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THE HoN. GOrRDON CHURCHILL,
Chairman, Commattee of the Privy Council on
Screntific and Industrial Research,
Ottawa, Ontario

SIR:
I have the honour to present to you herewith the Forty-fourth Annual
Report of the National Research Council, for the fiscal year 1960-61.

In accordance with the requirements of the Research Council Act, this
report contains the report of the President and a statement of the receipts
and expenditures of the Council during the year under review.

Your obedient servant,

E. W. R. STEACIE,
President, National Research Council.
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CHANGES IN COUNCIL MEMBERSHIP

The Research Council Act provides that: (i) The Council shall consist of
a President, a Vice-President (Administration), two Vice-Presidents (Scientific)
and not more than seventeen other members, to be appointed by the Governor
in Council; (i1) The members of the Council, with the exception of the President,
the Vice-President (Administration) and the Vice-Presidents (Scientific)
shall hold office for a period of three years; (iii) A retiring member shall be
eligible for reappointment; (iv) There shall be an Executive Committee of the
Council consisting of the President, the Vice-President (Administration), the
Vice-Presidents (Scientific), and at least three other members selected by the
Council.

During the year ending March, 1960, six members of the National
Research Council completed their terms of office. Those retiring were: Dr.
H. Gaudefroy, Director of the Ecole Polytechnique in Montreal; Professor
Abel Gauthier, Vice-Dean of the Faculty of Science, University of Montreal;
Dr. P. R. Gendron, Dean of the Faculty of Pure and Applied Science, Uni-
versity of Ottawa; Dr. P. A. Giguére, Director of the Department of Chemistry,
Laval University; L. H. J. Shebeski, Professor of Plant Science at the Uni-
versity of Manitoba; and Dr. F. J. Toole, Head of the Department of Chem-
istry and Dean of the School of Graduate Studies, University of New
Brunswick.

Four of these were reappointed for a further term of three years. These
were: Dr. P. R. Gendron; Dr. P. A. Giguére; Professor L. H. J. Shebeski; and
Dr. F. J. Toole.

Two new members, also appointed for three-year terms, were: Dr. Paul
Lorrain, Head of the Department of Physics, University of Montreal; and
Dr. J. H. Shipley, Vice-President and Director of Research and Development,
Canadian Industries Limited.
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HONOURS AND DISTINCTIONS, 1960-61

Dr. B. G. BALLARD, Vice-President (Scientific), was elected President of
the Engineering Institute of Canada. DR. BALLARD was also named an
Honorary Member of the Institute.

Mr. T. J. BracHuT, head, photogrammetric research section, Division of
Applied Physics, was elected Vice-President of the Canadian Institute of
Surveying, and was awarded the Honorary Medal of the Technical University
of Milan.

Dr. O. E. EDWARDS, organic chemistry section, Division of Pure Chemistry
was named 1960 Merck Lecturer for the 43rd Canadian Chemical Conference
and Exhibition of the Chemical Institute of Canada.

DRr. R. F. FARQUHARSON, Vice-President (Medical), was elected a Fellow
of the Royal Society of Canada.

DRr. GERHARD HERZBERG, Director, Division of Pure Physics, was
awarded the honorary degree of LLLL.D. by Dalhousie University, Halifax,
N.S. Dr. HERZBERG was also named Bakerian Lecturer for 1960 of the Royal
Society of London, and was elected a Corresponding Member of the Société
Royale des Sciences de Liege.

MR. R. F. LEGGET, Director, Division of Building Research, was named
to the Board of Directors of the American Society for Testing Materials.

Dr. D. M. Makow, MRr. H. R. SmyTH, MR. S. K. KEAYS, and MR. R. R.
ReAL, Radio and Electrical Engineering Division, were awarded the 1959
Brabazon Award of the British Institution of Radio Engineers for their paper
“A Low-drain Distress Beacon for a Crash Position Indicator’.

Dr. Lfo MARION, Senior Director, National Research Council, was
elected a Fellow of the Royal Society of London, and was elected Vice-
President of the Chemical Institute of Canada.

Dr. P. M. MiLLMAN head, upper atmosphere research section, Radio
and Electrical Engineering D1V1510n was elected President of the Royal
Astronomical Society of Canada.

Dr. A. C. NEersH, head, plant biochemistry section, Prairie Regional
Laboratory, was elected a Fellow of the Royal Society of Canada.

Dr. W. B. PEARSON, low temperature and solid state physics group,
Division of Pure Physics, was elected a Fellow of the Royal Society of Canada.

Dr. D. C. Rosg, Associate Director, Division of Pure Physics, was
awarded the 1960 Gold Medal of the Professional Institute of the Public
Service of Canada, for contributions to national well-being in a field of pure or
applied science.

Dr. E. A. G. SHAW, acoustics section, Division of Applied Physics, was
elected to the Council of the Acoustical Somety of America.

Dr. E. W. R. SteEAcIE, President, National Research Council, was
awarded the honorary degree of D.Sc. by the University of Oxford, and by
the Royal Military College of Canada. DR. STEACIE was also named recipient
for 1960 of the R. B. Bennett Commonwealth Prize of the Royal Society of
Arts.

Dr. C. G. YOUNGS, engineering and process development section, Prairie
Regional Laboratory, was named co-recipient of the 1960 basic research award
of the U.S. Glycerine Producers’ Association.
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FORTY-FOURTH ANNUAL REPORT

OF THE

NATIONAL RESEARCH COUNCIL OF CANADA
1960-61

REPORT OF THE PRESIDENT

In the past year, the National Research Council:

« provided $7.1 million to support pure research in the universities
(including 775 grants; 550 scholarships and fellowships); an additional
$2.3 million was provided through the Medical Research Council;

- employed 670 scientific research staff (including 130 postdoctorate
fellows), 953 technical personnel, and 877 general service and admini-
strative staff;

» operated five laboratory Divisions in the sciences: Applied Biology,
Applied Chemistry, Pure Chemistry, Applied Physics, and Pure
Physics; operated four engineering Divisions: Building Research,
Mechanical Engineering, the National Aeronautical Establishment,
and Radio and Electrical Engineering; operated two regional laborator-
ies, one at Halifax and the other in Saskatoon;

 sponsored 36 Associate Committees, operating in such diverse fields of
science as Control of Hospital Infections, Experimental Psychology,
Plant Breeding, Radio Science, and Soil and Snow Mechanics;

« answered 14,500 technical enquiries from Canadian industries.

A highlight of the past year has been the establishment of the Medical
Research Council as an autonomous body associated with the National
Research Council. The government’s decision to take this step was received
with satisfaction both by the members of the National Research Council and
by members of the Advisory Committee of NRC’s former Division of Medical
Research. All concerned believe that this wise decision will greatly strengthen
medical research in Canada. The gradual evolution of the Medical Research
Council from the Associate Committee on Medical Research, established by
NRC in 1938, is recorded elsewhere in this volume in the Medical Research
Council’s first Annual Report.

Scientific activity throughout Canada has continued to grow at an
encouraging rate during the past year. The continuing expansion of the
universities has led to increasing need for financial support of scientific
research in the graduate schools. Some of this demand has been met by a
significant increase in the National Research Council’s program of grants-in-
aid of research but the rate of increase has not permitted the Council to keep
pace with the growing complexity and rapidly rising costs of modern research.

13



14 REPORT OF THE PRESIDENT

Following the pattern of recent years, this report will describe some of
the more interesting projects now being investigated in the National Research
Laboratories. In addition the time seems appropriate to discuss certain aspects
of the financial support of scientific activities in Canada.

