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ENGINEERING AT CORNELL
T h e  objective of the College of E n g ineering  is to p rov ide studen ts w ith  a 

co m bination  of sound  com petence in  m athem atics, an d  in en g ineerin g  science an d  
technology, an d  a fu lle r  an d  m ore m ean in g fu l ap p rec ia tio n  of the hum anities 
an d  social sciences w ith in  the in te llec tua l an d  cu ltu ra l se tting  of C ornell U n i
versity. T o  a tta in  this goal now, an d  to m eet the fu tu re  requ irem en ts  of the 
en g ineering  profession, the College bu ilds u p o n  a long  C ornell trad itio n  of 
significant co n trib u tio ns  to en g inee rin g  education .

Since the fo u nd in g  of the U niversity , the College of E ng ineering  has rec
ognized the need for excellence in both  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 who were in stru 
m en ta l in  establish ing the p a tte rn  of develop m ent of m od ern  en g ineerin g  edu
cation . C ornell, fo r exam ple, g ran ted  the first doc to ra te  in  en g ineering  in  the 
co un try  an d  also established the n a tio n ’s first separa te  p rogram  g ran tin g  de
grees in  electrical engineering. T h e  in tro du c tio n  of the five-year un d erg rad u a te  
p rogram  in  1946 reflected the  need  fo r engineers to have a b e tte r  fo u n d ation  
in  basic sciences an d  m athem atics, g rea te r com petence in  en g inee rin g  science 
an d  technology, an d  b road er exposure to  the hu m an itie s  an d  social sciences 
th an  was possible in a four-year u n d erg rad u a te  program . T o d ay  the five-year 
cu rricu lum  provides flexibility  fo r nearly  2000 u nd erg radu a tes  w hich enables 
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 in ee rin g  p rac
tice. Program s of g radu a te  study p rovide o p p o rtu n itie s  fo r over 400 g rad u ate  
studen ts  to explore new areas of technology w ith in  the a tm osphere of a diverse 
university .

T h e  m ore th an  180 p e rm an 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, a n d  the 
advancem ent of the eng ineering  profession. Each year several o u ts tan d in g  v isit
ing professors are a ttrac ted  to the cam pus. In  budgeted  an d  co n trac t research, 
the en tire  range of the  profession from  the p heno m ena  of o u te r  space to  the 
subatom ic p rop ertie s  of m aterials, an d  from  the decision m odels fo r co m pu te r 
s im ulation  to m agnetohydrodynam ics was investigated  by m em bers o f the faculty. 
Such research, essential to  ed ucation  in  an  age of dynam ic technological progress 
an d  change, creates o p p o rtu n itie s  fo r facu lty  to o p era te  on  the fron tiers  of en 
gineering, an d  provides an  in te llec tua lly  s tim u la tin g  a tm osphere fo r students.

N in e  m odern  bu ild ings on the  en g ineerin g  cam pus prov id e  over 650,000 
square feet of floor space for teach ing  an d  research. M any have been the gifts 
of d istingu ished  C ornell a lu m ni:

L eroy R . G ru m 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 ng 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 p son  ’99: M echanical E ng ineering
Francis N. B ard  ’04: M etallu rg ical E ng ineering
W alte r S. C arp en te r, J r . ’10: E n g ineering  L ib rary  an d  A d m in is tra tio n
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2 COLLEGE OF ENGINEERING
T h e  College of E ng ineering  has in  o p e ra tio n  a nuc lear reac to r facility  un iq u e  

am ong ed ucational in stitu tion s. O n e reac to r has a m od era te  pow er core capable  
o f be ing  pu lsed  to very h igh  pow er fo r b rie f periods, p ro d u c in g  an  in tense 
pu lse  of n eu tro n s  for investigations o f various rad ia tio n  effects. In  ad d itio n , 
the  facility  has a zero pow er critical assembly fo r studies of reac to r design an d  
associated problem s, a gam m a irrad ia tio n  cell, labora tories, a n d  classrooms. 
O p p o rtu n itie s  for study a n d  research in  n uc lear technology exist in  such areas 
as n u c lear m etallu rg ica l problem s, fuel processing, nu c lear in s tru m en ta tio n , 
ac tiva tion  analysis, h ea t transfer, rad ia tio n  effects on  chem ical reactions, an d  
design of reac to r structures. T h e  pu lsing  fea tu re  of the  reac to r perm its  special 
k inds of radio-iso tope tracer w ork in  b iological research.

A  C en ter fo r R adiophysics an d  Space R esearch is co nd uc ting  rad io  investi
ga tions of the atm osphere, m oon, V enus, M ars, an d  p rop ertie s  of space in  the 
v ic in ity  of the  ea rth  an d  near-by p lanets. T h e  dev elo p m en t of space vehicle 
in s tru m en ta tio n  fo r the study of solar gases an d  the  use of rad io  astronom y for 
investigating  solar, galactic, an d  ex tragalac tic  p h en o m en a  are  a few of the 
m any p ro jec ted  studies of the  C enter. O n e  o f its m a jo r facilities, a  ra d a r  
an ten n a  of 1000 foo t d iam eter, is n earin g  com pletion  a t  its site in  P u e rto  Rico. 
Such activities provide o p p o rtu n itie s  fo r facu lty  an d  g rad u a te  s tuden ts  in  as tro n 
omy, en g ineering  physics, electrical en g ineering , physics, an d  aerospace en 
g ineering  to co llaborate  in  ad vancing  the u n d e rs ta n d in g  of space, a n d  are typical 
o f the m any in te rd isc ip linary  program s a t  the U niversity .

G rad ua te  study an d  research in  the field of m aterials science, in teg ra tin g  the 
perspectives of the  basic an d  en g ineerin g  sciences are co nduc ted  in  the  M ate
rials Science C enter. A b e tte r  u n d erstan d in g  of the  g enera l laws gov ern ing  the 
behavio r of m aterials, develop m ent of m ethods fo r im prov ing  the  en g ineerin g  
properties  of m aterials, as well as the  crea tion  of new  k inds o f m aterials, are 
am ong the activities of this C enter. Such unified  teach ing  an d  research  efforts 
will benefit b o th  u nd erg radu a tes  an d  g raduates in  the ir in stru c tio n  an d  lab o ra
tory work, 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 aterials science field.

In  recognition  of the grow ing im pact of co m puter technology on  nearly  every 
area of eng ineering  analysis, the  C ornell C o m pu tin g  C en te r has in sta lled  a C on
tro l D ata  1604 system in  ad d ition  to a B urro ughs 220 d ig ita l co m pu te r fo r use 
by studen ts an d  faculty. Special courses are offered in  the  p rincip les  an d  o p e ra 
tion  of com puters, an d  several en g ineerin g  courses m ake active use of these 
pow erfu l co m p u ta tio na l tools in  class assignm ents, projects, a n d  research investi
gation .

In  1961, the F ord  F o u n d atio n  m ade a g ra n t of $4,350,000 to  C ornell U n i
versity to  advance g radu a te  study an d  research  in  the College of E ng ineering . 
T h is  g ra n t has m ade possible the estab lishm ent of new  professorships, ad d i
tio na l research facilities, exp an d ed  financial assistance fo r g rad u a te  students, 
an d  o th e r  special p rojects w ith in  the College. T h e  F ord  F o u n d a tio n  g ra n t is 
hav ing  a  significan t effect in  en ab lin g  C ornell to p io n ee r m ore effectively in 
ed ucatio n  an d  research, essential to a rap id ly  ex p an d in g  m o d ern  technology.

R ecently , five new professorships in  en g in ee rin g  have been established: the 
G iven F o u n d a tio n  Professorship endow ed by the  G iven F o u n d a tio n  in  m em ory 
of John L a P o rte  G iven '96, the IB M  Professorship endow ed by the In te rn a 
tio na l Business M achines C orp o ra tio n , Inc., the  W a lte r  S. C arp en te r, Jr.,
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Professorship endow ed by W alte r S. C arp en te r, J r .,  TO, the J. P reston  Levis 
Professorship endow ed by the O w ens-Illinois Glass C om pany  C harities F o u n d a
tio n  an d  J. P reston  Levis ’24, an d  the Class of 1912 Professorship endow ed by 
the Class of 1912. T h ese  chairs are he ld  by W illiam  R . Sears, H en ry  G. Booker, 
H e n ri S. Sack, G len W ade, an d  G eorge W in te r, respectively.

T h e  accelerating  expansion  of m od ern  science a n d  technology poses a  com 
plex  challenge fo r en g ineerin g  ed ucatio n  to keep pace w ith  the needs of the 
fu tu re . T hese program s an d  activities described above are b u t a p a rt of the 
co n tin u in g  efforts of every d ivision of the College to im prove u n d erg rad u a te  
program s an d  to advance g rad u ate  educatio n  a n d  research, in  o rd e r to  provide 
C ornell en g ineerin g  g raduates w ith  the fo u n d a tio n  essential fo r active an d  
rew ard ing  professional careers.

UNDERGRADUATE CURRICULA, 
REQUIREMENTS, AND DEGREES

E ig h t baccalaureate  degrees are  co nferred  in  the fo llow ing fields: A g ricu ltu ral 
E ngineering , C hem ical E ngineering , C ivil E ngineering , E lectrical E ngineering , 
E ng ineering  Physics, In d u s tr ia l E n g ineering  an d  A d m in istra tion , M echanical 
E ngineering , an d  M aterials an d  M etallu rg ical E ngineering.

Such degrees are conferred  on  candidates 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  registered  in  the  College 
of E n g ineering  fo r the last two terms, m ust have satisfied the  U niversity  
req u irem en ts  in  physical ed ucatio n , an d  m ust have pa 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 a n d  the elective hours prescribed  in  the 
course of study as o u tlin ed  by th a t faculty.

3. A  s tu d en t w ho transfers to  the  College of E ngineering , a fte 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.

T h e  first two years of u n d erg rad u a te  w ork are essentially the  sam e for 
studen ts expecting  to study chem ical, civil, electrical, in du stria l, m echanical, 
m ateria ls an d  m etallurgy, o r en g ineerin g  physics. T h e  freshm an an d  sophom ore 
years of study are  ad m in istered  by the D ivision of Basic S tudies described on 
pages 24-26. Choice of a specific degree p rogram  in  m ost instances does n o t 
have to be m ade u n til  the conclusion of the second year.

A ny s tu d en t co n tem p la ting  a tran sfe r w ith in  the College of E ng ineering , o r 
an o th e r division of the U n iversity  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 ngineering , 
the  s tu d en t m ust app 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 he wishes to m ake the  change. T ran sfe rs  m ade a fte r the 
b eg inn ing  o f the th ird  year, w hile still possible, m ay req u ire  one o r  m ore ad d i
tiona l term s of study in  o rd e r to  m eet the specific degree requ irem en ts  of the 
p rogram  to  w hich the s tu d en t has transferred . In  general, transfers early  in  the 
college p rogram  resu lt in  few er com plications an d  less tim e lost.
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LIBERAL STUDIES IN THE 
ENGINEERING CURRICULA

Each cu rricu lum  requ ires  a m in im um  to ta l of 30 cred it-hours of libera l studies, 
inc lud ing  English in  the freshm an year. G enerally  these cred it hours are  dis
tr ib u ted  so th a t an  elective libera l course is tak en  in a t least six of the  rem a in 
ing eigh t term s afte r the freshm an year. L ibera l studies inc lude hum an itie s  
(English, fine arts, philosophy, lite ra tu re , music, classics, an d  speech an d  dram a) 
an d  social studies (economics, governm ent, history, psychology, sociology, an d  
an thropology).

In  ad d ition  to freshm an English, n in e  ad d ition a l hours are  req u ired  in  h u 
m anities w ith  a t least one two-term  sequence, an d  n in e  hours in  social studies, 
also w ith  one  two-term  sequence included . T h e  six hou rs rem a in in g  fo r fu lfill
m en t of the libera l studies m in im um  req u ire m en t m ay be tak en  in  e ith er 
hum anities  o r social studies, o r in a m od ern  foreign language, o r in any com 
b in a tio n  according to the s tu d en t’s preference.

TRANSFER AND SPECIAL STUDENTS
Students desiring  to transfer to  the C ollege of E n g ineerin g  from  an o th e r  

C ornell division o r from  an o th e r university  o r college are inv ited  to  co m m uni
cate w ith the D irec tor of the D ivision of Basic Studies, H o lliste r H a ll, if they 
have the eq u iva len t of two o r fewer years of ap p licab le  college cred it. If  it 
appears th a t the  eq u iv a len t of all the  courses of the  Basic S tudies cu rricu lum  
(pages 25-26) has been successfully com pleted, prospective studen ts  should  com 
m un icate  w ith  the d irec to r of the professional school in  w hich they are in terested .

In  exceptional cases, ind iv iduals  w ho do n o t wish to becom e cand ida tes for 
any of the u n d erg rad u a te  degrees m ay be ad m itted  to the College of E n g ineer
ing  as special students. Prospective studen ts  w ho ca n n o t m eet the  en tran ce  
requ irem en ts o r who do n o t wish to  spend  the  req u ired  tim e to com plete the 
course m ust have had some eng ineering  tra in ing , an d  m ust satisfy the p re 
requisites for the courses they wish to take. O thers  w ith  a baccalaureate  degree 
w ishing to pu rsue  fu r th e r  w ork a t the u n d erg rad u a te  level m ay also be ad m itted  
as special students. In  e ith er instance, ind iv iduals  should  w rite  to the d irec to r 
of the professional school in w hich they are  in terested  in  be ing  ad m itted  as 
special students.

A p plicatio ns for adm ission an d  general U niversity  in fo rm atio n  m ay be ob 
ta in ed  by w riting  the Office of Admissions, E dm un d  Ezra Day H all.

SPECIAL UNDERGRADUATE 
PROGRAMS OF STUDY
GRADUATE HONORS PROGRAM

A n o p p o rtu n ity  now  exists fo r sup erio r s tuden ts  w ho have achieved high 
scholastic records d u rin g  th e ir first fo u r years to en ro ll in  the g rad u ate  division 
in th e ir  fifth year. T h is  m ateria lly  advances th e ir  g rad u a te  studies in  en g inee r
ing  an d  perm its such candidates to  o b ta in  g rad u a te  degrees a t  an  earlie r
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date. T h ro u g h o u t the un d erg rad u a te  years, s tuden ts  ex h ib itin g  special com pe
tence in  ind iv id ual subjects as well as strong  over-all scholastic perform ance are 
en ro lled  in  en riched  course sections w hich provide a sound base fo r the program .

Q ualified  cand ida tes  are encouraged  to  discuss th e ir  in te rest in  the  program  
w ith  the directors of the ir respective schools d u rin g  the ir th ird  year so th a t the ir 
fo u rth  year p rogram  of studies can be m odified to p e rm it the u n d e rtak in g  of 
g rad u ate  w ork in  en g ineerin g  d u rin g  th e ir fifth year.

INDUSTRIAL COOPERATIVE PROGRAM
D u rin g  the fo u rth  term , above-average studen ts  w ho p la n  to en ro ll in  elec

trical eng ineering , en g ineerin g  physics, in d u stria l engineering , o r m echanical 
en g ineerin g  a t the beg in n ing  of the fifth term  are inv ited  to be in terview ed for 
adm ission to the In d u stria l C ooperative P rogram .

T h e  cooperative p rogram  provides th ree term -leng th  w ork periods (abou t 
sixteen weeks each) in  one of the follow ing com panies o p e ra tin g  the  p lan  w ith 
the U niversity: A m erican E lectric Pow er Service C orporation , A naconda W ire 
an d  C able C om pany, C ornell A eronautical L aboratory , Em erson E lectric M an u 
fac tu ring  C om pany, G eneral E lectric C om pany, G enera l R ad io  C om pany, the 
G leason W orks, In te rn a tio n a l Business M achines C orp o ra tio n , Philco C o rp o ra
tion, P rocte r an d  G am ble M an u fac tu rin g  C om pany, R ay theon  M anu fac tu rin g  
C om pany, S trom berg-Carlson C om pany.

T h e  program  incorp orates the  sum m er vacation  periods a fte r the fo u rth  term  
in to  the s tu d e n 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 achelor’s degree, pursues his w ork program , 
to ta lin g  one year in industry , an d  still g radu ates 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  
eigh th  terms. T h e  w ork of these term s is tak en  by the s tu d en t in  the sum m er 
co-op term .

T h e  schedule for the C ooperative P rogram , beg inn in g  a fte r  the fo u rth  term , 
is as follows:

T h ir d  year Fourth  year Fifth year
Sum m er: F ifth  term  courses In d u s try  E igh th  term  courses
Fall: In du stry  Seventh term  courses N in th  term  courses
Spring: Sixth term  courses In d u stry  T e n th  term  courses

T h e  objective of the p rogram  is ed ucatio n al ra th e r  th an  rem u n era tive , a l
though the s tu d en t receives a substan tia l salary from  in du 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 a rran g ed  to advance his in d iv id ual 
interests an d  ap titud 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  in du stry  assignm ent the first sum m er, an d  he does his 
in du stria l w ork in  one com pany th ro u g h o u t the en tire  program . T hese  two 
requ irem en ts  en ab le  h im  to pursue  his en g ineerin g  objectives in  m eaning fu l 
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 
ual counseling  an d  appra isa l of progress th a t characterize the  p rogram  en able  
the s tu d en t to  pu rsu e  his studies an d  g radu a te  w ith  realistic  in d u stria l objectives.

S tudents are ad m itted  to the C oopera tive P rogram  in  the  fo u rth  term  only. 
A pplican ts are subject to  ap p ro v al b o th  by the  College an d  by one of the  co
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o p e ra tin g  industries. A dm ission to this p lan  involves no ob lig a tio n  on  the p a rt  
of e ith e r  the s tu d en t o r the  industry  w ith  reg a rd  to  fu tu re  em ploym ent.

AEROSPACE ENGINEERING PROGRAM
D u rin g  the  fo u rth  an d  fifth years, studen ts  w ith  good scholastic records in  

electrical eng ineering , eng ineering  physics, o r  m echan ical 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 e y  m ay carry  o u t 
sen ior pro jects in  the aerospace field u n d e r  the  d irec tio n  of the  School’s staff. 
S tuden ts  w ho elect this p rogram  g rad u a te  w'ith an  u nu su a lly  so und  aerospace 
educatio n  in  ad d itio n  to th e ir  b ro ad  u n d erg rad u a te  en g in ee rin g  education . 
T h ese  specialized aerospace studies are of a type usually  reserved fo r g radu a te  
studen ts.

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  the  
D irec to r o f 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 in ee rin g  so as to  p la n  his p rogram  to  best advantage.

T h is  same p rogram  p repares the  s tu d en t in te n d in g  to  w ork fo r the  M aster of 
E ng ineering  (Aerospace) 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 17.)

NUCLEAR ENGINEERING PROGRAM
Students w ith  an  ap titu d e  fo r ap p lied  physics a n d  m athem atics m ay elect a 

sequence of courses in  the field o f n uc lear eng ineering . C o m ple tio n  o f such an  
elective p rogram  provides the B achelo r’s degree can d ida te  w ith  an  exceptionally  
strong  fo u n d a tio n  fo r g radu a te  study o r fo r p rofessional w ork  in  th is field. 
A p p ro p ria te  courses should  be chosen to m atch  the s tu d en t’s in te re st an d  should  
inc lude 8301 o r  Physics 314, 8302, a n d  8351. A d d itions to th is in tro du cto ry  
sequence m ay be m ade in  consu lta tion  w ith  th e  nu c lear en g inee rin g  staff. F u rth e r
m ore, o p p o rtu n itie s  usually  exist to  carry  o u t a  sen ior p ro jec t in  the  nuc lear 
en g ineerin g  field.

In te res ted  s tuden ts should  discuss the p rogram  w ith  th e ir  advisers o r w ith  
the D irec to r of the N u clea r R eac to r L aboratory .

GRADUATE PROGRAMS OF STUDY
A g rad u a te  s tu d en t h o ld ing  a  baccalaureate  o r eq u iv a len t degree from  a 

college o r un iversity  of recognized stand in g  m ay pursue  advanced  w ork lead 
in g  to  a g radu ate  degree in  engineering . Such a s tu d en t m ay en te r  as a can d i
d a te  e ith e r  fo r the  genera l degrees (M.S. o r Ph.D .) o r  fo r  the  professional en 
g ineering  degrees— M aster of E ng ineerin g  (Chem ical, Civil, E lectrical, In d u stria l, 
M echanical, M ateria ls an d  M etallurgy).

THE GENERAL DEGREES
T h e  M.S. an d  Ph.D . degrees are available in  a ll the  fields an d  subdivisions 

of the College of E ngineering . T h ey  are  ad m in istered  by the  G rad u a te  School
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an d  req u ire  w ork in  b o th  m ajo r an d  m ino r fields of study, as well as the com 
p le tio n  of a  satisfactory thesis, usually  involving in d iv idu a l an d  o rig ina l re 
search. A prospective g rad u ate  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  fo r ad d itio na l 
in fo rm atio n  concern ing  these degrees an d  should  co rrespond  w ith  the professor 
supervising  the p a rtic u la r  field of en g ineerin g  rep resen tin g  his m a jo r in terest. 
S tudents 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 provisional cand ida tes  o r w ith ou t candidacy accord
ing to previous p rep a ra tio n , b u t they m ust in  all cases ho ld  a baccalaureate  o r 
equ iva len t degree.

THE DEGREE OF MASTER OF 
ENGINEERING (AEROSPACE)

T h e  M aster of E ng ineering  (Aerospace) degree is g ran ted  on  the reco m m enda
tion  of the faculty  of the G rad u a te  School of A erospace E ng ineering . Prospective 
candidates fo r this degree should  ap p ly  direc tly  to the D irec to r of the  G rad ua te  
School of A erospace E ngineering.

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

trical, in du stria l, an d  m echan ical eng ineering , an d  in  m aterials an d  m etallurgy, 
an d  are  ad m in istered  by the E n g ineering  D ivision of the G rad u a te  School. 
T hese degrees are in ten d ed  p rim arily  for those persons w ho wish to  enhance 
the ir ab ility  in the  practice of en g ineering , an d  n o t fo r those whose expected  
activities will be in en g ineerin g  teach ing  o r research. T h e  s tu d en t w ith  a bac
ca laurea te  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 can d id a te  fo r a professional degree. 
T hese professional degrees req u ire  a t least 45 cred it hours of graduate-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 or each cand ida te  a special cu rricu lum  of re la ted  courses, d iffering  in  
co n ten t am ong the  several professional degrees, is e ith e r  p rescribed  o r  ag reed 
u po n  in  advance. T h e  prospective s tu d en t should  consu lt the  de ta iled  descrip
tions of req u irem en ts  o f the various schools elsew here in  th is A nnouncem ent.

T h e  req u ired  n u m b er of cred it hours 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  p ro 
gram , o r fo r 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 , prov ided  th a t the  to ta l 
allow ance does n o t exceed fifteen cred it hours. Such allow ance fo r w ork o u t
side the  p rogram  w ill be g ran ted  only  a fte r  the  can d ida te  is en ro lled  in  the 
program , and , in  o rd er to avoid m isund erstand ing , no  com m itm ents concern 
ing advanced c red it can be m ade by p rio r  co rrespondence betw een facu lty  m em 
bers an d  prospective studen ts. T h e  cand id a te  in te rested  in  com ing in to  this 
p rogram  from  indu stry  should  w rite  to the  d irec to r of the  division of en g ineerin g  
he p lans to  en ter. U n d er a special a rran g em en t a  s tu d en t w ith  a su perio r record  
of perfo rm an ce fo r fo u 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  G rad ua te  H o no rs  P rogram  d u rin g  his fifth u n d erg rad u a te  
year an d  accum ulate  credits w hich m ay be ap p lied  tow ard  an  advanced  degree.
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T h e  m in im um  tim e req u ired  for a C ornell s tu d en t to o b ta in  the professional 
M aster’s degree will be one term  beyond the  baccalau reate  degree.

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

COMBINED PROGRAMS 
Law, Business and Public Adm inistration, 
or City and Regional Planning

Q ualified  studen ts  m ay app ly  for adm ission to special program s p e rm ittin g  
com pletion  of both  a B achelor’s degree in  en g in ee rin g  an d  a g rad u a te  o r 
advanced degree in law, business o r pu 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 than  the norm al period . In terested  s tuden ts  should  
consu lt th e ir  advisers d u rin g  th e 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 program , lead ing  to two degrees, w ould  con
s titu te  an  eight-year course of study in  the  case of law  an d  seven years in  the 
case of business an d  pub lic  ad m in is tra tion  o r city an d  reg ion al p lan 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  pe rm itted  to co u n t ce rta in  o th e r  courses as m eeting  req u irem en ts  in  
bo th  areas, studen ts  w ill be  ab le to acqu ire  the  two degrees in  the  shortened  
period .

A rrang em en ts  for one o r m ore such com bined program s of study are  possible 
fo r selected studen ts  in  chem ical, civil, electrical, ind u stria l, an d  m echan ical 
en g ineering  an d  m ateria ls an d  m etallurgy. A p plicatio ns w ill be accep ted  a t  any 
tim e p r io r  to the fifth year, b u t, fo r m axim um  flexibility  an d  ease of p rogram  
p lann ing , the  choice should  be m ade as early  as possible. A p p lica tio ns m ust 
be ap pro ved  by bo th  p a rtic ip a tin g  schools o r colleges.

GRADUATE SCHOLARSHIPS AND FELLOWSHIPS
G rad u ate  s tuden ts whose m ajo r subjects are  in  the  various branches o f en 

g ineering  an d  w ho wish to be candidates fo r scholarship o r fellow ship a id  should  
consu lt the A n n o u n c e m e n t  of 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 hose  who are  candida tes fo r the  degree of 
M .Eng.(Aero.) should  ap p ly  to  the D irec to r of the  G rad u a te  School of A erospace 
E ngineering.

STUDENT PERSONNEL SERVICES
STUDENT PERSONNEL OFFICE

T h e  adm ission of new  studen ts, the  ad m in is tra tion  of scholarships in  the  
College o f E ngineering, the p lacem ent of g raduates, an d  the com pila tio n  an d  
m a in ten ance  o f a lu m n i records are activities of the College w hich are co o rd ina ted  
in  the S tu d en t P ersonnel Office. T h e  P ersonnel Office, in  ad d itio n  to o th e r  
facilities, is also available a t all tim es to studen ts  w ho wish to  discuss any ques
tion  re la tin g  to the ir life in  the  College.
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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  an d  scheduling 
th e ir  academ ic w ork, b u t  w ho w ill welcome studen ts  a t  any tim e to  discuss o th e r 
p ersona l m atters. In  each school of the  College, studen ts  are  referred  to  the 
chairm an of the scholarship com m ittee w hen in  financial need an d  to a place
m en t adviser fo r assistance in  vocational choice an d  p ostg rad uate  em ploym ent. 
Also, the studen ts  are free to consu lt w ith  the  dean, directors, d e p a rtm en t heads, 
an d  faculty, n o t only  on  m atters p e rtin e n t to th e ir educatio n  an d  fu tu re  plans, 
b u t also on  personal m atters. In  ad d itio n , the  U n iversity ’s D ean  of S tuden ts and 
staff may be consu lted  by studen ts regard ing  the ir nonacadem ic problem s.

SCHOLARSHIPS, GRANTS-IN-AID, 
AND PRIZES
SCHOLARSHIPS FOR FRESHMEN

Some of the scholarships listed below are pa id  for from  the incom e of 
endow m ents; o thers derive from  revolv ing funds established by industries, 
foundations, o r indiv iduals. M any of the  revolv ing funds prov ide  generous 
gifts to the U niversity  in  su p p o rt of the costs of ed ucatin g  studen ts  n o t covered 
by tu itio n  an d  fees. T ho se  gifts to  the  U niversity  are m ade in  ad d itio n  to  the 
scholarship grants, an d , in  the list below, the  am ounts 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 I 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  Mrs. R . Q. A rm ington , 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 eerin g  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 ne scholarship 
an n u a lly  w ith  an n u a l s tipend  u p  to $2000 ($1000). T e n u re , n o t lim ited . Selec
tion  based on balance of academ ic an d  ex tracu rricu la r interests w ith  o u ts tan d 
ing  persona l characteristics.
J O H N  H E N R Y  H 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  reco m m en dation s of 
the C ornell C lub  of the L ehigh  Valley. A n n u a l aw ard, u p  to $2000. T e n 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 w ill of K a th 
erine  W . B urre ll, in  m em ory of h e r husband . O p en  to  m en a n d  w om en en te rin g  
the College of E ngineering . A w ard, u p  to $800 for freshm an year only. 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  . . . Established in  1957 
by the  G eneral M otors C orp o ra tio n . 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 o f E ngineering . 
T w o scholarships an nu ally  w ith  s tipend  of fro m  $200 to $2000 ($800), d ep en d in g
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u p o n  need. T en u re , un lim ited . Selection based u p o n  o u ts tan d in g  academ ic 
prom ise, g enera 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 stab lished  by the 
In la n d  Steel F o u n d a tio 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 
C om 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, Mrs. V irgin 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 ional 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 ead ersh ip  F un d . O p en  to  en te rin g  s tuden ts  in  the College 
of E ngineering . A n n u a l aw ard, tu itio n  an d  fees p lus $500 ($500). T en u re , 
u n lim ited . O n e  aw ard each year to a s tu d en t who is in  a field of en g inee rin 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 signficant 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 J o h n  M cM ullen . O p en  to m en en te rin g  the  College of E ng ineering . A n n u a l 
aw ard, u p  to $1800. T e n u re , n o t lim ited . Sixty o r m ore scholarships aw arded  
an nually . A pp lican ts  w ill be selected on  the basis of h igh  scholastic achievem ent 
an d  o th e r  ind ications of qua lities likely to p roduce leadersh ip  in  engineering . 
A lthough  financial need  is n o t a facto r in  selecting the w inners, fu ll considera
tio n  w ill be given to  need  in  fixing stipends.
O W E N S - IL L IN O I S  S C H O L A R S H I P  . . . E stablished 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 ua lly  the rea fte r ($1400). T e n u re , n o t lim ited . 
Selection w ill be based o n  scholastic achievem ent, personality , an d  financial 
need. Sum m er em ploym ent m ay be offered by O w ens-Illinois.
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 stablished by the P rocte r 
an d  G am ble C om pany. O p en  to m en o r w om en en te rin g  the  College of 
E ngineering . A n n u a l aw ard, tu itio n  an d  fees p lus $115 fo r 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 if t 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  engineering . O p en  to freshm en. A n n u a l aw ard, u p  to $1800. 
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 
studen ts  on  the basis of h igh  scholastic achievem ent an d  professional prom ise. 
A lth ough  financial need  is n o t a facto r in  selecting the  w 'inners, fu ll considera
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 stablished by the 
A lfred  P. Sloan F o u nd atio n . O p en  to m en en te rin g  the  C ollege o f E ng ineering . 
A n n u a l aw ard varies from  a prize scholarship of $200 to as m uch  as $2000, d e
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p en d in g  u p o n  financial need  ($520). T en u re , n o t lim ited . N in e  scholarships 
aw arded annually . A pp lican ts  w ill be selected on  the basis of 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 ID 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 nu ally  to 
an  en te rin g  s tu d en t w ith  a p referen ce fo r chem ical, ind u stria l, o r m echanical 
eng ineering  o r m aterials an d  m etallurgy. A w ard eq ual 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 re 
qu irem en ts  as fo r the  M cM ullen  R egional Scholarships.
JESSEL 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 na Jessel 
W hyte in  m em ory of h e r  son. O p en  to en te rin g  studen ts  w ith  a p referen ce  for 
m echanical engineering. A n n u a l aw ard, $1000. T en u re , n o t lim ited . P reference 
will be given to residents of Illinois, Iowa, M ichigan, M innesota , an d  W isconsin. 
F u rth e r  provision  as fo r M cM ullen  R eg ion al Scholarships.

SCHOLARSHIPS AND GRANTS-IN-AID 
FOR UPPERCLASSMEN

Students in  th e ir sophom ore year an d  beyond may apply  for financial assist
ance th rou g h  the Office of Scholarships an d  F inancia l Aid, Day H all.

A w ards are  of two general types: (1) those fo r w hich the  p rin c ip a l qualifica
tion  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 on  scholastic p rob a tio n .

T h e  second category of awards, based on  h igh  scholastic an 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 indu stria l 
com panies, m ostly for studen ts  in  th e ir  last two years of study, an 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  subject to  renew al.

M any of the sponsoring  in s titu tio n s  p rov id e generous gifts to the  U niversity  
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 n iversity  are  m ade in  ad d itio n  to  the scholarship gran ts, and , 
in  the list below, the am ounts are  ind ica ted  in  paren theses fo llow ing the am ounts 
pa id  the students.

Below are  the  scholarships sponsored by in d u stria l com panies an d  found ations.
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 annually , one  of 
w hich shall be fo r a s tu d en t in  m aterials an d  m etallurgy. A w ard, $625 ($125). 
T en 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  . . . E stablished by the A llegheny 
L u d lum  Steel C orporation . A w ard, $500 ($500). T e n u re , th ree years. A w arded 
an nu ally  to a s tu d en t in  chem ical eng ineering  o r m ateria ls an d  m etallurgy, 
norm ally  to a s tu d en t in  m aterials an d  m etallurgy, w ith  p rim ary  co nsid eration  for 
academ ic record , p rom ise of ab ility , an d  success in  his field of study. N eed  is a 
secondary factor.
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 ing ton , in  m em ory of th e ir  son w ho was a
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stu d en t in  the Sibley School of M echanical E ng ineering  a t  the tim e of his d ea th  
in  1956. O ne 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 ranch  of eng ineering , w ith  an n u a l s tipend  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 studen ts  w ho in  th e ir  first 
th ree  years of college have d em onstra ted  ou ts tan d in g  qua lities  of personality , 
no tab ly  sportsm anship  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 n e 
scholarship an n ua lly  to a s tu den t in  his th ird  year w ho has estab lished  an  o u t
s tand in g  scholastic record , who needs financial assistance o r possesses ex cep tio nal 
ability .
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  . . . E stab lished  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 .
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 
all s tuden ts  (except freshm en) in  m ateria ls an d  m eta llu rgy  an d  m echan ical 
en g ineerin g  who are in te rested  in  p rep a rin g  them selves fo r p rofessional en g inee r
ing w ork in  the fo un d 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 leadership , financial need, scholastic s tand ing , 
an d  in te rest in  found 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 stablished in 1962 by the M inneso ta M in ing  an d  M an u fac tu rin g  
C om pany. O n e o r m ore aw ards to u n d erg rad u a te  studen 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  . . . Established by the M onsan to  C hem ical 
C om pany. O p en  to fifth year studen ts  in chem ical en g inee rin g  an d  m ateria ls an d  
m etallurgy. A w ard based u p o n  academ ic s tandin g , in te re st in  chem istry, an d  
p ro bab 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  & 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 eng ineering  w ith  p rin c ip a l in te rest in  m ach ine design an d  developm ent.
S C O T T  P A P E R  C O M P A N Y  F O U N D A T I O N  A W A R D  F O R  L E A D E R S H I P  
. . . Established in  1954 by the  Scott P ap er C om pany. O n e  scholarship aw arded  
an n u ally  to an  ou ts tan d in g  th ird  year s tu d en t in  chem ical, ind u stria l, o r m echan
ical en g ineerin g  whose in te n tio n  is to p rep a re  fo r an  in d u stria l career. T en u re , 
th ree  years. A w ard, $1,000 ($333.33). R ecip ien ts  should  have dem onstra ted  
those h igh  qua lities  of in te llect, personality , an d  physical v igor associated w ith  
the w ell-know n “R hodes Scholars.” F inancia l need is n o t a c rite rio n  of selection.
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 dard  O il C om pany of C aliforn ia . A w ard, tu ition . 
T e n u re , one  year. O n e scholarship fo r a m echanical en g ineerin g  s tu d en t in  any 
u n d erg 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 stablished by the  W estern  
E lectric C om pany. O p en  to  studen ts  in  any division of the  College of E n g ineer
ing. T h re e  scholarships w ith  an n u a l aw ard u p  to  $800 to  be ap p lied  against the



FINANCIAL AID 13
cost of tu ition , fees, an d  books. T e n u re , one  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 opera
tions.
W Y M A N - G O R D O N  S C H O L A R S H I P S  . . . E stablished in  1954 by the  W ym an- 
G ordon  C om pany. O ne scholarship aw arded an n ua lly  to a fourth-year s tu den t 
in  m echanical en g ineerin g  o r m ateria ls an d  m etallurgy, as the C om pany may 
designate. A w ard, §500 ($500). T en u re , two years.

PRIZES
C ornell U niversity  has a considerab le  n u m b er of funds given for the  endow 

m en t o f prizes to be aw arded annually . Some of these prizes are op 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 an 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 enter, Day H all. Prizes o pen  to com petitio n  particu larly  
by studen ts of the College of E ng 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 ng ineering  to  a ju n io r  in  chem ical 
en g ineerin g  fo r the  best scholastic record  a t  the end  of the fo u rth  term .
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 ng 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 ,  fou nd ed  in  1916 by a lu m n i of the 
School of C ivil E ngineering . T h e  prizes of $200 an d  $100 are aw arded  each 
year by a com m ittee ap 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 ided  th a t bo th  the substance an d  the w ritten  form  of the 
papers subm itted  show real 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 s tuden 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 an d  
pub lic-sp irited  citizens. Papers m ust be subm 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 p rovides fo r two go ld  m edals. O n e is aw arded  an n u a lly  by the 
faculty  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 
en d  of the first te rm  of his sen io r year to have m a in ta in ed  the h ighest degree 
of scholarship in  the subjects of this course, p rov id ed  he has been  in  a tten dan ce  
a t the  U niversity  fo r a t least two years. T h e  o th e r  is aw arded  an n u a 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 o f a 
g rad u ate  degree w ith  m a jo r in  civil eng ineering , w ho has w ritten  a m erito rious 
p a p e r u p o n  some en g ineerin g  subject ten d in g  to advance the  scientific o r p rac ti
cal in terests of the profession of the  civil engineer. 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 , i t  w ill 
n o t be received if it  has been  p r in te d  ea rlie r th a n  the  preced ing  A p ril 15. 
N e ith er m edal is aw arded  unless i t  ap pears  to the facu lty  of the  School of 
Civil E ng ineering  th a t there  is a cand ida te  o f sufficient m e rit to  en title  h im  to 
such d istinction .
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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 ling  $200. T h e y  are  aw arded  by a com 
m ittee  of seven judges to  studen ts  in  the  fifth  term  o r beyond  of the  Colleges 
of A rch itec tu re  an d  E n g ineering  fo r proficiency in  p u b lic  speaking.
T H E  H A M I L T O N  A W A R D  . . .  A suitably  engraved  E lam ilton  w atch an d  
le tte r  of co m m endation  is aw arded  an n ua lly  to the sen ior in  en g inee rin g  w ho 
has m ost successfully com bined  proficiency in  his m a jo r field of study w ith  
achievem ents, e ith e r  academ ic, ex tracu rricu lar, o r  a co m bin a tion  of bo th , in  the 
social sciences an d  hum anities.
T H E  A M E R I C A N  I N S T I T U T E  OF A E R O N A U T I C S  A N D  A S T R O N A U T I C S  
P R IZ E  . . . T h e  “S tud en t B ranch  Scholastic A w ard” of the A m erican In s titu te  
of A eronau tics an d  A stronautics is p resen ted  an n u a lly  to  the  M .Eng.(A ero.) can 
d id a 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 techn ica l m em bersh ip  in  the In s titu te .
S I B 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 
$100 is aw arded  an n u a lly  in  several prizes to  fifth year s tuden ts  in  m echanical 
en g inee rin g  an d  electrical eng ineering , equally  d is tr ibu ted , w ho have received 
the h ighest average in  the  p reced ing  fo u r years.
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 IZ 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 atin g  $300 an d  is aw arded  fo r the  best o rig ina l p a p e r  on  the subject 
o f m aterials h a n d lin g  a t  the d iscretion  of a College o f E n g in eerin g  facu lty  com 
m ittee. T h is  contest is open  to  u n d erg rad u a te  an d  g rad u a te  s tuden 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 n g in eerin g  in  m em ory of th e ir  classm ate w ho 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 ineering  who 
has d em o nstra ted  qua lities  o f perseverance, am b ition , courage, an d  unw averin g  
desire to  becom e an  electrical eng ineer. A w ard consists of a sh ingle a n d  en ro ll
m en t of the  w in n e r’s nam e on  a p laq ue  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  of Jam es 
G ilb ert W h ite  (Ph.D ., C ornell, ’85), th ree  prizes, established in  1914, each of the 
value of $100, are  offered annually . O n e  of the  th ree , w hich is aw arded  to an  
E nglish-speaking s tu d en t fo r proficiency in  Spanish, is op en  to  m em bers of the 
ju n io r  an d  sen ior classes in  the  College of E n g in eerin g  w ho are cand ida tes  for 
th e ir  first degree. N o  can d id a te  is elig ible unless he has com pleted  successfully 
two term s of w ork in  Spanish a t C ornell U niversity.

COLLEGE HONORS AND ACTIVITIES
DEAN’S HONOR LIST

S tudents of the  College of E ng ineerin g  whose w eighted  average in  th e ir  
studies is 85.00 p e r  cen t o r b e tte r  are inc luded  an n u a lly  in  an  H o n o r L ist com 
p iled  fo r the D ean. T h e  h o n o r s tuden ts com prise ap p ro x im ate ly  the  h ighest 
ten th  of a ll the  studen ts en ro lled  in  the College.
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HONOR SOCIETIES
E n gineering  studen ts  m ay qualify  fo r m em bersh ip  in  local an d  n a tio n a l h o n o r 

societies, inc lu d in g  T a u  B eta Pi, P h i K appa Phi, Sigma X i, P i T a u  Sigma, Chi 
Epsilon, R od  an d  B ob-Pyram id, Atm os, K appa T a u  Chi, an d  E ta K appa N u.

PUBLICATIONS
T h e  Cornell Engineer,  a  m agazine co n ta in in g  articles of professional in te rest 

for en g ineerin g  studen ts an d  a lum ni, is pub lish ed  m on th ly  th ro u g h o u t the 
academ ic year by u nd erg rad ua tes of the College of E ngineering.

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 lectrical E ngineers, Society of 
A utom otive E ngineers, a n d  In s titu te  o f E lectrica l an d  E lectron ic  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 ain ta ins active 
s tu den t branches o f these societies, as well as of the A m erican In s titu te  of 
C hem ical E ngineers, A m erican Society of A g ricu ltu ra l E ngineers, an d  the A m er
ican In s titu te  of A eronautics an d  A stronautics. T h e  C ornell M etallu rg ical Society 
was form ed in  1949 an 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 u clear Society was 
founded  in  1959.

ENGINEERING STUDENT COUNCIL
T h e  E n g in eerin g  S tu d en t C ouncil, consisting of elected  s tu d en t rep resen ta tives 

from  each division of the  College, p lans the an n u a l E ngineers’ Day p rogram  fo r 
h igh  school visitors to  the cam pus, rep resen ts en g ineerin g  s tu d en t v iew poin ts 
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 form al tu to rin g  p rogram  for 
freshm en desiring  such assistance.

SOURCES OF ADDITIONAL 
INFORMATION

Prospective freshm en in te rested  in  en g in ee rin g  should  w rite  fo r a special 
illu s tra ted  book le t en titled  E ngineer ing  at Cornell. R equests should  be addressed 
to the A nnouncem ents Office, D ay H all, C ornell U niversity , an d  should  m en tio n  
th a t the  w rite r is a prospective freshm an.

Also of in te rest to prospective s tuden ts  is an  artic le  “W h a t Is E ng ineering  
School L ike?” w hich m ay be o b ta in ed  from  the  Office of S tu d en t Personnel, 
C arp en te r  H all, C ornell U niversity.

D etailed  in fo rm atio n  on 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 an d  m edical care, h e a lth  req u ire 
m ents, housing, ow nersh ip  of cars, physical ed ucation , loans, pa rt-tim e  em ploy
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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 nnouncem en ts  m ay be o b ta in ed  
by w riting  the A n nouncem en ts  Office, Day H all.

S tudents on  the C ornell cam pus m ay ob ta in  copies of the A n nouncem en ts  
(catalogs) a t  the ad m in is tra tiv e  offices of the various schools a n d  colleges.
T H E  P H I L I P  A N D  S A D IE  S P O R N  L O A N  F U N D .  In  ad d itio n  to the U n iversity  
loan p rogram  open  to all C ornell students, the  P h ilip  an d  Sadie S porn  L oan  F u n d  
is reserved specifically for en g ineering  candidates. I t  is fo r studen ts  w ith  con
siderable need. Evidence of m a tu rity  an d  en terp rise  on  the p a rt of the  ap p lican t 
are considered in  choosing the recip ients.



GRADUATE SCHOOL OF 
AEROSPACE ENGINEERING

GRUMMAN HALL
A erospace en g ineerin g  is the field of en g ineerin g  th a t deals w ith  the 

flight of a ircraft, gu id ed  missiles, an d  space vehicles in  the  atm osphere and  
in the regions of space ad jo in in g  the atm osphere. T h e  p rim ary  objective of this 
School is to educate  selected eng ineerin g  an d  science g raduates in  the scientific 
aspects of this field. T h e  tra in in g  is in te n d ed  especially to p rep a re  the studen ts 
fo r research an d  develop m ent en g ineerin 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 rov id ed  fo r labora 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  studen ts  are engaged in an  active p rogram  of fu n d a 
m en ta l studies in  these fields. Em 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 an 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 ineering  w ill ad m it studen ts  h o ld 

ing  baccalaureate  degrees in  any b ranch  o f engineering , physics, o r m athem atics, 
p rov ided  th a t th e ir  u n d erg rad u a te  scholastic records are  such as to  ind icate  
ab ility  to han d le  g rad u a te  study. T h e  C ornell courses of study in  en g ineerin g  
physics, electrical eng ineering , an d  m echanical en g ineerin g  are  especially recom 
m ended  to s tuden ts w ho expect to en te r  this School a fte r g radu a tion .

A ll s tuden 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 arrange the ir u n d erg rad u a te  program s to  inc lude as 
m uch w ork as possible in  ap p lied  m echanics, therm odynam ics, m athem atical 
analysis, an d  physics. In  m ost cases, it  w ould  be well fo r en g ineerin g  studen ts 
to  elect courses in  in te rm ed ia te  o r advanced physics, such as atom ic a n d  m olec
u la r  physics, k ine tic  theory  of gases, an d  electricity  an d  m agnetism .

I t  will be possible fo r C ornell studen ts in  the  five-year u n d erg rad u a te  program s 
to  com plete the req u irem en ts  fo r the degree M .Eng. (Aerospace) in  one year of 
g rad u a te  study instead of 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 ate  courses as electives in  th e ir  u n d erg rad u a te  program s.

MASTER OF ENGINEERING (AEROSPACE)
Students w ho in  th e ir  u n d erg rad u a te  careers have dem onstra ted  m ore than  

average ab ility  in  analytical subjects an d  w ho have shown ad equ a te  prom ise 
of carry ing on  g rad u ate  study successfully are elig ible to  ap p ly  fo r this p rogram  
in  the G rad u a te  School of A erospace E ngineering .

17
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A p p lica tio n  for adm ission to this p rogram  should  be m ade to  thq D irec to r 

o f the  G rad u a te  School of A erospace E ng ineering , G ru m m an  H a ll, C ornell 
U niversity . A special ap p lica tio n  b lank  fo r th is 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  him .

T h e  p rog ram  of aerospace en g ineerin g  studies is ap p 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 en t’s facility  in  the  use of the  basic sciences in  
en g inee rin g  an d  to  stim ulate  h is grow th in  in d e p e n d e n t research  a n d  develop
m en t work. Because the progress in  this field is so rap id , i t  is an  essential objec
tive of this p rog ram  to go beyond  the study of present-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 am en ta l backgroun d  a n d  analytical 
m ethods th a t can be ad ap ted  to  fu tu re  developm ent.

T h e  successful co m pletio n  of the  w ork fo r this degree requ ires  th a t the  s tu 
d e n t (1) pass a  series of courses o r ex am ina tions in  the  subjects listed  below; 
a n d  (2) subm it an  accep tab le  M aster’s thesis based u p o n  o rig ina l research. T h e  
sub ject list constitu tes a s tan d a rd  of accom plishm ent for the  M .Eng. (Aerospace) 
cand ida te , b u t the faculty 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  pe rm it cand i
dates to  study in  any of th ree  areas of aerospace en g ineerin g : (1) aerodynam ics, (2) 
gasdynam ics (aerophysics), an d  (3) aerospace structures. Active research  in  
the  first two of these areas is being  ca rried  o u t in  the School. R esearch in  aero 
space s tructures is an  im p o rta n t activity of the D e p artm en t of E ng ineering  
M echanics. T h e  s tu d en t electing  to  co ncen tra te  his w ork in  this field w ill take a 
considerable p o rtio n  of his electives in  en g in ee rin g  m echanics.

A lth ough  the s tan d a rd  list of req u ired  subjects, tog e ther w ith  the  thesis, w ould  
o rd in a rily  occupy fo u r term s of g rad u a te  study, the  residence req u ire m en t has 
been set a t one  year (two term s) so th a t studen ts  w ho en te r  the School w ith  
exceptional p rep a ra tio n , o r  w ho are ab le otherw ise to pass the  req u ire d  ex am ina
tions, m ay be ab le to qua lify  fo r the degree in  one  year.

If  the  s tu den t wishes to satisfy a req u irem en t by ex am in a tion  ra th e r  th a n  by 
passing a course, he shou ld  request the facu lty  of the School to  schedule such 
an  ex am ina tion .

I t  is suggested th a t each can d id a te  su pp lem en t his req u ired  p ro g ram  of courses, 
e.g., the  s tan d a rd  list below, by ad d itio n a l courses e ith e r  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 rog ram  of twelve 
to  six teen cred it hou rs  p e r  term .

T h e  cand ida te  m ust pass a  final ex am ina tion , e ith e r  o ra l o r  b o th  o ra l an d  
w ritten , ad m in istered  by the facu lty  o f A erospace E ng ineering . T h e  faculty  
freq uen tly  invites o th e r  m em bers of the U niversity  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 MASTER OF ENGINEERING (AEROSPACE) DEGREE

C R E D IT

E ngineering  1180, 1181, M athem atical M ethods in Engineering I and  II
E ngineering  7101, F undam entals o f A erodynam ics............................................
E ngineering  7102, F undam entals of A stronau tics................................................

H O U R S
6
3
3

or
E ngineering  4991, Electronic Engineering 3
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C REDIT
H O U R S

Engineering 7203 (or 8121) and 7204, G asdynam ics..............................................................................  6
E ngineering 7301, T heore tical Aerodynamics I  ...................................................................................  3
E ngineering 1170, Advanced D ynam ics.....................................................................................................  3
Electives chosen from  List A below ...............................................................................................................  12

ELECTIVES: LIST A
Engineering 7206, In troduction  to M agnetohydrodynam ics..............................................................  3
Engineering 7207, Dynamics of Rarefied G ases...................................................................................... 3
Engineering 7208, Hypersonic-Flow  T h eo ry ............................................................................................  2
Engineering 7302, T heore tical A erodynam ics I I  (W ing T h eo ry )..................................................... 3
Engineering 7303, T heore tical Aerodynamics I I I  (Compressible F lu ids)....................................  3
Engineering 7304, T heore tical Aerodynam ics IV  (Viscous F lu id s).................................................  3
Engineering 1162, T heory  of V ib ra tio n .................................................................................................... 3
Engineering 1163, A pplied  E lastic ity ..........................................................................................................  3
Engineering 1164, T heory  of E lasticity  1 ...................................................................................................  3
Engineering 1165, T heory  of E lasticity  I I ................................................................................................ 3
Engineering 1167, T heory  of P la te  and Shell S tru c tu res ...................................................................... 3
Engineering 1168, T heory  of P lastic ity ......................................................................................................  3
Engineering 1171, Space M echanics..............................................................................................................  3
Engineering 1172, Selected T opics in  E ngineering  M echanics................................................... (arranged)
E ngineering 1175, O scillations in  N onlinear M echanics.........................................................................  3
Engineering 3652, Com bustion T h eo ry ......................................................................................................  3
Engineering 4565, E lectrom agnetic T h eo ry .............................................................................................. 3
M athem atics 415-6, M athem atical M ethods in  Physics........................................................................  4 ,4
Physics 318, A nalytical M echanics .............................................................................................................  4
Physics 431, In troducto ry  T heore tical Physics .......................................................................................  4
Physics 443, A tom ic Physics and In troduction  to Q uan tu m  M e c h a n ic s ............................................ 4
Physics 444, N uclear and  H ig h  Energy P artic le  Physics...................................................................  4
Physics 454, E lectronic P roperties of Solids and  L iq u id s ..................................................................  4
Physics 510, Advanced E xperim ental Physics.........................................................................................  3
Physics 571, Classical M echanics...................................................................................................................  3
Physics 573, E lectrodynam ics..........................................................................................................................  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 req u ire 
m ents fo r candidacy for the degree of Ph.D . and  lists the genera l req u irem en ts—  
residence, m a jo r an d  m in o r subjects, foreign languages, qua lify ing  exam inations, 
an d  thesis. As ex p la ined  in  th a t A n no un cem en t, each cand id a te  m ust com plete 
a  schedule of courses acceptable to his Special C om m ittee.



AGRICULTURAL ENGINEERING
RILEY-ROBB HALL

A jo in t p rogram  ad m in istered  by the Colleges of A g ricu ltu re  an d  E ng in eer
ing  leads to the  degree of B achelor of E n g ineering  (A gricu ltural). S tud en ts  in  
this cu rricu lum  register in the College of A g ricu ltu re  d u rin g  the first fou r years 
b u t take courses in  the Colleges of E ng ineering , A rts an d  Sciences, an d  A gricul
ture. R eg istration  fo r the fifth an d  final year is in  the College of E ng ineering , 
w hich gran ts  the degree.

T h e  purpo 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— includ ing  such fields as pow er an d  m achinery , structures, 
soil an d  w a ter en g ineering , electrification, an d  th e  processing an d  h a n d lin g  of 
ag ricu ltu ra l products.

C om plete  lab ora 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 perim en t S tation , m any studen ts  find o p p o rtu n itie s  fo r 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  s tuden ts  are registered  in  the C ollege of A gri

cu ltu re  fo r the first fo u r years, they m ust m eet the  farm  p rac tice  req u ire m en t of 
the College. T h e  basic req u irem en t is 25 un its  of accep tab le  farm  experience 
gained  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 istra tion  fo r the sophom ore year. T h e  en tire  25 u n its  m ust 
be com pleted  p rio r  to  reg istra 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 will usually  do so d u r in 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  o f the  
College o f A griculture  shou ld  be consu lted  fo r details of the req u irem en t.

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

E ngineers is available to all s tuden ts in  this p rogram . P a rtic ip a tio n  in  the 
o rgan 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 eng 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  hou rs of electives:
1. Six hours in  social studies w ith  a two-course sequence.
2. Six hours in hum anities  w ith a two-course sequence.
3. T w elve hours of electives in  n on tech n ica l courses.
4. Six hou rs of electives unspecified.

20
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SCHOLASTIC REQUIREMENTS
T o  rem ain  in  good stand ing , a s tu d en t m ust have a w eighted  average for the 

term  of 70 o r above. If the w eighted average is 60 o r h igher, b u t less th a n  70, 
the s tu den t will be placed on p rob a tion . A s tu d en t will be d ro p p ed  from  the 
program  if a th ird  consecutive term  of p rob a tion  is ind icated  o r if the w eighted 
average is below 60. In  a ll cases, the s tud en t m ay ap p ea l an ac tion  by p resen t
ing new in form atio n  to the Jo in t Faculty C om m ittee.

CURRICULUM . . . Bachelor o f Engineering (A gricultural)
(For a com plete descrip tion  of the courses in ag ricu ltu re , see the A n n o u n cem e n t  

of the College o f Agriculture.)
C O N T A C T  HOURS

T E R M  1

T E R M  2

CREDIT I.E C T . LA B.
HOURS RE C . C O M P .

M athem atics 191, Calculus for E ng ineers................................... 4 4 0
Physics 121. In troductory  A nalytical Physics.......................... 3 3 2 Vi
Chem istry 103, 107, o r 115, General C hem istry ........................ 3 3 2Yi
English 111, In troduction  to E n g lish ......................................... 3 3 0
Agr. Engineering 105, Engineering D raw in g ............................ 4 2 5
A griculture  1, O rien ta tion  ...............................................................

T o ta l ....................................................................................................
1

18
1 0

M athem atics 192, Calculus for E ngineers................................... 4 4 0
Physics 122, In troducto ry  A nalytical Physics............................ 3 3 2 A
Chem istry 104, 108, o r 110, G eneral C hem istry ........................ 4 4 2'/2
English 112, In troduction  to E n g lish ........................................... 3 3 0
Agr. Engineering 2, In troduction  to A gricu ltu ral Engineering 

T o ta l ....................................................................................................
2

16
1 2

In  add ition  to these courses, all freshm en m ust satisfy the  U niversity’s requ irem ents in 
physical education .

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

T E R M  3

T E R M  4

CREDIT L E C T . LA B .
H OU RS R E C . C O M P .

M athem atics 292, E ngineering  M athem atics............................ 4 4 0
Physics 223. In troductory  Analytical Physics............................ 3 3 2 te
E ngineering 211, M echanics of R igid  and D eform ed Bodies 4 3 2 Vi
A nim al H usbandry  E lective............................................................. 3 - -

Biology 1, General B iology............................................................... 3 2 2Vi
T o ta l .................................................................................................... 17

M athem atics 294, E ngineering  M athem atics............................ 3 3 0
Physics 224, In troducto ry  A nalytical Physics............................ 3 3 2'A
Engineering 212, M echanics of R ig id  and  D eform ed Bodies 4 3 2Vi
C hem istry 276, In troduction  to Physical C hem istry ............... 3 3 0
Biology 2, G eneral B iology............................................................... 3 2 2Vi
Agr. Engineering 220, Surveying.................................................... 2 1 2lA

T o ta l .................................................................................................. 18
In  add ition  to these courses, all freshm en m ust satisfy the  U niversity’s requirem ents in 

physical education.
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T E R M  5 E ngineering  6311, M aterial Science................................................
E ngineering 241, E lectrical Science................................................
E ngineering 2701, S tructural T heory  I ..........................................
Agronom y 11, P roduction  of F ield C rops.................................
Bacteriology 1, General B acteriology............................................

T o ta l ....................................................................................................
T E R M  6 E ngineering  2002, E ngineering  M ateria ls.......................................

E ngineering  242, Electrical Science................................................
E ngineering  3331, Kinematics and  C om ponents of M achines
Agronom y 1, N a tu re  and  Properties of Soils............................
Electives ..................................................................................................

T o ta l ....................................................................................................
T E R M  7 Engineering 3621, T h erm al Science I: T h erm o d y n a m ics ...

E ngineering  2301, F lu id  M echanics..............................................
Agr. E ngineering  203, A gricu ltu ral M achinery ........................
Extension T each ing  101, O ral an d  W ritten  E xpression .........
T echnical Elective ...............................................................................
Elective ....................................................................................................

T o ta l ....................................................................................................
TERM  8 E ngineering  3622, T h erm al Science I I :  T herm o d y n am ics ..

Agr. E ngineering  221, Soil and  W ater E n g in ee rin g ...............
Agr. E ngineering  202, A gricu ltu ral P ow er.................................
A gricu ltu ral Economics 102, Farm  M anagem en t......................
T echnical E lective ...............................................................................

T o ta l ....................................................................................................
T E R M  9 E ngineering  3625, T h erm al Science V: H ea t T ra n s fe r ..........

Agr. E ngineering  461, M aterials H an d lin g  and  P rocesses.. .
Agr. E ngineering  231, A gricu ltu ral S tru c tu res..........................
Agr. E ngineering  206, P ro jec t...........................................................
E lective ....................................................................................................

