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SIR:
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C. J. MACKENZIE,
President, National Research Council.
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Foreword

This Annual Report, which contains the financial statement and a con-
spectus of the work of the National Research Council, indicates in a general
way the nature and variety of the hundreds of projects that are under investi-
gation in the several laboratory divisions. It is intended for the information
of the general reader who wishes to gain some insight into the way in which
the Council serves the nation in the field of scientific-and industrial research.

For scientists, research institutions and other persons or organizations
who are interested in detailed information on the projects in progress, a more
comprehensive reference booklet entitled ‘“The National Research Council
Review for 1946’ has been prepared and is available on order from the Coun-
cil. Publication of this larger, detailed report was discontinued during the
war as a measure of economy but with the return to peace, the Council once
again felt warranted in acceding to the demands of scientific, educational and
industrial organizations for more specialized information on its work than
could be provided within the statutory limits of the Annual Report. The
“Review’’ contains a roster of staff arranged by divisions and sections showing
the organization of the laboratories; reports by the Directors of divisions and
sections; supplementary reports on individual projects written by the special-
ists concerned ; accounts of the work of the Council’s numerous Committees;
details of assisted researches; and a complete list of scholarship awards.

Council Membership

Under the terms of ““The Research Council Act, 1924, it was provided
that the membership of The Honorary Advisory. Council for Scientific and
Industrial Research should consist of not more than fifteen members, appointed
by the Governor in Council on the recommendation of the Committee of the
Privy Council on Scientific and Industrial Research. In July, 1946, the Act
was amended and it was provided that ‘‘the Council shall consist of a Presi-
dent, Vice-President (Administration), and Vice-President (Scientific) and not
more than seventeen other members to be appointed by the Governor in
Council’’. The total number of members was thus increased from fifteen to
twenty. Members hold office for a period of three years.

During the year ended March 1946, four members completed their terms
of office as members of the National Research Council. The retiring members
were: Dr. E. F. Burton, Mr. J. S. Duncan, Dean E. P. Fetherstonhaugh, and
Dr. G. M. Shrum. Two of these were reappointed for a further term of three
years: Mr. J. S. Duncan, C.B.E., President, Massey-Harris Company, Tor-
GO G el v G M St OB T SNVENG M UAY ) PhiD,,  BIRISIE:,
Professor and Head of the Department of Physics, University of British
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Columbia, Vancouver, B.C. Four new members, each of whom will serve for
a term of three years from 1 April, 1946 to 31 March, 1949 were appointed:
Dr. A. R. Gordon, O.B.E., M.A., Ph.D., F.R.S.C., Professor and Head of the
Department of Chemistry, University of Toronto, Toronto, Ont.; Dr. G. H.
Henderson, O.B.E., B.Sc., M.A., Ph.D., F.R.S.C., F.R.S., Professor of Physics,
Dalhousie University, Halifax, N. S.; Dean Hugh H. Saunderson, B.A., M.Sc.,
Ph.D., F.C.I1.C., Dean, Faculty of Arts and Science, University of Manitoba,
Winnipeg, Man.; and Dean W. P. Thompson, M.A., Ph.D.,, F.R.S.C., Dean,
College of Arts, University of Saskatchewan, Saskatoon, Sask.

Committee Activities

Through the medium of Associate Committees, the National Research
Council secures the advice and assistance of hundreds of scientists drawn from
the universities and from industry across the Dominion. The Committees
investigate and report on specific research projects of broad general interest.
Some Committees are concerned with long-term studies, others with more
immediate problems of short duration. Subjects assigned to Committees
range from aeronautics to western crop investigations and include dental
research, medical problems, soil and snow mechanics, field crop diseases, grain
research, synthetic rubber, purchasing standards, petroleum, high voltage
systems, and oceanography, to mention only a few.

When the National Research Council was first established, Committees
were charged with making research surveys in specified fields to find out what
work was going on in Canada on the subjects assigned to the Committees,
and to make recommendations as to what new work should be undertaken to
round out the programme on a national scale. Committees were also asked
to suggest where and how such work should be done. In many cases funds
were made available to Committees for the conduct of researches recom-
mended by them and for the employment of staff as required. Later, when
the Council established its own laboratories, the need for personnel to work
under Committee direction was largely eliminated since problems arising from
Committee activities could be referred to appropriate laboratories for investi-
gation and report.

At the outbreak of World War II, activities of all Associate Committees
which had been established in peacetime were immediately reviewed and only
those Committees that were either carrying on long-term projects or could
turn their attention to the promotion of the war effort, were continued.
New Comittees were established as required to meet war needs. Early in
the war, the National Research Council was officially designated as the
research station of each of the three Services—Navy, Army and Air—and as
a consequence, the membership of Council Committees was expanded to take
in Service representatives. In this way the closest collaboration was effected
between the Council Committees, which directed the research studies, and
the Services, which made the applications of the research findings. Never
before has there been such close co-ordination of scientific studies and their
military application.

