there  is a can d id a te  of sufficient m e rit to en title  h im  to 
such d istinctio n .
T H E  F U E R T E S  M E M O R I A L  P R IZ E S  I N  P U B L IC  S P E A K IN G ,  established 
in  1912, consist of several prizes to ta lin g  $200. T h ey  are  aw arded  by a com ­
m ittee  of seven judges to studen ts  in  the  fifth te rm  o r beyond  of the  Colleges 
of A rch itec tu re  an d  E ng in eerin g  fo r  proficiency in  p u b lic  speaking.
THE, H A M I L T O N  A W A R D  . . .  A su itab ly  engraved H a m ilto n  w atch and  
le tte r of co m m endation  is aw arded  an n u a lly  to  the  senior in  en g in ee rin g  w ho 
has m ost successfully com bined  proficiency in  his m a jo r field o f study w ith  
achievem ents, e ith e r  academ ic, ex tracu rricu la r, o r  a co m b in a tion  of bo th , in  the 
social sciences an d  hum anities.
T H E  I N S T I T U T E  OF A E R O S P A C E  SC IE N C E S  P R I Z E  . . . T h e  “S tu­
d e n t B ranch  Scholastic A w ard” of the  In s titu te  of A erospace Sciences is 
p resen ted  an n u ally  to the  M .A ero.E. cand ida te  w ho a tta in s  the  best scholastic 
record fo r th a t academ ic year. T h e  aw ard  consists of a  certificate an d  a two-year 
free technical m em bersh ip  in  the  In s titu te .
S IB L E Y  P R IZ E S  . . . U n d e r a g ift of H iram  Sibley, m ade in  1884, the  sum  of 
$10 0  is aw arded  an n u a lly  in  several prizes to  fifth year studen ts  in  m echanical 
en g ineerin g  an d  electrical eng ineering , equally  d is tribu ted , w ho have received 
the h ighest average in  the  p reced ing  fo u r years.
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T H E  S I L E N T  H O I S T  A N D  C R A N E  C O M P A N Y  M A T E R I A L S  H A N ­
D L I N G  P R I Z E , established in  1950 by the W unsch  F o u n d a tio n , is in  an  
am o u n t ap p ro x im a tin g  $300  an d  is aw arded  fo r the  best o rig ina l p a p e r  on  
the  sub jec t of m aterials h a n d lin g  a t  the  d iscretion  of a College of E n g ineering  
facu lty  com m ittee. T h is  contest is o pen  to u n d erg rad u a te  an d  g radu a te  s tu ­
den ts  of the College of E ngineering .
T H E  W I L L I A M  W A Y N E  K R A N T Z  A W A R D ,  established by the  Class of 
1961 in  E lectrical E ng ineering  in  m em ory of th e ir  classm ate who d ied  on 
A ugust 6, 1960, is m ade to  the  fifth  year s tu d en t in  E lectrica l E n g in eering  
who has d em o nstra ted  qua lities  of perseverance, am b ition , courage, and  
unw avering  desire to  becom e an  electrical en g ineer. A w ard consists o f a 
shingle an d  en ro llm en t of the w in n e r’s nam e o n  a p laq u e  in  P h illip s  H all.
T H E  J. G. W H I T E  P R IZ E S  I N  S P A N I S H  . . . T h ro u g h  the generosity  o f Jam es 
G ilb ert W h ite  (Ph.D ., C ornell, ’85), th ree prizes, estab lished  in  1914, each of the 
value of $100, are offered an nually . O n e  of the th ree , w hich is aw arded  to  an 
English-speaking s tu d en t fo r proficiency in  Spanish, is o p en  to  m em bers of the 
ju n io r  an d  sen ior classes in  the College of E n g ineering  w ho are  cand ida tes  fo r 
th e ir  first degree. N o can d id a te  is elig ible unless h e  has com pleted  successfully 
two term s of w ork in  S panish  a t C ornell U niversity .

COLLEGE HONORS AND ACTIVITIES
DEAN’S HONOR LIST
S T U D E N T S  of the College of E n g in eering  whose w eighted  average in  the ir 
studies is 85.00 p e r  cen t o r b e tte r  are inc luded  an n ua lly  in  an  H o n o r L ist com ­
piled  fo r the D ean. T h e  h o n o r studen ts  com prise ap p ro x im ate ly  the h ighest 
ten th  of a ll the  s tuden ts  en ro lled  in  the College.

HONOR SOCIETIES
E n g in eerin g  studen ts  m ay qualify  fo r m em bersh ip  in  local a n d  n a tio n a l h o n o r 

societies, in c lud in g  T a u  B eta Pi, P h i K appa Phi, Sigm a X i, P i T a u  Sigma, C hi 
E psilon , R o d  a n d  B ob-Pyram id, Atm os, K app a  T a u  C hi, a n d  E ta K appa N u.

PUBLICATIONS
T h e  Cornell E ngineer ,  a  m agazine co n ta in in g  articles of p rofessional in te rest 

fo r en g ineerin g  studen ts  an d  a lu m n i, is pu b lish ed  m o n th ly  th ro u g h o u t the 
academ ic year by u nd erg rad u a tes  of the  C ollege of E ng ineering .

ENGINEERING SOCIETIES
M any m eetings of the A m erican  Society of C ivil E ngineers, A m erican  Society 

of M echanical E ngineers, A m erican In s titu te  of E lectrica l E ngineers, Society of
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A utom otive E ngineers, an d  In s titu te  of R ad io  E ngineers are he ld  on  cam pus 
an d  are a tte n d ed  by studen ts. T h e  College also m a in ta in s  active s tu d en t branches 
of these societies, as well as of the  A m erican  In s titu te  of C hem ical Engineers, 
A m erican Society of A g ricu ltu ra l E ngineers, an d  the  In s titu te  of A erospace 
Sciences. T h e  C ornell M etallu rg ica l Society was fo rm ed  in  1949 a n d  is an  
affiliate of the  A m erican In s titu te  of M in in g  an d  M etallu rg ical E ngineers. A 
s tu d en t b ran ch  of the  A m erican N uclear Society was fou nd ed  in  1959.

ENGINEERING STUDENT COUNCIL
T h e  E n g ineering  S tu d en t C ouncil, consisting of elected  s tu d en t representatives 

from  each division of the College, p lans the  a n n u a l E ng ineers’ D ay p rogram  for 
h igh  school visitors to  the  cam pus, rep resen ts  en g ineerin g  s tu d en t view points 
in  cam pus affairs, an d  conducts studies of the  activities of the  College. U p p e r­
classm en on  the council have p a rtic ip a ted  in  an  in fo rm al tu to rin g  p rogram  for 
freshm en desiring  such assistance.

SOURCES OF ADDITIONAL 
INFORMATION
P R O S P E C T IV E  freshm en in te rested  in  en g ineerin g  should  w rite  fo r a special 
illu s tra ted  boo klet en titled  E ngineer ing  at Cornell. R equests should  be addressed 
to the A n nouncem ents Office, D ay H all, C ornell U niversity , an d  should  m en tion  
th a t the  w rite r is a p rospective freshm an.

D eta iled  in fo rm atio n  o n  the  fo llow ing subjects is available in  the  A n n o u n c e ­
m e n t  of General In form atio n :  h ea lth  services a n d  m edical care, h e a lth  req u ire ­
m ents, housing, ow nership  of cars, physical education , loans, part-tim e em ploy­
m ent, tu itio n , an d  fees. In fo rm atio n  on  m ilita ry  tra in in g  is availab le  in  the  
A n n o u n c e m e n t  of Mili tary Training .  B oth  A n nouncem en ts  m ay be o b ta in ed  
by w riting  the  A n nouncem en ts  Office, D ay H all.

S tudents on  the  C ornell cam pus m ay o b ta in  copies of the  A nnouncem ents  
(catalogs) a t  the  ad m in istra tive  offices of the various schools an d  colleges.



GRADUATE SCHOOL OF 
AEROSPACE ENGINEERING

GRUMMAN HALL
A E R O SPA C E  E N G IN E E R IN G  is the field of en g in ee rin g  th a t deals w ith  the 
flight of a ircraft, gu id ed  missiles, an d  space vehicles in  the  a tm osp here  an d  
in  the regions o f space ad jo in in g  the  atm osphere. T h e  p rim ary  ob jective of 
th is School is to ed ucate  selected en g in ee rin g  an d  science g radu a tes  in  the 
scientific aspects of this field. T h e  tra in in g  is in te n d e d  especially to  p rep a re  
the studen ts  fo r research  a n d  develop m en t en g inee rin g  in  the  aerospace 
ind u stry  an d  in re la ted  research institu tions.

In  the School’s new  quarte rs, su perio r facilities are  p ro v id ed  fo r lab o ra to ry  
studies in  fluid m echanics, aerodynam ics, an d  gasdynam ics. M em bers o f the 
teach ing  staff an d  g rad u a te  s tuden ts  are  engaged in  an  active p ro g ram  of fu n d a ­
m en ta l studies in  these fields. E m phasis is p u t  u p o n  the scientific an d  en g ineerin g  
problem s of space flight, i.e., of vehicles w hich leave a n d  re-en te r the e a r th ’s 
a tm osphere a t ex trem e speeds.

PREPARATION FOR GRADUATE STUDY
T h e  G rad u a te  School of A erospace E n g in eerin g  w ill ad m it studen ts  h o ld ­

ing baccalaureate  degrees in  any b ranch  of eng ineering , physics, o r  m athem atics, 
p rov id ed  th a t th e ir  u n d erg rad u a te  scholastic records are  such as to  in d ica te  
ab ility  to  h a n d le  g rad u a te  study. T h e  C ornell courses of study in  en g ineerin g  
physics, electrical en g ineering , an d  m echan ical en g inee rin g  are  especially recom ­
m ended  to  s tuden ts  who expect to  en te r  th is School a fte r g rad u a tio n .

A ll studen ts  w ho ex pect to en te r  the  G rad u a te  School of A erospace E n ­
g ineering  should  try to a rran g e  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 atica l 
analysis, an d  physics. In  m ost cases, i t  w ou ld  be well fo r en g in ee rin g  studen ts  
to  elect courses in  in te rm ed ia te  o r ad vanced physics, such as atom ic an d  m olec­
u la r  physics, k in e tic  theory  of gases, a n d  electricity  an d  m agnetism .

I t  w ill be possible fo r C ornell s tuden ts  in  the  five-year u n d erg rad u a te  program s 
to  com plete the requ irem en ts  fo r the  degree M .A ero.E. in  o n e  year of g rad u a te  
study instead  o f the no rm al two years, if they com plete  a  sufficient n u m b er of 
the req u ired  g rad u a te  courses as electives in  th e ir  u n d e rg rad u a te  program s.

MASTER OF AERONAUTICAL ENGINEERING (M .A ero.E .)
S tudents w ho in  th e ir  u n d erg rad u a te  careers have d em on stra ted  m ore th an  

average ab ility  in  an aly tica l subjects an d  w ho have show n ad eq u a te  p rom ise 
of carrying on  g rad u a te  study successfully are  elig ib le to  ap p ly  fo r this p rogram  
in  the  G rad ua te  School of A erospace E ng ineering .

A p p lica tio n  fo r adm ission to  th is p ro g ram  should  be m ade to  W . R . Sears, 
D irector of the  G rad u a te  School of A erospace E ng ineering , G ru m m an  H all, 
C ornell U niversity . A  special ap p lica tio n  b lan k  fo r this pu rpo se  can be o b ­
ta in ed  from  the D irec to r’s office. I t  should  be re tu rn e d  d irec tly  to  h im .
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T h e  p rogram  of areospace en g ineerin g  studies is app licab le  to  m uch  of 
the  s tan d a rd  en g ineerin g  w ork in  the  aerospace industry , b u t  beyond  th a t its 
objective is to  increase the  s tu d e n t’s facility  in  the  use of the  basic sciences in 
en g ineering  an d  to stim u late  h is g row th  in  in d e p e n d e n t research an d  develop­
m en t work. Because the  progress in  this field is so rap id , it  is an  essential objec­
tive of th is p rogram  to  go beyond  the  study of p resent-day practices an d  tech­
n iques an d  to p rep a re  the s tu d en t in  the fu n d a m en ta l b ackgroun d  an d  analytical 
m ethods th a t can be ad ap ted  to  fu tu re  developm ent.

T h e  successful com pletion  of the w ork for this degree req u ires  th a t the stu ­
d e n t ( 1 ) pass a series of courses o r exam ina tions in  the  subjects listed  below; 
an d  (2) subm it an  acceptable M aster’s thesis based u p o n  o rig ina l research. T h e  
subject list constitu tes a  s tan d a rd  of accom plishm ent lo r  the M .A ero.E. candidate , 
b u t the  facu lty  w ill m odify the list to  su it the needs, interests, an d  background  
of each in d iv id ua l candidate . Courses are available to p e rm it candidates to 
study in  any of th ree areas of aerospace en gineering : ( 1 ) aerodynam ics, (2 ) 
gasdynam ics (aerophysics), an d  (3) aerospace structures. Active research in  
the first two of these areas is being  carried  o u t in  the School. R esearch in  aero ­
space structures is an  im p o rta n t activity  of the D ep artm en t o f E ng ineering  
M echanics an d  M aterials. T h e  s tu d en t e lecting  to concen tra te  his w ork in  this 
field will take a considerable p o rtio n  of his electives in  en g inee rin g  m echanics 
an d  m aterials.

A lthough  the s tan d a rd  list of req u ired  subjects, toge ther w ith  the thesis, would 
o rd inarily  occupy fo u r term s of g rad u a te  study, the  residence req u irem en t has 
been set a t  one  year (two term s) so th a t s tuden ts  w ho en te r  the  School w ith  
ex cep tio nal p rep a ra tio n , o r w ho are ab le otherw ise to  pass the req u ired  exam i­
nations, m ay be ab le to  qualify  for the degree in  one year.

If the s tu d en t wishes to satisfy a req u irem en t by ex am in a tion  ra th e r  th an  by 
passing a course, he should  requ est the faculty  o f the School to schedule such 
an  ex am ina tion .

I t  is suggested th a t each cand ida te  sup p lem en t his req u ired  p rogram  of courses, 
e.g., the s tan d a rd  list below, by ad d itio n a l courses e ith er in aerospace en g in ee r­
ing o r in  o th e r  fields of study in  o rd e r to  achieve a ba lanced  p rogram  of twelve 
to six teen c red it hou rs  p e r  term .

T h e  cand ida te  m ust pass a final ex am in a tion , e ith er o ral o r bo th  o ra l an d  
w ritten , ad m in istered  by the facu lty  of aerospace eng ineering . T h e  facu lty  
frequen tly  invites o th e r  m em bers of the U n iversity  staff to a tte n d  an d  to p a rtic i­
p a te  in  such exam inations.

STANDARD LIST OF REQUIRED SUBJECTS 
FOR THE M.AERO.E. DEGREE

C RE D IT
H OU RS

AERO. EN G IN EER IN G —G RADUATE STUDY 17

Engineering 1180, 1181, Advanced Engineering M athem atics........................................................  6
Engineering 7101, Fundam entals of Aerodynamics...........................................................................  3
Engineering 7102, Fundamentals of Aerodynamics...........................................................................  3

or
Engineering 4991, Electronic Engineering .......................................................................................... 3
Engineering 7203 (or 8121) and 7204, Gasdynamics......................................................................... 6
Engineering 7301, Theoretical Aerodynamics I .................................................................................  3
Engineering 1170, Advanced Mechanics ................................................................................................  3
Electives chosen from List A b e lo w ..........................................................................................................  12



18 COLLEGE OF EN G IN EERIN G

ELECTIVES: LIST A
CREDIT
H OU RS

Engineering 7206, Introduction to M agnetohydrodynamics ............................................................ 3
Engineering 7207, Dynamics of Rarefied Gases ...................................................................................  3
Engineering 7208, Hypersonic-Flow Theory .........................................................................................  2
Engineering 7302, Theoretical Aerodynamics II (W ing Theory)...................................................... 3
Engineering 7303, T heoretical Aerodynamics I I I  (Compressible Fluids) ....................................... 3
Engineering 7304, Theoretical Aerodynamics IV (Viscous Fluids) .................................................  3
Engineering 1162, Mechanics of V ib ra tio n .............................................................................................. 3
Engineering 1163, 1164, Applied Elasticity ............................................................................................ 3,3
Engineering 1165, M athematical Elasticity ............................................................................................ 3
Engineering 1167, Plates and Shells ........................................................................................................  3
Engineering 1168, Plasticity and Stability .............................................................................................. 3
Engineering 1171, Introductory Space Mechanics ...............................................................................  3
Engineering 1172, Selected Topics in Engineering Mechanics ................................................(arranged)
Engineering 1175, Introduction to N onlinear M ech an ics..................................................................  3
Engineering 1263, Electrical and M agnetic Properties of Materials ............................................. 3
Engineering 3652, Combustion T h e o r y ....................................................................................................  3
Engineering 4565, Electromagnetic Theory ............................................................................................ 3
Mathematics 415-6, M athematical Methods in  Physics .................................................................. 4, 4
Physics 318, Analytical Mechanics ............................................................................................................  4
Physics 431, Introductory T heoretical Physics ....................................................................................  4
Physics 443, Atomic Physics and Introduction to Q uantum  Mechanics .......................................  4
Physics 444, Nuclear and H igh Energy Particle Physics ..................................................................  4
Physics 454, Electronic Properties of Solids and Liquids .................................................................  4
Physics 510, Advanced Experim ental Physics ......................................................................................  3
Physics 571, Classical Mechanics .............................................................................................................. 3
Physics 573, Electrodynamics ....................................................................................................................  4

STUDY LEADING TO THE 
DEGREE OF Ph.D .

T h e  cu rren t A n n o u n c e m e n t  of the Graduate School  sets fo rth  the  re q u ire ­
m ents fo r candidacy fo r the degree of Ph .D . a n d  lists the  genera l req u irem en ts—  
residence, m ajo r an d  m in o r subjects, fo reign  languages, q ua lify ing  exam inations, 
an d  thesis. As ex p la in ed  in  th a t A nno un cem en t, each cand ida te  m ust com plete 
a schedule of courses accep tab le  to his Special C om m ittee.



AGRICULTURAL ENGINEERING
RILEY-ROBB HALL

A J O I N T  p rog ram  ad m in istered  by the  Colleges of A g ricu ltu re  an d  E ng ineer­
ing  leads to the degree of B achelor of A g ricu ltu ra l E ngineering . S tudents in 
this cu rricu lum  reg ister in  the College of A g ricu ltu re  d u rin g  the  first fo u r years 
b u t take courses in  the  Colleges of E ng ineering , A rts an d  Sciences, an d  A gricul­
tu re. R eg istra tion  fo r the fifth  an d  final year is in  the College of E ngineering, 
w hich gran ts  the degree.

T h e  p u rpo se  of this cu rricu lum  is to p rep a re  engineers fo r a career in  the 
ag ricu ltu ra l industry— in c lu d in g  such fields as pow er an d  m achinery , structures, 
soil an d  w ater eng ineering , electrification, an d  the processing an d  h a n d lin g  of 
ag ricu ltu ra l products.

C om plete  lab o ra to ry  facilities fo r teach ing  an d  research program s in  ag ricu l­
tu ra l en g ineerin g  an d  food technology are in  R iley-R obb H all. Because the 
D ep artm en t has an  active research p rogram  su p p o rted  th ro ug h  the C ornell 
A g ricu ltu ral E x p erim en t S tation , m any studen ts  find o p p o rtu n itie s  for part- 
tim e w ork in  research d u rin g  the academ ic year an d  in  sum m er vacations.

PRACTICE REQUIREMENT
Since ag ricu ltu ra l en g ineerin g  studen ts  are  registered  in  the College of A gricul­

tu re  fo r the first fo u r years, they m ust m eet the farm  practice req u irem en t of the 
College. T h e  basic req u irem en t is 25 u n its  of accep tab le  farm  ex perience ga ined  
a t  the ap p ro x im ate  ra te  of one u n it  p e r  week. T w elve of these u n its  m ust be 
com pleted  before  reg is tra tio n  fo r the  sophom ore year. T h e  en tire  25 u n its  m ust 
be co m pleted  p rio r  to  reg is tra tion  in  the  fo u rth  year. U nless the s tu d en t has 
fulfilled these req u irem en ts  as a p refreshm an , he w ill usually  do so d u rin g  the 
sum m ers betw een the  freshm an an d  ju n io r  years. T h e  A n n o u n c e m e n t  of the  
College of Agriculture  should  be consu lted  fo r de tails  of the  requ irem en t.

A.S.A.E. STUDENT BRANCH
A n active s tu d en t b ran ch  of the n a tio n a l A m erican Society of A g ricu ltu ra l 

E ngineers is availab le  to all s tuden ts  in  this program . P artic ip a tio n  in  the 
organ ization  is a va luab le  m eans of g a in ing  first-hand know ledge of the p ro ­
fessional field of ag ricu ltu ra l en g ineering , an d  it also provides o p p o rtu n itie s  for 
persona l developm ent.

ELECTIVES
T h e re  are th irty  hours of electives:
1. Six h o u rs  in  social studies w ith  a two-course sequence.
2. Six hou rs in  hu m an itie s  w ith  a two-course sequence.
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3. T w elve hou rs o f electives in  non tech n ica l courses.
4. Six hou rs of electives unspecified.

SCHOLASTIC REQUIREMENTS
T o  rem ain  in  good stand in g , a s tu d en t m ust have a w eigh ted  average fo r the 

term  of 70 o r above. I f  the w eighted  average is 60 o r h igher, b u t less th a n  70, 
the s tu d en t w ill be p laced on  p ro b a tio n . A  s tu d en t w ill be d ro p p e d  fro m  the 
p rogram  if a  th ird  consecutive term  of p ro b a tio n  is in d ica ted  o r if the  w eighted 
average is below  60. In  all cases, the  s tu d en t m ay ap p ea l an  ac tion  by p re sen t­
ing  new  in fo rm atio n  to the J o in t  Faculty  C om m ittee.

CURRICULUM (B .A gr.E .)
(For a  com plete descrip tion  of the  courses in  ag ricu ltu re , see the A n n o u n c e ­

m e n t  of the College of Agriculture.)
C O N T A C T  H O U R S

C REDIT L E C T . LA B.
H O U R S R E C . C O M P .

TER M  1 Mathematics 191, Analytic Geometry and Calculus................. 4 4 0
Physics 121, Introductory Analytical Physics............................ 3 3 2Vt
Chemistry 105, General Inorganic Chemistry ............................ 3 2 3
English 111, Introduction to English ........................................ 3 3 0
Agr. Engineering 105, Engineering Drawing .......................... 4 2 5
Agriculture 1, O rientation ............................................................. 1 1 0

18
TER M  2 Mathematics 192, Analytic Geometry and Calculus ............. 4 4 0

Physics 122, Introductory Analytical Physics .......................... 3 3 21/2
Chemistry 105, General Inorganic Chemistry ........................ 3 2 3
English 112, Introduction to English ........................................ 3 3 0
Agr. Engineering 2, Introduction to Agr. Engineering . . . . 2 1 2 !/>
E le c tiv e .................................................................................................... 3

T otal .................................................................................................... 18
In  addition to these courses, all freshmen m ust satisfy the University’s requirem ents in

physical education.
T ER M  3 Mathematics 293, Engineering Mathematics ............................ 4 4 0

Physics 223, Introductory Analytical Physics ............................ 3 3 2 1/?
Engineering 211, Mechanics of Rigid and Deformed Bodies 4 3
Engineering 241, Electrical Science ............................................. 3 2 2V2
Biology 1, General Biology................................................................ 3 2 21/2

17
TERM  4 Mathematics 294, Engineering Mathematics ............................ 3 3 0

Physics 224, Introductory Analytical Physics .......................... 3 3 21/2
Engineering 212, Mechanics of Rigid and Deformed Bodies 4 3 21/2
Chemistry 276, Introduction to Physical Chemistry ............. 3 3 0
Biology 2, General Biology .............................................................. 3 2 2 V*
Agr. Engineering 220, Surveying................................................. 2 1 21/J

T otal .................................................................................................... 18
In  addition to these courses, all sophomores must satisfy the University’s requirem ents in 

physical education.
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T h e  courses of study for  terms  5 through 10 will apply  only to s tuden ts  who  
matriculated in 1960 or before. For s tuden ts  matricula ting in 1961, new  courses 
of study are being developed and  will appear in subsequent A nn o u n cem en ts .

C O N T A C T  H O U R S

TERM  5 Engineering 1241, Materials of Construction ............................
Animal Husbandry 10, Livestock Feeding ................................
Engineering 2731, Elements of Structural Engineering I . . .
Engineering 1152, Mechanics—Dynamics ..................................
Bacteriology 1, General Bacteriology ........................................

T o ta l ...................................................................................................
TERM  6 Engineering 3341, Machine Design ............................................

Engineering 1242, Materials of C onstruction...........................
Engineering 2301, Elementary Fluid M echanics.....................
Engineering 2732, Elements of Structural Engineering I I . . . .  
Agronomy 1, N ature and Properties of Soils .......................

T o t a l ...................................................................................................
TERM  7 Engineering 3601, Therm odynam ics.............................................

Agronomy 11, Production of Field Crops................................
Engineering 2302, Hydrology.........................................................
Extension Teaching 101, Oral and W ritten  E x p ressio n .... 
Electives .................................................................................................

T o ta l .................................................................................................
TERM  8 Engineering 3602, Therm odynam ics.............................................

Agr. Engineering 221, Soils and W ater E ngineering...........
Agr. Economics 102, Farm  M anagem ent....................................
Agr. Engineering 203, Agricultural M achinery D e s ig n ... .  
Elective .................................................................................................

T otal .................................................................................................
TERM  9 Engineering 3605, H eat T ran sfer...................................................

Engineering 4931, Electrical Engineering....................................
Agr. Engineering 202, Farm Power M achines.......................
Agr. Engineering 253, Special T opics..........................................
Electives .................................................................................................

T o ta l ...................................................................................................
TERM  10 Engineering 4932, Electrical Engineering..................................

Agr. Engineering 231, Farm  Structures Design.......................
Agr. Engineering 253, Special T opics..........................................
Electives .................................................................................................

T otal .............................................................................................
T o ta l for ten term s........................................................................  176

CREDIT I.ECT. LAB.
HOURS REC. COMP.

3 3 0
4 3 2'A
3 2 2'/i
3 3 0
5 3 5

18

4 3 2'/2
3 3 0
4 3 2>/2
3 0 6
4 3 2 V2

18

3 3 0
4 3 2>/2
2 2 0
2 3 0
6

17

3 3 0
3 2 2 Y l
5 3 3
3 2 2Vi
3

17

3 2 2V2
3 2 2Vi
3 2 2'/2
1 1 0
9

19

3 2 2Vi
3 2 2Vi
1 1 0
9

16
176
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GRADUATE STUDY
Flex ible program s lead ing  to  bo th  the M.S. an d  the  Ph.D . are offered in  the 

fo llow ing areas of specialization fo r e ith e r  a m a jo r o r  m ino r: ag ricu ltu ra l struc­
tures, pow er an d  m achinery , soil an d  w ater en g ineerin g , an d  electric pow er and  
processing. M inors for those m a jo rin g  in  ag ricu ltu ra l en g inee rin g  m ay be selected 
from  the  engineering , ag ricu ltu ra l, o r basic sciences d ep en d in g  u p o n  the  s tu d e n t’s 
in terests an d  needs. A b ro ad  an d  active research  p rogram , su p p o rted  by the 
C ornell A g ricu ltu ra l E x p erim en t S tation , gives the s tu d en t an  o p p o rtu n ity  to 
select a ch alleng ing  research p ro jec t fo r his thesis. Several assistantsh ips are 
availab le  w ith  a n n u a l stipends rang in g  from  $2400 to $3000. For m ore de ta iled  
in fo rm atio n  an d  sam ple program s, co n tact the  G rad u a te  F ield  R epresen ta tive , 
R iley-R obb Flail, C ornell U niversity .



DIVISION OF BASIC STUDIES
F R E S H M E N  in  the College of E ng ineering  are en ro lled , fo r the  first two years, 
of the  five-year u n d erg rad u a te  program , in  the  D ivision of Basic S tudies of the 
College of E ng ineering . T h e  D ivision is responsib le  fo r adm issions to the College 
a t  underclass level, adm inisters a  p rogram  of courses fo r its freshm en an d  
sophom ores, an d  assigns each en g ineerin g  underclassm an to a  sen ior m em ber 
of the  College of E n g ineering  facu lty  as his adviser.

D u rin g  his freshm an year the en g ineerin g  s tu d en t und ertakes  to develop 
his u n d erly ing  com petence in  m athem atics, an d  in  the sciences of physics and  
chem istry, w hile im prov ing  his ab ility  to  com m unicate th rou g h  a course in 
E nglish  req u ired  of nearly  all freshm en a t  the  U niversity . T h ro u g h  contact 
w ith  sen ior en g ineerin g  staff, b o th  as advisers an d  in  class discussions in  a 
course in  en g in ee rin g  problem s an d  m ethods, the  s tu d en t is ab le to  arrive a t 
va lid  ed ucatio nal goals in  line  w ith  his in te rest an d  dem on stra ted  com petence. 
H e  is m ade m ore fu lly  aw are of the  range of the  fields an d  the functio ns of the 
in d iv id ual in  the en g ineerin g  profession. In s tru c tio n  in  graphics as a m eans of 
com m unication , some aspects of en g ineerin g  econom y, an d  an  in tro d u c tio n  
to e lem entary  concepts of p rob lem  solving, lead ing  tow ard  design a t  an  elem en­
tary level w hich is based on  co n cu rren t m athem atics an d  science courses, are  
also included .

D u rin g  the sophom ore year the s tu d en t ex tends his know ledge of m athem atics 
a n d  physics an d  begins his study of the ap p lica tio n s  of these sciences to en g in ee r­
ing  p rob lem s in two courses tau g h t by m em bers of the facu lty  of the College of 
E n g ineering  in  the  fields of m echanics a n d  electrical science. H e  u n d ertak es  a 
course of physical chem istry, ty ing toge ther his background  in  physics an d  
chem istry a t  a level u tiliz ing  his s trong  p rep a ra tio n  in  m athem atics, an d  lay ing 
the fo u n d a tio n  fo r a subsequen t course in  m ateria ls in  the  ju n io r  year of the  field 
of his upperclass work. H e  also und ertak es  an  elective course, co n tin u in g  to  de­
velop th a t g rou p  of libera l studies requ irem en ts , inc lu d ing  English, th a t con­
stitu te  appro x im ate ly  one-fifth of his en g ineerin g  ed ucatio n  a t C ornell. C hem ical 
an d  m etallu rg ica l studen ts delay the studies in  m echanics from  the sophom ore 
to the ju n io r  years in  o rd er to  establish  ea rlie r chem istry sequences d u rin g  th e ir 
sophom ore program .

M ost studen ts  select th e ir  upperclass objectives before the  b eg in n in g  of the 
sp ring  term  of th e ir  sophom ore year. T h e  professional schools specify one of 
the five courses of T e rm  F our, fo r studen ts  p la n n in g  to  en te r  th a t specialty. 
T h is  m ay norm ally  be tak en  e ith e r  d u rin g  the  sp ring  term  of the  sophom ore 
year o r in  the sum m er session preced ing  the  ju n io r  en ro llm en t. T h ro u g h  these 
a lte rnatives studen ts  find a change of objective possible as la te  as the beg in n in g  
of th e ir  ju n io r  year.

If  a  s tu d en t expresses his in te rest in  a  p a rtic u la r  b ran ch  of en g ineerin g  a t  
the outset, he  w ill be assigned to  a facu lty  adviser whose m ajo r in te rest is in  
th a t field. If  he does n o t express a p a rtic u la r  in terest, th en  a fte r he de term 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.
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S tudents in  underclass courses are norm ally  en ro lled  in  sections of the  various 

courses w hich are  su itab le  to  th e ir  in d iv id ua l level of achievem ent, an d  some 
are  thus ab le to develop m ore rap id ly  tow ard  the ho n o rs  g roup s o r program s 
o f advanced  study availab le  in  th e ir  p rofessional fields. T h ro u g h  cooperation  
w ith  the  advanced  p lacem ent p rogram  of the  C ollege E n tran ce  E x am in a tio n  
B oard  an d  d e p artm en ta l tests given d u rin g  the  o rien ta tio n  period , no rm ally  one- 
fifth  of the  class is given advanced p lacem en t o r ac tual college c red it fo r one 
o r m ore courses of the freshm an year. T h is  m akes possible m ore in d iv idu a l 
dev e lo p m en t tow ard  a b ro ad er lib e ra l program , o r advanced  technica l study 
in  line  w ith  the  s tu d en t’s ow n in c lina tio n . F or su perio r s tuden ts  w ho have
achieved advanced  p lacem ent in  m athem atics an d  e ith er chem istry o r physics
u p o n  g rad u a tio n  from  h igh  school, it is possible fo r en ro llm en t to be achieved at 
sophom ore level th ro u g h  the  use of the  U n iversity  sum m er session p r io r  to 
th e ir en ro llm en t a t  the U niversity  in  Septem ber.

FRESHMAN YEAR
F reshm an studen ts  en te rin g  the College o f E n g in eering  in  the  fall of 1962 w ill 

take the fo llow ing p rogram  of courses:
C O N T A C T  H O U R S 

C R E D IT  L E C T . L A B .
H O U R S  R F C . C O M P .

F IR S T  T E R M
Mathematics 191, Analytic Geometry and Calculus............................................. 4 4 0
Physics 121, Introductory Analytical Physics  3 3 21/S
Chemistry 105, General Chem istry  3 2 3
English 111, Introduction to E nglish......................................................................  3 3 0
Engineering 101, Engineering Problems and Methods 1............................... 3 2 2Vz
SECOND T E R M
Mathematics 192, Analytic Geometry and Calculus  4 4 0

or
Mathematics 122, Analytic Geometry and Calculus  3 3 0
Physics 122, Introductory Analytical Physics  3 3 2V&
Chemistry 106, General Chem istry  3 2 3

or
Chemistry 108, General Chemistry and Inorganic Q ualitative Analysis  4 3 3
English 112, Introduction to E nglish  3 3 0
Engineering 102, Engineering Problems and Methods I I   3 2 21/>

In  addition to these courses, all freshmen must satisfy the University’s requirem ents in physi­
cal education.

SOPHOMORE YEAR
A ll en g ineerin g  sophom ore studen ts, except chem ical en g in ee rin g  an d  m e ta l­

lurgica l en g in ee rin g  designates, will take the fo llow ing p ro g ram  of courses:
C O N T A C T  H O U R S  

C R E D IT  L E C T . L A B .
H O U R S  R E C . C O M P .

TH IR D  T E R M
Mathematics 293, Applied M athem atics  4 4 0
Physics 223 or 225 or 227, Introductory Analytical Physics  3 3 2V4>
Electrical Science 241 or 243, Electrical Science 1  3 2 2Vz
Mechanics 211, Mechanics of Rigid and Deformable Bodies 1  4 3 2Vz
Liberal Elective ..............................................................................................................  3 or 4 -  -
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C O N T A C T H O U R S 

C R E D IT  L E C T . L A B . 
H O U R S  R E C . C O M P .

F O U R T H  T E R M
Mathematics 294, Applied M athem atics...............................................................  3 3 0
Physics 224 or 226 or 228, Introductory Analytical Physics  3 3 2V2
Chemistry 276, Introduction to Physical Chem istry......................................  3 3 0
Mechanics 212, Mechanics of R igid and Deformable Bodies I I ...................  4 3 21/£
Designated Course   3 or 4 -

Civil Engineering, L iberal Elective or Electrical Science 242 or 2 4 4 . . . .  3 3 2Vz
Electrical Engineering, Electrical Science 242 or 244....................................  3 3 2Vi
Mechanical Engineering, Electrical Science 242 or 244................................ 3 3 2Vi
Engineering Physics, L iberal Elective  3 or 4 -

All sophom ore en g ineerin g  studen ts  in d ica tin g  a p reference for chem ical 
o r m etallu rg ical en g ineering  will take the follow ing p rogram  of courses:

C O N T A C T  H OU RS 
C RE D IT L E C T . LA B . 
H O U R S R E C . C O M P .

T H IR D  T E R M
Mathematics 293, Applied M athem atics.................................................................. 4 4 0
Physics 223 or 225 or 227, Introductory Analytical Physics  3 3 2Vz
Electrical Science 241 or 243, Electrical Science 1 ............................................... 3 2 2Vz
Chemistry 285, Introductory Physical Chem istry............................................... 5 3 6
* Chemical Engineering 5101, M aterial and Energy Balances  3 2 2
f  Metallurgical Engineering 6211, Introductory M etallurgical Engineering 3 2 2Vz
F O U R T H  T E R M
Mathematics 294, Applied M athem atics...............................................................  3 3 0
Physics 224 or 226 or 228, Introductory Analytical Physics  3 3 2Vz
Liberal Elective   3 or 4
Chemistry 286, Introductory Physical Chem istry................................................. 5 3 6
* Chemical Engineering 5102, E quilibria and Staged O perations  3 2 2
f  M etallurgical Engineering 6212, Introductory M etallurgical Engineering 3 2 2V4>

* For chemical engineering designates, 
f  For m etallurgical engineering designates.



CHEMICAL ENGINEERING
OLIN HALL

C H E M IC A L  E n g in eerin g  is the ap p lica tio n  o l the p rinc ip les  of the  physical 
sciences, of m athem atics, an d  of en g ineerin g  ju d g m en t to  fields in  w hich m a te­
ria l is trea ted  to  effect a change in  state, energy co n ten t, o r  com position . T h e  
m a jo r ap p lica tio n  of chem ical en g ineerin g  is in  the  process indu stries  w here 
raw  m aterials are  converted  in to  useful p roducts, such as chem icals, pe tro leu m  
products, m etals, ru b b er, plastics, synthetic fibers, foods, a n d  paper.

Program s in  chem ical en g ineerin g  an d  in  m e ta llu rg ica l en g in ee rin g  are  ad ­
m in istered  by the School of C hem ical a n d  M eta llu rg ica l E ng ineering , w ith  
facilities in  O lin  H a ll, a n d  in the lab ora to ries  for fou nd ry  p rac tice an d  m etal 
w orking. C hem istry courses are  given in  the  B aker L abo ra to ry  of C hem istry. 
In fo rm atio n  on  m etallu rg ica l en g inee rin g  begins 011 page 57.

In s tru c tio n  in  the basic p rinc ip les  of chem ical en g inee rin g  starts  in  the  sec­
o n d  year an d  ex tends th ro u g h  the fifth year. T h e  p ro jec t courses in  the  fifth 
year are  designed to  encourage in d iv idu a l w ork an d  in itia tiv e  u n d e r  cond itions 
eq u iva len t to  those fo u n d  in  the process industries.

T h e  chem ical en g ineerin g  cu rricu lu m  contains 27 c red it hou rs of electives. 
A m in im um  of 15 of these elective c red it hou rs  m ust be tak en  in  the  fields of 
hum anities, social studies, an d  languages. In  ad d itio n , 6 c red it hou rs in  bo th  
E nglish an d  history  are  in c lud ed  in  req u ired  courses, so th a t each s tu d en t m ust 
take a  m in im um  of 27 c red it hou rs  of n o n tech n ica l courses. T h e  rem a in in g  12 
elective hou rs are  considered to  be free electives, an d  courses m ay be chosen 
to  fit a s tu d e n t’s p a rtic u la r  needs an d  objectives. T h ey  m ay be ad ded  to  the 
m in im um  requ irem en ts  in  n o n tech n ica l courses, o r they m ay be used to  take 
advanced courses in  specialized fields of en g inee rin g  to p rep a re  fo r careers in 
such fields. S tuden ts p la n n in g  to en te r g radu a te  schools m ay use the  free electives 
to  p rep a re  for g rad u a te  study. D u rin g  the  six th  term  each s tu d en t m ust subm it 
a co ord inated  p la n  to his adviser in d ica tin g  the electives he proposes to take an d  
o u tlin in g  the objectives to  be achieved.

OPTIONS
Specialized w ork is offered in  b iochem ical en g ineering , p e tro leum , plastics 

an d  rubbers, business ad m in is tra tio n , n uc lear en g ineering , in s tru m en ta tio n  an d  
au tom atio n , in d u stria l an d  en g ineerin g  ad m in is tra tion , an d  reac tion  kinetics. 
T h e  two-year sequence of electives a t  an  advanced  level allows studen ts  to

26
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arrang e  program s th a t are  the equ iv a len t o f op tio ns in  these fields. T h e  exact 
sequence of courses to be selected fo r ad vanced tra in in g  is n o t specified, since 
it depends on  the  s tu d en ts’ in terests an d  capabilities. E xcep tiona l studen ts  are 
allow ed to  reg ister fo r g rad u a te  courses in  these fields.

PREDOCTORAL HONORS PROGRAM
T h e  P redocto ra l H o n ors  P rogram  is designed for those u n d erg rad u a te  s tu ­

den ts who expect to m ake careers of research  an d  teaching. I t  has as its p rinc ipal 
objective in d o c trin a tio n  in  research an d  the advanced  theore tical subject m atter 
norm ally  inc luded  as p a r t  of the w ork fo r the  D octo r’s degree in  chem ical 
eng ineering . T h ose  g rad u a tin g  from  this p rogram  should  be ab le to ob ta in  
th e ir D octo r’s degree in  the m in im um  tim e req u ire d  by various g rad u ate  schools.

U n derg radu a tes  in te rested  in  th is p rogram  m ay ap p ly  fo r adm ission d u ring  
th e ir  th ird  year so th a t they m ay provisionally  prereg ister fo r a sequence of 
courses beg inn in g  in  the fo u rth  year. F ina l ap p ro v al fo r the  p rogram  w ill n o t 
be given u n til  the en d  of the  fo u rth  year. D u rin g  this provisional p e riod  the 
s tu d en t m ust dem onstra te  in itia tive  in  selecting an d  m aking  p lans for a  research 
p ro jec t ex tend in g  th rou g h  b o th  the  fo u rth  an d  fifth years of the u n d erg rad u a te  
chem ical en g ineerin g  cu rricu lum .

T h e re  will be no  fixed standards fo r en try  in to  the program . S tuden ts’ requests 
for adm ission d u rin g  th e ir  th ird  year w ill be considered by the  en tire  chem ical 
en g ineering  staff an d  review ed again  a t  the en d  of the seventh  term . A pplican ts 
m ust state th e ir  in ten tio n s  to study fo r the doc to ra te  w ith  the  objective of a 
career in  research  o r teaching. Since fo u r of the  courses to  be taken  in  the n in th  
an d  ten th  term s are req u ired  of doc to ra l cand ida tes  in  the G rad u a te  School, 
studen ts  ap pro ved  fo r this p rogram  m ust have d em o nstra ted  h igh  levels of 
scholarship in  difficult courses, p a rticu la rly  those th a t a re  p rerequisites for 
advanced-level work.

P rinc ip a l featu res of the  P redo cto ra l H o n ors  P rogram  are: a year of m a th e­
m atics beyond d ifferen tia l equations, a three-term  research  project, an d  the 
substitu tion  of theore tical advanced  w ork fo r some of the design courses in 
the fifth year. S tudents are also u rged  to  take a fo reign  language as p a r t  of the ir 
electives.

SCHOLASTIC REQUIREMENTS
A s tu d en t in  the School of C hem ical an d  M etallu rg ical E n g in eerin g  w ho does 

n o t receive a passing g rade in  every course fo r w hich he is registered , o r w ho 
fails in  any term  o r sum m er session to m a in ta in  an  average of 75, m ay be d ro p p ed  
o r p laced o n  p rob a tio n .

If, in  the o p in io n  o f the  faculty, a  s tu d en t’s genera l reco rd  is unsatisfactory , 
the s tu d en t m ay be refused perm ission to  co n tin u e  his course even tho u gh  he 
has m et the m in im u m  requ irem en ts  of cred it hou rs  passed an d  of grades for 
those hours. S tudents who fall b eh in d  in  th e ir  w ork m ay be w arned , p u t  on  
p rob a tion , o r d ro p p ed , e ith er from  an  in d iv id ua l course o r from  the  U niversity , 
a t any tim e d u rin g  the  term .
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CURRICULUM (B .C li.E .)
Course programs fo r  T erm s 1 through 4, adm inis tered  by the Division of Basic 
Studies, are described on pages 24-25.

C O N T A C T  H O U R S

TER M  5............Chemistry 357, Introductory Organic Chem istry.............
Engineering 5203, Chemical Processes..................................
Engineering 5303, Introduction to Rate P rocesses.............
Engineering 5851, Chemical Microscopy ....................................... 3 or 0
Engineering 3241, Statistics ............................................................
Engineering 1153, Strength of M a te r ia ls ....................................
History 165, Science in W estern Civilization ............................

T o t a l ....................................................................................................
TERM  6........... Chemistry 358, Introductory Organic Chem istry...................

Engineering 5204, Chemical Processes ........................................
Engineering 5304, Analysis of U nit O p e ra tio n s ........................
Engineering 5851, Chemical Microscopy ....................................
Engineering 3241, S ta tis tic s ..............................................................
Engineering 1152, Dynamics .........................................................
History 166, Science in W estern Civilization ............................

T o ta l ....................................................................................................
T ER M  7 Engineering 5103, Chemical Engineering Thermodynamics

Engineering 5353, U nit Operations L a b o ra to ry ........................
Engineering 5255, Materials of Construction ............................
Engineering 4931, Electrical Engineering ..................................
Electives ................................................................................................

T otal ....................................................................................................
TER M  8 Engineering 5104, Chemical Engineering Thermodynamics

Engineering 5354, Project L ab o ra to ry ...........................................
Engineering 5256, M aterials of Construction ............................
Engineering 4932, Electrical E n g in e e r in g ..................................
Electives .................................................................................................

T o ta l ....................................................................................................
TER M  9 Engineering 5503, F luid Dynamics and H eat T ra n s fe r . . . .

Engineering 5106, Reaction Kinetics..........................................
Engineering 5621, Process Economics and Design...................
Engineering 5713, P atents ................................................................
Electives .................................................................................................

T otal ...................................................................................................
TER M  10 Engineering 5504, Mass T ran sfe r.................................................

Engineering 5622, P lant Design Pro ject....................................
Chemistry 555, Advanced Inorganic Chem istry.......................
Electives .................................................................................................

T otal ...................................................................................................
T otal for ten term s........................................................................  174

CREDIT L E C T . L A B .
H O U R S R E C . C O M P .

5 3 6
2 2 0
3 3 0

3 or 0 1 5
0 or 3 2 2 VS

3 2 1
3 3 0

19
5 3 6
2 2 0
3 3 0

0 or 3 1 5
3 orO 2 1

3 3 0
3 3 0

19
3 3 0
3 2 3
3 3 0
3 2 2'/i
6 - -

18
3 3 0
3 2 3
3 3 0
3 2 2'A
6 - -

18
2 2 0
2 2 0
5 3 5
2 2 0
6 - -

18
2 2 0
5 3 5
3 3 0
6 - -

16
174
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GRADUATE STUDY
REQUIREMENTS FOR THE 
DEGREE OF M.Ch.E.

A can d id a te  m ust com plete a m in im um  of 54 credits of w hich 45 m ust be in 
technical subjects from  the fo llow ing list (see page 6 fo r ad d itio n a l in form ation):

Chemistry:  Courses in  an aly tica l chem istry nu m b ered  426 o r h igher; in  organic 
chem istry, 456 o r h igher; in  physical chem istry, 380 o r h igher; in  inorganic 
chem istry, 410 o r h igher; in  biochem istry, 201 o r h igher.

Physics: Courses n u m bered  225 o r h igher.
M athematics:  Courses n u m b ered  200 o r h ig h er (except C ourse 608).
Chemical Engineering:  T h e  fo llow ing courses are  ap pro ved : 5105, 5107, 5108, 

5205-6, 5503-4," 5505-6, 5507, 5508-9, 560 5-6-7-8 , 5609, 5621-2, 5741-2-3 -4 -5 , 
5746, 5747, 5748, 5752, 5760, 5851, 5853, 5859, 5900, 5955-6.

Other  branches of engineering:  A ny course offered in  the College of E ng ineer­
ing  w hich is considered  by the school o r d e p a rtm en t to be an  advanced course.

O f these courses, a m in im um  of 18 c red it hou rs  m ust be in  the basic sciences, 
inc lud ing  a t  least 6 c red it hou rs  in  m athem atics, 3 in  chem istry, an d  3 in  e ith er 
physics o r biology.

Also, 18 cred it hou rs  m ust be tak en  in  the chem ical en g ineerin g  courses listed 
above. N orm ally, a s tu d en t w ill be expected  to com plete 5503-4 a n d  six hours 
in  a p ro jec t course.

T o  com plete the degree requ irem en ts , a ll courses in  excess of the 45 hours 
specified are  considered electives. T h ey  m ay be technica l o r no n tech n ica l b u t 
m ust be ap p ro v ed  by the  s tu d e n t’s adviser.

A ll courses to be co u n ted  tow ard the  degree m ust be passed w ith  a  m in im um  
g rade of 75 o r a signed sta tem en t by the professor in  charge attestin g  th a t the 
s tu d en t’s w ork was of g rad u a te  caliber.



CIVIL ENGINEERING
HOLLISTER HALL

T H E  C IV IL  en g inee r is concerned  w ith  the  large fixed works an d  systems th a t 
are  basic to  com m unity  living, industry , an d  com m erce, pa rticu la rly  in  the 
areas of w ater resources, w ater supplies, san ita tio n , tran sp o rta tio n , structures, 
a n d  u rb a n  com plexes. H is  p a rtic u la r  w ork varies from  research  a n d  develop­
m en t to p lan n in g , design, construction , o p e ra tio n  an d  m ain tenan ce , ap p lica tio n  
an d  sales, analysis an d  testing, teaching, an d  ad m in is tra tio n  an d  m anagem ent.