T o ta l ....................................................................................................
T E R M  10 Agr. E ngineering  253, Special T opics in  Agr. E n g in e e rin g ..

Agr. Engineering 261, P ro jec t.........................................................
Electives ..................................................................................................

T o ta l ....................................................................................................
T o ta l for ten te rm s........................................................................  174

T h e  courses of study for term s 7 th rough  10, fo r those studen ts  w ho m atricu 
la ted  in  1960 o r before  w ill be developed  ind iv id ually  to  in co rp o ra te  olferings 
from  the  new  curricu lum .

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

4 3 2V>
3 2 2  Vl
3 4 -

4 3 2 A
5 3 5

19
3 2 2Vi
3 2 2 Vi
3 2 2Vi
4 3 2Vi
6

19
3 3 0
3 3 0
3 2 2Yi
2 2 0
3
3

17
3 3 0
3 9 2  V>
3 2 2XA
5 3 2V>
3

17
4 3 2'A
4 3 2 Vi
3 2 2Yi
3
3

17
1 1 0
3

12
16

174

GRADUATE STUDY
Flex ib le  program s lead ing  to  b o th  the M.S. an d  Ph.D . are offered in  the  follow 

ing  areas of specialization fo r e ith er a m a jo r o r m ino r: ag ricu ltu ra l structures, 
pow er an d  m achinery , soil an d  w ater en g ineering , an d  electric pow er a n d  process
ing. M inors fo r those m a jo rin g  in  ag ricu ltu ra l en g ineerin g  m ay be selected from
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the engineering , ag ricu ltu ra l, o r basic sciences d ep en d in g  u po n  the s tu d e n t’s 
in terests an d  needs. A broad  an d  active research program , sup po rted  by the 
C ornell A g ricu ltu ra l E x perim en t S tation , gives the s tu d en t an  o p p o rtu n ity  to 
select a challeng ing  research p ro jec t fo r his thesis. Several assistantships are  avail
able w ith  an n u a l stipends ran g in g  from  $2400 to $3000. For m ore d e ta iled  in fo r
m ation  an d  sam ple program s, con tact the  G rad u a te  F ield  R epresen ta tive. Riley- 
R obb  H all, C ornell U niversity.



DIVISION OF BASIC STUDIES
Freshm en 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 ngineering . 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  sopho
m ores, an d  assigns each en g ineerin g  underclassm an to a sen ior m em ber of the 
C ollege of E ng ineering  faculty  as his adviser.

D u rin g  his freshm an year the en g inee rin g  s tu d en t und ertakes  to  develop his 
und erly ing  com petence in  m athem atics an d  in  the  sciences of physics an d  chem 
istry, w hile im prov ing  his ab ility  to com m unicate  th ro u g h  a course in  English 
req u ired  of nearly  all freshm en a t  the U niversity . T h ro u g h  con tac t w ith  senior 
en g ineerin g  staff, b o th  as advisers an d  in  class discussions in  a course in  en g inee r
ing  problem s an d  m ethods, the s tu d en t is ab le to arrive  a t  valid  ed ucatio n al goals 
in  line  w ith  his in te rest an d  d em on stra ted  com petence. H e  is m ade m ore fully  
aw are of the range of the fields an d  the functio ns of the ind iv id u a l in  the  en g i
neering  profession. In s tru c tio n  in  graph ics as a m eans of co m m unication , some 
aspects of en g ineerin g  econom y, an in trod u ction  to e lem entary  concepts of p ro b 
lem  solving, an d  design a t an  e lem entary  level based o n  co n cu rren t m athem atics 
a n 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 
an d  physics an d  begins his study of the ap p lica tio n s  of these sciences to  engi
neering  problem s in  two courses tau g h t by m em bers of the facu lty  of the College 
of E ng ineering  in the fields of m echanics a n d  electrical science. H e  und ertakes  a 
course of physical chem istry, ty ing toge ther his backgroun d  in  physics a n d  chem 
istry a t  a level u tiliz ing  his strong  p rep a ra tio n  in  m athem atics, an d  lay ing the 
fo u nd a tion  for a subsequent course in  m aterials in  the ju n io r  year of the field 
of his upperclass work. H e  also und ertakes  an  elective course, co n tin u in g  to  de
velop th a t g ro up  of libera l studies requ irem en ts , in c lud in g  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. S tudents 
m oving tow ard chem ical en g ineerin g  delay the  studies in  m echanics from  the  
sophom ore to the  jun io r year in o rd e r to establish ea rlie r chem istry sequences 
d u rin g  th e ir  sophom ore program .

M ost s tuden ts  select th e ir  upperclass objectives before  the  b eg inn ing  o f the 
spring  term  of th e ir  sophom ore year. T h e  professional schools specify one  of 
the five courses of term  four, fo r s tuden ts  p la n n in g  to en te r  th a t specialty. T h is  
m ay norm ally  be taken  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 p reced ing  ju n io r  en ro llm en t. T h ro u g h  these a lte rn a 
tives studen ts  find a change of objective possible as la te  as the  beg in n ing  of th e ir  
ju n io r  year.

I f  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 in ee rin g  a t the 
outset, he w ill be assigned to a faculty adviser whose m a jo r in te rest is in  th a t field. 
If he does n o t express a p a rticu la r in terest, then  a fte r  he determ ines his field of 
study, he m ay change his adviser to o b ta in  the counsel of a facu lty  m em ber in 
his chosen field.

S tudents in  underclass courses are norm ally  en ro lled  in  sections of the  various
24
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courses w hich are su itab le  to th e ir  in d iv idu a l level of achievem ent, an d  some are 
thus able to develop m ore rap id ly  tow ard  the honors groups o r program s of ad
vanced study available in  th e ir  professional fields. T h ro u g h  cooperatio n  w ith  the 
advanced p lacem ent p rogram  of the College E n tran ce  E x am in a tion  B oard  and  
d ep 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 developm ent 
tow ard a b road er libera l program , o r advanced technica l study in  line w ith  the 
s tu d en t’s own inc lination . For sup erio r studen ts  w ho have achieved advanced 
p lacem ent in  m athem atics an d  e ith e r  chem istry o r physics u p o n  g rad u a tio n  from  
high school, it is possible for en ro llm en t to be achieved a t sophom ore level 
th rough  the use of the U niversity  sum m er session p rio r  to the ir en ro llm en t at 
the U niversity  in Septem ber. S tudents w ith  sup erio r perfo rm ance in  the fresh
m an year are encouraged  to u n d ertak e  en ro llm en t in  honors sections a t the 
sophom ore level. C o n tin u ed  satisfactory ach ievem ent m akes possible upperclass 
reg istra tion  in the G rad u a te  School in  the  G rad u a te  H o nors P rogram  in  the 
s tu d en t’s fifth year (see an n ouncem en ts  of upperclass honors en ro llm en t of the 
separa te  en g ineerin g  schools).

T h e  D ivision of Basic Studies of the  College of E ng ineering  requ ires  all s tu 
den ts to pass five courses, fou r of these w ith  a g rade of seventy o r be tter, in  o rd er 
to  rem ain  in  good s tan d in g  in  the Division. All eng ineerin g  studen ts  are req u ired  
to  com plete th irty  hours of libera l studies before g radu a tion ; six credits of English 
an d  th ree  credits of libera l elective m ust be com pleted  by studen ts  in  this division 
as p a r t  of this college requ irem en t. (See L ibera l Studies in  the E ng ineering  
C urricu la , page 4, for d is trib u tion  requirem ents.)

FRESHMAN YEAR
Freshm an studen ts  en te rin g  the  College o f E ng ineering  in  the  fall of 1963 will 

take the follow ing program  of courses:
C O N T A C T  H O U R S 

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

F IR S T  T E R M
M athem atics 191, Calculus for E ng ineers.................................................................  4 4 0
Physics 121, In troducto ry  A nalytical Physics........................................................... 3 3 2Vz
Chem istry 103, In troduction  to C hem istry ...............................................................  3 2 3

or
Chem istry 107, General C hem istry ..............................................................................  3 2 3

or
C hem istry 115, G eneral Chem istry and Inorgan ic  Q ualita tive  Analysis. . . .  4 3 3
English 111, In troduction  to E n g lish ......................................................................  3 3 0
Engineering 101, E ngineering  Problem s and M ethods 1 ...............  3 2 2Vi
SECOND T ER M
M athem atics 192 or 192H, Calculus for E ng ineers..................................................  4 3 2Vz
Physics 122, In troducto ry  A nalytical Physics  3 3 2Vz
Chem istry 104, In tro d u ctio n  to C hem istry ......................................................  3 2 3

or
C hemistry 108, General C hem istry ..............................................................................  4 3 3

or
Chemistry 116, General Chemistry and  Inorgan ic  Q ualita tive  A n a ly s is .. . .  4 3 3
English 112, In troduction  to E n g lish     3 3 0
E ngineering 102, E ngineering  Problem s and  M ethods I I   3 2 2Vi

In  add ition  to these courses, all underclassm en m ust satisfy the  U niversity’s requirem ents in 
physical education .



26 COLLEGE OF ENGINEERING

SOPHOMORE YEAR
A ll sophom ore en g ineerin g  studen ts, except chem ical en g ineerin g  designates, 

w ill take the follow ing program  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 .

T H IR D  T ER M
M athem atics 293 or 293H, E ngineering  M athem atics  4 4 0
Physics 223 , 225 o r 227, In troducto ry  A nalytical Physics  3 3 2V2
E lectrical Science 241 or 243, E lectrical Science 1 ................................................  3 2 2V£
M echanics 211, M echanics o f R igid  and D eform able Bodies...1 ......................  4 3 2
L iberal Elective   3 or 4 -  -
F O U R T H  T E R M
M athem atics 294 o r 294H, Engineering M athem atics  3 3 0
Physics 224, 226 or 228, In troducto ry  Analytical Physics  3 3 21/2
Chem istry 276, In tro d u ctio n  to Physical C hem istry   3 3 0
Mechanics 212, M echanics of R ig id  and  D eform able Bodies I I   4 3 2l/2
E lectrical Science 242 o r 244 * .....................................................................................  3 2 2V2

A ll sophom ore en g ineerin g  studen ts ind ica ting  a p reference for chem ical eng i
neering  will take the follow ing program  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 .

T H IR D  T E R M
M athem atics 293 or 293H, E ngineering  M athem atics  4 4 0
Physics 223, 225 or 227, In troducto ry  Physics  3 3 2x/2
Electrical Science 241 or 243, E lectrical Science 1   3 2 2Vi
C hem istry 285, In troducto ry  Physical C hem istry   5 3 6
Chemical E ngineering  5101, M aterial and  Energy B alances  3 2 2
F O U R T H  T E R M
M athem atics 294 o r 294H, E ngineering  M athem atics  3 3 0
Physics 224, 226 o r 228, In troducto ry  A nalytical Physics  3 3 2
L iberal E le c t iv e   3 or 4 -  -
C hem istry 286, In troducto ry  Physical C hem istry   5 3 6
Chem ical E ngineering  5102, E q u ilib ria  and Staged O p era tio n s  3 2 2

* Civil engineering and  engineering physics designates have the  op tion  of tak ing  a liberal 
elective in  the place of the second term  of electrical science. All o th er eng ineering  designates arc 
requ ired  to take the second-term  electrical science.



CHEMICAL ENGINEERING
OLIN HALL

Chem ical en g ineerin g  is the  ap p lica tio n  of the princ ip les  of the physical 
sciences, of m athem atics, ancl of en g ineerin g  ju d g m en t to fields in  w hich m a
terial is trea ted  to  effect a change in  state, energy co nten t, o r com position. T h e  
m ajo r ap p lica tio n  of chem ical en g ineerin g  is in  the process industries w here raw  
m aterials are converted  in to  useful products, such as chemicals, p e tro leu m  p ro d 
ucts, m etals, ru bb er, plastics, synthetic fibers, loods, an d  paper.

Program s in  chem ical en g ineerin g  are  ad m in istered  by the School of C hem 
ical E ngineering , w ith  facilities in  O lin  H all. C hem istry courses are given in  the 
B aker L abora to ry  of C hem istry. In s tru c tio n  in  the basic p rinc ip les  of chem ical 
en g ineerin g  starts in  the  second year an d  ex tends th rou g h  the fifth year. T h e  
p ro jec t courses in  the fifth year are designed to encourage in d iv id ua l w ork an d  
in itia tiv e  u n d e r  conditions eq u iv a len t to those fo u n d  in  the process industries.

T h e  chem ical en g ineerin g  cu rricu lum  co n tains 39 cred it hours of electives. A 
m in im um  of 24 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 cred it hours in  English 
are inc luded  in  req u ired  courses, so th a t each s tu d en t m ust take a m in im um  of 
30 cred it hours of non techn ica l courses. N in e  elective hours are considered to be 
free electives, an d  courses m ay be chosen to  fit a s tu d en 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  non tech nical 
courses, o r they m ay be used to take advanced courses in  specialized fields. S tu
dents p la n n in g  to  en te r  g rad u a te  schools m ay use b o th  the  free an d  technical 
electives to  p rep a re  fo r g rad u ate  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 ind ica ting  the  electives h e  proposes to 
take an d  o u tlin in g  the objectives to be achieved.

OPTIONS
Specialized w ork is offered in  biochem ical en g ineering , p e tro leum , plastics an d  

rubbers, business adm in istra tion , n u c lear eng ineering , in s tru m en ta tio n  an d  au to 
m ation , in d u stria l an d  eng ineering  ad m in is tra tion , an d  reac tion  kinetics. T h e  
choice of electives a t  an  ad vanced level allows studen ts to a rrang e  program s th a t 
are  the eq u iv a len t of op tio ns in  these fields. T h e  exact sequence of courses to  be 
selected fo r advanced tra in in g  is n o t specified, since it  depend s on  the  s tu d en ts’ 
in terests an d  capabilities. E xcep tiona l studen ts  are allow ed to reg ister lo r  g rad u 
ate  courses in these fields.

PREDOCTORAL HONORS PROGRAM
T h e  P redocto ra l H o nors P rogram  is available to capable u n d erg rad u a te  s tu 

dents w ho in te n d  to  co n tin ue  th e ir  ed ucatio n  in  g radu a te  schools. I t  is designed 
to m inim ize the  tim e req u ired  to o b ta in  a D o cto r’s degree. If  this objective can 
be achieved, it will a id  in  increasing the n u m b er of s tuden ts availab le  for teach
ing, research, an d  high ly  technical positions in  industry . T w o differen t program s 
are available to the  s tuden t. O ne is o rien ted  tow ards research an d  provides ac tual 
tra in in g  in  research  d u rin g  the fo u rth  an d  fifth years. T h e  o th e r  pu ts  m ore

27
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em phasis on  design, process ev aluation , an d  the  econom ics of the process indu s
tries.

U n derg radu ates in terested  in  this p rogram  m ust app ly  fo r adm ission d u rin g  
th e ir  th ird  year. T h e re  are no  fixed standards fo r en try . S tu d en ts’ requests fo r 
adm ission m ust be ap pro ved  by the faculty  of the School an d  th e ir  progress 
is review ed a t the  en d  of each term . A pproved  ap p lican ts  choose e ith e r  a research- 
o r design-oriented  program  as o u tlin ed  on pages 29-30. Each s tu d en t is then  
assigned to a special adviser who m ust ap pro ve the selection of courses to be 
taken d u rin g  the  fo u rth  and  fifth years.

T h e  research-o rien ted  studen ts  com plete a three-term  in d iv idu a l research 
p ro jec t an d  substitu te  theoretical courses req u ired  for doc to ra l cand ida tes in  
place of some of the design courses included  in the  reg u la r cu rricu lum . T h e  
design-oriented  studen ts  m ay specialize e ith er in  en g inee rin g  design o r in  the 
econom ics of the process industries by a p p ro p ria te  choice of elective courses.

S tudents en ro lled  in the honors program  who ap p ly  fo r adm ission to the 
G rad ua te  School an d  are accepted m ay reg ister as g rad u a te  s tuden ts  d u rin g  th e ir  
fifth year. W hen  they com plete the courses inc luded  in  e ith e r  of the hon ors p ro 
gram s listed  on pages 29-30, they will be aw arded the B achelor of C hem ical E ngi
n eering  degree. N orm ally, this req u irem en t can be com pleted  by the  en d  of the 
fifth year. S tudents who register in the G rad u a te  School choose a com m ittee 
th a t supervises th e ir work. T h e  A n n o u n c em en t  o f the Graduate School  should 
be consu lted  for de tails  ab o u t degree requ irem en ts. T h is  p rogram  may be te rm in 
ated  a t  the M aster’s degree level if a s tud en t m eets all the requ irem en ts .

SCHOLASTIC REQUIREMENTS
A s tu den t in the School of C hem ical E ng ineering  who tloes n o t receive a pass

ing  grade in every course for 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 of 75, may be d ro p p ed  o r placed on 
p roba tion .

If, in the o p in io n  of the faculty, a s tu d en t’s genera l record  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 g h  he 
has m et the m in im um  req u irem en ts  of cred it hours passed an d  of grades for 
those hours. S tudents who fall b eh ind  in  th e ir w ork m ay be w arned , p u t on  p ro 
ba tion , o r d rop p ed , e ith er from  an ind iv idu al course o r from  the U niversity , a t 
any tim e d u rin g  the term .

CURRICULUM . . . Bachelor o f Engineering (C hem ical)
C ourse program s for T e rm  1 th roug h  4, adm in istered  by the D ivision of Basic
Studies, are described on pages 25-26.

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 E R M  5 Chem istry 357, In troducto ry  O rganic C hem istry   5 3 6
E nginering  5303, Analysis o f Stage Processes  3 , 2  2
Engineering 5203, Chemical Processes   2 2 0
Engineering 211, M echanics  4 3 2Vk
E nginering 5851, Chem ical M icroscopy.......................................  3 o r 0 1 5
Liberal Elective ................................................................................... 0 o r 4 -  -

T o ta l   17 o r 18
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C O N T A C T  H OU RS 

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

T E R M  6 Chem istry 358, In troducto ry  O rganic C hem istry ......................  5 3 6
Engineering 5304, In troduction  to R ate  Processes.................... 3 2 2
Engineering 5204, Chemical P ro cesse s .........................................  2 2 0
Engineering 211, M echanics ........................................................... 4 3 2V4>
Engineering 5851, Chemical M icroscopy...................................  0 o r 3 1 5
L iberal Elective ................................................................................... 4 or 0 -

T o ta l   18 or 17
T E R M  7 E ngineering 5305, R a te  Processes and U n it O p era tio n s  3 2 2

E ngineering 5103, Chemical Engineering Therm odynam ics 3 3 0
Engineering 5353, U n it O perations L ab o ra to ry ...................... 3 2 3
E ngineering  5255, M ateria ls.............................................................  3 3 0
L iberal E le c t iv e .....................................................................................  4

T o ta l ....................................................................................................  16
T E R M  8 E ngineering 5104, Chemical Engineering T herm odynam ics 3 3 0

Engineering 5354, Project L abora to ry .........................................  3 1 5
E ngineering 5256, M ateria ls .............................................................  3 3 0
E lectrical E n g in e e r in g ........................................................................ 3 -  -
Free Elective .........................................................................................  3 -  -
L iberal E le c t iv e .....................................................................................  4

T o ta l ....................................................................................................  19
T E R M  9 Engineering 5621, Process Evaluation  and D esign .................... 5 3 5

E ngineering 5106, R eaction K inetics.............................................. 3 3 0
Chemical Engineering E lective ......................................................... 3 -  -
Free Elective .........................................................................................  3 -  -
L iberal E lective ................................................................................... 4 -  -

T o ta l ....................................................................................................  18
T E R M  10 E ngineering 5622, Process E valuation  and D esign .................... 5 3 5

E ngineering  5717, Process C o n tro l................................................  3 2 2V4>
Chemical E ngineering E lective ......................................................... 3 -
Free Elective .........................................................................................  3 -  -
L iberal Elective ................................................................................... 4 -  -

T o ta l ....................................................................................................  18
T o ta l fo r ten te rm s..........................................................................  174

PREDOCTORAL HONORS PROGRAM 
RESEARCH-ORIENTED

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

T E R M  7 Engineering 5305, R ate  Processes an d  U n it O p e ra tio n s .. .  3 2 2
E ngineering  5103, Chemical E ngineering  T herm odynam ics 3 3 0
E ngineering  5353, U n it O perations L ab o ra to ry .........  3 2 3
E ngineering  5255, M aterials .........................................................  3 3 0
Engineering 5909, In tro d u ctio n  to R esearch .............  0 1 0
Elective ....................................................................................................  3 -  -
L iberal Elective ................................................................................... 4 -

T o ta l ........................................................................................................  19
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C O N T A C T  H O U R S 

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

T E R M  8 E ngineering  5104, Chemical E ngineering T herm odynam ics. . 3  3 0
E ngineering  5952, Research P r o je c t   3 0 9
Engineering  5256, M aterials ...........................................................  3 3 0
E lectrical E n g in e e r in g ........................................................................  3 -  -
Elective ....................................................................................................  3 -  -
L iberal Elective ................................................................................... 4 -  -

T o ta l ....................................................................................................  19
T E R M  9 E ngineering  5106, R eaction  K inetics............................................. 3 3 0

Advanced Course Selected From  5100 o r 5500 Series  3 3 0
Engineering  5953, Research P ro jec t  3 0 9
Elective ....................................................................................................  3 -  -
L iberal Elective ................................................................................... 4 -  -

T o ta l ....................................................................................................  16
T E R M  10 E ngineering  5954, Research P ro jec t...............................................  3 0 9

Advanced Courses Selected From  5100 or 5500 Series  6 6 0
Elective ....................................................................................................  3 -
L iberal Elective   4 -  -

T o ta l ....................................................................................................  16
T o ta l for ten te rm s..........................................................................  173

DESIGN-ORIENTED
T erm s 7 an d  8 are  the same as the research-oriented  program .
T E R M  9 E ngineering  5621, Process E valuation  and  D esign.................. 5 3 5

E ngineering 5106, R ecreation  K inetics......................................... 3 3 0
Electives .................................................................................................. 6 - -
L iberal E le c t iv e ..................................................................................... 4 - -

T o ta l .................................................................................................... 18
T E R M  10 Engineering 5622, Process E valuation  and D esign ................ 5 3 5

E ngineering  5717, Process C on tro l................................................ 3 2 2 VS
Electives .................................................................................................. 6 _ _
L iberal Elective ................................................................................... 4 - -

T o ta l .................................................................................................... 18
T o ta l for ten term s..........................................................................  177

GRADUATE STUDY 
REQUIREMENTS FOR THE 
DEGREE OF MASTER OF ENGINEERING (CHEMICAL)

A  can d ida te  m ust com plete a  m in im u m  of 54 cred its of w hich 45 m ust be in  
technical subjects from  the fo llow ing list (see page 7 fo r ad d itio n a l in fo rm atio n): 

C hem istry: Courses in  analytical chem istry n u m b ered  426 o r h igher; in  organ ic  
chem istry, 456 o r  h igher; in  physical chem istry, 380 o r h igher; in  ino rgan ic  
chem istry, 410 o r h igher; in  biochem istry, 201 o r h igher.

Physics: Courses n u m b ered  225 o r h igher.
M athem atics: Courses n u m bered  200 o r h ig h e r (except C ourse 608).
C hem ical E ng ineering : T h e  fo llow ing courses are ap p ro ved : 5105, 5107, 5108,



CHEMICAL ENGINEERING—CURRICULUM 31
5205-6, 5503-4, 5505-6, 5507, 5508-9, 5605-6-7-8 , 5609, 5621-2, 5 74 1-2-3 -4 -5 , 
5746, 5747, 5748, 5752, 5760, 5851, 5853, 5859, 5900, 595 2-3 -4 -5 -6 .

O th e r branches of en g ineering : Any 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 hours m ust be in  the basic sciences, 
in c lud ing  a t least 6 c red it hours in  m athem atics an d  4 in  chem istry.

Also, 18 cred it hours m ust be taken  in the chem ical en g ineerin g  courses listed 
above. N orm ally, a s tu d en t will be expected  to com plete 5503-4 an 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 technical o r non tech n ica l b u t 
m ust be appro ved  by the s tu d en t’s adviser.

A ll courses to be co un ted  tow ard the degree m ust be passed w ith  a m in im um  
grade of 75 o r a signed sta tem en t by the  professor in  charge attesting  th a t the 
s tu d en t’s w ork was of g radu ate  caliber.

G rad ua te  study for the M aster of Science an d  D octor of Philosophy degrees 
is described in  the A n n o u n c e m e n t  o f the Graduate School.



CIVIL ENGINEERING
HOLLISTER HALL

Civil en g ineerin g  is concerned  p rim arily  w ith  the  large fixed works an d  
facilities th a t are  basic to  com m unity  living, industry , a n d  com m erce. In  a 
b road  sense, the  civil en g ineer learns to con tro l an d  m odify o u r  en v iro nm en t 
to satisfy the needs an d  desires of society. In  do ing  so he deals w ith  a w ide 
varie ty  of subfields. H e  is, fo r exam ple, responsib le fo r the  design n o t only  of 
the fo un d a tio ns  an d  superstructures of o u r  com m on structures such as build ings, 
bridges, dams, tunnels, wharves, etc., b u t also of m any u n u su a l s tructures such as 
rocket installa tions, co n ta in m en t vessels fo r n uc lear reactors, suppo rts  fo r rad io  
telescopes, fram es for a irc ra ft an d  also for devices used in  o th e r  b ranches of 
engineering. In  ad d ition , the civil en g ineer m ust concern  him self w ith  the 
en g ineering  aspects of w ater resources, rivers, harbors, irrig a tio n , an d  dra inage; 
w ith  the disposal of wastes an d  the con tro l of the qu a lity  of o u r  a ir  an d  w ater; 
w ith  highways, railroads, p ipelines, a irp o rts  an d  o th e r  tran sp o rta tio n  facilities; 
w ith  m easuring, m app ing , an d  in te rp re tin g  the physical co nd itions of the surface 
of the earth , o ften  w ith  the aid  of electron ic  m ethods, pho togram m etry , an d  aeria l 
pho tographs; an d  w ith  p la n n in g  o u r  m e tro p o litan  areas an d  construc ting  an d  
m anaging  the ir pu b lic  facilities. T h e  w ork of the in d iv id u a l civil en g in ee r may 
vary from  conception , research, an d  develop m en t to p lan n in g , design, construc
tion, an d  ope ra tion , an d  it frequen tly  involves he lp in g  to find solu tions to 
com plex social, political, econom ic, an d  m anageria l problem s. A ccordingly the  
profession requires the ta len ts of those w ho are  especially ex p ert in  one specialty 
as well as those w ho can co ord inate  the over-all efforts on  large projects. A ll civil 
engineers m ust be well g ro u n d ed  in  m athem atics, science, an d  en g ineerin g  
technology an d  all req u ire  a b road  libera l ed ucatio n  to en ab le  them  to  be 
effective b o th  as engineers an d  as citizens. T h ey  find em ploym ent in  governm ent, 
in  p riv ate  en g ineerin g  practice, in  the co nstruction  an d  m an u fac tu rin g  industries, 
in  u tility  com panies, in  education , in  sales, an d  in  a varie ty  o f o th e r  areas.

THE CIVIL ENGINEERING CURRICULUM
T h e  new cu rricu lum  in  civil en g ineerin g  perm its the  s tu d en t considerable 

freedom  in  choosing program s an d  courses th a t w ill m ost nearly  su it his 
p a rtic u la r  professional objectives an d  ap titudes. Sub ject to the lim ita tio ns  in 
d icated  below, 49 c red it hou rs  (abou t 16 courses) o u t of the  170 hou rs req u ire d  
fo r g rad u atio n  m ay be elected. T w en ty -fo ur of these 49 hou rs m ust be devoted  
to libera l studies an d  16 hours m ust be devoted  to subjects direc tly  re la ted  to 
the profession, leaving 9 hours of to tally  free electives. T h e  rem a in in g  121 hours 
req u ired  fo r g rad u a tio n  are prescribed  an d  are  com m on fo r a ll civil en g ineerin g  
studen ts. O f these, 59 hours are  taken  in  the D ivision of Basic S tudies an d  62 
hours are inc lu ded  in  the civil en g ineerin g  core. T h u s  the  s tu d en t is req u ired  
to develop a  strong  fo u n d a tio n  in  m athem atics, science, a n d  en g in ee rin g  tech-
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nology an d  to co n tin ue  his genera l education . A t the same tim e he w ill receive 
in stru ction  in  each of the m ajo r subfields of the profession an d  will have the 
o p p o rtu n ity  of co n cen tra ting  in  one area  if he so desires.

M odern  w ell-equipped classrooms an d  lab ora to ries are available fo r in stru ction  
an d  research in  H ollister H all, T h u rs to n  H all, an d  in  the H ydrau lics L abora to ry  
a t T rip h am m er Falls. T hese  facilities inc lude several lab oratories fo r testing 
m odels an d  full-scale stru c tu ra l assemblies; a concrete labora tory ; two hydraulics 
laboratories; a highw ay m ateria ls an d  traffic eng ineering  laboratory ; sanitary 
eng ineering  laboratories; a soils en g ineerin g  laboratory ; an d  lab ora tories for 
in te rp re tin g  aerial p ho tograph s an d  p rep a rin g  m aps an d  en g ineerin g  d a ta  by 
pho togram m etric  m ethods.

LIBERAL STUDIES
Students m ust take 24 cred it hours of libera l studies beyond freshm an English 

d istrib u ted  as evenly as possible th ro u g h o u t the last fou r years. A t least one 
libera l subject m ust be taken  in  six of the  last e igh t term s and , o rd inarily , no  m ore 
than  two such courses should  be taken  in  one term . N o course w ill be cred ited  as 
a libera l study if it has a m ajo r technical significance in  civil eng ineering . T h e  
subjects m ust be chosen as follows: 9 hours in  hum anities  (English, fine arts, 
philosophy, lite ra tu re , m usic, classics, speech an d  dram a; w ith  a t least one  2-term 
sequence), 9 hours in social studies (econom ics [at least 3 hours are  required], 
governm ent, history, psychology, sociology, an thropology; w ith  a t  least one  2-term  
sequence), 6 hours e ith e r  in  hum an itie s  o r social studies o r a m od ern  foreign 
language o r a com bina tion  thereof, according to a s tu d en t’s preference.

PROFESSIONAL PROGRAMS
T h e  16 cred it hours available for professional program s m ay be used to fu rth e r  

a s tu d en t’s in te rest in  a single area of civil en g in ee rin g  o r to b road en  his p rep a ra 
tio n  in  a  n u m b er of professionally-related  areas. In  each case a  co h eren t p rogram  
of scientific, technical, a n d /o r  m anageria l subjects m ust be chosen w hich need  n o t 
be lim ited  to subjects offered in  the School of C ivil E ngineering . Program s m ay 
be o rien ted  to the  needs of professional practice o r to research an d  teach ing  an d  
may, a t  the o p tio n  of the s tuden t, inc lude some o r all of the  9 hours of free 
electives. T h e  five m ajo r areas ap p ro ved  a t this tim e are: (1) s tru c tu ra l an d  soils 
engineering ; (2) w ater resources eng ineering , inc lud ing  san itary  en g ineerin g  an d  
hyd rau lic  engineering ; (3) tran sp o rta tio n  an d  u rb a n  engineering ; (4) surveying, 
co nstruc tion  en g ineerin g  an d  ad m in is tra tio n ; an d  (5) general civil eng ineering .

S tuden ts should  ind icate  the areas they desire to pursue, n o t la te r  th an  the 
7 th term . T h ey  will then  be assigned advisers w ho will assist them  in  p la n n in g  
program s an d  scheduling  courses in  accordance w ith  established guidelines.

FREE ELECTIVES
Students are to ta lly  free to choose a t least n in e  hours of w ork in  any courses in  

the U niversity  to  w hich they can be ad m itted . U n d e r this head ing , n o t to exceed 
9 hou rs m ay be cred ited  tow ard g rad u a tio n  fo r courses taken in  advanced 
m ilitary , air, o r naval science.
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SCHOLASTIC REQUIREMENTS
T o  rem ain  in  good stan d in g  a s tu d en t in  the School of C ivil E ng ineering  m ust 

m a in ta in  an  average g rade of a t least 70 p e r  cen t each term .

GRADUATE HONORS PROGRAM
As in d ica ted  on page 4 a lim ited  n u m b er of s tuden ts  who m eet ce rta in  

requ irem en ts  m ay be ad m itted  to  the G rad u a te  School a t  the  en d  of the fo u rth  
year. T h e  subsequen t year of in-residence g rad u a te  study w ill th en  rep lace  the
fifth year of the u n d erg rad u a te  cu rricu lum . If, a t the  en d  of the  fifth year,
the  s tu d en t has fulfilled th e  m in im u m  req u irem en ts  o f the civil en g ineerin g  
cu rricu lum , he w ill receive the  B achelor o f E ngineering(C iv il) degree; otherw ise 
he will receive a B achelor's degree in  eng ineering , und esign a ted  as to branch .

T o  be ad m itted  to the h on ors p ro g ram  a s tu d en t m ust o rd in a rily  be in  the top  
o ne -q u arte r of his class an d  be otherw ise clearly qua lified  fo r an d  desirous of 
p u rsu in g  g rad u a te  study. H e  m ust apply , in  w riting , fo r en ro llm en t in  this 
p rogram  n o t la te r  th an  the 7 th term , an d  be certified by the  facu lty  of the School 
of C ivil E ng ineering . In  o rd e r to qualify , he m ust com plete , by the  en d  of the 
8 th  term , 136 cred it hours of work, in c lu d in g  (in a d d itio n  to 6 hou rs of freshm an 
English) a t least 18 hou rs of libera l studies, of w hich a t least 8 hou rs are in  the 
hum anities  an d  8 hou rs are in  the social studies. H e  m ay also be req u ire d  to 
p e rfo rm  such ad d itio n a l w ork as the faculty  m ay prescribe.

CURRICULUM . . . Bachelor o f Engineering ( C ivil) *
C O N T A C T H O U R S 

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

T E R M  5 Geology 103, Geology for E ngineers  3 2 5
E ngineering  9170, In d u stria l 8c Eng. S tatistics  3 2 2*/£
E ngineering  6311L, M aterial Science 1 .......................................  4 3 2V£
Engineering  2701, S tructural E ngineering  1............................... 3 3 0
Engineering  2301, F lu id  M echanics.............................................. 3 3
L iberal Study .......................................................................................  3f

T o ta l ....................................................................................................  19
T E R M  6 E ngineering  2001, E ngineering  M ateria ls   3 2 2V2

E ngineering  2702, S tructural E ngineering  I I ............................  3 2 21/£
Engineering 2302, H ydrau lic  E ng in ee rin g ................................. 3 2 2V$
E ngineering  2101, Surveying.............................................................  3 2 2!/2
E ngineering  3633, T herm odynam ics ............................................ 3 3 0
L iberal Study (o r E lectrical Science 242 or 244 if not taken

in  the  4 th  te rm )  3 _ _
T o ta l ....................................................................................................  18

T E R M  7 E ngineering  2703, S truc tura l E ngineering  I I I   3 2
E ngineering  2401, Soils E n g inee ring ..............................................  4 3 2Vi
E ngineering  2303, H ydrology .........................................................  2 2 0
E ngineering  2501, W ater 8c W aste W ater T re a tm e n t.............  4 3 2 ^
E ngineering  2102, Surveying...........................................................  2 1 2!/£
L iberal Study .......................................................................................  3 _

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

T E R M  8 E ngineering 2704, S truc tura l E ngineering  IV ............................  3 2 2V$
E ngineering 2502, Sanitary E ngineering  Systems......................  3 2
E ngineering  2601, T ran sp o rta tio n  E n g in ee rin g .........................  4 3 2l/2
Professional Selections ...................................................................... Of -  -
L iberal Studies .....................................................................................  6 -  -

T o ta l ....................................................................................................  16
T E R M  9 E ngineering 2903, E ngineering  Econom y...................................  3 3 0

Professional Selections ...................................................................... 9+ -  -
L iberal Study .......................................................................................  3f
Free Elective .........................................................................................  3 f  -  -

T o ta l ....................................................................................................  18
T E R M  10 Professional Selections ......................................................................  7+ -  -

L iberal Study .......................................................................................  3+ -
Free Electives .......................................................................................  6 f  -  -

T o ta l ....................................................................................................  16
T o ta l fo r ten te rm s........................................................................  170

In  add ition  to the  above courses, all freshm en m ust satisfy the U niversity’s requ irem ents in 
physical education.

* A pplies only to students who enroll in  the School of Civil E ngineering  for the  first tim e in 
Septem ber, 1963, and  thereafte r. R equirem ents for o th er studen ts are available in  the  School 
office.

f  T h e  above schedule will enable candidates for the  G raduate  H onors P rogram  to m eet 
requirem ents by the  end of the 8 th  term . O ther studen ts will have some la titu d e  in scheduling 
professional selections, free electives, and  liberal studies especially in  the  5 th , 8th, 9th , an d  10th 
term s.

GRADUATE STUDY
T h e  School offers w ork lead ing  to the  M aster of E ngineering(C ivil), the  profes

sional M aster’s degree, the  M.S., an d  Ph.D . degrees. In  the  field of civil 
eng ineering  the follow ing areas of co n cen tra tio n  are  available e ith er as m a jo r o r 
m ino r subjects: geodetic an d  p ho togram m etric  en gineering , hydraulics, hyd rau lic  
engineering, co nstruc tion  eng ineering  an d  ad m in istra tion , san itary  engineering, 
san itary  sciences, s tru c tu ra l en g ineering , s tru c tu ra l m echanics, soils eng ineering , 
tran sp o rta tio n  eng ineering , a n d  aeria l p ro to g rap h ic  studies. D escrip tions of 
ind iv idu al courses are given elsew here in  this A nnouncem ent. F o r in fo rm atio n  
concern ing  professional M asters’ degrees, see page 7.

Prospective g radu a te  s tuden ts should  consu lt the A n n o u n c e m e n t  of the Gradu
ate School. A brochure, Graduate Programs in Civil Engineering ,  is also avail
ab le u p o n  request from  the  School of C ivil E ng ineering , H o lliste r H all.



ELECTRICAL ENGINEERING
PHILLIPS HALL

T h e  cu rricu lum  lead ing  to  the degree of B achelor of E ngineering(E lec- 
trical) is in te n d ed  to create in  the  s tu d en t an  u n d e rs ta n d in g  of the m ean in g  and  
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 inee rin 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 o n 
technical course w ork as is consisten t w ith  the p rim ary  ob jective of educatin g  
an  electrical eng ineer. T w o  cu rricu la  are  described below. T h e  first is th a t to 
be in  effect fo r studen ts s tarting  as th ird-year studen ts  in  the  School of E lec tri
cal E n g ineering  in  Septem ber, 1963, an d  thereafter. T h e  second is th a t in  effect 
for those studen ts  in the School who expect to g rad u ate  by June, 1965. For con
venience, the first is described as the new cu rricu lum , an d  the second as the 
o ld  cu rricu lum .

THE NEW CURRICULUM
T h e  ed ucation  of the  m o d ern  electrical eng ineer m ust p rep a re  h im  fo r a 

rap id ly  ex pand in g  field ( th a t includes such recen tly  develop ed  areas as b io
m edical electronics, the rm o n uclear an d  m agnetohydrodynam ic pow er genera tion , 
space com m unication  an d  contro l, co m pu te r design, an d  m olecu la r electronics) 
an d  fo r en g ineerin g  functions th a t range from  research to p rod u c tio n . In  revis
ing  its cu rricu lum , the facu lty  of the School of E lectrical E ng ineering  has 
recognized the en orm ous scope of electrical en g ineerin g  today  a n d  has concluded  
th a t th ree m ain  them es are  necessary to  p rep a re  its studen ts  adequately . T hese  
them es have been called Electrophysics, Systems,  an d  Laboratory.  T h e  th ree 
them es are  in te rre la ted  an d  the revised cu rricu lu m  co n ta ins an  in teg ra ted  series 
of req u ired  courses in  each. T h e  conclusion of the faculty  co ncern in g  the 
req u ired  p a rt  of the cu rricu lum  has m ade i t  possible to lim it the  n u m b er of 
courses in  any one  sem ester to a to ta l of five, the rem ain ing  two be ing  elective.

Electrophysics  is chiefly concerned w ith  o u r  p resen t u n d e rs ta n d in g  of the 
physical laws th a t govern  the design o r ap p lica tio n  of electrical devices. M odern  
devices from  m achines to lasers— an d  those in  the process of d evelop m en t— are 
based on  the  laws govern ing  electric an d  m agnetic  fields, in te rac tio n  of fields an d  
particles, fluid flow, k ine tic  theory, therm odynam ics, q u a n tu m  m echanics, p ro p 
erties of m ateria ls in  the solid state, an d  plasm as. In  the new  cu rricu lum  these 
subjects are trea ted  in  significantly g rea te r d e p th  an d  b rea d th  th a n  ever before.

T h e  Systems  sequence is chiefly concerned  w ith  the  laws th a t govern  the 
in te rac tio n  of devices whose in d iv id u a l behavio r is specified as well as the 
response of these systems to various in pu ts. T h ese  systems m ay be solely elec
trical o r involve transducers; they m ay co n ta in  bo th  lin ear an d  n o n lin ea r  ele
m ents; they m ay be passive o r active o r rando m . Systems m ay be used fo r m any 
purposes, inc lu d in g  contro l, com m unications, an d  in s tru m en ta tio n . T h e  course 
p rogram  is designed to develop the general m ethods of analysis req u ire d  fo r all 
such systems toge ther w ith  u n d ers tan d in g  of the  physical significance of the 
solutions.
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T h e  Laboratory  sequence is to em phasize th a t new  developm ents in  en g ineer

ing  practice com e from  a b lend  of theory  an d  ex perim en t. I t  is a fu n c tio n  of the 
lab ora to ry  to b rin g  studen ts in to  close touch  w ith  reality  in  the  areas of bo th  
systems and  electrophysics. T h e  ex perim en ta l w ork m ay be based on  the  analy
sis developed in  one of the areas o r in  ne ither. T h e  ab ility  to  do  ex perim en ta l 
w ork depend s u p o n  an  u n d e rs ta n d in g  of techniques an d  ap p ara tu s  an d  the 
p lace to develop this ab ility  is in  the laboratory . T h e  new  cu rricu lum  th e re
fore contem plates an  ex pansion  of the tim e sp en t by the s tu d en t in  the lab o ra
tory. Each of the fo u r lab ora to ry  courses involves two lab ora to ry  periods p e r 
week. T h e re  will be sufficient tim e an d  flexibility  to p e rm it in d iv id u a l exp lo ra
tion , an d  the even tua l goal is to  en ab le  the  s tu d en t to devise his ow n experim ents.

ELECTIVE COURSES
T h e  cu rricu lum  provides fo r fo u rteen  elective courses, w hich m ust inc lude 

(a) six courses in  the hum anities, social studies, o r language, of w hich two are a 
sequence in  hum an itie s  an d  two are a sequence in  social studies a n d  (b) fou r 
courses in  term s 9 an d  10 ap p ro ved  as a  g ro u p  by the  s tu d en t’s adviser.

I t  is ho p ed  th a t studen ts will use th e ir  elective courses effectively to  pu rsue  
th e ir ind iv idu al interests. T h e  courses have been spread  th ro ug h  the th ree  years 
to allow  o p p o rtu n ity  to investigate some field of study in  dep th .

T h e  only  lim ita tio n  on  the  four-course g roup  in  the  fifth year is th a t they 
be selected to m eet some p a rtic u la r  career objective. T h e  objective m ay be to 
p rov ide g rea te r d e p th  o r b read th  in  electrical eng ineering , o r it m ay be to 
p rep a re  fo r specialized careers by study in  such fields as m athem atics, physical 
o r life sciences, d ifferen t fields of eng ineering , business, law, etc.

SUMMARY CHART OF ELECTRICAL ENGINEERING CURRICULUM
T erm System s * Electrophysics * Laboratory * Electives +

5 4301: L inear 
Passive 
Netw orks (3)

4311: E lectro 
m agnetic Waves
(4)

4321: El. 
Lab. I  (4)

2 courses (6)

6 4302: In tro d . 
to Active 
Systems (3)

4312: A pplied  
T herm odynam ics
(4)

4322: El. 
Lab. I I  (4)

2 courses (6)

7, 4401: L inear 
Systems Analysis
(i)

4411: Q uan tum  
T heory  (4)

4421: El. 
Lab. I l l  (4)

2 courses (6)

8 4402: Active 
Systems (4)

4412: Solid 
State Physics
(4)

4422: El. 
Lab. IV (4)

2 courses (6)

9 4501: Systems 
w ith  R andom  
Signals (4)

4511: E lectro 
dynamics (4)

3 courses (9)

10 4502: Statistical 
Aspects of System 
Analysis (4)

4512: Fields, 
W aves, and 
E lectrons (4)

3 courses (9)

T o ta l Credits: Systems, 22 hours; Electrophysics, 24 hours; L aboratory , 16 hours; Electives, 
42 hours.

* C red it hours indicated  in  parentheses, 
t  M inim um  credit hours ind ica ted  in parentheses.



38 COLLEGE OF ENGINEERING
W ith  the ad o p tio n  of the new  cu rricu lum  the faculty  also prov id ed  for a Pre

graduate H o n o rs  program . T h e  P reg rad u a te  H o nors p rogram  recognizes the  
fac t th a t some studen ts  have the ab ility  an d  in te rest to  p rep a re  fo r genu ine  
g rad u a te  w ork in  less th an  the no rm al tim e. I t  differs from  the  reg u la r cu rricu lu m  
chiefly in  the  fo u rth  year b u t to qualify  fo r en tran ce  to  the p rogram , a  s tu d en t 
m ust successfully com plete two courses in  ap p lied  m athem atics, M athem atics 421 
a n d  422, in  his th ird  year. For these su perio r s tuden ts  w ith  th e ir  ad d itio n a l 
m athem atics p rep a ra tio n , a d ifferen t series of courses in  the  fo u rth  year is p ro 
v ided  to  p rep a re  fo r g rad u a te  w ork in  the fifth  year.

A  s tu d en t in  the honors p rogram  w ho is ad m itted  to the  G rad u a te  School w ill 
spend  his fifth year as a g rad u a te  s tuden t. T h e re  will be no  ad d itio n a l u n d e r
g rad u a te  req u irem en ts  to be satisfied fo r the B achelor of E ngineering(E lectrica l) 
degree. H e  may pursue  his g rad u a te  w ork w ith  exactly  the  sam e flexibility  of 
choice as any o th e r  g radu a te  studen t.

SUMMARY CHART FOR PREGRADUATE HONORS CURRICULUM
T erm Systems *

4301: L inear 
Passive N e t
works (Spec. 
Sect.) (3)
4302: In trod . 
to  Active 
Systems (Spec. 
Sect.) (3)

Electrophysics * Laboratory
4311: E lectro 
m agnetic Waves 
(Spec. Sect.) (4)

4321: El. Lab. 
I (Spec. Sect.)
(4)

4312: A pplied  4322: El. Lab.
Therm odynam ics II  (Spec. Sect.)
(Spec. Sect.) (4) (4)

Mathematics * Electives f
421: A pplied  1 course (3) 
M ath . (4)

422: A pplied  1 course (3) 
M ath . (4)

FORMAL ADMISSION TO PROGRAM

4403: Systems 
Analysis 
(Honors) (4)
4404: Prob. 
T heory  and 
Systems 
A pplications 
(Honors) (4)

4411: Q uan tum  
T heory  (Spec. 
Sect.) (4)
4412: Solid 
State (Spec. 
Sect.) (4)
4414: Electro- 
Physics H onors 
Sem inars (4)

4421: E l. Lab.
I I I  (Spec. 
Sect.) (4)
4422: El. Lab.
IV (Spec. 
Sect.) (4)

423: A pplied  
M ath . (4)

1 course (3)

1 course (3)

Tota l  Credits: Systems, 14 hours; Electrophysics, 20 hours; L aboratory , 16 hours; M athem atics, 
12 hours; Electives, 12-16 hours.

* C red it hours ind ica ted  in  parentheses, 
f  M inim um  cred it hours indicated in  parentheses.

THE OLD CURRICULUM
T h e  cu rricu lum  an d  elective-course in fo rm atio n  in  effect fo r those studen ts  

w ho expect to  g radu a te  by Ju n e , 1965, is described in  the  sections th a t follow .
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CURRICULUM

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

T E R M  7

T E R M  8

T E R M  9

T E R M  10

E ngineering 4122, E lem ents of System T h eo ry ...................  4
Engineering 4221, A lte rn a tin g  C urren t M achinery ........... 4
Engineering  4113, T ransm ission L ines and  W a v e s . . . .
N ontechnical E lective .............................................................
Free E le c t iv e ...................................................................................

T o ta l ....................................................................................................  17
Physics 314, A tom ic, N uclear, and  Solid State Physics  3
Engineering 4165, E lectrom agnetic T h eo ry ...........................  4
Engineering 4123, Electronics of Signal T ransm iss ion   4
Engineering 4226, E lectrical M achinery L aboratory . . 
N ontechnical Elective .............................................................

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

E ngineering 4021, T echnical W ritin g  and  P re s e n ta t io n .. . .
Free Electives .......................................................................................
N ontechnical E lective ........................................................................
Senior Project 4091 (or T echnical E lective)...................................  3
T echnical Elective ......................................................................
N onresident Lectures 4041.........................................................

T o ta l ....................................................................................................  19
Free Elective ...................................................................................
N ontechnical Electives ...............................................................
Senior Project 4092 (or T echnica l E lective)...............................  3
T echnical Electives ......................................................................

T o ta l ...........................................................................................
T o ta l for ten  te rm s...............................................................

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

4 3 2i/i
4 2 3
3 2 2Vi
3 - -
3

17
3 3 0
4 3 2Vi
4 3 2Vi
4 2 3
3 - -

18

3 3 0
3 - -

3 - -

3 - -
6 - -

1 1 0
19
6 _ _
6 - -

3 - -

3 -
18
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ELECTIVE COURSES
T h e  cu rricu lum  in  electrical en g ineerin 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 curricu lum . 
O f the fifty-one to ta l elective cred 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 ical program , the  twenty-seven non tech n ical 
elective hours 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  hours elected from  any non tech n ica l course.
F ifteen  elective c red it hou rs  (of w hich six m ay be P roject) m ust be selected 

from  courses in  electrical en g ineering , m athem atics, o r physics. O f these fifteen 
hours, n in e  m ust be tak en  in  electrical engineering . A  course so selected m ust 
no t co n ta in  a g rea t am 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 cu rricu lum .

T h e  courses, elected in  fu lfillm en t of the fifteen-hour technical elective req u ire 
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m ent, serve as a core for ad vanced studies in  a p a rtic u la r  phase of electrical 
engineering . S tudents m ay specialize in  rad io  science, m icrow ave o r sem icon
d u c to r electronics, electric ne tw ork theory, feedback co n tro l systems an d  com 
puters, n u c lear technology, pow er systems, o r ap p lied  m athem atics an d  physics. 
A lternately , some studen ts  find it  advisable to take advanced  courses th a t lie 
in  m ore th an  one of these specialties.

T h e  n in e  free elective hou rs m ay be chosen from  am ong any courses in  the 
U niversity  fo r w hich prerequisites are satisfied, in c lud in g  those in  the  fore
go ing  list. By carefully 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 niversity  d u rin g  the 
fifth year of the curricu lum .

T h e  p rogram  of the fifth year includes two th ree-hour elective courses desig
n a ted  as “P ro jec t.” A s tu den t m akes his ow n selection of th e  top ic  o r p rob 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 repares a p ro jec t proposal fo r subm ission to his in te n d ed  p ro jec t sup er
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  com 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 his m a jo r in te rest in  electrical eng ineering . I f  his p ropo sa l is n o t 
ap p ro ved  o r if he 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 technical elective hours.

In  m any cases studen ts choose to com bine all o r some p o rtio n  o f the free- 
elective req u irem en ts  w ith  the technical-elective requ irem en ts  in  o rd er to em p h a
size certa in  studies in  electrical 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 of courses 
are n o t in ten d ed  to im ply  th a t a s tu d en t m ust confine his studies to  any one 
field b u t are  p resen ted  fo r genera l in fo rm atio n .

ELECTRIC NETWORK THEORY

4115— Principles of N on linear Systems
4563— Signals and  Noise in  C om m unications Systems
4564— T ransm ission of In fo rm atio n
4571— M odern N etw ork Analysis
4572— M odern N etw ork Synthesis
4575—Advanced T opics of System T heory

ELECTRIC POWER SYSTEMS

4351— Unified T heory  of E lectro-M echanical Systems
4352— Elem ents of Power-System Analysis
4353— T ran s ien t Analysis of Pow er Systems

ELECTRONS AND WAVES

4526—E lectron Dynamics
4527— Microwave E lectronics I
4528— M icrowave E lectronics II  
4521— M icrowave L aboratory
4561— M icrowave T heory  and  T echniques
4565— E lectrom agnetic T heory
4529— Sem iconductor Electronics I
4530— Sem iconductor E lectronics II
4531— Q uan tum  Electronics
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FEEDBACK CONTROL SYSTEMS AND COMPUTERS
4711— Feedback C ontrol Systems I
4712— Feedback C ontrol Systems II
4713— Feedback C ontrol Systems Sem inar 
4810—A nalog C om putation
4820—Sw itching Systems I
4821— Sw itching Systems II 
1175—N onlinear M echanics

ILLUMINATION
4611—Introducto ry  Illum ination
4612—Illu m in atio n  Engineering 
4615—Illum ination  Sem inar 
Physics 307— Physical O ptics 
Psychology 305— Perception

NUCLEAR ENGINEERING
(T he follow ing courses constitu te  the  core cu rricu lum  for the E ngineering College N uclear 

Engineering Program .)
8301— In troduction  to A tom ic N uclear Physics 

or
Physics 314— Atomic, N uclear and Solid State Physics
8302— N uclear and  R eactor Physics 
8351— N uclear M easurem ents L aboratory

COMMUNICATION SYSTEMS
4511— Physical Basis of E lectronic Engineering
4512— R adio  Engineering 
4541—A pplied  Accoustics
4563— Signals and Noise in C om m unication Systems 
4551— R adio  Aids to N avigation

RADIO SCIENCE
4565—E lectrom agnetic T heory  
4568— A ntennas
4566—In troduction  to Plasm a Physics
4567— R adio  W ave Propagation
4581— M agnetohydrodynam ical Processes in  the Solar System

N in e cred it hours in  advanced m ilitary  science o r a ir  o r naval science may 
be co un ted  tow ard the req u irem en ts  of the baccalaureate degree. T hese  n in e  
hours are considered to lie w ith in  the free-elective area  of the cu rricu lum .

GENERAL INFORMATION
CLASS ADVISERS

Each s tu d en t is assigned an  adviser w ho counsels the  s tu d en t ab o u t cu rricu 
lum , reg istration , scholarship , an d  o th e r aspects of the  academ ic program . In  
ad d ition , the adviser is available to discuss any nonacadem ic p rob lem s the s tu den t 
m ay have. 

Since the class adviser is responsib le for ap p ro v al of the reg istra tion  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 the  adviser’s appro val. I f  the adviser does n o t appro ve a chosen course 
of study, the s tu d en t m ay seek ap p ro v al of the p rog ram  by p e titio n  to  the 
facu lty  of the School.

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

he is reg istered  two weeks a fte r the b eg inn ing  of the term  a n d  have a  w eighted  
average of n o t less th a n  70 p e r  cent; or, if one  course is fa iled  o r is canceled, 
have a  w eighted  average fo r  the  rem ain ing  courses o f n o t less th an  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 ro g 
ress tow ard his degree, ev idenced e ith er by course fa ilu res o r by low  grades in  
m a jo r courses, m ay be w arned , p laced  o n  p ro b a tio n , o r  d ro p p ed  from  the 
School.

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

for details.

GRADUATE STUDY
T h e  regu la tions an d  requ irem en ts  fo r the degrees o f D octor of P h ilo sop hy  an d  

M aster of Science are  described in  the  A n n o u n c e m e n t  o f  the Graduate School.  
T hese  are research degrees th a t involve residence on  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 in c lu d in g  rad io  
p ropagation , rad io  an d  ra d a r  astronom y, plasm a p henom ena, m agnetohydro- 
dynam ics, physical an d  m icrow ave electronics, m a te ria l science in  electrical 
en g ineering , b iom edical electronics, electric pow er conversion, ionized gases 
in  electrom agnetic  fields, electrical b reakdow n ph enom ena, etc., an d  in  the area  
of systems theory  in c lud 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 ip s are  available to cand idates fo r the degree of D o ctor o f Ph ilosophy  an d  
M aster of Science w ho are do ing  th e ir  thesis research in  the  School of E lectrical 
E ng ineering . A ssistantship ap p lica tions an d  fu r th e r  in fo rm atio n  can  be o b ta in ed  
by w riting  to  the C o o rd in a to r of G rad ua te  Studies, School of E lectrical E ng in eer
ing.

T h e  degree of M aster of E n g ineering  (Electrical) is available as a cu rricu lum  
type of p rofessional degree a t  the M aster’s level, th e  g enera l requ irem en ts  fo r 
w hich are stated  on  page 7. O f the forty-five cred it hours sta ted  in  the  general 
requ irem ents , the  degree requ ires  six hou rs of P ro jec t 4091 a n d  4092, twelve 
hou rs of advanced electrical eng ineerin g  courses (the advanced  electrical en 
g in eerin g  courses inc lude  all the  elective an d  g rad u a te  courses listed  on  pages 
93-97 of this A n n ou ncem en t p lus 4123, 5165, an d  4226), six hou rs o f advanced 
physics, six hou rs of advanced m athem atics, an d  fifteen hou rs fro m  any o f the 
a fo rem en tion ed  g roups of electrical en g ineering , physics, o r advanced m a th e
m atics courses. All course w ork to  be co un ted  tow ard  the M .Eng. (Electrical) 
degree req u irem en ts  m ust be passed w ith  a m in im um  grade o f 80.
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T o  en te r  the M aster of E ngineering(E lectrica l) program , a s tu d en t m ust first 

have been accepted  by the  G rad u a te  School for adm ission as a can d ida te  for 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 ua te  C om m ittee for transfer to the M aster of E ng ineering  (Electrical) p ro 
gram . T h e  M aster of E ngineering(E lectrica l) p rogram  will norm ally  be lim ited  
to studen ts  who can n o t satisfy the residence req u irem en ts  of the M.S. degree.



ENGINEERING MECHANICS
THURSTON HALL

T h e  D e p artm en t of E n g in eerin g  M echanics is responsib le fo r u n d e r
g radu a te  an d  g rad u ate  in stru c tio n  an d  research in  ap p lied  m echanics, an d  
ap p lied  m athem atics. Subject m a tte r in  these fields is of a fu n d am en ta l n a tu re , 
an d  the u n d erg rad u a te  courses p rovide a substan tia l p a r t  of the basic en g inee r
ing  science educatio n  fo r en g ineerin g  studen ts. In  ad d itio n  to the req u ired  
courses in  ap p lied  m echanics an d  ap p lied  m athem atics, the u n d erg rad u a te  can 
elect advanced courses. Such courses are especially su ited  to s tuden ts  w ho have 
d em o nstra ted  sup erio r analytical o r ex perim en ta l ab ility  an d  w ho wish to ex ten d  
an d  develop this ability .

T h e  g rad u ate  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 ineerin g  m echanics. A dvanced theore tical 
an d  ex p erim en ta l w ork is basic in  the new est developm ents in  en g in ee rin g  an d  
in  ap p lied  science an d  provides a fo u n d a tio n  for 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 a tes  to  p a r
tic ip ate  in  a ttack in g  problem s th a t cu t across varied  fields of research, develop
m ent, an d  design. G rad u a te  s tuden ts  pu rsu e  p rogram s in  the fo llow ing areas of 
specialization: (1) space m echanics— in c lud ing  research on  trajec tories an d  orb 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 ag a tio n  in  solids— w ith  research on the  dynam ic re
sponse of plates, structures, an d  m achine elem ents; (3) s tru c tu ra l m echanics—  
in c lud ing  sta tic  an d  dynam ic loading, v ibrations, an d  buckling; (4) theory  of 
elasticity  an d  plasticity; (5) theo re tica l fluid m echanics— w ith  research  in  mag- 
netohydrodynam ics.

