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FOREWORD

The Advisory Committee on Academic Planning (ACAP), as prusently
constituted, was established by the Ontario Council on Graduate Studies
at the request of the Council of Ontario 'niversities in January, 1971.
The Advisory Committee's terms of reference were directed broadly toward
the effective planning and rationalization of long-term graduate
develepment in Ontario's universities both at the level of tndividual
disciplines and at o more general level. The Advisory Committee's
activities are based on the premise that graduate work is the one area
of university activity in which specialization among universities,
cooperative arrangementgﬂend comprehensive planning are most necessary.

In March, 1971, concern over the rising costs for support of
graduate work prompted the Ontario government tu institute . general
embargo on funding for any new graduate programme, that is, one which
had no students enrolled on May 1, 1971. This embargo was subsequently
modified to include only those disciplines in which over-expansion was
felt to be potentially most scrious. ACAP was to begin immediately
planning studies in those disciplines which remained embargoed.

.The disciplinary planning process begins with the formation of a
Jiscipline group composed of one representative from each university with
an interest in graduate work in the planning area. The discipline group
assists {n defining the precise academic boundaries of each study,
scrutinizes the data collection forms, prepares a list of potential
consultants, maintains contact with the consultants during the study, and
prepares a commentary on the consultants' report.

The final decision on consultants for the planning study is made
by ACAP. The consultants are requested to make recommendations on
programmes to be offered in Ontario, desirable and/or likely enrolments,
the divinion of responsibility for programmes among universities, and the
desirable extent of collaboration with related disciplines.

While thc consultants' report is the single largest element in tie
final report on the planning study, ACAP considers the statement of each
university's forward plans to be most significant. These forward 1 lons
are usually outlined prior to the planning study, and are used as a basis
for comments from the universities concerned on the consultants' repoert.

On receipt of the consultants' report, and comments on it from the
discipline group and the universities, ACAP begins work on its own recom-
mendations for submirsion directly to the Council of Ontario Universities.
COU considers the input from all sources, and prepares the position of the
Ontario university community,
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The following report is one of a series of disciplinary planniug
studies carried out by the Advisory Committee on Academic Planning and
to be published by the Council of Ontario Universities. The emphasi
of the report is on forward planuing, and it is hoped that the
implemencation of COU s recommendations will help to ensure the more
ordered growth and development of graduate studies in Ontario's

universities.,



countcil of Ontar‘o Universitiles
Couseil des Universitids de 1'Ontario

Report and Reco- .ndations
concerning Gradua : Studies in
Physics and Astronomy

On the instruction of the Council of Ontario Universities, the Advisory
Committee on Academic Planning has conducted a planning assessment for
physics and astronomy. The resultant report from \CAP is attached together
with the consultants' report, the comments by the discipline groups, and
the comments of the individual universities. The procedure followed and
the planning teclniques used are described in the ACA? report and are not
repeated here., It 1s importawnt for the reader to read the ACAP report and
attachments in order to understand the recommendations in this Report from
Ccou,

The Council received the ACAP report and suppurting documentation on
September 6, 1974. The report was discussed on that occasion and on
October 3 and December 5, 1974,

As a result of these discussions this Report and Recommendations were
prepar.d, and appiroval by the Council was completed on December 5, 1974,
The Report is addressed to the Ontario Council on University Affairs and
the uriversities of Ontario.

The following principles have been adopted and will apply to this and all
other COU Reports arising out of assessments.

1. Discipline assessments by ACAP should fo.m the basis for planning by
the universities of their development of graduate studies, particularly
PhD programmes. On the basis of these assessments, COU should make its
own recommendations on currently embargoed programmes, ach university
must retain the freedom and responcibility to plan and implement its
own academic development, However, the universities in embarking on a
cooperative planning process have signalled their intentions o, coopera-
ting with the COU recommendations. : ST

2, Univercities generally plan their emphases in graduate study on the bases
of related departments, not of single departments. Initially the sequen-
tial nature of the discipline planning assessments made this difficult.
However, by the summer of 1974 assessments of most of the social sciences,
all of the physical sciences, engineering doctoral work, and a number of
professional areas were completed. On the information and recommendations
available, each university should be able to make decisions concerning its
support of graduate programmes in these areas. Amendments to university
responses to the individual discipline planning assessments may then be
made in the wider context of a group of related disciplines and amendments
to COU's original Reports on an individual discipline may be required.

‘" ) 8



'3.

The first concern in plaraing is to review the quality of graduate
(pportunities and of students in Ontario universities and to make
judaements about how to proceed or not proceed based on quality
considerations. The procedures have made use of highly qualified
independent consultants who have no direct interest in the uriver-
sities in Ontario. Accordingly, COU feels pound to accept their
judgements about quality where they are stated clearly unless un-
convinced that theilr conclusions about quality are consistent with
their evidence. COU's recommendations in the case of programmes
which are of unsatisfactory or questionable quality will call for
discontinuation or the carrying out of an appraisal, if the continu~
ation of the programme is not crucial to the province's offerings.

In some cases, however, there may be a patticular need for the pro-
gramme and the appropriate recommendation will be to strengthen it,
with an appraisal {ollowing that action. [t is also possible that if
there were found to be too larpe a number of broadly based prosrammes
there could be a recommendation to discontinue the weakest; in this
case an appraisal for a more limited programme might be relevant.

A second consideration is the scope of opportunities for graduate
work in the discipline, Do the Ontario programmes together offer
a satisfactory coverage of the main divisions of the discipline?

Numbers of students to be planned for will depend on the likely
number of avpplicants of high quality and in some cases may relate to
an estimate of society's needs. Such estinates may be reasonably
reliable in some cases and not in others. If the plans of the
universities appear to be consistent with the likely number of well-
qualified applicants and there is either no satisfactory basis for
estimating needs or there is no inconsistency between a reasonable
estimate .»f need and the universities' plans, then COU will take
note of Lhe facts without making reccmmendations on the subject of
numbers,

If the numbers being planned for by the universities are grossly out
of line with the anticipated total of well-qualified students, or a
reliable estimate of needs, COU will make appropriate corrective
recommendations. Depending on the circumstances, these may call tor
a change in the total numbers to be planned for and indications of
which institutions should in~rease, decrease, or discontinue. The
recommendations in serious cases may need to specify departmental
figures for each university for a time. 1If the numbers being planned
for are insufficient, the recommendations may call for expansion, or
new progranmes, and may have implications for both operating and
capital costs.

Unless there are exceptional circumstances, the recommendations con-
cerning enrolment will not call for a university to refuse admission
to any well-qualified studen* who sishes to work in a field in which
that university offers a programme and in which it has the capacity to
accommodate the student.

9



b, The quality of graduate ‘programmes is partly dependent on tize, and
for each programme, depending on how it {s desisned and its scope,
there {8 a minimum size of enrolment below which quality mav suffer,
That number cannot be expressed for the discipline as a whole but
only for individual programmes depending on their purpose, thelr
resources and their desigi..

7. Universities will be expected to notifv COU {f thev Intend to depart
From the COU Report in any way which thev believe might ave a signit-
fcant bearing on the provincial plans.

8. Appraisals arising as the result of assessments ave to be based on
the standards but not necessarily the scope of the acceptable proprammes

{n the jrovince,

General observations

1. The quality and breadth of coverage of Ontario praduate phvsius programmes
is variable. Two are very good end in a decade or so could be amongst
the world's recopnized centres of excellence. The others all have a
valuable specialized role to play in Ontario graduate phvsics education,

2. The fields of physics and astronomy are adequately covered but more
attention should be given to optics and acoustics in physics departments
and the astronomers should continue to concentrate their efforts on a
few selected fields.,

3. The enrolment is unlikelv to reach the levels {orecast by the univer-
sities and they are advised to plan accordingly.

4, Astronomy is well covered in the province by the renowned programme at
Toronto and the smaller specialized programme at Western Ontario. In
addition, several universities cover astronomical topics in thelr phyvsics
departments. Vigorous cooperative programmes with other countries hold
the key to Canada's future in astronomy.

2. There is concern that too many stud:uts are remaining for graduate work
at the university where they studied as undergraduates.

Lction by COU

1. COU requests ACAP to arrange that the physics and astronomy discipline
groups, in their normal role, in consultation with ACAP, annuallv review
admission standards by examining records of newly admitted students,
annually report the universities at which rewly enrolled graduate
students received their undereraduate education, and periodicallv review
the plan ior physics and as.ronomy as to enrclment levels and adequacy
of coverage of the specialties, including neglected fields.

Recommendat ions

It is recommended that:

1. The universities plan for the level of enrolment expected by the
- consultants, e ?

ERIC - 10
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10.

Urgent attention be given to the question of research funding for
members of faculty whose departments do not offer graduate programmes
in their fields.

McMaster University and the University of Toronto continue their
master's and general doctoral programmes in physlcs in accordance
with their plans.

The universities with specialized doctoral programmes not commit
additional resources in order to pass appraisal in current fields of
specialization other than those specified in the appropriate recommend=-
ation below. Enrolment of new students in fields other than those
specified below should cease after April 1, 1975, 1If a university
wishes to continue doctoral work in one of the fields not specified
below it is recommended that the university submit the programme in
that leld for consequent appraisal by February, 1975, ceasing to

enrol new students in that field after January 1, 1976, if a favour-
able appraisal has not been obtained.

Carleton University continue its master's programme according to its
plans and continue its doctoral programme in high energy physics,
both experimental and theoretical.

The University of Guelph continue its ma *er's programme according to
its plans and begin doctoral work in:

a) condensed matter physics and nuclear physics,

b) molecular physics but only after referral to the Appraisals
Committee for clarification of its current status, and

¢) theoretical physics (which is a new programme) after a favourable
finding by the Appraisals Committee.

The University of Ottawa continue its master's work according to its
plans and continue its doctoral programme in solid state physics, both
experimental and theoretical.

Queen's University continue 1ts master's programme according to its
plans and continue its doctoral work in nuclear physics, solid state
ohysics, theoretical physics, and astronomy and astrophysics.

The University of Waterloo continue its master's programme according
to its plans and continue its doctoral work in theoretical physics,
and solid slate physics, both experimental and theoretical.

The University of Western Ontario continue its master's programme
according to its plans and continue doctoral work in chemical physics,
atomic physics, and atmospheric science. It is recommended that the
University consider what organization will he most advantageous to con-
centrate and improve its resources for offering doctoral work in theor-
etical physics and submit a proposal for appraisal, ceasing to enrol
new students in theoretical physice in either its Department of Physics
or its Department of Applied Mathematics after the fall term, 1976,

if a favourable appraisal has not been obtained.

i1
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The University of Windsor continue its maste-'s programme iccording
to its plans and continue doctoral work in atomic and molecular physics,
relativistic physics, and solid state physics,

York University continue {ts master's programme according to {ts plans
and cont fnue doctoral work in atomic and molecular collisions aad
structures, chemical phvsics, atmospheric physics, and astronomy and

astrophysics,

Brock University continue Its master's programme {n physics, subject
to review by the Appraisals Committee,

Liakehead University continue its master's programme in physics subject
to obtaining a favourable appraisal. Enrolment of new students should
cease atter the winter term, 1976, if a favourable appraisal has not
been obtained.

Laurentian University, in accor 'ance with its plans, cease to enrol new
students in a master's programme "2 physicse after the fall term, 1975,
unless:

a)  the physics programme has been favourably appraised, and
b) the University has obtained approval r an amended five-year plan
that includes physics.,

Trent Universit. continue its master's programme in ph sics, subject
) £

to review by the Appraisals Committee.

The University of Toronto continue its master's and doctoral work in
astronomy according to its plans., '

The University of Western Ontario continue its master's and doctoral
work in astronomy according to its plans.

In view of the acceptance of these recommendations by COU and the
completion of this planaing assessment, the Ontario Council on University
Affiirs request the Minister to remove the embargo on physics and
astronomy in accordance with the original announcement of the Hiniscer
that new graduate programmes would be embargoed until for each discipline,
a plaaning study has been conducted.

concerning the Recommendat ions

Recommendat fons 3 and 4

Universities are specificd lor general programmes in tnis report, as

in previous reports, because of their breadth of coverage of tne ficlds
of the discipline as well as their overail excellent qualit,. A univer-
sitv with a gencral programme must, like all universities in Ontario,
submit a proposal to add a new field for reviow bv the Appraisals
Committee.  The breadth ot coverage in specialized programmes, although
notoas greaty varies considerably and these programmes submit new ields
not onlv ter appraisal, but also for planning action bv CoU,

December O, 1974 i 12
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PROCEDURE

On the advice of the Ontario Council on Graduate Studies, the Council
o Ontario Universities on April 7, 1972, instructed the Advisory
Committee on Academlic Planniag to conduct a formal planning assessment
in physics and astronomy.

A Physics Discipline Group and an Astronomy Discipline Group were formed
consisting of members named by each interested university., A list of
members {s attached as Appendix E. Professor B. N. Smallman, followed by
Protessor H. €. Clark held the ACAP physics and astronomy portfolio and
attended meetings when ACAP representation was necessary.

The procedure and terms of reference for the planning assessment were
approved by 0CGS and COU, the latter's approval being received on
April 6, 1973. This document is attached as Appendix D.

The Discipline Groups began their meetings in September, 1972, In
accordance with the procedure, the Discipline Groups provided ACAP with a
list of possible consultants. ACAP obtained the services of Professor

L. H. Aller, University of California, Dr. A. E. Douglas, NRC, Professor
R. R. Haering, University of British Columbia, and Professor P. N.
Nikiforuk, University of Saskatchewan. Brief curricula vitarum appear

as Appendix G. Dr. Nikiforuk played the role of the senior Canadian
academic from outside the discipline in this planning assessment. The
consultants held their first meeting in Toronto in June, 1973 and discussed,
with the Discipline Groups, their schedule of visits to the universities.
These began in July and continued through October.

The draft report of recommendations was presented to the Discipline Groups
tor informal comments on March 18, 1974, and the final report was
subsequently received and distributed March 29, 1974. The Discipline Groups
and the universities were requested to submit comments to ACAP by June 7.

After receipt of these comments, a subcommittee of five ACAP members

met to draft the ACAP recommendations to COU. A number of universities in
their responses to the consultants' report, raised points that the
subcommittee thought needed clarification. In particular, it was felt
that the consultants had not fully discharged their responsibility to
describe strengths and weaknesses of departments and it also seemed desirable
to explore alternatives to their enrolment "quotas". The subcommittee met
with three of the consultants to discuss these points and subsequently
letters were exchanged with the consultants., These letters are appended
to the consultants' report, which is Appendix A to this report. The
Discipline Groups' comments plus those of the universities appear in
Appendices B and € respectively., The latter includes only those comments
specified by each university for publication.

This report then is based on these data, reports and comments, and sets

out recommendations tor COU on the plan for graduate work in physics and
astronomy in the province for the next several years.

e - 1.5



As 1s required, ACAP presents this report directly to COU. It has
been transmitted, as well, to the Ontario Council on Graduate Studies
and the Council of Deans of Arts and Science for information.
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PLANNING TECHNTOUES

»

For some years now, the universities of Ontario have been committed to
the belief that the quality and effectiveness of graduate study in the
province can be ensured only by collective and cooperative action. This
implies a mechanism for continuing consultation and agreement so that

the plans of each university for each of its disciplines are concerted
with those of the other universities. At anv given time there will exist
a plan for the development of each discipline, with agreed and understood
rmles for each department; since graduate education is the most advanced
formal intellectual activity and is, therefore, undergoing change, it is
necessary that such plans be kept under regular review and be subject to
ready amendment,

The Council of Ontario Universities has assigned to the Ontario Council on
Graduate Studies the task of advising it on the development of such plans
and of the steps to be taken to carry them into effect. The standing
committee which carries out these tasks for OCGS is the Advisory Committee
on Academic Planning. A significant role is also played by the discipline
groups, one of which is established for each subject, with a renresentative
from each irterested university. Each discipline group has the function of
assisting and advising ACAP in connection with its own subiect.

The above mav give the impression that the planning activity is fragmented
on 4 disciplinary basis. This would, of course, not be acceptable. Since
the development of one department in a university should not be considered
independently of its contribution to the rest of its university and of the
influence of tﬁ% university as a wvhole on the department, it is most
important that universities as institutions play a central role in the
planning process. One of the most effective ways of doing this is by
indicating to ACAP the nature of institutional commitments to a department
and institutional aspirations for the department.

The most significant single input to a planning assessment is the set of
statements from each university of its plans for its department. When
these are subjected to collective scrutiny it may be found that their
totality constitutes a reasonable plan for the discipline in Ontario, but
in any case this set of plans 1is the first approximation to the provincial
plan, which the planning assessment may have to refine if there are
duplicated features, lacunae in offerings, too large a total enrolment, or
other reasons to recommend altering some of the university nlans. The
universities are also involved in that the bodies that act on ACAP renorts,
f.e. both COU and OCGS, are composed of universities.

The formal documents stating the responsibilities of ACAP and the Discipline
Croups are Appendix F. Briefly summarized, it is ACAP's function to advise
on steps to be taken to implement effective provincial planning at the
gpraduate level, to promote the arranging of the graduate programmes of

the province in order to enhance and sustain quality and to avoid
undesirable duplication, and, when necessary, to carry out formal planning
reviews for disciplines. A discipline group has the responsibility of
keeping under review the plans for graduate work in the discipline and
making regular progress reports to ACAP in connection with graduate work

in that subject. To make all this possible, it has been agreed that ACAP

17



may communicate directly with universities and discipline groups, to
request necessary information, to discuss renorts, to convene meetings, and
to make and receive proposals for the future.

The above information has been given in some detail because it constitutes
the mechanism currently approved by COU for cooperative graduate work. Tt
is fair to say that in 1971 there was no mutually agreed plan for graduate
study in any discipline. Our task is not only to generate the first such
plan for each subject but also to ensure that it is kept under continual
review.

There are four fundamental components in the plan. The first is analvsis
of the fields of study, the formats of studv which should be available to
prospective students in the province. The second is an estimate of overall
provincial enrolment at master's and doctoral levels based principallv on
the likely numbers of highly qualified applicants. TIn regard to considera-
tions of manpower needs for the province of Ontario, ACAP is conscious of
the unreliability of forecasts and, except in special cases, subscribes

to the apnroach pronosed in the Macdonald Report (1969):

"The country as a whole and the provinces must be concerned about
manpower requirements. This concern can be expressed in the first
instance through careful survey and forecasting of manpower needs

on a continuing basis. Such forecasts should be given wide circu-
lation. It is reasonable to expect that universities will respond

by creating additional opportunities for study in the areas of
shortage. In addition, the universities through their counselling
services have a duty to advise students about the opportunities in
various fields from the standpoint not only of intellectual challenge
but also of vocational prospects and social utility. The reaction of
prospective students to such forecasts is likely to provide an effective
control. We believe the market-place, if its trends are made explicit,
offers an adequate governor to prevent serious surfeit and to encourage
movement of students toward fields of opportunity."

The third component of the plan is an indication of the role to be plaved

by each department in terms of the programme it will offer and its academic
emphasis. Cooperative arrangements between departments are stressed. The
fourth component consists of an examination of the enrolment plans of the
universities and consideration as to whether the universities' plans and

the predicted enrolment for this discipline are consistent. Tf not, some
appropriate action should be recommended to COU. It will be seen that
although there may also be other aspects, these are four necessary components

in such a plan.