At the end of the war, a Defence Research organization was formed
under the Department of National Defence. It is responsible for determining
what research is to be done for military purposes in peacetime. The Council
will continue to co-operate as required in dealing with specific problems in the
scientific field. The President of the National Research Council is ex officio
a member of the Defence Research Board.

Thus, with the return of peacetime conditions, it became necessary to
review again the activities of the various Associate Committees. Those with
purely wartime functions and that had completed their assigned tasks, have
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now been disbanded. New Committees have been established as required to
meet current needs. There were 33 Committees in active operation at the
end of 1946.

Assisted Researches and Scholarships

In addition to supporting projects sponsored by Associate Committees,
the Council also makes grants directly to responsible persons in university
science departments, who wish to carry on research but whose financial needs
for equipment and laboratory assistance cannot be met from funds of the
institution in which they work. Aid from the National Research Council in
the form of grants enables the professors concerned to provide the necessary
facilities for graduate research. Then, by also providing scholarships for
graduate workers, the Council brings selected students to appropriate graduate
schools.

Research grants were made in 1946-47 directly by the Council to 81
individuals, through the Division of Medical Research to 82 grantees, and
through Committees to 93 other workers. In addition, scholarships were
awarded to 185 graduate students to enable them to extend their training in |
research. Financial assistance thus provided by the Council during the vear
for the advancement of research and the training of research workers reached

nearly $700,000.

Reconversion Completed

Reconversion of the National Research Council’s activities from war to
peace was completed during 1946. Just as in 1939 it was a major task to
convert the existing peacetime organization into a powerful weapon for war,
so too in 1946 reconversion posed large and even more arduous problems.
War research facilities that had attained great proportions had to be discon-
tinued or modified to meet the growing industrial requirements of peace.
Most of the staff recruited to serve the country’s war effort in research, have
been absorbed into the peacetime establishment but many of the younger
members have left to complete their academic studies which were interrupted
by the war. Other matured and skilled scientists who have had years of
intensive research training as members of the Council staff, have found suitable
avenues of advancement in the service of Canadian industries and have thus
indirectly extended the influence of the Council far beyond its own laboratories.
The Council is at present recruiting the necessary personnel, which must be
of the highest calibre, to bring its peacetime establishment up to full strength.

New Developments

During the year, not only has Canada’s wartime research organization
been modified to suit post-war needs, but existing facilities have been greatly
expanded to provide the best possible laboratory services for Canadian
industry. Three new divisions and several new sections of the National
Research Laboratories have been established; radar and other war equip-
ments are being adapted to commercial use and it is now possible as Sir Robert
Watson-Watt said recently: ‘“to offer more than the moon and the stars’ to
mariners and airmen; hundreds of investigations are in progress; and the
Council is actively engaged in the promotion and co-ordination of scientific
research in all parts of the Dominion.

An Atomic Energy Research Division has been established at Chalk River
to investigate the applications of atomic energy and the use of its products in
industry and medicine. A Division of Medical Research has been oragnized
to stimulate and support investigations in this broad field of human interest.
A Building Research Division is shortly to be set up to study practical prob-

83433—3%
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lems relating to construction materials and their use. Work is progressing on
the building of a Prairie Regional Laboratory at Saskatoon for the promotion
of studies on the better utilization of agricultural surpluses, notably wheat,
and farm waste products such as straw. An Electrical Engineering and Radio
Branch has been created to co-ordinate and direct work in this growing field.
The Chemistry Division has been freed from wartime requirements for routine
testing and its activities have been regrouped into two new branches:
(i) Fundamental Chemistry, and (ii) Applied Chemistry. The tailless glider
designed and built in the aeronautical laboratories, was test flown successfully
in the autumn at Namao airport near Edmonton. A Flight Research Section
has been established at Arnprior, Ont., in co-operation with the Royal
Canadian Air Force. A new section of the Mechanical Engineering Division
has been formed to deal with problems in gas dynamics, including work on
gas turbines and jet propulsion. More detailed reference to some of these and
other achievements is contained in the following paragraphs.

Atomic Energy Research

In June, 1946, the Dominion Farliament passed ““The Atomic Energy
Control Act’’. This Bill provides means for the development of atomic
energy and for the control of work in this field as may be required in the
interest of public safety and in the fulfilment of international obligations.
A Board of five members was set up, to act under the general direction of,
and to report to the Right Honourable C. D. Howe as Chairman of the Com-
mittee of the Privy Council on Scientific and Industrial Research. The
President -of the National Research Council is an ex officio member of the
Atomic Energy Control Board; other members are appointed by the Governor
in Council and hold office during pleasure.