Because of its importance for defence, its implications for economic
growth and its key position in modern society, the promotion of science and
technology has become a major responsibility of all governments. Not only
does the industrial prosperity and the military strength of a country depend
ultimately on its scientific resources, but national prestige has come to depend
largely on technological achievement. No country without a strong system of
scientific and technical education and a comprehensive network of research
laboratories can hope today to be a major power. Governments at all levels
now recognize their obligation to provide a university system adequate for
the education of scientists and to maintain an atmosphere conducive to
scientific research.

In the past the support of science was largely dependent on gifts and
endowments provided by private individuals or philanthropic organizations.
Such support, though welcome, is quite inadequate in today’s world of rapid
technological “change. Along with education, scientific research is now
recognized as a direct responsibility which governments can ignore only at
the risk of jeopardizing the future development of their country. This
responsibility has been accepted by all progressive governments, but there still
remains the problem of deciding how much financial support should be alloca-
ted to scientific research if a country is to ensure an expanding economy or
to maintain military security. There is no natural limit to the useful knowledge
that can be obtained ‘through research and no reason to curtail research
expenditures through fear of over-production. Expenditure on research ceases
to be fruitful only when the reservoir of potential scientists is exhausted. In
the support of research, the problem facing governments is to decide the pro-
portion of the national resources, human as well as material, that can profitably
be allocated to research, and -this becomes particularly difficult when other
demands are pressing and when the research is not directed towards an
immediate identifiable end such as national defence.

Although there is no absolute standard against which to assess the level
of expenditure on research, two facts have become evident: (1) any industrial-
ized country that does not allocate to scientific research a proportion of its
national effort comparable to that of the most advanced nations will be unable
to maintain its position in the world; (2) all evidence indicates that, since
their beginning in the 18th century, organized scientific activities throughout
the world have been doubling every ten to fifteen years, corresponding to a
growth of between five and nine per cent per annum. This rate of growth is
considerably greater than that of most other human activities (population,
gross national product, government expenditures, etc.) and we must according-
ly recognize that it cannot be maintained indefinitely. As yet, however, there
is no sign that this rate has started to level off and it is necessary to asume that
any country that does not increase its expenditures on research at a comparable
rate will untimately face a deterioration in its world position.

The size of the effort required for scientific research is such that there
remain only two major sources of support—government and industry; although
private sources other than industry continue in various ways to support
science, the fraction of the total effort contributed is small. In Canada, as in
the United States and United Kingdom, the major proportion of support for
scientific research comes from the federal government and from industry.
The provincial governments contribute through their own research organiza-
tions and through their support of universities but, although complete data
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on their expenditures are not available, the total is undoubtedly small compared
to that of the federal government.

Recently two studies® @ of expenditures on scientific activities in
Canada have been carried out by the Dominion Bureau of Statistics in co-
operation with the National Research Council. From these studies, we can
assess the magnitude of the effort being put into scientific research in Canada
and can compare the relative contributions of industry and government.

The expenditure of the federal government for scientific activities dur-
ing 1958-59 was $222.6 million and during 1959-60 about $212.3 million, a
decline of 4.6 per cent (Table 1). If we look at the civilian branches of the
government (i.e. omitting the Department of National Defence) these ex-
penditures increased 16.3 per cent from $127.0 million in 1958-59 to $147.7
million in 1959-60. If we include Defence Research Board but not the armed
forces, the increase would be 14.1 per cent from $156.3 million to $178.3 million.
The decrease in total expenditure arises almost completely from a decline in
development contracts for the armed forces.

From 1956 to 1958, total research and development expenditures in Can-
ada increased from about $220.0 million to about $275.0 million, an increase
of about 10 per cent per year; in 1959 total research and development expen-
ditures declined to $251.0 million due to the fall in expenditures for research
and development for the armed forces. If we exclude as abnormal this decrease
in support for the armed services, the rate of growth of total research and
development expenditures is around 10 per cent per year. In the United States
the rate of growth of total expenditures on research and development has been
between 13 and 14 per cent per annum between 1953 and 1959. In the United

Kingdom the annual rate of growth was between 12 and 13 per cent between
1955 and 1958.

Research and development performed by the federal government in-
creased from $90 million in 1956 to about $120 million in 1959 (Table 2).
This corresponds to an increase of between 7 and 8 per cent per year compared
with between 8 and 9 per cent per year in the United States.

From 1956 to 1958 research and development performed by industry
increased from $110 million to about $132 million, or about 10 per cent per
year. In 1959 research and development performed by industry declined to
$97 million. In the United States research and development done by industry
increased at about 10 per cent per year.

Research and development supported by the federal government grew
from $155 million in 1956 to $187 million in 1958, or at about 10 per cent per
year. In 1959 it declined to $154 million due to the decrease in defence develop-
ment contracts. In the United States, government support of research and
development increased by about 12 to 13 per cent per year between 1956 and
1959 and in the United Kingdom between 8 and 9 per cent per year between
1955 and 1958.

Research and development in Canada supported by industry grew from
$54 million in 1956 to $77 million in 1958 and to $78 million in 1959. The rate
of increase from 1956 to 1958 is approximately 20 per cent per year compared
with a figure of between 5 and 6 per cent in the United States from 1956 to
1959 and between 18 and 19 per cent in the United Kingdom from 1955 to
1958.

! Federal Government Expenditures on Scientific Activities, Fiscal Year 1958-59. D.B.S.
Cat. No. 13-515. 1960.

2 Expenditures on Research and Development by Industry 1959. D.B.S. Cat. No. 13-516.
1961.
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It is encouraging, therefore, to see that (except for the termination of the
military development contracts) the rate of growth of research and develop-
ment in Canada is substantial and compares favourably with that in the United
States and the United Kingdom.

A rate of scientific growth comparable with that of the United States and
the United Kingdom is only satisfactory if the level of expenditure is also com-
parable; if the level in Canada is below that of other advanced countries it
will be necessary to provide for a greater rate of growth in order to reach
equality. In the past we have imported much of our technical knowledge from
the United States and the United Kingdom, but this is not a situation that we
can accept as permanent. To maintain its position as an advanced industrial
country, Canada must allocate to scientific research and development a pro-
portion of our resources comparable to that allocated by other advanced

countries.

A comparison of the level of expenditure can be obtained most readily by
expressing the funds spent on research and development as a percentage of
Gross National Product. This has been done for Canadian expenditures in
Table 2. Comparable data for the United States and for the United Kingdom
are given in Table 3. The figures have been broken down to show the amount of
research and development performed by the federal government and by in-
dustry and also the amount of research financed from these two sources. The
figures are first given in millions of dollars or pounds sterling and then shown
as a percentage of the G.N.P.

In terms of percentage of the G.N.P. the total expenditure on research
and development in the United States is three times greater, and in the United
Kingdom between two and three times greater than that of Canada. Looking
at the amount of research and development performed by the different sectors
of the economy, we find that the Canadian government performs in its own
laboratories relatively as much as does the United States government, but
only about one-half that currently performed by the United Kingdom govern-
ment. United States industry performs four or five times as much research and
development as Canadian industry and the United Kingdom industry between
three and four times.

If we examine the sources of finances for research and development we
obtain an additional insight into what is happening. Relatively, the Canadian
government is financing about a third as much research and development as
the United States government and slightly less than half as much as the United
Kingdom government. The ratios for financing by industry are approximately
the same.

