“A Brief History of the Department of Electrical Engineering University of
Michigan” -June 1944
by Ben Bailey

Summary: A thorough firsthand account of the department from 1889-1944, with
details from its establishment.

Important Details

e 1853 firstUn M Engineering courses (LSA)
e 1895 CoE established, Chas E. Greene Dean
* 1888 Henry S. Carhart offers dynamo electric machinery

* 1889 BS in EE offered
o Early courses on dynamo-electric machinery, power distribution,
photometry, primary/secondary batteries, mathematical electricity
* First laboratory was basement of Physics Building
* Firstlab was steam powered!
* 1898 Steam engine replaced with electric motor
* 1889 George W. Patterson first instructor in EE (not Physics, though he was
soon Assistant Professor in Physics)
* 1904 West Engineering Building begun
* 1905 George W. Patterson first Professor of EE, Dept. Head
* 1910 West Engineering expanded
* 1915 John C. Parker Dept. Head
* 1922 Ben Bailey Dept. Head
* During the war, only “Navy men” remained, since Army men and civilians
were overseas
* List of all early faculty, with their titles and sometimes
research/accomplishments
* Almost no electricity on campus until 1897, Henry Carhart organized the
first University power house at that time. Replaced in 1913
¢ First curriculum (1889):
o Mathematics - 22 hours
French or German - 20 hours
English - 2 hours
Physics - 18 hours
Chemistry - 8 hours
Drawing - 11 hours
Mechanical Engineering - 17 hours
Electrical Engineering — 11 hours
Electives - 16 hours
o Thesis
* Overview of changes in curriculum
*  WWII research projects left the dept. understaffed
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*  Overview of WWII research
*  WWII coursework changes:
o Courses added to officers as civil administrators in occupied countries
o Two classes of 90 naval officers about electricity on shipboard
o Requested to teach radar classes, and so many chose them as electives
they had to graduate students with missing coursework to fit it in
their schedules
o Had to facilitate 4 different curricula for civilians, Army, Navy, and
Marine trainees
o Navy and Marines ran on 3 16-week terms, Army on 4 12-week terms,
which meant 7 schedule changes per year
o 80-90% of students specialized in high frequency radio because of
radar training request

Early Chairs/Heads

Henry Carhart
* Founder without proper title of chair or head, was Physics professor
* Few students even successfully started a motor in his class
* Only one course at first, in dynamo-electric machinery 1888-89

George W. Patterson

John C. Parker
* Responsible for 2-3 advanced theory courses
* Became Vice President of New York Edison Company, later President of
American Institute of Electrical Engineers

Benjamin F. Bailey
* Began as instructor in Electrotherapeutics
*  Worked at Detroit Edison Company, General Electric, and Fairbanks-Morse
Electric Mfg. Co.



. A BRIEF HISTORY OF THE
DEPARTMENT OF ELEOTRICAL ENGINRERING
.. UNIVERSITY OF MIOHIGAN

" By Ben}. F. Bailey i, W
June 1944

The Department 6: Eleotrical Engineering is now 55 years o0ld,

The writer has been assocliated with the Department for 44 years as a

- teaoher and four years as a student, and has served as Head and Chaire
man for the last 22 years, On the eve of his retirement it seens
appropriate to summarize the development that has taken place,

Courses in Engineering were frirst offered by the Unlversity of
Michigan in 1853, At Tirst, the work was under the control of the
College of Literature, Science, and the Arts and 1t was not uantil 1895
that the College of Tngineerlngz beceme an independent unit with
Chas. E. Greoene as Dean,

The first important electrical invention was the telegraph which
came into use in 1844, Thirty years passed before the next great
invention, the telephone, appsared, This was followed in 1880 by the
devalopment of elsotricity as a source of light and power, and people
began to realize that a great new force was causing a revolution in
the life of the world, Succeeding years have brought X-Rays, radilo,
television, and electronics, What will come next, no one knows, but
it i8 very evident that the future will bring nsew wonders, %e have
come a long way from the magnetic compass and the lightning rod, dut
wo still h:ve a long Jjourney ahead of us.

In the year 1888, Professor llenry S, Carhart, Head of the Depart-
ment of Physios, first offered a course in drnamo-electrio nachinery

under the title of "Physics 14", One year later, on June 23, 1889,
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the Regents, gn the reocommendation of the faculty of the Department

of Literaturé.'SOLGnee, and the Arts, aétabllahed a ocoursé in electrical
enginearing, The qdéreo offered was Bachelor of Science‘ihAﬁledtiioal
Enginsering, The course of study inoluded 22 hours of Mathematios,

20 hours of French or German, 2 hours of English, 13 hours of'Ph&sics,

8 hours of Chemistry, 11 hours of Drawing, 2 hours of Civil Engineering,
17 hours of Mechanlocal Engineering, and at leest 8 hours of Electrical
Englneering, In September of the same year, George V. Patterson wag
appointed Instructor in Electrical Englneering,

The elactrical courses offered included dynamo-electrio machinery,
distribution and tranamissicn of power, photometry, primary and secondary
batteries and an elective course 1n mathenatical electricity.

The laboratory was established on the basement floor at the esast
end of the old Physics Bullding, Power was supnlied by a steam engine
which drove a countershaft and to this oould be belted various elsctric
generators, These consisted of un Edison bi-polar dynamo of 5 kilowailts
capacity, e 10 arc 3rush dynamo with arc lamps, a © horsepower direéct
osurrent motor and a oradle dynamometer, There was a small photometric
room adjacent to the laboratory and a battery room containing a
storage battery of 31 cells, A few slectrical measuring instruments
and acoessories were also avallable,

The Engineering Department, independent of the Literary Department
was established in 1895, The department grew rapidly both in the nunber
of students and the physical equipment, In 1898 the stean engine had -

been repluced by an electric nmotor, ourrent beins then available from

the University power house., A 30 kilowatt alternator, a number of

transformers, and a home-made polyphaée alternator had besn added. In
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this same year the first induction motor on the campus was designed
.and bullt under the supervision of Professor Carhart, It was a twow=
phase machine operating on 180 cyoles, Mr, Carroll Jones, who had had
oconsiderable practical experience in electrical engineering, was added
as an instructor, Unfortunately, Mr, Jones died shortly afterward and
his place was taken at ths beginning of the school year in 1900 by
Benjanin F. Bailey as Instructor in Eleotriocal Engineering,