M odern  w ell-equipped  classroom s a n d  lab ora to ries  are  availab le  for in struction  
an d  research in  H o lliste r H all, an d  a t the H y d rau lic  L ab o ra to ry  a t T rip h a m m e r 
Falls, in  the  fo llow ing p rin c ip a l areas:

Surveying, m app ing , ph o togram m etry  an d  graph ics
A irph o to  in te rp re ta tio n  an d  physical en v iro n m en t ev aluatio n
W ate r  resources an d  hyd rau lic  en g ineerin g
S an itary  en g ineerin g
T ra n sp o rta tio n  eng ineerin g
S tru c tu ra l en g ineerin g
Soils en g ineerin g
C onstru ction  en g in ee rin g  an d  ad m in is tra tio n

B.C.E. PROGRAMS
E xcept as n o ted  otherw ise, the cu rricu lum  o u tlin ed  in  the  fo llow ing section 

applies on ly  to  s tuden ts  who registered  in  the  School of C ivil E n g in eerin g  before  
Septem ber, 1961. D etails  of the cu rricu lum  w hich w ill ap p ly  to  studen ts  who 
registered  in  C ornell in  1961 an d  th e rea fte r w ill ap p e a r  in  subsequen t A n ­
nouncem ents. T h e  new  cu rricu lu m  w ill reduce  the n u m b er of hou rs req u ire d  
fo r g rad u a tio n  an d  will afford g rea te r flexibility  in  p la n n in g  program s to  su it 
the  interests, needs, an d  ap titud es  of studen ts. Sum m er survey cam p w ill be 
d iscon tinued  as a req u ire d  subject. T h e  cu rricu lum  w ill consist of a core of 
subjects w hich all s tuden ts  m ust take, p lus ab o u t tw enty-one h ou rs  of w ork 
in  subjects re la ted  to  one o r m ore civil en g in ee rin g  areas such as those listed  
above, p lus tw enty-one hou rs of libera l studies (in  ad d itio n  to  those req u ired  
in  the  D ivision of Basic Studies), p lus n in e  hou rs of free elective courses. In  
ad d itio n , la titu d e  w ill be allow ed in  tak in g  courses in  o th e r  p a rts  of the 
C ollege of E ng ineerin g  an d  the U niversity .

SCHOLASTIC REQUIREMENTS
In  o rd e r to rem ain  in  good s tan d in g  a  s tu d en t m ust m a in ta in  an  average of 

a t  least 70 p e r  cent.
30



CIVIL EN G IN EER IN G —CU RRICU LU M  31

CURRICULUM (B .C .E .)
Course programs for  T erm s  1 through 4, administered by the Division o f Basic 
Studies, are described on pages 24-25. T erm s  5 through 10 described below , apply  
to s tuden ts  matriculating before Sep tem ber,  1961.

C O N T A C T  H O U R S

TERM  5 Engineering 1134, Strength of Materials ....................................
Engineering 1152, Mechanics-Dynamics ....................................
Engineering 2701, Elementary Structural Analysis ...............
Engineering 2501, Microbiology in Engineering (or Geology

113) .....................................................................................................
Engineering 2301, Fluid Mechanics .............................................
History 165, Science in  W estern Civilization ...........................

T o ta l .................................................................................................
T ER M  6 Engineering 2102, Advanced Surveying ....................................

Engineering 2302, Hydrology .......................................................
Engineering 2702, Steel and T im ber S tru c tu re s .......................
Engineering 2725, Soil Mechanics (or 2502) ...........................
Engineering 2901, Construction Methods (or Hum anities

Elective) .............................................................................................
History 166, Science in W estern Civilization ............................

T o t a l ...................................................................................................
Engineering 2105, Summer Survey Camp ..................................

TERM  7 Engineering 1241, M aterials (or 2503)........................................
Engineering 2502, W ater Supply and Sewerage Systems (or

2725) ...................................................................................................
Engineering 2602, T ransportation  (or H um anities Elective)
Engineering 2704, Statically Indeterm inate S tru c tu re s ...........
Engineering 4931, Electrical Engineering ..................................
Hum anities Elective (or 2901) .......................................................

T o ta l .............................................................................................
TERM  8 Engineering 2503, W ater and Wastes T reatm ent ...................

Engineering 2610, Highway Engineering (or C.E. elective) 
Engineering 2715, Reinforced Concrete Design (or 2902) . . . .
Engineering 2312, H ydraulic Engineering ..............................
Engineering 4932, Electrical Engineering ................................
H um anities Elective (or 2602) .......................................................

T o ta l ...................................................................................................
T ER M  9 Engineering 1212, Materials Laboratory (or 2903) .................

Engineering 2902, Engineering Law (or 2715) ..........................
Engineering 2720, Foundations (or H um anities Elective) . . .
Engineering 3630, Thermodynamics .............................................
C.E. Elective (or 2610) ......................................................................
Free Elective .........................................................................................

T otal ...................................................................................................

C RE D IT L E C T . I.A R .
H O U R S R EC . C O M P .

3 3 0
3 3 0
3 2 2'A
3 2 2'A
4 3 2'A
3 3 0

19
3 2 2'A
2 2 0
4 2 4
3 2 2'A
3 3 0
3 3 0

18
5 0 0

3 3 0

3 2 2'A
3 3 0
4 3 2'A
3 2 2Vi
3 3 0

19
3 2 2'A
3 2 2 'A
4 2 4
3 3 0
3 2 2'A
3 3 0

19
3 1 5
3 3 0
3 2 2'A
3 3 0
3 - -

3 - -
18
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C O N T A C T  H O U R S 

C R E D IT  L E C T . LA B . 
H O U R S R E C . C O M P .

TER M  10 Engineering 2903, Engineering Economy (or 1212) ...............  3 3 0
Engineering 3642, H eat Power ...................................................  2 2 0
C.E. Elective .........................................................................................  3
Hum anities Elective (or 2720)   3 -
Free Elective .........................................................................................  6 -  -

T otal .................................................................................................... 17

In addition to these courses, all sophomores m ust satisfy the University’s requirem ents in 
physical education.

GRADUATE STUDY
T h e  School offers w ork lead ing  to the  M .C.E. (professional M aster’s degree), 

the M.S., an d  the Ph.D . degrees. In  civil en g ineerin g  the fo llow ing areas of con­
cen tra tio n  are availab le  e ith e r  as m ajors o r m inors: geodetic  a n d  photogram - 
m etric  en g ineering , hydraulics, hyd rau lic  eng ineering , co nstru c tion  en g ineerin g  
an d  ad m in is tra tio n , san itary  eng ineering , s tru c tu ra l eng ineering , s tru c tu ra l 
m echanics, soils en g ineering , tran sp o rta tio n  en g ineerin g , a n d  aeria l p ho to g rap h ic  
studies. D escrip tions of in d iv id u a l courses are  g iven elsew here in  th is A n n o u n ce­
m ent. F or professional M asters’ degrees, see p. 6 .

P rospective g rad u a te  studen ts  should  consu lt the A n n o u n c e m e n t  o f the G radu­
ate School. A  brochure, Graduate Programs in Civil Engineering,  is also availab le  
u p o n  req uest from  the  School of C ivil E ng ineering , H o llis te r  H all.



ELECTRICAL ENGINEERING
PHILLIPS HALL

T H E  C U R R IC U L U M  lead ing  to the degree of B achelor of E lectrical E ng ineer­
ing  is in te n d ed  to  create in  th e  s tu d en t an  u n d ers tan d in g  of the  m ean in g  an d  
the ap p lica tio n  of those laws of n a tu re  th a t are  basic in  the  prac tice  of electrical 
en g ineerin g  and , a t  the  same tim e, to p rov ide the o p p o rtu n ity  fo r as m uch 
n on tech n ical course w ork as is consisten t w ith  the  p rim ary  objective of tra in in g  
an  electrical engineer. A new  cu rricu lum  in  electrical en g ineerin g  for studen ts 
en te ring  the College of E ng ineering  in  the  fall of 1961 an d  the reafte r is now 
u n d e r  develop m en t by the faculty. T h e  cu rricu lum  described  below  ap p lies  to 
studen ts  ex pecting  to  g radu a te  by Ju n e , 1965.

INDUSTRIAL COOPERATIVE PROGRAM
T h e  School p a rtic ipa tes  in  the  In d u s tr ia l C oopera tive P rogram . See p. 5 

fo r details.

CLASS ADVISERS
E ach class is assigned to  an  adviser w ho serves in  this capacity  u n til  the  class 

g raduates. In  ad d itio n  to counseling  each s tu d en t ab o u t cu rricu lum , reg istration , 
scholarship , a n d  o th e r  aspects of the academ ic p rogram , he is availab le  to  discuss 
any serious nonacadem ic problem s the studen ts  m ay have.

Since the class adviser is responsib le  fo r  ap p ro va l of the  reg is tra tio n  o f each 
studen t, no  cancella tion  of courses o r  o th e r  changes in  p ro g ram  m ay be in itia ted  
w ith o u t his know ledge an d  appro val. If  the  class adviser does n o t ap prove a 
chosen course of study, the s tu d en t m ay seek ap p ro v a l of the p rogram  by 
p e titio n  to  the facu lty  of the School of E lectrical E ngineering .

ELECTIVE COURSES
T h e  cu rricu lu m  in  electrical en g in ee rin g  allows each s tu d en t to  choose a 

considerable n u m b er of elective courses d u rin g  the la te r  years of the  cu rricu lum . 
O f the fifty-one to ta l elective c red it hours, twenty-seven m ust be non tech n ical, 
fifteen m ust be technical, an d  n in e  are  com pletely  free. T o  achieve b o th  b read th  
an d  d e p th  in  the  s tu d en t’s non tech n ica l p rogram , the  twenty-seven non tech n ica l 
elective hou rs m ust be selected as follows:

1. N in e  hou rs elected  from  social studies w ith  a two-course sequence included ;
2. N in e  hou rs elected from  the  h um an itie s  w ith  a  two-course sequence in ­

cluded;
3. N in e  hou rs elected  from  any n on tech n ica l course.
F ifteen  elective cred it hours (of w hich six m ay be P roject) m ust be selected 

from  courses in  electrical eng ineering , m athem atics, o r physics. O f these fifteen 
hours, n in e  m ust be tak en  in  electrical eng ineering . A  course so selected m ust
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n o t co n ta in  a g rea t a m o u n t of m a teria l th a t  is essentially eq u iv a len t to  th a t 
in  req u ired  courses in  the curricu lum .

T h e  courses, elected in  fu lfillm en t of the  fifteen-hour techn ica l elective req u ire ­
m ent, serve as a core fo r advanced  studies in  a  p a rtic u la r  phase of electrical 
eng ineering . S tudents m ay specialize in  rad io  science, m icrow ave o r  sem icon­
d u c to r  electronics, e lectric ne tw ork  theory , feedback co n tro l systems a n d  com ­
p u ters , n u c lear technology, pow er systems, o r ap p lied  m athem atics  an d  physics. 
A lte rn ate ly , some s tuden ts  find it  advisable to  take advanced  courses th a t lie 
in  m ore th an  o ne  of these specialties.

T h e  n in e  free elective hours may be chosen from  am ong any courses in  the 
U niversity  fo r w hich prereq u isites  are  satisfied, in c lu d in g  those in  th e  fo re­
go ing  list. By carefu lly  p la n n in g  the  use of electives, s tuden ts  m ay carry o u t 
extensive program s of study in  o th e r  divisions of the  U n iversity  d u rin g  the 
fifth year of the cu rricu lum .

T h e  p rogram  of the  fifth  year includes two th ree -h o u r elective courses desig­
n a ted  as “P ro jec t.” A  s tu d en t m akes his ow n selection of the  to p ic  o r  p ro b lem  
th a t he p lans to  investigate u n d e r  the  genera l supervision  of a facu lty  m em ber 
an d  p repa res  a  p ro jec t p roposal fo r subm ission to his in te n d e d  p ro jec t su per­
visor. In  choosing a top ic  an d  p rep a rin g  a proposal, the  s tu d en t is expected  to 
dem onstra te  the  in itia tiv e  an d  responsib ility  he w ill need  to co m plete  the 
p ro jec t successfully. I t  is expected  th a t each s tu d en t w ill choose a  p rob lem  
closely re la ted  to h is m a jo r in te rest in  electrical en g ineerin g . If  his p ropo sa l is 
n o t ap p ro ved  o r if h e  does n o t elect to do  a p ro jec t, the  s tu d en t m ust elect 
six o th e r  technica l elective hours.

In  m any cases s tuden ts  choose to com bine a ll o r som e p o rtio n  of the  free- 
elective requ irem en ts  w ith  the  technical-elective req u irem en ts  in  o rd e r  to  em p h a­
size ce rta in  studies in  e lectrical eng ineering . Some of the  m any fields of studies 
along  w ith  th e ir  re la ted  courses are  listed  below . T h ese  g roup ings o f courses 
are  n o t in te n d ed  to  im ply th a t a s tu d en t m ust confine his studies to an y  one 
field b u t are  p resen ted  fo r genera l in fo rm atio n .

ELECTRIC NETW ORK THEORY
4115—Principles of N onlinear Systems
4563—Signals and Noise in  Communication Systems
4564— Transmission of Inform ation
4571—M odern Network Analysis
4572—M odern Network Synthesis
4575—Advanced Topics of System Theory

ELECTRIC POW ER SYSTEMS
4351—Unified Theory of Electro-M echanical Systems
4352—Elements of Power-System Analysis
4353—T ransient Analysis of Power Systems

ELECTRONS AND WAVES
4526—Electron Dynamics
4527—Microwave Electronics I
4528—Microwave Electronics II 
4521—Microwave Laboratory
4561—Microwave Theory and Techniques
4565—Electromagnetic Theory
4529—Semiconductor Electronics I



4530—Semiconductor Electronics II
4531—Quantum  Electronics

FEEDBACK CONTROL SYSTEMS AND COMPUTERS
4711—Feedback Control Systems I
4712—Feedback Control Systems II
4713—Feedback Control Systems Seminar 
4810—Analog Com putation
4820—Switching Systems I
4821—Switching Systems II 
1175—N onlinear Mechanics

ILLUMINATION
4611—Introductory Illum ination
4612—Illum ination Engineering 
4615—Illum ination Seminar 
Physics 307—Physical Optics 
Psychology 305—Perception

NUCLEAR TECHNOLOGY
(The following courses constitute the core curriculum  for the Engineering College Nuclear 

Technology Program.)
8301—Introduction to Atomic Nuclear Physics
8311—Nuclear and Reactor Physics
8351—Nuclear Measurements Laboratory
3605—H eat T ransfer
6872—Nuclear Materials Technology
5760—Nuclear and Reactor Engineering

COMMUNICATION SYSTEMS
45 1 1 —Physical Basis of Electronic Engineering
4512—Radio Engineering 
4541—Applied Accoustics
4563—Signals and Noise in Communication Systems 
4551—Radio Aids to Navigation

RADIO SCIENCE
4565—Electromagnetic Theory 
4568—Antennas
4566—Introduction to Plasma Physics
4567—Radio Wave Propagation
4581—Magnetohydrodynamical Processes in the Solar System

N in e cred it hou rs  in  ad vanced m ilita ry  science o r a ir  o r naval science m ay 
be co un ted  tow ard  the  req u irem en ts  of the  baccalaureate  degree. T h ese  n in e  
hou rs are considered to lie w ith in  the free-elective area  of the cu rricu lum .

SCHOLASTIC REQUIREMENTS
T o  rem ain  in  good standing , a s tu d en t m ust e ith e r  pass the  courses fo r w hich 

he is registered  two weeks a fte r the b eg inn ing  of the term  an d  have a w eigh ted  
average of n o t less th a n  70 p e r  cent; or, if o ne  course is fa iled  o r is canceled, 
have a w eigh ted  average fo r the  rem a in in g  courses of n o t less th a n  75 p e r  cent. 
A s tu d en t fa iling  to  m eet this req u ire m en t o r fa iling  to  m ake satisfactory p rog­
ress tow ard  his degree, ev idenced c ith e r  by course failu res o r by low grades in
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m ajo r courses, m ay be w arned, p laced  on  p ro b a tio n , o r  d ro p p e d  fro m  the 
School.

SPECIAL PROGRAM IN MATHEMATICS
F o r those studen ts  w ho have a special in te rest an d  ab ility  in  m athem atics 

an  advanced  p rogram  in  m athem atics is offered. I t  is recom m ended  p a rticu la rly  
to  the s tuden ts  w ho in te n d  to do g rad u a te  work. T o  allow  tim e fo r the 15 
cred its of ad d itio n a l m athem atics courses, some of the  n o rm a l req u irem en ts  
of the cu rricu lu m  are  waived.

CURRICULUM (B .E .E .)
Course programs for  T erm s  1, 2, 3, a n d  4, adm inis tered by the Division of Basic 
Studies, are described on pages 24-25. T h e  curriculum described below applies  to 
s tuden ts  matricula ting before September,  1961.

C O N T A C T  H O U R S

T ER M  5

TERM  6

TERM  7

TER M  8

TER M  9

Engineering 1241, Engineering M aterials..................................
C RE D IT
H O U R S

3
L E C T .
R E C .

2

L A B .
C O M P .

2V4>
Engineering 1152, M echanics......................................................... 3 3 0
Engineering 4112, Introduction to L inear Network Analysis 3 2 2 \iEngineering 4116, Introductory Electrical L aboratory......... 3 1 3
Nontechnical E lectives...................................................................... 6 - -

T o t a l ....................................................................................................
Engineering 2331, Fluid Mechanics.............................................

18
3 3 0

Engineering 4114, M athematical Analysis of L inear Systems 
I I  .......................................................................................................... 3 2 2V*

Engineering 4121, Introduction to Electronic Engineering. . 4 3 2V*
Engineering 4216, Electric and Magnetic Circuits Laboratory 4 2 3
Nontechnical Elective ...................................................................... 3 - -

T otal ...................................................................................................
•Engineering 2331, Fluid Mechanics..........................................

17
3 3 0

Engineering 4122, Elements of System T heo ry ......................... 4 3 2 VS
Engineering 4221, A lternating C urrent M achinery............... 4 2 3
Engineering 4113, Transmission Lines and W aves................. 3 2 2VfcNontechnical Elective ...................................................................... 3 - -

T otal ...................................................................................................
Physics 314, Atomic, Nuclear, and Solid State Physics.........

17
3 3 0

Engineering 4165, Electromagnetic T heo ry ............................ 4 3
Engineering 4123, Electronics of Signal T ransm ission........... 4 3 2 'Ai
Engineering 4226, Electrical Machinery Laboratory............. 4 2 3
Nontechnical Elective . . . ................................................................ 3 - -

T o t a l ...................................................................................................
Engineering 4021, Technical W riting  and Presentation.........

18
3 3 0

Free Electives ..................................................................................... 3 - -

Nontechnical Elective ...................................................................... 3 - _

Senior Project 4091 (or Technical Elective)............................ 3 - -
Technical Elective ............................................................................ 6 - _

Nonresident Lectures 4041............................................................... 1 1 0

T otal ................................................................................................. 19
* Applies to students in  T erm  7 in fall, 1962-
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C O N T A C T  H O U R S 

C R E D IT  L E C T . LA B . 
H O U R S R E C . C O M P .

T ER M  10 Free Elective
Nontechnical Electives ........................................
Senior Project 4092 (or Technical Elective) 
Technical Electives ...............................................

6
6
3
3

T o t a l .........................
T o ta l for ten terms

18
170

M aster of Science are  described in  the  A n n o u n c e m e n t  of the Graduate School.  
T hese are  research  degrees th a t involve residence o n  the  cam pus an d  subm ission 
of a thesis. In  the School of E lectrical E ng ineering , research  w ork lead ing  to 
these degrees m ay be u n d ertak e n  in  the  area  of electrophysics inc lu d in g  rad io  
p ropagation , rad io  a n d  ra d a r  astronom y, p lasm a p henom ena, m agnetohydro- 
dynam ics, physical a n d  m icrow ave electronics, m a te ria l science in  electrical 
engineering , b iom edical electronics, electric pow er conversion, ionized gases 
in  electrom agnetic  fields, e lectrical b reakdow n ph enom ena, etc., an d  in  the area 
of systems theory  in c lu d in g  in fo rm atio n  theory , ne tw ork  theory, com m unications 
systems, feedback co n tro l systems, sw itching circuits, com puters, cognitive sys­
tems, etc. A  n u m b er of fellow ships, research  assistantships, an d  teach ing  assist- 
an tsh ips are availab le  to candida tes fo r the  degree of D o ctor of Philosophy an d  
M aster of Science w ho are  d o in g  th e ir  thesis research  in  the School of E lectrical 
E ng ineering . A ssistantship ap p lica tio n s  a n d  fu r th e r  in fo rm atio n  can be o b ­
ta in ed  by w ritin g  to the C oo rd in a to r of G rad u a te  Studies, School of E lectrical 
E ngineering .

T h e  degree of M aster of E lectrical E n g ineering  is available as a cu rricu lum  
type of p rofessional degree a t the M aster’s level, the genera l req u irem en ts  for 
w hich are  sta ted  on  page 6 . O f the forty-five c red it hou rs  sta ted  in  the genera l 
requ irem ents , the  M .E.E. degree requ ires  six hou rs of P ro jec t 4091 a n d  4092, 
twelve hours of advanced electrical en g ineerin g  courses (the advanced  electrical 
eng ineering  courses inc lude all the elective a n d  g radu a te  courses listed  on  pages 
90-94 of this A n n o u n cem en t p lus 4123, 4165, an d  4226), six h o u rs  of advanced 
physics, six hou rs of advanced m athem atics, an d  fifteen hou rs from  any o f the 
a fo rem en tion ed  g roups of e lectrical en g ineerin g , physics, o r advanced  m a th e ­
m atics courses. A ll course w ork to  be co un ted  tow ard  the  M .E.E. degree req u ire ­
m ents m ust be passed w ith  a m in im u m  g rade of 80.

T o  en te r the M .E.E. p rogram , a  s tu d en t m ust first have been  accepted  by 
the G rad u ate  School fo r adm ission as a  can d id a te  fo r the  M.S. degree. U p o n  
adm ission he m ay p e titio n  to  the E lectrical E ng ineering  G rad u a te  C om m ittee 
fo r tran sfer to the  M .E.E. program . T h e  M .E.E. p rog ram  w ill norm ally  be 
lim ited  to  studen ts  w ho can n o t satisfy the  residence req u irem en ts  of the M.S. 
degree.



ENGINEERING MECHANICS 
AND MATERIALS

THURSTON HALL

T H E  D E P A R T M E N T  of E n g in eerin g  M echanics an d  M ateria ls is responsib le 
fo r u n d erg rad u a te  a n d  g rad u a te  in s tru c tio n  a n d  research  in  ap p lied  m echanics, 
a p p lied  m athem atics, an d  m ateria ls science. Sub ject m a tte r  in  these th ree  fields 
is o f a  fu n d a m en ta l n a tu re , an d  the u n d erg rad u a te  courses p rov ide  a substan tia l 
p a r t  of the  basic en g inee rin g  science ed uca tio n  fo r en g inee rin g  studen ts. In  
ad d itio n  to the req u ire d  courses in  ap p lied  m echanics, ap p lied  m athem atics, an d  
m ateria ls science, the u n d erg rad u a te  can elect advanced  courses. T h e y  are 
especially su ited  to  studen ts  w ho have dem o n stra ted  su perio r analy tica l o r ex per­
im en ta l ab ility  an d  w ho wish to ex ten d  an d  develop  this ab ility  in  one  o r  m ore 
of the th ree areas.

T h e  g rad u a te  p rogram  in  ap p lied  m echanics an d  ap p lied  m athem atics leads 
to  the  M.S. an d  Ph.D . degrees in  en g in ee rin g  m echanics; in  m ateria ls  science it 
leads to  the M.S. a n d  Ph.D . degrees in  en g inee rin g  m ateria ls  (see p . 6). A d­
vanced theore tica l an d  ex perim en ta l w ork is basic in  the  new est developm ents 
in  en g inee rin g  an d  in  ap p lied  science an d  provides a fo u n d a tio n  fo r fu tu re  
needs in  these fields. T h e  analy tica l an d  scientific n a tu re  of the studies perm its 
g radu ates to p a rtic ip a te  in  a ttack ing  problem s th a t cu t across varied  fields of 
research, developm ent, an d  design. G rad u a te  s tuden ts  p u rsu e  program s in  the 
fo llow ing areas o f specialization: ( 1 ) space m echanics— in c lu d in g  research  on 
trajec tories an d  o rb its  of space vehicles an d  satellites as well as the theory  of 
light-w eight, th in-w alled  structures; (2) wave p ro p a g a tio n  in  solids— w idr research 
on  the  dynam ic response of plates, structures, an d  m ach ine  elem ents; (3 ) s truc­
tu ra l m echanics— in c lud ing  static  a n d  dynam ic loading, v ib ra tions, an d  buckling; 
(4) theory  of elasticity a n d  plasticity; (5) theore tica l fluid m echanics— w ith  re ­
search in  m agnetohydrodynam ics; (6) m aterials science— w ith  research  program s 
in  stress corrosion cracking, fatigue, liq u id  m eta l so lidification, concrete, an d  
the creep of m etals u n d e r  h igh  pressure.

T h e  flexibility  of the  g rad u a te  study program s a t C ornell p e rm its  s tuden ts  to 
d raw  o n  several divisions of the U n iversity  fo r  su p p o rtin g  w ork in  p u re  an d  
ap p lied  science. G rad u a te  studen ts  in te rested  p rim arily  in  ap p lied  m echanics 
a n d  ap p lied  m athem atics find these su p p o rtin g  fields of in te rest: m athem atics, 
structures, en g inee rin g  physics, servom echanism s, m ach ine design, aerospace en ­
g ineering , soil m echanics, physics. G rad u a te  s tuden ts  w ishing to  specialize in  
m ateria ls science find these su p p o rtin g  fields of in te rest: physics, m athem atics, 
chem istry, m etallurgy, solid state  physics, m echanics, co llo idal chem istry, en g in ee r­
ing  physics.
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ENGINEERING PHYSICS
ROCKEFELLER HALL

T H E  U N D E R G R A D U A T E  p ro g ram  in  en g in ee rin g  physics is designed to  
com bine the basic scientific an d  analy tica l tra in in g  of the  physicist a n d  the 
m athem atic ian  w ith  know ledge an d  experience in  app ly in g  this tra in in g  to 
problem s in  en g ineerin g  research  an d  en g ineerin g  developm ent. A ccordingly, the 
cu rricu lum  pu ts  m ajo r em phasis 011 m athem atics an d  physics. In  ad d itio n , the 
program  is p la n n ed  to develop an  ap p rec ia tio n  an d  u n d ers tan d in g  of the p ro p ­
erties of m ateria ls from  co n stitu en t atom s an d  m olecules to bu lk  physical, elec­
trical, an d  chem ical p roperties.

For tra in in g  in  en g ineerin g  research , the  fifth year s tu d en t carries o u t a sem i­
research p ro jec t in  his chosen special field u n d e r  the  d irec tion  of a facu lty  m em ­
ber who is an  au th o rity  in  th a t field. S tudents m ay u n d ertak e  projects in  atom ic 
an d  n uc lear physics, n uc lear reac to r technology, n uc lear in s tru m en ta tio n , elec­
tron  optics an d  electron  microscopy, en g ineerin g  electronics in c lu d ing  com m uni­
cations an d  servom echanism s, c ircu it analysis, X-rays an d  crystal structure, 
physics of solids, physical m etallurgy, rad io  astronom y an d  space research, 
m agnetohydrodynam ics an d  aerodynam ics, therm odynam ics a n d  h ea t transfer, 
elasticity a n d  stress analysis, m athem atics, a n d  biophysics.

Because of the em phasis 011 the basic sciences an d  the  freedom  to  select 
advanced courses to satisfy electives, the cu rricu lum  provides an  excellen t fo u n d a­
tio n  fo r g rad u a te  study in  the  sciences o r in  en g in ee rin g  research.

T h e  D e p artm en t has fu lly  eq u ip p ed  lab ora to ries  fo r study an d  research  in 
electron  m icroscopy, solid state  an d  surface physics, an d  nu c lea r technology. T h e  
N u clear R eac to r L abora tory , a separa te  b u ild in g  (see page 2), includes facilities 
fo r w ork in  n u c lear chem istry.

In  th e ir  p ro jec t studies s tuden ts  also have access to  o th e r en g ineerin g  lab o ra ­
tories an d  to those in  the College of A rts an d  Sciences w here such lab ora to ries  
are  im p o rta n t to  the projec t.

In c lu d in g  the course w ork tak en  in  the  D ivision of Basic Studies, the  en g inee r­
ing  physics u n d erg rad u a te  cu rricu lu m  requ ires  the  s tu d en t to  d is trib u te  his 
to ta l of 165 sem ester h ou rs  of course w ork as follows:

M athematics, physics, chemistry, engineering   I l l  hours
English composition ......................................................................................................................... 6 hours

(Students who in the first term  show sufficient proficiency to be exempted 
from the second half of the course must substitute other courses in English or 
literature.)

Modern foreign language (for classes of 1963, 1964, 1965)  6 hours
(Students who pass the proficiency exam ination of the D epartm ent of Modern 
Languages and who do not wish to continue the study of a language may 
substitute six hours of liberal electives in  place of the language requirem ent.)
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Electives ..............................................................................................................................................  42 hours

L iberal (18). A t least six hours m ust be taken in  the area of hum anities; another 
six hours in the area of social sciences.
Advanced Engineering and Science (15). A m inim um  of 3 credit hours must 

be in  advanced laboratory work. These 15 hours include six credit hours 
for the research project.

Unspecified (9). May be taken in any course in the University open to the 
student. N ot more than six hours credit is allowed in advanced m ilitary 
science or in  naval science.

By su itab le  selection of technical electives d u rin g  his last two years the q u a li­
fied s tu d en t m ay o b ta in  an  ex cellen t p rep a ra tio n  fo r a ca reer in  one  o f the  
m any specialized fields of eng ineering . As exam ples, fo u r possible program s 
a re  o u tlin ed :
A E R O S P A C E  E N G I N E E R I N G  (see p. 16) . . . T h e  u n d e rg rad u a te  p ro g ram  in 
en g ineerin g  physics is p a rticu la rly  su ited  fo r w ork in  aerospace eng ineering , 
e ith e r  a t  the  u n d erg rad u a te  o r a t the g rad u a te  level.
N U C L E A R  T E C H N O L O G Y  . . . T h e  s tu d en t in te rested  in  the n uc lear energy 
field, o r in  n uc lear reac to r pow er developm ents, should  choose his electives from  
courses in  reac to r physics, n uc lear m easurem ents, th e rm o n u c lea r pow er p rin c i­
ples, advanced h ea t transfer, an d  in  physics o f solids u n d erly in g  rad ia tio n  dam ­
age problem s. H is a tte n tio n  is d irec ted  to  Courses 8311, 8312, 8313, 8351, 8352, 
an d  to 3665, 5760, 6872, an d  7206, w hich are  described  in  de ta il in  the  section, 
“D escrip tion  of C ourses.” A d d itio na l closely re la ted  courses such as Physics 444 
are  also available.
M A T E R I A L S  S C IE N C E  . . . T h e  core p rog ram  of the  en g inee rin g  physics cu r­
ricu lu m  com bined  w ith  electives in  en g inee rin g  physics (e.g., 8262, 8512), 
en g ineerin g  m ateria ls  (e.g., 1244), an d  m etallu rg ica l en g inee rin g  (e.g., 6411 an d  
6412) an d  w ith  specialized sem inars provides an  excellen t p rep a ra tio n  fo r research 
in  m aterials science, a field th a t o ften  ho lds the  key to  fu r th e r  technological 
progress. S tud en ts  can find am ple possibilities fo r sen io r p ro jec ts by jo in in g  one 
of the  active research  g roup s s tudying  such topics as surface physics, p rop ertie s  
of th in  films, electron  m icroscopy an d  d iffraction , re lax a tio n  p h en o m en a  and  
th e ir  re la tio n  to d islocations an d  o th e r  defects, pho toconductiv ity , an d  others.
SP A CE  S C IE N C E  A N D  T E C H N O L O G Y  . . . E n g in eerin g  physics provides an 
ex cellen t p rep a ra tio n  for u n d erg rad u a te  o r g rad u a te  specialization  in  this chal­
leng ing  field. Q ualified  s tuden ts  m ay elect courses in  gasdynam ics, rad io  wave 
p rop aga tio n , optics, astronom y, relativ ity , a n d  o th e r  re la te d  courses. Several 
facu lty  m em bers have strong  research  in terests in  this field a n d  are  availab le  to 
supervise senior research pro jec ts re la ted  to  th e ir  areas of specialization. S tudents 
m ay u n d ertak e  pro jects as a p a r t  of the w ork of the C en te r fo r R adiophysics an d  
Space R esearch.

B eg inn ing  early  in  h is academ ic career, the  s tu d en t shou ld  w ork o u t w ith  
his adviser the necessary d e ta iled  p la n n in g  of his electives, in  o rd e r  to develop 
the  m ost effective p rogram  in  a p a rtic u la r  field of in terest.

T h e  School pa rtic ip ates  in  the  In d u s tr ia l C oopera tive P rogram  (see p . 5).
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SCHOLASTIC REQUIREMENTS
T h e  s tu d en t is u rg ed  to rega rd  grades as an  in d ica tio n  of his degree of achieve­

m en t in  his field ra th e r  th a n  as, in  any sense, an  en d  in  them selves. T h e  difference 
of a  p o in t o r two in  grades is never a  de te rm in in g  facto r in  his sta tus in  the 
D ep artm en t. H e  is expected  to pass every course fo r w hich he is registered, to  
m a in ta in  each term  a w eighted  average of a b o u t 75 p e r  cen t o r be tter, an d  to 
dem onstra te  ap titu d e  an d  com petence in  the  basic sub jec t m a tte r  of the  cu r­
riculum .

A s tu d en t fa iling  to  satisfy these requ irem en ts  m ay be p u t  on  p ro b a tio n  o r 
refused perm ission to co n tinu e  his studies in  the D epartm en t.

CURRICULUM (B .E ng.Phys.)
Course programs for  T erm s  1 through 4, administered by the Division of Basic 
Studies, are described on pages 24-25.

C O N T A C T H O U R S 
C RE D IT L E C T . LA B . 
H O U R S  R E C . C O M P .

TERM  5 Mathematics 421, Methods of Applied M athem atics.................... 3 3 0
Physics 323, Electricity and Magnetism   3 3 0
Engineering 8121, Thermodynam ics and Kinetic Theory . . .  3 3 0
Engineering 4116, Electric-Circuit Laboratory .......................  3 1 3
Engineering 1153, Mechanics of M a te r ia ls   3 2 2Vi
Elective .................................................................................................  3 -

T ota l .................................................................................................  18
TER M  6 Mathematics 422, Methods of Applied M athem atics  3 3 0

Physics 318, Analytical Mechanics ............................................... 4 4 0
Engineering 8122, Thermodynamics and Kinetic T heory   3 3 0
Engineering 4121, Electron T ubes and Circuits .....................  4 2 5
E le c tiv e ...................................................................................................  3 -  “

T otal .................................................................................................  17
TERM  7 Mathematics 423, Methods of Applied M athem atics  3 3 0

Physics 443, Atomic and M olecular Physics   4 4 0
Engineering 1201, Engineering Materials ..................................  4 3 2Vz
Engineering 4122, Electronic Circuit Elements .......................  4 2 5
Elective ...................................................................................................  3 -  -

T otal .................................................................................................  18
TER M  8 Mathematics 616, Methods of Applied Mathematics   3 3 0

Physics 454, Electronic Properties of Solids and L iq u id s .. . .  4 4 0
Physics 410, Advanced Laboratory ............................................... 4 0 6
Chemistry 416, Chemical Bonding and Physical Properties of

Organic Molecules ..........................................................................  3 3 0
Elective ...................................................................................................  3 -  -

T otal .................................................................................................. 17
TER M  9 Engineering 8252, Selected Topics in Physics of Engineering

Materials ...........................................................................................  3 3 0
Engineering 8051, Project ...............................................................  3 -  -
Electives .................................................................................................. 9 -  -

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



42 COLLEGE OF EN G IN EERIN G
C O N T A C T  H O U R S 

C R E D IT  L E C T . L A B . 
H O U R S  R E C . C O M P .

TER M  10 Engineering 8131, Mechanics of Continuum
Engineering 8052, Project ................................
Electives ..................................................................

3 3 0
3
9

T otal 15

GRADUATE STUDY
T h e  objective of g rad u a te  in s truc tio n  in  en g in ee rin g  physics is to  offer con­

cen tra ted  study in  a field w hich crosses co nv en tion al sub jec t m a tte r  bou n daries  
as well as to  deep en  an d  en large  bo th  the  g enera l scientific a n d  the en g ineerin g  
backgroun d  of the  studen t.

T h o u g h  en g inee rin g  physics u n d erg rad u a te  w ork is the  p re fe rred  p rep a ra tio n  
fo r g rad u ate  w ork in  en g ineerin g  physics, qualified  s tuden ts  w ith  a co nven tional 
physics o r w ith  an o th e r  en g in ee rin g  background  m ay en ro ll fo r g rad u a te  W'ork.

T h e  G rad u a te  School im poses few requ irem en ts , perm its  g rea t la titu d e  to  the 
in d iv idu a l in  choice of studies, an d  expects each can d id a te  to  u tilize a ll the 
resources of the  U niversity  re lev an t to his work. I t  encourages h im  to associate 
freely w ith  scholars w ho w ill give h im  the a id  a n d  d irec tion  h e  needs to  develop 
a sense of responsib ility  fo r the  wise ap p lica tio n  of know ledge.

A ccordingly there  are no  specific course req u irem en ts  o r cu rricu la  fo r g radu a te  
study in  en g in ee rin g  physics. E ach s tu d e n t’s p rogram , b o th  fo rm al course w ork 
a n d  in d e p en d en t in d iv idu a l study, is ad ju sted  to fit his needs an d  to  p rov ide 
h im  w ith  a th o ro u g h  know ledge of a  special field a n d  w ith  ad eq u a te  p e rip h e ra l 
com petence. G enera l in fo rm atio n  an d  reg u la tio ns  are  g iven in  the  A n n o u n c e ­
m e n t  o f the Graduate School.  A descrip tive b ro ch u re  can be o b ta in ed  by w riting  
direc tly  to  the  Office of the  D ep artm en t of E n g in eerin g  Physics, R ockefeller H all.



INDUSTRIAL ENGINEERING*
UPSON HALL

IN D U S T R IA L  E N G IN E E R IN G  involves the analysis an d  design of in teg ra ted  
systems of m en, m aterials, an d  e q u ip m e n t to  pe rfo rm  a useful econom ic function . 
E xam ples of systems w hich are  of in te rest to in d u stria l engineers inc lude systems 
to m an ufac tu re  a given p rodu ct, in c lu d in g  the  decision ru les to  contro l the o p e ra ­
tio n  of the  en terp rise  an d  its eq u ip m en t; in teg ra ted  co m m unication-inform ation  
processing systems to  co n tro l an d  d irec t the activities of a com plex organ ization ; 
an d  d istrib u tio n  systems th a t co n tro l the location , q uan tity , an d  m ovem ent of 
various inven to ries  to  serve an  u n c e rta in  d em and  o r to  regu la te  inventories 
from  a variab le  supply. W h ile  p r io r  to  1950 nearly  a ll in d u stria l eng ineering  
w ork took place in  the m echanical m an u fac tu rin g  industries, today this w ork is 
alm ost equally  com m onplace in  the process industries an d  is fo u n d  in  service 
industries, governm ent, an d  in s titu tio n a l ope ra tion s  as well as m anufactu rin g . 
T h e  scope of the w ork has ten d ed  to  ou tg row  the  designation  as in du stria l 
eng ineering , an d  this type of activity also is o ften  iden tified  w ith  the  nam es 
o pera tions research, ope ra tion s  analysis, m an agem en t science, systems analysis, 
a n d  systems engineering.

Follow ing the first two years’ w ork in  the D ivision of Basic Studies, the  cu r­
ricu lum  lead ing  to the B achelor of In d u s tr ia l E ng ineering  degree develops the 
necessary background  in  p ro bab ility  theory , m od ern  algebra, statistics, co m pu t­
ing, an d  cost analysis. T h e n  an  in teg ra ted  sequence of courses develops various 
analy tica l techniques an d  a design m ethodology ap p ro p ria te  fo r such systems. 
T h e  req u ire d  courses, co up led  w ith  a well p la n n e d  elective p ro g ram  allows the 
s tu d en t an  o p p o rtu n ity  to develop a course of study of considerab le  b rea d th  o r 
d e p th  to  su it his ow n needs.

CLASS ADVISERS
E ach class w ill be assigned an  adviser w ho serves in  th is capacity  u n til  the  

class g raduates, fn  ad d itio n  to  counseling  each s tu d en t ab o u t cu rricu lum , possi-
* A lthough some work in industrial engineering has been offered a t Cornell since 1904, this 

work has heretofore been located w ithin the Sibley School of Mechanical Engineering, and 
students have received a mechanical engineering degree. T he program  and curriculum  described 
here is to be made available to students who m atriculate a t Cornell in 1961 or later, subject to 
final approval by the University faculty and the Board of Trustees. T h is program  has been 
approved by the faculty of the College of Engineering, and the final approvals required are 
expected to be given during the 1962-1963 academic year. In  the meantime, the following 
members of the School of Mechanical Engineering faculty constitute the faculty of the D epart­
m ent of Industrial Engineering and Adm inistration: P r o f e s s o r s : Robert Eric Bechhofer, A.B., 
Ph.D.; Henry Phillip  Goode, B.S., M.S.; Byron W inthrop Saunders, B.S. in E.E., M.S.; Andrew 
S. Schultz, Jr., B.S. in A.E., Ph.D.; and Lionel Weiss, B.A., M.A., Ph.D. A s s o c i a t e  P r o f e s s o r s : 
John M orton Allderige, B.S., M.S.; R obert Nelson Allen, B.S. in  A.E.; R ichard W alter Conway, 
B.M.E., Ph.D.; John Hsu-Kau Kao, B.S.M.E., M.S. in I.E., D.Eng.Sc.; and M artin W right Samp­
son, B.S. in A.E., M.S. in  Eng. A s s is t a n t  P r o f e s s o r s : Richard H. Bernhard, B.M.E., M.S., Ph.D.; 
Frederick S. H illier, B.S. in I.E., M.S. in I.E., Ph.D., Visiting Assistant Professor in Industrial 
Engineering for 1962-1963; Donald L. Iglehart, B.E.P., M.S., Ph.D.; W illiam  L. Maxwell, 
B.M.E., Ph.D.; and Peter E. Ney, B.S., M.A., Ph.D.

43
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ble elective sequences to achieve p a rtic u la r  objectives, reg istra tion , scholarship, 
an d  o th e r  aspects of the academ ic p rogram , the  adviser is availab le  to discuss any 
serious nonacadem ic prob lem s the  s tuden ts  m ay have a n d  to re fe r them  to o th e r 
offices if such ac tion  appears  to  be in  the best in te rest of the  s tuden t.

Inasm uch  as the  class adviser is responsib le fo r ap p ro va l of the  reg is tra tio n  of 
each studen t, no  cancella tion  of courses o r o th e r  changes in  p rogram  m ay be 
in itia ted  w ith o u t his know ledge an d  approval.

SCHOLASTIC REQUIREMENTS
A s tu d en t in  the  D e p artm en t of In d u s tr ia l E n g in eerin g  a n d  A d m in is tra tio n  

who does n o t receive a passing g rade in  every course fo r w hich he  is registered, 
who fails in  any term  o r  sum m er session to m a in ta in  an  average g rade o f 70, 
o r  w ho is n o t otherw ise m aking  sub stan tia l an d  steady progress tow ard  the 
co m pletion  o f his degree requ irem en ts , m ay be d ro p p ed  o r p laced  on  p rob a tion .

ELECTIVE COURSES
T h e  cu rricu lum  in  in d u stria l en g in ee rin g  includes forty-tw o elective hou rs in  

ad d itio n  to those in  the basic two-year program . O f these, tw enty-one m ust be 
in  libe ra l courses, twelve in  eng ineering , an d  n in e  are com pletely  free. T h e  
cu rricu lum  is designed in  such a way th a t the  s tu d en t has a  chance to  use the 
elective hou rs to  m ax im um  ad vantage in  m eeting  his p a rtic u la r  objectives. F o r 
exam ple, a  s tu d en t desiring  to com bine the  basic p rog ram  in  in d u str ia l en g in ee r­
ing  w ith  w ork in  some phase of electrical en g inee rin g  w ou ld  find th a t he could  
take as m any as six th ree-h our courses in  e lectrical en g ineerin g , in  ad d itio n  to 
the fo u r req u ired  courses in  this field. Sim ilarily  he could  w ork o u t s tro n g  p ro ­
gram s in  some area  o f m echanical en g ineering , such as m ach ine  design to  sup p le ­
m en t the  req u ired  w ork in  this field, in  various areas of civil en g inee rin g  such 
as san ita tio n  o r tran sp o rta tio n , o r in  alm ost any technica l en g inee rin g  area. O n  
the  o th e r  h an d , a s tu d en t in te rested  in  develop ing  a p ro g ram  in  some d e p th  in  
a n on tech n ica l a rea  could  com bine as m any as twelve hou rs of his lib e ra l elec­
tives w ith  the n in e  free electives an d  set u p  a  p rog ram  of as m any  as tw enty-one 
hours in  one  of such fields as sociology, psychology, econom ics, h istory , o r  g overn ­
m ent. A  th ird  choice w ould  be to  co ncen tra te  the  technica l electives in  m ore 
basic w ork in  m athem atica l an d  statistical analysis in  o rd e r  to  p rep a re  fo r g rad ­
u a te  w ork in  the field of in d u stria l en g inee rin g  an d  o p e ra tion s  research . O f 
course, a  s tu d en t m ay also take a b ro ad  elective p ro g ram  invo lv ing  o n e  o r  two 
courses in  a n u m b er of d ifferen t areas. T h e  on ly  restric tions on  the  use o f the 
th ree  categories of electives are th a t in  his ten  term s a s tu d en t m ust have taken  
a  m in im u m  of n in e  hours of social science in c lu d in g  a  two-course sequence an d  
n in e  hours of h um an itie s  in c lud ing  a two-course sequence.

CURRICULUM (B .I.E .)
Course programs for Terms 1, 2, 3, and 4, administered by the Division of Basic 
Studies, are described on pages 24-23. The curriculum which follows is available 
to students matriculating in September, 1961, or thereafter, subject to final ap­
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proval by the Board of Trustees of Cornell University. (See foo tn o te  at bottom  
of page 43.)

C O N T A C T  H O U R S 
C R E D IT  L E C T . L A B .
H O U R S R E C . C O M P .

TER M  5 Engineering 9360, Introduction to Probability Theory . . . .  3 3 0
Engineering 9181, Introduction to Digital Com putation . . . .  3 2 2Vi
Engineering: Materials Science I   3 -  -
Engineering: Electrical Engineering I   3 -  -
Engineering 3431, Materials Processing   3 1 5
Elective*   3 -  -

T otal .....................................................................................................  18
TER M  6 Engineering 9370, Introduction to Statistical Theory with

Engineering Applications ................................................................  4 3 2V&
Engineering 9350, Principles of Costing & Control   3 2 2}/l
Engineering: Materials Science II  .....................................................  3 -  -
Engineering: Electrical Engineering II .......................................... 3 -  -
Engineering 3331, Kinematics and Components of Machines 3 2 2V2
Electives* ....................................................................................................  3 -  —

T otal .....................................................................................................  19
TER M  7 Engineering 9310, Industrial Engineering: Analysis &

Design I ................................................................................................ 4 2 5
Engineering 9351, Cost Analysis ........................................................ 3 2 2Vfe
Engineering 3332, Mechanical S ystem s.............................................  3 2 2V2
Engineering 3630, Thermodynamics .................................................  3 3 0
Electives* ....................................................................................................  3 -  -

T o ta l .......................................................................................................  16
TERM  8 Engineering 9311, Industrial Engineering: Analysis & De­

sign II    4 2 5
Engineering 3631, Fluid Mechanics .................................................  3 3 0
Engineering Elective ............................................................................. 3 — —
Electives* .................................................................................................... 9 -  -

T o ta l .................................................................................................... 19
TERM  9 Engineering 9320, Operations P lanning & Analysis   4 3 2V2

Engineering 3632, H eat T ransfer   3 3
Engineering 9398, Industrial Engineering Project ...............  3 -
Engineering Elective ..........................................................................  3 -  -
Electives* ...............................................................................................  6 -  -

T o ta l .....................................................................................................  19
TERM  10 Engineering 9352, Advanced Economic Analysis   3 2 2lA

Engineering 9399, Industrial Engineering Project   3 -  -
Engineering Electives ........................................................................  6 -  —
Electives* ...............................................................................................  6 -  -

T o t a l .......................................................................................................  18

* T he  elective courses marked with an asterisk m ust include twenty-one credit hours of “ liberal'" 
courses, while nine credit hours can be “ free,” i.e., courses selected from any open to under­
graduates who have the proper prerequisites from among those offered in any school or college 
a t Cornell.
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GRADUATE STUDY
T w o  d ifferen t types of g rad u a te  program s are  offered in  in d u str ia l engineering . 

T h e  M aster o f Science a n d  D octor of P h ilo sop hy  program s are  designed  for 
those p rim arily  in te rested  in  teach ing  o r in  academ ic o r in d u str ia l research . T h e  
professional M aster of In d u s tr ia l E ng in eerin g  degree p ro g ram  is designed  fo r 
those p rim arily  in te rested  in  becom ing m ore p ro ficien t in  the  p ractice of m o d ern  
in d u str ia l eng ineering . A s tu d en t m a tricu la tin g  fo r one  of these g rad u a te  degrees 
m ay co ncen tra te  h is studies in  any one of several subjects such as in d u stria l 
eng ineering , o p e ra tio ns  research , systems analysis an d  design, ap p lied  statistics 
a n d  p robab ility , en g in ee rin g  ad m in is tra tion , an d  in fo rm atio n  processing.

T o  be accep ted  as a cand ida te  fo r the  M aster of Science o r  D o ctor o f P h ilo s­
ophy  degrees in  one  of the subjects of co ncen tra tion , the  ap p lic a n t m ust have 
been  g rad u a ted  fro m  an  in s titu tio n  of recognized s tand in g  w ith  a B ache lo r’s 
degree in  engineering , m athem atics, o r the physical sciences. In  ad d itio n  he m ust 
have h ad  a com m endable u n d erg rad u a te  scholastic reco rd  an d  o th e r  evidence of 
his in te rest in  an d  ab ility  to  pu rsue  advanced  study an d  research  in  the  selected 
field. T o  be accep ted  as a can d id a te  fo r the M aster of In d u s tr ia l E ng ineering  
degree, an  a p p lican t m ust (1) ho ld  a B achelo r’s degree fro m  an  in s titu tio n  of 
recognized s tan d in g  in  one  of the  fields o f en g ineering , (2 ) have an  ad eq u a te  
p rep a ra tio n  fo r g rada te  study in  the chosen sub ject of specialization , an d  (3 ) show 
prom ise o f do in g  well in  advanced study as ju d g ed  by h is prev ious scholastic 
reco rd  o r o th e r achievem ents.

