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DATES OF INTEREST

1843 Professorship in Mathematics and Natura! Philosophy established |

1878 Laboratory for undergraduates set up
1881 Pasition of Demonstrator in Physics established

1882 Fourth year of the honour course in Mathematics and Physics -,

divided into Division I-Mathematics and. Division I-Physics

1887 Professorship in Physics established

1904 Provision made for the erection of a huilding for Physics, Division
lil-Astronomy and Physics added in fourth year, Astrophysics
made a sub-department

1905 Sod tumed for the Physics Building

1907 Official opening of the Physics Building

1518 Astronomy separates from Physics )

1923 Completion of the helium liquefaction plant

1933 Engineering Physics course introduced, M.A. course in metco- ::::-E

rology established

1943 Geophysics made a sub-department

1947 Computation Centre set up by the University

1949 Official opening of the Burton Wing

1564 Sod turned for the new McLennan Laboratories

1966 Dfﬁciadl apening of the Linac Laboratory, Scarborough College
opene

1967 Oificial opening of the new McLennan Laboratores, Erindale :-

Callege opened
1970 Undergraduate Department of Computer Science established

il

FOREWORD

An zttempt will be made to follow the development of the Department
of Physics in the University of Toronto from its beginning to approx-
imately 1980. This period divides naturally into five parts. The first
extends from the appointment of the first Professor of Mathematics
and Natural Philosophy in 1843 to the opening of the first Physics
Building in 1967, the second from 1907 to 1932, the third from 1932
to 1948, the fourth from 1948 to 1969 and the fifth from 1969 to
1980,

The years from 1907 to 1948 will be treated in greater detail than
others. Particular attention will be paid to the prowth in scientific
stature of the Department, i.e., to the scientific interests of, and the
rescarch projects initiated by, the academic staff. Personal references
to staff members will necessarily be brief. Changes in the under-
graduate courses will not be followed in detail. It will be possible to
refer persenally to only a few of the non-academic staff, although
thelr importance to the work of the Department throughout its
history has been very great.

The author's background for this narrative is more than {ifty years
spent as student and staff member in the Departnent of Physics in
Toronto. Many of the details such as numbers and dates were taken
from the President’s Reports covering 1901 ~ 1902 and subsequent
years, and from the calendars of University College in the earlier period
and of the University of Toronto in the later period, Information about
the opening ceremonies for the first Physics Building was found in
the University Monthly for 1907 and in the daily press of that time.

The story of the work with helium during the First World War was
recorded in Mines Branch Infoermation Circular 1C105 by Professor
Satterly, and some description of the research camied on by staff
members during the Second World War is given in "Operational
Rescarch in the Canadian Armed Forces™” by J.W. Mayne.
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Two accounts proved most helpful: one entitled “A short history
of Engineering Science at the University” and published in 1970, the
author being Don DBall, and the other telling the history of the Toronto
Lincar Accelerator Profect written by .8, Hewitt and K.G. McNeill
Information about the research activities
Second World Waris contained in the volumes of reprints of papers pub-
lished by staff members, which are to be found in the Fhysics Library.
Research activities of more recent years are described in the Graduate &
Studies Reference Baoklets ssued by the Department since 1967,

The lists of graduate students who have obtained Ph.D.'s were com-
piled from Departmental records. The thesis titles were also available
and provided additional details of the type of problem being studied.

Present members of the staff have been most helpful; K.G. McNeill,
G.M. Graham, G.D. Gariand, C.C. Gotlieb and B.L. Armstrong deserve
special mention. H.L. Welsh has read the manuscript as it was being
written, and has given invaluable criticism and advice to the author as ::
well as supplementing the author's recallections with his own.

ix

INTRODUCTION

The Royal Charter for King's College was granted in 1827 but its
terms aroused much oppositicn and not until 1843 did academic work
begin. At that time professors of classics, belles lettres, divinity, law,
mathematics, chemistry and anatemy were appointed. It appears that
those responsible for the character of the new university thought of
an institution with a staff only of professors. In the future new sub-
jects of learning would be taken care of hy the appointment of new
professors. Physics or matural philosophy was regarded as closely
related to mathematics and within ihe purlieu of that chair, the first
appointees to which were designated as Professor of Mathematics and
Natural Philosophy.

Such a concept of the university was valid only if it continued to
have a small body of students and if the materdal to be covered within
a given subject remained limited. It proved untenable because of the
proliferation of all knowledge and particularly of experimental science
in the latter half of the nineteenth century. The number of lecture
courses required to adequately treat a given field and the number of
students desiring these courses multiplied and undergraduate lahor-
atories were introduced.

Not many years clapsed before positions other than that of profes-
sor were established. A mathematics tutor was appointed in 1864
and @ demonstrator in physics in 1881. In 1887 the professorship in
mathematics and natural philosophy was divided and physics recog-
nized as an important branch of learning by the creation of a profes-
sorship in physics. The rank of associate professor of physics first
appears in staff lists in 1902 and that of assistant professor in 1916,

The appointment of the first Professor of Physics in 1887 can be
taken as marking the creation of the Department of Physics. The con-
cept of one professor controlling instruction in 2 given field persisted
for many years. Even after he came to have a number of assistants,
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he could act virtually \-.'ithm!t consultation. When in the fwenties an.&
later, more than one person in a given field was promoted ta the tang;
of professor one of these was designated as Professor and Duector.gg;_:
the Laboratory or as Professor and Head of the Department with
poswers which were essentially those given the original professors,
For most of the period covered in the following historical accoung;
the Department consisted of a Head who determined its policies an
planned its future and a number of staff members who ass_isted hi;
in carrying out these policies and who were assigned definite dutie;:
in the instruction of undergraduate students. They were free to cogage-
in research of their own choice and in the training of graduate students;
As physical knowledge broadened and the number of senior staff
members increased the role of each in the determination of the under:
graduate teaching programme and in planning the future of the depari.
ment became more important. In 1962 the title Head was discontinued
and that of Chairman substituted.
An important factor in its growth was that the formative years of
the Department in Toronto were years in which exciting developments’
took place in physical science. It was in 1843 that James Joule, on
the basis of his ohservations, stated his conviction that a given amount
of mechanical work, if completely transformed into heat, always pro-:
duced the same amount of heat; the development of the science of
thermodynamics followed. The atomic theory had taken on a quanti-
tative character at the beginning of the nineteenth century, but only’
in the last decade of that century was the electron shown to be acon-
stituent of all atoms. The nuclear atom and the science of spectroscopy:
which assumes the reality of the structured atom belong to the twen:
tieth century. Electromagnetic waves were unknown until 1888 and’
the guantum hypothesis and the theory of relativity both were hom
in the carly years of the twenticth century. The realization that many-
discoveries were the result of experimental observations won for the
scientific laboratory a recopnized place in the universities. Physics.
laboratodes for research and for undergraduate students were first'
established in European and Brtish universities, Their creation in .
Toronto led to anced for enlarged accormmodation for the De partment;
Undergraduate instruction was and remains a primary responsibility

of the Department. The number of undergraduates seeking courses in
physics steadily increased over the years, The sharp increases which
followed the first and second world wars were succeeded by sharp
decreases which, however, did not reduce the numbers to their pre-
war levels, The general trend was up ard in the early fifties the number
of students registered in physics conrses was ahout double that hefore

. xi
ntroduciion . . .
world war. The sharp increase in the late fifi:les anid the_ six-
. ed a rapid expansion of the Department. 1t [i.Ifj not continue
ties 3% the seventies but it was followed by a levelling off Ei]‘-ld not
far !“;10 decrease in the numbers. The Department was .b}’-lhl% tm?e
by 2 * ?diversc and was entering upon a new phase in its life in
Lot ETh:: staff and student body would remain relatively unchanged
:""thh bers. Henceforth the effort would be directed almost entirely
. n;:mmain-tenance and improvement of the guality of the teaching
mj ;zsearch. The proximity of this period to the present is the reason
ﬂn]jttle space has been devoted to it _ .

* Research and graduate studies have assumed z gradually increasing
role in the Department since its inception in 1887, The first Pl'.DTfESS.ﬂl;
f Fhysics, James Loudon, was one of those who urged t]le_ University

?g draw up a programme for the graduate degree of Ph.D. The require-
ments for the degree were laid down in _] Ba7 3{1-:1 tlfe f.irst two dcgrcc]i
were granted in 1900. One of these was in ph}.rs:cs. Uniil IE?U]?: re‘sei‘rc
was restricted by the space and facilities m-'m;ahfe. hut th.ls 1rnzt;1r ion
was removed by the opening of the first physics building in that }caé.

During the years in which he was Head of the Department, J.C.
McLennan dominated its research activities. Must_ of t!u: gra'ﬁua}te
students worked under his supervision and t.he projects in which he
was interested received greatest support. His retirement took place
near the beginning of the great depression and forrsome years aft?'-
wards money for research was -:iif.fi::ult to obtain. The feasibility of a
new project depended to a considerable extent on outside suppt;rt
from an interested sponsor. In the war years which followed the
depression academic research was phased out, only defcnce-rf:!a;fi:d
problems being pursued. After the war research had to be quickly
reinstated and expanded as many young men wished to begin or tfo
continue graduate work on their return from war service, ffhli staff
members now could obtain suppert for projects which they wished to
undertake and all became responsible for the‘ supervision of graduate
students. During the expansion of the filties and sixties, research
groups, cach made up of several stalf members of closely related inter-
ests, were created. All major fields of classical and modern physics
were covered and the groups contained both experimental and theo-
retical physicists.

the first
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‘The first professorships in King's College were established in 1843;
there was mo provision for one in physics. Natural Philesophy, as
physics was known In some universities, consisted largely in the apphi-
tation of Newtonian mechanics in the explznation of natural pheno-
mena and was predominantly mathematical in character. There were
plans for a professorship in mathematics and the first appointment to
that post was called professor of mathematics and natural philosophy.
The “Department of Instruction” was also named Mathematics and
Natural Philosophy, The majority of the lecture courses offered by
this department were in mathematics bui it also provided lectures in
Newton's Principia, statics, dynamics, hydrostatics, geom etrical optics,
acoustics, and astronomy, Aslate as 1857 - 58 nolectures in the theory
of heat or in electricity were listed, any instruction in these fields
being given by the Department of Chemisiry as chemical physics.

Specialization was not in mathematics or in physics but in mathe-
matics and physics. The first distinction between students primarily
interested in mathematics and those primarily interested in physics
was made in 1882 when the fourth year of the prescribed specialist
course was divided into two options. Five years later separate profes-
sarships were set up in mathematics and in physics and the responsi-
Bility for instruction in the two subjects was divided. The Department
of Instruction remained Mathematics and Physics and was administered
jointly.

The first incumbent of the chair of Mathematics and Natural Philo-
sophy was Richard Potter who, at the time of his appoiniment, was
Professor of Natural Philosophy and Astronomy at University College,
Lendon, England. He was a man of some scientific achievement but
remained in Toronto only about a year. The professors of classics and
of divinity received a salary of £500. It seems that when the salaries
of other professors in the Faculty of Arts were st at £450, Potter
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resigned and returned to his former position in London.* Because of
his shert sojour: he cannot have left any considerable impression og;
the teaching of mathematics and physics in Toronto. He was succeeded:
by Robert Murray about whose tenure little seems to have beey;:
recorded. Murray was ut one time a Presbhyterian minister in Cakvillg,:
Ontaric, and at the time of his appointment to King's College wag
acting as Superintendent of Education for Ontario. The desire ta
replace him in that position appears to have been the motivation for.
his appointment as professor since no record of his scientific achieve
ments was found, He retained the professorship until his death in 1853

During a part of Murray's tenure J.B. Cherriman, a fellow of Sy
John's College, Cambridge, was his assistant and established himself
as a teacher of exceptional merit. He was also the author of texthook;!
on statics, dynamics and hydrostatics. It seems likely that for some:
time before Murray’s death Cherriman had been carrying most of the
responsibility, and when Murray died Cherdiman was appointed |
Professor of Natural Philosophy, Writing in the University of Torante
Monthly for January, 1208 under the title “Some Recollections of
an Old Boy"”, George Kennedy, M.A. makes the following statement:
“Professor Cherriman was not much admired by his pass men but it
was with his Honour men that his good qualities shone out.”

It is interesting to note that the Dritish physicist John Tyndall alsg’
was an applicant for the professorship at this time. He had completed
his Ph.D. studies at Marburg, Germany, and been elected a Fellow of
the Royal Society of London in 1852, His stature as a scientist far.
exceeded that of Cherriman but it does not follow that the wrong
choice was made. The new University had been established primarily:
to provide post-secondary education in the provinee and the appoint:
ment of one who, working under the conditions then existing, had
had outstanding suceess as a teacher need not be severely criticized,

In 1850 King's College became the University of Toronto. This was
a degree-granting institution and al? teaching was carried on in Univer-
sity College which was created for the purpose. The scope of the
physics taught at this time is indicated by a list, given in the calendar
of University College for 1857 - 58, of instruments used to Hlustrate
the leciures in natural philosophy, viz: 39 illustrative of statics, 14 of
dynamics, 50 of hydrostatics, 10 of acaustics, 20 of optics and 16 of
geodesy and astronomy. All lectures offered by the Department of
Mathematics and Natural Philosophy to the first year and at least half
of those offered to the second, third and fourth year students were

in mathematics. In the second year curricufum statics and dynamics, :

* The Univensity of Toronto and its Colleger, 1827 - 1906. The University Li'hrar}r.publ'uhﬂ
by the Librarian, 1906. :

rhe Early Years, 1843-1907 3

i the third year hydrostatics and geometrical optics, and in the fourth
-car astronomy and acoustics appear in addition to mathcm?t_lcs.
I;ctures listeid by the Department of Chemistry include electricity,
clectromagnetism, thermoelectricity and heat. The lists of lecturf:s
remain almost unchanged in succeeding }re’ars;_howew:r,. changes in
the recommended text-books and in the dlstﬂhutmn. of subjects among
first, sccond, third and fﬂurti} years suggest upgrading of the material
treated. No major re-structuring of the cumiculum seems to have taken
ing the next twenty years.

laéﬁjrl:;lfn did not resign }IH}S professorship unti_i _13?5. However t_hr:
number of students was increasing and a new position of Mathematics
‘Tutor was created. James Loudon, an honours mathemqtlcs graduate
of 1862, was appointed to this new position in 1864, His subsequent
service to the University cxtended over a period n-f more than foriy
years. In 1865 he was made Dean of Residence and in 1875 he became
one of the first elected members of the Uni!:rcrs_ity Senate. He was
appointed Professor of Mathematics a_nd Fhysics in 1'3 76 _and when,
an the passage of the Federation Act in 1887, t!u: University became
a teaching body with mathematics and physics listed as separale
“yniversity’” subjects he became Professor of Physics. He rctzm}ed t?us
chair when, in 1892, he was appointed President of the University
and did not sever his connection with the Department unti! 1906, His
influence on the growth of the University was felt in many ways but
particulazly in the teaching not only of physics but of all the sciences.

Many of the scientific discoveries of the nincteenth century were
made not as the result of theoretical prediction but as the result of
ohservation and experimentation. Practical demonsirations had there-
fore become a feature of university teaching, Loudon was one of
ihose who believed that it was of great importance that the student
in science, himself, be able to camry out demonstrations of natoral
phenomena and to test natural laws, Laboratories for these purposes
hatt been created in some universities but were not in 1876 available
to him in Torento, It was largely due to Loudon’s efforts that in 1878
the first laboratory in Canada for the use of andergraduate students
in physies was established in Toronte. Laboratories were set up at
the same time for students in chemistry, in biclogy, and in mineralogy
and geolopy.

The creation of the undergraduate laboratory played an important
tale in the growth of physics teaching in Toronto, In 1882 the fourth
year of the prescribed honours course was divided into two options; it
then became possible for students who had a special interest in physics
to devote a greater part of their time to physies than to mathematics
during their final undergraduate year, This made it feasible for them
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to spend more time in the laboratory and, in some cases, to participay
in research projects. Certificates for laboratory work were Tequired
of honours students in 1885, and in that same year the calendar statg
that there are “special Inboratories which offer unusual facilitics fos
the conduct of experiments in the various branches of physics”. Ty,
division of the fourth year also made it possible to introduce add}
tional fields of study in physics. Physical optics and electrostatig
appeared as lecture courses only after 1882, although a place had beg;,
found for thermodynamics and heat as early as 1880,

Only in 1887 did ‘a department of physics separate from that of
mathematics become a reality. Before this, in 1881, a new staff P
tiont of Demonstrator in Physics was created, the title of which reflecy
the added importance given practical work, In 1887 when Jame
Loudon became Professor of Physics, W.]J. Loudon his nephew, 1
tained the position of Demonstrator, which he had held since 1881
and a new appointment of Fellow in physics was made. The ney
department thus had a staff of three. This number was ot increased
until 1892 when C.A. Chant was added as Lecturer and J.C. McLennag
became Assistant Demonstrator. All three of those named above
served the University for many years. W,J. Loudon became Professa;
of Mechanics, C.A. Chant Professor of Astrophysics and J.C. McLennag
Professor of Physics, i

The space iitially occupied by the new undergraduate physic;
laboratory swhen it was set up in 1878 consisted of 2 number of roomy’
in the University College building, known then and for many yearg
afterwards as the Main Duilding, As told by Loudon in an address
printed in the University Monthly for 1907, it had heen arranged that
the new undergraduate laboratories for all the sciences be located in
the new building known as the School of Practical Science, He went
to Europe to buy apparatus and on his return found thai ali space in
the new building had been taken and there was none left for physics;
He therefore accepted space, previously accapied by the Chemistry.
Department, in the Main Building, In succeeding years the space wat
gradually expanded to include additional rooms not well suited to
laboratory purposes, Loudon became President of the University in
1892, In his report for the academic year 1902 - 03 he stated that
the floor space available to physics was 9285 square feet whereas that
available to chemistry was 31,332 square feet and to biology 26,694
square feet. Two years before he had stated that a new building for
the purposes of the Department of Fhysics was a necessity. To make

this building a reality the support of the newly-formed Alumni Asso-
ciation was enlisted, :

The Eﬂrf}r Years, 1843-180G7 )

One of the consideratinns which made prﬂﬁzisi{}.n of more saitable
modation for physics necessary at this time ‘was the Ia:rge
secom of students, both in Arts and in the professional facuitle_s,
number rimary interest was not physics, but for whom instruction in
Whﬂs'e F;.vas regarded as essential, The number of students from facul-
.I”-""']ﬁmr than Arts changed widely from year to year, During the
ues{iﬂmic year 1903 - 04, ir which provision was made by the Govern-
- te of Ontario for the construction of a building for physics, there
o approximately one hundred and fifty students from the Faculty
“:fcr.frtf [:Hld four hundred from Medicine and Engineering who were
?ﬂk‘ina courses in physics, On the other hand a factm:' whx_ch made it
difﬁciit to obtain labaratory facilities within the University was the
strongly-held belief of some prominent members of the faculty and
of influential persons outside the University that such lahctratofles
served only for technical training and ha{!nn I_:lzu:e ‘.ﬂt_hmaunwe?mty.
The expansion of post-graduate Educat_mn_ln expenm_cnt&_l science
and the part it would play in the contnbution the Un}vcrﬁlty could
make to the community was not foreseen by the non-scientist.

In concluding the first chapter in the development of the Depart-
ment of Physics, it may be of interest to look at the fin;}ncmi aspn?ct
of operating the Department, Science departments, especially physics
departments, are expensive to operate 1.5"11:3[1 compared to other depart-
ments in the Facuity of Arts. Beginning in 1901 the three Departments
of Chemisiry, Physics, and Mineralogy and Geology were financed
for a number of years directly by the Gm’emment_ of Ontario. Their
financial statements are so designated in the President's reports. In
1961 - 02 the cost of maintaining the Physics Department is detailed
as follows:

Salaries 510,350
Supplies, Apparatus etc.  $1800
Fuel, water, light, cleaning, ete.  $1725

Physics share of physics and chemistry examination
expenses  $305,

The staff at this time is Hsted as:

JAMES LOUDON, M.A., LLD. Frofessor

W.0. LOTTION, 0.4, Demonstrator

C.A. CHANT, .., BR.D, Lecturer

JL McLENNAN, M.A,, FhD. Demonstrator

J.5. PLASKETT, B.A. Mechanicl Agistant
G.R. ANDERSON, M.A, Assictant
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By the session 1904 — 05 the salaries account had increased h
$1950 to $12,300. With this added expenditure two assistant {lemun.
strators and six class assistants had been added to the staff and W},
Loudon and J.C. McLennan had been promoted from demonstrate,
to associate professor. Daring the same interval the money spent Gr
apparatus and supplies had increased by slightly more than §2300, -

In the above list of staff for 1901 - 02 the presence of amechani:ﬁa}

assistant is worthy of special comment. Soon after the {zboratory wa;:
established Laudon felt the need for a workshop in which apparaty;:
could be constructed and repaired and found that, while mechanica):

skifl was indispensable, it could not be leasil',:r securced. In the first worl{
shop which he set up, he himsell worked in his spare time with som:

instruction from & student in mechanical engineering. In 1889 ke
applied for a mechanical assistant and was fortunate to secure [.5,

Plaskett, who had had considerable experience in industry. Whil

retaining his position as foreman of the workshop, Plaskett registered:

as a student and graduated with honours in mathematics and physic
in 1899. In 1903 he went to Ottawa to the Astronomical Branch of
the Department of the Interior, and thereafter had a brilliant carees
as an astrophysicist. The workshop in Toronto continued to be of
great service to the physicists and by 1506 provided full-time emplﬁy
meat for two skilled mechanicians,

The contract for the construction of 2 building for physics was ]Et
in June 1%]6, and at the end of that month James Loudor severed
his connection with the Univessity. J.C, McLennan became Associaie
Professor of Physics and Director of the Physical Lahmatnr}r He wai
promoted to Professor the following year and in a very real sense
directed the laboratory for the next twenty-five years,

11/ THE MCLENNAN YEARS, 1907-1032

September the twenty-sixth and September the twenty-seventh, nine-
teen hundred and seven, were significant dates in the life of the
University of Toronto. On the twenty-sixth Robert {afterwards Sir
Rohert) Falcomer was inaugurated as President and on the twenty-
seventh the new Physics Building was offi ciallj,' opened. The proceed-
ings assaciated with the opening were held in Convocation Hall with
the new President in the chair, They began with an address by Dr,
Loudon, the former President and Professor of Physics, in which he
described the difficulties he had encountered, first in having science,
especially experimental science, accepted as a study suitable to a
university curricuhuim and later in obtaining adequate accommuodation
for the Department of Physics. The new building was evidence that
te had successfully overcome these difficulties.