In 1904 s portion of the present West Engineering Bullding was
built and the eleotrical engineering laboratory oocupiled the basement
floor of the south end of this bullding., This gave the department
muoh needed space, and equipment was rapldly added, In May 1905,
George \/, Patterson became the first Professor of Electriocal Engineering
and was placed in charge of the department, 1IIe held this position
until 1915, During this period the department expanded greatly in
its scope, offering a wide varlety of courses, practically equivalent
to thoss offersd today except in the departments of elestronlics and
radio, which were just beginning to assume commerclal lImportance,

In 1910 the West Engineering Bullding was enlarged to take care
of the rapid growth of the department and most of the electrical
engineering laboratorles were transferred to the north end of this
building, where they have since remained,

In 1915 Professor Patterson became Head of the Department of
Engineering Mechanies and John C, Parker was appointed Head of the
Department of Electriocal Engineering, a post which he held until 1822,

During thls perlod the number of students of electrical engineering

remained relatively constant and opportunlity was offered to revise and

refine the course of study. The number of starf menbers increased to

14 and the department began offering a number of apcocialized courses
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such a8 radio, advanced theory of circuits, advanced courses in desiga,
etc, A number of the more practiocal courses were necessarily eldminated
and the work as a whole placed on a mofé advanced plane, -Gdnsidérébiy
additions were made to the physical equipment of the department,

In 1922 Professor Parker resigned and was succeeded by Benj, F.
Balley, who has since been Head of the Department, During this period,
likewlse, the number of undergraduate astudents has remained relatively
constant although there has been a very deolded increase in the number
of graduate students, Candidates for the Master's degree have become
quite numerous and there are usually one or two candidates each year
for the poctorate, The physical equipment has been increased moderately
elthough the depression years have prevented any greast outlay for new
equipment.

During the past two years, we have been in the war and this has
naturally had a profound effect upon our work, Ve have dropped entirely
the old plan of two semesters plus a summer gchool and are now operating
with three temms of 16 weeks each and practically no vacations. For
the first war year we taught both Army and Navy men end & considerable
number of civilians. !ow in the summer term the Amy men and the
eivilians are practically all gone and we have only llavy men, The

actual content of the courses taught remains, however, practical 1y

unchanged.

T e
i
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The Steff in Eleotrical Engineering

Someone once sald that a log with a student on one end and

Mark Hopkins on the other constituted a University, All three elements

ere essential and we will devote some time to each of them,

To give a cumplete history of all staff members duriﬁg the past
b5 years would reqire too much space, In the Tfollowing, I will attempt
to outline the more important changes which have taken place, and glve
some impressions of a few of the faculty,

Until the present (June 1944) there have been four heads of the
department, although Prof, Carhart never held that title, in fact,
Prof. Patterason was the first Professor of Bleotriocsl Engineering, The

list i3 a8 follows:

H., S, Carhart 1889~1905 Served 18 years
Geo, W, Patterson 19805-1915 " 10 "
John C, Parker 1915~1922 . 7 "
Ben}. ¥, Balley 1922-1044 " 22 "

H, 8, Carhart
The founder of the Electriocal Engineering Department was Prof,

H., S, Cerhart. He never held the title of Head or Chairmen of the
department but remained Professor of Physics as long as he was here,
I remember that he once told me that no one was ever authorized to
start such a department, but like Topsy, 1t "just grew", At rfirst the
courses were asll listed under Physios and it was not until 1895-96
that they were grouped separately as Electrical Engineering.

At first only one course (in Dynamo Eleotric Machinery) was offered.
his was in 1868-89 and was taught personally by Prof, Carhart,

I think it is safe to say that no one who studied under Carbart
will ever forget him. He was a small, nervous man, full of energy and

"pep”. He was a good leoturer, but not very profound, It was rumored
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among the students that he had stomach trouble and that was why he
was 80 sour, His pet aversion was blown fuses and each case called for
a thorough investigation. The poor culprit 414 not hear the last of .
it for many a long day. In his laboratory classes, we lined up outside
the door., Promptly at one 6'clock, the doors opened and we filed in,
Everything was "hooked up" and we were each assigned to read en
instrument., When we were "all set", "H28" as he was called (for obvious
reasons), started the motor and the experiment proceeded., It i3 a
fact that I was the only student in my class who ever even started a
motor and that was because I sneaked in at night to see if I could do it,
John O, Reed

We learned most from John O, Reed, Professor of Physics, He was
an excellent lecturer and quiz master, When we were called upon to
recite, we knew the lesson "or else". His sarcasm would blister the
hide of a mule, AS a graduate student I took a course in sound from

him and 1t was then that I first saw the utility of differentlal equatlions
and acquired some facility in thelr use,

Carl Guthe

Dr. Carl Guthe, a young German, was so in love with his subjeot
that he inspired some of us with enthuslasm to become scientists also,

Some of his early work in radio was of importance and his untimely

death was a blow to Michlgan.

Geo, W, Patterson
The name of Geo. W, Patterson, who was destined to play a very

important part in the development of Electrical Bngineering, first
appeared in 1888-90 as Instructor in Electrical Enzineering. One year

jater his title was Instructor in Physics, but in 1891-92 it was
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Assistant Professor of Physios., A little later he became & Junior
Professor and in May 1905, Professor of Ileotrical Engineering and
Head of the Department, He held this position until 1915 when he was
appointed lead of the Department of Engineering Meohanios and Assistant
Dean of the College,

He wes undoubtably the best loved of our teachers and is still
thought of by his o0ld students as "Pat", He was by no means a
"practical™ engineer but he was a thorough mathematician and had a wide
grasp of electrical theory. As a teacher he was very poor except for
the better students as he never could realize that the students were
not as brilliant as he was, If heever "flunked" any one I never
heard of it, He never wrote muoh or carried on muoh research but was
navertheless one of the strong men of the faculty, For those who could
"take 1t", he was a real inspiration.