F or fu r th e r  in fo rm atio n  ab o u t each of these g rad u a te  p rogram s see the  earlie r 
references to  g rad u a te  study o n  page 6 of th is A n nou ncem en t, the  A n n o u n c e ­
m e n t  o f the Graduate School,  an d  the  b ro ch u re  en title d  Graduate W ork  in 
Operations Research, Industr ia l  E ngineering,  A p p l ie d  Statistics and  R e la te d  
Areas, w hich m ay be o b ta in ed  by w ritin g  the  D e p a rtm en t of In d u s tr ia l E ng i­
neerin g  an d  A d m in istra tion , U pson  H all.



MECHANICAL ENGINEERING
UPSON HALL

M E C H A N IC A L  engineers design an d  develop diverse systems lo r  pow er gen era­
tion , m achinery  for in d u str ia l an d  p riv a te  consum ption , a n d  en terprises for 
m anu fac tu rin g  an d  p rod u ctio n .

T h e  Sibley School of M echanical E ng in eerin g  consists of five dep artm en ts  
of in struction :

D rafting  an d  In d u s tr ia l Design, R. H . Siegfried, 420 U pson  H all.
In d u stria l an d  E n g ineering  A d m in istra tion , A. S. Schultz, J r., 324 U p son  H all.
M achine Design, A. H . B urr, 306 U p son  H all.
M aterials Processing, W . P en tlan d , 220 K im ball H all.
T h e rm a l E ng ineering , C. O. M ackey, 206 U p son  H all.
Extensive, m o d ern  lab ora to ries in  each of these d epartm en ts  p rov id e the  stu ­

d e n t w ith  the  finest eq u ip m en t fo r studying  en g ineerin g  princip les. T h e  m echan­
ical en g ineerin g  labora to ries  a n d  classrooms are  located  in  U p son  H all. All 
m aterials processing lab ora to ries  are  in  K im ball H all.

REQUIREMENTS FOR THE 
B.M.E. DEGREE BY SUBJECTS, 
FOR 1 9 6 3 , 1 9 6 4 , 1 9 6 5  CANDIDATES

All m echan ical en g ineerin g  studen ts  m ust satisfy course requ irem en ts  in  each 
of the five M .E. departm en ts, and , in  ad d itio n , m ust take specified courses in  the 
Schools of E lectrical, an d  C hem ical an d  M etallu rg ical E ng ineering , an d  in  the 
D ep artm en t of E ng ineering  M echanics an d  M aterials. T h is  w ork accounts for 
n ine ty -n ine  of the 180 cred it hours req u ire d  fo r the degree an d  constitu tes a 
basic g ro u p  of courses offered in  the College of E ng ineering  th ro u g h o u t five years.

A ll m echanical en g ineerin g  studen ts  m ust take specified courses in  m a th e ­
m atics, physics, chem istry, English, a n d  speech. T hese  courses to ta l forty-one of 
the  180 c red it hou rs  req u ire d  fo r g rad u ation .

T h e  rem a in in g  forty  h o u rs  of elective courses req u ire d  fo r com pletion  o f the 
B achelor of M echanical E n g in eerin g  degree are described in  the  fo llow ing o u t­
line, w hich sum m arizes the degree requ irem ents .

ENGINEERING COURSES OFFERED IN : CREDITS
O rientation; nonresident lectures ..........................................................................  4
Engineering Drawing .................................................................................................. 6
Industrial and Engineering A dm inistration .......................................................  17
Machine Design ............................................................................................................  12
Materials Processing .................................................................................................... 5
T herm al Engineering .................................................................................................. 21
Electrical Engineering ...............................................................................................  9
Chemical and M etallurgical Engineering ............................................................ 4
Engineering Mechanics and Materials ..................................................................  21

99
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SCIENCES, ENGLISH, SPEECH: CREDITS
Mathematics ................................................................................................................... 12
Physics .............................................................................................................................  12
Chemistry .........................................................................................................................  8
English .............................................................................................................................  6
Public Speaking ............................................................................................................  3

41
ELECTIVES:
Liberal Arts * ................................................................................................................. 12
Engineering (including Project, 6 hours) + .....................................................  14
Unrestricted J  ................................................................................................................. 14

40
T otal .................................................................................................................................. 180

SCHOLASTIC REQUIREMENTS
A s tu d en t in  the School of M echanical E n g in eerin g  w ho fails in  any term  to 

ea rn  a  passing g rade in  fifteen hours, w ith  a g rade  of 70 o r b e tte r  in  eleven hours, 
m ay be p laced on  p ro b a tio n . I f  h e  fails in  any  term  to  pass twelve hours, he m ay 
be d ro p p ed  from  the  School.

B.M.E. PROGRAMS FOR 
1 9 6 3 , 1 96 4 , 1 96 5  CANDIDATES

C andidates fo r the B.M .E. degree in  J u n e , 1963, 1964, an d  1965 are  expected  
to fulfill the  requ irem en ts  fo r th a t degree accord ing  to  the  cu rricu lu m  they have 
been  follow ing since th e ir  freshm an year. T h e  first fo u r term s of this ten -term  
sequence have been  com pleted  an d  do n o t ap p e a r  in  th is A n no un cem en t. T h e  
last six term s are:

C O N T A C T  H O U R S  
C R E D IT  L E C T . L A B . 
H O U R S  R E C . C O M P .T ER M  5

Engineering 1241, Engineering Materials ..............................  3 2 2'/2
Engineering 3351, Mechanism .......................................................... 3 2
Engineering 3601, Thermodynam ics ........................................  3 3 0
Engineering 1152, Mechanics—Dynamics ...............................  3 3 0
Engineering 3246, Industrial Accounting ..............................  2 1 2k£
Engineering 3404, Production Machine Tools (or Engineer­

ing 3405) ...........................................................................................  2 1 2l/ i
Electives .................................................................................................  3 Arr. Arr.

T otal .....................................................................................................  19

* May be chosen from the fields of American studies, the classics, economics, English, fine 
arts, government, history, literature, modern languages, music, philosophy, psychology, sociology 
and anthropology, and speech and dram a. Courses in  these fields are available in  several col­
leges of the University and are not lim ited to the offerings of any single division.

f  Includes all courses offered by the College of Engineering which are no t the equivalent 
of any courses specifically required in the M.E. curriculum .

I  May be chosen from both of the groups m entioned above or from any division of the
University, including 6 hours of advanced RO TC or 9 hours of Naval RO TC . These electives
may be used to take more course work in m athematics, physics, and chemistry.
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TER M  6

TER M  7

T ER M  8

TER M  9

TER M  10

Engineering 1242, Engineering Materials ."................................
Engineering 3352, Dynamics of M achinery ..............................
Engineering 3602, Thermodynamics ..........................................
Engineering 3603, Fluid Properties and Mass Flow ...............
Engineering 3247, Principles of Cost Control ............... ..
Engineering 3405, Gage Laboratory (or Engineering 3404). . 
Electives .................................................................................................

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

Engineering 3604, Flow Processes and Energy T ransfer . . . .
Engineering 3605, H eat T ransfer .................................................
Engineering 3353, Design of Machine Members ...................
Engineering 1243, Engineering Materials Laboratory ...........
Engineering 3263 Production Engineering ................................
Electives .................................................................................................

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

Engineering 3354, Design of Machines ....................................
Engineering 4931, Electrical Engineering ..................................
Engineering 3264, Production Engineering ..............................
Engineering 3606, T herm al Engineering Laboratory ...........
Engineering 6112, M etallurgy of Casting, W orking, and

W elding .............................................................................................
Electives (including Engineering 3607 or 3608 or 3 6 0 9 )-----

T ota l .................................................................................................

Project ...................................................................................................
Engineering 4932, Electrical Engineering ..................................
Engineering 1154, Strength of M a te r ia ls ....................................
Electives .................................................................................................

Totals .................................................................................................

Project .................................................................
Engineering 4933, Electrical Engineering .
Public Speaking 201 ......................................
Engineering 3041, Nonresident Lectures. 
Electives .............................................................

T otal ..................................................................

C O N T A C T  H O U R S
C RE D IT L E C T . LA B .
H O U R S R E C . C O M P .

3 3 0
3 2 2'A
3 3 0
3 3 0
3 2 2'A
1 0 2'A
3 Arr. Arr.

19

3 2 2'A
3 2 2'A
3 2 2'A
3 2 2'A
3 2 2'A
3 Arr. Arr.

18

3 1 5
3 2 2'A
3 2 2'A
3 1 2'A
2 2 0
6 Arr. Arr.

2 0

3 Arr. Arr.
3 2 2'A
3 3 0

10 Arr. Arr.
19

3 Arr. Arr.
3 2 2'A
3 3 0
1 1 0

9 Arr. Arr.
19

180

ELECTIVE REQUIREMENTS FOR 
1 96 3 , 1 9 6 4 , 1 965  CANDIDATES

T h e  five-year cu rricu lum  allows tim e fo r fo rty  hours of elective w ork, in c lu d ­
ing  six hou rs of p ro jec t. I f  the  s tu d en t is to  use this ex tra  tim e an d  o p p o rtu n ity  
to  best advantage, he m ust beg in  as early  as his sophom ore year to  p la n  so th a t 
these elective h ou rs  w ill fo rm  an  in teg ra ted  program . H e  should  ex p lore the 
various possibilities o p en  to h im  and , w ith  the h e lp  of his adviser, set u p  a  com ­
p le te  p ro g ram  fo r his en tire  u n d erg rad u a te  p rogram  of study.
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T h e  elective requ irem en ts  suggest possibilities th a t w ill satisfy a varie ty  of 

p ersona l desires a n d  interests. I t  is possible to  o b ta in :
1. T w elv e to  twenty-six cred it hours in  libera l arts— all in  o ne  area o r d iv id ed  

am ong several areas. T h is , toge ther w ith  the  n in e  req u ire d  h ou rs  of E nglish 
a n d  speech, m akes possible a  to ta l of thirty-five hou rs in  lib e ra l arts.

2. F ou rteen  to  tw enty-eight hou rs in  an  en g inee rin g  o p tio n  to prov ide  co ncen­
tra tio n  an d  d e p th  in  one p a rtic u la r  area of eng ineering ; o r these ho u rs  m ay 
be d iv ided  am ong two o r m ore areas. T h o se  s tuden ts  w ho co n tem p la te  
g rad u a te  study lead in g  to  the  M .M .E., M .I.E ., M.S., o r M .A ero.E. degrees 
shou ld  give serious co nsidera tion  to  the  courses they elect. Some courses 
are accep tab le  as c red it tow ard b o th  the  B .M .E. an d  the  professional 
M asters’ degrees.

3. U p  to  fo u rteen  hou rs of un res tric ted  elective cred it in  any  special p rogram  
of studies w hich is n e ith e r  libera l arts n o r  eng ineering . T h is  inc ludes ad ­
vanced  R O T C .

S tudents seeking m axim um  d e p th  o f tra in in g  in  any p a rtic u la r  field— w h ether 
it  be in  libera l arts, in  eng ineering , o r in  some o th e r  g enera l area— shou ld  study 
the A n nouncem en ts  of the  colleges offering the  w ork an d  co nsu lt w ith  rep resen ta ­
tives of the  p a rtic u la r  facu lties concerned, as well as w ith  th e ir  en g in ee rin g  
advisers.

T o  illu s tra te  w h at can be accom plished in  setting  u p  su bstan tia l elective o p ­
tions in  en g ineerin g , the  fo llow ing sam ple op tions are  p resen ted .

DRAFTING AND INDUSTRIAL DESIGN
C R E D ITINDUSTRIAL DESIGN h o u r s  t e r m

Engineering 3116, Introduction to Industrial Design ...................................  3 8
Engineering 3198, 3199, Project ...........................................................................................  6 9, 10
Electives from the following list: .........................................................................................  15 5-10

A rchitecture 330, 331, Sculpture
400, 401, History of Architecture

Fine Arts 101, 102, Introduction to A rt: Painting and Sculpture 
or

104 In troduction to A rt
111, 112 Introduction to Art: Architecture 
554 T w entieth-Century Painting 

Home Economics H.D. 100, Color and Design
T otal ...................................................................................................................................  24

INDUSTRIAL AND ENGINEERING ADMINISTRATION
C RE D ITMANUFACTURING ENGINEERING h o u r s  t e r m

Engineering 3266, Advanced Methods E n g in e e rin g .........................................................  3 7
Engineering 3240, Analytical Methods in Operations R e se a rc h ..................................  3 7
Engineering 3242, Statistical Control and Sampling Inspection ..................................  3 8
Engineering 3281, Com puting Equipm ent and Industrial A p p lica tio n s ...................  3 8
Engineering 3267, Advanced Production E n g in e e rin g .....................................................  3 9
Engineering 3283, Digital Systems Simulation .................................................................. 3 9
Engineering 3265, Production P la n n in g ..............................................................................  3 10
Engineering 3298, 3299, Project   6 9, 10

Total ................................................................................................................................  27
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C RE D IT

PRODUCTION MANAGEMENT hours term
Engineering 3232, Personnel M a n a g em e n t...............................................................................  3 7
Engineering 3280, Introduction to Operations Research ...................................................  3 7
Engineering 3242, Statistical Control and Sampling Inspection ....................................... 3 8
Engineering 3265, Production P la n n in g ...................................................................................  3 8
Engineering 3254, Analytics of Decision and Control .......................................................... 3 9
Engineering 3281, Com puting E quipm ent and Industrial A p p lica tio n s ........................  3 9 or 10
Engineering 3270, Industrial M arketing .................................................................................  3 10
Engineering 3298, 3299, P ro je c t .................................................................................................. 6 9, 10

T otal ...........................................................................................................................................  27

SYSTEMS ENGINEERING
Engineering 3240, Analytical Methods in Operations Research ....................................... 3 7
Engineering 3280, Introduction to Operations Research ...................................................  3 7
Engineering 3243, Interm ediate Industrial S ta tis tic s ............................................................ 3 8
Engineering 3281, Computing Equipm ent and Industrial A p p lica tio n s ........................ 3 8
Engineering 3283, Digital Systems Simulation ......................................................................  3 9
Engineering 3265, Production P la n n in g ...................................................................................  3 10
Engineering 3254, Analytics of Decision and Control .......................................................... 3 10
Engineering 3298, 3299, P ro je c t ..................................................................................................  6 9, 10

T otal ...........................................................................................................................................  27

APPLIED INDUSTRIAL STATISTICS
Engineering 3240, Analytical Methods in Operations Research ....................................... 3 7
Engineering 3242, Statistical Control and Sampling In sp e c tio n ...................................... 3 8
Engineering 3243, Interm ediate Industrial S ta tis tic s ............................................................ 3 8
Engineering 3244, Advanced Industrial S ta tis tic s .................................................................  3 9
Engineering 3248, Statistical Aspects of Reliability A n a ly sis ............................................ 3 9
Engineering 3281, Computing E quipm ent and Industria l A p p lica tio n s ........................ 3 10
Engineering 3284, M athematical Program ing and Decision Theory ...................1

or j- 3 10
Engineering 3285, Queuing T h e o r y ........................................................................................J
Engineering 3298, 3299, P ro je c t ..................................................................................................  6 9, 10

T otal ...........................................................................................................................................  27

MACHINE DESIGN
MECHANICAL DESIGN (SYNTHESIS)
Engineering 3366, Advanced Kinematics .................................................................................  3 8
Engineering 3367, Design Problems in Vibrations and D yn am ics....................................  3 8
Engineering 3374, Creative Design ............................................................................................ 3 9
Engineering 3375, Automatic M achinery .................................................................................  3 9
Engineering 3398, 3399, Design Projects ................................................................................. 6 9, 10

T otal ...........................................................................................................................................  18

DESIGN DEVELOPMENT (ANALYSIS AND EXPERIMENTATION)
Engineering 3367, Design Problems in Vibrations and D yn am ics..................................... 3 8
Engineering 3361, Advanced Machine A na ly sis ......................................................................  3 9
Engineering 3372, Experim ental Methods in Machine D e s ig n ......................................... 3 9
Engineering 3362, Mechanical Design of T u rb o m ac h in e ry ...............................................  3 10
Engineering 3376, Autom atic C o n tro l .......................................................................................  3 10
Engineering 3398, 3399, Analysis or Experim ental P ro je c ts ............................................... 6 9, 10

Total 21
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C RE D IT

V E H IC L E S  A N D  P R O P U L S IO N  hours term
Engineering 3367, Design Problems in Vibrations and Dynamics ..................................  3 8
Engineering 3607, Combustion Engines .................................................................................... 3 8
Engineering 3377, Automotive E n g in e e rin g ..............................................................................  3 9
Engineering 7101, Mechanics of Airplanes and M issiles ...................................................... 3 9
Engineering 3398, 3399, Vehicle Design P ro je c t ....................................................................  6 9, 10

T otal ............................................................................................................................................ 18

THERMAL ENGINEERING
F L U ID  D Y N A M IC S A N D  H E A T  T R A N S F E R
Engineering 3661, Advanced T herm o dyn am ics....................................................................... 3 7
Engineering 3664, Advanced Fluid Mechanics ....................................................................... 3 8
Engineering 3663, Advanced Turbom achinery ....................................................................... 3 9
Engineering 3665, Advanced H eat T r a n s f e r ...........................................................................  3 9
Engineering 3698, 3699, P r o je c t ..................................................................................................  6 9, 10

T o ta l ............................................................................................................................................ 18
N U C L E A R  E N G IN E E R IN G
Engineering 3608, T herm al Power Plants ...............................................................................  3 8
Engineering 8301, Atomic and Nuclear Physics ....................................................................  3 9
Engineering 3665, Advanced H eat T ransfer ........................................................................... 3 9
Engineering 8311, Nuclear and Reactor Physics ..................................................................  3 10
Engineering 8351, Nuclear Measurements Laboratory ........................................................ 3 10
Engineering 3698, 3699, P r o je c t ..................................................................................................  6 9, 10

T otal ............................................................................................................................................ 21
P R O P U L S IO N  E N G IN E S
Engineering 3661, Advanced Thermodynamics ....................................................................... 3 7
Engineering 3607, Combustion Engines ...................................................................................  3 8
Engineering 3663, Advanced Turbom achinery ....................................................................... 3 9
Engineering 3665, Advanced H eat T ransfer ........................................................................... 3 9
Engineering 3671, Aerospace Propulsion Systems ..............................................................  3 9
Engineering 3698, 3699, P ro je c t ..................................................................................................  6 9, 10

T otal ...........................................................................................................................................  21
T H E R M A L  E N V IR O N M E N T
Engineering 3609, R efrigeration and Air C o n d itio n in g ...................................................... 3 8
Engineering 3667, T em perature Measuring Instrum ents ...................................................  3 8
Engineering 3665, Advanced H eat Transfer ...........................................................................  3 9
Engineering 3666, Advanced Air Conditioning ..................................................................... 3 9
Engineering 4934, Principles of Automatic Control ............................................................  3 10
Engineering 3698, 3699, P r o je c t ..................................................................................................  6 9, 10

T otal ...........................................................................................................................................  21
T H E R M A L  PO W E R
Engineering 3361, Advanced T herm o dyn am ics....................................................................... 3 7
Engineering 3607, Combustion Engines ...................................................................................  3 8
Engineering 3608, T herm al Power P la n t s ...............................................................................  3 8
Engineering 3672, Energy C onversio n ........................................................................................ 3 10
Engineering 3670, Advanced Combustion Engines ..............................................................  3 10
Engineering 3698, 3699, P ro je c t ..................................................................................................  6 9, 10

Total ................................................................................................................................  21
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AEROSPACE ENGINEERING ™  term
Mathematics 609, H igher Calculus ...........................................................................................  3 5
Mathematics 610, H igher Calculus ...........................................................................................  3 6
Engineering 7101, Mechanics of Airplanes and M issiles...................................................  3 7
Engineering 7102, Mechanics of Airplanes and M issiles ...................................................  3 8
Engineering 7203, Gasdynamics I ................................................................................................ 3 9
Engineering 7204, Gasdynamics I I .............................................................................................  3 10
Engineering 7801, Project ........................................................................................................ 6 9, 10

T otal ...........................................................................................................................................  24

ENGINEERING MECHANICS AND MATERIALS
MECHANICS
Engineering 1154, Advanced Strength of M a te r ia ls .............................................................. 3 7
Engineering 1162, Mechanics of Vibration ............................................................................. 3 8
Engineering 3367, Design Problems in Vibrations and Dynamics ..................................  3 8
Engineering 1163, Applied Elasticity .......................................................................................  3 9
Engineering 1180, Advanced Engineering Mathematics .....................................................  3 9
Engineering 4711, Feedback Control Systems I ......................................................................  3 9
Engineering 1159, Advanced Mechanics Laboratory ............................................................ 3 10
Engineering 1198, 1199, P ro je c t .................................................................................................. 6 9, 10

T otal ...........................................................................................................................................  27

MATERIALS
Physics 314, Atomic and M olecular Physics ........................................................................... 3 7
Physics 454, Electronic Properties of Solids and L iq u id s ...................................................  3 8
Engineering 1216, Structure and Properties of M a t t e r .......................................................  2 9
Engineering 6452, Experim ental Physical M e ta llu rg y .......................................................... 3 9
Engineering 1244, Theoretical M aterials-Mechanical Properties ....................................  3 10
Engineering 1298, 1299, P ro je c t .................................................................................................. 6 9, 10

T otal ...........................................................................................................................................  20

MATERIALS TECHNOLOGY
Engineering 6353, Introductory M etallography ....................................................................  3 8
Engineering 6415, Principles of Materials P ro cessing ......................................................... 3 9
Engineering 3372, Experim ental Methods in  Machine Design .........................................  3 9
Engineering 6661, Metals a t H igh T e m p e ra tu re s ..................................................................  2 9
Engineering 6872, Nuclear Materials Technology ................................................................  2 10

Project in machine design or m etallurgical engineering ........................................... 6 9, 10
T otal ...........................................................................................................................................  19

NUCLEAR TECHNOLOGY
Engineering 8301, Introduction to Atomic and Nuclear P h y s ic s ...................................... 3 7
Engineering 8311, Nuclear and Reactor Physics ...................................................................  3 8
Engineering 8351, Nuclear Measurements Laboratory ........................................................ 3 8
Engineering 5760, Nuclear and Reactor E n g in e e r in g .......................................................... 2 9
Engineering 3665, Advanced H eat T r a n s f e r ........................................................................... 3 9
Engineering 6872, Nuclear M aterial Laboratory ..................................................................  3 10
Engineering 8051, 8052, Project ..................................................................................................  6 9, 10

T otal ...........................................................................................    23
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Some of the  elective courses ap p earin g  in  these suggested op tio ns  may, 

u n d e r ce rta in  conditions, be used to  satisfy req u irem en ts  fo r b o th  the  u n d e r­
g rad u a te  a n d  the  g rad u a te  degrees. O th e r  electives, inc lud ing , particu larly , 
advanced  m athem atics courses, are also essential fo r g radu a te  work. P rospective 
g rad u a te  studen ts  should  seek gu idance fro m  m em bers of the g rad u a te  staff in 
a rran g in g  th e ir  elective program s.

S tudents w ho en te red  the  College of E n g in eerin g  a t the  freshm an level in  
Sep tem ber, 1961, o r la te r, a re  en ro lled  in  the  D ivision of Basic S tudies fo r th e ir  
freshm an an d  sophom ore years (see p. 23). T h ose  w ho elect to en te r  the Sibley 
School of M echanical E ng ineering  as candida tes fo r the  B .M .E. degree m ay do 
so a t  the s ta rt of th e ir  ju n io r  year an d  w ill follow  a six-term  sequence of courses 
described in  the two fo llow ing sections.

REQUIREMENTS FOR THE B.M .E. DEGREE 
BY SUBJECTS FOR CANDIDATES 
IN 1 966  AND THEREAFTER

A ll cand ida tes  fo r the B .M .E. degree a f te r  Ju n e , 1965, m ust satisfy certa in  
course requ irem en ts  in  the D ep artm en ts  of T h e rm a l E ng ineering , M ach ine D e­
sign, M ateria ls Processing, an d  In d u s tr ia l an d  E n g in eerin g  A d m in is tra tion , in  
the  Sibley School of M echanical E ng ineering . In  ad d itio n , they m ust take speci­
fied courses in  the D iv ision of Basic Studies, in  the School of E lectrica l E ng i­
neering , a n d  in  th e  D e p artm en t of E ng ineering  M echanics a n d  M aterials. T h is  
w ork accounts fo r eighty-five of the  175 hou rs req u ire d  fo r the  degree a n d  con­
s titu tes a  core o f courses offered in  the College of E n g ineerin g  th ro u g h o u t five 
years.

A ll cand ida tes  m ust also take specified courses in  m athem atics, physics, an d  
chem istry. T hese  to ta l thirty-six of the  175 h ou rs  req u ire d  fo r the  degree an d  
ap p e a r  in  the Basic S tudies p ro g ram  d u rin g  the  freshm an  a n d  sophom ore years.

T h e  rem a in in g  fifty-four hou rs req u ire d  fo r the B .M .E. degree includes six 
hou rs of E nglish  an d  forty-eight hours of electives d is tr ib u ted  over all ten  term s.

A  b reakdow n of the  req u irem en ts  in  these th ree  categories— engineering , 
science, a n d  E nglish  p lus electives— ap pears  in  the  fo llow ing o u tlin e :

B.M.E. PROGRAM FOR CANDIDATES 
IN 1 9 6 6  AND THEREAFTER

ENGINEERING COURSES CREDITS
Problems and Methods ....................................
Engineering Mechanics ....................................
Electrical Science ...............................................
Materials Science ...............................................
T herm al Science and T herm al Engineering
Machine Design ........... .*...................................
Materials Processing ..........................................
Industrial and Engineering Adm inistration 
Electrical Engineering ......................................

6
6

21
16
6

10
6

6
8

85
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SCIENCE COURSES CREDITS
Mathematics ..................................................................................................................  15
P h y sic s...............................................................................................................................  12
Chemistry ......................................................................................................................... 9

36
ENGLISH AND ELECTIVES
English .............................................................................................................................  6
Liberal Electives ..........................................................................................................  24
Engineering Electives including Project .............................................................  15
Unrestricted Electives ...............................................................................................  9

54
T otal .................................................................................................................................  175

CURRICULUM— B.M.E. FOR CANDIDATES 
IN 1966  AND THEREAFTER
TERM  1 See Division of Basic Studies Curriculum , p. 24.
TER M  2 See Division of Basic Studies Curriculum , p. 24.
TERM  3 See Division of Basic Studies Curriculum , p. 24.
TER M  4 See Division of Basic Studies Curriculum , p. 25.

C R E D IT  L E C T . L A B .
T ER M  5 N O T  OFFERED U N T IL  FALL, 1963 hours rec. comp.

Engineering, Materials Science 1.................................................................................  3
Engineering 3621, T herm al Science 1....................................................................  3 3 0
Engineering 3321, Kinematics and Dynamics of Mechanisms........................  4 3 2VS
Engineering, Electrical Engineering 1......................................................................  3 2 2Vi
Engineering 3241, Industrial and Engineering Statistics...................................  3 2 2Vz
Liberal elective ............................................................................................................  3 Arr. Arr.

T otal ........................................................................................................................... 19
TER M  6 N O T  OFFERED U N T IL  SPRING, 1964

Engineering: M aterials Science I I ............................................................................. 3
Engineering 3622, T herm al Science I I ..................................................................  3 3 0
Engineering 3623, Therm al Science I I I ................................................................  3 3 0
Engineering: Electrical Engineering I I ....................................................................  3 2 2V2
Engineering 3421, Processing of Materials 1 .......................................................  3 2 2V&
Liberal elective ............................................................................................................  3 Arr. Arr.

T otal ...........................................................................................................................  18
TER M  7 N O T  OFFERED U N T IL  FALL, 1964

Engineering 3624, Therm al Science IV ..................................................................  3 2 2Vfc
Engineering 3625, Therm al Science V ...................................................................  4 3 2V2
Engineering 3422, Processing of Materials I I ......................................................  3 1 5
Engineering 3322, Mechanical Analysis and D esign.........................................  5 3 5
Liberal elective ............................................................................................................  3 Arr. Arr.

T otal ........................................................................................................................... 18
TER M  8 N O T  OFFERED U N T IL  SPRING, 1965

Engineering 3323, Design of M achines................................................................... 3 1 5
Engineering 3324, V ibration and Control of Mechanical Systems  4 3 2Vfc
Engineering 3626, T herm al Systems Engineering..............................................  5 3 2V2
Engineering elective .................................................................................................  3 Arr. Arr.
Liberal elective ............................................................................................................  3 Arr. Arr.

T otal 18
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CR E D IT  L E C T . L A B .

TER M  9 N O T  OFFERED U N T IL  FALL, 1965 h o u r s  r e c . c o m p .
Engineering 3234, Engineering Economic Analysis................................................ 3 2 2Vz
Mechanical engineering project ...............................................................................  3 Arr. Arr.
Mechanical engineering elective ...............................................................................  3 Arr. Arr.
Unrestricted elective ......................................................................................................  3 Arr. Arr.
Unrestricted elective ....................................................................................................  3 Arr. Arr.
Liberal elective ........................................................................................................ 3 Arr. Arr.

T otal ............................................................................................................................... 18
T ER M  10 N O T  OFFERED U N T IL  SPRING, 1966

Engineering 3237, Introduction to Industrial Engineering................................. 4 3 2Vz
Mechanical engineering pro ject.................................................................................  3 Arr. Arr.
Engineering elective ......................................................................................................  3 Arr. Arr.
Unrestricted elective ....................................................................................................  3 Arr. Arr.
Liberal elective ............................................................................................................... 3 A rr. Arr.
Liberal elective ............................................................................................................... 3 Arr. Arr.

T otal ............................................................................................................................... 19
T otal for ten term s..................................................................................................  175

INDUSTRIAL COOPERATIVE PROGRAM
See page 5.

GRADUATE STUDY
Specialized program s for a M aster of M echanical E ng in eerin g  (M .M .E.) degree 

in  the  area  o f m ach ine  design are available in  the  fields of m ach ine dynam ics 
an d  contro l, m echanical analysis an d  developm ent, m echan ical design, a n d  ve­
hicles an d  p rop u lsion ; in  the  area  of th e rm a l en g in ee rin g — in  the fields of h ea t 
transfer an d  fluid dynam ics, n u c lear technology, p ro p u lsio n  engines, therm al 
en v iro nm en t, an d  therm al pow er.

F or fu r th e r  in fo rm atio n  ab o u t the  program s fo r th e  professional M asters’ 
degrees, see p . 6 of th is A nnou ncem en t; fo r a d d itio n a l in fo rm atio n  o n  the 
M aster of Science (M.S.) an d  the Ph.D . degrees, see p. 6. F o r each of these 
g rad u a te  program s see also the  A n n o u n cem en t o f the G raduate School an d  the 
b rochures G raduate Programs in M echanical E ng ineering  an d  G raduate W ork  
in Ind ustr ia l E ng ineering , w hich m ay be o b ta in ed  by w ritin g  to the  School of 
M echanical E ng ineering , U pson  H all.



METALLURGICAL ENGINEERING
OLIN HALL

T H E  P R O G R A M  in  m etallu rg ical en g inee rin g  seeks to develop an  u n d ers tan d ­
ing  of the n a tu re  a n d  behav io r of m aterials, p a rticu la rly  m etallic  m aterials, an d  
th e ir  econom ical processing in to  useful articles, rang in g  from  transistors an d  
m issile nose cones to ra ilro ad  rails an d  au to m o b ile  engines. T h is  un d erstan d in g  
is b u ilt  on  a fo u n d a tio n  of chem istry, physics, a n d  the en g inee rin g  sciences.

M etallu rg ical (or m aterials) engineers are  concerned  w ith  the conversion from  
some raw  state (e.g., an  ore); refin ing; alloying a n d  h e a t trea tin g  to  develop 
desired  properties; shap ing  by casting, m echan ical defo rm ation , o r o th e r m eans; 
fab rica tion  in to  finished o r sem ifinished articles; an d  jo in in g  m ateria ls as 
finished structures. Successful co m pletio n  of the u n d erg rad u a te  p rogram  q u a li­
fies the s tu d en t fo r w ork in  any phase of the  b ro ad  subject, in  e ith e r  p rim ary  
p ro du c ing  indu stries  o r in  indu stries  w hich use m etals, o r  fo r g rad u a te  study.

T h e  staff an d  facilities of m eta llu rg ica l en g inee rin g  are cu rren tly  located  in  
O lin  H all, b u t a new  bu ild in g  to house m etallu rg ica l en g ineering , B ard  H all, 
is now  u n d e r  construction , a n d  is expected  to  be ready  fo r occupancy d u rin g  
1962-1963. E xtensive facilities are  available , in c lud ing  ap p ara tu s  fo r m icroscopi­
cal an d  X-ray d iffraction  ex am inations; a  varie ty  of fu rnaces fo r m elting  an d  
hea t trea tin g ; eq u ip m en t fo r casting, w ork ing  an d  w elding, an d  fo r the study 
of the u n it  ope ra tio ns  of ex tractive m etallurgy, an d  fo r physical a n d  m echanical 
testing. O th e r m ore specialized ap p ara tu s , such as fo r e lectron  microscopy, zone 
refining, lev ita tion  m elting , an d  p rep a ra tio n  of single crystals, is also available.

ELECTIVE COURSES
T h e  cu rricu lum  provides fo r six teen elective courses (includ ing  the elective 

of T e rm  4 in  the D ivision of Basic Studies) for a  to ta l of forty-eight cred it hours. 
O f th is to ta l, a m in im u m  of tw enty-four hou rs beyond  the freshm an year m ust 
be selected from  the hum an itie s  an d  social sciences, w ith in  restric tions com m on 
to  a ll schools of the  College, an d  described o n  page 59. O f the  rem a in in g  
elective courses, five m ust be technical; the  rem a in in g  courses m ay be e ith er 
technical o r  n on tech n ica l as the  s tuden t, w ith  the gu id ance of his adviser, elects.

T h e  s tu d en t w ho p lans a jo in t p rogram  in  law  o r business an d  p u b lic  ad m in ­
is tra tio n  m ay use the free electives to fulfill a p a r t  of the requ irem en ts  in  these 
program s (see page 7). W ith  carefu l selection of the  elective courses, the s tu d en t 
w ho proposes to w ork fo r  a  p rofessional M aster’s degree m ay en ro ll in  the 
p rog ram  d u rin g  his fifth u n d erg rad u a te  year an d  beg in  accum ulating  credits 
tow ard the  professional degree. T h e  s tu d en t w ith  still an o th e r goal m ay use 
the elective hou rs fo r a  sequence o f courses in  business ad m in is tra tion , law, in ­
du stria l a n d  lab o r rela tio ns, n u c lea r technology, m aterials technology, o r  the 
hum anities.

For exam ple, if the s tu d en t wishes to  take the n uc lear technology o p tio n  as 
p a r t  of h is m eta llu rg ica l en g in ee rin g  cu rricu lum , h e  can take his electives in

57
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f ie ld s  s u c h  as n u c l e a r  a n d  r e a c to r  p h y s ic s , i n  n u c l e a r  m a te r ia ls ,  in  n u c l e a r  
m e a s u r e m e n ts ,  in  h e a t  t r a n s f e r  (see  b e lo w ) .

I f  h is  c h o ic e  is to  g a in  a  m o r e  s p e c ia l iz e d  k n o w le d g e  o f  p a r t i c u l a r  b r a n c h e s  
o f  m e ta l lu r g ic a l  e n g in e e r in g ,  o r  if  h e  p l a n s  f o r  a  b r o a d e r  t r a i n i n g  i n  m a te r ia ls  
s c ie n c e  o r  te c h n o lo g y ,  h e  m a y  ta k e  e le c t iv e  c o u rs e s  in  m a te r ia l s  sc ie n c e , n u c l e a r  
m a te r ia ls ,  h ig h  t e m p e r a t u r e  m a te r ia ls ,  p o ly m e r ic  m a te r ia ls ,  c a s t  m e ta l s  e n g i n e e r ­
in g , m a te r ia l s  p ro c e s s in g  a n d  e n g i n e e r i n g  p h y s ic s .

T o  a s s u re  th e  m o s t  e ffe c tiv e  u se  o f  e le c t iv e s ,  th e  s t u d e n t  is r e q u i r e d  d u r in g  
h is  t h i r d  y e a r  to  p r e p a r e  w i th  h is  a d v is e r  a  c o o r d in a te d  p l a n  o f  s tu d y  f o r  th e  
f in a l  tw o  y e a rs .

SUGGESTED TECHNICAL ELECTIVE GROUPINGS
CRE D IT

M A T E R IA L S  S C IE N C E  hours term
Mathematics 215, H igher Calculus.......................................................................................  3 7
Mathematics 216, H igher Calculus.......................................................................................  3 8
Physics 325, Electricity, Magnetism and L ig h t................................................................ 4 7
Physics 326, Electricity, Magnetism and L ig h t................................................................ 4 8
Chemistry 481, Advanced Physical Chem istry.................................................................. 4 7
Chemistry 505, Advanced Inorganic Chem istry. . . .  *...................................................  4 7
Chemistry 506, Advanced Inorganic Chem istry.............................................................. 4 8
Physics 443, Atomic Physics and Introduction to Q uantum  M echanics........................  4 9
Physics 454, Electronic Properties of Solids and L iqu ids.................................................  4 10
Engineering 6224, Kinetics of Reactions............................................................................  3 9
Engineering 6681, Advanced L aboratory............................................................................  3 9
Engineering 6710, T ransport Processes................................................................................. 3 10
M A T E R IA L S  T E C H N O L O G Y
Engineering 3341, Machine D esign.......................................................................................  3 7 ,8
Engineering 3372, Experim ental Methods in Machine Design..................................  3 7 ,9
Engineering 6651, Physical Metallurgy of Ferrous M aterials......................................... 2 10
Engineering 6661, Metals a t Elevated T em peratures.....................................................  2 9
Engineering 6872, Nuclear Materials Technology...........................................................  2 10
Engineering 6620, Advanced Foundry E ngineering.......................................................  3 9
Engineering 6662, Refractory M aterials..............................................................................  2 10
P O L Y M E R IC  M A T E R IA L S
Chemistry 357, Introductory Organic Chem istry..........................................................  5 7
Chemistry 358, Introductory Organic Chem istry..........................................................  5 8
Engineering 5742, Polymeric M aterials................................................................................. 3 9
Engineering 5743, Advanced Polymeric M aterials........................................................  3 10
Engineering 5752, Polymeric M aterials L aboratory ......................................................  1 10
N U C L E A R  T E C H N O L O G Y
Engineering 8301, Introduction to Atomic and Nuclear Physics...............................  3 7
Engineering 8311, Nuclear and Reactor Physics  3 8
Engineering 8351, Nuclear Measurements L aboratory .................................................  3 8
Engineering 5760, Nuclear and Reactor Engineering...................................................  2 9
Engineering 3665, Advanced H eat T ran sfer....................................................................  3 9
Engineering 6872, Nuclear Materials Technology...........................................................  2 10
Engineering 8051, 8052, Project ...........................................................................................  6 9, 10
PR O D U C T IO N  O P E R A T IO N S  A N D  P R O C E S S  C O N T R O L
Engineering 3241, Industrial and Engineering Statistics  3 7 ,8
Engineering 3242, Statistical Control and Sampling Inspection  3 8, 10
Engineering 3243, Interm ediate Industrial and Engineering Statistics  3 10
Engineering 3253, Industrial Accounting and Cost C ontrol  3 7 ,9
Engineering 3254, Operations Planning and C ontrol  3 7 ,9

or
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Engineering 3281, Com puting E quipm ent and Industrial A pplications  3 7 ,8
Engineering 5304, Analysis of U nit O perations  3 8
Engineering 5747, Process C ontrol  3 9
Engineering 4934, Principles of Autom atic C ontrol  3 8, 10

SCHOLASTIC REQUIREMENTS
A s tu d en t in  the School of C hem ical a n d  M etallu rg ical E n g in eerin g  w ho does 

n o t rece ive a passing g rade  in  every course fo r w hich he is registered, o r who 
fails in  any term  o r sum m er session to  m a in ta in  an  average g rade of 75, m ay be 
p laced on  p ro b a tio n  o r d ropp ed .

If, in  the o p in io n  of the faculty, a s tu d en t’s genera l reco rd  is unsatisfactory , 
the  s tu d en t m ay be refused perm ission to co n tin ue  his course even though  he 
has m et the m in im u m  requ irem en ts  of c red it hours passed an d  of grades for 
those hours. S tudents w ho fall b e h in d  in  th e ir  w ork may be w arned , p u t  on  p ro ­
ba tion , o r  d ro p p ed , e ith er from  an  in d iv id u a l course o r  from  the  U niversity , 
a t  any tim e d u rin g  the  term .

CURRICULUM (B.M et.E .)
Course program s fo r  T erm s 1, 2, 3 and  4, adm in istered  by the D ivision  o f Basic 
Studies , are described on pages 24-25.

C O N T A C T  H O U R S 
C R E D IT  L E C T . LA B .
H O U R S R E C . C O M P .

TER M  5 Engineering 211, Mechanics................................................................  4 4 0
Engineering 6331, Materials Science 1 .............................................. 3 3 0
Engineering 6323, M etallurgical Thermodynamics 1................  3 3 0
Engineering 242, Electrical Science............................................ 3 3 0
Liberal Elective ......................................................................................  3-4

T otal ......................................................................................................  16-17
TER M  6 Engineering 212, Mechanics................................................................  4 4 0

Engineering 6332, Materials Science I I .................................  3 3 0
Engineering 6324, M etallurgical Thermodynam ics I I   3 3 0
Engineering 6353, Introductory M etallography.........................  3 1 5
Liberal Elective ......................................................................................  3-4

T ota l .................................................................................................... 16-17
TER M  7 Engineering 6401, Chemical M etallurgy 1....................................  3 2 2Vt

Engineering 6411, Physical Metallurgy 1  2 2 0
Engineering 6451, Experim ental Physical M etallurgy  3 2 2}/2
Electives * .................................................................................................  9-10

T o t a l ......................................................................................................  17-18
TERM  8 Engineering 6402, Chemical Metallurgy I I ..................................  3 2 2VS

Engineering 6412, Physical M etallurgy I I .....................................  2 2 0
Engineering 6416, Principles of M aterials Processing  3 2 2 I/£
Engineering 6432, Mechanical M etallurgy.....................................  3 3 0
Electives * ................................................................................................. 6-7

T o t a l .................................................................................................... 17-18
* A liberal elective must be included in five of the last six terms.
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CR E D IT  L E C T . L A B . 
H O U R S  R E C . C O M P .

TER M  9 Engineering 6505, M etallurgical D esign......................................... 2 2 0
Engineering 6553, M etallurgical Engineering P ro ject  3 -  9
Electives * ................................................................................................  12-13

T o t a l ....................................................................................................... 17-18
TER M  10 Engineering 6554, M etallurgical Engineering Pro ject  3 -  9

Engineering, Electrical E n g in e e r in g   3 2 2,/£
Electives * .............................................................................................  12

T otal .................................................................................................... 18

RESEARCH AND GRADUATE STUDY
T h e  research  p ro g ram  by the  staff an d  s tuden ts  in  m eta llu rg ica l en g ineerin g  

is an  in teg ra l p a r t  of C o rn e ll’s in te rd isc ip linary  M ateria ls Science C en ter. U n ­
de rg rad u a te  studen ts  are  req u ired  to  do o rig ina l research  in  th e ir  fifth  year, 
an d  in  th is way p ro jec t studen ts have an  o p p o rtu n ity  to  w ork in  areas of ad ­
vanced  research  w ith  m em bers of the  faculty. A reas in  w h ich  such w ork  is 
ca rried  o u t inc lude  liquid-solid  in te rfac ia l reactions; crystalline im perfections, 
sem iconductors, refractory  m aterials, so lidification an d  crystal g row th  ph enom ena, 
recovery a n d  recrystallization , solid so lu tion  streng then ing ; o rdering ; tran sfo r­
m a tio n  kinetics; n uc lear m aterials; X-ray d iffraction  m icroscopy, o p tica l an d  
electron  m icroscopy, s tru c tu re  of th in  films, a n d  physical an d  m echan ical be­
havior.

G rad u a te  study program s in  m etallu rg ica l en g inee rin g  a t  C ornell are designed 
to  fit the  needs of ind iv id u a l studen ts, in  the  lig h t of th e ir  prev ious tra in in g , 
ap titudes, an d  interests. C and id ates  are  expected  to p u rsu e  a p rog ram  of study 
th a t w ill give them  a  d e ep er u n d e rs ta n d in g  of th e  basic a n d  ap p lied  sciences, 
a n d  th a t w ill develop  in itia tiv e  an d  orig inality . A  can d id a te  fo r a  “g e n e ra l” 
degree, M.S. o r Ph.D ., is req u ire d  to  take n e ith e r  a fixed cu rricu lu m  n o r  a 
m in im um  n u m b er of c red it hou rs  in  his m a jo r field. H ow ever, the  s tu d en t w ill 
o rd in a rily  find i t  desirab le  to  take advanced courses offered in  tlie D e p artm en t 
an d  to  p a rtic ip a te  in  g rad u a te  sem inars. H e  w ill also be u rg ed  to  p u rsu e  ad ­
vanced courses in  m athem atics, chem istry, an d  physics offered in  the  C ollege of 
A rts an d  Sciences. T h e  specific requ irem en ts  fo r the  degrees M.S. an d  Ph.D . 
w ill be fo u n d  in  the  A n n o u n c e m e n t o f the  G raduate School.

REQUIREMENTS FOR THE DEGREE 
OF MASTER OF METALLURGICAL 
ENGINEERING (M .M et.E)

In  ad d itio n  to  “genera l degree” program s (M.S. an d  Ph.D .), the  College of 
E n g in eering  also offers p rofessional degree program s, as described on  page 00 
of th is A n nouncem en t.

T h e  specific req u irem en ts  for the degree of M .M et.E . are  as follows:

* A liberal elective must be included in five of the last six terms.
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T h e  successful cand ida te  m ust com plete a m in im u m  of forty-five c red it hours 
of g rad u a te  level course w ork, o r its eq u ivalen t, as follows;

1. A  m in im um  of e igh teen  c red it hours in  the basic physical sciences o f chem ­
istry an d  physics an d  in  m athem atics. N orm ally, six cred it hou rs  of m athem atics, 
an d  th ree  to  n in e  credits in  bo th  physics an d  chem istry should  be selected. T h e  
courses th a t m ay be taken  fo r c red it w ill o rd in a rily  fall w ith in  the follow ing 
list:

C hem istry: courses in  ino rgan ic  chem istry nu m b ered  421 o r h igher; in  organ ic
chem istry, 465 o r h igher; in  physical chem istry, 380 o r h igher.
Physics: courses n u m b ered  314 o r h igher; also courses in  en g in ee rin g  physics
n u m b ered  8131 o r h igher.
M athem atics: courses n u m b ered  215 o r h igher.
2. A m in im um  of e igh teen  c red it h o u rs  in  m etallu rg ical en g ineerin g  (or 

closely allied  subjects) selected from  m etallu rg ica l en g ineerin g  courses num b ered  
6553 o r h igh er (except 6601); also courses 1245, 1260, a n d  1261.

3. A m in im um  of n in e  cred it hou rs  of elective courses; courses in the basic 
physical sciences o r in  m etallu rg ica l en g in ee rin g  in  excess of the  m in im um  
requ irem en ts  are considered electives for the p urpo se  of m eeting  this req u ire ­
m ent. A ll elective courses m ust be ap p ro v ed  by the s tu d en t’s adviser.

A ll courses to be cred ited  tow ard the degree m ust be passed w ith  a m in im um  
grade of 75, o r a w ritten  s ta tem en t received from  the in structo r, a tte stin g  th a t 
the s tu d en t’s w ork was of g rad u ate  caliber.



DESCRIPTION OF COURSES
T H E  C O U R SES listed  in  the  p reced ing  cu rricu la  are  described in  the sections 
follow ing. Courses are  described u n d e r the h e ad in g  of the school o r college in  
w hich they are offered. Courses in  chem istry, English, m athem atics, physics, an d  
ce rta in  courses in  econom ics are  offered by the  C ollege of A rts an d  Sciences.

Courses offered by the D ivision of Basic S tudies in  the C ollege of E ng ineerin g  
have th ree d ig it num bers. All o th e r  courses offered w ith in  the  College have four 
d ig it num bers, the  first d ig it rep resen tin g  the school o r d ep artm en t. D escrip tions 
of courses w ill be fo u n d  in  the section of this A n n o u n cem en t as follows:
1. E n g in eerin g  M echanics a n d  M ateria ls 6. M etallu rg ical E ng ineerin g
2. C ivil E ng ineering  7. A erospace E ng ineering
3. M echanical E n g in eerin g  8. E ng ineerin g  Physics
4. E lectrical E n g ineering  9. In d u s tr ia l E ng in eerin g
5. C hem ical E n g ineering

F or courses in  o th e r  colleges n o t described here, to be tak en  e ith er as req u ired  
courses o r  as electives, see the  A n n o u n cem en t of the  a p p ro p ria te  college.

DIVISION OF BASIC STUDIES
ENGINEERING PROBLEMS 
AND METHODS
101. E N G I N E E R I N G  PROBLEMS AND  
M E TH O D S I. Credit 3 lirs. Fall. 1 Lect. 1 
Rec. 1 Lab. Consideration of functions of en­
gineering and m ajor examples of modern 
engineering to emphasize the nature of en ­
gineering and the interrelationships of the 
several professional fields. Introduction to pro­
fessional method in solution of engineering 
problems, graphical representation including 
sketching, descriptive geometry, and drafting.
102. E N G I N E E R I N G  PROBLEMS AND  
M ETHODS II.  Credit 3 hrs. Spring. 1 Lect. 
1 Rec. 1 Lab. Solution of engineering prob­
lems; introduction to probability and statistics, 
introduction to engineering economy, con­
tinuation of graphical representation.