T h e  flexibility  of the g rad u ate  study program s a t C ornell perm its  s tuden ts  to 
d raw  on  several divisions of the U niversity  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 
an 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 ineerin g  physics, servom echanism s, m ach ine design, aerospace en 
g ineering, soil m echanics, an d  physics.

44



MATERIALS AND METALLURGY
BARD HALL

E ngineering  progress depends heavily o n  the  developm ent of new  m a
terials an d  the im prov em en t in  the properties  of those presen tly  in  use. Success 
of a system, a design, o r a theory  is realized only  w hen the schem e has been 
transla ted  by the m ateria ls an d  m etallu rg ica l eng ineer in to  a tr ied  an d  tested 
engine, transistor, o r missile. T h e  key is the developm ent, selection, a n d /o r  
fab rica tion  of the m aterials. Even a m odest im provem en t of a p ro d u c t is o ften  
co n tin gen t u p o n  success in  m aterials research, developm ent, an d  engineering.

T h e  m ateria ls an d  m etallu rg ica l en g in ee r m ust be effectively tra in ed  to  u n d e r
stan d  bo th  the behav io r an d  ap p lica tio n  of m aterials. T h e  increasing com plexity 
of chem ical, m echanical, electrical, an d  aerodynam ic aspects, an d  th e ir  overlap, 
m ake it increasingly im pera tive to u n d ers tan d  the basic behavio r of the m ateria l 
in  the p roposed  en v iro n m en t o r system.

Extensive tra in in g  in  the fu nd am en ta ls  of science an d  engineering , of m aterials 
processing, of m aterials p roperties, an d  of ap p lica tio n  of m aterials in design is 
offered in  the  m aterials an d  m etallu rgy  program , w hich is co nduc ted  by tlie 
m ateria ls an d  m etallu rgy  faculty  of the D e p artm en t of E ng ineering  Physics and  
M aterials Science. T h e  facilities include the new est of the  C ornell eng ineering  
build ings, B ard  H all, the largest of the M ateria ls Science C en ter labora tories 
(processing, m e tallography  an d  X-ray, single crystal, an d  h igh  tem peratu re), 
the newest of m aterials teach ing  an d  research  facilities, an d  a balanced  faculty 
o rien ted  tow ard b o th  p rod u cing  know ledge by research an d  app ly ing  it th rough  
engineering. F o u r of the seven faculty  have substan tia l en g ineerin g  experience 
in  n uc lear reac to r m aterials, steel an d  h ig h  tem p era tu re  alloys, m aterials process
ing, an d  space an d  missile m aterials. T h e  fields of sem iconductor an d  sup er
conduc to r m aterials, glasses an d  liquids, diffusion an d  tran spo rt, therm odynam ics 
an d  kinetics are the m ajo r areas of in te rest of the o th e r th ree professors. T h e  
facu lty ’s p rofessional experiences an d  research in terests are the basis of the new 
m ateria ls an d  m etallu rgy  p rogram  w hich is being  offered. T h e  core of the new  
p rogram  includes the fo llow ing topics: (1) s tru ctu re  of m aterials, (2) p roperties  
an d  behavio r of m aterials, (3) therm odynam ics an d  kinetics, (4) m aterials process
ing, (5) m ateria ls en g ineerin g  an d  design.

C om bin ing  the facu lties of m aterials an d  m etallu rgy  an d  of eng ineerin g  physics 
u n d e r the  D e p artm en t of E ng ineering  Physics an d  M aterials Science provides 
an  in teg ra tio n  of physics w ith  m aterials an d  m etallu rg ica l eng ineering , as well 
as exposing the en g ineerin g  physics studen ts  to m aterials technology, a t bo th  
the un d erg rad u a te  an d  g rad u a te  levels.

T h e  n u m b er of studen ts  en ro lled  in  this p rogram  has been trad itio na lly  small, 
fostering  ind iv idualized  lea rn in g  betw een s tud en t an d  facu lty  m em ber. Also, 24 
credits of libera l electives p lus 21 credits of technical electives inc luded  in  the
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c u r r i c u l u m  p e r m i t  a  w id e  c h o ic e  o f  s u b j e c t  a r e a s  r a n g i n g  f r o m  l a w  o r  b u s in e s s  
a d m i n i s t r a t i o n  to  p o ly m e r i c  m a t e r i a l s  ( p p .  4 , 6 , 8). B y  p r o p e r  c h o ic e  o f  e le c 
t iv e s  i t  is  p o s s ib le  t o  o b t a i n  a d v a n c e d  d e g r e e s  i n  a  s h o r t e r  p e r i o d  o f  t im e  t h a n  
is n o r m a l l y  t h e  c a se .

T h e  s e n i o r  p r o j e c t  i n  t h e  f in a l  y e a r  is  s e l e c te d  b y  t h e  s t u d e n t  i n  h i s  o w n  
c h o s e n  a r e a  o f  i n t e r e s t .  T h e  p u r p o s e  is  t o  e x p o s e  t h e  s t u d e n t  t o  t h o s e  p r o b l e m s  
a s s o c i a t e d  w i t h  a  r e s e a r c h  o r  d e v e l o p m e n t  s t u d y  a n d  p r o v i d e  f o r  t h e  i n t e g r a t i o n  
o f  h i s  e d u c a t i o n a l  e x p e r i e n c e s  i n  t h e  s o l u t i o n  o f  h i s  p r o j e c t .

SUGGESTED TECHNICAL ELECTIVE GROUPINGS
MATERIALS SCIENCE cred.t

H O U R S  T E R M
Physics 323, M odified E lectricity , M agnetism  and  O p tics................................................... 4 7
Physics 318, M odified A nalytical M echanics and  A tom ic Physics...................................... 4 8
Chem istry 481, Advanced Physical C hem istry ..........................................................................  4 7
Chem istry 505, Advanced Inorgan ic  C hem istry ......................................................................  4 7
Chem istry 506, Advanced Inorgan ic  C hem istry ......................................................................  4 8
Physics 443, A tom ic Physics and  In troduction  to Q uan tu m  M echanics........................  4 9
Physics 454, E lectronic P roperties of Solids and  L iq u id s................................................... 4 10
Engineering  6681, Advanced E xperim ental M etallu rgy .........................................................  3 9
E ngineering  6710, T ran sp o rt Processes..........................................................................................  3 10
Engineering  6732, Advanced M etallog raphy .............................................................................  3 10

MATERIALS TECHNOLOGY
Engineering 6661, M etals a t E levated T em p era tu res ...........................................................  2 9
Engineering 6872, N uclear M aterials T echno logy ..................................................................  2 10
Engineering  6665, M aterials for Space C raft and  M issiles................................................... 2 9
Engineering  6911, Sem inar in  N on-C rystalline M ateria ls..............................................
Engineering  3331, K inem atics and  Com ponents of M achines............................................  3 7, 8
Engineering 3372, E xperim ental M ethods in  M achine D esign ..........................................  3 7 ,9

NUCLEAR ENGINEERING
Physics 314, In troduction  to  A tom ic and  N uclear Physics................................................... 3 7
E ngineering  8302, N uclear and R eacto r Physics......................................................................  3 8
Engineering  8351, N uclear M easurem ents L ab o ra to ry .........................................................  3 8
E ngineering  5760, N uclear and  R eacto r E ng in ee rin g ...........................................................  2 9
Engineering  3665, Advanced H e a t T ra n s fe r ............................................................................. 3 9
Engineering  6872, N uclear M aterials T echnology ..................................................................  2 10
Engineering  8051, 8052, P ro jec t..................................................................................................... 6 9, 10

POLYMERIC MATERIALS
C hem istry 357, In troducto ry  O rganic  C hem istry ....................................................................  5 7
C hem istry 358, In troducto ry  O rganic C hem istry ....................................................................  5 8
E ngineering  5742, Polym eric M aterials ...................................................................................  3 9
E ngineering  5743, Properties of Polym eric M ateria ls...........................................................  3 10
E ngineering  5752, Polym eric M aterials L ab o ra to ry ................................................................ 2 10
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PRODUCTION OPERATIONS AND PROCESS CONTROL 

(Industrial E ngineering)
CREDIT
H O U R S T E R M

Engineering 9153, E ngineering  Economics A nalysis........................................................  3 7 ,9
E ngineering 9170, In d u stria l and  E ngineering  S ta tistics...............................................  3 7 ,8
E ngineering 9381, In troduction  to  M odern D ig ita l C o m p u ta tio n   3 7 ,8
E ngineering  9570, In term ed ia te  In d u stria l and E ngineering  S tatistics.....................  3 10
E ngineering 9575, Statistical C o n tro l  3 8, 10
E ngineering 5304, Analysis of U n it O p era tio n s ................................................................ 3 8
E ngineering 5747, Process C o n tro l.......................................................................................... 3 9

SCHOLASTIC REQUIREMENTS
A  s tu d en t in  m aterials an d  m etallu rgy  w ho does n o t receive a passing grade 

in  every course for w hich he is registered, o r w ho fails in  any term  of sum m er 
session to m a in ta in  an  average g rade of 70, m ay be subject to d iscip linary  action.

CURRICULUM . . . Bachelor o f Engineering ( Materials and 
M etallurgy)

Course program s for T erm s 1, 2, 3 an d  4, ad m in istered  by the D ivision of Basic 
Studies, are described on  pages 25-26.

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 .

T E R M  5 E ngineering  6311, M aterials Science............................................. 4 3 2Vi
E ngineering  6301, S truc ture  of M aterials 1 ............................... 3 2 2Vh
M athem atics 215, H igher C alcu lus................................................ 3 3 0
Engineering  8121, Classical T herm odynam ics..........................  3 3 0
L iberal Elective   3 o r 4

T E R M  6 Physics 314, Atom ic, N uclear and  Solid S ta te ..............................  3 3 0
Engineering 6302, S tructure  of M aterials I I ............................... 3 1 5
M athem atics 216, H igher C alcu lus................................................ 3 3 0
Chem istry 353, O rg an ic ...................................................................... 4 4 0
Chem istry 355, O rg an ic .....................................................................  2 0 5
L iberal E lective   3 o r 4

T E R M  7 Effective in fall, 1964
Engineering  6435, Physical M etallu rgy .......................................  4 3 2lA
E ngineering 6423, T herm odynam ics.............................................. 3 3 0
Elective (Technical) ..........................................................................  6
Liberal Elective   3 o r 4

T E R M  8 Effective in spring, 1965
E ngineering 6432, M echanical M etallu rgy ................................. 3 3 0
E ngineering  6442, M aterials Processing (C hem ical)...............  4 3 2Vz
E ngineering  6443, M aterials Processing (M echanical)  4 3 2XA
Elective (Technical) ............................................................................  3
L iberal Elective   3 o r 4

T E R M  9 Effective in fall, 1965
Engineering  6505, M etallurgical Eng. Design * ........................  3
E ngineering  6553, Senior P ro jec t..................................................  3 0 9
E ngineering  6539, Princip les o f M etallurgical E ng ................. 3 3 0
Elective (Technical) ............................................................................  3
L iberal E lective   3 or 4
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C O N T A C T  H OU RS

C R E D IT  L E C T . LA B .
T E R M  10 Effective in spring, 1966 H O U R S R E C . C O M P .

E ngineering  6524, Kinetics of R eactions in  Solids
E ngineering  6554, Senior P ro jec t..............................
Elective (Technical) .........................................................
L iberal Elective ...............................................................

3 0 9
6

3 or 4

3 3 0

* O ptional for honors and  graduate  studies candidates.

RESEARCH AND GRADUATE STUDY
T h e  research p rogram  by the staff an d  studen ts  in  m aterials an d  m etallu rg ica l 

en g ineerin g  is an  in teg ra l p a rt  of C o rn e ll’s in te rd isc ip lin ary  M ateria ls Science 
C enter. U n d erg rad u a te  s tuden ts are  req u ired  to  do in d e p en d en t pro jects in  
th e ir fifth year, an d  in  this way studen ts have an  o p p o rtu n ity  to  w ork in  areas 
of advanced research w ith  m em bers of the faculty. Areas in  w hich such w ork 
is carried  o u t inc lude liquid-solid  in te rfac ial reactions: crystalline im perfections, 
sem iconductors, refractory  m aterials, solidification an d  crystal g row th  p henom ena, 
recovery an d  recrystallization, solid so lu tion  s treng then ing ; o rdering ; transfo rm a
tion  kinetics; nuc lear m aterials: X-ray d iffraction  m icroscopy, op tica l an d  elec
tron  microscopy, stru ctu re  of th in  films, an d  physical an d  m echanical behavior.

G rad u a te  study program s in  m aterials an d  m etallu rg ica l en g in ee rin g  a t  C ornell 
are designed to  fit the needs of in d iv id u a l studen ts, in  ligh t of th e ir  previous 
tra in ing , ap titudes, an d  interests. C and idates are expected  to pu rsue  a p rogram  
of study th a t will give them  a deeper u n d ers tan d in g  of the  basic an d  ap p lied  
sciences, w hich will develop in itia tive  an d  orig inality . A  cand ida te  fo r a 
genera l degree, M.S. o r Ph.D ., is req u ired  to take n e ith e r  a fixed cu rricu lum  
n o r a m in im um  n u m b er of cred it hours in  his m ajo r field. H ow ever, the s tu 
d e n t will o rd in a rily  find it desirab le  to  take advanced courses offered in  the 
D ep artm en t an d  to p a rtic ip a te  in  g radu a te  sem inars. H e  w ill also be u rg ed  to 
pu rsue  advanced courses in  m athem atics, chem istry, an d  physics offered in  the 
College of A rts an d  Sciences. T h e  specific req u irem en ts  for the  M.S. an d  Ph.D . 
degrees will be fou n d  in  the  A n n o u n c e m e n t  of the Graduate School.



ENGINEERING PHYSICS
ROCKEFELLER HALL

T h e  un d erg rad u a te  p rogram  in  en g ineerin g  physics, co nducted  by the D e
p a rtm e n t of E n g ineering  Physics an d  M ateria ls Science, is designed to com 
b ine  the basic scientific an d  analy tica l tra in in g  of the physicist an d  the m athe
m atician  w ith  know ledge an d  experience in  app ly ing  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  curric
u lum  pu ts  m ajo r em phasis on  m athem atics an d  physics. In  ad d ition , the 
program  is p lan 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 nstitu en t atom s an d  m olecules to bu lk  physical, elec
trical, an d  chem ical properties.

For tra in in g  in  en g ineerin g  research, the  fifth year s tu d en t carries o u t a semi
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 
b er w ho is an  au th o rity  in  th a t field. S tudents m ay u n d ertak e  pro jec ts in  atom ic 
an d  nuc lear physics, n uc lear reac tor technology, nuc lear in s tru m en ta tio n , elec
tron  optics an d  electron  microscopy, en g ineerin g  electronics inc lu d in g  com m uni
cations an d  servom echanism s, circu 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 an d  h ea t transfer, 
elasticity an d  stress analysis, m athem atics, an d  biophysics.

Because of the em phasis on  the basic sciences an d  the freedom  to select 
advanced courses to satisfy electives, the  cu rricu lum  provides an  ex cellen t fo u n d a
tion  fo r g rad u ate  study in  the sciences o r in  en g ineerin g  research.

T h e  D ep artm en t has fully  eq u ipp ed  lab ora to ries  fo r study an d  research  in 
electron  microscopy, solid state an d  surface physics, an d  n uc lear technology. T h e  
N uclear R eac to r L aboratory , a separa te  b u ild in g  (see page 2), inc ludes facilities 
fo r w ork in  n uc lear chem istry.

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

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

M athem atics, physics, chem istry, engineering   116 hours
English com position .......................................................................................................................... 6 hours

M odern foreign language (for classes of 1963, 1964, 1965)  6 hours
(Students who pass the  proficiency exam ination  of the  D eparm en t of M odern 
Languages and  who do n o t wish to  con tinue the  study of a language m ay 
substitu te  six hours of liberal electives in  place of the  language requ irem ent.)

Electives .................................................................................................................................................. 40 hours
L iberal— 18 hours. A t least n ine hours m ust be taken in  the area of h u m an 
ities w ith a 2-term  sequence; ano th e r n ine  hours in  the  area of social studies 
w ith a 2 -term  sequence.
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Advanced E ngineering  and  Science— 12 hours m in im um . T h is  includes six 
hours for Senior Project (see course descrip tion  8051).
Unspecified— 10 hours. May be taken in  any course in  the  U niversity open to 
the studen t. N o t m ore than  six hours c red it 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  for a career in  one of the 
m any specialized fields of eng ineering . As exam ples, fo u r possible program s are 
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. 17) . . . T h e  u n d erg rad u a te  program  in 
en g ineerin g  physics is p a rticu la rly  su ited  fo r w ork in  aerospace engineering , 
e ith er 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  E N G I N E E R I N G  . . . T h e  s tu d en t in te rested  in  the nu c lear energy 
field, o r in  n u c lear reac to r pow er developm ents, shou ld  choose his electives from  
courses in  reac to r physics, nuc lear m easurem ents, th e rm o nu clear pow er p rin c i
ples, ad vanced h ea t transfer, an d  in  physics of solids un 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 8302, 8306, 8312, 8351, 8352, 
an d  to 3665, 5760, 6872, an d  7206, w hich are described in  d e 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 rogram  of the  en g in ee rin g  physics cu r
ricu lum  com bined  w ith  electives in  en g ineerin g  physics (e.g., 8262, 8512), 
en g ineerin g  m ateria ls (e.g., 1244), an d  m etallu rg ical en g in ee 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  for research 
in  m aterials science, a field th a t o ften  holds the key to fu r th e r  technological 
progress. S tudents can find am ple possibilities fo r sen io r pro jec ts by jo in in g  one 
o f the  active research  groups studying such topics as surface physics, p ro pertie s  
o f th in  films, electron  m icroscopy an d  d iffraction , re lax a tio n  ph en o m en a  an d  
th e ir  re la tio n  to  dislocations an d  o th e r  defects, pho toconductiv ity , an d  others.
SPACE SC IE N C E  A N D  T E C H N O L O G Y  . . . E n g ineering  physics provides an 
excellen t p rep a ra tio n  fo r u n d erg rad u a te  o r g rad u ate  specialization  in  th is chal
len g ing  field. Q ualified  studen ts  m ay elect courses in  gasdynam ics, rad io  wave 
p ro pag ation , optics, astronom y, relativ ity , a n d  o th e r  re la ted  courses. Several 
facu lty  m em bers have strong  research in terests in  this field an d  are availab le  to 
supervise sen ior research projects re la ted  to  th e ir  areas of specialization. S tuden ts 
m ay u n d ertak e  pro jec ts as a p a r t  of the w ork of the C en te r fo r R adiophysics an d  
Space Research.

T h e  D e p artm en t pa rtic ipa tes in  the In d u s tr ia l C oopera tive P rogram  (see 
page 5 ) .

SCHOLASTIC REQUIREMENTS
T h e  s tu d en t is u rged  to  regard  grades as an  in d ica tion  of his degree of achieve

m en t in  His field ra th e r  than  as, in  any sense, an  en d  in  themselves. T h e  difference 
o f a p o in t o r two in  grades is never a d e te rm in in g  facto r in  his sta tus in  the
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D ep artm en t. H e  is expected  to pass every course for w hich he is registered, to 
m a in ta in  each term  a w eighted  average of ab o u t 75 p e r cen t o r better, an d  to 
dem onstra te  ap titu d e  an d  com petence in  the basic subject m a tte r of the cu r
riculum .

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

CURRICULUM Bachelor o f Engineering (P hysics)
F or s tuden ts w ho expect to g rad u a te  in  1964 an d  1965.

C O N TA C T H O U R S 
C R E D IT  L E C T . LA B. 
H O U R S R EC .

T E R M  8 M athem atics 616, M ethods of A pplied  M athem atics  3
Physics 454, E lectronic P roperties of Solids and  L iq u id s .. . .  4
Physics 410, Advanced L ab o ra to ry ................................................  4
Chem istry 380, Chem ical B onding and  Physical P roperties

of O rganic Molecules ...................................................................  3
Elective ..................................................................................................  3

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

T E R M  9 E ngineering  8252, Selected T opics in  Physics o f Engineering
M aterials........... .................................................................................... 3

E ngineering  8051, P ro jec t................................................................  3
Electives ................................................................................................ 9

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

T erm  10 Engineering 8131, M echanics of C o n tin u a ..................................  3
E ngineering  8052, P ro jec t...................................................................  3
Electives .................................................................................................. 9

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

C O M P .
0
0
6
0

For studen ts  who en te red  in  1961 an d  thereafter, course program s for T erm s 
1 th rou g h  4, ad m in istered  by the D ivision of Basic Studies, are described on 
pages 25-26.
T E R M  5 M athem atics 421, M ethods of A pplied  M athem atics............

Physics 323, M odified. E lectricity  an d  M agnetism  and
O ptics .............................................. ...................................................

E ngineering  8121, T herm odynam ics and  K inetic T h e o ry . .
E ngineering  6311, M aterials Science.........................................
Elective   3 o r 4

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

T E R M  6 M athem atics 422, M ethods of A pplied  M athem atics............
Physics 318 M odified, A nalytical M echanics and A tom ic

Physics ................................................................................................
E ngineering  8122, T herm odynam ics and  K inetic T h e o ry . .
M odern Foreign L anguage ...............................................................

Total ...................................................................................

4 4 0

4 4 0
3 3 0
4 3 2VS

3 or 4
18

4 4 0

5 5 0
3 3 0
6 2 6

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 .

T E R M  7 M athem atics 423, M ethods of M athem atics  4 4 0
Physics 443, A tom ic and M olecular Physics  4 4 0
E ngineering 4301, L inear Passive N etw orks  3 2 1
E ngineering 4321, Electrical Engineering L a b o ra to ry . . . .  4 1 5
Elective ..................................................................................................  3 o r 4

T o ta l ..................................................................................................  18
T E R M  8 Physics *   4

Physics 410, Advanced L ab o ra to ry   4 0 6
E ngineering  4302, In troduction  to Active Systems  3 2 1
Chem istry 380, Chemical B onding and Physical P roperties

of O rganic M olecules  3 3 0
Elective ..................................................................................................  3 or 4

T o ta l ..................................................................................................  17
T E R M  9 E ngineering  8252, Selected T opics in  Physics of E ngineer

ing  M aterials   3 3 0
E ngineering 8051, P ro jec t  3 — -
Electives ................................................................................................  8

T o ta l ..................................................................................................  14
T E R M  10 E ngineering  8131, M echanics of C ontinua ................................  3 3 0

E ngineering 8052, P ro jec t  3 -  -
Electives   8 -  -

T o ta l ..................................................................................................  14
M inim um  C red it H o u rs ..................................................................  102

* E ith e r Physics 454 o r 444, o r E ngineering  8302.

GRADUATE STUDY
T h e  objective of g rad u a te  instruction  in  en g ineerin g  physics is to offer con

cen tra ted  study in  a  field w hich crosses co nven tional sub ject m a tte r  bo u n daries  
as well as to d eepen  an d  en large bo th  the genera l scientific an d  the  en g inee rin g  
background  of the  s tuden t.

T h o u g h  en g ineerin g  physics u n d erg rad u a te  w ork is the  p re fe rred  p rep a ra tio n  
for g radu a te  w ork in  en g ineerin g  physics, qualified  studen ts  w ith  a conven tional 
physics o r  w ith  an o th e r  en g inee rin g  backgroun d  m ay en ro ll fo r g rad u a te  work.

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 id ual in  choice of studies, an d  expects each cand ida te  to  u tilize a ll the 
resources of the  U n iversity  re lev an t to his w ork. I t  encourages h im  to associate 
freely w ith  scholars w ho will give h im  the aid  a n d  d irec tion  he 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 rad u a te  
study in  en g ineerin g  physics. Each s tu d en t’s p rogram , b o th  form al course w ork 
an d  in d e p en d en t in d iv idu a l study, is ad justed  to fit his needs an d  to  provide 
h im  w ith  a tho rou gh  know ledge of a special field an d  w ith  ad eq u a te  p e rip h e ra l 
com petence. G eneral in fo rm atio n  an d  reg u la tion s are  given in  the A n n o u n c e 
m e n t  of the Graduate School. A descrip tive b roch u re  can be o b ta in ed  by w ritin g  
d irectly  to  the  Office of the D ep artm en t o f E n g ineering  Physics an d  M ateria ls 
Science, R ockefeller H all.



INDUSTRIAL ENGINEERING
UPSON HALL

In d u stria l eng ineering  * involves the analysis an d  design of in teg ra ted  
systems of m en, m aterials, an d  eq u ip m en t to  perfo rm  a useful econom ic functio n . 
Exam ples of systems w hich are of in terest to in d u stria l engineers include systems 
to m anu fac tu re  a given p rodu ct, inc lud ing  the decision rules to contro l the o p e ra 
tion  of the en terp rise  an d  its eq u ipm en t; in teg ra ted  com m unication-inform ation  
processing systems to contro l an d  d irec t the activities of a com plex organiza
tion; an d  d is tr ib u tio n  systems th a t con tro l the location, q u an tity , an d  m ovem ent 
of various inventories to serve an  u n certa in  d em an d  o r to regu la te  inventories 
from  a variab le  supply. W hile  p rio r  to 1950 nearly  all in d u stria l en g ineering  
w ork took p lace 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 indu stries an d  is fo u n d  in  service 
industries, governm ent, an d  in s titu tio n a l o pera tions as well as m anufactu rin g . 
T h e  scope of the w ork has ten ded  to outgrow  the designation  as in du stria l 
eng ineering , an d  this type of activity also is o ften  identified  as opera tions re 
search, o pera tions analysis, m anagem ent science, systems analysis, o r systems 
engineering.

Follow ing the first two years’ work in the D ivision of Basic Studies, the cu r
ricu lum  lead ing  to the B achelo r’s degree in in d u stria l en g ineerin g  develops the 
necessary background  in  p ro bab ility  theory, m odern  algebra, statistics, com puting , 
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  for such systems. 
T h e  req u ired  courses, coupled  w ith  a well p la n n ed  elective program , allows the 
s tud en t an  o p p o rtu n ity  to develop a course of study of considerable b read th  o r 
d ep th  to su it his ow n needs.

CLASS ADVISERS
Each class will be assigned an  adviser w ho serves in  th is capacity  u n til  the 

class g raduates. In  ad d itio n  to counseling  each s tu den t ab o u t cu rricu lum , possi
ble elective sequences to achieve p a rticu la r objectives, reg istra tion , scholarship , 
a n d  o th e r  aspects of the academ ic program , the adviser is available to  discuss any 
nonacadem ic problem s the s tuden ts m ay have an d  to refer them  to o th e r offices 
if such action appears to be in  the best in te rest of the studen t.

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

* A lthough  some w ork in  in d u stria l engineering has been offered a t C ornell since 1904, this 
work has heretofore been located w ith in  the Sibley School of M echanical E ngineering, and 
students have received a m echanical engineering degree. T h e  program  and  cu rricu lum  d e 
scribed are  to be m ade available to students w ho m atricu late  a t C ornell in  1961 or later, 
subject to final approval by the  U niversity  faculty an d  the  B oard of T rustees. T h is  program  
has been approved by the faculty of the College of E ngineering, and the final approvals re 
qu ired  are  expected to be given d u rin g  the 1963-1964 academ ic year.
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SCHOLASTIC REQUIREMENTS
A s tu d en t in  the D ep artm en t of In d u s tr ia l E n g ineerin g  a n d  A dm in istra tion  

who does n o t receive a passing g rade in  every course for w hich he is registered, 
w ho 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 ak ing  su bstan tia l an d  steady progress tow ard  the  com 
p le tio n  of his degree requ irem ents , m ay be d ro p p ed  o r p laced  o n  p ro b a tio n .

CURRICULUM . . . Bachelor o f Engineering (Industrial)
C ourse program s fo r T erm s 1, 2, 3, an d  4, ad m in istered  by the  D ivision of Basic 
Studies, are described on  pages 25-26. T h e  cu rricu lu m  w hich follows is 
available to studen ts m a tricu la tin g  in  Septem ber, 1961, o r  th e reafte r, subject 
to final ap p ro va l by the B oard  of T ru stees  of C ornell U niversity . (See foo tno te  
a t bo ttom  of page 53.)

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 .

T E R M  5 E ngineering 9360, In troduction  to P robab ility  T h eo ry   3 3 0
Engineering 9381, In troduction  to D ig ita l C o m p u ta t io n . . . .  3 2 2V2
E ngineering 4301, L inear Passive N etw orks  3 2 2V2
E ngineering 6311, M aterials Science 1   3 3 0
Engineering 3431, M aterials Processing  3 1 5
Elective * ................................................................................................  3 -

T o ta l ..................................................................................................  18
T E R M  6 E ngineering  9370, In tro d u ctio n  to S tatistical T heory  w ith

E ngineering  A pplications .............................................................  4 3 2V2
Engineering 9350, P rinciples of Costing & C o n tro l  3 2 21/4>
E ngineering  4302, In troduction  to Active System s  3 2 2XA
Engineering 6312, M aterials Science I I   3 3 0
E ngineering  3331, K inem atics and C om ponents of M achines 3 2 2Vi
Electives * ................................................................................................  3 -  -

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

T E R M  7 Engineering 9310, In d u stria l E ngineering: Analysis and
Design I .............................................................................................. 4 2 5

E ngineering  9351, Cost A nalysis....................................................  3 2 2V*
Engineering  3332, M echanical Systems  3 2 2H>
Engineering  3630, T herm odynam ics..............................................  3 3 0
Electives *   3

T o ta l ....................................................................................................  16
T E R M  8 E ngineering  9320, A nalytical M ethods in  In d u stria l E n 

g ineering    4 3 2Vi
E ngineering  3631, F lu id  M echanics............................................... 3 3 0
E ngineering  E lective...........................................................................  3 -  -
Electives *   9 -

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

* T h e  elective courses m arked w ith  an asterisk m ust include twenty-one cred it hours of liberal 
courses, w hile n ine c red it hours can be unspecified. (See L iberal Studies in  E ngineering , p. 4.)
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C O N TA C T H O U R S 

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

T E R M  9 E ngineering 9311, In d u stria l E ngineering  Analysis and  D e
sign II    4 3 2Yi

Engineering 3632, H ea t T ra n s fe r .........................................................  3 3
Engineering 9398, In d u stria l E ngineering  P ro jec t........................ 3 -  -
Engineering Elective ................................................................................  3 -  —
Electives * ....................................................................................  6 -  -

T o ta l ........................................................................................................  19
T E R M  10 Engineering 9352, In d u stria l and  E ngineering  A dm in is tra 

tion   3 3 0
Engineering  9399, In d u stria l E ngineering  P ro jec t  3 -
E ngineering  E lectives............................................................................  6 -  -
Electives *............. ..................................................................................... 6

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

ELECTIVE COURSES
T h e  cu rricu lum  in  ind u stria l en g ineerin g  includes forty-two elective hours 

in  ad d itio n  to those in  the basic two-year program . O f these, tw enty-one m ust 
be in  libera l courses, twelve in  engineering , 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 axim um  advantage in  m eeting  his p a rtic u la r  objectives. For 
exam ple, a s tu d en t desiring  to  com bine the  basic p rogram  in  in d u stria l en g ineer
ing  w ith  w ork in  some phase of electrical en g ineerin g  w ould  find th a t he 
could  take as m any as six th ree-hour courses in  electrical engineering , in  ad d i
tion  to the fo u r req u ired  courses in  this field. S im ilarly he could  w ork o u t 
strong  program s in  some area of m echanical en g ineering , such as m achine 
design, to  su pp lem en t the req u ired  w ork in  this field, in  various areas of civil 
eng ineering , such as san ita tio n  o r tran sp o rta tio n , o r in  alm ost any technical 
eng ineering  area. O n  the o th e r  hand , a s tu d en t in te rested  in  develop ing  a 
p rogram  in  some d e p th  in  a n on tech n ica l area could  com bine as m any as twelve 
hours o f his libera l electives w ith  the n in e  free electives a n d  set u p  a p rogram  
of as m any as tw enty-one hours in  o ne  of such fields as sociology, psychology, 
econom ics, history, o r governm ent. A  th ird  choice w ould  be to co ncen tra te  the 
technical electives in  m ore basic w ork in  m athem atica l an d  statistical analysis 
in  o rd er to p rep a re  fo r g radu ate  w ork in  the field of in d u stria l eng ineerin g  
an d  o pera tions research. In  any event, a m in im u m  of n in e  hours of social 
studies, in c lu d ing  a two-course sequence, a n d  n in e  hours of hum an ities, in c lu d 
ing a two-course sequence are requ ired . S tudents w ho co n tem p la te  g rad u a te  
study are advised to  take an  ap p ro p ria te  language. T h e  elective p rogram  
selected by the  s tu d en t m ust receive the ap p ro va l of his adviser.

Sam ples of the  m any possible elective program s are:
INFORMATION PROCESSING

9580—D igita l Systems S im ulation
9581— In teg ra ted  In fo rm atio n  Processing Systems
9584— Structure  of C om puting  Languages
9585— Com plex In fo rm atio n  Processes
M ath 325— N um erical Analysis
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9520— M athem atical Program m ing
9523—O perations Research II
9524— Problem s in  O perations Research
9570—In term ed ia te  In d u stria l and Engineering Statistics 
9580—D igita l Systems S im ulation

ELECTRICAL SYSTEMS ENGINEERING
4401— L inear Systems Analysis
4402— Active Systems
4501— Systems w ith  R andom  Signals
9560— A pplied Stochastic Processes I
9585— Com plex In form atio n  Processes

MANAGEMENT SCIENCE
9520— M athem atical Program m ing
9525— Flow and  Scheduling in  N etworks 
9562— Inventory  T heory
9572— Statistical Decision T heory  
9580—D igita l Systems S im ulation

MANUFACTURING ENGINEERING
9510—W ork Design and  M easurem ent
9511— M anufacturing  E ngineering
9512— Statistical M ethods in Q uality  and  R eliab ility  Control
9521— P roduction  P lann ing  and  Control 
9580—D igita l Systems Sim ulation

APPLIED INDUSTRIAL STATISTICS
9560—A pplied  Stochastic Processes
9561— Q ueuing  T heory
9570— In term ed ia te  In d u stria l Statistics
9571—Design of Experim ents
9572—Statistical Decision T heory

DUAL REGISTRATION IN THE GRADUATE SCHOOL 
OF BUSINESS AND PUBLIC ADMINISTRATION

In d u s tr ia l E n g in eering  studen ts  may find a ttrac tive  the possibility  of du a l 
reg istra tion  in  the G rad u a te  School of Business an d  P ub lic  A d m in istra tion . 
Q ualified  studen ts who elect as th e ir  field of co ncen tra tion  in th a t school the 
area of q u an tita tiv e  analysis will find th a t by p ro p e r selection of electives in  the 
fifth year, the requ irem en ts  fo r the M.B.A. degree m ay be fulfilled in  one 
ad d itio n a l year. T h e  suggested elective p rogram  is: 

9528— O p erations R esearch II  
9581— In teg ra ted  In fo rm ation  Processing Systems 
B PA  100— In tro d u c tio n  to  A d m in istra tion  
BP A 102— T h e  A m erican  Econom y 
BPA 104— F inance
B PA  106— M arketing
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THE GRADUATE HONORS PROGRAM
Q ualified studen ts  in  in d u stria l en g ineerin g  m ay be ad m itted  to the G rad uate  

School at the  en d  of the fo u rth  year an d  spend  the fifth year as regu la r 
g rad u a te  students. Such studen ts will be aw arded a  B achelor o f E ngineering  
degree a t  the end  of the fifth year in  ad d itio n  to any g radu ate  degree o r cred it 
tow ard a  g rad u ate  degree earned  p rov id ed  they are in  good standing  a t the time. 
S tuden ts in terested  in  this p rogram  should  discuss it w ith  th e ir advisers p rio r  to 
registering for the fo u rth  year.

GRADUATE STUDY
T w o d ifferent types of g rad u a te  program s are offered in  in d u stria l eng ineer

ing. T h e  M aster of Science an d  D octor of Philosophy program s are designed 
for those p rim arily  in terested  in  teaching o r in  academ ic o r in d u stria l research. 
T h e  professional M aster of In d u s tria l E ng ineering  degree p rogram  is designed 
for those p rim arily  in terested  in  becom ing m ore proficient in the practice of 
m odern  in d u stria l eng ineering . A s tu d en t m a tricu la tin g  for one of these g rad u 
ate  degrees m ay concen tra te  his studies in  any one  of several subjects such as 
in du stria l eng ineering , opera tions research, systems analysis an d  design, ap p lied  
statistics an d  probability , en g ineerin g  ad m in is tra tion , an d  in fo rm atio n  processing.

T o  be accepted  as a cand id a te  for the M aster of Science o r D octor of Philos
ophy degrees in  one of the subjects of co ncen tra tion , the a p p lican t m ust have 
been g radu a ted  from  an in s titu tio n  of recognized stand in g  w ith  a B achelor’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 evi
dence of his in te rest in an d  ab ility  to pursue  advanced study an d  research in 
the selected field. T o  be accepted  as a cand ida te  fo r the M aster of In d u stria l 
E ng ineering  degree, an  ap p lican t m ust (1) hold  a B ache lo r’s degree from  an  
in stitu tio n  of recognized stand in g  in  one  of the fields of en g ineering , (2) have 
an  ad equa te  p rep a ra tio n  for g rad u a te  study in  the  chosen subject of specializa
tion, a n d  (3) show prom ise of do in g  well in  advanced  study as ju d g ed  by his 
previous scholastic record  o r o th e r achievem ents.

For fu rth e r  in fo rm atio n  ab o u t each of these g radu a te  program s see the 
earlie r references to g rad u a te  study on  page 6 of this A nnouncem ent, the 
A n n o u n c e m e n t  of the Graduate School,  a n d  a b rochure  en titled  Graduate  
W ork in Operations Research, Industr ia l  Engineering, A p p l ie d  Statistics, and  
R ela ted  Areas, w hich may be o b ta in ed  by w riting  the D ep artm en t of In d u s tria l 
E n g ineering  an d  A d m in istra tion , U pson  H all.
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UPSON HALL

M echanical engineers design an d  develop diverse systems fo r pow er gen era
tion , m achinery  for in d u stria l an d  p rivate  consu m ption , an d  en terprises for 
m an u fac tu rin g  an d  p rodu ction .

T h e  Sibley School of M echanical E n g ineering  consists of fo u r d epartm en ts  
of in struction :

G raphics an d  In d u s tr ia l Design, T . J . B aird , 408 U pson  H all.
M ach ine Design, A. H . B urr, 306 U pson  H all.
M aterials Processing, J . R . M oynihan , 220 K im ball H all.
T h e rm a l E ng ineering , D. G. S hepherd , 206 U pson  H all.
Extensive, m od ern  lab oratories in  each of these d ep artm en ts  p rov ide the  s tu 

d e n t w ith  the finest eq u ip m en t fo r studying  en g in ee rin g  princip les. T h e  m echan
ical en g ineerin g  lab ora to ries  an d  classrooms are located  in  U pson  H all. A ll 
m aterials processing labora tories are  in  K im ball H all.

BACHELOR OF ENGINEERING (MECHANICAL) 
PROGRAM FOR CANDIDATES 
IN 1 96 6  AND THEREAFTER

Students w ho en te red  the  College of E ng ineering  a t the freshm an level in  
Septem 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 a n d  sophom ore years (see p. 24). T h o se  w ho elect to  en te r  the  Sibley 
School of M echanical E n g ineering  as candidates fo r the  B .Eng. (M ech.) degree 
m ay do so a t  the  s ta rt of th e ir  ju n io r  year an d  will follow  a six-term  sequence of 
courses described in  the two fo llow ing sections.

REQUIREMENTS FOR THE BACHELOR OF ENGINEERING 
(MECHANICAL) DEGREE BY SUBJECTS FOR CANDIDATES 
IN 1966  AND THEREAFTER

A ll candidates fo r the B .Eng.(M ech.) degree a fte r J u n e , 1965, m ust satisfy 
certa in  course req u irem en ts  in  the D epartm en ts  of T h erm a l E ngineering , M a
ch ine Design, an d  M aterials Processing in  the  Sibley School of M echanical 
E ngineering . In  ad d ition , they m ust take specified courses in  the D iv ision of 
Basic Studies, in  the School of E lectrical E ngineering , an d  in  the  D epartm en ts  
o f In d u s tria l E ngineering , an d  E ng ineering  Physics an d  M ateria ls Science. T h is  
w ork accounts fo r eighty-five of the 175 hou rs req u ired  fo r the  degree an d  
constitu tes a  core of courses offered in  the  College of E n g in eering  th ro u g h o u t five 
years.

A ll candidates 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 hou rs req u ire d  fo r the  degree an d  
ap p ear  in  the Basic Studies p rogram  d u rin g  the freshm an an d  sophom ore years.

58
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T h e  rem ain in g  fifty-four hours req u ired  for the B .Eng.(M ech.) degree include 

six hours of English an d  forty-eight hours of electives d is trib u ted  over a ll ten 
terms. 

A breakdow n of the requ irem en ts  in  these th ree  categories— engineering, 
science, an d  E nglish  p lus electives— appears in  the fo llow ing ou tline :
ENGINEERING COURSES CREDITS
Problem s and  M ethods .......................................................................................................................... 6
E ngineering M echanics .......................................................................................................................... 8
Electrical Science ..................................................................................................................................... 6
M aterials Science ..................................................................................................................................... 6
T h erm al Science and  T h erm al E ngineering  .................................................................................  21
M achine Design ....................................................................................................................................... 16
M aterials Processing ..............................................................................................................................  6
In d u stria l E ngineering  and  A dm inistra tion  ................................................................................... 10
Electrical E ngineering  .......................................................................................................................... 6

85

SCIENCE COURSES
M athem atics .............................................................................................................................................  15
Physics ........................................................................................................................................................  12
Chem istry ................................................................................   0

36
ENGLISH AND ELECTIVES
E nglish ........................................................................................................................................................  6
Liberal Electives ..................................................................................................................................... 24
Engineering Electives includ ing  Project .........................................................................................  15
U nrestricted  Electives ............................................................................................................................  9

54

T o ta l ........................................................................................................................................................  175

BACHELOR OF ENGINEERING (MECHANICAL) CURRICULUM  
FOR CANDIDATES IN 1966  AND THEREAFTER
TER M S 1-4 See Division of Basic Studies C urricu lum , pages 25-26.

C RE D IT I.E C T . L A B .
T E R M  5 Offered fall, 1963 h o u r s  r e c .  c o m p .

Engineering 3241, In d u stria l and  Engineering Statistics ................................  3 2 2V£
Engineering 3321, K inem atics and  Dynamics of M echanisms .......................  4 3 2VS>
Engineering 3621, T h erm al Science I ..................................................................  3 3 0
Engineering 4301, E lectrical E ngineering  I.... .......................................................  3 2 2V&
Engineering 6311, M aterials Science I ................................................................... 3 3 0
L iberal elective   3, 4

T o ta l ............................................................................................................................  19,20
T E R M  6 Offered spring, 1964

E ngineering 3421, Processing of M aterials I .......................................................  3 2 2VS
E ngineering 3622, T h erm al Science I I  ....................................................................  3 3 0
Engineering 3623, T h erm al Science I I I  ..................................................................  3 3 0
Engineering  4302, E lectrical E ngineering  I I  .....................................................  3 2 2l/2
Engineering 6312, M aterials Science I I  ................................................................  3 2 2Vz
L iberal elective   3, 4

Total 18, 19
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C R E D IT  L E C T . LA B .

T E R M  7 N ot offered u n til fall, 1964 h o u r s  r e c . c o m p .
E ngineering  3322, M echanical Analysis and  Design ...........................................  5 3 5
E ngineering  3422, Processing of M aterials II  ......................................................  3 1 5
E ngineering  3624, T h erm al Science IV.. .................................................................  3 2 2V2
Engineering 3625, T h erm al Science V.... .................................................................  4 3 2V2
L iberal elective ................................................................................................................. 3, 4

T o ta l   18, 19
T E R M  8 N o t offered u n til spring, 1965

E ngineering 3323, Design of M achines .............................................................  3 1 5
Engineering 3324, V ibration  and  C ontrol of M echanical Systems . . . .  4 3 2V2
E ngineering  3626, T h erm al Systems E ngineering  .......................................  5 3 2Vi
Engineering elective ..................................................................................................  3
L iberal elective   3, 4

T o ta l ...............................................................................................................................  18, 19
T E R M  9 N o t offered u n til fall, 1965

Engineering  9153, E ngineering Econom ic Analysis ..........................................  3 2 2V2
M echanical engineering project .................................................................................  3
M echanical engineering elective ...............................................................................  3
U nrestricted  electives ..................................................................................................... 6
L iberal elective ..................................................................................................   3 ,4

T o ta l   18, 19
T E R M  10 N o t offered u n til spring, 1966

Engineering 9110, In troduction  to In d u stria l E ngineering  ......................  4 3 2V2
M echanical engineering project ............................................................................  3
Engineering elective ..................................................................................................  3
U nrestricted  elective ..................................................................................................  3
L iberal electives   6, 8

T o ta l ............................................................................................................................  19,21
M inim um  to tal for ten te rm s............................................................................... 175

INDUSTRIAL COOPERATIVE PROGRAM
See page 5.

GRADUATE STUDY
Specialized program s for a M aster’s degree, M .Eng. (M ech.), in  the area  of 

m achine design are available in the fields of m achine dynam ics an d  contro l, 
m echanical analysis an d  developm ent, m echan ical design, an d  vehicles an d  
propu lsion ; in  the area of therm al engineering , in  h ea t tran sfer an d  fluid 
dynam ics, nu c lea r technology, p ro p u lsio n  engines, th e rm a l en v iro n m en t, an d  
therm al pow er.

F or fu rth e r  in fo rm atio n  ab o u t the  program s for the professional M asters’ 
degrees, see page 7 of this A nnouncem ent; fo r ad d itio n a l in fo rm atio n  on  the 
M aster of Science (M.S.) an d  the  Ph.D . degrees, see page 6. For each of these 
g rad u a te  program s see also the A n n o u n c e m e n t  of the Graduate School  an d  the 
brochure, Graduate Programs in Mechanical E ngineering,  w hich m ay be o b ta ined  
by w riting  to the School of M echanical E ng ineering , U p son  H all.
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REQUIREMENTS FOR THE DEGREE OF 
BACHELOR OF ENGINEERING (MECHANICAL), 
BY SUBJECTS, FOR 1 9 6 4 , 1965  CANDIDATES

All m echanical en g ineerin g  studen ts  m ust satisfy course requ irem en ts  in  each 
of the fou r dep artm en ts  of the School, and , in  ad d ition , m ust take specified 
courses in  the School of E lectrical E ng ineering , an d  in  the D epartm en ts  of 
E n g ineering  M echanics, In d u stria l E ng ineering  an d  A dm in istra tion , an d  E n 
g ineering  Physics an d  M ateria ls Science. T h is  w ork accounts for n inety-n ine of 
the 180 cred it hours req u ired  for the degree an d  constitu tes a basic g roup  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 the
matics, physics, chem istry, English, an d  speech. T hese  courses to ta l forty-one 
of the 180 cred it hours req u ired  for g radu ation .

T h e  rem ain ing  forty  hours of elective courses req u ired  for the degree of 
B achelor of E n g ineering  (M echanical) are described in  the fo llow ing ou tline , 
w hich sum m arizes the degree requirem ents.
ENGINEERING COURSES OFFERED IN: c r e d i t s
O rien tation ; nonresiden t lec tu res.................................................................................................................  4
E ngineering D raw ing .........................................................................................................................................  6
In d u stria l E ngineering  and A d m in is tra tio n ...........................................................................................  17
M achine D esign....................................................................................................................................................  12
M aterials Processing...........................................................................................................................................  5
T h erm al E n g inee ring .........................................................................................................................................  21
Electrical E n g inee ring .......................................................................................................................................  9
Chemical E ngineering  and M etallurgical E ng ineering ........................................................................  4
Engineering M echanics and  Engineering M ateria ls ..............................................................................  21

99
SCIENCES, ENGLISH, SPEECH:
M athem atics ....................................................................................................................................................... 12
Physics .................................................................................................................................................................. 12
Chem istry ........................................................................................................................................................... 8
English ...............................................................................................................................................................  6
Public  Speak ing ................................................................................................................................................ 3

41
ELECTIVES:
L iberal A r t s * ....................................................................................................................................................... 12
E ngineering  (including Project, 6 hours) f ............................................................................................  14
U nrestricted  t  ..................................................................................................................................................... 14

40
T o ta l ............................................................................................................................................................... 180

* May be chosen from  the fields of Am erican studies, the classics, economics, English, fine 
arts, governm ent, history, lite ra tu re , m odern languages, music, philosophy, psychology, sociology, 
anthropology, and  speech and  d ram a. Courses in  these fields are available in  several col
leges of the U niversity and are n o t lim ited  to the offerings of any single division.

t  Includes all courses offered by the College of E ngineering  w hich are not the  equivalent 
of any courses specifically requ ired  in the m echanical eng ineering  curriculum .

t  May be chosen from  both  of the  groups m entioned above or from  any division of the 
U niversity, includ ing  6 hours of advanced R O T C  or 9 hours o f N aval R O T C . T hese electives 
may be used to take m ore course w ork in  m athem atics, physics, and  chem istry.
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BACHELOR OF ENGINEERING (MECHANICAL) 
PROGRAMS FOR 1 96 4 , 1 965  CANDIDATES

C andid ates  fo r the B achelor of E ngineering(M echanica l) degree in  Ju n e  of 
1964 an d  1965 are expected  to fulfill the requ irem en ts  for th a t degree according 
to the cu rricu lum  they have been follow ing since th e ir  freshm an year. T h e  first 
six term s of this ten-term  sequence have been com pleted  an d  do n o t ap p ea r in 
this A nnouncem ent. T h e  last fou r term s are:

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

T E R M  7 H O U R S R E C . C O M P .
Engineering 3604, Flow Processes and Energy T ran sfe r. . 3 2 2V2
Engineering  3605, H ea t T ran sfe r....... .........................................  3 2 2*/2
E ngineering 3353, Design of M achine M em bers  3 2 2V2
E ngineering  1243, E ngineering  M aterials L a b o ra to ry . . . .  3 2
E ngineering  3263, P roduction  E ng ineering   3 2 2V2
E le c tiv e s ..................................................................................................  3

T o ta l ..................................................................................................  18
T E R M  8

Engineering 3354, Design of M achines  3 1 5
E ngineering  4931, Electrical E n g inee ring   3 2 2Vi
E ngineering  3264, P roduction  E n g in ee rin g   3 2 2!/2
E ngineering  3606, T h erm al E ngineering  L ab o ra to ry   3 1 2V2
E ngineering  6112, M etallurgy of Casting, W orking, and

W elding ...........................................................................................  2 2 0
Electives (including E ngineering  3607, 3608, or 3609)...........  6

T o ta l ..................................................................................................  20
T E R M  9

Project ..................................................................................................  3
E ngineering  4932, E lectrical E n g in ee rin g   3 2 2Vz
E ngineering 1154, S trength  of M ateria ls  3 3 0
Electives ................................................................................................  10

T o ta l ..................................................................................................  19
T E R M  10

Project ..................................................................................................  3
Engineering 4933, Electrical E ng ineering   3 2 2V2
Public Speaking 201  3 3 0
Engineering 3041, N onresident L ec tu res  1 1 0
Electives ................................................................................................ 9

T o ta l ..................................................................................................  19
T o ta l for ten term s......................................................................  180

ELECTIVE REQUIREMENTS FOR 
1 96 4 , 1 96 5  CANDIDATES

T h e  five-year cu rricu lum  allows tim e for forty  hou rs of elective w ork, in c lu d 
ing  six hours of project.

T h e  elective req u irem en ts  suggest possibilities th a t will satisfy a varie ty  of 
persona l desires an d  interests, f t  is possible to  o b ta in :

1. T w elve to twenty-six cred it hours in  libera l arts— all in  one  area o r d iv id ed
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am ong several areas. T h is , toge ther w ith the  n in e  req u ired  hours of English 
an 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 hours in  an  en g ineerin g  o p tio n  to  p rov ide concen
tra tio n  an d  d e p th  in  one p a rtic u la r  area of eng ineering ; o r these hou rs m ay 
be d iv ided  am ong two o r m ore areas. T ho se  studen ts  w ho co n tem p late  
g radu a te  study lead ing  to the degrees of M aster of E n g ineering  (M echan
ical), M aster of E ng in eerin g (In du stria l), M aster of Science, o r M aster of 
E ng ineering  (Aerospace) should  give serious co nsideration  to the courses 
they elect. Some courses are accep tab le  as cred it tow ard  b o th  the  B achelor 
of E ngineering(M echanical) degree an d  the professional M asters’ degrees.

3. U p  to fourteen  hours of u n res tric ted  elective c red it in  any special program  
of studies w hich is n e ith e r  libera l arts  n o r  eng ineering . T h is  includes ad 
vanced R O T C .

S tudents seeking m axim um  d e p th  of tra in in g  in  any p a rtic u la r  field— w h ether 
it be in  libera l arts, in  engineering, o r in  some o th e r  genera l area— should  study 
the A nnouncem ents  of the colleges offering the  w ork an d  consu 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 ineerin g  
advisers.

T o  illu stra te  w hat can be accom plished in  setting  u p  substan tia l elective o p 
tions in  engineering, the fo llow ing sam ples are p resented .

GRAPHICS AND INDUSTRIAL DESIGN
INDUSTRIAL DESIGN

Engineering 3116, In troduction  to In d u stria l D esign ......................
Engineering 3198, 3199, P ro jec t...................................................................
Electives from  the follow ing l is t: ...............................................................

A rch itectu re  330, 331, Sculpture
400, 401, H istory of A rchitecture  

Fine A rts 101, 102, In troduction  to  A rt: P a in tin g  and  Sculpture 
or

104 In troduction  to A rt111, 112 In troduction  to A rt: A rchitecture  
554 T w en tie th -C en tu ry  P a in ting

H om e Economics H .D . 100, Color and Design
T o ta l ....................................................................................................................................... 24

ENGINEERING DESIGN
MECHANICAL DESIGN (SYNTHESIS)

C RE D IT
H O U R S T E R M

E ngineering 3366, Advanced Kinem atics ............................................................................  3 8
Engineering 3367, Design Problem s in  V ibrations and  D ynam ics............................  3 8
E ngineering 3374, Creative Design .........................................................................................  3 9
Engineering 3375, A utom atic  M achinery ..............................................................................  3 9
Engineering 3380, Design of Com plex Systems.................................................................... 3 10
Engineering 3398, 3399, Design P ro jects..............................................................................  6 9, 10

Total ...................................................................................................................... 21

C RE D IT
H O U R S T E R M

3 8
6 9, 10

15 5-10
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DESIGN DEVELOPMENT (ANALYSIS AND EXPERIMENTATION)

C RE D IT
H O U R S  T E R M

3 9
3 10
3 8
3 9
3 10
6 9, 10

T o ta l ...........................................................................................................................................  21

VEHICLES AND PROPULSION
Engineering 3367, Design Problem s in V ibrations and D ynam ics  3 8
E ngineering  3377, A utom otive Engineering .....................................................................  3 9
Engineering 3374, Creative D esign.......................................................................................... 1

or J. 3 9, 10
E ngineering 3380, Design of Com plex Systems.................................................................
Engineering 3398, 3399, Vehicle Design P ro jec t................................................................. 6 9, 10
E ngineering  3607, Com bustion Engines ................................................................................  3 8

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

THERMAL ENGINEERING
FLUID DYNAMICS AND HEAT TRANSFER
E ngineering 3661, Advanced T herm odynam ics ................................................................. 3 7
E ngineering  3663, Advanced T u rb o m a c h in e ry ................................................................... 3 9
Engineering 3664, Advanced F luid  M echanics................................................................... 3 8
Engineering 3665, Advanced H ea t T ra n s fe r .........................................................................  3 9
E ngineering  3698, 3699, P roject .............................................................................................  3 9 , 10

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

NUCLEAR ENGINEERING
E ngineering 3608, T h erm al Pow er P l a n t s ............................................................................ 3 8
E ngineering  3665, Advanced H ea t T ra n s fe r .........................................................................  3 9
E ngineering 3698, 3699, Project .............................................................................................  6 9, 10
E ngineering  8301, A tom ic and  N uclear Physics................................................................  3 9
E ngineering  8311, N uclear and R eactor Physics...............................................................  3 10
E ngineering 8351, N uclear M easurem ents L ab o ra to ry ....................................................  3 10

T o ta l ...........................................................................................................................................  21

PROPULSION ENGINES
E ngineering  3607, Com bustion Engines .............
E ngineering  3661, Advanced T herm odynam ics . 
E ngineering 3663, Advanced T urbom ach inery  .
E ngineering 3665, Advanced H eat T ra n s fe r___
E ngineering  3671, Aerospace Propulsion Systems 
E ngineering 3698, 3699, P r o j e c t ................................

Total ..............................................................

