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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.
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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
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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

: 43



A-2

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.

63



A-22

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

%

(0



A-29

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).

88



A-47

OIYVLNO ‘SNOILD3rO¥d ININWTOYN2 AWONOYISY

¢ asnbry  JIGVIVAY 240D 1S3d

¥V3IA
8l-L2 L1-92 9.-G2 Gl-b. bl-€2 €i-32L 2i-12 1L-04 0l-69561
._ _ _ _ _ _ _ _ ©
__ ! @ ! |
m | m | U |
| B ” | . ” _
— ' ! T : * 0]

m * m — O€
| -
3103M0¥d ==—-— _ _ m ~ ow
ALY — | m
| | |
| _ N | | | B P

SLN3ANLS 40 ¥38WNN

!

83

Aruitoxt provided by Eic:

E



A-48

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 have
cooperated on a natfonal and international scale. We feel that these
well established patterns of cooperation will change only slowly in the
future.
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Appendix I

(Terms of Reference of Consultants)

Consider the materials prepared by the discipline groups and the
universities and obtain other data they may require to carry out ¢
the tasks detailed below. They may obtain data and views from any
relevant source; such as, employers of hclders of graduate degrees,
professional and learned soclieties, federal ugencies. Tre campus

cf each interested university shall be visited bty at leas: two
consultants. After discussion with the discipline groups,
consultants shall arrange their schedule of visits to the universities
in consultation with ACAF to ensure uniformity. Reports of appraisal
consultants are privileged documents and are not to be made available
to ACAP consultants. Consultants shall consult with the discipline
groups near the beginning of the work, during the work as they
consider necessary, and immediately before preparing their final
report.

In order to obtain a fuller impression of graduate work intimately
related to physics and sstronomy, the consultants may request
information from universities concerning work in related departments,
such as: chemistry, mathematics, electrical engineering, metaullurgy,
etc.

Report on the adequacy of the present state of graduate work in
rhysics and astronomy in the province in general and in each
university where applicable, discussing the following:

a. coverage of core elements and specialities, and extent of
activity in each;

b. faculty quality and quantity;

¢. nature of programmes . ffer~d;

d. enrolmernt size and distribution emongsi universities;

e. quality of student body; admission requirements;

f. relationship to related disciplines;

g. physical facilities;

h. other matters considered by the c~nsultants to be significant.
Make recommendations for the development of graduaste work in physics
and astronomy in Ontario between 1973 and 1983, but in more detail

for 1973 through 1978, and, without limiting the generality of the
foregoing, dealing with the following points:
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a, Desirable programmes to be offered in the province, considering
both possible limitations or reductions of existing programmes
and creation of new programmes and new kinds of p:ogrammes
including the appropriateness of part-time programmes. In
particular, consider possible new fields in physics and
astronomy and training of students for work in application-
oriented and inter-disciplinary work iu which physics and
astronomy should be involved.

b. Desirable ~rovincial earolments, year by year. in the various
levels of graduate study, and specialties where appropriate.
One should consider the need for highly trained manpower und
also the general cultural and societal fa-tors which may lead
students to pursue graduate work. In considering manpo.er
needs, one should take account of the "market" available to
grajuates (at least all of Canada) and of other sources of
supply for that market.. Results of forecasts of high level
manpover emrployment should be treated with due cauti g and
only in a clearly balanced relationship with cultural and
societal needs,

c. Distributior amongst the universities of responsivility for
prograrmes and ‘or specialties whkre appropriate, including
consideration of the r2ed for any increase or decrease in the
number of departments offering doctoral work and including
consideration of areas of collabcration and sharing of
facilities at regional level and across the province.

d. Dist :ibution of enrolment amongst the universities, showing
desirable ranges of enrolment.

e. Desirable extent of involvement with related disciplines,
identifying any suggested areas for greater collaboration.

In all cases, it is important that the rationale for the
recommendations be clear; this is especially important for items
c. and «. Consultaats are asked tc comment cn advantages and
disadvantages of various techniques for arranging that their
recommendations become effective,

It is permissable for consultants to recommend appraisals of
individual programmes. This would arise if consultants were to
suspect that a programme would be found to be wholly or ‘n part
below minimum scceprtable standards; an appraisal by the Appraisals
Committe~ is the mears of settling the question. It is recognized
th-t this action would be infrequent. Perhaps more likely, in
planing assessments in some disciplines, consultants may find an
cxcess of programmes in the same area of study, all of which could
a8 an appraisal; they would then have to make their own judements
of relative quality (a task outside the terms of reference of the
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Appraisals Committee), and guided by this judgment and other factors,
the ACAP consultants would have to reccmmend where enrolmehnt should
be curtajiled or eliminated.

The major divisions for the planning study are:

Astronomy and Astrophysics
Atomic and Molecular Physics
Atomic and Molecular Collisions
Atomic and Molecular Spectra
Quantum Electronics
Elementary Particles
Nuclesr Physics
Atmospheric and Earth Physics
Condensed Matter
Crystal Physics
Electronic Properties
Amorphous Systems
Rasic Theory
Jther

S0lid earth geophysics is specifically excluded as it has been
studied already in the solid earth sciences planning asses-.nent.

Biophysics will be mo."e appropriately planned iu connection with
life sciences plauning; it should be considered only marginally by
the consultants in order to obtain a picture of the total effort
of some physics departments. This planning assessment is not
directed towards removal of the embargo on biophysics.

Although it may be important for consultants to obtain information
about. some of the graduate work in engineering depertments, it is
not part of their duties to make recommendations about the size of
engineering doctoral programmes.

With the sbove exceptions, full recommendations are expected on

work in the major divisions specified, no matter where it is
located in a university's internal auministrative structure.
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Appendis Il

Basic Commitments Vitel to Meanirgful Craduate Stulies_end Resea, o

——

A. The Commitment by Society

Any program based on public support must be relevant to the
philosophical and pragmetic needs of the community that provides the
support. There are many facets to this problems with the folloving
perhaps being the most important and requiring positive action and firm
priorities seﬁ;by the community.

1. The community realizes and accepts a responsibility for the mair-
tenance and improvement of world knowledge and includes the discipline
of chemistry in this regard.

2. The community needs to demand the best intellectual environment
that it can afford for the higher 2ducation of its talented citizens
by realizing the importance of such activity for tune general material
and cultural welfare, economic independence and security of its
citizens.

3. The commuriity appreciates the high cost of the pursuit »f knowledge

at the best world standards and accepts the sacrifice necessary for its

maintenance and promotion recognizing that chemistry, as a rapidly

developing science, must play a central role in this activity and indeed

Is d:serving of preferential treatment as one of *he hard core subjects

of human knowledge of direct relevance to its survival as a socioeconomic
unit.

b, The community appreciates that the achievement of its goals must be
in the control and trust of proven experts maintained in a competitive
ernvironment with external reference as t» performance and guarded thrreby
against unwitting deterioration of stand..rds.

B. Commitments Within the Univercity

1. To develov with care powers for in%rospection that enable it to
discern the real value of its activities through dispassionate,
objective evaluation of the performance of its staff members.

2. To develop procedures for appointment ani promotion whicii reliehly
#ecumilate thoroughly competent., dedicated ard exceptionally talented
staff members who are tnereby fit to lead the intellectual elite of the
society thirough teaching, but more importantly through example in the
conduct by direct involvement of scholarly activities at the forefront
of knowledge.
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3. To maintals, an administratioa that is appreciative of true
scholarship and dedicated to the concept that those staff members,

who possess a degree of expertise dely acknowledged by their peers
outside the university and throughiut the world as being relevant to

the improvement of knowledge at the best world standards, are the
mainstay -f the unjversity and that the maintenance of graduate programs
is largely predicated to this end. .

L, To maintain an administration that realized through personal
exrerience the great Jemands in talent, energy and drive required for
the maintenance of scholarship at truly meaningful levels and is
therefo;*e sympathetic to and in support o: those mea. ures needed to
ensure the necessary levels of performance by iis professional staff.

Given the above indicated community with proper commitment of its
politicians and an enlightenued university administration from the
RBoard to the president and to the level of deans, it is possible for a
given department to aspire to a meaningful graduate program. In the
absence of these basic coumitments, it is best to do nothing since the
e xistence of infericr programs for graduate study and research
represents a hazard and handicap while being & serious drain oi the
economy.

To embark profitably on programs of graduate study and research
also requires clear appreciation by those direclty involvec of their
responsibilivies (a) to the university (b) to the general community
and, especially, (c) to the students enrolled in the program. These
responsibilities can only be met under the following conditions.

1. The department has documentable reasons for b=lieving that its
staff members can provide a Ph.D. candidate with a truly meaningful
experience .n higher education. To do otherwise, especially to 1
inadequately talented student is tantamount to sentencing the
individual to second-rate citizenship in his profession and to doing
great harm to the community which becomes dependent on his professionsl
services.

2. The department must have what is required in terms of staff and
facilities to attract a substantial number of absolutely first-rate
students. Student bodies, like departments, need leaders to set the
standards for others (and to prod professors) and unless a university
has acquired staff that can dependably attract excellence to its
student body, it must not assume responsibility for graduate work,
especially a Ph.D. program.

3. The department must heve scound reason to expect that it is
sufficiently well-based financially to provide the equipment, supplies,
labtoratory, shops and library needed for proper engagement of a Ph.D.
program with adequate secretarial, clerical, technical and maintensance
personnel to make the effort meaningful.
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i,  The department must appreciate anil be mindful of the rather large
financial burden placed on society by Fh.D. programs and to participate
in such activity in a thoroughly responsible manner. The responsibilities
go far beyond the personal stature and ambitions of the individuals
involved - matters which are very secondary to societal needs ir terms

of the contribution of the Fh.D. program to quality teaching throughout
the undergraduate programs of the university, the cnreer and employment
opportunities within the immediate society for at the least a substantial
part of its graduates, the need (actusl or anticipated) for the type of
specialized expertise represented by its outstanding chemist-professors
to local industry, goverument and colleagues in otler disciplines,
especially on campus.
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Appendix IIT

An Approach to Estimating Faculty Reguirements:
The Example of Physics

This approach to estimating faculty demand can be applied to any
discipline: physics will serve only as an example. An estimate of
the number of faculty required in physics in the fu! .re is based on a
number of variables - both measurable and not. This paper is an
attempt to identify and quantify as many of these variables as possible
in order to present reasonable estimates of the demand in Canadian
universities of PL.D.s in physics.

A forecast of the number of university faculty required in the .
future is dependent upon:

1) Pocl of People as Potential Studuents

The basic demographic trends relating to the size of the age
group from which most university students are drawn sets the limit
for the size of the potential university population. The majority
of university students have continued their edication immediately
after high school and thus fall within the 18-24 age group. How-
ever, with the shift towards more part-time or "continuing"
education, this relevant age group may also shift. This shift will
likely be very gradual and it seems reasonable to assume that most
students will fall within the 18-2L4 age group for the next decade.

2) Interest in University Education

The second step narrows this potential population by making
assumptions about partic'pation rates of the 18-24 age group in
university education. The limits of the range of' university
enrolment are set by these alternative assumptions.

3) Interest in Physics

To narrow the relevant population even further, alternative
assumptions about the fraction of university students interested
in physics need to be made.

L) Staff-Student Ratio

The staff-student ratio links the student data with faculty
numbers. Assumptions concerning the staff-student ratio lead to
estimates of faculty needs as a result of growth in physies
enrolment.
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5) Faculty Replacement Rate

The final step in estimating faculty requirements concerns
assumptions about rates of replacement of faculty.

The progression through these five steps leads to estimates of

demand for physics in universities. The process can be preseated
graphically.

Schema of Process to Estimate Faculty Demand

POOL OF PEOPLE

(18-24 AGE GROUP)

l

INTEREST - INTEREST
IN > IN
UNIVERSITY PHYSICS

1. Pool of People as Potentia} Students

An estimate of the size of the 18-24 age gvoup in the future has a
fairly high degree of accuracy. Those who will make up this age group
in the 1980s have already been born. The mortality rate for this age
group is very low. As a result, 95% of those born in a current time
period can be expected to survive to age 25. The net migration effect
is probably of some importance but it is impossible to measure with any
degree of accuracy. It is dependent on so many internal and external
forces, that it would be positive or negative in the future. The age
group orojections do not take into account additions due to net
migration or subtractions for mortality in the intervening period. Thus,
the size of the 18-24 age group for the year 1971 + 'x' is equal to the
size of the 18 - 'x' to 24 - 'x' age group in 1971. For example, the
size of the 18-24 age group for 1980 is simply the number of people in
the 9-15 age group in 1971. It should be noted that those in the age
group are changing continuously and vhile some are entering the group
at age 18 others arc exiting at age 25.

The pattern of growth in the size of the 18-24 age group from 1960
to 1987 can be separated into four stages.

a) The first stage, which lasted from 1960 to 1969 saw a large
year to vear increase in the size of the age group. This
came about largely as a result of the post-war "baby boom"
entering the 18-24 uge group. (A relutively even rate of
exit from the group compared to a rising rate of entry.)
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b) During the second stage, from 1970-1972, a sharp drop in the
net increase of the size of the age group occurred. This
drop reflected the end of the "baby boom" in 1952.

c) It i{s expected that the tnird stage, between 1972-197T7, will
be one of relatively stable growth in the size of the age
group.

d) Finally the fourth stage, beginning in 1978, will see the
impact of the sharp drop in the birth rate which begen in
1960 and continued throughout the decade. After 1982, the
total size of the age group will begin to decreare as those
entering the age group become much fewer than those leaving
it.

Fig. 4 at the end of this report shows the growth in the size of
the 18-24 ape group. Data for this chart is found in Table 10.

. Interest in University Education

Forecasts of university enrolment den't have the same degree of
accuracy as age group projections since students can decide whether or
not they want to attend university. Assumptions about participation
rates (% of 18-PL age group enrolled in university) can te used to
bracket the probable range of university enrolment.

Juring the 1960s university enrolment grew at a rapid rate.
Coupled with the growth in the 18-24 age group was a year to year
increase in the participeticn rate., Changes in the participation rate
are based to a large extent upon students' attitudes and perceptions.
In the 1960s, there was an awareness that high economic returns could
be eained from a university education., Also lack of funds was no longer
n major stumbling Llock to attendance at a university since many forms
of financial assistance became available.

From 1969 to 197, the participation rate grew at a much slower
rate than it did during the 1960s. University enrolment. became
stabilized., Students' attitudes and perceptions were again changing,.
™ere were more alternative forms of education (eg. community colleges)
which appeared to be more re¢warding than a university eavcation.
Frployment prospects for graduates seemed to be poos. Societal valuos
about a university education were changing, Societnl values are
difficult to measure but the interplay of these factors resulted in a
change in the pattarn of the growth of the participation -ate.

What sabout. future enrolment.?
From the prolection of the 18-2L age group, it seems likely that
enrolment. will increase slowly and then begin to decline in the 1980s.

Using two sssumptions about participation rates, possible futur:
univercity enrolments can be prolected.
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Assumption I

It is assumed that the recent reduction in participation rate
growth reflects a permenent shift in expectations or other factors
affecting student choices. Thus participation rates will continue
to grow at only 0.1 percentage points each year. (During the 1960s
the participation rate grew on average 0.6% a year. However, the
average between 969 and 1971 was only 0.1%.)

Assumption IT

It is assumed that the recent reduction in participation rate
growth is only a short-term phenomencn reflecting in part uncertain
aconomic prospects (eg. employment for graduates). Thus participation
rate growth will soon resume its Jonger term trend of approximately
0.6 percentage points a year. (During the 1960s the participetion rate
grew on average 0.6% a year. However, the average between 1969 and
1971 was only 0.1%)

These two participation rate assumptions set the probable limits
of the range of growth in enrolment.

The growth in participation rates under Assumptions I and II is
shown in Fig. 5 at the end of this report. The corresponding growth
in university enrolment is shown in Fig. 6 which is also at the end
of the report. Data for these charts is found in the appendix.

3. Interest in Physics

The future interest in physics by university students is impossible
to predict quantitatively. The historical pattern is not available since
undergraduate physics enrolment figures are not collected on a national
basis. Any estimate about the likely future enrolment in physics must
be based on qualitative, intuitive judgements.

For this paper, it is assumed that enrolment in physics remains a
constant fraction of university enrolment as a whole. By using the two
assumptions for projecting university enrolment, it seems likely that
the probable ranges of enrolment in physics are covered. However,
different rates of growth can easily be substituted.

L. Staff-Student Ratio

The staff-student ratio forms the link between enrolment and
faculty. Here again it is difficult to determine this ratio. The
number of physics students is not known but the current number of faciulty
in physics is. Thqg by assuming that the relstionship of the staff-
student ratio will remain at its current value, the requirement for

physics faculty as a result of growth in university enrolmgnt can be
calculated. (The growth in university enrolment is shown in Fig. 6 and

103



A-68

the projections for university enrolment were calculated on the basis
of two alternative participation rates, Assumptions I and II). Again
one could make o different assumption. For example, if university
enrolment grows as a result of a .6% annual increase in the
participation rate but it is felt that the staff-student ratio will
worsen, one could use a rate of annual increase for staff which is
less than the annual increase in enrolment.

Table 6 at the end of this report shows the growth in-physiecs
faculty in Canada under Assumptions I and IT.

5. Faculty Replacement Rate

Besides the demand for faculty which results from growth in
enrolment, there are also faculty openings which are due t0 replacement.
Net resignation and retirement accounts for a very small part of the
demand for faculty. It seems reasonable to assume a net resignation
rate of 1% for physics faculty in Canadian universities. (Net
resignation refers to departures either to universities outside Canada
or outside the world itself.) Thirty-one of 883 physics faculty in
Canada in 1971-T72 and 5 in 351 Ontario faculty in 1972-73 are 60 years
of age or over. Thus the retirement rate for the next five years was
averaged as 0.5%., This rate will be used for the years 1972-73 to
1987-88.

Physics faculty requirements for Canada which are due to replacement
using Assumptions I and II are shown in Table T at the end of the report.

Table 8 at the end of the report represents the annual requirements
for physics faculty in Canadian universities. It is a summation of
faculty needs due to growth (Table 6) and faculty needs due to replace-

ment (Table 7).

It seems likely that 80% of annual hiring will be Junior faculty
and that of these, 95% will have their Ph.D. Therefore, T6% of annual
hiring in physics will be openings for Ph.D.s. The results of these
calculations is shown in Table 9 which is also at the end of this
report.

Historically, Ontario produces L5% of the Ph.D.s awarded in physics
in Canada over the three years 1969-1971. (Canadian Association of
Graduate Schools, 1972 Statistical Report.) Thus, on Assumption I for
the years up to 1980, 16 Ph.D.s awarded from Ontario universities per
year would be the province's contribution towards filling university
teaching posts in Canada. On Assumption II, the corresponding number
would be 33. Of course, some of these people will take positions out-
side Canada and some graduates (possible Caradians) from non-Canadian
universities will accept positions in Canada. But if one feels that
Canada should at least produce a sufficient number of Ph.D.s to man
its own universities, this analysis will help indicate the necessary
scale.

R |
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SOURCFS OF DATA

Data on the size of the 18-2h age group from 1960 to 1970 was
obtained from Statistics Canada., The figure for 1971 was
obtained from the Census of Canada publication, Population -
Single Years of Age. 92-T716 Vol. 1, Part 2. (Rulletin 1.2-h).

Data on university enrolment from 1960~1961 to 1971-1972 was
obtained from Statistics Canada publication 81-20L, Fall
Enrolment in Universities and Colleges (various years).

Canadian Association of Graduate Schools. 1972 Statistical
Report.

Statistics Canada. Salaries and Qualifications of Teachers
in Universities and Colleges, 1970-1971 (81-203) 1971-1972
(unpublished).




BEST COPY AVAILABLE

A-70
3400 — l | —I
- "N
3200 - { At e v \\ _
/’ ‘f\
4
/ \
- / _\‘___
3000 S P N
/ V \\
/ \
- / . \
A 2800 — RN A ——
2 |
- s
72 |
> .
2 .
T 2600 - e
Zz
b 4
C 2400 ——
-
<
-
oo
Q. g
Q 2200 : - —
!
2000 e ACTUAL —
« === PROJECTED
1800 { | .
|
T | | ] | [ ]
1960 1965 1970 1975 1980 1985
YEAR
Figure 4 POPULATION OF I18-24 AGE GROUP
o CANAD 60 -1987
) § 14




BEST COPY AVAILABLE

A-71
22— I | | l ]
/
/
20 — / -
/:
/
/
/
I8 — e —
/
L(/
-
/
o« /
Y /
. /
w e |- —
% /
o
g o"’"’
e 12 B —
< -
[
o
e
10 —
&
i
ACTUAL
8 , e PROJECTED
I N
I | | |
T ] | | | | ]
1960-61 65-66 70-7I 75-76 80-8i 85-86

YEAR

Figure 5 UNIVERSITY PARTICIPATION RATES,
FULL-TIME STUDENTS CANADA, 1960-6! TO 1985 -86

113




BEST COPY AVAILABLE

A-72
700 — | | ‘ |I ""]
i
i
|
-
600 —- - — — ,4’ \*_ —
2] . ,’
z | /
q : ,Jr‘
- ! /
- ' /
- /
4 4
w / I
z y4 e
Jd 40— - , - ~—
@ / 7 N
2 /| e
w ,, ",
w P4
= P
"" 300 — N —
-l
-4
=
u
200 — -—
' ACTUAL
—emame PROJECTED
100 |— j ’ l ’ —
[ | | |
T | l | ] | J
1960-61 65-66 70-71 75-76 80-8I 85-86
YEAR
Figure 6 UNIVERSITY ENROLMENT, FULL-TIME

CANADA, 1960-61 TO 1985 -86

114



A-73

TABLE 6
ANNUAL FACULTY REQUTREMLNTS IN PHYSICS
DUE TO GROWTH! IN ENROLMENT, CANADA
1970-1971 to 1987-1988

ASSUMPTION I ASSUMPTION I
TOTAL ANNUAL TOTAL ANNUAL |
FACULTY INCREASE FACULTY INCREASE

1970-T1 8712 - 8712 -

197172 8832 12 8832 12
197°=73 . 901 18 9Lo 57
1973-Th 931 30 1013 T3
19TL-T75 965 3L 1090 T7
1975-76 1000 35 1171 &1
1976-77 1035 35 1256 -85
1977-78 1069 34 1339 83
1978-79 1099 30 1419 80
1979-80 112L 25 1496 T7
1080-81 11L1 17 1561 65
1981-82 1159 18 1630 69
1982-83 1172 13 1690 60
1983-8L 1176 L 1739 L9
198L4-85 1168 -8 1769 30
1985-8¢ 1146 -22 1778 9
1986-87 111 -32 1765 ~13
1987-88 1080 -3L 1750 -15

1The projected rate of growth in enolment resulting from growth in the
participation rate (under Assumptions I nd II) is found in the appendix.