John C, Parker

John C. Parker was appolnted head of the department in the summer
of 1915 to replace Prof, Patterson, Ye had had wide practical experience
in power plent work and was a profound student of electrical engineer-
ing. During the seven years he served, he d41d much to build up the
department and was responsible for the introduction of two or three
advanoed theoretlcal courses, Wwhile he was here, several strong men
were added to the staff, Only two of these (Prof., Jos., H. Cannon and
A, D, Moore) are still with us, Prof, Parker left us in 1922 and made
a quick rise in industry. He is now Vice-President of the New York

Edison Company and has served a term as President of the American

Inrstitute of Electrical Zngineers,
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My name first appears in University lists in 1897-98 as Dispensing
Clerk in Eleotro-Therapeutics, I graduated in '98, spent a year with

the Detroit Edison Company and the Generel Electric Compeny and returned'rm?i

in 1899-1600 as Instructor in Eleotro«Therapeutiocs, In 1900-01 I

took Carroll Jdones' place as Instructor in Electrical Engineering and
a year later became a regular lnstructor, I have been here ever since,
except for several leaves of absence, During one of these I was

Chief Engineer for the Falrbanks-Morse Eleoc, Mfg., Co., of Indianepolis,
I passed through the usual grades, becoming a full professor in 1912
and Head of the Department in 1922, I shall be officislly retired in
the summer of 1945 but expect to spend from July 1944 to then on a

leave of abssence,

L. F, Morehouse, after some other teaching experience joined
the staff in 1903 and was with us three years, He left to go into

telephone wor:. and 1s now one of the important men of the telephone

industry.

Geo, P, Rowe was an instructor for a year in 1892-93, and Carroll
D, Jones likewise served about two years, but died in 1900. Earnest

ateck and A. D. Spenocer, now Vice-President of the Detrolt Edison

Conpany, also served for short periods,

Fredrick DeLay and R, D, Parker (not John C.) Jjoined us in 1907

and both were with us for several years, DelLay taught the machinery

courses while Parker (who soon rose to Assistant Professor) speciallzed

in communication, which then meant Telephone and Telegraph, He left

ug in 1918 to go into telegraph work with the A, T, and T. and has risen

high in this work, L. D, McOmber and B. L. Barnes joined us in 1909



but 414 not stay long.

In 1908 C. L. DeMuralt was chosen to "strengthen® the staff by
Dean Cooley and was appointed a full professor, He was supposed - to L
have e great reputation in Germany (he did but not the kind,wo“thOught) f%
and was to give the staff a strong practical flavor while Patterson ‘é
supplied the theory. Many pages could be written about what happened
while he was here but no good oould coms of it. The inevitable "blow
up" ooccurred when it was discovered that he was meeting his olass in
alternating currents only once r week instead of three times, His
explanation waa that he could teach them all they needed to know in
15 lessons., The correct explanation wlll be obvious. He left by
request 1n 1914 and at last acoounts was a portralt painter in Dresden,
Germany.

H. H., Higble, who 18 still with us, was an assistant in Mechanical
Engineering (although his training had been electrical) for about two
years, end changed to Electrical Englineering inl905., He has been one
of our key men ever since., I could write much in praise of him but
being so olosely associated it might be embarrassing.

A. H, Lovell is another who has been with us for many years. He
joined us in 1910 as instructor. He distlnguished hlmself 1n the
first Yorld War and came out a Colonel of Tngineers, On hls return
to the University he was advanced to a Professorship and from 1930 to
1944 was Assistant Dean. His specialty for many years has beecn Electric
Powar Plants,

Harrr S, Tanner was with us a3 instructor from 1911 to 1913. ile
was one of our valued instructors, but left to accept a position with

the Sperry Gyrnscope Company. Hers he rosa rapidly to a position of

importance, but was unfortunately killed in an automobile accident a
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few yoars ago,

John Fay Wilson was an instructor from 1911 to 1916, Mr, L. W,
McOmber alao‘aervod'qs‘mstruotor during 1909~-10, and Mr, H, D, Wines nf
was with us from 1913 to 1916, ki

Mr, Harry 8, Sheppard was appointed as an instructor in 1913,
became an Assistant Professor in 1915, and remained with us until 1917,
He was one of our important men and has risen high in the Bell Telephone
System, Messers. Porter Evans, G, A, Pomeroy, F. R, Zumbro, H, L,
Ballard, H, W, Collins and L, W, Brunson were others who served for a
year or so during the period 1915 to 1920,

In the year 1915, T, J, MacKavanagh ceame in as Assistant Professor,
He remained with us until 1918 when he resigned to accept a position
wlth the Catholic University of washington, D,C, He is still with
them, but in addition has studied law and is a patent attorney. "Mac"
was a real character; very strong for his religion, and many were the
good natured arguments we used to have. He had spent some of his early
years on a ocable ship and could (and did) spin yarns by the hour. We
were sorry to lcose him,

In 1915 John C, Parker was brought in as Head of the Department.

He soon added several strong men to the staff, two of whom are still

with us. A, D, Moore became an instructor in 1916 and Joseph H. Cannon

an Assistant Professor in 1917, Both are still with us and have had
an important part in shaping our policies and setting our standerds.

%o hope they will be wlth us for many years in the future.

Two other strong men of this perlod were Ward T, Davidson (1916)

and Jemes F. Failrman, When Prof. parker left in 1922 he took both of

these men with him., Another notsble addition was E, 3. Stason (1919)
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as part-time Assistant Professor of Electrical Engineering,. His work

as s teacher was outstanding, He spent part of his time studying law,
Ye was with us a couple of years and then joined his father in the practice
of law, A few years later he wrote me saying he had decided to devote ;
his life to teaching, and thet he didn't care whether he taught Law
or Eleotrical Engineering., We hadno suitable opening but they were glad
to have him in Law, He had a spectacular rise and is now Dean of the
Law School and Provost of the University, e are proud to have had him
on our staff,

Another outstanding personality was Erwin E, Dreese., He entered
the Engineering College with advanced éredit from the Literary College,
dropped out for two years to serve in the Navy during VWorld Var I,
and greduated in 1920 with an all A record. He was appointed instructor
in 1921, He was a brilliant teacher in addition to belng one of the
best students we ever had., Sometime in the spring of 1925, Mr, James
Lincoln of the Lincoln Electrio Company of Cleveland, Ohio, called
me on the phone to see if they could plck up a young engineer, good
enough to qualify as Chief Engineer inside of a year, without hesitation
I recommended Dreese, He and Mr, Lincoln quickly reached an understand-
ing and he d41d become Chief Engineer within a year, A few years later
he bacame Head of the Electrical Englneering Department of Ohio State
University, and he still holds that position, He is one of the men
we should not have lost but it was Iimpossible to pay him enough to
keep him,.