3 8
3 7
3 9
3 9
3 9
6 9, 10

21

E ngineering  3361, Advanced M achine A nalysis.................................
Engineering 3362, M echanical Design of T u rb o m ach in e ry .........
Engineering  3367, Design Problem s in  V ibrations and  Dynamics 
Engineering 3372, E xperim ental M ethods in M achine D esig n ..
Engineering 3376, A utom atic  C ontrol ................................................
Engineering  3398, 3399, Analysis or E xperim ental Projects. . . .
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THERMAL ENVIRONMENT

CREDIT
H O U R S T E R M

E ngineering 3609, R efrigeration  and  A ir C o n d itio n in g ...............................................  3 8
Engineering 3665, Advanced H ea t T ra n s fe r .......................................................................  3 9
Engineering 3666, Advanced A ir C o n d itio n in g ..................................................................  3 9
Engineering 3667, T em p era tu re  M easuring In s tru m en ts ...............................................  3
E ngineering 3698, 3699, Project .............................................................................................  6 9, 10
E ngineering 4934, P rinciples o f A utom atic  C o n tro l........................................................  3 10

T o ta l ...........................................................................................................................................  21
THERMAL POWER
E ngineering 3361, Advanced T herm odynam ics..............................................................  3 7
E ngineering 3607, C om bustion E ngines............................................................................  3 8
E ngineering 3608, T h erm al Power P la n ts .......................................................................... 3 8
E ngineering 3670, Advanced C om bustion E ngines...........................................................  3 10
Engineering 3672, Energy C onversion................................................................................  3 10
Engineering 3698, 3699, P ro jec t  6 9, 10

T o ta l ...........................................................................................................................................  21

AEROSPACE ENGINEERING
M athem atics 1180, M athem atical M ethods in  E ngineering ..1 ..........................................  3 5
M athem atics 1181, M athem atical M ethods in E ngineering  I I   3 6
Engineering 1170, Advanced D ynam ics.................................................................................. 3 7
Engineering 7101, F undam entals of A erodynam ics..........................................................  3 7
E ngineering 7102, Fundam entals of A stronau tics..............................................................  3 8
Engineering 7203, Gasdynam ics 1 ............................................................................................. 3 9
Engineering 7204, Gasdynam ics I I ........................................................................................... 3 10
Engineering 7801, P ro jec t  3 9, 10

T o ta l ...........................................................................................................................................  24

ENGINEERING MECHANICS AND MATERIALS
MECHANICS
E ngineering 1154, Advanced S trength  of M aterials .......................................................  3 7
Engineering  1159, Advanced M echanics L aboratory  .....................................................  3 10
Engineering 1162, M echanics of V ibration  ....................................................................... 3 8
Engineering 1163, A pplied  Elasticity ...................................................................................  3 9
E ngineering 1180, M athem atical M ethods ......................................................................... 3 9
Engineering 1198, 1199, P roject ............................................................................................. 6 9, 10

27
MATERIALS TECHNOLOGY
Engineering 3367, Design Problem s in  V ibrations and Dynam ics .........................  3 8
Engineering 3372, E xperim ental M ethods in  M achine Design .................................. 3 9
Engineering 4711, Feedback C ontrol Systems 1   3 9
Engineering 6353, In troducto ry  M etallography ................................................................  3 8
E ngineering 6415, Princip les of M aterials Processing .................................................  3 9
E ngineering 6661, M etals a t E levated T em p era tu res ...................................................  2 9
E ngineering 6872, N uclear M aterials T echnology .......................................................... 2 10
Project, M achine Design o r M etallurgical E n g in ee rin g ...................................................... 6 9, 10

Total ..........................................................................................................    19
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NUCLEAR ENGINEERING CREDlT

H O U R S T E R M
E ngineering  3665, Advanced H eat T ran sfe r ........................................................................... 3 9
Engineering 5760, N uclear and R eactor E ngineering  .........................................................   2 9
E ngineering  6872, N uclear M aterials T echnology ..................................................................  3 10
Engineering 8051, 8052, Project ..................................................................................................  6 9, 10
E ngineering  8301, In troduction  to A tom ic and N uclear Physics .................................  3 7
E ngineering  8311, N uclear and R eactor Physics ..................................................................  3 8
E ngineering  8351, N uclear M easurem ents L aboratory  .......................................................  3 8

T o ta l ...............................................................................................................................................  23

INDUSTRIAL ENGINEERING
MANUFACTURING ENGINEERING

E ngineering 3298, 3299, Project ................................................................................................... 6 9, 10
Engineering 9181, In troduction  T o  M odern D ig ita l C om putation  ...............................  3 8
E ngineering 9360, In troduction  T o  Probab ility  T heory  W ith  E ngineering  A pp li

cations ..................................................................................................................................................  3 7
E ngineering 9370, In troduction  to Statistical T heory  W ith  E ngineering  A pplica

tions ...................................................................................................    4 8
E ngineering 9511, M anufacturing  Engineering ......................................................................  3 9
E ngineering 9521, Production  P lann ing  ...................................................................................  3 10
E ngineering 9580, D igita l Systems Sim ulation  ......................................................................  3 10

T o ta l ................................................................................................................................................  25

PRODUCTION MANAGEMENT
Engineering 3298, 3299, P roject ................................................................................................... 6 9, 10
Engineering 9181, In troduction  to M odern D igita l C o m p u ta tio n .................................... 3 9, 10
Engineering 9370, In troduction  to Statistical T heory  W ith  Engineering A pplica

tions ....................................................................................................................................................  4 8
Engineering 9521, P roduction  P lann ing  ...................................................................................  3 8
E ngineering  9522, In troduction  to O perations Research ................................................... 3 7
Engineering 9554, Analytics of Decision and C ontrol .......................................................  3 9

T o ta l ...............................................................................................................................................  22

SYSTEMS ENGINEERING
E ngineering  3298, 3299, Project ..................................................................................................  6 9, 10
E ngineering  9181, In troduction  T o  M odern D igita l C om putation  ...............................  3 8
E ngineering  9360, In troduction  T o  P robability  T heory  W ith  E ngineering  A pp li

cations ..................................................................................................................................................  3 7
E ngineering  9521, Production  P la n n in g .....................................................................................  3 io
Engineering 9522, In troduction  T o  O perations Research ................................................. 3 7
Engineering 9554, Analytics of Decision and C ontrol .......................................................  3 9
E ngineering  9570, In term ed ia te  In d u stria l A nd E ngineering  Statistics ......................  3 8
E ngineering  9580, D igita l Systems S im ulation ......................................................................  3 jq

Total ......................................................................................................................  2 7



MECHANICAL ENGINEERING— CU RRICULUM  67

APPLIED INDUSTRIAL STATISTICS C RE D IT
H O U R S TE R M

Engineering 3298, 3299, Project ............................................................................................. 6 9, 10
Engineering 9181, In troduction  T o  M odern D igita l C om putation  ..........................
Engineering 9360, In troduction  T o  P robability  T heory  W ith  E ngineering A p p li

3 10

cations .............................................................................................................................................
Engineering 9370, In troduction  T o  Statistical T heory  W ith  E ngineering A p p li

3 7
cations .............................................................................................................................................

Engineering 9520, M athem atical Program m ing  .............................................................“1
4 8

or
Engineering 9561, Q ueuing T heory  .....................................................................................

3 10

Engineering 9570, In term ed ia te  In d u stria l A nd Engineering Statistics ............... 3 8
Engineering 9571, Advanced In d u stria l A nd Engineering Statistics ........................ 3 9
Engineering 9573, S tatistical Aspects Of R eliab ility  ...................................................... 3 9

T o ta l ........................................................................................................................................... 28
Some of the elective courses ap p ea rin g  in  these suggested op tio ns may, u n d er 

ce rta in  conditions, be used to satisfy requ irem en ts fo r b o th  the u n d erg rad u a te  
an d  the g rad u ate  degrees. O th e r electives, inc lu d in g  advanced m athem atics 
courses, particu larly , are also essential for g rad u a te  work. Prospective g rad u ate  
studen ts should  seek guidance from  m em bers of the g raduate  staff in  arrang in g  
th e ir elective program s.

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

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



DESCRIPTION OF COURSES
T h e  courses 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 ead 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  
certa in  courses in  econom ics are offered by the College of Arts an d  Sciences.

Courses offered by the D ivision of Basic S tudies in  the College of E n g ineering  
have th ree d ig it num bers. All o th e r  courses offered w ith in  the  College have fo u r 
d ig it num bers, the first d ig it rep resen tin g  the  school o r d ep a rtm 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 ng ineering  M echanics 6. M ateria ls an d  M eta llu rg ical Engi-
2. C ivil E n g ineering  n eerin g
3. M echanical E n g ineering  7. A erospace E ng ineering
4. E lectrical E n g ineering  8. E n g ineering  Physics
5. C hem ical E ng in eerin g  9. In d u s tr ia l E n g in eerin g

For courses in  o th e r  colleges not described here, to be taken  e ith er as req u ired  
courses o r as electives, see the  A n no un 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  P R O B L E M S  A N I)  
M E T H O D S  I.  C red it 3 hrs. Fall. 1 Lect. 1 
Rec. 1 Lab. C onsideration of functions of en 
gineering an d  m ajor exam ples of m odern 
engineering to emphasize the n a tu re  of e n 
gineering and the  in te rrela tionsh ips o f the 
several professional fields. In troduction  to p ro 
fessional m ethod in solu tion  of engineering 
problem s, graph ical represen tation  including 
sketching, descriptive geom etry, and  drafting .
102. E N G I N E E R I N G  P R O B L E M S  A N D  
M E T H O D S  II .  C red it 3 hrs. Spring. 1 Lect. 
1 Rec. 1 Lab. Solution of engineering p ro b 
lems; in troduction  to p robab ility  and statistics, 
in troduction  to engineering economy, con
tin u a tio n  of graph ical representation .

MATHEMATICS
191. C A LC U L U S F O R  E N G IN E E R S .  E ithe r 
term . C red it 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 
geom etry, d ifferential and  in tegral calculus a p 
plications.

192. CA L C U L U S F O R E N G IN E E R S .  Spring 
term . C red it 4 hrs. P rereq ., 191. H ours to be 
arranged . A nalytic geom etry in  the p lane and 
in space, p a rtia l d ifferen tia tion , technique of 
in teg ra tion  and  m u ltip le  in tegrals, app lica
tions.
293. E N G I N E E R I N G  M A T H E M A T I C S .  E ither 
term . C red it fou r hours. P rereq ., 192. H ours to 
be arranged . Vectors and  m atrices, first-order 
d ifferential equations, in fin ite  series. Coding 
fo r electronic d ig ita l calculators will be tau g h t 
and  used for problem s in  the  above topics.
294. E N G I N E E R I N G  M A T H E M A T I C S .  E ither 
term . C red it th ree  hours. Prereq ., 193. H ours to 
be arranged . L inear d ifferential equations, 
q u ad ra tic  form s and  eigenvalues, differential 
vector calculus, applications.

PHYSICS
Physics 121-122 an d  223-228 are designed 
prim arily  for s tuden ts in  the College o f E n 
gineering. T h e  first year’s work consists of 
121 and 122; the second year’s work consists 
o f one of the  tw o-term  sequences 223-224, 
225-226, or 227-228. T h e  in itia l assignm ent 
to a given sequence in  the  second year will 
be m ade on the basis of the stu d en t’s previous 
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perform ance in  in troductory  physics and 
m athem atics courses. Students should see their 
instructors for section assignm ents.
121-122. I N T R O D U C T O R Y  A N A L Y T I C A L  
PHYSICS.  T h ro u g h o u t the  year. C red it th ree  
hours a term . Prereq., calculus o r coregistration 
in  M athem atics 191-192. Course 121 is p re 
requisite  to 122. P rim arily  for studen ts of 
engineering. Lecture, T  9, 11, o r 2. T w o d is
cussion periods per week and  one 2Vi hour 
laboratory  period every o th e r week, as assigned. 
P relim inary  exam inations will be he ld  a t 
7:30 p.m . on Oct. 29, Dec. 3, Jan . 14, M ar. 
17, A pr. 14, and  May 19. Messrs. N e w - 
h a l l , M a h r , T a l m a n , and  Staff.
T h e  m echanics of particles: kinem atics of
transla tion , dynamics, conservation of energy. 
T h e  properties of the  fundam en tal forces: 
grav ita tional; electrom agnetic, and  nuclear. 
Conservation of linear m om entum , kinetic- 
m olecular theory of gases, properties of solids 
and  liquids, m echanics of rig id  bodies, h a r
m onic m otion. A t the  level of In troductory  
Analyt ical Physics, Second E d ition , Parts I 
and I I ,  by New hall.
223-224. I N T R O D U C T O R Y  A N A L Y T I C A L  
PHYSICS.  T h ro u g h o u t the  year. C red it 3 hrs. 
a term . Prereqs., Physics 122 and  co-registra
tion  in  M ath. 293-294, o r equivalent. Course 
223 is prerequisite  to 224. Lect., T h  9 or 11. 
Tw o discussion periods a week, and  one 2M> 
hour laboratory  period every o th er week, as 
assigned. Messrs. T o m b o u l i a n , W e i d n e r , S e l l s .

A survey of electric and  m agnetic fields in 
clud ing  a review and  an  extension of the 
study of static  fields and  th e ir sources. Fields 
in  sim ple dielectrics, charges in  m otion, tim e 
varying fields, induced electrom otance, fields 
in  m agnetic m aterials, energy of charge and 
cu rren t d istribu tions, electrical oscillations, 
and the e lectrom agnetic field relations.

W ave m otion w ith  em phasis on the  p ro p 
erties o f electrom agnetic waves; reflection, re 
fraction  and  dispersion. Superposition of waves; 
interference, diffraction. Polarization.

Selected topics from  contem porary  physics 
such as special re la tiv ity , q u an tu m  effects, 
atom ic and  x-ray spectra; nuclear struc tu re  
and reactions; solid-state physics.

T h e  laboratory  w ork includes experim ents 
in  electrical m easurem ents, physical electronics, 
optics and  nuclear physics.

225-226. I N T R O D U C T O R Y  A N A L Y T I C A L  
PHYSICS.  T h ro u g h o u t the  year. C red it 3 hrs. 
a term . Prereqs., same as for Physics 223-224. 
Course 225 is p rerequ isite  to  226. Lect., T  9 
o r 11. T w o  discussion periods a week, and 
one 21/2 h o u r laboratory  period every o ther 
week, as assigned. Messrs. T o m b o u l i a n ,  D e l -
V A IL L E .

Includes the  same topics ("none om itted) as 
those listed under Physics 223-224, b u t  th e ir 
trea tm en t is m ore analytical and  som ewhat 
m ore intensive. Same textbooks as in  Physics 
223-224.
227-228. I N T R O D U C T O R Y  A N A L Y T I C A L  
P HYSICS.  T h ro u g h o u t the year. C red it 3 
hours a term . Prereqs., same as for Physics 
223-224. Course 227 is prerequ isite  to  228. 
Lect., S 11. Tw o discussion periods a week, 
and  one h our labora tory  period  every
o th er week, as assigned. M r. F i t c h e n  an d  staff.

Includes the same topics (none om itted) as 
in Physics 223-224 and  225-226, b u t  w ith  a 
d ifferent am oun t of tim e devoted to each 
topic and generally each is trea ted  a t a 
sufficiently advanced level to stim u la te  h igh- 
ab ility  students. A t the  level of In troduction  
to Electricity and Optics  by F rank, of Optics 
by Rossi, an d  of some of Principles of  M odern  
Physics by L eighton.

CHEMISTRY
103-104. I N T R O D U C T I O N  T O  C H E M IS 
T R Y .  T h ro u g h o u t the  year. C red it three  hrs. 
a term . C hem istry 103 is prerequ isite  to 
Chem istry 104. R ecom m ended for students 
w ho have n o t had  h igh  school chem istry and 
for those desiring  a m ore elem entary  course 
than  Chem istry 107-108. I f  passed w ith  a 
g rade of 70, this course serves as p rerequ isite  
for C hem istry 205 or Chem istry 353. Lectures, 
M F 10 or 11. C om bined discussion-laboratory 
period, T  W  or T h  8-11, M T  W  T h  o r F 
1:40-4:30. Messrs. P o r t e r , G o l d s t e i n , and 
Assistants.
An in troduction  to chem istry w ith  em phasis 
on the im p o rtan t princip les and  facts of in 
organic and  organic chem istry.
107-108. G E N E R A L  C H E M I S T R Y .  T h ro u g h  
o u t the  year. C red it three  hrs. fa ll term  
and  four hours spring  term . Prerequ isite , h igh  
school chem istry; 107 is p rerequ isite  to 108. 
R ecom m ended for those studen ts who will

Note:  Entering students  exceptionally  well prepared in chemistry may receive advanced credit 
for Chemistry 103-104 by demonstra ting competence in the high school advanced standing e x 
amination of  the College Entrance Exam inat ion Board, or in the advanced standing examination  
given at Cornell on the Tuesday  before classes start in the fall. Application  for this latter  
examination should be made to the D epartm ent  o f  Chemistry no later than registration day.
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take fu r th e r  courses in  chem istry b u t do  no t 
in tend  to specialize in  chem istry o r closely 
re la ted  fields. E n ro llm en t lim ited  to 700. 
Lectures, T  T h  9 o r 10. Com bined discus- 
sion-laboratory period, M W  F or S 8-11, 
M T  W  T h  or F 1:40-4:30. In  spring term , 
one add itional recita tion  h our as arranged. 
Messrs. P l a n e , F a y , an d  Assistants.
T h e  im p o rtan t chem ical princip les and  facts 
are covered, w ith  considerable a tten tio n  given 
to the  q u an tita tiv e  aspects and to the  tech
niques w hich are  im p o rtan t for fu rth e r work 
in chem istry. Second-term  laboratory  includes 
a sim plified scheme of qua lita tive  analysis.
115-116. G E N E R A L  C H E M I S T R Y  A N I )  I N 
O R G A N IC  Q U A L I T A T I V E  A N A L Y S I S .
T h ro u g h o u t the year. C red it fou r hrs. a 
term . Prereq., h igh  school chem istry a t a 
g rade of 85 or higher; C hem istry 115 is p re 
requisite  to  Chem istry 116. R ecom m ended for 
students who in tend  to specialize in  chem istry 
or in  closely re la ted  fields. Students w ithou t 
good m athem atical competence are advised n o t 
to take th is course. E nro llm en t lim ited  to 350. 
Fall term : lectures, M W  F 8; one three-hour 
com bined discussion-laboratory period, T  or 
T h  8-11, W  or F 10-1, o r W  or F 1:40-4:30. 
Spring term : Lectures, M W  8; two three- 
hour com bined discussion-laboratory periods, 
T  T h  8-11, W  F 10-1, or W  F 1:40-4:30. 
Messrs. L a u b e n g a y e r , Z u c k e r m a n , and  Assist
ants.
A general study of the laws and  concepts 
o f chem istry based upon the m ore common 
elem ents, an d  app licatio n  of the  theory of 
chem ical eq u ilib riu m  to the  properties and 
reactions o f ions of the comm on elem ents and 
th e ir separation  and  detection  in  solution.
276. I N T R O D U C T I O N  T O  P H Y S I C A L  
C H E M I S T R Y .  Spring. C red it 3 hrs. Prereqs., 
C hem istry 106 o r 108, M athem atics 193, and 
Physics 223, 225 or 227. For engineering 
students. A brief survey of physical chem istry. 
M r. 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 E M IS T R Y .  Replaces (405-406). T h ro u g h 
o u t the  year. C red it 5 hrs. a term . Prereqs., 
C hem istry 108, M athem atics 192, Physics 122, 
o r 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 o r W T h  
1 :4 0 ^ :3 0  or S 8-1; spring, M T  1:40-4:30 or 
W  T h  1:40-4:30 o r F 1:40-4:30 and  e ither 
S 8-10:50 or S 10-12:50. T h e  lectures will give 
a system atic trea tm en t of the  fundam ental 
princip les of physical chem istry; the laboratory  
w ill deal w ith  the experim ental aspects o f the 
subject and  also develop the needed skills in 
q u an tita tiv e  chem ical analysis.

ENGLISH
111-112. I N T R O D U C T I O N  T O  E N G L ISH .
T h ro u g h o u t the  year. C red it 3 hrs. a term . 
English 111 is prerequ isite  to E nglish 112, M 
W  F 8, 9, 10, 11, 12, 2, 3; T  T h  S 8 , 9, 10, 
11, ,12. T h e  a im  is to increase the  stu d en t’s 
ab ility  to com m unicate h is own th o u g h t and 
to understand  the th o u g h t of others. Messrs. 
S l a t o f f , S m i t h , and  others.

PHYSICAL EDUCATION
A ll und erg rad u a te  s tuden ts are req u ired  by 
the U niversity  to com plete four term s of work 
in  physical education . T h e  requ irem en t m ust 
be com pleted w ith in  the first four term s (for 
fu r th e r  details, see the A nnouncem en t  o f  Gen
eral In formation) .  D escriptions of the  physical 
education  courses offered will be found  in 
p ub lications m ade available to en te rin g  s tu 
dents by the D ep artm en t of Physical E ducation  
and  A thletics.

ELECTRICAL SCIENCE
241. E L E C T R I C A L  SC IE N C E  I. C red it 3 hrs. 
Fall. 2 Lect. 1 (2l/2 hour) Rec.-Com p. T h e  
basic p rincip les of electric  and  m agnetic fields 
and  circuits for steady fields, voltages, and 
currents. Em phasis is p laced on understand ing  
of the physical concepts.
242. E L E C T R I C A L  SC IEN C E II .  C red it 3 hrs. 
Spring. 2 Lect. 1 (2V2 hour) Rec.-Comp.
Prereq ., 241. Extends the trea tm en t of 241 to 
tim e-varying fields, voltages, and curren ts. T h e  
re laxation  and  steady-state behavior o f sim ple 
systems.
243. E L E C T R I C A L  SC IEN C E I. C red it 3 hrs. 
Fall. 2 Lect. 1 (2V2 hour) Rec.-Com p. T h e  
m ain  topics are the  same as those in  241, b u t 
th e ir trea tm en t is m ore analytical an d  m ore 
intensive.
244. E L E C T R I C A L  SC IEN C E I I .  C red it 3 
hrs. Spring. 2 Lect. 1 (2V2 hour) Rec.-Com p. 
P rereq ., 243. T h e  m ain  topics are  the  same 
as those of 242, b u t th e ir  trea tm en t is m ore 
analytical and m ore intensive.

MECHANICS
211. M E C H A N IC S  OF R I G I D  A N D  DE
F O R M A B L E  BO D IES I.  C red it 4 hrs. Fall- 
spring. 1 Lee., 2 Rec., 1 Com p.-Lab. Force 
systems and eq u ilib rium . D istrib u ted  forces, 
static  friction , statically  de te rm ina te  p lane 
structures. Concepts of stress and  stra in . Shear
ing  force, bend ing  m om ent, bend ing  and  to r
sion of beams. Analysis of plane stress and 
stra in , com bined stress, therm al stress. T heories 
of fa ilu re. In stab ility  of colum ns.
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212. M E C H A N IC S  OF R I G I D  A N D  DE
F O R M A B L E  BODIES I I .  C red it 4 hrs. Spring. 
1 Lect., 2 Rec., 1 Com p.-Lab. Prereq.,
211. Inelastic  behavior. Energy m ethods in 
mechanics. Princip les of particle  dynamics. 
T heory  of oscillations. K inem atics of rig id  
body m otion. Dynam ics of systems of p a r
ticles. Kinetics of rig id  bodies.

CHEMICAL ENGINEERING
5101. M ASS A N D  E N E R G Y  BAL AN C E S.
C redit 3 hrs. 2 Lect., 1 Comp, period. Parallel,

Physical C hem istry 405. E ngineering problem s 
involving m ateria l and  h eat balances. Flow
sheet systems and  balances. T o ta l energy b a l
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 I L I B R I A  A N D  S T A G E D  O P E R A 
T IO N S .  C red it 3 hrs. Spring. 2 Lect. 1 Comp, 
period. Parallel, Physical Chem istry 406. 
Phase eq u ilib ria  and  phase diagram s. T h e  
equ ilib rium  stage, m athem atical description 
of single and  m ultistage operations, analytical 
and graph ical solutions. Messrs. W i n d i n g , 
T h o r p e , S c h e e l e .

ENGINEERING MECHANICS
211. M E C H A N IC S  OF R I G I D  A N D  D E 
F O R M A B L E  BO D IES I. C red it 4 hrs. Fall- 
spring. 1 Lect. 2 Rec. 1 Com p.-Lab. Force 
systems and equ ilib rium . D istribu ted  forces, 
static  friction , statically de term inate  p lane stru c 
tures. Concepts of stress and  stra in . Shearing 
force, bending m om ent, bend ing  and  torsion of 
beams. Analysis of p lane stress and  stra in , 
com bined stress, therm al stress. T heories of 
failure. In stab ility  of colum ns. Staff.
212. M E C H A N IC S  OF R IG ID  A N D  DE
F O R M A B L E  BODIES I I .  C red it 4 hrs. Spring. 
1 Lect. 2 Rec. 1 Com p.-Lab. P rereq ., 211. I n 
elastic behavior. Energy m ethods in m echanics. 
P rinciples of partic le  dynamics. T heory  of 
oscillations. K inematics of rig id  body m otion. 
Dynamics of systems of particles. Kinetics of 
rig id  bodies. Staff.
1154 (1134). A D V A N C E D  M E C H A N IC S  OF  
M A T E R I A L S .  C red it 3 hrs. Fall. 3 Lect. 
Beam theory includ ing  sym m etric and  unsym- 
m etric bending, beam -colum ns, buckling, shear 
stresses, continuous beams, p lastic  bending, 
curved bars and  beams on elastic foundations. 
S trength theories. B ending theory of circular 
and long rectangu la r plates, m em brane and 
local bending  theory for th in  wall pressure 
vessels. Symmetrical deform ation  problem s in 
clud ing  the pressurized thick w alled cylinder, 
sh rink  fit stresses, ro ta tin g  discs and  therm al 
stresses in  long hollow cylinders. M r. B i j l a a r d .

1159. E X P E R I M E N T A L  M E C H A N IC S .  C redit 
3 hrs. Spring. 1 Rec. 2 Lab. P rereq ., 1154 or 
equiv. P rim arily  for g raduate  studen ts and 
qualified undergraduates. B rittle  coating 
m ethod of experim ental stress analysis. E lec
trical resistance type stra in  gages, including 
factors influencing alloy sensitivity, gage con
struction , gage factors, stress gages. In s tru m en 
ta tion  for sta tic  and  dynam ic stra in  gage work 
includ ing  a b rie f coverage of am plifiers, ga l
vanom eters, recorders, an d  oscilloscopes. P hoto
elastic m ethods of stress analysis, photostress. 
M r. M o y n i h a n .

1162. T H E O R Y  OF V I B R A T I O N .  C red it 3 
hrs. Fall. 3 Lect. P rereq ., 1180 or equiv. or 
consent of instructor. G raduates and  qualified 
undergraduates. V ibration  of lum ped systems 
includ ing  free and  forced v ibration , d a m p 
ing, im pedance m ethods, resonance, v ib ration  
isolation. M atrix  m ethods. C ontinuous sys
tems includ ing  strings, m em branes, torsion and 
bending of beams, plates. R ayleigh-R itz 
M ethod. Im pact and  transien t response. A p 
plications include v ibrations of structures and 
m achine elem ents. M r. P a o .

1163. A P P L IE D  E L A S T I C I T Y .  C red it 3 hrs. 
Fall. 3 Lect. G raduates and  qualified u n d e r
graduates. Analysis o f th in  curved bars. P lane 
stress and  plane stra in  in  the  c ircular cy lin 
der, effects of pressure, ro ta tion , and  therm al 
stress. Small and large deflection theory of 
plates, classical and  approx im ate  m ethods. 
S tra in  energy m ethods. Sym m etrically loaded 
th in  cylindrical shell. T orsion  of thin-w alled  
m em bers. A first course in  the  m echanics of 
elastic deform able bodies w ith  s tru c tu ra l a p 
plications. M r. C o n w a y .

1164. T H E O R Y  OF E L A S T I C I T Y  I.  C red it 3 
hrs. Spring. 3 Lect. G eneral analysis of stress 
and  stra in . P lane stress and  stra in . A irey’s 
stress function  solutions using F ourier series, 
Fourier in tegral, and  approx im ate  m ethods. 
St. V enant and  M ichell torsion theory. Simple 
three-dim ensional solutions. B ending of pris- 
m atical bars. Axially loaded circular cylinder 
and  h a lf  space. M r. C o n w a y .

[1165. T H E O R Y  OF E L A S T I C I T Y  I I .  C red it 
3 hrs. Spring. 3 Lect. G raduate  students. D e
velopm ent in  tensor form  of the  basic eq u a 
tions o f large deform ation  elasticity; solution 
of certain  large deform ation problem s. L in ear
ization to infinitesim al elasticity . Boussinesq- 
Papkovich po ten tials and  their app lication  to 
three-dim ensional problem s; contact problem s; 
p lane stress by m ethod  of M uskhelishvili; a p 
p lication  of conform al m apping ; Cauchy in te 
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gral techniques in elasticity; torsion problem s. 
N o t offered in  1963-1964.]
1166. ST R E SS  W A V E S  I N  SOLIDS.  C red it 3 
hrs. Spring. 3 Lect. Prereqs., 1162, 1163 or 
equiv. G raduate  students. G eneral equations 
of elastodynam ics. W aves in  extended elastic 
m edia. Reflection an d  refraction  of waves. 
Surface waves and  waves in  layered m edia. 
V ibrations and  waves in  strings, rods, beams 
and  plates. D ispersion in  m echanical wave
guides. T ran s ien t loads. Scattering of elastic 
waves and  dynam ical stress concentration. 
W aves in  visco elastic m edia. M r. P a o .

1167. T H E O R Y  OF P L A T E  A N D  S H E L L  
S T R U C T U R E S .  C red it 3 hrs. Spring. 3 Lect. 
G raduate  studen ts and  qualified  u n d e rg rad u 
ates. Analysis of deform ation  and  stress in 
plates and  flat slabs under transverse loads. 
Various boundary  conditions. N um erical m eth 
ods. M em brane stresses and  displacem ents in 
shells under various loading. B ending theory 
o f shells. A pplications to shell-type structures 
such as subm arines, 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 I C I T Y .  C red it 3 
hrs. Fall. 3 Lect. G raduate  students and q u a l
ified undergraduates. T heory  of inelastic be
havior of m aterials. P lastic  stress-strain laws, 
yield criteria  an d  flow laws. F lexure and 
torsion of bars, thick-w alled cylinders, m etal 
form ing and  cu tting , stress analysis in  m etals 
and  soils. Yield hinges. L im it analysis. Shake- 
down of sim ple statically  indeterm inate  m em 
bers. Mr. L a n c e .

1169. T H E O R Y  OF E L A S T I C  A N D  IN E L A S 
T IC  S T A B I L I T Y .  C red it 3 hrs. Fall. 3 Lect. 
G raduate  students and qualified u n d e rg rad u 
ates. V arious cases of instab ility . D erivation 
of elastic and inelastic  buck ling  loads of 
colum ns w ith  various boundary  and  continuity  
conditions, truss m em bers, fram es, etc., by 
various m ethods, such as d irec t solution from 
d ifferential equations as eigenvalue problem s, 
by H aarm an  m ethod, energy m ethods, m atrix  
m ethod using d ig ita l com puter. Buckling of 
composite structures such as colum ns w ith b a t
ten plates, latticed  colum ns by H aarm an  
m ethod and  m ethod of sp lit rig id ities. Buck
ling  of p lates w ith  various boundary  condi
tions. Solutions for buckling  of p la te  assem
blies by solving of d ifferential equations and 
by m ethod of sp lit rig id ities. T heory  of in 
elastic buckling  of p lates and  shells. Buckling 
and forced cripp ling  of stringerpanels in a ir 
p lane wings. In te rac tio n  of colum n and plate  
buckling. B uckling of sandw ich plates w ith 
various boundary  conditions. D erivation  of 
post-buckling load of plates. B uckling load of 
colum ns in  the post-buckling  range of the  com 

posite plates. B uckling of cylindrical, spherical 
and  conical shells u n d e r ex ternal pressure. 
C ylindrical shells evenly stiffened by rings. 
C ylindrical shells u n d er axial compression and 
bending. Buckling of sandw ich shells. Mr. 
B i j l a a r d .

1170. A D V A N C E D  D Y N A M IC S .  C red it 3 hrs. 
Fall. 3 Lect. G raduate  studen ts and  qualified 
undergraduates. N ew ton’s equations of m otion 
fo r a system of masses, th e ir  so lu tion , m o
m entum , energy. Systems w ith  variab le  mass, 
rocket equations. V ariational princip les of 
mechanics, d ’A lem bert’s p rincip le, L egrange’s 
equations, H am ilto n ’s equations. S tability  of 
m otion, L iapunov’s m ethod. R ig id  body m o
tion , E u le r’s equations, tops, gyroscopes. 
T heory  of sm all oscillations. Mr. C r a n c h .

[1171. SPACE M E C H A N IC S .  C red it 3 hrs. 
Spring. 3 Lect. P rereq ., 1170 o r equivalent. 
Po ten tia l o f earth ; two-body problem ; H am 
ilton  Jacobi theory; o rb it  ab o u t spherical and  
nonspherical earth ; vector theory of p e r tu rb a 
tions; d rag  and  solar rad ia tion  effect on  orb it; 
charged satellite  in  e a r th ’s m agnetic field; re 
stricted  three-body problem ; lib ra tio n  points; 
reflectibility  and  reversib ility  of trajectories; 
a ttitu d e  contro l o f satellites; sa tellite  lib ra tion . 
N o t offered in  1963-1964.]
1172. S E L E C T E D  T O P IC S  I N  E N G I N E E R 
I N G  M E C H A N IC S .  C red it as arranged , any 
term . Q ualified studen ts w ishing to do work 
in  any field of eng ineering  m echanics should 
register for this course a fte r consulta tion  w ith 
the  d epartm en t. Students w ork w ith  a p p ro 
p ria te  m em bers o f the  staff in  the chosen field. 
Typical areas of work include theory of elastic 
s tab ility , theory of p lates and  shells, rocket 
theory and  design, wave propagation , elastic
ity, v ibrations, and  experim ental m echanics. 
Staff.
1173. R E S E A R C H  I N  A P P L IE D  M E C H A N 
ICS. C red it as a rranged . T hesis o r in d ep en d 
e n t research in a  field of app lied  m echanics. 
Such research m ust be u n d er the guidance of 
a staff m em ber. Staff.
1175. O S C IL L A T IO N S  I N  N O N L I N E A R  SYS
T EM S.  C red it 3 hrs. Spring. 3 Lect. A study 
of the m ethods of analysis of non linear elec
trical and m echanical systems. T heory  of d if
feren tia l equations, phase p lane analysis, s ta 
b ility  c riteria , com parison betw een lin ea r and 
non linear m ethods. E quations of V an d e r Pol, 
Duffing, M athieu , F loquet, H ill. Poincare Ben- 
dixson theorem , o rb ita l stability . M ethods of 
Van der Pol, Poincar£, Kryloff and  Bogolioboff, 
G alerkin, R itz, harm onic  balance, equ ivalen t 
linearization , graphics, p e rtu rba tions . H ystere
sis. A pplication  of B anach space techniques. 
M r. B l o c k .
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1180. M A T H E M A T I C A L  M E T H O D S  I N  E N 
G IN E E R IN G  I. C red it 3 hrs. Fall. 3 Lect. 
Prereq., 1155 or equivalent. A pplication  to e n 
gineering problem s of elem entary d ifferential 
equations, Laplace and  Fourier transform s, 
series, o rthogonal functions, functions of sev
eral real variables, vector analysis, p a rtia l 
differential equations. Mr. B l o c k .

1181. M A T H E M A T I C A L  M E T H O D S  I N  E N 
G IN E E R IN G  II.  C red it 3 hrs. 3 Lect. Spring. 
Prereq., 1180. A pplications to engineering 
problem s of calculus of variations, tensor a n 
alysis, complex variable, m atrices, difference 
equations, and in tegral equations. M r. L u d - 
f o r d .

1182. M A T H E M A T I C A L  M E T H O D S  I N  E N 
G IN E E R IN G  II I .  C red it 3 hrs. Fall. 3 Lect. 
Prereq., 1181 or equivalent. A pplication  of a d 
vanced m athem atical techniques to engineering 
problem s. C onform al m apping; complex in 
tegral calculus; G reen’s function; in tegral 
transform s; asym ptotics includ ing  steepest d e 
scent and stationary  phase; W iener-H opf 
technique; general theory of characteristics; 
p e rtu rb a tio n  m ethods; singular pertu rba tions; 
boundary-layer analysis. D evelopm ent will be 
in term s of problem s draw n from  vibrations

and  acoustics, fluid m echanics and  elasticity, 
h eat transfer, electrom agnetics. Mr. L u d f o r d .

1183. M A T H E M A T I C A L  M E T H O D S  I N  E N 
G I N E E R I N G  IV.  C redit 3 hrs. Spring. 3 Lect. 
P rereq ., 1182 o r equivalent. M ore extensive 
trea tm en t o f 1182 in  same sp irit. T opics in 
clude: advanced m ethods in p a rtia l differential 
equations, W KB and  PLK  approxim ations, 
H ilbert-Schm id t and  Fredholm  theories of 
in tegral equations, singular in tegral equations, 
H ilb e rt problem , dual in teg ra l equations. Mr. 
L u d f o r d .

1184. N U M E R IC A L  M E T H O D S  I N  E N G I
N E E R I N G .  C red it 3 hrs. Spring. Prereq., 1181 
or equivalent. M ethods for ob tain ing  n u m eri
cal solutions to problem s a ris ing  in  science 
and  engineering, such as boundary  value p rob 
lems, eigenvalue problem s, diffusion, conduc
tion , wave propagation , vibrations. V ariational 
and  in tegral equation  techniques are devel
oped. M r. L a n c e .

1198, 1199. P R O JE C T .  T o ta l c red it 6 hrs. 
W ork of the  n in th  a n d /o r  ten th  term s in  the 
form  of projects designed to in teg ra te  the 
stu d en t’s tra in in g  in several engineering areas 
when such work is done principally  in  the 
field of engineering m echanics. Staff.

CIVIL ENGINEERING
CIVIL ENGINEERING  
MATERIALS
M r. S l a t e

2002. E N G I N E E R I N G  M A T E R I A L S .  (O ld 
1212) C red it 3 hrs. Spring. 2 Lect. 1 Lab. 
P rereq ., 6311. Design and engineering p ro p 
erties of concrete; engineering properties of 
steel and  o ther selected stru c tu ra l metals, 
wood; physico-chemical properties of soils, and 
b itum inous m aterials. Design characteristics 
and  significance of test results of m aterials 
used in engineering works. Extensive lab o ra 
tory testing and  rep o rt w riting . F irst tau g h t 
sp ring  1964.
2010. A D V A N C E D  P L A I N  C O N C R E T E .  (O ld 
1217) C red it 2 hrs. Spring. 2 Lect. Prereq., 
2002 or the  equivalent. T opics in the field of 
concrete, such as history of cem enting m ate 
rials, a ir-en tra inm en t, lig h t w eight aggregates, 
petrography, d u rab ility , chem ical reactions, 
and  properties of aggregates. R elationships 
between in terna l struc ture , physical properties, 
chem ical properties, and the  m echanical p ro p 
erties of in terest to the design and  construction 
engineer.
2011. S T R U C T U R E  A N D  P R O P E R T I E S  OF  
M A T T E R .  (O ld 1216) C red it 2 hrs. Fall. 2

Lect. O pen to g raduate  students in  engineering 
or the physical sciences or by consent o f in 
struc tor. In te rn a l struc tu re  of m aterials 
rang ing  from  the  am phorous to the  crystalline 
state. C orrela tion  of the  in te rna l structures of 
m ateria ls w ith  their physical and  m echanical 
p roperties, p rim arily  on a qualita tive  basis. 
A pplications to m etals and o th er engineering 
m aterials.
2044. SP E C IA L  T O P IC S  I N  M A T E R I A L S .  On
dem and. Fall-spring. H ours and  cred it variable.

SURVEYING
Messrs. A n d e r s o n ,  B r o c k , L y o n , M c N a i r , and 
others.
2101. E N G I N E E R I N G  M E A S U R E M E N T S .
C redit 3 hrs. Spring. 2 Rec. 1 Lab. Study of 
basic surveying instrum ents and of linear, 
angu lar, and  area m easuring procedures; data  
processing and  presen tation  of results of m eas
u rem en t operations; topographic  surveys by 
terrestria l m ethods; and  geom etry of circular, 
transition , and  parabolic  curves.
[2102. A D V A N C E D  S U R V E Y IN G .  C redit 2 hrs. 
Fall. 1 Rec. 2 Labs. P rereq ., 2101. Project 
p lann ing  from  topographic  maps; photogram -
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m etry; m easurem ent erro rs and  statistics; con
d itioned  m easurem ents; form ulation  of survey 
specifications; subsurface surveys; hydrographic  
surveys; geodesy; field astronom y; and  b o u n d 
ary surveys. F irst offered in fall 1964-1965.]
2107. E L E M E N T S  OF S U R V E Y IN G .  C red it 2 
hrs. Fall-spring. 1 Rec. 1 Lab. Fundam entals 
of eng ineering  m easurem ents. A ppreciation  of 
observations and  errors. Principles of record
in g  d a ta . Use of steel tape, level, and  transit. 
O ptical tooling. Problem s of p a rticu la r in terest 
to students in  fields o th er than  civil eng ineer
ing.
2108. S U R V E Y IN G .  C red it 3 hrs. Spring. 2 
Rec. 1 Lab. F undam entals o f engineering m eas
urem ents. A ppreciation  of m ethods of observa
tions and  errors. P rinciples of recording data . 
Use of steel tape, level, transit, and  plane 
table. A erial m apping . Em phasis on  problem s 
comm on in ag ricu ltu ra l engineering.
2111. G E O D E T IC  S U R V E Y IN G .  C redit 3 hrs. 
On dem and. 3 Rec. Prereq., perm ission of the 
instructor. C onsideration of special problem s 
in geodetic surveying; base line; triangulation ; 
traverse; precise leveling; deflection of the 
p lum b  line; figure of the  earth ; determ ination  
of gravity; isostasy; m agnetic properties of the 
earth . Subject to arrangem en t to m eet the 
special needs of students.
2112. A D V A N C E D  E N G I N E E R I N G  M E A S 
U R E M E N T S .  C red it 3 hrs. Fall. Prereqs., 
laboratory  w ork involving physical m easure
m ents, M ath 294, an d  perm ission of the in 
structor. M easurem ent systems; analysis of 
erro rs and  of e rro r p ropagation ; app licatio n  of 
the  p rincip les of p robab ility  to  the results of 
m easurem ents for the  purpose of de term in ing  
the  best estim ates of m easured and deduced 
quan tities, and  the  best estim ate of u ncer
ta in ty  in  these quan tities; ad jus tm en t of con
d itioned  m easurem ents by the  m ethod of least 
squares and  o th er m ethods; curve fitting; and 
da ta  processing m ethods.
2113. M A P  P R O J E C T I O N .  C red it 3 hrs. On 
dem and. T h e  theory of m ap  projections. C on
struction  of projections. P lane coordinate sys
tems.
2117. V E R T I C A L  C O N T R O L .  C red it 3 his. 
O n  dem and. Lectures, reading, and  field work. 
Principles of establish ing a geodetic sea-level 
da tum ; isostasy, the  geoid, and  reference 
ellipsoid; barom etric, trigonom etric, sp irit, and 
electronic leveling; study of precision a lti
m etry; determ ination  of econom ic re la tio n 
ships o f vertical control m ethods to m apping  
scale, especially for pho togram m etric  m apping.
2121. E L E M E N T S  OF P H O T O G R A M -  
M E T R Y .  C red it 3 hrs. Fall. Lect. Rec. Lab.

Principles and  practice o f terrestria l and  aerial 
pho togram m etric  m apping , includ ing  p lann ing  
flights, contro l surveys, uncontro lled  mosaics, 
rad ia l-line  control, sim ple stereop lo tting  in 
strum ents, paralle l d isto rtions, g raph ical tilt 
determ ination , trim etrogen  chartin g , and  
economics. A B alplex pro jection  ste reop lo tte r 
w ith  th ree  projectors and a W ild  A-7 p lo tte r 
are  available for use.
2122. A D V A N C E D  P H O T O G R A M M E T R Y .
C red it 3 hrs. Spring. P rereq ., 2121. Lectures, 
read ing , and  laboratory  work. A n advanced 
study of pho togram m etric  princip les includ ing  
contro lled  mosaics, rectification, g raph ical, m e
chanical, an d  analytical, space orien ta tion . 
R eadings and  reports from  cu rren t technical 
lite ra tu re . T h e  princip les of m any pho tog ram 
m etric p lo tters are  stud ied  together w ith  the 
economic re la tio n  of these instrum ents to 
density of field control, office m ethods, and 
personnel. T h e  B alplex p lo tte r and  the  W ild 
A-7 A u tog raph  p lo tte r w ith  the  a ttached  EK-3 
E lectric  C oordinate P rin te r  are available for 
study and  use.
2128. S U R V E Y IN G  A N D  M A P P I N G  I N 
S T R U M E N T A T I O N .  C red it 3 hrs. O n d e 
m and. P rereq ., 2121. Lectures and  assigned 
reading. In d ependen t study of developm ents 
in  surveying, m apping , an d  photogram m etric  
instrum ents includ ing  a  b rie f h istorical sketch 
of in strum en tation ; op tica l-lead ing  levels and  
transits; electronic base line  m easurem ent; 
precision altim eters; sonar equ ipm ent; equian- 
gu lato r, odograph, and  stereoscopic plo tters. 
C orrela tion  of the p rincip les of physics and 
m athem atics in  new m easuring  instrum ents 
and  m ethods.
2131. L A N D  S U R V E Y IN G .  C red it 3 hrs. On 
dem and. 3 Rec. P rereq ., perm ission of the in 
struc tor. Functions and  responsibilities of a 
land  surveyor; deeds an d  land  descriptions; 
lan d  records and  lan d  courts. Study of U.S. 
pub lic  lan d  system, m etes and  bounds, su b 
divisions, resurveys, cadastral surveys, r ip a rian  
righ ts , m ineral land  surveys, and  o th er land  
survey systems. Specifications and  reg istra tion .
2132. C A R T O G R A P H Y . C red it 2 hrs. O n  d e 
m and. A study of the  needs of m ap  users; and 
of the  production  of m aps to m eet these needs.
2133. R O U T E  A N D  C O N S T R U C T I O N  S U R 
VEYS.  C red it 3 hrs. O n  dem and. P rereq ., 2102. 
C ircular curves, tran sitio n  curves, earthw ork  
m easurem ent and  calculation , construction  su r
veys and  project p lan n in g  from  maps.
2134. S U M M E R  SU R V E Y .  (T opograph ic , H y 
d rographic , R oute, and  G eodetic Survey 
Camp.) C red it 5 hrs. Field and  office w ork six 
days a week for five weeks. D ate  to be a n 
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nounced in  spring  term . Prereqs., 2101 and
2102. Design and  execution of topographic 
survey and corresponding m ap  w ith em phasis 
on transit-stad ia  m ethods; hydrographic  su r
vey and m ap  of Cayuta Lake; and  complete 
rou te  survey includ ing  reconnaissance from  
aerial photographs, p relim 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, trian g u la tio n  w ith  repea ting  
and  direction  type op tical-read ing  thedolites, 
subtense and trig  traverse, precise leveling, and 
altim etry . A stronom ic observation for azim uth  
and  position are  m ade an d  results com puted.
2141. P R O JE C T .  G E O D E T IC  O R  P H O T O 
G R A M M E T R I C  E N G IN E E R IN G .  O n de
m and . O pen to specially selected seniors or 
g raduate  students. Projects in  the various fields 
of geodesy and  photogram m etry  may be d e 
veloped by conference betw een professors and 
students. H ours and  c red it variable.
2142. G E O D E T IC  O R  P H O T O G R A M M E T 
R IC  E N G I N E E R I N G  R E S E A R C H .  O n de
m and. Prerequisities will depend upon  the 
area of studies to be pursued. Special p ro b 
lems in  e rro r analysis, geodesy, an d  p h o to 
gram m etry  as may be arranged.
2143. S E M I N A R  I N  GEOD ESY O R  P H O T O 
G R A M M E T R Y .  C red it 1-6 hrs. O n dem and. 
O pen to  specially selected seniors or g rad u 
ate  students. A bstraction  and  discussion of 
technical papers and  publications in  the geo
detic  or pho togram m etric  field.

HYDRAULICS AND 
HYDRAULIC ENGINEERING
Messrs. B r u t s a e r t , G r a f , L i g g e t t , and  staff.
2301. F L U ID  M E C H A N IC S .  C red it 3 hrs. Fall. 
3 Lect.-Rec. F lu id  p roperties, hydrostatics, the 
basic equations of fluid flow, po ten tia l flow, 
dim ensional analysis, flow in  conduits, open 
channel flow. Staff.
2302. H Y D R A U L I C  E N G IN E E R IN G .  C red it 3 
hrs. Spring. 2 Rec. 1 Lab. P rereq ., 2301. Free 
surface flow, fluid m eters and  m easuring d e 
vices, hydrau lic  m achinery, unsteady flow, n e t
work analysis. T h e  laboratory  will include a 
num ber o f experim ents in  fluid m echanics and 
hydrau lic  engineering. M r. G r a f .

2303. H Y D R O L O G Y .  (O ld 2302) C redit 2 hrs. 
Fall. 2 Lect.-Rec. Prereq ., 2301. In troduction  
to hydrology includ ing  topics on p recip ita tion , 
evapotransp ira tion , g round  w ater, surface 
w ater, and sedim entation . M r. B r u t s a e r t .

2309. H Y D R A U L I C  E N G IN E E R IN G .  (O ld
2312) T o  be taken by those studen ts who have 
h ad  2301 p rio r to fall 1963. Offered for the 
last tim e spring  1964. C red it 3 hrs. Fall-spring. 
3 Lect.-Rec. P rereq ., 2301. In troduction  to 
hydrau lic  engineering problem s. Purpose, 
p lann ing , and  com ponent parts of hydrau lic  
projects. Flow m easurem ent, unsteady flow. 
Reservoirs, dams, spillways, and  river p ro tec
tion works. Flum es and  channels. C onduits, 
tunnels, penstocks. Locks. H ydrau lic  m odel 
studies. Staff.
2311. A D V A N C E D  H Y D R A U L IC S .  C red it 3 
hrs. Fall. 3 Rec. Prereq ., 2301. In tended  as an 
extension of the e lem entary  fluid mechanics. 
P rim arily  for students n o t m ajoring  in  civil 
engineering or those who have n o t received 
th e ir underg radua te  tra in in g  a t C ornell. Basic 
equations, p o ten tia l flow, flow in  conduits, 
boundary  layer theory, open channel flow, 
w ater ham m er and  surges, hydrau lic  models, 
an d  compressible flow. Special problem s. Staff.
2312. E X P E R I M E N T A L  M E T H O D S  I N  
F L U ID  M E C H A N IC S .  C red it 2 hrs. Fall- 
spring. P rereq ., 2302 or perm ission of in 
struc tor. P rim arily  a  laboratory  course for 
undergraduates an d  graduates; may be re 
peated  for c red it on  perm ission of the  in stru c 
tor. Em phasis is on  p lann ing  and  conducting 
labora tory  and  field experim ents. Each section 
is lim ited  to 4 students. Staff.
2313. H Y D R A U L I C  M A C H I N E R Y .  C red it 3 
hrs. Fall. 2 Rec. 1 Lab. Prereq., 2302. T heory  
an d  characteristics o f the  hydrau lic  ram ; re 
ciprocating  and  centrifugal pum ps; im pulse, 
reaction  and  p ropeller type turbines. Selection 
and  testing of hydrau lic  m achinery. Staff.
2314. R I V E R  A N D  H A R B O R  H Y D R A U L IC S .
C redit 3 hrs. Fall. P rereq ., 2302 and  2303 or 
perm ission of instructor. R iver hydraulics, 
fluvial hydraulics and problem s in  sed im enta
tion  coastal engineering and  h a rb o r hydraulics. 
M r. G r a f .

2315. A D V A N C E D  F L U ID  M E C H A N IC S  I.
C redit 3 hrs. Fall. 3 Rec. P rereq ., 2301. In tro 
duction  to vector and  tensor no tation . T h e  
equations of conservation of mass, m om entum , 
and  energy from  a rigorous p o in t of view. P o 
ten tia l flow includ ing  circu lation , vorticity , 
conform al m apping , and  hodograph  m ethods. 
M r. L i g g e t t .

2316. A D V A N C E D  F L U ID  M E C H A N IC S  II .
C redit 3 hrs. Spring. 3 Rec. P rereq ., 2315. 
E xact solutions to the Navier-Stokes equations, 
the lam inar and  tu rb u len t boundary  layers, 
turbu lence, in troduction  to non-N ew tonian  
flow, an d  o th e r topics. M r. L i g g e t t .
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2317. FR E E  SU R F AC E  F L O W .  C red it 3 hrs. 
Spring. 3 Rec. P rereq ., 2315 or perm ission of 
instructor. T h e  fo rm ulation  of the  free su r
face equations and  boundary  conditions. 
Shallow w'ater theory and  the theory of charac
teristics. Unsteady and  tw o-dim ensional flow 
in open channels. T heory  of sm all am plitude  
waves. Mr. L i g g e t t .

2320. S U R F A C E -W A T E R  H Y D R O L O G Y .
C redit 2 hrs. Fall. 2 Rec. Prereq., 2301. Physi
cal analysis and design relative to hydrologic 
processes. H ydrom eteorology, runoff, forecast
ing and contro l o f floods, un it-hydrography  
procedures, channel and  reservoir rou ting . Mr. 
B r u t s a e r t .

2321. F L O W  I N  P O R O U S  M E D IA .  C red it 3 
hrs. Spring. P rereq ., 2301 (also recom m ended, 
2315). F luid m echanics of flow th rough  porous 
solids. T h e  general equations of single phase 
and m ultiphase flow and the m ethods of 
solving the  differential form  of these equations. 
H ydraulics o f wells, of in filtra tion  and  of 
g round w ater recharge, and  of o th e r steady 
state and transien t seepage problem s. Mr. 
B r u t s a e r t .

2341. P R O JE C T .  H ours and  c red it variable. 
Offered on dem and. T h e  studen t may elect a 
design problem  o r u ndertake  the  design and 
construction  of a special piece of equ ipm en t 
in the fields of fluid m echanics, hydraulic  
engineering or hydrology.
2342. R E S E A R C H  I N  H Y D R A U L IC S .  H ours 
and c red it variable. Offered on dem and. T h e  
studen t may select an area of investigation 
in  fluid m echanics, hydrau lic  engineering, or 
hydrology. T h e  work may be e ith e r o f an 
experim ental or theoretical na tu re . Results 
should be subm itted  to the in structo r in charge 
in the form  of a research report.
2343. H Y D R A U L IC S  S E M I N A R .  C red it 1 hr. 
Fall-spring. O pen to undergraduates and  g rad 
uates and requ ired  of g raduate  studen ts m ajo r
ing in hydraulics or hydrau lic  engineering. 
T opics o f cu rren t in terest in  fluid mechanics, 
hydrau lic  engineering, and hydrology are  p re 
sented and  discussed.
2344. S P EC IA L  T O P IC S  I N  H Y D R A U L IC S .
H ours and  c red it variable. Offered on dem and. 
Special topics in  fluid m echanics, hydraulic  
engineering, o r hydrology are presented when 
a g roup  of students expresses an in terest or 
w hen an especially qualified person appears 
on campus.

SOILS ENGINEERING
Messrs. B r o m s , E s r i g .

[2401. E L E M E N T S  OF SOILS E N G I N E E R 
I N G .  C redit 4 hrs. Fall. 3 Lect. 1 Lab. P ro p 

erties of soil and  its behavior as an  engineering 
m ateria l. Princip les o f soil identification  and 
classification, term inology an d  soil character
istics such as g radation , perm eability , com 
pressibility , consolidation, and  shearing 
streng th  w ith  app lication  to sim ple problem s 
of seepage, se ttlem ent, bearing  capacity, s ta 
b ility  of e a rth  slopes. L atera l earth  pressure. 
Soil exp loration . L aboratory  tests for ex p eri
m ental de te rm in a tio n  of above-m entioned soil 
characteristics, and evaluation  and  use of da ta . 
Offered for the  first tim e in  fall 1964.]
2402. E L E M E N T S  OF SO IL S  E N G I N E E R 
IN G .  (O ld 2725) C red it 3 hrs. Fall-spring. 2 
Lect. 1 Lab. T h is  course will be superseded 
by 2401. I t  w ill be offered for the last tim e 
in  fall 1963. Properties of soil and  its be
hav ior as an  eng ineering  m ateria l. Principles 
of soil identification  and classification, te rm in 
ology an d  soil characteristics such as g rad a
tion, perm eability , com pressibility , consolida
tion, and  shearing  streng th . L aboratory  tests 
for experim ental d e term ination  of above m en 
tioned soil characteristics.
2406. F O U N D  A T IO N S .  (O ld  2720) C red it 3 
hrs. Fall-spring. 2 Lect. 1 Lab. Prereqs., 2715, 
2401 or 2402. Study of the stru c tu ra l problem s 
encountered  in  foundation  work. R eta in ing  
walls, sheet p iling , spread footings, piles, piers, 
abu tm ents, cofferdams, caissons, underp inn ings. 
Design problem s. M r. E s r i g .

2410. E N G I N E E R I N G  P R O P E R T I E S  OF 
SOILS.  (O ld 2726) C red it 3 hrs. Fall. 3 Lect. 
P rereq ., 2401 or 2402. Soil struc tu re , adsorbed 
and  free w ater. Flow of w ater th ro u g h  soil, 
flow nets, piezom eters, filters, p ip ing , capillary  
flow, soil suction, and  frost action. U niaxial 
and  triax ial consolidation, volum e com pressi
b ility  and pore pressure coefficients, shrinkage 
and swelling. Shear streng th  of sa tu ra ted  and 
partly  sa tu rated , isotropically and  anisotropic- 
ally consolidated soils, tru e  and ap p aren t co
hesion and friction  resistance, sensitivity and 
trixo trophy , triax ial, d irec t shear, penetra tion  
and  vane tests. M r. E s r i g .

2412. P R IN C IP L E S  OF SO IL S  E N G I N E E R 
IN G .  (O ld  2727) C red it 3 hrs. Fall. 3 Lect. 
P rereq ., 2401 or 2402. F a ilu re  theories for 
soils, general and  local shear failures, K otter’s 
equation  and boundary  conditions. L ateral 
e a rth  pressures, R ankine, Coulom b, lo g arith 
m ic spiral and  friction  circle m ethods. B earing 
capacity of deep and  shallow foundations, ec
centric and  inclined loading, size and  shape 
effects. S tability  o f slopes, m ethods of slices, 
seepage pressures. Soil pressures, concentrated  
and  d istribu ted  loads, influence charts, soil 
m odulus, contact pressures, and  pressure cells. 
Mr. B r o m s .
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2414. A P P L IE D  SOILS E N G IN E E R IN G .  (O ld
2728) C redit 3 hrs. Spring. 3 Lect. Prereqs., 
2401 or 2402 and 2412. Long and  short-tim e 
streng th  of soils, num erical m ethods. Footings 
and rafts, design criteria , elastic foundations, 
construction problem s, p la te  load tests. Piles 
and  caissons, pile  tests, pile d riv ing  form ulas, 
dynam ic and static  penetra tion  tests, u ltim ate  
streng th  and settlem ents of pile groups, stress 
wave equation , buckling  and  lateral resistance. 
R eta in ing  walls, shallow and  deep-seated fa il
ures, seepage pressures. Mr. B r o m s .

2416. A P P L IE D  SOILS E N G IN E E R IN G .  (O ld
2729) C red it 2 hrs. Spring. 2 Lect. Prereq., 
2412 or consent of instructor. Soil exploration  
and sam pling includ ing  geophysical m ethods 
as app lied  to foundation , construction and 
g round w ater problem s. Design of boring  p ro 
gram s and in te rp re ta tio n  of field da ta . B ulk
heads and bracing, design criteria , behavior at 
u ltim ate  and  w orking loads, design of earth  
and rock fill dams, upstream  and  dow nstream  
slopes, flow nets, concept of safety and  load 
factors. Design and stab ility  evaluation  of 
cofferdams, effects o f construction procedures 
on la te ra l earth  pressures. T unnels , geological 
considerations, factors affecting tunnel lin ing 
design, special problem s. Mr. B r o m s .

2418. E V A L U A T I O N  OF S O IL  P R O P E R T IE S .  
(O ld 2730) C red it 3 hrs. Spring. 1 Lect. 2 
Labs. Prereq., 2410 o r consent o f instructor. 
L aboratory  evaluation  of the  param eters used 
in  m odern soil m echanics and  soil engineering. 
E m phasis is placed on the  re la tionsh ip  o f these 
m easured param eters to those needed in d e 
sign. Consideration is given to the  effects of 
sam pling m ethods on the soil param eters. E x
perim ents include perm eability , d irec t shear, 
triax ial and consolidation testing. M r. E s r i g .

2441. P R O JE C T .  O n dem and. Projects may be 
selected from  the various fields of soils e n 
gineering such as shear s treng th  and consolida
tion characteristics o f soils, stabilization , soil- 
s truc tu re  in te rac tion , behavior of soils under 
dynam ic loads, etc. Also, design problem s such 
as pile foundations, sheet pile walls, e a rth  or 
rock fill dam  tunnels, cofferdams may be 
chosen w hich are o f pa rticu la r in te rest to the 
studen t. H ours and  cred it variable.
2442. SOILS E N G I N E E R I N G  R E S E A R C H .  On
dem and. C red it 1-6 hrs. Students who wish to 
study one p a rticu la r area in  soils engineering 
to some dep th . T h e  w ork could be in the 
form  of a laboratory  investigation, theoretical 
analysis of the behavior and  fa ilu re  modes of 
earth  structures or the  developm ent of design 
m ethods.
2443. SOILS E N G I N E E R I N G  S E M IN A R .  On 
dem and. C redit 1-2 hrs. Presen tation  and  d is
cussion of technical papers and  cu rren t re 

search in the  field of soils engineering. Open 
to seniors and  g raduate  students.
2444. SP E C IA L  T O P IC S  I N  SO IL S  E N G I
N E E R IN G .  O n dem and. C redit 1-6 hrs. Super
vised studies in sm all groups (2-3 students) in 
one or m ore of the  special topics in  the  field 
o f soils eng ineering  w hich are  not covered in 
the regu lar courses. H ours and  cred it variable.