MATHEMATICS
113. CALCULUS. Replaces (163). E ither term. 
Credit 3 hrs. Prereq., 112 (162). Fall: lect. M 
W 8, 10; T  T h  8, 10, plus one hour to be a r­
ranged. Spring: M W F 8, 10. Solid analytic 
geometry and vectors, partial differentiation; 
linear differential equations; infinite series.

122. CALCULUS. Replaces (182). E ither term. 
Credit 3 hrs. Prereq., a grade of 80 or better 
in a lettered section of 111 (161), or 90 or 
better in a num bered section of 111. Fall: 
M W  F 11, T  T h  S 9. Spring: M W  F 10, 
11; T  T h  S 9, 10. D ifferentiation and in tegra­
tion of elementary functions; the technique of 
integration, plane analytic geometry; applica­
tions, vector algebra.
[293. APP LIE D  M A T H E M A T I C S .  E ither 
term. Credit 4 hrs. Prereq., 192. Infinite Series 
—General, Taylor, Frobenius. First order d if­
ferential equations and linear equations with 
constant coefficients—computer. Not given in 
1962-1963.]
[294. A PPLIED M A T H E M A T I C S .  E ither 
term. Credit 3 hrs. Prereq., 293. Matrices. 
Complex numbers and linear equations with 
constant coefficients. Vector calculus. N ot given 
in 1962-1963.]
191. CALCULUS FOR ENGINEERS.  E ither 
term. Credit 4 hrs. M T  W T h  8, M W  F S 
8, M T  W T h  9, M W  F S 9, M T  W T h  11, 
M W F S 11, M T  W  T h  12. Plane analytic 
geometry, differential and integral calculus 
applications.
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192. CALCULUS FOR ENGINEERS.  Spring 
term. Credit 4 hrs. Prereq., 191. Hours to be 
arranged. Analytic geometry in the plane and 
in space, partial differentiation, technique of 
integration and m ultiple integrals, applica­
tions.
221. CALCULUS.  Replaces (183). E ither term. 
Credit 4 hrs. Prereq., 122 (182). Fall: M W F 
8, 10; T  T h  S 8, 10, plus one hour to be 
arranged. Spring: M W F 11; T  T h  S 9. In ­
finite series, differential equations; vector and 
m atrix algebra.
222. CALCULUS. E ither term. Credit 4 hrs. 
Prereq., 221, or for fall 1962 only (183). Fall: 
M W F 10, plus one hour to be arranged. 
Spring: M W F 8, 10; T  T h  S 10, plus one 
hour to be arranged. Differential and integral 
vector calculus and m ultiple integrals; appli­
cations to physical problems.
1155. A P P L I E D  D IF F ER EN TIA L  E QUA­
TIONS.  For fourth-term  engineering students. 
Credit 3 hrs. Prereq., 113. Hours to be a r­
ranged. Theory of first order equations; first 
and higher order equations, properties of linear 
differential equations; linear differential equa­
tions with constant coefficients; simultaneous 
linear differential equations; Fourier series and 
applications; partial differential equations and 
boundary value problems.

PHYSICS
Physics 121-122 and 223-228 are designed 
prim arily for students in the College of E n­
gineering. T he  first year’s work consists of 
121 and 122; the second year’s work consists 
of one of the two-term sequences 223-224, 
225-226, or 227-228. T he initial assignment 
to a given sequence in the second year will 
be made on the basis of the student’s previous 
performance in introductory physics and 
mathematics courses. Students should see their 
instructors for section assignments.
121-122. IN T R O D U C T O R Y  A N A L Y T IC A L  
PHYSICS.  T hroughout the year. Credit 3 hrs. 
a term. Prereq., calculus or co-registration 
in Mathematics 191, 192. Course 121 is pre­
requisite to 122. Prim arily for students of 
engineering. Lect. T  9, 11, or 2. Two dis­
cussion periods per week and one 2*/$-hour 
lab. period every other week, as assigned. 
Prelim inary examinations will be held a t 
7:30 p.m. on Oct. 23, Nov. 27, Jan . 8, Mar. 5, 
Apr. 9, and May 7. T he  mechanics of p a rti­
cles: kinematics of translation, dynamics, con­
servation of energy. T he properties of the 
fundamental forces: gravitational, electro­
magnetic, and nuclear.

Topics for study in the second term: conser­
vation of linear momentum, kinetic-molecular 
theory of gases, properties of solids and liq ­
uids, mechanics of rigid bodies. Harmonic 
motion and the fundamentals of wave propa­
gation. At the level of Introductory Analytical 
Physics by Newhall. Messrs. N e w h a l l , L e v - 
i n g e r , and staff.
223-224. IN T R O D U C T O R Y  A N A L Y T IC A L  
PHYSICS.  T hroughout the year. Credit 3 hrs. 
a term. Prereq., Physics 121, 122 and co-reg­
istration in Mathematics 193-194, or equiva­
lent. Course 223 is prerequisite to 224. Lect., 
T h  9 or 11. Two discussion periods per week, 
and one 2,/&-hour laboratory period every 
other week, as assigned. An introductory sur­
vey of the laws of electric and magnetic fields. 
Electrostatic field. M agnetic fields of steady 
currents, induced emfs, dielectrics, and m ag­
netic properties of m atter. T he  laboratory 
work includes experiments in electrical meas­
urements.
Wave motion with emphasis on the properties 
of electromagnetic waves. Interference, diffrac­
tion, dispersion, scattering, and polarization 
of waves. Selected topics from the fields of 
atomic, solid state, and nuclear physics deal­
ing w ith wave-particle experiments, optical 
and X-ray spectra, radioactivity, and nuclear 
processes. T he laboratory work includes ex­
perim ents in electrical measurements and in 
physical electronics and wave optics. A t the 
level of University Physics, Vol. II, by Sears 
and Zemansky, and of Wave Optics and 
Atomics  by Tom boulian. Messrs. T o m b o u l i a n , 
P e t e r s o n , and staff.
225-226. IN T R O D U C T O R Y  A N A L Y T IC A L  
PHYSICS.  T hroughout the year. Credit 3 hrs. 
a term. Prereq., same as for Physics 223. Lect., 
T  9 or 11. Two discussion periods per week, 
and one 21/&-hour laboratory period every 
other week as assigned. T he main topics are 
the same as those listed under Physics 223-224, 
bu t their treatm ent is more analytical and 
somewhat more intensive. Messrs. T o m b o u l i a n , 
D e l v a i l l e , W a l t o n , W o l g a , and staff.
227-228. IN T R O D U C T O R Y  A N A L Y T IC A L  
PHYSICS.  T hroughout the year. Credit 3 hrs. 
a term. Prereq., same as for Physics 223-224. 
Lect., T  9 or 11. Two discussion periods per 
week, and one 2,/£-hour laboratory period 
every o ther week as assigned. T he  subject m at­
ter of electricity and magnetism listed under 
Physics 223-224 is covered a t a level suffi­
ciently advanced to stim ulate students of su­
perior competence and interest. At the level of 
Electricity and Optics by Frank and of Cur­
rents, Fields and Particles by Bitter. Mr. 
I r w i n  and staff.
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CHEMISTRY
105-106. G E N E R A L C H EM ISTR Y.  T hrough 
ou t the year. Credit 3 hrs. a term. Chemistry
105 is prerequisite to Chemistry 106. For those 
students who will take more chemistry, it 
serves as a prerequisite to the more advanced 
courses. Open to those who have had or have 
not had high school chemistry. May be elected 
by students who do not intend to take more 
chemistry. Lectures: fall term, T  T h  9, 10, or 
12; spring term , T  T h  9, 10. Combined discus- 
sion-laboratory period, M W  F or S 8-11, M T  
W T h  or F 1:40-4:30. T he  im portant chemical 
principles and facts are covered, with consid­
erable attention given to the quantitative as­
pects and to the techniques which are im ­
portant for fu rther work in chemistry. Messrs. 
F a y , P l a n e , R e y n o l d s , and assistants.
108. G E N E RA L C H E M IST R Y  A N D  I NOR  
GANIC Q U A L IT A T IV E  ANALYSIS.  Spring. 
Credit 4 hrs. Prereq., superior performance in 
Chemistry 105. Serves in place of Chemistry
106 plus 205 as prerequisite for advanced 
courses. Lect. T  T h  12. One laboratory period, 
S 8-11, or M T  or T h  1:40-4:30. One discus­
sion hour, T  or T h  9 or 10, or W  or F 11 or 
12. A general study of equilibria and chemical 
behavior in aqueous solutions as illustrated by 
the separation and detection of ions of some 
common elements. Lectures and reading m a­
terial extend the coverage to a general in tro ­
duction to inorganic chemistry. Messrs. S i e n k o , 
Z u c k e r m a n ,  and assistants.
276. I N T R O D U C T I O N  T O  PHYSICAL  
CH EM ISTR Y.  Replaces (401). Spring. Credit 
3 hrs. Prereqs., Chemistry 106 or 108, M athe­
matics 193, and Physics 223 or 225 or 227. For 
engineering students. A brief survey of physical 
chemistry. Mr. W i d o m .
285-286. I N T R O D U C T O R Y  P H Y S I C A L  
C H EM ISTR Y.  Replaces (405-406). T hrou gh­
ou t the year. Credit 5 hrs. a term. Prereqs., 
Chemistry 108, Mathematics 192, Physics 122, 
or consent of instructor. For students in en ­
gineering. Lectures, M W  F 9. Laboratories: 
fall, M 1:40-4:30 and T  10-12:50 or W T h  
1:40-4:30 or S 8-1; spring, M T  1:40-4:30 or 
W T h  1:40-4:30 or F 1:40-4:30 and either 
S 8-10:50 or S 10-12:50. T he  lectures will give 
a systematic treatm ent of the fundamental 
principles of physical chemistry; the laboratory 
will deal with the experimental aspects of the 
subject and also develop the needed skills in 
quantitative chemical analysis. Messrs. A l­
b r e c h t , W u n d e r l i c h , and assistants.

ENGLISH
111-112. IN T R O D U C T IO N  TO  ENGLISH.
T hroughout the year. Credit 3 hrs. a term.

English 111 is prerequisite to English 112, M 
W  F 8, 9, 10, 11, 12, 2, 3; T  T h  S 8, 9, 10, 
11, 12. T he  aim  is to increase the student’s 
ability to communicate his own thought and 
to understand the thought of others. Messrs. 
S l a t o f f , S m i t h , and others.

p h y s i c a l  e d u c a t i o n
All undergraduate students are required by 
the University to complete four terms of work, 
three hours a week, in physical education. T he 
requirem ent must be completed w ithin the 
first four terms (for fu rther details, see the 
Announcement of General Information).  D e­
scriptions of the physical education courses 
offered will be found in publications made 
available to entering students by the D epart­
ment of Physical Education and Athletics.

ELECTRICAL SCIENCE
241. E L E C T R IC A L  SCIENCE I. Credit 3 hrs. 
Fall. 2 Lect. 1 (2V4> hour) Rec.-Comp. T he 
basic principles of electric and magnetic fields 
and circuits for steady fields, voltages, and 
currents. Emphasis is placed on understanding 
of the physical concepts.
242. E L E C T R IC A L  SCIENCE II .  Credit 3 hrs. 
Spring. 2 Lect. 1 (2V£ hour) Rec.-Comp. 
Prereq., 241. Extends the treatm ent of 241 to 
time-varying fields, voltages, and currents. T he 
relaxation and steady-state behavior of simple 
systems.
243. E L E C T R IC A L  SCIENCE I. Credit 3 hrs. 
Fall. 2 Lect. 1 (2Vi hour) Rec.-Comp. T he 
main topics are the same as those in 241, but 
their treatm ent is more analytical and more 
intensive.
244. E L E C T R IC A L  SCIENCE II .  Credit 3 
hrs. Spring. 2 Lect. 1 (2}/2 hour) Rec.-Comp. 
Prereq., 243. T he main topics are the same 
as those of 242, bu t their treatm ent is more 
analytical and more intensive.

MECHANICS
211. M ECHANICS OF R IG ID  A N D  DE­
F O RM ABLE BODIES I. Credit 4 hrs. Fall- 
spring. 1 Lee., 2 Rec., 1 Comp.-Lab. Force 
systems and equilibrium . D istributed forces, 
static friction, statically determ inate plane 
structures. Concepts of stress and strain. Shear­
ing force, bending moment, bending and to r­
sion of beams. Analysis of plane stress and 
strain, combined stress, therm al stress. Theories 
of failure. Instability of columns.
212. MEC HAN ICS OF R IG ID  A N D  DE­
F O RM AB LE  BODIES II .  Credit 4 hrs. Spring.
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1 Lect., 2 Rec., 1 Comp.-Lab. Prereq., 
211. Inelastic behavior. Energy methods in 
mechanics. Principles of particle dynamics. 
Theory of oscillations. Kinematics of rigid 
body motion. Dynamics of systems of par­
ticles. Kinetics of rigid bodies.

CHEMICAL ENGINEERING
5101. MASS A NI)  ENE RG Y BALANCES.
Credit 3 hrs. 2 Lect., 1 Comp, period. Parallel, 
Physical Chemistry 405. Engineering problems 
involving m aterial and heat balances. Flow­
sheet systems and balances. T ota l energy bal­
ances for flow systems. Messrs. W i n d i n g , 
T h o r p e , S c h e e l e .

5102. E Q U ILIB R IA  AND STAGED O P E R A ­
TIONS.  Credit 3 hrs. Spring. 2 Lect. 1 Comp, 
period. Parallel, Physical Chemistry 406. 
Phase equilibria and phase diagrams. T he 
equilibrium  stage, mathematical description 
of single and multistage operations, analytical 
and graphical solutions. Messrs. W i n d i n g , 
T h o r p e , S c h e e l e .

METALLURGICAL 
ENGINEERING
6211. IN T R O D U C T O R Y  M E T A L L U R G IC A L  
ENGIN EERING.  Credit 3 hrs. Fall. 2 Lect., 
1 Lab. An introductory course surveying vari­
ous fundam ental principles and applications of 
metals and allied materials. Centered in 
the laboratory experiments, w ith the intention 
of using the many instrum ents, furnaces, and 
varied facilities necessary for the study of the 
application of the principles of physics and 
chemistry to metallurgy, and to control and to 
examine the behavior and utilization of metals 
and materials. A num ber of examples, such 
as batteries, triodes, motors, transistors, engine 
parts and other m anufactured articles, will be 
studied for their application of m etallurgical 
engineering. Mr. S c a l a .
6212. M A T E R I A L  A N D  E N E RG Y B A L ­
ANCES. Credit 3 hrs. Spring. 3 Lee.-Rec. 
Engineering problems involving m aterial bal­
ances, therm al balances, thermochemistry, and 
electrochemistry as applied to metals and a l­
lied materials engineering. Mr. G r e g g .

ENGINEERING MECHANICS AND MATERIALS
1134. ADVANCED S T R E N G T H  OF M A T E ­
RIALS.  Credit 3 hrs. Fall. 1 Lect. 2 Rec. 
Prereq., 1153. Strain energy methods, Castig- 
liano’s theorem. Reciprocal theorem. Beam de­
flections. Conjugate beam method. Influence 
lines. Shear deflection. Curved beams. Arches. 
Buckling under various end conditions. Ec­
centric buckling. Strength theories. Fatigue. 
Im pact. H igh temperatures. Thick tubes. Re­
dundant beams. L im it design. Shear center. 
Beams on elastic foundation. Plates. Mr. 
B i j l a a r d .
1152. E N G IN EE R IN G  MECHANICS-DYNAM-  
ICS. Credit 3 hrs. Fall-Spring. 1 Lect. 2 Rec. 
Prereqs., 1151, 1153, 1155, 1145, 1156 or reg­
istration in Engineering 4103. T he principles 
of dynamics of a particle, systems of particles, 
systems of variable mass, and rigid bodies. 
Vector kinematics, moving and ro tating  co­
ordinate systems, plane motion of rigid bodies, 
gyroscopic motion. Messrs. C r a n c h , L u d f o r d , 
and staff.
1153. MECHANICS OF M A T E R IA L S .  Credit 
3 hrs. Fall-spring. 1 Lect. 2 Rec. 1 Lab. 
Prereq., 1151. Stress and strain, tension, com­
pression and shear, generalized plane stress, 
and M ohr’s Circle. Riveted and welded joints. 
Bending and torsion in elastic and plastic 
ranges. Deflections of beams. Theories of fail­
ure. Columns. Energy methods and Castigli- 
ano’s theorem. Mr. C o n w a y  and staff.

1154. ADVANCED M ECHANICS OF M A T E ­
R IALS.  Credit 3 hrs. Fall. 3 Lee. Prereqs., 
1153 and 1155. Beam theory including symmet­
ric and unsymmetric bending, beam-columns, 
shear stresses, continuous beams, plastic bend­
ing, curved bars and beams on elastic founda­
tions. Torsion theory of circular and noncir­
cular shafts, plastic design of circular shafts, 
combined bending and torsion, finite differ­
ence methods applied to torsion problems. 
Bending theory of circular and long rectangu­
lar plates, membrane and local bending theory 
for thin wall pressure vessels. Symmetrical de­
formation problems including the pressurized 
thick walled cylinder, shrink fit stresses, ro ­
tating  discs and therm al stresses in  long 
hollow cylinders. Mr. W a t t .
1155 (1145, 1156). APPLIED DIFFEREN­
T IA L  EQUATIONS.  Credit 3 hrs. Fall-spring. 
1 Lect., 2 Rec. Prereq., M ath. 163 or equiv. 
Formulation and solution of engineering prob­
lems which involve the use of ordinary differ­
ential equations, Fourier Series, partial differ­
ential equations and matrices. In  addition to 
classical analytical methods, numerical m eth­
ods are introduced. Applications to problems 
arising in civil, chemical, electrical, and me­
chanical engineering. Messrs. R u o f f , C r a n c h , 
and staff.
1159. E X P E R IM E N T A L  MECHANICS.  Credit 
3 hrs. Spring. 2 Rec. 2 Lab. Prereq., 1154 or
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equiv. Prim arily for graduate students and 
qualified undergraduates. Brittle coating 
method of experim ental stress analysis, be­
havior of stresscoat isoeutatics, and isostatic de­
term inations and realistic laboratory examples. 
Electrical resistance type strain gages, includ­
ing factors influencing alloy sensitivity, gage 
construction, gage factors, stress gages. In stru ­
m entation for static and dynamic strain gage 
work including a brief coverage of amplifiers, 
galvanometers, recorders, and oscilloscopes. Ac­
celeration, velocity and displacement trans­
ducers are analyzed and the various electrical 
methods employed in making these m easure­
ments are compared.
1162. TH E O R Y  OF V IB R A T IO N .  Credit 3 
hrs. Fall. 3 Lect. Prereq., 1180 or equiv. or 
consent of instructor. Graduates and qualified 
undergraduates. V ibration of lum ped systems 
including free and forced vibration, dam p­
ing, impedance methods, resonance, vibration 
isolation. M atrix methods. Continuous sys­
tems including strings, membranes, torsion and 
bending of beams, plates. Rayleigh-Ritz 
Method. Im pact and transient response. A p­
plications include vibrations of structures and 
machine elements. Mr. C r a n c h .

1163. APPLIED E L A S T IC IT Y .  Credit 3 hrs. 
Fall. 3 Lect. Graduates and qualified under­
graduates. Analysis of thin curved bars. Plane 
stress and plane strain in the circular cylin­
der, effects of pressure, rotation, and thermal 
stress. Small and large deflection theory of 
plates, classical and approxim ate methods. 
Strain energy methods. Symmetrically loaded 
thin cylindrical shell. Torsion of thin-walled 
members. A first course in the mechanics of 
elastic deformable bodies w ith structural ap ­
plications. Mr. P a o .

1164. TH E O R Y  OF E L A S T IC IT Y  I. Credit 3 
hrs. Spring. 3 Lect. General analysis of stress 
and strain. Plane stress and strain, Airey’s 
stress function solutions using Fourier series, 
Fourier integral, and approxim ate methods. 
St. Venant and Michell torsion theory. Simple 
three-dimensional solutions. Bending of pris- 
matical bars. Axially loaded circular cylinder 
and half space. Mr. C o n w a y .

1165. T H E O R Y  OF E L A S T IC IT Y  II.  Credit 
3 hrs. Spring. 3 Lect. Graduate students. De­
velopment in tensor form of the basic equa­
tions of large deform ation elasticity; solution 
of certain large deform ation problems. L inear­
ization to infinitesimal elasticity. Boussinesq- 
Papkovich potentials and their application to 
three-dimensional problems; contact problems; 
plane stress by method of Muskhelishvili; ap ­
plication of conformal mapping; Cauchy inte­
gral techniques in elasticity; torsion problems. 
M r .  M i t c h e l l .

1166. STRESS WAVES I N  SOLIDS.  Credit 3 
hrs. Spring. 3 Lect. Prereqs., 1162, 1163 or 
equiv. G raduate students. General equations 
of elastodynamics. Waves in extended elastic 
media. Reflection and refraction of waves. 
Surface waves and waves in layered media. 
Vibrations and waves in strings, rods, beams 
and plates. Dispersion in mechanical wave­
guides. T ransient loads. Scattering of elastic 
waves and dynamical stress concentration. 
Waves in visco-elastic media. Mr. P a o .

1167. T H E O R Y  OF P L A T E  A N D  SH E LL  
STR U C TU R E S.  Credit 3 hrs. Spring. 3 Lect. 
G raduate students and qualified undergradu­
ates. Analysis of deform ation and stress in 
plates and flat slabs under transverse loads. 
Various boundary conditions. Numerical m eth­
ods. Membrane stresses and displacements in 
shells under various loading. Bending theory 
of shells. Applications to shell-type structures 
such as submarines, aerospace structures, shell 
roofs, pressure vessels. Mr. B i j l a a r d .

1168. T H E O R Y  OF P L A S T IC IT Y .  Credit 3 
hrs. Fall. 3 Lect. G raduate students and qual­
ified undergraduates. Theory of inelastic be­
havior of materials. Plastic stress-strain laws, 
yield criteria and flow laws. Flexure and 
torsion of bars, thick-walled cylinders, metal 
forming and cutting, stress analysis in metals 
and soils. Yield hinges. L im it analysis. Shake- 
down of simple statically indeterm inate mem­
bers. Mr. L a n c e .

1169. T H E O R Y  OF E LASTIC  A N D  IN E LA S­
TIC  S T A B IL IT Y .  Credit 3 hrs. Fall. 3 Lect. 
G raduate students and qualified undergradu­
ates. Buckling of columns, frameworks, arches, 
plates and shells. Lateral buckling of beams. 
Inelastic buckling of columns and plates. Post- 
buckling behavior. M ethod of split rigidities. 
Mr. B i j l a a r d .

1170. ADVANCED DYNAMICS.  Credit 3 hrs. 
Fall. 3 Lect. G raduate students and qualified 
undergraduates. T he  existence and uniqueness 
of the solutions of Newton’s equations of 
motion; motion of a system of masses; sys­
tems with variable mass, rocket equations; 
Newton’s laws in noninertial frames; varia­
tional principles of mechanics, D ’Alem ebert’s 
principle, Lagrange’s equations, H am ilton’s 
equations; stability of motion, method of 
Liapunov; rigid body motion, Euler’s equa­
tions; tops, gyroscopes, and gyroscopic com­
pass. Special theory of relativity. Mr. M i t c h e l l .

1171. IN T R O D U C T O R Y  SPACE M E C H A N ­
ICS. Credit 3 hrs. Spring. 3 Lect. Prereq., 1170 
or equivalent. Potential of earth; two-body 
problem; Ham ilton Jacobi theory; orbit about 
spherical and nonspherical earth; vector theory 
of perturbations; drag and solar radiation ef-
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feet on orbit; charged satellite in earth ’s 
magnetic field; restricted three-body problem; 
libration points; reflectibility and reversibil­
ity of trajectories; a ttitude control of satellites; 
satellite libration. Mr. M i t c h e l l .

1172. SELECTED TOPICS I N  E N G IN E E R ­
IN G  MECHANICS.  Credit as arranged, any 
term. Qualified students wishing to do work 
in any field of engineering mechanics should 
register for this course after consultation with 
the departm ent. Students work with appro­
priate members of the staff in the chosen field. 
Typical areas of work include theory of elastic 
stability, theory of plates and shells, rocket 
theory and design, wave propagation, elastic­
ity, vibrations, and experim ental mechanics. 
Staff.
1173. RESEARCH IN  APPLIED M E C H A N ­
ICS. Credit as arranged. Thesis or independ­
ent research in a field of applied mechanics. 
Such research must be under the guidance of 
a staff member. Staff.
1175. O SC ILLATION S IN  N O N L IN E A R  SYS­
TEMS.  Credit 3 hrs. Spring. 3 Lect. A study 
of the methods of analysis of nonlinear elec­
trical and mechanical systems. Theory of d if­
ferential equations, phase plane analysis, sta­
bility criteria, comparison between linear and 
nonlinear methods. Equations of Van der Pol, 
Duffing, M athieu, Floquet, Hill. Poincar£ Ben- 
dixson theorem, orbital stability. Methods of 
Van der Pol, Poincar6, Kryloff and Bogolioboff, 
Galerkin, Ritz, harm onic balance, equivalent 
linearization, graphics, perturbations. Hystere­
sis. Application of Banach space techniques. 
Mr. B l o c k .

1180. ADVANCED E N G IN EE R IN G  M A T H E ­
MATICS.  Credit 3 hrs. Fall. 3 Lect. Prereq., 
1155 or equivalent. Application to engineering 
problems of elementary differential equations, 
Laplace and Fourier transforms, series, o r­
thogonal functions, functions of several real 
variables, vector analysis, partial differential 
equations. Mr. L a i r d .

1181. ADVANCED E N G IN EE R IN G  M A T H E ­
MATICS.  Credit 3 hrs. 3 Lect. Spring. Prereq., 
1180. Applications to engineering problems of 
calculus of variations, tensor analysis, complex 
variable, matrices, difference equations, and 
integral equations. Mr. L a i r d .

1182. ADVANCED ENG IN EE R ING  M A T H E ­
MATICS.  Credit 3 hrs. Fall. 3 Lect. Prereq., 
1181 or equivalent. Application of advanced 
mathematical techniques to engineering prob­
lems. Conformal mapping; complex integral 
calculus; Green’s function; integral transforms; 
asymptotics including steepest descent and sta­
tionary phase; W iener-H opf technique; gen­

eral theory of characteristics; perturbation 
methods; singular perturbations; boundary- 
layer analysis. Development will be in terms 
of problems drawn from vibrations and acous­
tics, fluid mechanics and elasticity, heat trans­
fer, electromagnetics. Mr. L u d f o r d .

1183. ADVANCED E N G IN EE R IN G  M A T H E ­
M ATIC S.  Credit 3 hrs. Spring. 3 Lect. Prereq., 
1182 or equivalent. More extensive treatm ent 
of 1182 in same spirit. Topics include: ad ­
vanced methods in partial differential equa­
tions, WKB and PLK approximations, H ilbert- 
Schmidt and Fredholm theories of integral 
equations, singular integral equations, H ilbert 
problem, dual integral equations. Mr. L u d f o r d .

1184. N U M E R IC A L  M E TH O D S IN  E NG I­
NE E RING .  Credit 3 hrs. Spring. Prereq., 1181 
or equivalent. Methods for obtaining num eri­
cal solutions to problems arising in science 
and engineering, such as boundary value prob­
lems, eigenvalue problems, diffusion, conduc­
tion, wave propagation, vibrations. Variational 
and integral equation techniques are devel­
oped. Mr. L a n c e .

1198, 1199. PROJECT.  T otal credit 6 hrs. 
W ork of the n in th  a n d /o r tenth terms in the 
form of projects designed to integrate the 
student’s training in several engineering areas 
when such work is done principally in the 
field of engineering mechanics. Staff.
1201. E N G IN EE R IN G  M A T E R IA L S .  Credit 
4 hrs. Fall. 3 Lect. 1 Lab. Prereqs., 1153 and 
Chem. 402. Emphasizes the application of 
physics and chemistry to the production of 
metals and alloys and their subsequent shap­
ing and treatm ent. T he  effects of various me­
chanical and therm al treatm ents on the m icro­
structures are correlated with the physical and 
mechanical properties of the materials to p ro­
vide a basis for their selection, design, trea t­
m ent, and use in service applications. L ab­
oratory work includes static, dynamic and 
nondestructive testing of a variety of ferrous 
and nonferrous alloys, heat treatm ent, hard- 
enability. Mr. J e f f r e y .

1202. ADVANCED E NG IN E E R IN G  M A T E ­
R IALS.  Credit 3 hrs. Fall. (See Engineering 
Physics, Course 8252.)
1212. E NG IN E E R IN G  M A T E R IA L S .  Credit 3 
hrs. Fall-spring. 1 Lee. 2 Lab. Prereq., 1241. 
Should be preceded by or taken concurrently 
w ith 2715. T im ber, cement, concrete aggre­
gates, concrete, elemental concrete structural 
members, lime, gypsum. Design of concrete 
mixes, acceptability of materials, and physico­
chemical properties of materials. Extensive 
laboratory testing and report writing.
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1217. ADVANCED P L A IN  CONCRETE.
Credit 2 hrs. Spring. (N ot offered in 1962- 
1963.) 2 Lect. Prereq., 1212 or the equiva­
lent. Topics in the field of concrete, such 
as history of cementing materials, air-entrain- 
m ent, light weight aggregates, petrography, 
durability , chemical reactions, and properties 
of aggregates. Relationships between internal 
structure, physical properties, chemical prop­
erties, and the mechanical properties of in ­
terest to the design and construction engi­
neer. Mr. S l a t e .

1241. E N G IN EE R IN G  M A T E R IA L S .  Credit 3 
hrs. Fall-spring. 3 Lect. Prereqs., 1153 and 
Chem. 401 and 402. An introductory course 
in m aterials science. T he  crystallography and 
structure of solids. T he packing of atoms in 
crystals and crystal imperfections. Elastic and 
plastic deform ation of single crystals and 
polycrystalline aggregates. Phase transform a­
tions and equilibrium  diagrams. Messrs. R u o f f  
and J o h n s o n .

1242. E N G IN EE R IN G  M A T E R IA L S .  Credit 
3 hrs. Spring. 2 Lect. 1 Rec. Prereq., 1241. 
A lecture course m aking a detailed study 
of the fundam ental structure and m echani­
cal properties of metals and alloys and the 
effects of ho t and cold working. Carbon and 
low alloy steels in the annealed and heat- 
treated condition. H igh alloy steels. Mr. 
M o y n i h a n .

1243. E N G IN E E R IN G  M A T E R IA L S .  Credit 
3 hrs. Fall. 2 Lect. 1 Lab. Prereq., 1242. A 
lecture-laboratory course relating material 
structure to the electrical, therm al, and m ag­
netic properties of m aterials. Corrosion. Non- 
metallic m aterials such as plastics, glass, re ­
fractories and rubber. Lubricants. Nonferrous 
and special purpose metals and alloys. Mr. 
M o y n i h a n .

1260. T H E O R E T IC A L  M A T E R IA L S — CRYS­
T A L  MECHANICS.  Credit 3 hrs. Fall. Prereq., 
1243 or equivalent. Prim arily for graduate 
students. Mechanical and physical character­
istics of crystals from a classical viewpoint, 
including crystallography, symmetry elements, 
mechanical and physical properties of crystals 
of differing symmetry, influence of crystal 
structure upon elastic constants, theories of 
elastic constants for metals and ionic crystals; 
crystallography of simple glide and twinning 
for different crystal structures, double slip, 
cross slip, deform ation bands. Mr. J o h n s o n .

1261. T H E O R E T IC A L  M A T E R IA L S  — M E ­
C H A N IC A L  P RO P E R TIE S .  Credit 3 hrs. 
Spring. Prereq., 1243 or equivalent. Prim arily 
for graduate students. A discussion of the 
structure-sensitive mechanical properties of 
materials a ttribu tab le  to imperfections in crys­
tals. Includes the role of dislocations, im puri­
ties, vacancies, and interstitial atoms and 
their effect on such properties as plastic flow, 
fatigue, creep, and fracture. Mr. R u o f f .

1255, 1256. M A T E R IA L S  OF C O N STR U C ­
TIO N .  (See Chemical Engineering 6255, 6256.)
1273. R E S E A R C H  I N  E N G IN E E R IN G  M A ­
TE R IA LS .  Credit as arranged. Fall-spring. 
Thesis or independent research in a field of 
materials science. Such research m ust be u n ­
der the guidance of a staff member. Staff.
1298, 1299. PRO JE CT.  T o ta l credit 6 hrs. 
W ork of the n in th  a n d /o r tenth  terms in 
the form of projects designed to integrate 
the student’s training in several engineering 
areas when such work is done principally in 
the field of engineering materials or physical 
and mechanical testing. Staff.

CIVIL ENGINEERING
GRAPHICS
Mr. H e w i t t  and others.
2004. ADVANCED GRAPHICS.  Credit 3 hrs. 
On demand. Projections and graphical repre­
sentations are treated in scope beyond that 
of basic drawing courses, including axonomet- 
ric projections, perspective, vectors, nomog- 
raphy, illustrations, and the professional draw ­
ings.
2005. C A R T O G R A P H Y .  Credit 3 hrs. Fall. 
A study of the field of cartography, w ith p ar­
ticular attention to the principles of map 
projections, the conventions, scales, and con­

struction of planim etric, topographic, and 
chorographic maps from survey notes and 
data from aerial photographs. A first course to 
combine photogram m etry and topographic 
surveying into a practical course on map 
making and interpretation .
2006. M A P  R E P R O D U C TIO N .  Credit 3 hrs. 
Spring. T he  preparation of m ap manuscripts 
and models for reproduction by both photo­
graphic and mechanical methods of duplica­
tion. T h e  selection, evaluation, and organiza­
tion of cartographic m aterial from ground and 
aerial surveys into m ap editions will assure 
the proper procedure to adopt for local cir­
cumstances.
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SURVEYING
Messrs. A n d e r s o n , L y o n , St a n t o n , a n d  others.
2101. EN G IN EE R IN G  MEASUREM ENTS.
Credit 3 hrs. Fall. 1 Rec. 2 Labs. Study of 
basic surveying instrum ents and of linear, 
angular, and area measuring procedures; data 
processing and presentation of results of meas­
urem ent operations; topographic surveys by 
terrestrial methods; and geometry of circular, 
transition, and parabolic curves.
2102. ADVANCED SURVEYING.  Credit 3 
hrs. Spring. 2 Rec. 1 Lab. Prereq., 2101. 
Project planning from topographic maps; 
photogrammetry; m easurement errors and 
statistics; conditioned measurements; form ula­
tion of survey specifications; subsurface surveys; 
hydrographic surveys; geodesy; field astronomy; 
and boundary surveys.
2105. SUM M ER SURVEY.  (Topographic, 
Hydrographic, Route, and Geodetic Survey 
Camp.) Credit 5 hrs. Field and office work six 
days a week for five weeks. Date to be an ­
nounced in spring term. Prereqs., 2101 and 
2102. Design and execution of topographic 
survey and corresponding map with emphasis 
on transit-stadia and plane table-stadia m eth­
ods; hydrographic survey and m ap of Cayuta 
Lake; and complete route survey including 
reconnaissance from aerial photographs, pre­
lim inary survey, paper location, and staking 
of the final line. All horizontal and vertical 
control surveys are executed according to 
present standards for base-line taping, tr i ­
angulation with repeating and direction type 
optical-reading thedolites, subtense and trig 
traverse, precise leveling, and altim etry. Astro­
nomic observation for azimuth and position 
are made and results computed.
2115. ADVANCED E N G IN EE R IN G  MEAS­
UREM ENTS.  Credit 3 hrs. Fall. Prereqs., 
laboratory work involving physical measure­
ments, M ath 163, and permission of the in ­
structor. Measurement systems; analysis of 
errors and of error propagation; application of 
the principles of probability to the results of 
measurements for the purpose of determ ining 
the best estimates of measured and deduced 
quantities, and the best estimate of uncertainty 
in these quantities; adjustm ent of conditioned 
measurements by the method of least squares 
and other methods; curve fitting; and data 
processing methods.
2116. LA N D  SURVEYING.  Credit 3 hrs. On 
dem and 3 Rec. Prereq., permission of the in ­
structor. Functions and responsibilities of a 
land surveyor; deeds and land descriptions; 
land records and land courts. Study of U.S. 
public land system, metes and bounds, sub­

divisions, resurveys, cadastral surveys, riparian 
rights, m ineral land surveys, and other land 
survey systems. Specifications and registration.
2117. GEODETIC SURVEYING.  Credit 3 hrs. 
O n demand. 3 Rec. Prereq., permission of the 
instructor. Consideration of special problems 
in geodetic surveying; base line; triangulation; 
traverse; precise leveling; deflection of the 
plum b line; figure of the earth; determ ination 
of gravity; isostasy; magnetic properties of the 
earth. Subject to arrangem ent to meet the 
special needs of students.
2119. M AP P ROJECTIONS.  Credit 3 hrs. On 
demand. T he theory of map projections. Con­
struction of projections. Plane coordinate sys­
tems.
2120. V E R T IC A L  CO N TR O L.  Credit 3 hrs. 
On demand. Lectures, reading, and field work. 
Principles of establishing a geodetic sea- 
level datum ; isostasy, the geoid, and reference 
ellipsoid; barometric, trigonometric, spirit, and 
electronic leveling; study of precision a l­
timetry; determ ination of economic relation­
ships of vertical control methods to m apping 
scale, especially for photogram metric mapping.
2121. E LEM E N TS OF P H O T O G R A M M E T R Y .
Credit 3 hrs. Fall. Lectures, recitation, and 
laboratory work. Principles and practice of 
terrestrial and aerial photogram metric m ap­
ping, including planning flights, control sur­
veys, uncontrolled mosaics, radial-line control, 
simple stereoplotting instrum ents, parallel dis­
tortions, graphical tilt determ ination, trimet- 
rogen charting, and economics. A Balplex pro­
jection stereoplotter with three projectors and 
a W ild A-7 p lo tter are available for use.
2122. ADVANCED P H O T O G R A M M E T R Y .
Credit 3 hrs. Spring. Prereq., 2121. Lectures, 
reading, and laboratory work. An advanced 
study of photogram metric principles including 
controlled mosaics, rectification, graphical, me­
chanical, and analytical space orientation. 
Readings and reports from current technical 
literature. T he principles of many photogram ­
metric plotters are studied together w ith the 
economic relation of these instrum ents to 
density of field control, office methods, and 
personnel. T he Balplex plotter and the W ild 
A-7 Autograph plotter w ith the attached EK-3 
Electric Coordinate P rin ter are available for 
study and use.
2123. SURVEYING AND M AP PING  IN S T R U ­
M E N T A T I O N .  Credit 3 hrs. On demand. 
Prereq., 2121. Lectures and assigned reading. 
Independent study of developments in survey­
ing, m apping, and photogram metric in stru ­
ments including a brief historical sketch of 
instrum entation; optical-reading levels and
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transits; electronic base line measurement; 
precision altimeters; sonar equipm ent; equi- 
angulator, odograph, and stereoscopic plotters. 
Correlation of the principles of physics and 
mathematics in new measuring instrum ents 
and methods.
2131. E LEM E N TS OF SURVEYING.  Credit
1 hr. Fall-spring. 1 Lab. Fundamentals of 
engineering measurements. Appreciation of 
observations and errors. Principles of record­
ing data. Use of steel tape, level, and transit. 
Optical tooling. Problems of particular in ­
terest to students in fields other than civil 
engineering.
2132. SURVEYING.  Credit 3 hrs. Spring. 2 
Rec. 1 Lab. Fundamentals of engineering 
measurements. Appreciation of methods of ob­
servations and errors. Principles of recording 
data. Use of steel tape, level, transit, and 
plane table. Aerial m apping. Emphasis on 
problems common in agricultural engineering.
2141. PROJECT. GEODETIC O R  P H O T O ­
G R A M M E T R IC  ENG IN EE R ING .  On de
mand. Open to specially selected seniors or 
graduate students. Projects in the various 
fields of geodesy and photogrammetry may 
be developed by conference between professors 
and students. H ours and credit variable.
2142. GEODETIC O R  P H O T O G R A M M E T ­
RIC E N G IN EE R IN G  RESEARCH.  On de
mand. Prerequisites will depend upon the area 
of studies to be pursued. Special problems in 
error analysis, geodesy, and photogram metry 
as may be arranged.
2143. SE M IN A R  IN  GEODESY OR P H O T O ­
G R A M M E T R Y .  Credit 1-6 hrs. On demand. 
Open to specially selected seniors or graduate 
students. Abstraction and discussion of tech­
nical papers and publications in the geodetic 
or photogram metric field.

HYDRAULICS AND  
HYDRAULIC ENGINEERING
M r .  L ig g e t t , a n d  s t a f f .

2301. FLUID MECHANICS.  Credit 4 hrs. 
Fall-spring. 3 Rec. 1 Lab. Prereq., concurrent 
with 1152. Fluid properties. Pressure and pres­
sure intensity. Hydrostatics. Fluid flow con­
cepts and basic equations. Dimensional anal­
ysis. Lam inar and turbu lent flow. Flow in 
pipes. Flow in open channels, centrifugal 
pumps.
2302. H YD R O LO G Y. Credit 2 hrs. Fall-spring.
2 Rec. Precipitation, stream flow, un it hydro­
graph, groundwater, wells, application of 
hydrologic techniques.

2303. ADVANCED HYDRAULICS.  Credit 3 
hrs. Fall. 3 Rec. Prereq., 2301. More detailed 
and extended theory and application than 
in the first course. Problems considered in ­
clude stability of flotation, fluids subject to 
acceleration, hydraulic sim ilitude, open chan­
nel flow, pipe flow, w ater ham m er, and hy­
draulic models.
2304. H Y D R A U L IC  ME A SU R EM E NTS.  Credit 
3 hrs. Fall. 2 Rec. 1 Lab. Prereq., 2301. T he 
general flow equation. Volumetric and weight 
measurements. Measurement of fluid velocity. 
Rate of flow measurement in pipelines and 
open channels. Graphical and analytical m eth­
ods of analyzing data. E rror and tolerances.
2306. PUMPS A N D  TU R BINE S.  Credit 3 hrs. 
Spring. 2 Rec. 1 Lab. Prereq. 2301. Theory 
and characteristics of the hydraulic ram ; re ­
ciprocating and centrifugal pumps; impulse, 
reaction, and propeller type turbines; selection 
and testing of hydraulic machinery.
2307. FREE SURFACE FLOW.  Credit 3 hrs. 
Spring. 3 Lect. Prereq., 2315 or permission 
of instructor. T he  form ulation of the free 
surface equations and boundary conditions. 
Shallow water theory and the theory of char­
acteristics. T he analogy of gas dynamics to 
unsteady and two-dimensional flow in open 
channels. Theory of small am plitude waves.
2311. R IV E R S A N D  H A R B O R S.  Credit 3 hrs. 
Fall. 3 Lect. Prereq., 2312. Rivers: regimen 
of flow in natu ral streams, flood waves, flood 
control, sedim entation, channel improvement, 
canalization, tidal effects, and ports. Harbors: 
gravity waves, shore improvement, harbor im ­
provement, ports, and canals.
2312. H YD R A U L IC  E N G IN EE R IN G .  Credit 
3 hrs. Spring. 3 Rec. Prereq., 2302. In tro ­
duction to hydraulic engineering problems. 
Purpose, planning, and component parts of 
hydraulic projects. Flow measurement, u n ­
steady flow, compressible fluid flow. Flood 
routing, sedimentation. Reservoirs. Dams, spill­
ways, and river protection works. Flumes and 
channels. Conduits, tunnels, penstocks. Locks. 
Hydraulic model studies.
2314. W A T E R  POW ER.  Credit 3 hrs. Fall. 
2 Lect. 1 Comp. Prereq., 2301 and 2302. Hy­
drologic and hydraulic investigation of water 
power sites; selection of turbines, power plant 
layout, and equipm ent; economic considera­
tions. Problems cover determ inaiton of avail­
able power, selection of turbines, use of 
pondage and storage; and determ ination of a n ­
nual power ou tpu t.
2315. ADVANCED FLUID MEC HAN ICS 1.
Credit 3 hrs. Fall. 3 Lect. Prereq., 2301 or
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2331. Introduction to vector and tensor nota­
tion. T he equations of conservation of mass, 
momentum, and energy. Potential flow in ­
cluding circulation, vorticity, conformal m ap­
ping, hodograph methods.
2316. ADVANCED FLUID MECHANICS II.
Credit 3 hrs. Spring. 3 Lect. Prereq., 2315 or 
equivalent. Exact solutions of the Navier- 
Stokes equations. T he lam inar and turbu lent 
boundary layers. Turbulence. Introduction to 
Non-Newtonian flow. O ther topics.
2331. FLUID MECHANICS.  (For electrical 
engineering students.) Credit 3 hrs. Fall-spring. 
3 Rec. Prereq., 1152. Statics, dynamics of fluid 
flow, law of continuity, energy equation, tu rb u ­
lence, flow of compressible fluids, impulse 
momentum relations, resistance of submerged 
bodies, lubrication, and hydraulic machinery.
2342. HYD R A U LICS RESEARCH.  Credit 1-6 
hrs. On demand. Prereq., 2312 or the equiv­
alent. T he subject and scope of the investiga­
tions in experimental or theoretical hydraulics 
should be selected by conference a t the begin­
ning of the term if not previously arranged. 
I t  is permissible and often desirable for two 
students to work together on the same investi­
gation.
2343. H YD R A U LICS SE M INAR.  Credit 1 hr. 
Fall-spring. Abstraction and discussion of tech­
nical papers and publications in the field of 
hydraulics and hydraulic engineering.

SANITARY ENGINEERING
Messrs. B e h n , G a t e s , a n d  L y n n .
2501. M ICROBIOLOGY IN  ENGIN EERING.
Credit 3 hrs. Fall-spring. 2 Lect.-Rec. 1 Lab. 
Prereq., Chem. 106. Introduction to the char­
acteristics and activities of micro-organisms 
and their effect on man and his environment, 
with emphasis on their role in the biological 
oxidation of organic substances, the natural 
purification of waters receiving organic wastes. 
Bacteriological m easurement of water quality.
2502. W A T E R  SUPPLY AND W A S T E  W A T E R  
SYSTEMS.  Credit 3 hrs. Fall-spring. 2 Lect.- 
Rec. 1 Comp. Prereq., 2302. Concepts of water 
resource development and utilization; water 
quality control; analysis and design of struc­
tures and systems for (1) the collection, trans­
portation, and d istribu tion of water supplies: 
(2) the collection and transportation of m u­
nicipal and industrial w astew ater and of 
storm water. Disposal of waste-water.
2503. W A T E R  A N D  W A S T E  - W A T E R  
T R E A T M E N T .  Credit 3 hrs. Fall-spring. 2 
Lect.-Rec. 1 Comp, or Lab. Prereqs., 2501,

2502. Study of processes for the treatm ent of 
water supplies and of m unicipal and indus­
trial waste water, in terms of the underlying 
biological, chemical, and physical principles; 
the application of these principles to the anal­
ysis and design of un it treatm ent processes and 
to the synthesis of treatm ent plants.
2506. T R E A T M E N T  PROCESSES AND SYS­
TEMS.  Credit 4 hrs. Fall. Prereq., 2503 or 
equiv. Analysis and design of processes and 
systems for the removal of im purities from 
water supplies and from municipal and indus­
trial waste water. Theoretical and applied as­
pects of treatm ent process design such as reac­
tion kinetics, transfer phenomena, and the 
mechanics of fine particles.
2507. A I R  AND W A T E R  RESOURCES.  Credit 
3 hrs. Spring. Prereq., 2502 or equiv. Sources 
and characteristics of air and w ater pollutants, 
including radioactive substances; their reactions 
in a ir and in water; their dispersion and fate 
in the environment. Criteria and methods of 
disposal. Capacity of a ir and w ater resources 
to assimilate wastes. Air and water control.
2509. E N V IR O N M E N T A L  H E A L T H  E N G I­
N E E RIN G .  Credit 3 hrs. Spring. Concepts, 
planning, and control of environmental sys­
tems. Epidemiological and engineering aspects 
of current health problems.
2510. S A N I T A R Y  C H EM ISTR Y.  Credit 3 hrs. 
Fall. 2 Lect. 1 Lab. Prereq., 1 year of college 
chemistry. Prim arily intended for graduate 
students and upperclassmen especially in te r­
ested in sanitary engineering. Analytical, phys­
ical, and organic chemistry specifically appli­
cable to design and control of w ater and 
waste treatm ent processes. Measurement of 
water quality.
2511. S A N I T A R Y  E N G IN EE R IN G  L A B O R A ­
TO R Y .  Credit 3 hrs. On demand. 1 Lect.- 
Discuss. 2 Labs. Prereqs., 2510 or parallel reg­
istration; 2503. Laboratory studies of water 
and waste treatm ent processes, including the 
application of physical, chemical, and biologi­
cal principles, methods, and procedures to the 
treatm ent of water, sewage, and industrial 
wastes.
2515. E N V IR O N M E N T A L  SYSTEMS E N G I­
N E E RIN G .  Credit 3 hrs. Fall. Prereq., 3240 or 
permission of instructor. Intended for g rad­
uate students bu t open to qualified under­
graduates. Development of general linear p ro­
gram ing problem  and special cases such as 
networks, dyadics, transportation problem. 
Emphasis placed on application of techniques 
of operations research, queuing theory, dy­
namic programing, simulation, game theory, 
and linear program ing to civil and sanitary 
engineering problems. Mr. L y n n .
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2532. E N V I R O N M E N T A L  S A N IT A T IO N .
For students not in civil engineering. Credit 
3 hrs. Fall. Lecture-discussions, reports, and 
field trips. Concepts of environm ental sanita­
tion w ith emphasis on water resource develop­
m ent, utilization and management; municipal, 
industrial and individual sewage and solid 
waste disposal; m etropolitan fringe area sani­
tation; a ir and w ater quality control methods 
and programs; particularly as they relate to 
environm ental planning and control.
2541. PRO JE CT, S A N I T A R Y  ENG IN EE R  
ING.  On demand. Prereqs., 2502 and 2503, or 
equiv. Students will elect or be assigned ind i­
vidual or group problems or topics dealing 
with water resource utilization, water quality 
control, water and waste-water treatm ent proc­
esses, systems and plants, or other problems 
of special interest.
2542. S A N I T A R Y  E N G I N E E R I N G  R E ­
SEARCH.  On demand. Prerequisites will de­
pend upon the particular problem  to be p u r­
sued, bu t in general they should include a 
laboratory course and those courses in hy­
draulics and sanitary engineering pertinent to 
the field in which the study is to be under­
taken. H ours and credit variable.
2543. S A N I T A R Y  E N G IN E E R IN G  SEM INAR.
Credit 1-2 hrs. On demand. Open to interested 
upperclassmen and graduate students. Presen­
tation and discussion of technical papers and 
publications in the sanitary engineering field.