Mr, W, L, Everett became an instructor ln 1925 but remained with

us only two years, He 1s now a Professor at Ohio State University and

is making a name for himself,
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From 1920 t0:1926 we added six men to the staff all of whom are
still with us, 8., 8, Attwood (1920), M, B, Stout (1922), H, 8, Bull (1982)
J, 8, Gault {1922), L, N, Holland (1924), and W,G, Dow (1926), I

could write much of these men and would if they were not still with
us, Buffioe it to say that we obviously liked them or we would not
have retained them 20 years and similarly they apparently liked us,
Practically all of them have had offers of better paying positions but
they preferred to stay with us. Inoldentally, at least three of these
men accepted positions with us bvefore a word was sald about salary,
Attwood and Dow are away on essentim)l war work, but we hope they will
be back soon,

¥r. A. R, Helwarth joined us in 1931 as instructor and was advanced
to Assistant Professor the next year, The year 1933 was perhaps the
worst year of the depression for us, All salaries were reduced and
we were forced to let one man go., Helwarth being our youngest member
was the "victim", He is now with the Detroit Edlson Company and we
have never been able to get hin back,

mo take care of the added teaching load and fill the places of
those working on war projects, we have added as instructors, He Jo
Gomberg, J, ¥. Cline, 7, 8. Needle and X, R. Moehl, They have not yet
had time to establish themselves but are showing promise, Gomberg 1s
absent on war work and we may lose others any time., Mr, Alten Gilleo

and Yr, Robert lfiller were appointed jnstructors in February 1944, but

never got a chanoce to serve., Mr. Gene Antonette was a Speclal Assistant

Professor for two years, loaned to us by the Detroit Edison Co,, but we

hud to let him go when all our goldier students were withdrawn,



The University Power House

Until the year 1897 very little electricity wes used on the
cumpus, A local compeny genorated power at 2200 volts and 124 oycles
but little, if any, was used in residences or on the cempus, One smell
transfornmer was installed in the 014 mediocal building, which stood
where the Randell Laboratory of Physics now is. The supply was at
2200 volts single phase, 124 cycles and was stepped down to 52 volts,
The ocurrent was used for experimental work in Electro-Therapeutiocs,

A Tew small motors around town were opersted by 500 veli, direot current,

A Tew years later a water power plant was bullt at Geddes, three
miles down the river, It was & two-phase plant operating at 60 oycles,
we used some of this power in owr laboratories, Power for all the
laboratories in the early days came from stean enclnea. One quite
larpge Corliss engine drove all the nachinery of the shops, transmission
baling by long oounter-shafts and belts, A 70 hp ussel horlzontal
engine with counter~sharft, clutch and belts provided powar for the
slectrical enginsering departuent, The steaz for these encsines came
from the boller house, located just west of the present West Tngineering
Building., Steasn for hoating the campus bulldinzs was also furnished
fron this boiler house. (All the University bulldings, except the
hospitala, were then located on the origsinal 40 acres, bounded by
Ssate, ‘forth, South and East University,)

In June 1897 the Tegents approved the purchase of two generators
end engines and they wers put into service in Decenmber 1897. Belng
ohiiy a student at the time, I of course had no part in the discussion
o the type of electric power %o be gensrated, I h:ve been told that

the decision to generete direot current at 220 volts, wes die to Trof,
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Carhart, Most olty systems at that time operated on the 3-wire system,
gonerating both 110 and 820 volt direot ourrent, For incandescent T
lanps, the 110 volt pressure was much the better, Two hundred and "vig
twenty volt lamps were manufactured dbut they oost more, waré less 4
efficlent and less sturdy than 110 volt lampa. Howaver, woe had seen the
early 656 volt lasmps superseded by 110 volt lamps aend it seemed quite
possible that in n fow years the 220 volt lamp might be improved so as
to be substantially equal to the 110 volt lights, However, this has
not taken place and the campus has been handicapped for nearly 50 years
by its 220 volt system. Prof., Carhart decided against the 3-wire systenm
{whioch would have been much better) because the University would have
been forced to pay royalties to the General Electric Co, who owned the
patents., An alternating current system ocould have been used but suitable
moteora were lacking., It would also have been pogsible to use a EB-wire,
110 volt system but that would have required four times as much copper,
In all the newer bulldings 110 volt lighting is now used, but all the
older bulldings are still on 220 volts, although the supply is now
elternating ourrent,

The system finally installed was, I belleve, unique, Two Thompson-
Ryan generators of 75 kw each operating at 250 rpm were used, each
driven by a single cylinder non-condensing: engine exhausting into
heating mains, The two generators were compound wound and with full
compensating windings, The generators wers adjacent to ons another
with the enzines on the outside, A complicated system of quill shafts
and clutches was used, sc thet 1f desiruble either engine could drive
1t3 own generator, or the other one or both at the gane time. As fer

a3 I know no ocoasion ever arose when it was necessary to make use of
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these possibilities, Current for the hospitals was furnished through
a line about a mile long and avseries booster was used to foroe the |
ourrent through this line, 1In addition e 25 kw generator was instelled
at.the hospitals, In 1904 more powsr was needed and a third unit
of 200 kw was installed, The prime mover of this unit was e non-

condensing, compound engine,

This plant gave excellent service for many years but was dismantled
in 1913~14, when the present powsr house was bullt, This is & 3-phase
system but some 220 volt direct current 1s still furnished by motor-
generator sets, The installed capacity in 1914 was 825 kw., the power
being furnished by a Corliss engine, In 1939, the capacity had inoreased
to 8400 kw in turboalternator units,

A8 soon aB electric power was avallable, the steam englne in the
Electridal Engineering Laboratory was removed and a 40 horsepower
direot ourrent Excelsior motor was substituted for it, The first motor
was differentially ocompound wound to give constant speed, Apparently
it geve some trouble and was replaced by a shunt wound machine, This

motor 1s still in our laboratory, but is not in aoctive use,
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The Curriowlum in gleaﬁiioa; Epgineering

To report al; the ohanges in the ocurriouwlum in Elnotrical Enginsein

ing during the 58 years of our history would be tiresome and would
aerve'nb‘geod purpose, An Attempt will therefore be made to indioate ;
the broad outline of what has happened, 7