In the physics and astronomv assessment, an imbalance appeared, with the
universities planning for more doctoral students than the expected number

of highly qualified students, and while this report does not propose any
numerical restrictions on enrolment at any universityv, the recommendations

of the report are consistent with an atmesphere of static or falline enrolment,
and it is recommended that the universities in general plan accordingly.

18



One must hasten to add that the future is uncertain and that to forecast
intellectual trends, student interests, and ~mployment markets five years
hence is to undertake to examine many variables. Of course, this 1is not

a4 new exercise since all universities have had to make decisions about
tuilding, staff hiring, library expansion, equipment investment and so
forth and have done so on a basis of similar forecasts. Perhaps sometimes
the forecasts have been more intuitive than consciously recognized, but
they have certainly been there. All that is new is to make such plans
systematically for the province.

[t will be realized that, at a minimum, che ongoing planning procedures

we have incicated require annual reporting of enrolments and annual
examination of admission standards. When there are indications from these
or other sources that some aspects of the plan for the discipline are not
being realized, it will be necessary for ACAP to initiate a review. Such

a review would usually not involve outside consultants. Whether the
impetus came from a discipline group, a university or ACAP itself, comments
would be sought from all concerned and the review would culminate in a
report to COU recommending an amendment to the plan.

If a university notifies ACAP of its intention to depart from its accepted
role (for example to enrol students in a field not included in its
understood plan), ACAP will review the situation in the light of anv other
such notifications it may have received and any other pertinent factors.
The extent of any further study would depend on the situation, but if ACAP
felt that the university's new plan could be a cause for concern, its first
step would be to seek full discussion with the university. Normally there
would already have been discussion in the discipline group and between
universities and the university would have reached its intention after a
careful examination of the general situation of graduate study in the
discipline. Thus the ACAP decision would be straightforward and a change
in plan would be recommended to COU through 0CGS. If, however, ACAP still
felt that there was a probability that the university's action might be
found, on further study, to be potentially harmful to the system, it

would probably next seek comment from other universities concerned and from
the discipline group. 1In any case, ACAP would eventually make some
recommendation to COU (through OCGS) concerning the variation.

It is difficult without a concrete case to speculate on likely recommenda-
tions, but perhaps two hypothetical situations will illustrate the extremes.
If a university indicated that, without any marked change in the academic
emphasis of its department, it proposed to arrange to enrol somewhere
around 70 graduate students instead of about 50, and if there were no
changes at other universities and no potential developments which could be
substantially affected, ACAP would presumably simply notify COU of the
university's intention and recommend that it be recognized as an alteration
in plan for the discipline. At the other extreme if a university pronosed
to begin a new programme designed to enrol fairly soon some 30 PhD students
In a field of the discipline already well covered in other universities,

it would clearly be necessary to obtain reaction from the discipline group
and from other universities and perhaps even some expert advice, in order
for ACAP to generate an advisory position concerning the impact of the

: 19



propusal on the system and suggestione¢ to the university concerned aud to
COU. As has been noted, if there had heen advance inter-university
discussions and agreement, th.s would be a positive factor in ACAP's
assessment, but there is or course the possibility that the recom~zndation
would call for modificat on of the university's intention: we take that

to be the obvious consequeice uf system planning. Of course, the university
coulu decide to act in a manner contrasy to a COU recommendation, accepting
whatever consequences would result; we take that to be the basic right

of university autonomy. Tt is understood that a university will not act in
this way without the notification and review described in tha nreceding
paragraph.

20



GENERAL RECOMMENDATIONS

This section will contain recommendations of a general nature applicable
both to physics and astronomy.

References following a recommendacion refer to the consultants' report.

It is important to vemember that the consultants' report and addendum

plus the universities' and discipline groups' comments should be read

at the same time as this ACAP report, of which they are an integral

part. Thev provide substantiation for the recommendations made here.

As has been our custom with other disciplines we prefix our recommendations
to COU with the symbol 'C' to avoid confusion with numbering in the

COU report.

Enrolment Forecasts

The universities, in their sutmissions to ACAP have projected a growth

in physics enrolment to about 590 full-time graduate students for 1978,

a 407 increase from the 1973-4 enrolment of 420. ‘This contrasts sharply
with the consultants' best estimate of about 350, The consultants' figure
is based on their discussion of demand for physicists found on pages A-16
to A-20 and on the probable number of undergraduates now enrolled who will
continue on to graduate work. The number of students in honours and major
BSc courses in physics has not increased for some years. This disparity
in -he numbers forecast can be somewhat lessened by the knowledge that

the universities projected a '"desired rather than an expected'" number of
students.

At the moment, it is not apparent that the number of iobs for physicists

is once again increasing (as appears to be the case in engineering) but the
time may well come when the job market will be more healthy. TIn ACAP's

view, it is wrong to discourage bright young Canadians from entering graduate
physics study. One of the main problems to be faced is the small number of
well-qualified Canadians who want to undertake graduate work. This, coupled
with changes in the immigration regulations which will reduce the number of
non-Canadians, will make qualified candidates in short supply.

On pages A-46 to A-48 the consultants paint a similar picture for astronomy.
They predict that the PhD enrolment will fall to 15 by 1978 from its present
level of 24 and that the naster's enrolment will level off. Both Toronto
and Western in their statements have agreed with this downward enrolment
trend and are prepared for it.

Recommendation Cl

It is recommended that the universities plan on the level of
enrolment suggested by the consultants. (See pages A-16 to A-20.)
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Mobility

Recommendation C2

It is recommended that the Dis:ipline Group report annually
on the location of the undergraduate training of the new
graduate students in each devartment. (See Pecommendation 6
and page A-51.)

The consultants were concerned with the lack of mobility of the under-
graduates who often stay on to do all graduate work at the institution
from which they obtained bachelor's degrees. ACAP feels that withholding
BIU support is impractical as a means of increasing mobility, particularlv
since there would be no similar factor influencing actions in departments
outside Ontario. It was suggested as an alternative that NPC might be
asked to alter its regulations so that scholarships would not normally be
tenable for three degrees from the same university. However, at the
present time, we make the same recommendation which has been made for
other disciplines. Tt is clear that this is a general problem - albeit
one about which the physics community feels strongly - and for the moment
we propose only a watching brief.. If the situation remains unsatisfactory,
further action may be proposed to 0OCGS.

Research Funding

Recommendation C3

It is recommended that urgent attention be given to the question
of research funding for professors whose departments do not offer
graduate programmes in their fields, including the possibility

of assignment of a BIU weight for post-doctoral fellows. (See
Recommendation 11 and page A-55.)

The consultants felt that the emergent universities need special grants
to support research but ACAP feels this is a problem faced by all the
universities and should be studied by the province. It has been referred
to in almost all our other reports.

Role of the Discipline Groups

Recommendation C4

It is recommended that the Physics and Astronomy Discipline Groups,
in their normal role, in consultation with ACAP, annually review
admission standards, by examining records of newly admitted
students, annually report the undergraduate universities of all
newly enrolled graduates, and periodically review the plan for
physics and astronomy as to enrolment levels and adequacy of
coverage of the specialties, including neglected fields. (See
Recommendations 3,6,9, and 10.)

The consultants feel there is a continuing role for the Discipline Groups
to nlay in the pnlanning.nfr phvsics and astronomv in the province. As
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well as monitoring the mobility of graduate students by checking the
university of their earlier degree(s), the Discipline Groups can also
assure equal standards of admission by post facto examination of new
admissions. They also have the job of advising on the coordination
of research areas covered by the province's various departments and in
particular considering the desirability of covering neglected fields
such as acoustics and optics in physics, and solar physics and meteor
astronomy in astronomy.

Applied Research

Recommendation C5

[t is recommended that the universities formulate policies
governing applied research., (See Recommendation 7, page A-52
and the addendum page A-84,)

The consultants make a number of disquieting remarks about the extent

of applied physics in some departments. They propose it constitute no

more than 25% of research activity. Applied research should, in its proper
sense, be a practical application for some of a professor's fundamental
work and not a project undertaken simply because there is funding available.
The student should be free to publish his research findings, not restricted
because his professor's work is proprietary. The consultants recommend

and ACAP concurs, that guidelines should be drawn up by the universities
governing applied research, paying particular attention to the questions of
‘academic freedom and of the coherence of the departments. ACAP urges all
universities which have not already developed such guidelines to do so.
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DOCTORAL PROGRAMMES IN PHYSICS

Some confusion has arisen because of the consultants' use of the word
"competent' to characterize some doctoral supervisors. Although the term
is "defined" on pages A-37 and A-38 of their report, there was an incorrect
impression that anyone who was not counted as '‘competent' was incompetent.
The consultants have clarified this further in their addendum, point number
1, page A-83. A better phrase would have been "highly qualified." The
faculty the consultants are referring to are "those outstanding individuals
who...are the backbone of the PhD programme. The number and fraction of

the faculty who are 'competent PhD supervisors' determine the quality of

the PhD students' experience in the department.'" There are many young
faculty members whom the consultants feel have not yet reached full potential,
who are quite capable of supervising doctoral students and who are doing so.
These were not included in the count.

Simply adding up the number of highly qualified supervisors does not give
a true picture of a department, as some faculty members just meet the
standards and others have international reputations. The consultants
assigned double weight to this latter category; there are 23 of these
professors in the province. Consequently the numbers in the second column
of the consultants' Table 5, page A-39, should-be regarded as an index

of quality for a department, but not as a count of competent individuals.

The consultants believe that graduate students should work with the best
professors. They have tried to apportion enrolment in the prevince

according to how many highly qualified supervisors a programme has.

Although ACAP agrees that this principle is sound, we fear that this method
of distribution is unworkable - it would require a quota system and perhaps

a highly centralized process for identifying supervisors. Instead, the
universities should enrol students in their various high-quality programmes

as discussed in the next section of this report, keeping in mind the supply
of and demand for physics graduate students as discussed in Recommendation Cl.

A last point the consultants would raise in connection with doctoral
supervisors is the question of tenure and promotion. They find enough
disquieting evidence in the departments of physics and astronomy to suggest
that the requirements for a faculty member to be eligible to supervise
doctoral students, should be reviewed and enforced. ACAP takes no position
on whether or not there should be a separate Graduate Faculty, but there must
be a mechanism to ensure that only those faculty members with a proven
research ability and productivity supervise doctoral students. Since this
concern has been mentioned in other assessments, ACAP feels that OCGS should
conduct a review of this area, as already recommended in our engineering
report. (See Recommendation 8 and page A-53.)

The consultants have given a second kind of indication of the quality of

the graduate work in physics in Ontario, by providing an assessment of each
thesis research area in cach department. The definition of areas of
research varies from university to university, since each department has its
own preferred way of stating its fields of study, and it is important, of

24



- 11 -

course, that the judgments be made about the programmes each university

actually offers or proposes to offer. The consultants have put the work

in each research specialization in one of three categories: centre of

strength; good or adequate; doubtful or inadequate or ill-defined. The

concept of '"centre of strength" is an important one: the Physics Discipline
Group defines it as "a group having a world class status in one area of

physics. 1In a university department such a group may be expected to

attract high quality students and generate a stimulating intellectual 3
atmosphere in its field."

It is gratifying to note that, of the 33 subfields offered for doctoral
work in the province's physics departments, 12 are considered centres of
strength. We have already noted that there are 23 professors of sufficient
international reputation that the censultants felt they should be weighted
double in assigning an "index of professional quality'" to each department.
It seems therefore correct to assert that there is some very good doctoral
physics training in Ontario.

On the other hand, while 12 subfields are considered ceitres of strength
there are also 8 which are either of doubtful quality or ill-definecd or
inadequate.

The distribution of the strength and weakness amongst the departments is
of course crucial for planning purposes. Seven of the 12 centrcs of
strength are found in two departments. One other department has two
centres of strength, and three others one each. Not unexpectedly, a
similar pattern is found for the distribution of "highly qualified
supervisors' (consultants' Table 5, page A-39). Another significant
quality index (as the University of Windsor suggests) is the ratio of the
"weighted number of highly qualified PhD supervisors' to the total physics
professional staff; this should help indicate the prevailing atmosphere
which a student experiences in the department. This index also shows a
similar situation, in that its values are much higher (about 70%) for

two of the universities than for the remainder. (The next highest value
is for Windsor at 47%, three are between 307 and 40%, and the rest are
257 or less.)

It is clear, therefore, that two universities, McMaster and Toronto, have
doctoral programmes in physics of a recognizably different character from

the others. Each of these two departments offers four or five areas of
specialization with at least three described as "centres of strength'';

each has a very substantial number of "weighted highly qualified supervisors"
(24 and 32 respectively), and each has a very large fraction of its staff

in this category. Each has well-equipped laboratories and a substantial
record of successful recent PhD graduates.

It is therefore recommended that McMaster and Toronto be considered to

have "general"” physics PhD programmes, while the role of the other
phy prog )
universities at the doctoral level be more special ized.
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l.est it be thought that ACAP is presenting a more favourable picture than
the consultants do of the general state of physics in Ontario, we note that
the consultants, having described the characteristics of the world's
pace-setting departments, say ''the two we have rated most highly approich
the desired standard and, given the required conditions, could achieve

the proposed quality in a decade or two. All others fall below and sone
far below these standards," The Discipline Group in its discussion ¢f a
"centre of excellence," page B-6, appears to share the consultants' wviow,

ACAP notes that both McMaster University and the University of Toronto
indicate support of their physics departments' plans. It therefore seens
reasonable to urge these universities to provide "the required conditiorn"
for increased strength.

We also note the desirability of rivalry among universities, and we beliave
our proposals for doctoral work will not inhibit any worthwhile aspects of
such emulation.

In selecting two universities to offer ''general" programmes, we note that
each of the other current PhD programmes has at least one 'good or adequate"
field. We propose each contiuue for the present to give PhD work in these
identified fields, but that the development of work in other areas be a
matter for planning approval.

Since there appears to be some lack of knowledge of the appraisal procedure
in connection with the introduction of new fields into existing doctoral
programmes, we now recapitulate the long-standing agreement amongst the
universities.

If a university wishes to offer a new research area for thesis work, it

so informs the Appraisals Committee. The Appraisals Committee may decide
that the new field is a natural and limited extension of work underway

and that earlier investigations by the Appraisals Committee (or by a
planning assessment) give sufficient assurance of quality. In this case,
no appraisal would be required. Alternatively, the Appraisals Comnmittee
may decide that the new field is sufficiently unrelated to the establishec
ones (in personnel, facilities or scientific interconnections) that an
appraisal to establish quality is required. Lastly there is a situation
wherein a professor will occasionally pursue a research topic (and employ
a student) in a field bordering on the one in which he concentrates.

This last type of "occasional thesis" would not normally be discussed with
the Appraisals Committee, since it would not be listed amongst the fields
the department "advertised' as research areas.

The above refers to appraisal. Insofar as system planning is concerned,
all new fields anywhere are matters of report to ACAP and hence the other
universities, but in the case of 'general' PhD programmes COU approval

nf a new field is not required, whereas specialized programmes are expected
to expand only into areas which seem appropriate to COU at the time a
proposal is made.
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PHYSICS

Universities with General PhD Programmes

As already indicated, ACAP believes that McMaster University and the
University.of Toronto should continue to offer general doctoral programmes
in accordance with the plans submitted by them for this planning assessment
(except for the impact of Recommendation Cl) and also to further develop
their ohysics departments. Proposals to offer new thesis fields are, of
course, to be referred to the Apprapisals Committee before initiation.

Recommendation Cé6

It Is recommended that McMaster University and the University
of Toronto continue their master's and general doctoral programmes
in physics in accordance with their plans.

Universities with Specialized PhD Programmes

ACAP considers all but two of the doctoral programmes in Ontario to be
specialized. The consultants say "a small institution must specialize

if it is to achieve excellence." ACAP agrees with the consultants'
recommendation that there be no assignment of responsibilities for specific
fields of physics, that the initiative for new fields should come from

each university. The universities, in beginning their departments, decided
what fields to offer. The consultants have reviewed their quality aud
competence to offer doctoral work and ACAP has recommended which specialties
should be continued. A programme in a new area may be proposed by a
university and the Discipline Group and ACAP would discuss this proposal
with “he university in light of the provincial plan for physics. Unless the
proposal appears unwise, ACAP would then recommend a change to the plan and
the university would offer its new programme after obtaining a favourable
appraisal. (See page 5 of this Report.)

We indicate for each specialized programmc which areas of study are
recommended. The result is to eliminate a number of currently offered
areas for which the consultants' assessment is that the quality is at best
doubtful. ACAP believes there is no strong case te continue any of these
areas -~ indeed we are recommending their discontinuance - but ACAP also
recognizes that some university might wish for some reasons to continue
doctoral work Iin one of these areas and might feel that the consultants'
assessment was incorrect. In that case, a consequent appraisal, simply

to settle the quality question, is indicated.

In all the areas in which there are already several good programmes in the
province, ACAP does not encourage the universities to start new programmes
nor to commit additional resources in order to obtain favourable appraisals
rather than discontinue current offerings. For this reason any appraisal to
establish the quality of one of the challenged areas should be undertaken
immediately.

Recommendation C7

It is recommended that the univer<.ities with specialized doctoral
programmes not commit additional resources in order to pass appraisal
in current fields of specialization other than those specified in the
appropriate recommendation below. Enrolment of new students in
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fields other than those specified below should cease after April 1,
1975. 1f a university wishes to continue doctoral work in one of
the fields not specified below it is recommended that the university
submit the programme in that field for consequent appraisal by
February, 1975, ceasing to enrol new students in that field after
January 1, 1976, if a favourable appraisal has not been obtained.

It should be noted that the universities with small graduate enrolments

in physics may encounter difficulties in maintaining viable programmes if
the consultants' predictions for falling enrolments are correct. In their
addendum, they state that the totai number of students, both MSc and PhD
should be larger than the 5 or 6 which they call the "interaction sphere".
Since this applies to each specialization offered, there has to be a

certain number of graduates in each area to make the programme viable and
stimulating. At the present time, each of the programmes recommended below
appears to be of satisfactory size in each of its areas, but future decreases
in enrolment and supply of well-qualified students may cause problems of
maintaining an academically viable size of student body at some universities
in some areas. ‘

Recommendation C8

It is recommended that Carleton University continue its master's
programme according to its plans and continue its doctoral
programme in high energy physics, both experimental and theoretical.

A programme in nuclear physics would need a favourable appraisal. (See
Recommendation C7.) ACAP discourages the university from providing
additional resources to pass appraisal in this field since there is already
adequate coverage of this specialty in the province. ACAP would like

to draw Carleton's attention to enrolment and notes that if the consultants'
forecasts of dropping enrolments materialize, this doctoral programme might
be of marginal size.

Recommendation C9

It is recommended that the University of Guelph continue its master's
programme according to its plans and begin doctoral work in
a) condensed matter physics and nuclear physics
b) molecular physics but only after referral to the Appraisals
Committee for clarification of its current status and
c) theoretical physics (which is a new programme) after a
favourable finding by the Appraisals Committee.