The engineering, construction and operation of the vast plant and town-
site at Chalk River were carried out by Defence Industries Limited, under
contract with the Department of Reconstruction and Supply. As the project
developed, both Defence Industries Limited and the Government authorities
came to the conclusion that, as the undertaking was really a pilot plant which
must be closely integrated with the Research Laboratories, it would be better
if one Government organization were to assume the over-all operating respons-
ibilities of both the Research Laboratories and the industrial establishments.
On consideration of this problem, the Atomic Energy Control Board at its
first meeting recommended that the National Research Council be asked to
undertake the integration of the various projects and their operation on behalf
of and in accordance with the policy of the Atomic Energy Control Board.
This was agreed to and on 1st February, 1947 the Council took over full
responsibility for the administration and operation of the entire atomic
energy development at Chalk River, and will carry on these activities in
accordance with broad general policies fixed from time to time by the Atomic
Energy Control Board. |

Information Services

In the newly established Division of Information Services, which includes
sections dealing with the library, liaison offices, Canadian Journal of Research,
and technical inquiries, all activities relate to various phases of the collection
and distribution of scientific and technical information. Of special interest
at this time are numerous reports on technical developments in Germany.
Recent studies carried out in that country confirm the view that, on the
whole, the United Nations have not lagged behind in scientific and technical
progress; in a number of fields, however, Germany had worked out improved
methods of production and developed special products of direct interest to
Canadian industrialists. Reports on enemy science and technology are being
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distributed to industrial and scientific organizations in Canada. Arrange-
ments have also been made to secure for scientific libraries in this country
copies of German scientific books and journals to fill the gaps caused by
suspension of the book trade during the war. On request, a specially trained
group of workers searches not only German but many other reports for the
solution of specific manufacturing problems. During the year this service has
increased substantially and further expansion is contemplated.

Medical Research

Most of the activities of the Division of Medical Research will be carried
on, as heretofore, in the laboratories of the medical schools and hospitals
throughout Canada. In addition to considering applications for grants-in-aid
of research and making recommendations to Council concerning these, the
Division, through its Advisory Committee, reports to the Council in respect
of medical research fellowships, which have been established within the year.
It is hoped that these fellowships, which are open to Canadian medical gradu-
ates, will be the means of training young men and women so that their lives
may be devoted to research and teaching in the medical schools of Canada.

The Division set up, at the request of the commercial manufacturers of
streptomycin, a Committee to advisé on the distribution of streptomycin, and
to make recommendations as to clinical conditions for which this substance
might be used. The manufacturers, for the great part of the year 1946,
placed all of their product in the hands of this Committee to be distributed
gratis, until commercial production should be able to meet public demand.
Fortunately this occurred by the end of the year.

Radio Research

The most important contribution in the development of radio aids to
both air and marine navigation during the year was a radar distance indicator
which enables an aircraft pilot to ascertain his distance from one or more
pre-selected ground stations, thereby determining his position. Unlike pre-
vious efforts toward a similar purpose, the distance is read directly in miles
on a simple meter and no interpretation or computation is necessary. This
device has very convincingly outperformed foreign devices in open competi-
tion.

A more recent addition to this same unit to enable the pilot to determine
his direction from pre-selected stations as well as distance, is now awaiting
airborne trials.

In the marine field, most o° the year’s effort has been devoted to the
installation of surplus radar equipment on Canadian merchant ships. The
success of this programme has been most gratifying and many ships’ captains
have reported in glowing terms of radar performance.

Canada has long been a leader in advancing the technique of surveying
and Canadian surveyors have employed the most modern devices to solve
their problems. It is not surprising, therefore, that they were quick to recog-
nize the possibility of employing radar in their work. The National Research
Council 1s co-operating in the development of radar equipment by means of
which it is hoped to determine base lines up to 300 miles long with an accuracy
of 20 ft. and to permit spot fixes of photographic aircraft with an accuracy
of 100 ft. in 200 miles.

The laboratory is engaged also on the development of an accurate radio
altimeter capable of providing a continuously recorded altitude measurement,
accurate within S0 ft.
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In co-operation with the Canadian Radio Wave Propagation Committee,
National Research Council engineers undertook the direct supervision of a
study of the effects of the troposphere on radio-wave propagation in the 10-
cm. and 3-cm. regions. Experimental work was completed during the early
part of the year, and the data are now being analysed. Exceedingly interest-
ing results have been obtained. Many examples of tropospheric ‘‘skip-
distance’’ were noted and the data should be of value in the evolution of the
theory of radio-wave propagation in the lower atmosphere.

At the request of the Royal Canadian Air Force and the Army, com-
munications along the Alaska Highway and in the Yellowkmfe region, have
been studied and some experimental installations of microwave radio ‘have
been made.