TRANSPORTATION  
ENGINEERING
Messrs. B e l c h e r , L e w i s , a n d  L i a n g .

2602. T R A N S P O R T A T I O N .  Credit 3 hrs. 
Fall-spring. 3 Rec. Prereq., Economics 103 or 
permission of the instructor. T he  historical, 
economic, regulatory, construction, and opera­
tional aspects of transportation. Designed p a r­
ticularly for engineering students. Mr. L e w i s .

2610. H IG H W A Y  ENG IN EE R ING .  Credit 3 
hrs. Fall-spring. 2 Lect. 1 Lab. Prereqs., 
2113, and preceded by or taken concurrently 
with 2725. Highway adm inistration, planning, 
economics, and finance; reconnaissance and lo­
cation; geometric design; traffic engineering; 
drainage; subgrade; base courses; design and 
construction of flexible and rigid pavements. 
Mr. L i a n g .

2612. H IG H W A Y  L A B O R A T O R Y  — B IT U ­
MINOUS.  Credit 3 hrs. Fall. 2 Lab. 1 Semi­
nar. Prereq., 2610, or may be taken concur­
rently w ith 2610. Bitum inous m aterials are 
tested and aggregates studied for their com­

patibility  w ith bitumens. Mixes are designed 
and tested. Condition surveys are made on 
various classes of bitum inous pavements. Lab­
oratory fully equipped for all phases of applied 
and research studies. Mr. L e w i s .

2613. H IG H W A Y  L A B O R A T O R Y  —  SUB 
GRADE SOILS. Credit 3 hrs. Spring. 2 Lab. 
1 Seminar. Prereqs., 2725 and 2610, or may be 
taken concurrently w ith 2610. Evaluation of 
current soil engineering practices. Soil survey­
ing and sampling. Correlation of field and 
laboratory compaction procedures. Tests on 
soil samples stabilized w ith bitum inous m a­
terials. Portland cement and chemicals. Condi­
tion surveys are made on stabilized roads. L ab­
oratory fully equipped for all phases of applied 
and research studies. Mr. L i a n g .

2614. H IG H W A Y  DESIGN— S T R U C T U R A L .
Credit 3 hrs. Fall. 3 Rec. Prereq., 2610 or per­
mission of the instructor. P art I: Soil index 
properties and highway soil classification sys­
tems; surveying and sampling; subgrade 
strength evaluation; compaction; drainage and 
frost action; stabilization; aggregates. P art II: 
Design and construction of base and surface 
courses for flexible pavements. Part II I :  D e­
sign and construction of rigid pavements. Mr. 
L i a n g .

2615. H IG H W A Y  DESIGN —  GEOM ETRIC.
Credit 3 hrs. Spring. 1 Lect. 2 Lab. Prereq., 
2610 or permission of the instructor. Route 
selection; design controls and criteria, includ­
ing vehicle characteristics and highway capac­
ity; sight distance, and horizontal and vertical 
control; cross section elements; right-of-way 
problems and access control; at-grade in te r­
section design, including rotary and channel­
ized intersection; grade separations and in te r­
changes; regional systems of highways, free­
ways, and parkways. Mr. L e w i s .

2617. A I R P O R T  E N G IN EE R IN G .  Credit 3 
hrs. Spring. 2 Rec. and 1 Lab. Prereqs., 2610,
2725. A irport adm inistration, planning, and 
design. Site selection and evaluation; master 
plan; grading; drainage; flexible and rigid 
pavements; term inal facilities; heliports. Mr. 
L i a n g .

LOW-COST ROADS.  Prim arily for foreign 
students. Credit 3 hrs. On dem and. (See Agri­
cultural Engineering 241, p. 104.)
2619. TR AF F IC E N G IN E E R IN G  —  O P E R ­
A TIO N S .  Credit 3 hrs. On dem and. 2 Lab. 
1 Seminar. Prereq., preceded by or taken con­
currently w ith 2620. Definition of traffic prob­
lems; collection of field data; analysis of field 
data; findings, conclusions, and recomm enda­
tions. Traffic surveys. Design of traffic control 
systems. Mr. L e w i s .
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2620. TRAFFIC ENG IN EE R ING .  Credit 3 
hrs. Fall-spring. 2 Rec. 1 Lab. Prereq., 2610 
or permission of the instructor. City and high­
way traffic surveys and designs. Accidents, con­
gestion, delay, speed, volume, density, parking, 
channelization, lighting, traffic control, and 
routing. Signs, signals, and markings. U rban 
traffic consideration in city planning. Driver 
reactions and hab it pattern. Traffic engineer­
ing organization. Mr. L e w i s .

2621. ANALYSES AND IN T E R P R E T A T I O N  
OF A E R IA L  PH O TO G R AP H S.  Preregistra­
tion required. Credit 3 hrs. Fall-spring. 2 Lect. 
1 Lab. (The student is expected to pay the 
cost of field trips and aerial photographs for 
use in a term project, am ounting to approx­
imately $15.) A study of the soil and rock 
areas of the U nited States and the patterns 
present in aerial photographs. Fundam ental 
elements of soil patterns are analyzed to per­
m it determ ination of soil texture, type of 
bedrock, and drainage properties. Field tra in ­
ing in selected test areas. Emphasis is placed 
on interpretation for engineering, regional 
planning, and agricultural purposes. Mr. 
B e l c h e r .

2622. ADVANCED I N T E R P R E T A T I O N  OF 
A E R IA L  P H O TO G R AP H S.  Preregistration 
required. Credit 3 hrs. On demand. O rgan­
ization of course depends upon fields of in ­
terest. Special problems: four each on ground 
water, engineering projects, agricultural soils 
m apping, irrigation, and geology. Mr. B e l c h e r .

2623. P HYSIC AL E N V IR O N M E N T  E VA LU ­
A T IO N .  Credit 3 hrs. On dem and. 2 Lect. 1 
Lab. Intended for graduate students or upper­
classmen in engineering and planning. Per­
mission of the instructor. A study of physical 
environm ent factors affecting engineering and 
planning decisions and the evaluation m eth­
ods of these factors. Physical factors include 
the climate, soil and rock conditions, and 
w ater sources in different parts of the world. 
Evaluation methods include a ir and ground 
reconnaissance, interpretation of meteorologi­
cal, topographic, geological, and soil maps, 
aerial photography, engineering data, and sub­
surface exploration records. Mr. L i a n g .

2641. P R O JE C T , T R A N S P O R T A T I O N  E N ­
GIN EERING.  Credit 3 hrs. On dem and. Proj­
ects in the various fields of transportation, 
advanced aerial photographic studies, traffic 
engineering, and earth  engineering may be de­
veloped by conference between professors and 
students. Projects may involve integrated p lan­
ning or design drawing upon several fields of 
interest, or they may concentrate upon special 
subjects. Adequate facilities, m aterial, and 
sources of data are necessary to a satisfactory 
project.

2642. T R A N S P O R T A T I O N  ENG IN EE R ING  
RESEARCH.  On dem and. Students who wish 
to pursue one particular branch of transporta­
tion engineering fu rther than can be done in 
any of the regular courses may elect work 
in this field. T he  work may be in the nature 
of an investigation of existing methods or 
systems, theoretical work with a view to sim­
plifying present methods of design or p ro­
posing new methods, or experim ental investi­
gation of suitable problems. Hours and credit 
variable.
2643. T R A N S P O R T A T I O N  E N G IN EE R IN G  
SE M INAR.  Credit 1-2 hrs. On demand. N um ­
ber of meetings a week to be arranged. A b­
straction and discussion of selected technical 
papers and publications in the transportation 
engineering field.

STRUCTURAL ENGINEERING
Messrs. B r i t v e c , M a s o n , M c G u i r e ,  N i l s o n , 
St e a r n s , S t u r m a n , W h i t e , and W i n t e r .
2701. E L E M E N T A R Y  S T R U C T U R A L  A N A L ­
YSIS. Credit 3 hrs. Fall. 2 Lect. 1 Lab. Prereq.,
1153. A first course in structural theory. D eter­
m ination of reactions and internal forces and 
moments in beams, girders, trusses, simple 
frames, and three-hinged arches due to sta­
tionary and moving loads. Simple uses of 
digital computers in  structural analysis. Mr. 
W i n t e r .
2702. STE E L AND T IM B E R  STR U C TU RE S.
Credit 4 hrs. Spring. 2 Lect. 2 Lab. Prereqs., 
2701, 1134. Analysis and design of steel mem ­
bers and connections. Design of welded roof 
truss. Design of mill-type steel building, in ­
cluding riveted roof trusses, crane girders, 
crane and building columns, bracing system. 
Design of thin-walled (light-gage) steel struc­
tures. Discussion of fatigue and brittle  frac­
ture. Elements of tim ber design.
2704. S T A T IC A L L Y  I N D E T E R M I N A T E  
STR U C TU R E S.  Credit 4 hrs. Fall. 3 Lect. 1 
Lab. Prereq., 2702. Deflections. Classical and 
modern methods of analysis of statically inde­
term inate . beams, frames, trusses. Influence 
lines. Plastic design and analysis of steel 
structures. Mr. B r i t v e c .

2706, 2707. ADVANCED STE E L DESIGN.
Credit 3 hrs. per term. Spring-fall. 3 Rec. 
Prereqs., 2710; 2708 prereq. for 2707. Bridge 
types and economy. Design of a highway truss 
bridge. Elastic and plastic designs of a rigid 
frame building. Partial design of tier building 
frame including wind and earthquake effects. 
O ther dynamically loaded structures. Design 
of a steel plate structure. Suspension roof sys­
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tems. Continuous composite bridges. Design of 
light-weight alloy structural elements. Critical 
review of recent research, current specifica­
tions, design, and fabrication procedures 
throughout. M r .  M c G u i r e .

2708, 2709. ADVANCED S T R U C T U R A L  
ANALYSIS .  Credit 3 hrs. a term. Fall-spring. 
3 Lect. a week throughout the year. Prereq., 
2704 or equivalent. Review of fundamental 
methods of analyzing indeterm inate structures 
and extension to complex structural systems. 
Arches, curved beams, out-of-plane loading, 
suspension structures, trussed and rigid space 
frames, etc. Mechanical model analysis, num er­
ical methods, m atrix  solution of structures, use 
of digital computers in analysis and design. 
Mr. F i s h e r .

2710. S T R E N G T H  OF STR U C TU R E S.  Credit 
3 hrs. Fall. 3 Rec. Prereq., 2704; can be taken 
concurrently. Analysis of two- and three- 
dimensional stress and strain. Theories of 
failure of ductile and brittle  materials. Strain 
energy methods applied to bending, shear, and 
impact. Structural materials under load, strain 
hardening, residual stresses, hysteresis, stress 
concentration, brittle  fracture, a lternating 
stress. Design for fatigue. Stresses beyond the 
elastic lim it. Inelastic behavior of steel and 
reinforced concrete structures. Critical discus­
sion of recent research and current design 
specifications. Mr. W i n t e r .

2711. BUCKLING, E LASTIC  A N D  IN E LA S­
TIC.  Credit 3 hrs. Spring. Prereqs., 2710 and 
1145 or the equivalent. Analysis of elastic 
and plastic stability. Determ ination of buckling 
loads and maximum  stresses of columns with 
and w ithout eccentricity. Solid and open web 
columns w ith variable cross-section. Beam 
columns. Frame buckling. Lateral strength of 
unbraced beams. Buckling loads and post- 
buckling strength of plates, shear webs, and 
cylindrical shells. Critical discussion of cur­
rent design specification. Mr. W i n t e r .

2715. R EINFORCED C O N C R E TE  DESIGN.
Credit 4 hrs. Fall-spring. 2 Lect. 2 Lab. P re­
req., 2704. A first course in reinforced concrete. 
L inear and ultim ate strength theory of re in ­
forced concrete applied to rectangular beams, 
one- and two-way slabs, T-beam s, beams re in ­
forced for compression, concentric and eccentric 
columns. Shear and bond. Design project com­
prising partial design of concrete building 
frame. Introduction to prestressed concrete.
2716, 2717. CO NCR E TE  STR U C TU R E S,  R E ­
INFORCED A N D  PRESTRESSED.  Credit 3 
hrs. Spring-fall. Prereqs., 2704, 2715, 2708 
(for 2717). Review of member design. U ltimate 
strength theory. Flat-slab and flat-plate design,

including bent analysis. Yield line theory. 
Framing systems in current use. Prestressed 
concrete. Folded plate construction. M embrane 
analysis of domes and hyperbolic paraboloids. 
Critical discussion of current design specifica­
tions and recent research. Mr. N i l s o n .

2720. F O UNDATION S.  Credit 3 hrs. Fall- 
spring. 2 Lect. 1 Lab. Prereqs., 2715, 2725. 
Study of the structural problems encountered 
in foundation work. R etain ing walls, sheet 
piling, spread footings, piles, piers, abutm ents, 
cofferdams, caissons, underpinnings. Design 
problems.
2725. E LE M E N TS OF SOILS ENG IN EE R  
ING. Credit 3 hrs. Fall-spring. 2 Lect. 1 Lab. 
Prereqs., 1153, 2301. Properties of soil 
and its behavior as an engineering m aterial. 
Principles of soil identification and classifica­
tion, terminology and soil characteristics such 
as gradation, perm eability, compressibility, 
consolidation, and shearing strength w ith a p ­
plication to simple problems of seepage, settle­
ment, bearing capacity, stability of earth  
slopes. Lateral earth  pressure. Soil explora­
tion. Laboratory tests for experim ental de­
term ination of above-mentioned soil charac­
teristics, and evaluation and use of data.
2726. E N G I N E E R I N G  P R O P E R T IE S  OF 
SOILS. Credit 3 hrs. Fall. 3 Lect. Prereq., 
2725. Soil structure, adsorbed and free water. 
Flow of water through soil, flow nets, piezo­
meters, filters, piping, capillary flow, soil suc­
tion, and frost action. Uniaxial and triaxial 
consolidation, volume compressibility and pore 
pressure coefficients, shrinkage and swelling. 
Shear strength of saturated and partly satur­
ated, isotropically and anisotropically consoli­
dated soils, true and apparent cohesion and 
friction resistance, sensitivity and thixotrophy, 
triaxial, d irect shear, penetration and vane 
tests. Mr. B r o m s .

2727. P RIN C IP LE S OF SOILS E N G IN EE R  
ING.  Credit 3 hrs. Fall. 3 Lect. Prereq., 2725. 
Failure theories for soils, general and local 
shear failures, K otter’s equation and boundary 
conditions. Lateral earth  pressures, Rankine, 
Coulomb, logarithm ic spiral, and friction cir­
cle methods. Bearing capacity of deep and 
shallow foundations, eccentric and inclined 
loading, size and shape effects. Stability of 
slopes, methods of slices, seepage pressures. 
Soil pressures, concentrated and distributed 
loads, influence charts, soil modulus, contact 
pressures, and pressure cells. Mr. B r o m s .

2728. A P P L I E D  SOILS ENG IN EE R ING .
Credit 3 hrs. Spring. 3 Lect. Prereqs., 2725 
and 2727. Long and short-tim e strength of 
soils, numerical methods. Footings and rafts,
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design criteria, elastic foundations, construc­
tion problems, plate load tests. Piles and cais­
sons, pile tests, pile driving formulas, dynamic 
and static penetration tests, ultim ate strength 
and settlements of pile groups, stress wave 
equation, buckling and lateral resistance. R e­
taining walls, shallow and deep-seated fail­
ures, seepage pressures. Bulkheads and brac­
ing, design criteria, behavior of ultim ate and 
working loads. Earth and rock-fill dams, design 
criteria for core, up-and-down stream slopes, 
filters, and foundation requirements. Soil ex­
ploration, geophysical methods, soundings and 
borings. Mr. B r o m s .

2731. E LEM E N TS OF S T R U C T U R A L  E N­
GIN EE R ING  I. For students not in civil en ­
gineering. Credit 3 hrs. Fall. 2 Lect. 1 Lab. 
Prereqs., 1151, 1153. Analysis of statically de­
term inate and simple statically indeterm inate 
structures. D eterm ination, by means of ana­
lytical and graphical methods, of reactions 
and internal forces and moments caused by 
stationary loads. Influence lines for beams. 
M r .  M a s o n .

2732. E LEM E N TS OF S T R U C T U R A L  E N ­
G IN EE R IN G  II.  For students not in civil en ­
gineering. Credit 3 hrs. Spring. 2 Lect. 1 Lab. 
Prereq., 2731. Design of simple steel and 
tim ber structures. Discussion of design in light 
gage steel and alum inum . Analysis and de­
sign of members and connections, roof trusses, 
floor systems, and other structures. Mr. M a s o n .

2735. DYNAM ICS OF STR U C TU R E S.  Credit 
3 hrs. Fall or spring. Prereq., M ath. 609 or 
equivalent. For graduate students or qualified 
undergraduates. Dynamic behavior of struc­
tures as caused by blasts, earthquakes, and 
similar actions. Lum ping of masses. Motion of 
elastic framed structures in the neighborhood 
of equilibrium  positions, caused by arbitrary 
disturbances. Systems with one degree of free­
dom. Resonance and stability. Analytical and 
numerical methods of solution. Energy m eth­
ods. H am ilton’s principle. Lagrange’s equa­
tions of motion. N atural frequencies and 
normal modes of vibration of m ultidegree of 
freedom systems. M atrix iteration method. T he 
Rayleigh-Ritz method for the approxim ate de­
term ination of natural frequencies of elastic 
systems. Dynamic response of framed struc­
tures in the inelastic range. Free and forced, 
longitudinal and transverse vibrations of sim­
ple and continuous elastic beams. Effect of 
axial forces on lateral vibrations of beams. 
Torsional-flexural vibrations of simple beams 
of open thin-walled sections. Mr. B r i t v e c .

2741. PROJECT.  On dem and. Prereqs., 2702 
2703, and 2715. T he  student may select a de­
sign problem  such as an  arch bridge, cantilever

or rigid frame bridge, a special problem in 
steel or concrete building design, or the design 
of any other structure of particular interest to 
the student provided he has the proper p rep­
aration for such design. T he work is submitted 
in the form of reports. Drawings of typical 
details must accompany reports. Hours and 
credit variable.
2742. S T R U C T U R A L  E N G IN EE R IN G  R E ­
SEARCH.  On demand. Students wishing to 
pursue one particular branch of structural en­
gineering fu rther than can be done in any of 
the regular courses may elect work in this 
field. T he  prerequisite courses depend upon 
the nature of the work desired. T he work may 
be in the nature of an investigation of existing 
types of construction, theoretical work with a 
view of simplifying present methods of design 
or proposing new methods, or experimental 
investigation of suitable problems. Hours and 
credit variable.
2743. S T R U C T U R A L  E N G IN EE R IN G  SEM­
IN A R .  Credit 1-6 hrs. Spring. Open to spe­
cially selected seniors and graduate students. 
Preparation and presentation of topics of cur­
rent interest in the field of structures for in ­
formal discussion.
2744. SPECIAL TOPICS I N  S T R U C T U R A L  
ENG IN EE R ING .  On demand. Individually 
supervised study in one or more of the spe­
cialized topics of civil engineering such as 
tanks and bins, suspension bridges, towers or 
movable bridges, which are not covered in 
the regular courses. Independent design or re ­
search projects may also be selected. Hours 
and credit variable.

SPECIAL AND GRADUATE 
COURSES
2801. THESIS .  T he  thesis gives the student 
an opportunity to work ou t a special problem 
or to make an engineering investigation, to 
record the results of his work, and to obtain 
academic credit for such work. Registration 
for thesis must be approved by the professor 
in charge at the beginning of the semester 
during which the work is to be done.

Individual courses may be arranged to suit 
the requirements of graduate students. They  
are intended to be pursued under the imme­
diate direction of the professor in charge, the 
student usually being free from the restriction 
of the classroom and working either independ­
ently or in conjunction with others taking the 
same course.
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CONSTRUCTION ENGINEERING 
AND ADMINISTRATION
M e s s r s .  B l e s s is , G e b h a r d ,  R ic h a r d s  a n d  s t a f f .

2901. C O N S T R U C T IO N  M ETHODS.  Credit 
3 hrs. Fall-spring. 3 Rec. Introduction to 
methods, equipm ent, and management p rin ­
ciples and procedures involved in construction 
activities; natu re of the construction industry 
and sources of inform ation concerning it; 
problems and oral reports by students based 
on current literature; correlation of money, 
men, materials, machines, and design details 
to produce economic results. Mr. R i c h a r d s .

2902. E N G IN E E R IN G  L A W .  Credit 3 hrs. 
Fall-spring. 3 Rec. Basic features of laws and 
practices relating to contracts, torts, agency, 
property, water rights, forms of business o r­
ganizations, sales, insurance, utilities, labor, 
government regulation of business, sales, ne­
gotiable instrum ents, workmen’s compensation, 
liens, bankruptcy, patents, copyrights, trade­
marks; work of the expert witness; ethical 
responsibilities; professional registration; spe­
cial emphasis on contract documents used in 
construction work.
2903. E N G IN E E R IN G  ECONOMY.  Credit 3 
hrs. Fall-spring. 3 Rec. Prereqs., 2901, 3231, 
or special permission. Principles and techniques 
for m aking decisions about the economic as­
pects of engineering projects: choosing be­
tween alternatives; criteria for making deci­
sions; time value of money; economic selection 
and operation; effect of income taxes; re tire­
m ent and replacement; economy studies for 
governmental activities; introduction to esti­
m ating costs of construction.
2904. PUBLIC A D M IN IS T R A T IO N .  Credit 
3 hrs. On demand. 3 Rec. Aspects of federal, 
state, and local government of interest to engi­
neers, planners, constructors, and adm inistra­
tors: general principles of adm inistration; p a t­
terns of government; the engineer’s role in 
government; problems posed by our rapidly 
growing population and urbanization; regional 
public works projects; city and regional p lan­
ning; codes; zoning; planning capital improve­
ments; the city manager; m anaging and oper­

a ting the engineering and other functions of 
municipalities. Mr. G e b h a r d .

2906. ADVANCED E N G IN E E R IN G  L A W .
Credit 3 hrs. On demand. 3 Rec. Prereq., 2902. 
An extension by the use of case m aterial of 
the legal principles and practices covered in
2902, particularly those which apply to con­
struction contracts, and employer-employee re­
lationships. Mr. R i c h a r d s .

2907. C O N S T R U C T IO N  M A N A G E M E N T .
Credit 3 hrs. On dem and. Prereqs., 2901, 2902,
2903, 3231. P lanning and operation of con­
struction projects by the civil engineer: coor­
dinated organization and control of men, m a­
terials, and machines; scheduling; estimating; 
purchasing; selection and training of em­
ployees; operation and maintenance of equip­
ment; cost control and pay systems; accident 
prevention; and o ther topics. Special reports 
required. Mr. G e b h a r d .

2941. PRO JE CT. C O N S T R U C T IO N  ENG I  
N E E R IN G  A N D  A D M IN IS T R A T IO N .  Credit 
3 hrs. On demand. Prereqs., 2901, 2902, 2903, 
or permission. Development of a public or p ri­
vate engineering project selected by the stu­
dent, involving economic analysis, planning, 
design, and construction procedures, w ith spe­
cial emphasis on the legal, financial, and m an­
agem ent aspects.
2942. C O N ST R U C T IO N  E N G IN EE R IN G  
A N D  A D M I N I S T R A T I O N  RESEARCH.
Credit 3 hrs. On dem and. Prereqs., 2901, 2902, 
2903, or permission. Investigation of special 
problems relating to the economic, legal, finan­
cial, and m anagem ent aspects of public and 
private engineering operations of interest to 
the engineer-adm inistrator, consulting engineer, 
and constructor.
2943. C O N S T R U C T IO N  E N G I N E E R I N G  
A N D  A D M I N IS T R A T IO N  SE M IN A R .  Credit 
1-6 hrs. On dem and. Prereqs., 2901, 2902, 2903, 
or permission. G uided study and discussions 
by small groups of selected students of topics 
which involve the legal, financial, and m anage­
m ent aspects of civil engineering in public and 
private work, including discussions of current 
technical papers and publications.

INDUSTRIAL ENGINEERING
(Additional courses offered in industrial engineering topics are shown under the 3200 series 

of the Sibley School of Mechanical Engineering. These courses will be appropriately listed in 
the 9000 series in the next  edition of the Announcement.)
SERVICE COURSES 3 Rec- 1 Lab.-Comp. Prereqs., 9170 and 9153.

An introduction to modern industrial engi- 
9110. IN T R O D U C T IO N  T O  IN D U S T R IA L  neering w ith emphasis on the design activities
E NG IN EE R ING .  Credit 4 hrs. Spring term. of industrial engineers in specifying workplace
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methods, the integration of many workplaces 
into integrated man-machine activity in such 
systems. Queuing theory, line balancing, and 
introductory concepts of linear programing 
will be presented as analytical methods to be 
used in the analysis of plan t design problems. 
Laboratory work and com puting problems will 
be drawn from situations of interest to m e­
chanical a n d /o r electrical engineers.
9153. E N G IN EE R IN G  ECONOMIC A N A L Y ­
SIS. Credit 3 hrs. Fall term. 2 Rec. 1 Comp. 
An introduction to underlying economic p rin ­
ciples and phenomena associated with engin­
eering projects. Basic accounting and cost con­
trol principles and procedures will be pre­
sented initially as a frame of reference for a 
discussion of the more profound problems re ­
lating to the engineer’s role as consultant on 
m atters of investment and operations. In  addi­
tion to the necessary accounting, topics will 
include cost concepts, profit-volume relation­
ships and analysis, make-buy problems, m in­
imum  cost models, replacem ent and renewal 
models, simple linear program ing models, etc.
9170. IN D U S T R IA L  A N D  E N G IN EE R IN G  
S T A T IS T IC S , Credit 3 hrs. Fall term. 2 Rec. 
1 Comp. Prereq., M ath. 112. Applications of 
probability theory and statistics to industrial 
and engineering problems; point and confi­
dence interval estimation; statistical testing of 
hypotheses; properties of binomial, Poisson, 
and hypergeometric distributions, and appli­
cations to sampling inspection problems; large 
sample theory and the normal distribution, 
small-sample theory and Student’s t and Chi- 
square distributions; introduction to correla­
tion theory and curve fitting by least squares.
9180. D IG IT A L  C O M P U TER  P R O G R A M ­
ING.  Credit 1 or 3 hrs. E ither term. 2 Rec. 1 
Comp. Intended for graduate students bu t 
open to quajified undergraduates. Prereq., 
consent of the instructor. Intended to prepare 
students to use the large-scale digital com puter 
of the Cornell Com puting Center. Considers 
compiling, assembly, and basic machine lan­
guages; machine operation and program  test 
procedures; and input-ou tput capabilities, in ­
cluding use of magnetic tape system. (A student 
can elect to register for 1 hour credit and p ar­
ticipate in  the first 6 weeks of the course. T his 
consists of program ing in a compiling lan ­
guage and should be sufficient for routine 
m athem atical and statistical problems.)
9181. IN T R O D U C T IO N  T O  M O D ER N  DIG­
I T A L  C O M P U T A T IO N .  Credit 3 hrs. E ither 
term. 2 Rec. 1 Comp. R equired of B.I.E. 
candidates and elective for upperclass under­
graduates and graduate students. Survey of 
the field of the com puter sciences. Develop­

m ent of the modern digital computer, p rin ­
ciples and characteristics of current equip­
ment, machine and higher-level inform ation 
processing languages. Laboratory work in ­
volves use of equipm ent of the Cornell Com­
puting Center, bu t this is not essentially a 
course in program ing (see 9180). Emphasis is 
placed on the digital com puter as a general- 
purpose device for storing, retrieving, process­
ing, and transm itting inform ation in addition 
to its role as an arithm etic calculator. Breadth 
of present and potential application is stressed 
by considering areas such as artificial in telli­
gence, integrated decision and control systems, 
Monte Carlo analyses, simulated experim enta­
tion, inform ation retrieval, and m anufacturing 
automation.
9310. IN D U S T R IA L  E N G IN E E R IN G  A N ­
ALYSIS AND DESIGN I. Credit 4 hrs. 2 Lee. 
and 2 Comp. Prereqs., 9350, 9370, 9181. An 
introduction to industrial engineering. T he 
history and role played by m odern industrial 
engineering activities in m anufacturing and 
commercial organizations. Emphasis will be on 
those analytical techniques and design situa­
tions that are “ micro” in character, i.e., of 
the single station or workplace ra ther than 
those of the “macro” or total industrial sys­
tem. Specific topics covered will include queu­
ing theory applied to machine interference 
problems, workplace design, sam pling prob­
lems in the measurement and evaluation of 
industrial activities, line balancing and its a p ­
plications in workplace design, problems and 
methods of measuring hum an and machine 
activity and ou tpu t.
9311. IN D U S T R IA L  E N G IN EE R IN G  A N ­
ALYSIS AND DESIGN II.  Credit 4 hrs. 2 
Lee. and 2 Comp. Prereqs., 9310, 9351. T he 
“ m acro” problem  in industrial systems as op­
posed to the “ micro” problem  in the preceding 
course. Analytical techniques that are espe­
cially useful in these larger-scale problems. 
Specific topics include flow analysis, facility 
allocation and assignment methods, machine 
grouping models, network analysis w ith m athe­
m atical programing, inform ation systems and 
feedback, and applications of sim ulation in 
the design and analysis of complex systems.
9320. O P E R A T IO N S P L A N N IN G  A N D  A N ­
ALYSIS.  Credit 4 hrs. 1 Lee., 2 Rec., and 1 
Comp. Prereq., 9311. T he  operational problems 
of complex systems. Models that are character­
istic of the operational problems in contrast 
with the problems of design and specification. 
Specific topics include production planning, 
loading and scheduling, inventory planning 
and control, and applications of m athem atical 
program ing including linear, dynamic, and 
quadratic models.
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9350. PRIN CIP LE S OF COSTING AND CON­
TR O L .  Credit 3 hrs. 2 Rec. and 1 Comp. An 
introduction to problems of cost determ ina­
tion and allocation. Differences between ac­
counting and engineering objectives in cost 
finding and cost procedures. Cost concepts and 
characteristics, and the inexactitude of cost 
figures relative to engineering problems and 
decisions. Costing techniques and procedures.
9351. COST ANALYSIS A N D  A P P L IC A T IO N
Credit 3 hrs. 2 Rec. and 1 Comp. Prereq., 
9350. A continuation of the preceding course 
w ith emphasis on the analysis, interpretation , 
and uses of such data in establishing control 
over operations being judged against cost 
criteria. Also, the uses of such data for evalu­
ation and prediction of future design and /o r 
operations. T he  choice of proper cost data 
for use in economic models of interest to 
engineers, i.e., replacement and renewal 
models, linear program ing models, make-buy 
models, etc.
9352. ADVANCED ECONOMIC ANALYSIS.
Credit 3 hrs. 2 Rec. and 1 Comp. Prereqs., 
9320 or equivalent and fifth year (or gradu­
ate) standing. Study of advanced topics in 
engineering, economic analysis including eco­
nomic theory of the firm, problems of fore­
casting, prediction, and stochastic processes 
in economic analysis. Use of such processes 
in developing economic models for decision­
making purposes.
9360. IN T R O D U C T IO N  TO  P R O B A B IL IT Y  
T H E O R Y  W I T H  E NG IN E E R IN G  A P P L I­
CATIONS.  Credit 3 hrs. 3 Lee.-Rec. Prereq., 
Math. 112. Definition of probability and basic 
rules of probability theory. Random  variables, 
probability distributions, and expected values. 
Im portant special distributions and relations 
among them; elementary lim it theorems. In ­
troduction to stochastic processes and Markov 
chains, and their applications in  the construc­
tion of m athem atical models for physical 
processes.
9370. IN T R O D U C T IO N  TO  S T A T IS T IC A L  
T H E O R Y  W I T H  E N G IN EE R IN G  A P P LIC A ­
TIONS.  Credit 4 hrs. 3 Lec.-Rec. 1 Comp. 
Prereq., 9360. T he applications of statistical 
theory to problems associated w ith the analy­
sis of data and inferences drawn therefrom. 
Principles of statistical inference: estim ating 
the value of unknown parameters of proba­
bility distributions, testing hypotheses con­
cerning these parameters; elements of statisti­
cal decision theory. Introduction to correlation 
theory and curve fitting by least squares.
9398, 9399. PROJECT.  Max. credit 6 hrs. 
Prereqs., 9311 and concurrent registration in 
9320. Project work requires the identification

and analysis of both professional and research 
problems in industrial engineering. T he  pro j­
ects emphasize analytic ability and the syn­
thesis of feasible solutions. Projects can be 
done individually or in  groups up to eight. 
T he problem definition and the subsequent 
analysis and synthesis are the concern of the 
student w ith m inim al faculty guidance and 
participation.

ELECTIVE AND GRADUATE  
COURSES
9510. SYSTEMS E N G IN EE R IN G .  Credit 3 
hrs. Spring. 2 Rec. 1 Lab. Elective for g radu­
ate students and qualified undergraduates not 
m ajoring in the D epartm ent. Prereq., 9170. 
Methods of describing, analyzing, and m anipu­
lating complex, interrelated, open systems. 
Graphical and m athem atical analysis. T ech­
niques of design of transportation, sendee 
and inform ation systems, and appropriate 
evaluation methods.
9520. M A T H E M A T IC A L  P R O G R A M I N G .
Credit 3 hrs. Spring. 2 Rec. 1 Comp. Prereq., 
9360 or equivalent. Theory, methods, com pu­
tational techniques, and applications of m ath ­
ematical program ing. Classical constrained 
maximization and Lagrange m ultipliers. L in­
ear program ing: simplex method and varia­
tions; the dual and the dual simplex method; 
transportation program ing. Interger program ­
ing. Q uadratic and convex program ing. Linear 
and quadratic assignment program ing.
9521. P R O D U C T IO N  P L A N N IN G .  Credit 3 
hrs. Spring. 2 Rec. 1 Comp. Intended for 
graduate students bu t open to qualified u n ­
dergraduates. Prereqs., 9170, 9510, or p er­
mission. Scheduling of m anufacturing opera­
tions—forecasting, leveling, explosion, load­
ing, sequencing. T he planning and control of 
inventories. Emphasis on m athem atical and 
statistical methods of perform ing these func­
tions, including developm ent of decision rules 
and reactive control systems.
9560. APP LIE D  STO C H A STIC  PROCESSES.
Credit 3 hrs. Spring. 2 Rec. 1 Comp. Intended 
for graduate students bu t open to qualified 
undergraduates. Prereqs., 9360 and 9370 or 
permission. An introduction to the theory of 
stochastic processes, with emphasis on app li­
cations to science and engineering. Topics 
drawn from sequences of random  variables; 
Markovchains; renewal theory; applications to 
waiting time problems, to counter problems, 
and to reliability theory; b irth  and death 
processes; m ultiplicative processes; Gaussian 
processes; stationary processes; correlation and
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spectral distribution; applications to communi­
cation theory.
9561. QUEUING T H E O R Y.  Credit 3 hrs. 
Spring. 2 Rec. 1 Comp. Intended prim arily 
for graduate students. Prereq., 9360 or Math. 
371 (711) or permission of the instructor. 
Definition of a queuing process. Explicit solu­
tions of queuing problems when the arrival 
and service distributions are exponential or 
Erlang. A detailed study of the one-server 
problem for general distributions: the basic 
W iener-Hopf equation; existence and unique­
ness of stable solutions; approaches to solving 
the basic equation. M ulti-server problems; 
bulk service; queues in series. Applications 
to specific engineering problems such as shop 
scheduling, equipm ent m aintenance, and in ­
ventory control.
9570. IN T E R M E D IA T E  IN D U S T R IA L  AND  
E N G IN EE R IN G  STA TIS TIC S .  Credit 3 hrs. 
Spring. 2 Rec. 1 Comp. Intended for graduate 
students bu t open to qualified undergraduates. 
Prereq., 9370 or permission. Application of 
statistical methods to the efficient design, 
analysis, and interpretation of industrial and 
engineering experiments; rational choice of 
sample size for various statistical decision pro­
cedures and the operating characteristic curves 
of these procedures; curve fitting by least 
squares; simple, partial, and multiple-correla- 
tion analysis.
9571. ADVANCED IN D U S T R IA L  A N D  E N ­
GIN EE R ING  S T A T IS T IC S . Credit 3 hrs. Fall. 
2 Rec. 1 Comp. Intended for graduate stu­
dents. Prereq., 9570 or permission. Use and 
analysis of experim ental designs such as ra n ­
domized blocks and Latin squares; analysis of 
variance and covariance; factorial experiments; 
statistical problems associated w ith finding 
best operating conditions; response-surface 
analysis; statistical multiple-decision selection 
procedures.
9572. S T A T IS T IC A L  DECISION TH E O R Y.
Credit 3 hrs. Fall. 2 Rec. 1 Comp. Intended 
for graduate students. Prereqs., 9360 and 
9570, or equivalent. T he  general problem  of 
statistical decision theory and its applications. 
T he comparison of decision rules; Bayes, ad ­
missible, and m inim ax decision rules. P rob­
lems involving a sequence of decisions over 
time, including sequential analysis. Use of 
the sample cumulative distribution function, 
and other nonparam etric methods. Applica­
tions to problems in the areas of inventory 
control, sam pling inspection, capital invest­
m ent, and procurement.
9580. D IG IT A L  SYSTEMS SIM U LA TIO N .
Credit 3 hrs. Fall. 2 Rec. 1 Comp. Intended

for graduate students and qualified under­
graduates. Prereq., 9181 and permission. T he 
use of a symbol m anipulation program  for a 
digital com puter to simulate the operating 
characteristics of a complex system in time. 
Discussion of problems encountered in con­
struction of a simulation program  in the de­
sign of effective investigations using simula­
tion. Applications of sim ulation to such areas 
as production and inventory scheduling and 
control, design of m anufacturing facilities, 
management control systems, traffic analysis. 
Applications will include use in design of 
facilities, design of operating disciplines or 
decision rules, and use in real time control 
of an operating system.
9581. I N T E G R A T E D  I N F O R M A T I O N  
PROCESSING SYSTEMS.  Credit 3 hrs. Fall.
2 Rec. 1 Comp. Intended for graduate stu­
dents bu t open to qualified undergraduates. 
Prereq., 9181 and permission. Concerned with 
the integration of systems for acquiring, re ­
cording, coding, transm itting, filing, storing, 
retrieving, processing, and reporting inform a­
tion. Theoretical basis in such topics as in ­
formation theory, data communications, in ­
formation retrieval, queuing theory, character 
recognition, and adaptive control theory. Also, 
im plem entation problems in equipm ent capa­
bility and compatibility, processing languages, 
and over-all inform ation systems design. A p­
plications in m anufacturing—both in account­
ing and control of operations—merchandising, 
warehousing, banking, transportation, and 
military operations.
9582. SELECTED TOPICS IN  IN F O R M A ­
T IO N  PROCESSING.  Credit 3 hours. Spring.
3 Rec. Prereqs., 9181 and permission. Intended 
for graduate students. Selected topics chosen 
from such fields as artificial intelligence, 
autom ata theory, heuristic programing, theory 
and construction of com puting languages, 
parallel processing, inform ation retrieval, 
language translation.
9590. SPECIAL IN V E ST IG A T IO N S I N  I N ­
D U ST R IA L  A N D  E N G IN EE R IN G  A D M IN ­
IS T R A T IO N .  Credit and sessions as arranged. 
E ither term. Elective for qualified under­
graduate and graduate students. Offered to 
qualified students individually or in  small 
groups. Study, under direction, of special 
problems in the field of industrial and en­
gineering adm inistration.
9591. IN D U S T R IA L  A N D  E N G IN EE R IN G  
A D M IN  IS T R A T  IO N  G R A D U A T E  SE M INAR.
Credit 1 hr. A weekly 11A hr. meeting. In ­
tended for graduate students. Discussion and 
study of assigned topics of importance in 
the field.
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MECHANICAL ENGINEERING
The  courses in mechanical engineering are listed under the follozving headings: General, 

Drafting and Industrial Design, Industrial and Engineering Administrat ion, Machine Design, 
Materials Processing, Thermal  Engineering.
GENERAL
3041. N O N R E S ID E N T  LECTURES.  Term s 
9 and 10. Required. T otal credit 1 hr. for both 
terms. Fall and spring. 1 Lect. Given by lec­
turers invited from industry and from certain 
other departm ents of the University for the 
purpose of assisting students in their approach 
to employment and in their transition from 
college to industrial life. U nder the direction 
of Messrs. L o b e r g  and A l l e n .

3051. A.S.M.E. S T U D E N T  B RA NC H .  Credit 
1 hr. Students who have completed a t least 
two terms in the School of Mechanical E ngi­
neering are urged to become members of the 
Cornell Student Branch of the American So­
ciety of Mechanical Engineers. T he  meetings 
of the Society, however, are open to all. A t­
tendance a t any fourteen Student Branch meet­
ings entitles the m em ber to one hour elective 
credit; however, only one elective may be 
earned in this manner. Application for mem­
bership should be made in  October of each 
year a t the A.S.M.E. office, or to the Honorary 
Chairm an of the Student Branch, Mr. P i e r c e .

3052. IN D U S T R IA L  ACOUSTICS.  Credit 3 
hrs. Fall. 2 Lect. 1 Lab. For graduate and 
qualified fifth year students. T reatm ent from 
the engineering point of view. Sources of 
noise, their measurement, and means for re ­
duction; attenuation of airborne and struc­
ture-borne sound; transducers; room acoustics 
and psychoacoustics; effect of noise on people. 
Application of ultrasonic waves for testing, 
control, and processing. Mr. F e h r .

DRAFTING AND INDUSTRIAL  
DESIGN

Messrs. A b r a h a m s , B a i r d , and S i e g f r i e d .

3115. C R E A T IV E  SK ETCHIN G.  Credit 2 hrs. 
Fall. 2 Lect. T he sketch is the graphic tool 
of creative thought. Exercises to stimulate 
creative ability follow basic training of eye 
and hand for form  awareness and sketching 
proficiency. Mr. B a i r d .

3116. IN T R O D U C T IO N  T O  IN D U S T R IA L  
DESIGN.  Credit 3 hrs. Spring. 2 Lab. Prereq., 
permission. Readings; abstract and applied 
design problems which investigate and apply 
the interrelationships existing between form, 
function, and materials. Mr. B a i r d .

3190. SPECIAL I N V E S T I G A T I O N S  IN  
D R A F T IN G  O R  IN D U S T R IA L  DESIGN.
Credit based upon actual hours of work. Lab. 
as required. Fall or spring. Also may be elected 
by students who desire the first term  only of 
the Industria l Design Project. Mr. B a i r d .

3198, 3199. IN D U S T R IA L  DESIGN P R O J­
ECT.  T o ta l credit 6 hrs. N in th  and tenth 
terms. 2 Lab. Prereq., 3116. Project work in ­
cludes readings and design problems. Readings 
integrate design w ith the contemporary social 
and economic scene. Design problems are d i­
rected toward creation of a comprehensive a tti­
tude in  product development and toward a t­
tainm ent of a measure of design ability. Mr. 
B a i r d .

i n d u s t r i a l  a n d  
e n g i n e e r i n g  
ADMINISTRATION
Messrs. A l l d e r i g e , A l l e n , B e c i i h o f e r  (on 
leave, 1962-1963), B e r n h a r d , C o n w a y , G o o d e , 
H i l l i e r  (Visiting Assistant Professor, 1962- 
1963), I g l e h a r t ,  K a o , M a x w e l l , N e y , S a l t z - 
m a n , S a m p s o n , Sa u n d e r s , S c h u l t z  (on leave, 
fall, 1962), W e i s s .

3231. P RIN CIP LE S OF COST A C C O U N T ­
ING.  Credit 3 hrs. Fall and spring. 2 Lect. 
1 Comp. Basic accounting theory; historical 
and standard cost system; cost analysis; uses 
of costs for control and decision purposes. 
Messrs. A l l e n , B e r n h a r d , and staff.
3232. P ER SO N N E L M A N A G E M E N T .  Credit 
3 hrs. Fall. 3 Rec. Intended for graduate s tu ­
dents bu t open to qualified undergraduates. 
Prereq., 3241 or permission. Techniques of 
employee selection and evaluation, job evalu­
ation, training, motivation; personnel depart­
m ent organization and interdepartm ental re ­
lations. Mr. S a m p s o n .

3235. IN D U S T R IA L  O R G A N IZ A T IO N  AND  
M A N A G E M E N T .  Credit 3 hrs. Fall. 3 Lect. 
M anagement of an industrial enterprise; in ­
ternal organization; effect of type of product, 
methods of m anufacture, size of enterprise, 
and personnel involved; types of enterprises; 
p lan t location; centralization and decentraliza­
tion trends; diversification and specialization; 
growth of industry. Mr. S a m p s o n .

3240. A N A L Y T IC A L  M E T H O D S I N  O P E R A ­
TIO N S RESEARCH.  Credit 3 hrs. Fall. 3 Rec.
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Intended for graduate students bu t open to 
qualified undergraduates. Prereq., M ath. 162. 
Selected topics of special interest in operations 
research and industrial engineering including 
m atrix algebra, set theory, convex bodies, 
linear inequalities, probability theory (includ­
ing Markoff chains), and applications to se­
lected problems. Messrs. I g l e h a r t , N e y , W e i s s .

3241. IN D U S T R IA L  AND ENG IN EE R ING  
STA TIS TIC S .  Credit 3 hrs. E ither term. 2 
Rec. 1 Comp. Prereq., M ath. 162. Applications 
of probability theory and statistics to indus­
trial and engineering problems; point and 
confidence interval estimation; statistical test­
ing of hypotheses; properties of binomial, 
Poisson, and hypergeometric distributions, and 
applications to sampling inspection problems; 
large-sample theory and the normal d istribu­
tion, small-sample theory and Student’s t and 
Chi-square distributions; introduction to cor­
relation theory and curve fitting by least 
squares. Messrs. K a o , N e y , W e i s s .

3242. S T A T IS T IC A L  C O N T R O L  AND SAM  
P LIN G  INSPEC TION.  Credit 3 hrs. Spring. 
2 Rec. 1 Comp. Elective for qualified under­
graduate and graduate students. Prereq., 3241 
or permission. Underlying theory, assumptions, 
applications, and lim itations of control charts 
and sam pling plans; concept of statistical con­
trol, Shewhart control charts, and sampling 
inspection for attribu tes and variables; organ­
ization, adm inistration, and economic prob­
lems, and application of concepts to areas 
other than quality m aintenance. Messrs. 
G o o d e , K a o .

3245. SELECTED S T A T IS T IC A L  TOPICS.
Credit 3 hrs. E ither term. 2 Rec. 1 Comp. 
Intended for graduate students. Prereq., 3243 
or permission. Selected topics chosen from 
such fields as nonparam etric statistical m eth­
ods, sequential analysis, m ultivariate analysis. 
Messrs. I g l e h a r t , N e y , W e i s s .

3246. PRIN CIP LE S OF IN D U S T R IA L  AC­
C O UNTING.  Credit 2 hrs. Fall. 1 Lect. 1 
Comp. Basic accounting theory; special jou r­
nals; controlling accounts and subsidiary rec­
ords; voucher system; basic m anufacturing 
cost accounting. Messrs. A l l e n , B e r n h a r d .

3247. PRIN CIPLES OF COST C O NTR O L.
Credit 3 hrs. Spring. 2 Lect. 1 Comp. Prereq., 
3246 or 3231, or equivalent. Principles of 
cost accounting for production order and 
continuous process operations; cost factors 
related to decision making, control, and profit; 
budgets and standards; cost analyses. Messrs. 
A l l e n , B e r n h a r d , S c h u l t z .

3248. S T A T IS T IC A L  ASPECTS OF R E L I A ­
B IL IT Y  ANALYSIS.  Credit 3 hrs. Fall. 2 Rec.

1 Comp. Intended for graduate students bu t 
open to qualified undergraduates. Prereq., 
3243 or permission of the instructor. T he  role 
of probability and statistics in  reliability 
analysis; statistical models for failure and 
fatigue data, w ith special emphasis on the 
exponential, W eibull, Gamma, and extreme- 
value distributions; design, analysis, and in ­
terpretation of m ultifactor reliability experi­
ments; increased-severity testing; improving 
reliability through redundance and m ainte­
nance; applications to component and systems 
reliability. Messrs. G o o d e , K a o .

3253. IN D U S T R IA L  ACC O U NTIN G  AND  
COST CO N TR O L.  Credit 3 hrs. Fall. 2 Lect.
1 Comp. An accelerated course for upperclass­
men and graduate students. Basic accounting 
theory; m anufacturing cost accounting and 
cost analysis; cost factors related to decision 
making, control and profit; budgets and 
standards. Messrs. A l l e n , B e r n h a r d .

3254. A N A L Y T IC S  OF DECISION AND  
CO N TR O L.  Credit 3 hrs. Fall. 2 Rec. 1 Comp. 
Elective for graduate students and qualified 
undergraduates. Prereqs., 3241, 3247, and
3263. Advanced topics in engineering eco­
nomics. Economic theory of the firm includ­
ing theories of capital investment and pricing. 
Economic forecasting. T reatm ent of risk and 
uncertainty. Application to engineering prob­
lems, e.g., equipm ent replacement policy. Cost 
concepts; m arginal analysis and linear pro­
gram ing including simplex method. Applica­
tion to problems in production and sales 
planning, e.g., “ make or buy” decision, sta­
tistical sampling and other techniques for 
cost prediction, analysis, and control. Messrs. 
B e r n h a r d , C o n w a y .