Guelph's original appraisal was approved for two areas, .ow energy nuclear
physics, and molecular and solid state physics. In accordance with normal
practice, theoretical physics must be referred to the Appraisals Committee
before it begins, as it is a new field. The University has now split the
original molecular and solid state physics specialization of the appraisals
document into two areas, condensed matter and molecular physics, and ACAP
feels the University should submit the latter programme to the Appraisals
Committee to determine whether or not it is still covered under the
original approval for the programme. 28
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BEST COPY AVAILABLE

ACAP would like to draw Guelph's attention to the possibility of decreasing
enrolments and the problems of maintaining 3 or 4 specialties of viable
size in times of short supply of qualified students.,

Recommendation C10

It is recommended that the University of Ottawa continue its
master's work according to its plans and continue its doctoral
programme in solid state physics, both experimental and theoretical.

A programme in atomic and nuclear physics or high energy phvsics would
require a favourable appraisal. (See Recommendation C7.) ACAP discourages
the University from providing additional resources to pass appraisal since
there is already adequate coverage of these specialties in the province.

We would like to draw Ottawa's attention to enrolment and note that if

the consultants' forecasts of dropping enrolments materialize, this
programme might become of marginal size.

Recommendation C11

It is recommended that Nueen's University continue its master's
programme according to its plans and continue its doctoral work
in nuclear physics, solid state physics, theoretical physics, and
astronomy and astrophysics,

A programme in molecular physics would require a favourable appraisal.
See Recommendation C7,) ACAP discourages the University from providing
additional resources to pass appraisal since there is already adequate
coverage of this specialty in the province.

Recommendatinn C12

It is recommended that the University of Waterloo continue its
master's programme according to its plans and continue its
doctoral work in theoretical phvsics, ani solid state phvsics,
both experimental and theoretical.

This includes the limited amount of molecular physics now being done.

Recommendation €15

[t is recommended that the University of Western Ontari» continue
its master's programme according to its plans and continue
doctoral work in chemical phvsics, atomic physics and atmospheric
science. 1t is recommended that the University consider what
organization will be most advantageous to concentrate and improve
its resources for offering doctoral work in theoretical phyvsics
ard submit a proposal for appraisal, ceasing to enrol new students
in theoretica! physics in either its Department of Physics or its
Department of Applied Mathematics after the fall term, 1976, if a
tavourable appraisal is npt ohtained.

e
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Western Ontario currently offers doctoral work in theoretical physics
in both the Physics and the Applied Mathematics Departments. ACAP
encourages Western to reorganize this activity adding new resources
and, if necessary, submit a proposal for appraisal. This field has
potential at Western, the University has taken steps to strengthen it,
and it is therefore recommended that the University develop it.

-2

Recommendation Cl4

It is recommended that the University of Windsor continue its
master's programme according to its plans and continue doctoral
work in atomic and molecular physics, relativistic physics, and
solid state physics.

A programme in nuclear physics would need a favourable appraisal. (See
Recommendation C7,) ACAP discourages the University from providing
additional resources to pass appraisal since there i1s already adequate
coverage of this specilalty in the province.

Recommendation CLl5

It is recommended that York University continue its master's
programme according to its plans and continue doctoral work in
atomic and molecular collisions and structures, chemical physics,
atmospheric physics, and astronomy and astrophysics.

Universities with Master's Programmes Only

The four emergent univer.ities, Brock, Lakehead, Laurentian and Trent

all offer a master's programme in certain areas of physics. These are all
part of their approved five-year plans and have been appraised at all but
Lakehead. In view of the comments made by the consultants and the low
enrolment in the programmes, ACAP would make the following suggestions.

Brock and Trent have not attained the enrolment levels specified in their
appraisals document. Five years has elapsed since a favourable appraisal
was obtained and ACAP fee='s these programmes should be reviewed in much
the same way an appraised doctoral programme would be after five years.

Lakehead's programme has never been appraised but ACAP feels it should be
at this time. The consul“ants made some disquieting comments about the
programme. ACAP notes there are no planning reasons why there should not
be a master's programme at lLakehead - indeed it is in the approved five-
year plan - but the appraisal would clear doubts of the quality of the
programme.

The consultants recommend the programme at Laurentian be appraised.
Laurentian is at present reorganizing its graduate programmes in accordance
with its five-year plan. The questionable quality of the present physics
master's programme makes an appraisal necessary if it 1s to continue.
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Recommendation Cl6

It is recommended that Brock University continue its master's
programme in physics, subject to review by the Appraisals Committee.

Brock's programme in solid state physics has had very few students each
year. This past year there were no master's students enrolled. Although
the faculty is "more than adequate" to supervise the master's candidates
in this field, ACAP feels a review of the original appraisal decision is
desirable at this time.

Recommendation C17

It is recommended that Lakehead University continue its master's
programme in condensed matter physics subject to obtaining a favourable
appraisal, Enrolment of new students ghould cease after the winter
term of 1976 if a favourable appraisal has not been obtained.

The consultants state that the department members are "adequate" to

give a master's in condensed matter physics but that the department is

"not a strong one." There is also some concern about the range of

courses at the master's level. ACAP feels an appraisal would be beneficial
and also notes that the approved five-year plan contains a master's programme
in physics.

Recommendatior. C18

It is recommended that Laurentian University, in accordance with

its plans, cease to enrol new students in a master's programme

in physics after the fall term of 1975 unless

a) the physics programme has been favourably appraised and

b) the University has obtained approval for an amended five-
year plan that includes physics.,

The five-year plan, proposed by Laurentian, approved by COU, and forwarded

to the Minister for approval, contains the following: "an interdisciplinary
programme in science to be favourably appraised by June 1976", and "the

current programmes in chemistry and physics will cease enrolling new

students when the interdisciplinary science programme is favourably appraised.”
"The University may decide not to proceed with the interdisciplinary science
programme, in which case it would then review the decision to terminate the
programmes in chemistry and physics.'" An altered plan would have to be
reconsidered by ACAP and approved by COU and OCUA before going to the Ministry.

The consultants comment that the faculty members are "adequate" to offer

a master's programme but that the programme is "weak in core subjects."

They also feel there is too much emphasis on applied research. They recommend
an appraisal of this programme and ACAP concurs.
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Recommendation C19

It is recommended that Trent University continue its master’'s
programme in physics, subject to veview by the Appraisals Committee.

The Trent programme, like Brock's, has an adequate staff to offer graduate
work but suffers from small enrolments. Trent had its programme appraised
about five years ago and ACAP feels that it should be reviewed at this time.
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ASTRONOMY

Many of the points discussed in the section on General Recommendations

apply to astronomy as well as physics. The consultants believe the

enrolment is dropping but, as noted earlier, the universities are prepared

for it. The problem of mobility is important to astronomy although the
choice of programmes is somewhat smaller. The Discipline Group in

Astronomy also has a role to play, conducting periodic reviews of enrolments
and admissions. The consultants note, on page A~44, that solar physics

and meteor astronomy are '"neglected" fields in Canada and perhaps this

could be discussed by the Discipline Group. ‘

Graduate work in astronomy in the province is carried out-at Toronto and
Western Ontario in their Departments of Astronomy and at Oueen's and York
and to some extent, Waterloo and Guelph, in their physics programmes. For
many years, Toronto was the only university in Canada offering advanced
degrees in astronomy and still maintains a preeminent position, A vigorous
cooperative programme of building and operating observatories outside
Canada would appear, to the consultants, to be particularly promising.

With this relatively healthy view of astronomy in the province, the consultants
recommend no new PhD programmes be started during the next few years.

This does not interdict any master's programmes in astronomy or astrophysical
topics that may be proposed in physics departments.

University Recommendations

This section includes the recommendations made on the Departments of Astronomy
at Toronto and Western Ontario. Recommendations on astrcphysical topics

given for physics departments are found in the Oueen's and York recommendations
in the physics section.

Recommendation C20

It is recommended that the University of Toronto continue its
master's and doctoral work in astronomy according to its plans.

ACAP notes that the future plans of the department include accepting a
reduction from the present enrolment of 20 doctoral students.

Recommendation C21

It is recommended that the University of Western Ontario continue
its master's and doctoral work in astronomy according to its plans.

ACAT notes that Western's plans include a steady enrolment of 4 +2 students
in its doctoral programme each vear and ACAP considers this reasonable.
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COU_ACTTON

Recommendation C22

1t is recommended that COU adopt the recommendations of this
report, and, in the expectation that its members will act in
accordance with them, COU inform OCUA that it has adopted these
recommendations and request that the embargo on physics and
astronomy be now removed, in accordance with the original
announcement of the Minister that new graduate programmes
would be embargoed until, for each discipline, a planning
study had been conducted.
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RECOMMENDATIONS

cl
It is recommended that the universities plan on the level of
enrolment suggested by the consultants. (See pages A-16 to A-20.)

C2

It is recommended that the Discipline Group report annually on
the location of the undergraduate training of the new graduate
students in each department. (See Recommendation 6 and page A-51,)

C3

It is recommended that urgent attention be given to the question
of research funding for professors whose departments do not offer
graduate programmes in their fields, including the possibility

of assignment of a BIU weight for post-doctoral fellows. (See
Recommendation 11 and page A-55.)

Cé

——r—

It is recommended that the Physics and Astronomy Discipline Groups,
in their normal role, in consultation with ACAP, annuallV review
admission standards, by examining records of newly admitted
students, annually report the undergraduate universities of all
newly enrolled graduates, and periodically review the plan for
physics and astronomy as to enrolment levels and adequacy of
coverage of the specialties, including neglected fields. (See
Re.ommendations 3,6,9, and 10.)

C5

It is recommended that the universities formulate policies
governing applied research. (See Recommendat‘on 7, page A-52
and the addendum page A-84.)

Cé

It is recommended that McMaster lniversity and the University
of Torsn*n coatinue their master's and general doctoral programmes
in physics in accordance with their plans.
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c7

Tt is recommended that the universities with specialized doctoral
programmes not commit additional resources in order to pass appraisal
in current fields of specialization other than those specified in the
appropriate recommendation helow. FEnrolment of new students in
fields other than those specified below should cease after April 1,
1975. If a university wishes to continue doctoral work in one of

the fields not specified below it 1s recommended that the university
submit the programme in that field for consequent appraical by
February, 1975, ceasing to .enrol new students in that field after
January 1, 1976, if a favourable appraisal has not been obtained.

c8

It 1is recommended that Carleton University rontinue its master's
programme according to its plans and continue its doctoral
programme in high energy physics, both experimental and theoretical.

c9

It is recommended that the University of Guelph continue its master's

programme according to its plans and begin doctoral work in

a) condensed matter physics and nuclear physics

b) molecular physics but only after referral to the Appraisals
Committee for clarification of its current status and

c) theoretical physics (which is a new programme) after a

favourable finding by the Appraisals Committee.
cl0

It is recommended that the University of Ottawa zontinue its
master's work according to its plans and continue its doctoral
programme in solid state physics, both experimental and theoretical.

Cl1

It is recommended that Queen's University continue its master's
programme according to its plans and continue its doctoral work
in nuclear physics, solid state physics, theoretical physics, and
astronomy and astrophysics. .

c1z
It is recommended that the University of Waterloo continue its
master's programme according to its plans and continue its

doctoral work in theoretical physics, and solid state physics,
both experimental and theoretical.
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Cl3

It 1s recommended that the University of Western Ontario continue
its master's programme according to its plans and continue
doctoral work in chemical physics, atomic physics and atmospheric
science. It is recommended that the University consider what
organization will be most advantageous to concentrate and improve
its resources for offering doctoral work in theoretical physics
and submit a proposal for appraisal, ceusing to enrol new students
In theoretical physics in either its lepartment of Physics or its
Department of Applied Mathematics after the fall term, 1976, if

a favourable appraisal is not obtair.ed.

Cl4

It 1s recommended that the University of Windsor continue its
master's programme according to its plans and continue doctoral
work in atomic and molecular physics, relativistic physics, and
solid state physics.

Cl5

It is recommended that York University continue its master's
programme according to its plans and continue doctoral work in
atomic and molecular collisions and structures, chemical physics,
atmospheric physics, and astronomy and astrophysics.

Clé

- It 1s recommended that Brock University continue its master's
programme in physics, subject to review by the Appraisals Committee,

17
It is recommended that Lakehead University continue its master's
programme in condensed matter physics subject to obtaining a
favourable appraisal. Enrolment of new students should cease after
the winter term of 197¢ 1f a favourable appraisal has not been
obtained. .

Cl8

It is recommended that Laurentian University, in accordance with

its plans, cease to enrol new students in a master's programme

in phvsics after the fall term of 1975 unless

(a) the physics programme has been favourably appraised and

(b) the University has obtained approval for an amended five-
year plan that includes physics.
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c19

It is recommended that Trent University continue its master's
programme in physics, subject to review by the Appraisals
Committee.

c20

It is recommended that the University of Toronto continue its
master's and doctoral work in astronomy according to its plans.

Cc21
It is recommended that the University of Western Ontario continue
its master's and doctoral work in astronomy according to its plans.

€22

It is recommended that COU adopt the recommendations of this
report, and, in the expectation that its members will act in
accordance with them, COU inform OCUA that it has adopted these
recommendations and request that the embargo on physics and
astronomy be now removed, in accordance with the original
announcement of the Minister that new graduate programmes

wo'ild be embargoed until, for each discipline, a planning

study had been conducted.
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I Introductior. and Summary

This report on astronomy and physics planning has been prepared
by a panel of consultants consisting of:

L.H. Aller
A.E. Douglas
R.R. Haering
P.N. Nikiforuk

The astronomy and physics departments supplied the consultants
with statistical data together with future plans of the depar tments and
the curricula vitae of faculty members. This information was
supplemented by visits to each of the fourteen physics and two astronomy
departments which offer graduate training. At each university we
endeavoured to meet officers of the university, the heads of the physics
and astronomy departments, faculty members, postdoctorate fellows and
graduate siudents. We found the visits very useful and wish to thank
all those concerned with our visits for the warm receptions and
cooperation accorded us.

The terms of reference of the consultants are given in Appendix
I. On numerous occasions during our visits to the universities, these
terms of reference and the validity of any report based on them were
questioned. Although it is clear that many problems of graduate schools
and their possible solutions lie outside the terms of reference and that
many of the problems we have considered are linked to those we have not,
we have limited our investigations to the areas assigned to us by the
Advisory Committee on Academic Planning. Others must deal with the
broader picture.

Reports involving matters of judgement must in the final
analysis involve the prejudices of the authors. This report is no
exception and it is strongly influenced by the following opinions:

“.) In times of difficulty, consultants, advisory committees and
administrators tend to introduce new restrictions, new guidelines and
stronger central authority. Too often the remedies are worse than the
disease. We believe that universities must have a very high measure of
independence and freedom in all areas except the freedom to be second
rate and as far as possible we have avoided the temptation to recommend
new regulations.

(ii) The building of a high quality astronomy or physics department is
a difficult matter requiring great skill and many years of effort. In
spite of the fact that we believe Ontario has too many physics
departments und in spite of the weaknesses which we shall mention in
the report, most astronomy and physics departments of Ontario have been
built rather well. Sudden changes in policy could undo years of work
and it seemed to us unwise to recommend drastic changes in the present
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system. We have therefore attempted to devise remedies to difficulties
in the forms of gentle but continuing pressures which will, over a
period of time, achieve the desired result.

The largest part of the report is devoted to the Ph.D.
programs in physics. We have not neglected the masters programs in
physics and the graduate programs in astronomy. There are however only
two astronomy departments compared with fourteen physics departments
and the masters programs in both astronomy and physics appeared to us
to present few problems. The material in the report tends to reflect
the problems we have found rather than the relative importance we
attach to the various programs.

Although the subject matter of physics and astronomy overlap
to a considerable extent, the administrative problems of the two areas
are quite different. The differences in numbers of students, in the
number of graduate programs, and in employment opportunities and the
nced for observatories by the astronomers have made it necessary to
deal with the two disciplines separately in much of this report. The
mijor part of the report on astronomy is in section VI while sections
11, IV and V deal exclusively with physics.

Summary of Recommendations

Physics
We recommend that:

1. no regulations be adopted which would place limits on the total
number of graduate students. (page A-22)

2. the Ph.D. students of the province be distributed among the
universities according to the numbers of faculty members who are found
to be competent Ph.D. sujervisors in the various physics departments.
A recommended initial distribution is shown in Table 5. (page A-39)

3. the projected enrolments and distribution of Ph.D. students be
revised every two or three years. (page A-40)

4., there be no assignment of responsibilities for specific fields of
phvsics to particular departments but that the coordination of rescarch
activities of the departments be continued by the discipline group.
\page A-34)

5. no limitations be placed on the movement of departments into new
arevas of research but that, in the periodic reviews (sec¢ reccomendation
3) of graduate programs, special attention be directed to new areas of
rescarch which have been started to ascertain tnat the students are
under the guidance of well qualified supervisors. (page A-55)

6. a university receive no provincial financial support for any Ph.D.
student who has received a bachelor degree from the same university
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unless that student holds a masters degree from another institution or
the university receives special permission from the Ontario Council of
Universities. (page A-52)

7. all universities formulate policies governing applied research in
physics graduate programs with particular attention being paid to the
questions of the academic freedom, balance and coherence of the
departments. f{page A-52)

8. all universities review their tenure and promotion practices to
assure a standard up to that adopted by universities which have
achieved a well-deserved reputation for high quality graduate work and
research. (page A-53)

9. serious consideration be given to developing graduate programs in
optics and acoustics. (page A-54)

10. the discipline group annually review and grade the applications of
graduate students who have been accepted by the universities and that
the results of this review be made available to the appropriate
committees for evaluation and planning purposes. (page A-55)

11. at the four emergenc u.iversities the income from the province for
graduate students should not be proportional to student numbers but a
special fund be set up at these universities to support their research
programs. {(page A-~55)

12. in order that the University of Ottawa be given an opportunity to
develop a high quality bilingual graduate school in physics, the
University be allowed to plan for a number of Ph.D. students higher -
than that assigned, but if future assessments find no substantial
improvement in the quality of the faculty, consideration be given to
having the Ph.D. program discontinued. {page A-40)

13. an appraisal of the M.Sc. program at Laurentian University be
carried out in the near future. (page A-35)

Astronomy

We recommend that:

1. no new graduate programs in astronomy be established in Ontario,
but this is not to be construed that a thesis on an astronomical topic
in an existing department of physics be interdicted. (page A-48)

2. for planning purposes the projected enrolment of Ph.D. graduate
students in astronomy be reduced to 15 by the year 1978-79 and that
these students be distributed between the University of Toronto and the
University of Western Ontario in the ratio not less than 5:1 in favour
of the University of Toronto. (pages A-47 and A-49)

3. recommendations 3, 4, 5, 6, 8 and 10 under 'physics' also apply to
astronomy departments. 4ru
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II Bases of the Consultants' Report

The consultants have found that the Advisory Committee on
Academic Planning has provided detailed information on the procedure
for planning and the numerical results expected from the planning
process. Lacking however is a general philosophy regarding the basic
objectives of this process. It is possible that this lack of
philosophy will result in a series of reports in the various
disciplines which will be difficult to integrate into a coherent
system. It appeared evident to the consultants that the nature of
their report would depend to a large extent on their assumptions
regarding the purposes of graduate schools and the best means of
achieving these purposes. In this respect the consultants have been
left to their own devices and have presented their own conclusions.
Others with different philosophies may reach different conclusions and
disagree with the recommendations of this report.