2There were 871 full-time physics faculty in Canadian universities in

1970-71 and B83 in 1971-72. Salaries and qualifications of teachers
in universities and colleges, 1970-71. Statistics Canada. 1971-72
unpubl ished data.
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TABLE 17
ANNUALT FACULTY REJULRTMENTE IN PHYSICS
DUE TO REPLACEMENT, CANADA
19T72-1973 to 1987-~1988
(1.5% f Total Faculty in Table I)

— -——

ASSUMPTION I ASSUMPTION IT
1972-T3 13 1k
1073-7k 14 | 15
197L-75 1L 16
1975-T6 15 18
1976-T7 15 19
1977-78 16 20
1978-79 16 21
1979-80 17 22
1980-81 17 23
1981-82 17 2k
1982-83 18 25
1983-84 18 26
198L4-85 17 26
1985-86 17 27
1986-87 ' 17 26
1987-88 16 26
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TABLE 87
ANNUAT, FACULTY REQUIRKMENTS IN PHYSICS
DUE TO GROWTH AND REPLACEMENT, CANADA
1972-1973 to 1987-1988
(Table 1 + Table 2 = Table 3)

ASSUMPTION T ASSUMPTION IT
1972-73 ' 31 ' Tl
1673-TL Ly 88
19°7h=75 L8 _ 3
1975-76 50 99
1976-T7 50 10k
1977-78 50 103
1978-79 L6 101
1979-80 42 99
1980-81 34 88
1981-82 35 93
1982-83 31 85
1983-84 22 75
1984-85 9 56
1985-86 -5 36
1986-87 -15 13
1987-88 -18 11
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| TABLE 9
ANNUAL FACULTY OQF&NINGS IN FEYSICS
FOR NEW Ph.D.'s, CANADA
1972-1973 to 1987-1988
(Table 4 = 76% of Annual Faculty Reguirements, Table 3)

ASSUMPTION I ASSUMPTION I1
1972-73 2l 5l 77
1973~ 7k 33 67 -
1574-75 ' 36 T1
1975-76 38 75
1976-TT 38 79
1977-78 38 78
1978-79 35 T7
1979-80 32 75
1980-81 26 67
1981-82 27 71
1982-83 2k 65
1983-8L 17 57
1984-85 T 43
1985-86 -k 27
1986-87 -11 10
1987-88 -1b 8
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TABLE O
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Acrual and Projected University Full-tiwe Larolments, Gty

1960-61 to 1987-88

18-24 PARTTCIPATION UNIVERSTTY TROEPLASS TN
YEAR AGE GROUP RATES FULL-TINE JRNHPIRIIRITY
ERROLI L
{(thousands) (Z) (thousands) 9}

1960-6) 1689.1 6.7 113.9 --
1961~G2 1712.5 7.5 128.9 13.1
1962-63 1770.1 8.0 141.4 9.6
1963-64 1848.8 8.6 158.4 12.0
1964-65 1941.7 9.2 178.2 12.5
1965-66 2039.5 10.1 205.9 12.5
1966-67 2154 .8 10.8 232.7 13.0
1967-68 2290.2 11.4 261.2 12,2
1968-69 2419.4 11.2 270.1 3.4
1969-70 2543.5 11.7 298.5 10.5
1970-71 2622.7 12.0 315.7 5.7
1971-72 2688 .8 11.3 304.4 «3.6

, I I b4 i1 1 I
1972-73 2723.9 11.4 11.9 510.5 324.1 2.0 6.5
1973-74 2792.0 11.5 12.5 321.1 349.0 3.4 7.7
1974-75 2866.8 11.6 13.1 332.5 375.6 3.6 7.6
1975-76 2946.2 11.7 13.7 344.7 403.56 3.7 7.5
1976-77 3024.2 1.8 14.3 '356.9 432.5 3.5 7.2
1977-78 3094.3. 1.9  14.9 368.2  461.1 | 3.2 6.6
i978~79 3154.4 12,0 15.5 378.5 488.9 2.8 6.0
1979-80 3200.2 12.1 i6.1 387.2 515.2 2.3 5.4
1980-81 3221.9 12.2 - 16.7 393.1 538.1 1.5 4,4
1981-82 3247.6 12.3 17.3 399.5 561.8 1.6 4.4
1982-83 3256.2 12,4 17.9 403.8 582.9 1.1 3.7
198384 3243.5 12.5 18.5 405.4 600.0 0.4 2.9
1984-85 3193.3 12.6 19.1 402.4 609.9 -0.7 1.7
1985-86 3111.1 12.7 19.7 395.1 612.9 | -1.8 0.5
1986-87 2998.9 12.8 20.3 383.9 608.8 -2.8 «0.7
1987--88 2887,2 12,9 20.9 372.4 603.4 | -3.0 -0.0
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ADVISORY COMMITTEE ON ACADEMIC PLANNING
Ontario Council on Graduate Studies

COUNCIL. OF ONTARIO UNIVERSITIES

Professor M. A, Preston 130 ST. GEORGE STREET. SUITE 8039

Executive Vice-Chairman TORONTO. ONTARIO MS5S2T4
(416) 920-6865

June 11, 1974

MEMORANDUM

TO: R. R. Haering, University of British Columbia
A. E. Douglas, National Research Council of Canada
L. H. Aller, University of California
P. Nikiforuk, University of Saskatchewan

FROM: . M. A. Preston

Let me thank Dr. Douglas, Dr. Haering and Dr. Nikiforuk for agreeing
to meet with four members of ACAP last week in order to discuss various
difficulties with your report which have been pointed out by the universities
and in ACAP's own preliminary study of it. The ACAP members found the hours
involved in discussion with you to be valuable, and were pleased with your
agreement to prepare an addendum to your report in order to clarify some
points and to answer some questions. You requested a letter from ACAP
mentioning the more important pcints and asking the specifin questions to
which we need answers.

1. A discussion of the significance of 'competent PhD supervisors" will be
; important. You mentioned .o us that you felt a more accurate phrase
i might have been used; the number is a kind of index of quality (so is
. its ratio to total staff). You intend that other members of a
" department besides those counted (particularly younger omnes) will
supervise doctoral students, but you feel that a department without a
reasonable number of the highly competent ought not to be offering a
PhD. You recognize that some of those counted may not themselves
supervise many students. You feel that the quality of education is a
function of not just one person but of a whole department.

The above is a summary of your remarks as we understood them, which
we ask you to confirm, correct, or put in your own words.

2. We discussed 'critical mass'. You emphasized that the number 6 or 8
in your repor. referred to the "interaction sphere" of an individual
student and that is is certainly too small to be treated as an
enrolment figure. You mentioned that, in considering the student's
academic milieu, one must take account of postdoctoral fellows, research

PR |
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associates and sometimes students in other departments. You mentioned
that smaller departments have difficulty in attracting seminar speakers.
You mentioned that courses can be made more valuable (by having a
greater enrolment) when two universities can pool such offerings.

During the remainder of our discussion we often spoke as though a
graduate enrolment of less than 30 would be a prima facie reason to
examine in detail whether the necessary milieu were in fact provided

by PDF's, other departments or cooperative arrangements.

Again your confirmation, correction, or restatement of the above
summary is sought.

3. On the matter of applied physics, you stated your view that research
in university physics departments should be directed to advance
physics, although it is a good thing if a scientist pursues practical
applications of his basic research, My notes on this are not very
complete, and I suggest you enlarge on this point.

4, We described for you the established arrangements in Ontario in
connection with the appraisal of major additions or changes in a
department's offerings. Firstly, there is the situation you described
where a professor will occasionally pursue a research topic (and employ
a student) in a field bordering on the one in which he concentrates.
Secondly, there is the situation where a department wishes to offer a
new research area for thesis work in a formal way, e.g. by mentioning
it in brochures for iutending students. The members of ACAP pointed
out that, when it is proposed to change a graduate programme by adding
a new research field, the matter is referred to the Appraisals Committee
of OCGS. This Committee may decide that the development 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 that no appraisal is necessary. Alternatively, they
may decide that the new field is sufficiently unrelated to the old ones
(in persomncl, facilities, or scientific interconnections) that an
appraisal to establish quality is required. It is understood that
univer§ities refer such questions to the Appraisals Committee if there is
any doubt as to the category into which it would fall:; the occasional
excursion of a professor's research interest would not normally even be
discussed with the Appraisals Committee. The more major changes would
be referred and might or might not lead to an appraisal.

5. The above remarks refer to checks for quality. We ask you to discuss
the extent to which a department should consciously select (i.e. plan)
the areas it maintains and/or develops for doctoral thesis research.

6. The report mentions some areas in which each department works, but, as you

remarked, the list is incomplete. We do need your views about the adequacy
of each university for doctoral thesis work in each of the areas that the
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university has specified in i{ts plans submitted for this assessment.

I list these areas in the attached Annex 1. We suggest vou indicate
one of four categories: centre of strength, adeduate, doubtful or
inadequate, together with any comments you may wish to make. The
Physics Discipline Group defines centre of strength as '"a group having
a4 world class status in one area of physics. Tn a university
department such a group may be expected to attract high duality students
and generate a stimulating intellectual atmosphere in fts fleld".

Tt is recognized by all concerned that your judgements are made on the
basis of the information available to you and are not the equivalent
of Appraisal Committee findings; if in some cases 1t seems anpropriate,
a university may subsquéntly obtain an appraisal. 1In general we ask
you to base your reply on the present situation and whatever you may
know of the future development of each department for three vears or
SO.

Pk

M., A, Preston

MAP: kw
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ANNEX 1 : Doctoral Fields Proposed or Suggested in University Plans
(Astrophysics, Biophysics and Geophysics are not listed)

(The format of many of the university statements makes it difficult to
ensure tiat the fields listed are in all cases really intended by the
University, but in the circumstances of each case it has seemed desirable
to request the consultants' evaluation.)

CARLETON 1. High Energy Physics - Experimental and Applied
. - Theoretical '
2. Nuclear Physics - Experimental and Applied
- Theoretical

GUELPH 1. Condensed Matter Physics
2. Molecular Physics
3. Nuclear Physics
Theoretical Physics (a separate listing in the paragraph
Bld of the Guelph submission)
Note: Favourable appraisal, to begin in the fall of 1971,
was obtained for specialization in '"molecular and
solid-state physics and low energy nuclear physics".
MCMASTEn 1. Nuclear Physics - Experimental and Applied
2. Solid State Physics - Experimental and Applied
3. Theoretical Physics
4, Quantum Optics
OTTAWA 1. Solid State Physics - Experimental
- Theoretical
2. Atomic and Nuclear Physics - Experimental
- Theoretical
3. High Energy Physics
QUEEN'S 1. Molecular Physics
2. Nuclear Physics
3. Solid State Physics
4, Theoretical Physics
TQRONTO 1. Elementary Particle Physics - Experimental
-~ Theoretical
2. Nuclear Physics - Experimental
- Theoretical
3. Molecular Physics (primarily Molecular dynamics)
- Experimental
- Theoretical

4., Solid State Physics (primarily electronic properties
of metals) - Experimental
— Theoretical
5. Atmospheric Physics
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WATERLOO 1. Solid State Physics - Experimental
- Theoretical
2. Theoretical Physics (Applied Mathematics)

WESTERN ONTARIO . Chemical Physics

1
2. Atmospheric Science
3
4

. Theoretical Physics
. Atomic Physics

WINDSOR 1. Atomic and Molecular Physics - Experimental
- Theoretical

2. Nuclear Physics - Experimental

- Theoretical

3. Relativistic Physics
4, Solid State Physics

YORK 1. Atomic and Molecular Collesions and Structures

2. .Chemical Physics
3. Atmospheric Physics (Earth and Planetary)

MAP/edh
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THE UNIVERSITY OF BRITISH COLUMBIA

VANCOUVER 8, CANADA

DEPARTAMENT OF PHYSON

June 25th, 1974

Dr. M.A. Preston,

Executive Vice-Chairman,

Advisory Committee on Academic Planning
Council of Ontario Universities,

130 St. George St., Suite #8039,
Toronto, Ontario,

M5S 2Th4

Dear Dr. Preston,

Thank you for your letter dated June 11th, 1974, in which you ask us to
clarify certain aspects of our report. The following remarks are intended
to summarize and amplify the discussion we had on June 5th regarding the
six points mentioned in your letter. :

(1) Our use of the term ''competent Ph.D. supervisor' appears to require
additional clarification in spite of the comments on page 38 of our
report. We have tried to identify in each department, those out-
standing individuals who, in our opinion, are the backbone of the
Ph.D. program. The number and fraction of faculty who are ''com-
petent Ph.D. supervisors'', determine the quality of the Ph.D. students'
experience in the department. We do not wish to imply that all other
faculty members are incompetent to supervise Ph.D. students and be-
lieve that, in the stimulating atmosphere generated by those we have
identified as competent Ph.D. supervisors, there will be a considerable
number of other faculty members (particularly younger members) who can
adequately supervise Ph.D. students.

(2) On page 9 of our report we discuss the question of the minimum size of
a viable araduate school. We feel that for the reasons stated it is
not possible to give a definite number below which the program is no
longer viable. Certainly the total number of graduate students (M.Sc.
plus Ph.D.) shculd be larger than the number of 5 or 6, which we have
found to be the typical size of the "interaction sphere''. How much
larger would depend on the degree of research specialization in the
department and on the many other factors mentioned on pages 9 and 10
of our report. We do not feel that a discontinuation of some Ph.D.
programs in Physics would at this time be in the best interest of the
Ontario Universities. The fact that two or three Universities could
in principle accommodate all the Ph.D. students in Ontario is irrelevant.
This fact might have been reason for not expanding the University
system to its present size, but such a concentration of students
does not represent the optimum use of the presently existing University
system. Nevertheless, we state on page 10 of our report that some
contraction of Ph.D. programs may have to occur if our predictions on
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enrollments are too optimistic.

In assessing the suitability of an applied Physics project we feel
that one should distinguish between a Physicist who sees a practical
application for some of his fundamental work and the person who pro-
poses to undertake some applied project simply because he knows that
funding is available. The former is an intellectual leader, even
when engaged in applied work. The latter is simply getting on a
bandwagon. Our critical comments regarding applied research are
directed at those who follow instead of lead.

We understand the procedure which you outline in item (4) of your
letter dated June 11th. It is clear however, that the degree of
control exercised by the Appraisals Committee depends strongly upon
their interpretation of the terms ''natural extension of work under-
way'' and '"occasional excursion of a professor's research interests''.
Our recommendations 4 and 5 may be considered as recommendations that
these terms be given the broadest possible interpretation such that
departments retain a large measure of freedom to determine their own
programs.

With the possible exception of the University of Toronto, no Ontario
University is large enough to cover adequately every field of research.

A small institution must specialize if it is to achieve excellence -
unless its faculty members have close working contacts with larger
groups elsewhere. Specialization of course, does not by itself guarantee
excellence. Each department should carefully consider its options when-
ever it has an opportunity to modify its composition.

We have attempted to summarize our impressions regarding the adequacy,
by subfield, of each department's Ph.D. program (see attached sheet).
The judgements we have made in this connection are in many instances
based on a superficial examination of the available evidence. In

some cases, we are making evaluations of matters which fall outside
our own competence. In all cases we are using primarily written in-
formation supplied by the University, together with our own (imperfect)
knowledge of the department. Time did not permit an in depth look at
each area of activity in each department. The following comments
should therefore be interpreted as impressions, and not as an appraisal
of the various activities.

In evaluating the subfields we have followed the format of Appendix I
of your letter of June 11th. We do so with great reluctance for the
following reasons:

(a) The names of the subfields often give little information on the
graduate programs of the departments and it is clear that the
same name is interpreted differently in different departments.
Forr example, if we judge by the contents of the well known journal
""The Journal of Chemical Physics'', the term chemical physics over-
laps to a large extent the fields of atomic and molecular physics,
condensed matter physics and theoretical physics. The problem of
definitions of subfields is particularly acute in the division
between theoretical and experimental studies where some univer-
sities have listed theoretical physics as a separate subfield,
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others have listed the theoretical and experimental work
separately under each subfield of physics while still others
have made no separation. It appears to us that the large
variation in the terms used to describe the current research
programs does not reflect the nature of the programs or the
organization of the departments but results from a poor defini-
tion of terms and a lack of a clear understanding by the de-
partments of the way in which these terms will be used in

assessing their programs. .
(b) It is difficult and perhaps meanlngless to give a single
rating to a department in a subfield wherein we find two or
three men of outstanding.ability and several of questionable
ability.
Yours sincerely,
/—" ' L c‘ _/"
A.E. Douglas '~
.'\ o
N < N ( ‘e \ T. ‘\‘
\,(/
R.R. Haering \3
K et
/
P.N. Nikiforuk
RRH/1h
Enclosure
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COMMENTS BY SUBFIELDl’2 AS IDENTIFIED BY EACH UNIVERSITY

CARLETON 1. High Energy Physics - Experimental and Applied) =
- - Theoretical

(g

2. Nuclear Physics - Experimental and Applied |
- Theoretical

GUELPH 3 Condensed Matter PhysSics . ... cee vor cee e coe cee oun

Molecular PhysicS cue cee oo coe oee coe see see sos sos

NUC]ear PhYSiCS L) e o0 e e L LI N ] LI 4 .0 s e 0 LI N ] LI I ] LI ]

£ W N e
o W O D>

Theoretical PhySicCS «¢ cee tuee cos woe soe soe soe ooes oo

McMASTER Nuclear Physics - Experimental and Applied ... ... ... ...

Solid State Physics - Experimental and Applied ... ... ...

Theoretical Physics LN ] LI I * e 0 LI o e 9 L N LI I ) LI LI BN J LI

W N
.

QQuantum optics s e LI LI I ) LI I ) ® o0 LB LI B e 0 *’e ® e 0 LI

o> > >

OTTAWA 1. Solid State Physics - Experimental} = .. . .. . .. B
- Theoretical :

2. Atomic and Nuclear Physics - Experimental T
- Theoretical

3. High Energy PhYSICS «v cee coe soe cee sse sos soe soe oas C

QUEEN'S 1. MOTECUTAr PRYSICS wve wee see soe soe see ooe sae see ous

o
2. Nuc]ear Physics * e LI ] LR N L N ] * e 0 * e @9 L I B ] * e 0 LI I ® o0 L N ] A
3. Solid State PhYSICS cv cev cee eoe see see coe soe soe oos A

B

4. Theoretical PhYSICS «v cve cee cee see oo soe sos sae oo

TORONTO 1. Elementary Particle Physics - Experimental 8
= Theoretical teorrr ot ot

2. iwuclear Physics - Experimental A
- Theoretica] [ ] [ ] [ ] L N BN ] * 00 * o0 * e 0 * o0

3. Molecular Physics (primarily Molecular dynamics)
- Experimental A
- Theoretical (°°° °°°

4. Solid State Physics (primarily electronic properties of
metals) - Experimental A
- Theoretical } Tt ot

5. Atmospheric PhYSiCS vo vee see coe ses sse soe sse see see A

6

WATERLOO 1. Solid State Physics - Experimental
- Theoretical e

2. Theoretical Physics (Applied Mathematics) ... e¢ee voe «oo B 4
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WESTERN ONTARIO 1. Chemical Physics e
2. Atomic Physics

3. Atmospheric sCience * e ¢ e 0 e o ¢ e @ LN N ] L LN N * e @ L 3 L 3 B

4. Theoretical Physics (total) .v .o ver vee vee vee oos ooe C

WINDSOR l. Atomic and Molecular Physics - Experimental}
= Theoretical f * *°°* *°*° **°

2. Nuclear Physics - Experimental
- Theoretical

3. Re'at‘vistic PhYSics se @ - ¢ 00 LN N ) L BN J *® o8 LN ) *® o8 L N ) L N 2 B

b SOlid State PRYSTCS v tee vee ses soe coe soe sos ooe oos

YORK 1. Atomic and Molecular Collisions and StructureS} . .
2. Chemical Physics
3. Atmospheric Physics (Earth and Planetary) ... cee cee oo

1 EXPLANATION:

A centre of strength, as defined below.

B  good, adequate

C  doubtful or inadequate or ill-defined
A "centre of strength" is "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 intellectural atmosphere in its
field".

2
Astrophysics is excluded

We suggest that the report of the Appraisals Comnittee be used to evaluate
this department

Rated B because of its limited range of interests; the quality of the faculty
is very good

Q I |
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It is difficult to assess theoretical physics at this university, since
a single submission was made covering the Department of Physics and the
physics related activities of the Department of Applied Mathematics but
it is not clear to the consultants that these two departments act as a
unit .

This includes limited amount of molecular physics now being done
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APPENDTIZX B

DISCIPLINE GROUP RESPONSF

Physics Discipline Group B-1

Astronomy Diccipline Group B-12

These comments were submittcd before the
addendum to the consuitants' report (pages
A-78 to A-88’ was requested.

isi



RESPONSE OF THE PHYSICS DISCIPLINE GROUP

to the

A.C.A.P. CONSULTANTS' REPORT

on

———

PHYSICS AND_ASTRONOMY

SUMMARY

The Discipline Group recommends that: THE CONSULTANTS'
PLAN, AS DESCRIBED IN THEIR REPORT AND REVIEWED IN OUR RESPONSE,
BE ADOPTED.
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INTRODUCT ION

The Consultants' Report lays down sound principles for
tne evaluation and administration of Ph.D. studies in Ontario.
Their recommendations are designed to preserve the excellence and
strengths which exist in the whole system of Ontario Universities,
and to improve the system in the ruture.

The Consultants' criteria of quality set a high and
salutary standard of excellence whose consistent attainment in the
universities would surely benefit both the institutions themselves

and the people '¢” Ontario. We strongly support the Consultants'

view that such high standards are more likely to be achieved by

vigorous competition between universities than by administrative

edict or by the restriction of Ph.D. studies to a small elite group

of institutions.

The Discipline Group recognizes that even to maintain the
present standards and particularly to improve them will require that
future decisions of the universities will be difficult and painful.
it is appropriate, therefore, to conclude this Iatroduction with two
quotations from p. A-6 and 7 which we support:

" ..designating particular universities as the homes of high quality
graduate schools may lead to complacency and a decline in quality."
“...only a few universities will make the painful decisions_necessary
to achieve the highest quality in their physics departments and if
departments are supported (by their universities) according to their
quality, these will emerge as the major graduate schools in physics

in Ontario."
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THE CONSULTANTS' PLAN

Although the Consultants have taken the view that freedom
in numbers and areas is an essential feature of the development of
a high quality Physics programme in Ontario, they have been specific
in assessing the current situation. It is, therefore, possible from
their report (figure 1 and table 5 and p. A 26-34) to give the
numbers of Ph.D. students which universities should plan for in the
coming academic year and the areas in which departments are com-
petent. Over the years some natural re-arrangement of numbers and
areas is envisaged in the plan, and this re-arrangement should be
supervised by the Discipline Group. It is even possible that the
competition, which the consultants propose, may lead to such small
enrollments in some universities that they may temporarily suspend’
their Ph.D. programmes.

