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Convent in distress

Photogrammetry to the rescue

Our Lady of the Sacred Heart Convent on Rideau Street in
Ottawa has been demolished, but photogrammetry has saved
the interior of the Convent’s Chapel.

In conjunction with the Department of Indian and Northern
Affairs, the National Research Council of Canada used its
Photogrammetric Research Section’s expertise to record the
interior of the Chapel to scale. After completion of the
photogrammetric representation of the Chapel, the Chapel
interior was disassembled and stored, to await reconstruction,
possibly in a future National Gallery Building. The National
(3allery of Canada and the National Capital Commission
funded the $20,000 cost for dismantling the Chapel.

Stereophotogrammetry is a unigue process which makes it
possible to measure and reconstruct an object from a pair of
photographs. This will permit the restoration of the historical
Chapel with no headaches involved in reassembling the
structure.

“Special cameras with precise geometrical and optical
characteristics were used,” says Dr. T.J. Blachut, Head of
NRC’s Photogrammetric Section. “From photographs taken at
two suitable positions, all details of a three-dimensional object
can be reproduced.

“Everything in the pictures is recorded with a very good
accuracy. From them we can derive any measurements we
need and can produce drawings on vertical and horizontal
planes. The photographs are processed on a plotter from which
an architectural drawing of the building is derived. Every

artistic nuance of the building’s design may be accurately
represented.”
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photogrammetry

Chapel interior showing fan-vaulted ceiling and reredos behind the altar.
® Lavodte d'aréte a rosaces et les retables de la chapelle.

From the original photographs, building details are drawn
using the same principle as in topographical mapping.

Not only does photogrammetry provide a reliable method
of reconstruction, but it may also be employed as “architec-
tural insurance” for buildings of historical value that can be
restored to their original design, if accidently damaged.

“It is relatively simple to keep photogrammetric records of
buildings and monuments of unique historical importance,”
Dr. Blachut says. “Should a building be damaged, the
photogrammetric records would ensure that it could be rebuilt
exactly according to the original architecture. Without photo-
grammetric recording, these buildings’ authenticity could not
be maintained.”

Marius Van Wijk of NRC’s Photogrammetric Section super-
vised the photogrammetric reproduction of the Chapel
interior. The major elements of the fan-vaulted ceiling,
windows and reredos have been removed to a specially pre-
pared storage area for preservation until future use.

“Canada is a young country which has a relatively modest
number of historical structures that must be preserved,”

Dr. Blachut says. “Photogrammetry is the most exciting
example of what modern technology can contribute to the
preservation of our heritage.

“The Restoration Services Division of the Technical
Services Branch of the Department of Indian Affairs and
Northern Development and the NRC are developing, at pre-
sent, processes and basic photogrammetric specifications
which can be used by architects and draftsmen in the field of
architecture for the preservation of historical buildings.” O
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Industrialist finds

/S to vist NRC

In the eyes of Ken Fraser, one of the soundest investments a
research and development-oriented company can make is in
the price of the airline ticket that sends one of its representa-
tives to Ottawa and the National Research Council of Canada.

K.D. Fraser, is President of MEGA System Design Limited,
a Toronto-based engineering products firm. Half of his three-
year-old company’s annual sales come from microwave dryers
and microwave moisture sensors developed by the National
Research Council of Canada. They are being manufactured
under a licencing arrangement with Canadian Patents and
Development Limited. CPDL is a'subsidiary of NRC, charged
with responsibility for the patenting and licencing of govern-
ment inventions.

“Speaking personally, | feel that most small industrialists
unconsciously fear NRC,” Mr. Fraser says. “They have
acquired an image of it as an institution, aloof and, for them,
inaccessible. They're busy, on a day-to-day basis, coping with
the diversity of problems generated in a small company and
they feel they do not have the time, or that they cannot pene-
trate the institutional maze to the one person who might have
the solution to their problem or the expertise to check out their
new ideas.

“Mega has a close relationship with NRC due to a telephone
call | made in 1966 when | was in the film processor manu-
facturing field. | ran across an article in a printing trade
magazine that described how the late Jack Bleackley, of NRC’s
Radio and Electrical Engineering Division, and W.A. Cumming,
then Director of the Division, had devised a technique using
microwaves to quick-dry large volumes of oversized photo-
graphic prints.