What is the purpose of a graduate school in physics or
astronomy? Certainly a graduate school influences many different
aspects of the intellectual, the industrial and the political life of
the province. It provides a framework wherein research can be
successfully carried out. It provides an institution wherein
university professors are constantly in touch with the frontiers of
knowledge. It is an institution wherein students of many disciplines
interact and learn from each other. 1t is largely through the
activities of graduate schools that universities exchange scholars and
students and achieve much of their national and international
character. More often than not it is the professors who are actively
engaged in the research and teaching of graduate schools who are called
upon to find solutions to the technical problems of industry and of
governments. In spite of the importance of these many aspects of
graduate studies, in the opinion of the consultants, a graduate school
is above all else an institution wherein a student may acquire the
critical judgement, the technical skills, the self-discipline and the
self-confidence necessary to solve physical problems.

Even having agreed on the major role of a graduate school in
general terms, we find that there is a great deal of latitude in
establishing criteria for judging the quality of a school. The
problems which graduates from the schools will be called upon to solve
are highly varied and the skills necessary to solve them are
correspondingly varied. It appears likely that the graduates of the
future will be engaged in an even wider range of activities than those
of the past. It therefore appeared unwise to us to place any great
emphasis on identifying particularly desirable courses, cxams, teaching
methods, physical facilities or approaches to education. It is perhaps
more important that graduate schools differ than that they meet some
arbitrary set of standards. We are convinced however that it is
essential that a graduate school have a stimulating atmosphere in which
the students are brought in contact with the frontiers of physics, in
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which their work is supervised by creative d talented professors who
have demonstrated their ability to carry ou. significant research and
in which the physical and intellectual surroundings assure the student
that he is associated with a group which is playing a substantial role
in advancing some area of astronomy or physics.

The chemistry consultants have dealt at some length with the
commitment of the community and the university to meaningful graduate
studies and research. In this matter we agree with their point of
view. Instead of repeating these most essential matters here, we have
attached the relevant portion of the chemistry consultants' report as
Appendix II.

Once having accepted the principle that graduate schools
should be judged on the basis of the quality of the stuaff and the
intellectual atmosphere of the school, our procedure in assessing
schools follows quite directly. First, and most impor-ant, we have
attempted the difficult task »f judging the competence of individuasl
faculty members as supervisors of doctoral students. We believe thit
competence in this respect requires the faculty member to be a leaior
in some field of research. We have also attempted the even more
difficult task of judging the intellectual atmosphere in the
departments. Our procedures for reaching conclusions in these matters
are outlined in latter sections.

In judging the quality of graduate schools we believe that we
should adopt a high standard. At a time of decreasing enrolment, the
best should be preserved. Throughout the history of modern physics and
astronomy, a small number of schools have made contributions quite out
of proportion to their size and cost. Members of these faculties are
known throughout the world; they have made many of the major
contributions to the advancement of knowledge and their reputation for
excellence is such that it is generally assumed that they will continue
to do so. Excellence attracts excellence; students eagerly vie for a
place in their limited enrolment; able scientists seek the opportunity
of spending their sabbatical years in these schools and the most able
and ambitious Ph.D. graduates compete for postdoctoral fellowships in
their laboratories. These schools provide a highly stimulating
atmosphere within their own walls but their influence spreads far
beyond these walls. They set the standards for all schools; their
faculties set the standard for all other faculties; their courses,
their research and their theses set the standard for all others. We
believe that Ontario should have graduate schools in physics and
astronomy equal in quality to the best schools of the world. We also
wish to make it clear that we recommend the support of such schools,
not as a matter of pride or intellectual snobbery, but as institutions
which we believe will yield handsome dividends in the industrial,
governmental and educational life of the province and the nation.

It is most unlikely that the required quality in Ontario

graduate schools can be achieved by any direct administrative process.
Competitions between schools, driven by a pride in excellence which
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2xists in a substantial portion of the academic community is likely to
achieve the required result while designating particular universities
as the homes of high quality graduate schools may lead tuo complacency
and a decline in quality. The concept of competition between
institutions, all largely financed by government funds, may run counter
to the usual concepts of administrative efficiency. Achieving and
maintaining exceptional quality is, however, a subtle matter and is not
likely to be achieved through the usual blunt instrumenis of government
administration.

In suggesting and, in fact, advocating competition between
schools as a means of achieving a few graduate schools of exceptional
quality, we realize that the conditions governing this competition
become a crucial matter. Although we have not been asked to comment on
suitable means of financing universities, it is clear that the
financial regulations are of the utmost importance. If universities
find that graduate schools and research are an unbearable strain on
their finances then high quality schools will not be maintained.
Although ample financial resources are in themselves insufficient to
assure excellence in graduate studies, certainly excellence is unlikely
to bo achieved in a university unless it brings some financial reward.
Ir cur 1- ommendations we have aimed to encourage graduate schools of
the highest quality, but the regulations governing university
financing, research grants and scholarships will in large measure
determine the success of these efforts.

It is useful at this stage to consider very briefly the
present state of graduate studies in physics in Ontario. By the
standards outlined above, the graduate schools must be considered
wanting. The two we have rated most highly approach the desired
standard and, given the required condition, could achieve the proposed
quality in a decade or two. All others fall below and some far below
these standards. It is of course clear that the province can not have
three or four, much less nine or ten really outstanding graduate
schools in physics and an equal division of the facilities, the funds
and the talented physicists among all existing schools will assure the
existence of none of outstanding quality.

It appears to us that competition between universities for a
position of eminence in physics graduate studies will not bring about
an even distribution of the funds and the talented physicists. In
order to achieve the highest qualitv in a university, all levels of the
staff, but particularly the highest administrative officers, must be
dedicated to this cause. University administrative officers are faced
with many conflicting demands and attempts to achieve excellence brings
them into conflict with other demands. Few appear to have given
quality the highest priority. Also within each university, decisions
must be made as to which particular faculty and even which particular
department will receive strong support, since few universities can
achieve the highest quality in all areas. Although the consultants
have not studied the organization within Ontario universities in any
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detail, it appears that there are a number in which there is little
hope of achieving exceptional quality. In these the quality is low and
there appears to be no authority in the university charged with
maintaining quality. Faculty organizations and their committees are
charged with the responsihility of selecting department heads, deans
and other officers many of whom serve for only 3 short term. We expect
that only rarely will men be selected who demand a standard higher than
that which exists in the committee selecting them. It may be even more
rare for an administrative officer, appointed for a short term, to take
necessary out unpopular actions in a department of faculty where later
he must serve in a junior capacity. We, therefore, pelieve that only a
few universities will make the painful decisions necessary to achieve
the highest quality in their physics departments and if departments are
supported according to their quality, these will emerge as the major
araduate schools in physics in Ontario.

Any planning procedure which is based largely on the quality
of the facul*y will require a frequent evaluation of that quality.
This freque~t evaluation will be particularly important during the next
ten ycars ..nce there are now many young assistant professor. in the
physics departments who can not be assessed reliably at this time. In
section V of this report we present some recommendations regarding this
evaluation procedure.

In astronomy the need for high quality is certainly no less
than in physics but the concept of competition between Ontario schools
is no longer valid. There are only two astroncmy departments 1in
Ontario and these are very different in size. The astronomy
departments can be judged only with respect to departments outside
Canada. This matter is considered in section VI.

The procedure we have adopted in evaluating graduate schools
and recommending their future support almost entirely on the basis of
their quality, raises a number of problems. The most important of
these are:

(a) The need for graduate studies to maintain the quality of
undergraduate instruction. -

(b) The minimum acceptable size for a graduate school.
(c) Coverage of all tields of physics.
Each of these points will now be considered.

(a) The Relationship between Research. Graduate Instruction
and Undergraduate Iastruction.

In the course of our discussions at the universities, the
opinion was often expressed that research, graduate instruction and
undergraduate instruction can be performed effectively only if they are
performed together. This point of view is presented most forcefully in

X |
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the submisslon from the University of Toronto where it is stated;

"The University is the place where new knowledg: is
discovered, and where both old and new knowleuge is
passed on. As a result, University Faculty Members
acquire new knowledge through research, and in their
contacts with people outside the University. They
re-interpret existing knowledge. They also pass on
this knowledge in several ways - by publishing in
journals and other litecature, by teaching courses
to both undergraduate and graduate students, and
through "service to the community", for example, by
being available for work on committees of the
Covernment where their specialized knowledge 1is
needed. Each of these activities can be performed
well only brcause it is performed in conjunction with
the others. Undergraduate teaching is much more
effective when the teachers are actively engaged in
research. Withou* research, the training of graduate
students as we now know it is impossible. Without
undergraduate teaching, a Professor tends to become
over-specialized and research suffers. Real service
to the community cannot be given unless a professor's
knowledge is really up-to-date, and this is not
possible without close contact with the latest ideas
through research and through contacts with students.
Again, contacts with the outside world obtained
through community services make it possible io give
better services within the University to students.
The point of all these examples is that for each of
these activities to be performed well, in the nanner
in which we are accustomed to seeing them performed,
they must be performed together in a certain
proportion, or balance, which has been found by
experi~nce to be appropriate.”

This point of view is one which we have considered very
seriously since it could lead to a totally diffcrent basis for
evaluating graduate programs in physics. The physics departments in
the universities of Ontavio exist primarily for the purpose of teaching
undergraduates. None of their other activities could justify their
size and cost. If it is true that undergraduate instruction can be
effective ouly if research and graduate instruction are carried out at
a level which now occurs in a few of the universities with Jarge
graduate schools then probably the test compromise to support the major
activity of the departments would be the distribution of research funds
and graduate students according te che undergraduate enrolment at the
university. We do not, however, accept the point of view that
research, graduate instruction ard undergraduate instruction are
inseparable in a university. :
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It is generally accepted that research, graduate studies and
undergraduate studies represent a desirable mix for a university We
also are of this opinion. It is, however, quite a different matter to
hold the point of view that none can be effective without the other.

! ftere is ample evidence that research can thrive without sfudents of
any kind and there is evidence that graduvate studies combined with
research can crutinue effectively without undergraduates. Neither of
these possibilities are likely to be of importance to the Ontario
universities. There is also evidence that in the past, and perhaps at
present, some of the most effective undergraduate programs are at
colleges and universities without Ph.D. programs. Research is without
doubt essential for a graduate training program and we are of the
opinion that research is al .0 necessary if a stimulating atmosphere is
to be maintained in the undergraduate program of a physics department.
In brief, we are of the opinion that in any inctitution worthy of being
called a university there should be an active research program, but we
see no strong evidence that there need be a graduate school. The very
strong pressures to maintain graduate schools in physics at every
university appear to arise in a large measure from the clcie
relationship between research funds and graduate students and if funds
to pay for technicians and technical services were available from other
giurces the pressure would be much reduced.

(b) Minimum Acceptable Size of a Physics Graduate Sclivol

If the plans for graduate school enrolment are based on the
quality of the department and if this is done during a time of
decreasing total enrolment, it is likely that some schools vill be left
with very few students. The question then arises as to the minimum
number of students necessary to maintain a viable graduate school. An
interesting report on this matter has appeared recently(l). We have
discussed this matter at some length during cur visits to the
universities and find that there are many aspects to this problem.
Faculty-student, faculty-faculty and student-student interactions have
to be considered along with the relationship between the various -
departments within the university and the role played by postdoctorate
fellows and technicians. At some universities the cooperation between
universities and between the university and non-academic laboratorics
is an impcrtant factor in the argument. 7There are also special
problems in organizing the course work which must be considered in a
small graduate school.

In our discussions with students we found that at all
graduate schools, both large and small, a student had profitable
tnteractions with only five or six other students. Students also
usually had close coatacts with their supervisor and one or two other

(1) Science Policy Study 6; Research Environment and Performance in
British University Chemistry. 1973, H.M.S.O.
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professors. In the larger physics departments, the students, and to a
lesser extent the faculty, found the numbers too great to have useful
interactions embracing the whole department and there was a strong
tendency for the department to separate into a number of smaller groups
with very little contact between the groups. It appears that large
numbers contribute little to direct student-student, student-faculty
and faculty-faculty interaction.

There are aspects of graduate studies where size is of
importance. It is inefficient to develop a graduate course program in
which a professor deals with only two or three students in each course.
It is inefficient to purchase expensive research equipment which is
used by few students or professors. It is difficult to bring visiting
scientists and colloquium speakers to small departments and, without
these visitors, it is difficult to develop the stimulating atmosphere
necessary in a graduate school. Each of these problems may find at
least partial solutions in cooperative programs involving other
departments within the university and cooperation between universities
and in this respect each physics department must deal with its problems
in manner determined by local conditions. In spite of the best efforts
of the physics departments, if the total enrolment drops to the number
we have projected (see sections III and VI) the distribution of
students may be such that future reviews may recommend that the Ph.D.
programs of some cf the smaller departments be discontinued. If the
total number of students drops appreciably below the number we have
forecast, some programs will certainly have to be discontinued.

(c) Coverage of the Various Fields of Physics

The terms of reference of the consultants place considerable
emphasis on the question of desirable programs and desirable provincial
enrolments in major subject divisions and specialties. The
distribution of students according to the quality of the departments
could conflict seriously with any predetermined desirable distribution
among the majo- subject divisions and specialties. We have, therefore,
considered this question at some length.

Although there are many divisions and sub-divisions of the
subject matter of physics, physicists have always changed readily from
one division to another. Physicists who have chinged from one branch
of the subject to another have often proved to be leaders in their new
fields. During the period of rapid growth of the universities when
there was an active demand for physicists, a large fraction of the
recent Ph.D. graduates were able to find openings and continue work in
areas of physics directly related to their Ph.D. studies. Even during
this period, most physicists in industry and a considerable number at
universities did change their field and it seems clear that many others
could do so without difficulty. Although we recognize that it is
useful to have a broad range of subject matter studied in the physics
departments of the province, we do not belicve that it is necessary to
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adjust the sizes of the various physics departments to train
predetermined numbers of students in each of the divisions of the
subject matter.

In later sections of this report the coverage of the various
areas of physics will be discussed further., In our opinion the
coverage in the Ontario universities is broad, and if the Ontario
universities are considered to be a part of a Canadian system of
universities, then the coverage is sufficiently broad that it will not
suffer from a distribution of students in the manner we suggest.
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III Future Enrolments in Physics Graduate Studies

To a large extent it is the question of numbers of graduate
students, particularly Ph.D. students, and their distribution among the
universities which dominates this report. The consultants are required
to determine "desirable provincial enrolments year by year in the
various levels of graduate study and major subject divisions and
specialties where appropriate'". We have found no basis upon which to
determine a desirable enrolment. It does appear possible, however, to
make a meaningful forecast of the numbers of physicists who may tind
employment in positions which require the advanced training associated
with graduate studies and also forecast the numbers of students who
will enroll for graduate studies in physics. We are aware that cur
predictions may suffer the unfortunate fate of many past predictions of
student population. Nevertheless planning requires numbers and since
these numbers influence much which follows, in this chapter we shall
attempt to make an estimate of the numbers of physics graduate students
to be expected in Ontario in the next ten years.

It is useful to look briefly at the numbers of graduate
students in physics in Ontario in the recent past. These numbers are
given in Table 1, and in Fig. 1 the numbers of fulltime doctorate and
masters students are shown in graphical form. In this discussion we
will deal only with the numbers of full time students. We do not
beli.tle the effort devoted to part—time students but it is difficult
to taxe them into account in any consistent manner anu they contribute
only a very small fraction to the total student body.

The number of graduate students reached a peak in 1962-70
when 593 students were enrolled. By 1969 Ontario had ceased to be the
major supplier of physicists for the other provinces of Canada since
the graduate schools outside of Ontario were for the most part able to
supply the needs of the remainder of the country. In 196970 the United
States of America with its numerous industrial laboratories and its
very large government-financed science program had 71 physics graduate
students per million population(2). The recent rapid decline in the
size of physics graduate schools in the U.S.A. indicates that this
number was higher than that required by the scientific acti ities of
that nation. The corresponding figure for Ontario, where clear y there
is a smaller demand for physicists in industry and government, was 79
physics graduate students per million population. There 1s also no
evidence that the large size of the physics graduate schools arose as
the result of Ontario or of Canadian students demanding entry into the
schools. Less than sixty per cent of the students werc Canadian
citizens and it appears that many of the students from outside Canada
were attracted to Ontario by the fuveorable terms offered by the

(2) Physics in Perspective; Vol. 1. National Academy of Sciences.
Wasaington, D.C.
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TARLE 1

University 1969-70 1870-71 1971.22 1972-23 1973-74
M.Sc.| Ph.D. I M.Se. | Ph.D. | M.Sc. | Ph.D. | M.Sc. | PhoD. [ M.Sc. | Ph.D.
Rrock - - 1 - 2 - 5 - - -
Carleton 16 5 12 S 6 6 9 9 9 R
tuelph *) 9 (1) 13 (1) 11 (2) 7 15) 9 {4)
iakehead 2 - 4 - 5 - 2 - 3 -
Laurent ian B - : - 8 - 6 - 1 -
MeMaster 26 a0 25 81 24 80 19 61 E I
Ottawn 13 18 14 20 li 17 4 15 6 i in
Queens 22 22 25 24 16 23 18 19 13 13
Taronto - Phys. S4 104 47 105 33 86 42 87 60 &2
- Astr. f1a] t [i2] [16] [12] 111} [21] [ 8] [23] | &i [20)
Trent 1 - 3 - ) - 3 - 2
Waterloo - Phys. 43 38 42 39 23 K1) 27 33 16 3
~ Appl.Math. 2 17 2 15 5 10 5 5 13 )
western - Phys. 21 26 25 23 16 o4 11 26 9 13
- Astr. (8 [ O3 [T pr2h pUsyh(ay prab st i 14l
Windsor 9 13 8 13 7 16 9 16 10 14
York 8 27 6 33 9 29 11 3l 11 n
- Phys. 233 360 234 358 180 330 178 302 180 251
SYSTEM TOTAL
- Astr, [20] | [1s) } (27) | (4] | (ie) | [28) | [12) | [28] | [14] | [24)
- Phys. 583 592 510 4R0 43)
SYSTEM TOTAL
(M.Sc. + Ph.D.)
- Astr. [35} (41] [41) [40] [37]

*) Brackete. numbers for Guelph not included in system total.
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graduate schools. Only a small number of the foreign students were
supported by funds from foreign aid programs. We are, therefore,
forced to conclude that by 1969-70 the graduate enrolment in physics in
Ontario had reached an anomalously high value as the result of a number
of factors which had little to do with the projected demand for highly
trained physicists(3) or the demand for post-graduate training by
Canadian students.

In attempting to forecast the future enrolment of graduate
schools in physics, we believe that the anomalously high enrolment of
the recent past is not a valid guide. Without the aid of a reliable
base from which to extrapolate, we are left with the task of attempting
to estimate the enrolment either by estimating the demand for
phyvsicists and assuming that over a period of time the choices made by
students will adjust the supply to the demand or by directly estimating
the number of students who will elect to enroll for graduate work in
physics. Either method (and they are not independent) involves many
unknown and unpredictable factors.