The Consultants' Plan is based upon their measure of the
relative numbers of highly qualified Ph.D._{supervisorsJr in each
department. (These numbers are not to be interpreted as meaning
that other faculty are not qualified to supervise students, since
the consultants state that "the authority to specify supervisors
should continue to reside within the universities". p. A-38). It
can be seen from their Table 5 that they find highly qualified
supervisors broadly spread over very many Physics Departments in
Ontario. Thus we agree with the Consultants that all ten univ-

ersities should continue their Ph.D. programmes. As they point

ve prefer "hignly qualified" to "competent" - see cur comment
on Recommendation 2.
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out, quality not size is tne important criterion: "“In our discus-
sions with students we found that at all graduate scﬁoo]s, both
larqge and small, a student had profitable interactions with only
five or six other students. Students also usually had close con-
tacts with their supervisor and one or two other professors.®

An essential feature of the plan is the development of
the Discipiine Group into & type of Ontario Physics Graduate
Committee to oversee the provincial programme. We felt it worth-
while to tabulate the tasks assigned to us by the Consultants and

tnhis is done in Tabie 1.

Tabie 1. TASKS ASSIGNED 70 THE DISCIPLINE GROUP

1. 7o ensure the effective use of all faculty of quality in a

province-wide competitive system of graduate programmes.

13V

To review the standards of quality for faculty and to apply

them in planning every two to three years.

10 review tne areas of physics covered in each department, to

o

ensure broad educational opportunities.

4., 70 review the enroilment standards for Ph.D. students on an

annual basis.

5. 76 recommend ways of maintaining vitality and a "stimulating

intellectual atmosphere".




It will be seen that these tasks are consistent with the quotation
(given below) from the Discipline Group's document of Nov. 5, 1973

entitled "Statement of Principles”.

(UOTATION
“The Physics Discipline Group favours a flexible approach

to the planning of Ph.D, programmes in Physics. Physics has always
developed in unexpected ways and in unexpected places. If we wish
our students to oe equipped to work in the leading areas of the
subject, we must take account of the unexpected. For this reason
the best system is one in which departments can act flexibly. Thus
the Discipline Group advocates coliaboration and self-control by
the physics community as the method of handling planning problems.
This system should include:-

(i) standards of quality for students,

(i1) appropriate coverage of relevant areas of physics, and

(ii1i1) standards of quality for supervisors of Ph.D. students.

In summary, it is clear that the Consultants' Plan and the

Discipline Group's philosophy merge. We expect that the Group should

slowly grow inr authority by undertaking new tasks in a responsible

and systematic manner.
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B~6

DISCUSSION OF CINTRES OF EXCELLENCE AND OF STRENGTH

We define a "centre of excellence" in physics as being
an institute with world ciass achievements in many areas of physics.
[f such ian institute accepted Ph.D. students it could attract the
best in Canada who wiight otherwise go to otner countries. It could
also set a standard in physics for university departments and other
laboratories.

We gefine a “centre of strength” in physics as a group
having a worid ciass status in one area of ohysics. In a univ-
ersity department such a group may be expected to attract righ
quality students and generate a stimuiating inteilectual atmosphere
in its field.

Over the next few years it appears that only a few new
appointments in physics are likely to be made, so that the present
faculty will be largely unchanged. Those departments in which there
are now a number of young faculty who are still developing, may show
an improvement while others may even decline in quality. These
factors are independent of the organization of Pn.l. work. Thus the
Jiscipline Group concludes that the present system will not lead to
a centre of exceilence in Ontario within a “decade or two". This
conclusion is consistent with the Consultants' argument on p. A-6 and 7,
since they imply tnat such a centre would emerge only if university
administrators took extreme measures to support their physics depart-
ments and the departments concentrated their development in this

airection oniy. However the Consultants found centres of strength in

e
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a number of physics departments. Many are of relatively small size
involving only a tew professors and students and often centre about
one or two strong individuals. In assessing the strengths of depart-
ments the Consuitants identified a ciore or more of "scientists with
international reputaticns”, (p. A-28), and the distribution of centers
Cf strength naturally 70.i0ws tne distribution of these outstanding
physicists. These groups urc a valvable asset to the people and
universities of Ontarie. Their continued activities in the training

of Pr.D. students and their research viability should be assured.

T RECOMMENGAT IOLS

LN

-—
.

ac regdadcens b adopded wideh woudd place £imdits on
Goe tetad wwmbesr of graduate students.  (page A-22)"
Concur. There is no need at present to place any limits on

numbers. Quite the contrary, the universities should try to

compensate for the over-correcting influences of the market
place by reducing excessive upward and downward swings in

enroiiments.

Z. MGov PR studyity of e provdnce be distadbuted
A Bie areeensa{Les accerdang to the aumbers of
AR G nemoe s whe are foeund to be competent Ph.
Srg Vs es G Civ o various physies depantments. A
roveernanicd Gredcad dstrlbutlon L5 Snown Zu Tande ).
e A-59) "
wne principle of encouraging a distribution which parallels that
of higniy quaiified supervisors is wise. Our recent experience
indicates that free movement of students brings this about, and

\-1»%
tnot artificial reguliation is unnecessary.

(
: - 133
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qualified" rather than the Consultants' word "competent",
because the expression "competent" was used only as a convenient
measure of a department's strength and not to imply also non-

competence).

3. "the prejected cnteddments and ddstidivwtion of Pu.D.
stadents be nevased every two orn three years.,  ipage A-40)"
Concur. In the Tight of our comments on Recommendations 1 and 2
periodic review of changes in departmental strength and in
student enroliment patterns are essential - perhaps every three

years.

4. "thene be no assigumend o0f nespondsAbiLLTAes for specdidc
fiekds of physics to paht&cu&an depantments, but that
the co-ordination of neseanch activitices of tne depart-
ments be contdnued by the discpiine group. (page A-54)"

Concur.

5. "no Limitations be placed on the movement of depariments
Gifo new axeas vf rescanch, but that <n the perdodic
review (see Recommendation 3) of graduate programs,
speciad addentaon be directed tv new axreas of neseanch
wndch naue been stanted to ascentadn that the students
are wedew e quddance of welld-qualcfjeed supervisens.,
oage A-547"

Concur.
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6. "a wncvensdty necedve no provincedal financdal suppont
fon iy PhoD. student who has necesved a bacheson
degree from the same undversdty unkess that student
hokds a mastens degree grom anvthen dnstitution oxn
the unduersity necedves specdal permission from the
Critade Cownadl of Undvenscties.  (page A-H1)"

We support the principle that students should move, but reject
the need to enforce it by B.I.U. regulations. The Discipline
Group should monitor the proportion of students that do not

move to another university and ensure that this fraction remains

reasonably small - less than 25%.

7. Malk undvensities foumubate poldicdes governding appided
nesearnch 4n physics graduate proghams with particufan
attention bedng paid to the questions of the academic
sneedom, balance and coherence of the deparntments.

(page A-52)"
Concur.

8. Mal¢ winvensities xeview thedn teawre and prometdon
practices to asswie a standard up to that adepted by
undvenscties whden have achdeved a weld- leseqved ne-
putation §on ndgh qualdty graduate werk and weseakci,
(page A-53)"

Concur.

9. "sexdous consdderation be given to develtoepdng graduaty
pragrammes (o cpidces and acoustdcs.  [page A-543"

Other fields too should be considered., eg. plasma physics, etc.
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10, "éthe ddscaptine group annually neview and grade the
appldcations of graduate students who have been accepted
by the wnevensd ties and that the nesults of thais review
be made avaslable to the appropriate commitiees fon
cvaluation and planndng puiposes. (page A-u5)"

Concur. The Discipline Group has already set up, in C.0.U.Ph.D.,

a mechanism to follow the spirit of this recommendation.

11. "at the fown emergent undvensdties the income grom the
provance forn ghaduate situdents should not be propor-
tienal to student numbens, but a speckak fund be set
up af theso undvensdties Lo support thein nesearch
programmes. (page A-55)"

The problem, in part, of higher teaching loads at these four
universities, cannot be isolated from other problems of the

B.I.U. system of financing.

12. "in onden that the Undlversity of Ottawa be given an
opportwdty to develop a high quality bilingual
graduate schoot in physics, the Univernsdity be allowed
tu plan jorn a numben vf Ph.D. students highen than
that asscgned, but {f future asscssments f4nd no sub-
Sstantiad mprovement <n the qualdity of the faculity,
constdenation be gdven to having the Ph.D. programme
daescontinued.,  (page A-40)"

The Discipline Group's position is that any body that makes a
condemnatory recommendation is obligated to give detailed

reasons before any such statement cai‘geiseen to be just.

,-"‘ q



B-11

13, "an appraisal of the M.Sc. proghamme at Launentian
Undvensity be carnded ot <n the nean future.
{page A-35)"
The Discipline Group has heard that the situation at Laurentian
was misunderstooa by the Consultants and the Group supports any

action that Laurentian may wish to take for re-evaluation.

SUMMARY

The Discipline Group recommends that: THE CONSULTANTS'
PLAN, AS DESCRIBED IN THEIR REPORT AND REVIEWED IN THIS RESPONSE,
BE ADOPTED.
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COMMENTS OF HE ASTRONOMY DISCIPLIAE GROUP
ON THE ACAP CONSULTANTS' REPORT

ON PHYSICS AND ASTRONOUY RADUATE WORK
IN Tul PROVINCE OF OWTARIO

General commuents

Wne members of the udiscipline group endorse in general
t.ae wise and thoughtful comments of the consultants on gracuate
Wwork in astronomy wiiicihi are made in pages Ad4l-48 of their
report.

although not directly relateu to graduate needs we
specifically endorse tihe consultants' conments on page A-45.

"Every university should have an astronomer to teaca

courscs in astrﬁnomy. Otherwise, prescntations tena

to become lopsideu with heavy empliasis on the partic-

ular teacher who nappens to be giving tiie course at

tuat epoch."
Wle feel a responsivility to ensure that astronomy (which is a
very fine vehicle of euucation in science for many ty.es of stu-
dent) saould be well taught in the province. The Canada-France-
uawaii telescope anud other anticipated developrents in astronony

will stirnulate uemanu for courses in astronony.

Specific comments

I'he specific comments of the wiscipline group on tne recon-
menuations Astronomy 1,2,3 on page 4i-3 of the consultants' re-
port are as follows:

l: HO Wk GRADUATE PROGKAMS IN ASTRONOMY BL oSTALLISHED I

OdYARIO, BUT THIS IS NOT TO BL CONSTRUED THAT A THEJIS

PR
O4d AN ASTRONOMICAL TOPIC IN AN LAISTIIG LDEPARTIENT OF
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PHYSICS BE INTERDICTED. (See Page A-48)
Comment: NO plans for new graduate programs in Astronony are
known to the discipline group. We concur that thc-
ses on astronomical topics may be appropriate parts

of Ph.D. work in the existing physics uepartments.

2: FOR PLANNING PURPOSES THE PROJECTLD ENROLMENT OF Pll.u.
STUDENTS IN ASTRONOrlY LE REDUCED TO 15 BY THE YEAR
19;8-79 AND TIIAT THESL STUDENTS BE DISTRIBUTED DBEYWLEN
THE UNIVERSITY OF TORONTO AND THE UJIVERSITY OF WLSTIRN
ONTARIO Iii THE RATIO OF NOT LESS THAN 5:1 IN FAVOR OF
THE UWIVERSITY OF TORONTO (Sc¢ce Pages A-47 anu A-50)
Comments
a) We see no valiud reason why the recommendation (Piay-
sics 1) for pihysics graduate enrolment should not a,.-
ply equally to astronomy graduate enrolments.

L) We disagree with the imposition of an arbitrary fixed
ratio of students in the astronomy graduate programs
at the University of Western Ontario anu tle Lniver-

sity of Toronto. The principle of encouraging a

distribution which parallels that of highly jualifiecu
supervisors is wise. Our recent experience indicates
that free movement of students brings this about, anu

that artificial requlation is unnecessary.

3: KECOMMENDATIONS 3,4,5,6,6,10 UNDER "PuYSICS" ALSO APPLY
TO ASTRONOMY DEPARTMENTS.
Comment: Our response to recommendations 3,4,5,6,86, and 10 of

the Physics document are:
-
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3: We concur. In the lignt of our comments 2 a) and
2 b) above, periodic review of changes in dcpart-
mental strength and in student cnrolment patterns
are essential - purha,ps conce every three years.

4: AN¢ concur.

[G4]
e

we congur.
6: We usupport the principle that stuudents sioulu nove,
but reject tue need to enforce it by »IUL requla-
tions. The viscipline Group sioula monitor tue pro-
;ortion of students that do not move to anothar uni-
versity and ensure that this fraction rewmains rea-
sonably small - less tanan 25%.
8: We concur.
10: Wich small numbers of cdepartments an. students involveu
it is unnecessarily cumbersome to sct up forunal review

mechanisms.
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APPENDIX C

UNIVERSITY COMMENTS

Comments appear from Brock, Carleton, Guelph, Lakehead, Laurentian,

McMaster, Ottawa, Queen's, Toronto, Trent, Waterloo, Westcrn Ontario,
Windsor and York.

These comments were submitted before the addendum
to the consultants' report (pages A-78 to A-88)
was requested.
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RESPONSE TO THE

A.C.A.P, CONSULTANTS REPORT ON PHYSICS

BY BROCK UNIVERSITY

The major portion of this report is concerned with Ph.D. programs;
consequently most of the recommendations, if implemented, would have only
secondary effects on Brock, Nevertheless, we feel the exercise to have
been worthwhile, if only as a means of providing a focus for the deliber-
ations of the Discipline Group.

In assessing the summary of recommendations, we have kept in mind
that the Terms of Reference for the Consultants were set up by ACAP in
close consultation with the Discipline Group. In several instances the
Consultants have rejected the terms of reference, although chey were
careful to state their reasons for doing so. In other inst inces they have
nade specific recommendations but have not indicated how t. :wy should or
could be implemented,

There were two aspects of the report that were not directly called
fer in the Terms of Reference, but which could have the most lasting value.
The first of these is the careful delineation of the need for excelleunce
in at least some of the Ph,D. programs of the province and some suggestions
as to how it might be achieved. The second is the accumulation and
assessment of data concerning the age distribution of membars of Physics
faculty. This has subsequeutly been recognized by the Discipline Group
as a particularly severe problem for those Departments who aim to maintain
their present level of vigor in research, let alone improve upon it,

Our responses to the recommendations are given below:

L. 1o regulations be adopted which would place limits on the total numbzr
of graduate s‘udents. (page A-32)

(1, Agreed,

2.0 tne PRLD, students of the province be distributad among the wniversities
a:eording to the numbers of faculty members who are found to be competont
UG supervisore in the various phyeies deparvtmarts. A recortacrded
Inltial distrebution 4o shown in Table b. (page A-39)

(i) The use of the term "competent" is unfortunate in that it carries
connotations other than those intended by the Consultants. Recommenda-
tion 2 snggests an a priori distritrution of studentsy it is difficult
to conceive of a mechanism that is both workable and acceptably

S cpeaJoelod errolmonts and disbeibution of Phyi, ctulonte be oreofaod
e tvo op three pears, (page A-40)

(iii) A revision in less than 3 years we believe to be unnecessary and
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4,  there be no assignment of responsibilitizs for epecific fizlds of physics
to partienim depavtmints but that the coordination of research activities
of the dupaptment be continued by the discipline group. (page A-54)

(iv) Agreed,

b, no limitations be plaoed on the movement of departments into new arcas of
recearch but that, in the periodic reviews (sce racommendation 3) of
graduate programs, spectal attention be directed Lo new arcor of research
which have bern started to ascertain that thae students are under the
autdance of well qualified supervisors. (page A-54)

(v) Agreed.

o ¢ univeraity receive no provineial financial cuuport for amy Ph.D. studant
wno hae recaived a bacholor drqr'ﬁ from the eame unt ersily wnlens that
cusdent holds a masters degree from another ingtitution or biv: univer:s TLy
pocolves spectal permission from the Oniario Council of Universtiies,
(ragr A-bl)

(vi) We support the intent of this recommendation without qualification. Whi le
its implementation may be resisted by some Departments, largely for purposcs
of solf interest, we feel the long term interests of the studen's would best
be served by its adoption,

7 G171 siivepeitics formulate policies governing: avplicd vescavel in phycics
f
g fuabe programs with partieular atlertion bp?n. paid to the quastions

o i artlerle freodomy balonce and cohrrencs or the Liqn.ztm'vt“. (paq: 7

(vil) Agreed,

B ool mtpopsities rrviam inair tenure and pPOWOtLOV mracticas to ansure a
cion bl e to that adopted Py umiversities which have achieved a well-
Jdoaemd reputation for high qualitJ graduate werk and research (page A-573)

(viii) Agreed. This recommendatic appears to be the only means proposed, whercby
the centers of excellence could be established.

G, aepiong eonsideration be gtoen to developing gradusate program: in optice
il oot les,  (page d=d1)
(ix) This recommendat lon is based largely on a situatior existing in the U.S5.

While it may have merit, other areas, for ezample, Plasma Physics are
cqually neglected and deserving.,

"0’;.‘.,)

i s Aeainline prowe mocerl by pevlen anld grade U aplreallons of o luat
st s e b Bo uu'*“/ dodey Ehe wdvereltloe and that tee ol s
S e oy b e oAkl b B oappeonetote cors e fer sl

) ' ot ‘-' v .’ vy ,";.':‘, Yoy} e (».[ 7 ,.-,'),',

() .-\_"_l'c't'\l.
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Recognition of the special difficulties assoclated with maintaining
rescarch within small Departments heavily committed to the Undergraduate
program is welcomed, It echoes a comment in the ACAP report to C.0.U.

of 1971-72 (p. 11) where again, the proposal of a special fund to support
professors in departments with restricted graduate programs, There is a
concern, however, that the implementation of recommendation 11, as stated,
may work to the ultimate disadvantage of a small Department, if the B.I.U.'s
generated by M,Sc, students were jeopardiied. Internal pressures within a
University inevitably lead to considerations of "income generated" vs
operating costs, etc., We feel, therefore, that whereas special support,
in addition to B.,I1.U.'s, would be welcomed, we would choose to retain the
B.T.U.'s if a choice mus: be made,

in ovder that the University of Ottawa be given an opportunity to dowvelop
a high quality bilingual graduate school in phusics, the University be
allowed to plan for a number of Ph.D. ctudents highcr than that ascigred,
but if. future assessments find no substantial ‘morovement in the quality
o the faculty, consideration be given to having the Ph.D. progran discor-
tinund, (page A-40)

No comment .

ae appraical of the M,Se. program at Laurentian niversity be earyicd oud
11 Lhe near fulture.,  (page A-35)

wO o conment,
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CARLETON UNIVERSITY

RESPONSE TO THE FINAL CONSULTANTS' REPORT
oN
THE PHYSICS AND ASTRONOMY PLANNING ASSESSMENT

In general, Carleton is in agreement with the spirit and intent
behind many of the consultants' recommendations concerning Physics. We
support the emphasis on quality and the proposition that it cannot
simply be regulated into being, the enrolment trends projected by the
consultants, and their views on the size of a graduate school and coverage
of fields. There are, however, four matters on which we would wish to
comment specifically and these are set out below.

1) Carleton has noted with interest the expanded role for the
discipline group recommended by thz consultants. However, some difficulties
in imp.ementing such a regulatory role for discipline groups were
discerned. Regulatory functions in the university system may come from
departments, from individual universities, from groups of universities
or from discipline groups. It would appear essential tc examine which
aspects of the regulatory process should be allocated to each level.

The consultants have elected to refer almost exclusively to one of them.

2) Carleton has always insisted on the viability and academic
plausibility of small, highly focused programmes at the graduate level.
Indeed, in the case of Physics it may be said that Carleton, more than
any other university in Ontario, haémdeveloped such a well det* ad focus.
There is, however, a danger that having done so a department could be

restricted ad infinitum to such a focus by ACAP. In this case, the

decision to define sharply tue focus of the programme could impair the
possibility of a department to evolve a new focus in future. It should be
clearly understood, therefore, that the condoning of any small, specialized
programme does not imply that the department might not legitimately
aspire, in time, to develop one or more other foci.

3) Carleton has noted with interest the recommendation that
basic income units not be provided for doctoral students ¢t a given
university if they had done all previous university work at the same

institution. While wgq gerjcur with the spirit of the recommendation
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which calls for som= diversification in the university education of
students, we are wondering if there 1s a need to legislate what would
recommend itself as a most natural practice. However, if consultants
have discovered in their assessment some important violation of such a
natural practice, we would respect their recommendation.

4) Finally, we must express some disappointment in the
consultants' report for not having provided much in the nature of
information and recommendations likely to help individual universities in
their iastitutional planning. It would have been most helpful if the
consultants had chosen to indicate more precisely the areas of greater
promise for future development at each university and if they had

chosen to propose some precise trimming of existing programmes.




University of Guelph
PHYSICS AND ASTRONOMY PLANNING ASSESSMENT

Comments on Consultants' Report

The University of Guelph considers the report
of the consultants to be an acceptable one. Theré are some matters,
however, on which we wish to make comment.

We find in Chapter I1 a useful statement, sppporting,
as it does, the proposition that opportunities should be available
to students of high quality to pursue graduate studies with research
supervisors of high quality. In that context we endorse recommendation 1
that "no regulations be adopt2d which would place limits on the
total number of graduate students'". We endorse, a.so, the proposal
(pages A-54, 55) that the discipline group maintain a review function
at the Ph.D. level for some time.

, Specifically with regard to the University of Guelph
) we are pleased that the consultants support (page A-40) the decision
of the appraisals committee that our department is competent to offer
Ph.D. studies in physics. It should be noted that ours is the only
such program in Ontario which has sustaineu an appraisal. Their
assignment of "a small number of(Ph.D.) students" to Guelph we take
to imply the consultants' general support of the lifting of the

present embargo which has, indeed, created a sense of injustice and of

frustration. We urge upon ACAP and COU such action as will support

Q vl '15;22




the University in seeking relief from this imposition.
We note, further, the consultants' recognition
of the fact that our undergraduate population has been growing at
a higher rate than tlie system average and that our faculty numbers
have been increasing accordingly. We point out that the latter
growth could well serve to justify some increase in the number of
"competent Ph.D. supervisors" set out in Table 5, where the number,
’being based upon the 1971-72 grant distrii:ution by NRC, reflects
our 1971-72 faculty rather than the current faculty.

With regard to cooperative activities (page A-56)
we are able to report our arrangements with Toronto and Waterloo
for graduate work, and with McMaster and Toronto for research.