At the conclusion of Loudon’s address, McLennan was asked to
explain the plan of the new building. He also gave his hearers some
idea of the facilities which would be available in it when the task of
equipping it had been completed and declared himself satisfied that
anyone desirous of doing scientific research would find it suitable.

Dr. Pritchett of the Carnegie Foundation for the Advancement of
Teaching Standards, who had brought greetings to President Falcaner
at his inauguration the previous day, then spoke on “The Progress of
Science in the Last Century”. He was followed by Professor Cox of
the Department of Physics at McGill University, who offered congra-
tulations on behall of that ':1[.'&1*n:1‘*::1t‘;r and pmlsed the new bulldmg
for its spaciousness and the provisions made in it for the convenience
and efficiency of those working there. The Physics Building at McGill
was already seventeen years old and had been a source of pode to
them during that period.

At the ccm::]usmn of the addresses the Lieutenant Governor of
Cntario declared the Building open, and following this a reception
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was held there by President and Mrs, Falconer. Afterwards those pre;
sent were given an opportunity to inspect the Building,

MecLennan was proud of the Physics Building and convineced that §j
was the best for its purpose that could have been built for the money
available. He may or may not have felt that it was the equal of any:
on the continent as it had been described by one of the speakers a;
the opening ceremonies. He had supported Loudon in his efforts ¢4
obtain the building, had taken part in its planning and had wat-:hf&_
over its construction on a day to day basis, He wus a wise choice 4
leader of the department which was to be housed in it, having grcéf
physical energy and an enthusiasm which he could impart to others,

Bormn in Ingersoll, Ontario, of Scottish-Canadian parents on Apnl
14, 1867, John Cunningham McLennan was, like his predecessor, 'y

graduate of the University of Toronto, On matriculating from Clinten

High School in 1883, he had been unable for financial reasons tg
proceed directly to university and had spent five years teaching jp

elementary schools and studying mathermatics. In 1892 he graduated:
i the physics option of honours mathematics and physics and joined:
the staff as an assistant demonstrator in physics, He had been able tg°
spend the year 1BS8 ~ 59 at the Cavendish Laboratory and under the:

influence of Sir. J.J. Thomsan and Sir Oliver Lodge had hecome enthy:
siastic about the possibilities for new discoveries inherent in experd:
mental research and had decided to devote his life te it. On his retur
to Toronto he completed in 1900 the requirements for the Ph.I:
degree and received the first such conferred hy a Canadian university
on a student of the physical sciences, With the completion of the Physies
Building he envisioned a department of physics in Toronto which would
train men and women to staff physics departments in the newer
universities yet to be established, particulady in Western Canada, -~

In 1906 - 07, at the time the move to the new building was made;
the staff consisted of; J.C. McLennan, W.]. Loudon, C.A. Chant;
E.F. Burton, L. Gilchrist, three assistant demonstrators and a lectoré
assistant. W.]J. Loudon, a nephew of James Loudon, had been & meni

ber of the staff since 1881 when he became the first to occupy tht
position of Demonsirator in Physics. However, being primarily inter:
ested in theoretical mechanics rather than experimental physics, he

severed his connection with the Department of Physics when it moved:
to the new building. As Associate Professor of Mechanics he remained
in the University Coliege uilding with the Depariment of Mathematics.

C.A. Chant praduated in mathematics and physics at Toronto in
1890, was awarded a teaching fellowship in physics in 1891, and in
1892 was appointed a lecturer in physics. In 1900 he obtained his

7he MeLennan Years, 1MI7-F832 9

ph.D. in physics from Harvard University, having been given leave of
shsence from Toronto to do so. He became increasingly interested in
astronomy and, when in 1804 a fourth year option of astronomy and
hysics was instituted in M and P, he headed the new sub-department
of Astrophysics. He remained a member of the staff in physics and
moved to the new building, When in 1918 Astronomy became a
department separate from Physics he became its first Head.

£.F. Burton had graduated in 1901, become a lecture assistant in
1902 and an assistant demonstrator the following year. Awarded an
1851 Exhibition scholarship in 1904, he went to the Cavendish where
he worked under Sir J.J. Thomson for two years. On retumning to
Toronto in 1906 he re-joined the staff as a demonstrator. He remained
on the staff and became Head of the Department when McLennan
retired in 1932,

Lachlan Gilchrist also was a demonstrator in 1906, As an ander-
graduate he had chesen to specialize in physics and chemistry, which
had been added as a honours course in 1896, rather than in mathe-
matics and physics. A great admirer of AA. Michelson, he decided
on graduating in 1904 to go to the University of Chicago for post-
graduate work. Much of this he did in the summers while serving as a
demaonstrator in Toronte during the winter term, obtaining the degree
of Ph.D. in 1913, He, too, helped to organize the work in the new
building, was appointed to the rank of Assistant Professor in 1916
and remained in Toronic for a lifetime.

it was quite common, both at this time and later, for persons
gradeating with a high standing to join the staff as a class assistant or
assistant demonstrator and continue their studies to qualify for a
more advanced degree, Many stayed for one or two years only hefore
going to another university for further study or taking a position in a
research laboratory or in industry, Others remained permanently.
Among those whe stayed for only a year or so were some persons
whose names later became very well-known, As examples mention
may he made of J.K. Robertson (M.A. 1908) who became Head of
the Physics Department in Queen’s University; A.J. Dempster (B.A.
1910} whose work on isotopes made him famous; Andrew Thomson
(M.A. 1916), Director of the Meteorological Service of Canada 1946 -
59; D.A. Keys (M.A. 1817) who was Macdonald Professor of Physics
at McGill from 1941 to 1947.

Among those who, starting as assistant demonstrators, remained in
Toronto, in addition to McLennan himself, Burton and Gilchrist, was
H.A. McTaggart who became an assistant demonstrator in 1907, on
graduation in M and P. Born in Kemptville, Ontario in 18786, he spent
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his early life in British Columbia and had taught for several years j;
elementary schools before coming to Toronto to enter university j;
1903. Except for two years at the Cavendish and the war years K
spent his life up to an ecarly death in 1941 as a member of the staff
of the Department.
Another among those who joined the Department as a class asg
tant and remained for a lifetime was Annie T. Reed. A graduate af
M and P in 1887 she became a class assistant in 1910 but did apy
follow an academic career. Rather she became secretary, although
not until 1824 was her appointment changed to be Class Assistang
and Secretary to the Department. For many years she typed all letters
examination papers and other confidential material, kept the accoung
and issued purchasing orders. Her first loyalty was to the Departmeni
and she participated in all its activities until her retirement in 1946,
The four persons mentioned above, McLennan, Burton, Gilchrig
and McTaggart, with the single addition of John Satterly, who came
from England in 1912 to assume a position as lecturer, formed ihe
senor staff not only in the first years in the new building but alis
throughout the twenties, Satterly already on coming here had a D.S¢;
degree from the University of London. He became best known ferhiy
lectures to junior students. He did not retire until 1949 and through.
out the years lectured to students in first year honours physics. Biy
lectures to siudents in the upper years were sometimes dull but he
showed great ingenuity in devising demonstration experiments far
lectures to first year students. One lécture each year on phenomens
which occur at liquid air temperature and the properties of materialy
at that temperature was so enjoved that students in other courses.
skipped their regular classes to attend, and the large lecture theatre:
would be filled to capacity well before the time scheduled for the
lecture to begin. _ S
In 1915 there were as just noted five members of the staff of the
Department who held on-going appointments. Early in 1915 the two.
junior members, Gilchrist and McTaggart, were granted leave of
absence to join the Medical Cormps as x-ray specialists. It should be
remembered that x-rays had been discovered only in 1895 and that:
their use in medicine was stifl in the experimental stage, Gifchrst:
joined the Ontario Military Hospital in Orpington, England, as x-ray
expert on the development of the application of radiology for the
armed services. McTaggart became Captain in charge of the x-my
department of No. 4 Canadian General Hospital, Salonika. After this
hospital was moved to England in 1916, he was transferred to waf
rescarch and put in charge of an Admiralty Research Laboratory in
West Kensington. '
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Although the remaining members of the senior staff now carried
whole responsibility for teaching undergraduates, they hecame
jnvolved in a new research activity. Late in 1915 McLennan was asked

the

by tlie Department of Inventions :md_l?csearch,_ London, to {_nal;e a
cHIvey of natural gas wells in the British E_rn_p1re to determine the
helium content of the gas with a view to df:::;d_mg_whether iarg.e scale

roduction and purification of helium for use in lighter-than-air cr:_ift
was feasible. All three, McLennan, Burton and Satte_rly, _became_ in-
volved but in 1917 McLenoan went to England as S‘El.f:-nﬂﬁc Advisor
to the Admiralty. Although his principal responsibility there was
related to submarine and mine detection and destruction, he continued
his interest in the helium project and established a small laboratory
in London for helium research, Here he gathered 2 group of young
Canadians, mostly graduates in physics from Toronto.

with the depariure of McLennan, the direction of the Depariment
demanded more of Burton’s attention and the helium research devolved
lasgely on Satterly who now had associated with him Dawes of
VicMaster, R.J. Lang later of the University of Alberta, and John
Patterson on leave from the meteorological service. The first plant
far the extraction of helium and its purification was built an Hamilton
Moontain and used gas from south-western Ontario. Later this was
closed and one buili on Bow Island near Calgary, where 2 more plen-
tiful supply of gas of slightly higher helium content was available.
Although no impertant production of helium was achieved before
the United States entered the war and made available 2 much more
abundant supply, the work with helium had most important conse-
quences in the future of the Department.

Towards the end of the war for the first time women are found
accupying the position of demonstrator. Women as staff members
were not an innovation but previously they had held the rank of assis-
tant demonstrator or class assistant only. Two who joined the staff
at this time remained permanently with the Department., Kathleen M.
Crossley will be remembered by many generatioss of first year students,
and Florence M. Quinlan, particularly by those who were students in
the honour course of Household Economics.

Alter the war all five, McLennan, Burton, Satterly, Gilchrist and
McTaggart, resumed their duties on the regular teaching staff. Barton
had been made Associate Professor in 1911, Satterly and Gilchrist had
been promoted to Assistant Professor in 1916 and McTaggartin 1916,
’ijhl‘flughnut the twenties they were the only staff members of profes-
ﬂﬂﬁa_l rank. All others remained lecturers, demonstrators or sessional
dppiintess,

In the 1920 there were three large undergraduate laboratories
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each dealing with experimental phenomena in one ficld of physies 4,
each was developed and supervised by one professorial staff memb;
That for heat and properties of matter was the responsibility’,
Satterly; that for optics of McTaggart and that for electricity -
magnetism of Gilchrist. The three taken together were designed ;
provide instruction in the basic concepts and laws of all of whag
now known as classical physics. For honours students the work +
spread over two years; others such as pre-professional students gg;
pleted the required work of all three laboratories in a single year, F,
honours students in the third and fourth years more specialized tigj;
ing was provided in smaller {aboratories often associated with
research activities of the Department. McLennan and Buarton ive

invelved in these and the ather three professors to a lesser extenj &

Since the lectures were also the responsibility of the same five mR% ,

|

they carried very heavy teaching loads.
These teaching duties were reduced somewhat when in 1930, shortl
before hcLennan's retirement, D.S. Ainslic was appointed to thi!
professorial staff. A graduate of M and P in 1915, he had spent som¢
time in Britain on anti-mine research. Near the end of the war he had -
returned to Canada and joincd the helium project in Calgary. After;
year spent as instructor at the University of Saskatchewan, he com
pleted work for his Ph.D. in Toronto in 1925 and joined the Depart:
ment of Physics in the University of Western Ontario, -

RESEARCH

Hand in hand with the development of first class teaching laboratori;
wenl the development of research facilities, Apparatus acquired pr
marily for research could often be used for teaching when not in i
for research, and when research projects were changed some instr.
ments might be released permanently to the undergraduate laboratories:
Conversely instruments from the teaching laboratories could some:
times be spared for research, Honeours physics students in their fourth’
and occasionally in their third year were encouraged to devote par,
of their laboratory time to research and were assigned projects, 7

If one judges from his publications during the period before 194§
McLennan had two main research interests, One of these was the
apparent natural radicactivity of many substances and the activity
induced in substances when bombarded by cathede rays. The other:
was the electrical conductivity of the atmosphere. Stemming from:
the first of these interests was an investigation of the radiation emitted:
by certain salis when bombarded by cathode rays. This is chosen far-

The Mc

aroused
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I sign SHICE, carried out before 1902, it dealt with an effect which
ment! considerable interest when rediscovered fifty years later, It
xplained as due to thermally stimulated electron emission.

fy en £ . . d . . .
has e t in atmospheric conductivity resulted in his discovery in

Flis interes

508, in collaboration with Durton, of the penetrating radiation {ater
*

“jdenti

fied by Hess as ot: -::[E-smic origin. This discovery was made at
pout the same time, quite independently, by Ru:tl.lerfurd and Caoke
: V(cGill. Measurements of atmospheric conductivity were continued
?t; a number of years and in a variety of locations. Many of t[§e anec-
diies of earlier times current in the Dcpa.tt_ment i1_1 the twentles con-
cemedl mishaps occurting when these experiments involved the use of
cmall boats on Toronto Bay or were canried out on the ice once the
Bay was frozen over,
~ Semetime hefore 1910 both McLennan and Burton developed new
interests fo rival those mentioned above, Rcse?rch in radivactivity and
cous conduction decreased, to be replaced in the case of McLenn.an
by spectroscopic investigations and in the case of Burton by studies
in colloid physics. _ o
. Beginning about 1905 McLennan made a habit of visiting Engi&_nd
and the continent cach summer. In this way he kept in touch with
ather physicists and leamed ofnew disccveries: a_nd nf:wlimis Dt: investi-
gation. The analysis of atomic spectra and their interpretation in terms
of the energy states of the atoms became an exciting endeavour in
the second decade of the twentieth century. McLennan was one of
those who became convinced early that it offered great possibilities
for the further understanding of the structure of matter, In 1911
when he was President of section Il of the Royal Society of Canada
he devoted his presidential address to this subject. As Director of the
Laboratory, McLennan supervised most of the graduate students and
increasingly the research projects pursued in the laboratory became
spectroscopic in character. Burton did not become greatly interested
in spectroscopy but while at the Cavendish had become involved in
colloid physics. He continued to work in this field with a small group
of graduate students and he, too, gradually withdrew from radio-
activity investigations.

The wartime involvement of members of the Department with
helium led to a new research activity which in the years after the war
tvalled spectroscopy but did not replace it. The plant near Calgary
for the production of helium, to which reference has been made,
became operational late in the sammer of 1919 and before it was shut
down in April 1920 produced sbout 60,000 cubic fect of helium of
60% to 90% purity. This gas was later released to McLennan by the
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Admiralty for the purpose of establishing a cryogenic laboratory
Toronto. At this time the only laboratory in the world in which heljy,
had been liguefied was in Leiden, Holland. Since he had helium
a number of persons to work with it whose wartime experience k;
made them familiar with its properties as well as with low temperat
experimentation, McLennan planned, with his characterisiic entk;
siasm, to set up a helium lquefaction plant. Kammerlingh Onnes, 1
Director of the Leiden laboratory, assisted him with the design 3y
working details of the apparatus. Early in January 1923 in Toront
helium was first liguefied in quantity outside the laboratory in Leids
and on January 24, 1923 the cryogenic lahoratory in Toronte “ﬂé

E

officially opened. Thenceforth investigations into the properties ¢f
liguid helium and of other substances at the temperature of liguij

helium formed an important part of the research carried on in th{§

Department. During the twentics many of these studies were concernsf ¢

with changes in the electrical conductivity of metals at very low ten.§ -

peratures and the newly discovered phenomenon of superconductivity

Spectroscopy remained the field in which the greater number g
McLennan’s graduate students carried on their investigations. Spectr
of different atoms were observed in the infrared, the visible, the ulrs
violet and the short-wavelenpgth ultraviolet, each of these regio
requiring a distinctive technique. The wavelengths of the lines wer
determined and an effort made to assign each line to a transit
between identified energy states of the atom. This ofien invelved
additional information ebtained from absorption spectra, under wate
spark spectra, or spectra produced by the use of carefully controllt
excitation energies. Bigh resolution observations of the structuresof ;
lines or of line splittings in a magnetic field (Zeeman effect) were mad
to verify the assignments and later to determine nuclear moment
In 1928 soon after its discovery the Raman effect, too, became
subject of investigation. .

Perhaps the most widely remembered spectroscopic experimen
of this period were those by which it was established that the siron
greent line in the spectrum of the Aurora Borealis, and also presentin
the spectrum of light from the night sky, was due to atomic oxygea
and not to nitrogen as had been claimed previously. Another important
spectroscopic first was the recording of the Raman spectrum of Hquid
hydrogen which showed that the molecules behaved as if rotating
freely and also verified that hydrogen is'a mixture of two almost nog:
interacting gases, parahydrogen and orthchydrogen. Cod

At this time most of the postgraduate students worked with
McLennan, This was partly because of his pasition as Director of tht
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and partly because his enthusiasm for his projects created
1 others the desire to Earticipate in them, However, cach {}f‘ the ather
s pursued their own research interests. Burton maintained a
hysics laboratery in which working with him were several
and research assistants. Also he continued to be interested
ical phenomena and to carry out measurements of the elec-

trical condactivity and dieIcc?ric constants of various sn_lbsta_nq:f:-s under
various conditions, Am(.:-‘l_(i Pitt who came to work with hn_n in 1927
Was Ffﬂhah[y.ihﬂ first in the Department to make extensive use of
lectronic devices. _ .

After the war Gilchrist continued to work on problems connected
with x-rays and the applications of p.hysics in medicine, Later he saw
the pussibi!ities in the use of physical methods in prospecting for
minerals and in 1928 bepan work in that field. As the scope of these

© investigations and the number of students associated with him 1

creased, interest was generated in other aspects of geophysics. It
became an important subject of teaching and research within the
Department and in 1943 was given the status of a sub-department
with Gilchrist as Professor of Geophysics.

. The research projects initiated by Satterly and McTaggart were not
as attractive to students. Satterly usually had one or two working with
him en problems in mechanics or on the measurement of gas viscosi-
ties or the surface tension of liquids and the change in these quantities

" with temperature and pressure, McTaggart while at the Cavendish had
developed an interest in the electrification existing at the boundary

between a liquid and a gas, as for example on the surface of a liquid
or of small gas bubbles in a liquid. These were exacting experiments
bui there was always at least one student who chose to assist in these
investigations.

= Of the students who participated in the sbove mentioned and other
research projects some remained in Toronto as faculty members but

" most left to take positions in other Canadian universities or in research

lzhoratories, From the list given in Appendix 3, it can be leared that
twenty-seven Ph.D. degrees in physics were granted in the period 1918

* = 1933 inclusive. Two were awarded 1o students, B.M.R. Deacon and

M. Annetts, who worked in the colloid physics laboratory with Burton.
The zesearch of all the other recipients was supervised by McLennan
ad of them the majority became professors in the department of
?h}'sjcs in a Canadian university. Their names, the year in which they
obtained the degree and the universities in which they served are
given below,

1LF. Daswes (1918} - McMaster; R.C. Dearle (1919) - Western Ontario;
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H.A. McTaggart {1922} - Toronto; R.J. Lang {1923) - Alberta; G
Shrum (1928) - British Columbia; J.F.T. Young {1923) - Manitgj
D.S, Ainslie {1925) -~ Western Ountaric and Toronto; H.G. §i
{1926} - British Columbia, Toronto and Alberta; A.B, McLay (199;
- McMaster; E.J. Allin (1931} - Toronto; AM.LAMW. Damford (1933
- Western Ontario; C, Baraes {1932} - Toronts; A.C. Burton {193
- Western Ontario (Biophysics); F.M. Quinlan (1932) - Torong
J.M. Anderson (1933) - Toronto; [.F. Allen {1933) who was SUfic;
vised by McLennan up to his retirement hecame professor of Physia
i1 St. Andrew's, Scotland,
Elizabethr Cohen {1929) spent several years as a member of
faculty of Mount Holyoke College and later returned to Torontg ¢
become a member of the teaching staff in the optics laborat
Mattie Rotenberg {1326) (née Levi} and Deatrice Deacon {1929) {n¢
Reid) left physics for some years but returned during the war, t,
former to a teaching position in the first year laboratory and @
latter as a research assistant and lecturer, May Annetts (Mrs. C. g
Smith) on her marriage gave up research but not her involvement
university teaching. S
Of those who chose a carcer in research, K.H. Kingdon (1920) w
to the General Electric Research Laboratories in Schenectady, New
Yaork; W.W. Shaver (1923) went to the research laboratories of ithy
Comning Glass Company; J.H. McLeod (1928) to the research laborn
tortes of the Eastman Kodak Company, Rochester, New York, G0
Niven (1928) joined the research laboratories of the National Resea

Council, Ottawa, and H.D. Smith (1933) became Director of thei'

Nova Scotia Research Council. ,
M.F. Crawford (1936) was also a graduate student of McLenna
having worked with him for more than five years and completed 41
the requirements for the Ph.D. except that of the thesis bef
MecLennan’s retirement. Crawf{ord delayed the submission of his the
until he had accomplished a large body of research and already wit
recognized as an authority in the field of atomic spectrascopy. HE
remained in Foronto. 7
The cost of developing research facilities could not be met from
the operating funds of the University. Additionat support from privaie
and public sources was required, The excellence of the work done in
the laboratory was not in itself enough to obtain this and the fact that,
the staff members were well-known in the business and professiondd
communities was most important. When the Alumni Assaciation WAL
formed, McLennan was its first secretary and visited many local cenfres:
to stimulate interest in it and so became known to graduates of iy

gaculties.
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As early as 1904 he addressed a standing commitiee of the

se of Commens on the metric system of weiphts and measures
Hou ting out its advantages, He was a very fine public speaker and his
?;I::HE s to the Royal Canadian Institute which were carefully prepared

“and jllustrated by many experiments attracted large audiences. He

¢ a strong advocate of the value of research to industry and when
“ as'uivisar}? Council on Industrial and Scientific Research was set up
& rin 1915 he was one of the original members. Gilchrist too was
[%t;.knuvm gutside the University. Before the first world swar the use
“F x-rays in medicine was limited. When Gilchrist first joined the staff
?ﬁ Toronto he began a study of the applications of X-rays wurkin_g
with the staffs of St. Michael’s and Toronte General Haspitals. On h}s
return from active service he placed the knowledge gained from his
experience as an X-Iay expert with the medical corps at the Eilspesal
of the hospitals. The above are only some examples of the mvnlz.'f:-
ment of the physics staff at this time in national and community
affairs. This involvement resulted in the Department being widely
known and favourably regarded.