The laboratory has been co-operating also with the Canadian Pacific
and the Canadian National Railways in establishing an experimental chain
of radio stations between Montreal and Windsor,. operating on the 10-cm.
band. It is possible that communication links of this type may supplement
land lines or even supplant them in some cases.

Of particular interest is a 5,000,000-volt direct current generator now
under construction in the electrical engineering laboratory for the Division
of Atomic Energy at Chalk River. This unit will be employed in the acceler-
ation of both electrons and ions in nuclear research. An experimental cavity-
type accelerator, the principle of which springs from the development of radar
equipment durmg the war, 1s also under construction and may be employed
for a similar purpose.

Considerable study has been devoted also to a special instrument to
discriminate between spurious or 1nterfer1ng radar pulses and desired pulses.
If this study yields successful results, it should be possible to operate pulse
systems with much closer channel spacing than has been possible heretofore.

Influence of radar on the approach to everyday problems is very notice-
able in the development of a National Research Council fault-locator for
long-distance power lines. This device imposes a sharp pulse on a line and
measures the time of propagation and the return of the echo from any dis-
continuity in the system. Open circuit, short circuit, and partial faults can
be identified readily. Preliminary apphcatlon of this unit has been encourag-
ing.

Studies have been carried out on the radio disturbance created by the
sun in the 10-cm. band. Very interesting results were realized on the day of

the eclipse, 23 November. A systematic comparison of the ‘‘clutter’”’ from
rain and snow on both the 3- and 10-cm. bands is under way at Scarboro.

General Physics

In the Division of Physics and Electrical Engineering work has been
undertaken to provide first-class scientific standardization facilities. New
apparatus has been ordered in this connection for the electrical measurement,
heat, general physics, metrology and optical laboratories.

In the field of geophysical research and prospecting, an entirely new
project with a magnetic airborne detector (M.A.D.) has been undertaken,
with the good offices and great help of the United States Navy and Army
authorities in the loan of essential equipment. This new application of
apparatus devised originally for the detection of submarines in war is un-
happily at present greatly hampered in Canada by lack of staff. Efforts will
be devoted to: (i) scientific determination from the air of the earth’s magnetic
elements, and (ii) the location of ferrous and oil mineral deposits.
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In other fields of geophysics, sonic and ultrasonic echo-ranging equipment
has been designed to determine the depths of relatively shallow over-burdens
in certain terrains and field work begun. Also under way is an attempt to
discover radio-active deposits (of uranium) by the use of Geiger counters let
down into vertical drill holes.

Conversion of the 600-kv. rectifier set to permit its use in accelerating
ions rather than electrons has been completed. The necessary auxiliary
control and detection equipment for measurements in nuclear physics, has
been built and experiments have been undertaken. Researches with this
positive-ion beam include studies of fission by fast neutrons and cloud-chamber
investigations of certain atomic disintegration.

Certain possible uses of very high-intensity, high-frequency sound are
being investigated, for example its lethal effect on some types of bacteria.
Experiments were carried out following a suggestion that high-frequency
vibrations could be used to improve the soldering of aluminium. The technique
used may be helpful for certain special applications. In the reverberation
chamber several types of acoustical materials have been tested. The an-echoic,

r ““dead’”” room was completed and put to considerable use. Measurements
in it have been made on loud-speakers, hearing aids and on a model aircraft-
engine exhaust stack.

Work has been resumed and considerable progress made in providing an
absolute standard of mutual inductance.

Heat Studies

Two experimental buildings of the radiant-heating project have been
constructed on the Montreal Road site and heat was turned on in them in
December. Interesting results will be available in the Spring. One of these
buildings is floor- and cellmo heated using the plpes in-concrete method of
panel construction. The other is floor- heated using pipes in an air space
under the floor.

Work on the thermostatic control of heated refrigerator cars, interrupted
by the war, has been resumed. By improving the design of the heat-control
mechanism much better results have been obtained than ever before but the
thermostat itself is still too sensitive to mechanical vibration.

An infra-red detector was used successfully to ascertain whether joints
were heating on transmission lines. The experimental model is being rebuilt
to make it more suitable for field work.

An apparatus has been completed by means of which the thermal con-
ductivity of metals can be measured up to 800°C. Tests have shown that the
results obtained on this instrument correlate well with determinations made
in other countries so that it can now be used with assurance for the measure-
ment of thermal conductivities of metals as required.

Measurements on the thermal conductivity of building materials and on
the moisture transmission of building papers have been carried out as re-
quested. An apparatus to supply moisture in homes was tested. Work is
being continued on migration of moisture. Importance of this work arises
from the necessity of understandmg how wood and wheat dry out, if we are
to improve our forest-fire-prediction methods in the one case, or our grain-
storing techniques in the other.