In 1889 the requirements for a degree were as follows:

Hathematios 22 hours
French or German g0 v
English g2 "
Physics 8 -
Chemistxy g8 v
Drawing i1 "
Mechanical Engineering 1y =
Electrical Zngineering i1 -
Elective ls v

Thesis (no credit)

Total 125 hours

The required mathematies differs but little from our present
raquirement except that about 4 hours of what we now call Epngineering
¥nchanics was inocluded under Mathematics, In feot the work in
!mthematios is today practicslly ildenticel with that given 55 years ago,

French and Cerman (or for that matter any forelign language) are
no longer required, PFor nany years there was a profound difference of
opinion regarding the deairability of including foreign langusges in an
envineering courss, Former Dean Cooley was very nuch opposed to dropping
the requirement but was ultimately outvoted, He would have been glad
to subatitute Spanish, on account of its practical value in South Amcrica,

Yo cne seems to havs considered Portugese, although more people in



South Amerlica use this language than use Spanish,
The principal argument in favor of lenguage study was that the
engineor needed & knowledge of French and German.to keep qbreaai of

the dcvclopmenta-abrgéd. For a few research men (partiocularly
Chenical Engineers) this was probadbly iruo. Howevey, the vald fact

was that not over one percent ever mastered enough ¥Frenoh or German
80 that they were of any prsotliosl value. 4 chook of the books in the
library shows that most of the forsign language books have not been
taken out for many years, As a practical mat%er, it 1s a fuct that
nore solentiric materinl 1s now published in Russlan than in any
language except English,

The other argument wus that the study of languages had great
oultural value, o one doubts this but the consensus of opinion seems
to be that the limited time available might better be spent on such
subjects as English, Economics, Political Socience, etc, However, we
still require some language work as a pre=requisite for entranoce,

The requirement in English has shown the greatest ochange, "Para-
graph Writing”, (two hours oredlt), was for a long time all that was
inocluded, By 1913, the requirement had increased to Theme ¥Writing
(4 hours) and Supplementary Reading (1 hour)., At the present time (1944)
we require 10 hours., It is dirfiocult to explain why so little English
wiis specified in the early days, I have the impression, however, that
our students used to oome to us better prepared in English., In addition,
there has been a growing recognition of the rasct thet English 13 one of
the fundamental tools of the engineer, To impart his i1deas to others,
the engineer is limited to English, Drawing and Mathematics., In spite

of the inoreased time given to Englisi, the results are very d{1laappoint-
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ing, Part of the blame 1ies in the home, perhaps part in the methods
of instruction, It should also be noted that what is labeled "Englishﬂrx
involves a good denl of dlsoussion of Philosophy, Religion and related
subJeots, This is probably a good thing but does not help the student
in spelling, grammar or composition. Incidentally, plenty of poor
English i3 used by many faoulty members and this is by no means confined
to the Englneering Department,

In Physiocs, there has been 1little change, and the same thing is
true of Chenistry, Drawing is much the same, dbut we fomerly requirsd
a ocourse in Shades, Shadows and Perspective, This was dropped many
years ago,

In Mechanical Englneering 17 hours were required but this is very
nisleading. It included four courses in Shop ¥Work: Pattern aking,
Porglng, Poundry and lachine 8hop, a total of 10 hours, There was
also included & course in Mechanlsm, three hours, and one in Dynamics
of Machinery, 2 hours, both now glven under Englneering Yeoha los,

The only course that we would now list under Mechanical Engineering was
a course in Prime lovers, two hours, Ve now reguirs a four hour course
in Heat Engines, plus a one hour course in the laboratory and a three
hour course in Elenents of achine Design, In the early deys a similar
course was included under Design of Shop Machinery but was supervised
by the Department of Mechanicael iIngineering.

Prior to about 1900 the engineering student was exposed to
practical engineering by being required to take 10 hours of Shop ¥ork,
listed however under liechanioal Engineering. This was actually manual
training and at leaat showed the students how things were done and how

%o do them, (which i3 quite a different matter), As enginecering
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developed, we were forced more and more to limit .the time spent in this
way unti)l now only two hours are required in the working, treating and
wolding of spel, Ve have the aame requirement in all the branches

of engineering except Mechanical which requires 10 hours and Mbtallurgical
Engineering which requires four hours, The emphasis today is upon how
things are done, not on how to do them,

Bngineering Mechanics has been kiloked around like a football, Of
course some o the elements have always been taught as part of Physies,
but ian the early days, Hathematics assumed much of the burden, later
all this work was handled by the Civil Engineering Departnment, In
1895, Theoretical iechaniocs was a part of Mathematics, but Graphlcal
Analysis of Seruotures, Streagth and Reslstance of Materlsls and
Hydraulics were under Civil Engineering. 4ll the "old timers" will
repember "S, and R." us taught first by Dean Greene and later by
Gardiner wWilllems, It was for many years our "Pons Assinorun", Under
Cardiner Willisms (then Head of Civil Zngineering) the exeminations
lested two or three days. Terhaps largely to correct thls conditioen,
Engineering Hechanios was finally made an lndependent departnment,

For a good many years, we have required one course in Civil
Engineoring and one in Chemical BEngineering. There has been little
change in these., Eoconomlcs (6 hours) was added to the reguirements
about ten years ago, largely to take the place of Language,

There has been constunt pressure through the years to inorease
the non-technical content of the engineering currioculum. Everyone

agrees that the englneer should be a broedly educated man anl many of

us wish that we had five or six years in which to do the Job, Many

attempts have Leen made to lengthen the course to correspond with the

T
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Yedioal, Dental and Law courses but all have been failures, Among the
Universities who tried to require five or six years were Columbias, Yale,
¥innesotu and othora., The trouble was that thﬁ;studenbs wont elsewhers,
and the experiments gradually died out,