An important consequence of the reputation which the laboratory
gained in the wider scientific community and of the fact that the staff
members were known in England, Western Europe and the United
States was the willingness of leaders of physical thought to visit
Toronto. Such visits are a commonplace to-day and play an important
role in scientific life. They were even more significant in the years
before travel became so swift and easy. Toronto was still relatively
isolated academically and these visitors were important to the educa-
tion of senior students and junior staff. Whea possible it was arranged

 that visits of two or more persons would coincide and a colloguium
- would be arranged with invitations to attend sent to other Canadian

and American universities. In 1921 a conference at which the lecturers
were Dr, L. Silberstein of the Eastman Research Laboratories, Roches-
ter, and P, I, Langmuir of the General Electric Research Laboratories,

- Schenectady, reported attendance from nearly every university in

Canada. In the academic year 1923 - 24 a sedes of lectures on
"Applications of Modern Physics to Astronomy" was given by Pro-
fessor H.N. Russell of Princeton and three lectures on the “Theory of
Atomic Structure™ by Professor Niels Dohr of Copenhagen. The
British Association for the Advancement of Science and the Inter-
natianal Mathematical Congress met in Toronto in August 1924,
Spectroscopic work in Toronto had concentrated on observations
of, and the analysis of, atomic spectra. Two lectures by Professor

James Franck of Gottingen, Germany, in 1927 - 28 on molecular
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spectra were therefore of particular interest. Between Aprii 23 i
May 9, 1928, Professor H.A. Kramers, head of the physicaliahory
at the University of Utrecht, Holland gave a course of lectures g, 4
new mathematical and physical concepts involved in the de B
wave theory of matter, the SchrBdinger wave equation and ayg
mechanics. These. lectures were attended by a number of physicy
from McGill, Western Cntario and the United States. The OpPp Oty
to learn from one regarded as an authority on these theoretical g
Opiients was of great value to students and staff alike, i
Special mention may alss be made of @ symposium on “Theore o]
Physics” held in January and Februoary 1920, Five physicists fron
Europe and the United States took part. i
A list of those who lectured in the Department between the eng
of the war and the tetirernent of McLennan is given helow. Tt Inal
not be complete although it is hoped that it is nearly so. Lk

4

ey

1920-21 L, Silberstein, Lastman Research Laboratories
L. Langmuir, General Electric Rescarch Laboratories
1923-24 1, Silberstein, Kastman Research Laboratories
H.N. Russell, Princeton University
Niels Bohr, Cupenhagen
i924.25 L., Silberstein, Eastman Research Laboratories
1927-28 ]. Franck, Gottingen
H.A, Kramers, Utrech:
1928-29 R.S. Mulliken, Chicago
F. Hund, Leipzig
L.5. Omstein, Uitrecht
1928.30 W.F.G. Swann, Bartol Research Foundation
J-H. VanVieck, University of Wisconsin
0. Oldenberg, Gittingen
S. Rosseland, Osts
E.S. Akeley, Recent Student of Einstein
A.E. Ruark, Mellon Fustitute
J. Cabannes, 3 anipellier
S. Goudsmit, University of Michigan
1930-31 4, Haas, Fienna
HA. Kramers, Utrechi
R.H. Fowler, Cambridge
1331-32 P.A.M. Dirac, Combridge
P. Debye, Leizig
G. Déjardin, Lyons
G.L. Clarke, Htinais
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£ LIFE AS A GRADUATE STUDENT

i is time the
more complete picture of the Department at th

. _ the
To give @ f some reminiscences of life as a graduate student during
u 0

i“mﬂjun 0% and early 1930's would seem to be uscfui: This period
the late Loz pan's retirement which created changes in the super-
includes MELmh jects but did not immediately greatly alter {}t%]f_'l'
ssion of 2o During the depression
o f the activities of the Department. During pressior
aspects 7 inrity of the praduate students remained unmarried and,
fod the oL ¥ ttoni i ith simple pleasures. The
eric f financial limitations, satisfied with simple p ¢
hecaus® Ofere all more or less the same age and everyone in the researc
students Ise very well.
: knew everyone clse very o _ .-
]ahmam?;ere about twenty graduate students in this period of « hr;:hm
Thcrlﬂ two-thirds were working towards the Phl} d‘egri:c. c
mu'gh?} had probably taken their undergraduate training in '];{?I'ﬂntﬂé
majtﬁ‘ltiﬂ wx'ErE always a number from other f_lzlr}adlan.umvf:rsltles anr
but rcmore from Great Britain. While in Britain during thg su;}m_r:'::i;
OHELSnnan would interest one or more recent praduates E fa El1'1 ; !
3.[’:,- rsity in coming to Toronto. They quite C:ftf.‘ﬂ staye 1ﬂr ?r]m
un;‘rﬂ ub‘fained an M.A, and returned to Britain. Among those :]1.
Dtn;i:d were C.D. Niven from Aberdeen and A.C. Burton from London,
o ioned ahove
whom have been mentioned a ove. r ]
hu;]hu(:it;w the daytime hours attendance in the l;tl:nﬂlra:ti:argr was f:};pectc:::
unless lectures or seminars or dcmanstrati{;ghdutws Feqmi'iqu{:zd
J the expenmen
Isewhere, Except when the nature of the e
et I ially by junior students, These
i i ¢ was fittle done especially by § _ '
it, evening work was i _ _ " ndlents, These
subjects outside on
hours were used for reading on ) Jne’s Emmeciate
i for recreation. Sunday an
research interests and, of course, : il o a fesser
times when attendance in
extent Saturday aftermoon were foe In the Jabor
; ted, There was no question o 24
atory was not normally expec ol ematning
ram aminations. Attendance was expe :
away to C for examina _ : s expected s heal
iod during which the examin g
except for the actual perio e examinaton was being
i i hole day. No time limit w
wyitten. This could be almost a w! Jvas set and
i i ' 5. If McLennan had Ie
the questions required lengthy answe ’ g left for
im was to be written, the practice was
England before a paper for him was € )
wrigtc with lead pencil and to make a carbon copy lest the original he
lost in its journey overseas. . .
Each rr{nming McLennan accompanied h& the ];eati i?ift ;]:lllil:;c:;;ie
5 ; ften a junior staff member visited
shop, the glasshlower, and o . ; e o
i te students, to enquire .
of the experiment of each of his gra uate sty vhat,
i ‘hat difficulties had been encoun
if any, progress itad been made, wha bee ered
and 1;1:::2-.' i%rwas proposed to overcome these. The initial query was
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“What’s new™. It was unwise to have nothing to discuss since this
regarded as evidence of lack of endeavonr. .

There was at this time little possibility of 2 graduate student work
ing twelve months of the year with a holiday only two weeks
month in length. Scholarships; whether from the Research Coungj 4
other sources, provided only for the nine months from October th
first to June the thirticth and no support was available for the athe
three months. Added to this the laboratodes were thoroughly h{m,'{
cleaned during the sienmer, The floors were of wood and were scrubh,;
and oiled. When this had been done the rooms were locked and 2 s
put on the door which read: "Wet oil. Do not enter", L

The workshop took advantage of the absence of students to repay;
old and construct new apparatus for the teaching lahoratories, Re

search apparatus took second place. The research students tidied they &
work areas so as not to interfere too much with the house-tleani;,

and left the laboratory, often to prepare for publication the resultsof
the past year’s work, or to attend summer school elsewhere, bt

often too to find work in order to support themselves, There was g
much long distance travel at that time partly because of the expens
and partly because of the time involved since air travel was not yet

readily available,

Those graduate students who did not hold scholarships and,x#eié’_
dependent on assistant demonstratorships were required to reporton

September the fifteenth although the academic session did not begin
until about a week later. The greater part of the apparatus in th

teaching laboratories had been stored in cuphoards for the summer;
The assistant demonstrator removed it from the cuphoard, arrangedi
in the Iaboratory and tested it, to make sure it would he ready for the
first class, In the spring at the conclusion of the session, he examined
the apparatus, cleancd and put in cupboards that which did not require

repair, and collected that which did in a designated area where it wat
readily available to the workshop. Payment was for the period Septems
ber the fifteenth to May the fifteenth and was on a term rather than
an hourly basis. Each assistant demonstrator was responsible for three
laboratory classes a week. This responsibility included ensuring in
advance that the laboratory was ready for the class, assisting the
students during the class and checking the apparatus at the end of
the period to make provision for necessary repairs or substitutions.
Those serving a given class were also responsible for correcting and
marking the reports submitted by the members of that class. In the
1920 the stipend was $750 for the eight month period designated

above. During the later depression years it was reduced to as Hitle
as $300,

Thursdays

1 .
%le{_-ﬂnﬂ
" peen PU
- papers in
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A departm ental seminar was held regularly at 4 p.m. on every second
F)

the alternate Thursdays being given over to meeting.s of
> hematics and Physics Society. The first item on th_lt: seminar
the Mot EE was normally a report by McLennan on a subject which
7 :ine:ed important, with references to papers which had recently
pEshed, This was followed by two or three reports on other
current perodicals, given by other memhbers of the staff,
Juate OF undergraduate students. Graduoate sti:itients and undf:r—

students in their third and fourth years in honours p]‘l}’.ﬂcs
duat-t‘ ccted to attend the seminars, Because of its nature the seminar
ne ﬂé}ccasinn when all staff and seniorstudents met tngethel:.Snme
e ans who were no longer students but remained interested in phy-
'mﬂa[llso attended. Tea was served before the presentation of the
ﬂcscﬁ began and Mrs. McLennan, and in later years Mrs. Burton,
uzua]i}' came 10 pour and meet those present, The meeting did not
conclude until & p.m. or somewhat later. ;

But it was not all work and no play. fﬂit five o'clock each aftermoon,
when the laboratory classes wrx'ere_nfficxaﬂy at an end tea was served,
For some years the tea table was in the apparatus reom, 2 large room
aeross the hall from the large lecture theatre in which apparatus for
lecture use was siored in museum cases. Later tea was senfed_m asn}a}l
area at the south end of the library, c]ose-:_i off from the main section
by boek cases. Those who came to ica paid a fee to cover the cost of
tea, biscuits and the washing of the cups_and saucers. The kettle was

ut on the gas ring by Mrs. Vigar, a long ime member of the cleaning
stalf, when she left for the day and the rest of the prepurations were
made by the women graduate students, although the men would on
occasion lend a hand if all the women were otherwise engaged.
McLennan came to tea only rarely but a cup of tea was taken to his
room. Durton liked to attend although he was not always able to do
so. Gilchrist and McTaggart never came and Satterl?' only very occa-
sionally, Most of the praduate students were unmarried and had little
reasen to hurry home to dinner. A very pleasant half-hour or so was
spent in telaxed conversation. o

Each winter the McLennans gave a party with dancing in the phy-
sics building to which alf staff and students were invited. The library
and the laboratories near it were cleared and decorated. o

Later at the end of the academic year there was the Crossley picnic
in June. Kathleen Crossley, a staff member, lived with her family in
Oakville. Each spring the Department was im‘itf:t_i to hold a ?atur@ay
afternoon picnic there. The forenoon was spent in the physics build-
ing in the preparation of food and arrangements were made so that
lransportation was available to all staff and graduate students and
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their families, There were large grounds with a tennis court and, ¢
more important, & crogquet lawn. Did you ever cantinue to play'¢
quet after it became necessary to pick out the hoops and balls vi;
flashlight.? This sometimes happened when the competition was kg,
These were most enjoyable occasions and everyone attended,
Then there were the evenings when a group of graduate stude
would aitend the theatre together, sitting in the “gods* where
fifty cents or a dollar one could get a seat for the best shows, Eve
one paid his or her own way but ablock of tickets would be purchaseg
in advance by one of the group. S
Life in the laboratory did have its moments of crisis when 1
apparatus hroke down, or proved inadequate to the task set it,
when no results were forthcoming and it was thought that this y
because the effort made hiad been inadequate. McLennan had a fqui
temper and was impatient to push each project to asuccessful congd
sion as quickly as possible. However all his students knew that ih
cauld depend on his support when applying for a scholarship ora io
Whatever their shortcomings he was certain his students were as go
as or hetter than those from other laboratories,
The workshop staff and the glassblower were essential to the suce
of both research and undergraduate laboratories. Much apparatus y
designed and built in the laboratory and repairs both to it and to ih
purchased commercially were frequently required at short notic
Mention has been made in an earlier chapter of the first foreman of,
the mechanical workshop, J.8. Plaskett, who became a well-kno
astrophysicist. The foreman in the twenties was T.S. Flaskett, his,
younger brother, who was a skilled technician and the frdend of every.
graduate student. The men under him were always helpful but on
he had the patience and skill to produce a perfect edge on a spec
graph slit. .
Much of the apparatus for spectroscopy was made of glass or fus
quartz or required windows or other parts of these materials. Th
cryostats for low temperature research were also often made of glass
A highly skilled glasshlower was therefore essentizl. R.H. Chappell:
came to Toronto from England in 1920 and continued to wotk i
the Department until his retirement in 1964. In the earlier years he |
used to spend a part of his holidays to attend the school for glass-
blowers at the University of Leiden in Holland and earned a Master-
Glassblower's Diploma. OFf this he was very proud as hie was the only
British person to hold this award at that time. He would attempt to
make almost anything requested of him and the graduate students
came ta think that it was impossible to conceive of glass apparafus -
which he could not make. S

raduate student might acquire a limited skill in the operation
" The iﬂrkshﬂp fathes or In the use of a blow torch but w1thm.1t
;i ﬂ‘['“: assistance his apparatus would often have failed. The men in
2

-',-,E; workshop and the glassblower were friends in need.
" the
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111 / THE BURTON YEARS, 1932-1948

The period during which Professor Burton was Head of the Depa

war, the war years and and the years immediately following the Wit

The first was a time of economic depression; the second made unusuz § -
demands on the staff and the facilities of the Department; the beginis

ning of the third was marked by an influx of cager, serious staden
both undergraduate and graduate, whose expectations had to be m
as fully as possible. Each of these periods will he treated separately,

1932 - 1940

When McLennaa retired in 1932 his successor was Eli Franklin Burto
already a member of the staff when the move to the new building w
made in 1907. For many years he had administered the Departme;
when McLennan was absent, and no major re-orientation of cith
the research or teaching programme followed his appointment as He
of the Department and Director of the Laboratory. Some chang
were inevitable. _

The number of professoriat staff was five as it had been since 192
The only new appointment since that time had been that of D.§
Ainslie in 1931, This had raised the number to six but on McLennan
retirement it had reverted to five. With this exception the personnd
too, were the same. A considerable number of other staff members
held positions designated variously as lecturer, research assistant o
associate, demonstrator or sometimes even as a combination of thes
All such positions were yearly appointments, although in quite a fes
cases they were renewed year after year, Some were for twelve month
but many for nine months only, in which case the person was ineligib!
for pension rights, These junior staff members made an importan
contribution to the Department but could not be expected ta shar
equally the responsibilities of administration and planning.
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- The situation with regard to the ins‘tmctimf of graduate studcnt,s
' d the supervision of tesearch requireq review after M{:Lemm} 5
2 irement. The two largest and best-equipped research lahorat_m_'les
,-.chthg iow-temperature and the spectroscopic, Detailed supervision
;'_"":[:u students working in these laboratories had been given by Me-
of nan. It was apparent that the appointment of additional senior
'L;I;f accompanied by a redistribution of responsibilitics among staff
, :“Emheﬁ was required. _ .

Egpansian of the staff was de_ficult hec’ausc.these were years during
the great depression, At one point all university staff m:?mhers were
" asked to accept a reduction in salar}r. and married women in all depart-
- ments were under pressure to resign. However, promotion need be

i aecompanied by only a small, if any, increase in salary.
ment has three natural divisions, viz: the period before the 1959 ~438

“oo: Ag time went on Burton had the status of a number of ﬂj.ﬂiﬂ in
juniﬂf positions raised. H.J.C. Ireton, who had been overseas with the
navy during the war and had been a m.ember of the staif since 1918,
T was pr-:-mnted to Assistant Professor in 1932, and more and more
.7 aesisted in the detzils of administration and in contacts wﬁh_ outside

‘erganizations and individuals, C, Barmes and H. Grayson Smith, were
wromoted to Assistant Professor in 1935, Barneshad come to Toronto
in 1923 from Leeds, England and had hecome most valuable as a
lecturer in the more theoretical aspects of physics. Grayson Smith had
retumed in 1932 from the University of British Columbia where he
fizd been Assistant Professor, He was involved in both teaching and
fesearch. In 1937 M.T. Crawford, J.O. Wilhelm and A. Pitt were all
‘promoted. Crawford had assumed leadership of spectroscopic research
and was also asuccessful teacher. He had come to the Department as
a’‘graduate student in 1926 after graduation from the University of
Western Ontario, and had held an appointment as Lecturer since 1930,
Amold Pitt was a Canadian who had spent some years in the United
States and had graduated from Houghton College, Wishing to return
. to Canada he In 1927 accepted a position as Research Assistant to
“ Burton. His first intercst was in research but he was also enpaged in
the modemization of the advanced electricity laboratory, to provide
- teaching facilities for the physics of higher frequency technigues. He
.~ had held the rank of Lecturer since 1933, J.0. Wilhelm had come to
~ Toronto from Saskatchewan as a graduate student and was invelved
_ _il_‘i the operation of the cryopenic laboratory. He, too, had held the
~ rank of Lecturer since 1933. Thus the number of staff members of
* professorial mak which had remained at five throughout the twenties
fad increased to cleven in 1937, The total number of persons on staff
had not increased correspondingly but the responsibilities for research,
teaching and administration could be much more widely spread.
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Greater effectiveness both in undergraduate teaching and in resear&'
resulted from these changes.

-1932 - 1940, Undergraduate Studies

During this period much thought was given to the organization nf 1k
undergraduate teaching programme. Courses were offered to hﬂiE
pass and honours students in the Faculty of Arts as welfas to studeny
in the faculties of Medicine, Dentistry, Forestry, Household Scieng
and the School of Cptometry. Students from these outside facultiy,
were, in general, offered a ane year course covering the fundamem_}
principles of all branches of physics. The basic course for honoyy
Arts students extended over two years with more specialized worg
prescribed for them in the third and fourth years, The prc-grammefc,;
the pass Arts students was similar but less demanding, :
Burton tock a special interest in those students whaose pnm
interest lay outside physics. For a number of years he, himself, ga—.{
the physics portion of “General Science” a lecture course pmwdcdé
for pass Arts students who were taking no other instruction in science,
He was instrumental in having an honours course, Biology and Physicy]
replace the course, Physms, whlch for many years had been one of
the honours courses in the Natural Science group. He was one of thou
whose efforts resulted in the introduction into Mathematics and
Fhysics of an option designed especially for those whe did not pliy
to go on for graduate studies in either mathematics or physics, Neithe
this new altemative nor the Biology and Physics course proved atiag
tive to students and both were discontinued afier a few years,
Of more lasting value was the effort Burton and Gilchrist put intg
the settmg up of a course in the Faculty of Apphed Science and Eng-
neering, similar to Mathematics and FPhysics in the Faculty of Ast
but d::s1gned with the needs of the engineer in mind. Such a counst |
came into being in 1933 - 34, Known as Enginecring Physics it wat
broadened gmdua.!ly and is now Engineering Science.
Burton’s interest in the non-specialist spilled over into the teach}n{
of physics in the secondary schools. In the 1330°s the Ontario Educz.
tional Association cach spring held an Easter meetzng on the Unwcmﬁ
of Toronto campus. A feature of these meetings was a lecture giver,
usually by a senior member of the ph}'sws staff, to the members of the
mathematics and physics and natural science sections. To encaurage
the teachers to visit the laboratories Burion arranged to have setup
and demonstrated on the day of the lecture, experiments which might
be useful in a school classraom ar would assist the teacher to mort

99?

© This was
: mfnts int
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comprehend some recently observed physical phenomenan,
done for several years. The teachers could visit the experi-
he afternocon and spend time with them. In the evening all

(erested persons were invited to the laboratory and tours organized.
fn Emmm for such an evening shows it began at 7.30 p-m. and con-
3uded at 10.30 p.m. with refreshments after that hour in the physics
fibrary. . o . . .

[n the academic year 1934 - 35 a series of Friday evening lectures
was arranged in co-operation with the Department of University
Extension. Given by members of the staffin ph}rsms the lectures were
intended to serve advanced science students in departments other
than I:.hysu:s and science teachers in secondary schools within a con-
venient radius of Toronto. The average attendance of approximately
\hrée hundred and fifty indicates the interest taken by these groups

and others.

fully

1932 - 1340: Research

Thr: emphasis on teachmg did not imply a reduced interest in research.
[t has been noted in an earlier chapter that Durton in the twenties had
research students working not only in colloid physics but also on the
electrical properties of diclectrics. Because of his interest in electrical
phenomena he had kept in touch with the studies of superconducmflty
in the low temperature laboratory. On McLennan's retirement he
became closely associated with Grayson Smith and Wilhelm in the
direction of the research there. Studies of superconductivity and of
the properties of substances at very low temperatures were continued.
in the later thirties graduate students in Toronto sere among the first
to observe and study the extraordinary properties of liquid helium
when cooled below 2.1 K.