Work is being done to find the cause of low friction of ice under certain
conditions. Application of a sound scientific explanation of the fundamental
phenomena could be made to the very practical problems of getting sleighs to
slip and tires to grip. The heating of a sleigh runner causes only a slight
improvement in its sliding quality on ice according to results obtained to date.
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Photographic Research

A programme of work is under way to determine the important factors
in making positive prints on paper so that the maximum amount of informa-
tion can be recovered from the negative. Work on night photography has
been concluded and a paper describing the final techniques is in process of
publication. The development of a tri-camera mount for the B-25’s was
completed and a paper published.

In high-speed motion-picture photography research, considerable progress
has been made in the design of a properly engineered model of a camera to
attain 200,000 frames per second and higher speeds are anticipated. A special
experiment has shown that gears can be expected to operate satisfactorily at
the speeds contemplated. :

Studies have been made on the factors affecting the dimensional stability
of film under actual survey conditions. Interesting results have been obtained
and published. A densitometer has been completed and is functioning satis-
factorily. Further work has been done on the measurement of emulsion speed
for aerial photography by a resolving power criterion.

The Canadian Photographic Research Committee has been replaced by
an Associate Committee on Photographic Research. This Committee has
sponsored a large amount of the photographic research done in the laboratory.
Work has also been done on photometric standardization. This subject,
during the war, was neglected in favour of more urgent demands.

Work in colorimetry has been initiated. A General Electric recording
spectrophotometer is being installed in order that useful work may be done
for industry in this field.

A limited amount of spectrochemical analysis has been carried out, but
the work has been seriously hampered by shortage of staff.

The optical shop has completed a large amount of useful work for labor-
atories both in and outside the National Research Council.

Food Studies

Most of the work in the Division of Applied Biology falls into two main
classes: (i) preservation of food, and (ii) industrial utilization of agricultural
wastes and surpluses. In addition, one group is primarily concerned with fats
and oils, because of the current world shortage of both edible and industrial
fats. Statistical services, interrupted by the war, have been resumed to the
extent of staff available, and considerable progress has been made with
problems of quality control. Prior to the war, the Division was active in
several fields of plant science, and as suitable staff become available, this
work is being resumed. In response to repeated requests for investigations
in the field of animal science, it is hoped to initiate a group that will concern
itself with problems in this general field.

In foods, work has been continued on two important export items, egg
products and pork products. Dried egg powder, sugar-dried egg, liquid and
frozen egg, and shell eggs have all been studied in relation to export require-
ments and transport facilities. Similar work on pork products is in progress,
with special attention to salt concentration of export bacon and effects of
processing on vitamin content. Work in the refrigeration laboratories in-
cludes an effort to improve the performance of refrigerated railway cars for
the safe carriage of fast-frozen foods.

Dairy products are under investigation, particularly butter and dried
milk. A Fritz butter-making machine secured from Germany interested the
National Dairy Council of Canada, since the device produces butter continu-
ously at the rate of 1,000 Ib. per hour. Butter produced in Germany on this
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machine did not meet Canadian legal standards since it was neither washed
nor salted and contained too much water and milk solids. Preliminary trials
indicate that all these difficulties can be overcome, although the keeping
qualities of the butter produced have yet to be determined. Successful
Canadian application would mean a large reduction in butter-making costs.

In nutritional investigations, efforts are being made to improve the
versatility of chemical methods of assay for riboflavin, thiamin, and niacin,
since the present methods are limited in their application. During the year
a better method of estimating riboflavin was evolved. These methods are
being applied to an extensive study of cured pork at all stages of processing.

Work on the processing and treatment of domestic oils for edible purposes
was continued. Much time has been devoted to linseed oil in an effort to
produce a fraction suitable for edible purposes and another fraction with
superior properties for use in the paint industry. While this can be done with
solvents it appears that the complete objective cannot be attained in this
way. Other methods of attacking the problem are being explored.

Industrial Uses for Agricultural Products

Recent expansion of work on industrial utilization of agricultural wastes
and surpluses includes the erection of a modern laboratory on the campus of
the University of Saskatchewan in Saskatoon. The building 1s well under
way. Some of the laboratory and pilot-plant equipment has been delivered,
and a small group is actively at work in space borrowed from the University
of Saskatchewan. With the completion of the building it will be possible to
expand the work with the object of making important contributions to both
agriculture and industry.

Meanwhile, in the Ottawa laboratories, investigations on the production
of new chemicals from farm crops have been continued. During the year,
pilot-plant studies on the production of /leve-2,3-butanediol from wheat
with ™ Aerobacillus polymyxa were completed. Contamination difficulties,
which at one time were serious, were completely overcome, and fermentation
efficiencies of 90-1009,, were consistently obtained. A start has been made on
a study of other new fermentations. Several hundred strains of bacteria of
the Bacillus group and a number of Serratia have been examined in the
laboratory. The Bacillus group produces glycerol as well as diol; and some
Serratia produce formic acid in addition to diol. Several of the more promis-
ing strains of both groups will be studied on a pilot-plant scale during 1947.