We plan to continue with these collaborative programs and to develop
them where appropriate. Such programs could be adversely affected
by rigid planning numbers; accordingly, we are pleased to note that
the consultants do not advocate rigid planning numbers.

We record here the fact that we have submitted for
appraisal our proposed M.Sc. and Ph.D. work in biophysics. The mutually
supportive relationship between physics and bioghysics is an additional
reason for our welcoming the view of the consultants that Guelph
should continue to develop its quality Ph.D. program in physics.

The consultants (page A-46) have noted that Guelph
provides for M.Sc. research '"on an astronomical topic'" within the
physics program. We propose to continue this work at the present

level and to continue, also, our cullaboration with Toronto in this




general area.

On more general matters we assert our concurrence
with what we take to be the consultants' opinion (pages A-9, 10) that
six or seven students commonly form the critical size for graduate
work in physics. Our experience at Guelph confirms this opinion
and we find that this appears to be the operational number at some
of the other universities.

We support the concept of stgdent mobility (page A-51),
but we reject recommendation 6 which invites government sanction. The
universities themselves can encourage mobiliéy, but we consider hard-
and-fast rules to be impracticéble. The discipline group could play
a useful role in this matter.

Recommendation 7 and the statement on applied nhysics
(page A-52) presumably refer to research that is peripheral to physics
as a whole. We agree that such peripheral activities ought not
to comprise more than 25% of a department's rescarch effort. But we
would be concerned if the consultants' remarks were interpreted
to refer to applied research in which there is a sound physics core.

We consider that the consultants are to be commended
for prcparing a report which should be & useful basis for planning

in this important discipline.

dedeveess

April 30, 1974




Cc-9 TELEPHONE 345 2121
AREA CCODE 807

u‘-"-m-:-' L.akehead Uni ersity

THUNDER BAY ONTARIO. CANADA. POSTAL CODE P78 5E

ot o

OFFICE (b THE PRESIDENT May' l5th, 1974.

Dr. M. A. Preston,

Executive Vice-Chairman,

Advisory Committee on Academic Planning,
Ontario Council on Graduate Studies,
Council of Ontario Universities,

Suite 8039,

130 St. George Street,

TORONTO, Ontario. M5S 2T4

Dear Dr. Preston:
With regard to the Discipline Assessment in Physics,

the University does not wish any official response to be included in the

report.
Yours sincerely,
&, LA
ANDREW D, BOOTH,
/1p President.
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LAURENTIAN UNIVERSITY RESPONSE
TO THE
ADVISORY COMMITTEE ON ACADEMIC PLANNING
REPORT FOR PHYSICS AND ASTRONOMY
OCTOBER 1974
-

It is clear that a large fraction of the report deals only with PhD -
granting institutions, and we make no comments on these sections.

We agree'strongly with recommendation C3 dealing with alternate
sources of funding for university departments which do not offer graduate
programmes. We feel, however, that further details should be specified
with respect to what group is to give ''urgent attention' to this question.

We feel that recommendation Cl8 which concerns the Department of
Physics at Laurentian was developed because, unfortunately, there was a
lack of full information: this is discussed later. But we would also
like to comment on a general principle involved. It is difficult for us
to understand why any university just completing its fifth year of an
MSc programme should be asked for a complete reappraisal, given support
for the programme by the university, a series of good theses in the past
(as judged in all cases, by competent external examiners), and continued
enrolment in the programme.

Since our original appraisal in 1969, our staff has increased both
in size and qualifications*, «nd our research support and facilities have
been substantially inc.ecased.

We are aware, of course, that Laurentian's five year plan calls for
planning to create an interdisciplinary programme in Physics and Chemistry,
and that such a programme would naturally involve a new appraisal. However,
planning for such a programme is still at a very early stage. Provision is
already made for the university to re-examine the desirability of continuing
with its Physics MSc programme in the light of developments within the
Five Year Plan. We feel that such a provision already allows equitable

consideration of present and projected programme development. Any term

* The Department has increased from nine to twelve faculty members, and
two of these have recently received PhD degrees.
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approval, with its consequent provisional termination date, will
inevitably create the possibility of an adverse steering effect on
potential students at a time when the programme is in the process of
establishing itself.

It is difficult for us to comment in further detail, since phrases
in the report such as 'the questionable quality of the present physics
master's programme" and "the programme is weak in core subjects" in
connection with Laurentian's programme, have not been given a basis.
However, it appears likely that the consultants' recommendations formed
a general framework for the report. Our original response to the
consultant's report was not distributed along with the other responses.
We would therefore simply point out that we have compared the courses
required of our MSc candidates with those listed by other Physics
departments in Ontario, and conclude that the statement that our MSc
core course porgrmme is weak, should efther be rejected, or applied
to most other departments as well.

We feel strongly that a reappraisal should only be carried out
on a basis of reasonably well~defined and documented problems with the
current programme, not largely on the basis of impressions from a half-
day visit by part of the consultants' team.

The immediately relevant details which relate to the main comments
of the consultants are on the first two pages of the attached copy of
our response.

The above comments should not be interpreted as revealing apprehension
about any reappraisal of our programme. Rather, they simply express our
view that the brief reasons outlined in the report, concorning the
recommendation for reappraisal of our programme are neither justified

nor sufficient.

Q ' 1.5.7
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LAURENTIAN UNIVERSITY RESPONSE
TO REPORT ON GRADUATE STUDIES
IN PHYSICS AND ASTRONOMY
(SUBMITTED BY CONSULTANTS TO
ADVISORY COUNCIL ON ACADEMIC PLANNING,
ONTARIO COUNCIL OF GRADUATE STUDIES,
COUNCIL OF ONTARIO UNIVERSITIES).

Laurentian University

May 1974
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Our remarks will refer in turn to:

(a) specific comments made by the consultants concerning the MSc
programme in Physics at Laurentian University.

(b) the general recommendations which relate to MSc programmes
within the province.

Comments Specific to Laurentian University

We dismiss, as being without foundation, the suggestion that the
department of Physics is "torn by internal strife". The department,
as a whole, has taken its many major decisions of the past years with
near unanimity. In the main, disagreements within the university and
instability within the university result from the instability of the
overall university B.I.U. - based income and from pressures to balance
the university budget.

Furthermore, it was the decision of the entire department to
emphasize the field of Fine Particle Physics. This decision was taken
for several important reasons, including the following:

(a) Laurentian researchers have made major contributions

in this field;
(b) the specialization in this field is unique in Canada:
(c) the field is a branch c¢f science having many important
applications.
For the consultants to say that our research emphases result from
"personality domination' rather than from our "strengths' and then to
say, in the same report (page A3l) that another university '"lacks a

lstarl"

appears to us to be inconsistenc.

The consultants have referred to "applied research" in their report
and in meetings with the Physics Discipline Group as meaning 'proprietary
research' or 'research begun through tnterest in money rather than through
interest in science'. We agree that safeguards are necessary for the
protection of students involved in contract research. On the other hand,
we make nc apology for the fact that the Physics Department of Laurentian
University is engaged in many research projects which have application.

In the range of projects undertaken here we emphasize, too, that there is

L
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4 laudable spectrum of theoretical and experimental approaches with
a very successful liaison between individual researchers.

We have compared the cours 3 required of our MSc candidates with
those listed by other Physics Departments in Ontariuv (using data
submitted to ACAP). We conclude that the claim by the consultants,
that our MSc ccore course programme is weak, should eith.r be rejected
or applied to most of the other Physics Departmer-s in the province
as well.

The consultants have mentioned that the faculty is adecuate to
offer MSc work in the fields of Fine Particle Physics and Solid State
Physics. That our responsibilities have been effectively carried out
is probably best judged in assessing our graduate students, their
research, and their resent abilities. We are proud of'LWeir
accomplishments, and of their acceptance and recognition following
wraduation. External examiners have commended the research of all
the students who have received the MSc degree in Physics at Laurentian
University.

Recommendations of Consultants Relating to MSc Programmes

We agree with many of the recommendations made affecting us, and
comment only on the few mentioned below.

Recommendation 7

We agree that policies to protect the interests of students
should be formulated at any universitv at which students are
engaged in proprietary research or contract resecarch. (However
we object to having thg erm "applied research" used in

this connection alone.)

Recommendation 9

We point out in connection with the suggesticn that research in
optics be supported that optical information prccessing and a
variety of holographic techniques are being investigated at
Laurentian University. It should also be noted that br. B. J.
Thompson, Director of the Institute of Optics, Rochester
University, acts in the capacity of visiting professor to

169
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Recommendation 11

While a B.I.U. -~ based income at Ontario Universities can
lead to intolerably unstable income and to distorted funding
patterns within the universities, we do not view the
"patchwork" solution proposed in recommendation 11 as one
that is likely to be acceptable in the near future.

Recommendation 13

We cannot agree that any special reappraisal of the department
is necessary. The consultants have commented favourably on
the competence of the department in the research f.elds in which

we involve MSc students and the quality of our students is

excellent.
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McMASTER UNIVERSITY RESPONSE

TO_THE ACAP C NSULTANTS ' REPORT 0 GRADUATE STUDIES

IN PHYSICS AND ASTRONOMY

While we believe that the physics consultants have produced a report
wvhich gives a reasonably accurate pictura of the state of physics in Ontario
in 1973 and whizh expresses a philosophy of physics education which would be
accepted as rcasonable by academic scientists the world over, we are disap-
pointed that they did not make any hard specific recommendations. Unless
some other bodies are prepared to put some teeth into the recommendations,
the report will remain as a 'consumer report’ of the state of affairs in
1973 which will gather dust on library shelves. The report essentially
suggests a maintaining of the status quo in regard to the existence of
doctoral programmes throughout the Province and in this regard it presents

a sharp contrast with many of the earlier ACAP consultants' reports.

The Question of Quality

On page A6, the consultants state that none of the graduate schools in

physics within the province achieves the standards of high quality that are

the marks of a great department. Thev rate two of the sixteen as approaching
that standard and suggest that both might achieve it in a decade or so - given
the correct conditions. They .0 on to say that the province cannot have threce
or four, ruuch less nine or ten really outstanding graduate schools in physics
and that an equal division of facilities, funds and talented phvsicists among
all ex!sting schools will assure the existence of none of outstanding quality.

Having said this the roceed to make a series of recommendations that nake
yp ﬁ :
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the emerpence of one or two outstanding graduate schools well nigh
impossible.
0f the thirteen recommendations regarding physics, only number two

and number six address themselves to the problem of building a few centers

- of gexcellence and neither of these two offersmore than general principles.

Number two proposes to distribute graduate students among universities
according to the number of '"competent" Ph.D. supervisors but proposes no
mechanism for achieving this distribution.

It is clear from the philosophy of the consultants'report that the
number of ‘'‘competent supervisors” is being used only as a rough measure of
the strength of a department and that there is no intent to limit graduate
student supervision to faculty members who have been declared "competent'.
The intent of the recommendation is to distribute the physics graduate student
enrolment among departments roughly according to the relative strenzths of the
departments. Although no mechanism for policing their recommendation is
proposed, the stress in their report on suif-discipline suggests that they
believe this policing can be done by the Discipline Group in Physics. This
belief is probably justified so long as only a rough equivalence between
"strength" and student numbers is asked for. However, if rigid planning
numbers are required and if these are coupled mathematically to ''strengths",
the exercise of determining the relative strengths of the departments in the
province would place impossible strains on the Discipline Group and destroy
all possibility of cooperation between the physics departments of the province.

Recommendation number two is designed to maintain vitality where it
exists in the provincial system. It will do nothing to build the strength

required in the stronger departments if they are to compete on the world
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scene as ''great departments’. Indeed, it is probably unrealistic to assune
that any BIU financing system which is tied closely to student enrolwments
will allow for the creation of such centers of excellence.

Recommendation six, which attempts to combat the growing tendency of

students to take all their degrees at one institution, is a good recommenda-
tion. Implementation of this regulation across all fields of Science and
¥ngineering would do a great deal to break down the insularity which charac-
terizes the Ontario universities. 1le believe that the recommendation in

its present form is administratively awkward and unlikely to be acceptable

to many of the universities. Rather than asking that special permission be
required for each student wishing to stay at the same university for ail of
his degrees, we balieve that it would be much better to have a regulation that
would require each university to limit the number of its own B.Sc. graduates

in any of its own Ph.D. programs to 25% of the total enrolment in that program.

Recommandation ten deals with the question of student quality by pro-

posing that the discipline group annually review and grade the applications

of graduate students who have been accepted by the universities, Attempts by
COUPHD, the Comnittee of Chairmen of the Ontario University Physics Depart-
ments, to implement such a recoﬁmendation have floundered in the past because

of the reluctance of some university administrations to release copies of
transcripts and letters of recommendation to the COUPHD commifttee on admissions.
All that has been made available are the names of the institutions which
students attended and the B.Sc. or !.Sc. standings which they ohtained. Unless
the universities are prepared to offer nore detailed information to the pronosed

discipline group committce on admissions than have been provided to COUPHD, the

committee will not he in a position to carry out its function properly. Althouph
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ve are not convinced that there are wide disparities in admission standards
in different physics departments, we support this rocommendation as academi-
: P

cally and politicallyv desirable.

Vitality, Student MNumbers and Support for Resaarch

If one accepts the predictions of graduate student enrolmeats contained
in the report as reason:ible 5nd adopts the 'laissez-faire' philosophy of the
report, all the universities in the province will be short of graduate studeats
during the next decade and all faculty will face thé problem of maintaining
lively and active research programs in an academic milieu in which undergraduate
teaching and committee involvement assume greater and greater importance. Vith-
out the presence of graduate students or other persoas who can give full tine
to research, it will be the exceptional faculty member who can maintain a
vigorous research programe over a long period of timz. While an active depart-
ment can tolerate the death of a few active rescarch groups, even the most
research-oriented department is reduced to non-effectiveness when the mood of
thé department is determined by a faculty majority who have lost interest in
research, This dry rot threatens every department in the province - and,
judaing by the coasultants' report, has already overwhelmed some.

Ve holieve that the excitement of science cannot be maintained without
the steady injection of new blood into the system. A; alternative to graduate
students as a means of injecting new blood into the system would seem to be
rostdoctorate fellows. However, the existing mechanism of support for voung
Ph.D.'s on a short term basis ( one or two years ) from annually awarded
research grants does not provide the continuity that is needed to meet either
the demands of an ongoing research program or the personal requirements of

vourrs scientists who are at the "family-building'' stage of their lives. llow

165

e



Cc-20

that twa—year postdoctoral fellowships are unlilely to develop into faculty
positions, postdoctoral appointments have lost a grea” deal of their appeal
and many of the young scientists with the greatest potential for research
and teaching are turning away from the university to accept positions with
~o research potential in order to achieve firancial security. If Ontario
intends to have good universities in the 1980's, the province cannot afford
to waste their talents now.

Recommendation 11 proposes that there be a decoupling of research

support from the income received from.graduate student basic income units

in the four small emergent universities who do not now have Ph.D. programs.

It scems to us that this recommendation should be modified so that it can

be applied to all universities in the province. If this were done, we would
have a mechanism for relaxing the overly-tight coupling which now exists
hetween research and graduate student training in this province. It would
free the universities to make hybrid faculty-postdoctoral appointments with

a longer term job security than is now available to young sclentists in the
25-35 age bracket. At the present time 2357 of the faculty in Ontario physics
departments is in the 30-35 age group; in five years this fraction will drop
to something less than 5% while the fraction of those over 50 will nearly
double. The 5% figure could be raised quite significantly if a relatively
small 7 jection of non BIU generated money was made available to tne universi-
ties to create faculty-postdoctoral positions half supported by research grants
and half supported by university funds.

The Copse report and others have recognized that in some of the Ontario
universities, and McMaster,we submit, is a good example, there exists a
potential for highly crecative pure and applied research that goes far beyond

" the immediate needs of undergraduate or graduate education but which must be

Q developed if any school 1s to provide the excitement for students that at all
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levels is the mark of a great university. Despite the recognition of the
need, it has proven very difficult for the universities to develop a system
of funding which takes cognizance of this important extra dimension of
university activity. It is important that the province should begin to take
seriously its responsibility to support research independently of the per-

ceived needs of undergraduate or graduate students.

The McMaster Situation

The members of the physics department at cMaster have taken very
little comfort ftom the ACAP report. Although complimenting McMaster on
the wise use of the resources given to it during the days of rapid expansion
and easy money, and recognizing the outstanding achievements of its faculty,
the report offers no suggestimsby way of its recommendations as to how the
departmert is to maintain the high quality of its graduate program, or to
secure the resources to achieve the goals which the document suggests are
within its grasp. The Department insists that what it needs most of all are
appointments on a regular basis and that without this isijection of new blood
the danger exists that the natural process of aging will first change the
mood and then the effectiveness of the group. The consultants have identified
two physics departments in Ontario that have the potential to "make" it in
the world league during the next decades. We believe that some positive steps

should now be taken to make this development possible.

Uay 24, 1974
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DEPARTEMENT DE PHYSIQUE - 613-231.3356 613-231.3357 - DEPARTMENT OF FPHYS!CS

May 10, 1974.

University of Ottawa response to ACAP Assessment in Physics

1. Introduction

In their report, the consultants make thirteen recommendations, many
of which have general application but one, #12, applying specifically to the
University of Ottawa. The present report will discuss that particular
recommendation suly, together with the rarious considerations which the con-
sultants quote to support it. We question the validity of the basis for this
recommendation and particularly the low evaluation of the quality of the Physics
Department at the University of Ottawa. Our purpose here is to show that the
Department does, in fact, compare favourably with many of the other nine Physics

Departments in the province which have a Ph.D. programme,

. Criteria used by consultants
The consultants' determinatioun of the quality of a Department has been
based almost completely on a single criterion of the number of outstanding
faciiity or 'stars' in the field of research. This number, in turn, has becn
determined in the main by a single measure of the size of the individual NRC

operating grant. It is on the resultant allocation to Ottawa of only two stars
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Plus the factor of the small size of the Physics Department (discussed
further below) that the consultants have rated Ottawa the lowest of the ten

Departments with Ph.D. programmes.

3. Other Possible Criteria

Many other criteria are available to assess the quality of the
faculty of a Department as can be seen from the consultants' reports in other
disciplines. Thus in Chemistry, the NRC operating grant has been used, but
not in the 'go - no go' fashion used for Physics. We wish therefore to discuss
operating grants in more detail. 'Throughout this discussion, we will concern
ourselves with the NRC operating grants only and will not include major equip-
ment, A.E.C.B., high energy physics grants etc. This is consistent with the

choice of the consultants in both Chemistry and Physics.

3.1 N.R.C. Operating Grants

Eleven of the fourteen faculty members of the Ottawa Physics Department
receive NRC operating grants. This proportion of grant recipients (11/14 - 0.79)
is effectively that for the ten departments in the province with Ph.D. programmes
(241/315 = 0.76). To assess the value of these operating grants, in Table I
we present for each of the ten departments figures for (a) the total of all
operating grants in Physics, Nuclear Physics, Space Research and Astronomy for
1972-73 (the ycar considered by the consultants), (b) the number of recipients
and (c) the average grant per recipient. 'It is seen that for this average

figure, Ottawa is sixth out of the ten departmenfs considered.
I |
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Further points with regard to these grants are:-
(a) the average value for Ottawa ($9,091.) exceeds the national average
in Physics and Nuclear Physics ($8,450.) by 7%.
(b) the averages in Table I are biased to some extent by the inclusion of
Space Research and Astronomy operating grants which are on average 25% larger
than those in Physics. If only Physics operating grants are considered,
Ottawa moves up to fifth position in the list,
(c) with regard to future figures, since 1972-73 the average NRC operating grant
to Ottawa has increased more rapidly than the national average for Physics, so

that in the present grant year the Ottawa average exceeds the national value

by 15%.

3.2 Publications

A further criterion frequently used in Universities and elsewhere to
assess quality is publication of research papers. Two factors need to be
considered here, firstly the standard of the papers, which should be published
in reputable journals employing a refer¢= system and secondly, the interest which
the scientific community shows in the work.

To assess publications in terms of the first of these requirements, we
have counted only those papers mentioned in Physics Abstracts. In Ta' e II, we
give figures for the average number of papers per full time member o iJepartment
over the 3} year period covered by.the Physics Abstract volumes for : 70,71, 72 and
the first half >f 1973. It is seen that in thiS case Ottawa is above the halfway

position in the Table.

b
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To assess the interest in these publications, we present in Table III
data taken from the Science Citation Index volumes for 1970,71 and 72. Here
the average number of citations per faculty member over the three years have
been calculated. It is seen that in this case, Ottawa is at the halfway

position in the Table.

4. Reasons for.éiscrepancy in assessments

The statistics produced above would appear to indicate that Ottawa should
be considered to be on a par with such Universities as Queen's, Waterloo, Western,
Windsor, etc. It is of interest therefore to ask if there are any clear reasons
why the criteria used by the consultants should give a very different results.
Several points may be mentioned here.
(a) One important factor is the Dynamitron programme. In 1966, Ottawa and
Carleton Physics Departments launched a low energy nuclear physics programme
with a novel but untested type of machine (Dynamitron). This particular model
proved to be a dismal failure. Considerable effort was invested by two members
of Carleton and three members of the Ottawa faculty to make use of this machine.
Finally, despite some success, the programme was terminated in 1971. Residual
funds from the 'core" grant were allocated for phasing out and for initiating
other projects, with the consent of NRC. As a consequence, the NRC operating
grants awarded to the members of this group for the year 1972-73 were corres-
pondingly reduced, each recipient concerned being so notified by NRC.
(b) As indicated above, DRB research grants have not been considered here or by

the consultants. However, becausq of the small size of the Ottawa Department,
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a relatively high percentage (3/11) of those faculty receiving NRC operating
grants were also receiving DRB grants. Since the NRC requires applicants to
indicate the level of support they receive from other agencies, it may be
argued that the NRC grants take such extra sources into account and are
correspondingly reduced.