Since Burton had never hecome greatly interested in spectroscopy,
leadership in that field fell to Crawford who was already widely known
as an atomic spectroscopist. Interest in the determination of nuclear
moments was replacing the earlier interest in the determination of
atomic extranuclear states. More and mere of the experiments being
done were designed for the study of the byperfine structure of lines
in the spectra of neutral and ionized atoms. A new field of study was
introduced by H.L. Welsh on his return from Gbttingen, Germany, in
1934, that of resonance and sensitized fluorescence. Some experi-
ments in Raman effect were being done but it had not yet become a
major interest,

Burton’s interest in colloids and in the measurement of dielectric
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constants persisted. Studies in this period looked into the rg,
of metal colloids and the possible application of such solutigy

medicine. Measurements of dielectric constants were made 3
frequencies as well as low, ,

1843;

work in colloids, Burton had been interes
“ultramicroscope”, He visited Europe in 1
rescarch was in progress in Germany to
microscope using an electron beam, visited

tedd for some year
935 and, having hearg
develop a high resgly
the labomatories where

feature of some importance since it
of the war. Prebus completed his Ph.I,
State University. Hillier completed his
successiul career at R.C.A. where
development of the microscope is
Microscopy, Vol. 11 1978,
The geophysicists at this time had as their chief interest the app
cation of physics in Prospecting for minerals,
on occasion seen by members of the public making observations in
farmers’ fields, and was once called upon to write an cxplanation ¢f
his work for Professor Burton to forward to the Board of Governoni:
As always there were one or two students wo
side the fields in which most were active, The st
of materials using x-1ay diffraction and
rough solids may be mentioned as exam
counted thirty-seven students completed
Ph.D. in the years 1932 - 1941, inclusive,

The times were such thas money to carry the electron microscope
project to a successful conclusion was obtained only through the cg-
operation of the Banting Institute. Other research projects requiring
the application of physical principles to problems outside physics
were heing directed by members of the physics staff and obtained
funding through interested groups. The analysis of mine dust by x-ray

diffraction provided a graduate student in physics with experience
in the application of the theory
the Banting Institute with data

in 1940 and went to Q
depree in 1941 and fhad §
he became a vice-president, Ty

udy of the stmctli'réi

;
given in some detail in; Electrgy |

Professor Gilchrist was

rking on problems out:
of the diffusion of Eases

ples. When all projects are:
the requirements for the

of x-ray diffraction, and workers in-
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Efmﬂt;e course in meteorology {ic;f the history of the University

3 - 34, Early r © Dnirersty
Emf}fj’essar of Meteorology and instruction in tha

t of the Arts curriculum from lgﬁzéﬁi iz?h
subj arse introduced in 1953 wasdesigned in coneultation vith
The }r!-ﬁ. o f the Meteorological Service. The E: alpex erience was
‘the Director ﬂh ; the staff in physics and the prac I;_:D . i
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*: From wha ial difficulty support for pure physics :
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that many of its previously on-going rescarch programmes hyq h
discontinued temporarily. .
As was to be expected the number of graduate students degy,
rapidly and in the academic years 1943 - 44 and 1944 - 45 theye;
no students registered as candidates for the Phu.I). The numb,;
regular undergraduates did not decrease as rapidly because gf i
emphasis being placed on the need for some scientific training {y;
technical branches of the services. The teaching load of those mep,
of the staff who were not on leave of absence or engaged in war-relay;
tesearch became very heavy. During the regular academic sessiog
reguiar undergraduate programme was maintained and, ig ad
throughout the calendar year instruction was given to large nug
of men training for special service with the armed forces. o
In 1940 Ainslie, who had worked on anti-mine devices in 191§
19193, was given leave of absence to work in Halifax on the “degaus]
of ships, This problem as well as related problems of magnetic
sweeping, defence against magnetic and acoustic torpedoes,
acoustic minesweeping were being attacked there by a group up
the direction of Professors JLH.L. Johnstone and G.H. Hendersq
Dalhousie University. All were at that time on the staff of
National Research Council, .
Fitt, too, hecame involved in defence research emly in the
although he remained in Toronto, In 1940 he was asked to asms
responsibility for the Canadian part of a Dritish-Canadian-Amer;
joint programme for the design of a proximity fuse which would
anti-zircraft missiles greater efficiency against high-speed targ
Associated with him was R.W. McKay who came to the Deparin
at this time from the Ontario: Research Foundation where he hadh
since completing his Ph.D. in 1934. Their contribution to the suc
of the project was a radically newidea for providing power to the fi
Grayson Smith, while also remaining in Toronto, investig
devices for the provision of oxygen in high-altitude flying,
Young graduates as well as staff memhers took part in war
research. Three such, P.E. Pashler, M. Rubinoff and G.C. Gotlieh, v
able to use their research for their Ph.D, theses, Having compl
their degrees FPashler and Gotlich joined the staff. Pashler remain
omly until 1950 when he went to the General Electric Corporet
Research and Development Centre in Schnectady, N.Y. Gotlieh
mained in Toronto and became Director of the Institute of Comput2
Science in 1962, -

Other staff members became active in one or other of the opt] =
P :inlﬁ first of a number of courses for the scientific training of men

. tesignated to perform special duties in the armed services was given

ational rescarch groups set up by the three armed services. The wod
of these groups was largely statistical in nature. Data on various opt

; Burtoti Years, 1832-1948 iy

J activities and factors were assembled and analysed with the
l}!ﬂll officers cancerned.
taff first Canadian office for operational research was established
-=TE:; air force. Two members of the Department of Physics in
antc WEre involved. In August 1942 Wilhehn was chosen to head
{]Ff[&tiﬂnﬂl Research Office at Airforce Headquarters and held

pointment of Associate Director General, Research and Devel-
ent. He remained there until November, 1944, In addition to the
o tral office two field sections were set up. That with Eastern Air
¥ mand ‘was organized by Bames who remained with it until
ngust, 1944, Later Bamnes spent time in France with the Office of
St'ragggic Sewiccs. X . .
=7 After about a year the research group in Halifax, mentioned pre-
susly, severed its connection with N.R.C. In July, 1943 Dr. Johnstone
15 appointed Director of Operational Resesrch and charged with
grganizing an operational research group for the navy, the work of
ke former N.R.C. group being incorporated in that of the new organ-
ation. As examples of its activities, the collection and analysis of
ia on anti-U-boat operations in Canadian waters and on vanous
phiases of convoy protection may be mentioned. Close lizison with the
United States Nuvy and with the Admiralty in London was required.
elsh was asked to join the new proup as a research advisor. He was
ordinarily stationed in Ottawa but visited Washington frequenily and
spent January and February, 1945 at the Admiralty in London. Later
in 1945 he left the Navy and returned to Toronto, where much later
: became Chairman of the Department.
The last of the services to set up an organization for operational
rescarch was the army. Colonel [, Tuze Wilson was appointed Director
in December, 1943 and remained in charge until January, 1946 when
Tetired from the army and was appointed Professor of Geophysics
in.Toronto. The most widely-publicized activity undertaken by
C.AO.R.G. under Wilson's direction was Exercise Musk Ox. It was
staged near the end of the war and was designed to find out more
ahout the Canadian Arctic and operating conditions there.
< A member of C.A.O.R.G. from its early days in 1944 was McKay
who had participated with Pitt in the proximity fuse project and who

- At the conclusion of the war re-joined the Department and remained
- there until his retirement in 1978,

The Wars Years: Courses for Service Personnel
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training in the Department during the war, The instruction varied fiq
the advanced specialized training given the radar officers and
radiologists, through the less advanced but as specialized training ,
the radio technicians, to the classical physics taught the naval ratiy
and the army recraits. All these were additional to the regular ung,
graduate classes which were continued through the normal acade;
sessions. There was some decrease in the number of regular studeg
toward the end of the war but the number in physics remained hi,

Before 1939 the total registration in the Department stood 5
approximately one thousand. In 1941 - 42 when the service clagyy’
were included the number receiving instruction in physics had Hy
to twenty-nine hundred. In view of the fact that several senior stafi:
members were on leave of absence, the promotion of junior membey;:
was used to provide for the increased number of students. In 194045
Arthur Brant, a geophysicist, and in 1941 - 42 Kathleen M. Crossley,

Florence M. Quinlan, Elizaheth J. Allin and John M. Anderson wer |- .
promoted to Assistant Professor, All were involved in teaching both §- -
regular and service classes. Anderson, who had held the rank of |

Lecturer since 1938, deserves special mention for the leadership ﬁs '

gave in setting up the radar officer’s and radio technician’s courser |
Miss Crossley and Miss Quinlan had held junior positions since aheat |

1920 and Miss Allin since 1930. Harry L. Welsh and Richard K § -
Richmond were promoted in 1942, and A. Donald Misenerin 1845,

THE IMMEDIATE POST-WAR YEARS o
In the summer of 1944, after the conclusion of the last of the sgéeﬁ:

decreased but only briefly. Although registration in the regular under:
graduate classes had dropped near the end of the war, both it and tht
number of graduate students increased sharply as young men returning

undergraduate numbers reached a maximum in 1946 - 47 and 1947-§
48 and then dropped rapidly. The graduate student enrolment did net.
peak until 1950 - 51 and decreased only slowly thereafter. .~ "2

During the late forties changes in faculty personnel were fairy:
numerous. Wilhelm resigned in 1947 to join the Ontario Researck
Foundation. Convey, wha had assumed professoriat rank on his retum
in 1945, left in 1948 to become Chief, Physical Metallurgy Division,
Mines Branch, Department of Mines and Technical Surveys, Ottawz
Arnold Pitt resigned in 1946 to become director of research for th
Massey-Harris Company and his place was taken by R.W. McKay sho
had re-joined the staff at the end of thewar, - - - 085

peth tira
" had 2 distinguished career.

.. Burton’s health had been deteriorating. He was forced to take leave-
" gf-absence in 1946 - 47 and died on July the sixth, 1948. During the
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fhe B
On the retirement of Gilchrist in 1945, J. Tuzo Wilson was appointed
professor of Geophysics, A graduate of Toronto in Physics and Geology

1930, he had obtained hiz Ph.I}. at Princeton in 1936, and was
Jready well-known as a geologist when he enlisted in the Royal
‘canadian Engineers in 1939, As noted in an earlier section he had

C . .
~ first served as Technical Liaison Officer at CMHQ, London and then
" pad Become Director of Dperational Research for the ammy. On his

rement from the army he joined the University, in which he has

eriod of his ilness Ireton, who had carried much of the responsibility

" fgr the administrative arrangements for the wartime service classes,

RESEARCH IN THE FOST-WAR PERIOD

The need to provide for a sudden large increase in the number of
graduate students created many problems. It was felt that all those
who on graduation had postponed further study, and all those who
had interrupted their graduate work, should be accepted if possible.
In 1944 - 45 there were four students registered for the MLA, and

* none for the Ph.D. In 1945 - 46 there were twenty-two registered for

ke M.A. and four for the Ph.D. and in 1547 - 4B there were twenty-

* eight for the M.A. and thirty-seven for the Ph.D. When it is recailed
 that the research programmes which were on-going in 1939 had almost
; 0t the i b 3l been in abeyance for several years, the effort demanded of the
eourses for service personnel, the level of activity in the Department b

staff by this sudden increase in Ph.D. registrations can be appreciated.

-+ Several factors were important in making it possible to provide the
- mecessary facilities. The most important was undoubtedly the eager-
{ { . nessof siaff members to retum to their research projects, Of consider-
fram active service took up postponed or interrupted studies. The § -

ible importance too was a decision taken during the war by those

* who had given up all research activities to instruct the service classes.
- They had asked that a part of the money received from the govem-

ment to pay instructors for these classes should not be paid them in
wlaries but should be set aside in a fund ear-marked to assist in the
reestablishment of research after the war, Even though the immediate
Postwar years were a far cry from the pre-war depression years, the
inmediate availability of money for the acquisition and repair of
*Pparatus was most valuable in providing quickly facilities for a large
mimber of students.

When rescarch in spectroscopy was taken up again there was a con-

siderable broadening of the fields studied since both graduate students
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and research funds were readily available, Crawford continued his Work-
on the hyperfine structure of atomic spectral lines, with increasey:
success since he developed an atomic beam source which greatf;’
reduced the Doppler broadening. A fruitful collaboration of Welsy,
and Crawford was about to begin. This was principally in the feld of
molecular spectroscopy, particularly infrared absorption and Ramay,
scattering. In 1948 a new phenomenon, collision-induced infrareg
absorption, was discovered by one of their students, J.L. Locke, noy
Directar of the Herzberg Institute of Astrophysics of the Nationg
Rescarch Council. This new cffect was to be the subject of many Ph.D. -
theses in the coming decades. Welsh also instituted, at first along wipy:
P.E. Pashler, work in the general field of the spectroscopy of gasej
under high pressures. Although Pashler left for the General Eleciris
Company in 1938, this work was continued as a main field of endeavour,
It was not possible to re-activate the eryogenic research as quickly
since replacement of the helium liquefier and other apparatus wa
necessary. Several students did, however, find it possible to camy eq
low temperature investigations during this perdod and three studenti
completed Ph.D. theses in 1945. B
The electron microscope had been completed just at the beginnicg
of the war and had found application in war research. It could nﬁwhéf
used as a tool by graduate students. What had been the colloid physdy
rescarch group joined that using the electron microscope. When in
1948 G.D. Scoti joined the group its activities were extended to the
study of the properties of thin films and very small crystals. -~ -~ :
Burton’s pre-war research on the measurement of dielectric c
stants and electrical conductivities was superseded by research iz
physical electronics supervised by Anderson and McKay. Fadili
which had been provided for the conrses given to the Radar Officen
formed the hasis of the equipment needed to accommodate azum
of interested students. .
Geophysics had been made a sub-department in 1933 - 34, Wit
the encouragement of Burton, Arthur Brant, 2 1932 graduate
Mathematics and Physics, went to the University of Terlin then
leading centre in applied geophysics, obtained his Ph.D. there in 193
and returned to join the staff of the Department. The group fatet
included N.B. Keevil, working in geochronology, and J.H. Hodgss
a seismologist. When in 1945, after the retirement of Gilchist, J. Tur?
Wilson was appointed Professor of Geophysics, his interest in
origin of continents and his enthusiasm enhanced the attractivent!
of research in geophysics for the graduate. Much of the interest of
geophysicists still centred on the study of methods for magneb
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seismic surveys of various regions of the earth’s crust and the inter-
retation of the observations made in such surveys.

With increased numbers of hoth undergraduate and graduate
students and the growth of new fields of research, alack of laboratary
space was felt soon after the war and it became necessary to move
some rescarch projects from the McLennan Laboratory to nearhy
buildings. It proved possible to convince the University administra-
tion that additional space was urgently required and agreement was
reached to extend the south wing of the building to the west 1o match
the existing north wing. The official opening of the new wing took

lace in 1949, It provided much needed space for staff olfices, an
additional lecture room, an expanded laboratory for physical elec-
tronfcs and a large laboratory on the third floor for the pre-professional
classes. Unlike the old north wing this new wing had an attic which
was finished and provided a floor given over completely to rescarch.
Further space to be occupied by the cryogenic laboratory was found
in the basement. To commemorate Burton's long service to the Depart-
ment the new structure was officially named the *Burton Wing".

In 1947 the Computer Centre was established as a separate division
in the University. The motivation did not come from members of
the Department of Physics but from V.G. Smith of the Faculty of
Applicd Science and Engineering, and A.F.C. Stevenson and B.A.,
Griffith of the Department of Applied Mathematics. The first person
employed was G.C. Gotlich who had just completed his Ph.D, in
physics and was a member of the staff in physics. Because of this and
because some of the problems basie to the design of computer com-
ponents were problems in physics, the Department became closely
associated with the early development of the Centre. This involve-
ment will e treated in the next chapter since it belongs to the period
after 1948 and to Burton’s successors.
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The periad between 1348 and 1950 was one of frequent changes,
Burton was succeeded as Head by Edward Crisp Bullard {(afterwards
Sir Edward) who at the time of his appointment was Reader ip
Experimental Geophysics at the University of Cambridge where he
had gone when he retired as Assistant Direetor of Naval Operational
Research in 1945, Appointed in 1948, he remained in Toronto less
than two years, retuming to England to become Head of the National
Physical Laboratory in 1950,

In 1949 Grayson Smith went to Edmonton as Head of the Depart.
ment of Physics in the University of Alberta and Misener to London,
Oatarin, as Head of the Department of Physics in the University of
Western Ontario. There were also several new appointments, Those
of G.D. Scott in 1948 and of C.C. Gotlieb in 1249 have been referred
to in the preceding section. Others in 1949 were those of M.A. Preston
and D.G. Ivey, Preston, a theoretical nuclear physicist, was a Toronte-
nmian who had graduaied in M and: P in 1942 and had obtained his
Ph.D. at the University of Birmingham in 1949, Ivey was a graduate
of the University of British Columbia who had recently completed
his Ph.D. in polymer physics at the University of Notre Dame,

In 1550 J.N.P. Home, who had completed his Ph.D. in atomic
spectroscopy under Crawford's supervision in 1949 and had since
been at Rutger's University, retumed to Toronto, McTaggart had died
in 1941, and the retirement of Satterly in 1950 marked the departure
of the last of the five men who had made up the professorial staff
during the nineteen-twenties. Both he and Gilchrist continued to
visit the laboratory frequently.

Williamn Heriot Watson assumed the position of Professer of Physics
and Head of the Department of Physics in 1950, A native of Edinburgh,
Scotland, he had come to Canada first in 1931 to join the faculty of
McGill University. From 1944 to 1946 he had been Professor of
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Mathematics and Head of the Department of Mathematics at the
University of Suskatchewan, and at the time he came to Toronto he
was Head of the Theoretical Physics Branch of the Division of Atomic
gnerzy of the National Research Council.

Physics and the Computer Centre

pullard and Watson both had an interest in computing. Asa geophyysi-
¢cist Bullard’s interest when he came to Toronte was in the theory of
the earth's magnetism, and he had obtained a complicated set of diff-
grential equations, representing flows in the interior of the earth,
which he was anxious to have solved. N.R.C. was a supporter of the
Computer Centre and the scientists at Chalk River had been users of
its computing facilities as they became awvailable and were eager to
sce them improved. Coming to Torontc from Chalk River, Watson
was familiar with what had been done and strongly supported the
development of the Centre.

Almost from the beginning the work of the Centre followed two
different paths. Money for the project came from N.R.C. and D.R.B.
and hboth needed computation facilities. In his wartime research
Gotlich had had considerable expedence with computing as well as with
clectronics. As Acting Head of the project be soon became involved
in the provision of computing facilities, while the design of an elec-
tronic computer was undertaken by a group under the leadership of
J. Kates, then a graduate student. A computing system based on IDM
punched card equipment was set up in the Physics Building, A
proposal for a pilot model of an electronic machine which came to
be known as the UTEC (University of Toronto electronic computer)
piot machine was produced and space to set it up and demonstrate
its possibilities was also found in the Physics Building. In 1850 a grant
was obtained to build a full-scale version of this machine but it was
in fact never built. Bullard's support was undoubtedly important if
such grants were to be obtained and it was equally important that
Watson, when he replaced him, continued this support.

The 1950 grant had been to build a fullsize UTEC, but in 1951 an
tlectronic machine, bailt by Ferranti in England, unexpectedly came
on the market, The donors of the grant requested that the money be
directed to the purchase of this machine as they felt that this would
result in the earlier provision of improved computation facilities.
Reluctantly the gronp agreed and a smaller grant was provided to
enable progress to be made towards the full-size UTEC. The Ferranti
machine arrived in September, 1952, and was set up in the new




2 Pliysics at the University of Toronto, 1843-198g

Burton Wing. Named FERUT by the members of the Centre it wasjy
service from 1932 to 1958, It was the fist electronic machine ip
Canzda and in 1954 — 1955 was still the only large computer operating
in Canada. According to Gotlieb, it was an unrelizbie machine but by
exercising great patience they did an enormous amount of good cal.
culation with it. No one at the time had better machines.

Watson became Chairman and later Director of the Compute
Centre. When in 1961 he resigned that position he was succeeded by
Gotlieb and at this time the name of the Centre was changed tg
“[pstitute of Computer Science”. Meantime other members of the
staff in Physics, in particular Hume and McKay, had become involved
and two persons whose first interest was compuiation had been added
to it. Doris Davison, a graduate of Leningrad Univessity and a Fh.h,
from Birmingham, was appointed in 1959 and Beatrix Worseley, 2
graduate of Toronto and Ph.D. from Cambridge, in 1960, Coursesin
computing were at first given by Gotlich in the Department of Exten-
cion bt in a short time such courses were listed as courses in physics
for which credit was given towards a degree.

On July 1, 1964, a Depariment of Computer Science was established
in the School of Graduaie Studies. The Institute of Computer Science
continued to be respousible for the provision of a computing facility,

The Graduate Department assumed responsibility for teaching formal
graduate courses and for research. Undergraduate courses as in the -

past were given by special arrangement with an established under-
graduate department, usually Physics, in which case they were lisied
in the calendar with the courses in physics.

When the new McLennan Physical Laboratories were opened, the
Department of Computer Science moved to guarters in the Burten

Tower but the Institute of Compuier Science remained in the ol -
building which, when vacated by the Department of Physics, had been -

remamed the Sandford Fleming Building. The undergraduate depari-
meni in the Faculty of Arts and Science was formed in 1970 and Jike
the praduate department was accommodated in the McLennan Labora:

iories. Lis first Chairman, T.E. Hull, was not 2 member of the Physics .

staff but its second, J.N.P. Hume, was.

When in February, 1977, the Sandford Fleming Building was parﬂzi e

tially desiroyed by fire, the Institute of Computer Science was moved
to the north wing of the McLennan Laboratories and will pr{:-hajtﬁ‘,r‘
remain there. Once the reconstruction of the Sandford Fleming Build:

ing is completed the Department of Computer Science may, howeveh -
be transferred there. From the time the Computer Centre was ﬁfit 7
set up in 1947 it was closely associated with the Department of Physics

and that department made important contributions to its success.

The Years of Affluence, 1948-1969 4
PHYSICS IN THE FIFTIES

The forties had been a period when the immediate needs of the present
had taken precedence over all clse. However, in the early fifties it
pecame possible to pause to re-evaluate the existing courses and to
plan for the long-tenn fature. By 1952 the number of undergraduates
in pilﬂ,-'S]f:s. was only a little preater than, and the number of Fh.D.
registrations about twice, the pre-war numhber. The opening of the
Burton wing in 1949 had greatly alleviated the over-crowding. There
was a need to consider the effects of the technological a{iva.;ces due
to the war and changed social attitudes. )

There was at this time in the population 2 much larger-than-normal
proportion of persons of pre-university age. Hence the over-riding
theme of university policy became the need to prepare for large
sumbers of students who would be seeking admission in the futare.
This was true in all universities and some projections of the numbers
to be expected showed graphs having an almost exponential rise with
no levelling off foresceable. The application in peace-time industry of
scientific ..'11'16 technological advances made during the war was creating
opportunities for scientists and engincers. Hence it was anticipated
that the need to expand the Physics Department would be urgent.

In Toronto it seemed that the first priority for expansion should
ke given ta theoretical physics and puclear physics. Both McLennan
and Burton had been primarily experimental physicists and under
their direction experimental rather than theoretical research had been
emphasized. Farly in their careers both had been interested in radio-
activity and both remained interested in the medical applications of
mmma 1ays. At no time, however, had a research programme in basic
nuclear physics been set up. With the advent of the atomic bomb and

. nuclear reactors public interest dictated that facilities for nuclear

research should he established, Watson appeared to be well-qualified

. to direct expansion in both theoretical physics and nuclear physics.

Although there had been frequent changes in staff personnel in the

. post-war years, there had been no overall increase in number to match

the increase in student population, and in the early fifties new staff
members were urgently required. This provided an opportunity to

- 3ppoint persons who had as their special field of interest either theore-
- tical physics or nuclear physics.