The consultants have very little input data upon which to
base their estimates of the future demand for "physicists" and it
appears that there is little reliable information to be obtained by
further study. The scientific activities of industry and government
are subject to the same types of pressures of economic conditions and
public opinion as those in the universities. Furthermore, the demands
of industry and government are often for trained scientists, not
specifically for physicists, and the number of physicists employed
depends strongly upon the number of other trained scientists such as
chemists, metallurgists, engineers, mathematicians and astronomers who
may be available to fill the posts. Since universities employ
physicists primarily to teach students who are not specializing in
physics, the demand for physicists at universities is closely tied to
the total enrolment. The rapid and unpredicted fluctuations in this
enrolment during the past few years indicates the difficultiec in
predicting the future need for physicists in the universities.

In attempting to estimate the enrolment in physics in
graduate schools directly from the number of students of the
appropriate age, we find an equal number of difficulties. The attitude
of students to the long and di{ficult studies of a physics Ph.D.
program varies with the times. Questioning of graduate students gave
qualitative but little quantitative data on which to base predictions
of future enrolment.

In spite of all the difficulties in making reliable
predictions we believe that predictions of some value can be made. The
fact that our predicted enrolments turn out to be very different from
the sum of the forecasted enrolments given by the physics departments,
give our numhers somewhat greater importance than they otherwise might
merit.

(3) Projections of Manpower Resources and Research Funds 1968-72: A
Report of the Forecasting Committee, National Research Council
of Canada. |
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Demand for Physicists

Physicists are employed in many activities. Particularly in
recent years Ph.D. physicists have become involved in computing,
business and government administration, economic studies and many other
fields not directly related to physics. It may, therefore, be claimed
that the demand for physicists is almost unlimited. With few
exceptions, however, the recent Ph.D. graduates in physics have entered
these fields only because there were no openings in areas more closely
related to their training and some have felt that the time they had
spent in studying physics could better have been spent in areas more
closely related to their careers. From the point of view of the
physics Ph.D. graduate moving to these areas, he is not filling a
demand for a physicist. We believe that we must take this more
restricted point of view in considering the demand for physicists and
take into account only those areas in which physics training is a
requirement for employment. Other consultants are estimating the
demands in their disciplines and the totals would be unrealistically
large if each discipline counted all possible openings for its Ph.D.
graduates.

In the past the demand by Canadian industry for Ph.D.
physicists has been small. For many years, the physics community has
urged Canadian industry to undertake more re.earch and development.
There has been little increase in these activities in the past few
years and there appears to be no active force which will bring about a
rapid increase in the near future. Although the maturing Canadian
industries are likely to increase their research and development work
in the future, it is likely that the demand for development engineers
and physicists at the bachelor and masters level will precede the
demand for Ph.D. physicists. Also it must be remembered that even in
the United States of America, where industrial research is much more
advanced than in Canada, industry employs only about a quarter of the
Ph.D. physicists(2). We, therefore, believe that the number of Ph.D.
~vhysicists required by Canadian industry in the next five years will
represent only a small fraction of those receiving degrees.

Government laboratories have been major employers of
physicists. During the past few years there has been rather little
growth ir government laboratories with only a few departments expanding
substantially. Many of the laboratories of the Canadian and of the
provincial governments have grown to their present size from a small
nuclei in the past twenty-five years and few of the professional staff
are near retirement age. Only in the field of atmospheric studies
where many of the present staff started in the meteorological service
in the wartime and immediate prewar era does there appear to be a need
for a significant number of replacements. We have also been informed
that there is a small but continuing demand for physicists trained in
ionospheric and radio transmission problems. During the past few
years, there also has been a demand for physicists in problems relating
to atmospheric and water pollution but here the major demand has been
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largely for scientists to deal with interdisciplinary problems only a
few of whom were physicists. Un.ess there are substantial changes in
the policies of the governments in Canada, we see little probability
that there will be an increased demand for physicists in the government
departments and agencies in the next five years.

The universities have been the largest employers of Ph.D.
physicists in Canada and it appears to us that this condition will
continue. Even in the United States with its large numbers of
industrial laboratories and research inetitutes, the colleges and
universities employ half of the Ph.D. physicists. 1In Appendix IIl we
have attached a paper prepared in the ACAP office showing the predicted
number of students of university age in Canada and under certain
assumptions, the numbers who will be enrolled in university for the
next ten years. Since most physicists are employed by universities as
teachers, these numbers allow us to estimate the future demand by
universities for faculty members in physics. As with all other
forecasting, the estimated future demand for physicists by the
universities depends upon certain assumptions. First, the paper
assumes that the ratio of students to faculty will remain at the
present value and second it presents the following two alternative
assumptions on student enrolment:

i) the participation rate (i.e. the fraction of the
population enrolling in universities) will grow at 0.1% per year.

ii) the participation rate will grow at 0.67 per year as it
did in the period 1960-1969.

With assumption (i) a reasonable estimate of the total number
of additional faculty members required in physics up to 1983 would be
245 and with assumption (ii) this number becomes 726. Of these Ontario
could be expected to contribute somewhat less than half and thus on
assumption (i) the growth of physics faculties will require 11 Ph.D.
physicists per year from Ontario while on assumption (ii) the number is
32,

It is almost impossible to predict the attitudes of the youth
of this country in the future but their attitude will determine the
numbers of students who enter university. It does, however, seem
reasonable to assume that it will require a few years for the present
attitudes to change. Also in comparing the future participation rate
with that of the past, certain factors which may influence the rate can
be considered. The claims of increased earning power resulting from a
university education quite rightly no longer appear and this will
discourage many of the less dedicated students. Also the province has
built a system of community colleges which attracts a significant
portion of the students who formerly attended university. Finally if
the entrance standards of the university remain constant, the present
higher participation rate leaves a smaller fraction from which to
incrcase the rates compared to that which existed ten years ago. It is
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our opinion that a 0.1% increase in participation rate is a realistic
assumption and it now would require a rather violent change in public
opinion to regain a 0.6Z increase.

The first assumption, namely that the student-faculty ratio
will remain at the present value is unlikely to prove correct for two
reasons. First, we found that several universities believe their
physics departments to be overstaffed at the present time. Second,
beyond 1984 the decline in population in the 18-24 age group will lead
to a substantial reduction in university faculty and it is likely that
some years prior to this, universities will be very reluctant to
maintain the present student-faculty ratio which would leave them with
an excess of faculty at a later date. We therefore believe that, in
the paper, the predicted numbers of new faculty members required to
meet the growth of the universities are too high and we estimate that
these numbers should be about five per year for the Ontario
universities.

Replacements necessary in the faculty of universities due to
losses by resignations, retirements and other causes must also be
estimated. Fig. 2 shows the age distributions of physics faculty for
the Ontario universities (1973). It is evident that the faculty has a
young average age and retirements are likely to create only one or two
vacancies per year for the next ten years. A more significant source
of vacancies is the resignation of faculty members who join
universities outside the province or government departments or the
senior administrative ranks of the universities. We estimate that from
all causes there will be a loss of about ten faculty members per year.
Thus growth and replacements may require approximately 15 new faculty
members per year in the physics departments of Ontario of which
approximately 11 are likely to be recent Ph.D. graduates.

Finally there are demands for Ph.D. physicists from a variety
of areas, each of which employs few, and there is a loss of physicists
by Ph.D. graduates freely choosing to enter some field for which the
Ph.D. is not a requirement. Senior positions on the staff of community
colleges and high schools and a variety of positions in hospitals and
professional organizations often require physicists trained at the
Ph.D. level. Upon graduating with a Ph.D. in physics a student is
forced to make a choice of a career and it has always been a fact that
some choose careers which they could have entered without their Ph.D.
training. In considering the demands upon the schools, we must
consider this loss from the available force of Ph.D. physicists but all
changes in career at a later date will be considered the natural
attrition of the labor force.

The best estimate we can make for the annual demand for Ph.D.
physicists which can be filled by the Ontario universities, for the
next five years, is as follows:
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Industrial demand 9
Government demand 10
University demand 11
Other demand 7

37

The demand for physicists at the masters level is even more
difficult to estimate than the demand for Ph.D. physicists. Few
masters physics graduates find employment at universities but they fill
many different types of positions in industry and in government
departments. The demand for these graduates is very much influenced by
the state of the economy and thus subject to large short-term
variations. It appears that the demand for masters graduates in
physics is strong at the present time and largely through our faith in
the growth of Canadian industry, we believe that the demand will
continue to be strong. We, therefore, believe that the number of
physicists graduating at the masters level should stay rather close to
the present value (110 per year). This estimated demand for "masters"
physicists together with our estimate of the demand for Ph.D.
physicists implies a change from the present pattern of physics
education with far more students terminating their studies at the
masters level.

Translating our estimates of the demand for masters and Ph.D.
paysicists into the numbers of graduate students needed in the Ontario
universities to fill the demand by 1978, it appears that the numbers
would be 148 Ph.D. students and 165 masters students. To these numbers
there must be added the number of foreign students who will be studying
in Ontario and returning to their native lands upon graduation. This
may be about 30 Ph.D. students and 20 masters students. Thus, on the
basis of demand, we estimate that by 1978 the Ontario system should
have enrolled 178 doctoral students and 185 masters students.

Student Supply

In attempting to estimate the number of qualified students
who will wish to undertake graduate studies in physics, we have taken
note of the number of students of the appropriate age in Ontario, the
number of nonCanadian students who are likely to enroll, the attitudes
of studen:s at present and possible changes in these attitudes. The
future attitudes of students is probably the most important factor and
the most unpredictable.

The total population in the age group associated with
graduate studies will continue to increase, reaching a value 207 higher
than the present level (see Appendix III). Given no change in other
conditions, we might expect a 207 rise in graduate enrolment over the
next ten years. Other conditions are, however, likely to be the
controlling factors. For example, the number of physics major and
honours students in the years between 1968 and 1972 was nearly constant
when the population of the appropriate age increased about 177.
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In our discussions with the faculty and with the graduate
students we have attempted to determine the attitudes of the present
graduate students to graduate studies in physics. With a few
cxceptions we found the faculty presented an optimistic picture in
which the students are finding satisfactory employment and in which
there is an increasing interest in graduate work in physics. Also,
with few exceptions, the students presented a much more pessimistic
picture in which only a few of the graduates are finding suitable
employment and in which only the most dedicated students are being
attracted to graduate school. Some part of this difference of opinion
arose from a different point of view on postdoctorate fellowships.
Faculty members usually regarded fellowships as satisfactory employment
while many students, aware of the diftjiculties in finding employment at
the end of these fellowships, regarded them as unsatisfactory
positions. While it is probable that the truth lies betwec. the two
points of vicew, there seems little doubt that the pessimism of the
sraduate students will have a depressing effect on the number of
physics major and honours students electing to continue into graduate
work. Only a satisfactory employment situation among postdoctorate
fellows and Ph.D. graduates is likely to again increase the fraction
entering graduate school.

In 1972-73, half of the Ph.D. students were not Canadian
citizens. A certain number of these non-Canadians were students who
had entered Canada, often with their parents, fully intending to become
Canadian citizens whether or not they attended university. There are,
however, many non-Canadian students who obtained their bachelors
degrees in foreign countries and were attracted to the graduate schools
of Ontario by the favorable terms offered. Recent changes in the
immigration laws and in the rules governing the funds available for
foreign students will substantially reduce the number of such foreign
students. We may expect that over 307 of Ph.D. graduate students but a
considerably smaller fraction of the masters students to be affected by
the changes in the regulation resulting in a 15 or 207 decrease in the
numbers of graduate students.

Our survey of the present numbers of undergraduate students
in honors and major physics courses and of the attitudes among graduate
students lead us to believe that there will be a slow increase in
students enrolled in majors and honours courses with no corresponding
increase in those continuing on to graduave school. Of those who do
enter graduate school a higher fraction are likely to leave after
completing their masters degree. The number of non-Canadian students
is expected to drop sharply. With these factors in mind, we expect the
praduate enrolment in physics to be about 35C in 1978 of which half
will be masters students.

We have not attempted to make year=by-year projections of
enrolments. A smooth curve with a very flat minimum joining past
nunbers to the numbers we have predicted for 1978 is our best estimate
of the trend. We see no reason for predicting a sharp rise in numbers
beyond 1978 and only after 1990;will the rapidly rising numbers of
retirements cause a sharp increase in the demand for physicists.
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Comments on the Projected Enrolments

We wish to emphasize that we have not endeavoured to
determine a desirable enrolment in physics graduate schools nor have we
considered the possibility of forcing the enrolment towards some
predetermined goal. The numbers we have presanted are the numbers of
students who might be expected to emroll and the numbers of physicists
which Ontario might reasonably contribute to Canadian requirements if
present trends continue. Fortunately, it appears to us that the
numbers of students will approach the demand and we therefore recommend
that no regulations be adopted which would place 1l'.uits on the total
number of students enrolling in graduate programs.

The physics departments of the province supplied the
consultants with projected graduate enrolments. For the years 197879
the & .n of these projections gives a total enrolment near the 1969
level. This number differs greatly from our projected value. During
our discussion with department heads and faculty it became clear that
several of the projections represent a desired rather than the expected

Nde o B -
number of students. A.so several departments gaveé®reaSons ior
expecting to enroll an increased fraction of the total nulber in the
Ontario university system but none seemed to expect a smaller fraction.
We do not condemn the departments for their optimistic projections but
we believe that we understand the reasons for the difference between
our projections and those of the physics departments.

It may appear that we are making projections which reflect a
very pessimistic outlook for the future of physics. We believe that
this is not the case. Compared with the high graduate enrolments of
1969 the predictions may appear gloomy but we believe that this merely
reflects the anomalously high eénrolment of that time. We believe that
Canadian industry will become more technical and that physicists will
play a substantial role in this change. We believe that Canadian
universities and research institutions will find support in their work
advancing the knowledge of physics. The numbers uvi graduates we
predict for the next five years is depressed ts some extent by the high
enrolment of the present and immediate past and taking this fact into
account, we believe that the pr~jected enrolments are numbers which
represent a healthy future for physics.

Finally it may be claimed that our projections are presented
with little supporting data and no sound theoretical basis. We agree.
The projections are nothing more than the conclusion reached by four
scientists who have no information beyond that freelyv .vailable to all
and who have no special knowledge of the mystic arcts required for
infallible forecasting.
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IV The Physics Departments of Ontario

In this section we give our impressions of the characteristics
of each of the physics graduate schools in Ontario. We have made no
attempt to deal in detail with the many research projects of the
approximately 300 faculty members but comment on the average of many
activities. In so doing, some of the strengths and some of the
weaknesses of each department are lost.

At this point it is useful to present summaries of some of
the data supplied by the universities which provide useful information
on the system of universities and at the same time illustrate the
differences between the universities in the system. We shall consider
two topics, the Canadian student enrolment and the quality of the
student body.

Canadian Conteut

In section II we have mentioned the fact that about half of
the Ph.D. graduate students are non-Canadian. Some of these are
landed immigrants of long standing in Canada. Nevertheless, because of
recent changes in immigration laws and financial support regulations,
it seems probable that the numbers of non-Canadian students will drop
in the near future. In Table 2, we show the percentage of the Canadian
graduate students at each university. From the entries in this table
we can make the following observations: '

(a) There is a barely discernable trend toward an increased percuntage
of Canadian students at the masters level. The Canadian content of the
masters programs is sufficiently high that a decline in non-Canac.ian
students will have no serious effects.

(b) At the Ph.D. level the variation in the Canadian content is much
greater than at the masters level. It appears that some institutions
have had difficulty attracting Canadian students and, at a time of
rapidly decreasing enrolment of foreign students, these institutions
may be in great difficulty.

(c) Reduced foreign student enrolment will have little influence on
astronomy graduate schools.

Student Quality

We know of no simple method of determining the average
quality of the graduate student body at a university. Some measure of
this quality would be useful as an indication of whether or not the
decreasing enrolment since 1971 had caused a university to lower its
entrance requirements. We note there that such a lowering of admission
standards does not necessarily imply a change in the minimum acceptable
standards as specified in the graduate school regulations of the
various universities. One measure of the quality of the student body
is the fraction of the students holding NRC scholarships. Since
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TABLE 2

PERCENTAGE OF CANADIAN GRADUATE STUDENTS

(Landed Immigrants are not included)

1969-70 1970-71 1971-72 1972-73
UNIVERSITY 4o TP D.[M.Sc.| Ph.D.| M.Sc.] Ph.D.| M.Sc.| Ph.D.
Brock - - 100 - - 40 -
Carleton 38 20 50 20 | 100 67 | 100 44
Guelph 100 - 1100 - 100 - | 100 -
Lakehead 50 - 25 - 40 - 50 -
'Laurentian |100 . 86 - 63 - 50 -
McMaster 58 59 68 59 63 56 63 53
|0ttawa 61 61 79 75 | 100 71 | 100 67
Queen's 32 45 32 38 63 26 56 32
Toronto -
Phys . 83 66 87 82 61 79 61
Astr. 75 67 88 58 82 67 88 78
Trent 100 - 67 - 75 - 67 -
Waterloo -
Phys. 68 32 60 36 48 41 63 42
Math. 50 35 | 100 33 | 100 20 80 -
Western -
Phys. 43 29 40 35 44 33 73 35
Astr. 88 67 1 50 | 100 50 | 100 80
Windsor 67 39 50 39 57 63 56 44
York 63 44 33 46 67 41 46 42
Systen
Totaln 64 | 53 | 66 | 53 | 70 ' s2 | 70 | 52
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TABLE 3 BEST COPY AVAILABLE

PERCENTAGE OF GRADUATE STUDENTS HOLDING NRC AWARDS

University 1969-7011970-7111971-72|1972-73
Brock - 100 0 0
Carleton 14 16 15 5
Guelph 9 14 23 36
Lakehead 0 0 0 0

.Laurentian 50 14 25 17
| McMas ter 41 36 31 33
§Ottawa 28 26 18 16
;Queen's 23 20 15 22
gToronto - Phys. 31 37 41 28
! - Astr, 60 57 59 50
éTrent 0 33 25 0
§Waterloo-Phys. 16 16 24 23
§ -Math. 10 20 44 42
.Western - Phys. 23 19 15 22
- Astr. 27 15 11 11

Windsor 29 5 0 4
York 14 26 18 17
LSystem Total 28 28 28 25
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students holding these scholarships and bursaries can choose their
graduate schools free from the financial pressures which often
influence other students, their concentration is a measure of a
school's abllity to attract students of the highest quality. We have
therefore determined the percentage of the graduate students supported
by NRC scholarships and bursaries at each university. The results are
presented in Table 3 for the four academic years from 1969-70 to
1972-73. As measured by the entries in Table 3, one can make the
following comments on the qualities of the various student bodies:

1. The percentages given for the four emergent universities (Bro-k,
Lakehead, Laurentian and Trent) are not statistically significant since
the number of graduate students at these institutions is small.

2. Since the percentage of students in the system holding NRC awards
has remained nearly constant over the four-year period shown in Table
3, the variations at the individual universities is significant.