It is clear from these figures that compared with the United States and to
the United Kingdom, both government and industry in Canada are devoting
substantially less of their resources to research and development. In only one
area are the expenditures comparable; the Canadian government is supporting
research in its own laboratories at approximately the same scale as the United
States government. Even in this area, the figures are lower for Canada than
for the United Kingdom. Industry in Canada is neither performing nor finan-
cing research on the same scale as industry in the United States and United
Kingdom. Undoubtedly the comparison is distorted by the uneven emphasis
on research and development for the armed services in the three countries,
but it does seem obvious that unless Canada as an industrial power is content
to remain in an inferior position to the United States and the United Kingdom
some way must be found to induce industry to devote more of its resources

to research.
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TABLE 1
Federal Funds for Scientific Activities, Fiscal Years 1958-59 and 1959-60

| Excludi d
Exduding gomed | forces including Total
1958-59 1959-60 1958-59 1959-60 1958-59 1959-60
Millions
Research and Development:
Conduct of research-development..... $ 80.8 $ 95.8 $104.0 $119.6 $168.4 $151.8
Capital expenditures........cocevvun. 25.0 26.7 30.6 33.0 30.7 33.0
Other scientific activities:
Scientific data collection............. 16.4 18.9 16.4 18.9 18.1 20.6
Scientific information.....ooovvennn.. SES 4.3 4.0 4.8 4.1 4.9
Scholarship and fellowship programs. . 1.3 2.0 1.3 2.0 143 2.0
TOTALS, SCIENTIFIC ACTIVITIES..... A28 147.7 156.3 178.3 222.6 212.3
TABLE 2
Research and Development Expenditures
Canada
19562 19572 1958 1959
Research and Development Expenditures In Millions
(Eofmllattag ol Faienshankosse 5 1 o ladeetmmdnas $220.0 $245.0 $275.0 $251.0
Performed by:
Government (Federal)............... 90.0 100.0 111.0 120.0
il T AR S 8 5 L S e L i 110.0 125.0 132.0 97.0
Financed by:
Government (Federal)............... 155.0 170.0 187.0 154.0
Laa i B e e nd Heab Sok 80 ih"s . 54.0 64.0 77.0 78.0
Research and Development Expenditures As a per cent of G.N.P.
UioiEll e st d i s ndstit s seshivedl s + 0.72 0.77 0.84 0.72
Performed by:
Government (Federal) 0.29 0.31 0.34 0.34
R e tedsin el s Bisch - B et sige 0.36 0.40 0.41 0.28
Financed by:
Government (Federal)............... 0.51 0.54 St 0.44
ISt S B Sapiiis B BAN S} 42 g0l Syete 0.18 0.20 0.23 0.23
In Billions
Grosy Nationel ' Prediet o . Vi W e o $30.6 $31.9 $32.9 $34.9

! Including government, industry, universities and others.
2 Research and development estimates linked to those for 1958 and 1959.
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TABLE 3
Research and Development Expenditures

United States? United Kingdom?3

1956 1957 1958 1959 1955/56 1958/59
Research and Development

Expenditures In Millions
1P S e g g . $8,460 $10,040 $11,160 $12,430 £300.0 £477.8
Performed by: ‘ "
Government (Federal)....... 1,280 1,440 1,720 1,780 88.0 158.9
g DR 5 e ) 6,440 7,670 8,218 9,438 193.9 279.6
Financed by: :
Government (Federal)....... 4,960 6,390 7,160 8,030 224.0 319.8
16Ty 1 0y, s R S LAk 8 3,260 3,390 3,700 4,075 s 143.8
Research and Developmeht :
Expenditures As a per cent of G.N.P.
Tolallteant . . Doy cd. 2.02 2.27 2 1 2.58 1.5 2.11
Performed by: .
Government (Federal)....... 0.31 0.33 0.39 0.37 0.46 0.70
077 70 5 NS e iorty i A 1.54 r.78 1.85 1.96 1.01 1,23
Financed by:
Government (Federal)....... 1.18 1.44 1.61 1.67 1517 1.41
D 5 At SR 0.78 0.77 0.83 0.85 0.38 0.63
In Billions

Gross National Product....... $419.2 $442.8 $444.2 $482.1 £19.2 £22.,7

! Including government, industry, universities and other institutions.

2 National Science Foundation: Reviews of Data on Research and Development: Nos. 16,
Dec. 1959, 24, Dec. 1960, and 26, Feb. 1961.

73 Annual Report of Advisory Council on Scientific Policy 1959-60. HMSO London Cmnd
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DIVISION OF APPLIED BIOLOGY

In 1960 the Division continued its program of applied and fundamental
investigations. The diversity of its interests and activities is illustrated by the
following brief descriptions of several projects.

An international expedition to Baffin Island led by the National Research
Council was successfully carried out in late winter 1960 to study cold adapta-
tion in the Eskimos of Cumberland Sound. Ten scientists and technicians
participated in the six-week venture. Various functional tests relating to
reactions to cold, including measurements of metabolism, body temperatures,
shivering and degree of sleep were carried out all night on Eskimos and control
(white) subjects during moderate cold stress. There were various small
differences between Eskimo and white subjects but no important features of
cold adaptation such as were seen for Australian aborigines. The lack of major
adaptive changes in the Eskimos studied may be attributed to their excellent
clothing and arctic technology which largely insulate them from the cold.

The biophysics section has been engaged in basic studies of cellulose, the
most abundant biological substance in green plants and bacteria, and the
ribonuclein particle which is responsible for producing all proteins in living
cells. The precursor of cellulose was isolated for the first time, purified, and its
composition determined, while the ribonuclein particle was shown to consist
of at least sixteen new proteins.
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The introduction of milder methods of wood pulping has required a more
complete knowledge of the hemicellulose materials that are now left to a
greater extent in the final pulp. The nature of the hemicelluloses from both
hardwoods and coniferous woods has been extensively investigated and
important new information has been gained through the application of gas-
liquid chromatography to carbohydrate chemistry. Considerable information
of practical use has been provided for both the pulp and paper and rayon
industries.

Preliminary surveys of temperatures in frozen fish, poultry, fruit, and
vegetables hauled in refrigerated trailer-trucks have been undertaken in
cooperation with the Departments of Fisheries and Agriculture. These surveys
showed that temperatures were generally higher than is considered acceptable.
A series of stationary tests and road tests made with a typical trailer (loaned
by the manufacturer) indicated that substantial improvements can be made by
changes in methods of loading and operation.

Work on the structure of the protein, hemoglobin, has shown that there
are four polypeptide chains in the molecule, evenly divided between two types.
These chain types have been dissociated and separated. Their composition and
reaction have been studied and the sequence of amino acids along the poly-
peptides i1s now being worked out. The chains have been correlated with the
subunits appearing in a three dimensional model of hemoglobin derived from
X-ray diffraction studies at Cambridge University, England. The combination
of these investigations will shed much light on the problem of the structure of
hemoglobin and proteins in general.

ATLANTIC REGIONAL LABORATORY
Halifax, Nova Scotia

The Atlantic Regional Laboratory continues to be concerned with long
term studies of fundamental character and those related to specific problems
of the area, usually of an applied nature.

In cooperation with commercial interests a semi-continuous dryer for the
red seaweed known as Irish moss has been designed and constructed. Optimum
conditions of operation have been determined and the quality of extracts
tested. This equipment has served as a prototype for the design of mobile
dryers to be used in various parts of the Atlantic provinces. It might be
mentioned here that the first plant for the manufacture of alginates from
seaweed was constructed at Wood’s Harbour, N.S. in 1960.