It has bren menticned in an earlier sectinm that a theoretical

© Physicist, M.A. Preston, was appointed in 1949, He was the first
- Pon-experimentalist to be appointed in physics but in 1953, before
ﬁ}' addxtmns‘ were made, Preston tesigned to join the faculty of
o cMaster University. The vacancy left by his resignation was filled
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in 1954 by the appointment of N.F. Steenberg, 2 grztdua_te of Queen’s
University, Kingston, who had completed the D.Phil. at Oxford and
whose interest was in theoretical nuclear physics, _

A most important appointment in theoretical physics was that of
Jan Van Kranendonk in 1958, Bom in Delft, H:::-ii.and, hehad attended
the University of Amsterdam and completed his doctorate there ip
1652, In his thesis he had developed the quanium mfc.hamcai_ihenry
of infrared sbsorption induced by intermolecular interactions, a

henomenon which, as noted previously, had been first observed in
194% by the experimental spectroscopists in Toronto. The iatter
were eager to bave him come to the Depariment and in 1958 he
accepted the position offered him. .

The first step towards the establishment of an experimentat nuclear
group was taken in 1956 with the appointment of Harold E..]{:hnf.
Johins was not unknown in the Department since he ha.d received his
Ph.D. there in 1939 for work in low temperature physics. Since that
time he had become well-known as a radiation physicist, particularly
in the field of the medical applications of radiation. He returned to
Toronto in 1956 from Saskatoon where he had designed and super-
vised the building of the first cobalt-60 unit for 'EIIF treatment of
cancer. He provided a link with the Faculty of Medicine and maore
importantly with the Princess Margaret Hﬂspimi._l-}e was made Profes.
sor of Physics and Medical Biophysics in 1958 and Head of the
Department of Medical Biophysics in 1962. _

The second step in the huilding a a nuclear physics group was the
appointment of Kenneth McNeill in 1957. The following is a quota-

tion from a memorandum furnished by him: “In 1956 I spent the g

summer at the University of Saskatchewan, During the summer |
talked with Dr. Watson about physics in Canada; there was some
further correspondence and subscquently {1857} I was offered a post

s Associate Professor at Toronto, with the intent that T would build -

up a viable experimental nuclear physics group there. To aid in doing
this he cited the plans for a betatron and a van de Graaff at the

Princess Margaret Hospital and the desire of a joint physicsfm::dif-’-lr timued to supervise it for many years. The departure of Wilhelm in

oup for a facility for measuring fall-out in Canada.” .

MeNeill, who had ohtained his D.Phil. at Oxford, was at the Univer-
sity of Glasgow before coming to Toronto, A Canadian, James Prentice,
who had been a graduate student working on nuclear projects urldt'_l'
his supervision, accompanied McNeill when he returned from a hoti-
day in Glasgow in the summer of 1958. Prentice stayed in T_nru;if:
and was appointed Assistant Professor in 1953, He later was primarny
responsible for the establishment of a high energy physics group 10
the Department.
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The following account of the early growth of the research in nuclear
physics is based on information provided by McNeill who, as noted
previously, was entrusted on his arrival in August 1957 with its organ-
ization. During the first year there were two graduate students working
with him. They built the first whole-body counter in Canada and
devised methods for identifving protons ejected from nuclei by
hetatron x-Tays. In the summer of 1958 Robert Storey and James
Prentice, both of whom had been praduate students at the University
of Glasgow when McNeill was there, came to Toronto with him when
he retumed from a visit to Glasgow. The three worked in cooperation
with the hospital group on the installation of the van de Graaff and
by October 1935 two graduate students were able to present M.A.
theses based on experimental nuclear rescarch accomplished with the
van de Graaff. At the same time work was started on photoneutron
problems with the hetatron.

Support for these projects came in the case of the pure physics
programenes on the betatron and the van de Graaff from N.R.C. and for
the whole-body counter from the Department of Health and Welfare.
The support of the Faculty of Medicine, either through the Princess
Margaret Hospital or the joint committee overseeing the fall-out pro-
ject, played an essential role in the build-up of nuclear research and
very strong connections with medicine still exist. Cooperation between
Steenberg and the more recently armived experimentalists was impor-
tant to both.

The low temperature group had been slow to recover from the
effects of wartime inactivity. During the war, operation of the helium
liquefier had been discontinued and since then experiments had been

i+ in progress to test alterations in design, A Simon type liquefier had
% been constructed and made a small amount of liquid helium limited
© to use at the liquefier. A hydrogen Hiquefier was in operation and
1% made liquid hydrogen for the above and other experiments. Only
|: liguid air was available in quantity. The opemtion of the plant was

in the hands of Albert Owen, a most efficient technician who con-

1948 and of Grayson Smith and Misener in 1949 had left the low

- lemperature group without senior staff. Soon after becoming Head

of the Department Watson took steps to rectify this situation. In 1951

. K.R. Atkins, then at the Mond Laboratory in Cambridge, accepted
- An appointment as Assistant Professor and in the same year A.C. Hollis
- Hallett, a graduate of Toronto who had recently completed his Ph.D.

. Work in Cambridge, was brought back to Torento with an appoint-
» ment as Lecturer.

A new helium liquefier was required. In 1923 it had been necessary
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to construct the liquefier in the laboratory but in 1931 a commercia)
enterprise, the Arthur D. Little Company, had designed and already
built one Collins-type liquefier for M.LT. and was prepared to accept
orders for others. The decision was taken to buy one of these and §;
was installed and operating in 1952. Then other apparatus such as 3
demagnetisation system and a booster pumping station was bujl;,
Studies of the propertics of Hquid helium involving particularly
measurements of viscosity and density were begun.

Atkins resigned from the staff in 1954 but Hallett had been givep
professorial rank in 1952 and Watson maintained his interest in the
low temperature group., By 1956 there were about ten graduate
students working on the properties of liquid helium and in metal
physics. When in 1936 G.M. Graham, a graduate of Dalhousie Univer-
sity who had recently completed his Ph.D. studies in Camhﬁdge,
joined the group, work was begun on the thermal expansion of metals
at low temperatures. In 1960 the members of the group were hosts
to the seventh Intemational Conference on Low Temperature Physics,

The research projects which the spectroscopy group had initiated
in the post-war perod were continued and expanded in the fifties,
Crawford continued his studies of atomic spectral lines and Welsh his
studies of the spectroscopy of gases at high pressures; joint projects
involved the newly-discovered phenomenon of collison-induced
infrared absorption, many aspects of which waited to be investigated,

Stryland, after he joined the group in 1954, was of great assistance
in all studies involving substances at high pressures. He, himself, had
as a first interest transport phencmena in gases and preblems involving
change of state.

Experiments on the Raman effect of gases at higher pressures and
of liquids Ied to attempts to recon} Raman spectra of low density
gases and at higher dispersion. Success in this was achieved through
the use of a high intensity mercury arc which came to be known as

the Toronto lamp, multiple reflection Raman tubes and high speed, -

high dispersion spectrographs. High resolution Raman spectroscopy
became an important field of research and continues so. o

It was noted earlier that Van Kranendonk developed the theory of
collision-induced absorption scon after its discovery. He did not join
the staff in Toronto until 1958 but in the interval the experimentalists
had kept in touch with him. To facilitate the interpretation of the
observations in terms of the theory, the substance used in a large
proportion of the experiments came to be an hydrogen isotope ora
mixture of hydrogen with another simple gas,

In the mid-fifties the low temperature group was able to supply
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the spectroscopists with liquid helium and low temperature experi-
mental know-how, and a long, fruitful investigation of the spectra of
solid hydrogen was initiated. The possibilities of new discoveries
inherent in this work evoked the interest of Elizabeth Allin, a lane-
time member of the staff who was an atomic spectroscopisi v.'ho;e
most recent work had been studies in x-ray scattering. She joined the
group working with hydrogen in 1954, Cne of the earliest achieve.
ments of the studies of solid hydrogen was the chservation in 1956
for the first time of the Raman spectrum of the solid, More than a
quarter of a century had clapsed since the Raman spectrum of the
liquid had been first observed by McLennan and McLeod in 152§,
soon after the discovery of the Raman effect. Not only the Raman
spectrum but also the infrared absorption spectrum of solid hydrogen,
deuterium and hydrogen deuteride were intensively studied. All proved
of great interest and the observations extended well beyond the fifties.

A different but closely related experiment was carried out hy
Crawford at this time. He observed absorption in solid hydrogen
induced, not by the interaction of one molecule with the field of a
colliding molecule, but by the interaction of the molecule with a
static electric field.

J. Tuzo Wilson's espousal of controversial theories of continental
drift and of mountain building brought kim acclaim and the Depart-
ment increasing notice during this period. In 1977 he received the
prestigious Veplesen award, generally regarded as the equivalent in
Earth Sciences of the Nobel Prize in other sciences. Another prominent
member of the geophysics staff in the mid-fifties was J.A. Jacobs. He

» had come to Toronto in 1951 as Associate Professor of Applied Mathe-

matics but in 1954 had transferred to geophysics. In 1957 he went
to the University of British Columbia as Professor of Geophysics and
Director of the Institute of Earth Sciences.

Both laboratory and field studies of various methods — magnetic,
electromagnetic, gravitational and seismic — to he used for the deter-
mination of the geologic nature of areas of the earth’s crust were

- being made. Two Toronto graduates who had also obtained their Ph.D.

degrees in Toronto joined the staff, R.D. Russell in 1956 and R.N,
Farguhar in 1957. As graduate students they had worked on the
determination of the relative abundances of various isotopes in rocks
and estimates of the age of the carth based on the values of these
abundances, This work was continued under their leadership using

- both methods based on the radioactivity of rock samples, and methods

utilizing mass spectrographic analysis. F.8, Grant, another Toronto

Ph.DD., joined the staff in 1958,
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Research groups other than those specifically _mi:ntioned above
were also active. For example, under the sup::nrisi:_t}n.nf GD Scott
the eleciron microscope was being used as a transmission instrumeni
in the study of thin films and also for the study of small crystals
by electron diffraction. The electronics group _led by Anderson and
I'nr'I'::Kaw,-' was studying variouns aspects of electrical gas d1:f.ch:1_rg_es, in
particular the persistence of excited states. It was a time in which a.ll
members of the department were able to obtain support for their
indivi arch interests. _
m[iilfl?:l E:t:;: fifties and early sixties a different type of educational
activity was engaged in by two members of the staff. ‘Ijoilrtaid Ivey wag
Master of Ceremonies in the early shows of the series "The Nature
of Things” broadcast by the C.B.C, - live since these were e’z}rly days
in television. Those programmes entitIc-:! "Two :fm' Physics™ showed
experiments demonstrating physical principles, J.N.P. Hume cooperated
with Ivey in setting these up and carrying them 'thI:ough. These pro-
gramnmes were very successful. In 1963 at the National Mass Media
Awards Dinner of the Edison Foundation Hume and Ivey rc::;‘:ved a
special citation for one of their films “Frames of Reference” as the
“Best Science Education Film".

The increnses in staff detailed in the above paragraphs were more
than justified by the increase in undergraduate student numbers which
occurred during the same period. In 1953 the decision was made that
all instruction in physics given to engincering students should be the
responsibility of the Department of Physies, About five hundred
students were added io the number to be prﬂﬂ_ded with lecture and
laboratory facilities, There was a second sharp increase when, i the
academic year 1958 - 59, an entirely new course, Ge_ncrai Science,
was introduced by the Faculty of Arts and Science. The numher_uf
students from that faculty rose from three hundred and seventy-nine
in 1956 - 57 to cight hundred and ninety-eight in 1_959 - 60.

The completion of the Burton Wing had provided much needed
space in 1948, but even then this space was insufficient to accom-
modate the sub-department of Geophysics which, until much later,
continued to occupy an old dwelling h{_}use at 49 St George Street.
The expansion of the fifties with its m{:rea_ﬁf_‘f;i_number of un.d_er-
araduate lectures and laboratory classes, and additional staff requining
offices and research space, made it necessary to occupy rooms out-
side the McLennan Laboratory. The situation of the mid-forties was
repeating itself and once again the Department snug}}t larger quart_er:-
This time its request was in accord with gcnem! University plaru':mr:i.
Land for new buildings, among them one for physics, had been obtame
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on the west side of St George Street. Construction of the new building
for physics did not begin until 1963 but in the meantime anew build-
ing for engincering, now known as the Galbraith Building, was built
to the west of the existing physics building and connected toit. Some
space in it was made available to Physics an a temporary basis.

Flanning for a new building was well under way by the late fiftics,
the Department had broadened its interests with the addition of
nuclear and theoretical physicists, and the undergraduate classes had
been re-structured in an attempt to make better provision for a student
body which had approximately doubled in the decade, Nevertheless
there were complaints that Physics was Iagging behind in its planning
for the influx of students anticipated in the sixties.

It may have been Watson's natural Scottish reticence which gave
the administration the impression that he was not whole-heartedly
involved in expanding the Department. In any case it was suggested
to him that he resign as Head but continne as Professor. In 1961 he
went ta California on leave of absence and decided to remain there,

It was important that a new Head of the Department shouid have
the confidence of the administration. ¥t was also important that he
should be able to use the opportunity provided by expansion to huild
a department respected for its scientific excellence by all physicists
and by other departments within the Uni rersity. The Dean of the
Faculty of Arts at this time, V.W, Bladen, states in his memoirs that
the first choice of the selection committee was Gerhart Herzberg,
Director of the Physics Division of the National Research Council. He
was a molecular spectroscopist who, a few years later in 1971, was
the recipient of the Nobel Prze in chemistry. Since Herzherg could
not be persnaded to come to Toronto, H.L. Welsh, also a molecular
spectroscopist and already a member of the staff, was chosen, He had
graduated from Toronto in honours physics in 19530 and had spent
the following year as a research student of McLennan and obtained
his M.A. He then had gone to the University of Gottingen to work
with the Nobel Laureate, James Franck. When the rise of Hitler led
Franck to emigrate to America, Welsh returned to Toronto where he
completed the requirements for the Ph.D., in 1836. First appointed
to the professorial staff in 1942, he shared with Crawford the respon-
sibility for the rapid expansion of spectroscopic research during the
Immediate post-war years. On Crawford’s sudden death in 1960 he
became leader of the spectroscopic research group. The excellence of
his research was recognized world-wide and he was well known to
Canedian physicists, many of whom had carded ount their graduate
Propramimes under his direction,
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Planning for the new building was well advanced mﬂigﬁ?hiljittlitoim;
decisions had yet to be made. Also, as a result of the ;l ! facﬂ;f,
several nuclear physicists to ihe s_taff. the need for :E_nuc f:;ltcd ol ¥
was being pressed, The two projecis could not be 1151_5{}::1 e fmm
each other, since the laboratory to house the new maching m ; Cid;ﬁ
a part of the new building. When in 11'::3!62 th;;:1 nucifizzrg:;;:ﬁ szuss:d

n an clectron linear accelerator or inac, the m .
1:5:;1 President Bissell and approval was given to go ah:::itd ;.;Li‘; Epli;n::
for the accelerator and for a:: u_nrlflr;gz"gll;n-:i luhoratory to
i w physics building. -
Pait’l?ef]:]:g:;:]f lizziglnzrghai[;m}an in 1962, the plans for the‘new {m;}d.
ing were not yet complete and those for the prﬂpus:edﬁ{_;n:ﬁfi ;l::;;
atgr}r were scarcely on the drawing b.nard. The spaceﬂ in :Eds .
ing was becoming more and more inadequate to rn'z r:m S e
Denpartment The sub-departme?t Gf'geﬁphfscsi:,‘;;s:mnicd 9 St
et and some rescarch projects were Deing )
ﬁ'&?ir:n%zefnt;it of the old chemistry bui]di_ng_from which sn;ne -::]1;1-;1;;;
had moved to the newer Wallberg i}uﬂ{hflg. The HET], Erd{;  sualf
offices was less than the number of professorial staff an ds an:1 baccom
modation was not unusual. When to the problems of iina equ . uﬂdﬂi
others associated wit]L a rapid gg:;v{t]h t;;i i};ﬁ]fﬁgﬂ;ﬂ; ::w{:hair.
umbers were added, the t: 1 12l
ﬁiﬁu:;;:::ﬁiﬂ:zr}n great indeed. Since he was anxious that adminis-
trative duties should not make it impossible for l.mn tﬁ FOH:;;E
teaching and research, Welsh requested t}}at an associate t; :;iz;:r e
appointed to share these duties. éu;] ubsvm:lts ﬁ;;ﬁdﬁ;mcappgii o5k
i i irman was G.D. Scott. €l )

g?:rt;;uf gﬁ:rf;; E;};::lﬁfatsun had left and was familiar with the

requirements of the office and the organization of the University. He -

was offered and accepted the appointment.

The period of the later fifties and of much of i.h; sixties ;;asf :,T:s
que in the history of higher education in Ontario. Tdc ;ﬂinumsﬁh i
buoyant and university degrees were highly regarded. 1‘]1'3 st ol
this favorable climate the provincial government was W :}ng a!;ei;&f
vide money for expansion of both staff and facilities in the B

. A .  omes.
existing universities and to establish new on

One of the most urgent problems in 'i'lﬂqu:-nt{{:-1 1.;;:15 still an if;;ii;gu?;i

' i ho had been respo B

ber of staff. Florence Quinlan, who o

i—:::[:irzs and laboratory classes offered students from the Fa{:‘:;l}‘;ﬂ{:ﬂ s

from the School of Physical and Health Education, an .

the Faculty of Food Sciences as well as those in t_hf: ]}nr}{;i{r; s
of Household Economics in the Faculty of Arts, died in 139

Yusic,
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comparatively brief illness. Ireton, who in addition to his teaching
duties, had carried a heavy administrative load retired in 1959, This
left only Kathleen Crossley of those who had been members of the -
staff continuously since the end of the first world war.

Crawford died very suddenly in 1960. His death was a severe loss
to the Department not only because of his pre-eminence as an atomic
spectroscopist but also because of his interest and success in under
graduate teaching and his knowledge of departmental and university
administration,

When the above losses are taken into account the net increase in
staff over 1943 was in 1962 only cight persons although in the same
interval the total registration in physics courseshad more than doubled.
Another consideration which intensified the need for a larger number
of staff was the planning for the suburban colleges of Scarborough
and Erindale. Fortunately circumstances were favorable and it was
possible to make an average of four additional appointments each
year from 1962 to 1969 inclusive.

The increase in staff implied a need for more staff offices and more
research space if the best persons were to be obtained in 2 competitive
market. Untit the new building was completed these needs created
difficulties only partially alleviated by the temporary use of space in
the Galbraith building. Construction of the new building and of the

“. nuclear facility began in 1963, The Linac laboratery was pushed ahead
" 1o have it ready to receive the machine which was delivered early in
. 1966, The official opening of this laboratory took place in September
~: 1966 but that of the main building not until about a year later.
o The opening of the new physics building took place on September
:: 14, 1967. The building possesses a fourtecen-storey tower, 2 south
- wing containing four large lecture theatres, and z second three-storey
* wing to the north which was initially assigned toundermraduate Iahor-
 #ories only, but since has been given over partially to other uses. It
- also contains several small lecture rooms and a nuimber of staff offices,
- An important feature is a basement which is considerably larger in
ea than the complete ground floor of the tower and wings, Designed
tesearch space and equipped accordingly, it accommodates much
2of the spectroscopy, low temperature and nuclear research as well as
the mechanical workshop, glassblowing shop and helium liguefaction
;Vi}}aflt. The Linac laboratory is situated underground just east of the
.main basement, and access to it is provided through a sub-hasement.
The building was officially designated as the “McLennan Physical
. Laboratories™ and the tower as the *Burton Tower”, Space is assigned
Ot only to Physics but also to Astronomy and Computer Science.
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As noted above the opening of the new McLennan Laboratories
tock place on September 14, 1967; it was made the occasion for
ceientific as well as social activities. Six lectures were arranged, to be
given by pre-eminent physicists on the forencon of th;} [ia}' of the
official opening ceremonies and on i]}e_ succeec.img t_lay. Gtrcis with
invitations were sent to other universities and individually to former
staff members and graduate students of thf; Department. 1-1:1}13:' came
to tevisit old haunts and to renew old assocm_u_n{ls; c:tYhf:rs tu_wmh the
Department well and to inspect its nesw facilities. Undoubtedly t‘he
decision to come or not to come was influenced by the opportunity
to hear the distinguished lectuvers. A large group assembled in the area
east of the building for the opening ceremonies. The cl.lrfnax came
when Dr, Herzberg unlocked the door with a golden key. A telzwards,
at a reception held in the building, the visitors were shown al {]'l.i{. or
could wander at will through the laboratories, The ]ectufes were well
attended and for those who heard them made t_hc occasion a memor-
able one. On the evening of the day of the opening ceremonies & party
was given by the three departments who would occupy the. hl}!]dlng.
All their members with their fami{ies and ol visitors were mwfted.ﬂ_l}t
was a happy event, a sense of ach}m'emerft and of opumism {t]; the
future pervading the whole gatherlzngi;. A list of the lecturers wi e
i reir addresses is given below: . .
Su%fu(}?f}tilerzberg, Dirm:t-:%lr. Division of Pure Physics, National
Resesrch Council, Ottawa. B )
The problem of diffuse H‘lf{?ﬂ'ffﬂﬂr fines o
Professor C.H. Townes, Professor at Large, University of California,
:r‘ .
Bcrkd‘l?hﬂt an intense faser beam does fo matter m:d‘ vice versa
Professor 8, Chandrasekhar, Distjnguiﬁh_ed SEI’\'lC:: meessar. of
Theoretical Astrophysics, Enrico Fermi Institute of Nuclear Physics,
University of Chicago.
Gravitational Collapse ] .
Professor A. Kastler, Professor, Ecole Normale Supericure, Univer-
o . .
sty of I;:i?emcti'uns between atoms and ffecth:rmguef:c fields
studied by optical frumpring technigues _
Professor M. Kac, Pr{}}%esfﬂr nfji'lathematics. The Rockeleler Uni-
rersity, New York. o
wmbﬁf;’; speed comfubing as a new exf:eri'n}enm:' technigue in
mathematics and phiysics B
Professor ILH, Dicke, Cyrus Fogg Brackett Professor of Physics
Princeton University. .
Gravitation and the sun's rotation
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There were those who had argued against abandonment of the old
building and may even have caused some dclay in the decision to build
the mew one. They preferred to see an extension for physics in the
area now occupied by the Galbraith building, This, however, did not
conform to the overall planning of the University. The argument used
against it had been the interruption which the move would cause in
the work of the Department, but affection for the old building was
prohably involved. Scme interruption in rescarch projects certainly
did result but it was more than compensated by the improved facili-
ties in the new laboratories, There was little distuption in the under-
graduate teaching. For the first time in almost thirty yvears there was
space for all sections of the Department within a single building, Any
thought that McLennan would have regretted the departure from the
old building, of which he was indeed very proud, can be discounted.
He would undoubtedly have been even more proud of the new
McLennan Laboratories and happy that, once again, as when the first
building was completed, the Department was provided within a single
building with the facilities which it required.