3. The quality of the student body at the University of Toronto and at
McMaster University is above average in each of the four years. The
department of Astronomy at the University of Toronto has a particularly
outstanding graduate student body. The department of Applied
Mathematics at the University of Waterloo also has an outstanding group
of graduate students.

4. The University of Guelph has a student body whose quality is
steadily improving and is presently well above the systems average.

5. The quality of the student body, as measured by the statistics in
Table 3, has decreased markedly over the four year period for the
Physics Department of the University of Windsor. The quality of the
student body at Carleton is also well below average.

Assessment of the Departments

In the following paragraphs we present our assessment of the
fourteen physics departments of Ontario. The universities are listed
in alphabetical order except for the four smaller universities which
are grouped together, As a rough measure of the size of the various
departments, the number of faculty members in each are listed in Table
4. The numbers in this table should not be used in any detailed
evaluation of departments since the method of reporting faculty members
is not the same for all universities,

Carleton

Graduate studies alL Carleton University have been concentrated
to a large extent in the area of high energy physics and it is probable
that this is the only area in which Ph.D. training can be expected in
the near future. The group of faculty members engaged in high energy
research is small by world standards but it has been able to conduct
successful experiments at the major accelerator laboratories and the
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Table 4

BEST COPY AVAILABLE

Approximate Numbers of Full-Time Faculty Members

Full
Professors
Carleton 4
Guelph 7
McMaster 17
Ottawa 6
Queen's 9
Toronto 23
Waterloo (Physics 15
(Mathematics 2
Western Ontario 12
Windsor 7
York 10
Brock 1
Lakehead 3
Laurentian 3
Trent 1
Toronto (Astronomy 3

Western Ontario (Astronomy

69

Associate
Professors

14

13
13
17

16

11

Assistant
Professors

12

10
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students associated with these experiments are in contact with many
aspects of physics beyond those at Carleton. Although the department is
engaged in only a small research effort, we believe that the strong
concentration on high energy physics has allowed it to develop a group
of faculty members, postdoctorate fellows and students within which an
effective Ph.D. program is being offered to students. In other areas
the department is weak. The proposed association with the University of
Ottawa should strengthen the course work of the department and have some
small advantages in other areas but probably will have little effect on
the research activities.

With a considerable portion of the faculty contributing little
to the Ph.D. program, it is unlikely that Carleton will emerge as a
strong graduate school in physics. The research equipment and other
facilities in the department, along with that available from government
agencies, are quite sufficient to carry out the present research
program. The projected enrolments of the department are reasonable but
faced with its difficulty in attracting scholarship students and the
probable reduction in non-Canadian students, there may be difficulties
in achieving these numbers.

Guelph

Although the University of Guelph is not new, it is only
recently that it has attempted to develop a substantial graduate program
in physics. During the past few years the department has acquired a
faculty up to the standard of some of the well established physics
departments and is carrying out research in a number of areas. The
greatest strength lies in the studies of amorphous systems and in
nuclear physics and in biophysics which will be assessed separately.

The faculty is a well balanced mixture of experimental and theoretical
physicists. The department is well equipped with experimental apparatus
and several faculty members make use of major facilities at other
centres.

The physics department was appraised and found competent to
undertake Ph.D. training in physics. Subsequently an embargo prevented
the university from implementing its Ph.D. program but some doctoral
students from other universities are supervised by the members of the
Guely facultv. It is difficult to judge the effects of the embargo.
We fo.ad a number of faculty members progressing effectively and
enthusiastically with their research programs but ve were told that the
embargo reduced morale and created hardship and injustice. It is clear
however that the university and the department of physics very strongly
favour the development of a Ph.D. program. (For a further discussion of
this embargo see page A-40.)

A plan for an industrial Ph.D. program in physics has been
proposed in which a candidate may conduct all rescarch at an off campus
industrial research laboratory. It appears that the course requirement
for this type of Ph.D. may differ from that of the usual degree. While

%
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approving close collaboration with industrial laboratories, we believe
that the university should take great care in maintaining standards and,
in particular, in retaining sufficient breadth in this industrial Ph.D.
program.

McMaster University

McMaster University has an excellent physics department which
lhlas achieved international recognition in its two areas of
specialization, nuclear physics and solid state physics. The fraction
of outstanding faculty members in physics is in our opinion higher than
at any other university in Ontario. The university has benefitted for
many years from the enlightened leadership of its senior administrative
officers. Interdisciplinary research, particularly in materials science
has flourished at McMaster. Physical support facilities are excellent,
and the physics department is probably the best supported department in
Canada. The department however, has a relatively weak undergraduate
student base and is experiencing some difficulty in attracting a
reasonable number of qualified graduate students. Ph.D. numbers have
fallen from a high of 90 in 1969-70 to a low of 49 in 1973-74. This
drop is greater than for the Ontario system as a whole. During the same
period, the quality of graduate students at McMaster, as measured by the
percentage of NRC award winners, has dropped from 41% in 1969-70 to 33%
in 1972-73. This decrease in student quality is greater than that for
the Ontario system as a whole, but the quality of the McMaster student
body is still better than the average system quality. The university is
evidently aware of this problem and its projections for the future are
entirely reasor-ble.

Ottawa University

The primary strength of the physics department lies in the
area of solid state physics. The department is small (14 faculty
members) and is likely to remain so for the next five years. On the
basis of the stringent criteria which we have adopted we have identified
cnly two outstanding faculty members in this group. We would therefore
project a desirable Ph.D. enrolment which is smaller than the present
actual enrolment. However the University of Ottawa has unique
characteristics which we believe must be taken into account in planning
future enrolments. This matter is discussed in the next chapter

(page A-=40)

The department is prcposing a formal amalgamation with the
physics department of Carleton University. The proposed arrangement may
be useful with regard to graduate course work but will probably not have
a significant impact on research programs since the programs at these
institutions do not overlap significantly.

Other matters in the department (research facilities,
technical support, morale) are judged satisfactory.

,
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Queen's University

The physics department at Queen's specializes in nuclear
physics, astronomy and astrophysics and in solid state physics. We
judge the experimental nuclear physics research to be of good quality,
well balanced and well supported by theoretical research in related
areas. The research in astronomy and astrophysics is strongly
concentrated in radioastronomy. Although the radioastronomy group has
no local facilities, it has access to a number of major installations
and has contributed research of good quality, some of it imaginative.
The solid state research effort appears to be somewhat fragmented and of
variable quality with the best work being concentrated in the area of
metal physics. The department has also initiated work in applied
physics. Some of this work appears to be entirely developmental in
character and might be more appropriate for an engineering department.
A rationale of the role of applied physics is needed at Queen's.

On the basis of faculty quality we have assigned 9.67% of the
total Ontario Ph.D. enrolment to Queen's. This fraction is larger than
that which describes the actual enrolment in any recent year. We note
that the Queen's student body has a low Canadian content and it appears
unlikely that the department will realize its own predictions regarding
graduate student numbers. Nevertheless, the department should plan on
the basis that it will not share in the anticipated further reduction of
Ph.D. students in Ontario.

University of Toronto

The department of physics of the University of Toronto is the
lar_ .st in the province and its research activities cover the broadest
range of subject matter. The quality of the faculty is good, although
not uniformly good in all areas, and we find that the department has the
largest number of well qualified Ph.D. supervisors of any physics
department in Ontario. Several members of the faculty have achieved a
truly international reputation.

The strongest research group in the department is not clearly
apparent in the listing of subdivisions of research on the submissions
to ACAP by the university since it bridges the divisions of atomic and
molecular collisions, molecular spectra and crystal physics. In this
area, close collaboration betwcen excellent experimental and theoretical
research has resulted in significant and well recognized advances in the
understanding of long range molecular interactions. Nuclear physics has
had an unusual history at Toronto since the university has never had a
large nuclear accelerator which has proved effective in substantially
advancing -nuclear physics. The nuclear physics group nevertheless has
worked effectively, to a large extent with accelerators at other
centres. The quality of the faculty in this area ranges from excellent
to average. Elementary particle ptysics, both experimental and
theoretical, is carried forward effectively by the largest group in chat
field in Canada. In this difficult area where the work must be compared
with that of some of the world's lar. :st and best financed groups of
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experimental physicists who are supported by theoretical groups of the
highest quality, we feel that the department can claim only moderate
success. For many years, solid state physics, in the usual sense, was
not strong in the department although there were notable individual
efforts in the field. Much of the present strength of the group is of
recent origin and at the present time the quality of the faculty in this
area ranges from excellent to below average. The atmospheric physics
group is small but of high quality. As we have noted earlier,
atmospheric physics is an area where the demand for trained personnel is
high and will likely remain high for many years. We believe that the
department and the university have acted wisely in planning to expand
this field of graduate studies. There is a good mix of theoretical and
experimental work in all areas but it appears that aside from the atomic
and molecular field, the collaboration between the theoretical and
experimental groups is limited. All of the above comments should be
read remembering that we find the department has the largest number of
qualified Ph.D. supervisors of any department in the province.

The weakness of the physics department lies not in the
scientific competence, but in the fact that it appears to consist of a
number of noninteracting or even conflicting groups. For example, the
students reported rather sharp boundaries to their range of
interactions, evidently limited by the boundaries of the various groups
of the department. One must conclude that at present the department
gains little by its large size. With its present high quality faculty,
with its excellent research facilities and with its central location,
the department should look forward to a future in which it could become
a truly great department as measured against the best in the world.
Without continuous effective leadership and the active cooperation of
all parts of the department, such success is unlikely.

Graduate work on the Scarborough and Erindale campuses of the
University of Toronto 1is an integral part of the overall graduate
program of the University of Toronto. Entrance and degree regulations
are identical with those of the St. George campus, and the faculty
competence 1is comparable for the three campuses. Facilities for
experimental research are very good on the Erindale campus but are more
limited at Scarborough. The latter campus is improving the balance
between theoretical and experimental work by adding another
experimentalist to its faculty. (This is primarily relevant to the
undergraduate program, since the graduate program draws on the full
strength of the three campuses.) Commuting is a problem for students as
well as for faculty but the benefits of associating with the St. George
campus certainly outweigh the disadvantages associated with frequent
travel. The university is to be commended for maintaining the graduate
work of the three campuses in a single graduate school.

Waterloo

The physics department at the University of Waterloo
specializes in condensed matter physics. The quality of faculty in
this department is somewhat disappointing and except for two senior
members who hold administrative posts, the department lacks a "star".
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The quality of the student body, as measured by NRC awards, was below
average during 1969-71 but has recently im roved and is now average.
The Canadian content of the student body is somewhat below average.

The department has a strong undergraduate base. General
backup facilities are good, computing facilities excellent. The
department plans some applied research, but is aware of the need for
balance. In view of the presence of a large engineering faculty, this
view seems entirely appropriate.

The applied mathematics department engages in some
physics-related activity which at a different institution might be an
integral part of the physics department. We judge the physics-related
faculty to be good to outstanding. The group consistently attracts an
outstanding student body and the size of the graduate student activity
appears to be entirely determined by the availability of first class
students. Our projections for this group closely coincide with their
own estimates.

Western Ontario*

Taking into account the members of the applied mathematics
department who are working in theoretical physics, the University of
Western Ontario has one of the largest physics departments in the
province. The major areas of research are physics of the atmosphere,
atomic and molecular physics and theoretical physics. In these areas
the department has adequate facilities for a high quality Ph.D.
program,

The University of Western Ontario was well established before
the post-war explosive growth of the universities began. From this
firm base one might have expected the physics department to grow to be
one of the strongest in the province. Unfortunately we find that the
graduate school in physics is one of the weakest among departments of
comparable size. In every physics department there are a few faculty
members who contribute little or nothing to research and graduate
studies but in this department the number of such faculty members is
unusually large. We found the ionospheric research to be of good
quality, the atomic and molecular research to be highly variable in
quality and the physics-related research in the department of applied
mathematics to be of inadequate quality. There appears to be little
unity in the department and it lacks the atmosphere of entiusiasm ar '
stimulation which are characteristic of a good graduate school.

*The University of Western Ontario made a single submission for t.
Department of Physics and the theoretical physics work in the
Department >f Applied Mathematics. Accordingly, we have treated the
two togeiher in our assessment.
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The future course of the physics department is somewhat
unclear. On the one hand, it appears that promotions in the past have
had little relationship to excellence in research and the department
now has a considerable number of faculty members in positions with
tenure who contribute little or nothing to research or graduate
studies. On the other hand, the university now seems well aware of the
weakness of the department and has expressed a determination to
strengthen it., There are a number of able young men in the department
who could add to its future strength. It will require very firm
policies over a period of years on the part of the administration to
ensure the advancement of the most able faculty members. In the
immediate future we believe that recovery from the recent substantial
reduction in the size of the physics graduate school will be slow.

Windsor

The physics department of the University of Windsor awarded
its tirst M.Sc. degrece twelve years ago and the department has grown to
its present size only very recently. The department is engaged in
graduate studies in atomic and molecular physics, relativity, solid
state physics and nuclear physics. Without doubt the strength of the
department lies in the atomic and molecular field where special
emphasis has been placed on the studies of collisions. In this area
and in relativistic physics where it is normal to find only two or
three members of a department knowledgable in the subject, the
department of physics has considerable strength.

Beyond doubt, five years ago the physics department would
have been judged very weak. The additions to the staff of the past
five years have done much to strengthen the department and the
university is to be commended for the quality of the new staff. We
found the quality of the researcu in the area of the major activity of
the department (atomic and molecular physics) to be very good. Apart
from the depressing effects of the employment situation, the morale and
onthusiasm in the department are high. Careful selection and building,
starting from the recent additions to the staff, should assure the
department a good standing in any rating based on quality.

In spite of the quality of the present work in the
department, graduate studies in physics at Windsor are in a precarious
position. The student body has a large non-Canadian content and the
university has failed to attract students of the highest quality. With
an overall decline in graduate student numbers and with this decline
being greatest among non-Canadian students, the department may find
itself in a difficult position. It is most unlikely that the
department will achieve the projected 30-507% increase in graduate
enrolment over the next five years.
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York

The graduate school at York University is the most recently
developed large school of physics in Ontario. The department has
specialized in atomic and molecular physics with particular emphasis on
atmospheric and astronomical studies. Much of the strength of the
department comes from its coherent structure and from the cooperation
between the physics and chemistry departments. The demand for
physicists trained in these areas for work in environmental control has
.made this graduate program particularly valuable. Space, research
equipment, library and computer facilities are quite adequate for a
high quality Ph.D. program.

Insofar as graduate studies are concerned, the average
quality of the faculty is somewhat disappointing. Although high
quality reliable work is carried on by some members of the faculty,
this is diluted by much whic * is peripheral to physics. The volume of
publications is high but rather too large a fraction of it is either of
a routine nature or is related more closely to engineering than
physics. The enthusiasm and atmosphere of the department are good and
it appears that the quality of the department has been improving. With
a greater concentration on the core material of physics, the department
could become one of the stronger departments in Ontario in a few years.

York University is well located in Ontario and some growth in
undergraduate enrolment should be expected over the next five years.
Among the physics graduate students, there is a large non-Cznadian
content and the University should prepare for a decreased enrolment as
the forces reducing the number of foreign students become stronger. It
is also unlikely that the sudden burst of activity in environmental
control which has occurred in Canada in the past few years, will
continue very far into the future. The forecast by the university of
30 Ph.D. students and 25 masters students in 1978 therefore appears
unrealistic.

Brock University

The physics department offers an M.Sc. degree in the area of
solid state physics. The faculty is more than adequate for this
purpose. The department attracts a small number (less than 5) of M.Sc.
students each year. We think that the department can not realistically
expect this number to change in the near future. The department wisely
does not anticipate initiating Ph.D. studies. Faculty teaching loads
are high but most faculty members are struggling to keep abreast in
their fields of research in spite of this. The proximity of Brock to
major research centres facilitates cooperative research programs and
the department is taking advantage of this situation.

Physical facilities are modest but adequate and the
university is evidently struggling financially.
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Lakehead University

The physics department at Lakehead offers an M.Sc. degree in
Physics with primary specialization in condensed matter physics. The
faculty competence is adequate for this purpose but the department is -
not a strong one. Technical backup facilities are excellent. The
department wisely does not contemplate the introduction of a Ph.D.
program in the near future. The department should take care to protect
existing research competence in a period of financial stress.

Students and faculty complain about isolation, and the
University should consider ways and means of (ounteracting this effect
of geographic isolation. Students also complain about a lack of course
offerings at the M.Sc. level and the department should attempt to
extend the list of available courses.

Laurentian University

Laurentian offers an M.Sc. program in physics with
concentration on fine particle physics and solid state physics. There
is no graduate program in astronomy although this subject is taught at
the undergraduate level. The faculty is adequate to offer M.Sc. work
in the two above mentioned fields but the program offered is weak in
the core subjects. There is too much emphasis on applied research and
technology and because of the personalities involved, this aspect of
the program completely dominates the department. In our view, the
department should strive to achieve a2 more appropriate balance. It
appears that the department is torn by internal strife and the entire
situation is unstable. The department is struggling with faculty
redundancy and may be asked to release faculty members. The M.Sc.
program, as well as the honors program in physics, may have to be
abandoned if this occurs. We recommend an early reappraisal of the
M.Sc. program at Laurentian.

We note that the department is participating in M.Sc. and
Ph.D. work under the auspices of Bradford University, England. A
review of the graduate work of this institution is fortunately outside
our terms of reference, but we do not think that the
Bradford-Laurentian arrangement should receive provincial support.

Trent University

Trent University has the smallest physics department of any
university in Ontario (6 faculty nembers). Although the faculty has
adequate competence to offer an M.Sc. degree, it is clear that a
department of this size is marginal even if the institution were to
confine its attention to undergraduate activities. We firmly believe,
however, that faculty research activity is essential, even at an
undergraduate institution. At the present time, research funding is
coupled to graduate training. If this situation were altered, we would
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not hesitate to recommend that the M.Sc. program at Trent be
discontinued - at least until this university has a more substantial
student base. We amplify further on these remarks in the general
section dealing with the four emergent universities (page A-55)
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V Distribution of Physics Graduat~ Students Among the Universities

Having determined that the quality of the physics graduate
schools should serve as the basis for the distribution of students
among the universities, we now turn our attention to the evaluation of
this quality. As discussed in section II, the most important factor in
the evaluation of quality is the competence ¢f the faculty as
supervisors of doctoral students; a factor diiectly related to the
competence of faculty members in their research activities. The
atmosphere within the department is given considerably less importance
in reaching our conclusions since it is much more difficult to evaluate
and also, over a period of time, it is reflected in the number of
competent research supervisors. We are very much aware of our
limitations in attempting to assess the many activities of the physics
departments. We have, however, relied heavily on other relevant
assessments in reaching our conclusions and thus have had access to far
more than our own expertise. We also find comfort in the fact that
though our assessment leads to some adjustment in the present
distribution of students, it does uot result in drastic and
irreversible changes in any of the physics departments. Furthermore,
we recommend an evaluation of the departments in the near future which
should lead to a more precise assessment of their qualities.