At the request of the industry concerned with the manufacture of
adhesives, a fundamental investigation has been undertaken into the properties
of the protein in cod skin which is converted into photoengraver’s glue. This
distinctive protein called collagen occurs in the skin and connective tissues of
many animals in the form of microscopic fibres. It may be dissolved out of the
skin with special solvents and recovered in crystalline form. Cod collagen has
been shown to possess several properties which differ from those of mammalian
collagen. It is converted into a precursor of gelatin at a much lower temperature
and differs somewhat in its chemical composition. Collagen extracted from the
swim bladder has been shown to be very similar to, if not identical with, that
from the skin.

The dietary effects of seaweed components are being investigated in two
different studies. Because of the extensive use of carrageenin as an additive in
foods and drugs, an attempt is being made to determine any possible harmful
effects of this extract. Experiments with growing rats have shown no adverse
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effects from feeding carrageenin at high levels (15 to 309, of the diet). However
the animals derive no food value from carrageenin, which is excreted quanti-
tatively and causes increased faecal excretion of nitrogen. These effects result
in a slower growth rate. Similar studies have been directed towards the use of
dried ground seaweeds as components of animal feed. Results showed that the
biological value of kelp (Laminaria digitata) was 25% inferior to that of Irish
moss (Chondrus crispus).

Fundamental studies have continued on reactions at high temperatures
in relation to those which occur in the manufacture of steel. Particular
attention is being paid to techniques for more accurate determination of
oxygen and nitrogen in iron and steel.

PRAIRIE REGIONAL LABORATORY

Saskatoon, Saskatchewan

One of the aims of research in the Prairie Regional Laboratory is to en-
courage greater use of prairie agricultural products in different industries.
While crops now in production have some potentialities, the introduction of
others to meet specific needs is being encourged. A good example of this trend
is the increasing acreage being devoted to rapeseed production in recent years.
Not only is it finding a ready export market, but based on our cooperative
studies with university, government and industrial laboratories, there is a
growing domestic demand for both the oil and the protein feed supplement.

Research in this laboratory is divided into five sections, the largest of
which is concerned with the chemistry of plant products with particular
emphasis on fats and oils, carbohydrates, plant extractives and proteins.
The introduction and development of rapid, quantitative gas-liquid chromato-
graphic methods for measuring the fatty acids present in oils and fats has
played a key role in the developments mentioned above. The chemical struc-
ure of several polysaccharides, including pentosans of wheat flour and poly-
glucans of oats and barley, has been defined, thus providing a deeper insight
into the chemical and physical properties of these materials. Interest in
these soluble polysaccharides of cereals arises from the important role they
play in the technology of processes such as baking, fermentation and milling.
Radioactive tracers are being used to investigate the biogenesis of amino
acids and proteins in the wheat plant. Particular attention is being focussed
on the origin of lysine to determine whether there is any prospect of raising its
level in gluten.

Three other sections work on the physiology and biochemistry of plants,
fungi and bacteria. These studies are mainly concerned with numerous
biosynthetic processes whereby plants or microorganisms grow and produce
many different compounds. In plants, special attention has been focussed on
the way in which lignin and many other aromatic compounds arise and the
enzyme systems responsible for some of these processes. The mycology group
is mainly concerned with the production of new chemicals, antibiotics, alka-
loids, or amino acids by fungal fermentation, as well as the metabolic path-
ways and materials needed by the organisms to produce these substances.
In bacteriology, recent research has been directed to the study of enzyme
systems in organisms which degrade flavonoid compounds, plant hemicellu-
loses and other plant constituents.

Finally, the group on engineering and process development cooperates
with all other sections and gives assistance in large scale processing operations
not conveniently carried out in the laboratory. Where advisable, new com-
pounds or processes arising from basic studies are tested on pilot plant scale
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to evaluate their industrial potentialities. Research is also carried out on
continuous fermentation processes, air dispersal and oxygen uptake in fer-
mentors, pulping processes on wood and straw fibres, and the effects of
glyceride structure of fats and oils on the quality of margarine and shortenings.

DIVISION OF APPLIED CHEMISTRY

This Division is concerned with long term research in those branches of
chemistry that are of interest in the development of chemical industry.
Established practice has been followed during the past year and no major
changes have been introduced into the program. Two typical examples of the
work are cited.

Several years ago a program in high pressure chemistry was initiated—
a branch of science that was receiving very little attention in Canada. A pri-
mary object of the work was the extension of accurate thermodynamic data
on water to temperatures well beyond the range of present information.
Such information is required for the design of steam power plants that operate
under conditions made possible through the development of construction
materials capable of withstanding the temperatures required for high thermo-
dynamic efficiency. The work carried out in Ottawa was part of a world-wide
project initiated by the American Society of Mechanical Engineers.

High pressure techniques and facilities have been useful in a number of
other investigations as well. The response to pressure of the rates at which
chemical reactions take place has been a useful tool to establish the mechanism
of the hydrolytic reactions of a number of organic compounds. Elevated
pressures frequently cause reactions that may be difficult or impossible to
initiate by conventional procedures. A new composition of matter, a high
melting solid poly a-methyl vinyl acetate, has been prepared by exposing
the monomeric form of the material to pressures of about 10,000 atmospheres
at 130° C. While this is not necessarily a useful industrial procedure, the work
demonstrates conclusively that a stable potentially useful polymer of this
material can be prepared, thus dispelling doubts raised by repeated failures
to obtain a solid polymer by more conventional means.

Because of their wide occurrence in many industrial processes and pro-
ducts, suspensions of solids in liquids have been under investigation for many
years. Factors responsible for their stability or involved in their destruction
have been of primary interest. It has been discovered recently that it is possible
to convert the suspended solid of virtually any suspension into relatively
dense spheres which are large enough to be easily separated from the liquid
with which they are associated. If the suspension is a mixture of solids, it is
frequently possible to separate individual constituents selectively. The
principle of this operation has considerable industrial potential.

DIVISION OF PURE CHEMISTRY

The Division of Pure Chemistry is concerned with fundamental research
in the fields of physical and organic chemistry. There are fourteen sections in
the Division, thirteen or which deal with problems of a long-range nature,
while the remaining one has as its function the preparation of organic
compounds that are needed by the other sections. The staff of research men
is relatively small, but it is increased by a number of postdoctorate fellows
who stay for a maximum of two years.

All the work done in the Division is published in scientific journals, and
the publication rate which is a measure of the activity of the Division has been
fairly constant for the last three years.
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Although the research projects investigated have all produced some
results, an illustration of the type of work done will be given by citing three
of the more outstanding achievements:

(a) The establishment by synthesis of the structure of porphyrins, which
are natural pigments most familiar as the colouring matters of blood and of
leaves. The structure of cytodeuteroporphyrin was established by its synthesis.
This pigment forms a large part of a more complex one which,clothed in protein,
is the respiratory ferment. Just as combustion is maintained by heat, the
respiration of living cells is maintained by this ferment. Certain intermediates
have been synthesized and from these porphyrins by new and better methods;
the possibility that similar intermediates may be involved in the synthesis of
porphyrins in the body is being studied.

(b) The heat evolved when simple molecules such as methyl alcohol
and water are mixed is related to the hydrogen bonding in the solution.
Measurements of the heats of mixing for this system and for the isotopic
system, deuterated methanol and heavy water support the concept that
hydrogen bonding is strengthened by deuterium substitution.

The structure of a solid, considered on an atomic or molecular scale,
differs near the surface from that within the body of the material. This differ-
ence 18 of importance to the understanding of adsorption and catalysis.
Theoretically, it has been shown that the deformation of the outer layer on
the surface of a sodium chloride crystal contributes to the surface energy of
the crystal, and that the contributions of the successive layers decrease fairly
rapidly so as to become negligible beyond the third layer from the surface.