In 1908 Michigan tried its hand at a eix year ourriculum. The
regular four jear progran was continued but the student could if he
wished take the longer ocourse, All the regular studies were still
required but in addition he took more work in English, Mathematios,
Hoohanioal Englneering, History, Philoesophy, Geology, lLaw anéd much more
eloctive work, mostly of a non-technical nature, The technical content
in Electrical Engineering was slightly inorsased., In all, 210 hours
wero required for graduation., After completing 140 hours the degree
of Baochelor of Science in preparation for “ngineering was graited, The
seoond degree, Bachelor of En;iineeriag, required 175 hours end finally
after 210 hours he was supposed to become Master of ¥iectrical Englneer-
ing (or ldechanical, Civil, etc.}. This course looked ncod on paper;
actually few, if any, ever completed 1t., O course, it is o simple
matter of arithmetio to see that in six years a young man could take
his Baocholors degree in the usual nmanner, then a lasters degree and
have largely completed the wori for the Noctorate, and naturally many
did this,

The phenomenal advance in the Sclence and art of Eleotrical Engineer-
inz explains much of the change that has taken place 1n the content of
the teohnical requirenents in electrical engineering. In 1889 the
telephone was about l4 years old, commercial electric lizhting about
g y:ars old, the eleotrioc trolley car about 3 years old. Long distanoe

sleotric tranasuission was hardly contemplated; the XL-3ay had not besen
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discovered nor had radio, Eleotronios was far in the ruture end even
the incandescent lamp and the eleotric motor were still to go through
a long period of development, To cover quite thoroughly what was then:
known of sleotrical enginsering was a simple matter; todey it is an
inpossibllity. 'The beat we can do is to give the student a smattering
of the fundamentals and expeot his emplover to finish the proocess on
the job.

The first requirement for graduation in Bleotrical Engineering is
oontained in the oalender for 1886~90., Twenty ive "full courses®
{125 orodit hours) plus a thesis were required, o courses in
Electrioq; %ng;pparing were listed under that neme dbut crurses 1, 2,
3a, 4, 5a, 8a, and ¢ in Thysloes were gpeclified, O these the first
three were elemsntary Physics, Course 4 was Prinary and Secondary
Batteries (8 hours), Course Ss was Zlectrical Units and Measurements,
{5 hours), 8a was Dynamo Zlsotric Machinery (4 hours), and 9 was
Distribution of Hlectricity and Photometry of Electric Lamps (4 hours),
Sourses Ba and 9 totaling & hours, were the only ones we would now
1ist under Zlectrical Zngineering., Today the requirenent has grown to
&% hours and in the oanse of thone_studying Ultra=High- reguency Radlo,
15 additional hours are needed, However some substitutions are allowsed
80 that the actual number of hours in Eleotrlcal Engineering is about
45 for students specializing 1in Radar,

Ten years later (1899=-1900) the Engineering Department had obtained
its divorce from the Literary Department and the regquirements for
graduation had grown to 130 hours but no thesis was required. The
Elsotrioal Engineering courses were no longer listed under Physics and

the required courses were ©,E., 1, Primary end Secondary Batterios;
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B, Es 2 and 3, Flectrloal Measurementsj E.B, 4a, Dynemo Hleotrio
Machinery; B,K., 6, Alteraating Current ipparatusy E.E, 6, Photometry}
E.®, 7, Design of Eiectrical;mohimry; and Z,E, 8, Distribution of - .
Elsotrioity, Of these, courses 1, £, and 3 were really Physlcs, leaving
a rejulrement of 14 hours in actual eleotrical enginesring, The
prineipal change was the recuirement of courses in Alternating Currents
and a oourse 1in Design. Two eleotive courses were offered. ZHvean two
yoars later when I took ny Hasters degree, very little elective work
was avallable and I had to take Thysies as my “Ma jor" and Electrical
Engineering ond ¥athematiocs as “"¥inora",

Going ahead another 10 yzars to 1909-10 the required Electrical
Engineering work had Jjumped to 25 hours, The course in Primary and
Seocondary Batterles has been dropped entirely but an elective course in
Storage Batteries was offered. The work in Dynmnmo Eleotric lMachinery
hud been expanded to include more work ian alternating current notors
and oonverters, A new course in Eleotric Jenerating Statlons and
Sub-3tations waa rejuired and two courses (totaling 4 hours) in Tolephone,
Telegraph and Related Anperatus were included. .Another new required
course, Kleotrio Railways was added as well as several elective courses,
Credit could also be obtained for rosearch work although this was
intended primaxly for graduate students, The total number of hours for
graduation had been increased to 140,

Another decade brings us %o 1919-20, At thls time Drof, John C.
Parxer had been in charge of the department for five years. Ile came
with a broad practical experience and hed instituted many changes. "he
total requirement remained at 140 hours and tie Electriocal Engineering

requirenent was 31 hours. Two of the resuired courses (1 and i4),



“ 83 =

however, were mechanical design and were really courses {n Mechanical
Enginsering, :They had been transferred to our department, since Prof,
Parker felt that we could do a better Job with our own students, After
& few years they were feturned to their own home, Since these two
courses ocarried b hours oredlt the sctual Electriocsl Tnegineering content
was 48 hours., The course in Electric Railways end those in Telephone
end Telegraph wore now slective, The oourse in Tower Plants had deen
expandsd to 5 hours and included work in the economics of power
generstion, An entirely new advanced eourse, E,E, 17, Electro-Mechanics,
had been added to the requirenents. We were rapldly petting away from
the practicsl and applied courses and were stressing theory more than
before. This tendency still continues,

The course contained 14 hours of Croup Options, These were to be
sleocted from one of six groups: Comnunication, Machine Design, Power,
Railweys, Illunination and & Genersgl fSelence Group. These groups
included “"Culturel™ as well as technicel subisots. Hadio Telegrephy
and Telephony nakes its appearance az an slectlive subject. Until this
tire, no course in Tadlo had been offercd,

In 1929-30 the staff consisted of 1l men, all of whor are still
with us, They were Bailev, !Hizble, Lovell, Cannon, lpors, attwood,
Stout, Bull, Gault, Hollaand, and Dow. The most notable aldition to
the requirerients was 2,5, 1, Princinles of Eleotriclity and Magnetisn.
This was and is a theor=tical courss in which elsctric aad masnetio
£ialdas are gstudied. It is now re-erd«d as a very important part of
our eourse o’ study, The work in eleotrio circults and a-¢ and d-c
nechinary renained nuch the sane., E.E, 5, Electrlecal Design, h9wever,

weg well on its way to becoming a highly solentific atudy of the
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principles underlying design, IMuch attention was being given to such
subjects as flux mapping and heat transfer, In the early days design
mothods were very orude, and deslgn was an art, rather tﬁ%n a scienoe,
Wa believe our work along this line has kept pace with commercial
developrents. The total requirement in eleotrical engineering courses
had now grown to 31 hours, due to the inclusion of E,E, 1.