A study of the reaction between 2,3-butanediol and phthalic anhydride
led to the development of a method suitable for the commercial production
of the resulting phthalate resin. Its physical properties mark it as outstand-
ing. This new material has a low solution viscosity, and is therefore of
interest to paint manufacturers. It is lustrous, very hard, and almost colour-
less, has a wide range of solubilities in industrial solvents and is highly water-
and light-resistant. Its flow point is much higher than that of commercial
ethylene phthalate. It is now being evaluated as a non-convertible binder in
paints, lacquers, and varnishes.

Because of shortages of sugars and corn syrups, wheat syrup was investi-
gated on a semi-pilot-plant scale. The pilot plant has been redesigned and
used for separating starch and gluten from wheat; first quality syrups were
prepared from this starch. Preliminary experiments indicate that wheat
gluten can be flash dried; equipment is now being assembled to test this
process on a larger scale.

Work on plant science, held in abeyance during the war, has now been
resumed. A project was initiated on the culture of chlorophyll-deficient
83433—4
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plants, including albino corn and albino barley, as a method of attack on
certain problems in the field of photosynthesis.

Chemistry

Reorganization of the Division of Chemistry into two branches (i) Funda-
mental Chemistry and (ii) Chemical Engineering, has been completed.

In the Fundamental Chemistry Branch, the organic section has been
engaged in research on synthetic rubber and the isolation of new alkaloids,
while the work of the inorganic section has been devoted entirely to investi-
gations connected with the atomic energy project.

Many studies of photosensitized reactions have been carried out, includ-
ing investigations of free radical processes by the mirror technique. A van
de Graaf generator is under construction and extensive investigations are
planned on the effect of high-speed electrons on simple organic gases.

Studies in surface chemistry have included the effect of physical adsorp-
tion on the electrical conductivity of activated carbon rods and the length
changes of carbon rods caused by physical adsorption of vapours.

An investigation of the physical properties of gases at high temperatures
was undertaken and apparatus built which will permit precise determination
of equation of state data up to a temperature of 1500°C. and a pressure of
approximately 100 atmospheres.

Progress is being made in the organization of sections on organic spectro-
chemistry, Raman spectroscopy, radio-activity (to study tracer problems);
and in low-temperature calorimetry. .

The main activity in chemical engineering has continued to be concerned
with the atomic energy project. Some of the staff have been on loan at Chalk
River and have been responsible for chemical process development and equip-
ment design in connection with the atomic energy plant. Staff from. this
section were also responsible for providing water-treatment and heat-transfer
data for the pile cocling system.

Another major project has been the design of a new chemical engineering
building which is to be erected on the Montreal Road site.

Industrial A pplications

Textiles.—The textile section has completed a number of investigations
initiated during the war which have definite peacetime applications, such as
the treatment of fabrics with dust-laying oil for hospital use; further work on
the rot-proofing of textiles; thermal insulation of protective clothing, and
impact testing of cordage materials. Co-operation has been continued with
Government departments on wool standards, the testing of flax quality and
in the drafting of textile specifications. Co-operation with industry has been
continued in the adaptation of textile materials to special uses, and in the
application of improved methods to the laundering and cleaning of textiles.
A great deal of original work was done on the use of synthetic detergents,
water repellents and moth-proofing agents.

Corrosion.—An important project is the study of corrosion of steel by
water, under static and under flow conditions. In this connection the mechan-
ism of corrosion inhibitors and the role of the potential of metals during
corrosion are being investigated. Equipment is being designed to obtain
reproducible results, in testing the corrosion resistance of metals under salt
spray or high humidity conditions. Investigations have also been undertaken
in co-operation with the atomic energy project on the corrosion resistance of
welded special stainless steels before and after heat treatment.
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Catalysis.—Catalytic air oxidation of ethylene to ethylene oxide has been
studied and preliminary data have been obtained on a new type of catalyst.
Deuterium compounds have been prepared for use in the atomic energy project.

Protective Coatings.—The protective coating section has continued an
extensive research into the chemistry of long-chain unsaturated fatty acids,
which are an essential constituent of drying oils in protective coatings. An-
other continued project was an investigation of rot-proofed coatings for wood.
Advice and co-operation have been given Government departments on ques-
tions of paint standards and specifications.

Rubber.—The rubber section has continued to advise Government depart-
ments and the industry on questions relating to natural and synthetic rubber.
Much of this work concerned special applications of synthetic rubber. A
current project is the standardization of tests for ageing, resilience, abrasion
resistance and tensile strength of rubber carried on in co-operation with
Folymer Corporation.