(c) All bodies of matter exert forces upon one another to a greater or
lesser extent. In general the net force between two such bodies is the sum of a
number of distinctly different kinds of forces which vary with the distance of
separation in markedly different ways. The forces exerted upon one another
by different parts of a simple body give rise to “self- potentials’. Surface
forces of various types give rise to a variety of adsorption phenomena which
largely control many biological, industrial, and other processes. It has been
shown theoretically and largely confirmed experimentally that when adsorp-
tion potentials are small compared with adsorbent ‘‘self-potentials’, adsorp-
tion reactions can be described in purely mechanical terms. In such cases,
the stresses associated with adsorption in microporous materials can be
calculated readily and correlated with the structure of these materials. Prob-
lems of this nature are involved in the frost resistance of many fine grained
materials.

DIVISION OF APPLIED PHYSICS

The interferometry section has completed and put into operation an inter-
ferometric comparator of its own design for the measurement of line stan-
dards of length up to a length of one metre directly in terms of the new defi-
nition of the metre based on an orange spectrum wavelength of the isotope
krypton 86 that was adopted by the 11th International Conference on Weights
and Measures at Paris on 14 October, 1960. This instrument is the first of its
type to be in operation and it has produced the first experimental evidence
to show that the length of the metre was satisfactorily conserved when the
standard for it was changed from the platinum-iridium prototype held at
Sévres to the krypton wavelength. This section has also developed a simple
and inexpensive interference filter of novel design which can isolate a very
narrow spectral band (approximately one angstrom). This filter is now in
commercial production.

The high temperature laboratory has been measuring the thermal and
electrical properties of ceramics with particular attention to the diminution
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of the effects of physical and chemical impurities. A systematic and theoretical
investigation of the usual techniques and instrumentation used in high
temperature research has led to a significant improvement of both. The work
on the exploding wire plasma motor is now yielding a reasonably consistent
picture of the behaviour of such plasma. A considerable body of new infor-
mation has been obtained from these experiments. The development of temper-
ature and depth measuring deep sea equipment based on novel principles has
been brought to the point where a refined model, suitable for manufacturing
and unskilled use, is ready for tests at sea. The Dauphinee 6-figure vernier
potentiometer invented by a member of the heat and solid state physics
section has now been put into commercial production by a Canadian firm.
This instrument is meeting an unexpectedly high demand in the United States.

In the electricity and mechanics section, a study of time delays and
frequency response of frequency modulated waves in resonant cavities has
extended earlier work on the subject by giving a simple physical picture
of the phenomena. Some encouraging results have been obtained on the
mechanism of the propagation of electromagnetic waves close to dielectric
covered metal surfaces at 3 and 10 G c¢/sec. Some first experimental confir-
mations of existing theory were found.

The photogrammetric section has made an interesting application of
photogrammetry to the study of glaciers through its participation in the
Axel Heiberg glaciological expedition. An accurate and detailed map of the
glacier form related to permanent control points will enable future movements
and changes of the glacier to be recorded with high accuracy and clarity.
The commercial exploitation of the Helava Analytical Plotter, invented by
the section and expected to bring about a fundamental change in mapping
methods, is proceeding favourably. The first commercial instrument is ex-
pected in 1962.

During the year there has been a significant increase in the demand from
industry for high accuracy standardization-—particularly in the electrical
and heat fields. One must draw the gratifying conclusion that this means an
increase of sophistication in Canadian manufacturing. To avoid an excess of
calibration work which would divert unreasonably the efforts of the limited
scientific staff from research projects the division has encourged and given
considerable advice and guidance on the setting-up of calibrating laboratories
in industry and provincial research organizations. Such centres will, of course,
derive their reference standards from the various laboratories of the division
and keep in close association with them.

DIVISION OF PURE PHYSICS

The cosmic ray group is occupied with three major objectives in the
physics of energetic particles approaching the earth from space. The first
of these involves the continuous recording of cosmic ray particles which
reach ground level. Intensity changes in the flux of such particles follow
solar phenomena in a way that can only be understood by analysis of world-
wide data such as was organized during the International Geophysical Year.
The four stations at Resolute, Churchill, Sulphur Mountain and Ottawa,
have been continued and make an important contribution to the world-wide
network. We get data from about twenty other stations in return. The second
objective is the study of the primary cosmic rays using sounding rockets
launched at Fort Churchill. We are undertaking problems related to the
modulation of galactic cosmic rays by clouds of particles from the sun and are
attempting to observe energetic particles in these clouds themselves. The
third objective is studies in the interaction of the particles with matter,
particularly by using photographic emulsions and Wilson cloud chambers.
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The low temperature and solid state group is concerned with the electrical,
thermal and mechanical properties of metals and semi-conductors, especially
at low temperatures. The study of the electrical properties of metals at very
low temperatures, and in particular 1° I, has continued to prove very fruitful.
It is now becoming increasingly clear from the experimental work of the group,
particularly on metal alloys containing the transition metals (such as man-
ganese and iron) as solutes, and on transition metals such as platinum and
palladium as the parent metal, that there is a great deal of interesting and
exciting information to be found from the study of scattering by, and in,
metals with magnetic properties. This general field is now being studied quite
intensively through thermoelectric measurements, measurements of electrical
resistance, and by calorimetry. In the high pressure laboratory the pressure
coefficient of thermoelectric power has been measured in all the alkali metals
at ambient temperatures. In general, high pressure measurements appear to be
rather sensitive to distortion of the Fermi surface in metals, and such measure-
ments should be valuable in indicating such distortions. An intensive calori-
metry program is now in progress below 1° K with the use of the light isotope
of helium (He?) as liquid refrigerant, and nuclear magnetic resonance
continues to be a very valuable tool in investigating alloy behaviour. The
study of semi-conducting compounds has continued steadily, and in both
semiconducting and metallic fields interest is becoming concentrated on the
behaviour of the d-electrons in intermetallic compounds and alloys.

The staff of the spectroscopy group have continued their investigations
of the spectra of atoms and simple molecules. Considerable effort has been
devoted to the study of spectra in the vacuum ultraviolet region. This is the
spectral region below 2000A where air absorbs the light and spectrographs
must be evacuated. A three meter vacuum spectrograph has been in operation for
some years and recently a ten meter instrument has been completed and works
more satisfactorily. The effectiveness of vacuum ultraviolet spectrographs
has recently been increased greatly by the invention, in other laboratories, of
high reflectance surfaces and we are making full use of these developments.
Studies have been made of the spectra of a number of molecules of astrophys-
ical and chemical interest. Absorption spectra of CH., CH;, NHs, DBr, HBr,
NO and Hs have been photographed in the past year and the structures of
these molecules have been determined both in their ground states and in
various excited states. In addition, molecular constants such as the dissociation
energy of hydrogen and the ionization potential of CHjs have been determined.

The theoretical physics group has been engaged in several different
branches of theoretical physics. In the field of the theory of collisions, some
variational principles have been formulated for the effective range and the
scattering length. Extensive calculations have been performed on the con-
tinuous absorption coefficient due to the free-free transitions of the negative
hydrogen ion, a problem that is of particular importance for an understanding
of the continuous spectrum of the atmosphere of the sun. In the field of non-
equilibrium processes in gases, work has been done on the formulation of a
kinetic equation for ionized gases. A new theory has been formulated without
the usual divergence difficulty. The solutions of the resulting non-linear
integro-differential equations have still to be worked out. A detailed mono-
graph on the Theory of Scattering has been prepared for publication.