When the first Professor of Physics had become certain that 2
building for physics was assured, he had resigned, no doubt consider-
ing that he had achieved the task he had set himself. His action was
paralleled by that of Welsh who resigned as Chairman in December
1968 when the move to the new building was completed.

RESEARCH IN THE SIXTIES

The expansion of the teaching staff to provide in the best possible
way for a greatly increased undergraduate population had as its con-
comitant the growth and broadening of research activities. The total
number of professorial staff members rose to more than sixty by 1970,
It becomes increasingly difficult to summarize the scientific activities
of the Department and extensive use will be made of pamphlets
issued by the Department in 1967 - 68 and succeeding years; the
purpose of these was to inform new graduates, particularly those

- graduating from other universities, of the opportunities for graduate

study and research available in Toronto. In the pamphlet published
In 1967, research in the Department is listed under five main headings:
{1) Atomic and Melecular Physics; (2) Low Temperature and Solid
State Physics; (3) Nuclear and High Energy Physics; {4} Theoretical

Fhysics; (5) Geophysics and Meteorology, Each will be considered
I turm.

{1} The atomic and molecular physics section is that previously
designated as the spectroscopic group and spectroscopic methods are
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still widely used by its members, but the range of phenomena studied
has been extended. This has been due largely to changes in personnel,

H.P, Gush, who came to Toronto from Saskj_it::hev.r_an asa 5mduate
student and completed his Ph.D. in 1956 \_mtkmg on induced mfr&re-d
absorption, retumed as u. staff member in 1:959 after two years jn
Paris at G.N.R.S. He had a particular interest in the study of induced
absorption in hydrogen in the far infrared and at very ln:.v temper.
atures. In 1967 he decided to leave Toronto for the University of
British Columbia. . _

The death of Crawford in 1960 resulted in the phasing out of the
work on the hyperfine structure of amr_nic_ spectra! lines. A.D. May,
who joined the staff in 1961, had a special interest in atomic spectro.
scopy but not in that aspect of it May, a graduate in M and P, had
completed his Ph.D. in 1959 working on the Raman effect of gases at
high pressures and then had spent two years France on a post.
doctoral fellowship. He had become familiar with the phﬁname.non
of upi:ical pumping and set up experiments for the study of excited

atomic states. ) .
Boris Stoicheff, after completing his Ph.D. working with Welsh on

the Raman effect in gases at high pressures, joined the st_aff of the :
National Research Council where he became known 'f{:-r_lus work on e
high resolution Raman effect and the precise determination of male-
cular constants from measurements of the Raman spectrum, Re- -
joining the Toronto group in 1964, he continned this work and began

io use the laser, a then newly-developed source of monochromatic
radiation, to excite the scattering in place of the formerly-used
mercury arc lamp. He also began observations of Brillouin scattering
which are stil! yielding information of great Interest.

In summary, it can be said that earlier work in induced i[lfl’aIfi%—
absorption, in high resolution Raman effect, in the spectra of com-:
pressed gases and solid hydrogen, and in the studies Ui: tmnsp.ai
phenomena had been continued, and new projects involving optica

pumping and Brillouin seattering had been initiated, Further details

of these siudies may be found in “Spectroscopy Research at the -

McLennan Physical Laboratories” appearing in Applied Optic
volume G, 1967, 3
In 1062 two new staff members introduced two new fields of

research into the Department. R.L. Armstrong, a graduate of 'Fomnt:
who had obtained his doctorate working with Welsh on the 1nf11!1fﬁ
spectroscopy of compressed gases, tetu}'ﬂcd froma p_c-st—ducmra] }IE:-;
in Oxlord during which he had studied the technigues of nuh: -
magnetic resonance spectroscopy. He at once set about establishing
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magnetic resonance lahoratery, in which in succeeding years he and
his students developed a program of molecular dynamics in gases and
molecular motions in insulating crystals, by means of nuclear magnetic
resonance and nuclear quadrupole resonance. At 2bout the same time
JhE Harvey, also a2 Toronto graduate, who had obtained his D. Phil,
in Oxford in 1962 was appointed to the staff. His field of clectron
spin resonance was also a new interest in the Department. Armstrong
remained z staff member and has been Chairman of the Department
since 1974 but Harvey resigned in 1969,

In 1967 one of the first appointments to the physics teaching staff
of Scarborough College was Vello Soots, who had completed the
requirements for the Ph.D. in 1963 studying the Raman spectrum of
solid hydrogen with EJ. Allin. On joining the staff he entered upon
a study of the Raman effect in ionic crystals, This work was discon-
timied when Soots left the Department in 1973,

{2) By 1967 the former low temperature research group had also
broadened its field of study. In 1964 ED, Manchester and RJ. Dalcombe
came and began prajects on the hydrogen in palladium problem and
the de Haas-van Alphen effect, respectively. In 1966 J.M. Perz joined
the staff and attacked the latter problem using his expertise in ultra-
sonics. In 1967 when the move to the new building was completed
the first large superconducting magnet was acquired. When in 1968
Balcombe tesigned, his place was taken by P.B.M. Meincke in 1969,
His interests were mainly in superconductivity and quantum liquids,
In 1970 E. Fawcett joined the group and Fermi surface studies were
intensified, especially those to do with strain dependence.

A few words about each of the new stafl members mentioned in
the above paragraph are given below. F.D, Manchester is a New Zea-
Iander who obtained his Ph.D. from the University of British Columbia.
RJ. Balcombe came to Toronte from DBritain, having obtained his
Fh.D. in Cambridge; after several years he decided 1o return to the
United Kingdom. J.M. Perz is a graduate of Toronto in Enginecering
Fhysics with a Ph.D. from Cambridge. P.P.M. Meincke graduated
from Queen’s University, and obtained his Ph.D. in 1963 for work in
0w temperature physics at Toronto. He spent several years in the

- Bell Telephone Research Laboratories before returning to Toronto as
2 staff member in 1969; in 1979 he left to become President of the
- University of Prince Edward Island. Eric Fawcett is a native of England
- who obtained the Ph.D. at Cambridge in 1954, At the time he decided to

come to Toronto he was at the Dell Telephone Research Laboratories.
J:ML. Daniels, who came to Toronto in 1961, had attended Oxford



54 Physics at the University af Toronto, 1 8435-1980

as hoth undergraduate and graduate student and had obtained the
D.Phil. degree in 1952, After a post-doctoral year in low temperature
physics there, he had come to Canada in 1953 as a member of the
faculty of the University of British Columbia where he was Professor
of Physics at the time he moved to Toronto. He had speat some fime
in the Argentine as Unesco expert in experimental physics at the Univer-
sity of Buenos Aires and Visiting Professor at the Balseiro Institute of
Physics. Well-known for work in selid state physics and magnetism,
hig interest at this time was in the spatial orientation of nuclei. He set
up experiments in Mosshauer spectroscopy and in methods to nolarise
helium-3 nuclei and construct a dense target of such nuclei. In 1963
he succeeded Welsh as Chairman of the Department.

P.J. Kirkby, a Ph.D. from McGill who joined the staff in 1969, was
interested in studying high energy scattering from a dense target of
polarised helium-3, then under constrction. He stayed only until 1973,

(3} Experimental nuclear and high energy research was greatly expand-
ed in the sixties, The decision to construct the Linac laboratory
emphasized the importance nuclear research was assuming in depart-
mental plans and additional nuclear physicists were aitracted to the
staff. Some Jooked forward to working with the Linac and others to
working with the other facilities such as the van de Graaff and the
betatron.

R.E. Azuma, a graduate of the University of British Columbia and
a Ph.D. from Glasgow, joined the staff in 1961, His principal interest
is the structure of nuclei. H.8. Caplan who also came from the Univer-
sity of Glasgow made his contrihution in the design of the Linac
lahoratary and the instrumeniation for the Linac. He remained in
Toronto from 1963 to 1966 when he moved on to the University of
Saskatchewan, D,A.L. Paul, a graduate of the University of Cambridge,
obtained his Ph.D). at Queen’s and came to Toronto in 1964. Initially
he sought to use the Linac for the production of beams of positrons
in the eV to keV energy range but later this effort was separated
from the Linac. _

When he cante to Toronto in 1965, ].D. King was the first physicist
acquired for the teaching staff of Scarborough College. He had gra-
dusted from Toronto in 1956 and obtained the Ph.D. from the
University of Saskatchewan in 1960, Likewise when H.W. Taylor
came from the University of Alberta in 1965 he was the first physicist
appointed to the staff of Erindale College. Since Erindale had not yet
opened he joined King at Scarborough for a year. Taylor was a gra-
duate and Ph.D. from the University of Manitoba. A nuclear spectro-
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scopy project to study the decay schemes of various isotopes produced
by the linac was set up at Scarborough in 1966 and relocated in
Erindale in 1967.

In 1966 A.E. Litherland was pemsuaded to come to Toronto from
Atomic Energy of Canada. Born in England, he had graduated from
the University of Liverpool in 1949 and obtained his Ph.D. from that
university in 1955; he had come to Canada as a research fellow at the
National Research Council in 1953. His particular interest was the
structure of the atomic nucleus, He and Azuma used the van de Graafi
accelerators at McMaster University and Chalk River as well as the
3 Mev van de Graaff at Toronto,

D.B. McConnell, M.5c. {Western}, Ph.D. (M.IT.), another nuclear
physicist, also joined the staff in 1966 but in 1970 he resigned to take
a position in the research laboratories of Ontaric Hydro.

During the past several decades the field of high energy physics
has made outstanding contributions to cur understanding of the basic
laws of the universe, That the Department at Torentc became active
in this field in the sixties was largely due to the urging of Prentice and
Steenberg, whose interest in sub-nuclear clementary particles had led
them to appreciate the future importance of research at high energies.
It was not planned to build 2 high energy facility at Toronto but scan-
ning tables, measuring machines and computers for the study of obser-
vaticns taken elsewhere were provided. The University of Toronto
became a charter member of the University Research Association which
has the management responsibility for the Fermi National Laboratory
at Datavia, Iiinois. The work at Toronto is described in the pamphlet
on research and graduate studies issued in 1972 as follows: “The experi-
mental high energy physics group is involved in the study of elemen-
tary particles. These studies involve scattering experiments using
bubble chamber and counter detector techniques. The data are ob-
tained at one of the major U.S. accelerator laboratories, often in
collaboration with other university groups, and are then processed
and analysed at the University of Toronto. The aim of these experi-
ments is to make experimental observations about the nature of
elementary particle interactions."”

Prentice was joined in this work by AW, Key in 1968 and by T.5.
Yoon in 1969. Born in Edinburgh, Key graduated from the University
of Aberdeen where he received an M.A. in 1960 and then went to
Oxford where he was awarded the D.Phil. in 1964, From then until
1966 he was Lecturer in Physics at the University of Natal. Yoon
obtained his M.Sc. at the University of Seou! and his Ph.D. at the
University of Illinois. E.C. West, a graduate of Stanford in 1958, who
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had received the Ph.D. at Wisconsin in 1966, came to Toronto as a
lecturer and research assistant in 1966. He was promoted to Assistant
Professor in 1967 but in 1979 resipned that position and is now on
the staff of the Institute of Computer Science.

(4) The Department now hasamong its staff a number of distingunished
theoretical physicists. Below are the names of those in the staff Hsi
for 1970 - 71, grouped according to their fields of work. Working in
theoretical solid state, molecular and statistical physics were: J. Van
Kranendonk, FPh.D. {Amsterdam), R.C. Desai, Ph.D. (Comell}, P.A,
Griffin, Ph.D. (Comell), J.D. Poll, Ph.D. {Toronto), A.E. Jacobs, Ph.D,
{Minois), L.E.H. Trainor, Ph.D, {Minnesota}, S.H. Vosko, Ph.D,
(Carnegie Institute), M.B, Walker, D.Phil. (Oxford}. Working in nuclear
physics were: L.E.H. Trainor, D,J. Rowe, D.Phil {Oxford), $.5.M,
Wong, Ph.D. (Rochester), N.F. Steenberg, D.Phil. {Oxford). Working
in elementary particle physics and relativity were: J.W. Moffat, Ph.D.
(Cambridge), R.E. Kreps Ph,D. {Princeton), R.E. Pugh, Ph.D. {lowa),
P.J. O'Donnell, Ph.D. (Glasgow}, R.K. Logan, Ph.D. {(M.L.T.).

All of these with the exception of Van Kranendonk and Steenberg
had come since 1960. Almost all are still here in 1980. Poll resigned
in 1970 to join the faculty of the University of Guelph. Kreps pave
up physics and Steenberg was forced by ill-health to retire in 1974,
Of those who have stayed, six were hom in Canada and obtained their
first degree in a Canadian university; Pugh and Griffin at British
Columbia, Walker and Voske at McGiH, Trainor at Saskatchewan and
Jacobs at Taronto. Of the non-Canadian-hom Desai obtained his first
degree at the University of Bombay, Wong at the International Christian
University in Tokyo, Logan at M.LT., O'Donnell at Glasgow, and
Moffat and Rowe at Cambridge. The rapid growth of the group and
the variety of experence and interest among its members is evident.

(5) Wilson remained as active as ever and the theories of continental
drift which he expounded were gaining a wider acceptance. He hecame
Principal of Erindale College in 1967 and some geophysical projecis
were established there. Derek York who joined the staff in 1960
became associated with Farquhar in mass spectrographic determina-
tions of isotope abundances in rocks. York was born in England and
attended Oxford University where he obtained the degree of D, Phil,
in 1960. His interest in isotopic geophysics stemmed from an interest
in the evolution of continents and in the timing of reversals in the
earth’s magnetic field.

The history of the earth's magnetic field and of ancient reversals in
that field also was a major interest of D.W. Strangway who was
appeinted Associate Professor of Physics in 1968, Having graduated
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from the University of Toronto in 1956, he remained as a graduate
student and gained the Ph.D, in 1960. He then served as geophysicist
with several large corporations and as Assistant Professor of Geology
at the University of Colorado. In 1968 before retuming to Toranto
he was Assistant Professor of Geophysics at M.IT. He had important
connections with NASA and as a result Toronio was one of the insti-
tutions which received for mapgnetic study a portion of the [irst lunar
rock samples broupght back to earth. He later became Chainman of
the Department of Geology.

G.F. West, a graduate of U of T who received his Ph.D. there in
1960, became a staff member in 1962 and joined F.S, Grant {(whose
appoiniment has already been noted} in experimental and theoretical
rescarch directed toward improving the interpretation of data obtained
from gravimetric, magnetic, electrical and electromagnetic measure-
ments of the earth's crust.

G.D. Garland wheo came as Professor of Fhysics in 1963 was a gra-
duate of U of T whe obtained his Ph.D. from St Louis University in
1951. Before returning to Toronto he was Professor of Geopliysics at
the University of Alberta. His interest in the electromagnetic study
of geothermal areas led to what was probably the first observational
project outside of Canada by the geophysics group: a study of crustal
conditions in Iceland, cartied out between 1964 and 1966. Equipment
was also available in the laboratory for investigations of seismic pheno-
mena and in these West played a leading role. ].C. Savage, a member
of the staff from 1967 - 69, took part in this work as did R.A. Wiggins
who joined the staff in 1970 and remained for about four years.

An important action taken during the sixties was the appointment
of meicorologists to the staff of the Department, resulting in the
teaching of meteorology as a regular curriculum subject. The establish-
ment in 1933 of the course leading to the M.A. degree did not carry
with it an undergraduate programme in the subject, but in 1947 a
Ph.D. was granted to W.L. Godson for research in meteorology. The
meteorological subjects were taught by scientists of the Meteorological
Service of the Departinent of Transport, several of whom held appoint-
ments as honorary staff members, This arrangement was completely
satisfactory to neither the University nor the Meteorological Service.
In 1962 A.W. Brewer, a meteorologist from Qxford University known
for his studies of the structure of the atmosphere, was appointed
Professor of Physics. This recognized meteorslogical teaching and
research as a responsibility of the Department. Brewer was interested
in making ozone measurements using nltraviolet spectroscopy and in
the study of stratospheric transport problems. ,

Other specialists in fields related to meteorology were appointed,
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namely R. List in 1963, J.V. Iribarne in 1966 and C,0. Hinesin 1967,
Roland List svas bom in Switzerland and studied at the Swiss Federg]
Institute of Technology where he obtained the Diploma in Physics iy
1952 and the degree Dr. Sc, Nat. (atmospheric physics) in 1960,
Before coming to Toronto he was head of the section for atmospheric
ice formation of the Swiss Federal Institute for Snow and Avalanche
Rescarch, J.V. Irihamne was bom in Buenos Aires and educated at the
University of Buenos Aires where he received the degree of D.Chem,
in 1942, Before coming to Toronte he was Head of the Institute of
Atmospheric Physies and Professor of Meteorology. His interests are
cloud physics, atmospheric electricity and aerosol physics. C.0. Hines
was bom in Toronto and obtained his M. A, from U. of T. in 1950,
He then went to Cambridge where he gained the Ph.D. in mathematics
in 1953, Defore returning to Toronto he was Professor of Aemnnm?
at the University of Chicago. His interest lies in the phenomena oceur-
ring in the earth’s upper atmosphere.

Cooperation with the Department of Transport continues but
meteorological studies are now on the same footing in the Department
as other branches of physics.

A TIME OF CHANGE
Undergraduate Courses

Honour courses had become a distinctive feature of the undergraduate
programme at Toronto before the end of the nineteenth century. Both
they and the pass or general courses had entrance requirements and
prescriptions which were set down in detail. The pass and general
courses covered a wider spectrum of subject matter than the honour
courses which were designed to provide a greater depth of knowledge
within a narrower field. One of the first honour departments to be
recognized was Mathematics and Physics. As knowledge in these and
related fields increased, diversification was facilitated by sub-division
of the M and P course and the introduction of new honour depart-
ments. Physics and Chemistry was so designated in 1906, discantinued
as such in 1916 and re-introduced in 1926, Physics and Geology was
added in 1928, There were eight divisions in M and P in the sixties
but the first year prescription was common to zll and to P and € and
to P and G. In spite of the number of options available the honour
courses were criticized as too specialized and too research oriented.
During the sixties the undergraduate programme was ander study
throughout the University. The **new programme" which resulted
from these discussions was first implemented in 1969. It did away
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with the former pass, general and honour courses and replaced them
by combinations of lecture and laboratory courses chosen by the
individual student in consultation with one or more members of the
staff. Based on its previous experience each department set up a
speciruin of courses which it felt would provide for the needs of all
students including those who planned to enter later one of the pro-
fessional faculties. The traditional pass and honour courses in the
Faculty of Arts and Science died with the sixties.

Adminrstration

Changes in the administration of the Department had taken place
gradually through the years and had been accelerated by the war, the
rapid growth after the war and the still more rapid expansion of the
sisties. Students were now demanding a say in decisions taken in
academic matters.

Even in less democratic days members of the Mathematics and
Physics Society had taken from time to time a critical look at the
undergraduate courses. In general the resulting recommendations had
been for an up-grading of the material covered. On the other hand
persons outside this group had become increasingly critical of the
honour courses in the physical sciences for their high failure rate and
research odentation. In the sixties when the structure of the under-
graduate programme was under study throughout the University,
Welsh formalized the involvement of the undergraduate students by
setting up a departmental curriculum committee, made up of members
from both the staff and student body, which met frequently to discuss
course content and methods of student evaluation.

From the early days graduates, and sometimes senior undergraduates
as well, had assisted inlaboratory instruction. The position of assistant
demonstrator was well-defined in the twenties and thirties and pro-
vided an important means of support for graduate students who were
without scholarships. In the pre-war years only a lacky few could
obtain such positions. After the war for some years the Department
requested all graduate students to accept some teaching responsibili-
ties and the available positions were diversified. In the sixties the
graduate students asked to have a greater say in the conditions of
their employment and the remuneration affered them, There was a
need to provide for a discussion of these matters as well as of the
rescarch requircments for the Ph.D. and M.A. degrees and the role
of their supervisors in this work. A committce to implement such
discussion was required,



6 Physics at the Untversity of Toronto, 1843-19gg

_ One of the consequences of inadequate space in the early and mif
sixties was the impossibility of amanging time-tables so that there wa;
a tim.e when all members of the staff were free to meet together whe
& suitable room was available. This was particularly i]]lfﬂl‘tllnatn
becau_se of the number of new staff members who, in organizing theie
teaching and research, felt the need to be familiar with the ElCEViﬁE:
of EhE.DE[}EItmEIIt as a whale, and who also needed to feel involveq
In seiting the policy of the Department. After much discussion jt was
decirded to elect from the academic staff an executive committee
which would meet weekly. Its members were to he chosen to represent
the r_cse?rch interest groups and were expected to keep in close com.
munication with the members of these gronps. The first election for
the executive committee took place in December 1966. The Chairman
and Associate Chairman were ex-officic members. This comimittee
was the forerunner of the present Departmental Council and pre-
dated the formation of such Councils throughout the University,

b1
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Welsh's resignation as Chairman became effective not at the end of the
academic year but at the end of the calendar year. He was succeeded
by J.M. Daniels on January the first, nineteen hundred and sixty-nine.
The high regard in which Daniels was held as a scientist was probably
of less importance at this time than his sympathetic treatment of
student demands. The period of greatest student militancy was yet
to come but the work of the Department suffered comparatively little
from it. Student evaluations of lecture courses were accepted and
given serious consideration by staff members. Students were admitted
to staff meetings although many staff members felt they should be
allowed to discuss departmental matters in private if they so desired,
The Executive Committee instituted by Welsh evolved into the
Departmental Council which has members representing students and
non-academic staff. Two Associate Chairmen — Roland List with
special responsibility for the concerns of the graduate students and
Robin Armstrong with special responsibility for undergraduate affairs
were nametl to assist Daniels,

None of the above changes produced serious repercussions on the
teaching or research activities of the Department. Much more exas-
perating were the periodic “bomb scares”. The university police would
be informed that a bomb had been placed in the building and it
would be evacuated and searched, sometimes in severe weather. In
every case the warnings proved unjustified with the result that they
came to be ignored by many persons working in the building. It re-
mained necessary to dismiss all classes but staff members could remain
at their own risk. Fortunately these occurrences were confined to a
fairly short period.