SANITARY ENGINEERING
Messrs. B e h n , G a t e s , L y n n , W o o l h i s e r , a n d  
staff.
[2501. 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 .  C red it 4 hrs. 3 Lect.-Rec. 1 
Lab. Fall-spring. Prereq., 2301. Study of the 
m icrobiological, chem ical and  physical p h e
nom ena underly ing  the trea tm en t of w ater 
supplies and  of m unicipal and industria l waste
w ater. A pplication  of these princip les to the  
analysis and design of u n it  trea tm en t proc
esses and  to the synthesis of trea tm en t plants. 
L aboratory  m easurem ent of w ater and  of w aste
w ater quality . Offered for the  first tim e in  
fall 1964.]
2502. S A N I T A R Y  E N G I N E E R I N G  SYST EM S.
C red it 3 hrs. 2 Lect.-Rec. 1 Comp. Fall-spring. 
P rereqs., 2302, 2303, 2501. In troduction  to 
w ater resource systems. Analysis and design of 
(1) m unicipal w ater d istrib u tio n  systems (2) 
waste w ater and  storm -w ater collection, tran s
p o rta tion  and  disposal systems. Concepts and 
princip les applicable  to the  dispersion and 
stabilization  of m unicipal, in d u stria l and  rad io 
active wastes in  w ater and  in  a ir. Concepts of 
com prehensive w ater qua lity  control. Offered 
for the first tim e in  spring  1965.
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 .  T o  be taken only by students 
w ho en tered  Civil E ngineering  before Sept.
1963. Offered for the  last tim e in spring  1964. 
C red it 3 hrs. 2 Lect.-Rec. 1 Lab. or Comp. 
Study of processes for the  trea tm en t of w ater 
supplies and of m unicipal and  in d u stria l w aste
w ater, in  term s of the  underly ing  biological, 
chem ical, and physical principles; the  app lica
tion of these principles to the analysis and 
design of u n it  trea tm en t processes and  to 
the  synthesis of trea tm en t plants.
2504. W A T E R  S U P P L Y  A N D  W A S T E 
W A T E R  SYST EM S.  (Replaces 2502). T o  be 
taken only by those studen ts who en tered  Civil 
E ngineering  before Septem ber 1963. Offered for 
the  last tim e in  fall 1963. C red it 3 hrs. Fall- 
spring. 2 Lect.-Rec. 1 Comp. P rereq ., 2302. 
Concepts of w ater resource developm ent and 
utilization; w ater qua lity  control; analysis and 
design of structures and systems for (1) the 
collection, transporta tion , and  d istrib u tio n  of
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w ater supplies (2) the  collection, transporta tion  
and  disposal of m unicipal and in d u stria l waste
w ater and  of storm  water.
2509. E N V I R O N M E N T A L  S A N I T A T I O N .
O pen to non-civil engineering students. C redit 
3 hrs. Fall. Lect.-Discuss., reports and  field 
trips. Concepts of env ironm ental hea lth  and 
th e ir  application  to m unicipal and  m etro 
p o litan  san ita tion . In troduction  to w ater re 
source systems; w ater supply systems; m un ic i
pal, industria l and private  waste w ater disposal 
systems; disposal of solid wastes; radiological 
health ; a ir  and  w ater qua lity  control; p a rticu 
larly as these princip les and  m ethods apply 
to environm ental health  p lann ing  and  control.
2510. C H E M I S T R Y  O F  W A T E R  A N D  
W A S T E  W A T E R .  C red it 3 hrs. 2 Lect.-Rec. 
1 Lab. Fall. Prereq ., 1 year of college chem 
istry. Princip les of chem istry applicable  to the 
understand ing , design, and  contro l of w ater 
and  waste w ater trea tm en t processes. A nalytical 
m ethods applicable  to the  m easurem ent and 
contro l of a ir  and  w ater quality .
2511. S A N I T A R Y  E N G I N E E R I N G  L A B O R A 
T O R Y .  C red it 3 hrs. O n  dem and. 1 Lect. 2 
Labs. P rereq ., 2510 or paralle l reg istra tion , 
2501. L aboratory  studies of m icrobiological, 
chem ical and physical phenom ena, processes 
and m ethods applicable  to the trea tm en t of 
w ater and  waste-water.
2512. M IC R O B IO L O G Y  OF W A T E R  A N D  
W A S T E - W A T E R .  C red it 3 hrs. 2 Lect.-Rec. 1 
Lab. Fall. In troduction  to the characteristics, 
activities, and  control o f m icroorganisms. 
T h e ir  effect on the  environm ent and their role 
in  the  biological ox idation  of organic  su b 
stances in  waste-w ater trea tm en t p lants and  
in  receiving waters. Biological and bacteriolog
ical param eters of w ater qua lity  and  th e ir 
m easurem ent.
2513. T R E A T M E N T  PROCESSES.  C red it 3 
hrs. 3 Lect.-Rec. Fall. P rereq ., 2501 or equ iv
alen t. Analysis and  design of processes for the 
rem oval of im purities from  w ater and  from  
m unicipal and  in d u stria l waste-w ater. T h eo 
retical and  app lied  aspects of trea tm en t process 
design, includ ing  reaction  kinetics, transfer 
phenom ena, and  the  m echanics of fine p a r
ticles.
2514. A S S I M I L A T I O N  O F  W A S T E S  I N  
W A T E R  A N D  I N  A I R .  C red it 3 hrs. 3 Lect.- 
Rec. Spring. P rereq ., ap p ro p ria te  u n d erg rad u 
ate  course. Capacity of a ir  and  of w ater re 
sources to assim ilate gaseous, liq u id  and p a r
ticu late  wastes. Phenom ena p e rtin en t to the 
dispersion and  stabilization  of wastes in a ir  and 
in  w ater. A nalog com puter m ethods. Em phasis 
on the advanced lite ra tu re .

2515. W A T E R  R E S O U R C E  P L A N N I N G  A N D  
D E V E L O P M E N T .  C red it 3 hrs. 3 Lect.-Dis- 
cuss. O pen to engineers and  non-engineers 
in terested  in a com prehensive approach  to 
Avater resources. An in tro d u c tio n  to  the  eco
nom ic, adm in istra tive  and  legal aspects of w a
ter resource p lann ing , developm ent and  m an 
agem ent and  to the  problem s associated w ith  
each.
2517. E N V I R O N  M E N  T A L  S Y S T E M S  E N G I 
N E E R I N G  I.  C red it 3 hrs. 3 Lect.-Rec. Fall. 
Prereq., perm ission of the instructor. In ten d ed  
for g raduate  studen ts b u t open to qualified 
undergraduates. D evelopm ent of general linear 
p rogram m ing  problem  an d  special cases such as 
netw orks, dyadics, tran sp o rta tio n  problem . 
Em phasis placed on app lication  of techniques 
of operations research, queu ing  theory, dy 
nam ic p rogram m ing, sim ulation , gam e theory, 
and  linear p rogram ing  to civil an d  sanitary  
engineering problem s.
2518. E N V I R O N M E N T A L  S Y S T E M S  E N G I 
N E E R I N G  II .  C red it 3 hrs. 3 Lect.-Rec. 
Spring. P rereq ., perm ission of the instructor. 
Advanced topics in  the  analysis of w ater re 
source, sanitary  engineering, an d  env iron 
m ental eng ineering  systems.
2520. E N V I R O N M E N T A L  H E A L T H  E N G I 
N E E R IN G .  C red it 3 hrs. 3 Lect.-Rec., reports. 
Spring. Prereq., 2501 o r equ iva len t o r perm is
sion of the in structo r. Concepts and  m ethods 
of environm ental h ea lth  p lan n in g  and  control; 
th e ir  app licatio n  to  m etropo litan  san ita tion , 
a ir  and w ater qua lity  control, the  disposal of 
solid Avastes. Princip les of epidem iology and 
toxicology. In troduction  to radiological health .
2541. P R O J E C T ,  S A N I T A R Y  E N G IN E E R  
IN G .  On dem and. C red it variable. Prereqs., 
2501 and  2502 o r equivalent. T h e  s tu d en t will 
elect o r be assigned specific problem s in  the 
design of w ater an d  Avaste-water trea tm en t 
processes and  plants; Avater d istrib u tio n  sys
tems; Avaste-water disposal systems; w ater q u a l
ity  contro l systems; or of o th e r san itary  en g i
neering  processes or laboratory  a p p ara tu s of 
special in terest.
2542. S A N  I T  A R Y  E N G I N E E R I N G  R E 
SE A R C H .  On dem and. C red it variable. P re 
reqs. w ill depend  upon  the pa rticu la r investi
gation  to be undertaken . For the  s tu d en t Avho 
wishes to  study a special topic o r prob lem  in  
g reater d ep th  th an  is possible in  form al 
courses. T hese studies are  n o t lim ited  to  the 
laboratory .
2543. S A N I T A R Y  E N G I N E E R I N G  S E M IN A R .
C redit 1-2 hrs. Fall-spring. R eq u ired  of all 
g raduate  studen ts tak ing  a m ajor o r m inor 
in  sanitary  engineering; open to u n d e rg rad 
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uates by perm ission of instructor. P reparation , 
p resentation , and  discussion of topics and  p ro b 
lems of cu rren t in te rest in  sanitary  eng ineer
ing and  w ater resources.

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

[2601. T R A N S P O R T A T I O N  E N G IN E E R IN G .
C redit 4 hrs. Fall-spring. 3 Rec. 1 Lab. Prereq., 
preceded by or taken concurrently  w ith  2101 
and 2401. T ran sp o rta tio n  systems, traffic and 
operation , environm ental investigations, tran s
p o rta tion  p lann ing , highway engineering, o ther 
transporta tion  modes, discussions of cu rren t 
issues. Staff. Offered for the first tim e in  fall 
1964.]
2602. T R A N S P O R T A T I O N .  C red it 3 hrs. Fall 
spring. 3 Rec. Prereq., Economics 103 or p e r
mission of the  instructor. T h e  historical, 
economic, regulatory , construction, and opera
tional aspects of transporta tion . Designed 
particu larly  for engineering students. Mr. 
L e w i s . W ill n o t be tau g h t a fte r fall 1963.
2610. H I G H W A Y  E N G IN E E R IN G .  C red it 3 
hrs. Fall-spring. 2 Lect. 1 Lab. Prereqs., 2113, 
and preceded by or taken concurrently w ith 
2425. Highw ay adm in istra tion , p lann ing , eco
nomics, and  finance; reconnaissance and loca
tion; geom etric design, traffic engineering; 
drainage; subgrade; base courses, design and 
construction  of flexible and  rig id  pavem ents. 
M r. L i a n g . W ill n o t be tau g h t a fte r spring
1964.
2612. H I G H W A Y  L A B O R A T O R Y  —  B I T U 
M IN O U S.  C red it 3 hrs. Fall. 2 Lab. 1 Sem inar. 
Prereq., 2601, o r may be taken concurrently 
w ith 2601. B itum inous m ateria ls are  tested 
and aggregates stud ied  for th e ir  com patib ility  
w ith bitum ens. Mixes are designed and  tested. 
C ondition surveys are  m ade on various classes 
of b itum inous pavem ents. L aboratory  fully 
equipped for all phases of app lied  and  re 
search studies. M r. H e w i t t .

2613. H I G H W A Y  L A B O R A T O R Y  —  SU B 
G R A D E  SOILS.  C red it 3 hrs. Spring. 2 L ab. 1 
Sem inar. Prereqs., 2425 and  2601, o r m ay be 
taken concurrently w ith  2601. Soil surveying, 
sam pling, and  classification. C orrela tion  of 
field and laboratory  procedures. Tests on soil 
samples stabilized w ith b itum inous m aterials, 
Portland  cem ent and  chemicals. C ondition  su r
veys on stabilized roads. E valuation  of cu rren t 
practice and  developm ent. L aboratory  fully 
equ ipped  for all phases of app lied  and  re 
search studies. M r. L i a n g .

2616. H I G H W A Y S  A N D  A I R P O R T S .  (O ld 
2614-17) C red it 3 hrs. Spring. 3 Rec. Prereq., 
2601 o r perm ission of the instructor. P a rt I: 
soil index  properties and  classification systems; 
subgrade streng th  evaluation; com paction; 
d ra inage  and  frost action; stabilization; aggre
gates. P a rt II: design and construction  of base 
and surface courses for flexible pavem ents. 
P a rt I I I :  design and  construction  of rig id  pave
m ents. P a rt IV: a irp o rt site selection; m aster 
p lan ; term inal facilities; heliports. M r. L i a n g . 
W ill n o t be tau g h t u n til sp ring  term  1964.
2618. L O W -C O S T  R O AD S.  P rim arily  for fo r
eign students. C red it 3 hrs. O n dem and. (See 
A gricu ltu ral E ngineering  241.)
2621. A N A L Y S E S  A N D  I N T E R P R E T A T I O N  
OF A E R I A L  P H O T O G R A P H S .  P rereg istra 
tion  requ ired . C red it 3 hrs. Fall-spring. 2 Lect.
1 Lab. (T he studen t is expected to pay the 
cost of field trips and  aerial pho tographs for 
use in  a term  project, am oun ting  to ap p ro x 
im ately $15.) A study of the  soil an d  rock 
areas of the  U nited  States and the  pa tte rns 
presen t in  aerial photographs. F undam ental 
elem ents of soil p a tte rn s are analyzed to pe r
m it d e term ination  of soil tex ture , type of 
bedrock, and  dra inage  properties. Field tra in 
ing  in  selected test areas.
2622. A D V A N C E D  I N T E R P R E T A T I O N  OF  
A E R I A L  P H O T O G R A P H S .  P rereg istra tion  re 
qu ired . C red it 3 hrs. O n dem and. O rganization  
of course depends upon fields of in terest. Spe
cial problem s: four each on ground w ater, 
engineering projects, ag ricu ltu ra l soils m ap
p ing, irriga tion , and geology. M r. B e l c h e r .

2626. T R A F F IC  E N G IN E E R IN G .  (O ld  2620)
C red it 3 hrs. Fall-spring. 2 Rec. 1 L ab. P re 
req., 2601 or perm ission of the  instructor. 
City and  highw ay traffic surveys and  designs. 
Accidents, congestion, delay, speed, volum e, 
density, park ing , channelization , ligh ting , 
traffic control, and  rou ting . Signs, signals, and 
m arkings. U rban  traffic consideration in  city 
p lann ing . D river reactions and  h a b it  pa tte rn . 
Traffic engineering organization . Mr. L e w i s .

2627. T R A F F IC  E N G I N E E R I N G  —  O P E R A 
T IO N S .  (O ld 2619) C red it 3 hrs. O n dem and.
2 Lab. 1 Sem inar. P rereq ., preceded by or 
taken concurrently  w ith  2626. D efinition of 
traffic problem s, collection of field d a ta , a n a l
ysis of field d a ta , findings, conclusions, and 
recom m endations. Traffic surveys. Design of 
traffic control systems. M r. L e w i s .

2628. H I G H W A Y  G E O M E T R IC  D ESIGN.  
(O ld 2615) C red it 3 hrs. Spring. 1 Lect. 2 Lab. 
Prereq ., 2601 or perm ission of the  instructor. 
R oute  selection; design controls and  criteria , 
includ ing  vehicle characteristics and  highway
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capacity; sight distance, and horizontal and 
vertical control; cross section elem ents; right- 
of-way problem s and  access control; a t-grade 
in tersection  design, includ ing  ro tary  and 
channelized intersection; grade separations and 
interchanges; regional systems of highways, 
freeways, and  parkways. Mr. L e w i s .

2631. P H Y S IC A L  E N V I R O N M E N T  E V A L U 
A T I O N .  (O ld  2623) C red it 3 hrs. Fall. 2 Lect. 
I Lab. In tended  for g raduate  students or 
upperclassm en in  engineering and planning. 
Perm ission of the  instructor. A study of phys
ical environm ent factors affecting engineering 
an d  p lann ing  decisions and the  evaluation 
m ethods of these factors. Physical factors in 
clude the  c lim ate, soil and  rock conditions, 
and  w ater sources in  d ifferent parts of the 
w orld. Evaluation  m ethods include a ir  and 
g round  reconnaissance, in te rp re ta tio n  of m e
teorological, topographic, geological, and  soil 
m aps, aerial photography , engineering data , 
and sub-surface exp loration  records. Mr. L i a n g .

[2632. A D V A N C E D  P H Y S IC A L  E N V I R O N 
M E N T .  (O ld 2624) C red it 3 hrs. On dem and. 
M r. L i a n g . W ill n o t be tau g h t u n til spring
1965.]
2641. T R A N S P O R T A T I O N  E N G I N E E R I N G  
P R O JE C T .  C red it 3 hrs. On dem and. Projects 
in  the various fields of transporta tion , advanced 
aerial pho tographic  studies, traffic engineering, 
and ea rth  engineering may be developed by 
conference betw een professors and  students. 
Projects may involve in teg ra ted  p lann ing  or 
design, d raw ing upon several fields of in terest, 
or they m ay concentrate upon special subjects. 
A dequate  facilities, m ateria l, and sources of 
d a ta  are  necessary fo r a satisfactory project.
2642. T R A N S P O R T A T I O N  E N G I N E E R I N G  
R E S E A R C H .  O n dem and. Students who wish 
to pursue one p a rticu la r branch of tran sp o rta 
tion engineering fu r th e r  th an  can be done in 
any of the regu lar courses m ay elect w ork in 
th is field. T h e  work m ay be in  the. n a tu re  of 
an  investigation of existing  m ethods o r sys
tems, theoretical work w ith a view to sim p li
fying present m ethods of design o r proposing 
new m ethods, o r experim ental investigation of 
su itab le  problem s. H ours and  c red it variable.
2643. T R A N S P O R T A T I O N  E N G IN E E R IN G  
S E M IN A R .  C redit 1-2 hrs. O n dem and. N u m 
ber of m eetings a week to be arranged . A bstrac
tion  and  discussion of selected technical papers 
and  publications in  the  tran sp o rta tio n  eng i
neering  field.
2644. T R A N S P O R T A T I O N  SP EC IA L  T O P 
ICS.  C red it varies. O n dem and.

Messrs. B r i t v e c , E r r e r a , F i s h e r , M c G u i r e , N i l - 
s o n , S t e a r n s , W h i t e , W i n t e r .

2701. S T R U C T U R A L  E N G I N E E R I N G  I.
C redit 3 hrs. Fall. 2 Lect. 1 2 -hour period. 
Prereqs., Mech. 212 and  conc. reg. in  M aterials 
Science I. F irst course in  a four course sequence 
of s tru c tu ra l theory, behavior, and  design. 
Basic s tru c tu ra l concepts. E x ternal forces on 
sim ple structures u n d er fixed and  m oving 
loads. P roperties of stru c tu ra l m etals. Behavior 
under load of m etal m em bers (beams, com 
pression m em bers, and  beam -colum ns), in c lu d 
ing  elastic and  inelastic  buckling. A pplications 
of d ig ita l com puters to analysis and  design. 
F irst tau g h t in  fall 1963. Staff.
2702. S T R U C T U R A L  E N G I N E E R I N G  II .
C red it 3 hrs. Spring. 2 Lect. 1 2-hour period. 
Prereq ., 2701, M at. Sci. I, and  conc. reg. in 
E ngineering M aterials. Analysis of sim ple 
trusses under fixed and  m oving loads. A pprox
im ate  analysis of b u ild in g  fram es. M aterials 
streng th  theories. Properties and  behavior of 
reinforced concrete. Behavior under load of 
reinforced concrete beams, colum ns, and  beam  
colum ns, includ ing  effects of prestressing. Com 
p u te r applications. F irst tau g h t in  spring
1964. Staff.
[2703. S T R U C T U R A L  E N G I N E E R I N G  I I I .
C red it 3 hrs. Fall. 2 Lect. 1 2 -hour period. 
Prereq ., 2702, Eng. M aterials. E lastic displace
m ents. Analysis o f statically  indeterm inate  
structures by classical and  m odern m ethods. 
Collapse theory and  plastic  design concepts. 
A pplications to steel and  concrete structures. 
Staff. Offered for first tim e in  fall 1964.]
[2704. S T R U C T U R A L  E N G I N E E R I N G  IV.
C redit 3 hrs. Spring. 2 Lect. 1 2 -hour period. 
P rereq ., 2703. Extension of previous m aterial 
on steel and  concrete, includ ing  various design 
considerations and critical code discussions. 
Behavior and  design of connections. M em brane 
theory of shell structures. S truc tu ra l m odel 
analysis. Synthesizing problem s draw ing  on 
m ateria l from  all four courses. Staff. Offered 
for first tim e in  spring  1965.]
2705. S T A T I C A L L Y  I N D E T E R M I N A T E  
S T R U C T U R E S .  (O ld  2704) C red it 4 hrs. Fall. 
3 Lect. 1 Lab. Deflections. Classical and m od
ern  m ethods of analysis of statically  in d e te r
m inate  beams, fram es, trusses. Influence lines, 
p lastic  design and  analysis of steel structures. 
Offered for last tim e in 1963-1964.
2707. E L E M E N T S  OF S T R U C T U R A L  E N G I 
N E E R I N G  I. (O ld  2731) For students n o t in 
Civil E ngineering. C red it 3 hrs. Fall. 2 Lect. 1

STRUCTURAL ENGINEERING
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Lab. Analysis of statically  de term inate  and 
sim ple statically indeterm inate  structures. D e
term ination , by m eans of analy tical and  g ra p h 
ical m ethods, of reactions and  in te rna l forces 
and  m om ents caused by sta tionary  loads. In flu 
ence lines for beams. Staff.
2708. E L E M E N T S  OF S T R U C T U R A L  E N G I 
N E E R I N G  II .  (O ld 2732) For studen ts not in 
Civil Engineering. C red it 3 hrs. Spring. 2 Lect. 
1 Lab. P rereq ., 2707. Design of sim ple steel and  
tim ber structures. Discussion of design in 
ligh t gage steel and  a lum inum . Analysis and 
design of m em bers and  connections, roof 
trusses, floor systems, and o th er structures. 
Staff.
2710. S T R E N G T H  OF S T R U C T U R E S .  C redit 
3 hrs. Fall. 3 Rec. Prereq., 2705; can be taken 
concurrently. Analysis of two- and  th ree-d im en
sional stress and  stra in . T heories of failure 
of ductile  and  b rittle  m aterials. S tra in  energy 
m ethods app lied  to bending, shear, and  im 
pact. S truc tura l m ateria ls under load, s tra in  
harden ing , residual stresses, hysteresis, stress 
concentra tion , b rittle  fractu re, a lte rn a tin g  
stress. Design for fatigue. Stresses beyond the 
elastic lim it. Inelastic  behavior of steel and 
reinforced concrete structures. C ritical d is
cussion of recen t research and cu rren t design 
specifications. M r. W i n t e r .

2711. B UC K L I NG :  E L A S T I C  A N D  I N E L A S 
TIC.  C red it 3 hrs. Spring. Prereq., 2710. A n a l
ysis of elastic and plastic  stability . D eterm ina
tion  of buckling  loads and m axim um  stresses 
of colum ns w ith and  w ithou t eccentricity. 
Solid and  open web colum ns w ith  variable 
cross-section. Beam  colum ns. Fram e buckling. 
L ateral streng th  o f unbraced  beams. Buckling 
loads and  post-buckling strength  of plates, 
shear webs, and cylindrical shells. C ritical 
discussion of cu rren t design specification. Mr. 
W i n t e r .

2712. 2713. A D V AN C E D S T R U C T U R A L  
ANAL Y S I S .  (O ld  2708, 2709) C red it 3 hrs. a 
term . Fall-spring. 3 Lect. a week th roughou t 
the  year. P rereq ., 2705 o r equivalent. Review 
of fundam ental m ethods of analyzing in d e te r
m inate  structures and extension to complex 
struc tu ra l systems. Arches, curved beams, out- 
of-plane loading, suspension structures, trussed 
and  rig id  space fram es, etc. E lastic m odel 
analysis, num erical m ethods, m atrix  solution 
of structures, use of d ig ita l com puters in  an a l
ysis and design. Mr. F i s h e r .

2714. E X P E R I M E N T A L  A N D  N U M E R I C A L  
M E T H O D S  I N  S T R U C T U R A L  E N G I N E E R 
I NG.  C red it 3 hrs. Fall. 3 Lect. P rereq ., d if
feren tia l equations, indeterm inate  analysis, and 
consent of instructo r. D im ensional analysis

and  in te rp re ta tio n  of experim ental da ta . I n 
d irec t model analysis of beams and  frames 
using deform eters. D irect m odel analysis of 
stru c tu ra l forms, includ ing  principles of strain 
m easurem ent and  in te rp re ta tio n . Laboratory 
projects in  elastic behavior and  ultim ate  
streng th  o f m odel structures. A pplications of 
num erical m ethods (roots of equations, m atrix  
algebra, eigenvalue de term ination , finite d if
ferences and linear equations, and  o ther topics) 
to struc tu ra l problem s, stressing solution by 
d ig ita l com puter techniques. M r. W h i t e .

2715. R E I N F O R C E D  C O N C R E T E  DESIGN.
C redit 4 hrs. Fall-spring. 2 Lect. 2 Lab. P re 
req ., 2705. A first course in  reinforced concrete. 
L inear and  u ltim ate  streng th  theory of re in 
forced concrete app lied  to rectangu lar beams, 
one- and  two-way slabs, T-beam s, beams re in 
forced for compression, concentric and eccentric 
colum ns. Shear and bond. Design project com
prising  p a rtia l design of concrete bu ild ing  
fram e. In troduction  to prestressed concrete. 
Offered for last tim e in  1963-1964.
2716. B E H A V I O R  A N D  DES I GN OF C O N 
C R E T E  S T R U C T U R E S .  C red it 3 hrs. Prereq., 
2705 or equivalent. T heory , behavior, and  de
sign of prestressed concrete and continuous 
reinforced concrete fram eworks. L im it design. 
Staff.
2717. A D V A N C E D  C O N C R E T E  DESIGN.
C redit 3 hrs. Prereq., 2716. R einforced and 
prestressed slab, p la te  and shell structures. 
T heory , behavior, design. C ritical analysis of 
design codes. Staff.
2718. B E H A V I O R  A N D  D E S I GN  OF M E T A L S  
S T R U C T U R E S .  C red it 3 hrs. P rereq ., 2704 
o r equivalent. E lastic and plastic  design of 
fram ed structures, includ ing  w ind and  e a r th 
quake effects. B ridge types and economy. Mr. 
M c G u i r e .

2719. A D V A N C E D  M E T A L S  S T R U C T U R E S  
DESIGN.  C red it 3 hrs. P rereq ., 2718. Steel 
p la te  structures, suspension roof systems, com 
posite bridges, ligh tw eigh t alloy structures. 
C ritical review of recen t research and  specifica
tions. M r. M c G u i r e .

[2720. S H E L L  T H E O R Y  A N D  DESI GN.  N o t
given in  1963-1964.]
2721. S T R U C T U R E S  I N  N U C L E A R  E N G I 
N E E R I N G .  (O ld  2736) C red it 3 hrs. Pressure 
vessel analysis and  associated design codes. 
T h erm al stresses includ ing  in te rna l h eat gen
e ration  effects. M aterial properties w hich in flu 
ence struc tu ra l design. Analysis and  design 
of nuclear reactor com ponents; core, fuel ele
m ents, p rim ary  con tainm ent, shielding, second
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ary containm ent. S tructures to resist nuclear 
weapons effects.
2722. D Y N A M I C S  OF S T R U C T U R E S .  (Old 
2735) C red it 3 hrs. Fall-spring. For g raduate  
studen ts or qualified undergraduates. D ynam ic 
behavior of structures as caused by blasts, 
earthquakes, and  sim ilar actions. L um ping  of 
masses. M otion of elastic fram ed structures 
in  the  neighborhood of eq u ilib riu m  positions, 
caused by a rb itra ry  disturbances. Systems w ith 
one degree of freedom . Resonance and  stab il
ity. A nalytical and  num erical m ethods o f solu
tion . Energy m ethods, H am ilto n ’s princip le. 
L agrange’s equations of m otion. N a tu ra l fre 
quencies and  norm al modes o f v ib ration  of 
m ultidegrees of freedom-systems. M atrix  ite ra 
tion m ethod. T h e  R ayleigh-R itz m ethod for 
the approx im ate  d e term ination  of n a tu ra l fre 
quencies of elastic systems. Dynam ic response 
o f fram ed structures in the  inelastic range. 
Free an d  forced, long itud inal and  transverse 
v ib rations of sim ple and  continuous elastic 
beams. Effect of axial forces on lateral v ib ra 
tions of beams. Torsional-flexural vibrations 
o f sim ple beams of open thin-w alled  sections.
[2733. S T R U C T U R A L  S Y N T H E S I S  A N D  
P L A N N I N G .  N o t given in  1963-1964.]
2741. P R O J E C T  I N  S T R U C T U R A L  E N G I 
N E E R I N G .  O n dem and. T h e  studen t may 
select a design problem  such as an arch bridge, 
cantilever o r rig id  fram e bridge, a special 
problem  in  steel o r concrete b u ild ing  design, 
o r the  design of any o ther struc tu re  of p a r
ticu lar in te res t to the s tu d en t provided he 
has the p roper p repara tion  for such design. 
T h e  work is subm itted  in  the  form  of reports. 
D raw ings of typical deta ils m ust accompany 
reports. H ours and  c red it variable.
2742. R E S E A R C H  I N  S T R U C T U R A L  E N G I 
N E E R I N G .  On  dem and. Students w ishing to 
pursue one p a rticu la r branch of struc tu ra l 
engineering fu rth e r than  can be done in any 
of the regu la r courses may elect w ork in this 
field. T h e  p rerequ isite  courses depend  upon  
the n a tu re  o f the  work desired. T h e  w ork may 
be in the n a tu re  of an investigation of existing  
types of construction, theoretical work w ith  a 
view of sim plifying present m ethods of design 
or proposing new m ethods, or experim ental 
investigation of su itab le  problem s. H ours and  
cred it variable.
2743. S T R U C T U R A L  E N G I N E E R I N G  S E M
I N A R .  C red it 1-3 hrs. Spring. O pen to q u a l
ified seniors and  g raduate  students. P rep ara 
tion  and  presen tation  of topics of cu rren t in 
terest in  the field of structures for inform al 
discussion.
2744. S P EC I A L  T O PI CS  I N  S T R U C T U R A L  
E N G I N E E R I N G .  On dem and. Indiv idually

supervised study in one or m ore of the spe
cialized topics of civil eng ineering  such as 
tanks and bins, suspension bridges, towers or 
m ovable bridges, w hich are n o t covered in 
the  regu lar courses. In d ep en d en t design o r re 
search projects m ay also be selected. H ours and 
cred it variable.

SPECIAL AND GRADUATE  
COURSES
2801. THESI S .  T h e  thesis gives the  studen t 
an  o p p o rtu n ity  to w ork o u t a special problem  
or to  m ake an  engineering investigation, to 
record the  results of h is work, and to ob tain  
academ ic cred it for such work. R eg istra tion  for 
thesis m ust be approved by the  professor in 
charge a t the  beg inn ing  of the sem ester d u r 
ing w hich the  w ork is to be done.
Ind iv idual courses may be arranged  to suit 
the  requ irem ents o f g raduate  students. T hey  
are  in tended  to be pu rsued  u n d er the  im m e
diate  d irection  of the  professor in  charge, the 
studen t usually being free from  the restric tion  
of the classroom and  w orking e ithe r in depend
ently or in  conjunction  w ith  o thers tak ing  
the same course.

CONSTRUCTION ENGINEERING 
AND ADMINISTRATION
Messrs. B i . e s s i s , G e b h a r d , R i c h a r d s , and  staff.
2901. C O N S T R U C T I O N  M E T H O D S .  C red it 
3 hrs. Fall-spring. 3 Rec. In tro d u ctio n  to 
m ethods, equ ipm en t, and  m anagem ent p r in 
ciples and  procedures involved in  construc
tion activities; n a tu re  of the  construction  in 
dustry  and  sources of in fo rm ation  concerning 
it; problem s and  oral reports by students 
based on cu rren t lite ra tu re ; correlation  of 
money, m en, m ateria ls, m achines, and  design 
details to produce econom ic results. M r. 
R i c h a r d s .

2902. L A W  F O R  E N G I N E E R S .  C red it 3 hrs. 
Fall-spring. 3 Rec. Basic features of laws and 
practices re la tin g  to contracts, torts, agency, 
property , w ater righ ts , form s of business o rg an 
izations, sales, insurance, u tilities, labor, gov
ernm en t regu la tion  of business, sales, nego
tiab le  instrum ents, w orkm en’s com pensation, 
liens, bankruptcy , pa ten ts, copyrights, trad e 
m arks; w ork of the ex p ert witness; eth ical 
responsibilities; professional reg istra tion ; spe
cial em phasis on con tract docum ents used in 
construction  work.
2903. E N G I N E E R I N G  E C O N OM Y .  C red it 3 
hrs. Fall-spring. Princip les and  techniques for 
m aking decisions ab o u t the  econom ic aspects
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of engineering projects: choosing between
alternatives; criteria  for m aking decisions; tim e 
value of money; economic selection and opera
tion; effect of income taxes; re tirem en t and 
replacem ent; economy studies for governm ent 
activities; in troduc tion  to estim ating  costs of 
construction.
2904. P UB LI C  A D M I N I S T R A T I O N .  C red it 3 
hrs. O n dem and. 3 Rec. Aspects o f federal, 
state, and  local governm ent of in te rest to en g i
neers, p lanners, constructors, and ad m in istra 
tors: general princip les of adm in istration ;
patterns of governm ent; the  eng ineer’s role 
in  governm ent; problem s posed by ou r rapidly  
grow ing population  and urbanization; regional 
pub lic  works projects; city and regional p lan 
ning; codes; zoning; p lann ing  capital im prove
ments; the  city m anager; m anaging and  o p 
e ra tin g  the engineering and  o th er functions of 
m unicipalities. M r. G e b h a r d .

2906. A D V A N C E D  E N G I N E E R I N G  L A W .
C redit 3 hrs. O n dem and. 3 Rec. Prereq.,
2902. An extension by the use of case m ate 
rial of the  legal princip les and practices cov
ered  in  2902, particu larly  those which apply 
to construction contracts, and  employer-em - 
ployee re la tionships. M r. R i c h a r d s .

2907. C O N S T R U C T I O N  M A N A G E M E N T .
C redit 3 hrs. O n dem and. P lann ing  and  opera
tion  of construction  projects by the civil eng i
neer: coordinated  organizations an d  control 
of m en, m aterials, and  machines; scheduling;

estim ating; purchasing; selection and  tra in ing  
of employees; operation  and  m aintenance of 
equ ipm en t; cost control; accident prevention; 
and o th er topics. Special reports requ ired . M r. 
G e b h a r d .

2941. P R O J E C T .  C O N S T R U C T I O 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  I ON .  C redit 
3 hrs. On dem and. Prereqs., 2901, 2902, 2903, 
or perm ission. D evelopm ent of a pub lic  or 
p rivate  engineering p ro jec t selected by the 
studen t, involving econom ic analysis, p lann ing , 
design, and  construction  procedures, w ith  spe
cial em phasis on  the  legal, financial, and  m an
agem ent aspects.
2942. C O N S T R U C T I O N  E N G I N E E R I N G
A N D  A D M I N I S T R A T I O N  R E S E A R C H .
C redit 3 hrs. O n dem and. Prereqs., 2901, 2902, 
2903, or permission. Investigation  of special 
problem s re la tin g  to the economic, legal, fi
nancial, and  m anagem ent aspects of pub lic  and  
p rivate  engineering operation  of in te rest to  the  
eng ineer-adm in istra to r, consulting  engineer, 
and  constructor.
2943. C O N S T R U C T I O N  E N G I N E E R I N G  
A N D  A D M I N I S T R A T I O N  S E MI N AR .
C redit 1-6 hrs. O n dem and. Prereqs., 2901,
2902, 2903, o r perm ission. G uided study and 
discussions by sm all groups of selected students 
of topics w hich involve the  legal, financial, and 
m anagem ent aspects of civil eng ineering  in 
pub lic  and  private  work, includ ing  discussions 
of cu rren t technical papers and  publications.

MECHANICAL
T h e  courses in  m echanical engineering are 

Engineering Design, M aterials Processing, and
GENERAL
3041. N O N R E S I D E N T  L E C T U R E S .  T erm s 9  
and 10. R equired . T o ta l c red it 1 hr. for both  
terms. Fall and  spring. 1 Lect. Given by lec
tu rers invited  from  industry  and from  certain  
o th er departm ents o f the  University for the 
purpose of assisting studen ts in  th e ir  approach 
to em ploym ent and  in  th e ir  transition  from  
college to in d u stria l life. U nder the d irection  
of Messrs. L o b e r g , W e h e .

3051. A.S.M.E.  C O R N E L L  U N I V E R S I T Y  SEC
T I O N .  C red it 1 h r. Students w ho are  en tering  
the School of M echanical E ngineering  are 
urged to become m em bers of the  Cornell U n i
versity section of the  A m erican Society of 
M echanical Engineers. T h e  m eetings of the 
Society, however, are open to all. A ttendance 
a t any twelve section m eetings en titles the 
m em ber to one h our elective credit; however, 
only one cred it h o u r m ay be earned  in this

ENGINEERING
listed  under the  follow ing headings: General, 
T h erm al E ngineering.

m anner. A pplication  for m em bership  should be 
m ade in O ctober of each year a t the  M echan
ical E ngineering  office or to the  faculty a d 
viser of the s tu d en t section, M r. Pierce.

ENGINEERING DESIGN
Messrs. A b r a h a m s , B a i r d , B o o k e r , B u r r , 

D u B o i s , F e h r , O c v i r k , P h e l a n  (on leave 1963— 
1 9 6 4 ) ,  S i e g f r i e d ,  W e h e .

3052. I N D U S T R I A L  ACOUS T I CS .  C red it 3 
hrs. Fall. 2 Lect. 1 L ab. For g raduate  and  
qualified fifth  year students. T rea tm e n t from  
the engineering po in t of view. Sources of 
noise, their m easurem ent, and  m eans for re 
duction; a tten u atio n  of a irbo rne  an d  struc 
tu re-borne  sound; transducers; room  acoustics 
and  psychoacoustics; effect of noise on people. 
A pplication  of u ltrason ic  waves for testing, 
control, and  processing. M r. F e h r .
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3115. C R E A T I V E  S K E T C H I N G .  C red it 2 hrs. 
Fall. 2 Lect. T h e  sketch is the g raph ic  tool 
of creative thought. Exercises to stim ulate 
creative ab ility  follow basic tra in ing  of eye and 
h and  for form  awareness and  sketching p ro 
ficiency. Mr. B a i r d .

3116. I N T R O D U C T I O N  T O  I N D U S T R I A L  
DESIGN.  C red it 3 hrs. Spring. 2 Lab. Prereq., 
perm ission. Readings; abstract and  app lied  
design problem s w hich investigate and apply 
the  in te rrela tionsh ips existing  betw een form , 
function , and  m aterials. Mr. B a i r d .

3190. S P E C I A L  I N V E S T I G A T I O N S  I N  
G R A P H I C S  O R  I N D U S T R I A L  DESIGN.
C redit based upon actual hours of work. Lab. 
as requ ired . Fall or spring. Also m ay be elected 
by studen ts who desire the  first term  only of 
the  In d u stria l Design Project. M r. B a i r d .

3198, 3199. I N D U S T R I A L  D E SI GN  P R O ]  
ECT.  T o ta l c red it 6 hrs. N in th  and ten th  
term s. 2 Lab. Prereq., 3116. P roject w ork in 
cludes readings and  design problem s. R eadings 
in teg ra te  design w ith the  contem porary social 
and  economic scene. Design problem s are  d i
rected tow ard creation of a com prehensive a t t i 
tude in  p roduct developm ent and  tow ard a t 
ta inm en t of a m easure of design ability . Mr. 
B a i r d .

3321. K I N E M A T I C S  A N D  D Y N A M I C S  OF  
M E CH A NI S M S .  C red it 4 hrs. Fall. 3 Rec. 
1 Comp. P rereq ., 212. Analysis of displace
m ent, velocity, and  acceleration in basic 
m echanisms for control, transm ission, and  con
version of m otion and  force. Cams, gears, and 
fou r-bar linkages. Forces associated w ith ac
celerated m otion and gyroscopic action. T h e  
flywheel as a speed contro l device. C oun ter
balancing. Synthesis o f m echanisms. Mr. 
O C V IR K .

[3322. M E C H A N I C A L  A N A L Y S I S  A N D  DE
SIGN.  C red it 5 hrs. Fall. 1 Lee. 2 Rec. 2 
Des. Periods. Prereqs., 3321, 3421, 6312, and 
paralle l w ith  3422. A study of some m ajor 
com ponents of m echanical equ ipm en t such as 
clutches, brakes, gears, shafts, and bearings, 
w ith  p a rticu la r a tten tio n  to perform ance char
acteristics, streng th  and  durab ility , op tim um  
proportions, choice of m aterials and trea tm ent, 
and design for processing and assembly. T heory  
o f lubrica tion . Stress-concentration, fatigue, re 
sidual stresses, and  creep. Selected topics from 
advanced streng th  of m ateria ls, such as curved 
beams, plates, pressure vessels, rotors, and 
therm al stress. Layout design of one small b u t 
com plete m achine. N o t offered in 1963-1964.]
[3323. D E S I GN  OF M A CH I N E S .  C redit 3 hrs. 
Spring. 1 Lee. 2 Des. Periods. Prereqs, 3322. 
M ethods for design and  the stim ula tion  of 
ingenuity . C ontem porary design of machines

in selected fields. Enclosures, assembly, lu b 
rica tion , controls, and  o th er requ irem ents for 
a m achine as a w hole. Feasibility  studies and 
prelim inary  designs of m echanical systems. A 
m ore de tailed  design of one or more m achines 
in  the  systems. N o t offered in 1963-1964.]
[3324. V I B R A T I O N  A N D  C O N T R O L  OF 
M E C H A N I C A L  SY S T EMS .  C red it 4 hrs. 
Spring. 3 Rec. 1 Lab. Prereqs., 3321, 4302. 
Free, dam ped, and  forced v ibrations. V ib ra
tion  iso lation m ounts, absorbers, and  dam pers. 
C ontrol systems: the  L aplace transform ,
transien t response to specific inpu ts , transfer 
functions, frequency response, s tab ility . A na
log com puter solutions. L aboratory  on the 
v ib ration  of m achines and  th e ir  com ponents, 
balancing, and  hydrau lic  and pneum atic  con
trol circuits. M odern in strum en ts for m easuring 
force and m otion. N o t offered in 1963-1964.]
3331. K I N E M A T I C S  A N D  C O M P O N E N T S  OF 
M A C HI N E S .  C red it 3 hrs. Spring. 2 Rec. 1 
Comp. Prereqs., 212 and  6311, o r equivalents. 
R equ ired  of studen ts in  industria l engineering 
and  may be elected by o th er qualified students 
not in  m echanical engineering. T heory  and  a n 
alysis of m echanism s and  com ponents based 
upon  considerations of m otion, velocity, ac
celeration, m ateria l, streng th , and  durab ility . 
Cams, linkages, couplings, clutches, brakes, 
belts, chains, gears, bearings, shafts, and 
springs.
[3332. M E C H A N I C A L  SYST EMS.  C red it 3 
hrs. Fall. 1 Lee. 1 Rec. 1 Lab.-C om p. Prereqs., 
3331, 3431, and  6312, o r equivalents. R equired  
o f studen ts in in d u stria l eng ineering  and  may 
be elected by o th e r qualified studen ts n o t in 
m echanical engineering. A n in troduc tion  to 
problem s associated w ith the  design and  ex 
perim enta l investigation  of m achines and sys
tems of m achines. Design considerations for 
processing and  assembly. T h e  synthesis and  in 
teg ra tion  of com ponents in to  m achine systems. 
A brief trea tm en t of v ib ration  and control 
theory, followed by labora tory  experim ents. 
Use of m odern in strum en ts for m easuring 
force and  m otion. Solution of problem s by 
analog and  d ig ita l com puters. N o t offered in
1963-1964.]
3353. DE S I GN  OF M A C H I N E  ME M B E RS .
C redit 3 hrs. Fall. 2 Rec. 1 Comp. Prereqs., 
1153, 1241, 3351 (prereq . or paralle l). A p
plication  of m echanics, kinem atics, m aterials, 
and  processes to the  design and  selection of 
springs, couplings, clutches, brakes, belts, 
chains, gears, shafts, bearings, fastenings, and 
pressure vessels; stress concen tra tion , residual 
stresses, theory of lubrica tion . M r. B u r r .

3354. D E S I GN  OF M A C HI N E S .  C red it 3 hrs. 
Spring. 1 Lect. 2 Des. Periods. Prereqs., 3353,



COURSES—MECHANICAL ENGINEERING 85
3404, 1242 (prereq. or parallel). Feasibility 
studies and  prelim inary  designs of m echanical 
systems, includ ing  a m ore detailed  design of 
one or m ore m achines in  the  system. T h e  
design of castings, weldm ents, forgings, 
stam pings, housings, and  hydraulic systems 
for machines. C om putations, sketches, and 
layout draw ings as requ ired . M r. DuBois.
3361. A D V A N CE D M A C H I N E  A NAL Y S I S .
C redit 3 hrs. Fall. 3 Rec. In tended  for g raduate  
students b u t open to qualified fifth-year s tu 
dents. Prereqs., 3353 or 3341, 1155. Advanced 
analysis of special clutches and brakes; theory 
of film -lubricated bearings; theories of failure, 
design equations, stress concentration , and 
residual stresses; im pact; sim ple and b u ilt-u p  
cylinders subjected to pressure and ro tation ; 
h igh  tem perature  problem s, and shaft deflec
tions. Mr. B u r r .

3362. M E C H A N I C A L  D E S I GN  OF T U R B O 
M A C H I N E R Y .  C red it 3 hrs. Spring. 3 Rec. 
In tended  for g raduate  students b u t open to 
qualified fifth-year students. Prereqs., 1154 or 
3361, 3352 or 3367 (prereq. o r parallel). 
M echanical design of m ajor com ponents of high 
speed compressors and tu rb ines for struc tu ra l 
adequacy and vibration-free  operation . Selected 
topics from  am ong the following: design of 
ro to r com ponents: disks, vanes, blades, shafts, 
and connections. Design of casing com ponents: 
cylindrical, conical, torical shells; flat plates 
and  diaphragm s. Design of bearings, seals, 
gaskets, expansion m em bers. Investigation  of 
n a tu ra l frequencies and  critical speeds. Selec
tion of m aterials. A tten tion  is called to a com
panion course 3663. M r. O c v i r k .

3366. A D V AN CE D K I N E M A T I C S .  C red it 3 
hrs. Spring. 2 Rec. 1 Comp. Prereq . 3352. A d
vanced analytical and  graphical trea tm en t of 
velocities and accelerations. F u rthe r trea tm en t 
of Coriolis’ acceleration. Advanced analysis and 
design of cams, gears, an d  com puting m echa
nisms. Synthesis of mechanism.
3367. DES I GN P R O B L E M S  I N  V I B R A T I O N S  
A N D  DY N AMI CS .  C red it 3 hrs. Spring. 2 Lect.
1 Lab. Prereqs., 1155, 3352. A pplications of 
dynamics and  v ib ration  theory to  the design 
of m achinery; v ib ration  and  shock m ounting  
of m achines w ith single and  m ultidegrees of 
freedom , properties of isolators, dam ping  de
vices, critical speeds of shafts and crankshaft 
systems; analog com puter solutions; v ibration  
instrum ents and  experim ental investigations. 
Messrs. B u r r , B o o k e r .

3372. E X P E R I M E N T A L  M E T H O D S  I N  M A 
C H I N E  DESIGN.  C red it 3 hrs. Fall. 1 Rec.
2 Lab. P rereq ., 3353 or 3341. Investigation  
and  evaluation of m ethods used to ob tain  
design and  perform ance d a ta . T echniques of

photoelasticity , s tra in  m easurem ent, pho tog
raphy, v ib ration  and  sound m easurements, 
balancing m ethods, and  developm ent tech
niques are stud ied  as app lied  to m achine d e 
sign problem s. M r. W e h e .

3374. C R E A T I V E  DESIGN.  C red it 3 hrs. Fall. 
3 Rec. Prereq., 3354 or equivalent. Conception 
and  in itia l design of p roducts and  m achines. 
M ethods to s tim ula te  m echanical ingenuity  and 
im prove appearance. Principles of synthesis 
and  creativity  em ploying association, inversion, 
and o th er techniques. Sketching, class discus
sion, and  com parative evaluation  of solutions. 
M r. DuBois.
3375. A U T O M A T I C  M A C H I N E R Y .  C redit 3 
hrs. Spring. 2 Rec. 1 Field trip . Prereq., 3351. A 
study of au tom atic  and  sem iautom atic m a
chinery such as dairy , canning, wire-form ing, 
textile, m achine-tool, com puting, and  p rin tin g  
equ ipm ent. M r. W e h e .

3376. A U T O M A T I C  C O N T R O L .  C red it 3 hrs. 
Spring. 2 Rec. 1 Lab. Prereqs., 1152, 1155, 
4933 (prereq. or paralle l). In troduction  to feed 
back control theory w ith  em phasis on the 
applications of hydrau lic  and pneum atic  sys
tems to the au tom atic  control of m achines and 
processes. T h e  Laplace transform ; open and 
closed-loop systems; transfer functions; stability  
c riteria ; frequency response; u tiliza tion  of 
analog com puters in  the design of control 
systems; com ponents o f industria l controllers. 
M r. W e h e  or Mr. B o o k e r .

3377. A U T O M O T I V E  E N G I N E E R I N G .  C redit 
3 hrs. Fall of odd years. 3 Rec. P rereq ., 3353. 
Analysis o f various designs for the parts of an 
autom otive vehicle, o th er than  the engine, in 
re la tion  to its perform ance; stability , w eight 
d istrib u tio n , trac tion , steering, d riv ing, b ra k 
ing, r id in g  com fort, power requ ired  and  avail
able, transm ission types, acceleration, and 
clim bing ability . R ecom m ended together w ith 
Course 3670 for a study of autom otive eng i
neering. M r. DuBois.
3380. S E M I N A R  I N  D E S I GN  OF C OM P L E X  
SYSTEMS.  C red it 3 hrs. Spring. T w o m eetings 
of 2 hours per week to be arranged . In tended  
for g raduate  and  qualified fifth-year students 
in engineering. Perm ission of professor in 
charge. A sem inar course rely ing heavily on 
studen t pa rtic ip a tio n  in  discussing fron tie r 
problem s such as salt w ater conversion, tran s
po rta tion  devices and  systems, systems for space 
and underw ater exp lo itation . D eterm ination  of 
specifications for these systems to m eet given 
needs. C ritical discussion of possible solutions 
based on technical as well as econom ic and 
social considerations. R eports will be requ ired  
con tain ing  recom m endations and  reasoning 
lead ing  to these considerations. M r. F e h r .
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3390. SPECI AL  I N V E S T I G A T I O N S  I N  M A 
C H I N E  DESIGN.  Perm ission of dep artm en t 
head requ ired . C red it arranged. E ith e r term . 
In d iv id u a l work or w ork in small groups 
under guidance in the design and  developm ent 
of a com plete m achine, in the analysis o f ex
perim ental investigation of a m achine or com 
ponen t of a m achine, o r studies in a special 
field of m achine design. Staff.
3391. M A C H I N E  D E S I GN  S E M I N A R .  1 hr.
c red it a t  the end of 2 term s. A one-and-a-half 
hour m eeting  approxim ately  every o th e r week. 
R equired  of g raduate  students m ajoring in 
m achine design. Discussion and  study of as
signed topics of im portance in  the field by 
faculty, g raduate  students, and outside 
speakers.
3398, 3399. P R O J E C T .  T o ta l c red it 6 hrs. 
W ork of the  n in th  and  ten th  term s in the 
form  of projects to  in teg ra te  the  tra in ing  in 
m echanical engineering when such w ork is 
done principally  in the field of m achine d e 
sign. 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 .

3421. PRO CES S I NG OF M A T E R I A L S  I.
C redit 3 hrs. Spring. 2 Lect. 1 Lab. A b
stract concept o f the m anufactu ring  process. 
Energy, m ateria l, environm ental, and  topo
logical considerations. Physics and  mechanics 
of chip  form ation, p lastic  deform ation, fric
tion, force re la tionships, therm al aspects, tool 
wear. M achinability  of m aterials. C apabilities 
of single po in t, m u ltipo in t, and  abrasive 
cu ttin g  processes. G eneral purpose and  p ro 
duction  m achine tools employed. T ransfer 
m achines, au tom ation , num erical control of 
m achine tools. Economics of cu tting . N onchip 
rem oval processes; electrical, electrochem ical, 
chem ical, u ltrasonic, electron beam  m ethods. 
Basic concepts of m etrology and  gaging, p r in 
ciples of m echanical, electrical, optical, p neu 
m atic, and  rad ia tio n  m easuring instrum ents. 
M r. G e e r .

[3422. PRO CES S I NG OF M A T E R I A L S  II.
C redit 3 hrs. Fall. 1 Lect. 2 Lab. Prereq., 
3421. M aterial displacem ent, add ition , and 
m odification processes. Casting of m etal and 
alloys; solidification, h eat extraction , sh rink 
age, and  foundry  processes. M etal form ing 
theory. C apabilities of shearing, bending, 
squeezing, draw ing, and stre tch ing  processes. 
W elding theory, processes, and  effects, and 
surface coatings. H ea t trea tm en t of steel; 
annealing , harden ing , tem pering, surface 
treatm ents. Processing of nonm etallic  m ate
rials; plastics m olding m ethods. Gage lab o ra 

tory and add itional cu ttin g  process laboratory  
exercises. M r. G e e r . N ot offered in  1963-1964.]
3431. PROCESSES OF M A N U F A C T U R E .
C redit 3 hrs. Fall. 1 Lect. 1 Lab. and  a 
second lect. or lab. on a lte rn a te  weeks. Physics 
and m echanics or ch ip  fo rm ation , force re la 
tionships, tool wear, m achinab ility  of m ate 
rials. M achine tool capab ilities in  single po in t, 
m u ltip o in t, and  abrasive cu ttin g  processes. 
Economics of cu tting . N onch ip  m ateria l re 
moval m ethods. Basic concepts of m etrology 
and  gaging, p rincip les of m easuring in s tru 
m ents. Casting of m etal and  alloys. M etal 
form ing  theory and  capab ilities of shearing, 
bending, squeezing, d raw ing, and  stre tch ing  
processes. W eld ing  m ethods. H ea t trea tm ents of 
steel. Plastics m olding. M r. G e e r .

3490. S P EC I AL  I N V E S T I G A T I O N S  I N  M A 
T E R I A L S  PROCESSI NG.  C red it and hours as 
arranged . Discussion and  study of selected 
topics on  theory of m etal cu ttin g  and  w ork
ing processes, the  technology of m anufacture  
w ith m achine tools, and m etrology and  p ro 
duction  gaging; topics and  assigned study to 
su it ind iv idual needs. M r. G e e r .

3498, 3499. P R O J E C T .  T o ta l c red it 6 hrs. 
W ork of the  9th and  10th term s in the  form  
of projects to in teg ra te  the  tra in in g  in  m e
chanical eng ineering  when such work is done 
p rincipally  in  the  field o f m ateria ls process
ing. M r. G e e r .

t h e r m a l  e n g i n e e r i n g
Messrs. B a r r o w s , C o n t a , D r o p k i n  (on leave 

spring, 1964), E r d m a n , F a i r c h i l d , G e b h a r t , 
M a c k e y , M c M a n u s  (on leave 1963-64), M a r k - 
l a n d  (visiting professor, spring , 1964), P i e r c e , 
S h e p h e r d .

3604. FLUI DS  E N G I N E E R I N G  II.  C red it 3 
hrs. Fall. 2 Rec. 1 Lab. P rereq ., 3603. D im en
sional analysis; flow over im m ersed bodies; 
boundary  layer solutions; l if t  and  drag; ob lique 
shocks; waves in  compressible flow; energy 
transfer betw een a fluid and a ro to r; ch a r
acteristics o f turbom achines for incom pressible 
and  compressible flow; reaction  and  efficiency; 
cavitation and  surging; p ropulsion analysis; 
tu rbo je t, ram  je t and  rocket; hydrodynam ic 
transmissions. Messrs. S h e p h e r d , P i e r c e .

3605. H E A T  T R A N S F E R .  C red it 3 hrs. Fall. 
2 Rec. 1 Lab. Prereqs., 3603, 1155. In troduction  
to h eat transfer by conduction, convection, and  
rad ia tion ; steady state, transien t state; steady 
periodic state; h ea t transfer in  engineering 
apparatus; num erical m ethods; e lectrical and 
fluid analogues. L aboratory  in s truction  in 
tem peratu re  m easurem ent, d e te rm in a tio n  of
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surface coefficients, rad ian t 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 I N E E R I N G  L A B O R A 
T O R Y .  C red it 3 hrs. Spring. 1 Lect. 1 Lab. 
Prereqs., 3602, 3604, 3605. M ethods o f testing; 
experim ental determ ination  of perform ance 
characteristics of engines, turbines, steam  gen
e rating  units, pum ps, compressors, fans, re 
frigera ting  systems, a ir  condition ing  appara tus, 
auxiliaries and  com ponents of complete plants; 
analysis of experim ental da ta ; p repara tion  of 
engineering reports. M r. E r d m a n .

3607. C O M B U S T I O N  ENGI NES .  C redit 3 hrs. 
Fall-spring. 3 Rec. Prereq., accom panied 
or preceded by 3606. In troduction  to com bus
tion engines w ith  em phasis on app lication  of 
therm odynam ics, fluid dynamics, and  heat 
transfer; recip rocating  com bustion engines; gas 
turbines; com pound engines; reaction engines. 
M r. F a i r c h i l d .

3608. T H E R M A L  P O W E R  P L A N T S .  C redit 
3 hrs. Fall and  spring. 3 Rec. P rereq ., ac
com panied or preceded by 3606. In troduction  
to steam  and binary  vapor power p lants w ith 
em phasis on  applications of therm odynam ics, 
fluid dynamics, an d  heat transfer; nuclear 
power. M r. E r d m a n .

3609. R E F R I G E R A T I O N  A N D  A I R  C O N D I 
T I O N I N G .  C redit 3 hrs. Fall-spring. 3 Rec. 
P rereq., accom panied or preceded by 3606. 
In troduction  to re frigeration  and a ir  condi
tioning w ith em phasis on applications of 
therm odynam ics, fluid dynamics, and heat 
transfer; compression, absorption , and o ther 
systems of refrigeration; control of the physical 
environm ent. M r .  M a c k e y .

3621. T H E R M A L  SCI ENCE I: T H E R M O 
D Y NAMI CS .  C red it 3 hrs. Fall. 1 Lee. 2 Rec. 
Prereqs., M athem atics 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; h eat engines; h eat pum ps; C arnot 
p rinciple; entropy; availability , irreversibility; 
G ibbs and  H elm holtz free energy functions; 
entropy production  and flow; in troduction  to 
therm odynam ics of irreversible processes and 
therm oelectricity . C om bined first and second 
laws; Maxwell relations; applications to sys
tems and  control volumes. M r. C o n t a .