The X-ray diffraction laboratory is engaged primarily in fundamental
studies of molecular and crystal structures. Identification problems are
occasionally undertaken for government laboratories, as X-ray diffraction
methods are non-destructive and only require very small amounts of material.
Two of the major research projects concern narcotics and vanadium minerals.
In the first, the stereochemistry and absolute configuration is being established
of certain molecules whose structural formulae have long been in dispute



REPORT OF THE PRESIDENT 25

among chemists. In the second, important results are being obtained in con-
nection with the crystal chemistry of an important group of minerals for which
crystallographic data commonly are meagre and in some cases inaccurate.
Other structures of importance in certain theoretical aspects of physical chem-
istry and of physics are also being examined.

DIVISION OF BUILDING RESEARCH

The Division of Building Research concentrates on building problems
peculiar to Canada such as the performance of buildings in cold weather.
Since the construction industry is the largest in Canada, with operations in
all parts of the country at all times of the year, the provision of a building
research service covers a wide field of activity. In providing this service the
Division cooperates with other interested agencies (e.g. the Central Mortgage
and Housing Corporation) and develops special facilities for the use of the
industry.

Among the special facilities in the Division are large floor and wall
furnaces of the Fire Research Building, a group of sound-isolated rooms for
research in building acoustics, a large structural test frame and ancillary
equipment for studies of the load performance of full-scale house roofs, and
special cold rooms and associated panel test boxes for investigations of full
scale building components under simulated conditions of cold weather,
wind and rain.

Included in the problems studied in these cold weather facilities have
been investigations into the performance of double glazed windows and light
weight metal and glass curtain wall constructions such as are now being in-
creasingly used in modern buildings. Because of the complexity of the facili-
ties needed for this type of work the Division often undertakes acceptance
tests for other organizations. Such work is done on a fee basis, and in keeping
with NRC’s policy of not competing with commercial laboratories.

The results of tests carried out in the Division’s fire resistance furnaces
are of special importance in connection with the National Building Code of
Canada. The Associate Committee responsible for the Code work has already
presented to the Division several suggestions for research studies designed
to provide new information to assist with the fire prevention provisions of

the Code.
DIVISION OF MECHANICAL ENGINEERING

The Division of Mechanical Engineering has for the past year been en-
gaged largely in continuing projects involving land, sea and air trans-
portation.

In response to frequent requests for coastal engineering work, a large
number of harbour investigations and models have been made. This work
has given rise to a number of studies of the motion and breaking of water
waves. The results of these studies have led to the development of a new kind
of breakwater which absorbs rather than reflects waves, and correspondingly
reduces the loading. Successful model experiments have been carried out and
means for making full scale tests are being explored.

A promising scheme for reducing silt accumulation in harbours has also
been developed. Wave energy is employed to bring clear surface water into
a harbour and thereby induce a corresponding outflow which scours the bottom.
With this technique, it appears possible that the dredging costs of certain
harbours can be much reduced.

96771-1—4



26 REPORT OF THE PRESIDENT

*Railway work continues to grow in scope, with the emphasis mainly on
locomotives and on the riding qualities and mechanical behaviour of freight
cars. Short term work on locomotives is concerned with the improvement of
brakes and with the substitution of cheaper fuels. A long term effort is being
made to determine in detail the relative advantages and disadvantages of the
gas turbine as a locomotive power plant. The mechanical characteristics of this
type of machinery and the availability in Canada of hlghly suitable petroleum
fuels imply a profitable future for turbine machinery. ‘

Another application of gas turbine machinery, of potentially great
significance in Canada, is that to aircraft to render them capable of taking-off
and landing vertically. Such a characteristic would confer on aircraft a free-
dom of operation which is unattainable as long as they are dependent on long
prepared runways for taking-off and landing, and will result in operating
economies in cases where such performance can be attained at a cost less than
that of the alternative ground installations. A preliminary economic survey of
these issues is well advanced, thanks to generous assistance from the Air
Transport Board and the Department of Transport. In support of these
ideas there are in hand a variety of thermodynamic and aerodynamic calcu-
lations and experiments related to alternative engine and fan arrangements
for “VTOL” aircraft. In order to strengthen the work still further, a large
special ‘“‘engine tunnel” is under construction, an installation which W111 permit
experimental examination of many aspects of the behaviour of this special
new kind of aircraft power plant.

Although primary interest is being placed on the potential safety and
economy aspects of different VTOL aircraft engines there are a number of
moderately severe control problems which are different from those of the
conventional aircraft. As an aid to the investigation of that kind of problem,
a simulator for presenting a variety of response characteristics to pilots is
being constructed.

The Division’s general mathematical and computational activities have
continued to increase in both volume and wvariety, the latest development
being the coupling together of the digital and analogue computers with the
object of exploiting the special characteristics of both types of installation.

In addition to the above major investigations, good progress is being made
with research into the behaviour of lubricants at high pressure and of gases
at extremely high temperature.

NATIONAL AERONAUTICAL ESTABLISHMENT

The rehabilitation of existing wind tunnels and the construction of
new supersonic and hypersonic wind tunnels has proceeded satisfactorily.
Within the next few months the Division will have an excellent capability for
experimental aerodynamic research from low speeds up to a Mach number of
about 12. Among the experimental and theoretical studies completed was work
on the aerodynamic characteristics of high-thrust propellers, on wings with
submerged fans and on wings immersed in powerful slipstreams. Research
programs were also completed on the determination of oscillatory stability
and flutter derivatives at supersonic and hypersonic speeds, the transient
aerodynamic loading of structures due to blast waves, and a variety of non-
aeronautical aerodynamic problems.

. A substantial volume of theoretical applied mechanics research was
devoted to improving high speed digital computer applications in the analysis
of low aspect ratio structures, including complex shells, and to the study of
thermal stress fields in certain generic structural conﬁguratlons These activi-
ties had application to high speed flight and in certain respects also to vertical
take-off aircraft.
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Supplementary to the analytical work on high temperature structures,
materials research has been directed in part towards the beneficiation of high
temperature resistant asbestiform fibres. This is part of a long term study of
non-metallic materials intended to be of general benefit to the Canadian non-
metallic materials industry and more particularly to assist -the search for the
low density, high strength, temperature resistant non-metallic materials
suitable for structural purposes.

Applied or operational research problems constituted a significant pro-
portion of the work of the Division. The geophysical and military applications
of airborne magnetometers provided the incentive for new studies of the
earth’s magnetic properties and, in cooperation with government labora-
tories, more information was obtalned on time-varying geomagnetic pheno-
mena and on the fine structure of the magnetic field in coastal regions.

Similarly, extensive flight operations were involved in a long term study
of the physics of atmospheric precipitation which is now in its second year
and which involved close collaboration between the laboratory, the Depart-
ment of Transport and the RCAF.

The Division has maintained an intimate technical relationship with the
Advisory Group for Aeronautical Research and Development of NATO and
also with the Commonwealth Advisory Aeronautical Research Council.
A number of research projects now in progress were undertaken by agreement
with these two organizations, and these include research on atmospheric
turbulence, the fatigue of aluminum alloys and unsteady aerodynamics.