Much of our assessment of the quality of faculty members is
based on NRC grants but in all cases other indicators such as
prestigious fellowships and publication records were considered. The
NRC physics grants selection committee has for many years used
excellence as its main criterion for making research awards. Other
granting agencies, and indeed other grant selection committees within
NRC, do not necessarily place the same weight on the excellence of the
scientist and for this reason we have not included research funds from
other sources, or other NRC committees, in our evaluation. In order to
n1se the NRC grants in this exercise we established a scale of grants
which acceptable supervisors should attain. Several scales were set up
and tested independently by the consultants in order to determine the
sensitivity of the final result to our assumptions. The application of
a scale of grants leads to many borderline cases and for th«se, other
factors were used as the bases for our decisions.

The records of some faculty members show that their NRC
physics grants do not 3ive a true measure of their quality. Also a
considerable fraction of the physics faculty receive their grants
through the NRC Space and Astronomy Committee or through large grants
which support accelerators cr elementary particle physics. 1In dealing
with these faculty members, we have attempted to rate them on a scale
comparable to that used by the Physics Grant Sclection Committee.

Counting the number of competent Ph.D. supervisors* does not
give a true comparison of the merits of the various departments. Some
faculty members barely meet our standards for acceptability whereas

*Please see discussion of this term in the addendum to this report.
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others are scientists with international reputations who far exceed the
minimum stancard. In order to take into account the greater valuc of
these outstanding physicists, we have given them double weight in
determining a weighted number of Ph.D. supervisors. In all, we found
that 92 faculty members met the standards we had set for Ph.D.
supervisors and of these we assigned 23 double weight.

We have not presented a list of the names of faculty members
whom we consider to be competent Ph.D. supervisors. To do so might
imply that we favor some central authority which determines who among
faculty members will be allowed to supervise Ph.D. students. We believe
this authority should continue to reside within the universities and we
wish to emphasize that we have used the number of competent supervisors
in ecach department only as a measure of quality. Since such men,
through a variety of interactions and committees, have a large
inf luence on all graduate work in a department, they do much to assure
suitable standards even when the department may, for good reason, assign
a Ph.D. student to a faculty member whom we have not counted as a
leading research scientist.

In the second column of Table 5 we have listed the weighted
number of competent Ph.D. supervisors which we have identified at each
university. In column three we have 2iven the distribution of students
which follows from the numbers in the second column. The last two
volumns give the distributions of students in the years 1973-74 and
1972-73. Actual numbers of students which we estimate may be obtained
by combining the figures in Table 5 with those obtained from Fig. 1.

We have purposely given percentage figures rather than numbers of
students in Table 5 since we believe these percentages should be
retained even if our projected total enrolment proves to be in error.

Year by year planning numbers for each university may be
obtained by a smooth interpolation from the present numbers to those
shown in Table 5. Beyond 1978 we have made -0 projections and, with
new data, the periodic reviews which we have recommended will achieve
much more meaningful projections. At the present time, we could not
support any plan based on the assumption that there will be a rapid
rise in the number of graduate students in the 1978-1983 period. We
have made no projections of the numbers of masters students at each
university since we believe all departments can present satisfactory
masters programs to the students who will enroll.

1t would be disastrous to accept the planning numbers we have
presented in Table 5, or any other similar set of numbers, without
provisions for periodic reviews. Many different review procedures are
nussible and probably the only inviolable rule should be a requirement
that the review be carried out by impartial competent physicists in a
manner which does not generate a new large bureaucracy. The physics
discipline group should study and recommend to ACAP, procedures to be
tollowed in periodic reviews of planning numbers. Since over the next
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few years both the standings of the many young professors in the
departments and the total enrolment will change rapidly, we recommend
that the first of these periodic reviews take place within two years.

Two un.versities, Guelph and Ottawa, require special comments
dealing with special local conditions.

Guelph

Prior to our visits to the physics department at the
University of Guelph, it had been appraised and found competent to
undertake a Ph.D. program. Subsequently an embargo prevented the
university from starting a Ph.D. program and this situation exists at
the present time. The most important factors bearing on this
situation, as we see them, are as follows:

We agree with the decision of the appraisal committee thau
the University of Guelph is competent to grant Ph.D. degrees in
physics. We note that the undergraduate population at Guelph has
expanded in recent years at a higher rate than the system average so
leading to an increase in its physics faculty. The department is not a
strong one but certairly no weaker than others which now have Ph.D.
programs. Our rating of the strength of the department is given in
Table 5. We have noted earlier (page A-28) that there is a feelina in
the department that the embargo created "hardship and injustice".

Based on our method of assessing departments and assigning planning
nemb v+ of Ph.D. students, Guelph has been assigned a small number of
students. On the question of whether or not the embargo, which is
largely a financial matter, should be lifted we make no
recommendations.

Ottavn

In our opinion the Ph.D. program of the University of Ottawa
is the weakest physics program in the province. The number of students
we have assigned in Table 2 is too sma.l to justify the continuation of
t he program. The University of Ottaws. does, however, have a special
place among Ontario Universities since it has the only Ph.D. program
conducted in a department where both the tUnglish and French languages
are commonly used. The student body reflocts this bilingual atmosphere
and we believe it should be preserved.

The associatjon of bilingualism with a lower quality in
physics education would be very harmful and in our opinion even less
desirable than discontinuing the Ph.D. program at the University of
Ottawa. We therefore strongly urge the university to strengthen the
physics department and suggest that ACAP take no action with respect to
the present Ph.D. program until the University has had time to consider
this matter. We therefore recommend that the University of Ottawa be
permitted to plan for a number of Ph.D. students higher than that which
we have assigned in Table 5 but if future assessments find no
substantial improvement in the quality of the faculty, the Ph.D.
program be discontinued. ) 82
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VI Graduate Work in Astronomy in Ontario

It is one of the paradoxes of mankind that the most
significant advances in modern astroaomy tend to be made by groups
living in (astronomically speaking) abominable climates, whereas
civilizations favored by clear skies have often contributed virtually
nothing. In this context one need only compare Northern Europe, and in
particular the Netherlands with Spain and Portugal. In the forefront of
advances have been the United Kingdom and France and the countries
associated politically and culturally with them in distant continents,
particularly Canaua and Australia.

Canada has played a distinguished role in the development of
modern astronomy - one thinks of the contributions of Plaskett, Pearce,
Petrie, and their associates of the Dominion Astrophysical Observatory
in Victoria to our understanding of the rotation and s*ructure of the
galaxy, stellar atmospheres, and binary stars, Covington's pioneer work
in solar radio astronomy, Millman's radar and optical studies of meteors
and fundamental studies at David Dunlap Observatory of stellar motions
by Jack Heard, Frank Hogg, Young, and others, and of variables in star
clusters by Mrs, Hogg.

More recently, there have been great strides forward in the
new fields of radio astronomy at Algonquin Park and Penticton, in
extragalactic studies, in “he development of new data acquisition
systems, and in theoretf.cal work. 1In all of these areas, astronomers
and astrophysicists at Ontario universities have played leading roles.
It is important that Canadian astronomy take advantage of this strong
background and maintain leadership in areas in which they have chosen to
work, e.g., high spatial resolution radio astronomy, including
interferometry, structures of galaxies and cosmology, stellar motions,
photometry, and high resolution stellar spectroscopy. Above all, it is
important that bright young Canadians have opportunities to participate
in these excit.ing endeavors.

Astronomy is often grouped wa.th physics for good reasons,
Qualifications for distinguished work in astrophysics are the same as
for similar work in physics; one cannot do astronomy without a thorough
knowledge of physics. Until recently, progress in astronomy depended on
the application of newly acquired knowledge in physics, e.g., optics,
atomic and molecular structure but now some of the most exciting
problems in physics are posed by astronomical phenomena, pulsars,
quasars, black holes, cosmology, etc. Inexplicable sources of
tremendous amounts of energy in quasars and galactic nuclei pose
challenging fundamental problems.
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Except for limited amounts of data of specialized types
acquired by radar and by probes in the solar system and data on the
moon, meteors and meteorites, all astronomical knowledge depends on the
detection and measurement of extremely weak electromagnetic waves
reaching us from distant sourges., Hence, insofar as ground-based
measurements are concerned, advances in astrophysics depend on
acquisition of faint radio-frequency or optical signals with reliable
equipment. On the one hand, this means radio-telescopes of adequate
antenna size equipped with sensitive detectors located in noise~free
environments, and on the other optical telescopes of sufficient size and
~ersatility in good locations free from lights and with an adequate
amount of clear skies,

Since radio waves easily penetrate clouds, and many noise-free
sites exist, Canada is in an advantageous position for radio astronomy -
except perhaps ror its northern latitude. For optical astronomy, the
situation is otherwise. In Ontario there are really no good locations
for an optical observatory, Like Lick and Mt, Wilson Observatories in
the USA, the David Dunlap Observatory 1s grievously affected by light
pollution. Uriversity of Western Ontario has established its
medium-sized reflector in a light-free site, but of course is still
affected by adverse weather conditions.

Although small instruments are needed to develop and check out
new equipment and experimental ideas, and particularly to train
students, most of the serious research work by Ontario optical
astronomers has to be done elsewhere, outside of Canada.

Many of the most important and exciting problems in astronomy
can be studied only in the southern hemisphere, which contains among
others the following important objects:

(a) The centre of the galaxy which passes overhead at
latitude -28°,

(b) The southern Milky Way (most interesting parts of which
are at =50°to -65" declination) and which contains a number of unique
and very interesting stellar associations and nebulae, variable stars,
etc,

(¢) The best examples of a number of remarkable stars are
found in the southern hemisphere, e.g., eta Carinae (possibly an old
supernova), stars with remarkable mass loss, e.g., 12 Velorum.

(d) The brightest and nearest globular star clusters,
Centauri and 47 Tucanae are found in the southern hemisphere.

(e) The nea »sc of all external galaxies, the Magellanic
Clouds, are observablc nly from the southern hemisphere, Since they
are an order of magnitude closer than the nearest northern hemisphere
palaxies, 2 24-inch telescope is equivalent to a 240-inch northern
hemisphere telescope for many projects., 84
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The development of a joint French-Canadian large reflecting
telescope for Hawali is a big step in the right direction but this
Instrument will not reach the Magellanic Clouds nor the great globular
cluster, 47 Tucanae. The University of Toronto has wisely placed a
24-inch reflector in a good site in Chile; this instrument is already
yielding rich dividends. Also there is being planned for Australia, a
50-inch reflector designed particulaily for coudé spectroscopy. This
instrument, to be financed and operated by a non-government, private
group will be available to both Canadians and Americans.

Repeated mention has been made of cooperation between Ontario
astronomers and their counterparts in the USA whereby the Canadians are
able to work with the 200-inch telescope, the Kitt Peak equipment, etc.
It cannot be over-emphasized that for the 200-inch telescope and other
Hale Observatory equipment, arrangements are made on a person-to-person
basis. If time is made available for one astronomer, it does not
necessarily mean that it will be available for another, less-known but
perhaps equally competent investigator. Such a man might have an easier
task getting time on the Kitt Peak or Cerro Tololo equipment, but he
might still have severe difficulty in getting enough time to complete a
significant program.

It is unrealistic to suppose that many Ontario astronomers can
count on continuing, viable research programs that can be carried out
with American equipment. The reason iIs that all these large and
effective optical telescopes are heavily oversubscribed; larger and
larger numbers of American astronomers are submitting good to excellent
observing programs. Although the American observatories will he able to
accommodate occasional visitors from Canada, they will be unable to
supply large-telescope time sufficient for the types of programs that
ought to be developed.

This means that continuing emphasis must be placed on
developing optical instruments in locations in Hawaii and the southern
hemisphere. ‘Larger, more effective and specialized radio telescopes
should be provided for Canadian sites for two reasons - to provide
Canadian astronomers with adequate equipment and a*so to enable them to
"trade time" with radio groups in other lands. In particular, Ontario
radio astronomers should be encouraged to cooperat~ with their
australian colleagues, One thinks of the excellent instrumentation
developed by the University of Sydney, for example, which has not been
used to a degree commensurate with its possibilities because of lack of
manpower, funding, etc., in the Australian scene,

To summarize, then, a portion of the v.gorous program of
Ontario astronomy will have to be carried out at facilities outside of
Canada, e.g., in the USA and in the southern hemisphere. At least some
of these stations will have to be built and operated by Canadians or
partially svpported by them, Cooperative programs in radio astronoay
would appear to be particularly promising, especially since some radio
facilities, e.g., in Australia, are not saturated as are the optical

facilities.
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Much of the Canadian effort in astronomy and astrophysics is
concentrated in the Province of Ontario, particularly at the
universities of Toronto and Western Ontario in optical astronomy, and at
Toronto, Queens and York Universities in radio astronomy. In addition,
Waterloo is upgrading its modest astronomical program; there are small
efforis at Guelph, while Lakehead and Laurentian also have astronomers.
For many years, Toronto was the only place in Canada offering advanced
educational opportunities in astronomy. [t has retained its preeminent
position in Ontario.

Only the universities of Toronto and Western Ontario have
separate departments of astronomy; in all other institutions, where it
exists, astronomy is included as part of the physics program.
Occasionally, efforts of considerable astronomical interest are included
in departments of applied mathematics; applied mathematicians may often
interest themselves in celestial mechanics, relativity, and other
branches of theoretical astrophysics, including high-energy
astrophysics.

At some Ontarin universities where no work in astronomy is
attempted, experimental and theoretical programs often emb.ace topics of
considerable astrophysical interest., Work on spectral line broadening,
autoionization and atomic and molecular collisions at Windsor is
significant for interpretation of solar and stellar spectra. Likewise,
nuc lear physics efforts at McMaster have a bearing on nucleosynthesis in
late stages of stellar evolution. Unfortunately, local staff
astrophysicists are not available to take advantage of these worthy
enterprises,

The range in astronomical specialties and interests is as
extensive as that of traditional fields of physics but departments are
usually very small. Not only is there no single Canadian institution
that covers all important branches of contemporary astronomy, but in all
of Canada some important domains of research are scarcely touched in
university research endeavours; two examples are sclar physics and
meteor astrofiomy. Canadian astronomers should not attempt to dabble in
every active area of astronomical significance, but rather they should
concentrate their efforts on a few selected fields, as indeed has been
done.

All important branches in astronomy can be examined at least
briefly in a core curriculum at the fourth year or first year gradunate
level, although on any cne staff there are specialists in only a very
few cf them. Such curricula of core courses are in fact given at
Toronto and Western Ontario.,

Only these two universities give a Ph.D, in astronomy, ind for
recasons noted below, no new Ph.D. programs in astronomv should be
initiated in Ontario for the foresceable future., On c.ne other hand, it
is possible tor a student in physics to obtain a Ph,D. with & thesis on
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some astrophysical topic. Such programs seem eminently practical for
universities such as Queens, where viable research endeavours exist in
radio astronomy, or York with specialized activities in dynamical
astronomy, radioc astroromy, and specialized areas in astrophysics, or
perhaps eventually at Windsor in laboratory astrophysics or calculations
of atomic properties of primarily astrophysical interest. Although
alumni of such programs emerge as physicists, their exposure to
astrophysical problems and research should enable them to bring to
students and colleagues, broader insights in some of the most exciting
domains in physical science,

Every university should have an astronomer to teach courses in
astronomy. Otherwise, presentations usually tend to become lop-sided
with heavy emphasis on the special interests of the particular teacher
who happens to be giving the course at that epoch. Astronomy teachers
need to be trained in departments such as Toronto or Western Ontario
where full-fledged astronomy programs are offered, or at York or Queens
where the physics staffs include a number of astronomers and offer
contact with practicing astronomers from other groups.

The astronomical profession has bern characterised
traditionally by small numbers, Hence, requirements for numbers of
students in an M.Sc. or Ph.D. program that are appropriate for a field
like chemistry or engineering are inappropriate in astronomy. One of
the most prestigious graduate schools in astronomy in the entire world,
that at Princeton, admits only three students per year!

Because of the small size of astronomy departments, uobility
i1s absolutely essential for all except the very largest places. In
Ontario, a student seriously interested in astronomy would normally go
to Toronto for his graduate work, unless he wishes to do high dispersion
stellar spectroscopy, laboratory astrophysics, or certain aspects of
radio astronomy in which event he might choose to go respectively to
Western Ontario, York or Windsor, or Queens, A student who receives his
honours or M.Sc. degree from Toronto would be well advised to go
clsewhere for at least one of his three degrees, although if his’
interests are in galaxies, globular cluster variable stars, stellar
motions, and certain theoretical problems, he might prefer to take his
Ph.D. at Toronto. Although an astronomy student could take all three
degrees at Toronto, in today's highly competitive environment, he would
be well advised to strive for versatility by taking an M.Sc. with a
thesis on one topic at one university and a Ph.D. in a different topic
at a second university. Thus, he should not take all three degrees at
Toronto, in spite of the latter's preeminence.

As far as enrollment distribution is concerned, again
referring to the tyranny of small number statistics, we note that though
in recent years the numher of M.Sc. students in Toronto and Western
Ontario dirfer by less than a factor of two (in favor of Toronto), the
ratio of Ph.D, students is closer to five in favor of Toronto. This
ratio reflects the greater opportunities available in Torounto as well as
the greater distinction of its staff.
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At other universities, students whose theses involve
astrophysical topics are included in the physics statistics (since they
actually gain their degrees in physics). At Guelph and Waterloo, staff
and facilities are @vailable to permit a student to undertake an M.Sc.
thesis on an astronomical topic in a physics department, while at York
and Queens a physics st it could prepare a Ph.D. thesis on an
astrophysical topic.

Figure 3 shows the full-time graduate enrollment in
astronomy. Notice that to within the inevitable fluctuation of /”H,
the total enrolment is remarkably constant. We expect the Ph.D.
enrolment to decline to 15 by 1978 and the number of masters students
to remain approximately constant at the present level.

The si uation with respect to employment opportunities in
astronomy in Canada probably parallels that in the USA where there
exists a large over-supply of astronomy Ph.D.'s. From an examination
of the then available data, Roeder(4) concluded that the supply
exceeded the demand by a factor in excess of two. By now, the
situation is probably even more severe.

Employment opportunities for astronomers are mostly in the
field of education -~ teaching in universities and colleges, in
planetaria, in science museums, and as science writers. Those who
specialize in instrumentation may find opportunities in other fields
and in irdustry, while those who are computer experts may likewise find
jobs. 1In such instances, it is not the knowledge of astronomy that
pays off, but rather the skills that had to be acquired in order to do
astronomy. For example, remote sensing techniques may be applied to
environmental studies.

With respect to university positions, the physics situations
may serve as a useful model. In the period of expansion, many posts
were filled with and tenure was granted to undistinguished individuals.
This phenomenon happened to some extent in astronomy. These same
institutions were thus caught in a trap of inflexibility when
opportunites did come to hire really first rate people. Very few new
university positions are likely to develop in the system during the
next few years. A diagram qualitatively similar to that of Fig. 2
holds 'n astronomy as well as in physics. The number of new university
positions in Canada for astronomers each year is probably of the order
of 2 to 5 (depending on one's optimism) and the current production is
of the order of 6 Ph.D.'s. Our recommended plarning numbers of
graduate students up till 1978 are shown in Fig. 3 and it is expected
that these numbers will change only slightly in the five years
tollowing 1978. The current estimate is that four out of cvery five
astronomy Ph.D.'s in the USA will have to find employment in other than

(4) Roeder, R.C., Annais New York Academy of Scicnces, 77 (1972).
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research-oriented teaching institutions or astronomical research
groups. That is, they will have to seek jobs for which much of their
advanced training is superfluous. In Canada, as in the USA, other jobs
may be generated at lower echelons of the educational system.