(c) One obvious factor is that because of the small size of the Department,
the number; are not really stati-~tically significant, particularly with the

'go - no go' form of the consultants' criterion. ¥t would appear from a study
of the grant data that there could be four or five cases at Ottawa where a
faculty member was almost on or just below the critical grant value. While in
a larger department, statistical fluctuations might be expected to cancel out,
the smaller number of faculty at Ottawa could allow an adverse statistical
fluctuation to give an appreciable dgviation in the final number of 'stars'
assessed. |

(d) One other parameter mentioned by the consultants was the quality of the
graduate student body as measured by the percentage holding NRC or similar
scholarships. Again, statistical fluctuations can appreciably affect the
result in smaller departments. Thus, in the case of Ottawa, the consultants
quote figure of 18% for 1971-72 and 16% for 1972-73. However, at the present
time, this figure has increased to 30% and compares well with those of other

Departments.
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5. Conclusions

From the above considerations, it would appear that the Physics
Department at Ottawa can be considered to be in the same category as the
correspondina Departments in Queen's, Waterloo, Western, Windsor, etc , despite
the adverse comments of the consultants. We r quest therefore that when
student numbers are allocated in the fashion suggested by the consultants and
the discipline group, Ottawa be given an allocation similar to those of these
Universities and not the small number proposed in the consultants report.
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Table I n '

1972-73 NRC Operating Grants in Physics, Nuclear Physics, Space Research and

Astronomy*

University Total Grant No. of Recipients Average Grant per Recipient
McMaster $361,500. 27 $13,389.
Toronto $670,550. 60 $11,176.
York $210,750. 20 $10,537.
Queen's $210,550. 21 $10,026,
Windsor $137,450 14 $9,818,
Ottawa $100,000. 11 $9,091.
Western $246,300, 29 . $8,493.
Guelph $123,300. 15 $8,220.
Water1loo  $257,950. 34 $7,587.
Carleton $45,700. 9 $5,078.

* Major equipnient, AECB, High energy physics etc grants not included.
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Table II

Publications in a 3% year period (Physics Abstracts 1970,1971,1972 and

January-July 1973)

-~

——

University Faculty Total Publications Publications per faculty member
McMaster 30 404 13.5
Toronto 49 489 10,0
Windsor 17 147 8.6
Ottawa 14 107 7.6
York 27 205 7.6
Queen's 35 260 7.4
Waterloo 39 230 5.9
Guelph 25 144 5.8
Western 28 129 4.6
Carleton 14 57 4.1

Note: To simplify counting, any paper with two (or more) authors from the
same department has been counted as two (or more) publications in

the above table.
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Table III

Citations in a three year period (Science Citation Index 1970, 1971 and 1972)

University Faculty Total Citations Citation per Faculty Member
Toronto 49 3243 66
McMaster 30 1845 62
Guelph 25 912 37
Queen's 35 1200 34
Windsor 17 559 33
Ottawa 14 446 32
York 27 784 29
Waterloo 39 966 25
Western 28 512 18
Carleton 14 203 15

Notes: a) In S.C.I., only the name of the first author is indexed. Hence
in all cases, the above figures will be smaller than the actual citation
values because only faculty and not other members of departments have been
included.

b) Only research papers and not books have been counted,

S
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QUEEN'S RESPONSE TO THE A.C.A.P.

CONSULTANTS' REPORT ON PHYSICS

INTRODUCTION

The consultants' report embraces wise and well-reasoned principles
for the assessment and administration of Ph.D. studies in Ontario. Their
discussion of the conditions necessary to promote excelleéce in the
graduate schools deserves serious study. While most of the recommendations
are well-founded and constructive, a few appear inadequately to reflect the
consultants' own guiding principles. We therefore discuss the report in

some detail.

GENERAL DISCUSSION

A commonsense but useful definition of the purpose of a graduate
school has led the consultants to identify stimulating atmosphere, faculty
excellence and originality as essential requirements for a viable graduate
school. The criteria of quality arising from their discussion set a high
but salutary standard of excellence whose consistent attainment in the
universities would surely benefit both the institutions themselves and the

pcople of Ontario. We strongly support the consultants' view that such

high standards are more likely to be achieved by vigorous competition

between universities than by administrative edict or by the restriction

of Ph.D. studies to a small elite group of institutions. The consultants

stress the subtleties of achieving excelience in a graduate school and we
endorse their statement that policies stemming from a desire for admin-
istrative efficiency would be unlikely to promote excellence in the

graduate schools.
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Tn empaasising that no university in Ontario preseuntly has a
praduate scnool in physics or astronomy attaining the standards they
discuss, t.ae consultants have drawn attention to tiic desirability of
academic planning taat will foster the Liprovemoent of the quality of
all such schools in the province. ‘lhey realistically assess tuat such
plannine¢ should presently consist of the application of gentle but
continuing pressure for improvement rather thian sudden, dramatic measures.
The consultants propose that even the most outstanding Ontario department
would require i -‘ecade or rore for this improve.ent and recommend that
actual discontinuation of existing programs be the subject of future
reviev after a period of '"guided competition' among the exdsting schools.
tle endorse thelr view chat rrecipitate administrative action is unliliely
to Lring albout constructive iwprovement, Althoug!: the recommended
student dJdistribution (and its justification) may well be subject to
detailed criticism, its similarity to the status quo shows that further
regulation of graduate enrolment is unnecessary.

A5 vell us supporting the consultants' general view of how their
declared 1deals mipght be attained, we apree with thelr biasic commentary
on what featurcs of a department contril.le significantly io excellence
in the graduatc school. 1Iu particular ve support the view that depart-
menta) sire alone does not promote interaction amons facaity and students
aud r:ay indee. coutribute to frasmentation of ~» aepartment «iid narrovmess
of outlook with.n its parts.

“

The comsultants have rishtly given con: iderai-le attention to the
question of demand for . .'s iIn physics and astroromy. Their state-

ment that th .re is no good l.cuis for determinin, desirable enrolments,

ai-d their explicit commentary on the unreliability of demaid predictiomns,
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are well founded. Rare and possibly unattainable wisdom would be

necessary to forecast accurately society's future mneed for éo potentially
flexible a graduate as a modern Ph.D. physicist or astronomer. Consequently
the consultants' approach to numerical enrolment matters is basically
realistic. Their recognition of the constructive adaptability of the
well-trained graduate provides a sound basis for not setting any numer-

ical targets for enrolment in the individuals subfields of physics or in
astronomy .

The consultants have also recognised that the quality of the
large number of junior faculty across the province cannét be assessed
reliably at the present time. The age profile of Ontario ph&sics faculty
(p.-A-19) indicates that there are almost as many faculty of age below
35 as there are faculty who presently meet the consultants' standard of

excellence. We therefore support the consultants' view that future

reassessment of the physics graduate schools will be of great importance

and urge that no administrative measures be adopted which would pre-empt

such reassessment. It is Queen's considered view that reassessments can be

carried out without the permanent establishment of the presen: unwieldly
brireaucracy.

Despite the wisdom of the consultants' overview of graduate educ-
ation in Ontario, there is in the report disturbing evidenée of restricted
vision in the assessment of certain areas of physics and astronomy. The
distinction between pure and applied physics is not clearly discussed
although the latter is implied to be uniformly second-rate. A restricted
and outmoded notion of the profession of "astronomer" has apparently been
adopt~d, resulting in an anomalous discussion of graduate studies in
astronomy. Theoretical work in physics or astronomy is accorded no

assessment in it, own right and is treated as a mere adjunct to experi-
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meital programs. The assessment of nuclear and particle physics is
uneven. For example the particle physics program at Carleton receives
less attention than it deserves and the world stature of Litherland's
nuclear physics research although vaequalled in Canada is given no

prominence.

CO.GIENTS OM APPLIED PHYSICS AND ASTRONOMY

1. APPLIED PHYSICS
The consultants give qualified encouragement to the develop-
ment of applied physics research in Ontario universities, quite properly
) expressing concern for balance between pure and applied research and for
freedom to publish (p. A-52). They do not delineate the role of applied
physics but convey the apparent prejudice that when physics research

vecomes sufficiently useful to border on engineering it is ipso facto

second-rate. The absence of even faint praise for any of the existing
or planned applied physics or Engineering Physics programs in Ontario
universities is surprising, to say the least. These aspects of the
consultants' report should be contrasted with the following recoumen-
dation of the Rose Report (p. 56):

“A very great difficulty in meeting the necessary demands for
manpower in this field lies in the fact that classical physics or
applied physics has no proper ‘home in the majority of universities.
All students of physics must study classical physics in their basic
progra::, but the research interests in most universities have swept
classical physics aside in their reach for newer and more exciting
fields, 1n fact, of th. :oney spent by universities for research in

this field, only 9% was spent in physics departments, the balance was
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spent in engineering departments. We recommend strongly that at least
some universities be encouraged to develop centers of strength in

clagsical piysics, and that adequate research funds be especially ear-

marked for basic and applied research oriented toward tie special

problems and development of Canadian tecnnology. "
The consultaats are of the opinion (p. A-30) that “a rationale
of tie role of applied physics is needed at Queen's". A clear

rationale for graduate studies in applied physics, and indeed in applied

science, has existed at Queen's for 50 years. The physics department

is a full merber of the Applied Science Faculty and of the Engineering
Sciences Divislon gf yhe Graduate Schiool. liuch of its teaching is
directed to engineering students, it has graduated B.Sc. Engineering
Physicists since 1920, and it has from time to time graduated students
with advanced degrees in Engineering Physics. We are thus an Engineer-
ing Fhysics departuent as well as a conventional one, and as such view
applied physics as an important function of the department, although

it constitutes only a modest fraction of our research effort,

Applied physics research falls into two categories. The first
applies new results in pure physics to areas of potential technical
importance and to other scientific disciplinesi These activities are
in harmony with the consultants' implied view of applied physics. 1In
the second category lies the engineering-oriented research (' develop-
mental in character" p. A-39) which demands the combined skills of
physics and engineering. Since research of the ‘irst type is carriea
out even in conventional pliysics departments, rgsearch of the second

type is surely a proper activity for the department at Queen's. The
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consultants' remark that such worlk 'might be more appropriate for an

engineering department' is itself inappropriate.

2. ASTRONOMY

The report has not rationalised the relationship of different
subfields of modern astronomy to one another or to physics. In places
(e.g. p. A~49) radio astronomy and astrophysics have been equated to
one another and to any astronomy that is not ''traditional', i.e. optical
astronomy. Uhile recognising (p. A~4l) that “the qualifications for
distinguished work in astrophysics are the same ac for similar work
in physics", "one cannot do astronomy without a thorough kiowledge of
physics' and 'prog 'ess in astronomy (has) depended on newly acquired
knowledge in physics" the report nevertheless makes untenable distinctions
between graduates of astronomy programs in Physics Departments (notably
at Queen's and York) and in Astronomy Departments.

The first distinction involves professional competence. It is
stated that "alumni of such programs (astronomy at Queen's or York)
emerge as physicists'" and "any student who intends to specialise in
astronomy should get one degree in a bona fide astronomy department'.

It is admitted that "all important branches in astronomy can be examined
in a core curriculum at the fourth year or first year graduate level"
(p. A~44) but although this and more is done at Queen's by faculty
acknowledged (p. A-45) to be astronomers and commended (p. A-4% and 50)
for their rescarch, it is maintained that our sraduates are in some
important sense not equipped for careers as astronomers. There is no

valid basis tor this contention ei.her in the report or on the
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professional scene; Queen's alumni are presently employed as professional
astronomers by leading Canadian universities and in full-time research
institutes.

The second distinction involves employability. A well-trained
modern astronomer should not be limited to "traditional” careers at
observatories or universities but should be as able as a well-trained
physicist to use his skills in a wide range of applications. The
consultants' reasons for not imposing an enrolment ceiling for physics
students apply equally to the product of a modern astronomy program.

Good-calibre students of astronomy whether trained in physics

departments or titular astronomy departments have comparable credentials

for careers as professidnal astronomers and equal ‘flexibility in employ-

ment opportunities. Tables 2 and 3 of the report demonstrate that the

astronomy departments attract Canadian students of high calibre; this

1s also our experience at Queen's, where our astronomy Ph.D. students
since 1969 have been 88% Canadians and 75% NRC scholars. We submit that
the distinctions drawn in the report are invalid and should be ignored,
and further that the recommended ceiling for astronomy student numbers

is unnecessary.

THE RECOIMENDATIONS

There follow our comments on each of the specific recommendations

made by the consultants:
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PHYSICS
1. "no regulations be adopted which would place limits on the total
number of graduate students. (page A-22)"

This recommendat. is sensible in view of the difficulty of

predicting future demands for Ph.D. graduates.
2. "the Ph.D. studente of the province be distributed among the
untversities according to the numbers of faculty members who are found
to be competent P! .D. supervisors in the various physics departments.
A recommended initial distribution is shown in Table 5. (page A-39)"

More detail of the criteria used to evaluate faculty competence
should have been provided. It is impesgtive that future evaluations be
based on criteria which are clear, well-understood and seen to be just.

The principle of encouraging a distribution of Ph.D. studerts according
to the distribution of qualified supervisors is sound; however the
recommended initial distribution 1s so similar to the =status quo that
regulation of graduate enrolment is unnecessary. Queen's has always
protested strongly against attempts to make assignments of numbers of
students in any university.

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

Periodic reassessment is vital. The assessment of those departments
which underwent rapid expansion in the late 1560's could change signifi-
cantly as junior staff develop. As the mean lifetime of an individual Ph.D.
student in a department is at least 3 years, reassessments at intervals
less than this will lead to needless overlap in the statistical information

used to assess each department and will serve only to exaggerate bureaucracy.
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4, "there be no acsignment of responsibilities for specific fields of
ceties to particular departments but that the coordination of regearc::
retidtion of the departments be continued by the discipline group:.
(page A-54)"
We support this recommendation on the understanding that
"resecarch activities" is interpreted to mean research invelving graduate

student training.

5. ‘no limitations be placed on the movement of departments into neu

arcas of receuren but that, in the periodic reviews (see recommendatior

C)oel sraduate programs, special attention bhe directed to new arcas of
gt e nave been started to ascertain that the students arc
woldir Uhe guitdanes of well qualified supervisors. (page A-54)"

We support this recommendation.

6. "1 university receive no provincial financial support for i ivil.

Studemt 2o has receitved a bachelor degree from the same university

wilese that student holds a masters degree from another institution or
s eloers ity reerivee spectal permission [rom the Ontario Counetl o
vt TELoe. (page A-51)"

The concerns which generate this recommendaticn ove wholly
understandable and laudable but the mechanism suggested is a blunt

instrument. Queen's believes that it is a leading responsibility of its

arofessors to advise the students to go to the Universities where thev

«ill receive the best training for their interests. Queen's would not

readily accept action by a bureaucracy which restricts in any way the
students freedom of chnice.
7. "o aninepsities formulate poliodon governie arr LoD e e

. .
' Yo

cec e e gt peoarama EEn partioalary atbonttor o0

2N

Y

B N ) ot " _“.'""’-'"’,'[0".’, Ve ZCU.'("' ig« '.’_',\')':-‘"'?"""-"' oo D
N o)

aroowto. (page A=52)"
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Queen's University has already formulated such policies.
8. "aiZ untversities review their tenure and promotion practiceg to
acsure a standard up to that adosted by universities-which have
aenteved a well-deserved reputation for hiah quality graduate work and
rcsearch. (page A-53)"
We endorse this recommendation.
9. "serious consideration be given to developirg graduate programs in
oriies and acoustics. (page A-54)" |
This recommendation is acceptable if it Is understood that no
new bureaucratic device is to be fashioned in order to implementéit or
similar proposals which may emerge in future assessments. A fuller
discussion of the grounds for such proposals would however be desirable
Lf they are to be accorded much weight.
10. "the discipline group annually review and grade the applications of
sraduate students who have been accepted by the universities and that
the results of this review be made available to the appropriate
2emittees for evaluation and planning purposes. (page A-53)"
This recommendation, while resulting from legitimate concerns,
is liable to enhance bureaucracy to an extent which outweighs any
possible advantages which might accrue. Its implementation should be
left to the discretion of the discipline group.
1. "1t the four emcrgent universities the income from the province for
crahate studo o should not be prOpartiondZ to ctudent numbers but a
areeial Sund be set up at these universities to support their research

nragrams.  (page A-55)"
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The problem to which this recommendation is addressed cannot
properly be isolated from others associated with the BIU system of
financing.

12. "in order that the University of Ottawa be given an opportunity to
develop a high quality bilingual graduate school in physice, the
untversity be allcwed 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
havinag the Ph.D. program discontinued. (page A-40)"

This recommendation is puzzling, as the issue of quality should
be resolved under recommendations #2 and #3. The re~ommendation would be
pertinent only if the figures given in Table 5 were interpreted as mandatory
enrolment-ceilings, which is clearly not the intention of the consultants.
We refer to our earlier statement that Queen's would not readily accept
assignments of student numbers to particular universities - for any reason.
13. "an appraisal of the M.Se. program at Laurentian lniversity be
carricd out in the near future. . (page A-35)"

The failure to specify the criteria and the academic consideratiors

which generate this recommendation is unacceptable.

ASTRONOMY
1. "no new araduate programs in astronory be established in ‘mtario,

fut thic ic not to be construed that a thesic on an astronormical topic
fvoan existing dcpartﬁcnt o) phucies be interdieted,  (page A-48)"

2. "for nlaming purposes the projected enrolrent of h.D, araduatc
studints in astronomy be reduced to LS Ly the year 127870 and il
theoo otwdents beo aistriluted between the niversite of Copocto and tin
iceesi by of Weatern ovilario in the patio notl loss thor 500 Tn fae e

Q Lo itlpeelt o 8 T et (pagés A-47 and A-50)"
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3. "necommendations 3, 4, 5, 6, § and 10 under "physics" also apply
to astronomy depantments."”

We have already emphasized our rejection of the report's distinction
between astronomers trained in titular departments ~f astronomy and those
trained in physics departments. In neither iustance can a ceiling on
astronomy Ph.D.'s be justified. Ue therefore see no need for the separate

recommendations for astronomy.

SUMMARY
.
We support the consultants' approach to the promotion of
\

excellence in the Onéario graduate programs in physics and astronoty.
Ve endorse the consultants' concepts of 'gentle but continuing pfessures"
to foster improvement in the quality of graduate education and of
competition among several institutions as opposed to strong centralization.
The importance of periodic reassessment of the recommended student
distribution has been correctly recognized. The opportunities for such
reassessment should not be pre-empted by ﬁrecipitate action.

Although we have criticized scme aspects of the report, particularly
its treatment of astronomy and applied physics, we feel the consultants -

have displayed laudabie concern and much wisdom in developing a rationale

for academic planning in the Ontario graduate schools. -

A s, Lask

R. L. McIntosh,
Dean,
School of Graduate Studies and Research.

Mav 6, 1974.

‘ Q ' : 1.8&3
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UNIVERSITY OF TORONTO
School of Graduate Studies

OFFICE OF THE DEAN Toronto 181, Canada

cay o <l 16074

ur. LA, Preston,

Counctl of Ontario Universitics,
LR [V

Isu st. George Strect,

loronto.

Jear br. Freston,

lThe consultants' report to ACAP on the assessment
of araduate studics in Physics and Astronomy is in sonc
respects @ fair summery of tne state of those two discinlines

in tue province of Ontario. Tne
to fuinction properly, university
constraincd by ririd reculations
nreserve what is cood in cach of
sure, nowever, tunat they come to

consultants recoecnize tlat
departments should rot bie
and they clearly wisih to
the departments.  We are not
orips with the prollens of

mgintaining the quality of scicence education in a situation

of weakening enrolments aad decreasing real financial sunport,
Nor do they indicate aow Ontario universitics can nlan to

wevelop plivsics departuents of tue international calilre tint
Licy would like to sce. Waile they statce at the outset (.. \-3)
tovir Gelief 1o excellencee, some of tacir recomrendations scen
ill-desicned to meet stisi a goal or run counter te it,  Sone
sLanificant parts of tac report seem to nave bheen written vit,,
tac protection of the status cuo in mind, and the interest of tie
sraduate student is too often a sccondary consideration.

O . A-5 of the renort, the consultants reicet tin
velvirsit; of fioroita's position on tae relationsnip Letween
rescarci, graduate i1nstruction and underaraduate instruction.
rovever, too s doonet o ursue tacir ovn locic to it conclasion,
namely tant, given tacrr sanalrsis, trere is oo barrier to
Sde sty v raater aorree of concentration ol craduat
bnstruction in o fee ceintre s of oxecllence, crovidine rescarci,
sugport bs avallae e for those nniversities  witi, foewer or

'.—IO’!
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no graduate studeats. On the contrary, the consultants
recommend a distribution of enrolments based on the number of
'competent' supervisors in each department. We find this proposal
unacceptable for reasons which are outlined in greater detail
below in our response to Recommendations on Physics,

numbered 2,3 and 6, and on Astronomy numbered 2. Their sclieme
presents us with a quota system under a new guise, but a quota
system nonethelcss., Such a system would be difficult enough
to justify when accompanicd by some basic restructuring of
graduate education, but has very little to recommend it in the
abscence of such change. 4

The section containing specific comments about the
various universities is so brief and impressionistic that, if
tne example of this university is any indication, it coulud be
misleading in some respects. For example, from thc section of
the report dealing with out Department of Physics, one might
think that the nuclear physics groups consists entirely of
experimental physicists. It is odd that -the highly suaessful
tneoretical nuclear group (and its close collaboration with
experimental work) is virtually ignored, wliercas groups of
comparable strengtii in other departments arec gescrilbed as outstandin.
and intcrnationally recognized. With respect to tuc elementary
particle physics group it is stated that '"In tuis Jdifficult arca ....
tiic work nmust bLc compared with that of some of the world's largest
and best financed groups....'", and this is followed by the statcment
"....the department can claim only moderate success.'" Is this
mcant relative to the world's largest and best financed, or is
the remark meant in some absolute sense ? It 1s nigh praisc
indeed if it is the former, but if it is the latter tle rerard
is merely disparasing without making any helpful point.  In fuact,
it is recosnized that the high energy group in the department is
makhing a significant contribution to nigh encrgy rescarci, as
noted in the report of Higlh Lnergy Plysics Grant Sclection
Sub-Lommittee for 1974. It is further stated on the basis
solely of comments by some students that '.... t'e department
cains little by its large size." In fact, there are many
adva-ntages to botn staff and students flowing from the rresent
size of the department, as most successfully argued by
Professor J.i.baniels in the departmeits' five-year plan,
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We are plcased to notc the consultants' agreement

with our decision tu expand graduate studies in atmospheric
physics, and their rccognition of devclopments in graduatc
work on the Scarborough and Erindale campuses. We are
particularly pleased that they have recognized the excellent
work of the Lepartment of Astronomy.

The Recommendations

Physics

1

a0

o

We agree with this recommendation, in spite of our grave
reservations about the manpower forecasting techniques used

to arrive at it. It is unfortunate that consultants arc still
required to determine 'desirable provincial enrolments ycar

by year" and by degree and major subject divisions where
appropriate. Their conclusion at the end of p.22 that 'thar
projcctions are presented with little supporting data and no
sound theorctical basis" could hardly be more frank about
their view of the outcome. The arbitrary assumptions involved
in such forecasts are well demonstrated in the demand for
physicists (first paragraph, p.16) and the supply of students
(last paragraph, p.17). In this case the compensating
assumptions and errors in demand and supply happen to yield
data which are approximately equal, thus sparing the consultants
from proposing regulations on enrolment in which they do not
believe. The basic question which remains is why such outstanding
persons who can help us in so many other ways must continue to
be asked to do estimates which they are not able to do, and

in which mcst of them do not believe. I firmly believe ACAP
nceds before long to reconsider this particular part of the
planning assessments on the basis of ecxperience to date, among
other things.