3622. T H E R M A L  SCI ENCE II:  T H E R M O 
D Y N AMI C S .  C red it 3 hrs. Spring. 1 Lee. 2 
Rec. Prereq., 3621. N onreacting  gaseous m ix 
tures; D alton-G ibbs law; A m agat-Leduc law; 
m ixtures includ ing  psychrom etrics; a ir-condi
tioning processes. Nonflow and  steady-flow

vapor cycles; b inary  vapor cycles. H ea t pum p 
cycles; re frigeration  cycles. A ir standard  non- 
flow and  steady-flow h ea t engine cycles. I n 
ternal com bustion engine and  gas tu rb ine  
processes. T herm odynam ics of reac ting  sys
tems; chem ical equ ilib rium ; stan d ard  state; 
heats of reaction , form ation, and  com bustion; 
chem ical po ten tial; equ ilib rium  constants; 
fugacity and  activity; com bustion processes. 
M r. C o n t a .

3623. T H E R M A L  SCI ENCE II I :  F L U I D  M E 
CHANI CS .  C red it 3 hrs. Spring. 3 Rec. 
Prereqs., M echanics 212, 3621. H ydrostatics; 
kinem atics and  dynamics of flow includ ing  
in troduc tion  to hydrodynam ics; L aplace eq u a 
tion; m om entum  and  energy re lations; E u ler 
equations; therm odynam ics of flow; wave m o
tion; M ach num ber; stagnation  values. Real 
flow phenom ena; lam in ar and tu rb u len t m o
tion; p ipe flow; universal velocity d istribu tion . 
Com pressible flow w ith area  change; norm al 
shock; nozzle flow. M r. S h e p h e r d .

[3624. T H E R M A L  SCI ENCE IV:  F L U I D  M E 
C HANI CS .  C red it 3 hrs. Fall. 2 Rec. 1 Lab. 
Prereq ., 3623. C ontinuation  of compressible 
flow, w ith  friction  and  heating . H ydraulic  
analogy; flow m etering; d im ensional analysis. 
Flow over im m ersed bodies. B oundary layer: 
lam inar and  tu rb u len t; exact and m om entum  
m ethods o f solu tion . L ift and d rag  (subsonic 
and  supersonic). E lem ents of turbom achinery: 
E u ler tu rb ine  equation ; reaction; efficiency. 
Types of turbom achinery  an d  tu rbom achine 
characteristics. Propulsion: forces on ducts; 
propulsive efficiency; elem entary characteristics 
o f therm al jets and  rockets. T u rbom ach ine  
com ponents of couplings and to rque convert
ers. N o t offered in  1963-1964.]
[3625. T H E R M A L  SCI ENCE V: H E A T
T R A N S F E R .  C red it 4 hrs. Fall. 1 Lee. 2 Rec.
1 Lab. Prereqs., 3622, 3623. C onduction:
steady state; unsteady state w ith  transien t 
and periodic h eat flow A nalogue and re lax 
a tion  m ethods. Convection: boundary  layer
fundam entals; n a tu ra l convection; forced con
vection inside tubes and  ducts; forced con
vection over various surfaces. R adia tion : 
emission, absorption , reflection, transm ission,
and  exchanges. R ad ia tion  com bined w ith con
duction  and  convection. H ea t exchangers: 
over-all heat transfer coefficients; m ean tem 
pera tu re  difference; effectiveness; design. N ot 
offered in  1963-1964.]
[3626. T H E R M A L  S Y S T E MS  E N G I N E E R 
I NG.  C red it 5 hrs. Spring. 3 Lee. 1 Lab. 
Prereqs., 3622, 3624, 3625. A pplications of 
therm odynam ics, fluid mechanics, an d  h eat 
transfer to com plete therm al systems ra th e r 
than  to processes. W ork-producing, h ea t-p ro 
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ducing, heat-pum ping , propulsion, and en 
v ironm ental control systems. Classification, 
criteria  of perform ance, and economic con
siderations. Steam power p lants, com bustion 
engines, re frigerating  systems, a ir  cond ition 
ing systems, fuel cells, therm o-electric cooling 
and  power generation . N o t offered in 1963- 
1964.]
3630. E N G I N E E R I N G  T H E R M O D Y N A M I C S .
C redit 3 hrs. 3 Rec. Laws of therm odynam ics; 
energy equations; therm odynam ic properties of 
state of gases and vapors, nonflow and  flow 
processes; gas and vapor cycles; refrigeration; 
steam  turbines. Mr. F a i r c h i l d .

[3631. E N G I N E E R I N G  F L U I D ME C H A N I CS .
C red it 3 hrs. 3 Rec. Prereqs., M echanics 212, 
3630. Brief trea tm en t o f hydrostatics, kinetics 
and  dynam ics o f flow; m om entum  an d  energy 
relations. T herm odynam ics of flow; wave m o
tion; stagnation  properties. Real flow phenom 
ena, lam inar and  tu rb u len t m otion. Pipe flow; 
compressible flow w ith  area  change, norm al 
shock; nozzle flow. D im ensional analysis. Flow 
m etering. Flow over imm ersed bodies; bo u n 
dary layer; l if t and drag. Elem ents o f tu rb o 
m achinery; tu rbom achine characteristics; tu r 
bom achine com ponents in couplings and 
torque converters. N ot offered in 1963-1964.]
[3632. E N G I N E E R I N G  H E A T  T R A N S FE R .
C redit 3 hrs. 3 Rec. Prereqs., 3630, 3631. 
Steady one-dim ensional heat conduction; sys
tems w ith heat sources; two- and  th ree-d im en
sional heat conduction; num erical and  a n a 
logic m ethods. Unsteady state conduction; 
periodic heat flow, transien t h eat flow. C on
vection: boundary  layer fundam entals; d im en 
sional analysis. N a tu ra l convection. Forced 
convection inside tubes and ducts; over ex
terio r surfaces of cylinders and spheres. H eat 
transfer w ith  change of phase: boiling, con
densation. R ad ia tion : fundam entals; h eat ex
changes. H ea t transfer by com bined modes. 
H eat exchangers: over all coefficients of heat 
transfer; m ean tem perature  difference; design. 
N ot offered in 1963-1964.]
3633. E N G I N E E R I N G  T H E R M O D Y N A M I C S  
A N D  H E A T  T R A N S F E R .  C red it 3 hrs. Fall. 
3 Rec. R equired  of students in the School of 
Civil E ngineering. Laws of therm odynam ics; 
energy equations; therm odynam ic properties 
of state o f gases and vapors; processes; gas and 
vapor cycles of heat engines and heat pum ps; 
in troduction  to heat transfer by conduction, 
convection, and  rad ia tion ; h eat transfer in 
engineering equ ipm en t by com bined modes.
3642. H E A T - P O W E R .  C red it 2 hrs. Spring. 
2 Lect. R equired  of students in the School of 
Civil Engineering. Prereq., 3630. Vapor cycles;

heat transfer; the  e lem entary  steam  power 
p lan t; compressors; in te rn a l com bustion en 
gines; a ir  condition ing  M r. F a i r c h i l d .

3651. G R A P H I C A L  A N D  N U M E R I C A L  
M E T H O D S .  C red it 3 hrs. Spring. 3 Rec. I n 
tended for underg raduates b u t open to 
g raduate  students. Design of slide rules, n e t
w ork charts, an d  alignm en t charts; graph ical 
and num erical m ethods of solu tion  of p ro b 
lems in  therm al engineering; fitting  em pirical 
equations to experim ental da ta ; analysis of 
errors. Mr. M a c k e y .

[3652. C O M B U S T I O N  T H E O R Y .  C red it 3  hrs. 
Spring. 3  Lect. P rereq ., 3 6 0 5 .  In tended  for 
g raduate  studen ts and  qualified fifth year s tu 
dents. A pplication  of the  basic equations of 
fluid flow and  heat and  mass transfer to 
hom ogeneous and diffusion flames. Ign ition , 
quenching, ra te  processes, and  dissociation 
effects will be exam ined. C onsideration will 
be given to flame stabilization  and practical 
systems. M r. M c M a n u s . N ot offered in  19 6 3 — 
1 9 6 4 . ]

3661. A D V A N C E D  T H E R M O D Y N A M I C S .
C redit 3 hrs. Fall. 3 Rec. In tended  for g raduate  
studen ts b u t open to qualified fifth year s tu 
dents. Prereq ., 3601, 3602, o r equivalent. A 
rigorous and general trea tm en t of the laws of 
therm odynam ics w ith  em phasis on  m ath e 
m atical developm ent and philosophical in 
terpreta tions; the  pu re  substance; hom ogeneous 
and heterogeneous systems; G ibbs and H e lm 
holtz functions; Maxwell re lations; availability  
and  irreversibility; eq u ilib riu m . M r. C o n t a .

3663. A D V A N C E D  T U R B O M A C H I N E R Y .
C redit 3 hrs. Fall. 3 Rec. O pen to g raduate  
studen ts and  qualified fifth year students. 
Prereqs., 3602, 3604 or equivalent. Aero-
and  therm odynam ic design of turbom achines. 
Analysis of flow in im pellers and  blade 
passages. Review of analytic m ethods and  use 
of cascade d a ta . T h e  trea tm en t is general as 
fa r as possible, b u t is app lied  specifically to 
fans, compressors and  pum ps and  to steam , 
gas and hydrau lic  tu rb ines. A m ajor p a rt of 
the  course is the  aero-therm odynam ic design 
of a h igh  perform ance com pressor-turbine 
com bination . (A tten tion  is draw n to 3362 as 
a com panion course for m echanical design.) 
M r. S h e p h e r d .

3664. I N T E R M E D I A T E  F L U I D M E C H A N 
ICS.  C red it 3 hrs. Spring. 3 Rec. In tended  for 
graduate  studen ts and qualified underg raduate  
students. A m ore advanced trea tm en t of sev
eral topics in 3603 and  3604. Extension of 
theoretical hydrodynam ics, use of complex 
variables; waves; tw o-dim ensional compressible 
flow; m ethod of characteristics; lam inar
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boundary  layer in  compressible flow; tu rb u 
lence; tu rb u len t boundary  layer in  a pressure 
gradient. Mr. S h e p h e r d .

3665. A D V A N C E D  H E A T  T R A N S F E R .  C redit 
3 hrs. Fall. 3 Rec. Prereq., 3605 or consent of 
instructor. Basic modes of h eat transfer are 
considered from  an analytic p o in t of view. 
Analytic results are com pared w ith  experi
m ental correlations. Solutions of representative 
heat conduction problem s, a general m ethod of 
analysis for diffuse rad ia tion , boundary  layer 
convection solutions, sim ilarity  theory in  tu r 
bu len t flow, transport in rarefied gases, and 
an in troduction  to num erical m ethods. Mr. 
G e b h a r t .

3666. A D V AN CE D A I R  C O N D I T I O N I N G .
C redit 3 hrs. Fall. 3 Rec. Selected studies of 
a ir conditioning princip les and  a ir  condition
ing apparatus; solar loads and  solar collectors; 
heat pum ps; a ir  condition ing  in transporta tion ; 
therm oelectric re frigeration . M r .  M a c k e y .

3667. T E M P E R A T U R E  M E A S U R I N G  I N 
S T R U M E N T S .  C red it 3 hrs. Spring. 2 Lect. 
1 Lab. In tended  for g raduate  students b u t open 
to qualified undergraduates. Prereq ., 3605. 
T heory , construction, calib ration , and  ap p li
cation of liquid-in-glass therm om eters, solid 
expansion therm om eters, pressure-spring th e r
m ometers, resistance therm om eters, therm o
electric therm om eters, optical pyrom eters, 
rad ia tio n  pyrom eters. M r. D r o p k i n .

3670. A D V A N C E D  C O M B U S T I O N  E N 
GINES.  C red it 3 hrs. Spring. 3 Rec. In tended  
for g raduate  studen ts b u t open to qualified 
undergraduates. Prereqs., 3604, 3607 or equ iva
lent. Advanced study of topics in  field of 
reciprocating  engines, b o th  spark-ignition  and 
diesel. M ethods of therm odynam ic analysis 
and perform ance prediction  for free-piston 
power p lants and  supercharged engines. R e
la tion  of engine perform ance characteristics 
and  perform ance characteristics o f autom otive 
vehicles. Recom m ended together w ith  Course 
3377 for study in autom otive engineering. Mr. 
F a i r c h i l d .

3671. A ER O S PAC E  P R O P U L S I O N  SYSTEMS.
C redit 3 hrs. Spring. 3 Rec. Prereqs., 3603, 
3604, 3607 or equivalent. In tended  for g raduate  
students and  qualified fifth year students. 
A pplication  of therm odynam ics and fluid m e
chanics to the design and perform ance of 
therm al-jet and  rocket engines in  the a tm os
phere and  in  space. Mission analysis in  space 
as i t  affects the p ropulsion system. C onsidera
tion of auxiliary  pow er supply; study of a d 
vanced m ethods of space propulsion. Mr. 
S h e p h e r d .

3672. E N E R G Y  C O N VE RS I O N .  C red it 3 hrs. 
Spring. 3 Lect. In tended  for g raduate  students 
b u t open to qualified fifth year students. P re 
reqs., 3601, 3602, 3603, 3604, o r equivalent. 
P rim arily  a classification and therm odynam ic 
analysis of energy conversion devices, b u t 
energy sources and the storage of energy are 
also considered. A study of conventional h eat 
engines and  com bustion engines; therm o-elec
tric , therm ionic, photovoltaic, and magneto- 
hydroclynamic generators; and fuel cells. M ate
rials, design, and app lication  to conventional 
and  space power requ irem ents are also con
sidered. M r. C o n t a .

[3673. A D V A N C E D  T H E R M A L  E N G I N E E R 
I N G  M E A S U R E M E N T S .  C red it 3 hrs. Fall. 
2 Lectures. 1 Lab. In tended  for g raduate  s tu 
dents b u t open to qualified fifth year students. 
T heory  and operation  of instrum ents used in 
fluid flow investigations; ho t w ire anem om 
eters; density-sensitive optical systems; tra n 
sient tem peratu re  and  pressure m easurem ents; 
m easurem ents in  reac ting  systems; e rro r an a l
ysis and trea tm en t o f da ta . M r. M c M a n u s . N ot 
offered in  1963-1964.]
3674. M I CR O S CO P I C T H E R M O D Y N A M I C S .
C redit 3 hrs. Fall. 3 Rec. In tended  for g rad u 
ate  and qualified fifth  year students. F u n d a 
m ental equations o f k inetic  theory. Maxwell- 
B oltzm ann statistics and  q u an tu m  statistics 
are derived and  used to in te rp re t the  phenom 
enological transport and  therm odynam ic p ro p 
erties o f ideal, in ert, and  reacting  gaseous 
systems. C onsideration given to real gases. 
C om puter knowledge desirable. M r. P i e r c e .

3680. A D V AN C E D  C O N V E C T I O N  H E A T  
T R A N S F E R .  C red it 3 hrs. Fall. 3 Rec. Prereq., 
3605 or consent of instructor. Processes of 
transport of therm al energy, m om entum , and 
mass in  fluids are considered in  deta il. 
T heories of transfer processes and  analytic 
solutions. A nalytical and  experim ental results 
com pared. T ran sp o rt equations for a fluid, 
delineation  of kinds of processes, differential 
sim ilarity , n a tu ra l convection, forced convec
tion  a t low and h igh  velocities. B oundary layer 
solutions, sim ilarity  theories, and  effects of 
turbulence. T ran sp o rt in  rarefied gases. Mr. 
G e b h a r t .

3681. A D V A N C E D  C O N D U C T I O N  A N D  
R A D I A T I O N  H E A T  T R A N S F E R .  C red it 3 
hrs. Spring. 3 Rec. Prereq., 3605 or consent of 
in structo r. T heories of conduction mechanisms. 
T h e  conduction of h ea t in solids under con
d itions of steady, unsteady, and  periodic heat 
flow w ith  and  w ith o u t in te rn a l sources. M athe
m atical, num erical, and analogue m ethods of 
problem  solution  are considered. T h e  various 
types of therm al rad ia tio n  processes in  solids
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and  gases. Spatial and  specular d istrib u tio n  of 
rad ia tion . M ethods of calculation  for ra d ia 
tion  in  the  absence and  in  the  presence of a b 
sorbing and  em ittin g  gases. Mr. G e b h a r t .

3682. S E M I N A R  I N  H E A T  T R A N S FE R .
C red it 3 hrs. Spring. T w o m eetings o f 2 hours 
per week to be arranged . P rereq ., permission 
of professor in  charge. Discussion of fields of 
active inqu iry  and cu rren t in te rest in  heat 
transfer. C onsiderations of m ajor recent work 
and  several sum m aries of associated co n trib u 
tions. M r G e b h a r t .

3683. VISCOUS F L O W  T H E O R Y .  C red it 3 
hrs. Fall. 3 Rec. Prereq., permission of in 
structor. In tended  for g raduate  students b u t 
open to qualified fifth year studen ts w ith con
sent of instructor. Stress and ra tes of defo rm a
tion tensors; dissipation  function , derivation 
of the Navier-Stokes equations. E xact solu
tions, very slow m otion, boundary  layers, jets 
and  wakes, hydrodynam ic stability , turbulence. 
M r. B a r r o w s .

3690. S PECI AL  I N  V E S I  G A T  I  O N  S I N  
T H E R M A L  E N G I N E E R I N G .  Spring. C redit

ELECTRICAL 
REQUIRED COURSES
4021. T E C H N I C A L  W R I T I N G  A N D  PRES-  
E N T A T I O N .  C red it 3 hrs. Fall. 3 Lect.-Rec. 
T h e  developm ent of the basic princip les of 
exposition, the knowledge of su itab le  form , 
and  the  appreciation  of function  th a t will en 
able studen ts to w rite and  present reports and 
com m unications th a t m eet professional s tan d 
ards.
4041. N O N R E S I D E N T  L E C T U R E S .  C redit 1 
h r. Fall. 1 Lect. G iven by lecturers invited 
from  industry  and  from  certain  o th er d e p a rt
m ents of the  U niversity  to assist studen ts in  
their approach to em ploym ent and  in  their 
transition  from  college to industria l life.
4113. T R A N S M I S S I O N  L I N E S  A N D  WAVES.
C red it 3 hrs. Fall. 2 Lect. 1 Comp. Prereq ., 
4112. S trip  transm ission line, one-dim ensional 
electrom agnetic waves; m echanical waves; 
transients, reflections; sinusoidal wave func
tions, im pedance; four-term inal netw orks, res
onators, filters; three-dim ensional waves, 
ob lique reflection; rectangu lar waveguide.
4122. E L E M E N T S  OF S Y S T E M  T H E O R Y .
C redit 4 hrs. Fall. 2 Lect. 1 Rec. 1 Lab. 
Prereqs., 4121 and  4114 or th e ir equivalent. 
E lem entary signals for system analysis; model 
m aking of system devices (tubes, transistors, 
transducers, sensors) w ith  lum ped  param eters;

to depend  upon hours of actual work. In 
form al in struction  will be given to a lim ited  
num b er of studen ts in terested  in  work to 
supplem ent th a t given in  courses in  com bus
tion engines, pow er generation , fluid dynam 
ics, heat transfer, re frigeration , a ir  con d itio n 
ing, and  instrum ents. Perm ission of the  D e
p artm en t necessary for reg istra tion  M r. S h e p 
h e r d .

3691. T H E R M A L  E N G I N E E R I N G  S E M I N A R .
No credit. A one-and-a-half-hour m eeting  a p 
proxim ately every o th e r week. A ttendance 
expected of all g raduate  studen ts w ith  m ajor 
subject in  the D ep artm en t of T h erm al E ng i
neering. T alks by g raduate  students, staff 
m em bers, an d  invited  guests.
3698, 3699. P R O J E C T .  T o ta l c red it 6 hrs. 
W ork of the n in th  and  ten th  term s to in tegrate  
the  tra in in g  in  m echanical engineering, p r in 
cipally in  the fields of therm odynam ics, fluid 
dynamics, h ea t transfer, com bustion engines, 
energy conversion, pow er p lants, re frigeration , 
and  a ir  condition ing . Staff.

ENGINEERING
m atrix  analysis of in terconnected  linea r m od
els; flow-graphs and  analysis by analog sim u
lation ; stability ; physical realizability  and 
realization  techniques; feedback control; sys
tem  param eter-sensitiv ity ; design m ethods for 
com pensation; approx im ations in  the frequency 
and  tim e dom ains; signal generation; system 
op tim ization  for de term in istic  signals.
4123. E L E C T R O N I C S  OF S I G N A L  T R A N S 
MI SSI ON.  C red it 4 hrs. Spring. 2 Lect. 1 Rec. 
1 Lab. P rereq ., 4122. In fo rm atio n  con ten t of 
messages and  the role of band-w id th  and 
noise in  signal transm ission; sam pling theory; 
a u to c o rre la tio n  an d  cross-correlation tech
n iques in  signal analysis and  detection; m o d u 
la tion  theory and  techniques; p robab ility  
theory app lied  to  signals; noise calculations 
in  netw orks an d  am plifiers; laboratory  work 
on m easurem ents, wave shap ing , m odulation  
c ircuits, feedback, and  oscillation.
4165. I N T R O D U C T I O N  T O  E L E C T R O 
M A G N E T I C  T H E O R Y .  C red it 4 hrs. Spring. 
3 Lect. 1 Comp. Prereqs., 2331 and  4113. 
T h e  foundations of electrom agnetic theory 
an d  its applications to electrical engineering; 
vector analysis, includ ing  vector calculus; elec
tric, m agnetic, an d  electrom agnetic fields, 
M axw ell’s equations; applications include c ir
cuits, generators, sim ple m agnetohydrody- 
nam ic devices, wave guides, elem entary  a n 
tennas, sim ple traveling-w ave tubes.
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4221. A L T E R N A T I N G  C U R R E N T  M A C H I N 
ERY .  C red it 4 hrs. Fall. 1 Conf. 1 Comp. 
Prereqs., 4112, 4216. T heory , construction, and 
operating  characteristics o f transform ers, in 
duction  m otors, synchronous m achines, and 
single-phase m otors.
4226. E L E C T R I C A L  M A C H I N E R Y  L A B O 
R A T O R Y .  C red it 4 hrs. Spring. 1 Lect. 1 Rec. 
1 Lab. P rereq ., 4221. M agnetization and  c ir
cuits w ith  nonsinusoidal voltages. H arm onics 
in  polyphase systems; instrum en t, constant 
cu rren t, and  constant po ten tia l transform ers; 
single-phase and polyphase induction  motors; 
synchronous machines.

SYSTEMS SEQUENCE

4301. L I N E A R  PASSI VE N E T W O R K S .  C redit
3 hrs. Fall. 2 Lect. 1 Rec.-Comp. Prereq., 
E lectrical Science 242 or 244 or equivalent. 
Analysis of RLC netw orks w ith  exponential 
excitations; em phasis on the  sinusoidal steady 
state; orderly and  exact procedures for solving 
complex linea r netw ork problem s stressing 
understand ing  of the  physical significance of 
a ll solutions; m atrix  m ethods; lim ita tions of 
physical netw orks; synthesis of periodic signals 
by Fourier series.
4302. I N T R O D U C T I O N  T O  A C T I V E  SYS
TEMS.  C red it 3 hrs. Spring. 2 Lect. 1 Rec.- 
Comp. P rereq ., 4301. Analysis and  design of 
systems w ith  linear and  nonlinear, passive and 
active elem ents; analy tical and  graph ical tech
niques. Amplifiers, oscillators, e lectrom echan
ical transducers and m odulators; equivalent 
circuits; concepts of energy balance; feedback 
and  stability ; app licatio n  to in strum en tation , 
control, electrom echanical energy conversion, 
an d  com m unication.
[4401. L I N E A R  SY S T E MS  A N AL Y S I S .  C redit
4 hrs. Fall. 3 Lect. 1 Rec.-Comp. P rereq ., 4301. 
Analysis of linear systems subjected to a rb itrary  
excitations. F ourier, double-sided Laplace, and  
z-transform s by con tour in tegra tion  in the 
complex plane; frequency-dom ain analysis by 
transform s; tim e-dom ain  analysis by the con
volution in tegral; re la tionsh ip  of tim e- and  
frequency-dom ain analyses, s-plane transfo r
m ations; singu larity  functions app lied  to signal 
synthesis and  the represen tation  of in itia l con
ditions. N ot to be offered u n til 1964-1965.]
[4402. A C T I V E  SYSTEMS.  C red it 4 hrs. 
Spring. 3 Lect. 1 Rec. Prereqs., 4302 and
4401. Analysis of systems con tain ing  passive 
elem ents and  controlled sources. Form al m e th 
ods; m atrix  analysis of in terconnected  linear 
models; flow graphs and  analog sim ulation; 
m ethods for de term in ing  stability; system- 
param eter sensitivity and  feedback; signal gen

eration ; filter synthesis; com pensating n e t
works; physical realizability ; linear tim e-varia
ble networks. Em phasis on the physical and 
m athem atical understan d in g  requ ired  to 
achieve desired system behavior. N o t to be 
offered u n til 1964-1965.]
[4501. S Y S T EMS  W I T H  R A N D O M  SIGNALS.
C redit 4 hrs. Spring. 3 Lect. 1 Rec. Prereq.,
4402. M odulation  theory; basic princip les of 
AM and  FM ; in troduction  to random  signals; 
heuristic  developm ent of random  variables 
and  processes; sta tistical and tim e averages; 
analysis of linear systems w ith  random  excita 
tions; noise in  physical systems; optim ization  
techniques; filtering; prediction; com pensation; 
m atched systems. N o t to be offered u n til 
1965-1966.]
[4502. S T A T I S T I C A L  A S PE CT S  OF S Y S T E M  
A NAL Y S I S .  C red it 4 hours. Fall. 3 Lect. 1 Rec. 
P rereq ., 4501. D evelopm ent of sta tistical con
cepts and  their app lication  to system p ro b 
lems. Sam pling; estim ation  of param eters; 
regression; hypothesis testing. Basic elem ents 
of in fo rm ation  theory w ith  app lication  to 
various transm ission systems. N o t to be offered 
u n til  1965-1966.]

ELECTROPHYSICS SEQUENCE

4311. E L E C T R O M A G N E T I C  WAVES .  C redit 
4 hrs. Fall. 3 Lect. 1 Rec.-Com p. Prereqs., 
E lectrical Science 242 or 244 and  M ath  294. 
F oundations of electrom agnetic theory for 
p ropagation  and  rad ia tio n  of electrom agnetic 
waves; M axwell’s equation; transm ission lines, 
one-dim ensional waves; p lane waves; oblique 
reflection; gu ided  waves, s trip -line  and  rec
tan g u la r wave guide; rad ia tion ; elem entary 
an tenna  concepts.
4312. A P P L I E D  T H E R M O D Y N A M I C S .  C red it 
4 hrs. Spring. 3 Lect. 1 Rec.-Com p. Prereqs., 
Chem  276, Physics 224. B rief review and a p p li
cations of general laws of therm odynam ics to 
gases. Elem ents of one-dim ensional compress- 
ible-gas dynamics, channel flows, shock waves, 
and  applications in  flow systems; elem ents of 
k inetic  theory, a deriva tion  of the  N avier- 
Stokes equations and B oltzm ann’s equation; 
q u an tu m  statistics app lied  to heat capacities, 
chem ical reactions, and  ionized gases; basic 
fo rm ula tion  of fluid plasm a equations and 
waves in  the  plasma.
[4411. Q U A N T U M  T H E O R Y .  C red it 4 hrs. 
Fall. 3 Lect. 1 Rec.-Com p. P rereq ., 4312. I n 
troduction  to nonrela tiv istic  q u an tu m  theory; 
experim ental basis for w ave-particle duality ; 
struc tu re  of the theory in  term s of wave func
tions, operators, and  m atrix  elem ents; solution 
of Schroedinger’s equation  for one- and  th ree 
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dim ensional potentials; angu lar m om entum ; 
pe rtu rb a tio n  theory; spin; in te rac tion  of atoms 
w ith  static  and  rad ia tio n  fields; central field 
m odel of atom ic struc tu re  and  the Pauli ex
clusion princip le, q u an tu m  statistics; structure  
of crystalline solids. N ot to be offered u n til 
1964-1965.]
[4412. S O L I D - S T A T E  PHYSICS.  C redit 4 hrs. 
Fall. 3 Lect. 1 Rec.-Com p. Prereq., 4411. I n 
troduction  to solid-state physics based on 
qu an tu m  theory; b ind ing  in  ionic and  covalent 
crystals; free electron theory of m etals w ith a p 
plication  to electrical conductivity  and electron 
emission; band  theory of solids; sem iconductor 
theory includ ing  app lication  to p-n  junction  
devices; d ielectric properties of solids; m agne
tism; super-conductivity . N o t to be offered 
u n til 1964-1965.]
[4511. E L E C T R O D Y N A M I C S .  C redit 4 hrs. 
Fall. 3 Lect. 1 Rec. Prereqs., 4312, 4402. Static 
fields; e lectrom agnetic stresses, forces and 
torques; quasi-stationary  fields, eddy currents; 
electrom echanical energy conversion; traveling 
waves generated  by d istrib u ted  currents; tran s
form ation to m oving reference fram es, u n i
po lar induction; in teraction  of fields w ith 
rig id  and fluid conductors in  m otion; in te r 
action of fields w ith  charged particles and 
plasmas; transport processes in  plasmas. N ot 
to be offered u n til 1965-1966.]
[4512. FIELDS,  W A VE S  A N D  E L E CT R ON S.
C redit 4 hrs. Spring. 3 Lect. 1 Rec. Prereqs., 
4412, 4511. E lectrom agnetic fields and  waves in 
m etal and d ielectric wave guides and  cavities; 
plasma and  electron-beam  generation; fields 
and  waves in  sta tionary  and  m oving plasmas, 
coupling of modes of wave propagation; 
sources of electronic noise. N o t to be offered 
un til 1965-1966.]

LABORATORY SEQUENCE

4321. E L E C T R I C A L  L A B O R A T O R Y  I.  C redit 
4 hrs. Fall. 1 Lect. 2 Labs. Basic in stru m en ta 
tion and electrical m easurem ents involving c ir
cuits and  fields of passive electrical elem ents; 
elem entary m echanical and  electrical resonant 
circuits; and an experim ental in troduction  to 
physical electronics.
4322. E L E C T R I C A L  L A B O R A T O R Y  II.
C redit 4 hrs. Spring. 1 Lect. 2 Labs. Basic 
experim ents concerning paralle l w ire trans
mission lines; energy conversion m ethods; am 
plifiers and  oscillators; h igh vacuum  tech
niques; and  fundam ental properties of plasmas.
[4421. E L E C T R I C A L  L A B O R A T O R Y  II I .
C redit 4 hrs. Fall. 1 Lect. 2 Labs. Advanced 
experim ents concerning wave com position and 
shaping; analog com puters; m odulation; in te r

action of ro ta tin g  an d  traveling  electrom agnetic 
waves w ith solid and  fluid conductors; h igh 
frequency properties of dielectrics; h igh  fre 
quency properties of plasmas; and  reflection, 
refraction , and scattering  of rad io  waves. N ot 
to be offered u n til 1964-1965.]
[4422. E L E C T R I C A L  L A B O R A T O R Y  IV.
C redit 4 hrs. Spring. 1 Lect. 2 Labs. Advanced 
experim ents concerning filters; feedback am 
plifiers; m u ltiv ib rato rs; param etric  am plifica
tion; noise; d rif t, diffusion and  recom bination  
of carriers in  sem iconductors; in te rna l fields 
and  spontaneous polarization; m agnetic reson
ance; and  physical properties o f C.W . optical 
gas masers. N o t to be offered u n til 1964-1965.]

HONORS PROGRAM
[4403. SY S TE MS  A N AL Y S IS .  C red it 4 his. 
3 Lect. 1 Rec.-Com p. Prereqs., 4302, and  M ath
422. (In tended  for studen ts in  the P re-graduate  
H onors Program .) A pplication  of m athem atical 
concepts to the analysis o f linear systems su b 
jected to a rb itra ry  excitations. Analysis of 
systems con ta in ing  passive elem ents and  con
tro lled  sources; flow graphs, feedback and 
stab ility , m ethods for d e te rm in ing  system 
stab ility , signal generation  and  analysis of 
linear and  non linear oscillators. Physical re a l
izability, linear tim e varying netw orks. A p p li
cations of the  form al analysis techniques to 
systems of p ractical im portance  will be p re 
sented in  the recita tion -com pu ting  sections. N ot 
to be offered u n til 1964-1965.]
[4404. P R O B A B I L I T Y  T H E O R Y  A N D  SYS
T E M  A P P L I C A T I O N S .  C red it 4 hrs. 4 Lect. 
P rereq ., 4403. (In tended  for studen ts in  the 
P re-graduate  H onors P rogram .) M athem atical 
developm ent of p robab ility  theory w ith  a p p li
cations to random  processes in linear systems. 
Basic rules of p robab ility ; sets; com binational 
analysis. R andom  variables; expected values; 
characteristic  functions. S tatistical averages; 
law of large num bers. R andom  processes; cor
re la tion  functions; pow er spectral densities. 
L inear system analysis w ith random  inpu t; 
in p u t-o u tp u t relations; G aussian processes in 
linear systems. Selected topics in the  sta tistical 
aspects of system analysis. Ind iv idua l p re p ara 
tion and  sem inar presen tation  of selected topics 
will be encouraged. N o t to be offered u n til
1964-1965.]
[4414. E L E C T R O P H Y S I C S  H O N O R S  S E M I 
N A R .  C red it 4 hrs. Spring. Prereqs., M ath
423, 4411. (In tended  for studen ts in  the  P re 
g raduate  H onors Program .) E lectrom agnetic 
fields and  forces, electrom echanics; traveling  
e lectrom agnetic waves, waveguides, cavities; 
m aintenance, diagnosis of plasm as, e lectro 
m agnetic fields and  waves in  sta tionary  and  
d rif tin g  plasmas; therm al an d  q u an tu m  sources
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of electronic noise. Ind iv idual p repara tion  and 
sem inar presentation  of selected topics. N o t to 
be offered u n til 1964-1965.]

ELECTIVE AND GRADUATE 
COURSES
GENERAL

4090. SPECI AL  T O PI CS  I N  E L E C T R I C A L  
E N G I N E E R I N G .  C red it 1 to 3 hrs. Seminar, 
read ing  course, or o ther special a rrangem ent 
agreed upon between the students and faculty 
m em bers concerned.
4091 an d  4092. P R O J E C T .  C redit 3 hrs. Fall 
and  spring. Ind iv idual study, analysis, and 
usually experim ental tests in connection w ith 
a special engineering problem  chosen by the 
studen t a fte r consulta tion  w ith  the  faculty 
m em ber d irecting  his project; an engineering 
repo rt on the  p roject is required .
4095. I N T R O D U C T I O N  T O  R A N D O M  
PROCESSES.  C red it 3 hrs. Fall. 3 Lect. P re 
req., 4123 or consent of instructor. M athe
m atical developm ent of p robab ility  theory and 
the theory of random  processes in linear sys
tems. Sets and  measure, axioms of p robability . 
R andom  variables, d istribu tions, expectations 
and  m om ents, characteristic  functions, laws of 
large num bers, the central lim it theorem . 
Statistical description of random  process, sta- 
tionarity , correlation  functions, spectral densi
ties, G aussian random  processes. In p u t-o u tp u t 
relations for linear systems w ith  random  ex
citations. O rthogonal representation  of signals, 
the sam pling theorem .

POWER SYSTEMS AND MACHINERY

4325. E L E C T R I C A L  M A C H I N E  T H E O R Y .
C redit 3 hrs. Fall. (Offered only if dem and 
is sufficient.) 1 Conf. 1 Comp. P rereq ., 4226. 
Space harm onics; parasitic  torques; tw o-reac
tion analysis; transien t impedances; sym m et
rical com ponent im pedances; single-phase m o
tor analysis; com m utator-type a-c m achines.
4326. E L E C T R I C A L  M A C H I N E R Y  L A B O 
R A T O R Y .  C red it 3 hrs. Spring. (Offered only 
if dem and is sufficient.) 1 Lect. 1 Lab. Prereq., 
4321. Salient-pole synchronous m achines; in 
duction  m otor loss separation; energy m eter
ing; special topics.
4351. UNI FI ED T H E O R Y  OF E L E C T R O 
M E C H A N I C A L  SYSTEMS.  C red it 3 hrs. Fall. 
2 Lect.-Rec. 1 Lab.-Com p. Prereqs., 4114, 
4221 or equivalent. E lectric m achines studied 
as netw orks of coupled c ircuits w ith pe rio d 
ically varying param eters; m atrix  analysis of

networks; forces and torques in  e lectrom echan
ical systems; electrom agnetic and  electrostatic 
transducers; single-phase a-c generators; K ron’s 
basic m achine w ith  its practical derivatives; 
the synchronous, induction , and  com m utator 
m achines, in  the  transien t and steady state; 
frequency-response m ethods app lied  to m a
chines; laboratory  exercises using the gen
eralized m achine.
4541. A P P L I E D  ACOUST I CS .  C red it 3 hrs. 
Fall. 2 Lect.-Rec. 1 Lab. L ab assignm ents to 
m eet ind iv idual needs. Prereq., 4123. T h e  
laws of ideal gases, the  therm odynam ic p ro p 
erties of a ir, and  the laws of the propagation  
of compressional waves; the transm ission of 
sound th rough  tubes, horns, and unbounded 
m edia; the design of sound sources, m icro
phones, loudspeakers, and wax, lacquer, m ag
netic, and  photographic  recorders; reflection, 
absorp tion , and reverberation .
4551. R A D I O  AIDS T O  N A V I G A T I O N .  C redit 
2 hrs. Spring. 2 Lect.-Rec. P rereq ., 4123. 
Long-wave and m edium -w ave direction  finders 
and  rad io  beacons; atm ospheric effects and 
lim ita tions on accuracy; m edium -frequency 
pulsed transit-tim e systems and  high-frequency 
re tu rn-signal systems, w ith  app licatio n  to 
long-range navigation  and  precision m apping; 
a irp o rt approach systems and  traffic control.

ELECTRONICS AND MICRO WAVES

4521. M I C R O W A V E  L A B O R A T O R Y .  E ith e r 
term . C redit 1-3 hrs. A t least 2 lab. for 3 hrs. 
c red it. P rereq ., e ither 4527 or 4561 m ust 
precede or be taken concurrently. A wide 
variety  of experim ents is available in  the 
area of m easurem ent of active and  passive 
microwave devices, includ ing  klystrons, trave l
ing  wave tubes, m agnetrons, cavities, m icro
wave com ponents, and  periodic structures. T h e  
experim ents are  designed to encourage the 
exp loration  of the device characteristics while 
sim ultaneously developing m easurem ent tech 
niques which range in  character from  • s tan d 
ard  techniques to those of considerable sophis
tication. In  add ition  to perform ing  several of 
the available experim ents the s tu d en t will 
design and  execute some laboratory  project 
of in te rest to h im . Stress is laid  on in d e 
pendent work by the student.
4526. E L E C T R O N  D Y N AM I CS .  C red it 3 hrs. 
Fall. 2 Lect. 1 Lab. Prereqs., Physics 314, and 
4122. F undam enta l theory of low-frequency 
electron devices; emission; conform al m apping; 
p article  dynamics; electrostatic  and m agnetic 
lenses; space charge phenom ena; lim ita tions 
a t h igh  frequencies; noise; therm oelectric con
version; m otion of electrons and  holes in
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m etals and  sem iconductors; ju n c tio n  diodes 
and  transistors.
4527. M I C R O W A V E  E L E C T R O N I C S  I.  C redit 
3 hrs. Spring. 3 Lect. Coreqs., 4526 and  4565 
o r consent of the instructor. Study of the 
theory  of the in te rac tion  of electron stream s 
an d  electrom agnetic waves in  localized and 
d istrib u ted  regions; the  electron-ballistic  and 
the space-charge-wave approaches; application  
to p lan a r vacuum  tubes and  microwave tubes. 
I t  is suggested th a t 4521 be taken concurrently.
4528. M I C R O W A V E  E L E C T R O N I C S  II.
C redit 3 hrs. Fall. 3 Lect. Prereqs., 4527 and
4561. T opics will be discussed draw n from 
these areas: p ropagation  of electrom agnetic 
waves in  periodic structures, anisotropic  m edia, 
and  plasmas; theory of the in te rac tion  between 
electron beams and microwave circuits in c lu d 
ing  linear and  nonlinear effects; noise in  m icro
wave devices.
4352. E L E M E N T S  OF P O W E R  S Y S T E M  
A NAL Y S I S .  C red it 3 hrs. Fall. 2 Lect.-Rec. 
1 Lab.-C om p. Prereqs., 4113, 4226 or equ iva
len t. Studies of power systems th ro u g h  the 
app lication  of equ iva len t circuits o f synchro
nous m achines, transm ission lines, transfo rm 
ers and sta tic  loads; power-system netw ork 
theory; pow er angle equations and  circle d ia 
grams; the  tw o-m achine system; load flow and 
voltage regu lation  of complex systems; sym
m etrical com ponents; fau lt analysis of com 
plex  systems; in tro d u c tio n  to system stability; 
use o f a-c and  d-c netw ork analyzers as com 
p u tin g  aids.
4353. T R A N S I E N T  A N A L Y S I S  OF P O W E R  
SYSTEMS.  C red it 3 hrs. Spring. 2 Lect.-Rec. 
1 Lab.-Com p. Prereqs., 4351, 4352 or equ iva
len t. Study of synchronizing and  dam ping  
torques for salient-pole and  solid-ro tor m a
chines; app lication  of constant-flux-linkage 
theorem  to balanced and  unbalanced faults; 
basic assum ptions for transien t stab ility  s tu d 
ies; voltage regu la to rs and  governors; control 
of system frequency; app lication  of a-c n e t
w ork analyzers and  d ig ita l com puters to tra n 
sient problem s; theory of the  electric arc; 
a-c arc in te rru p tin g  m edia; sim ulated  testing 
o f c ircu it breakers.
4371. H I G H - V O L T A G E  P H E N O M E N A .
C redit 3 hrs. Spring. T h e  study of problem s 
o f the  norm al operation  of pow er systems a t 
very h igh  voltages, o f the abnorm al condi
tions imposed by ligh tn ing , of the  m ethods 
em ployed to  assure p roper operation  of power 
systems and  appara tus under high-voltage con
ditions, and  of the  devices available for labo 
ratory  testing  of equ ipm en t under actual or 
s im ulated  conditions.

RADIO AND COMMUNICATION
4501. R A D I O  A N D  C O M M U N I C A T I O N  
S E M I N A R .  C red it 1 to 3 hrs. Fall and  spring. 
P rim arily  for g raduate  students. R ead ing  and 
discussion of technical papers and  p u b lica 
tions in  the  field of rad io  and  com m unication .
4511. P H Y S I C A L  BASIS OF E L E C T R O N I C  
E N G I N E E R I N G .  C red it 3 hrs. Fall. 3 Lect. 
Prereqs., 4113, 4121, Physics 314. T h e  con
trol and  use o f electrons in  m odem  electronic 
engineering. T h e  underly ing  physical phenom 
ena of electronic devices trea ted  in  dep th , in 
clud ing  power exchanges, noise generation , 
non linearity  and  frequency band-w id th  lim i
tations, conventional, m icrowave, an d  q u a n 
tum  electronic principles.
4512. FIELDS,  W A V E S  A N D  E L E C T R O N S .
C redit 4 hrs. Spring. 3 Lect. 1 Rec. Prereqs., 
4412, 4511. E lectrom agnetic  fields and  waves 
in  m etal an d  d ielectric  wave guides and  cavi
ties; plasm a and  electron-beam  generation; 
fields and  waves in  s ta tionary  an d  m oving 
plasm as, coupling of m odes of wave p ro p ag a
tion; sources o f electronic noise.
4516, 4517. R A D I O  A N D  C O M M U N I C A T I O N  
L A B O R A T O R Y .  C red it 3 hrs. each. Fall and  
spring  respectively. E ith e r o r b o th  m ay be 
taken. (Offered only if dem and is sufficient.) 
1 Rec. 1 Lab. Prereqs., 4113 and  4123. Choice 
of three  to five d ifferent experim ents from  
the field o f electronic circuits, netw orks, tran s
mission lines; wave guides, and  antennas. 
E xperim ents selected to m eet ind iv idual needs.
4529. S E M I C O N D U C T O R  E L E C T R O N I C S  I.
C red it 3 hrs. Fall. 2 Lect. 1 Lab. Prereqs., 
Physics 314, and  4123. M otion of electrons and 
holes in  sem iconductors; theory of P-N  ju n c 
tions, m etal-sem iconductor contacts, and  ju n c 
tion  triodes; p rep ara tio n  of m ateria ls and 
fabrication  of devices; characteristics of diodes 
and rectifiers, tu n n el diodes, solar batteries, 
transistors, four-laver devices (diodes, con
tro lled  rectifiers, an d  switches), etc.; transisto r 
equ iva len t circuits; bias-stabilized transistor 
am plifiers.
4530. S E M I C O N D U C T O R  E L E C T R O N I C S  II .
C red it 3 hrs. Spring. 2 Lect. 1 L ab. P rereq .,
4529. A con tinuation  of Sem iconductor E lec
tronics I  w ith  em phasis on  the  app licatio n  of 
sem iconductor devices as active o r passive 
elem ents in  circuits for use as pow er su p 
plies, pow er converters, am plifiers, oscillators 
and  m ultiv ib ra to rs, pulse circuits, gates and  
switches, m odulators, an d  o th e r circuits.
4531. Q U A N T U M  E L E C T R O N I C S  I.  C red it 
3 hrs. Fall. 3 Lect. P rereq ., Physics 325-326 
or 4165 and  Physics 443 o r 314. A de tailed
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trea tm en t of the physical princip les u n d e r
lying masers and  lasers. T opics will include 
the in teraction  of rad ia tion  and  m atter; q u a n 
tum  properties of an e lectrom agnetic rad iation  
field; the coherence properties of spontaneous 
and  stim ula ted  emission of rad ia tion ; theory 
of p a rtia l coherence; therm al eq u ilib riu m  and 
non-equ ilib rium  in  param agnetic  systems; 
q u an tu m  theory of angu lar m em entum  w ith 
app lication  to atom ic structure; properties of 
param agnetic ions in  crystals.
4532. Q U A N T U M  E L E C T R O N I C S  II .  C redit 
3 hrs. Spring. 3 Lect. Prereq., Q uan tum  Elec
tronics I o r consent of instructor. A con tinua
tion of the trea tm en t of the physical principles 
underly ing m aser devices. T opics will include 
the analysis of solid state and  gaseous masers 
and lasers includ ing  the  m ethods used to o b 
tain  state inversion; operating  characteristics 
of the m ost im p o rtan t of these devices; sem i
conductor in jection  lasers; non linear processes 
such as double q u an tu m  absorbtion, harm onic 
generation, photom ixing; applications of 
masers and  lasers.
4561. M I C R O W A V E  T H E O R Y  A N D  T E C H 
NI QUES.  C red it 3 hrs. Fall. 3 Lect. Prereq., 
4565 or equivalent. T heory  of microwave c ir
cuits; norm al modes in  un iform  waveguides 
and cavities; power and energy relations; o b 
stacles in  waveguides and  inhom ogeneous 
m edia; p e rtu rb a tio n a l and  varia tiona l tech
niques; periodic circuits.
4562. M I C R O W A V E  E L E C T R O N I C S  S E M I 
N A R .  C red it variable. Spring. Fields and  waves 
in plasmas; beam -plasm a in teraction ; fields 
and waves in  ferrites; m illim eter waves; m icro
wave filters; advanced beam -circuit in teraction . 
Microwave electronics staff.

ELECTROMAGNETIC WAVES 
AND PROPAGATION

4566. I N T R O D U C T I O N  T O  P L A SM A  P H Y S 
ICS.  C redit 3 hrs. Fall. 3 Lect. Prereqs., 2331 
and 4565, o r equivalent. C harged particle  dy 
namics; con tinuum  plasm a theory; conduction 
of electricity  in  gases; m agnetohydrodynam cs 
w ith applications; transverse and long itud inal 
waves; m agneto-ionic theory w ith app lica
tions.
4567. R A D I O  W A V E  P R O P A G A T I O N .  C redit 
3 hrs. Spring. 3 Lect. P rereq ., 4565. Influence 
of the trophosphere  on rad io  wave propaga
tion; d ielectric properties of a ir  and  d is tr i
butions of refractive index; p ropagation  in 
standard  and  nonstandard  atm ospheres; d if
fraction  around  a spherical earth ; inhom o
geneities of refractive index; scattering.

4568. A N T E N N A S .  C red it 3 hrs. Spring. 3 
Lect. P rereq ., 4565. T heory  of rad ia tio n  and 
reception; d irec tiona l characteristics; im p ed 
ance; elem entary  theory of cylindrical a n te n 
nas; H uygens’ p rincip le; ap ertu re  antennas; 
an ten n a  therm odynam ics.
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  S O L A R  SYST EM.
C redit 2 hrs. Fall. 2 Lect. P rereq ., 4565 or 
Physics 325-26. T heories of solar phenom ena—  
solar flares, prom inences, coronal features; the 
in te rp lan e ta ry  plasm a— density, velocity, io n i
zation, m agnetic fields; cosmic ray effects as
sociated w ith  solar events— production  and  
m odulation; theories of m agnetic d isturbances, 
m agnetic storm s, aurorae, Van Allen ra d ia 
tion , and  associated ionospheric effects.

SYSTEM THEORY

4115. P R I N C I P L E S  OF N O N L I N E A R  SYS
TEMS.  C red it 3 hrs. Fall. 3 Lect. Prereq., 
4114 or equivalent. Analysis of first and  sec
ond order non linear systems w ith  applications. 
Phase-plane analysis, static  equ ilib rium , lim it- 
cycles, Poincare-Bendixson T heory , O rb ita l 
stability , Geom etrical analysis of periodic sys
tem  behavior, b ifu rication . T heory  of van der 
Pol m ethod of averaging. G raphical construc
tion  of phase trajectories. Piecewise linear and 
stepwise approxim ations. R elaxation  oscilla
tions. L iapounov’s first and second m ethod  on 
stability . Forced oscillations, harm onic  balance. 
Duffing’s equation , ju m p  and hysteresis p h e 
nom ena, subharm onics. Frequency en tra in - 
m ent. Param etric  excitation  and  am plification.
4563. R A N D O M  PROCESSES I N  C O M M U N I 
C A T I O N  SYST EMS.  C redit 3 hrs. Spring. 3 
Lect. P rereq ., 4095 or consent o f instructor. 
T h e  generation  an d  processing of signals in 
com m unication systems. C haracterization  of 
tim e-varying determ in istic  systems, generalized 
m odulation . C haracterization  of tim e-varying 
non-determ in istic  systems; random  channels, 
m u ltip a th  d isto rtion , D oppler shift. Signal 
detection  and  processing; linear and  n o n 
linear sm oothing and  p red iction , signal-to- 
noise ratios in  sim ple detectors, m atched 
filters, rad a r detection  and  am bigu ity  func
tions. Com parison of com m unication systems 
in  the presence of noise.
4564. T R A N S M I S S I O N  OF I N F O R M A T I O N .
C redit 3 hrs. Spring. 3 Lect. P rereq ., 4095 
or consent of in structo r. Selection of fidelity 
criteria  for accurate and efficient transm ission 
of in form ation . Efficient represen tation  of 
ou tp u ts  of message sources. T h e  entropy 
m easure and  its properties. Encoding for re lia 
ble com m unication  th rough  discrete memory- 
less noisy channels. R a te  o f in form ation
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transm ission and  the p robab ility  of decoding 
erro r, channel capacity. Systematic codes and 
the in strum en tation  problem . T im e-discrete 
continuous channels. Coding and  decoding for 
the  band-lim ited  G aussian channel. A pplica
tion of in form ation  theory to the analysis and 
design of com m unication  systems.
4571. M O D E R N  N E T W O R K  ANAL YS I S .
C redit 3 hrs. Fall. 3 Lect. P rereq ., 4122 or 
equivalent. N etw ork topology and its re la tion  
to the analysis of complex systems; energy 
functions; netw ork functions; general realiza
b ility  criteria; in te rre la tionsh ip  of netw ork 
functions; H ilb e rt transform s;’ flow graphs; 
generalized coordinates; scattering  param eters.
4572. M O D E R N  N E T W O R K  SY NT HES I S .
C redit 3 hrs. Spring. 3 Lect. P rereq ., 4571. 
R eal-p art sufficiency and  re la ted  topics; the 
realization  prob lem  of d riv ing -po in t and 
transfer functions. D arlin g to n ’s theory; the 
M iyata m ethod; G uillem in’s zero-shifting 
technique; ite rative  and  o th er “ classical” p ro 
cedures; the  app rox im ation  problem —least 
square and  Tschebyscheff sense— in  the fre 
quency dom ain; tim e-dom ain  synthesis; cor
re la tion  betw een frequency and  tim e dom ains.
4575. A D V A N C E D  T O PI CS  I N  S Y S T E M  
T H E O R Y .  A course centered ab o u t some 
b road  b u t p a rticu la r problem s of cu rren t 
interest. T opics vary from  sem ester to semes
ter. O ne of the m ajor aim s of the course is 
to develop the  ab ility  of students to select 
needed in form ation  from  available sources. 
For fall 1963: sta tistical theory of signal 
detection . C red it 3 hrs. P rereq ., 4563, and 
4564 or consent of the in structo r. D escription 
of noise. H ypothesis testing and  detection  of 
signals. E stim ation of signal param eters. D etec
tion of signals of unknow n arrival tim e. Signal 
resolution.

ILLUMINATION

4611. I N T R O D U C T O R Y  I L L U M I N A T I O N .
C red it 3 hrs. Fall. 2 Rec. 1 Lab.-Com p. Prereq., 
Physics 224. Problem s commonly encountered  
in  illum ination  engineering and  the m ethods 
of solution; sources of ligh t; visual perception; 
lig h t control, bo th  spectral and  directional; 
m easurem ent of lig h t sources and  illu m in a 
tion; general illu m in a tio n  design; p roduction  
and  m ixing of colors; a rch itec tu ra l objectives.
4612. I L L U M I N A T I N G  E N GI N E E R I N G .
C red it 3 hrs. Spring. (Offered only if de
m and  is sufficient.) 2 Rec. 1 Lab.-Com p. 
P rereq ., 4611. C om putation  of ligh t-flux  d is
trib u tio n  and study of difficult lig h tin g  p ro b 
lems; em phasis on  specialized ra th e r  than 
general lig h tin g  problem s.

4615. I L L U M I N A T I O N  S E M I N A R .  C redit 2 
hrs. Fall. (Offered only if dem and is suffi
cient.) O ne 2-hour period  each week. M ust 
be accom panied or preceded by 4611. R eports 
on selected topics of cu rren t in terest in  illu 
m ina ting  engineering.

CONTROL SYSTEM S AND 
COMPUTERS

4711. F EE D B AC K  C O N T R O L  S Y S T E MS  I.
C redit 3 hrs. Fall. 2 Lect. 1 L ab. Prereqs., 
4122, 4216, 4221. Princip les of feedback con
trol systems em phasizing analysis of p e rfo rm 
ance from  equations and  transfer-function  
plots; Laplace transform ations; e rro r detecting 
devices; hyd rau lic  devices; factors affecting 
errors, dam ping , an d  speed of response; c ri
teria  for stability .
4712. F EE D B AC K  C O N T R O L  S Y S T E MS  II.
C redit 3 hrs. Spring. 2 Lect. 1 Lab. Prereq., 
4711. Synthesis of feedback contro l systems; 
p red iction  of perform ance from  stab ility  c ri
teria  an d  com parison w ith  laboratory  p e r
form ance; relay contro l systems; consideration 
of non linearity .
4713. R A N D O M  PROCESSES I N  C O N T R O L  
SYST EMS.  C red it 3 hrs. Spring. 3 Lect. P re 
req., 4095 or 4712 o r w ith  consent o f in stru c 
tor. O p tim um  filtering  and  p red iction . L im ita 
tion  by fixed elem ents in  m inim ization. 
L im ita tion  of sa tu ration  in m inim ization . D e
sign of contro l system for m in im um  b an d 
w id th . M inim ization  of in teg ra l square e rro r. 
R andom  processes in  sam pled d a ta  control 
systems. Analysis of nonsta tionary  random  
processes. Series app rox im ation  of non linear 
systems. T echn ique  using differentia l and 
in teg ra l equations for non linear systems. O ther 
techniques for sta tistical analysis of non linear 
contro l systems. M inim ization  techniques by 
the m ethod of dynam ic p rogram m ing.
4714. O P T I M I Z A T I O N  T E C H N I Q U E S  I N  
C O N T R O L  SY S T EMS .  C red it 3 hrs. Spring. 
3 Lect. P rereq ., 4095 and  e ithe r 4711 o r 4571. 
State-space concept. Solution of m atrix -d iffe r
en tia l equations, state vectors and  fundam ental 
m atrix . D evelopm ent of m axim um  princip le; 
m in im um  tim e problem , m in im um  energy 
problem  and  generalized perform ance criteria . 
D evelopm ent of dynam ic p rogram m ing; o p ti
m um  design of d iscrete and  continuous con
tro l systems via dynam ic p rogram m ing. C on
tro lle r im plem entation . Effects of inaccuracies 
of com ponents. O p tim u m  design of adaptive 
control.
4720. S E M I N A R  I N  C O N T R O L  SYSTEMS.
C red it 2 hrs. Fall or spring. Prereqs., 4713 
and  4714. O pen to g rad u ate  studen ts who are
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doing research in  the  area of control system 
engineering. Presen tation  and  discussion of 
cu rren t research and publications in control 
systems and sw itching systems.
4810. A N A L O G  C O M P U T A T I O N .  C red it 3 
hrs. Fall. 2 Lect. 1 Lab. P rereq ., 4121 or 
4933. Concepts and  princip les of analog com 
putation ; scaling and program m ing linear, n o n 
linear, and tim e-varying systems of equations; 
p a rtia l differential equations; ad jo in t com 
p u te r systems; m atrix  program m ing. L aboratory  
work involves solu tion  of problem s on a gen
eral-purpose com puter and by permission can 
be devoted in  p a rt to special projects to suit 
the student.
4820. S W I T C H I N G  S Y S T E MS  I.  C redit 3 hrs. 
Spring. 2 Lect. 1 Lab. Prereq., 4123 or consent 
of instructor. Sw itching algebra; sw itching 
devices; logical fo rm ula tion  and realization  
of com binational sw itching circuits; m in im i
zation aids; num ber represen tation  and  codes; 
sim ple m em ory devices; synchronous sequen
tial circuits; counters; sh ift registers and 
a rithm etic  un its in  a d ig ita l com puter.
4821. S W I T C H I N G  S Y S T E MS  II .  C red it 3 
hrs. Fall. 3 Lect. P rereq ., 4820 or equivalent. 
Synchronous and asynchronous sequential c ir
cuits, fo rm ula tion  and  optim ization; large- 
scale m em ory un its , selection and  control; 
fu r th e r  discussion of a rith m etic  units; in te 
gra ted  study of sw itching systems includ ing  
general-purpose d ig ita l com puter, control 
sw itching, and  com m unication  sw itching; in 
troduction  to the general theory of learning 
m achines.

COURSES FOR OTHER 
ENGINEERING CURRICULA

4931. E L E C T R I C A L  E N GI N E E R I N G .  C redit 
3 hrs. Fall and  spring. 2 Lect. 1 Comp. 
Prereqs., M ath. 163, 1132 or 1152. An elem en
tary study of d irec t-cu rren t electric  circuits; 
the  concepts of resistance, inductance, and 
capacitance; m agnetic circuits; single-phase 
and  three-phase a lte rn a tin g -cu rren t circuits; 
instrum ents an d  techniques ap p ro p ria te  for 
m aking m easurem ents in  all such circuits.
4932. E L E C T R I C A L  E N GI N E E R I N G .  C redit 
3 hrs. Fall and  spring. 1 Lect. 1 Rec. 1 Lab.- 
Comp. P rereq ., 4931. D-c generators and 
m otors; m o to r starters and  controllers; tran s
formers; induction  m otors; synchronous m a
chines; a-c single-phase m otors; d-c and a-c 
selsyn units.
4933. E L E C T R I C A L  E N G I N E E R I N G .  C redit 
3 hrs. Fall and  spring. 1 Lect. 1 Rec. 1 Lab.- 
Comp. Prereq., 4932. T h e  characteristics and 
applications of the  various comm only used 
electron tubes; rectifiers; amplifiers; oscilla
tors; electronic control and  instrum en tation .
4991. E L E C T R O N I C  C IR CU I TS .  C red it 3 his. 
Fall. (Offered only if dem and is sufficient.) 
3 Lect. For g raduate  studen ts m ajoring  in  an 
engineering field o th er than  electrical. A lte r
n a tin g -cu rren t circuits; characteristics of high- 
vacuum  tubes and  transistors, sm all-signal 
and  large-signal am plifiers; feedback and os
cillators; m odula tion  and  dem odulation ; sim 
ple wave-shaping circuits.