Changes which had taken place in University policy affected the
departments directly. For several vears administrative officers had
been appointed for an initial period of five years only. This applied
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to Departmental Choirmen and was implemented in the case of Physjcg
at this time. :

By 1970 the Department had a professorial staff numbering betwegy
sixty and seventy, the members of which were specialists in many
different branches of physi¢al knowledge, but in spite of its diversity,
size was not a problem since members with related interests formeyg
smaller groups. Several were members of the teaching staff of Sear.
borough or Erindale College but the graduate staff was an entity,
Facilities were available to all in the McLeanan Laboratories but some
preferred to set up their research projects in the College in which thej;
undergmduate teaching was camied on. The future appeared very
bright and the Depariment had ambitious plans for research projects
some of which would be carried on jointly with other Departmenis,
Not all of these plans have heen realized since circumstances over
which the universities had little if any control brought the period of
expansion to an end,

Certain sections of the public had come to tegard the universities
as training schools which prepared their graduates for definite employ-
ment opportunities and had come to leok upon a university depree as
a passport to success. On the other hand some employers had demanded
a university degree as a qualification for jobs for which it had Ltile
relevance and were critical when further specialised training was
required. When university graduates did not meet their expectations,
members of the public became dissatisfied with the universities because
of their {ack of involvement in technical education. Public disillusion-
ment was also a result of the realization that new knowledge couldbe
used for undesirable as well as desirable ends, Physicists in particular
were out of favour since they weré held responsible for the scientific
discoveries which had made the atomic bomb possible. Government
support of the universities become less generous and their expansion
was halted.

However the seventies have shown that the future still holds pro-
mise, In spite of reduced support and little growth potential the
Department has been able to maintain both research and teaching at
a high level of excellence. Carzful planning has kept and can cantinue
to keep in balance the groups specializing in different fields of physical
knowledge even though the effects of attrition due to retirements and
resignations are not felt equally by all groups in any given period.

The group designated “Atomic and Malecular Physics" in 1970 has
been replaced in 1980 by one designated “Lasers and Spectroscopy”
or aliematively “Laser Physics and Quantum Optics™. Elizabeth Allin
retired in 1972, Welsh in 1978 and Stryland in 1980. The two remaining
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senior members of the group, May and Stoicheff, and three new
appointees. Stegeman in 1870, Code in 1972 and van Driel in 1978,
have a special interest in the use of lasers in Raman and Brillouin scatter-
ing, atomic spectroscopy, and the study of non-linear optical effects.
All three, Stegeman, Code and van Driel are graduates of the Univer-
sity of Toronto and Stegeman and van Driel also obtained the Ph.D.
there. Stegeman worked with Stoicheff on Brillouin scattedng and
van Driel with Armstrongusing nuclear quadrupole resonance to study
hase transitions. Code weni to Harvard to obtain the Ph.D, As a
result of his appointment to the teaching staff at Erindale College,
Stegeman felt it would be to his advantage to set up his research pro-
jects at the College and did so. Code when he joined him on the
teaching staff two years later also set up research experiments at
Erindale as did Van Driel in 1978, A well-equipped modem optics
Iaboratory was built up, It forms one section of the J.T. Wilson
Research Laboratories, in which research in geomagnetism and
nurclear physics is also in progress.
Stegeman's first interest was in non-linear optics and in 1979 AT.
Georges, a Ph.D. from Southem California, and a theoretical physicist

1 interested in non-linear optical phenomena was appointed to the staff.

When in 1980 Stegeman resigned to go to the Optical Science Centre

- in Tucson, Arizona, Georges alsc left.

Those who In 1970 were members of either the “Low Temperature

E; and Solid State Physics” or the “Theoretical Molecular and Solid
i+ State Physics” group are in 1980 listed as a single group designated

“Condensed Matter Physics”. Armstrong’s research interests now

place him in this group and a new member is M.]J.G. Lee, a Ph.D.
© from Cambridge who was appointed in 1975, He is a specialist in
: surface physics and the physics of metals,

The group in “Nuclear Physics” in 1980 contains only persons who

were members in 1970 and in “High Energy Physics” only N, Isgar,
|© appointed in 1979, is new. He obtained his Ph.D. in Toronto in 1974
{: in the ficld of high energy particle physics.

‘The group in “Geophysics” has in 1980 four members, Farquhar,

1. Garland, West and York, who were already members in 1970 and four
1> who have joined since. C.H. Chapman, Ph.D. (Cambridge} is a theore-
i: tical physicist whe works on scismic wave propagation. D.J. Dunlop,
| Fh.D. {Toronto) directs the rock magnetic research in the special labor-
| atery on the Erindale campus, and R.N. Edwards, Ph.D. {Cambridge)
|| & particulady interested in the interpretation of electromagnetic
1. ohservations made at the earth’s surface, in terms of crustal structure.
1> Chapman was appointed in 19735, Dunlop and Edwards in 1970,
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R.C. Bailey, Pi.D. {Cambridge) was appointed jointly by the Depart.
ments of Physics and Geelogy in 1973. He is a theoretical physicisg
with an interest in exploration geophysics.

The “Atmospheric Physics” group had as its first member AWy,
Brewer who was appointed in 1962. He retired in 1877 l_:ut List,
appointed in 1963, and Iribarne, appointed in 1966, are still active
members in 1980. Hines who came in 1967 is on leave in 1980. W.R,
Peltier who obtained his Ph.D. in Toronto has been a charter member
in the University Corporation for Atmospheric Research which admin.
isters the National Center for Atmospheric Rescarch at Boulder,
Colorado. His interests are geophysical fluid dynamics and he hag
gained recognition for his work on thermal convection models of
continental drifi. H.R. Che who joined the Toronto group in 1975, s
a Ph.D. from Illinois with atmospheric dynamics as his special field
of interest. T. Gal-Chen, M.Sc. (Tel-Aviv), Ph.D. (Columbia) was a
member of the proup from 1575 to 1979. A theorist and a specialist
in atmospheric dynamics he was active in computer modelling of
atmospheric phenomena. C.A. Lin, who graduated in 1974 from the
University of British Columbia, completed his PL.D, at M.LT.in 1979
and came to Toronto after spending a short time with the Atmospheric
Eavironment Service of Canada. He studies the large-scale circulation
of the carth's atmosphere, The compositions of the stratosphere and
mesosphere are being investigated by 1R, Drumumond, D.Phil, (Oxford}
who also joined the Toronto group in 1379,

Daniels remained as Chairman of the Department for only one term
and was succeeded at the beginning of 1974 by Armstrong. By this
time Armstrong had camed recognition for his studies of tl}c physical
properties of transition metal antifluorite crystals, ‘EASPCCIE.!.[}' those
associated with the structural phase transition. In addition fo magnetic
resonance experiments at Toronts he also carred out neutron
scattering studies in collaboration with the staff physicists at the
Chalk River Nuclear Laboratories. As Associate Chairman with res-
ponsibility for undergraduate affairs during the previous five years he
had become familiar with the administration of the Department. He
is still Chairman at the end of 1980 since at the end of his first term
he was offered and accepted a second. During his first term Azuma
was Associzte Chairman for graduate affairs, Farguhar for under-
graduate affairs. At the beginning of Armstrong's second term, Rowe
and Ivey, respectively, assumed the two positions but in 1980 Ivey
resigned to become a Vice-President of the University. At this time

Armstrong restructured the Departmental administration retuming

to a single Associate Chairman — D.J. Rowe.
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Mo effort will he made to describe the individual research projects
of the seventics, bui some events such as the dismantling of the Linac
in 1978 must he noted. {nstalled in 1966, the Linac had played an
important role in making nuclear physics an active field of research in
the Department. Since then it had proved a valuable facility not only
for the staff and graduate students in Physics but also for personnel
from other departments in the University, and from the University of
Waterloo. The demise of the Linac did not mean that nuclear physics
was being phased out but only that the nature of the investigations
was changing.

The Linac Laboratory is now the Trace Laboratory. Instruments
for The Rare Atom Counting Equipment project, including particle
accelerators and mass spectrometers, when assembled will ocoupy a
large part of the former Linac Laboratory. As a young man the nuclear
physicist, Litherland, had had a serious interest in archeology. He had
retained this and, when in 1974 he taught a joint physics-archeology
course, became interested in the possible use of particle accelerators
in radio-carbon dating. The advantage anticipated for such a method
is that samples at least a thousand times smaller can be dated with
approXimately the same accuracy as the larger sample using earlier
methods. Although initially the intention was to create an uitra-
sensitive device for carbon dating, it should count other than carbon
atoms. Consequently it has the potential to be useful in many inves-
tigations in which the detection and measnrement of trace elements
is required. A joint proposal was submitted by the three departments
of physics, geology and archeology and support has been obtained

* from NSERC and the federal Department of Supplies and Services.

Involvement of the physicist in other branches of science arises
from the nature of physics. The goal of the physicist is the uader-
standing of the basic laws of the universe, and he therefore strives to
extend his knowledge of them. He also feels a responsibility to inter-
pret these basic laws to non-physicists so that the latter can apply
them to develop useful procedures and devices in other fields of
science and for daily life.

The staff of the Department of Physics has maintained close
relations with other departments through the years, that cited above
in TRACE being one of the most recent examples, The growth of the
sub-department of geophysics resulted from Gilchrist's desire to show
that physical principles could be applied advantageously in mineral
exploration. The present close relationship with Geology followed.
Cooperation with the Faculty of Medicine was strengthened when
miclear physicists were added to the staff of the Department and when
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the Department of Medical Biophysics was created. Mot only have staff
and graduate students in Physics made extensive use of the facilities
at the Princess Margarct Hospital, but staff members have heen cross-
appointed. McNeill is 2 Professor in the Faculty of Medicine and
Dr. Silverman in the Departinent of Physics. Recently Trainor has
extended his research interests to include theoretical biophysics.

Although physics and chemistry are recognized as separate fields
of scientific endeavour, there is a somewhat l-defined field known
as chemical physics, and physical chemistry Is an important branch
of chemistry, Some members of the staff of the Department of
Chemistry who use lasers in their research have interests close to those
of members of the physics laser group, Three members of the chemistry
staff have been cross-appointed to physics and a joint seminar is
held weekly.

Astronomy is another field of science which is traditionally closely
associated with physics. In 1875 RLA. McLaren was appointed jointly
to Physics and Astronomy. A graduate of M and P who completed
his Ph.D. in 1973 in Toronto working with Stoicheff, he investigated
the application of infrared techniques to astronomical problems while
away on a post-doctoral fellowship.

The inauguration of the H.L. Welsh Lectures in Physics in 1975
has enriched the life of the Department. As Chairman from 1962 to
1968, Welsh had guided the Department during its period of most
rapid growth in such a way that its effectiveness in both teaching and
research had been enhanced. To mark his sixty-fifth birthday and his
attainment of the age of official retirement, his colleagues established
aseries of public lectures by pre-eminent scientists to be given annually.
The lectures take place ealy in May, and are scheduled over a two
or three day period, and during this time additional more specialized
lectures are given within the Department. The pragrammes of the
series of the past six years are given in Appendix 5.

When in 1887 Physics became administratively separate from
Mathematics, the staff consisted of James Loudon (Professor), W.J.
Loudon {Demonstrator), and A.C. McKay {Fellow}. A glance at the
staff listed in the Calendar of the Faculty of Arts and Seience for
1080 - 81 will disclose more than sixty members with professorial
status and others of various ranks, In 1887 the space available to
Physics was to be found in a small number of rooms in the University
College huilding designed for non-scientific purposes. In 1980 the
Department has for its use a large part of a well-equipped modem
building which it shares with Astronomy and Computer Science. [t
also occupies some space in other laboratories at Scarborough and
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Erindale Co_l]eges. The expansion of the Department has been due in
part to the increase of the population which it serves, but more largely
to the growth of the physical sciences and the role they play in
modemn life. As our society comes to depend more and more on tech-
nicians to keep ordinary activities running smoothly, it requires more
persons familiar with the basic laws of physics and more research
physicists to extend our understanding of these Laws.

The role of the physicist will not become less important in the years
ahead: Only physicists can develop the fundamental science basic to
techniques for the more efficient use not only of atemic, but of all
forms of energy, and for safeguards against the misuse of any of them.
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APPENDIX 1

HEADS AND/OR CHAIRMEN OF THE DEPARTMENT

Richard Potter, M.A. 18453 - 44
Rev. Robert Murray, M.A. 1844 - 53
J.B. Cherriman, M.A. 1BAS - 76
James Loudon, MA., LED. 1876 - 1906
Joha Cunmingham McLennan, 6.8.£, FhD., DSc, LLD, 1906 - 32
F.R.S., F.RS.C. (Afterwards Sir John McLennan, K.B.E.}
El Franklin Burton, 0.B.E., B.A., FRD., F.RS.C. 1952 - 48
Henry John Cunningham Ireton, M.A., Fh.B. [acting) 1947 - 49
Edward Crisp Builard, M.A., FhD, ScD., F.RS. 1549 - 50
{Afterwards Sir Edward Bullard, Kt.}
William Heriot Watsan, M.A., Ph.B., F.RS.C. 1950 - 652
George David Scott, M.A., Phu. (acting) 1961 - 52
Harry Lambert Welsh, 0.c, M.A, PhD., D5, F.RS, FRS.C. 1962 - 68
James Maurice Daniels, 3.4, D. Phi., F.RS.C. 1950 - 74

Robin Louis Armstrong, M.A., PhD., F.R.S.0. 1974 -
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APPENDIX 2

The following list includes the names of those staff members whe
attained the rank of assistant professor ar higher before 1980, The
dates given are those of continuous service in the Department and
include years spent in lower ranks.

d - died while still a staff member
ret. - retired res. - resigned

D.S. Adnslie, M.4., Fh.D. {Toento) 1915 - 18;
1931 - 51 ret.

E.]. Allin, M.A., Ph.D. (Tarmnte} 1930 - 72 ret,

J.M. Anderson, M.A., Ph.D. (Toronte} 1937 - 70 ret.

R.L. Armstrong, M.A., PLD. {Toronto}, F.R.5.C. 1962 -
Chairman of Department 1974 -

K., Atkins, M.A., PhD. {Cambridge) 195 1' - 54 res.

R.E, Azuma, M.A. {B.C.), Ph.D. {Glzrzow) 1961 -
Associate Chairman, 1974 - 79
R.C, Bailey, B.Sc. (Dalhousic), Ph, {Cambridge) 1975 -

1964 - 69 res,
19235 - 68 ret.
1986 - 49 res.
1063 ~ 77 ret.
1949 - 50 res.

R.]. Balcombe, M.A., PR.D. (Cambridze)

C. Barnes, M.Sc. {Leeds}, Fh.D, {Toronta}

ALA. Brant, M.A. (Torouto), PhuD. {Berdin)

AW, Brewer, M.5c., Fh.D. {London)

E.C. Bullard, M.a., Py {Cambridee), F.R.S.
{Afterwards Sir Edward Bullard, Kt.)
Head of the Department

E.F. Burton, 0.B.E., B.A., Ph.D. {Taronto), F.R.5.C. 1902 - 48 4,
Head of the Department, 1932 - 48

H.S. Caplan, B.sc., Ph.B. (Glugow} 1964 - 67 res,

C.A. Chant, M.A, (Toronto], PhD. {Harvard) 1891 - 1918

Became first Head of the Department of Astronomy
C.H. Chapman, M.A., Ph.D. {Cambridge) 1875 -
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J.B. Cherriman, ALA. {Cambridge) 1833 - 75 ret.
H.R. Cho, a5, {Friwan), PhD. {Iinais) 1975 -

R.F. Code, 8.4, {Toranto), A, Ph, fHarvard) 1972 -

J- Convey, B.Sc, {Alberta), Ph.D. {Toranto) 1945 - 4B res,
H.C. Corben, M.A., MSc., PhD{Cambridge} 1972 -

Chairman, Division of Physical Sciences, Scarborough College
M.F. Crawford, M.A., Ph.D. (Toronto), F.RS.C. 1950 - 60 d.
E.ML C['{]SSIE}F, B.A. {Toronta) 1920 - &1 ret.
J.. Daniels, M.A., D.Fhil. {Oxford), F.RS.C. 19461 -

Chainnan of the Department, 1969 ~ 74

B. Davison, UL of Leningrad, ph.D. (Birmingham) 1950 - 61 4.
R.C. Desai, B.5c. {Bombay), Ph.D. {Camnel) 1968 -

T.E, Drake, M.Sc, {Queen's), Ph.B. {Suk.) 1971 -

J.R. Drummond, p. Phit. (Gxford) 1979 -

DB.]. Dunlop, M.A., Ph.D. (Toronta) 1970 -

L. Dworin, B.5¢. (City College, N.Y.), Phl}, {Columbiz} 1957 - 68 res,
R.N. Edwards, n.sc, {London}, Ph.D. {Cambridge) 1970 -

R.M. Farquhar, M.A., PLD. {Toronte), F.RS.C. 1955 -

Associate Chairman, 1974 - 79
E. Fawcett, M.A., Fh.D. {Camhridge) 1470 -
M.F. Fowler, B.A.,Ph.B. {Cambrider) L1565 - 68 res.

G.D. Garland, M.A. (Toronto), Ph.D. (St. Louis}, F.RS.C. 1963 -

A.T. Georges, Ph.D. (Southern California) 1879 - 8Q res.
L. Gilchrist, M., {Torunto), Ph.D. [Chicago), F.R.S.C. 1906 - 45 ret.
J. Goldemberg, B.S., Ph.D. {Sao¥aula) 1978 - 72 res.

C.C. Gotlieb, M., Ph.D. [Toronte}, F.RS.C, 1949 -
Director of the Institute of Computer Science 1952 -

G.M. Graham, M.5c. {Dalhousic}, Ph.D. {Cambridge) 1956 -

E.H. Graham, M.5. {Chicago), Fh.D. {Purdue} 1968 - 75 res,

F.S. Grant, M.Sc. (lilinois), Ph.D. [Taronta) 1956 ~ 71 res,

P.A. Griffin, MSc. (B.C.), FLD. {Comell} 1967 -

H.P. Gush, B.. {Saik.), PR.E, (Toronto} 1950 - 67 res.

A.CH, Hallett, D.A. (Toronto), Fh.D, {Cambridge) 1951 - 77 res,
Principal of University College 1972 - 77

H.C. Halls, M.Sc. {(BDurham}, PhD. [Toronto) 1579 -

F.K. Hare, R.5c. (London), Ph.D. (Montreal), B8c, (MeGill), 1969 ~ 76 res.
LL.D. {Queen's, Western Ontaric} '
Also Professor in Department of Geography

1.5, Harvey, M.A. (Toronto), D Phil. {Oxford) 1962 - 6F res.

C.0. Hines, M.A. (Toronte}, PRI, (Cambridge) 1967 -

J-H. Hodgson, M.A., PhD. {Toronto} 1946 - 4% res,
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J-M.P. Hutne, M.A., PhD. (Taronto} 19560 -
Chairman of Department of Computer Science 1975 - 80
HJ C. Ireton, M.A., PhD. (Toroato}
Acting Head of Department 1547 - 49

IV [rihame. Dr. in Chem. (Buenos Ajres} 1966 -
N. Isgur, BS,Ph.D. (Toronta} 1976 -
D.G. Ivey, M. (R.C.), PhLD. {Notre Dame} 1949 -

Associate Chairman of Department 1979 - 80
Principal of New College 1967 - 73
Vice-President of University 1980 -
K.P. Jackson, M.Sc,PhB. (Toronto}
A.E, Jacobs, M.A. {(Waterloo), Ph.D. {llinai} 1982 -
J.A. Jacobs, M.A. PhD., D.Sc. {Londan)
Associate Professor of Applied Mathematics 1951 - 54
H.E. Johns, 0C,M.A., Ph.D. {Toronto}, LLD. {S21k.),
D.Sc. (hcMaster}, FLRS.G.
Chairmar of Department of Medical Biophysics
University Professor

MN.B. Keevil, M.Sc. (Snk.), FhDD. {Harvard) 1943 - 46 res,
AW, Key, M.A. {Aberdeen), D.Phil. {Oxford) 1558 -
J.D. King, B.A, {Toronto}, Ph.D). (Sask.} 1965 -
Associate Dean, Scarhorough College
P. Kirkby, M.5c., PLD, (McGill} 1969 - 73 res,
R.E. Kreps, B.Sc. {Stanford}), PO {Princeton) 1967 - 75 res.
M.].G. Lee, M.A., PRD. (Cambridge) 1974 -
C.A. Lin, B.A. [B.C.), Ph.D. MLET.) 1980 -
R. List, pipl.phys.E.T.H., Dr.5c.Nat. (Zurich) 1963 -

Associate Chairman 1974 - 79
ALK, Litherland, 8.5c., Fh.B. {Liverpool}, F.RS., F.R5.C.
University Professor
R.K. Logan, B.Sc., Ph.D. {M.LT.) 1968 -
J. Loudon, .5, LLD. (Taronto}
President of the University 1892 - 1906
“r._] Loudon, BA. (Toronto}
Became Professor of Mechanics
(i.]. Luste, #.A. {Mt. Allison), Ph.B. (Johns Hopkim} 1572 -
D.B. McConnell, M.Sc. (Western Ontario}, Ph.D, (M.1.T.) 1966 - 70 res.
BR.W. McKay, .., PhB. (Toronto} 1942 - 73 ret.
R.A. McLaren, M.A., Ph.B. {Toronte} 1975 -
Also on staff of Department of Astronomy
J-C. McLennan, 0.0.E.,M.A., PhD. {Toronto), BrSc.
{Manchester}, LL.B, {Toronto, McGill}, F.R.5., F.R.5.C.

1881 - 1907

1902 - 32

1516 - B9 ret,

1970 - 75 res,

1954 - 57 res.

1864 - 1906 ret.
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{Afterwards Sir John McLennan, K.B.E.}
Head of the Department

K.G. ¥MeNeill, #.4., D.Phil {Oxford) 1957 -
Also Professor in the Faculty of Medicine

H.A. McTaggart, M.A., Ph.B. (Torento}, F.RS.C. 1914 - 41 4.