We strongly disagree with this recommendation, which appears

to be a quota system under a new guise, with all the well-known
defects of such a system. Firstly, the usc of the term 'competent
Ph.D. supervisor' is unfortunate sincce it implics that all otier
university physicists are not competent as Ph.Dh. supervisors.

For Toronto tuis implication would apply to about J0% of our
staff, and to about 70% of the physics faculty across the province.

191
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7
’

The numbers given in Talle”S were calculated from a

somewhat arbitrary formula which, for a given individual,

took into account only the level of NRC support and the

number of years elapsed since the Ph.D., with some
modifications. The consultants themsclves argue that other
faculty membersyare not meeting thesc standards are still
suitable supcrvisors, and competent in the usual sensc of

the word. Secondly, such an attempt to distribute enrolments
tends to work against the goal of developing truly excellent
programs where both the cxcelleace of faculty and the
availability of fields and of facilities will attract
excellent students. There is no way to cnsure that tire students
enrolled at any institution will wish to work in the arcas of
competence of the 'competent supervisors and, if they do not,
we sce no purpose in obliging them to attend tuat institution,
Finally, aualified students should bte allowed to selcct freely
the university at which they wish to study, based on threir
perceptions of competent faculty, of field concentrations,

of the net financial costs to the student, and other factors.

3. Since we reject rccommendation (2), this recommendation is
also unacceptable. Such a shor® time scale would simply create
greater instabilaty in a process we find ba.ically undesirable.

4. We agrce that there should be no “assignment' of ficlds to
particular departments, but we do not see why the consultants
did not take the opportunity here to recommend to the various
universities tnat they build on alrecady proven strengths and
thus develop concentrations of potential excellence.

We understand tiiat the Physics discipline group has not so far
discussed the co-ordination of research activities of the
departments, The Department of Astronomy notes that there
already exists rcgular interdepartmental co-ordination.

5. We agree with the fundamental principle of academic freedom
that we assume underlies this recommendation, but we cannot
agree tnat this should be taken to mean that all departments
should be permitted to give a Ph.D. in all areas of a_
discipline. Surely, such developments must be subject to al’
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the normal constraints of appraisal and to the university's
ability to provide funding. Again, the consultants have
missed an opportunity to provide a planning basis for the
development of our programs by indicating more fully the
arcas of proven and potential strength that could be a guide
for departments in the system.

6. This vecommendation is unacccptable, and in our opinion,

7.

unworkable. It appears to assume the Ontario graduate
departnents ate. approxlmately equal in quality, in the
variety of fields, and in net financial costs to the student,
when sucihh is p atently not the case. Once again, the pr0posal
conflicts with the students' freedom to choose programs as

his perception of faculty quality, fields, net financial costs
and other considerations suggest. Moreover, the idea seems
increasingly inappropriate for a field such as physics. Most
physicists seeking university appointments today follow their
Ph.ll. with a period of post-doctoral studies. The most
important timec to change location is between these two phases

of a student's education. and that change might well be to

a different Department in the same university.

We do not wish to appear opposed to moves to ‘encourage student
mobility on a voluntary basis, A requirement to this effect,
however, could create many problems which the consultants do
not appear to have considered. Some good students might well
leave the Ontario system and Canada for graduate work, or study
in a field which is not their first choice, particularly if
recommendation 2 is also taken into account. A student might
be forced to give up a scholarship if he goes outside Canada.

A student might not be accepted at another Ontario institution

of his choice because of restrictions on numbers that can be
admitted (see recommendation 2). A student might lose a year

by not beiny able to start his Ph.D. until he has completed his
M.Sc. To repcat, moreover, many personal circumstances influence
a student's decision on graduate schools, and all of these are
neglected in such a proposal.

We agrec with the spirit of this recommendation, and believe
it deserves attention ty each university. There are already a
number of protections of this kind, for faculty and students,
in the regulations of this University.

193



C-48

8. The lniversity of Toronto received a report on Policy
and Procedures on Academic Appointments in the Fall of
1973, It has already implemented some of its recommend-
ations and is still reviewing others.

9. We regret that the consultants did not indicate which
universities secmed best suited to engage in such fields.,
We also regret that this recommendation was not listed with
those for consideration by Astronomy.

10, We agree in principle with this recommendation, providing
any review scheme is worked out carefully. We do not wish
to see a centralized system for screcning applicants before
admission, but a post-admission evaluation could be quite
valuable.

11. This recommendation touches on the basic question of the
whole funding system and could not be implemented for one or
two departuents only or without a more general review. We
presume the consultants knew that emerging universities already
receive compensatory grants from the province and that federal
research support to individual scholars is largely unrelated to
numbers of graduate students.

Astronomz

1. It would appear from the text of the Report (pp.A-44,A-48)
that this recommendation applies only to Ph.D. programs in
Astronomy, and we believe this to be a sensible recommendation.
Hov~ver, we would hope that no embargo is put on new M.Sc.
programs in Astronomy. Firstly, there is no such embargo
for Physics, and in two such closely ailied disciplines a
one-sided embargo would hurt. Secondly, if undergraduate
astronomy is to be developed at the several Ontario universities
where it is not now offered, or is only peripherally available,
it might be very desirable for the person appointed in such a
capacity to have working with him one or more M.Sc. graduate
students.
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bur views oan this recommendation are sinilar to thosc

on recommendation I for physics.  We do not favour setting

a ratio for enroluent Letween the two universities, and we
belivve that the tmaversity of Toronte stould be prenared

to mect competition hascd on quality from otner universitios,
ke overall number of 15 'h.b, enrolments in astronomy for
the provinee in 1978-9 is unnecessarily riaid and we would
prefer to see it removed.  Bhile toe consultants have
inaicatea there may be o probluar of "oversupply' here
(sutject, nhowever, to all the usual qualifications to such
esiaates) they note also that the ficures are small and
sui.ject to lurece relative cerrors. loreover, our
departiments appear to be controlling admissions strictly

on tiie basis of stuucent quality. Since enrolment restrictions
are sugnested for Physics, a shift of part of the Astronony
proiram to physics departments could well occur if Astronomy
is restricted.

Recommendations 3,1,5,0,5 and lu are dealt with under Physics,
and our responses are intended to apply to Astronomy as well,
he would acain draw attention to recommendation ©, which,
in our opinion, should have lven added to the list of
recommendations for Astronomy.

Weoare surprised that tac consultunts did not list amons
their recommendations for Astronomy the statement on o A-13
tuat cvery university should have an astronomer to teach
courses in Astronomy. We firmly belicve that excitine,
informative wnd up-to-date introductory courses in astronomy
cait only e taueht Ly scientists whnosce life interest is in
datrosony - persons Vao are taoroumily conversant wita the
carrent Literature, attend astrononical nectines, boelone to
astrononical socictics and cither use astronomical instruncits
Ol L0 tueir wajor rescarch in theorcetical astronoiy.

cecatse of tac opportuanitics for co-orcerative rescarcn availaile
Lo antronoia s, Gaviie an Astrononer does Lot uein tdhkine o
voriitaent to Laro e sims of Taboratory cauiment of a1 niealy
sovcialiood wature,s N sinelo astronoscr at a osiall o or
rochr-nies venersity not ondy gas acadenic coptact wvitih s
pieeada b e ues vt ocan carticicate Bnoresenrca b many L
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at tne Algonquin Radio Observatory, at Las Campanas, at
ciuna Kea ina few years, at the bavid Dunlap Observatory
or at U.W.0's Obscrvatory, at many American obscrvatorics,
at tue June Iastitute in Toronto, cte. This Kind of
co-operation is clearly what tie consultants have in nind
in scveral places of tiwir renort.

In conclusion, T would reiterate ovur strone
rescervations alout recomacndations 2,5, and 6 in particular,
and the reasoning which underlics then.,  The consnltants Lhave nsced
a siuzle index (Mcoapetent'" supervisors) measurced on a limited
basis (o distribute studentsywhile wholly neglecting other
variables such as the distribution of ficld concentrations,
student preferences of place or person, net stuuent costs of
attondaicy, and auxiliary facilitics and cquipment.  Consciously
or not, tiae consultants nave in mind a university of untario
mourl with control over placement of students in order to compensate
for tiwe olvious differences in size, ficlds, faculty, anu localces
of the-bepartments and Universities. Taat may preserve tice Ph.u,
supervision of tnese defined as "competent' professors, and also
prescrves approximately the prescent distrilation of such students,
but 1t is frau:ht with dangers to students and to universities
alike,

The misplaced cuplasis of thie consultants' plan also
misses an opportunity for rationaliziation of a type which hLas
been frequently recommended in otacr studies and accepted by ACAP
and COL,  The consultants arce concerned to develop excellence,
and they also indicate that two departnents wuich have a hipl
rating may be able to acuicve the consultants' jproposcd guality
stiiudras wnile some others ay do so on a wore limited basis,
Yot tiwlr basic proposals wilitate asainst such an outcone.
he would draw ACADP's attention to a Ley statement from p.A-o
of tae report

"It is uscful at this stape to consider very briefly the present
state of oraduatce studics in physics in Untario. Ly the standards
outlined above, tne praduate schools nust be considered wantine,
Toe two we nave rated most highly approachs the desired standard
and, given tne required condition, could achve the proposcd
quality in a Jdecade or two. All others fall below and sone far
Lelow these standards. It is of coursce clear that the province
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can not have threo ov four, much less nine or ten

really outstenuing graduate schools in physics and an
cqaal division of the facilitics, the funds and the
tulentoed physicist amony ull existing scuools will assure
tue existence of none of outstanding quality."

Tie consultants refused to prasp the uettle nosed
by this statement and developed an alternative partly in
conflict witiv it and whicn poses wany otner ditficultics,

I would urge ACAP to ¢ive serious consideration to the
irpiications of this statement in considering their report.

Yours sincerely,

L/ 3. gc&fﬁ«/\w’w\

AL, Safarian
viean

Abs/len
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C-52
TRENT UNIVERSITY

Response to ACAP Consultants' Report on the Physics and Astronomy Planning
Assessament

General Comment on Report

It is apparent from reading the report that the consultants have
done a thorough job of assessing the present numbers of graduate students
and in making projections of student numbers for the future. The philosophy
of university education, as given on pages A~8 and A-9, is excellent. There
is little evidence, however, that the consultants considered some of the
rore elusive factors which should be characteristic of a good university
such as the general acadexﬁic atmosphere of the university, which .includes
the undergraduate programme, and the vitality and the optimism of the faculty.
On the whole the report seems to dwell too much on the negative aspects of
the situation in (ntario and little on the positive side. There has been a
tremendous change in the quality of research and graduate instruction in
Ontario during the past fifteen years. This fact should be mentioned in the
report.

One of the omissions of the report is a sericus discussion of the
implications of the histogram on page A~19. With only a small number of
additional physics faculty being hired over the next several years, the
histogram will shift to th~ right. The average age of physics faculty will
increase and there will be little infusion of eager young faculty members
into the system. If this is coupled with declining numbers of Ph.D. graduate
students it appears likely -that a considerable nmumber of the young faculty
members presently on staff will not be Ph.D. supervisors and will have
difficulty keeping a research programme ‘going or of reaching the stature of
research scientist necessary to maintain a good graduate school. These
factors can have a serious effect on mohrale and on the vitality of a department,

Cament on Recormendations

A number of the recommendations can be accepted without comwent. How-
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ever, it is appropriate here to respond to some of them.

Recormendation #2 refers to the table on page A-39 which has as part
of the title the words "ccupetent Ph.D. supervisors". This title seems to
be at variance with the inteiic of the consultants who attempted to assass the
strength of a department by judgihg how many truly outstanding scientists
wer: n the faculty. If: must be acknowledged that some of these outstanding
scientists may be very poor Ph.D. supervisors whercas a less renowned
scientist may be an excellent one. It is unfortunate that this title implies
that th2 remainder of the faculty are incompetent as Ph.D. supervisors.

It is recommended in #3 that projected enrolments ard the distribution
of Ph.D. students be revised every two or three vears. It is unrealistic to
e.pect universities to go throuch this exercise so often. It would be better
to recormerd tha* the Physics Discipline Group review the enrolment and the
Ph.D. supervisor situations every two or three years and, if a revision is
needed, recommend to ACAP thaﬁ one be undertaken.

While it is a good policy to advise a student of the azademic un-
desirab. lity of acquiring all’fhis degyrees at the same university, recommendation
#6 does not allow for the many exceptional cases which must be considered.
The recasons for these may be family, financial or academic ones. Above all,
the student should have a freedom of choices

In recamendation #l1l the four emergent universities are put in a
separate category because the smaller scale of operations results in higher
average teaching loads and, it could be added, higher average committee
responsibilities. This recommendation is to be commended because its imple-
mentation would enable a faculty member's research 1o continue if, due to the
natural fluctuation of small numbers of graduate students, he did not hawve, at
a given time, a graduate student to augment his research effort.

195
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It should be borne in mind, nowever, that if the consultants'
projections of graduate student numbers turr nut to be correct there will be
faculty members at other universities without yraduate students who will claim
an equivalent sta%us.

It is obvious that this recommendation is a result of the irrationality
of the present P.I.U. system of allocating nmoney and that recommendation #11
cannot be divorced from this fact.

Statement on Trent

In considering the statement on page A-35 on the Department of Phys:ics
at Trent it is not clear what criteria the consultants used to decide that
a department of 6 faculty members is marginal and one of, say 7, is not. The
M.Sc. programre has been in operation for about five years with a total of
13 M.Sc. student-years (Table 1, page A-13, Report on Graduate Studies in
Physics and Astronamy), which can be compared with totals of 8, 16, and 24
for other emerging universities for the same period. Thw:' Trent's programme
is supporting the average nurber of M.Sc. students for the emergent univer-
sities and the commeat which singles out Trent's ’prograrme as "marginal
seems unjust.

When a comnittee of external appraisers approved the physics M.Sc.
programme at Trent in 1968, the complement of faculty in the department was, in
fact, lower than at present. These consultants noted the division of research
and graduate instruction into only two fields, namely, Radiation Physics and
Chemical Physics. Research in these areas is carried out, on occasion, in
cooperation with faculty members and graduate students from other departments
of the university (i.e., chemistry), with scientists from national laboratores
(NeR.C, Physics Division) and with faculty and graduate students from other
Ontario universities (University of Toronto). Thus, graduate students in the

O department have an opportunity for interaction with raculty and students from
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other departments and institutions, and are not isolated or disadvantaged
because of Trent's small size. ’

The M.Sc. programme in Physics at Trent corplements the graduate
education system in the province by providing a sound master's degree without
a "funnelling" effect into its own Ph.D. programme. Trent does not hawe, nor
is it likely to have in the future, a Ph.D. programme. A survey of the
graduates of this programme has shown that approximately equal numbers have

found employment in the areas of teaching, industry and further graduate study.
| In adwvocating the retention of an M.Sc. programme in physics at
Trent it is necessary to realize that Trent, like most other universities,
has a small fourth-year enrolment. In these circumstances, the presence of
a few graduate students does a great deal to enhance the academic atmosphere
encountered by the undergraduates. The gré.duate st'xdents belong to the

student Phy+sics Club and, on some occasions, have been the driving
force behind it. They interact with the fourth-year students particularly when
the fourthi-year students are working on their projects. Above all, they help

to provide a continuity to same research projects which could not be accamplished
by technicians and they provide a stimulus to faculty reseafch which is apparent
but is difficult to quantify. In most cases, faculty time devoted to the
instruction and the tutoring of graduate students is more than repaid by their
assistance with the research programme. It needs to be pointed oui here that,
in a small department with hard-working faculty members who heve many demands

on their time, it is not easy to maintain all the factors which cambine to
provide a forward-looking, academically d>riented department and one which
creates a sound academic environment for the undergraduate students. Each of
the carponents plays a part and a very important segment is the research and

graduate programme. In a new and small university there is a delicate balance

involving these factors and the removal of one of the underpinnings may result
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in a slide into mediocrity. Since the number of graduate students involved
is barely a perturbation on the Ontario scene it does not seem sensible to
suggest that these graduate programmes ke discontinued.

Conclusions

The report of the consultants includes statements whict point the
way to the development of departments capable of providing excellent instruction
at the ph.D. level, The discussions on pages A-5, A~6, A-7 and A-53 indicate
clearly that the consultants believe that centres of excellence will occur
only by competition and that these are unlikely to develop through government
regulations. It may be assumed, then, that the assessment of the strengths of
departments and the assignment of a purcentage of Ph.D. graduate stwudents
based on this assessment is an attempt to_allow this campetition to operate.
Under this sicheme the competition will be based on the strengths of departments
and not on how successful a department is in recruiting students. The
consultants, however, made no juigement as to whether the present financing
arrangements are adequate for this purpose. It is apparent that these pro-
posals need to be considered carefully by those persons in decision-making

positions.

<02
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Response of the University of Waterloo

to the Report of the Physics and Astroromy Consultants

to the Advisory Committee on Academic Planning

" ———

submitted to ACAP, May 21. 19/4

Our reaction to the report on Physics and Astronomy is qenerally
favorable in view nf its excellent philosophy. There are a few general
points on which we make some comment. We also have some comments on those
parts of the report which refer to the programme at this university.

General Comments:

We believe that this report must be viewed in the light of the
general philosophy which the consultants state as the basis of their judgments.
This philosophy is brought out most clearly in the report in the section
beginning at the bottom of Page A-5 and continuing ~t the top of Page A-§
where the consultants state that "Competitions between schools, driven by a
pride in excellence which exists 1n a substantial portion of the academic
cormunity is likely to achieve the required result while designating particular
universities as the homes of high quality graduate schools may lead to
complacency and a decline in quality." The desired result referred to by the
consultants is to achieve a number of graduate schools of the highest quality.
They make it clear that only two of the departments in the province approach
the desired standard at the present time. Mevertheless, while all of the
others fall below the standard, they believe that even these departments
should be laft to compete with the first rate schools and that in this compe-
tition stands the best chance for the growth and emergence of more departments
of the highest quality. We strongly endorse this philosophy and accept the
challenge that is implied in it. We wish to emphasi.e however that this
philosophy will lead to the desired result only if the universities accept
the challenge to achieve excellence. It is therefore disappointing to find
the report falling short of giving the kind of critical evaluation which would
assist the universities in meeting this challenge.

The consultants identify the relative strength of the departments
through the technique of giving the weighted number of 'competent Ph.D. superviors'
in cach. 1In our view this is an unfortunate choice of phrase. Those faculty
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who are not included are by implication inconpetent to supervise Ph.D. students,
It is evident however that this is not what the consultants mean as iy nade
clear by the first paragraph which begins on Page A-38. We suggest that some
phrase such as ‘highly competent researchers' would have heen more appropriate.

The use of the weighted number of ‘highiy competent researchers' to
assess the strength of the graduate programmes must be approached with caution.
While these numbers mav provide a rough measure of overall quality, one must
not use them too literally. To do so would ignore the strength of middle
and junior rank faculty who have not yet acquired the status of ‘highly
conpetent researchers' but on whom the future development of the programmes
will in large measure depend. Irndeed the consultants themselves cecognize
this in calling for regular review ¢€ the programnes.

We applaud the decision of the c¢ sultants not to assign responsibility
for specific fields of investigation to particular departments. The Ontario
departments have themselves chosen the fields af physics in which they plan to
develop their graduate programmes but the interests of physicists change and
the ore competent the investigator the more likely he is to shift his field
of study. WHhat is most important is to maintain a high level of competence
among the faculty and students and this will best be achieved by retaining
flexibility in tue gradiate programmes.

[P P

The section devoted to the University of Waterloo is generally fair.
lowever, the statement that the quality of faculty in the department is somewhat
disappointing is too vague to be helpful. Ue agree that the department lacks
strength at the senior level but we believe that the group of associate profescors
is one of the stronger groups at that level in the province. The department
has also maintained the level of scholarship students. UWe are pleased that the
consultants have recognized the department's strong commitment to its undergraduate
programie. We are also pleased with the recognition of the strength in the
theoretical physics groun in the Applied Mathematics Department. lie also agree
aenerally with the comments in the section ¢n astronomy. Waterloc's effrrt in

this field 1s modest but of good quality.

Cosments an Recommendations on Physius:

Recomirendation 1 - He agree with this recommendation.
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Recommendation 2 - We cannot accept this recommendation since it
implies a central distribution of students according to a system that in effect

establishes enrolment cuotes. In our iew such a distribution of students would
be contrary to the coasultants' own general philosophy of open competition
anongst the universit.os. The suggested enrolment figures can at best be taken
as quides to the universities in planning.

Recummendation 3 - We agree with the desirability of a regular review

of the quality of the programmes. We feel that this is most important because
the strenyths of departments change as younger members of faculty mature and
develop. No assessment of a department's strengths and weaknesses however
carefully carried out will remain valid for more than a few years.

Recommendation 4 - We agree that there should be no assignment of
responsibilities for specific fields of physics to particular departments. We

also agree that the discipline group should continue to coordinate the research
and graduate activities of the departments.

Recommendation & - We agree with this recommendation. Indeed the

discipline of physics is one which provides basic training for many fields.
Physicists often go into work in fields that are not directly related to physics
but where the education and general background they have acquired as physicists
is valuable. In any field such as physics which is developing and changing,

.at times rapidly, it is necessary to have periodic reviews to ensure that new
areas of research are developed adequately.

Recommendation 6 - We cannot accept this recommendation even though

we support the principle that it is desirable for a student to go to different
universities to receive a greater breadth in his education. We already enccurage
mobility but we would be opposed to any legislation which would attempt to
enforce it.

Recommendation 7 - le agree with this recommendation. The University

of Waterloo, which has a strong emphasis on applied research throughout its
prograitmes, has established policies governing the use of proprietary information.
and which protects the rights of the graduate students to freely publish their
thesis rescarch. We do not believe, however, that the balance between applied

and nonapnlied research can be fegis]ated; what might be appropriate for one
university may not be for another. The universities must be left to judge this

for themselves.,

&3
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Recomnendation € - We support this recommendation. The University
of Waterloo already has revised procedures in operation.

Recormendation 9 - We support this recommendation. Indeed we would

suggest that the discipline group should constantly be alert to the desirability
of developing programmes in important fields of physics which are not adequately
covered in the Ontario system.

Recommendation 10 - We agree with the suggestion that the discipline
group continue to play a role in reviewing the quality of graduate students

accepted by the universities and that the results of these reviews be made
available to the appropriate bodies.

We make no comment on Recommendations 11, 12 and 13.

Comments on Recommendations on Astronony:

Recommendation 1 - We support this recomsiendation. In particular we
strongly support the view that theses on astronomical topics in existing
departments of physics be permitted.