CHEMICAL ENGINEERING
5101. MASS  A N D  E N E R G Y  B AL ANCES .
C redit 3 hrs. Fall. 2 Lect. 1 Comp. Parallel, 
Physical Chem istry 405. E ngineering  problem s 
involving m ateria l and h eat balances. Flow
sheet systems and  balances. T o ta l energy b a l
ances for flow systems. Messrs. W i n d i n g , 
T h o r p e .

5102. E Q U I L I B R I A  A N D  S T A G E D  O P E R A 
T I O N S .  C red it 3 hrs. Spring. 2 Lect. 1 Comp. 
P arallel, Physical C hem istry 406. Phase eq u i
lib ria  and phase diagram s. T h e  eq u ilib riu m  
stage; m athem atical descrip tion  of single and 
m ultistage operations; analytical and  g ra p h 
ical solutions. Messrs. W i n d i n g , T h o r p e .

5103. 5104. C H E M I C A L  E N G I N E E R I N G  
T H E R M O D Y N A M I C S .  C red it 3 hrs. Fall- 
spring. 3 Lect. Prereqs., Chem istry 403, 404. 
A study of the first and  second laws w ith 
application  to batch  and  flow processes. Phys
ical and  therm odynam ic properties. A vailabil

ity; free energy; chem ical eq u ilib riu m . A p p li
cation to gas compression; process steam; 
pow er generation; ad iabatic  reactors; and 
chem ical process developm ent. M r. Von Berg.
5105. A D V A N C E D  C H E M I C A L  E N G I N E E R 
I N G  T H E R M O D Y N A M I C S .  C red it 3 hrs. 
Spring. 3 Lect. P rereq ., 5104 or equivalent. 
Prim arily  for g raduate  students. A pplication  
of the  general therm odynam ic m ethod to ad 
vanced problem s in  chem ical engineering. 
Evaluation , estim ation, and correlation  of 
p roperties. Chem ical an d  phase equ ilib ria . 
M r. Von Berg.
5106. R E A C T I O N  K I N E T I C S  A N D  R E A C 
T O R  DESI GN.  C red it 2 hrs. Fall. 2 Lect. 
P rereq ., 5104. A study of chem ical reaction 
kinetics and  princip les of reactor design for 
chem ical processes. M r. Von Berg.
5107. A D V A N C E D  R E A C T I O N  K I NE T I C S .
C redit 3 hrs. Spring. 3 Lect. P rim arily  for
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g rad u ate  students. T heory  and  applications 
o f  chem ical reaction  kinetics. Mr. H a r r i o t t .

5108. C O L L O I D A L  A N D  S U R F AC E  P H E 
N O M E N A .  C red it 3 hrs. Fall. Prereq., physical 
chem istry. Lectures, dem onstrations, and  p ro b 
lems in  the physics and  chem istry o f small 
particles and  surface films. T opics include 
surface energy, surface films, electrokinetics, 
and  colloidal behavior. A pplications to deter- 
gency, emulsions, catalysis, lubrica tion , and 
behavior of n a tu ra l products. M r. F i n n .

5161. P H A S E E Q U I L I B R I A .  C red it 3 hrs. 
Fall. 3 Lect. P rereq ., physical chem istry. A 
discussion of the phase ru le  and  in te rp reta tion  
of phase diagram s. A de tailed  study of the 
pressure-tem pera ture-com position-relations in 
binary  and m ulticom ponent heterogeneous sys
tems w here several phases are  o f variable com
position. Aqueous salt systems and  m etal sys
tems will also be considered. P rediction  of 
phase da ta . M r. T h o r p e .

5203, 5204. C H E M I C A L  PROCESSES.  C redit 
2 hrs. 2 class periods. An analysis of im por
tan t chem ical processes and industries. Fall 
term , inorganic  chem ical processes; sp ring  term , 
organic chemical processes. Mr. W i e g a n d t .

5205. A N A L YS I S  OF PROCESS  DESIGN.
C red it 2 hrs. Fall. P rim arily  for g raduate  
students. R eaction chem istry, reactor design, 
and  physical separations for selected processes 
recently undergo ing  m ajor changes. Mr. 
W i e g a n d t .

5255, 5256. M A T E R I A L S  OF C O N S T R U C 
T I O N .  C red it 3 hrs. each term . 3 Lect. P re 
reqs., o r paralle l courses. Phys. Chem. 403, 
404. An in troductory  presentation  of the n a 
ture, properties, trea tm en t, and applications 
of the  m ore im p o rtan t m etals and  alloys, 
includ ing  extractive and  physical m etallurgy 
and behavior under service conditions. Non- 
m etallic  m aterials, includ ing  refractories, ce
m ent, protective coatings, and plastics, are 
also discussed. Messrs. M a s o n ,  R o d r i g u e z .

5303. A N A L YS I S  OF S T A G E  PROCESSES.
C redit 3 hrs. Fall. 2 Lect. 1 Comp. Prereqs., 
5101 and  5102. An analysis of separations in 
volving mass transfer in stage processes. D e
sign variables, b inary  and  m ulticom ponent 
system calculations, efficiencies, and cost esti
m ation  for stage processes are considered. Mr. 
W i n d i n g .

5304. I N T R O D U C T I O N  T O  R A T E  P R O C 
ESSES.  C red it 3 hrs. Spring. 2 Lect. 1 Comp. 
Prereq., 5303. An in troduction  to fluid m e
chanics and  heat transfer. M r. J . C. S m i t h .

Prereq., 5304. R a te  of mass transfer; analysis 
of chem ical engineering systems. Extension of 
previous studies to cover the in te rre la tion  and 
transien t aspects of u n it operations. Mr. J . C. 
S m i t h .

5353. U N I T  O P E R A T I O N S  L A B O R A T O R Y .
C redit 3 hrs. Fall. Lect. Rec. Lab. Prereq.,
5304. Typical laboratory  experim ents involv
ing u n it  operations equ ipm en t. Messrs. H a r 
r i o t t , F i n n .

5354. P R O J E C T  L A B O R A T O R Y .  C red it 3 
hrs. Spring. Special labora tory  projects in 
volving u n it operations equ ipm en t. Messrs. 
H a r r i o t t ,  F i n n .

5503, 5504. C H E M I C A L  E N G I N E E R I N G  
C O M P U T A T I O N S .  C red it 2 hrs. Fall-spring. 
T w o class periods. Prereqs., o r parallels, 5303 
and  5304 or equivalent. Lectures and  advanced 
problem s in fluid flow and h eat transfer; 
heterogeneous eq u ilib rium ; d istillation ; gas 
absorption; and  ex traction . A selected n u m 
ber of the less conventional operations are  also 
considered. Mr. S c h e e l e .

5505. A D V A N C E D  H E A T  T R A N S F E R .  C redit 
3 hrs. Fall. 3 Lect. P rereq ., 5503-5 or equ iv 
a len t. A dvanced topics in  heat transfer. H eat 
transfer under unsteady-state conditions; n u 
m erical app rox im ation  m ethods; analogies 
am ong heat, mass, and m om entum  transfer; 
h eat transfer to liqu id  m etals; sim ultaneous 
heat and mass transfer, etc. P rim arily  for g ra d 
uate  students. M r. J .  C. S m i t h .

5506. D I F FU S I O N A L O P E R A T I O N S .  C red it 
3 hrs. Spring. 3 Lect. P rim arily  for g raduate  
students. Advanced topics in  diffusional o p era 
tions. M olecular and  tu rb u le n t diffusion in 
b inary  and m ulticom ponent systems; film, 
boundary  layer, and  penetration-theory  models 
of mass transfer; applications to d istillation , 
gas absorp tion , liq u id -liq u id  ex traction , and 
o th er in d u stria l operations. Mr. Scheele.
5507. A D V A N C E D  F L U I D  D Y N AM I C S .  C redit 
3 hrs. Fall. 3 Lect. P rim arily  for g raduate  
students. Advanced topics in  fluid dynamics. 
Viscous lam inar flow of N ew tonian  and  non- 
N ew tonian fluids; flow stability ; tu rb u len t 
flow; perfect fluid theory; boundary  layer 
theory; analogies am ong heat, mass, an d  m o
m entum  transfer. M r. Scheele.
5605, 5606, 5607, 5608. DE S I G N  P R O J E C T .
C redit variable. Fall and  spring. Ind iv idual 
projects involving the  design of chem ical p ro 
cesses and plants. E stim ation of costs of con
struction  and operation , varia tion  of costs and 
profits w ith  ra te  of p roduction , etc. Staff.

5305. R A T E  PROCESSES A N D  U N I T  OPER-  5609. A N A L Y S I S  A N D  D E SI GN  OF PROCESS
A T I O N S .  C red it 3 hrs. Fall. 2 Lect. 1 Comp. E Q U I P M E N T .  C red it 3 hrs. Fall. 3 Lect. Prc-
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req., 5304 or consent of instructor. Discussion 
and  analysis of operating  principles, design, 
and selection of chem ical process equ ipm ent. 
Prim ary  em phasis is on  operations involving 
solids and fluid-solid m ixtures such as m ixing, 
m echanical separations, size reduction , crystal
lization and  drying. M r. J . C. S m i t h .

5621. PROCESS  E V A L U A T I O N  A N D  DE
SIGN.  C red it 5 hrs. Fall. Prereqs., 5304, 5104. 
T echniques and case studies in chemical p roc
ess design influencing reactors and  separating  
systems; optim ization  of p ip ing  and e q u ip 
m ent; economic balance w ith in  process. Cost 
estim ating  for process units and  p lants. Com 
m odity survey and chem ical m arket research. 
O ral and  w ritten  p resentation . Mr. York.
5622. PROCESS  E V A L U A T I O N  A N D  D E 
SIGN.  C red it 5 hrs. Spring. C ontinuation  of 
5621. P lan t location, process selection, process 
design, equ ipm en t design and specifications; 
p lan t layout. Cost estim ates and  profitability  
for a chem ical, petro leum , o r petrochem ical 
product. P ilo t p lan t operations, research 
economics, p roduct developm ent, technical 
service, and  re la ted  com m ercial aspects. Oral 
and  w ritten  presentation . M r. York.
5741. P E T R O L E U M  R E F I NI N G .  C red it 3 hrs. 
Spring. 3 Lect. Prereq., 5304. A critical analysis 
of the processes em ployed in  petro leum  refin
ing. Mr. W i e g a n d t .

5742. P O L Y M E R I C  M A T E R I A L S .  C redit 3 
hrs. Fall. 3 Lect. Polym erization reactions, m an
ufacture  an d  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 T I E S  OF P O L Y M E R I C  M A 
T E R I A L S .  C red it 3 hrs. Spring. Prereq., 5742. 
M echanical, electrical, and  optical properties of 
polymers. Phenom enological aspects and  m olec
u lar theories of non-N ew tonian  flow visco
elasticity  and  u ltim ate  tensile p roperties. Mr. 
R o d r i g u e z .

5745. A N A L Y S I S  OF P O L Y M E R I C  P R O C 
ESSES.  C red it 3 hrs. Fall. 3 Lect. Prereq ., 5742. 
T echnical and  economic evaluations o f the 
p rincipal processes used in  m anufactu re  of 
resins, plastics, and elastom ers, includ ing  
analyses o f raw  m aterials, reac tor systems, 
p roduct p repara tion , and problem s in d is tr ib u 
tion and  m arketing . Special em phasis on new 
processes and  m eans of reducing capital and 
operating  costs. M r. H e d r i c k .

5746. CASE S T U DI E S  I N  T H E  C O M M E R 
C I A L  D E V E L O P M E N T  OF C H E M I C A L  
P RO DU C T S .  C red it 3 hrs. Spring. 3 Lect. 
Prereq., or paralle l, 5622. For g raduate  and 
selected fifth year students. D etailed analysis 
of specific cases involving the developm ent of 
new chem ical products. P a rticu lar em phasis is

given to p lann ing  activities, research justifica
tion, and m arket forecasting. Profitability  
calculations and projections are requ ired . Mr. 
H e d r i c k .

5747. PROCESS  C O N T R O L .  C red it 3 hrs. 
Fall. 2 Lect. 1 Lab. P rereq ., 5304. Frequency 
response and transien t response o f process 
equ ipm ent. Brief description of control in 
strum ents. Design of processes and selection 
of controllers for desired dynam ic behavior. 
Mr. H a r r i o t t .

5748. F E R M E N T A T I O N  E N G I N E E R I N G .
C redit 3 hrs. Spring. 2 Lect. 1 Rec. Prereqs., 
o r paralle l courses, C hem istry 404 or 408, and 
any course in  m icrobiology. An advanced d is
cussion of fe rm enta tion  as a u n it process. T opics 
include sterilization , aeration , ag ita tion , and 
continuous ferm entation . M r. F i n n .

5749. I N D U S T R I A L  M I C R O O R G A N I S MS .
C redit 1 h r. Fall. 1 Lect. Prereqs., organic 
chem istry and  physical chem istry. A brief in 
troductory course in  m icrobiology for students 
w ith  a good background in  chem istry. Mr. 
F in n .
5752. P O L Y M E R I C  M A T E R I A L S  L A B O R  A 
T O R Y .  C red it 2 hrs. Spring. I Lab. Prereq.,
5742. Experim ents in  the  form ation, character
ization, fabrication , and  testing of polymers. 
M r. R o d r i g u e z .

5760. N U C L E A R  A N D  R E A C T O R  E N G I 
N E E R I N G .  C red it 2 hrs. Spring. 2 Lect. Fuel 
processing and  isotope separation , radioactive 
waste disposal, fuel cycles, rad ia tion  dam age, 
biological effects and hazards, shield ing, power 
reactors. M r. V o n  B e r g .

5851. C H E M I C A L  MI C R O S C O P Y .  C red it 3 
hrs. E ith e r term . 1 Lect. 2 Lab. Prereqs., o r 
paralle l courses, Chem istry 403, 404, or 407, 408 
and Physics 123, 124 or special perm ission. 
M icroscopical exam ination  of chem ical and 
technical m aterials, processes and  products. 
M easurem ents, particle  size de term ination , a n 
alyses of m ixtures, crystallization, phase 
changes and  colloidal phenom ena, lens sys
tems and  photom icrography. Mr. M a s o n .

5853. M I C R O S C O P I C A L  Q U A L I T A T I V E  A N 
ALYS IS  ( I N O R G A N I C ) .  C red it 2 hrs. or m ore. 
Offered on dem and e ith e r term . Prereq., 5851. 
L aboratory  periods to be a rranged . L aboratory  
practice in  the analysis of inorganic substances 
con tain ing  the  m ore com m on elem ents. M r. 
M a s o n .

5859. A D V A N C E D  C H E M I C A L  MISCROS-  
COPY.  C red it 1 h r. o r m ore. Offered on d e 
m and  e ither term . P rereq ., 5851 and  special 
perm ission. L aboratory  practice in  special 
m ethods and  special applications of chemical 
microscopy. Mr. M a s o n .
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5900. S E M I N A R .  C red it 1 hr. Fall-spring. 
General chemical engineering sem inar re 
qu ired  of all g raduate  students m ajoring in 
the field of chemical engineering. M r. R o d 
r i g u e z .

5909. R E S E A R C H  S E M I N A R .  Spring. 1 Lect. 
R equired  of all studen ts enrolled  in  the p re 
doctoral honors p rogram . An in troduction  to 
the research m ethods and techniques of chem 
ical engineering. Mr. W i n d i n g .

5952, 5953, 5954. R E S E A R C H  P R O J E C T .
C red it 3 hrs.; add itional c red it by special p e r
mission. Fall-spring. P rereq ., 5304. Research 
on an  o rig inal problem  in  chem ical eng ineer
ing. Staff.
5955, 5956. S P EC I A L  P R O J E C T S  I N  C H E M 
I C A L  E N G I N E E R I N G .  C red it variable. E ithe r 
term . Research or studies on special problem s 
in  chem ical engineering. Staff.

MATERIALS AND METALLURGICAL ENGINEERING
6112. M E T A L S  T E C H N O L O G Y .  C red it 2 hrs. 
Spring. 2 Lect. Prereq., 1243. An advanced 
course for studen ts in m echanical engineering 
covering the m echanical and m etallurgical 
factors affecting service behavior of m etals 
under static  and  dynam ic loading. Subjects 
covered include fa ilu re  c riteria , b rittle  fracture, 
creep, em brittlem en t, fa tigue, and  corrosion.
6301. S T R U C T U R E  OF M A T E R I A L S  I.  (O ld
6353) C red it 3 hrs. Fall. 3 Lect.-Rec. 1 Lab. 
Prereq., concurren t reg istra tion  in 6311 and  
6313. C haracterization  of m etallic  and  non- 
m etallic  structures by the m ost useful lab o ra 
tory techniques, principally  optical microscopy 
and X-ray diffraction. S tructures of m aterials 
are  re la ted  to com position, therm al history and 
both m echanical and physical properties. 
T echniques of specim en p repara tion , principles 
and  use of microscopes and  m etallographs are 
treated . X -ray diffraction  theory and tech
niques are in troduced  and  app lied  to d e te rm in 
ation  of struc tu re  of m aterials. Mr. N e w k i r k .

6302. S T R U C T U R E  OF M A T E R I A L S  I I .  
(O ld 6354) C red it 3 hrs. Spring. 1 Lect. 2 
Labs. Prereq ., 6301. A con tinuation  of 6301 
w ith em phasis on stru c tu ra l changes in  specific 
m ateria ls resu lting  from  p a rticu la r m echani
cal and  therm al treatm ents. Q u a n t i t a t i v e  
microscopy is trea ted  and  m ore advanced 
techniques in  X -ray diffraction , m icro-radiog
raphy , chemical analysis by X-ray fluores
cence and  dila tom etry  are  included. Mr. N e w 
k i r k .

6311. M A T E R I A L S  SCI ENCE I.  Fall. C red it 
4 hrs. Prereqs., C hem istry 276 o r 285, A pplied 
D ifferential E quations 1155, Physics 224, 
226 or 228, M echanics 211. 3 Lect. O ne 2!/2  
hr. lab. per week as assigned. B ind ing  of 
atom s. A rrangem ent of atom s in molecules and 
crystals. D iffraction and  structure . E q u ilib rium  
of assemblies of m atter. R ate  processes involv
ing assemblies of m atter. M etastable states of 
m atter. E lastic and  plastic deform ation of 
m atte r under static  and dynam ic stress. T h e  
laboratory  work includes experim ents in 
crystal struc tu re  by X-ray diffraction, phase

equ ilib ria  using therm al analysis and  q u en ch 
ing, m icrostructure  of m ateria ls using m icros
copy, crystalline im perfections by quench ing  
and  electrical resistivity and  by polarized 
lig h t and  etch  pits, diffusion of carbon in 
iron by carburizing  and  hardness profiles and 
by in te rn a l friction , m etastable states studied  
by m icrostructure  and  hardness, m echanical 
properties of m ateria ls by tensile testing. 
Messrs. R u o f f , B l a k e l y , G h a t e , H o w e , J e f 
f r e y , J o h n s o n , R h o d i n , S c a l a , T a y l o r , 
W e  a r t .

6313. M A T E R I A L S  S CI ENCE  I  (a).  Fall. 
C red it 3 hrs. Prereqs. are  the  same as 6311. 3 
Lect. T h e  lecture  m ateria l and staff are  the 
same as for 6311.
6323. M E T A L L U R G I C A L  T H E R M O D Y N A M 
ICS.  (O ld 6403) C red it 3 hrs. Fall. 3 Lect. 
A discussion of therm odynam ic equ ilib ria  
w ith em phasis upon  m etallic  liqu id  an d  solid 
solutions. T opics considered include binary, 
ternary , and qua te rn ary  phase d iagram s; 
therm odynam ic probab ility  and  d isorder in  
crystals; p a rtia l and  in teg ra l m olar properties 
o f solutions and  th e ir  applications; ex p eri
m ental m ethods used in  de term in ing  therm o
dynam ic param eters. M r. Li.
6324. M E T A L L U R G I C A L  T H E R M O D Y N A M 
ICS.  (O ld 6404) C red it 3 hrs. Spring. 3 Lect. 
T opics considered include the  eq u ilib riu m  con
stan t, the p a rtitio n  function , phase field b o u n d 
aries in heterogeneous systems, chem ical s tab il
ity  of ceram ic m ateria ls, m astastable phases, 
zone purification , vacuum  m etallurgy, reactive 
a tm ospheres, o rder-d isorder phenom ena in 
alloys, surface therm odynam ics. M r. Li.
6411. P H Y S I C A L  M E T A L L U R G Y  I. C redit 
3 hrs. Fall. 3 Lect. N o t offered a fte r 1963-1964. 
See 6435. P rereq ., 6301 an d  6302 (o r 6353, 
54). Discussion of the  stru c tu ra l basis of be
havior of m ateria ls w ith  em phasis on m etallic  
m aterials. T opics include dislocations, two- 
dim ensional s tru c tu ra l d iscontinuties, p lastic  
deform ation, nucleation , solidification, cor
rosion, diffusion, ox idation , rad ia tion  dam age,
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theory of alloys, electrical and  m agnetic p ro p 
erties, recovery, recrystallization and  grain  
grow th, solid state transform ations (diffusion- 
less and  diffusion-controlled), hardenab ility . 
M r. W e a r t .

6314. M A T E R I A L S  SCI ENCE I I  (a).  C red it 3 
hrs. 2 Lect. 1 Lab. P rereq ., 6311. T h e  objectives 
and  philosophy of M aterials Science I are con
tinued  to include chem ical behavior, properties 
of surfaces, properties of composite m aterials, 
specific applications of engineering m aterials, 
dielectric behavior, charge and heat transport 
in solids, sem iconductor properties and the 
behavior of m agnetic m aterials.
6412. P H Y S I C A L  M E T A L L U R G Y  II .  C redit 
3 hrs. Spring. 3 Lect. See 6435. P rereq ., 6411. 
T h is  course is a con tinuation  of 6411. Mr. 
W e a r t . N ot offered afte r 1964-1965.
[6423. T H E R M O D Y N A M I C S .  C red it 3 hrs. 3 
Lect. P rereq ., 8121 or equivalent. A pplication 
of therm odynam ics, topics include solutions, 
phase equ ilib ria , defects in solids, surfaces and 
order-disorder reactions. M r. Li. F irst offered 
in fall 1965.]
[6432. M E C H A N I C A L  M E T A L L U R G Y .  C redit 
3 hrs. 3 Lect. Prereqs., 6301, 6311 and  6313. 
T h is  course will replace 6503. E lastic, plastic, 
and  frac tu re  phenom ena in  m etallic  solids, in 
cluding y ielding, s tra in  harden ing , b rittle  frac
tu re, creep and  fatigue. M r. S m i t h . First 
offered in spring  1965.]
6435. P H Y S I C A L  M E T A L L U R G Y  (O ld  6412)
C red it 4 hrs. Fall. 3 Lect. 1 Lab. Prereqs., 6302, 
6311, Physics 314. S truc tu ra l basis of the  phys
ical behavior o f m ateria ls w ith  em phasis on 
metals. Consideration of atom ic basis of phase 
stability  and  resu lting  physical properties. T h e  
kinetics and  m echanisms of phase transform a
tions involving condensed systems; nucleation, 
crystal grow th and  solidification, diffusion, p re 
cip ita tion , ox idation , polyphase transform ations, 
diffusionless transform ations. M r. W e a r t .

6442. M A T E R I A L S  P RO CES S I NG  / .  (C hem 
ical) C redit 4 hrs. Spring. 3 Lect. 1 Lab. R e
covery and refining of m etals. P roduction  of 
ferrous and  non-ferrous alloys. M anufacture  
and  utiliza tion  of refractories. M r. G r e g g .

[6443. M A T E R I A L S  P R O C E S S I N G  II
(M echanical) C red it 4 hrs. Spring. 3 lect. and 
1 lab. Prereq., 6435. A course re la tin g  basic 
and  app lied  sciences to the  processing of m eta l
lic and  non-m etallic  m aterials, and  developing 
a critical analysis of processing m ethods. T h e  
effect of processing on the  p roperties of the 
m aterials, and  control of m ateria l properties 
by variations in  processing is emphasized. 
Also considered are  the effects of environm ental 
conditions and  the kinetics of the processes.

Lecture m ateria l emphasizes the theoretical 
princip les involved in  processing, w hile the 
laboratory , which is in teg ra ted  w ith  the  lec
tures, includes experim ents involving bo th  
princip les and  actual processing procedures. 
Processing m ethods considered include solid i
fication, deform ation, h eat trea tm en t, m aterial 
bonding, m ateria l rem oval, consolidation of 
powders and  others. Mr. B u r t o n . First offered 
in  1965.]
6503. S E RV I CE  B E H A V I O R  OF M E T A L S .
C redit 3 hrs. Fall. 3 lect. P rereq ., 6412. M etal
lurgical and  m echanical factors governing the 
selection of m etals fo r various services. Analysis 
of service requ irem ents, and  the  selection and 
fabrication  of m etals to fulfill such req u ire 
m ents; analysis of service failures of m etals 
and  rem edies for such failures; and  study of 
the m erits and  lim ita tions of m ateria ls app lica
tions in existing products and  equ ipm en t. Mr. 
S m i t h .

6504. U N I T  PROCESSES I N  M E T A L L U R G Y .
C red it 3 hrs. Fall. 1 Lect. 1 Lab. w ith  reports. 
E xperim ental study of im p o rtan t processes in 
m etallurgy, includ ing  generation  of furnace 
atm ospheres, furnace design and  perform ance, 
determ ination  of ra tes of h eating  and  cooling, 
and  electrochem ical operations. R eports based 
on the experim ental da ta , discussing principles 
involved in  the  operations, are im portan t. Mr. 
G r e g g .

6506. M E T A L L U R G I C A L  DESIGN.  C red it 3 
hrs. Spring. Prereq., 6503. A sem inar course 
using a m odified case-history approach to p ro b 
lems and  cu rren t developm ents in  m etallurgical 
engineering. M r. S m i t h .

[6524. K I N E T I C S  OF R E A C T I O N S  I N  
SOLIDS.  C red it 3 hrs. 3 Lect. Prereq., 6423 or 
equivalent. D esigned for advanced u n d e rg rad u 
ates; considers ra te  theory, tran sp o rt process, 
irreversible therm odynam ics and  th e ir  app lica 
tion. M r. Li. F irst offered sp ring  1966.]
6539. P R I N C I P L E S  OF M E T A L L U R G I C A L  
E N G I N E E R I N G .  C red it 3 hrs. Fall. 3 Lect. 
P rereq ., 6442 or consent of instructor. D iscus
sion and  calculations concerning fuels, fluid 
flow, h ea t flow, roasting  and  sin tering , gas 
cleaning, and  app licatio n  of therm ochem ical 
d a ta  to m etallurgical processes. M r. G r e g g .

6553, 6554. S E N I O R  P R O J E C T .  C red it 2 hrs. 
Fall-spring. Research on an ind iv idual p ro b 
lem  in m etallurgical engineering. Staff.
6555, 6556. A D V A N C E D  P R O J E C T .  C redit as 
a rranged . Fall-spring. Staff.
[6651. P H Y S I C A L  M E T A L L U R G Y  OF F E R 
R O U S  M A T E R I A L S .  C red it 2 hrs. 2 Lect. 
P rereq., consent of in structo r. Study of the
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basic effects of alloying on the struc tu re  and 
properties o f steels, and  the app licatio n  of this 
knowledge to the  design of m odern high- 
streng th , stainless, or heat-resistan t steels and 
of steels for tools and  dies. M r. S m i t h . Offered 
a lte rn a te  years com m encing fall 1964.]
6661. M E T A L S  A T  E L E V A T E D  T E M P E R A 
T U R E S .  C red it 2 hrs. Fall. 2 Lect. Offered 
a lte rn a te  years com m encing fall 1963. Prereq., 
consent of the in structo r. E valuation  and  a p 
plication  of m etals for use a t service tem per
atures. Em phasis is placed on n a tu re  of creep 
flow and  frac tu re  a t elevated tem peratures. 
A tten tion  is also pa id  to scaling, m etallurgical 
instab ility , and  p e rtin en t physical properties. 
M r .  S m i t h .

[6662. R E F R A C T O R Y  M A T E R I A L S .  C red it 3 
hrs. Spring. 2 Lect. Lab. dem onstra tions and 
visits. T h e  lectures will review the crystallog
raphy , rheology, and  engineering character
istics of refractory  m etals (tungsten , m olyb
denum , colum bium , and tan ta lum ): graphites; 
refractory  oxides (m agnesia, a lum ina, zirconia, 
beryllia  and  thoria); and  the refractory  com 
pounds, carbides, n itrides, borides and beryl- 
lides). L aboratory  dem onstra tions will supp le
m en t the  lectures, illu stra tin g  pyrolitic  tech
n iques in  p rep arin g  graph ites and compounds, 
and  the  m elting , jo in ing , and  zone refining 
by electron beam  m ethods necessary for the 
refractory  m aterials. Research laboratories 
actively involved in  studying these m aterials 
w ill be visited, and  key articles in the cu rren t 
lite ra tu re  will be reviewed to augm ent the 
lectures. M r. S c a l a . N o t offered in  1 9 6 3 - 1 9 6 4 . ]

6665. M A T E R I A L S  FOR S P A C E C R A F T  A N D  
MISSILES.  C red it 2 hrs. Fall. 2 Lect. T h e  basic 
phenom ena and  in teractions occurring  in  re 
entry , space environm ent, p ropulsion and con
version for electrical pow er will be reviewed 
as they apply  to m ateria ls behavior and  p ro p 
erties. T h e  principa l problem s involving m e
chanical, chem ical, electrical a n d /o r  aerody
namics, in teractions w ill be discussed rela tive  
to the comprom ises in  transla ting  the  system 
and  mission requ irem ents in to  w orking so lu
tions th rough  m ateria ls. Supersonic pow ered 
fligh t vehicles, ballistic  missiles, and  space 
vehicles will be reviewed as engineering a p 
plications o f m aterials. M r. S c a l a .

6669. I N T R O D U C T O R Y  P H Y S I C A L  CE
R A M I C S .  C red it 2 hrs. Spring. 2 Lect. T h e  p rop 
erties and  behavior of ceramics as single and 
poly-crystalline non-m etallic  inorganic  m ate
rials, an d  as composites w ill be reviewed based 
on crystal struc tu re , atom  m obility , and 
s tru c tu ra l im perfections. T h e  surface effects, 
interfaces, com position and  m icrostructure  of 
ceramics will be studied  as a background for 
th e ir  behaviors d u rin g  sin tering  and  form ing

and  as therm al, electrical and  m echanical p ro p 
erties, w ith  discussions on nucleation , crystal 
and  grain  g row th an d  vitrification . M r. S c a l a .

6671. P R I N C I P L E S  OF P O W D E R  M E T A L 
L U R G Y .  C red it 3 hrs. Fall. 2 Lect. 1 Lab. 
Offered on dem and. Follow ing brief considera
tion  of in d u stria l pow der-m ctallurgy e q u ip 
m ent, includ ing  dies, presses, and  sin tering  
furnaces, an d  in d u stria l app lications such as 
porous products, p e rm an en t m agnets, refractory  
m etals, cem ented carbides, cerm ets, etc., the 
theory of pow der m etallu rgy  is trea ted  c r iti
cally. Em phasis is on  the theories o f com pact
ing  and  sin tering , diffusional processes, and 
surface chem istry. T h e  theories, applications, 
and  lim ita tions of h o t pressing are exam ined 
critically. L aboratory  experim en tation  is p r i 
m arily  concerned w ith  fundam en tal investi
gation  of com pacting, bonding, sin tering , h o t 
pressing, in filtra tion  of porous netw orks, etc. 
L aboratory  studies of surface chem istry and 
surface activities are  included. M r. B u r t o n .

6681. A D V A N C E D  E X P E R I M E N T A L  M E T 
A L L U R G Y .  C red it 3 hrs. Fall. 2 Labs. E x p eri
m ents using advanced m etallu rg ical laboratory  
techniques, w ith  discussions of the princip les 
involved and  the results of the experim ents. 
E xperim ents are available in  the  fields of 
physical, chem ical and  m echanical m etallurgy; 
m etallography; m ateria ls processing; an d  m a
terials p roperties. T h e  studen t is expected to 
perform  approx im ately  six experim ents, 
selected to m eet his ind iv idual needs. I n 
dependen t w ork by the s tu d en t is stressed, 
w ith  em phasis bo th  on the  experim ental 
m ethod an d  the m etallurgical phenom ena. Mr. 
B u r t o n  and  staff.
6710. T R A N S P O R T  PROCESSES.  C red it 3 
h rs. Spring. 3 Lect. Prereqs., 6524, Physics 
314, or equivalents. Discussion of tran sp o rt of 
mass an d  energy in  solid systems w ith em 
phasis on mass transport. Phenom enological 
diffusion theories; the diffusion equation , 
eq u ilib riu m  and  no n -eq u ilib riu m  therm ody
nam ic theories. D escrip tion  of atom ic d iffu 
sion: self-diffusion, effects o f com position,
pressure. D iffusion of im perfections. S im ul
taneous mass an d  energy transport, ionic 
solids, sem iconductors, therm al an d  electro
diffusion. M r. W eart.
6732. A D V A N C E D  M E T A L L O G R A P H Y .
C red it 3 hrs. Spring. Prereqs., 6301 an d  6302 
or equivalent. R eciprocal lattice, oscillating  
and  ro ta tin g  crystal X -ray d iffraction  m ethods. 
Diffuse X -ray scattering  effects, Q uan tita tive  
optical m etallography , stress m easurem ent by 
X -ray diffraction . T h eory  of electron m icro
probe, therm ionic  and  field emission m icros
copy, m icroradiography. X -ray diffraction  
microscopy. A pplica tion  of m eta llograph ic
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m ethods will be illu stra ted  using m etal and 
ceramic systems undergo ing  allo trop ic  phase 
transform ations, p recip ita tion , and  order-dis- 
o rder reactions. L ecture problem s and  lab o ra 
tory practice w ill be included. M r. N e w k i r k .

6872. N U C L E A R  M A T E R I A L S  T E C H N O L 
OGY.  C red it 2 hrs. Spring. 2 Lect. Prereq., 
consent of instructor. P roduction  of fissile, 
source m aterials, and  o th er m ateria ls used in 
nuclear reactors. Behavior of m ateria ls in 
nuclear reactors, includ ing  deterio ra tion  by 
corrosion and  irrad ia tio n . Problem s involved 
in  connection w ith fuel elem ents. Fabrication  
of reactor com ponents. M r. G r e g g .

6911. S E M I N A R  I N  N O N - C R Y S T A L L I N E  
M A T E R I A L S .  C red it 3 hrs. Fall. 3 Lect. P re 
reqs., 6435, 6524 o r equivalents. Discussion of 
those condensed phases characterized by the 
absence of long-range order, viz., liquids and 
glasses. T h e  na tu re  of the liq u id  and  glassy

AEROSPACE
7101. F U N D A M E N T A L S  OF A E R O D Y N A M 
ICS.  C red it 3 hrs. Fall. P rereq ., engineering 
mechanics. P roperties o f gases and fluids. 
K inematics of fluid flows. E quations of m otion 
for an  incom pressible fluid and  B ernoulli’s 
equation . Flow around  sim ple bodies, th in  
airfoils and  wings. Basic properties of com 
pressible flow: the energy relations, channel 
flows. P randtl-M eyer and  shock waves. Small 
pe rtu rba tions a t  subsonic, transonic, super
sonic, and  hypersonic speeds. In troduction  to 
viscous-flow theory, boundary-layer equations 
and  the in tegral m ethod. T ran sitio n  between 
lam inar an d  tu rb u len t flows. M r. S h e n .

7102. F U N D A M E N T A L S  OF A S T R O N A U T 
ICS.  C red it 3 hrs. Spring. Prereq., engineering 
mechanics and  therm odynam ics. Perform ance 
of chem ical- and  nuclear-rocket systems, p e r
form ance in  central force fields, optim ization  
of powered trajectories, p e rtu rba tions of tra 
jectories. Solid- and  liq u id -p rope llan t rockets, 
ion and plasm a propulsion , photon p ro p u l
sion, and  solar sailing, relativistic  rocket m e
chanics. M r. T u r c o t t e .

7203. G A SD Y NA M I CS  I.  C red it 3 hrs. Prereq., 
engineering therm odynam ics. Therm odynam ics 
of gases an d  gas m ixtures; k inetic  theory, 
transport properties; in tro d u c tio n  to sta tistical 
mechanics, chem ical equ ilib ria , and  reaction 
rates; derivation  of fundam en tal equations of 
gasdynamics; acoustics. M r. T u r c o t t e .

7204. G A SD Y NA M I CS  II .  C red it 3 hrs. 
P rereq ., 7203 or 8121. O ne-dim ensional gasdy
namics, weak and  strong shock lim its, shock -

states of atom ic, m olecular, and  polym eric m a
terials is exam ined via th e ir struc tu re  and 
properties; theories of the  liqu id  state are re 
viewed to provide a background for a discus
sion of crystallization vs. glass fo rm ation . Mr. 
W e a r t .

6961-6962. G R A D U A T E  S E M I N A R .  C red it 1 
h r. Fall and  Spring. Objectives are  (1) to p ro 
vide a forum  in  w hich subjects a t the fore
fron t o f m etallurgical science and  engineering 
can be effectively discussed, (2) to develop the 
stu d en t’s ab ility  to com m unicate technical ideas 
effectively th ro u g h  oral presentations, and  (3) 
to give the s tu d en t practical experience in 
organizing and  conducting  efficient technical 
m eetings. M r. B u r t o n .

6980. R E S E A R C H  I N  M E T A L L U R G I C A L  
E N G I N E E R I N G .  Fall-spring. C red it as a r
ranged . T hesis research under guidance of a 
m em ber of the staff. Staff.
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tube theory, m ethod of characteristics, blast 
waves, effects of viscosity and  therm al con
ductiv ity , one-dim ensional gasdynamics o f a 
dissociating gas, one-dim ensional gasdynamics 
of an ionized gas. M r. T u r c o t t e .

7206. I N T R O D U C T I O N  T O  M A G N E T O H Y -  
D R O D Y N A MI C S .  C red it 3 hrs. Spring. P re 
req., 7203. Review of electrodynam ics, con
duction  of electricity  in  gases, equations of 
m otion of m agnetohydrodynam ics, solutions for 
special cases and  u n d er various app rox im a
tions, m agnetohydrodynam ic waves, phenom ena 
in rarefied gases. M r. R e s l e r .

7207. D Y N A M I C S  OF R A R E F I E D  GASES.
Spring. C red it 3 hrs. Review of classical k inetic  
theory of gases. T h e  B oltzm ann equation , 
the Chapm ann-Enskog and  G rad  solutions for 
slightly nonuniform  flows. T h e  hydrodynam ic 
equation . Studies of flow problem s involving 
gases in  the regim e w here the  m ean free 
p a th  becomes com parable to p e rtin en t body 
dim ensions; transition  betw een con tinuum  and 
free-m olecule flow regimes. M r. S i i e n .

7208. HY PE R S ON 1C - F LO W  T H E O R Y .  C redit 
2 hrs. O n dem and. Prereqs., 7301, 7303. G en
eral features of hypersonic flow; the role played 
by the  ra tio  of specific heats; norm al, oblique 
an d  curved shock re lations; vortic ity  and 
shock curvature; irro ta tio n a l sm all-d isturb- 
ance sim ilitude, the  p rincip le  of equivalence; 
blast-w ave analogy; N ew tonian  theory w ith 
shock-layer structures; op tim um  bodies; b o und
ary-layer hypersonic-flow interactions; real-gas 
effects. Mr. S e e b a s s .
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7301. T H E O R E T I C A L  A E R O D Y N A M I C S  I.
C redit 3 hrs. Fall. P rereq ., d ifferential eq u a 
tions, in te rm ed iate  m echanics o r in troduction  
to theoretical physics. In troduction  to theo
retical hydrodynam ics. Ideal fluids. T h e  bound- 
ary-value problem s of steady and non-steady 
two- and  three-dim ensional po ten tia l flows 
w ith  special a tten tio n  to flows produced by 
the  m otion of solid bodies. V ector m ethods 
and  complex variable are used extensively. 
M r. S e a r s .

7302. T H E O R E T I C A L  A E R O D Y N A M I C S  II .
C redit 3 hrs. O n  dem and. Prereqs., 7301,
7303. W ing  theory; th in -a irfo il theory, two- 
dim ensional airfo il theory. P ra n d tl w ing 
theory, lif tin g  surfaces, general m u ltip le  
theory, nonsta tionary  w ing theory. Correction 
for com pressibility  (linearized theory). W ing 
theory for supersonic speeds; source and  sink 
m ethods and  extensions, conical-flow m ethods, 
nonsta tionary  cases.
7303. T H E O R E T I C A L  A E R O D Y N A M I C S  I I I .
C redit 3 hrs. Spring. Prereqs., 7204, 7301. 
T h e  aerodynam ics of compressible fluids; 
equations of m otion, sm all-pertu rba tion  theory 
(subsonic and  supersonic); Janzen-R eyleigh 
theory, the  hodograph  m ethods, the  lim iting  
line, the m ethod of characteristics, P rand tl- 
M eyer flow, hypersonic flow. M r. S e e b a s s .

7304. T H E O R E T I C A L  A E R O D Y N A M I C S  IV.
C redit 3 hrs. Fall. P rereq ., reg istra tion  in 
7301. T h e  aero-dynam ics of viscous fluids; the 
boundary  layer, h e a t transfer, fundam entals 
of boundary-layer stability . T u rbu lence , the 
fundam entals o f iso tropic  tu rbu lence. M r. 
S h e n .

7801. R E S E A R C H  I N  A ER O S P A C E  E N G I 
N E E R I N G .  (C redit to be arranged.) Prereq., 
adm ission to the G rad u ate  School o f A ero
space E ngineering  and  approval of the  
D irector. In d ep en d en t research in  a field of 
aerospace science. Such research m ust be 
under the guidance of a m em ber of the  staff 
and  m ust be of a  scientific character.

7901. A E R OS P AC E  E N G I N E E R I N G  C O L 
L O Q U I U M .  C red it 1 h r. P rereq ., adm is
sion to  the G raduate  School o f Aerospace 
E ngineering. Lectures by staff m em bers, g ra d 
ua te  students, personnel o f C ornell A ero n au ti
cal L aboratory , and  v isiting  scientists on topics 
o f in te res t in  aerospace science, especially 
in  connection w ith  new research.

7902. A D V A N C E D  S E M I N A R  I N  A E R O 
SPACE E N G I N E E R I N G .  C red it 2 hrs. Prereq., 
approval of the  D irector.

ENGINEERING PHYSICS
8051 an d  8052. P R O J E C T .  T erm s 9 and  10. 
C red it 3 hrs. Fall and  spring. In fo rm al study 
under d irection  of a m em ber of the  University 
staff. T h e  objective is to develop self-reliance 
and  in itia tive , as well as to gain  experience 
w ith  m ethods o f a ttack  and  w ith  over-all 
p lann ing , in  the  carry ing o u t of a special 
problem  re la ted  to the s tu d en t’s field of 
in terest. T h e  choice of a prob lem  is to be 
m ade by the  s tu d en t in  consulta tion  w ith 
m em bers of the staff.
8090. I N F O R M A L  S T U D Y  I N  E N G I N E E R 
I N G  PHYSICS.  Fall or spring. L aboratory  or 
theoretical work in  any b ranch  of engineering 
physics under the d irection  of a  m em ber of 
the staff. H ours to be arranged .
8121-8122. CLASSI CAL T H E R M O D Y N A M I C S .
C red it 3 hrs. T h ro u g h  the year. 3 Rec. P ri
m arily  for candidates fo r the  degree of Bach
elor of E ngineering  Physics. In tro d u ctio n  to 
classical therm odynam ics, k inetic  theory of 
gases, and  sta tistical m echanics. A pplication  to 
physical and  engineering problem s. M r. R e s l e r .

8131. M E C H A N I C S  OF C O N T I N U A .  C redit 
3 hrs. Spring. 3 Lect. Prereqs., M ath . 616, 622 
or perm ission of the  instructor. Stress and 
stra in  tensors; fundam en tal equations of m o

tion  in  con tinuous m edia; generalized eq u a 
tion  of state; app lications to special topics of 
general an d  eng ineering  in te res t in  elasticity , 
wave propagation , v ib ration , incom pressible 
and com pressible fluids, viscous flow, etc. Mr. 
S e a r s .

8252. S EL E C T E D T O P I C S  I N  P HY S I CS  OF  
E N G I N E E R I N G  M A T E R I A L S .  C red it 3 hrs. 
Fall term . P rim arily  for fifth year students 
in  eng ineering  physics; o thers w ith  consent of 
instructor. Sem inar-type discussion of a n u m 
ber o f special topics in  the  field of eng ineering  
m aterials, such as p lastic  and  rheological p ro p 
erties; d ielectric and m agnetic  behavior; sem i
conductors; rad ia tio n  dam age, etc. Em phasis 
is given to the in te rp re ta tio n  of the  phenom ena 
in ligh t of m odern theories in  physics of solids 
and  liquids and  th e ir  im pact on the  eng ineer
ing applications. C u rren t lite ra tu re  is included 
in the assignm ents. Staff.
8255. C R Y S T A L  D I S L O C A T I O N  T H E O R Y .
C redit 3 hrs. Spring. 3 Lect. Prereqs., 
consent of the in structo r, equivalents of M ath 
616 or 1182, and  Physics 454. P rim arily  for 
g raduate  studen ts in  solid state physics. T h e  
theoretical basis for e lem entary  concepts of 
dislocations, elastic con tinuum  m odels in 
clud ing  con tinuum  field theory, crystallogra
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phy of line and  p lane defects, and  the dislo
cation core problem  are emphasized. T h e  
orig in  of dislocations and  some of their p ro p 
erties such as electron scattering, pertu rba tions 
of electronic struc ture , in teractions w ith  point 
defects are discussed. Crystal grow th, creep, 
and  p lasticity  and  fractu re  are considered as 
applications of dislocation theory. M r. W ebb 
o r M r. R uoff.
8256. T H E O R E T I C A L  M A T E R I A L S — C RY S 
T A L  M E CH A NI CS .  C red it 3 hrs. Fall. Prereq., 
1243 or equivalent. P rim arily  for graduate  
students. M echanical and  physical character
istics of crystals from  a classical view point, 
includ ing  crystallography, sym m etry elem ents, 
m echanical and  physical properties of crystals 
of differing sym m etry, influence of crystal 
struc tu re  upon elastic constants, theories of 
elastic constants for m etals and  ionic crystals; 
crystallography of sim ple glide and  tw inning 
for d ifferent crystal structures, double  slip, 
cross slip, deform ation  bands. M r. J ohnson.
8262. P HYSI CS  OF SOL I D SURFACES.  C redit 
3 hrs. Spring. (Given in  odd num bered years.) 
A lecture course for g raduate  studen ts and 
upperclassm en. Perm ission of in structo r re 
qu ired . An in troductory  review of advances in  
theories o f surface phenom ena norm ally no t 
covered in conventional courses in  solid state 
physics or physical chem istry. Phenom ena con
sidered include therm odynam ics of surfaces, 
atom ic and  m olecular processes, electron em is
sion effects, in terfacial effects in  solids and 
phase transform ations a t surfaces. Mr. R ho-
DIN.
8265. T H E O R Y  OF R E A C T I O N  R A T E S  I N  
SOLIDS.  C red it 3 hrs. Spring. 3 Lect. (Given 
in even num bered  years.) P rereq ., permission 
of instructor. D irected  tow ard graduate  s tu 
dents and  advanced engineering undergraduates 
concerned w ith  the app lication  of physical- 
m athem atical concepts to the in te rp re ta tio n  of 
ra te  processes in  m etals. T h e  theory of a b 
solute ra te  processes is presented in deta il w ith  
reference to the  kinetics and  therm odynam ics 
of physical and  chem ical changes p rim arily  in 
metals. R ates of physical and chemical p roc
esses are considered from  first principles, 
u tilizing  such fundam en tal properties as atom ic 
configurations, dim ensions, and in teratom ic 
forces of the reacting  molecules. T h e  analytical 
description is in troduced  in  term s of sta tistical 
m echanics, the A rrhen ius equation , po ten tial 
energy surfaces, properties of the activated 
complex, and  the  behavior of transition  states. 
Q uantita tive  applications are developed in 
term s of atom ic m echanisms w ith  reference to 
transport and transform ation  processes in 
m etals such as diffusion, nucleation  and 
grow th, creep, p recip ita tion , and  o ther physical 
and chem ical solid-state processes. Mr. R hodin.

8301. I N T R O D U C T I O N  T O  A T O M I C  A N D  
N U C L E A R  PHYSICS.  C red it 3 hrs. Fall. 3 
Lect. Prereqs., two years of college physics and 
calculus th ro u g h  d ifferential equations. Con
cepts of atom ic struc tu re  of m atter; fu n d a 
m entals of q u an tu m  theory, and  applications 
to struc tu re  of atom s, m olecules and  nuclei. 
A t the  level of Fundamental s  of  Modern  Phys
ics by E isberg. M r. F isher. (T his course will 
be replaced by Physics 314 beginning in  the 
fall of 1964.)
8302. N U C L E A R  A N D  R E A C T O R  PHYSICS.  
(O ld  8311) C redit 3 hrs. Spring. 3 Lect. Prereq., 
8301 or Physics 314 or Physics 443. N uclear 
particles, nuclear struc ture , properties of n u 
clei; radioactiv ity , applications of radioactivity; 
nuclear reactions; neu tro n  reactions, nuclear 
fission. N eu tron  slowing dow n and  diffusion; 
elem entary  reactor theory, types of reactors, 
reactor design criteria . A t the  level of Nuclear  
Physics by K aplan and  Nuclear  Reactor Engi 
neering  by Glasstone. M r. F isher.
8309. L O W  E N E R G Y  N U C L E A R  PHYSICS.
C redit 3 hrs. Fall. 3 Lect. Prereqs., a one-year 
in troductory  course in  atom ic and  nuclear 
physics includ ing  q u an tu m  mechanics, such 
as 8301-8302 or p referably  Physics 443-444; 
M ath 215-216 or equivalent. P rim arily  for 
g raduate  students in the field of nuclear science 
and  engineering. Low energy nuclear physics 
as an organized body of exeprim ental facts. 
Properties of g round and excited states of 
nuclei; m odels of nuclear structure; low energy 
nuclear reactions—scattering , absorp tion , fis
sion, resonance effects, coherent scattering  
effects. A t a level betw een Int roductory Nuclear  
Physics by H alliday and  Nuclear  Physics  by 
Ferm i. M r. Clark.
8312. R E A C T O R  T H E O R Y  I.  C red it 3 hrs. 
Spring. 3 Lect. Prereqs., 8309 and  co-registra
tion  in M ath  416. T h e  theory of neu tro n  d iffu 
sion and  slowing down is developed, and  a p 
plied  to basic in tegral experim ents and  to 
criticality  calculations. N eu tro n  transport 
theory is in troduced and  app lied  to some p ro b 
lems for heterogeneous reactors. A t the  level 
of Reactor Analysis  by M eghreblian  and 
Holm es. M r. N elkin .
[8313. R E A C T O R  T H E O R Y  II .  C red it 3 hrs. 
Fall. 3 Lect. C ontinuation  of 8312 prim arily  
in tended  for students p lann ing  to do research 
in the fields of reac tor physics and  reactor 
engineering. Delayed neu tro n  kinetics, fission 
p roduc t poisoning, non-linear kinetics, p e r tu r 
bation  theory, tem perature  coefficients, control 
rod  theory, hydrogenous reactors, neu tron  
transport and  heterogeneous reactor theory. 
A t the level of T h e  Physical  Theory  of  N e u 
tron Chain Reactors  by W einberg  and  W igner. 
Usually given each year, b u t no t offered in
1963.]
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[8314. N E U T R O N  T R A N S P O R T  T H E O R Y .
C red it 3 hrs. Spring. 3 Lect. Prereq., 8312 or 
consent of instructor. T h e  linear Boltzm ann 
equation  describing neu tron  m igration  in m a t
ter is intensively studied . T opics w ill vary, b u t 
may include M ilne’s problem , neu tro n  th erm al- 
ization, deep penetra tion  of rad ia tio n , as well 
as a  form al developm ent of app rox im ate  m e th 
ods of solution. A t the  level of Neutron  
Transpor t  Theory  by Davison. Offered in 
a lte rn a te  years. N o t given in  1963-1964.]
8333. N U C L E A R  R E A C T O R  E N G I N E E R I N G .
C red it 3 hrs. Fall. 3 Lect. P rereq ., consent of 
in structo r. P rim arily  for second and th ird  
year g raduate  students. A selected set of topics 
represen ting  the  fundam entals of nuclear re 
acto r engineering: energy conversion and
pow er p lan t therm odynam ics, fluid flow and 
h eat transfer, therm al stresses, rad ia tio n  p ro 
tection and  shielding, m ateria ls for nuclear 
reactors, economics o f nuclear pow er and  fuel 
cycles, instrum en tation  and  control. A t the 
level of Nuclear  Engineering  by Bonilla. Mr. 
C a d y  and  staff.
8334. N U C L E A R  E N G I N E E R I N G  S E MI N AR .
C red it 3 hrs. Spring. Prereq., 8333. A group 
study of a reac tor systems analysis o r a re 
actor safeguards report. Em phasis on the 
in terplay  of requ irem ents of safety and  econom 
ics in  the design of nuclear pow er systems. 
Messrs. H o w e ,  C a d y .

8342. R E A D I N G  COU RS E  I N  R A D I O C H E M 
I S T R Y .  C red it 2 hrs. Spring. P rim arily  for 
g raduate  students. R ead ing  assignm ents in  the 
general field of radio-chem istry. M eetings for 
discussions a t the  convenience of the  group, 
possibly for two hours every o th er week. 
Slanted tow ard the  interests of the  students, 
the course may include such topics as nuclear 
fission, radio-chem istry, nuclear concepts in 
geochem istry, neu tro n  activation  analysis, beta 
decay studies, rad ia tio n  chem istry, hot-atom  
chem istry, biological effects of rad ia tion , cos
m ic chem istry, nuclear reactions, neu trino  
searches, e lem ental abundances, tracer tech
niques, and  applications in  various fields. Mr. 
F i s h e r .

8351. N U C L E A R  M E A S U R E M E N T S  L A B 
O R A T O R Y .  C red it 3 hrs. E ithe r term . Tw o 
2l/2 h o u r a fte rnoon  periods. Prereqs., 8302 or 
8309, or 8311 or Physics 444. L aboratory  ex
perim ents p lus lectures on in te rac tion  of ra d ia 
tion  w ith  m atte r an d  on rad ia tio n  detection , 
includ ing  electronic circuits. Some tw enty 
different experim ents are  available in  the  fields 
of nuclear and  reactor physics. A m ong these 
are  experim ents on emission and  absorption  
of rad ia tion ; on rad ia tio n  detectors and  n u 
clear electronic circuits; on in te rac tions of 
neu trons w ith m a tte r (absorption , scattering, 
m oderation , and  diffusion); on activation  an 
alysis and  radiochem istry; an d  on properties 
of a subcritical assembly. M any of the  ex p eri
m ents use the  T R IG A  R eactor. T h e  studen t 
is expected to perform  eigh t to ten  ex p eri
m ents, selected to m eet his needs. Some stress 
is laid  on independen t w ork by the studen t. 
M r. C l a r k  an d  staff. (A fter 1963-1964 this 
course will be offered in  spring  only.)
8352. R E A C T O R  PHY S I CS  L A B O R A T O R Y .
C redit 3 hrs. Spring. T w o 2Vi h o u r a fternoon 
periods. Prereqs., 8351 an d  8312. L aboratory  
experim ents p lus lectures on m ethods of re 
actor physics m easurem ents. Experim ents 
u tilizing  the  Zero Pow er R eacto r c ritica l facility 
as well as the T R IG A  R eacto r are  included. 
M r. C l a r k  and  staff. (A fter 1963-1964, this 
course will be offered in  fall only.)
8512. E L E C T R O N  M I C R O S C O P Y .  C red it 3 
hrs. Spring. P rereq ., perm ission of the  in s tru c 
tor. Lect. Lab. H ours to be a rranged . Basic 
e lectron optics, im age fo rm ation  and  in te rp re 
ta tion , construction  an d  operation  of the  elec
tron  m icroscope, app lications in physics, chem 
istry, and  biology.
8517. E L E C T R O N  O P T I C S  A N D  I T S  A P 
P L I C A T I O N S .  C red it 3 hrs. Fall. Prereq., 
Physics 225 (Physics 215 advised b u t n o t re 
q u ired). E lectron beam  form ation , Gaussian 
d ioptrics and  aberrations of electron lenses, 
app lication  includ ing  cathode ray tube, elec
tron  microscope, beta  ray spectrom eter, mass 
spectrom eter.