3262. M E TH O D S ENG IN EE R ING .  Credit 3 
hrs. E ither term. 1 Lect. 2 Lab. Prereq., 3241 
or equivalent. Analysis and design of opera­
tions and jobs; factors influencing creation 
and evaluation of alternative designs; work 
measurement and other techniques including 
stop-watch time study, work sampling, queu­
ing, and predeterm ined motion times as used 
for evaluation of design, control of opera­
tions, wage standards, etc.; introduction to 
model design concepts. Messrs. A l l d e r i g e , 
S a m p s o n .

3263. P R O D U C T IO N  ENG IN EE R ING .  Credit 
3 hrs. Fall. 2 Rec. 1 Comp. Prereqs., 3247 or 
3253 and 3262. Basic concepts involved in the 
design and operation of production systems. 
Various cost concepts, certain types of cost 
analysis, and the economics of capital invest­
ment decisions. T he fundamentals of produc­
tion and inventory control. Simple linear p ro­
gram ing and assignment problems involved
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in  plan t design. Messrs. G o o d e , H i i .l i e r , 
S a u n d e r s .

3264. P R O D U C TIO N  ENG IN EE R ING .  Credit 
3 hrs. Spring. 2 Rec. 1 Comp. Prereq., 3263. 
T he  analysis and design of production sys­
tems. Emphasis will be placed on analytical 
methods and procedures. T he  m aterial will 
include such topics as the statistical analysis 
of product designs and specifications, process 
capability studies, process planning including 
process autom ation, plan t layout and design, 
and materials handling. Messrs. G o o d e , 
H i l l i e r , S a u n d e r s .

3266. ADVANCED M E TH O D S E N G IN E E R ­
ING.  Credit 3 hrs. Fall. 2 Rec. 1 Lab. In ­
tended for graduate students bu t open to 
qualified undergraduates. Prereq., 3262 or 
permission. Analysis and design or man-micro 
systems and man-machine micro systems. A d­
vanced statistical treatm ent of work measure­
m ent design, variables measurement, and 
work sampling; m athem atical and statistical 
treatm ent of model design, standard data, 
control, and standards maintenance; study of 
the micro systems design problem, including 
emphasis on the behavioral aspects and wage 
incentives. Mr. A l l d e r i c e .

3267. ADVANCED P R O D U C TIO N  E N G I­
NE E RING .  Credit 3 hrs. Fall. 2 Rec. 1 Lab. 
Intended for graduate students bu t open to 
qualified undergraduates. Prereq., 3264 or 
3261. A continuation of 3264 bu t with em pha­
sis on the isolation and analysis of production 
problems concerned with m aterial flow, m a­
terial handling methods, and plan t design. Mr. 
S a u n d e r s .

3280. IN T R O D U C T IO N  TO  O P E R A TIO N S  
RESEARCH.  Credit 3 hrs. Fall. 2 Rec. 1 
Comp. Intended for graduate students and 
qualified fifth year students. Prereq., 3241 
or permission. Model design, methodology, 
and techniques of operations research includ­
ing waiting line models, linear programing 
and assignment, sim ulation and other special­
ized techniques; applications to production, 
cost, inventory, and sales problem. Messrs. 
A l l d e r i g e , H i l l i e r .

3281. CO M P U TING  E Q U IP M E N T  A N D  I N ­
D U ST R IA L  A PP LIC ATIO NS.  Credit 3 hrs. 
E ither term. 2 Rec. 1 Comp. Intended for 
graduate students bu t open to qualified u n ­
dergraduates. Principles and characteristics of 
modern high-speed digital and analog com­
puting equipm ent. Program ing and operation 
of the digital computer a t the Cornell Com­
puting Center. Engineering and scientific com­
puting applications, introduction to num eri­
cal analysis, simulation, and Monte Carlo 
techniques. Data processing applications in

accounting, communications and control; prob­
lems of integrated systems design. Mr. M a x ­
w e l l .

3282. D IG IT A L  C O M P U TER  P R O G R A M ­
ING.  Credit 1 or 3 hrs. E ither term. 2 Rec. 
1 Comp. Intended for graduate students but 
open to qualified undergraduates. Prereq., 
consent of the instructor. Intended to prepare 
students to use the large-scale digital com­
pu ter of the Cornell Com puting Center. Con­
siders compiling, assembly, and basic machine 
languages; machine operation and program 
test procedures; and input-ou tput capabili­
ties, including use of magnetic tape system. 
( A  student can elect to register for 1 hour 
credit and participate in the first 6 weeks 
of the course. T his consists of program ing 
in a com piling language and should be suffi­
cient for routine m athem atical and statistical 
problems.) Mr. S a l t z m a n .

3290. SPECIAL IN V E S T IG A T IO N S  I N  I N ­
D U ST R IA L  A N D  E N G IN E E R IN G  A D M IN ­
IS T R A T IO N .  Credit and sessions as arranged. 
E ither term. Elective for qualified under­
graduate and graduate students. Offered in ­
dividually or in small groups. Study, under 
direction, of special problems in the field of 
industrial and engineering adm inistration. 
T he staff.
3291. I N D U S T R IA L  A N D  E N G IN E E R IN G  
A D M IN I S T R A T I O N  G R A D U A T E  SEMI­
N A R .  Credit 1 hr. A weekly DA hr. meeting. 
Intended for graduate students. Discussion 
and study of assigned topics of importance in 
the field. T he staff.
3298, 3299. PRO JE CT.  Max. credit 3 hrs. 
each course. Prereq., 3264. Project work re ­
quires the identification and analysis of both 
professional and research problems in  indus­
trial engineering. T he  projects emphasize an ­
alytic ability and the synthesis of feasible 
solutions. Projects can be done individually 
or in groups up to eight. T he  problem  defi­
nition and the subsequent analysis and syn­
thesis are the concern of the student w ith 
m inim al faculty guidance and participation. 
T he  staff.

MACHINE DESIGN
Messrs. B o o k e r , B u r r , D u B o i s , F e i i r , O c v ir k  
(on leave 1962-1963), P h e l a n , and W e h e .

[3321. K IN E M A T IC S  A N D  DYN AM ICS OF 
MECHANISMS.  Credit 4 hrs. Fall. 3 Rec. 
1 Comp. Prereq., 212. Analysis of displace­
m ent, velocity, and acceleration in basic 
mechanisms for control, transmission, and con­
version of m otion and force. Cams, gears, and
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four-bar linkages. Forces associated with ac­
celerated m otion and gyroscopic action. T he 
flywheel as a speed control device. Counter­
balancing. Synthesis of mechanisms. N ot of­
fered in 1962-1963.]
[3322. M E C H AN IC A L ANALYSIS A N D  DE­
SIGN.  Credit 5 hrs. Fall. 1 Lee. 2 Rec. 2 
Des. Periods. Prereqs., 3321, Materials Sci­
ence II, 3421, and parallel with 3422. A 
study of some major components of m echani­
cal equipm ent such as clutches, brakes, gears, 
shafts, and bearings, w ith particular attention 
to performance characteristics, strength and 
durability, optim um  proportions, choice of 
materials and treatm ent, and design for proc­
essing and assembly. Theory of lubrication. 
Stress-concentration, fatigue, residual stresses, 
and creep. Selected topics from advanced 
strength of materials, such as curved beams, 
plates, pressure vessels, rotors, and thermal 
stress. Layout design of one small bu t com­
plete machine. N ot offered in 1962-1963.]
[3323. DESIGN OF MACHINES.  Credit 3 hrs. 
Spring. 1 Lee. 2 Des. Periods. Prereq., 3322. 
Methods for design and the stim ulation of 
ingenuity. Contemporary design of machines 
in  selected fields. Enclosures, assembly, lu b ­
rication, controls, and other requirem ents for 
a machine as a whole. Feasibility studies and 
prelim inary designs of mechanical systems. A 
more detailed design of one or more machines 
in the system. N ot offered in 1962-1963.]
[3324. V IB R A T IO N  AND C O N T R O L  OF 
M E C H AN ICA L SYSTEMS.  Credit 4 hrs. 
Spring. 3 Rec. 1 Lab. Prereqs., 3321, Elec. 
Engr. II. Free, damped, and forced v ibra­
tions. V ibration isolation m ounts, absorbers, 
and dampers. Control systems: the Laplace 
transform, transient response to specific in ­
puts, transfer functions, frequency response, 
stability. Analog com puter solutions. Labora­
tory on the vibration of machines and their 
components, balancing, and hydraulic and 
pneum atic control circuits. Modern instru ­
ments for m easuring force and motion. Not 
offered in 1962-1963.]
[3331. K IN E M A TIC S A N D  COMPONENTS  
OF MACHINES.  Credit 3 hrs. Spring. 2 Rec. 
1 Comp. Prereqs., 212 and Materials Science 
I, or equivalents. R equired of students in 
industrial engineering and may be elected 
by other qualified students not in m echani­
cal engineering. Theory and analysis of 
mechanisms and components based upon con­
siderations of motion, velocity, acceleration, 
material, strength, and durability. Cams, 
linkages, couplings, clutches, brakes, belts, 
chains, gears, bearings, shafts, and springs. 
N ot offered in 1962-1963.]

[3332. M E C H AN IC A L SYSTEMS.  Credit 3 
hrs. Fall. 1 Lee. 1 Rec. 1 Lab.-Comp. Prereqs., 
3331, 3431, and Materials Science II, or equiva­
lents. R equired of students in industrial en­
gineering and may be elected by other quali­
fied students no t in mechanical engineering. 
An introduction to problems associated with 
the design and experim ental investigation of 
machines and systems of machines. Design 
considerations for processing and assembly. 
T he  synthesis and integration of components 
into machine systems. A brief treatm ent of 
vibration and control theory, followed by 
laboratory experiments. Use of modern instru­
ments for measuring force and motion. Solu­
tion of problems by analog and digital com­
puters. N ot offered in 1962-1963.]
3341. M A C H IN E  DESIGN.  Credit 4 hrs.
Spring. 3 Rec. 1 Comp. Prereqs., 1153, 1241, 
3118, 3402, and 6110, or equivalent. Required 
of students in agricultural engineering and 
may be elected by other qualified students not 
in mechanical engineering. T he design of
machines and machine members based upon 
considerations of motion, size, material,
strength, durability, and m anufacturing proc­
esses; selection of cams, linkages, couplings, 
clutches, brakes, belts, chains, gears, bearings, 
shafts, springs, and fasteners. M r .  P h e l a n .

3351. MECHANISM.  Credit 3 hrs. Fall. 2 
Rec. 1 Comp. Prereqs., 3112, 1151. An analysis 
of displacements, linkages, cams, gears, trains 
of mechanism, and com puting linkages; and 
introduction to synthesis of mechanisms. Mr. 
J . F. B o o k e r .

3352. DYNAM ICS OF M A C H IN E R Y .  Credit 
3 hrs. Spring. 2 Rec. 1 Comp. Prereqs., 3351 
and 1152. Graphical and analytical studies of 
velocities and accelerations and of static and 
inertia forces in mechanism; engine force 
analysis, flywheel, and balancing; gyroscopic 
loads; shaft whirl; vibration isolation. Mr. 
J . F. B o o k e r .

3353. DESIGN OF M A C H IN E  MEMBERS.
Credit 3 hrs. Fall. 2 Rec. 1 Comp. Prereqs., 
3351, 1153, 1241 (prereq. or parallel). A p­
plication of mechanics, kinematics, materials, 
and processes to the design and selection of 
springs, couplings, clutches, brakes, belts, 
chains, gears, shafts, bearings, fastenings, and 
pressure vessels; stress concentration, residual 
stresses, theory of lubrication. Mr. B u r r  or Mr. 
W e h e .

3354. DESIGN OF MACHINES.  Credit 3 hrs. 
Spring. 1 Lect. 2 Des. Periods. Prereqs., 3353, 
3404, 1242 (prereq. or parallel). Feasibility 
studies and prelim inary designs of mechanical 
systems, including a more detailed design of 
one or more machines in the system. T he
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design of castings, weldments, forgings, 
stampings, housings, and hydraulic systems 
for machines. Computations, sketches, and 
layout drawings as required. Mr. DuBois.
3361. ADVANCED M A C H IN E  ANALYSIS .
Credit 3 hrs. Fall. 3 Rec. Intended for gradu­
ate students bu t open to qualified fifth year 
students. Prereqs., 3353, 1155 (prereq. or
parallel). Advanced analyses of mechanisms 
and machinery members such as clutches and 
brakes; the graphical determ ination of shaft 
deflection; problems in impact, creep, therm al 
stress, residual stress, surface stress, pressure 
vessels, and ro tating  disks; and extended trea t­
m ent of bearing lubrication. Mr. B u r r .

[3362. M E C H AN IC A L DESIGN OF T U R B O  
M A C H IN E RY .  Credit 3 hrs. Spring. 3 Rec. 
Intended for graduate students bu t open to 
qualified fifth year students. Prereqs., 1154 or 
3361, 3352 or 3367 (prereq. or parallel). 
Mechanical design of major components of high 
speed compressors and turbines for structural 
adequacy and vibration-free operation. Selected 
topics from among the following: design of 
rotor components: disks, vanes, blades, shafts, 
and connections. Design of casing components: 
cylindrical, conical, torical shells; flat plates 
and diaphragm s. Design of bearings, seals, 
gaskets, expansion members. Investigation of 
natural frequencies and critical speeds. Selec­
tion of materials. Mr. O c v i r k . N ot offered in 
1962-1963.]
3366. ADVANCED K IN E M A TIC S .  Credit 3 
hrs. Spring of even years. 2 Rec. 1 Comp. P re­
req., 3352. Advanced analytical and graphical 
treatm ent of velocities and accelerations. F u r­
ther treatm ent of Coriolis’ acceleration. A d­
vanced analysis and design of cams, gears, and 
com puting mechanisms. Synthesis of mecha­
nism.
3367. DESIGN PROBLEMS IN  V IB R A T IO N S  
A N D  DYNAMICS.  Credit 3 hrs. Spring. 2 Lect.
1 Lab. Prereqs., 1155, 3352. Applications of 
dynamics and vibration theory to the design 
of machinery; vibration and shock mounting 
of machines w ith single and multidegrees of 
freedom, properties of isolators, dam ping de­
vices, critical speeds of shafts and crankshaft 
systems; analog com puter solutions; vibration 
instrum ents and experim ental investigations. 
Mr. P h e l a n  or Mr. B u r r .

3372. E X P E R IM E N T A L  M E TH O D S IN  M A ­
CH INE  DESIGN.  Credit 3 hrs. Fall. 1 Rec.
2 Lab. Prereq., 3353 or 3341. Investigation 
and evaluation of methods used to obtain 
design and performance data. Techniques of 
photoelasticity, strain measurement, photog­
raphy, vibration and sound measurements,

balancing methods, and development tech­
niques are studied as applied to machine de­
sign problems. Mr. P i i e l a n .

3374. C R E A T IV E  DESIGN.  Credit 3 hrs. 
Fall. 2 Lab. Prereq., 3354. Short problems to 
stim ulate ingenuity and originality, emphasiz­
ing methods for the development of improved 
designs. Mr. DuBois.
3375. A U T O M A T IC  M A C H IN E R Y .  Credit 3 
hrs. Fall. 2 Rec. 1 Field trip . Prereq., 3351. A 
study of autom atic and semiautomatic m a­
chinery such as dairy, canning, wire-forming, 
textile, machine-tool, com puting, and prin ting  
equipm ent. Mr. W e h e .

3376. A U T O M A T IC  C O N T R O L .  Credit 3 hrs. 
Spring. 2 Rec. 1 Lab. Prereqs., 1152, 1155, 
4933 (prereq. or parallel). Introduction to feed 
back control theory with emphasis on the 
applications of hydraulic and pneum atic sys­
tems to the autom atic control of machines and 
processes. T he  Laplace transform ; open and 
closed-loop systems; transfer functions; stability 
criteria; frequency response; utilization of 
analog computors in  the design of control 
systems; components of industrial controllers. 
Mr. W e h e  or Mr. P h e l a n .

3377. A U T O M O T IV E  E N G IN EE R IN G .  Credit 
3 hrs. Fall of odd years. 3 Rec. Prereq., 3353. 
Analysis of various designs for the parts of an 
automotive vehicle, other than the engine, in 
relation to its performance; stability, weight 
distribution, traction, steering, driving, b rak­
ing, rid ing comfort, power required and avail­
able, transmission types, acceleration, and 
climbing ability. Recommended together with 
Course 3670 for a study of automotive engi­
neering. Mr. DuBois.
3390. SPECIAL IN V E S T IG A T IO N S  I N  M A ­
C H IN E  DESIGN.  Permission of departm ent 
head required. Credit arranged. E ither term. 
Individual work or work in small groups 
under guidance in the design and development 
of a complete machine, in the analysis of ex­
perim ental investigation of a machine or com­
ponent of a machine, or studies in a special 
field of machine design. T he  staff.
3391. M A C H IN E  DESIGN SE M IN A R.  1 hr.
credit a t the end of 2 terms. A one-and-a-half- 
hour meeting approxim ately every o ther week. 
Required of graduate students m ajoring in 
machine design. Discussion and study of as­
signed topics of importance in the field by 
faculty, graduate students, and outside 
speakers.
3398, 3399. PRO JE CT.  T otal credit 6 hrs. 
W ork of the n in th  and tenth terms in the 
form  of projects to integrate the training in
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mechanical engineering when such work is 
done principally in the field of machine de­
sign. T he  staff.

MATERIALS PROCESSING
Messrs. C a r p e n t e r , D i s p e n z a , G e e r , M o r g a n , 
a n d  P e n t l a n d .

3404. P R O D U C TIO N  M A C H IN E  TOOLS.
Credit 2 hrs. E ither term. 1 Lect. 1 Lab. 
Prereqs., 3406, 3262. Lectures, demonstration 
studies, and analyses of machine tools for 
quantity  production of goods. Jigs, fixtures, 
and other tooling accessories. Operation analy­
sis and quality lim itations. Mr. G e e r .

3405. GAGE L A B O R A T O R Y .  Credit 1 hr. 
E ither term. 1 Lab. Demonstration studies of 
measuring devices and techniques for control 
of size, form, and alignm ent of commercial 
goods to A.S.A. and other standards; labora­
tory practice in inspection methods; quality 
control data studies; calibration and gage 
checking. Mr. D i s p e n z a .

3406. M A C H IN E  T O O L TECHNOLOGY.
Credit 2 hrs. Spring term. 1 Lect. 1 Lab. 
Study of chip formation, cutting tools and 
fluids, speeds and feeds, and their relations 
to machinability; analyses of general purpose 
machines and their accessories; machining 
practice including layouts, set-ups, and use 
of measuring instruments. Mr. P e n t l a n d .

[3421. PROCESSING OF M A T E R IA L S  I.
Credit 3 hrs. Spring term. 2 Lect. 1 Lab. Ab­
stract concept of the m anufacturing process. 
Energy, m aterial, environm ental, and topo­
logical considerations. Physics and mechanics 
of chip formation, plastic deform ation, fric­
tion, force relationships, therm al aspects, tool 
wear. M achinability of materials. Capabilities 
of single point, m ultipoint, and abrasive 
cutting processes. General purpose and pro­
duction machine tools employed. Transfer 
machines, autom ation, numerical control of 
machine tools. Economics of cutting. Nonchip 
removal processes; electrical, electrochemical, 
chemical, ultrasonic, electron beam methods. 
Basic concepts of metrology and gaging, p rin ­
ciples of mechanical, electrical, optical, pneu­
matic, and radiation measuring instruments. 
Messrs. G e e r  and P e n t l a n d . Not offered in 
1962-1963.]
[3422. PROCESSING OF M A T E R IA L S  II.
Credit 3 hrs. Fall term. 1 Lect. 2 Lab. Prereq., 
3421 or 3406. M aterial displacement, addition, 
and modification processes. Casting of metal 
and alloys; solidification, heat extraction, 
shrinkage, and foundry processes. Metal form ­
ing theory. Capabilities of shearing, bending,

squeezing, drawing, and stretching processes. 
W elding theory, processes, and effects, and 
surface coatings. H eat treatm ent of steel; 
annealing, hardening, tempering, surface 
treatments. Processing of nonmetallic m ate­
rials; plastics molding methods. Gage labora­
tory and additional cutting process laboratory 
exercises. Messrs. G e e r  and P e n t l a n d . Not 
offered in 1962-1963.]
[3431. PROCESSES OF M AN UFACTU RE.
Credit 3 hrs. Fall term. 1 Lect. 1 Lab. and a 
second lect. or lab. on alternate weeks. Physics 
and mechanics of chip formation, force rela­
tionships, tool wear, machinability of m ater­
ials. Machine tool capabilities in single point, 
m ultipoint, and abrasive cutting processes. 
Economics of cutting. Nonchip material re­
moval methods. Basic concepts of metrology 
and gaging, principles of measuring instru ­
ments. Casting of metal and alloys. Metal 
forming theory and capabilities of shearing, 
bending, squeezing, drawing, and stretching 
processes. W elding methods. H eat treatm ents 
of steel. Plastics molding. Messrs. G e e r  and 
P e n t l a n d . N ot offered in 1962-1963.]
3490. SPECIAL IN V E S T IG A T IO N S  I N  M A ­
T E R IA L S  PROCESSING.  Credit and hours as 
arranged. Discussion and study of selected 
topics on theory of metal cutting and work­
ing processes, the technology of m anufacture 
with machine tools, and metrology and pro­
duction gaging; topics and assigned study to 
suit individual needs. Messrs. G e e r  and P e n t ­
l a n d .

3498, 3499. PROJECT.  T otal credit 6 hrs. 
Work of the 9th and 10th terms in the form 
of projects to integrate the training in me­
chanical engineering when such work is 
done principally in the field of materials 
processing. Messrs. G e e r  and P e n t l a n d .

THERMAL ENGINEERING
Messrs. B a r r o w s , C o n t a , D r o p k i n , E r d m a n , 
F a i r c h i l d  (on leave spring, 1963), G e b h a r t , 
M a c k e y , M c M a n u s , P i e r c e , and S h e p h e r d .

3601. E NG IN E E R IN G  TH E RM ODYN AM ICS.
Credit 3 hrs. Fall. 1 Lect. 2 Rec. Prereqs., 
Mathematics 163, Physics 122, Chemistry 106. 
Laws of thermodynamics; energy equations; 
therm odynam ic properties of state of ideal 
and real fluids; thermodynamic analysis of 
processes of ideal and real fluids. Mr. C o n t a .

3602. E NG IN E E R IN G  TH ERM ODYN AM ICS.
Credit 3 hrs. Spring. 1 Lect. 2 Rec. Prereqs., 
3601, Chemistry 402. Combustion; therm o­
dynamics of ideal gas reactions; thermodynamic 
analysis of basic cycles used for power, refrig­
eration, and a ir conditioning. Mr. C o n t a .
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3603. FLUIDS E N G IN EE R IN G  I. Credit 3 
hrs. Spring. 3 Rec. Prereqs., 3601, 1152. P rop­
erties of fluids; hydrostatics; kinematics and 
dynamics of fluids; two-dimensional ideal 
flow; viscous flow in ducts, boundary layer, 
turbulence, velocity distribution; compressible 
flow with varying area, friction and heat 
transfer; norm al shock. Messrs. S h e p h e r d  and 
P i e r c e .

3604. FLUIDS E NG IN E E R IN G  II .  Credit 3 
hrs. Fall. 2 Rec. 1 Lab. Prereq., 3603. Dimen­
sional analysis; flow over immersed bodies; 
boundary layer solutions; lift and drag; oblique 
shocks; waves in compressible flow; energy 
transfer between a fluid and a rotor; char­
acteristics of turbomachines for incompressible 
and compressible flow; reaction and efficiency; 
cavitation and surging; propulsion analysis; 
turbojet, ram  jet and rocket; hydrodynamic 
transmissions. Messrs. S h e p h e r d  and P i e r c e .

3605. H E A T  TR AN SF ER .  Credit 3 hrs. Fall.
2 Rec. 1 Lab. Prereqs., 3603, 1155. Introduction 
to heat transfer by conduction, convection, and 
radiation; steady state, transient state; steady 
periodic state; heat transfer in engineering 
apparatus; numerical methods; electrical and 
fluid analogues. Laboratory instruction in 
tem perature measurement, determ ination of 
surface coefficients, radiant energy exchange, 
and experim ental use of analogues. Mr. 
D r o p k i n .

3606. T H E R M A L  E N G IN EE R IN G  L A B O R A ­
TO R Y .  Credit 3 hrs. Spring. 1 Lect. 1 Lab. 
Prereqs., 3602, 3604, 3605. Methods of testing; 
experim ental determ ination of performance 
characteristics of engines, turbines, steam gen­
erating units, pumps, compressors, fans, re ­
frigerating systems, a ir conditioning apparatus, 
auxiliaries and components of complete plants; 
analysis of experim ental data; preparation of 
engineering reports. Mr. E r d m a n .

3607. C O M BUSTION ENGINES.  Credit 3 hrs. 
Fall and spring. 3 Rec. Prereq., accompanied 
or preceded by 3606. Introduction to combus­
tion engines w ith emphasis on application of 
thermodynamics, fluid dynamics, and heat 
transfer; reciprocating combustion engines; gas 
turbines; compound engines; reaction engines. 
Mr. F a i r c h i l d .

3608. T H E R M A L  P O W E R  P LA N TS .  Credit
3 hrs. Fall and spring. 3 Rec. Prereq., ac­
companied or preceded by 3606. Introduction 
to steam and binary vapor power plants with 
emphasis on applications of thermodynamics, 
fluid dynamics, and heat transfer; nuclear 
power. Mr. E r d m a n .

3609. R E F R IG E R A T IO N  AND A IR  CONDI­
TIO N IN G .  Credit 3 hrs. Fall and spring.

3 Rec. Prereq., accompanied or preceded by
3606. In troduction to refrigeration and air 
conditioning with emphasis on applications of 
thermodynamics, fluid dynamics, and heat 
transfer; compression, absorption, and other 
systems of refrigeration; control of the physical 
environment. Mr. M a c k e y .

[3621. T H E R M A L  SCIENCE I: T H E R M O ­
DYNAMICS.  Credit 3 hrs. Fall. 1 Lee. 2 Rec. 
Prereqs., Mathematics 294, Physics 224, Chem­
istry 276. Concept of tem perature. Properties 
of a pure substance. F irst law of therm ody­
namics; quasistatic processes; control volume 
analysis; steady flow. Second law of therm o­
dynamics; heat engines; heat pumps; Carnot 
principle; entropy; availability, irreversibility; 
Gibbs and Helm holtz free energy functions; 
entropy production and flow; introduction to 
thermodynamics of irreversible processes and 
thermoelectricity. Combined first and second 
laws; Maxwell relations; applications to sys­
tems and control volumes. N ot offered in 
1962-1963.]
[3622. T H E R M A L  SCIENCE II: T H E R M O ­
DYNAMICS.  Credit 3 hrs. Spring. 1 Lee. 2 
Rec. Prereq., 3621. N onreacting gaseous m ix­
tures; Dalton-Gibbs law; Amagat-Leduc law; 
m ixtures including psychrometrics; air-condi­
tioning processes. Nonflow and steady-flow 
vapor cycles; binary vapor cycles. H eat pum p 
cycles; refrigeration cycles. Air standard non­
flow and steady-flow heat engine cycles. In ­
ternal combustion engine and gas turbine 
processes. Thermodynam ics of reacting sys­
tems; chemical equilibrium ; standard state; 
heats of reaction, form ation, and combustion; 
chemical potential; equilibrium  constants; 
fugacity and activity; combustion processes. 
N ot offered in 1962-1963.]
[3623. T H E R M A L  SCIENCE II I:  FLUID M E ­
CHANICS.  Credit 3 hrs. Spring. 3 Rec. 
Prereqs., Mechanics 212, 3621. Hydrostatics; 
kinematics and dynamics of flow including 
introduction to hydrodynamics; Laplace equa­
tion; m omentum and energy relations; Euler 
equations; thermodynamics of flow; wave m o­
tion; Macli num ber; stagnation values. Real 
flow phenomena; lam inar and turbu len t m o­
tion; pipe flow; universal velocity distribution. 
Compressible flow w ith area change; normal 
shock; nozzle flow. N ot offered in 1962-1963.]
[3624. T H E R M A L  SCIENCE IV: FLUID M E­
CHANICS.  C redit 3 hrs. Fall. 2 Rec. 1 Lab. 
Prereq., 3623. C ontinuation of compressible 
flow, w ith friction and heating. H ydraulic 
analogy; flow metering; dim ensional analysis. 
Flow over immersed bodies. Boundary layer: 
lam inar and turbu lent; exact and m om entum  
methods of solution. L ift and drag  (subsonic 
and supersonic). Elements of turbomachinery:
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Euler * turbine equation; reaction; efficiency. 
Types of turbomachinery and turbomachine 
characteristics. Propulsion: forces on ducts; 
propulsive efficiency; elementary characteristics 
of therm al jets and rockets. Turbom achine 
components of couplings and torque convert­
ers. N ot offered in 1962-1963.]
[3625. T H E R M A L  SCIENCE V: H E A T
TR AN SFER.  Credit 4 hrs. Fall. 1 Lee. 2 Rec. 
1 Lab. Prereqs., 3622, 3623. Conduction: 
steady state; unsteady state w ith transient 
and periodic heat flow. Analogue and relax­
ation methods. Convection: boundary layer 
fundamentals; natu ral convection; forced con­
vection inside tubes and ducts; forced con­
vection over various surfaces. Radiation: 
emission, absorption, reflection, transmission, 
and exchanges. Radiation combined with con­
duction and convection. H eat exchangers: 
over-all heat transfer coefficients; mean tem ­
perature difference; effectiveness; design. Not 
offered in 1962-1963.]
[3626. T H E R M A L  SYSTEMS E N G IN E E R ­
ING.  Credit 5 hrs. Spring. 3 Lee. 1 Lab. 
Prereqs., 3622, 3624, 3625. Applications of 
thermodynamics, fluid mechanics, and heat 
transfer to complete therm al systems ra ther 
than to processes. W ork-producing, heat-pro­
ducing, heat-pum ping, propulsion, and en ­
vironmental control systems. Classification, 
criteria of performance, and economic con­
siderations. Steam power plants, combustion 
engines, refrigerating systems, a ir condition­
ing systems, fuel cells, thermo-electric cooling 
and power generation. N ot offered in 1962- 
1963.]
3630. EN G IN E E R IN G  THERM ODYN AM ICS.
Credit 3 hrs. 3 Rec. R equired of students 
in  the Schools of Electrical Engineering and 
Civil Engineering. Prereqs., Mathematics 163, 
Physics 122, Chemistry 106. Laws of therm o­
dynamics; energy equations; thermodynamic 
properties of state of gases and vapors, non- 
flow and flow processes; gas and vapor cycles; 
refrigeration; steam turbines. Mr. F a i r c h i l d .

[3631. E N G IN EE R IN G  FLUID MECHANICS.
Credit 3 hrs. 3 Rec. Prereqs., Mechanics 212, 
3630. Brief treatm ent of hydrostatics, kinetics 
and dynamics of flow; momentum and energy 
relations. Thermodynam ics of flow; wave m o­
tion; stagnation properties. Real flow phenom ­
ena, lam inar and turbu lent motion. Pipe flow; 
compressible flow with area change, normal 
shock; nozzle flow. Dimensional analysis. Flow 
metering. Flow over immersed bodies; boun- 
ary layer; lift and drag. Elements of tu rbo­
machinery; turbomachine characteristics; tu r­
bomachine components in couplings and 
torque converters. N ot offered in  1962-1963.]

[3632. E N G IN E E R IN G  H E A T  TRANSFER.
Credit 3 hrs. 3 Rec. Prereqs., 3630, 3631. 
Steady one-dimensional heat conduction; sys­
tems with heat sources; two- and three-dim en­
sional heat conduction; numerical and ana­
logic methods. Unsteady state conduction: 
periodic heat flow, transient heat flow. Con­
vection: boundary layer fundamentals; dim en­
sional analysis. N atural convection. Forced 
convection inside tubes and ducts; over ex­
terior surfaces of cylinders and spheres. H eat 
transfer w ith change of phase: boiling, con­
densation. Radiation: fundamentals; heat ex­
changes. H eat transfer by combined modes. 
H eat exchangers: over all coefficients of heat 
transfer; mean tem perature difference; design. 
N ot offered in 1962-1963.]
3642. H E A T  P O W E R.  Credit 2 hrs. Spring. 
2 Lect. R equired of students in the School of 
Civil Engineering. Prereq., 3630. Vapor cycles; 
heat transfer; the elementary steam power 
plant; compressors; internal combustion en ­
gines; a ir conditioning. Mr. F a i r c h i l d .

3651. G R A P H IC A L  AND N U M E R I C A L  
M ETHODS.  Credit 3 hrs. Spring. 3 Rec. In ­
tended for undergraduates bu t open to 
graduate students. Prereq., 1155. Design of 
slide rules, network charts, and alignm ent 
charts; graphical and numerical methods of 
solution of problems in therm al engineering; 
fitting empirical equations to experimental 
data; analysis of errors. Mr. M a c k e y .

3652. CO M B U STIO N TH E O R Y.  Credit 3 hrs. 
Spring. 3 Lect. Prereq., 3605. Intended for 
graduate students and qualified fifth year stu­
dents. Application of the basic equations of 
fluid flow and heat and mass transfer to 
homogeneous and diffusion flames. Ignition, 
quenching, rate processes, and dissociation 
effects will be examined. Consideration will 
be given to flame stabilization and practical 
systems. Mr. M c M a n u s .

3661. A D V A N C E D  TH ERM ODYN AM ICS.
Credit 3 hrs. Fall. 3 Rec. Intended for graduate 
students bu t open to qualified fifth year stu­
dents. Prereq., 3601, 3602, or equivalent. A 
rigorous and general treatm ent of the laws of 
thermodynamics w ith emphasis on m athe­
m atical development and philosophical in ­
terpretations; the pure substance; homogeneous 
and heterogeneous systems; Gibbs and H elm ­
holtz functions; Maxwell relations; availability 
and irreversibility; equilibrium . Mr. C o n t a .

3663. A D V A N C E D  T U R B O  M A C H IN E R Y .
Credit 3 hrs. Fall. 3 Rec. Intended for grad­
uate students bu t open to qualified fifth year 
students. Prereqs., 3602, 3603, 3604, or equiva­
lent. T ransfer of energy between a fluid and
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a  r o t o r ;  a p p l i c a t i o n  o f  t h e r m o d y n a m i c s  a n d  
f l u i d  d y n a m i c s  t o  r o t a t i n g  m a c h i n e r y ;  c e n ­
t r i f u g a l  a n d  a x i a l  f lo w  p u m p s ,  c o m p r e s s o r s ,  
a n d  t u r b i n e s .  Mr. S h e p h e r d .

3664. ADVANCED F L U I D  MECHANICS.
Credit 3 hrs. Spring. 3 Rec. Intended for 
graduate students bu t open to qualified under­
graduates. Prereq., 3602, 3604. More advanced 
treatm ent of some of the topics in 3603 and 
3604, with particular reference to two-dimen­
sional ideal flow; lam inar and turbulent 
boundary layer; turbulence and tu rbu lent flow 
in ducts; compressible flow; method of char­
acteristics. Mr. S h e p h e r d .

3665. ADVANCED H E A T  TR AN SF ER .  Credit 
3 hrs. Fall. 3 Rec. Prereq., 3605 or consent 
of instructor. Basic modes of heat transfer 
are emphasized. Analytic methods are em­
ployed, and results are compared with ex­
perim ental correlations. Solutions of selected 
heat conduction problems, a general method of 
analysis for diffuse radiation, differential 
sim ilarity, boundary layer convection solutions, 
heat and m om entum  sim ilarity theory, phase 
change processes, and an introduction to 
numerical methods. Mr. G e b h a r t .

3666. ADVANCED A I R  C O ND ITIO NIN G .
Credit 3 hrs. Fall. 3 Rec. Selected studies of 
a ir conditioning principles and a ir condition­
ing apparatus; solar loads and solar collectors; 
heat pumps; a ir conditioning in transportation; 
thermoelectric refrigeration. Mr. M a c k e y .

3667. T E M P E R A T U R E  M EA SU R ING  IN ­
ST R U M E N T S.  Credit 3 hrs. Spring. 2 Lect. 
1 Lab. Intended for graduate students bu t open 
to qualified undergraduates. Prereq., 3605. 
Theory, construction, calibration, and app li­
cation of liquid-in-glass thermometers, solid 
expansion thermometers, pressure-spring ther­
mometers, resistance thermometers, therm o­
electric thermometers, optical pyrometers, 
radiation pyrometers. Mr. D r o p k i n .

[3670. ADVANCED C O M B U S T I O N  E N ­
GINES. Credit 3 hrs. Spring. 3 Rec. Intended 
for graduate students bu t open to qualified 
undergraduates. Prereqs., 3604, 3607 or equiva­
lent. Advanced study of topics in field of 
reciprocating engines, both spark-ignition and 
diesel. Methods of thermodynamic analysis 
and performance prediction for free-piston 
power plants and supercharged engines. R e­
lation of engine performance characteristics 
and performance characteristics of automotive 
vehicles. Recommended together with Course 
3377 for study in automotive engineering. Not 
offered in 1962-1963.]

3604, 3607 or equivalent. Intended for graduate 
students bu t open to qualified fifth year stu­
dents. Application of thermodynamics and fluid 
mechanics to the analysis and design of ther- 
m al-jet and rocket engines. Consideration of 
advanced methods of propulsion. Mr. S h e p ­
h e r d .

3672. E N E RG Y CONVERSION.  Credit 3 hrs. 
Spring. 3 Lect. Intended for graduate students 
bu t open to qualified fifth year students. Pre­
reqs., 3601, 3602, 3603, 3604, or equivalent. 
Prim arily a classification and thermodynamic 
analysis of energy conversion devices, but 
energy sources and the storage of energy are 
also considered. A study of conventional heat 
engines and combustion engines; thermo-elec­
tric, thermionic, photovoltaic, and magneto- 
hydrodynamic generators; and fuel cells. M ate­
rials, design, and application to conventional 
and space power requirem ents are also con­
sidered. Mr. C o n t a .

3673. ADVANCED T H E R M A L  ENG IN EE R  
IN G  M EA SU R EM E NTS.  Credit 3 hrs. Fall. 
2 Lectures. 1 Lab. Intended for graduate stu­
dents bu t open to qualified fifth year students. 
Theory and operation of instrum ents used in 
fluid flow investigations; hot wire anem om ­
eters; density-sensitive optical systems; tran ­
sient tem perature and pressure measurements; 
measurements in reacting systems; error anal­
ysis and treatm ent of data. Mr. M c M a n u s .

3674. MICROSCOPIC TH E RM O D YN AM IC S .
Credit 3 hrs. Fall. 3 Rec. Prereq., consent of 
instructor. Intended for graduate and quali­
fied fifth year students. Fundam ental equa­
tions of kinetic theory, Maxwell-Boltzmann 
statistics and quantum  statistics are derived 
and used to in terpret the phenomenological 
transport and thermodynamic properties of 
ideal, inert, and reacting gaseous systems. Con­
sideration given to real gases. Mr. P i e r c e .

3680. ADVANCED C O N V EC TIO N  H E A T  
TR A N SF E R .  Credit 3 hrs. Fall. 3 Rec. Prereq., 
3605 or consent of instructor. Processes of 
transfer of heat, mom entum, and mass in 
fluids considered in detail. Theories of trans­
fer processes and analytic solutions. A nalyti­
cal and experim ental results compared. T ran s­
fer differential equations for a fluid, delinea­
tion of kinds of processes and differential 
similarity, natu ral convection, forced convec­
tion at low and high velocities, some tech­
niques of boundary layer solution, sim ilarity 
theories, effects of turbulence, and experi­
mental results for cases not readily solved by 
analytical methods. Mr. G e b h a r t .

3671. AEROSPACE PROPULSION SYSTEMS.  3681. A D V A N C E D  C O N D U C T I O N  AND
Credit 3 hrs. Spring. 3 Rec. Prereqs., 3603, R A D I A T IO N  H E A T  T R AN SF ER .  Credit 3



COURSES—ELECTRICA L EN G IN EERIN G  89
hrs. Spring. 3 Rec. Prereq., 3605 or consent 
of instructor. Theories of conduction mechan­
isms are reviewed. T he  conduction of heat 
in solids for various cases of steady, unsteady, 
and periodic heat flow with and w ithout in ­
ternal sources. M athematical, numerical, and 
analogue methods of problem solution are 
presented. T he  various types of therm al ra d i­
ation processes in solids and gases. Spatial 
and specular distributions. Methods of calcula­
tion for radiation in the absence and in the 
presence of absorbing and em itting gases. Mr. 
G e b h a r t .

3682. SE M IN A R  IN  H E A T  TRANSFER.
Credit 3 hrs. Spring. Two meetings of 2 hours 
per week to be arranged. Prereq., permission 
of professor in charge. Discussion of fields of 
active inquiry and current interest in heat 
transfer. Considerations of m ajor recent work 
and several summaries of associated contribu­
tions. Mr. G e b h a r t .

3690. SPECIAL I N V E S T I G A T I O N S  IN  
T H E R M A L  ENG IN EE R ING .  Spring. Credit

ELECTRICAL 
REQUIRED COURSES
4021. TE C H N IC A L W R I T I N G  A N D  PRES- 
E N T A T IO N .  Credit 3 hrs. Fall. 3 Lect.-Rec. 
T he development of the basic principles of 
exposition, the knowledge of suitable form, 
and the appreciation of function that will en ­
able students to write and present reports and 
communications that meet professional stand­
ards.
4041. N O N R E S ID E N T  LECTURES.  Credit 1 
hr. Fall. 1 Lect. Given by lecturers invited 
from industry and from certain other depart­
ments of the University to assist students in 
their approach to employment and in their 
transition from college to industrial life.
4112. IN T R O D U C T IO N  TO  L IN E A R  N E T ­
W O R K  ANALYSIS.  Credit 3 hrs. Fall 2 Lect. 
1 Comp. Prereqs., 4102, 4103. A study of the 
interconnection of linear elements; elementary 
network topology and its relationship to the 
form ulation of network equilibrium  equations; 
impedance and adm ittance concepts; duality; 
properties of network functions in the com- 
plex-frequency plane; natural and forced ne t­
work behavior; m utual inductance; introduc­
tion to Fourier series, w ith applications to 
network analysis problems; power and energy 
relations; detailed analysis of two-port ne t­
works, w ith emphasis on the relationships be-

to depend upon hours of actual work. In ­
formal instruction will be given to a lim ited 
num ber of students interested in  work to 
supplem ent that given in courses in combus­
tion engines, power generation, fluid dynam ­
ics, heat transfer, refrigeration, a ir condition­
ing, and instruments. Permission of the De­
partm ent necessary for registration. Mr. 
M a c k e y .

3691. T H E R M A L  E N G IN EE R IN G  SEMINAR.
No credit. A one-and-a-half-hour meeting ap ­
proximately every other week. Attendance 
expected of all graduate students w ith major 
subject in the D epartm ent of T herm al Engi­
neering. Talks by graduate students, staff 
members, and invited guests.
3698, 3699. PROJECT.  T o ta l credit 6 hrs. 
W ork of the n in th  and tenth terms to integrate 
the training in mechanical engineering, p rin ­
cipally in  the fields of thermodynamics, fluid 
dynamics, heat transfer, combustion engines, 
energy conversion, power plants, refrigeration, 
and a ir conditioning. T he  staff.

ENGINEERING
tween driving-point and transfer functions 
defined on a port basis and those defined on 
a branch basis; other representations of two- 
port networks. Mr. K l e c k n e r  and staff.
4113. T R AN SM ISSIO N  LIN ES AND WAVES.
Credit 3 hrs. Fall. 2 Lect. 1 Comp. Prereq., 
4112. Strip transmission line, one-dimensional 
electromagnetic waves; mechanical waves; 
transients, reflections; sinusoidal wave func­
tions, impedance; four-term inal networks, res­
onators, filters; three-dimensional waves, 
oblique reflection; rectangular waveguide. Mr. 
C o h e n  and staff.
4114. M A T H E M A T IC A L  ANALYSIS OF L I N ­
E A R  SYSTEMS II .  Credit 3 hrs. Spring. 2 
Lect. 1 Comp. Prereq., 4103. T he  concept of 
a transfer function. Synthesis of time-vary­
ing vectors by addition of ro tating  vectors. 
Contour integration in the complex plane. 
T he  Fourier transform. T he single and dou­
ble-ended Laplace transforms. Applications to 
transient behavior of linear systems.
4116. IN T R O D U C T O R Y  E L E C T R IC A L  LA B ­
O R A T O R Y .  Credit 3 hrs. Fall. 1 Lect. 1 Lab. 
Prereq., 4102. Laboratory experiments on a 
variety of circuits, circuit elements, and in ­
struments. Some of the subjects considered are 
the cathode-ray oscilloscope, diodes, rectifiers, 
transients, audio-transform er, resonance, and 
the analog computer.
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4121. IN T R O D U C T IO N  T O  E LEC TR O N IC  
ENG IN EE R ING .  Credit 4 hrs. Spring. 2 Lect. 
1 Rec. 1 Lab. Prereqs., 4116 and 4112. Basic 
study of the conventional electron devices and 
their im m ediate electrical circuit environ­
ments. Electron flow in vacuum, semiconduc­
tor, and ionized gases. T he  small and large 
signal characteristics of electron devices. T he 
use of these device characteristics in gener­
a ting  and processing electrical signals. Mr. 
E a s t m a n  and staff.
4122. E LEM E N TS OF SYSTEM  T H E O R Y.
Credit 4 hrs. Fall. 2 Lect. 1 Rec. 1 Lab. 
Prereqs., 4121 and 4114 or their equivalent. 
Elementary signals for system analysis; model 
making of system devices (tubes, transistors, 
transducers, sensors) w ith lum ped parameters; 
m atrix analysis of interconnected linear m od­
els; flow-graphs and analysis by analog sim u­
lation; stability; physical realizability and 
realization techniques; feedback control; sys­
tem parameter-sensitivity; design methods for 
compensation; approxim ations in the frequency 
and time domains; signal generation; system 
optim ization for determ inistic signals. Mr. 
D e C l a r i s  and staff.
4123. E LEC TRO NIC S OF SIG NA L T R A N S ­
MISSION.  Credit 4 hrs. Spring. 2 Lect. 1 Rec.
1 Lab. Prereq., 4122. Inform ation content of 
messages and the role of band-w idth and 
noise in signal transmission; sampling theory; 
auto-correlation and cross-correlation tech­
niques in signal analysis and detection; m odu­
lation theory and techniques; probability 
theory applied to signals; noise calculations 
in networks and amplifiers; laboratory work 
on measurements, wave shaping, m odulation 
circuits, feedback, and oscillation.
4165. I N T R O D U C T IO N  T O  E L E C T R O ­
M A G N E T IC  T H E O R Y.  Credit 4 hrs. Spring. 
3 Lect. 1 Comp. Prereqs., 2331 and 4113. 
T he  foundations of electromagnetic theory 
and its applications to electrical engineering; 
vector analysis, including vector calculus; elec­
tric, magnetic, and electromagnetic fields, 
Maxwell’s equations; applications include c ir­
cuits, generators, simple magnetohydrody- 
namic devices, wave guides, elementary an ­
tennas, simple traveling-wave tubes. Mr. 
B o l g i a n o .

4216. E LE C TR IC  A N D  M A G N E T IC  CIR  
CU ITS L A B O R A T O R Y .  Credit 4 hrs. Spring.
2 Lect. 1 Lab. Prereq., 4116. Experiments on 
a-c bridges, single-phase and three-phase a-c 
circuits, d-c and a-c magnetization, and d-c- 
machinery.
4221. A L T E R N A T IN G  C U R R E N T  M A C H IN ­
ERY.  Credit 4 hrs. Fall. 1 Conf. 1 Comp. 
Prereqs., 4112, 4216. Theory, construction, and

operating characteristics of transformers, in ­
duction motors, synchronous machines, and 
single-phase motors.
4226. E L E C T R IC A L  M A C H IN E R Y  LABO  
R A T O R Y .  Credit 4 hrs. Spring. 1 Lect. 1 Rec.
1 Lab. Prereq., 4221. M agnetization and cir­
cuits w ith nonsinusoidal voltages. Harmonics 
in polyphase systems; instrum ent, constant 
current, and constant potential transformers; 
single-phase and polyphase induction motors; 
synchronous machines.

ELECTIVE AND GRADUATE  
COURSES
GENERAL
4090. SPECIAL TOPICS I N  E L E C T R IC A L  
ENG IN EE R ING .  Credit 1 to 3 hrs. Seminar, 
reading course, or o ther special arrangem ent 
agreed upon between the students and faculty 
members concerned.
4091 and 4092. PRO JE CT.  Credit 3 hrs. Fall 
and spring. Individual study, analysis, and 
usually experim ental tests in connection with 
a special engineering problem  chosen by the 
student after consultation with the faculty 
member directing his project; an engineering 
report on the project is required.

POWER SYSTEMS AND MACHINERY
4321. E L E C T R IC A L  M A C H IN E  T H E O R Y.
Credit 3 hrs. Fall. (Offered only if dem and 
is sufficient.) 1 Conf. 1 Comp. Prereq., 4226. 
Space harmonics; parasitic torques; two-reac­
tion analysis; transient impedances; symmet­
rical component impedances; single-phase m o­
tor analysis; com m utator-type a-c machines.
4326. E L E C T R IC A L  M A C H IN E R Y  L A B O ­
R A T O R Y .  Credit 3 hrs. Spring. (Offered only 
if dem and is sufficient.) 1 Lect. 1 Lab. Prereq., 
4321. Salient-pole synchronous machines; in ­
duction m otor loss separation; energy m eter­
ing; special topics.
4351. UNIFIED T H E O R Y  OF E L E C T R O ­
M E C H AN IC A L SYSTEMS.  Credit 3 hrs. Fall.
2 Lect.-Rec. 1 Lab.-Comp. Prereqs., 4114, 
4221 or equivalent. Electric machines studied 
as networks of coupled circuits w ith period­
ically varying parameters; m atrix  analysis of 
networks; forces and torques in  electrom echan­
ical systems; electromagnetic and electrostatic 
transducers; single-phase a-c generators; K ron’s 
basic machine with its practical derivatives; 
the synchronous, induction, and com m utator 
machines, in the transient and steady state; 
frequency-response methods applied to m a­
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chines; laboratory exercises using the gen­
eralized machine. Mr. S u d a n .