Recommendation 2 - We oppose the concept of an enrolment quota in

astronomy or any other discipline. Humbers can at best be guides to departments
for planning. \

~

Recommendation 3 - We have no further comment on these recommendations

beyond what we have said above in connection with Physics.

Respectfully submitted,

it Zﬁ’vﬂp

L. A. K. Watt
Dean of Graduate Studies
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Response from the University of Western Ontario to the

ACAP Consultants' Report on Physics and Astronomy,

May 21, 1974

This reponse was prepared by two slightly different Senate
commi ttees created for the purpose of examining the Consultants' Report with
respect to: I. Physics and II. Astronomy.

I. Physics

We agree with the philosophy that excellence in graduate programs
is unlikely to be achieved by simply imposing external restrictions and
regulations on the Universiti-... Experience has shown that regulations imposed
by some central authority are often counter productive in a situation such as
this and we agrce that weaknesses of the graduate programs in Ontario must be
corrected by firm pressures. Some of these pressures may be generated from
outside the Universities but we feel that the health of the educational structure
will suffer unless the universities themselves share in formulation and administra-

tion of any new policies.

With respect to the recommendations on pages A-2 and A-3, we would

make the following comments:

Recommendation 1.

We agree that no additional regulations to limit graduate growth

are nceded. Existing dissuasions have been sufficient to seriously threaten

the future of Physics in the provin:e and in the country. Indeed, student
prospects are such as to suggest that some resuscitation of the Physics image may
be necessary in the near futurc to assure that even the minimum needs of the

country arc met.

Recommendation 2.

This University accepts the view that some members of its staff have
largely withdrawn from research activities, We do not, however, agrece with the
Consultants' view of the capabilities of those still involved in research. We
were disappointed at the time of the Consultants' visit that they chose to spend
only one and onc-half days with what they themselves acknowledged to be one of
the larger groups in the Province. We also felt that their discussions with
faculty were of a perfunctory and general nature, and not directed toward a
critical evaluation of strengths and weaknesses, especially for junior faculty

- mcmbers. In any case, judgements based largely on séée gf NRC grants does not
‘
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fairly evaluate the competence or intellectual qualifications of many of the
junior faculty members in this Physics Department. We are, therefore, unable

to accept the figures in Table 5 (page A-39) as a fair assessment of our
capabilities for Ph.D. supervision. A more appropriate figurc for Physics and

the theoretical physics sections of Applied Mathematics would be 18 rather than
the figure of 8 suggested by the Consultants. We should also comment here on

the question of university support for the department. In spite of a university
policy to mahe no new appointments above the rank of Assistant Professor, an
outstanding theoretical pﬁysicist was appointed as professor two years ago and -
a new Chairman from outside the University was appointed last ycar. During the .
past yecar, the University has provided tangible rescarch support for promising=——-~"

junior faculty members and we expect that this support will continue in the future.

Recommendations 3,4 and 5.

We are in genceral agreement.

Recommendation 6,

This espouses anéhruicle of faith in graduate study but atterpts
to couple it with a sting. ! our belief that few members in any class of
qualified graduates should ﬁrdhcbd directly into Masters and Ph.D. work at their
undergraduate university., 1t should be recognized that many factors operate in
determining the institution where an individual takes his graduate work and it is
unreasonable to insist that all students take at least onc degree away frou the
institution of primary training. We belicve it is reasonable to request the
discipline group or, more appropriately perhaps, a conmittec of Departmental
Chairmen to examine the case for taking more than two degreces at a single
institution, The introduction of funding sanctions, however, involves a totally
different group of considerations and this Committee believes that control of this

sort does not appropriately dwell in the Offices of the Ministry.

Recommendation 8.

We concur.

Recommendation 9.

We identify no prospects for programs in optics or acoustics in our
Physics Department, although the Faculty of kngineering Science has a cooperative

program in applicd acoustics involving some members of thc Physics Department,

Recomrendation 10,

: We concur. -
ERIC v 24 J
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Recommendation 11,

This recommendation introduces the principle of separate, extra-
formula funding for individual graduate programs. Thg funding of emerging
universities is already aided by special grants beyond the provincial formula
grant, The adequacy of these special grants and the adequacy of the Physics
share of these grants may be open to question, but it would be our view that
supplementary funding of Physics programs should come through institutional grants

and not by means of special program-oriented subventions.

Recommendations 12 and 13.

These rccommendations do not concern this University and we have

no comments.

II. Astronomy

The Committee is of the opinion that it is unfortunate that only
one reviewer looked at Astronomy. Some subjective conclusions appcar in the

report that might have been tempered had another viewpoint been sought.

Astronomer members of the Committee were most laudatory in their
descriptions of cooperative activities between the Toronto department and our
own. Cooperation has included attempts over many years to obtain national
observing facilities for all Canadian astronomers, particularly in the southern

hemisphere,

With respect to the summary of recommendations on page A-3 of the
Report, and the statcments made with respect to this University, we offer the

following comments:

Recommendation 1.

We concur that no new Ph."., programs should be initiuated in the

Province.

Recommendation 2.

We find the cxpression of constraints on Ph.D. enrolment in this
recommenuation to be awkward and unworkable. In particular, we object to the
proposal that the Ph D. students be distributed in a ratio of at least 5 to 1 in
favour of the University of Toronto. The department at the University of Western
Ontario does not have aspirations for 15 Ph.D. candidates within the foresccable

future; however, it finds unacceptable a constrain} w?;ch defines its activitics
8
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in terms of another group over which it has no control. A sudden change in the
department at the University of Toronto does not affect the compectence of the
staff at the University of Western Ontario. The establishment of regulation by
remote control precludes any rational planning. Furthermore, the capabilitics

of the two departments are complementary and not grossly overlapping. Capable
candidatcs interested in high-dispersion spectroscopy, polarimetry or theorctical
work, should not be sent away simply because a program 120 miles away is at its
full complement. We belicve some better method, possibly a flexible quota

(c.g. 4 + 2) might be a workable solution. For the above rcasons we believe that
Physics Recommendation 3 should be supported and enrolment reviewed at least every

two years in the case of Astronomy.

Physics Recommendations 4, 5 and 8. i

These recommendat:ons are acceptable as noted in Part 1 (above)

insofar as they alfect Astronomy.

Physics Recommendation 6.

It may be noted that the Astronomy Department at the University of
Western Ontario has always adhered to this recommendation and has not accepted
its own graduates as Ph.D. students unless they nave completed a degrec from

another university.

Physics Recommendation 10.

It is the view of the Astronomy group that this recommendation is
excessively complex for the comparatively small-scale operation in Astronomy
carried on in Ontario. There is already extensive exchange of students bctween
the two departments based upon student interest. It is not thought that improved

quality would resulc from implementing this recommendation.

We belicve that the comments made about the Astronomy Department on
page A-49 may be misleading. The implication that antiquated cquipment is pain-
stakingly updated is inaccurate. Most observatories make the bulk of their
obscrvations on the photographic plate. LElectrostatic image intensifiers arce
used here as elsewhere. The multichannel photon-counting scanner now nearing

complction is among the most uscful and advanced type of equipment; only a few

observatorics in North America have built comparable instruments. Image sliccors,
available at only a few observatories, arc in operation here. Thus we scek to use
our -I3-inch reflector with maximum eftficiency. We may also note that a Caroo o
cchelle spectrograph, eorimarily for polariretry, is under construction.

ERIC -
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The statement that our Ph.D. program emphasizes the use of our
48-inch *elescope and coude spectrograph may be misleading. Theoretical work
is an important part of our program. Faculty and students have carried out
extensive observing programs at such places as the Hale Observatories, Kitt Peak
National Observatory, Dominion Astrophysical Observatory and Sacremento Peak

Solar Observatory.

This Committee has observed tihat in dealing with numbers of faculty
and students as small as those of Astronomy in Ontario, it is possible to obtain
valuable information about the quality of a Ph.D. program from an examination of
the quality of its graduates.

We regret that the reviewer has made unsubstantiated allegations
about some members of our Astronomy staff which we feel is comparable with that
of any good Astronomy Department, and we reiterate the virtue of seeking more

than one opinion.
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UNLVERSITY'S COMMJONTS ON THE ACAP CONSULTANTS!
REPORT ON GRADUATE STUDY IN FHYSICS & ASTRONOMY

We have perused with interest the Consultants' Report
on Graduate Studies in Physics and Astroromy. The Report as a
whole represents a genuine and worthwnile effort on the part of
the Consultants Lo assess the extent and quality of the graduate
programs in physics in Ontario, aand to conclude upon the competence
of the various Physics Departments providing facilities for Ph.D.
and M.Sc. studies.

Although we are generally in agreenent vith the sentiments
expressed in the Report, we wish to take issue with some specific
conclusions and opinions which it contains. The comments that
follow are made under two headings: I Specific Comments on the
Report as it touches upon our own Physics Department and Ph.D.
program and, II General Comments concerning some of the basic
assumptions and conclusions made by the Consultants.

I Comments on the assessment of the graduate program in physics
at Windsor

a) Quality of Faculty Members

The Physics Consultants have chosen o assess the auality
of the various graduate programs and physics departments by examining
the quality of the individual faculty members. It is our opinion
that, on this basis, the quality of a department and of the graduate
program which it offers, depends not only on the actual number of
"competent Ph.D. supervisors", but also on the fraction which these
people constitute of the department ‘as a whole. Within very broad
limits, it is not just the presence of quality but, even more
importantly, the concentration of quality in the department which
determines its ultimate success. The Consultants make this very
valid point on p. A-29 where they comment on McMaster University in
which, they say, the fraction of outstanding faculty members in
physics is higher than at any other university in Ontario.

We wish to point out that in the Physics Department at
Windsor the percentace of "competent Ph.D. supervisors" (as detined

in the Report) is third hichest in the Province. 1t amounts to 477
as compared with 73% at McMaster, 70% at Toronto and 36% at Carleton,
the next highest ranking Physics Department in this respect. (Some

well-established and much larger physics departments have 205-2127
of "competent Ph.D. supervisors" on their faculties). * This fact
should be considered when attempting to formulate any overall plan
for the development of graduate studies in physics at Ontario
Universities.

AR
"

According to statistical data provided by ACAP, the averagqe
operating grant (from NRC, DRB, and/or MRC) at Windsor uas
also third highest in"the Province after McMaster and Tcronto,
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b) Quality of Graduate Students

The Consultants state in their Report (p.p. A-26 and
A-33) that, on the basis of their criteria and of statistics in
Table 3 (p. A-25), the quality of our Graduate Students has
decreased markedly over the four year period 1969-1973. They
also imply that the non-Caradian component of the student body
somehow contributes to this unsatisfactory state of affairs.
We believe that these stutements are ill-founded and grossly mis-
leading, and we wish to make the following points in rebuttal.

(i) The statistics in Table 3 are unreliable because of the
very small numbers of graduate students that are involved. Each
graduate student holding an N.R.C. award would change our percen-
tage rating by about 5% and, consequently, the possible fluctuations
are much too large to permit any conclusions as to the presence of a
trend. Actually, in 1973-74 10% of our students were N.R.C. scholars and
on the basis of the most recent N.R.C. competition, it appears that
in 1974-75 20% of our graduate students will be holders of N.R.C.
awards. We suggest that these facts supersede and render irrelevant
comment No. 5 on p. A-26 of the Report.

(idi) The Consultants have remarked that a significant number
of our ¢'raduate students has come to us from abroad. They have
also implied that these foreign students are, by and large, not of
hiegh quality and that their presence tends to have an adverse effect
on the level of excellence of our graduate program. We repudiate
this implication in the strongest possible terms. Members of our
Physics Department have many contacts with colleagues in European
and American universities resulting from their research activities
on the international scene. As the result of these contacts, we
are receiving applications from various highly qualified and highly
recommended students who have graduated with distinction in
universities in Poland, Romania, Italy, Germany, the United Kingdom,
Greece and the United States. Mpét of these students whom we have Han
accepted into our graduate program (almost exclusively at the %
recommendation of scientists known to us), have shown themselves
to be of scholarship quality and have received graduate tellowships
from the lniversity of Windsor in competition with students of all
disciplines from Canada and abroad. These facts should be given
proper consideration when formulating an opinion about the quality
of our graduate students in physics.

IT General Comments on the Consultants' Report

a) Future enrolments in Graduate Studies (p.p. A-12 - A-22 of Report)

(i) The Report compares the density of graduate students in
Physics in Ontario (79 per million population) with the density in
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the United States (71 per million population). These are partial
statistics and we question their applicability. It would, perhaps,
be more appropriate to compare the density of graduate students in
Ontario with that in New York State or the density in all of Canada
with the density in the U.S., but the information as given in the
Repcrt is misleading.

(ii) In estimating the future demand for physicists, the
Consultants did not consider the increased need for scientific man-
power, arising from the 'energy crisis!,. Recent reports indicate

that in the energy area we shall soon be faced with grave problems.
Even the most optimistic estimates indicate that we must urgently

develop new sources of energy. This will undoubtedly mean a much
increased demand for all scientists and, particularly, physicists.

Th2 Consultants also appear to be treating Ontario as a
closed system and imply that the Ontario Universities should expect
to produce just enough physicists for Ontario's needs. We do know
from experience that Untario is not a closed system and that our
market for scientists and engineers is particularly sensitive to even
minor fluctuations in the United States. If the employment oppor-
tunities for physicists in the U.5. were to increase, this would
immediately cause a serious drain on the supply of physicists in
Ontario, such as has been experienced in the 1950s and 1960s.

There are good indications that the demand for physicists
in the U.S. is increasing. We know, from reliable sources, that
the U.S. Atomic Energy Commission alone will be looking for well
over 1,000 scientists and engineers because of a large expansion in
research and development related to problems of energy. This
information has been recently confirmed by the huge increases in the
A.E.C. budget estimates for F.Y. 1975 which, in some categories,
have been more than doubled since 1974. With an increased demand
for physicists in the U.S., many American physicists who are now in
Canada will migrate back to the United States and many Canadian
physicists will also emigrate according to the well-established
pattern. If this were to occur, then we would again find ourselves
faced with a shortage of qualified people to staff our universities
and trying to reverse the various restrictive rules which have
recently been implemented by the Government to discourage foreign
graduate students and faculty members. !

!

We contend, on the basis of the above considerations, that
the whole section of the Consultants! Report in which it has attempted
to estimate the future demand for physicists, is based on very shaky
assumptions and should not be taken seriously unless we are willing
to introduce legislation which would restrict the freedom of movement
of physicists after their graduation, a move which would be politically
unthinkable. If we were now to decrcase deliberately the capacity of
the Ontario Graduate Schools in Physics, we might well find in the
future that, when we shall again need increased numbers of physicists,
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we_shall not be in_a position to produce them.

(iii) We do not believe that a Ph.D. graduate in physics must
n:cessarily engage in physics research in order to consider himself
fully employed. There are many other worthwhile careers for Ph.D.
graduates, in which they might not directly use their specialized
knowledge but in which their advanced education and research experience
are of definite advantage. This is certainly the case in many inter-
disciplirary and technical fields, into which physics (Ph.D.) graduates
are now migrating and in whic'i they seem to be establishing satisfactory
careers. In many areas of the educational system, people in positions
of responsibility are now expected to have a Ph.D. where in the past
this was not deemed necessary. We believe that the recruitment of
Ph.D. graduates to some of the key position in secondary education
and in community colleges, will pay handsome dividends in the form of
more enlightened educational policies, programs and curricula and,
hopefully, better educated high school and community college graduates.

(iv) While we are fully aware that the value of a nostdoctorate
fellowship may be viewed differently by graduate students, post-
doctorate fellows and faculty members, we believe, nevertheless, that
postdoctorate experience is valuable and even essential for people who
intend to pursue independent research work in universities, Government
establishments or industry. It has been the widespread experience
of Ontario Physics Departments that postdoctorate fellows of high
quality are very scarce and also, that Ph.D. graduates, after spending
about two years on a postdoctorate fellowship, ultimately do find a
suitable position in university, government or industry. None of
our Ph.D. graduates and Postdoctorate Fellows has failed thus far to
find suitable full employment, usually after completing about two
Years in a Postdoctorate appointment. We maintain, therefore, that
the Postdoctorate Fellowship constitutes legitimate employment for
Ph.D. graduates in physics. '

b) Quality of Graduate Students in Ontario Physics Departments

The Report appears to imply that the only students of good
quality are those holding N.R.C. scholarships and that, almost by
definition, all foreign graduate students are of unsatisfactory
quality. The Report then proceeds to assess the quality of the
graduate students in various Physics Departments on the basis of the
percentage holding N.R.C. Graduate awards. There is no justification
for this approach which produces spurious results and leads to
erronecous impressions. It is not likely that the foreign students
will disappear from the Ontario Graduate Schools because of changes
in immigration regulations. Most universities recognize the benefits
of having graduate students from many countries working together and
are willing to provide graduate scholarships for highly qualified
students from abroad. The: following might be a more valid assessment
of the quality of graduate students in any department.
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(i) Detcrmine the proportion of students holding N.R.C.
awards as a percentage of those eligible rather than as.the

percentage of the total enrolment.

(ii) Assess the quality of the foreign students on some other
basis such as results of the Graduate Record Examination.

¢) The Role of Applied Physics

We support the recommendation on p. A-52 of the Report,
that the universities should not engage in proprietary research
activities or undertake any research the results of which may not
be published in the open literature.

d) Tenure and Promotion
We support the statement on p. A-53 of the Report, that a

proper policy with respect to appointments, promotion and tenure is
the key to achievement of high quality in academip departments.
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YORK UNIVERSITY

4700 KEELE STREET,
DOWNSVIEW, ONTARIO. CANADA

FACULTY OF GRADUATE STUDIES
OFFICE OF THE DEAN 17 May, 1974,

Dr. M.A, Preston,

Executive Vice-Chairman,

Advisory Committee cn Academic Planning,
c/o 130 St. George Jtreet,

Suite 8039, .

TORONTO, Ontario,

158 2T4.

Dear Dr, Preston,

This represents the York Universitv response to the consultants'
report on Physics and Astronomy. Our principal foci of concern will be
summarized here, whilst the main body of our response which follows will
cover the consultants' report in more detail.

A. QUALITY OF THE YORK PHYSICS PROGRAMME

(1) Facultv: We -are pleased that the consultants have recognized that
the Department could become one of the stronger Departments in Ontario in

a few vears. We would like to bring to the attention of ACAP that the im-
provement in the quality of the Department, recognized by the consultants,

has been demonstrated clearly since the statistics on which the report was
based were compiled (see paragraph III, 2 below).

(i1) Ph.D. Graduate Students: The consultants have recognized the proven
capacity of the Department to provide quality graduate education. We would
like to emphasize that all our graduates have found positions at appropriate
levels in both pure and applied areas of physics, in Government, universities
and industry, in Canada and elsewhere.

B. APPLIED PHYSICS

In our view the consultants' use of the term "applied" throughout
the report is open to question. The core of physics was defined bv the dis-
cipline group and accepted by.the consultants. The profile of work in physics
at York spans a substantial part of this core and has led to the coherent
structure referred to by the consultants.

Our graduate students benefit from a broad education in the core
areas of physics. Their exposure to some applied research of qualitv, which
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forms part of the activity of the Department, has stimulated some of them
to take advantage of worthwhile career opportunities.

C. PROJECTIONS

We note the consultants' opinions as to the availability of students
in the future. It s¢ happens that our opinion differs [rom theirs in t!is
respect; but in anv case our projections did not derive Srom consideration of
some hvpothetical svystem's number of possible candidates, but were based on
the capacity of the Department to provide quality education.

D. ASTRONOMY AND ASTROPHYSICS

With regard to astronomy, we note with pleasure the consultants'
comments on the high qualitv of our Astrophysical activities. Our graduates
in this area have been verv well received in other institutions. The recom-
mended co-operation with the University of Toronto graduate programme already
exists,

DETAILED RESPONSE BY YORK UNIVERSITY TO THE CONSULTANTS' REPORT ON PHYSICS
AND ASTRONOMY SUBMITTED TQ ACAP

I. We endorse the general philosophv of the consultants that the uni-
verslties, provided they strive for excellence, should be free to exer-
cise a high measure of independence and freedom within the present
framework of regulations.

II. We appreciate the sympathetic view of the consultants to the immense
amount of hard work that has gone into building the Astronomy and Physics
Departments of Ontario. In any universitv created since the earlv 1960's,
a substantial investment of academic effort has gone into building the
Phvsics Department and not all that work has heen concerned primarilv
with research. The shaping of undergraduate programmes and courses, the
building of teaching facilities, the creation of regulations and proce-
dures, and the exercise of democratic government, which is verv much the
feature of a modern universitv, all take considerable effort. It is in-
deed remarkable that so many departments, starting with elementarv fac-
ilities, have built up substantial faculties and research facilities
during this growth period and have in manv instances gained an inter-
national reputat*gg for the research work thev have done in Physics.,

It is not surprising that, in this period of sudden expansion, some
weaknesses and difficulties have developed. We accept the intent of the
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consultants to point to these problems and to leave us to rectifv them
as soon as possible without the need to apply bureaucratic regulations
which could well destroy what has been so carefully created.

III. It now seems appropriate to deal with the summary of recommendations
item by item and in the light of our knowledge of the operation of grad-
uate teaching in Physics and Astronomy at this university,

Phxsics

l. We are in agreement with this. Sufficient regulation of the number
of graduate students in a programme will be obtained through the
existing fiscal regulations and operation of government policv on
immigration to ensure that only those Departments that can maintain
excellence in their graduate teaching and research will attract those
students available.

2. We are not in disagreement with the principle that the distribution
of students should correlate with the competence of the Departments.
Table 5 is seen to attempt to do this in a predictive wav. However
we would emphasize most emphatically that this table as it stands
should not be vested with infallibility. For example, using the
criteria that the consultants employed to produce the weighted num-
bers of competent Ph.D. supervisors and hence the student distri-
tution suggested, we have assessed this Department on the basis of
the 1974 NRC grants and find that thirteen faculty members qualify
on these criteria. Furthermore, if it is assumed that a weighting
of two can be given to a faculty member whose NRC grant is greater
than $40,000 ther the weighted number for the Department becomes
15. This figure represents a startling departure from the 8 recorded
in Table 5 for York University and a major perturbation to the
suggested distribution. However this is understandable in the light
of the comments made by the consultants concerning York Universityv,
that the quality of the Department has been improving. The improve-
ment has been seen to have materialized on a much shorter time scale
than the consultants might have anticipated when thev conducted their
survey.