In the year 1929-30, for the first time, we offered au course in
Eleotronics, This was the entering wedge wihlch threatens to split
tLe curriculun into two parts, Powor and Communiocation., iHore about
this later,

Another ten years nassed and we now ome to 1939-40, 4is Just
noted ilectronics was an elactive course when I'irst offered but was
mude a required course in 1931-32, We are proud of the fact that
#{chlgan wasa, as far as we know, the first engineering =chool to take
this sbep., Thils lncereased the required work to 35 hours whers 1t
s$1ll stends,

Throughout the years there was a steady growith ln the nunber of
advanoed elective and graduate ocurses, 4s a rule these were offered
at the request of staff members who were specializing along certain
lines and wished to pasa along the results of thelr worx to their
students, Ior exanple, Course 10, advancsd “heory of ITlectrical
Cirecults, was a natural outgrowth of ".B, 17, Electromeshanles, and this
in turn was based on E,IZ, 3, Alteranating Current Circuits, Course 6,
Sdvanced Theory of the Inductlioa llotor, naturally follows ll.Z. 4. Outb
of B.Fe 7, Illwainabtion, srew such courses as ..2Z. 7a, Bullding
Tijunination, ©.3. 15, Advanced Lighting, 3.2. 70, Zlectrical Control

for Lighting, Z.E, 71, Interior Illumination, and Z.Z. 74, Lisghting
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Equipment, From E,E, 1ll, Power Plants, came E,E. 19, Study of Designe
Power Plants, E,E., 20, Bleotric Transmission and Distribution, and

E.,R. 368, Eleotrio Rates and Cost Apnalysis, The work in Eleotrical
Design was expanded to inolude E,E, 52, Heat Problems in Eleotrical
Desdgn, E.x._l natural 1y led to E,E, 85 and 25a, Hleotromagnetio Field
Theory, E.B. 27, Eleotrical and Magnetic Properties of Materials and

E.,EBE. 28, Techniocal Eleotrical ieasurements, Other courses in advanced
theory were E,E, 26, Heaviside Operators, E,E. 31, Symnetrical Components,
and E,EK, 16, BElecotrical Heotifloation. The work in Eleotronics was
expanded to include E.E, 21, Theory of High-Vacuum Electronic Devices,
and E,8, 82, Theory of Caseous~Conduoting Eleotronic Apparatus, Ve

aiso offered elective courses in Hadlo, Elements of Eleotrical Communica-
tion, Welephone Communication, and Eleotric Control. This increase’

in the number of advanced elective courses colncided with the inorease

in the number of students wishing to take advanced work,

Throughout this decade it was becoming increasingly clear that 1t
is impossible in four sears to cover the material that 1s necessary for
s well rounded engineering education., As & result, it was becoming
mors or less common for the average student to stop at the end of four
years, the superior student usually wanted at least one yesar more of
technical wori and a fair number took three years of graduate work to

seoure the Dootorate,

1939-40 to July 1944
In 1939 when the Uernans started their attempt to dominate the
world, it quickly became apparent that we would be lnvolved and that
this would have a profound effect upon enzineering education. In the

early days, engineers were divided into Civil and Kilitary Engineers,
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It soon Lecame apparent that we were all to become Military Engirsers,
Of oourse, the old distinotion has largely disappeared, just as the
distinotion between soldiers and civilians iz beooming very vague,

. Xt 48 too early (July 1944) to attempt a complete report of the
effeot of the war upon our activities but a few of the outstanding
points may be mentioned, It has been Aifficult to retain a proper
staff in view of the requirements of the armed forces, For example,
Prof. lolland has been teaching only part time for three years, the
renainder of his time belng devoted to an important and confidential
resesroh projsct, Prof, Bull and Hr., Cline have also worked on this
projeot,

For more than a year, Prof. Dow has heen absent on leave, doing
research work in Hleoctronies in the Craft Laboratory of larvard Univer~-
sity, Prof, Attwood hes been away for nearly a year doing important
work on the transmission of ultre high frequency radio waves, He was
flown to England, spent several weeks there and is now located in
How York, ?Prof. Bull spent nearly a year in MHonmouth, !lew Jersey, with
the 2ignal Corps, Il returned at our urgent request, when 7rof. Dow
left, %0 help ocarry the work in Eleotronics, Half of his time, however,
is gpent on the research projeot previously mentioned,

During the past two years an important research project in powder
motallurgy has been under way, The method of heatling has been to
induce currents in the mass of powder by means of high frequency ocurrents,
Prequencies ranging from 300,000 to 9,000,000 cycles have been used,
The electrical part of the work has been under the direction of the
writer, #r. Henry Gomberg and later lir, Keanneth Moehl huve done most

of the actual experimsentel wori,
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During 1932 Prof, K. B, Stout had oharge of the 8ignal Corps

UndereEngineer-Trailnee~Radio Progrem, The course was an extensive one

lasting 24 weeks and was taken by 60 students,

During the same year a course under the direction of Prof, W, C,
Trow was given to prepare officers as civil administrators in ococupied
countries, The men devoted much of their time to language study, Those
with sngineering experience, took up asdvanced work in engineering, The
writer was in charge of the eleotrical work,

Two olssses of about 90 naval officers have been given special
courses of lectures in the use of electricity on shipboard. This work
also has been under my direction.

During the past two ysars we have been asked to teaoch courses in
Ultra=-high rrequency technique (Rudar)., These ccurses have been offered
as electivesand approxinmately 40% of our senlors huve elected them.