Popularization of astronomy via planetaria, public lectures,
star-parties, and amateur astroaomy clubs has generated a fair amount
of public interest in the field and should provide impetus for
appointments of astronomers in educational positions in high schools,
and in preparing material for presentation in grade schools. In this
respect, bilingual astronomers might enjoy a distinct advantage. The
potential astronomical "market" has never been developed properly among
French-speaking Canadians.

Astronomy differs from physics in that it has virtually no
industrial applications, although as noted above, there are many skills
a competent astronomer must know that do have industrial applications,
e.g., computing expertise, but these: opportunities are the same as
those*available to physicists.

What can be made in tl.» way of general recommendations for
astronomy in Ontario? As noted above, demand for people trained in
this field is likely to remain low for some years to come. Hence an
annual production of six Ph.D.'s in astronomy and related fields in
physics should certainly be sufficient for the foreseeable future. No
new Ph.D. programs should be initiated and those currently in operation
should be tightened in the sense that only the best students should be
allowed to continue. One might argue that all programs save that at
Toronto should be phased out, but we feel that such an action would be
very unwise. Some important areas in astronomy and astrophysics simply
are not covered at Toronto but are handled elsewherc, e.g., high
dispersion stellar spectroscopy and laboratorv astrophysics. Important
radio astronomy work is being done elsewhere, particularly at Queens.
Any student who intends to specialfze in astronomy should get one
degree in a bona fide astronumy department in Ontario or elsewhere.

Astronomy at the University of Toronto

Toronto ha; an excellent astronomy department, comparable
with the better graduate schools in Britain, Australia, or the USA. In
spite of poor observing conditions for optical work in Ontario, the
Toronto people have made outstanding contributions in the fields o’
stellar velocities, variabln stars, galaxies, and in dove-tailing
advances in optical and radio astronomy. This has been accomplished
largely by cooperative arrangements, often on a person-to-person basis
between Toronto personnel and staffs of *institutions such as the Halc
Observatory and Kitt Peak National Observatory. They have also done
outstanding work in high-resolation radio astronomy.
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By appointing only good people to tenure positions, Toronto
has tried to maintain high standards. On the other hand, the
department suffers from geographical dispersion throughout the Toronto
area.  Key people are located at Erindale and Scarborough; the large
telescope (and most of the smaller telescopes as well) and the library
are located at Richmond Hill, some distance from the centre of the
city, while the teaching and some research activity is concentrated at
the St. George campus. The students find this scattering of staff and
tacilities very frustrating.

The quality of the astronomy graduate student body at Toronto
is very high and will not be appreciably affected by a decline in the
number of foreign students (see Tables 2 and 3). Their appraisal of
the strengths and shortcomings of the department were penetrating. For
example, they were aware that an increased effort in theoretical
astrophysics is indicated. Toronto also needs sustained support for
its efforts in instrumentation and data acquisition techniques, areas
fundamental to success in the highly competitive fields of astronomy
and astrophysics. The administration is aware of these matters and is
making efforts to solve these problems. As we found elsewhere, the
miin concern of the students was that jobs would not be available when
they finished their studies.

Astronomy Program at the University of Western Ontario

The University of Western Ontario has a Ph.D. program in
astronomy emphasizing the use of its 50-inch telescope and coude
spectrograph. They are making a significant attempt to modernize their
detection equipment by developing an image dissector device similar to
that used in the Wampler-Robinson scanner in use at Lick Observatory.
This innovation should enormously increase the efficiency and output of
thieir equipment in order to obtain good line profiies for detailed
studies of the structures of stellar atmospheres, chemical compo: itions
of unusuual stars, etc.

Although some of the staff members are good, capable people
in their own specialties, the department has some entrenched mediocrity
as a consequence of policies which led to the granting of tenure where
tenure was not deserved. The department appears to be frozen into its
present level of quality; improvements will have..to come from efforts
miade by its own present staff.

The ratio of Ph.D. students between Toronto and Western
Ontario should be five to one in favor of ‘1oronto but no similar ratio
should be applied for masters students.

Astrophysical Programs in Physics Departments

At Queens University, an impressive effort in radio astronomy
is being made by a small, capable, enthusiastic staff. Fndeavours
include not only "clussical' but important types of problems such as

L4
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palactic clouds of neutral and ionized hydrogen, cooperative sky
surveys, and radio-frequency spectral energy distributions, but also
engaging new studies on radio stars (presumably close binaries), radio
emission from clusters of galaxies that emit X-rays (!) and
cosmological problems. The observational programs are supported by a
theoretical effort involving studies of gravitational radiationm,
relativistic stellar structure, pulsars, and X-rays. This
well-integrated effort constitutes a virtually unique effort in Ontario
in an astrophysical area of rising importance. It should be encouraged
as one of the outstanding programs of the physics department. The
course offerings are geared to the fields of interest of the staff
members and do not consititute a complete corc curriculum as found in
Toronto, but this is not necessary for a physics department,

A varied astrophysical interest exists in the physics
department of York University; optical studies of short-period
fluctuations in hot variable stars, radio studies of remarkable binary
systems, planetary nebulae, and X-ray sources, and theoretical
investigations of galactic dynamics. Related work in physics includes
studies of atomic and molecular structure and geophysical
investigations of auroral radiations from the ISIS satellite. Although
the quality of many of the individual efforts is high, the dispersion
of effort among very diverse programs has disadvantages, c¢ven though it
may offer students a variety of choices. Close cooperation with the
astronomy program at the University of Toronto would minimize many of
the adversce effects of excellent efforts that are spread too thin at
times,

As far as planning numbers are concerned, the prospective
students who would concentrate on astrophysical theses at York, Queens,
or elsewhere are included in the physics planning numbers. It is to be
understood that Ph.D.'s in these programs are physicists, even though
their main research interests may centre in astrophysics.,
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VII Comments

In this section we deal with a variety of tcpics which are
related only in that they are matters contributing to the quality of the
physics and astronomy graduate schools,

Mobility of braduatg Students

From our discussions with deans and department heads, we found
that almost unanimously they agreed that it is undesirable for a student
to receive all his graduate and undergraduate training at the same
universitv. An investigation of the student bhodies of the various
physics departments showed that, at almost all universities, a

significant fraction of the Ph.D. ctudents had not changed universities. 2

We must therefore conclude that, although the university authorities see
the disadvantages of a Ph.D. student remaining at the university of his
bachelor's degree, they are not prepared to take strong measures to
discourage the practice. In our discussions with Ph.D. students we
found that the reasons for continuing work at the university of their
bachelor's degree were often trivial. A few stated that they remained
in the same department because it was the best department for the
studies they wished to pursue. Even with these studentis one might
wonder if their reason was sound or if the undergraduate program had so
limited their view that the specialty of the department was the only one
they could pursue conveniently,

We believe that a student should not remain at the same
university for the bachelor's, master's and doctor's degree. The change
of universities is beneficial to the university system, When a student
changes from one university to another, he looks at the quality of
several before making his choice and when a university accepts a
graduate student from elsewhere, it questions the quality of the
student's earlier training. More important, however, a change of
universitiss is beneficial to the student since he meets new professors,
new students and new ideas and often enters a new life style, A broad
outlook is essential since: the empluyment situation of the future will
differ considerably from that of the 60's when large numbers of Ph.D.
students found employment as faculty members in a rapidly growing
university system., The successful applicant in the past was often the
man who specialized in some area of research for his M.Sc., Ph.D. and
postdoctoral studies. The employer of the future is not likely to
favour an applicant whose background indicates this degree of
specialization. 1Instead, it may be better for the student to study a
number of different arecas in order to maximize his opportunities for the
new cmployment market whose characteristics are largely unknown. . For
this reason we think it essential that the practice ot a student taking
all of his degrees at one institution be discouraged. Ideally, the
student should work in different resecarch areas for his M.Sc¢., Ph.D. and
postdoctoral studies. Although this is in principle possihle at a
single institution, it tends not to happen unless the student changes
universitics,
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As noted above we found none who actually favours the practice
of keeping a student at one institution but we found many students who
did not change. We suspect that the financial pressures arising from
decreasing enrolments has tended to limit student mobility. It is
evident that further declarations that student mobility should be
encouraged wiil no nothing to alter the present situation since all
university authorities already accept tnis principle. We recognize
that, for a tew students, there may be compelling reasons for remaining
at onc university. We therefore recommend that a university receive no
provincial financial support for any Ph.D. student who has received a
bachelor degree from the same university unless the student holds a
master 's degree from another institution or the university receives
special permission from the Ontario Council of Universities, It seems
appropriate that the Ontario Council of Universities act on the advice
of the discipline group in this matter.

The Role of Applied Physics

The hoped for growth of applied physics in Canadian industry
has produced applied physics research programs in the graduate schools
of a number of institutions. This trend has been greatly accelerated
because of the availability of research funds for applied projects at a
time when conventional sources of research funds (mainly NRC) have
remained largely static. It is clearly in the national interest to
instill in our graduates an awareness of the prohlems of applied
research., For this reason we feel that efforts to establish some
applied physics research in graduate schools should be encouraged.
lltimately, however, there is the question of balance. Clearly the
physics department should not attempt to become an engineering
department, We feel very strongly that applied activities should never
constitute more than a small fraction (say 25%) of a physics
department's research activity. Otherwise the variable and diverse
nature of applied projects may well endanger the health of the core
physics program.

The conduct of applied research contains a number of
additional pitfalls which appear to have been largely overlooked by
Ontario universitics. Certainly we have not encountered a definitive
statement or rationalization of apnlied research in the university
during our visits. The university, as a public institution, shauld not
ongage in proprietary research activity. The freedom of the student to
nublish his research findings should remain sacrosanct, students should
be free to pursue interesting but unforeseen changes in their research
project and this "academic freedom" of the student is often difficult to
reconcile with a strictly mission oriented project which may involve a
Jefinite time s~ale. Proprietary resear<h activities limit the free
ilow of intformation between taculty members and break a department into
non-interacting research groups. If not cinecked this could lead to a
situation ominously reminiscent of the situaticen which existed in some
inited States universities during the last decade. At one university
the consultants were denied a list of the rescarch grants of one taculty
m mber "because the information is proprictary .
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We recommend that all universities formulate policies
governing applied research in the physics graduate program with
particular attention being padd to the questions of academic freedom
and the coherence of the departments.

Tenure and Promotions

Universities are notable among human institutions for their
stability. 1In spite of the difficulties within the universities over
the past few years, they have suffered little compared to industrial
and government research institutions. Not only are universities stable
but individual faculty members have secure positions through tenure.
When correctly used, the granting of tenure is the most powerful means
available for selecting a faculty of the highest quality and the
stability of the universities provides an ideal atmosphere for high
intellectual achievements. When misused these same factors of tenure
and stability provide an atmospherc for complacency and mediocrity. We
feel that, at a number of universities, the tenure system has been
misused. '

It appears to us that, at some Ontario universities,
physicists and astronomers were hired at a time when there were no
acceptable standards ‘for the granting of tenure and later, often as the
result of faculty pressure, all were granted tenure. Thus whole
departments have been built up and the faculty members given secure
positions for life without having faced any severe test of their
competence. The pressure for promotion based on length of service and
the maintenance of relative positions ‘in weak faculties has further
weakened the system.

The standards for the granting of tenure at universities
where high quality is valued, are well known. Generally they involve a
long pre-tenure period where the scientist must prove to persons
outside his department and outside his field that he is a highly
qualified teacher and research scientist. Applications of these
standards result in many appointments being terminated after three or
five years. The maintenance of these standards requires a strong
authority at the highest level within the university which will resist
the many pressures to reduce the standards. The weakness of many
existing departments appears to have resulted from the lack of such a
strong authority and the necessarily long and slow progress toward
strength in these departments can only start when this authority is
established.

[N -

Many of the weaknesses of some university departments,

arising from the inadequate tenure regulations of the past, will remain

with the departments for many years. If, as we “eliceve, some grewth
will occur in the next tea years and, ac¢ the same time, many taiented

young scieatists will be available, then substantial improvements in
quality are possible. We therefore recommend that all universities
review their tenure and promotion practices to assure a standard up te
that adopted by universities which have achicved well-deserved
reputations for high quality.
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Present Programs and New Requirements

We have noted earlier that the graduate study programs of the
Ontario universities cover a broad front in physics. Taking into
account the ability of physicists to change fields and the various
programs in the other provinces, we believe that the needs of the
country have been mct. For this reason rather little of the report has
dealt with programs. We also believe that it would create au
unnecessarily rigid system if particular fields of physics were assigned
to each university. The various programs are already related through
the activities of the discipline group which exchanges information on
existing programs and discusses possible changes. We therefore
recommend that there be no assignment of the responsibilities for
specific fields of physics to each department but that the coordination
of the rescarch activities of the departments by the discipline group be
continued.

We have pointed out that tuere will be few openings at the
universities in the next ten years and that physics graduates will have
to find employment in industry or other areas. In the USA, which might
serve as a model of the more highly industrialized Canada of the future,
almost a quarter of the physicists employed by industry are in the
fields of optics and acoustics(2). No Ontario university has graduate
progrems in these areas. With the exception of Laval, which has a
strong optics program, no Canadian university outside of Ontario has
such programs. Optics and acoustics are not fashionable topics in
physics but in preparing graduate students to meet industrial needs it
would seem wise for some university to develop graduat: work in these
areas. We recognize the difficulties faced by universities in
undertaking new programs at this time but we recommend that serious
consideration be given to developing graduate prugrams in optics and
acoustics in Ontarid.

y The question of whether or not controls should be placed on the
ement of departments into new areas of science has been considered.
he departments and the faculty members in considering this matter may
be subject to two conflicting forces. Op the one hand, from time to
time certain areas of science become weil explored and it is profitable
for some of the established scientists in these areas to change their
fields. These scientists find that the apparatus in their laboratory,
their own expertise, their ability to publish and their contac.s with
other scientists all tend to diccourage the change. No additional
barriers should be erected in the paths of establ ished scientists who
attempt to change their fields of research. On the other hand, at
various times governments make large sums of money available to deal
with urgent technical problems. There may be some tendency for faculty
members who have no established reputation as research scicentists to
undertake these well financed projects and by their strong financial
position, to attract students. We belicve that it would be harmful to
establish rigid rules or to establish some central control over new
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programs but we believe {t is most {mportant that studencs work with the
most able faculty members., We recommend that no limitatfons be placed
on the movement of departments into new areas of research but that in
the periodic reviews of graduate programs special attention be directed
to new areas of rescarch whilch have been started to ascertain that
students are under the guldance of well qualified supervisors.

Graduate School Entrance Requirements

In section IV we noted that the fraction ot the graduate
students in the physics departmwents holding NRC scholarships and
bursaries varied greatly from one university to another and we
speculated that this might be a reflection of the varying qualities of
the student bodies. We also noted that the quality of the student body
fs not simply related to the minimum acceptable entrance standards as
specified in the graduate school regulations of the various
universities, We believe that cach university should retain control of
its own entrance procedures in order to deal quickly and cffectively
with students from many different backgrounds. At the same time, it is
most important that the entrance requirements for all graduate schools
be maintained at a high level. A graduate school which cannot attract
first class students and maintains its enrolment with those of a lower
standard, serves no good purpose and reflects badly on all universities
in the province,

_ Various means of achieving a high and uniform entrance standard

have been suggested. A central registration and screening committee
which will deal with all applications for entrance to the graduate
schools of Ontario has been suggested. This appears to be a slow
procedure which would prevent the individual universities taking the
rapid action which is often necessary. While the committee deliberated,
the students may enter schools outside Ontario. Variations of this
procedure which give the universities more freedom have also been
suggested. At present we have insufficient information to recommend an
improveﬁont on present procedures or even to be certain that any change
in these procedures is necessary. This question is one which deserves
careful consideration and we believe that the discipline group could act
effectively.  We recommend that the discipline group annually review and
grade the applications of physics graduate students who have been
accepted by the universities of Ontario and that the results of this
review be made available to the committecs which will make future
surveys of the physics graduate schools.,

The Ewmergent Universities

The four emergent universities (Broek, Lakchead, Laurentian and
Trent) have a number of problems in common. At each institution the
faculty teaching leads are abnormally high and, in spite of this, these
institutions are in severe financial lifficulties. These ditficultios
arise from the present small enrolments and the carlicer projections of
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much larger enrolments. Ingtitutions with small numbers of students
are unable to take advantage of certain cconomies of scale and suffer
when financing is based on student numbers. The carlier plans for a
much larger number of students have left these universitics with overly
large administrative structures and physical plants., In spite of these
difficulties, the faculties at evach of these institutions are anxious
to participate in research and graduate training thereby Increasing
thelr already high teaching load.

We feel that the desire by most members of the faculty to
participate in research and graduate training stems from their
conviction that, in the long term, the quality of their academic work
requires an active participation in research. We have noted in scction
2 of this report that we believe it is essential that members of the
faculty should be engaged in research but we have also noted that we do
not believe that it is necessary for the faculty to be engaged in
graduate training. Unfortunately research activity and graduate
training are coupled by present means of financing. If other means
could be found for financing research at these universities, the
pressure to maintain graduate programs which are small and costly in
administration and in faculty time, would be largely eliminated. We
therefore recommend that, at the four emergent universities, the
income from the province for graduate students should not be
proportional to the number of students but a special fund be set up at
these universities to support their research programs.

Cooperative Programs Between the Universities

During our visits to the physics departments we discussed the
usefulness of cooperative programs involving two or more universities
as 1 means of improving the quality of the graduate schools and solving
some of the present problems. We noted that there were numerous
examples of cooperation in course work and that various experimental
,roups from different universities, particularly in nuclear physics,
worked together. These cooperative efforts have been helpful but in
the overall effort of the Ontario universities in physics, they have
played a rather small role,

The two areas where cooperation is likely to prove most
profitahle are in course work and in the use of expensive equipment.
With reduced total numbers of graduate students, the enrolments in
courses at many universities are small. There can be a considerable
gain in efficiency and sometimes an improvement in the quality of
courses through cooperative programs in which students and professors
travel between universities to reduce the teaching load. Althongh
there arce difficulties, useful cooperation has been achieved and
further similar developments are possible.  The use of the major
rescarch facilities at once university by the faculty and students of
another is a well established practice among physicists and we focl we
can mike no useful comments on this matter.
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The heart of a Ph.D. program {s the student-supervisor
interaction and the research. We have noted earlier that the average
student has rather limfted interactions with other professors. Also
aside from the numerous Informal exchanges of information, pleces of
equipment and the like, between faculty members of different
universities, most thesis research can be handled adequately within one
university. Although we believe cooperative programs will be valuable
and the Ontario Council on Graduate Studies should guard against
financial and administrative practices which hinder cooperation, in the
overall effort of the Ontario graduate schools in physics, these
programs arc likely to continue to play a small role.

In astronomy where the number of students and faculty members
is small and large observatories are essential, the need for cooperation
between departments is evident. For many years astronomers 