We emphasize that the correlation between Departmental qualitv and
student distribution should be arrived at through the free choices
of graduate students aiming for excellence and timeliness in their
research and not through some forcing procedure. It is apparent to
us that statements of relative quality, such as are inherent in
Table 5, will become public kncwledge and will therebv influence
choices. An unambiguous method of measurement of qualitv is diffi-
cult to achieve but not impossible. The consultants have used the
vardstick of the scales of NRC operating grants and this can we!l
be azrgued against, although in the final analysis it is the total
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NRC funding to a Department which provides thé Bulk of research
student ctipends. We recommend therefore that the discipline group
be charged immediately with devising a procedure and scale of values
wherebv the quality of a Department can he assessed on a quanti-
tative basis and that the results of applving this scale of values,
developed and modified in the light of experience, be published at
regular intervals. '

As far as the distribution of Ph.D. students is concerned, this has
been dealt with under 2. The projection of enrolments should indeed
be conducted on a continuing basis in the same wav as is being done
for undergraduate enrolments in most universities. The pressures

of the times, the prevalent economic situation, the scientific stim-
ulus gained bv new applications of phvsics to the technological prob-
lems of our age, and the effect of immigration laws as thev change

to meet the needs of Canada and the U.S.A. are parameters which have
considerable bearing and continuing influence on the demands placed
on graduate departments.

We are in agreement with this. This has in effect developed in an
informal wav with the growth of Ontario universities, and this uni-
versityv in particular, as can be seen from the consultants' statement,
has developed its own areas of research which have been verv comple-
mentarv to others in Ontario universities and in Government labhora-
tories.

We are in agreement with this.

We are not in disagreement with the principle that students should
normallv be discouraged from staying in the same universitv for the
whole period from entrv as freshmen through graduation as Ph.D.'s.
It is clear that the fiscal restrictions proposed bv the consultants
could make such a regulation workable. However we dc¢ not support a
regulation that would deprive the student of his freedom to choose
his own educational pathwav. This choice might well be influenced
bv familyv considerations and personal financial restrictions in
addition to academic aspirations.

This statement concerning applied research emphasizes the inadequacyv
of the consultants' definition in this area. It is apparent in
reading the report as a whole that thev equate applied phvsics with
"routine measurement and data assemblv for funded project purposes'.
We are sure that no respensible department would permit this form of
application to form part of the graduate training of its students
and it is most probable that universities' nolicies and the exercise
of the external examining svstem alreadv take care of this.
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It is unlikely that this recommendation can have any impact what-
soever. Over a number of years the senates and administrations

of universities in Ontario have developed procedures for dealing
with tenure and promotion. These are broadly similar throughout
the province and identify candidates for tenure and promotion on
the basis of a number of criteria, only one of which 1is research.
The broad service that the universities owe to the community both
at the undergraduate and graduate level has heen taken into account
in formulating these policies and thev are continually under re-
vision.

It is not at all clear why the consultants emphasize the need for
graduate programmes in optics and acoustics. Work of this nature
is done in a number of university departments as part of the con-
tinuing development in the techniques of the physicist. A number
of engineering departments and departments of applied chemistry
are also concerned with aspects of these fields.

We are in agreement that a general surveillance of the intake of

‘graduate students to Ontario Physics Departments should be con-

ducted to ensure that the quality of students is kept at a normally
high level which at the present time is identified with a B-plus
or better undergraduate honours degree.

We consider that statements concerning these three recommendations
should come more appropriately from the universities concerned.

Astronomy

We are in agreement with this.

We consider that the projected enrolment of graduate students in
astronomy and the suggested distribution should be argued by the
University of Toronto and the University ~f Western Ontario. We
would emphasize that this should not infl.ence the distribution
of students who are undertaking a thesis on an astronomical or
astrophysical topic in an existing department of physics.

Our statement~ concerning Physics recommendations 3, 4, 5, 6, 8

and 10 also apply to this recommendation.

Yours sincerely,

)
N _ Y
GZYM’L;( ]\(&g,d/

Graham Reed
221 Acting Dean of (Graduate Studies
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Procedure for Physics and Astronomy Planning Assessment

February 15, 1973

The discipline groups involved are those in Physics and Astronomy.

Tasks Requested from Discipline Groups (with help available from ACAP at
all stages)

A.1 The "major divisions" of study for purposes of collecting data will be
recommended by the discipline groups: The method of dealing with
borderline fields will be recommended by the discipline groups. See

Appendix I.

A.2 Suggest suitable consultants. This also will be a matter for
discussion with ACAP.

A.3 Develop and recommend procedures for the planning asser~sment, including
comment on pro formae to be used for the gathering of information on
current, past and future programmes as described in paragraph B.1.

A.4 Examine and comment on the adequacy of the data reported by the
universities.

A.5 Both in consultation with ACAP and separately, consider the situation
revealed by the statements concerning proposed future programmes and
consider whether future plans should be modified or developed in more
detail. As a result of this step, individual universities may wish
to revise the material described in B.l.d. below.

A.6 Possibly develop a tentative plan for development of established or
new graduate work in physics and astronomy in Ontario. Any such plans
will be reported to ACAP which will transmit them to the consultants.

A.7 To hold discussions with the consultants, before they begin site visits
and concerning their written draft report, and at other times as agreed.
Shortly before the meeting to discuss the draft report, the draft will
be made available to each member of the discipline groups on a
privileged and restricted basis.

Information from Universities

The fields of study covered by this planning study are specified in Appendix
I. A university is to report on its work in these fields in whatever
departments it may be found: astronomy, physics, mathematics. Usually
statistics are not expected for graduate werk in chemistry departments or
engineering departments.

B.1 Each university is asked to supply ACAP, in the form indicated by ACAP
after comment by the discipline groups (paragraph A.3) information as

follows: 2
PR



a)

Under the above

category.

b)

for each major division

(1)

(11)

(1ii)

(iv)

(1)

(i1)

(111)

(iv)

(v)

(vi)

as of December 1, 1972, current list of faculty members
showing fraction of research and graduate instruction time
devoted to the division; (Form 1)

as of December 1, 1972, a current list of part-time faculty
members showing the amount of time devoted to university
duties in this department; (Form 1)

numbers of full-time and part-time faculty members for each
of the past five years; (Form 3)

for the current year and preceding five years, number of
(1) master's and (2) Ph.D. candidates and (3) post-doctoral
fellows and research associates, instructors, etc. doing
research separately. (Students taking non-research degrees
should be listed as a separate group, not under each major
division). (Form 3)

four headings one individual may appear under more than one

Curricula Vitarum of all faculty members in physics and
astronomy (Assistant Professors and higher) showing whether

or not they are now engaged in graduate work and showing

inter alia complete publication lists, reseaich funding in

the past five years, and numbers of students and post-doctoral
fellows supervised during their careers; (Forn 2)

resources of space - a statement indicating the department s
view of the adequacy of its space, and, in connection with
the future plans in (d) below, discussing future space
provision; (Written Statement)

undergraduate base; honours students or equivalent, number
of qualifying or make-up year students, course enrolment,
etc.; (Form 4)

other general items relevant to research and graduate study,
e.g. computing facilities, major laboratory facilities and

equipment, etc.: (Forms 5 and 6)

library resources: analysis of holdings and budget; (Separate
Questionnaire)

support from related departments including shared teaching
and research, state cross-~appointments; (Written Statement)
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(vii) description of any inter-university arrangements for
graduate work; arrangements with other research organizations:
(Written Statement)

(viii) numbers of full-time and part-time faculty members for each
of the past five years; (Form 3)

(ix) academic regulations for M.Sc. and Ph.D. degrees in the
department, and a 1ist of courses. (Written Statement)

c) table of characteristics of graduate students in the department in
previous four years, separately for master's and Ph.D., breaking
down numbers by:

(1) F.T. and P.T.,; (Form 7)

(i1) immigration status, and countries of previous degrees; (Form 7)
(111) sources of financial support; (Form 10)

(iv) time to reach degree; (Under Review)

(v) drop-out number; (Form 8)

(vi) degrees granted; (Form 9)

(vii) post-graduate employment of Ph.D.'s (a) immediate and (b)
after two years. (Form 11)

d) proposed plans for the future, in as much detail as the departments
can provide, including the proposed scheme for support of these
plans, and accompanied by supporting arguments, including consider-
ation of the sources of graduate students and an analysis of demand
for graduates from the programmes. The various headings in a) and
b) above should be dealt with quantitatively where possib@® as a
minimum, planned numbers of faculty and graduate students should be
given for the nexi five years.

B.2 The material supplied under B.l will be collated bv ACAP and transmitted
to the discipline groups for action indicated in paragraphs A.4, A.5, and
AIé.

B.3 Apart from the material described in B.l.d and to some extent generated
at the department level, each interested university will be requested
to make an individual statement on its plans for the development of

physics and astronomy, in particular the items of future commitment
implied by item B.1l.d.

Deadline dates for parts A and B will be established by ACAP.

C. Terms of Reference of Consultants

C.1 Consider the materials prepared by the discipline groups and the
universities and obtain other data they may require to carry out the
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tasks detailed below. They may obtain data and views from any

relevant source; such as, employers of holders of graduate

degrees, professional and learned societies, federal agencies. The

campus of each interested university shall be visited by at least two
consultants. After discussion with the discipline groups, consultants
shall arrange their schedule of visits to the universities in consultation
with ACAP to ensure uniformity. Reports of appraisal consultants are
privileged documeits and are not to he made available to ACAP consultants.
Consultants shall consult with the discipline groups near the beginning
of the work, during the work as thev consider necessaryv, and immediatelv
before preparing their final report.

In order to obtain a fuller impressich of graduate work intimately
related to physics and astronomy, the consultants may request information
from universities concerning work in related departments, such as:
chemistry, mathematics, electrical engineering, metallurgy, etc.

C.2 Report on the adequacy of the present state of graduate work in
physics and astronomy in the province in general and in each university
where applicable, discussing the following:

a. coverage of core elements and specialities, and extent of activity
in each:

b. faculty quality and quantity;
c. nature of programmes offered;
d. enrolment size and distribution amongst universities;
e. quality of student body; admission requirements;
f. relationship to related disciplines;
g. physical facilities;
h. other matters considered by the consultants tc be significant.
C.3 Make recommendations for the development of graduate work in physics
and astronomy in Ontario between 1973 and 1983, but in more dets'l for

1973 through 1978, and, without limiting the g2nerality of the forecoing,
dealing with the following points:

a. Desirable programmes to be offered in the province, considering
both possible limitations or reductions of existing programmes
and creation of new programmes and new kinus of programmes including
the appropriateness of part-time programmes. In particular,
consider possible new fields in physics znd astronomy and training
of students for work in application-oriented and inter-disciplinary
work in which physics and astronomy should be involved.
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b. Desirable provincial enrolments, year by year, in the various
levels of graiduate study, and specialties where appropriate.
One should consider the need for highly trained manpower and also
the general cultural and societal factors which may lead students
to pursue graduate work. In considering manpower needs, one
should take account of the '"market" available to graduates (at
least all of Canada) and of other sources of supply for that market.
Results of forecasts of high level manpower employment should be
treated with due caution and only in a clearly balanced relationship
with cultural and societal needs.

c. Distribution amongst the universities of responsibility for
programmes and for speclalties where appropriate, including considera-
tion of the need for any increase or decrease in the number of
departments offering doctoral work and including consideration of
areas of collaboration and sharing of facilities at regional level
and across the province.

d. Distribution of enrolment amongst the universities, showing desirable
ranges of enrolment.

e. Desirable extent of involvement with related disciplines, identifying
any suggested areas for greater collaboration.

In all cases, it is Jimpotant that the rationale for the recommendations
be clear; this 1is essecially important for items c. and d. Consultants
are asked to comment on advantages and disadvantages of various techniques
for arranging that their recommendations become effective.

LY

C.4 It is permissable for consultants to recommend appraisals of individual
programmes. This would arise if consultants were to suspect that a
yrogramme would be found to be wholly or in part below minimum
acceptable standards; an appraisal by the Appraisals Committee is the
means of settling the question. It is recognized that this -action
would be infrequent. Perhaps more likely, in planning assessments in
some disciplines, consultants may find an excess of programmes in the
same area of study, all of which could pass an appraisal; they would
then have to make their own judgments of relative quality (a task
outside the terms of refererce of the ‘ppraisals Committee), and guided
by this judgment and other factors, the ACAP consultants would have to
recommend where enrolment should be curtailed or eliminated.

D. Appointment of Consultants

The consultants shall include one per<on of wide academic experience in
Canada but in a different discipline.

E. Report of Consultants

Tre consultants submit a joint report to ACAP. Minoritv reports are, of
course, possible. The reascning leading to their recommendations should be
given fully, in view of the subsequent treatment of the report. The report
is submitted for comment to the disciplinffgt?up and to each interested
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university. There may be informal or interim exchanges of views amongst
the discipline groups, the universities, and ACAP. Any university which
wishes to make a formal statement on the consultants' report shall submit
it to ACAP. Any such report shall be transmitted to the discipline groups.
The discipline groups shall’'submit their formal comments and/or recom-
mendations to ACAP. ACAP considers the discipline groups and university
statements along with the consultants' report and transmits them to COU
with its recommendations of the position COU should adopt. Copies of the
material transmitted to COU will be supplied to OCGS, and to the Council
of Deans of Arts and Science. If a publication is prepared, it will contain
the comments of the discipline groups, and those portions of university
responses which universities request.



APPENDIX I

The major divisions for the planning study are:

Astronomy and Astrophysics
Atomic and Molecular Physics
Atomic and Molecular Collisjons
Atomic and Molecular Spectra
Quantum Electronics
Elementary Particles
Nuclear Physics
Atmospheric and Earth Physics
Condensed Matter
Crystal Physics
Electronic Properties
Amorphous Systems
Basic Theory
Other

Solid earth geophysics is specifically excluded as it has been studied
already in the solid earth sciences planning assessment.

Bisphysics will be more appropriately planned in connection with life
sciences planning; it should be considered only marginally by the consultants
in order to obtain a picture of the total effort of some physics departments.
This planning assessment is not directed towards removal of the embargo on
biophysics.

Although it may be important for consultants to obtain information about

some of the graduate work in engineering departments, it is not part of their
duties to make recommendations about the size of engineering doctoral
programmes.

With the above exceptions, full recommendations are expected on work in the

major divisions specified, no matter where it is located in a university's
inte’nal administrative structure.
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PHYSICS DISCIPLINE GROUP

BROCK -~ G.
CARLETON - ' E.

R.
GUELPH -~ P,
LAKEHEAD - V.

J.
LAURENTIAN - L.
OTTAWA - Je
QUEEN'S - A.
TORONTO - H.

J.

R.
WATERLOO - Je
WESTERN ONTARIO - G.

W.
WINDSOR - L.
YORK - R.

* Chairman

V.

P.
L.

A.

Kidson

Hincks, until April 11, 1972
Clarke

Egelstaff

Paranjape, until August 31, 1972
Warren

Reed

W.
C.
T.
L.

M.
L.

Johns

Wooley

Stewart

Welsh, until August 23, 1973

Daniels, until July 15, 1974
Armstrong

Lodge

W

F.

Leech

Lyon, until May 31, 1973

P. Alford

Krause

W.
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ASTRONOMY DISCIPLINE GROUP

GUELPH - P. A. LEgelstaff
LAKEHEAD - J. Griffith
QUEEN'S - A. T. Stewart
TORONTO - D. A. MacRae
WATERLOO - G. A. Bakos
WESTERN ONTARIO - W. H. Welhau
YORK - R. W. Nicholls
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Ontario Council on Graduate Studies

By-Law No. 3

- A By-Law to estahlish a Committee on the Academic Planning of Graduate

Studies.

1. The Ontario Council on Graduate Studies, recognizing the importance
of providing for the continued and orde;ly development of graduate
studies in the Ontario universities, establishes a Standing
Committee to be known as the Advisory Committee on Academic
Planning (abbreviation - ACAP).

Interpretation

2, In this By-Law,

(a) "Comnittee" without further specification, means the Advisory
Committee on Academic Planning;

(b) "Council" or OCGS means the Ontario Council on Graduate Studies;

(¢c) "Committee of Presidents' or CPUO means the Committee of
Presidents of Universities of Ontario;

(d) "university" means a provincially assisted university of Ontario;

(e) '"discipline" means any branch or combination of branches of
learning so designated;

(f) '"discipline group'" means a body designated as such by the
Committee of Presidents of the Universities of Ontario, and
normally consisting, for any one discipline, of one representative
from each of the interested universities;

(g) ' "planning assessment' means a formal review of current and
projected graduate programmes within a discipline or a group of
disciplines;

(h) "programme' signifies all aspects of a particular graduate
undertaking;

(1) "ratienalization" means the arranging of graduate programmes in
order to avoid undesirable duplication, eliminate waste, and

enhance and sustain quality.
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Membership

3. (a) The Committee shall consist of at leas. seven members of the
professoriate in Ontario universities, some of whom shall be
members of the Council.

(b) The members of the Committee shall serve for such periods
of time as the Council may determine, and they shall be
selected in such a manner as may provide for reasonable
balance both of academic discipliuaes a.d of universities.

(c) The members of the Committee shall be appointed as individuals.

Chairman

4. The Chairman of the Committee shall be named by the Council, and

he shall have one vote.

Quorum

5. A majority of all members of the Committee shall constitute a

quorum.

Functions

6. The functions of the committee shall be

(a) To advise OCGS on steps to be taken to implement effective
provincial planning of graduate development;
(b) To promote the rationalization of graduate studies within
the universities, in cooparation with the discipline groups;
(¢) To recommend, through OCGS, to CPUO the carrying out of
planning assessments of disciplines or groups of disciplines
and to recaﬁmend suitable arrangements and procedures for
each assessment;
(d) To supervise the conduct of each planning assessment approved
by CPUO;
(e) To respond to requests by CPUO to have a discipline assessment
conducted by proposing suitable arrangements;
(f) To submit to CPUO the reports of the assessments together
with any recommendations which the committee wishes to make.
A copy of the report shall be sent to Council.
Jurisdiction
7. In order that the Committee may discharge the functions described

in Section 6 above, it shall be authorized

s b v
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(a) to request a university to provide such information
pertaining to graduate studies as may enable the Committee
to discharge its functions;
(b) to request a discipline group to provide such information
as may enable the Committee to discharge its functions;
(c) to receive reports from the universities and from the
discipline groups, and to comment and communicate with the
universities and the discipline groups concerning such reports;
(d) to convene a meeting of any discipline group for the purpose
of discussing the development to date, and proposals for the
future development of graduate studies in the discipline
concerned;
(e) to send one or more representatives to a meeting of a discipline
group at the invitatién of the discipline group;
(f) to make such suggestions to a discipline group as may be deemed
appropriate to the functions of the Committee;
(g) to supervise the conduct of planning assessments, and to report
thereon to the Committee of Presidents of Universities of Ontario!
(h) generally to report and to make recommendations to the Council;
(i) to seek and receive advice from appropriate experts;
(j) to employ consultants in connection with planning assessments.
Procedures :
8. The procedure to be followed by the Committee shall be as approved
by the Committee of Presidents.of the University of Ontario.
9. The Committee's function is solely advisory.
Lffective Date

10. This By-Law shall take effect January 1971.
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ACAP DISCIPLINE GROUPS AND THEIR ROLES

Establishment of a Group

When it is considered desirable to activate planning of graduate
work in some discipline(s) or interdisciplinary area, COU, on the
advice of 0CGS, will authorize the establishment of an ACAP
discipline group, if it was not already approved and included in
the May, 1968 1ist. If it is already authorized, ACAP may decide
to set it up as described in paragraph b,

The Executive Vice-Chairman of ACAP will then invite the executive
head of each university (including Waterloo Lutheran UIniversity)
either to nominate a member of the discipline group or to indicate
that his university has no plans for graduate study in this discipline
in the next five years or so. -If a university can state no plans for
future graduate work in the subject, but feels that a watching brief
is desirable, it may appoint an observer to the group.

Changes of a university's representative are to be notified by the
executive head.

The group shall select its .wn chairman.

Meetings

A discipline group may meet at the call of its chairman or in accord
with its own arrangements.

A discipline group may be called to meet by the Executive Vice-
Chairman acting for ACAP.

Responsibilities

The group 1s to keep under review the plans for graduate work in its
discipline in Ontario, including new developments and trends in the
discipline, and to make reports to ACAP on a regular basis.

The group may make recommendations to ACAP in coanection with graduate
work in its discipline when it considers it appropriate.

ACAP will assist the group in obtaining information and lata, as
mutually agreed.

When COU has instructed ACAP to conduct a planning assessment, the
discipline group will assist and advise ACAP in determining procedures
and terms of reference, will report as requested and will generally
facilitate the assessment.

Approved by OCGS March 22, 1973
and by COU April 6, 1973.

NS 23’



BEST COPY BVAY ABLE

APPENDIX G

CURRICULA VITARUM OF THE CONSULTANTS

238




BEST COPY AVAILABLE o1

LAWRENCE HUGH ALLER

Born Tacoma, Washington, September 24, 1913.

A.B. California, 1936.
A M. Harvard, 1938.
Ph.D. Harvard, 1943.

. Tufts College, lecturer, 1940.

University of California, physicist, 1943-45.

University of Indiana, assistant professor, 1945-48.

W.J. McDonald Observatory, research associate, 1945-48.

University of Michigan, associate professor, 1948-54
professor, 1954-62.

University of California, Los Angeles, professor, 1962-

Visiting Professor, Australian National University, 1960-61.
University of Toronto 1961-62.
Universitv of Sydney ) 1968-69
University of Tasmania

National Science Foundation, senior fellow, Australia, 1960-61 and 1968-69.

Commonwealth Scientific and Industrial Research Organization, research
associate, 1968, 1969, 1971.

Fellow, National Academy of Science.

Fellow, American Academy of Arts and Science.

Member, American Astronomical Society.

Spectroscopic and theoretical studies of the gaseous nebulae and stellar
atmospheres; transition probabilities for spectral lines: cosmic
abundances of elements.

Address: Department of Astronomy
Universitv of California
Los Angeles
California 90024.
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ALEXANDER EDGAR DOUGLAS

Born Melfort, Saskatchewan, April 12, 1916,

’~

B.A. Saskatchewan, 1939,
MUAL Saskatchewan, 1940,
Ph.D. Pennsyvlvania State, 1948,

NRC, Acoustics Laboratory, research scientist, 1942-46.

NRC, Spectroscopy Laboratory, research scientist, 1948--67.

NRC, Division of Pure Physics, Associate Director, 1967-69,
Director, 1969-73,

NRC, Spectroscopy Laboratory, research scientist, 1973~

Canadian Association of Physicists Medal
Fellow, Royal Society of Canada.

Fellow, Reyal Society (London).
Fellow, American Physical Society.

Spectroscopy and molecular structure.

Address: National Research Council
Ottawa, Ontario.
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RUDOLPH ROLAND HAERING

Born Basle, Switzerland, February 27, 1934.

B.A. British Columbia, 1954
M.A. British Columbia, 1955
Pth. MCGill’ 19570

McMaster University. assistant professor, 1958-60.

I.B.M. Research Centre, N.Y., research staff member, 1960-63.

University of Waterloo, professor, 1963-64.
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