4352. E L E M E N T S  OF POWER-SYSTEM  
ANALYSIS .  Credit 3 hrs. Fall. 2 Lect.-Rec.
1 Lab.-Comp. Prereqs., 4113, 4226 or equiva­
lent. Studies of power systems through the 
application of equivalent circuits of synchro­
nous machines, transmission lines, transform ­
ers and static loads; power-system network 
theory; power angle equations and circle d ia­
grams; the two-machine system; load flow and 
voltage regulation of complex systems; sym­
metrical components; fault analysis of com­
plex systems; introduction to system stability; 
use of a-c and d-c network analyzers as com­
puting aids. Mr. L i n k e .

4353. T R A N S I E N T  ANALYSIS OF P O W E R  
SYSTEMS.  Credit 3 hrs. Spring. 2 Lect.-Rec.
1 Lab.-Comp. Prereqs., 4351, 4352 or equiva­
lent. Study of synchronizing and dam ping 
torques for salient-pole and solid-rotor m a­
chines; application of constant-flux-linkage 
theorem to balanced and unbalanced faults; 
basic assumptions for transient stability stud­
ies; voltage regulators and governors; control 
of system frequency; application of a-c net­
work analyzers and digital computers to tran ­
sient problems; theory of the electric arc; 
a-c arc in terrup ting  media; sim ulated testing 
of circuit breakers. Mr. S u d a n .

4371. H I G H - V O L T A G E  P H E N O M E N A .
Credit 3 hrs. Spring. T he  study of problems 
of the normal operation of power systems at 
very high voltages, of the abnormal condi­
tions imposed by lightning, of the methods 
employed to assure proper operation of power 
systems and apparatus under high-voltage con­
ditions, and of the devices available for labo­
ratory testing of equipm ent under actual or 
simulated conditions. Mr. Z i m m e r m a n .

RADIO AND COMMUNICATION
4501. RA D IO  AND C O M M U N I C A T I O N  
SEM INAR.  Credit 1 to 3 hrs. Fall and spring. 
Prim arily for graduate students. Reading and 
discussion of technical papers and publica­
tions in the field of radio and communication.
4511. PHYSICAL IIASIS OF E LEC TR O N IC  
E NGIN EERING.  Credit 3 hrs. Fall. 3 Lect. 
Prereqs., 4113, 4121, Physics 314. T he  con­
trol and use of electrons in modern electronic 
engineering. T he underlying physical phenom ­
ena of electronic devices treated in depth, in ­
cluding power exchanges, noise generation, 
nonlinearity and frequency band width lim i­
tations, conventional, microwave, and q u an­
tum  electronic principles. Mr. E a s t m a n .

4512. RA D IO  E N G IN EE R IN G .  Credit 3 hrs. 
Spring. 2 Lect. 1 Comp. Prereqs., 4113, 4123. 
A study of communication circuits w ith dis­
tribu ted  constants and the production and 
propagation of electromagnetic radiation; 
transmission line theory and applications; 
impedance matching; ultra-high-frequency 
generation and transmission; electromagnetic 
theory; propagation phenomena; antenna 
characteristics and radiation. Mr. M c L e a n .

4516, 4517. R A D I O  A N D  COMMUNICA­
T IO N  L A B O R A T O R Y .  Credit 3 hrs. each. 
Fall and spring respectively. E ither or both 
may be taken. (Offered only if dem and is 
sufficient.) 1 Rec. 1 Lab. Prereqs., 4113 and 
4123. Choice of three to five different experi­
ments from the field of electronic circuits, 
networks, transmission lines; wave guides, and 
antennas. Experiments selected to meet in ­
dividual needs.
4541. APPLIED ACOUSTICS. Credit 3 hrs. 
Fall. 2 Lect.-Rec. 1 Lab. Lab. assignments to 
meet individual needs. Prereq., 4123. T he 
laws of ideal gases, the thermodynamic prop­
erties of air, and the laws of the progagation 
of compressional waves; the transmission of 
sound through tubes, horns, and unbounded 
media; the design of sound sources, m icro­
phones, loudspeakers, and wax, lacquer, m ag­
netic, and photographic recorders; reflection, 
absorption, and reverberation. Mr. I n g a l l s .

4551. R A D IO  AIDS TO  N A V IG A T IO N .
Credit 2 hrs. Spring. 2 Lect.-Rec. Prereq.,
4123. Long-wave and medium-wave direction 
finders and radio beacons; atmospheric effects 
and lim itations on accuracy; medium-fre- 
quency pulsed transit-tim e systems and high- 
frequency return-signal systems, w ith applica­
tion to long-range navigation and precision 
mapping; a irport approach systems and traffic 
control. Mr. M c L e a n .

ELECTRONICS AND MICROWAVES
4521. M IC R O W A V E  L A B O R A T O R Y .  E ither 
term. Credit 1-3 hrs. A t least 2 lab. for 3 hrs. 
credit. Prereq., e ither 4527 or 4561 must 
precede or be taken concurrently. A wide 
variety of experim ents is available in  the 
area of measurement of active and passive 
microwave devices, including klystrons, trav­
eling wave tubes, magnetrons, cavities, m icro­
wave components, and periodic structures. T he 
experiments are designed to encourage the 
exploration of the device characteristics while 
simultaneously developing measurement tech­
niques which range in character from stand­
ard techniques to those of considerable sophis­
tication. In addition to perform ing several of 
the available experiments the student will
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design and execute some laboratory project 
of interest to him. Stress is laid on inde­
pendent work by the student.
4526. E L E C T R O N  DYNAMICS.  Credit 3 hrs. 
Fall. 2 Lect. 1 Lab. Prereqs., Physics 314, and
4122. Fundamental theory of low-frequency 
electron devices; emission; conformal mapping; 
particle dynamics; electrostatic and magnetic 
lenses; space charge phenomena; lim itations 
a t high frequencies; noise; thermoelectric con­
version; motion of electrons and holes in 
metals and semiconductors; junction diodes 
and transistors. M r .  M a c k e n z i e .

4527. M I  C R O W  A V  E E LEC TRO NIC S I.
Credit 3 hrs. Spring. 3 Lect. Coreqs., 4526 
and 4565 or consent of the instructor. Study 
of the theory of the interaction of electron 
streams and electromagnetic waves in local­
ized and distributed regions; the electron- 
ballistic and the space-charge-wave approaches; 
application to planar vacuum tubes and micro­
wave tubes. I t  is suggested that 4521 be taken 
concurrently. Mr. M a c k e n z i e .

4528. M I C R O W A V E  E LEC TRO NIC S II.
Credit 3 hrs. Fall. 3 Lect. Prereqs., 4527 and 
4561. Detailed theory of the fields of periodic 
and slow wave structures; advanced theory of 
the interaction of electron streams with the 
fields of microwave structures including both 
linear and nonlinear interactions; microwave 
noise in electron streams. Mr. E a s t m a n .

4529. SEM ICONDUCTOR E LEC TRO NIC S I.
Credit 3 hrs. Fall. 2 Lect. 1 Lab. Prereqs., 
Physics 314, and 4123. Motion of electrons and 
holes in semiconductors; theory of P-N junc­
tions, metal-semiconductor contacts, and junc­
tion triodes; preparation of materials and 
fabrication of devices; characteristics of diodes 
and rectifiers, tunnel diodes, solar batteries, 
transistors, four-layer devices (diodes, con­
trolled rectifiers, and switches), etc.; transistor 
equivalent circuits; bias-stabilized transistor 
amplifiers. Mr. A n k r u m .

4530. SEMICONDUCTOR E LEC TRO NIC S II.
Credit 3 hrs. Spring. 2 Lect. 1 Lab. Prereq., 
4529. A continuation of Semiconductor Elec­
tronics I w ith emphasis on the application of 
semiconductor devices as active or passive 
elements in circuits for use as power sup­
plies, power converters, amplifiers, oscillators 
and m ultivibrators, pulse circuits, gates and 
switches, modulators, and other circuits. Mr. 
A n k r u m .

4531. Q U A N T U M  ELECTRONICS.  Credit 3 
hrs. Fall. 3 Lect. Prereqs., Physics 325-326 
or 4565 and Physics 314 or 443. A de­
tailed treatm ent of the physical principles un ­
derlying masers and lasers and an analysis

of the operation and design of practical de­
vices. Topics will include the interaction of 
radiation and m atter; the coherence proper­
ties of spontaneous and stim ulated emission 
of radiation; therm al equilibrium  and non­
equilibrium  in param agnetic solids; properties 
of param agnetic ions in crystals; the gas and 
solid state masers and lasers; gain-bandwidth 
product and noise figure of maser amplifiers. 
Mr. W o l g a .

4561. M IC R O W A V E  T H E O R Y  A N D  T E C H ­
NIQUES. Credit 3 hrs. Fall. 3 Lect. Prereq., 
4565 or equivalent. Normal modes in wave 
guides and cavities; power, energy, p e rtu rba­
tion, and transform ation relations in confined 
microwave fields in isotopic media; theory 
of microwave circuits; introduction to fields 
and waves in plasmas and ferrites. I t  is sug­
gested that 4521 be taken concurrently. Mr. 
W i t t .

ELECTROMAGNETIC WAVES 
AND PROPAGATION
4565. E L E C T R O M A G N E T I C  T H E O R Y.
Credit 3 hrs. Fall. 3 Lect. Prereq., 4113. T he 
foundations of electromagnetic theory re ­
quired for study of radio wave propagation; 
reflection and refraction of plane waves; 
guided waves; simple obstacles in wave guides; 
angular spectra of plane waves; edge diffrac­
tion theory.
4566. I N T R O D U C T IO N  TO  PLASMA P H YS­
ICS. Credit 3 hrs. Fall. 3 Lect. Prereqs., 2331 
and 4565, or equivalent. Charged particle dy­
namics; continuum  plasma theory; conduction 
of electricity in gases; magnetohydrodynamics 
w ith applications; transverse and longitudinal 
waves; magneto-ionic theory w ith applica­
tions. Mr. C o i i e n .

4567. R A D IO  W AVE P R O P A G A T IO N .  Credit 
3 hrs. Spring. 3 Lect. Prereq., 4565. Influence 
of the trophosphere on radio wave propaga­
tion; dielectric properties of a ir and d istri­
butions of refractive index; propagation in 
standard and nonstandard atmospheres; d if­
fraction around a spherical earth; inhom o­
geneities of refractive index; scattering.
4568. A N T E N N A S .  Credit 3 hrs. Spring. 3 
Lect. Prereq., 4565. Theory of radiation and 
reception; directional characteristics; im ped­
ance; elementary theory of cylindrical an ten­
nas; Huygens’ principle; aperture antennas; 
antenna thermodynamics.
4581. M A G N E T O H Y D R O D Y N A M I C A L  
PROCESSES I N  T H E  SO LAR  SYSTEM.
Credit 2 hrs. Fall. 2 Lect. Prereq., 4565 or 
Physics 325-26. Theories of solar phenom ena—
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solar flares, prominences, coronal features; the 
interplanetary plasma—density, velocity, ioni­
zation, magnetic fields; cosmic ray effects as­
sociated with solar events—production and 
modulation; theories of magnetic disturbances, 
magnetic storms, aurorae, Van Allen rad ia ­
tion, and associated ionospheric effects. Mr. 
G o l d .

SYSTEM THEORY
4115. PRINCIPLES OF N O N L IN E A R  SYS­
TEMS.  Credit 3 hrs. Fall. 3 Lect. Prereq., 
4114 or equivalent. First- and second-order 
nonlinear systems: phase-plane analysis, Poin- 
care-Bendixson Theory, stability, self- and 
forced-oscillations, theory of van der Pol. 
H igher order nonlinear problems of au to­
matic control: describing functions, Aizer­
m an’s hypothesis, Liapounov’s first and sec­
ond method, theory of Lurie-Letov. H igher 
order nonlinear problems of communication; 
param etric excitation and amplification, 
M athieu equation, Manley-Rowe relations, 
nonlinear filters. Determ ination of optim um  
nonlinear systems. Mr. D e C l a r i s .

4563. SIGNALS A N D  NOISE I N  CO M M U NI­
C A T IO N  SYSTEMS.  Credit 3 hrs. Fall. 3 
Lect. Prereq., 4123. Analysis of signals in  the 
time and frequency domains; properties of 
generalized linear systems; the time and fre­
quency response of idealized systems; samp­
ling theory for band-lim ited signals; proba­
bility and noise statistics w ith applications to 
signal transmission and signal detection; 
power spectrum analysis applied to special 
nonlinear problems of detection; the funda­
mentals of noise suppression in broad-band 
systems with particular emphasis on time 
m ultiplex communication and data trans­
mission systems. Mr. W a g n e r .

4564. TR AN SM ISSIO N  OF IN F O R M A T IO N .
Credit 3 hrs. Spring. 3 Lect. Prereq., 4563. 
M athematical description of the transmission 
of inform ation based on statistical models; 
quantitative measure of inform ation in dis­
crete noise-free systems; discrete transmission 
in the presence of noise; m axim um  rate of 
transmission in a noisy channel; inform ation 
gain in continuous transmission systems; in ­
formation capacity of the noisy continuous 
channel; optim um  receivers for the extraction 
of inform ation from a noisy transmission; a p ­
plications of inform ation theory to the analy­
sis of transmission rate  in practical systems.
4571. M O D ER N  N E T W O R K  ANALYSIS.
Credit 3 hrs. Fall. 3 Lect. Prereq., 4122 or 
equivalent. Network topology and its relation 
to the analysis of complex systems; energy 
functions; network functions; general realiza­

bility criteria; interrelationship of network 
functions; H ilbert transforms; flow graphs; 
generalized coordinates; scattering parameters. 
Mr. M i t r a .

4572. M O D E R N  N E T W O R K  SYNTHESIS.
Credit 3 hrs. Spring. 3 Lect. Prereq., 4571. 
R eal-part sufficiency and related topics; the 
realization problem of driving-point and 
transfer functions. D arlington 's theory; the 
Miyata method; Guillem in’s zero-shifting 
technique; iterative and other “classical” pro­
cedures; the approxim ation problem—least 
square and Tschebyscheff sense—in the fre­
quency domain; time-domain synthesis; cor­
relation between frequency and time domains. 
Mr. D e C l a r i s .

4575. ADVANCED TOPICS OF SYSTEM  
T H E O R Y.  Credit 1 to 3 hrs. Fall and spring. 
E nrollm ent by consent of the instructor. Semi­
nar on selected topics which will vary from 
year to year. Presentation and discussion of 
current research and recent literatu re in  one 
or more specific areas such as active networks, 
signal theory, variable networks, and self- 
optimizing systems.

ILLUMINATION
4611. IN T R O D U C T O R Y  IL L U M IN A T IO N .
Credit 3 hrs. Fall. 2 Rec. 1 Lab.-Comp. Prereq., 
Physics 224. Problems commonly encountered 
in illum ination engineering and the methods 
of solution; sources of light; visual perception; 
ligh t control, both spectral and directional; 
measurement of light sources and illum ina­
tion; general illum ination design; production 
and m ixing of colors; architectural objectives.
4612. I L L U M I N A T I N G  ENGIN EERING.
Credit 3 hrs. Spring. (Offered only if de­
m and is sufficient.) 2 Rec. 1 Lab.-Comp. 
Prereq., 4611. Com putation of light-flux d is­
tribu tion  and study of difficult lighting prob­
lems; emphasis on specialized rather than 
general lighting problems.
4615. IL L U M IN A T IO N  SE M INA R.  Credit 2 
hrs. Fall. (Offered only if dem and is suffi­
cient.) One 2-hour period each week. Must 
be accompanied or preceded by 4611. Reports 
on selected topics of current interest in  il­
lum inating engineering.

CONTROL SYSTEMS AND COMPUTERS
4711. FEEDBACK C O N T R O L  SYSTEMS I.
Credit 3 hrs. Fall. 2 Lect. 1 Lab. Prereqs., 
4122, 4216, 4221. Principles of feedback con­
trol systems emphasizing analysis of perform ­
ance from equations and transfer-function
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p l o t s ;  L a p l a c e  t r a n s f o r m a t i o n s ;  e r r o r  d e t e c t i n g  
d e v i c e s ;  h y d r a u l i c  d e v i c e s ;  f a c t o r s  a f f e c t i n g  
e r r o r s ,  d a m p i n g ,  a n d  s p e e d  o f  r e s p o n s e ;  c r i ­
t e r i a  f o r  s t a b i l i t y .  M r .  M e s e r v e  a n d  s t a f f .

4712. FEEDBACK C O N T R O L  SYSTEMS II.
C redit 3 hrs. Spring. 2 Lect. 1 Lab. Prereq.,
4711. Synthesis of feedback control systems; 
prediction of performance from stability cri­
teria and comparison with laboratory p er­
formance; relay control systems; consideration 
of nonlinearity. Mr. M e s e r v e  and staff.
4713. FEEDBACK C O N T R O L  SYSTEMS  
SE M INAR.  Credit 2 or 3 hrs. One 2-hour 
period and 1 optional Lab.-Comp. Prereq.,
4712. Reports on selected topics in servomech­
anisms; signal flow diagrams; nonlinear ef­
fects on analysis and performance; sampled 
data systems; statistical considerations; analog 
computer studies of lim iting, backlash, dead 
zone, and sampled data systems. Mr. T o r n g .

4810. ANALOG C O M P U T A T IO N .  Credit 3 
hrs. Fall. 2 Lect. 1 Lab. Prereq., 4121 or 
4933. Concepts and principles of analog com­
putation; scaling and program ing linear, non­
linear, and time-varying systems of equations; 
partial differential equations; adjo int com­
puter systems; m atrix programing. Laboratory 
work involves solution of problems on a gen­
eral-purpose com puter and by permission can 
be devoted in part to special projects to suit 
the student. Mr. V r a n a .

4820. SW IT C H IN G  SYSTEMS I. Credit 3 hrs. 
Spring. 2 Lect. 1 Lab. Prereq., 4123 or consent 
of instructor. Switching algebra; switching 
devices; logical form ulation and realization 
of combinational switching circuits; m inim i­
zation aids; num ber representation and codes; 
simple memory devices; synchronous sequen­
tial circuits; counters; shift registers and 
arithm etic units in a digital computer. Mr. 
T o r n g .

4821. S W IT C H IN G  SYSTEMS II.  Credit 3 
hrs. Fall. 3 Lect. Prereq., 4820 or equivalent.

Synchronous and asynchronous sequential c ir­
cuits, form ulation and optimization; large- 
scale memory units, selection and control; 
fu rther discussion of arithm etic units; in te­
grated study of switching systems including 
general-purpose digital computer, control 
switching, and communication switching; in ­
troduction to the general theory of learning 
machines. Mr. T o r n g .

COURSES FOR OTHER 
ENGINEERING CURRICULA
4931. E L E C T R IC A L  E N G IN EE R IN G .  Credit 
3 hrs. Fall and spring. 2 Lect. 1 Comp. 
Prereqs., M ath. 163, 1132 or 1152. An 
elementary study of direct-current electric 
circuits; the concepts of resistance, inductance, 
and capacitance; m agnetic circuits; single­
phase and three-phase a lternating-current c ir­
cuits; instrum ents and techniques appropriate 
for making measurements in all such circuits.
4932. E L E C T R IC A L  E N G IN EE R IN G .  Credit 
3 hrs. Fall and spring. 1 Lect. 1 Rec. 1 Lab.- 
Comp. Prereq., 4931. D-c generators and 
motors; m otor starters and controllers; trans­
formers; induction motors; synchronous m a­
chines; a-c single-phase motors; d-c and a-c 
selsyn units. Mr. Z i m m e r m a n  and staff.
4933. E L E C T R IC A L  E N G IN EE R IN G .  Credit 
3 hrs. Fall and spring. 1 Lect. 1 Rec. 1 Lab.- 
Comp. Prereq., 4932. T he characteristics and 
applications of the various commonly used 
electron tubes; rectifiers; amplifiers; oscilla­
tors; electronic control and instrum entation. 
Mr. M c L e a n  and staff.
4991. E L E C T R O N IC  CIRCUITS.  Credit 3 
hrs. Fall. (Offered only if dem and is sufficient.) 
3 Lect. For graduate students m ajoring in an 
engineering field other than electrical. A lter­
nating-current circuits; characteristics of high- 
vacuum tubes and transistors, small-signal 
and large-signal amplifiers; feedback and os­
cillators; modulation and dem odulation; sim ­
ple wave-shaping circuits.

CHEMICAL ENGINEERING
5101. MASS A N D  ENE RG Y BALANCES.  
Credit 3 hrs. Fall. 2 Lect., 1 Comp. Parallel, 
Physical Chemistry 405. Engineering prob­
lems involving m aterial and heat balances. 
Flow-sheet systems and balances. T o ta l energy 
balances for flow systems. Messrs. W i n d i n g , 
T h o r p e .

5102. E Q U ILIB R IA  A N D  STAGED O P ER A ­
TIONS.  Credit 3 hrs. Spring. 2 Lect., 1 Comp. 
Parallel, Physical Chemistry 406. Phase equil­

ibria and phase diagrams. T he  equilibrium  
stage; m athem atical description of single and 
multistage operations; analytical and g raph i­
cal solutions. Messrs. W i n d i n g , T h o r p e .

5103, 5104. CH EM ICA L E N G IN EE R IN G
T H E RM O D YN AM IC S .  Credit 3 hrs. Fall and 
spring. 3 Lect. Prereqs., Chemistry 403, 404. 
A study of the first and second laws with a p ­
plication to batch and flow processes. Physical 
and thermodynamic properties. Availability;
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free energy; chemical equilibrium . Application 
to gas compression; process steam; power 
generation; adiabatic reactors; and chemical 
process development. Mr. V o n  B e r g .

5105. ADVANCED CH EM ICAL E N G IN E E R ­
IN G  TH ERM ODYN AM ICS.  Credit 3 hrs. 
Spring. 3 Lect. Prereq., 5104 or equivalent. 
Prim arily for graduate students. Application of 
the general thermodynamic method to ad ­
vanced problems in chemical engineering. 
Evaluation, estimation, and correlation of prop­
erties. Chemical and phase equilibria. Mr. 
V o n  B e r g .

5106. R E A C T IO N  K IN E TIC S A N D  R EAC­
T O R  DESIGN.  Credit 2 hrs. Fall. 2 Lect. 
Prereq., 5104. A study of chemical reaction 
kinetics and principles of reactor design for 
chemical processes. Mr. V o n  B e r g .

5107. ADVANCED R E A C T IO N  KINETICS.
Credit 3 hrs. Spring. 3 Lect. Prim arily for 
graduate students. Theory and applications of 
chemical reaction kinetics. Mr. H a r r i o t t .

5108. COLLOIDAL AND SURFACE P H E ­
NO MENA.  Credit 3 hrs. Fall. Prereq., physical 
chemistry. Lectures, demonstrations, and 
problems in the physics and chemistry of 
small particles and surface films. Topics in ­
clude sorption, flocculation, colligative prop­
erties, electrokinetics, and structural rheology. 
Applications to detergency, gels, catalysis, be­
havior of natural products, etc. Mr. F i n n .

5203, 5204. CH EM ICAL PROCESSES. Credit 
2 hrs. 2 class periods. An analysis of im portant 
chemical processes and industries. Fall term, 
organic chemical processes; spring term, in ­
organic chemical processes. Mr. W i e g a n d t .

5205. CHEM ICAL PROCESS SEM INAR.
Credit 2 hrs. Fall. For graduate students. A 
discussion of recent advances in chemical 
processes. Messrs. H e d r i c k  and W i e g a n d t .

5255, 5256. M A T E R IA L S  OF C O NSTR U C­
T IO N .  Credit 3 hrs. each term. 3 Lect. Pre­
reqs., or parallel courses. Phys. Chem. 403, 
404. An introductory presentation of the 
nature, properties, treatm ent, and applications 
of the more im portant metals and alloys, in ­
cluding extractive and physical metallurgy 
and behavior under service conditions. Non- 
metallic materials, including refractories, ce­
ment, protective coatings, and plastics, are also 
discussed. Messrs. M a s o n  and R o d r i g u e z .

5303. IN T R O D U C T IO N  TO  R A T E  PROC­
ESSES. Credit 3 hrs. Fall. 2 Lect. 1 Rec. Pre­
reqs., 5101 and 5102. An introduction to trans­
port phenomena involving fluid mechanics, 
heat, and mass transfer. Mr. J . C. S m i t h .

5304. ANALYSIS OF U N IT  OPERATIONS.
Credit 3 hrs. Spring. 2 Lect. 1 Rec. Prereq., 
5303. Analysis of chemical engineering sys­
tems involving several components and coupled 
techniques. Extension of previous studies to 
transient and feedback aspects of the un it 
operations. Mr. J. C. S m i t h .

5353. U N IT  O P E R A T IO N S L A B O R A T O R Y .
Credit 3 hrs. Fall. Lect., Rec., and Lab. Pre­
req., 5304. Typical laboratory experiments in ­
volving un it operations equipm ent. Messrs. 
H a r r i o t t  and F i n n .

5354. P R O JE C T L A B O R A T O R Y .  Credit 3 
hrs. Spring. Special laboratory projects involv­
ing un it operations equipm ent. Messrs. H a r ­
r i o t t  and F i n n .

5503, 5504. C H EM ICAL E N G IN EE R IN G  
CO M P U TAT IO N S.  Credit 2 hrs. Fall and 
spring. Two class periods. Prereqs., or parallels, 
5303 and 5304 or equivalent. Lectures and 
advanced problems in fluid flow and heat 
transfer; heterogeneous equilibrium ; distilla­
tion; gas absorption; and extraction. A selected 
num ber of the less conventional operations are 
also considered. Mr. S c h e e l e .

5505. ADVANCED H E A T  TR AN SF ER .  Credit 
3 hrs. Fall. 3 Lect. Prereq., 5303-4 or equiva­
lent. Advanced topics in heat transfer. H eat 
transfer under unsteady-state conditions; n u ­
merical approxim ation methods; analogies 
among heat, mass, and momentum transfer; 
heat transfer to liquid metals; simultaneous 
heat and mass transfer, etc. Prim arily for 
graduate students. Mr. J. C. S m i t h .

5506. DIFFUSIONAL O P ER A TIO N S.  Credit 
3 hrs. Spring. 3 Lect. Prim arily for graduate 
students. Advanced topics in diffusional oper­
ations. Molecular and tu rbu lent diffusion in 
binary and multicom ponent systems; film, 
boundary layer, and penetration-theory models 
of mass transfer; applications to distillation, 
gas absorption, liquid-liquid extraction, and 
other industrial operations. Mr. S c h e e l e .

5507. ADVANCED FLUID DYNAMICS.  Credit 
3 hrs. Fall. 3 Lect. Prim arily for graduate 
students. Advanced topics in fluid dynamics. 
Viscous lam inar flow of Newtonian and non- 
Newtonian fluids; flow stability; turbu lent 
flow; perfect fluid theory; boundary layer 
theory; analogies among heat, mass, and 
m om entum  transfer. Mr. S c h e e l e .

[5508, 5509. APPLIED M A T H E M A T IC S  IN  
CH EM ICAL ENG IN EE R ING .  Credit 3 hrs. 
Fall and spring. 3 Lect. Prereq., 5304. T re a t­
m ent and interpretation of data. Ordinary 
differential equations. Series and numerical
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solutions. Partial differential equations. Four­
ier series; Bessel functions; Laplace trans­
forms. Calculus of finite differences. N um eri­
cal solutions to partia l differential equations. 
Applications to heat transfer, mass transfer, 
d istillation, gas absorption, reaction kinetics, 
and catalysis. Mr. Y o r k . N ot offered in 1962- 
1963.]
5605, 5606, 5607, 5608. DESIGN PROJECT.
Credit 2 hrs. Fall and spring. Individual 
problems in the design of chemical processes 
and plants. Estimation of costs of construction 
and operation, variation of costs and profits 
w ith production, etc. Staff.
[5609. OPERA TIO N S DESIGN METHODS.
Credit 2 hrs. Spring. 2 Lect. Description and 
discussion of chemical process equipm ent for 
physical operations, such as m ixing diffusional 
separations, mechanical separations, heat trans­
fer, size reduction, etc. Emphasis is placed on 
evaluation of alternative methods of achieving 
a desired objective and on selection and a r­
rangem ent of equipm ent for most economical 
operation. Mr. J . C. S m i t h . Not offered in 
1962-1963.]
5621. PROCESS A N D  P L A N T  DESIGN.
Credit 5 hrs. Fall. Prereqs., 5304, 5104. T ech­
niques and case studies in chemical process 
design including reactors and separating sys­
tems; optimization of piping and equipm ent; 
economic balance w ithin process. Cost esti­
m ating for process units and plants. Com­
modity survey and chemical m arket research. 
O ral and w ritten presentation. Mr. Y o r k .

5622. PROCESS AND P L A N T  DESIGN.
Credit 5 hrs. Spring. Continuation of 5621. 
P lant location, process selection, process de­
sign, equipm ent design and specifications; 
p lan t layout. Cost estimates and profitability 
for a chemical, petroleum, or petrochemical 
product. Pilot plan t operations, research 
economics, product development, technical 
service, and related commercial aspects. Oral 
and w ritten presentation. Mr. Y o r k .

5741. P E TR O LE U M  REFIN ING.  Credit 3 hrs. 
Spring. 3 Lect. Prereq., 5304. A critical anal­
ysis of the processes employed in petroleum  
refining. M r .  W ie g a n d t .

5742. POLYM ERIC M A T E R IA L S .  Credit 3 
hrs. Fall. 3 Lect. Polymerization reactions, 
m anufacture and properties of synthetic resins, 
fibers, plastics, and rubbers. Mr. R o d r i g u e z .

5743. P R O P E R TIE S OF PO LYM E R IC M A ­
TE RIALS .  Credit 3 hrs. Spring. Prereq., 5742. 
Mechanical, electrical, and optical properties 
of polymers. Phenomenological aspects and 
molecular theories of non-Newtonian flow,

visco-elasticity and ultim ate tensile properties. 
Mr. R o d r i g u e z .

5745. ANALYSIS OF POLYM ERIC. PROC­
ESSES. Credit 3 hrs. Fall. 3 Lect. Prereq., 
5742. Technical and economic evaluations of 
the principal processes used in m anufacture 
of resins, plastics, and elastomers, including 
analyses of raw materials, reactor systems, 
product preparation, and problems in d is­
tribu tion  and m arketing. Special emphasis 
on new processes and means of reducing cap­
ital and operating costs. Mr. H e d r i c k .

5746. CASE STUDIES I N  T H E  C O M M ER­
CIAL D E V E LO P M E N T OF CH EM ICAL  
P RODUCTS.  Credit 3 hrs. Spring. 3 Lect. 
Prereq. or parallel, 5622. For graduate and 
selected fifth year students. D etailed analysis 
of specific cases involving the development 
of new chemical products. Particu lar em ­
phasis is given to planning activities, re ­
search justification, and m arket forecasting. 
Profitability calculations and projections are 
required. Mr. H e d r i c k .

5747. PROCESS C O N T R O L .  Credit 3 hrs. 
Fall. 2 Lect. 1 Lab. Prereq., 5304. Frequency 
response and transient response of process 
equipm ent. Brief description of control in ­
strum ents. Design of processes and selection of 
controllers for desired dynamic behavior. Mr. 
H a r r i o t t .

5748. F E R M E N T A T IO N  ENG IN EE R ING .
Credit 2 hrs. Spring. 2 Lect. Prereqs., or 
parallel courses. Chemistry 404 or 408, and 
any course in microbiology. An advanced dis­
cussion of ferm entation as a u n it process. 
Topics include sterilization, aeration, ag ita ­
tion, and continuous ferm entation. Mr. F i n n .

[5749. IN D U S T R IA L  MICROORG ANISM S.
Credit 1 hr. Fall. 1 Lect. Prereqs., organic 
chemistry and physical chemistry. A brief 
introductory course in microbiology for stu­
dents w ith a good background in chemistry. 
Mr. F i n n . N ot offered in 1962-1963.]
5752. P O LYM E R IC M A T E R IA L S  L A B O R A ­
T O R Y.  Credit 2 hrs. Spring. 1 Lab. Prereq.,
5742. Experiments in the formation, character­
ization, fabrication, and testing of polymers. 
Mr. R o d r i g u e z .

[5760. N U C LE AR  A N D  R E A C T O R  E N G I­
NE E RING .  Credit 2 hrs. Spring. 2 Lect. Fuel 
processing and isotope separation, radioactive 
waste disposal, fuel cycles, radiation damage, 
biological effects and hazards, shielding, power 
reactors. Mr. V o n  B e r g . N ot offered in 1962- 
1963.]
5851. CH EM ICAL MICROSCOPY.  Credit 3 
hrs. E ither term. 1 Lect. 2 Lab. Prereqs., or
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parallel courses, Chemistry 403, 404 or 407, 
408 and Physics 123, 124 or special permission. 
Microscopical exam ination of chemical and 
technical materials, processes, and products. 
Measurements, particle size determ ination, 
analyses of mixtures, crystallization, phase 
changes and colloidal phenomena, lens systems 
and photomicrography. Mr. M a s o n .

5853. MICROSCOPICAL Q U A L IT A T IV E  
ANALYSIS (IN O RG AN IC).  Credit 2 hrs. or 
more. Offered on dem and either term. Prereq., 
5851. Laboratory periods to be arranged. 
Laboratory practice in the analysis of inorganic 
substances containing the more common ele­
ments. Mr. M a s o n .

5859. ADVANCED CH EM ICAL M ICROS­
COPY.  Credit 1 hr. or more. Offered on de­
mand either term. Prereq., 5851 and special 
permission. Laboratory practice in  special 
methods and special applications of chemical 
microscopy. M r .  M a s o n .

5900. SE M IN A R.  Credit 1 hr. Fall and spring.
General chemical engineering seminar re ­
quired of all graduate students m ajoring in 
the field of chemical engineering. Mr. R o d r i ­
g u e z .

5909. RESEA R CH  SE M INAR.  Credit 1 hr. 
Spring. 1 Lect. Required of all students en­
rolled in the predoctoral honors program. An 
introduction to the research methods and 
techniques of chemical engineering. Mr. W i n d ­
i n g .

5952, 5953, 5954. RESEA R CH  PROJECT.
Credit 3 hrs.; additional credit by special per­
mission. Fall and spring. Prereq., 5304. R e­
search on an original problem  in chemical 
engineering. Staff.
5955, 5956. SPECIAL PROJECTS IN  CHEM­
ICAL ENG IN EE R ING .  Credit variable. E ither 
term. Research or studies on special problems 
in chemical engineering. Staff.

METALLURGICAL ENGINEERING
6112. M E T A L S  TECHNOLOGY.  Credit 2 hrs. 
Spring. 2 Lect. Prereq., 1243. An advanced 
course for students in mechanical engineering 
covering the mechanical and m etallurgical 
factors affecting service behavior of metals 
under static and dynamic loading. Subjects 
covered include failure criteria, b rittle  frac­
ture, creep, em brittlem ent, fatigue, and cor­
rosion. Mr. G. V. S m i t h .

6211. IN T R O D U C T O R Y  M E T A L L U R G IC A L  
E NGIN EERING.  Credit 3 hrs. Fall. 2 Lect. 
1 Lab. A survey of various fundam ental p rin ­
ciples and applications of metals and allied 
materials, centered in the laboratory experi­
ments. T he intention is to use the many 
instruments, furnaces, and varied facilities 
necessary for the study of the application of 
the principles of physics and chemistry to 
metallurgy and to control and to examine 
the behavior and utilization of metals and 
materials. A num ber of examples, such as 
batteries, triodes, motors, transistors, engine 
parts, and o ther m anufactured articles, will 
be studied for their application to m etallurgi­
cal engineering. Mr. S c a l a .

6212. M A T E R IA L  A N D  ENE RG Y B A L ­
ANCES. Credit 3 hrs. Spring. 3 Lect.-Rec. 
Engineering problems involving m aterial ba l­
ances, therm al balances, thermochemistry, and 
electrochemistry as applied to metals and 
allied materials. Mr. G r e g g .

6301. PRIN CIP LE S OF M E T A L L U R G IC A L  
E NGIN EERING.  Credit 3 hrs. Fall. 3 Lect.

Prereq. 6201. (Not  offered after 1962-1963.) 
Discussion and calculations concerning fuels, 
combustion, fluid flow, heat flow, roasting and 
sintering, gas cleaning, and application of 
thermochemical data  to metallurgical proc­
esses. Mr. G r e g g .

6323 (Formerly 6403). M E T A L L U R G IC A L  
TH E RM O D YN AM ICS .  Credit 3 hrs. Fall. 
3 Lect. A discussion of therm odynamic equ i­
libria w ith emphasis upon m etallic liquid 
and solid solutions. Topics considered include 
binary, ternary, and quaternary phase d ia ­
grams; thermodynamic probability and dis­
order in crystals; partial and integral molar 
properties of solutions and their applications; 
experim ental methods used in determ ining 
thermodynamic parameters. Mr. S p e n c e r .

6324 (Formerly 6404). M E T A L L U R G IC A L  
TH E RM ODYN AM ICS.  Credit 3 hrs. Spring. 
3 Lect. Topics considered include the equi­
librium  constant, the partition  function, phase 
field boundaries in heterogeneous systems, 
chemical stability of ceramic materials, m e­
tastable phases, zone purification, vacuum m e­
tallurgy, reactive atmospheres, order-disorder 
phenomena in alloys, surface thermodynamics. 
Mr. S p e n c e r .

6331, 6332. M A T E R IA L S  SCIENCE I  A N D  II.
Credit 3 hrs. a term. 3 Lect. Fall and spring. 
Prereqs., 6212, concurrent registration in 6321. 
(Offered commencing in 1963-1964.) Covers 
those aspects of physics and chemistry that 
govern the behavior of materials, and the
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resultant properties of materials (phase equili­
bria is taught concurrently in  6321). Topics 
covered include atomic bonding, structures, 
structural discontinuities of 1 and 2 dim en­
sions, plastic deform ation, radiation damage, 
fracture, nucleation, crystal growth, diffusion, 
reaction with environment, physical properties, 
theory of alloys, recovery, recrystallization 
and grain growth, solid-state transformations. 
Mr. W e a r t .

6353. IN T R O D U C T O R Y  M E T A L L O G R A ­
P H Y.  Credit 3 hrs. Spring. 1 Lect. 2 Lab. 
Prereqs., 6202, 6331, or permission of the 
instructor. Microstructures of alloys, as re­
lated to composition, therm al history, and 
physical properties. Preparation of specimens; 
principles and use of m etallographic m icro­
scopes. Mr. M a s o n .

6401, 6402. CH EM ICAL M E T A L L U R G Y  I
AN D  II.  Credit 3 hrs. a term. Fall and 
spring. 2 Lect. 1 Lab. (Offered commencing in 
1964-1963). Application of therm odynam ic and 
kinetic principles to im portant metallurgical 
processes, with emphasis on reduction and 
refining operations. Mr. G r e g g .

6411, 6412, PHYSICAL M E T A L L U R G Y  I
A N D  II .  Credit 3 hrs. a term. Fall and 
spring. 3 Lect. Prereq., 6353. Discussion of 
the structural basis of behavior of metals. 
Topics include dislocations, two-dimensional 
structural discontinuities, plastic deform ation, 
nucleation, solidification, corrosion, diffusion, 
oxidation, radiation damage, theory of alloys, 
electrical and m agnetic properties, recovery, 
recrystallization and grain growth, solid state 
transform ations (diffusionless and diffusion- 
controlled), hardenability. (Commencing in 
1964-1965, the content of this course will 
change to reflect the prerequisite offering in 
Courses 6331, 6332.) Mr. W e a r t .

6416. PRIN CIPLES OF M A T E R IA L S  PROC­
ESSING.  Credit 3 hrs. Spring. 2 Lect. 1 Rec. 
Prereqs., 6332, 6353. An advanced course re­
lating basic and applied sciences to materials 
processing and technology. Includes a critical 
study of selected casting, metal forming and 
working, welding, and powder metallurgy 
processes. Emphasis is placed on scientific and 
engineering principles ra ther than industrial 
techniques: alloying, heat transfer, and solidi­
fication in foundry operations; criteria for 
plastic flow in metal working processes; 
distortion, residual stress and heat effects in 
welding; compacting and sintering in powder 
metallurgy; chip formation and tool forces 
in machining. Mr. B u r t o n .

6432. M E C H AN IC A L M E T A L L U R G Y .  Credit 
3 hrs. Spring. 3 Lect. Prereqs., 6332, 6353. 
Elastic, plastic, and fracture phenomena in

metallic solids, including yielding, strain h a rd ­
ening, brittle  fracture, creep and fatigue. 
Plastic forming is treated concurrently in 
Course 6416. Mr. G. V. S m i t h .

6451. E X P E R IM E N T A L  P H YSIC AL M E T A L ­
LU R G Y.  Credit 3 hrs. Fall. 2 Lect. 1 Lab. 
Prereqs., 6332, 6353. Theory and applications 
of X-ray metallography including X-ray d if­
fraction, fluorescent analysis, and m icroradi­
ography. Lectures and laboratory experiments 
deal w ith crystallography and crystal structure 
determ ination, lattice dimensions of cubic and 
noncubic crystals, preferred orientation and 
pole figures, single crystal orientation, poly­
m orphic transformations, order-disorder trans­
formations, low-tem perature and high-temper- 
ature diffraction methods, chemical analysis 
by X-ray fluorescence, m icroradiographic tech­
niques. Stereographic projection methods and 
reciprocal lattice concepts are developed and 
used in the experiments. Additional optical 
m etallographic techniques are considered, in ­
cluding quantita tive methods and the use 
of phase contrast microscopy and polarized 
ligh t microscopy for opaque materials. T ech­
niques of dilatometry, differential therm al 
analysis, tem perature control, and vacuum 
technology are included. Mr. B u r t o n .

6503. SERVICE B E H A V IO R  OF METALS.
Credit 3 hrs. Fall. 3 Lect. Prereq., 6412. 
M etallurgical and mechanical factors govern­
ing the selection of metals for various services. 
Analysis of service requirem ents, and the se­
lection and fabrication of metals to fulfill 
such requirements; analysis of service failures 
of metals and remedies for such failures; 
and study of the merits and lim itations of 
materials applications in existing products and 
equipm ent. Mr. G. V. S m i t h .

6504. U N IT  PROCESSES I N  M E T A L L U R G Y .
Credit 3 hrs. Fall. 1 Lect. and 1 Lab. with 
reports. Prereqs., 6201, 6251, 6301. Experim en­
tal study of im portant processes in metallurgy, 
including generation of furnace atmospheres, 
furnace design and performance, determ ina­
tion of rates of heating and cooling, and 
electrochemical operations. Reports based on 
the experim ental data, discussing principles 
involved in the operations, are im portant. Mr. 
G r e g g .

6506. M E T A L L U R G IC A L  DESIGN.  C redit 2 
hrs. Spring. Prereq., 6503. A seminar course 
using a modified case-history approach to 
problems and current developments in m etal­
lurgical engineering. Mr. G. V. S m i t h .

6553, 6554. SENIOR P RO JE C T.  Credit 2 hrs. 
Fall and spring. Research on an original 
problem  in metallurgical engineering. Staff.
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6555, 6556. ADVANCED PROJECT.  Credit as 
arranged. Fall and spring. Staff.
[6601. M E T A L L U R G IC A L  T H E O R Y  AND  
PRACTICE.  Credit 4 hrs. Fall. 3 Lect. 1 Lab. 
Prereqs., thermodynamics, and graduate or 
senior standing. Prepares students m ajoring 
in fields other than metallurgy for graduate 
courses in m etallurgy and familiarizes them 
with metallurgical laboratory techniques. 
Topics included are phase equilibrium , therm ­
odynamics of heterogeneous m etallurgical 
systems, imperfections in metals, m icrostruc­
ture, mechanical properties of alloys, and 
phase transformations. A substantial am ount 
of reading will be incorporated. Mr. S p e n c e r . 
Not offered in 1962-1963.]
6620. ADVANCED FOUNDRY E N G IN E E R ­
ING.  Credit 3 hrs. Fall. Prereq., 6416. O f­
fered on demand. T hree  class periods includ­
ing special laboratory studies, critical study 
of foundry technology, and the metallurgical 
features of cast metals. Laboratory investi­
gation of special foundry process and pro­
cedures. Mr. B u r t o n .

[6624. K IN E TIC S OF M E T A L L U R G IC A L  
REA CTIO NS.  Credit 3 hrs. Spring. 3 Lect. 
Prereq., 6323 or equiv. Designed for advanced 
undergraduate students in  the metallurgy- 
materials area and for beginning graduate 
students w ith lim ited background in the area. 
Topics considered include kinetics of gases and 
partia l pressure measurements, empirical trea t­
m ent of reaction rates and applications, A r­
rhenius equation, transition state theory, 
nucleation theory, diffusion, introduction to 
irreversible processes. Applications include cor­
rosion, recrystallization and grain growth, 
solidification, and phase transformations. Mr. 
S p e n c e r . N ot offered in 1962-1963.]
6625. T H E O R Y  OF R E A C T IO N  R A T E S  IN  
SOLIDS. Credit 3 hrs. Spring. 3 Lect. Prereqs., 
6323, Physics 454. Directed toward graduate 
students and advanced engineering undergrad­
uates concerned with the application of physi­
cal-mathematical concepts to the interpretation 
of rate processes in metals. T he  theory of ab ­
solute ra te  processes is presented in detail 
with reference to the kinetics and therm ody­
namics of physical and chemical changes 
prim arily in metals. Rates of physical and 
chemical processes are considered from first 
principles, utilizing such fundam ental proper­
ties as atomic configurations, dimensions, and 
interatom ic forces of the reacting molecules. 
T he analytical description is introduced in 
terms of statistical mechanics, the Arrhenius 
equation, potential energy surfaces, properties 
of the activated complex, and the behavior of

transition states. Q uantitative applications are 
developed in terms of atomic mechanisms 
w ith reference to transport and transform a­
tion processes in metals such as diffusion, n u ­
cleation and growth, creep, precipitation, and 
other physical and chemical solid-state proc­
esses. Mr. R h o d i n .

6651. PHYSIC AL M E T A L L U R G Y  OF FER­
ROUS M A T E R IA L S .  Credit 2 hrs. 2 Lect. 
Prereq., permission of the instructor. Offered 
on demand. Study of the basic effects of a l­
loying on the structure and properties of 
steels, and the application of this knowledge 
to the design of modern high-strength, stain­
less, or heat-resistant steels and of steels for 
tools and dies. Mr. G. V. S m i t h .

6661. M E T A L S  A T  E LEV A TED  T E M P E R A ­
TURES.  Credit 2 hrs. Fall. 2 Lect. Offered 
on demand. Prereq., permission of the instruc­
tor. Evaluation and application of metals for 
use a t service temperatures. Emphasis is placed 
on nature  of creep flow and fracture a t 
elevated temperatures. A ttention is also paid 
to scaling, m etallurgical instability, and vari­
ous physical properties. Mr. G. V. S m i t h .

6662. R E F R A C T O R Y  M A T E R IA L S .  Credit 2 
hrs. Spring. 2 Lect. plus lab. demonstrations 
and visits. T he  lectures will review the 
crystallography, rheology, and engineering 
characteristics of refractory metals (tungsten, 
molybdenum, columbium, and tantalum ); 
graphites; refractory oxides (magnesia, a lum ­
ina, zirconia, y ttria, and thoria); and the re ­
fractory compounds (carbides, nitrides, borides 
and beryllides). Laboratory demonstrations 
will supplem ent the lectures, illustrating pyro- 
litic techniques in  preparing graphites and 
compounds, and the melting, joining, and zone 
refining by electron beam methods necessary 
for the refractory materials. Research labora­
tories actively involved in studying these m a­
terials will be visited, and key articles in  the 
current literature will be reviewed to augm ent 
the lectures. Mr. S c a l a .

6671. PRIN CIP LE S OF P O W DER M E T A L ­
LURGY.  Credit 3 hrs. Fall. Offered on de­
mand. 2 Lect. and one 21/£-hour lab. each 
week. Following brief consideration of indus­
trial powder-metallurgy equipm ent, including 
dies, presses, and sintering furnaces, and in ­
dustrial applications such as porous products, 
perm anent magnets, refractory metals, ce­
mented carbides, cermets, etc., the theory of 
powder m etallurgy is treated critically. Em ­
phasis is on the theories of compacting and 
sintering, diffusional processes, and surface 
chemistry. T he theories, applications, and lim ­
itations of hot pressing are examined critically.
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Laboratory experim entation is prim arily con­
cerned with fundam ental investigation of com­
pacting, bonding, sintering, ho t pressing, in ­
filtration of porous networks, etc. Laboratory 
studies of surface chemistry and surface acti­
vation are included. Mr. B u r t o n .

6681. ADVANCED E X P E R IM E N T A L  M E­
TA L L U R G Y .  Credit 3 hrs. Fall. Two 2lA  
hour labs. Experiments using advanced m etal­
lurgical laboratory techniques, w ith discus­
sions of the principles involved and the results 
of the experiments. Experiments are available 
in the fields of physical, chemical, and m e­
chanical metallurgy; metallography; materials 
processing; and m aterials properties. T he  stu­
dent is expected to perform  approximately 
six experiments, selected to meet his indivi- 
vidual needs. Independent work by the stu­
dent is stressed, w ith emphasis both on the 
experim ental method and the metallurgical 
phenomena. Messrs. B u r t o n , N e w k i r k , S c a l a .

6710. T R A N S P O R T  PROCESSES. Credit 3 
hrs. Spring. 3 Lect. Prereqs., 6404 and 6624, 
or consent of instructor. A survey of the 
transport of m atter and energy in condensed 
systems with emphasis on m etallic solids. T he 
phenomenology and theories of diffusion; 
boundary and surface diffusion. Electrical and 
therm al conduction. Special cases involving 
more than one process.
6731. X -RA Y M E T A L L O G R A P H Y  I. Credit 
3 hrs. Fall. Prereqs., principles of ligh t m etal­
lography, X-ray diffraction, and crystallog­
raphy. X-ray theory, scattering, intensity of 
coherent reflection. Theory and experimental 
techniques for film and counter methods in ­
cluding powder, Laue, Weissenberg. Stereo- 
graphic projection, pole figures, analysis of 
W idm annstatten structure, grain orientation 
by surface traces, etch pits, X-ray pattern. 
Reciprocal lattice, oscillating and rotating 
crystal methods. Diffractometer technology. 
Lecture, group discussion, and laboratory prac­
tice will be included. Mr. N e w k i r k .