In order to make this posaidle, it was necessary to allow a great many
substitutions, and oonasequently a good many students have been graduated
lacking such subjects as Economics 54, lab work in liechanical Engineer-
ing and EZngineering Mechaniocs, Physices 147 end Electric Measurements,

To a certaln extent the material missed has been included, however, in
these special courses,

The development of these courses haes been due largely to the efforts
of Prof., L. . Holland, who has done a magnificient job. He has taught
this work to our own nen and has also conducted a 12 weeks course in
the subject for Signal Corps officers, Thias particular course was
sponsorod by the United States OLfice of Education for Orficers of the
UeSe. Army and Havy. During this course Profs. S. S, Attwood and V. G,

Dow save approximately 30 lectures each, Hr. J. F. Cline and T, ¥,



~ 28 -

Hildebrandt assisted in the laboratory,

Muoh‘creditlis due Prof, Attwood for his work in developing these
courses in Ultra-high frequency., He has delivered most of the lectures
on propagation of these high freguency waves and has written an extensive
mathematical treatment of the subjlect, This has been mimeographed and
was used in the work,

Intensive Eduocstion,

About two years ago the University sbandoned the traditional two
sernester plan and instead adopted three terms of 16 weeks each, This
has presented many problems, especially in regard to the pﬁy for the
summer term, These matters have, however, been adjusted to the
reasonable satisfaction of every one,

Army, Havy and Marine Instruction.

The paat year has been the most trying in our history, due to the
faot that we hwe had to furnish instruction to four different classes
of students at the same time, civillians, Army, Navy and Marine trainees,
The Haval and Marine students were easily taken care of since, 1n
gensral, their courses were nearly identical with ours and the length
of their term (16 weeks) was the same, We are in the process of
changing to Naval courses only and are now giving the first of the
v-12 courses, E,E, ln, to two sectlions, In general, the Navy men were
carefully selected, With very few exceptions they have been doing
good work, perhaps a little better than the civilians., We huve had a
few Larines and the above remarks apply equally well to them,

To handle the Army students was much more diffiocult, The Army

insisted on four terms of 12 weeks each per year, while the Naval

students and the civilians took three terms of 16 weeks eacil. This




S R A

- 20 -

meant that the schedule of studies had to be ohanged seven times per

yoar, frequently with corresponding ohanges in tie number of inatructora.l

During the Summer Term of 1943 we gave only one Army courss, a.B.Ta e
414, but we loaned Prof., Attwood to the Mathematics Department to teach i
Ae8,Te 403, Engineering Mathematlics, We hud on the staff & Professors,
2 Associate Professors, 2 Assistant Professors, 2 Instructors and 3
Aspistuants, These asslistants were outstanding senior students, but
ware aotually in full charge of leaboratory sections, We were forced
to do this, nuch against our will, as it was inmpossible to get more
experienced men,

During the regular all Tern, Amy students in large numbers were
sont here and we taught as nany as 13 courses to then, The staff was
1 nereased to 20 men, Several entirely new coursges were taught, of
wviilch A.8,T. 424 (Servo-~mechanisms) required the greatest amount of
preparation and new equipment, The staff was heavily overloaded and
it beoame necessary to drop pr:ctically all our advaonced elective and
graduate oourses, The Arsy students as a rule were less well prepared
than the Havy men and obviously took less interest in their studles,
The work was given nuch too fast and little time was avallable for
study, The result was poor work and there is more thun a suspicion
that in many ocases it was necessary to "temper the wind to the shorn
lanb",

1 an sorry to say that there was nucl evidence that the honor
svatem largely broke down, This does not necessarlly reflect upon the
ariye. The partial fallure was probably due to the fuct that the
system was new to most of the men and since there were no civilians
in the Amy olasses, they lacked the example of others vho had been

trained in the honor system.
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What has preoeded this is, as far es the writer can determine,

faotual, I now, however, venture to make a few suggestions and
prediotions regarding the future,

The number of roqulre& hdﬁra in eleoctrical engineering subjects
has grown from about 10 to 35 and in the oase of those specislizing
in ulty»a high frequency radlo (and this inoludes B0 to 90 percent of
our students) to about 45, This 18, of course, a temporary condition,
due to the need of men trained in radar by the armed foroes, More-
over, the content is muoh nore technical end consequently difficult,
For example, we formerly hed a oourse in Primary and Secondary batterles,
Obvioualy such a course was purely desoriptive and required only a
saattering of Physics and Chemistry as a prerequisite, Of course,
no Hathematics was involved. In fact, as a student, I often wondered
why we spent so muoh time on lfathematica, sinoe we almost never used
it, except in a very elementary way. As a contrast, consider such
courses as Ileotrio and Magnetic Filelds, Alternating Currents, Elsctrical
Design and Radio, to mention only a few. To master these requires
roal study and the ability to think along mathematical lines, At
first glance it might seem that the students today are a race of
supermen compared with those of ny generstion, but the fact of the
natter is the students do not "learn" this rigss of naterial, they nerely
skin over the top. They have a vague idea of a great many things, but
no basic understending of anything. It has been shown many times that
any simple exemination on fundamentels gives appalling results, I anm
rfirmly convinced that we should cover less materlial and cover 1t better,
¥uch of the work we now give to undergraduates should be reserved for

the Manter's degree,
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It has bocome almost a tradition that the eleotrical ocurriculum
should consist of 132 hours of recuired work plus 8 hours of free
electives, Probably, if we could require all students to tnke & year
of graduate study this would be ideal, In the extra year he could
speciallze in those subjeots in which he was most interested, Assuming
however, that we contlinue to reculre 8 terms of 18 weeks each (and this
gseems inevitable) I believe the time has come to allow the student to
take the line of work in which his interest lies, Actually, we do this
now to a considerable extent, by the use of substitutions, but this is
a complicated and unsstisrfactory sclution of the problerm,

Other bdbranches of enginesring have met the situation by offering
saveral options, in scme cagzes ultiraetely forming new departments,

Thus Aeronauticel Engineering was cnecs part of Mechanical Zpngineering,
Metallurgical fnsineering part of Chemlical ZInsineerins, und Transportation
i8 a branch or Civil #“ngineering. Civili Engineering has adopted the
procedurs more than any other branchk, £lectrical Enaineering, not at

all, In Civil Engineering therse are six options and six more listed

under Transportation.

I venture to suggest tentatively the r'ellewins groups in the
Bleotrical Engineering curriculws: Power, Electronics, Communicatlon
and GCeneral Science, MFurther conasideration night suggest a betisr
seleotion, e have been greatly disturbed during the past [ew years by
the nuber of students deserting us for Zngineering ?hrsles., .« more

1iveral curriculum as outlined above, would do much to correct this

s tuation. This matter would have been presented to the stulf a couple
4

of ysars ago, but due to the needs Of war WOr:, it seemed inadvisable,

since practically all our students were studying Radio.
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