Applied Physical Chemistry.—In applied physical chemistry a number of
investigations initiated during the war may lead to important peacetime
applications. Some of these are: (i) further work on a new method of pro-
peller de-icing; (ii) control of frost on standing aircraft; (iii) development of
an effective rain repellent for aircraft windows; (the latter has now been
adopted by the Royal Canadian Air Force and is under test in England);
(iv) development of a stable catalyst for the oxidation of carbon monoxide
to permit accurate determinations of low concentrations in air, which is a
continuation of a wartime investigation undertaken at the request of the
Chemical Warfare Directorate. At the request of the Ontario Department
of Lands and Forests an investigation is being made of atmospheric pollution
by smelter smoke in the Sudbury district. A survey has been made of the
concentration and distribution of sulphur dioxide from smelter smoke in the
area at different levels under varying atmospheric conditions.

Colloids and Plastics.—In colloids and plastics, testing of materials for
industry and Government departments has been continued. Assistance has
also been given to the Canadian Standards Association in the drafting of a
Canadian code for head and eye protection. Relation between chemical
structure and plasticizer reaction is being studied. Further work has been
done on the activation of contact-bleaching clays. Lubricating problems in
connection with railway-car journals have been investigated. In addition,
many studies in colloid cehmistry have dealt with special subjects of funda-
mental interest. On the applied side, several projects supported by industry
are 1n progress. Results of these studies are made available to the firms con-
cerned.

Explosives—The explosives laboratory, operated jointly by the Depart-
ment of Mines and Resources and the National Research Council, has con-
tinued to advise the Government on questlons relating to 1r1dustrlal and
military explosives and has been active in a number of research prOJects
dealmg with fundamental properties of explosives.

Customs and Excise—The customs and excise laboratory, operated by
the National Research Council for the Department of National Revenue,
has continued to perform the work required of it by statute.

Aeronautical Engineering

Glider—The tailless glider has been one of the major projects of the
aeronautical laboratories throughout the year. The glider is very well equip-
ped with photographically recording flight instruments designed and con-
structed in the laboratories. Readings from these instruments, accumulated
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during flight trials, are now being studied to determine the control and stability
characteristics of tailless aircraft.

Flight Research.—Inauguration of the Flight Research Section of the
aeronautical laboratories at Arnprior was another item of major importance
in the past year. To date the emphasis in this work has been on building
a research staff and developing suitable flight research techniques and
instruments. However, work has been initiated, in co-operation with other
sections of the National Research Laboratories, on airborne magnetometer
apparatus useful for determining ore bodies from the air, airborne radar
altimeters useful for topographical survey; and further work has been done
on full-scale flying projects for the aerodynamics section including the study
of aircraft controls and aircraft stability. The facilities were used to demon-
strate Australian multiple-track radar beam before PICAO officials and others.

De-icing.—In co-operation with the Royal Canadian Air Force and British
Ministry of Supply (Air) an investigation of aircraft de-icing is proceeding
using a Consolidated RY3 aircraft which has been equipped for extensive
aircraft de-icing tests and for the collection of meteorological data with
respect to ice formation. Trials were carried out under the scientific direction
of the low-temperature laboratory in co-operation with the British Ministry
of Supply who supplied the aircraft and two observers, the Canadian Depart-
ment of Transport’s Meteorological Service who supplied an observer, and
the Royal Canadian Air Force who maintain and fly the aircraft. Woven-
wire-type heater elements have been designed for both continuous and cyclic
wing de-icing tests on aircraft.

Wind T'unnels.—There have been more wind-tunnel tests on new Cana-
dian-designed aircraft than ever before. Tests on two aircraft started prior
to 1946 were completed in that year; tests on two more aircraft were both
started and completed in 1946, and construction of models for another aircraft
is under way. In addition, wind-tunnel and spinning-tunnel models have
been constructed and tests are nearing completion on a new American-
designed aircraft for a Canadian firm.

An intensive programme has been undertaken to train junior engineers
for fundamental research in the field of gas dynamics. At the same time,
extensive calculations have been made on the various types of gas-turbine
power-plants with particular attention paid to the significance of turbine
blade cooling by compressor air-bleed methods.

Engine Research

Work proceeded in the engine laboratory during 1946 on an investigation
of single-cylinder engine units along the pattern set up by the C.F.R. Aviation
Fuels Division. The engine laboratory is now in a position to rate fuels in
regard to detonation characteristics on both the Perseus and Peregrine single-
cylinder engines.

Another engine laboratory project in 1946, the study of the glow-plug
method of ignition was undertaken (a) to eliminate high-tension ignition which
requires special precautions at high altitudes to avoid electrical leakage and
(b) to reduce detonation. Work is proceeding. A theoretical study of an
aircraft lubrication system with reference to the effects of entrained and
dissolved air has shown that the altitude at which the oil system fails, depends
largely upon the percentages of entrained and dissolved air in the system.