6732. ADVANCED M E T A L L O G R A P H Y .
Credit 3 hrs. Spring. Prereq., 6731 or equiva­
lent. Structures of metals, substructures in crys-

AEROSPACE
7101. F U N D A M E N T ALS OF AERODYN AM -  
ICS. Credit 3 hrs. Fall. Prereq., engineering 
mechanics. Properties of gases and fluids. 
Kinematics of fluid flows. Equations of motion 
for an incompressible fluid and Bernoulli’s

tals, X-ray fluorescence and absorption analy­
sis, diffuse X-ray scattering effects, quantative 
metallography, stress measurement by X-rays. 
O ther m etallographic techniques including 
electron microprobe, therm ionic emission and 
field emission microscopy, m icroradiography, 
X-ray diffraction microscopy. Applications of 
modern m etallographic methods will be illu ­
strated with m etal and ceramic systems under­
going allotropic phase transformations, p re ­
cipitation, and order-disorder reactions. Mr. 
N e w k i r k .

6872. N U C LE A R  M A T E R IA L S  T E C H N O L ­
OGY. Credit 2 hrs. Spring. 2 Lect. Production 
of fissle, source materials, and o ther m aterials 
used in nuclear reactors. Behavior of m aterials 
in nuclear reactors, including deterioration by 
corrosion and radiation . Problems involved 
with respect to fuel elements. Fabrication of 
reactor and reactor components. Mr. G r e g g .

6911. SE M IN A R  I N  N O N C R Y S T L L IN E  M A ­
TE R IA LS .  Credit 1 hr. Fall. Prereq., 
consent of instructor. Discussions, guided and 
supplem ented by lectures, of those condensed 
phases characterized by the absence of long- 
range order, viz., liquids and glasses. T he  n a ­
ture of the liquid and glassy states of atomic, 
molecular, and polymeric m aterials is ex­
amined via their structure and properties; 
theories of the liqu id  state are reviewed to 
provide a background for a discussion of 
crystallization vs. glass formation. Mr. W e a r t .

6961-6962. G R A D U A T E  SE M INA R.  Credit 1 
hr. Fall and spring. Objectives are (1) to 
provide a forum in which subjects a t the 
forefront of metallurgical science and en­
gineering can be effectively discussed; (2) to 
develop the student's ability to communicate 
technical ideas effectively through oral pres­
entations; and (3) to give the student practical 
experience in  organizing and conducting effi­
cient technical meetings. M r. N e w k i r k .

6980. R ESEA R CH  I N  M E T A L L U R G IC A L  
ENG IN EE R ING .  Fall-spring. Credit as a r­
ranged. Thesis research under guidance of a 
member of the staff. Staff.

ENGINEERING
equation. Flow around simple bodies, thin 
airfoils and wings. Basic properties of com­
pressible flow: the energy relations, channel 
flows. Prandtl-M eyer and shock waves. Small 
perturbations a t subsonic, transonic, super­
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sonic, and hypersonic speeds. Introduction to 
viscous-flow theory, boundary-layer equations 
and the integral m ethod. T ransition between 
lam inar and tu rbu lent flows. M r .  S h e n .

7102. F U ND A M E NTALS OF A S T R O N A U T ­
ICS. Credit 3 hrs. Spring. Prereq., engineering 
mechanics and thermodynamics. Performance 
of chemical- and nuclear-rocket systems, per­
formance in central force fields, optimization 
of powered trajectories, perturbations of tra ­
jectories. Solid- and liquid-propellant rockets, 
ion and plasma propulsion, photon propul­
sion, and solar sailing, relativistic rocket me­
chanics. Mr. T u r c o t t e .

7203. GASDYNAMICS I. Credit 3 hrs. Prereq., 
engineering thermodynamics. Thermodynamics 
of gases and gas mixtures; kinetic theory, 
transport properties; introduction to statistical 
mechanics, chemical equilibria, and reaction 
rates; derivation of fundamental equations of 
gasdynamics; acoustics. Mr. T u r c o t t e .

7204. GASDYNAMICS II.  Credit 3 hrs. 
Prereq., 7203 or 8121. One-dimensional gasdy­
namics, weak and strong shock limits, shock - 
tube theory, method of characteristics, blast 
waves, effects of viscosity and therm al con­
ductivity, one-dimensional gasdynamics of a 
dissociating gas, one-dimensional gasdynamics 
of an ionized gas. Mr. T u r c o t t e .

7206. IN T R O D U C T IO N  TO  M A G N E T O H Y ­
DRODYNAMICS.  Credit 3 hrs. Spring. P re­
req., 7203. Review of electrodynamics, con­
duction of electricity in gases, equations of 
motion of magnetohydrodynamics, solutions for 
special cases and under various approxim a­
tions, magnetohydrodynamic waves, phenomena 
in rarefied gases. Mr. S e a r s .

7207. DYNAM ICS OF R AR E FIE D  GASES.
Spring. Credit 3 hrs. Review of classical kinetic 
theory of gases. T he  Boltzmann equation, 
the Chapmann-Enskog and Grad solutions for 
slightly nonuniform  flows. T he  hydrodynamic 
equation. Studies of flow problems involving 
gases in the regime where the m ean free 
path becomes comparable to pertinent body 
dimensions; transition between continuum  and 
free-molecule flow regimes. Mr. S h e n .

7208. HYPERSONIC-FLOW T H E O R Y .  Credit 
2 hrs. On demand. Prereqs., 7301, 7303. Gen­
eral features of hypersonic flow; the role played 
by the ratio  of specific heats; norm al, oblique 
and curved shock relations; vorticity and 
shock curvature; irrotational small-disturb- 
ance sim ilitude, the principle of equivalence; 
blast-wave analogy; Newtonian theory with 
shock-layer structures; optim um  bodies; bound­

ary-layer hypersonic-flow interactions; real-gas 
effects.
7301. T H E O R E T IC A L  AERODYN AM ICS I.
Credit 3 hrs. Fall. Prereq., differential equa­
tions, interm ediate mechanics or introduction 
to theoretical physics. Introduction to theo­
retical hydrodynamics. Ideal fluids. T he  bound- 
ary-value problems of steady and non-steady 
two- and three-dimensional potential flows 
with special attention to flows produced by 
the motion of solid bodies. Vector methods 
and complex variable are used extensively. 
Mr. S e a r s .

7302. T H E O R E T IC A L  AERODYNAM ICS II.
Credit 3 hrs. On demand. Prereqs., 7301,
7303. W ing theory; thin-airfoil theory, two- 
dimensional airfoil theory. P randtl wing 
theory, lifting surfaces, general m ultiple 
theory, nonstationary wing theory. Correction 
for compressibility (linearized theory). W ing 
theory for supersonic speeds; source and sink 
methods and extensions, conical-flow methods, 
nonstationary cases.
7303. T H E O R E T IC A L  AERODYN AM ICS III .
Credit 3 hrs. Spring. Prereqs., 7204, 7301. 
T he aerodynamics of compressible fluids; 
equations of motion, sm all-perturbation theory 
(subsonic and supersonic); Janzen-Reyleigh 
theory, the hodograph methods, the lim iting 
line, the m ethod of characteristics, Prandtl- 
Meyer flow, hypersonic flow. Mr. S e e b a s s .

7304. T H E O R E T IC A L  A ERODYN AM ICS IV.
Credit 3 hrs. Fall. Prereq., registration in 
7301. T he  aero-dynamics of viscous fluids; the 
boundary layer, heat transfer, fundamentals 
of boundary-layer stability. Turbulence, the 
fundamentals of isotropic turbulence. Mr. 
S h e n .

7801. R ESEA R C H  I N  AEROSPACE E N G I­
N E E RIN G .  (Credit to be arranged.) Prereq., 
admission to the Graduate School of Aero­
space Engineering and approval of the 
Director. Independent research in a field of 
aerospace science. Such research m ust be 
under the guidance of a member of the staff 
and m ust be of a scientific character.
7901. AEROSPACE E NG IN E E R IN G  COL­
LOQUIUM.  Credit 1 hr. Prereq., adm is­
sion to the Graduate School of Aerospace 
Engineering. Lectures by staff members, grad­
uate students, personnel of Cornell A eronauti­
cal Laboratory, and visiting scientists on topics 
of interest in aerospace science, especially 
in  connection with new research.
7902. ADVANCED SE M IN A R  I N  A E R O ­
SPACE ENG IN EE R ING .  Credit 2 hrs. Prereq., 
approval of the Director.



102 COLLEGE OF EN G IN EER IN G

ENGINEERING PHYSICS
8051 and  8052. PROJECT.  Term s 9 and 10. 
Credit 3 hrs. Fall and spring. Inform al study 
under direction of a member of the University 
staff. T he  objective is to develop self-reliance 
and initiative, as well as to gain experience 
with methods of attack and with overa ll 
planning, in the carrying ou t of a special 
problem  related to the student’s field of 
interest. T he  choice of a problem is to be 
made by the student in consultation with 
members of the staff.
8090. IN F O R M A L  STU D Y I N  E N G IN E E R ­
ING PHYSICS.  Fall or spring. Laboratory or 
theoretical work in any branch of engineering 
physics under the direction of a member of 
the staff. Hours to be arranged.
8121-8122. CLASSICAL THERM ODYN AM ICS.
Credit 3 hrs. T hrough the year. 3 Rec. P ri­
marily for candidates for the degree of Bach­
elor of Engineering Physics. Introduction to 
classical thermodynamics, kinetic theory of 
gases, and statistical mechanics. Application to 
physical and engineering problems. Mr. R e s l e r ,

8131. M ECHANICS OF C O N TIN U A .  Credit 
3 hrs. Spring. 3 Lect. Prereqs., M ath. 616, 622 
or permission of the instructor. Stress and 
strain tensors; fundamental equations of m o­
tion in continuous media; generalized equa­
tion of state; applications to special topics of 
general and engineering interest in elasticity, 
wave propagation, vibration, incompressible 
and compressible fluids, viscous flow, etc. Mr. 
S e a r s .

8252. SELECTED TOPICS I N  PHYSICS OF 
E N G IN EE R IN G  M A T E R IA L S .  Credit 3 hrs. 
Fall term . Prim arily for fifth year students 
in engineering physics; others w ith consent of 
instructor. Seminar-type discussion of a num ­
ber of special topics in  the field of engineering 
materials, such as plastic and rheological prop­
erties; dielectric and magnetic behavior; semi­
conductors; radiation damage, etc. Emphasis 
is given to the interpretation  of the phenomena 
in light of modern theories in physics of solids 
and liquids and their impact on the engineer­
ing applications. C urrent literatu re is included 
in the assignments. Staff.
8255. C R YS TA L D ISLO C A TIO N  T H E O R Y.
Credit 3 hrs. Spring. 3 Lect. Prereqs., 
consent of the instructor, equivalents of M ath 
616 or 1182, and Physics 454. Prim arily for 
graduate students in solid state physics. T he 
theoretical basis for elementary concepts of 
dislocations, elastic continuum  models in ­
cluding continuum  field theory, crystallogra­
phy of line and plane defects, and the dislo­

cation core problem  are emphasized. T he 
origin of dislocations and some of their prop­
erties such as electron scattering, perturbations 
of electronic structure, interactions w ith point 
defects are discussed. Crystal growth, creep, 
and plasticity and fracture are considered as 
applications of dislocation theory. Mr. W e b b .

8262. PHYSICS OF SOLID SURFACES. Credit 
3 hrs. Spring. (Given in alternate  years.) 2 
Lect. and 1 Seminar. Prim arily for graduate 
students and seniors in solid state physics and 
engineering science. An introductory review of 
recent advances in current theories of surfaces 
associated with condensed systems. Applications 
to the interpretation of mechanisms involved 
in electron emission, phase transformations, 
friction and wear, oxidation and corrosion. 
Mr. R h o d i n .

8301. I N T R O D U C T IO N  T O  A T O M IC  AND  
N U C LE AR  PHYSICS.  Credit 3 hrs. Fall. 3 
Lect. Prereqs., Physics 124 or 126 or 128, 
and calculus through differential equations. 
Prim arily for students in nuclear engineering. 
Concepts of atomic structure of m atter; funda­
mentals of quantum  theory and applications 
to structure of atoms, molecules, and nuclei. 
Concepts of nuclear reactions and their re la­
tion to nuclear reactor problems, including 
the chain reaction. Mr. F i s h e r .

8311. N U C LE A R  A N D  R E A C T O R  PHYSICS.
Credit 3 hrs. Spring. 3 Lect. Prereq., Physics 
214 or 243. Nuclear particles, nuclear structure, 
nuclear reactions; characteristics of particle 
accelerators; properties of neutrons, interac­
tions of neutrons w ith m atter, nuclear fission; 
elementary reactor theory, types of reactors, 
reactor design problems; instrum ents for p ar­
ticle detection and reactor control. Mr. C l a r k .

8312. R E A C T O R  T H E O R Y  I. Credit 3 hrs. 
Fall. 3 Lect. An enlargem ent of 8311, with 
greater emphasis on theoretical aspects of re ­
actor design. Review of neutron interactions, 
reactor systems, diffusion and slowing down 
of neutrons, bare reactor criticality. Mr. 
N e l k i n .

8313. R E A C T O R  T H E O R Y  II .  Credit 3 hrs. 
Spring. 3 Lect. Continuation of 8312. Reflected 
reactors and group theory, criticality of heter­
ogeneous systems, experim ental determ ination 
of reactor criticality, time behavior of reactors, 
reactor control. Mr. N e l k i n .

[8321. PRIN CIP LE S OF T H E R M O N U C L E A R  
P O W E R.  Credit 2 hrs. Fall. 2 Lect. Prereq., 
8311 or Physics 214 or Physics 244. An in tro ­
ductory course concerned prim arily w ith physi­
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cal problems involved in current therm onuclear 
research. Topics included are cross-sections of 
fusion reactions; theory of binary reactions; 
radiation processes; microscopic processes in 
plasmas; magnetohydrodynamics; problems of 
plasma confinement; present concepts of ther­
monuclear power reactors. N ot offered in 1962- 
1963.]
8331. N U C LE A R  P O W E R  E N G IN EE R IN G  
SE M INAR.  Credit 3 hrs. Fall. Prereq., back­
ground in engineering sciences, and 8312, 
8313, or consent of the instructor. Group de­
sign project applying the fundamentals of 
nuclear reactor engineering to nuclear energy 
systems: power p lan t thermodynamics; fluid 
flow, heat transfer, and therm al stresses; ra d i­
ation protection and shielding; materials; eco­
nomics of nuclear power and fuel cycles; core 
design; instrum entation and control. Mr. C a d y  
and Staff.
8341. N U C LE AR  AND COSMIC CHEM­
IST RY/PH YSIC S.  Credit 3 hrs. Fall, alternate 
years. Prim arily for graduate students; open to 
undergraduates by consent of instructor. A 
discussion of the properties of nuclei; radio­
active decay and measurements; nuclear reac­
tions; creation of the elements and nuclide 
abundances; cosmic rays and their interactions 
with meteorites; nuclear cosmochronology. Mr. 
F i s h e r .

8342. R EA D IN G  COURSE I N  R AD IO C H E M ­
IS T R Y .  Credit 2 hrs. Spring. Prim arily for 
graduate students and seniors. Reading assign­
ments in the general field of radiochemistry. 
Meetings for discussions a t the convenience of 
the group, possibly for two hours every other 
week. Slanted toward the interests of the stu­
dents, the course may include such topics 
as nuclear fission, radiochemistry, nuclear con­
cepts in  geochemistry, neutron activation anal­
ysis, beta decay studies, radiation chemistry, 
hot-atom chemistry, biological effects of rad ia­
tion, cosmic chemistry, nuclear reactions, 
neutrino searches, elemental abundances, tracer

techniques, and applications in various fields. 
Mr. F i s h e r .

8351. N U C LE A R  M E A SU R EM E N TS LA B  
O R A T O R Y . Credit 3 hrs. E ither term. Two 
2Vi hr. afternoon periods. Pre- or co-req., 
8311. Some twenty-five different experiments 
are available in the fields of nuclear and reac­
tor physics and engineering. Among these are 
experiments in nuclear radiation detection and 
absorption; in properties of radiation detec­
tors and specialized electronic circuits used in 
counting and reactor control; in interactions 
of neutrons w ith m atter, especially m odera­
tion, diffusion, absorption, and scattering; in 
chemical separations and in casting and m etal­
lurgical exam ination of uranium . Experiments 
on a subcritical reactor and the TR IG A  reactor 
are included. T he  student is expected to per­
form eight to ten experiments, selected to meet 
his needs. Some stress is laid on independent 
work by the student. May be elected more 
than once by students desiring broader or more 
advanced laboratory experience. Mr. C l a r k .

8352. ADVANCED N U C LE A R  M E ASURE­
M E N T S  L A B O R A T O R Y .  Credit 3 hrs. E ither 
term. Two 2Vz hour afternoon periods. Prereq., 
8351. A continuation of 8351 for students de­
siring advanced laboratory experience. Staff.
8512. E L E C T R O N  MICROSCOPY.  Credit 3 
hrs. Spring. Prereq., permission of the instruc­
tor. Lect. Lab. Hours to be arranged. Basic 
electron optics, image form ation and in te rpre­
tation, construction and operation of the elec­
tron microscope, applications in physics, chem ­
istry, and biology.
8517. E L E C T R O N  OPTICS A N D  IT S  AP  
P LIC A TIO N S.  Credit 3 hrs. Fall. Prereq., 
Physics 225 (Physics 215 advised bu t not re ­
quired). Electron beam formation, Gaussian 
dioptrics and aberrations of electron lenses, 
application including cathode ray tube, elec­
tron microscope, beta ray spectrometer, mass 
spectrometer.

AGRICULTURAL ENGINEERING
(For a complete description of the courses in agriculture, see the Announcement of the College 
of Agriculture.)
2. IN T R O D U C T IO N  TO  A G R IC U L T U R A L  
ENGIN EERING.  Credit 2 hrs. Spring. 2 Lect. 
Lim ited to students in the five-year agricul­
tural engineering curriculum . T he purpose is 
to introduce the application of engineering 
principles to problems in agriculture, w ith a 
brief history of the development of agricultural 
engineering in the U nited States. Problems

that are of prim ary interest to the agricultural 
engineer are used to provide understanding of 
the application of principles and to test the 
students’ comprehension of the subject m atter. 
Selected staff.
105. E N G IN E E R IN G  D R A W IN G .  Credit 4 
hrs. Fall. 2 Lect. 2 Lab. Designed to promote
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an understanding of the engineer’s universal 
graphic language. T he  lectures will deal p ri­
marily w ith spatial relationships involving the 
problem-solving techniques of descriptive 
geometry. T he  laboratories will develop a 
working knowledge of drawing conventions, 
drafting  techniques, and their application to 
machine, architectural, and pictorial drawing 
problems. Graphs and engineering graphics 
(nomography and graphical calculus) will also 
be included. Students will accomplish their 
work w ith drafting  machines as well as the 
standard T-square and board. D epartm ent 
equipm ent will be utilized to reproduce selected 
drawing exercises to illustrate the techniques 
involved and verify line work quality. T he 
first half-hour of the laboratory will be utilized 
as an instruction-recitation period. Laboratories 
will be conducted to promote learning through 
inform al student-teacher contact. Mr. F u r r y .

202. F A R M  P O W E R.  Credit 3 hrs. Fall. Lect. 
Lab. Comp. Prereq., Engineering 3601 or the 
equivalent. Thermodynam ic principles applied 
to internal combustion engines. Application of 
kinematics and dynamics to tractor design and 
field use. Elements involved in proper con­
struction, selection, and operation of farm 
tractors. Emphasis on w riting of engineering 
reports.
203. A G R IC U L T U R A L  M A C H IN E R Y  DE 
SIGN.  Credit 3 hrs. Spring. 2 Lect. 1 Lab. 
Prereq., Engineering 3341 or the equivalent. 
T he principles of design and development of 
agricultural machines to meet functional re ­
quirements. Emphasis is given to stress anal­
ysis, selection of m aterials of construction, and 
testing procedures involved in machine and 
development. Mr. G u n k e l .

220. SURVEYING.  Credit 2 hrs. Spring. 1 
Lect. 1 Lab. A study of the principles and 
practices of surveying measurements. Funda­
mentals of measurem ent, sources of errors. 
Use of steel tape, engineer’s level, transit and 
plane table. Emphasis upon agricultural en ­
gineering applications. M r. L e v i n e .

221. SOIL A N D  W A T E R  ENG IN EE R ING .
Credit 3 hrs. Spring. 2 Lect. 1 Lab. Prereqs., 
Engineering 2132, 2302, and Agronomy 1, or

their equivalents. An advanced course in the 
application of engineering principles to the 
problems of soil and water control in  agri­
culture. Includes design and construction of 
drainage systems and farm  ponds; and design 
and operation of sprinkler systems for irriga­
tion. Mr. B l a c k .

231. F A R M  S T R U C T U R E S  DESIGN. Credit 
3 hrs. Spring. 1 Lect. 2 Lab. Prereqs., E ngi­
neering 2732 and 3605 or their equivalents. 
An advanced course in  the application of 
structural design principles to farm  buildings. 
Includes functional requirem ents, character­
istics of materials, structural design, and the 
principles of environm ental control in  farm 
buildings. Mr. B o y d .

241. LOW -COST R O A D S .  Prim arily for 
foreign students. Credit 3 hrs. On demand. 
Prereq., 2610 or the equivalent. Study of eco­
nomic importance of routes and selection of 
roads to be improved; location and design; 
subgrade soils and stabilization of subgrade 
soils by use of adm ixtures, chemicals and 
bitum inous materials; drainage structures; b i­
tum inous treatm ents and bitum inous mats for 
stabilized subgrades. Survey of the experi­
m ental work in the use of m aterials and de­
sign and construction of low-cost roads. Mr. 
Sp e n c e r .

251. SPECIAL P RO B LE M S I N  A G R IC U L ­
T U R A L  E N G IN EE R IN G .  Credit 1 or more 
hrs. Fall or spring. Prereqs., adequate ability 
and train ing for the work proposed, and per­
mission to register. (Normally reserved for 
seniors in  upper two-fifths of class.) Special 
work in any branch of agricultural engineer­
ing on problems under investigation by the 
D epartm ent or of special interest to the stu­
dent, provided, in  the latter case, tha t ade­
quate facilities can be obtained. Staff.
253. SPECIAL TOPICS I N  A G R IC U L T U R A L  
E N G IN EE R IN G .  C redit 1 hr. Fall and spring. 
Open only to seniors. Presentation and dis­
cussion of the opportunities, qualifications, and 
responsibilities for positions of service in  the 
various fields of agricultural engineering. Mr. 
F r e n c h .

REQUIRED COURSES IN OTHER DIVISIONS
For detailed inform ation on required courses for undergraduate engineering students, consult 

the Announcement of the division in which the courses are offered, e.g., the Announcement  
of  the College of Arts and Sciences.



FACULTY AND STAFF
DEANE W. M ALOTT, A.B., M.B.A., LL.D.. D.C.S., President of the University.
DALE RAYMOND CORSON, Ph:D., Dean of the College and Professor of Engineering P h y s ic s  

and Physics.
GORDON P. FISHER, D.Eng., Associate Dean of the College and Professor of Civil Engineering. 
JO H N  F. McMANUS, C.E., Assistant Dean of the College.
DONALD H. MOYER, B.S., M.A., Director of the Office of Student Personnel.
JEA N ETTE WOOD, B.S., L ibrarian.

VICTOR EMANUEL VISITING PROFESSORSHIP
OLAF ERIK  HANS RYDBECK, M.Sc., D.Sc., 1957-1958 (fall term).
BALTHASAR v a n  d e r  POL, D .M ath. and Physics, Ph.D., 1957-1958 (spring term). 
THEOD ORE v o n  KARMAN, M.E., Ph.D., 1958-1959 (spring term).
CHAO CHEN WANG, B.S., M.S., D.Sc., 1959-1960 (spring term).

AEROSPACE ENGINEERING
W ILLIAM  R. SEARS, B.Aero.E., Ph.D., Director of the School and John LaPorte Given 

Professor of Engineering.

P R O F E S SO R S
EDW IN L. RESLER, J r . ,  B.Aero.E., Ph.D., Professor of Aerospace Engineering.
SHAN FU SHEN, B.S., Sc.D., Professor of Aerospace Engineering.

A SSIST A N T  P R O F E S SO R S
A. RICHARD SEEBASS III ,  B.S.E., M.S.E., Ph.D., Assistant Professor of Aerospace Engineering. 
DONALD LAWSON T U R C O TT E , B.S., M.Aero.E., Ph.D., Assistant Professor of Aerospace 

Engineering.

AGRICULTURAL ENGINEERING
ORVAL C. FRENCH, B.S.A.E., M.S.A.E., H ead of D epartm ent, Professor of Agricultural 

Engineering, and Chairm an of the Jo in t Faculty Committee.

JOINT FACULTY COMMITTEE OF AGRICULTURE 
AND ENGINEERING ADMINISTERING THE 
AGRICULTURAL ENGINEERING CURRICULUM
N E PH I ALBERT CHRISTENSEN, B.S.C.E., M.S.C.E., Ph.D., Director of the School of Civil 

Engineering and Professor of Civil Engineering.
W ILLIAM  HARRY ERICKSON, B.S. in E.E., M.S. in E.E., Assistant D irector of the School of 

Electrical Engineering and Professor of Electrical Engineering.
GEORGE RAYMOND HANSELMAN, M.E., M.S., Assistant D irector of the Sibley School of 

Mechanical Engineering and Professor of Adm inistrative Engineering.
BARBOUR LAWSON FIERRINGTON, B.S., Ph.D., Professor of Dairy Chemistry.
RO BERT MUMFORD SMOCK, B.S., M.S., Ph.D., Professor of Pomology.
STANLEY W HITSON W ARREN, B.S., Ph.D., Professor of Farm  Management.
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PROFESSORS
EDW IN STANLEY SHEPARDSON, B.S., M.S. in  Agr., Professor of Agricultural Engineering.
LANDIS LEE BOYD, B.S., M.S., Ph.D., Professor of A gricultural Engineering.
WESLEY W INNFRED GUNKEL, B.S., M.S., Ph.D., Professor of A gricultural Engineering.
JAMES WENDELL SPENCER, B. of C.E., M.C.E., Professor of A gricultural Engineering.

ASSOCIATE PROFESSORS
G ILBERT LEVINE, B.S., Ph.D., Associate Professor of A gricultural Engineering.
W ILLIAM  FREDERICK M ILLIER, B.S., Ph.D., Associate Professor of Agricultural Engineering.
RONALD BAY FURRY, B.S., M.S., Associate Professor of A gricultural Engineering.

ASSISTANT PROFESSORS
RICHARD DEAN BLACK, B.S., M.S., Ph.D., Assistant Professor of A gricultural Engineering.
ROBERT TH EO D O RE LORENZEN, B.S.A.E., B.S.C.E., M.S., Assistant Professor of Agricultural 

Engineering.

CHEMICAL AND METALLURGICAL ENGINEERING
CHARLES CALVERT W INDING, B.Ch.E., Ph.D., D irector of the School, H erbert Fisk Johnson 

Professor of Industrial Chemistry, Professor of Chemical Engineering, and Personnel Officer 
of the School.

EMERITUS PROFESSOR
FRED HOFFMAN RHODES, A.B., Ph.D., Professor of Chemical Engineering, Emeritus.

PROFESSORS
MALCOLM S. BU RTON, B.S. in M.E., S.M. in M.E., Professor of M etallurgical Engineering.
RO BERT KAUL FIN N , B.Chem.E., Ph.D., Professor of Chemical Engineering.
JAMES LAWRENCE GREGG, B.E., Professor of M etallurgical Engineering.
J. ELDRED HEDRICK, Ph.D., Professor of Chemical Engineering.
CLYDE W ALTER MASON, A.B., Ph.D., Emile M. Chamot Professor of Chemical Microscopy 

and Professor of Metallography.
JO H N  BU RT NEW KIRK, B.Met.E., M.S., Sc.D., Professor of M etallurgical Engineering.
ERALDUS SCALA, B.S., M.S., D.Sc., Professor of M etallurgical Engineering.
GEORGE V. SM ITH, B.Met.E., Ph.D., Francis Norwood Bard Professor of Metallurgical 

Engineering and Assistant Director for M etallurgical Engineering.
JULIAN C. SM ITH , B.Chem., Chem.E., Professor of Chemical Engineering.
RO BERT L. VON BERG, B.S. in Chem.E., M.S. in Chem.E., Sc.D., Professor of Chemical 

Engineering.
H ERB ER T F. W IEGANDT, B.S. in Chem.E., M.S. in Eng., Ph.D., Professor of Chemical 

Engineering.
RO BERT YORK, B.S. (M.E.), M.S. (M.E.), Sc.D. in Chem.E., Socony Mobil Professor of Chemi­

cal Engineering.

ASSOCIATE PROFESSORS
PETER  H A R R IO T T , B.Chem.E., Ph.D., Associate Professor of Chemical Engineering.
T H O R  RH O D IN , Ph.D., Associate Professor of Engineering Physics and M etallurgical E ngi­

neering.
FERDINAND RODRIGUEZ, B.S. in Chem.E., M.S. in  Chem.E., Ph.D., Associate Professor of 

Chemical Engineering.
CHESTER W. SPENCER, B.S.Met.E., M.S.Met.E., Ph.D., Associate Professor of M etallurgical 

Engineering.
RAYMOND G. T H O R PE, B.Chem.E., M.Chem.E., Associate Professor of Chemical Engineering.
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ASSISTANT PROFESSORS
CHE-YU LI, B.S.E., Ph.D., Assistant Professor of M etallurgical Engineering.
GEORGE FREDERICK SCHEELE, B.S.E., M.S., Ph.D., Assistant Professor of Chemical 

Engineering.
HARRY W. W EART, B.Met.E., M.S. in Met.E., Ph.D., Assistant Professor of M etallurgical 

Engineering.

CIVIL ENGINEERING
N EPH I ALBERT CHRISTENSEN, B.S.C.E., M.S.C.E., Ph.D., D irector of the School and 

Professor of Civil Engineering.
OLIVE D. PASS, Administrative Aide, School of Civil Engineering.

EMERITUS PROFESSORS
SAMUEL LA TIM ER BOOTHROYD, M.S., Professor of Astronomy, Emeritus.
W ALTER L. CONWELL, C.E., Professor of Highway Engineering, Emeritus.
CARL CRANDALL, C. E., Professor of Civil Engineering, Emeritus.
SOLOMON CADY HOLLISTER, B.S., C.E., D.Eng., Sc.D., Professor of Civil Engineering, 

Emeritus.
JO H N  EDW IN PERRY, B.S. in  C.E., Professor of Railroad Engineering, Emeritus.
ERNEST W ILLIAM  SCHODER, B.S., B.S. in  Min., Ph.D., W orld W ar Memorial Professor of 

Experim ental Hydraulics, Emeritus.
H ERB ER T HENRY SCOFIELD, M.E., Professor of T esting M aterials, Emeritus.
ROMEYN Y. TH A TC H E R , C.E., Professor o f Civil Engineering, Emeritus.
PAUL HALLADAY UNDERW OOD, C.E., Professor of Civil Engineering, Emeritus.
CHARLES LEOPOLD WALKER, C.E., Professor of Sanitary Engineering, Emeritus.

PROFESSORS
DONALD J. BELCHER, B.S.C.E., M.S.E., Professor of Civil Engineering.
PAUL P. BIJLAARD, C.E., Professor of Mechanics.
HARRY D. CONWAY, B.Sc. (Eng.), M.A., Ph.D., Professor of Mechanics.
GORDON P. FISHER, B.E., D.Eng., Professor of Civil Engineering and Associate Dean of the

College.
CHARLES DONALD GATES, B.A., M.S., Professor of Civil Engineering and Head of the 

D epartm ent of Sanitary Engineering.
JO H N  C. GEBHARD, C.E., Professor of Civil Engineering and Head of the D epartm ent of 

Construction Engineering and Adm inistration.
TAYLOR D. LEWIS, B.S.E., C.E., Professor of Civil Engineering and Head of the Departm ent 

of T ransportation  Engineering.
W ILLIAM McGUIRE, B.S. in C.E., M.C.E., Professor of Civil Engineering.
A R TH U R  J. McNAIR, B.S., M.S., C.E., Professor of Civil Engineering and H ead of the

Surveying D epartm ent.
GEORGE W IN T ER , C.E., Ph.D., Professor and H ead of the D epartm ent of Structural 

Engineering.

ASSOCIATE PROFESSORS
VAUGHN C. BEHN, B.S., M.S., D.Eng., Associate Professor of Civil Engineering.
BENGT BROMS, C.E., M.S., Ph.D., Associate Professor of Civil Engineering.
W ILLIAM L. H E W IT T , A.B., B.C.E., M.C.E., Associate Professor of Civil Engineering and 

Head of the D epartm ent of Engineering Drawing.
T A  LIANG, B.E., M.C.E., Ph.D., Associate Professor of Civil Engineering.
W ALTER R. LYNN, B.S., M.S., Ph.D., Associate Professor of Civil Engineering.
GEORGE B. LYON, B.S. in  C.E., M.S., Associate Professor of Civil Engineering.
A R TH U R  H . NILSON, B.S.C.E., M.S., Associate Professor of Civil Engineering.
W ILLIAM  L. RICHARDS, B.S., C.E., M.C.E., Associate Professor of Civil Engineering.
FLOYD O. SLATE, S.B., M.S., Ph.D., Associate Professor of M aterials.
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ASSISTANT PROFESSORS
GEORGE H. BLESSIS, B.E., M.E., Assistant Professor of Civil Engineering.
W ILFRIED  BRUTSAERT, B.S., M.S., Ph.D., Assistant Professor of Civil Engineering.
STANKO J . BRITVEC, C.E., B.Sc. (Eng.), Ph.D., Assistant Professor of Civil Engineering.
JAMES A. L IG G ETT, B.S., M.S., Ph.D., Assistant Professor of Civil Engineering.
RICHARD E. MASON, B.S.C.E., M.S.C.E., Assistant Professor of Civil Engineering.
RICHARD N. W H IT E , B.S., M.S., Ph.D., Assistant Professor of Civil Engineering.

IN ST R U C T O R S
B U R D ETT K. STEARNS, B.S., M.S.
GERALD M. STURM AN, A.B., B.S., M.S.

ELECTRICAL ENGINEERING
HENRY GEORGE BOOKER, B.A., M.A., Ph.D., D irector of the School and IBM Professor of 

Engineering and Applied Mathematics (on leave, academic year 1962).
W ILLIAM  HARRY ERICKSON, B.S. in E.E., M.S. in E.E., Assistant Director of the School 

and Professor of Electrical Engineering.

EMERITUS PROFESSORS
LAWRENCE ADAMS BURCKMYER, J r ., B.S. (in E.E.), E.E., Professor of Electrical Engineer­

ing, Emeritus.
RO BERT FRANKLIN CHAMBERLAIN, M.E. (in E.E.), Professor of Electrical Engineering, 

Emeritus.
M ICHEL GEORGE M ALTI, A.B., B.S. in E.E., M.E.E., Ph.D., Professor of Electrical Engineer­

ing, Emeritus.

PROFESSORS
CASPER LEHMAN CO TTRELL, A.B., Ph.D., Professor of Electrical Engineering, Secretary of 

the Faculty of the School, and Admissions Officer.
G. CONRAD DALMAN, B.E.E., M.E.E., D.E.E., Professor of Electrical Engineering (on leave, 

academic year 1962).
THOMAS GOLD, M.A., Chairman, D epartm ent of Astronomy, Professor of Astronomy, P ro­

fessor of Electrical Engineering, Director, Radiophysics and Space Research Center.
W ILLIAM  EDW IN GORDON, B.A., M.A., M.S., Ph.D., Professor of Electrical Engineering 

(on leave, academic year 1962).
CHARLES F. GREEN, A.B., A.M., Ph.D., Visiting Professor of Electrical Engineering.
T R U E  MCLEAN, E.E., Professor of Electrical Engineering.
HENRY STOCKWELL McGAUGHAN, B.S.E. (in Phys.), M.E.E., Professor of Electrical E ngi­

neering (on leave, academic year 1962).
W ILBUR ERNEST MESERVE, B.S. (in E.E.), M.S., M.E.E., Ph.D., Professor of Electrical 

Engineering.
BENJAMIN NICHOLS, B.E.E., M.E.E., Ph.D., Professor of Electrical Engineering.
HOWARD GODWIN SM ITH, E.E., M.E.E., Ph.D., Professor of Electrical Engineering and 

Director, Division of Basic Studies of the College of Engineering.
EVERETT M ILTON STRONG, B.S. in E.E., Professor of Electrical Engineering (on leave, 

academic year 1962).
STANLEY W ILLIAM  ZIMMERMAN, B.S. in E.E., M.S. in E.E., Professor of Electrical E n­

gineering.

ASSOCIATE PROFESSORS
PAUL DENZEL ANKRUM, B.S.E.E., A.B., M.S. in  Engineering, Associate Professor of E lectri­

cal Engineering.
RALPH BOLGIANO, B.E.E., M.E.E., Ph.D., Associate Professor of Electrical Engineering.
NELSON HOWARD BRYANT, E.E., M.E.E., Associate Professor of Electrical Engineering (on 

leave, academic year 1962).
MARSHALL H. COHEN, B.E.E., M.Sc., Ph.D., Associate Professor of Electrical Engineering.
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W ALTER WENDELL COTNER, B.S. (in E.E.), E.E., M.E.E., Associate Professor of Electrical 

Engineering.
NICK DECLARIS, B.S., M.S., Sc.D., Associate Professor of Electrical Engineering.
LESTER FUESS EASTMAN, B.E.E., M.S., Ph.D., Associate Professor of Electrical Engineering. 
CLYDE EDW IN INGALLS, E.E., Associate Professor of Electrical Engineering.
SIMPSON LINKE, B.S. in E.E., M.E.E., Associate Professor of Electrical Engineering.
PAUL ROWLEY McISAAC, B.E.E., M.S.E., Ph.D., Associate Professor of Electrical Engineering. 
RO BERT E. OSBORN, B.S.E.E., Associate Professor of Electrical Engineering.
JOSEPH L. ROSSON, B.S. in E.E., M.S. in Engineering, Associate Professor of Electrical 

Engineering.
NORMAN M. VRANA, B.E.E., M.E.E., Associate Professor of Electrical Engineering.

ASSISTANT PROFESSORS
ALEXANDER SCOTT GILM OUR, B.E.E., M.S.. Ph.D., Assistant Professor of Electrical Engi- 

neering.
FREDERICK JELINEK, S.B., S.M., Ph.D., Assistant Professor of Electrical Engineering. 
MYUNGHWAN KIM, B.S. in E.E., M.S. in E.E., Ph.D., Assistant Professor of Electrical E n­

gineering.
KEITH ROGER KLECKNER, B.E.E., Ph.D., Assistant Professor of Electrical Engineering. 
LEE AUBRY MACKENZIE, B.E.E., M.S., Ph.D., Assistant Professor of Electrical Engineering. 
SANJIT K. M ITRA , B.Sc., M.Sc., M.S. in E.E., Ph.D., Assistant Professor of Electrical E ngi­

neering.
CH RISTO PH ER PO TTLE, B.E., M.S., Ph.D., Assistant Professor of Electrical Engineering. 
HANS W. SCHUESSLER, Dr. Ing., Visiting Assistant Professor of Electrical Engineering. 
RAMA NOHAR SINGH, B.Sc., M.Sc., Ph.D., Visiting Assistant Professor of Electrical Engineer­

ing.
RAVINDRA N A TH  SUDAN, B.S., D .I.I. Sc., Ph.D., Assistant Professor of Electrical Engineer­

ing.
JAMES SHELBY T H O R P, B.E.E., M.S., Ph.D., Assistant Professor of Electrical Engineering. 
HWA-CHUNG TO RN G , B.S., M.S, Ph.D., Assistant Professor of Electrical Engineering. 
LEONARD SAMUEL WAGNER, B.E.E., M.S.E.E., Ph.D., Assistant Professor of Electrical 

Engineering.
PAUL FRANKLIN WEAVER, B.E.E., M.E.E., Ph.D., Assistant Professor of Electrical E n­

gineering.
HOWARD RUSSELL W IT T , B.A.Sc., M.S.E., Ph.D., Assistant Professor of Electrical Engineer­

ing.
GEORGE J. WOLGA, B.E.P., Ph.D., Assistant Professor of Electrical Engineering.

VISITING LECTURER
LELAND C. ROBERTS, A.B., B.S.E.E.

RESEARCH ASSOCIATES
GIAN-CARLO RUM I, D ott.Ing., M.S., Ph.D., Research Associate in Electrical Engineering. 
LAWRENCE BYRON SPENCER, E.E., Chief Network Calculator Engineer.

ENGINEERING MECHANICS AND MATERIALS
EDMUND T . CRANCH, B.M.E., Ph.D., Head of the D epartm ent and Professor of Mechanics.

EMERITUS PROFESSORS
ERIC V. HOW ELL, C.E., Professor of Mechanics, Emeritus.
HAROLD C. PERKINS, M.E., Professor of Mechanics, Emeritus.

PROFESSORS
PAUL P. BIJLAARD, C.E., Professor of Mechanics.
HENRY D. BLOCK, B.S., B.C.E., M.S., Ph.D., Professor of Applied M athematics.
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HARRY D. CONWAY, B.Sc. (Eng.), M.A., Ph.D., Professor of Mechanics.
TREV O R RHYS CUYKENDALL, Ph.D., Professor of Engineering Physics.
JOSEPH O. JEFFREY, M.E., M.M.E., Professor of M aterials.
GEOFFREY S. S. LUDFORD, B.A., M.A., Ph.D., Professor of Applied Mathematics.
JO H N  R. MOYNIHAN, M.E., M.M.E., Professor of Materials.
H EN R I SAMUEL SACK, Sc.D., Professor of Engineering Physics.

ASSOCIATE PROFESSORS
H ER B ER T H. JOHNSON, B.S., M.S., Ph.D., Associate Professor of Materials.
THOMAS P. M ITCH ELL, B.S., M.S., B.C.E., Ph.D., Associate Professor of Mechanics. 
YIH-HSING PAO, B.S., M.S., Ph.D., Associate Professor of Mechanics.
A R T H U R  L. RUOFF, B.S., Ph.D., Associate Professor of M aterials.
FLOYD OWEN SLATE, S.B., M.S., Ph.D., Associate Professor of Materials.

ASSISTANT PROFESSORS
MICHAEL J. LAIRD, B.Sc., Ph.D., Assistant Professor of Applied Mathematics.
RICHARD H. LANCE, B.S., M.S., Ph.D., Assistant Professor of Mechanics.

INSTRUCTOR
STANLEY OLSEFSKI.

ENGINEERING PHYSICS
JO H N  P. HOW E, Ph.D., Professor of Engineering and Director of the D epartm ent of Engineer­

ing Physics and Materials Science, in charge of Nuclear Science and Engineering.

PROFESSORS
HENRY GEORGE BOOKER, Ph.D., Director of the School of Electrical Engineering, IBM 

Professor of Engineering and Applied Mathematics, and Professor of Electrical Engineering. 
DALE RAYMOND CORSON, Ph.D., Dean of the College of Engineering, Professor of Engineer­

ing Physics and Physics.
EDMUND T IT U S CRANCH, B.M.E., Ph.D., Head of the D epartm ent of Engineering Mechanics 

and M aterials, and Professor of Mechanics.
TREVOR RHYS CUYKENDALL, Ph.D., Professor of Engineering Physics.
THOMAS GOLD, M.A., Chairm an of the D epartm ent of Astronomy, Professor of Astronomy, 

Professor of Electrical Engineering, and Director of the Radiophysics and Space Research 
Center.

PAUL LEON HARTM AN, Ph.D., Professor of Physics.
H ERBERT FRANK NEW HALL, Ph.D., Professor of Physics.
EDWIN L. RESLER, J r ., B.Aero.E., Ph.D., Professor of Aerospace Engineering.
HENRI SAMUEL SACK, D.Sc., Professor of Engineering Physics.
W ILLIAM  REES SEARS, Ph.D., Director of the G raduate School of Aerospace Engineering and 

John LaPorte Given Professor of Engineering.
BENJAMIN M. SIEGEL, Ph.D., Professor of Engineering Physics. (On leave, 1962-1963.)

ASSOCIATE PROFESSORS
DAVID D. CLARK, Ph.D., Associate Professor of Engineering Physics.
MARK NELKIN, Ph.D., Associate Professor of Engineering Physics.
T H O R  RH O D IN , Ph.D., Associate Professor of Engineering Physics.
W A TT W. WEBB, Ph.D., Associate Professor of Engineering Physics.

ASSISTANT PROFESSORS
DAVID E. FISHER, Ph.D., Assistant Professor of Engineering Physics.
JO H N  SILCOX, Ph.D., Assistant Professor of Engineering Physics.
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HARRY JO H N  LOBERG, M.E., M.S. in  Eng., Director of the School and Professor of 
Mechanical Engineering.

GEORGE RAYMOND HANSELMAN, M.E., M.S., Assistant Director of the School, Professor of 
Administrative Engineering, and Secretary of the Faculty of Mechanical Engineering.

EMERITUS PROFESSORS
W ILLIAM COOK ANDRAE, M.E., M.M.E., Professor of Mechanical Engineering, Emeritus.
ROY EDWARDS CLARK, M.E., Professor of Heat-Power Engineering, Emeritus.
CLARENCE ELLSW ORTH TOW NSEND, M.E., Professor of Engineering Drawing, Emeritus.

PROFESSORS
RO BERT ERIC BECHHOFER, A.B., Ph.D., Professor of Mechanical Engineering.
STANLEY EDWARD BONAMY, Dipl, in M.E., B.E. (M.E.), M.S., Ph.D., Visiting Professor of 

Mechanical Engineering.
A R TH U R H O U G H TO N  BURR, B.S. in M.E., M.S. in M.E., Ph.D., Sibley Professor of 

Mechanical Engineering and H ead of the D epartm ent of Machine Design.
BARTHOLOM EW  JOSEPH CONTA, B.S., M.S. in Eng., Professor of Mechanical Engineering.
DAVID D ROPKIN, M.E., M.M.E., Ph.D., Professor of Mechanical Engineering.
GEORGE BU RTON DuBOIS, A.B., M.E., Professor of Mechanical Engineering.
FREDERICK SEWARD ERDMAN, B.S., B.S. in M.E., M.M.E., Ph.D., Professor of Mechanical 

Engineering, Associate Dean of the Graduate School.
ROBERT O. FEHR, Dipl. Ing. E.E., Dr.Sc. E.E., Professor of Engineering.
HENRY PH IL L IP  GOODE, B.S., M.S., Professor of Mechanical Engineering.
JOSEPH OLMSTEAD JEFFREY, M.E., M.M.E., Professor of Engineering M aterials.
CHARLES OSBORN MACKEY, M.E., John E. Sweet Professor of Engineering and Head of 

the D epartm ent of Therm al Engineering.
JOHN RO BERT MOYNIHAN, M.E., M.M.E., Professor of Engineering M aterials.
FRED W ILLIAM  OCVIRK, B.S.C.E., M.S. in C.E., Professor of Mechanical Engineering.
RICHARD MAGRUDER PHELAN, B.S. in M.E., M.M.E., Professor of Mechanical Engineering.
BYRON W IN T H R O P SAUNDERS, B.S.E.E., M.S. in Eng., Professor of Mechanical Engineering.
ANDREW S. SCHULTZ, J r ., B.S. in A.E., Ph.D., Professor and Head of the D epartm ent of 

Industrial and Engineering Adm inistration.
DENNIS GRANVILLE SHEPHERD, B.S. in Eng., Professor of Mechanical Engineering.
LIONEL WEISS, B.A., M.A., Ph.D., Professor of Mechanical Engineering.

ASSOCIATE PROFESSORS
JO H N  M ORTON ALLDERIGE, B.S., M.S., Associate Professor of Mechanical Engineering.
RO BERT NELSON ALLEN, B.S. in A.E., Associate Professor of Mechanical Engineering.
THOMAS J. BAIRD, B.Arch., M .R.P., Associate Professor of Mechanical Engineering.
RICHARD W ALTER CONWAY, B.M.E., Ph.D., Associate Professor of Mechanical Engineering.
HOWARD NEW TON FAIRCHILD, M.E., E.E., Associate Professor of Mechanical Engineering.
BENJAMIN GEBHART, B.S.E., M.S. in Eng., Ph.D., Associate Professor of Mechanical 

Engineering.
ROGER LOREN GEER, M.E., Associate Professor of M aterials Processing.
JO H N  HSU-KAN KAO, B.S.M.E., M.S. in I.E., D.Eng.Sc., Associate Professor of Mechanical 

Engineering.
HOWARD N. McMANUS, J r., B.S.M.E., M.S., Ph.D., Associate Professor of Mechanical 

Engineering.
M ARTIN W R IG H T  SAMPSON, J r ., B.S. i n  A.E., M.S. in Eng., Associate Professor of Mechanical 

Engineering.
RO BERT HERM ANN SIEGFRIED, M.E., Associate Professor of Mechanical Engineering.
ROBERT LOUIS WEHE, B.S. in M.E., M.S. in M.E., Associate Professor of Mechanical 

Engineering.

MECHANICAL ENGINEERING
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ASSISTANT PROFESSORS
NOBLE WAYNE ABRAHAMS, B.S., Assistant Professor of Mechanical Engineering.
JO H N  FREDERICK BARROWS, B.S.E., M.S.E., Ph.D., Assistant Professor of Mechanical 

Engineering.
RICHARD HAROLD BERNHARD, B.M.E., M.S., Ph.D., Assistant Professor of Mechanical 

Engineering.
JO H N  FRANKLIN BOOKER, B.E., M.A.E., Ph.D., Assistant Professor of Mechanical E n­

gineering.
FREDERICK S. H ILL IER , B.S. in I.E., M.S. in I.E., Ph.D., Visiting Assistant Professor of 

Mechanical Engineering.
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