RADIO AND ELECTRICAL ENGINEERING DIVISION

The program of this Division includes both fundamental research, which
increases our knowledge of electrical science, and engineering problems of
interest to the Canadian electrical industry. Fundamental studies are carried
out in fields such as radio wave propagation, radio astronomy, upper atmos-
phere research, and electronic and solid state research. Engineering problems
include high-voltage studies, current and potential transformer calibration,
medical electronics, the development of antennas, electronic aids to navi-
gation, and high-frequency standards. The Division cooperates with the
Armed Services and associated industries in design, production, and evaluation
of new equipment; about one-third of the staff is engaged in this work. A few
projects of general interest will be described briefly.

Equipment for calibration of current and potential transformers is being
modernized, to increase its accuracy and frequency range. A novel device,
the “current comparator’’, is being studied for current transformer calibration.
It promises to permit calibration over the audio-frequency range up to 10 kc/s,
with an accuracy as high as the stability of the transformer will allow. For
potential transformer calibration, the compensated resistance divider has
been abandoned in favour of a capacitive divider consisting of three-terminal
air-dielectric capacitors.

A microwave system has been developed for precise determination of
the position of vessels engaged in hydrographic surveying offshore. The two
included angles between three shore stations, at known locations, are measured
electronically by a receiver on shipboard. Correction is made automatically
for instability of the vessel during the measurement interval of one second or
less. The angles are displayed on electronic counters.

Two low-noise super-high-frequency amplifiers of the parametric-diode
type were designed and successfully operated—one, a 1200 mc/s unit for use
with airport surveillance radars, and the other for operation as a 2800 mc/s
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preamplifier with a radiotelescope. A significant increase in sensitivity was
obtained in each case.

Two laboratory buildings were added to the facilities at the Algonquin
Radio Observatory—one to house equipment associated with the inter-
ferometer to be operated by the University of Toronto, and the other to house
equipment associated with the Division’s 33-foot parabolic reflector. A pre-
cision mount was designed for the reflector.

A new trend in upper atmosphere research has been introduced with the
commencement of a Canadian rocket program at Churchill, Manitoba.
Instruments are being developed to be mounted on rockets for the study
of conditions in the centre of auroral displays, and in meteor showers. The
Division is also cooperating with the Defence Research Board in observing the
high-altitude release of chemicals from research rockets.

Measurements have been made of the adsorption of nitrogen, argon,
and helium on glass at temperatures near their respective boiling points.
The data all fit the same nonlinear isotherm (the Dubinin-Radushkevich
isotherm), and the curvature is apparent even at the lowest concentrations
where the adsorbed molecules are about 100 molecular diameters apart.
These results suggest that the molecules are adsorbed in clusters, and that the
adsorbed layer behaves like a two-dimensional liquid.

An electronic system, which was developed for automatically measuring
and recording sweat rates in humans, has further application in medicine for
diagnosis and control. Cooperation with several hospitals was continued in
the development of bio-electronic instrumentation and operating-room
facilities.

Some years ago the Division developed a highly mobile counter-mortar
radar for the Canadian Army. Technical support of this program was continued.
During the past year a combined NRC-Army team conducted a successful
demonstration of this equipment for interested NATO countries.

DIVISION OF ADMINISTRATION AND AWARDS

The Division of Administration and Awards provides centralized admini-
strative services for all the Divisions of the Council and for the foundation side
of the Council’s program. The Division is also responsible for the Council’s
Library, which has been designated as the scientific arm of the National Lib-
rary of Canada; for the operation of the Technical Information Service set up
to help Canadian industry with technological problems; for the maintenance
of Scientific Liaison Offices in Washington and L.ondon, which help to promote
Canadian scientific interests in other countries; and for laboratory main-
tenance services in all the laboratories located in the Ottawa area.

The Council’s university support program has been substantially in-
creased during the past few years to meet the expanding needs of the Graduate
Schools in science, engineering and medicine. Scholarships are offered in open
competition for students in the various fields of science and engineering to do
graduate work in Canadian universities. A small number of scholarships is
also given to graduate students to study in foreign universities when it is
impossible, or difficult, for them to get training in their selected fields in Canada.
At the postdoctorate level the Council offers Postdoctorate Overseas Fellow-
ships for Canadians to study outside the country, and Postdoctorate Fellow-
ships for foreigners to study in Canadian universities and in government
laboratories. In 1960, five hundred and fifty students in science and engineer-
ing held National Research Council scholarships and fellowships, and the
expenditure for the program amounted to $1.4 million. This year the Medical
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Research Council was established as a separate entity, and its program is
detailed elsewhere.

An enormous expansion is taking place in scientific and engineering
research in Canadian universities. The Council provides grants of money to
qualified professors for the purchase of scientific equipment that the univer-
sities might not otherwise be able to supply, and to hire help to enable them to
carry on programs of research. The expenditure in this field last year amounted
to $5.25 million, with 775 grants made to professors in 32 universities. In
addition the Council provides administrative funds for its Associate Com-
mittees, acts as the Canadian body responsible for adhering to a large number
of international scientific organizations, and supports a number of special
activities which vary from year to year; the expenditures for these aspects of
the program amounted to $465,000.

The Technical Information Service, which works in cooperation with
provincial technical service organizations wherever they exist, deserves
special mention. Its purpose is to help industry with its problems by provid-
ing information from library researches and from consultation with working
scientists. The service is entirely free. Last year some 3,500 enquiries were
answered by the T. I. S. office in Ottawa, and roughly 11,000 by the field

offices.
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NATIONAL RESEARCH COUNCIL
Financial Statement for the year 1960-61

Receipts.
Parliamentary Appropriations |
Vote 256 and 534 (Operations of Laboratories). Y $28,134,294.43
Vote 121 (General Salaries—Dept. of Finance)......... 1,011,081.84
SotE 257, So5 and GO7CEDREAlY R oS R NG TR LT R 5,293,046.18
K ' | $34,438,422 .45
Special Funds : ;
On hand 1 April, 1960
' o W0 T fh |y 10 RS S e e R $ 1,765,917.64
Central Warehouse Account and
Ether Aedounbseccr. - tlow slasr « oy 317,000.00
$ 2,082,917.64
A hataliory DeICES JbY 24t sysbres ¢ badsi $ 452,597.80
Sales o Publications, il oes® tasye s 120,380.04
Rental of HousHie 5. prsn - wdrs =deke 1o 3,029.06

$§ 576,006.90

Liess:
Adjustment re Central Ware-
house Inventory, Premium Dis-
count and Exchange, Accounts
Receivable and Refunds to

Bpgirepridtion . SHRE L0 30,354.99

545,651.91

Contributions from Government Departments.......... 2,563,776.00
5,192,345.55
kil Reeelnhs ool it oo n s rwEicy s bad by i85 L a5 ibid « $39,630,768.00

Expenditures

Silaifes . W ICEOLETAL SR & TE ARSI i Gt - i $16,636,031.91

# ase Salaries of Service Stall. .. .. -cseirva s sinsansas 542,856.07
$16,093,175.84
Uiliovampesian s ma Tosw Al 2 e J 0 o i iranieranly Sonil § Dabiiad o ol e T ha C oy 48,455 .82
Professional and Special Services.......ocvviviiiii i 431,752.17
Travelling and Removal Expenses... ... ...ty 355,484.36
Freight, Express and Cartage..........ocooteiiiiniiiiroeeaesenasss 56,872.20
Paabiord e duas. et - whiall Gedeliefasemt s pas duidnere - e the 1 35,768.93
Telephones and Telegrams. . ..o .oureeeeiienneerorraaiaancrceennn. 37,874.99
Printing of Annual Report, Scientific Journals and Other Material. .. . {obwen 396,016.96
Office Stationery, Supplies and Equipment......... ... 329,372.46
Library Books and Periodicals..........ooooviiiii i 134,628.72
Materlils Saidl SUPDIES . . oo T =« s sensssle i oy somsstsoasscnsasidonest s 1,803,759.08
Expendable Research Equipment........ ..o, +B174159.:33
Repairs and Upkeep of Buildings and Works..............cooviininnt 241,060.06
Repairs and Upkeep of Equipment..... ... 450,600.19
Municipal or Public Utility Services.........c.ootiiiiiiiiiii .. 383,590.37
Scholarships and Grants in Aid of Research...........................0 9,426,016.01
Grant to the Royal Society of Canada.................coiviiiiiiin, 17,000.00
Sundries and Contingencies., .. .. v vvuut i iirinnte et aiaaneeas 144,643.05
Communications Building and Equipment............ ... ..o i 1,462,522.22