Hydraulics

The hydraulics laboratory completed tests on a model of a Great Lakes’
harbour to determine the effect of a proposed pier extension upon sand-bar
formation in the harbour entrance. Construction of a model of a section of a
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large river in Canada was completed and tests are being conducted to deter-
mine the effects of various types of dykes upon river currents and sand-bar
formations. In the case of both river and harbour tests it was possible to
determine in a few hours and at small expense the effect of large expensive
full-scale structures.

Model tests were performed on a proposed spillway structure designed to
carry the flood discharge from a large reservoir formed by a dam. These tests
were primarily conducted to determine discharge capacity but they also
showed that modifications could be made which would produce marked
improvements in the flood conditions.

Fuels and Lubricants

Research on low-temperature lubricants has yielded much valuable
information on flow characteristics of greases at low temperatures. Work on
lubricating oils included examination of oils and filter cartridges from high-
temperature road tests, and a problem in the lubrication of parachute release
mechanisms at low temperature. A new supercharged knock-test engine was
installed for the testing and development of high-octane number fuels. Meth-
ods for measuring detonation, and also methods for determining octane num-
bers of very small fuel samples were investigated. ~

Testing was continued throughout 1946 of domestic oil-burning equip-
ment for the Canadian Standards Association in connection with its fire-
hazard listing service. Seventy-seven appliances, comprising 22 furnace oil
burners, 33 range oil burners, 15 space-heater oil burners and 7 other types
of appliances, submitted by 45 different dealers have been under test. Listing
was recommended for 42 of these appliances of which 80 per cent had first to
be modified to meet requirements.

Structures

In order to demonstrate to Canadian boat builders the possibility of
moulded plywood techniques for the construction of sporting craft, a 14-foot
international dinghy was constructed. Five-ply veneer, 5/16-inch thick, was
used for the hull which was fabricated by the rubber-bag method using a
thermosetting resin adhesive. Only one rib, which was made of laminated
spruce and located just after the mast, was used. The hull was bonded to a
laminated spruce keel.

Artificial Limbs.—Work on artificial limbs has continued in the structures
laboratory making use of processes developed during research on moulded
aircraft components. A latex hand, a hollow impregnated fabric hand and
moulded forearm sections have been developed and several Syme’s prostheses
have been designed and constructed, and an above-knee leg has been made
from low-pressure fabric laminations. Some of the limbs produced by the
structures laboratory are undergoing service tests on amputation cases.

Building Research

As previously noted, a Building Research Division is soon to be estab-
lished. For several years the National Research Council has been engaged
in various research projects that have had for their object the improvement
of building materials or the betterment of housing construction. Intensive
work was initiated some years ago on the requirements for structures and the
National Building Code was subsequently published. This is a document
designed. for use as a model in the drafting of municipal building by-laws.
A model zoning by-law was also prepared. Both of these publications have
been extensively used as reference works by Canadian municipalities.

: In the laboratories, numerous studies have been directed towards the
improvement of various conditions in housing. Mention may be made of
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studies on efficiency in lighting, researches on sound-deadening in walls and
floors, investigations on the relative values of different types of insulating
materials, measurements on vapour barriers used to prevent condensation of
moisture in outside walls. Work has been done on ventilation, and reports
have been issued on heat losses through windows and moisture on windows.
Tests are being made continuously on oil burners to ensure their safe opera-
tion. One of the earliest studies made by the Council was on the subject of
fuel saving possibilities in house heating.

Among the newer projects in this long series is the current investigation
on problems involved in ‘‘panel”’ or radiant heating. The purpose of this
study is to find satisfactory answers to many questions raised by heating
engineers regarding this new plan of heating whereby the source of heat is in
or under the floor or in the ceiling instead of being supplied by conventional
type radiators. Two experimental houses have been built on the Montreal
Road site for this study and interesting data will be available at the end of
the present heating season.

Another important advance in the matter of low-cost housing has been
made in the development of a modular system for the construction of pre-
fabricated houses. By means of prefabricated wall panels and flat roof panels
incorporating structural strength, insulation, vapour barrier, finished surfaces,
and a connection system, the construction of houses almost entirely in the
factory under mass production methods will be feasible. The various standard
wall panels, all with identical over-all dimensions permit the adoption of
practically any floor plan to suit the requirements of the site and the builder.
Further work on the details of panel fabrication is in progress.

With the establishment of the Building Research Division, all of this work
will be brought sharply into focus and new projects will be initiated as
required to provide complete coverage of Canada’s most pressing problem,
the provision of adequate and efficient housing for its people.

In all of its activities the National Research Council seeks to provide an
effective medium for leadership and co-operation in the training of competent
research workers and in the application of scientific knowledge in the univers-
ities and industries throughout the Dominion.

FINANCES

The Council derives its funds largely from a Parliamentary appropriation.
Supplementary revenues come through contributions from industry for special
work, fees for other services, income from trust funds, royalties and sale of
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