INDUSTRIAL
Since several of the  courses listed here were 

w hen the in d u stria l engineering activity was : 
the  old num ber is given in parentheses if the
SERVICE COURSES
[9101. I N D U S T R I A L  O R G A N I Z A T I O N  A N D  
M A N A G E M E N T .  (O ld  3235) C red it 3 hrs. 
Spring. 3 Lect. M anagem ent of an industria l 
enterprise; in te rna l organization; effect of type

ENGINEERING
form ally given u n d er the  3200 series o f num bers 
i p a r t of the  School of M echanical E ngineering, 
course is sim ilar to one form erly offered.

of p roduct, m ethods of m anufacture , size of 
en terprise, and  personnel involved; types of en 
terprises; p lan t location; centralization  and  
decentra lization  trends; diversification and  
specialization; grow th of industry . N o t offered 
in 1963-1964.]
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[9110. I N T R O D U C T I O N  T O  I N D U S T R I A L  
E N G I N E E R I N G .  C red it 4 hrs. Spring. 3 Rec. 
1 Lab.-Com p. Prereqs., 9153 and  9170. An 
in troduction  to m odern in d u stria l engineering 
w ith em phasis on the design activities of in 
du stria l engineers in specifying w orkplace 
m ethods, the  in teg ra tion  of m any workplaces 
in to  in teg ra ted  m an-m achine activity  in  such 
systems. Q ueuing theory, line  balancing, and 
in troductory  concepts of linea r program m ing  
will be presented as analytical m ethods to be 
used in the  analysis of p lan t design problem s. 
L aboratory  w ork and  com puting  problem s will 
be draw n from  situations of in te rest to m echan
ical, electrical, and  civil engineers. F irst 
offered in  1965-1966.]
9120. S Y S T E MS  E N GI N E E R I N G .  (O ld  3261) 
C red it 3 hrs. Spring. 2 Rec. 1 Lab. Elective 
for g raduate  students and  qualified u n d e r
graduates n o t m ajoring  in industria l eng ineer
ing. Prereq., 9170. M ethods of describing, 
analyzing, and m an ip u la tin g  complex, in te r 
re la ted  open systems. G raphical and  m ath e 
m atical analysis. T echniques o f design of 
transporta tion , service, and  in form ation  sys
tems and  ap p ro p ria te  evaluation  m ethods.
9153. E N G I N E E R I N G  E C ON OM I C  A N A L Y 
SIS.  (O ld  3253) C red it 3 hrs. Fall. 2 Rec. 1 
Comp. An in troduction  to underly ing  economic 
princip les and  phenom ena associated w ith en 
gineering projects. Basic accounting and  cost 
control principles and  procedures will be p re 
sented in itially  as a fram e of reference for a 
discussion of the more profound  problem s 
re la tin g  to the engineer’s role as consultant 
on  m atters of investm ent and  operations. In  
add ition  to the  necessary accounting, topics 
will include cost concepts, profit-volum e re 
lationships and  analysis, m ake-buy problem s, 
m in im um  cost models, replacem ent and  re 
newal models, etc.
9170. I N D U S T R I A L  A N D  E N G I N E E R I N G  
S T A T I S T I C S .  (O ld  3241) C red it 3 hrs. E ither 
term . 2 Rec. 1 Comp. P rereq ., M ath. 192. 
A pplications of p robab ility  theory and  s ta 
tistics to in d u stria l and engineering problem s; 
po in t and  confidence in terval estim ation; s ta 
tistical testing  of hypotheses; properties of 
binom ial, Poisson, and  hypergeom etric d is tr i
butions, and  applications to sam pling inspec
tion problem s; large sam ple theory and  the 
norm al d is tribu tion , sm all sam ple theory and 
S tuden t’s t  and  C hi-square d istribu tions; in 
troduction  to correlation  theory and curve 
fitting by least squares.
9180. D I G I T A L  C O M P U T E R  P R O G R A M 
M I N G .  C red it 1, 2, o r 3 hrs. Fall. 2 Rec. 1 
Comp. In tended  for g raduate  students; u n d e r
graduates should o rd inarily  take 9381. Prereq., 
consent of instructor. In tended  to p repare  s tu 

d en t to use the  m edium  and  large scale d ig ita l 
com puters of the Cornell C om puting C enter in 
a language o th er than  CORC. T h e  course con
sists of th ree  independen t five week sections 
w ith one h our of c red it for each section. Each 
section will consider one language from  the 
follow ing: FO R E R A N , ALGO L, COBOL,
CAP, CODAP. T h e  p a rticu la r languages to 
be covered and  the order of p resen tation  will 
be posted a t the C om puting C enter a t the 
beg inn ing  of the  term . M achine operation , 
program  test procedures and  in p u t-o u tp u t 
operations includ ing  the use of m agnetic tape 
systems will also be covered. Mr. R u d a n  or 
M r. S a l t z m a n .

9182. D A T A  P RO CES S I NG SYSTEMS.  C redit 
3 hrs. Fall. 2 Rec. 1 Comp. Elective for g rad u 
ate  students and  upperclass undergraduates. 
P rereq ., a course in  in d u stria l accounting 
(concurrent reg istra tion  is acceptable). An in 
troductory  course in  m odern business d a ta  
systems. Includes in troduction  to app ropria te  
d a ta  h and ling  equ ipm en t and  techniques of 
systems analysis and  design. Problem  definition 
and  descrip tion  is by COBOL and DETAB 
languages; laboratory  w ork is in  COBOL 
(C ontrol D ata  1604) and  SPS (IBM  1401). Con
trol and  decision functions as well as rou tine  
accounting operations; em phasis is m ore on 
problem  analysis an d  systems p lann ing  than  
on program m ing. M r. C o n w a y  o r M r. S a l t z 
m a n .

REQUIRED COURSES
[9310. I N D U S T R I A L  E N G I N E E R I N G  A N A L 
YSIS A N D  D E S I GN  I.  C red it 4 hrs. Fall. 2 
Lect. 2 Comp. Prereqs., 9370, 9381. In tro 
duction  to engineering analysis an d  design. 
B ackground and  environm ental factors. C on
cen tra tion  on design problem s of the  single 
workplace, and  on m ethods of m easurem ent 
and  evaluation. Specific topics include ele
m ents of the design process, prob lem  defin i
tion , restrain ts , synthesis, analysis, etc.; g rap h i
cal activity models and  o th er form s of m odel
ing; m an-m achine and sm all-group activity  
analysis; hum an  factors and  design of m anual 
operations; general prob lem  of m easurem ent 
and basic m ethods fo r w ork m easurem ent; 
ra tin g , allowances, and  associated problem s; 
m easurem ent by w ork sam pling; s tandard  tim e 
da ta ; o ther m ethods in  labor m easurem ent; 
app licatio n  of queu ing  theory to design p ro b 
lems; job  evaluation  techniques and  re la ted  
m ethods for m easurem ent and  evaluation; etc. 
F irst offered in  1964-1965.]
[9311. I N D U S T R I A L  E N G I N E E R I N G  A N A L 
YSIS A N D  D E S I GN  II .  C red it 4 hrs. Fall. 2 
Lect. 2 Comp. Prereqs., 9320, 9351. T h e  design 
of complex systems such as p roduction  p lants,
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w arehousing and  d istrib u tio n  systems, other 
systems in  w hich discrete flow occurs; in fo r
m ation systems w ith  feedback. A pplications of 
sim ulation  in  the design and  analysis o f such 
systems. F irst offered in 1965-1966.]
[9320. A N A L Y T I C A L  M E T H O D S  I N  I N D U S 
T R I A L  E N G I N E E R I N G .  C red it 4 hrs. Spring. 
1 Lect. 2 Rec. 1 Comp. Prereqs., 9310 and 
9351. A nalytical techniques for the solution of 
design, p lann ing  and  operational problem s. 
L inear p rogram m ing  and the sim plex m ethod; 
transporta tion  problem  and  assignm ent p ro b 
lems as special cases; the  dual and  its in te r 
p re ta tion ; the  q u ad ra tic  assignm ent problem . 
Flows in  netw orks and flow algorithm s; ap p li
cation to the  transporta tion  problem . Practical 
app licatio n  of these techniques to m ake-buy 
decisions, p roduct m ix  problem s, facility a llo 
cation, m achine grouping , ro u tin g  of m aterials 
h and ling  equ ipm en t, raw  m ateria l b lending, 
and general operational p lann ing  problem s. 
In tro d u ctio n  to the  inventory problem . First 
offered in  1964-1965.]
9350. P R I N C I P L E S  OF C O S T I N G  A N D  C O N 
T R O L .  C red it 3 hrs. Spring. 2 Rec. 1 Comp. 
An in troduction  to problem s of cost d e te rm in 
ation  and  allocation . Differences betw een ac
counting and  engineering objectives in  cost 
finding and  cost procedures. Cost concepts and 
characteristics, and  the inexactitude of cost 
figures relative to engineering problem s and 
decisions. Costing techniques and procedures.
[9351. C O S T A N A L Y S I S  A N D  C O N T R O L .
C redit 3 hrs. Fall. 2 Rec. 1 Comp. Prereq., 
9350. A con tinuation  of the  preceding course 
w ith  em phasis on the  analysis, in te rp re ta tio n , 
and  uses o f such d a ta  in  establish ing control 
over operations being judged  against cost 
criteria . Also, the uses of such d a ta  for evalu
ation  and  p red iction  of fu tu re  design a n d /o r  
operations. T h e  choice of p roper cost d a ta  for 
use in  economic m odels of in te rest to eng i
neers, i.e., rep lacem ent and renew al models, 
linea r p rogram m ing  models, m ake-buy models, 
etc. F irst offered in  1964-1965.]
[9352. I N D U S T R I A L  A N D  E N G I N E E R I N G  
A D M I N I S T R A T I O N .  C red it 3 hrs. Spring. 3 
Lect. P rereq ., fifth year o r g raduate  s tan d 
ing. Study of re la ted  topics in  engineering 
adm in istra tion , organization , and economic a n 
alysis. A pplications of selected theoretical con
cepts to p ractical problem s of m odern com 
m ercial, governm ental, o r m ilita ry  activity. 
D evelopm ent of selected specialized operational 
p lann ing  and  contro l techniques. F irst offered 
in  1964-1965.]
9360. I N T R O D U C T I O N  T O  P R O B A B I L I T Y  
T H E O R Y  W I T H  E N G I N E E R I N G  A P P L I 
C AT I O N S.  C red it 3 hrs. Fall. 3 Lec.-Rec. 
Prereq., M ath. 192. D efinition of p robability

and basic rules of p robab ility  theory. R andom  
variables, p robab ility  d istribu tions, an d  ex
pected values. Special d istrib u tio n s im portan t 
in  engineering w ork and re la tions am ong 
them ; e lem entary  lim it theorem s. In tro d u c 
tion  to stochastic processes and  M arkov chains, 
and  th e ir  applications in the  construction  of 
m athem atical m odels of operation , w ith  em 
phasis on queu ing  and inventory models.
9370. I N T R O D U C T I O N  T O  S T A T I S T I C A L  
T H E O R Y  W I T H  E N G I N E E R I N G  A P P L I C A 
T I O N S .  C red it 4 hrs. Spring. 3 Lect.-Rec. 1 
Comp. P rereq ., 9360. T h e  applications of s ta 
tistical theory to problem s associated w ith  the 
analysis of d a ta  and  inferences d raw n  th e re 
from . Princip les of sta tistical inference: e sti
m ating  the value of unknow n param eters of 
p robab ility  d istribu tions, testing  hypotheses 
concerning these param eters; elem ents of s ta 
tistical decision theory. In tro d u ctio n  to corre
la tion  theory an d  curve fitting  by least squares. 
A pplications in  regression, sta tistical control, 
and  experim entation .
9381. I N T R O D U C T I O N  T O  M O D E R N  DI G
I T A L  C O M P U T A T I O N .  C red it 3 hrs. E ith e r 
term . 2 Rec. 1 Comp. R eq u ired  of I.E . m ajors 
and elective for u p p e r class undergraduates 
and  g raduate  students. (See 9582.) Survey of 
the  field of the  com puter sciences. Develop
m en t of the  m odern  d ig ita l com puter, p r in 
ciples and characteristics o f cu rren t equ ipm en t, 
m achine and  higher-level in form ation  process
ing  languages. L aboratory  w ork involves use 
o f equ ipm en t of the Cornell C om puting  C en
ter, b u t this is n o t essentially a course in  p ro 
g ram m ing  (see 9180). E m phasis is placed on 
the  d ig ita l com puter as a general-purpose d e 
vice for storing, re triev ing , processing, and 
tran sm ittin g  in fo rm ation  in  add ition  to its 
role as an  a rith m etic  calculator. B read th  of 
present an d  p o ten tia l app licatio n  is stressed 
by considering areas such as artificial in te lli
gence, in teg ra ted  decision and  control systems, 
M onte Carlo analyses, s im ulated  ex perim en ta 
tion , in fo rm ation  re trieval, and  m anufactu ring  
au tom ation . Messrs. C o n w a y , M a x w e l l , R u- 
d a n , or S a l t z m a n .

9398, 9399. P R O J E C T .  M ax. c red it 6 hrs. Both 
term s. Prereqs., 9320 and  concurren t reg is tra 
tion  in  9311. P roject w ork requires the id en ti
fication and  analysis of bo th  professional and 
research problem s in  in d u stria l engineering. 
T h e  projects emphasize analytic ab ility  an d  the 
synthesis of feasible solutions. Projects can be 
done ind ividually  o r in  groups of up  to eight. 
T h e  prob lem  defin ition  and  the subsequent 
analysis and  synthesis are the  concern of the 
studen t. Faculty guidance and pa rtic ip a tio n  are 
available a t any tim e for all projects. In  
add ition , progress m ust be reviewed on a 
regu lar schedule w ith the  faculty adviser.
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ELECTIVE AND GRADUATE  
COURSES
[9501. E N G I N E E R I N G  A D M I N I S T R A T I O N .
C redit 3 hrs. Fall. 2 Lect. O rganization  of en 
gineering function; p lann ing  and analysis of 
engineering activities; provision of engineering 
support th rough  specialized services of tech
nical inform ation ; laboratory  facilities, e d i
toria l, com m unication, etc.; personnel p ro b 
lems of recru iting , professional developm ent 
and evaluation; discussion of sociological and 
psychological studies of scientific and eng ineer
ing personnel; fund ing , budgeting , and re la ted  
financial problem s. N ot offered in  1963-1964.]
[9502. P E R S O N N E L  M A N A G E M E N T  (O ld 
3232) C red it 3 hrs. Fall. 3 Rec. In tended  
for g raduate  students b u t open to qualified 
undergraduates. Prereq., 9170 or equivalent. 
T echniques of employee selection and evalua
tion, job  evaluation , tra in ing , m otivation; p e r
sonnel dep artm en t organization  and in te rd e 
partm en ta l relations. N o t offered in  1963— 
1964.]
9510. W O R K  D E S I GN  A N D  M E A S U R E 
M E N T .  (O ld 3266) C red it 3 hrs. Spring. 2 
Rec. 1 Lab. In ten d ed  for g raduate  students b u t 
open to qualified undergraduates. Prereq., 
9310, 3262, or permission. An advanced course 
in  the  analysis and  design of m an-m icro sys
tems and  m an-m achine m icro systems. A d 
vanced sta tistical trea tm en t of work m easure
m ent design, variables m easurem ent, and  work 
sam pling; m athem atical and  sta tistical tre a t
m ent of m odel design, standard  d a ta , control, 
and standards m aintenance; study of the m icro
systems design problem , includ ing  em phasis 
on the behavioral aspects and wage incentives.
9511. M A N U F A C T U R I N G  E N GI N E E R I N G .  
(O ld 3267) C red it 3 hrs. Spring. 2 Rec. 1 
Comp. In tended  for graduates or qualified 
undergraduates. P rereq ., 9311. T h e  analysis 
and  design of p roduction  facilities based on 
o u tp u t requirem ents o f the  system. A tten 
tion  w ill be d irected  towards the in teraction  
of processing m ethods and  requirem ents w ith 
hand ling  m ethods and storage facilities. T h e  
effects of various levels o f m echanization on 
operating  costs and in itia l investm ent will be 
studied . Problem s of m odelling a proposed 
design to serve various functions will be d is
cussed includ ing  laboratory  tests of designs 
th rough  sim ulation.
[9512. S T A T I S T I C A L  M E T H O D S  I N  Q U A L 
I T Y  A N D  R E L I A B I L I T Y  C O N T R O L .  C red it 
3 hrs. Spring. 3 Lee. Prereq., 9170 or equ iva
lent. A basic course p rim arily  for u n d erg rad u 
ates presented from  an engineering standpoin t. 
C ontrol concepts; contro l ch art m ethods for 
a ttrib u tes and  for variables; process capability

analysis; a ttr ib u te s  acceptance sam pling plans 
and procedures; double  and  m ultip le  sam pling 
inspection; elem entary plans and  procedures 
for variables; acceptance-rectification p ro 
cedures; basic re liab ility  concepts; exponential 
and  norm al d istribu tions as models fo r re 
liab ility  application; life and  re liab ility  analy
sis of com ponents; analysis of series and 
paralle l systems; stand-by and  redundancy; ele
m entary  sam pling-inspection procedures used 
for life and  re liab ility . N o t offered in  1963—
1964.]
9520. M A T H E M A T I C A L  P R O G R A M M I N G .
C redit 3 hrs. Spring. 2 Rec. 1 Comp. Prereq., 
9360 or equivalent. T heory , m ethods, com pu
tational techniques, and  applications of m athe 
m atical program m ing. Classical constrained 
m axim ization and  L agrange m ultip liers. L inear 
p rogram m ing: sim plex m ethod an d  variations; 
the  dual and the d u a l sim plex m ethod; tran s
p o rta tion  program m ing. In teger program m ing. 
Q uadratic  and  convex program m ing. L inear and 
q uadratic  assignm ent program m ing.
9521. P R O D U C T I O N  P L A N N I N G .  C red it 3 
hrs. Spring. 2 Rec. 1 Comp. In tended  for 
g raduate  studen ts b u t open to qualified u n d e r
g raduates. P rereq ., 9170 or permission. Sched
u ling  of m anufactu ring  operations— forecast
ing, leveling, explosion, loading, sequencing. 
T h e  p lann ing  and  contro l of inventories. E m 
phasis on m athem atical and  sta tistical m ethods 
of perform ing  these functions, includ ing  d e 
velopm ent of decision rules and reactive con
trol systems.
9522. O P E R A T I O N S  R E S E A R C H  I.  C red it 3 
hrs. Spring. 2 Rec. 1 Comp. Prereqs., 9160, 
9381, o r perm ission. M odel design, m ethodol
ogy of operations research, linear p ro g ram 
m ing, transporation  problem , assignm ent p ro b 
lem, d ual theorem , param etric  linear p ro 
gram m ing, in teger program m ing, non-linear 
program m ing, dynam ic program m ing, in tro d u c 
tion to inventory theory; com prehensive p ro b 
lems and  case studies.
[9523. O P E R A T I O N S  R E S E A R C H  II .  C red it 3 
hrs. Fall. 2 Rec. 1 Comp. Prereqs., 9522, or 
9320, 9370. M odels for inventory and  p ro d u c
tion control; replacem ent theory; queu ing  in 
clud ing  standard  b ir th  and  death  process model 
an d  non-standard  models, app lication  of 
queu ing  theory; sim ulation; gam e theory; 
illu stra tive  exam ples and  problem s. F irst 
offered in 1964-1965.]
9524. P R O B L E M S  I N  O P E R A T I O N S  R E 
SE AR C H.  C red it 3 hrs. 1 2-hr. m eeting  a 
week. Prereq., 9523 or equivalent. A n a d 
vanced sem inar concen tra ting  on problem  
definition, m easures of effectiveness, app lica
bility  of various analytical m ethods to the 
solu tion  of real problem s.
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9525. F L O W  A N D  S C H E DU LI N G  I N  N E T 
WO R K S .  C red it 3 hrs. Spring. 2 Rec. 1 
Comp. Elective for g raduate  students. N e t
w ork analysis for continuous static  flow; feasi
b ility  theorem s, capacity de term ination , m in 
im al cost operation . Sequencing models for 
de term in istic  discrete flow networks. D eter
m ination  of capacity, ro u tin g  and  discipline 
for netw orks of queues. M r. C o n w a y  or Mr. 
M a x w e l l .

9560. A P P L I E D  S T O C H A S T I C  PROCESSES.
C red it 3 hrs. Spring. 2 Rec. 1 Comp. In tended  
for g raduate  studen ts b u t open to qualified 
undergraduates. Prereqs., 9360 and  9370 or 
perm ission. An in troduction  to the theory of 
stochastic processes, w ith  em phasis on a p p li
cations to science and  engineering. Topics 
d raw n from  sequences of random  variables; 
M arkov chains; renew al theory; applications 
to w aiting  tim e problem s, to counter p ro b 
lems, and  to re liab ility  theory; b irth  and 
d eath  processes; m ultip licative  processes; G aus
sian processes; sta tionary  processes; correla
tion and spectral d istribu tion ; applications to 
com m unication  theory.
9561. Q U E U I N G  T H E O R Y .  C red it 3 hrs. 
Fall. 2 Rec. 1 Comp. In tended  prim arily  for 
g raduate  students. Prereqs., 9360 and perm is
sion of the in structo r. D efinition of a  queu ing  
process. E xplic it solutions of queu ing  p ro b 
lems when the arrival and  service d istribu tions 
are  exponential or E rlang. A de tailed  study 
of the  one-server prob lem  for general d is tr ib u 
tions: the basic W iener-H opf equation; ex ist
ence and  uniqueness of stable solutions; a p 
proaches to solving the  basic equation . M u lti
server problem s; bu lk  service; queues in  series. 
A pplications to specific eng ineering  problem s 
such as shop scheduling, equ ipm en t m ain te
nance, and inventory control.
9562. I N V E N T O R Y  T H E O R Y .  C red it 3 hrs. 
3 Lee.-Rec. In ten d ed  prim arily  for g raduate  
students b u t open to qualified undergraduates. 
Prereqs., 9360 and  perm ission of the in stru c 
tor. A n in troduc tion  to the m athem atical 
theory of inventory and production  control 
w ith  em phasis on the  construction  an d  solu
tion of m athem atical models: topics w ill be 
d raw n from  the recent technical lite ra tu re  and 
will include determ in istic  and  stochastic d e 
m ands; dynam ic p rog ram m ing  and  stationary  
analyses of inventory problem s; renew al theory 
app lied  to inventory problem s; m ulti-echelon 
problem s; sta tistical problem s; and  production  
sm oothing.
9570. I N T E R M E D I A T E  I N D U S T R I A L  A N D  
E N G I N E E R I N G  S T A T I S T I C S .  (O ld  3243). 
C red it 3 hrs. Spring. 2 Rec. 1 Comp. In tended  
for g raduate  students b u t open to qualified 
undergraduates. P rereq ., 9370 or permission.

A pplication  of sta tistical m ethods to the  effi
cient design, analysis, and  in te rp re ta tio n  of 
industria l and  eng ineering  experim ents; r a 
tional choice of sam ple size for various sta tis
tical decision procedures an d  the  operating  
characteristic  curves o f these procedures; curve 
fitting  by least squares; sim ple, p a rtia l, and 
m ultip le -corre lation  analysis.
9571. D E S I GN  OF E X P E R I M E N T S .  (O ld 
3244). C red it 3 hrs. Fall. 2 Rec. 1 Comp. I n 
tended for g raduate  students. Prereq., 9570 or 
perm ission. Use an d  analysis o f experim ental 
designs such as random ized blocks an d  L atin  
squares; analysis of variance and  covariance; 
factorial experim ents; sta tistical problem s as
sociated w ith  finding best operating  conditions; 
response-surface analysis. (Offered in  a lte rna te  
years. G iven in  1963-1964.)
[9572. S T A T I S T I C A L  DE C I SI ON  T H E O R Y .
C red it 3 hrs. Fall. 2 Rec. 1 Comp. In tended  
for g raduate  students. Prereqs., 9360 an d  9570, 
o r equivalent. T h e  general prob lem  of sta tis
tical decision theory and  its applications. T h e  
com parison of decision rules; Bayes, adm issible, 
and  m in im ax  decision rules. Problem s involv
ing a  sequence of decisions over tim e, in c lu d 
ing  sequential analysis. Use of the sam ple 
cum ulative d istrib u tio n  function , an d  o ther 
nonparam etric  m ethods. A pplications to p ro b 
lems in  the  areas of inventory control, sam 
pling  inspection, cap ita l investm ent, and  p ro 
curem ent. N o t offered in  1963-1964.]
[9573. S T A T I S T I C A L  M U L T I P L E  DE C I S IO N  
P RO C ED URE S .  C red it 3 hrs. Fall. 2 Rec. 
1 Comp. In ten d ed  for g raduate  students. 
P rereq ., 9570 or perm ission of the  instructor. 
T h e  study of m ultip le-decision  problem s w here 
choices m ust be m ade betw een two o r m ore 
courses of action. T h e  W ald  two decision 
problem ; the  re la tionsh ip  of classical sequen
tial analysis to m u ltip le  decision procedures; 
single-sam ple procedures; sequentia l analogs 
of single sam ple procedures; developm ent of 
sequential m u ltip le  decision procedures. A p p li
cations in  ran k in g  problem s w here preference 
according to various c riteria  is desired, i.e., 
ran k in g  vendors by q ua lity , o f m issiles by 
range or precision, of system com ponents by 
re liab ility , etc. Offered in  a lte rna te  years. 
G iven in  1964-1965.]
9579. S E LE CT E D T O P I C S  I N  I N D U S T R I A L  
S T A T I S T I C S .  (O ld  3245). C red it 3 hrs. E ith e r 
term . 2 Rec. 1 Comp. In ten d ed  for g raduate  
students. P rereq ., 9570 o r perm ission. Selected 
topics chosen from  such fields as non-para- 
m etric  sta tistical m ethods, sequentia l analysis, 
m u ltivaria te  analysis.
9580. D I G I T A L  S Y S T E MS  S I M U L A T I O N .
C redit 3 hrs. Fall. 2 Rec. 1 Comp. In ten d ed
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for g raduate  students and  qualified u n d e r
graduates. Prereqs., 9381 and  permission. T h e  
use of a program  for a d ig ita l com puter to 
sim ulate the  operating  characteristics of a 
complex system in tim e. Discussion of p ro b 
lems encountered  in  construction  of a s im ula
tion program ; synchronization and  file m ain 
tenance, random  num ber generation , random  
deviate sam pling. Program m ing  in the SIM- 
SC R IP T  language. Problem s in the design 
of effective investigations using sim ulation; 
sta tistical considerations w hen sam pling from 
a sim ulated  process. A pplications of s im ula
tion to queuing, storage, traffic, and  feedback 
systems. A pplications will include use in  the 
design of facilities, design of operating  disci
plines, an d  use in  real tim e 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  P R O C 
ESSING SYSTEMS.  C red it 3 hrs. Spring. 2 
Rec. 1 Comp. In tended  for g raduate  students 
b u t open to qualified undergraduates. Prereq., 
9381 or 9182. Concerned w ith  the  in tegra tion  
of systems for acquiring , recording, coding, 
transm itting , filing, storing, re triev ing , p roc
essing, and  repo rting  in form ation . T heore tical 
basis in  such topics as in form ation  theory, 
d a ta  com m unications, in form ation  retrieval, 
queu ing  theory, character recognition, and 
adaptive contro l theory. Also, im p lem entation  
problem s in  equ ipm en t capability  and  com 
patib ility , processing languages, and  overall 
in form ation  systems design. A pplications in 
m anufacturing— b oth  in  accounting and  con
trol of operations—m erchandising, w arehous
ing, banking, transporta tion , and  m ilitary  
operations.
9582. M O D E R N  D I G I T A L  C O M P U T A T I O N .
C redit 4 hrs. E ith e r term . 3 Rec. 1 Comp. 
In ten d ed  for g raduate  students b u t open to 
qualified undergraduates; consent of in stru c 
tor requ ired . Covers the same topics as 9381 
b u t w ith  som ewhat greater d ep th  and  rigor. 
Meets concurrently w ith  9381 for 2 recita tions 
each week. Messrs. C o n w a y , M a x w e l l , R u d a n , 
or S a l t z m a n .

9584. S T R U C T U R E  OF C O M P U T I N G  L A N 
GUAGES.  C red it 3 hrs. Spring. 2 Rec. 1 Comp. 
In tended  for g raduate  studen ts b u t  open to 
qualified undergraduates. Prereq ., 9582 or 
consent of instructor. W ill consider the  stru c 
tu re  and  form  of d ifferent types of p rog ram 
m ing  languages includ ing  assemblers, in te r 
p reters, compilers, lis t processors and  tabu lar 
languages. Basic techniques for scanning, o rd e r
ing an d  transla ting  will be covered. W ill con
sider also advanced program m ing  systems for 
executive contro l and  m ulti-processing. S tu
dents will design and  im plem ent several 
sim ple p rogram m ing  languages d u rin g  the 
term .
9585. C O M P L E X  I N F O R M A T I O N  P R O C 
ESSES.  C red it 3 hrs. Spring term . 2 Rec. 1 
Comp. Elective for g raduate  students. P rereq ., 
9582 or consent o f instructor. Considers basic 
theory of au tom ata  and  complex com puter 
applications in  w hich some degree of artificial 
intelligence is exh ib ited . Considers program s 
w hich are  heuristic , adaptive, or w hich learn  
from  com putation  experience. Illu s tra tive  a p 
plications in  gam e-playing and  theorem  prov
ing; practical applications in  in d u stria l sched
u ling , line  balancing and  m achine layout. 
L aboratory  work will involve IPL-V  p rogram 
m ing  on the C ontrol D ata  1604 of the  Cornell 
C om puting Center. Messrs. C o n w a y , M a x w e l l  
or S a l t z m a n .

9590. SPECI AL  I N V E S T I G A T I O N S  I N  I N 
D U S T R I A L  E N G I N E E R I N G .  C red it and ses
sions as arranged. E ith e r term . E lective for 
qualified underg radua te  and  g raduate  students. 
Offered to studen ts ind ividually  o r in  small 
groups. Study, under d irection , of special 
problem s in  the  field of in d u stria l engineering 
and  adm in istration .
9591. I N D U S T R I A L  E N G I N E E R I N G  A N D  
A D  M I N  1 ST  R  A  T I O N  G R A D U A T E  S E MI N A R .
C redit 1 h r. B oth term s. A weekly 1V2 hr. 
m eeting. For g raduate  students. Discussion and 
study of assigned topics of im portance in  the 
field.

AGRICULTURAL ENGINEERING
(For a  com plete descrip tion  of the  courses in  ag ricu ltu re , see the An n ouncemen t  of  the College 
of  Agricul ture .)
2. I N T R O D U C T I O N  T O  A G R I C U L T U R A L  
E N GI N E E R I N G .  C red it 2 hrs. Spring. 2 Lect. 
L im ited  to  studen ts in  the  five-year agricu l
tu ra l engineering curricu lum . T h e  purpose is 
to in troduce the  app lication  of engineering 
principles to problem s in  agricu ltu re , w ith  a 
brief history of the developm ent of ag ricu ltu ra l 
engineering in  the U n ited  States. Problem s

th a t are  of p rim ary  in te res t to the  ag ricu ltu ra l 
engineer are  used to provide u n derstand ing  of 
the app lication  of princip les and  to test the 
studen ts’ com prehension of the  subject m atter. 
Selected staff.
105. E N G I N E E R I N G  D R A W I N G .  C red it 4 
hrs. Fall. 2 Lect. 2 L ab. D esigned to prom ote
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an u n derstand ing  of the eng ineer’s universal 
graph ic  language. T h e  lectures will deal p r i
m arily  w ith spatia l re la tionships involving the 
problem -solving techniques of descriptive 
geom etry. T h e  laboratories will develop a 
w orking knowledge of draw ing conventions, 
d ra ftin g  techniques, and  their application  to 
m achine, a rch itec tu ra l, and p ictorial draw ing 
problem s. G raphs and engineering graphics 
(nom ography and  graph ical calculus) will also 
be included. Students will accomplish their 
work w ith d ra ftin g  m achines as well as the 
standard  T -square  and board . D epartm ent 
equ ipm en t will be u tilized to reproduce selected 
draw ing  exercises to illu stra te  the  techniques 
involved and  verify line  w ork quality . T h e  
first ha lf-hour of the laboratory  will be utilized 
as an  instruction-rec ita tion  period. Laboratories 
will be conducted to prom ote learn ing  th rough  
inform al s tuden t-teacher contact. M r. L o n g - 
h o u s e .

202. A G R I C U L T U R A L  P O W E R .  C redit 3 hrs. 
Fall. Lect. Lab. Comp. Prereq., Engineering 
3601 or the  equivalent. T herm odynam ic p r in 
ciples app lied  to in te rna l com bustion engines. 
A pplication of kinem atics and dynamics to 
trac to r design an d  field use. E lem ents involved 
in proper construction, selection, and  opera
tion of farm  tractors. Em phasis on w riting  of 
engineering reports. M r. S i e m e n s .

203. A G R I C U L T U R A L  M A C H I N E R Y .  C redit 
3 hrs. Spring. 2 Lect. 1 Lab. P rereq ., E ng i
neering 3341 or the equivalent. T h e  principles 
of design and  developm ent of ag ricu ltu ra l m a 
chines to m eet functional requirem ents. E m 
phasis is given to stress analysis, selection of 
m ateria ls of construction , and  testing  proce
dures involved in  m achine and  developm ent. 
M r. Gunkel.
220. S U R V E Y I N G.  C red it 2 hrs. Spring. 1 
Lect. 1 Lab. A study of the  principles and 
practices of surveying m easurem ents. F u n d a 
m entals o f m easurem ent, sources of errors. 
Use of steel tape, eng ineer’s level, transit and 
plane table. E m phasis upon  ag ricu ltu ra l en 
gineering applications. M r. L e v i n e .

221. S OI L A N D  W A T E R  E N G I N E E R I N G .
C redit 3 hrs. Spring. 2 Lect. 1 Lab. Prereqs., 
Engineering 2132, 2302, and Agronom y 1, or 
their equivalents. An advanced course in the 
application  of engineering princip les to the 
problem s of soil and w ater control in  ag ri
cu ltu re . Includes design and  construction of 
drainage systems and  farm  ponds; and design 
and  operation  of sprink ler systems for irr ig a 
tion. M r. Black.
231. A G R I C U L T U R A L  S T R U C T U R E S .  C redit 
3 hrs. Spring. 1 Lect. 2 Lab. Prereqs., E ng i

neering 2732 an d  3605 o r their equivalents. 
An advanced course in  the  app lication  of 
stru c tu ra l design princip les to fa rm  buildings. 
Includes functional requ irem ents, character
istics o f m aterials, s tru c tu ra l design, and  the 
principles of environm ental contro l in farm  
buildings. M r. S c o t t .

241. L O W - C O S T  R O A D S .  P rim arily  for 
foreign students. C red it 3 hrs. O n dem and. 
Prereq ., 2610 or the equivalent. Study of eco
nom ic im portance of rou tes an d  selection of 
roads to be im proved; location and  design; 
subgrade soils and  stab ilization  of subgrade 
soils by use of adm ix tures, chem icals and 
b itum inous m ateria ls; d ra inage  structures; b i
tum inous treatm ents and  b itum inous m ats for 
stabilized subgrades. Survey of the ex p eri
m ental w ork in  the  use of m ateria ls and  d e 
sign and  construction  of low-cost roads. Mr. 
S p e n c e r .

251. S PEC I AL  P R O B L E M S  I N  A G R I C U L 
T U R A L  E N G I N E E R I N G .  C red it 1 o r more 
hrs. Fall o r spring. Prereqs., adequate  ability  
and  tra in in g  for the  work proposed, and  p e r
mission to register. (N orm ally reserved for 
seniors in  upper two-fifths o f class.) Special 
work in  any b ranch  of ag ricu ltu ra l eng ineer
ing  on problem s u n d er investigation by the 
D epartm en t or of special in te rest to the  s tu 
den t, provided, in the  la tte r  case, th a t ade
q u a te  facilities can be ob tained . Staff.
253. S P EC I AL  T O PI CS  I N  A G R I C U L T U R A L  
E N G I N E E R I N G .  C red it 1 h r. Fall and  spring. 
O pen only to seniors. Presen tation  and d is
cussion of the opportun ities , qualifications, and 
responsibilities for positions of service in the 
various fields of ag ricu ltu ra l engineering. Mr. 
F r e n c h .

260-261. A G R I C U L T U R A L  E N G I N E E R I N G  
P R O J E C T .  T o ta l C red it 6 hrs. F ifth  year 
work in  the  form  of projects. Ind iv idua l work, 
o r in  sm all groups, w ith staff guidance. P r i
m arily  in tended  to develop in itia tive  and 
self-reliance, as well as to provide for experi
ence w ith eng ineering  problem s. Problem s in 
the s tu d en t’s area  of in te rest w ill be assigned 
after consultations betw een s tu d en t and  staff. 
Staff.
[461. A G R I C U L T U R A L  M A T E R I A L S  H A N 
D L I N G  A N D  PROCESSES.  C red it 4 hrs. 
Fall. 3 Lect. 1 Lab. A study of princip les of 
and  equ ipm en t for h an d lin g  ag ricu ltu ra l m ate
rials, includ ing  the developm ent o f systems for 
typical farm  operations. Processes such as size 
reduction , separation , m ixing, m etering , d e 
hydra tion , re frige ration , and  ven tila tion  as 
they apply to farm  structures an d  m ateria ls are 
included. N o t given in  1963-1964.]
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G EORG E RAYM OND HA NSELM AN , M .E., M.S., A ssistant D irector of the  Sibley School of 

M echanical E ngineering  and Professor of A dm inistra tive  Engineering.
B A RBO U R LAW SON H E R R IN G T O N , B.S., Ph.D ., Professor of D airy  Chem istry.
GEORG E B. LYON, B.S. in  C.E., M.S., Associate Professor o f Civil E ngineering.
R O B E R T  M U M FO RD  SMOCK, B.S., M.S., Ph.D ., Professor of Pomology.
STANLEY W H IT S O N  W A R R E N , B.S., Ph.D ., Professor of Farm  M anagem ent.
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PROFESSORS
E D W IN  STANLEY SH EPARDSON , B.S., M.S. in  A gr., Professor o f A gricu ltu ral E ngineering.
LANDIS LEE BOYD, B.S., M.S., Ph.D ., Professor of A gricu ltu ral E ngineering.
W ESLEY W IN N F R E D  GU N K EL, B.S., M.S., Ph.D ., Professor o f A gricu ltu ral E ngineering.
JAM ES W EN D ELL SPEN CER, B. of C.E., M.C.E., Professor of A gricu ltu ral E ngineering.

ASSOCIATE PROFESSORS
G IL B E R T  LEV IN E, B.S., Ph.D ., Associate Professor o f A gricu ltu ral E ngineering.
W ILLIA M  FR E D E R IC K  M IL L IE R , B.S., Ph.D ., Associate Professor o f A gricu ltu ral E ngineering.
RO N A LD  BAY FU RRY , B.S., M.S., Associate Professor of A gricu ltu ral E ngineering.

ASSISTANT PROFESSORS
R IC H A R D  DEAN BLACK, B.S., M.S., Ph.D ., A ssistant Professor of A gricu ltu ral E ngineering.
R O B E R T  T H E O D O R E  LO R EN ZEN , B.S.A.E., B.S.C.E., M.S., A ssistant Professor of A gricu ltu ral 

Engineering.

CHEMICAL ENGINEERING
CHARLES CA LV ERT W IN D IN G , B.Ch.E., Ph.D ., D irector of the  School, H e rb ert Fisk Johnson 

Professor of In d u stria l Chem istry, Professor of Chem ical E ngineering, and  Personnel Officer 
o f the School.

EMERITUS PROFESSOR
FRED HO FFM A N  R H O D ES, A.B., Ph.D ., Professor of Chem ical Engineering, Em eritus.

PROFESSORS
R O B E R T  KAUL F IN N , B.Chem.E., Ph.D ., Professor of Chem ical Engineering.
J. ELD RED  H E D R IC K , Ph.D ., Professor of Chemical Engineering.
CLYDE W A L T E R  MASON, A.B., Ph.D ., E m ile M. C ham ot Professor of Chem ical Microscopy 

and  Professor o f M etallography.
JU L IA N  C. S M IT H , B.Chem., Chem.E., Professor of Chem ical E ngineering.
R O B E R T  L. VON BERG, B.S. in Chem .E., M.S. in  Chem .E ., Sc.D., Professor of Chem ical 

Engineering.
H E R B E R T  F. W IEG A N D T , B.S. in  Chem.E., M.S. in  E ng., Ph.D ., Professor of Chemical 

Engineering.
R O B E R T  YORK, B.S. (M .E.), M.S. (M.E.), ScD. in  Chem .E., Socony M obil Professor of Chemical 

Engineering.

ASSOCIATE PROFESSORS
P E T E R  H A R R IO T T , B.Chem.E., Ph.D ., Associate Professor of Chem ical E ngineering.
FER D IN A N D  R O D R IG U EZ, B.S. in Chem .E., M.S. in  Chem .E., Ph.D ., Associate Professor of 

Chem ical Engineering.
RAYM OND G. T H O R P E , B.Chem.E., M .Chem .E., Associate Professor of Chem ical Engineering.

ASSISTANT PROFESSOR
G EO RG E FR E D E R IC K  SCHEELE, B.S.E., M.S., Ph.D ., A ssistant Professor of Chem ical 

E ngineering.

CIVIL ENGINEERING
N E P H I A L B E R T  C H R ISTEN SEN , B.S.C.E., M.S.C.E., Ph.D ., D irector of School an d  Professor 

of Civil E ngineering.
O LIVE D. PASS, A dm inistra tive  Aide, School of Civil E ngineering.
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EMERITUS PROFESSORS
SAMUEL L A T IM E R  BO O TH R O Y D , M.S., Professor of Astronomy, Em eritus.
W A L T E R  L. CO N W ELL, C.E., Professor of H ighw ay E ngineering, Em eritus.
CARL CRAN DALL, C.E., Professor of Civil E ngineering, Em eritus.
SOLOM ON CADY H O L L IS T E R , B.S., C.E., D .Eng., Sc.D., Professor of Civil E ngineering, 

Em eritus.
JO H N  E D W IN  PERRY, B.S. in  C.E., Professor of R ailroad  E ngineering, Em eritus.
ER N EST W ILL IA M  SCH O D ER, B.S., B.S. in  M in., P h .D ., W orld  W ar M em orial Professor of 

E xperim ental H ydraulics, Em eritus.
H E R B E R T  H EN R Y  SCO FIELD , M.E., Professor of T esting  M aterials, Em eritus.
CHARLES LEO POLD W A LK ER , C.E., Professor o f Sanitary E ngineering, Em eritus.

PROFESSORS
D O NALD J . B ELC H ER , B.S.C.E., M.S.E., Professor of Civil E ngineering.
PAUL P. BIJLA A RD , C.E., Professor of M echanics.
H A RRY  D. CONWAY, B.Sc. (Eng.), M.A., Ph.D ., Professor of Mechanics.
G O RD O N  P. FISH ER , B.E., D.Eng., Professor of Civil E ngineering  and  Associate D ean of the 

College.
CHARLES D O NALD GATES, B.A., M.S., Professor of Civil E ngineering  and H ead of the 

D epartm en t of Sanitary Engineering.
JO H N  C. G EBH A RD , C.E., Professor of Civil E ngineering  and H ead of the D epartm en t of 

Construction E ngineering  and  A dm inistra tion .
T A Y LO R  D. LEW IS, B.S.E., C.E., Professor of Civil E ngineering  and H ead of the D epartm en t 

of T ran sp o rta tio n  Engineering.
T A  LIA N G , B.E., M .C.E., Ph.D ., Professor o f Civil Engineering.
W ILL IA M  M cG U IR E, B.S. in  C.E., M .C.E., Professor of Civil E ngineering.
A R T H U R  J. M cNA IR, B.S., M.S., C.E., Professor of Civil E ngineering  and  H ead  of the  

Surveying D epartm ent.
G EORG E W IN T E R , C.E., Ph.D ., Professor and  H ead of the  D epartm en t o f S tructural 

Engineering, Class of 1 9 1 2  Professor of E ngineering.

ASSOCIATE PROFESSORS
VA UGH N C. B EH N , B.S., M.S., D .Eng., Associate Professor of Civil Engineering.
B EN G T BROM S, C.E. M.S., Ph.D ., Associate Professor of Civil E ngineering.
W ILL IA M  L. H E W IT T , A.B., B.C.E., M .C.E., Associate Professor of Civil E ngineering.
W A L T E R  R . LYNN, B.S., M.S., Ph.D ., Associate Professor of Civil E ngineering.
G EORG E B. LYON, B.S. in  C.E., M.S., Associate Professor of Civil E ngineering.
A R T H U R  H . N ILSO N , B.S.C.E., M.S., Associate Professor of Civil E ngineering.
W ILLIA M  L. R IC H A R D S, 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.

ASSISTANT PROFESSORS
G EORG E H . BLESSIS, B.E., M .E., A ssistant Professor of Civil Engineering 
W IL F R IE D  B R U T SA ER T , A.E., M.S., Ph.D ., A ssistant Professor of Civil E ngineering. 
STAN KO J . B R ITV EC , C.E., B.Sc., (Eng.), Ph.D ., A ssistant Professor of Civil E ngineering. 
W A L TE R  H . GRA F, D ip l.Ing ., Ph.D ., A ssistant Professor of Civil E ngineering.
JAM ES A. L IG G E T T , B.S., M.S., Ph.D ., A ssistant Professor o f Civil E ngineering.
R IC H A R D  N. W H IT E , B.S., M.S., Ph.D ., A ssistant Professor of Civil E ngineering.
DAVID A. W O O L H ISER , B.S., M.S., Ph.D ., A ssistant Professor of Civil E ngineering.

INSTRUCTORS
B U R D E T T  K. STEARNS, B.S., M.S.
SAMUEL J . E R R ER A , B.S., M.S.
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ELECTRICAL ENGINEERING
GLEN W ADE, B.S., M.S., Ph.D ., D irector of the School of Electrical E ngineering  and J . Preston 

Levis Professor of Engineering.
W ILL IA M  H A RRY  ERICK SO N , B.S. in E .E., M.S. in E.E., A ssistant D irector of the School and 

Professor of E lectrical E ngineering.

EMERITUS PROFESSORS
LA W REN CE ADAMS BURCKM YER, J r ., B.S. (in E.E.), E .E., Professor of E lectrical E ngineering, 

Em eritus.
R O B E R T  FR A N K LIN  C H A M B ER LA IN , M.E. (in E.E.), Professor of E lectrical E ngineering, 

E m eritus.
CASPER LEH M A N  C O T T R E L L , A.B., Ph.D ., Professor of Electrical E ngineering, Em eritus.
M IC H EL G EORG E M A LT I, A.B., B.S. in  E .E., M .E.E., Ph.D ., Professor of E lectrical 

E ngineering, Em eritus.

PROFESSORS
PA UL DENZEL A N K R U M , B.S.E.E., A.B., M.S. in  Engineering, Professor of E lectrical 

Engineering.
H EN RY  G EORG E BOO KER, B.A., M.A., Ph.D ., IBM Professor of E ngineering  and A pplied  

M athem atics.
W A L TE R  W EN D ELL C O T N E R , B.S. (in E.E.), E .E., M .E.E., Professor of E lectrical E ngineering.
G . CON RAD DALM AN, B.E.E., M.E.E., D .E.E., Professor o f E lectrical E ngineering.
TH O M A S GO LD , M.A., C hairm an , D epartm en t of A stronom y, Professor of A stronom y, Professor 

o f Electrical E ngineering, D irector of the Radiophysics and  Space R esearch Center.
W ILLIA M  ED W IN  G O R D O N , B.A., M.A., M.S., Ph.D ., D irector, A recibo Ionospheric O bserva

tory, Arecibo, P uerto  Rico, Professor of Electrical E ngineering  (on leave, academ ic year 1963).
CHARLES F. G R EEN , A.B., A.M ., Ph.D ., V isiting Professor of E lectrical E ngineering.
SIM PSON LIN K E, B.S. in E .E., M .E.E., Professor of E lectrical E ngineering  (on leave, fall term  

1963).
T R U E  McLEAN, E.E., Professor of Electrical E ngineering  (on leave, academ ic year 1963).
H EN RY  STO CK W ELL M cGA UGH AN, B.S.E. (in Phys.), M .E.E., Professor o f E lectrical 

Engineering.
W ILB U R  E R N EST MESERVE, B.S. (in E.E.), M.S., M.E.E., Ph.D ., Professor of Electrical 

E ngineering, Secretary o f the  Faculty of the  School of E lectrical Engineering.
BEN JA M IN  N IC H O LS, B .E.E., M .E.E., Ph.D ., Professor of E lectrical E ngineering  (on leave, 

sp ring  term  1964).
H O W A RD  G O D W IN  SM IT H , E.E., M .E.E., Ph.D ., Professor of E lectrical E ngineering  and 

D irector, Division of Basic Studies of the College of E ngineering.
E V E R E T T  M IL T O N  STR O N G , B.S. in E .E., Professor of E lectrical E ngineering.
STANLEY W ILLIA M  ZIM M ERM A N , B.S. in  E .E., M.S. in E .E., Professor o f E lectrical 

Engineering.

ASSOCIATE PROFESSORS
R A L PH  B O LG IA N O , B.E.E., M .E.E., Ph.D ., Associate Professor of E lectrical E ngineering. 
NELSON H O W A RD  BRY A N T, E.E., M .E.E., Associate Professor of E lectrical E ngineering. 
M ARSHALL H . C O H EN , B.E.E., M.Sc., P h .D ., Associate Professor of E lectrical E ngineering  

(resident a t Arecibo, P uerto  R ico, academ ic year 1963).
N IC K  DeCLARIS, B.S., Sc.D., Associate Professor o f E lectrical E ngineering.
LESTER  FUESS EASTM AN, B.E.E., M.S., Ph.D ., Associate Professor o f E lectrical E ngineering. 
CYLDE E D W IN  ING ALLS, E .E., Associate Professor of E lectrical E ngineering.
PA UL ROW LEY McISAAC, B.E.E., M.S.E., Ph.D ., Associate Professor of E lectrical E ngineering. 
T H E O D O R E  GREGO RY M IH R A N , A.B., M.S., Ph.D ., V isiting Associate Professor o f E lectrical 

E ngineering.
R O B E R T  E. OSBORN, B.S.E.E., Associate Professor of E lectrical E ngineering.
JO SE PH  L. ROSSON, B.S. in  E .E., M.S. in  E ngineering, Associate Professor of E lectrical 

Engineering.
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RA V IN D RA  N A T H  SUDAN, B.S., D .I.I., Sc., Ph .D ., Associate Professor of E lectrical Engineering. 
H W A -C H U N G  T O R N G , B.S., M.S., Ph.D ., Associate Professor of E lectrical Engineering. 
N O R M A N  M. VRANA, B.E.E., M .E.E., Associate Professor of Electrical Engineering.
G EORG E J . W OLGA, B.E.P., Ph.D ., Associate Professor of E lectrical E ngineering.

ASSISTANT PROFESSORS
A LEX A N D ER SC O TT G IL M O U R , B.E.E., M.S., Ph.D ., A ssistant Professor of Electrical 

Engineering (resident a t Cornell Aero Lab, Buffalo, acadam ic year 1963).
FR ED ER IC K  JE L IN E K , S B., S.M., Ph.D ., A ssistant Professor of E lectrical Engineering. 
M YUNGHW AN KIM , B.S. in  E .E., M.S. in  E .E ., Ph.D ., A ssistant Professor of Electrical 

Engineering.
K E IT H  R O G ER  KLECKNER, B.E.E., Ph.D ., A ssistant Professor of E lectrical Engineering. 
LEE AUBRY M acKENZIE, B.E.E., M.S., Ph.D ., Assistant Professor o f Electrical Engineering. 
S A N JIT  K. M IT R A , B.Sc., M.Sc., M.S. in  E .E., Ph.D ., A ssistant Professor of E lectrical 

Engineering.
C H R IS T O P H E R  P O T T L E , B.E., M.S., Ph.D ., A ssistant Professor o f E lectrical Engineering. 
G IA N -CA RLO  R U M I, D o tt ing ., M.S., Ph.D ., A ssistant Professor of E lectrical E ngineering. 
JAM ES SHELBY T H O R P , B.E.E., M.S., Ph.D ., A ssistant Professor o f E lectrical Engineering. 
LEO NARD SAMUEL W A G N ER, B.E.E., M.S.E.E., Ph.D ., A ssistant Professor of E lectrical 

Engineering.
PA UL FRA N K LIN  W EAVER, B.E.E., M .E.E., Ph.D ., A ssistant Professor of E lectrical

Engineering.
H O W A RD  RUSSELL W IT T , B.A.Sc., M.S.E., Ph.D ., A ssistant Professor o f E lectrical E ng i

neering.

VISITING LECTURER
LELAND C. R O B ER TS, A.B., B.S.E.E.

RESEARCH ASSOCIATE
I.A W REN CE BYRON SPEN CER, E .E., Research Associate.

ENGINEERING MECHANICS 
EMERITUS PROFESSORS
E R IC  V. H O W ELL, C.E., Professor of M echanics, Em eritus.
H A RO LD  C. PERK IN S, M .E., Professor of M echanics, Em eritus.

PROFESSORS
PA UL P. BIJLA A R D , C.E., Professor of M echanics.
H EN RY  D. BLOCK, B.S., B.C.E., M.S., Ph.D ., Professor of A pplied  M athem atics.
EDM U ND T . CRA N CH , B.M .E., Ph.D ., Professor of M echanics.
H A RRY D. CONWAY, B.Sc. (Eng). M.A., Ph.D ., Professor of M echanics.
GEOFFREY S. S. LU D FO R D , B.A., M.A., Ph.D ., Sc.D., Professor of A pplied  M athem atics. 
JO H N  R . M O Y N IH A N , M .E., M .M .E., Professor of M aterials, Secretary of the  Faculty of the  

College of Engineering.

ASSOCIATE PROFESSORS
TH O M A S P. M IT C H E L L , B.S., M.S., B.C.E., Ph.D ., Associate Professor of M echanics. 
Y IH -H SIN G  PAO, B.S., M.S., Ph.D ., Associate Professor o f M echanics.
ALLAN W . R O B ER TS, B.E., Ph.D ., V isiting Associate Professor of M echanics.

ASSISTANT PROFESSOR
R IC H A R D  H . LANCE, B.S., M.S., Ph.D ., A ssistant Professor of M echanics.
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INSTRUCTORS
KARL F. GRAFF.
STANLEY OLSEFSKI.

ENGINEERING PHYSICS AND MATERIALS SCIENCE
JO H N  P. H O W E, Ph.D ., Professor of Engineering and D irector o f the  D epartm en t o f E ng i

neering  Physics and  M aterials Science.
T R E V O R  R. CUYKENDALL, Ph.D ., Professor o f Engineering Physics an d  Associate D irector 

of the  D epartm en t of E ngineering  Physics and  M aterials Science.

PROFESSORS
H E N R Y  G EORG E BOO KER, Ph.D ., IBM  Professor of E ngineering  and  A pplied  M athem atics, 

Professor o f Electrical E ngineering, and Professor of E ngineering  Physics.
MALCOLM  S. B U R T O N , S.M. in  M.E., Professor of M aterials and  M etallurgical E ngineering.
DALE RAYM OND CORSON, Ph.D ., D ean of the  College of E ngineering, Professor of Physics, 

and  Professor o f E ngineering  Physics.
EDM U ND T IT U S  CRA N CH , Ph.D ., Professor of M echanics, and  Professor of E ngineering 

Physics.
T H O M A S GO LD , M.A., C hairm an of the  D epartm en t o f A stronom y, Professor of Electrical 

E ngineering, D irector o f the  Radiophysics and Space Research Center, and  Professor of 
E ngineering  Physics.

JAM ES LA W REN CE GREGG , B.S., Professor of M aterials and  M etallurgical E ngineering.
PA UL LEON H A R TM A N , Ph.D ., Professor of Physics and  Professor of E ngineering  Physics.
JO SE PH  O. JEFFR EY , M .M .E., Professor of M aterials Science.
H E R B E R T  FRA N K  N EW H A LL, Ph.D ., Professor of Physics and  Professor of E ngineering  

Physics.
JO H N  B U R T  N EW K IR K , Sc.D., Professor of M aterials and  M etallu rg ical E ngineering.
E D W IN  L. RESLER, JR ., Ph.D ., Professor of Aerospace E ngineering  and  Professor o f E ng i

neering  Physics.
H E N R I SAM UEL SACK, D.Sc., W alter S. C arpenter, J r . Professor of E ng ineering  and Professor 

o f E ngineering  Physics.
ERALDUS SCALA, D.Sc., Professor of M etallurgical E ngineering  and  M aterials Science.
W ILLIA M  REES SEARS, Ph.D ., Professor of Aerospace E ngineering, Jo h n  L aP orte  Given 

Professor of E ngineering, and  Professor of E ngineering  Physics.
BEN JA M IN  M. SIEGEL, Ph.D ., Professor of E ngineering  Physics and  Professor of Physics.
G EORG E V. S M IT H , Sc.D., Francis N orw ood B ard Professor of M etallurgical E ngineering.

ASSOCIATE PROFESSORS
DAVID D. CLARK, Ph.D ., Associate Professor of E ngineering Physics.
H E R B E R T  H . JO H N S O N , Ph.D ., Associate Professor o f M aterials Science.
M A RK S. N E L K IN , Ph.D ., Associate Professor of E ngineering  Physics.
T H O R  N. R H O D IN , Ph.D ., Associate Professor of E ngineering  Physics.
A R T H U R  L. R U O FF, Ph.D ., Associate Professor of M aterials Science.
W A T T  W . W EBB, Ph.D ., Associate Professor of E ngineering  Physics.

ASSISTANT PROFESSORS
JO H N  M. BLAKELY, Ph.D ., A ssistant Professor of E ngineering  Physics and  of M aterials 

Science.
K. BIN G H A M  CADY, Ph.D ., Assistant Professor of E ngineering Physics.
DAVID E. FISH ER , Ph.D ., A ssistant Professor of E ngineering  Physics.
CHE-YU LI, Ph.D ., A ssistant Professor of M aterials and  M etallurgical E ngineering.
JO H N  SILCOX, Ph.D ., Assistant Professor o f E ngineering  Physics.
A N TH O N Y  TA Y LO R , Ph.D ., A ssistant Professor of E ngineering  Physics, an d  of M aterials 

Science.
H A R R Y  W . W EA R T, Ph.D ., Assistant Professor of M aterials an d  M etallurgical E ngineering.
G EO RG E J. W OLGA, Ph.D ., A ssistant Professor of E lectrical E ngineering , an d  of E ngineering  

Physics.
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A N D REW  SCH U LTZ, B.S. in  A.E., Ph.D ., H ead  of the  D epartm en t and  Professor of In d u stria l 
E ngineering.

PROFESSORS
R O B E R T  E R IC  B E C H H O FE R , A.B., Ph.D ., Field R epresentative, G raduate  F ield of In d u stria l 

E ngineering  and  O perations Research, and  Professor of In d u stria l E ngineering.
H EN R Y  P H IL L IP  GO ODE, B.S., M.S., Professor o f In d u stria l Engineering.
BYRON W IN T H R O P  SAUNDERS, B.S. in  E .E., M.S., Professor of In d u stria l Engineering.
LIO N EL IR A  WEISS, B.A., M.A., Ph.D ., Professor of In d u stria l Engineering.

ASSOCIATE PROFESSORS
R O B E R T  NELSON A LLEN , B.S. in  A.E., Secretary of the Faculty of the D epartm en t of I n 

du stria l E ngineering and  A dm inistra tion , and  Associate Professor of In d u stria l E ngineering.
R IC H A R D  W A L T E R  CONWAY, B.M .E., Ph.D ., Associate Professor of In d u stria l E ngineering.
M A R TIN  W R IG H T  SAMPSON, B.S. in  A.E., M.S. in  Eng., Associate Professor of Industria l 

Engineering.

ASSISTANT PROFESSORS
R IC H A R D  H A R O LD  B ER N H A R D , B.M .E., M.S., Ph.D ., A ssistant Professor of In d u stria l 

Engineering.
DONALD LEE IG L E H A R T , B.E .P., M.S., Ph.D ., A ssistant Professor of In d u stria l E ngineering.
W ILLIA M  LA U G H LIN  M AXW ELL, B .M .E., Ph.D ., A ssistant Professor of In d u stria l E n 

gineering.
P E T E R  E R N EST NEY, B.S., M.A., Ph.D ., A ssistant Professor of In d u stria l E ngineering.
SIDNEY SALTZM AN, B.S., M.S., Ph.D ., Research Associate— Cornell C om puting  C enter and 

A ssistant Professor of In d u stria l E ngineering.

INSTRUCTORS
GARY DEAN E PPE N , B.S., M .S.I.E., In stru c to r in  In d u stria l Engineering.
JO H N  W A L T E R  RU D A N , B.Sc. (M.E.), M.S., A ssistant D irector, Cornell C om puting  Center 

and  In stru c to r in  In d u stria l E ngineering.

MECHANICAL ENGINEERING
H A RRY  JO H N  LOBERG, M .E., M.S. in  Eng., D irector of the School and  Professor of M echanical 

Engineering.
G EORG E RAYM OND HA NSELM AN , M .E., M.S., A ssistant D irector of the  School, Professor of 

M echanical E ngineering, and  Secretary of the  Faculty of M echanical E ngineering.

EMERITUS PROFESSORS
W ILLIA M  COOK AN DRAE, M .E., M .M .E., Professor of M echanical E ngineering, Em eritus.
ROY EDW ARDS CLARK, M. E., Professor of H eat-P ow er E ngineering, Em eritus.
CLARENCE ELL SW O R T H  TO W N SEN D , M.E., Professor o f Engineering D raw ing, Em eritus.

PROFESSORS
A R T H U R  H O U G H T O N  B U R R , B.S. in  M .E., M.S. in  M .E., P h .D ., Silbey Professor of 

M echanical E ngineering  and  H ead of the  D epartm en t of M achine Design.
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