National Aeronautical Establishment High Speed Wind Tunnel and Equip-
TV s S 8 o A O s ) ALY TVIRGS SN DR VLA SN R e U 2 S e B AT DAL R 8 1,449,746.43
Improvements to Aerodynamics Laboratory and Eqmipmistie . Vi, | S LORNLE 243,371.98

Algonquin Radio Laboratory and Equipment.............co.oivevien 160,528.03
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NATIONAL RESEARCH COUNCIL—Concluded

Expenditures—Concluded

Applied Physies Building and EquiDmieiif, o comis oxe s tn s st s pin e mn s aels 861,990.00
Alterations and ExteRBioabs 15, :.% 0. - SSiiaas, S ML 58 S 430t 0%, .. 887,534.72
Acquisition of Equipmend. 331 {02 A ANS M IADIUORM . ...... 227 ;552 .80

visotal EapandiiiiEegy . £ ey GF 6 - b B b - 2005 B - e ko $37,496,276.92

Balances on Hand, March 31, 1961
Special Fund:

Eagh Wobllotted iStHIIc it 2l viignls L i $ 1,814,491.08
Central Warehouse Account and Other Accounts. . . 320,000.00
2,134,491.08

Reconglliagidn to Recelpta;ie nowasiodl. . (1.d9 . a@ M., o2 oA AL $39,630,768.00

- *This is the amount of salaries of staff of Plant Engineering and Workshop Services paid
from charges made for services rendered which are included in other items of expenditure.

In addition to the above the Council spent $794,250.71 on scholarships and grants ad-
ministered on behalf of other organizations who provided the funds.



32 REPORT OF THE PRESIDENT

MEDICAL RESEARCH COUNCIL
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MEDICAL RESEARCH COUNCIL
1960-1961

REPORT OF THE CHAIRMAN

The great expansion of research in medical sciences which has occurred
in the last few decades has led to striking improvements in the treatment
of patients. At the same time it has opened many doors to further fundamental
investigation in broad areas of medical science which must be well supported
if further advances are to be made in applied fields.

In the last two decades also, government support of medical research
has been increased greatly in an attempt to meet expanding needs. In 1938
the first Associate Committee on Medical Research of the National Research
Council had a budget of $53,000. After the war a Division of Medical Research
was established, with an initial budget of approximately $200,000. With the
rapid growth of medical research in our universities, the budget was gradually
increased to some $900,000 by 1957. A sharper increase in the last three years
brought it to $2,300,000. Virtually all these funds have been used in the train-
ing of scientists and the support of medical research in the universities and
their associated institutes and hospitals; the National Research Council
maintained no medical laboratories of its own.

Immediately after the war the Defence Research Board was established,
with support of medical research related to defence problems as one of its
functions. This research has been conducted both in its own laboratories and
in universities.

In 1948, the Department of National Health and Welfare initiated an
extensive extramural research program on a grants-in-aid basis. This was an
integral part of its assistance to the provinces for the development of applied
research directed in the main towards the early application of results. It has
also given welcome support to a number of fundamental studies for which
the National Research Council’s Medical Division had insufficient funds at the
time. It has advanced psychiatric research greatly and continues to support it.

Since the medical research policies of the various government granting
bodies have an essentially different emphasis, it was important to have co-
ordination of their activities. In the last two years this has been undertaken
by a committee of officers of the Department of National Health and Welfare,
Defence Research Board, Department of Veterans’ Affairs, and Medical
Division of the National Research Council, which has held frequent meetings
to consider problems of coordination as they arise. The committee has done
valuable work which should be continued.

Early in the postwar period, public enthusiasm for research in the field
of specific diseases led to the creation of voluntary organizations which
raised funds for extensive investigations, particularly within the broad fields
of malignant, cardiovascular and rheumatic diseases.
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By 1959-60, the total government funds for support of extramural
research had risen to approximately $5,000,000, and the funds raised by
voluntary organizations and various foundations to about $2,000,000 per year.
This welcome increase in funds has failed, however, to meet the needs of the
rapidly advancing medical sciences and their application in treatment. Accord-
ingly, those interested in medical research in Canada were highly gratified when
our government accepted the recommendations of a special committee that a
Medical Research Council be established with the prospect of continued
increases in its budget in succeeding years. This Medical Research Council
has now been set up as an autonomous unit, initially within the administrative
framework of the National Research Council.

The new Medical Research Council has a rich heritage of tradition and
policy developed over more than twenty years by medical scientists under the
direction of Dr. J. B. Collip and Dr. G. H. Ettinger, with the wise counsel and
advice of Presidents C. J. Mackenzie and E. W. R. Steacie and their associates
in the National Research Council.

One of its important functions has to do with the training in medical
research of superior graduates through a Medical Research Fellowship pro-
gram. This is progressing well and increasing numbers of gifted graduate
students are applying each year. During 1960-61, fifty-three Medical Research
Fellowships with a total value of approximately $190,000 were held; forty-one
of these awards were tenable in Canada, six were provided to enable young
Canadian doctors to take further research training abroad, and three foreign
investigators were supported in Canadian laboratories.

Another more recent feature of the Council’s program is the continued
support of carefully selected Medical Research Associates working as full-time
investigators in medical shools. They are trained scientists competent to
pursue independent research and supervise the work of graduate students.
The development of a large number of Medical Research Associates would
provide a pool of medical scientists from which professors and other senior
teachers may be chosen for academic posts in universities.

Four new Medical Research Associates were appointed during the year,
bringing the total number to twenty and the cost for 1960-61 to approxi-
mately $204,000.

The final, and by far the most extensive, phase of the Council’s current
program is the provision of grants-in-aid of research. The Medical Research
Council is interested mainly in the development of knowledge, without neces-
sary concern for its early application. Applied value is, nevertheless, always
a welcome feature. Since it is recognized that important research is a continu-
ing activity which goes on from year to year, it has become established prac-
tice for those scientists with well-developed programs in their particular
fields of research to be given financial support for their work on a term basis,
rather than by annual allocations for individual projects. This gives greater
security and flexibility to the research worker, while the critical responsibility
of the Council lies in the careful selection of the term grantee, and in the pro-
vision of optimal support for his work with the funds available. New appli-
cations from as yet unproven workers, and from scientists in rapidly growing
or changing fields are considered on an annual basis until a term grant seems
warranted.

During 1960-61, eighty-three programs directed by senior scientists
were being supported on a term basis, with assurance of funds in specified
amounts for a three-year period, while one hundred and eighty-two grants
were made on an annual basis renewable on application. The total value of these
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operating grants for the year was $1,717,077. A further twenty-six grants
totalling $182,732, were made to enable investigators to purchase special
items of major equipment needed for their research.

All fields of medical research were supported, with particular emphasis
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