F.D. Manchester, M.Sc. (New Zeatand}, PhD. (B.C} 1964 -

AL, Ma}r. M.A., Ph.E. [Toronto] 1960 -

P.P.M. Meincke, M.A., BhD. {Toronto) 1967 - 78 res,
Became President of the University of PLE.L

A.D. Misener, M.A. {Toronta), PhuB. (Cambridge} 1954 - 49

DHrector of Great Lakes [nstitute, 1966 - 72
JW. Moffat, PhD. (Cambridge) 1864 -
R.E. Munnp, PhD. (Michizan)

On staff of Institute for Environmental Studies

Rev. R. Murmray 1845 - 53

P.J. O'Donnell, BSc., PhD. {Glasgow) 1967 -

P.E. Pashler, 8.45¢c., Ph.D. (Toronto) 1946 ~ 50 res.
DAL Paul, B.A. [Cambridge), PRI {Queen's} 1964 -

W.R. Pelticr, M.5c., PLD. (Toronto) 1971 -

C.5l, Penner, M.A. (Torento) 1967 - 73
Department of Transport

J-M. Perz, MA. (Torento), Ph.B. (Cambsidee) 1965 -

A, Pitf, B.A.{Hooghion) 1927 - 45 res.
J.D. Poll, phD, (Toronto} 1960 - 70 res.
L. Potter, M.A. (Cambridge) 1843 — 45 res.
J-D. Prentice, MSc. {McGill}, Ph.I. {Glasgaw) 1959 -

M. A. Preston, C.I.,M.A. {Toronto), Ph.D. {Birminghary FR.5.C.1949 - 33 res.
R.E. Pugh, .. (B.C.), PhI. {lowa} 1963 -

F.M, Quinlan, M.A., Ph.D. (Toronte} 1917 - 58 4.
R. Richmond, M.A., PhD. (Tomnta) 1931 - 71 ret.
M.G. Rachester, M.A. {Toronto), PhuD, (Utah) 1960 - G1 res.
R.C. Roeder, M.5c. (McMaster), Ph.D. {[Einois) 1975 -

Also on the staff of the Department of Astronomy
D.J. Rowe, M.A,, D.Fhil. {(xford} 1968 -

Associzte Chairman 1979 -
D, Russell, M.4., Fh.D. [Toronto)
J. Satterly, M.A., DSc. (London), F.RS.C.
J.C. Savage, B.S.{Arzona), Ph.D. [CaL Tech.)
G.D. Scott, M.A., Fh.0. {Toronto) 1949 -
Acting Chairman 1961 - 62
Associate Chairman 1962 - 68
Associate Dean of Science, Graduate Studies

1956 - 63 res,
1012 - 49 ret.
1967 - 69 res.
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M. Silverman, B.Se., M.D.CM., (McGill), F.R.C.P,

H.G. Smith, M.B.E., M.A., PhD. {Toranto), F.R.5.C,

Physics at the University of Torento, 1843-198q

1975 -
Also on the staff of the Faculty of Medicine

1535 - 49 res,

V. Soots, M, (Ninch), Ph.D, {Torouta) 1967 - 73 res,
N.R.F. Steenberg, M.Se. (Queen’s}, D.Phik. (Cxford) 1954 ~ 73 ret,
G.1.A. Stegeman, M.Sc, PhD. {Toronto) 1970 - B0 res,
B.P. Stoicheff, M.A,, Ph.D. (Toronta), F.RS., F.R.5.C. 1964 -
Chairman of Engineering Science 1974 - 78
University Professor
D.W. Strangway, M.A., FhB. (Toronta), F.RS.C. 1968 -

J-C. Stryland, Ph.D. {Amsterdam)

Chairman of the Department of Geology
1954 - BO ret.,

H.W. Taylor, B.., Ph.D. {Manitaha) 1955 - -
P.A. Taylor, B.A., Ph.D, [Bristol) 1969 - 70 res,
D.C. Tozer, Ph.D. [Cambridge} 1968 — 70 res,
L.E.H. Trainor, .4, {Sask.), Ph.D, {Minnesota) 1963 -

M. Trefler, M.A., PhD. {Toronta} 1970 -~ 72 yes,
H.M., van Driel, a.A., Br.D. (Taronta} 1978 -

J. Van Kranendonk, #h.0. {Amsterdam}, F.R5.C. 1458 -

3.H. Voska, M.Sc. (McGilt), Ph.D, (Carmegic Inst.) 1970 -

D1 Wardle, B.A., PoD, {Cambrider) 1969 - 70 res,
3.B. Walker, B.Eng. (McGill}, D.Phil. {Dxford) 1968 -

W.H. Watson, M.A. (Edin.), Ph.D. {Edin., Cambridge) FRS.C, 1950 - 62 res,

H.L. Welsh, 0.c., M.A., FhD. (Toronto}, D Sc. {Windsor,

Head of the Department

1934 - 7B ret.
Memasizl), F.R.S., F.R.5.C.

Chairman of the Department 19562 - 68

G.F. “'ESf, M.A., PR, {Toronto) 1962 -
E.C, West, MSc., PhLD. (Wisconuin) 1966 - 72 res,
J:O. Wilhelm, 0.0.E., BSc. (Saik.), M.A. {Toronta) 1932 - 48 res,

J-T. Wilson, c.c., 0.BE., Ph.D, (Frinceton), Sc.D. {Cambridge,

Franklin and Marhall}, LLI. {Causlton}, D.Sc. (Westem
Ontada, Aczdla, Memaorial, McGill}, D, Univ, {Calgary),

F.RL8,, F.R.5.C.

Director General of the Ontario Science Centre
Distinguished Lecturer, Physics and Geology
Principal of Erindale College 1967 - 74

B.H. Worsley, SM. (M.LT.), Ph.D, {Cambridge) 1950 - 66 res.
S.5.M. Wong, M.5. (Purduc), Ph.D. (Rochester) 1569 -
T.5. Yoon, Msc. (Seoul), Fh.D. {Ilinols) 1969 -
D. York, B.A., DPhl. [Oxford) 1962 -
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APPENDIX §

Ph.D. degrees in physics awarded in the year indicated.

1900 ]J.C. McLennan

1903 W.R, Carr

1910 E.F. Burton

1913 V.E. Pound

1918 H.F. Dawes

1019 R.C. Dearle

1920 K.H. Kingdon

1922 H.A. McTaggart

1923 R.J. Lang; W.W. Shaver; G.M. Shrum; J.F.T, Young

1925 D.5. Ainslie _

1926 M.L. Rotenberg; H.G. Smith

1927 A.B. McLay; W.C.H. McQuarrie

1928 C.D. Niven

1939 E, Cohen; B.M.R. Deacon; J.H. McLeod

1931 E.J. Allin; AM.LAW, Durnford

1932 C. Bames; A.C. Burton; F.M. Guinlan

1933 ].M. Anderson; M. Aunnetts; H.D. Smith; R. Turnbull;
J.F. Allen

1934 H.J.C. Ireton; R.W. McKay; A.C. Young

1835 AM. Crocker; G.N., Patterson; F.G. A, Tarr

1936 S, Bateson; G.F. Clark; M.F. Crawiord; S.M. Dockerty;
L.B. Leppard; 8. Levine; R, Richmond; L.G. Tumbull;
H.L. Welsh

1937 ]J.M. Thomson .

1938 E.0. Braaten; M.W. Johns; K.G. Mann; D.W.R. McKinley;
L. T. Newman

1939 C-K Cheng; H.E. Johns; J.D. Leitch

1940 A.R. Clark; J. Convey; A. Prehus
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1941 [. Hillier
1943 L.H. Twl; J.H.L. Watson
1546 S.G. Ellis; P.E. Pashler; M. Rubinoff; G.D. Scott
1947 C.C. Gotlich; W.1L. Godson; J. Levinson; G.R. Lave
1948 E.B. MacNaughton; F.E,J. Sentfle; M.A, Thangaraj
1949 D. Andrychuk; L.D. Armstrong; F.A. Grant; W.M. Gray;
J-H. Harrold; [.N.P. Hume; A.F. Johnson; J. Kastner;
F.M. Kelly; ].L, Locke;C.J. Moe; L. Paghis; A.L. Schawlow;
H.O. Siegel; R.S. Sennctt; H.D. Vasileff
1950 F.W.C. Boswell; B.N. Brackhouse; JLA. Cowan; A.F. Dunn;
J-K. Hurwiiz; A.C. Lauriston; T.A. McLauchlan;
D.E. McLennan; N, Olson; G.E. Reesor; 5.V, Soanes;
W.]. Staple; R, Thomas; B.P. Stoicheff
1851 D.V. Anderson; C.B. Collins; D.J. Ecki; F.5, Grani;
J.H. Hodgson; 8.M. Karim; J. Katz; AW, Love; 5.7, Mack;
J-C.F. MacDonald; G.E. Noakes; ].E. Noakes: T.D. Northwood;
P.H. Serson; H.A. Slack; B.H.J. Stalhwood; K, Whitham;
Kuo-Chang Wu
1952 R.]. Allenby; J.E. Blanchard; D.A. Chisholm; €. Cumming;
ML.F. Duret; M.].8. Innes; C.M, Mitchell; L.W. Moiley;
AK. Mousuf; A, Pearson; P.]. Sandiford; G.E. StJohn;
E.J. Stanshury; 8. H, Ward; D.C. West ,
1953 ].R. Bird; K. Buckthought; I.R. Dagp; M.H. Edwards;
K.H. Hart; G. Luchzak; C.A, Plint; R.A. Stasior; F.C. Stepheason
1954 R.M. Farquhar; W.]J. Heikkila; D.R. Lovejoy; P.N.S. O'Brien;
C.H.J. Oldham; J. Romanko; R.D. Russeil
1955 R.A. Aziz; C.I). Benson; G.L. Cumming; J.R. Cunningham;
T. Feldman; V. Gauzauskas; G.R. ‘Hanes; W.F.]. Hare;
L. Krause; N.R. Patterson; J. Shapiro; H.A. Shillibeer; AW, Smith
1956 D.W. Allan; D.C, Blevis; J.A. Galt; H.2. Gush; J.E. Hogg;
P.]. Hood; A. Kavadas; P.M. Mathai; J.E. Marcoux; G.G. Shepherd
1957 R.E. Barrington; G, Duwalo; R.E. MacDonald; T. Obayashi;
J-E. Stevens; A.D.B. Woods
1958 Satish Chandra; Chung Won Cho; K.M. Eiscle; D.B. Fraser;
J-A. Mair; M. Ozima; L.J. Vasek
1959 8.8. Bhatnagar; F.E.]. Cariou; M.W. Doswiey; W.E. Gravelle;
J.L. Hunt; Z T, Kiss; A.D. May; A.]. Nanassy; E.H. Richardson;
R.C. Sharma; G.N. Srivastava; M.A. Thomas
1960 R.G. Baker; J.N. Barry; A.l. Carswell; A, Landau;
Cheng-Chuan Lim; J.P. Mitchell; R.A. Olafson; J.D. Pell;
W.B. Reid; L.D. Skarspard; K.C. Smith; D.W, Strangway; G.F. West
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1961 R.L. Armstrong; N. Aspin; J.R. Durrows; R.M. Green; N. Madaiah;
; ; or; D.MLC. Sweency )
1562 A Iéihafrt;er} OM. Mitchell; LY. Oleksink; W.D. Sumpson
1063 A.F. El-Saharty; N.W. Gebbie; RK. E#Itﬂonr?_e‘li; Pi]P.h % eincke;
V.F. Sears; D.E. Smylie; V. Soots; W. YVan Witzenburg;
y s RLAL Williams .
19G4 Ill'&f{]févtri;i?l'i}}hec; D.W. Lepard; V.K. Mohindra; N.A. Morgan;
31.C. Robinson; G.K. Rodgers; A. Watanabe A Cranc:
1065 AND . Amissany ] Bomrras 5.5, Frsedhoft; RN, Gupts
roem; A, Forrest; B.o. ;. .
EH H:_.raag;:t Kamai! Singh Jammu; X.5. MeCormick; A, Sattar;
1,34, Shaniro; P. Taras _ _ .
1366 I']!_P]I"] Daws{]-:-n; E. Farrar; 5.M. Hussain; R.‘.] . I??{E%}E;’ai—
R.M. Macintyre; C.P. Martel; 0.A.D. Trojan; H.L. Pai;
F.G. Raivson »
1867 S.M. Blumenfeld; J.C. Burford; LE Carlson; EHCCGGIS;I;.E,
D.W. Cooke; C.K. Eoli; J. Felsteiner; 11.]). Goble; h. G V3
J.F. Hermance; K.P. Jackson; J.W. Purdy; P.H. Schuepp;
D.E. Shaw; J.I. Strickland; E. Tward; G. Va;tglgjs_lf; .
1968 M.J. Clouter; L.A. Cc:pley; D.J. Dunlup;'{‘;r e 1[;1’-
A. Spector; G.G. Tag;s_z;}ﬁl. Trefler; W.]. Wiese :
KM, Wong; J.A. Wng y -
1969 ﬂ.g.xﬂaﬂper; T\}]-I"EI. Cowan; H. Iug; K.R. leffrey; A. Kudian;
A. Lin; C.Y. Leung; AXK. }-{-:lela_n; G.L Stegfizrnm}H Fasts
1970 E.T. Agard; G.L. Baker; A.K. Baksi; R.B. Charc t{]]ilo, j: ;
H.C. Jamieson; T.F. Johnsion; L.5. Kunar; E.C. N{] 'kmdj-
.G. Macdonald; A.R. McKellar; W.A. !\-iurray;_].r T}m ) ;
K.P.B. Thomson; IL.S. Timsit; TLM. Whelpdale; \..T ;nﬂéhcunu-
1971 P.L. Berenyi; P.M. Bronsfeld; AM. Eharleswmﬂl,ﬂ ? H he o
T.L. Clark; P. Coodin; D.F. Cooke; J.A. Courtney; 1;1 1 : rr} ;
J. DeRemigis; V. Elaguppillai; B.K. Gupta; M.A. [30 15- cing
J-F. Harris; LM. Bastie; R.F. Hf:}_'n;mdez;‘].P. I“.Iﬂ '3.-:: 1;
M. A. Kellar; J.K. Lewis; L. Mannik; E, :\‘i:ﬁﬂﬂllklané Moen:
J-AJ. Mathews; J.W. McTaggart; M.S. Milgram; L. [.l_t.oe ;
M.AGR. Molla; K.G. Neave; R.R_. QOvyarzun; B.L Pandit;
W.R. Peltier; W.R.C. Prior; B. Singh; R.J. Tur.ner Ghosh
1972 S.A. Boggs; W.R.L. Clements; J.A. Dt_tmers;hl.li. Tms 3
D.M. Harrison; W.K. McClary; M. Meiners; C. Ngn-r E}OI}E‘, o
V.J. Novotny; G.J. Palacky; F.N.D.D. Pereira; D.W.O. Rogers;
R.S. Schemenauer; W.F. Schiosser; R.B.G. Selvage;
S.R. Shewchuk; V.G. Snell; R.D. Watis,
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1973 G.W. Berger; A.G. Brown; A.C. Chao; T.E. Clee; 5. Gewurtz; ,
C.R. Girard; L.G. Haacke; L.C. Ho; J.I). Irish; B. Jaduszliver; APPENDIX 4
].B. Kerr; 5.1. Kogitz; P.R, Kry; R.D. Kurtz; [.J. Lajoie; P. Lee;
R.A. McLaren; 1.D. McTaggart-Cowan; W.Y. Ing; G.W. Pearce;
H.V. Troutvetter; M. Wisniewska; T.P. Wong; 5.F. Zeber

1974 M.A. Angadi; AJA. Ayad; W.R.]. Bassermann; L. Berka;
5.K. DeySarkar; W.T, Diamond; P. Dhworkin-Charlesworth;
N. Gauthier; M.H. Bubert; N, Isgur; K. Kisman; D. Landheer;
A. Mao; 8.E. Moore; 8. K. Panda; R.L. Penner; . Radzuik;
D.M. Spector; G, Tenti; K.A, Ushu; P, Vella; B, Weisman;
A.C.D, Wright; E. Zaremba

1975 R.C. Bennett; D.H. Boal; F. Donati; G.D. Enright; H.B. Geddes;

' ; i D, degrees
J-¥. Harnois; C. Martin; M. Miller; T. Ng; G.R. Othoeft; Number Pf graduate St':idﬂnts in ;hy::z;- and mamber of Fh e
]J.E. Sipe; R.A. Stoart; H. Van Driel; E.S. Vittoratos; awarded in the academic year indicated.

H.W. Willemsen
1976 R.P. Beukens; A. Buchnea; M.G. Donnelly; W. Egnaioff;

K.M. Hong; ].K. Jacobs; A, Koziar; G.D. Lougheed; Year Number Nu“;']hfr
J.R. Mehaffey; D.G.C. McKeon; 5.B. Nickerson; G. Rosensteel; ending Graduate Ph.D.’s i
Tr. Yo-Van July 1 Students Awarde

1977 R. Allis; K.L. Buchan; P. Davis; ]. Gillespie; M. Goddard;
W. Goruk; A. Hollinger; C. Kennedy; W.E. Kieser; G. Levman;

G.5. Ladha; T. Low; R.G.C. McElroy; J.R. Roositer; A. Sandorfi; 1900 {1]
R.E. Stewart; P. Thomas; Th. Vo-Van; J. Wright 1901 0
1978 PM. Duncan; P. Goulet; P, Guishani; G.A. Gumbs; E.M. Haacke; 1902 1
J- Higinbotham; W. Kalechstein; G. Kovacs; H. Kranz; 1903 0
C. Lumsden; S. Luryi; H. Melling; J.R. Memagh; C.L. Ong; 1904 a
S.C. Rand; P. Savaria; H. Sharpe; S, Tanaka; B.A. Thomson; 1905 0
J.¥. Woodworth ! 1906 o
1979 O. Caporaletti; G.W. Cheng; L. Cheng; R. Egloff; R. Fedosejevs; 1907 0
LR. Fletcher; V. Ghaem-Maghami; E. Kostyk; G. Kunstatter; 1808 0
K. Lamothe; K.L. Liu; K. Mak; [.D. Mintz; N. Rowell; 190% 8 1
P. Stagg; L. Wilk; ]. Wong 1916 8 o
1980 M.E. Bailey; D.W. Buker; R.A. Cordery; J.A. Dankowych; 1911 9 0
B.]. Garcia; R.G. Konuik; 5.R. Kreitzman; D.5, Montgomery; 912 E o
R.J-M. Nomandin; D.J. Toms; J-S. Tsai; E. Weinberger; 1913 2 i
R.A, Young. 1914 4 b
1915 9
1916 11 0
1917 9 i
1518 3 1
1919 8 1
1520 14




B Pliysics at the University of Toronto, 1843-188¢
Year Number Number
ending Graduate Ph.Ix.'s
Julv 1 Students Awarded
1921 11 0
1522 17 1
19253 19 4
1924 7 1]
1925 15 1
1926 16 2
1927 29 2
1928 18 1
1520 3
1930 1]
1831 2
1532 i8 3
1933 35 ]
1934 35 3
1935 26 3
1934 30 9
1937 23 H
1938 36 G
1939 32 3
1940 35 3
1941 21 1
1942 12 (]
1943 20 (]
1044 0 H]
1945 10 ]
1946 26 4
1947 66 3
1948 65 4
1349 o0 16
1850 77 14
1351 52 18
1552 44 15
1553 li}5) g
1954 48 7
18955 40 13
1956 30 10
1957 53 o
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Year Number I;limg:u’:r
endin Graduate 1.10.'s
July ig Studenis Awarded
1958 435 7
1559 74 12
1960 77 ié
1961 79 ]
1962 T2 4
1963 ad 10
1964 102 B
19465 117 14
1966 04 9
1967 145 17
1968 176 10
196% 183 3]
1970 181 17
1971 157 33
1972 171 18
1073 170 24
1974 158 24
1975 162 15
1976 160 15
1877 160 15
1978 145 20
1979 149 17
1980 151 13
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Appendix b

Below are listed the names of the speakers and the titles of the
H.L Welsh Lectures given in the years 1975 to 1980.

May 22 and 23, 1975
G. HERZDERG
National Research Council, Ottawa, Nobel Prize in Chemistry, 1971

Opening Remarks
A.L. SCHAWLOW

Stanford University

Lasers, Present and Fulure
M. TINKHAM
Harvard University
Studies in Superconductivity
J.A. JACOBS
University of Cambridge
Froblems of the Earili’s Degp Interior
J.L. LOCKE
Mational Research Councl, Ottawa
Cangda-France-Hawali Telescopre
Sir D. WILKINSON
Oxford University
What is the Nucleus made of
AL SALAM
International Centre for Theoretical Physics, Trieste
Unity of Matter and its Inferactions

Appendix 5

May 3, 4, and 5, 1976
C.N. YANG
State University of New York, Stony Brook,
Nobel Prize in Physics, 1957
Guage Fields, Magnetic Monopoles and Fibre Bundles

75 Years of Equilibrium Statistical Mechanics

Speculation and Insight
R. HOFSTADTER
Stanford University, Nobel Prize in Physics, 1961
Laser Induced Fusion
The Validity of Quantum Electrodynamics

May 16, 17 and 18, 1977
C.H. TOWNES
University of California, Derkeley,
Nobel Prize in Physics, 1964
Molecules in Interstellar Clouds
Infrared Astronomice! Spectroscopy
*Infrared Heterodyne Spacial Interferometry
F. BLOCH
Stanford University, Nobel Prize, 1952
Josephson Effect ina Ring
Superfluidity in a Ring
*Density-and-Phase- Variables in Boson Sysfems

May 15, 16 and 17, 1978
S.L. GLASHOW
Harvard University, Nobel Prize, 1979
Aesthetics and Elementary Parficle Physics
On the Road to a Unified Theory

*Future Developments in Elementary Particle Physics

W.M. FAIRBARK
Stanford University
Fundamental Physics Experimenis
using Low Temperature Technigues
The Search for Fractional Charges
*Experiments on Freely Falling Electrons end
a New Surface Shielding State in Copper
D.W. SCIAMA
Mount Holyoke College and Oxford University
The Present Status of Black Holes:
I Classical Black Holes; I Quantum Black Holes

*A Fluctustion Dissipation Theorem for Black Holes
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May 7, 8and 9, 1979
M.E. FISHER
Cornell University
Critical Points, Their Exponenis end Scaling
Renormalization Groups — Concepts and Successes
*Bicritical and Tricritice! Points
C.H. LLEWELLYXN SMITH
Oxtord University
Quarks and Leptons: Flavour, Colour and Gange Symmetries:
I Facts; Il Theories and Speculations
*OCD Perturbation
N.F. RAMSEY
Harvard University
Electric Dipole Moment of the Nentron
Magnetic Dipole Moment and Spin Rotations of the Newtron
*Molecular Beam and Stored Atom Experiments

May 5, 6 and 7, 1980
T. GOLD
Cormell University
Deep Earth Gas: Will it Resolve the Energy Crisis:
Lectures f and I
*Pulsars: The Most Intense Sources of Radiation
W. KOHN
National Science Foundation Institute of Theoretical Physics
Santa Barbara, Califomia
Density Functional Theory: An Approach to the Structure of
Condensed Matter: Lectures Fand TI
*Different Ways of Thinking About Selid Surfaces
R.R. HAERING
University of British Columbia
Recent Developments in Electrical Energy Storage
A New Canadian Super Battery
¥The Physics of Intercallation Batterfes
SAU LAN WU
University of Wisconsin
Probing the Gluon
*Recent Resulls from Petra

* Indicates speciatized lectures given in the MeLennan Laboratores. All others were of 2
more gererzl nabure and were given in the Medical Sdences Auditorium,
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