“Since | was looking for a similar high-speed method of

MEGA President K.D. Fraser checks out a high-voltage power supply used in
conjunction with the microwave units. e M. K.D. Fraser, président de |a
Société MEGA, s'assure du bon fonctionnement d’'une source a haute tension
servant dans son appareil & micro-ondes.
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Ottawa and have him make firsthand contact with t de la bonne marc
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djusts controls on a MEGA unit
¢ t Manager Harry S. Ferguson a s

MEGA's Pr%durche moisture content of photog(a'phlc film. e M‘, Harry s,de
g eitionnaire des produits de la _Soc:e(é MEGA, regle Ia;;pare/
Fe’sguuriogég'humidité de films photographiques construit par MEGA.
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dans les dédales administratifs avant

g:u{:sﬂf\lz;a?gr:ec::otﬁ:;p:n mesure de les aider a résoudre leurs
- : luer leurs idées. ;
proalgrr?gfe?ﬂaerec\:lg#tact avec le CNRC remonte a 1966. Je
travaillais alors dans le traitement industnel.des fllmsdet je :
voulais avoir des renseignemen'ts sur un article paru an{:,'u
j al professionnel ou I'on décrivait comment le regrette
JOurknBleakley technicien de la Division de Génie électrique
JacCNRC et WA Cumming, alors directeur de Ig Division,
(aj\L/Jaient mis au point une méthode utilisant. Igs m|c.ro-ondes
pour sécher rapidement de grgr}gersngtlanmes de tirages
i de trés gran r :

pho;ﬁ%?ggljgufﬁerchais L?ne méthode rapide semblable pour
sécher des films photographiques, jai tgéle‘zphoné a(;; CI;'NT(Cj:és
J'ai peut-étre eu de la chance de par!er a’homme de art ;
mon premier appel, mais je ne le crois pas. Je crois que ;LIJ e
personne qui appelle le CNRC a des chances de parler a la

ersonne qui peut I’aide(. ; :
g Mais comment convaincre les gens de faire le premier

,? .
appJe; ‘pense qu'il existe de nqmbreuses compagnies commilla
mienne et ot I'on a I'impression que le CNRC est un ensemble
de batiments, quelque part a Ottawa,~ dans Iesguels des i
chercheurs se livrent & des études trés avancées. On al;‘ran
beaucoup de mal a convainqre ces gens que ces chercheurs
sont a leur disposition et qu’ll.s peuver]t les and’er.

|| faudrait alors qu’ils oublient ces idées precon?ues 9t

qu’ils envoient un de leurs cadres a Ottawa pour qu'il y ait une
premiére prise de contact avec le CNRC. Les quelques
journées passées a rencontrer des chercheurs vous ay(znt t
ouvert les yeux. Les résultats ne seront peut-étre pas evidents
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visit NRC

A few days walking down corridors, looking into rooms and
meeting people in his particular field will prove worthwhile.
The results may not be visible on the same day, but | am certain
there will be a payoff within the year.”

Rather ironically, while he got off to a flying start in
microwave technology, his original enquiry to NRC took six
years to achieve a pay off. That was for a quick method of
drying photographic film.

Mr. Fraser had an idea that NRC’s original print dryer
could be varied to help him land a contract with the United
States Air Force whose aerial reconnaissance work calls for
the processing of vast amounts of photographic film. The
project stalled for a variety of reasons, mainly non-technical,
but he finally pocketed a contract last October.

The American market is extremely important to Mr. Fraser
since he relies on it for 82 per cent of his sales of microwave,
air-bearing support and audio-visual projection systems.

“We had hoped to have microwave sales make up 80 per
cent of our sales volume by this time but consumer resistance
has been greater than anticipated in North America,” Mr.
Fraser says.

Mega'’s current best seller is an edgeline glue dryer that
dries the water-based cold glue on multi-part business forms
at speeds up to 600 feet per minute. Conventional production
processes using cold glue are much slower by comparison.

The company also has high hopes for a film dryer unit
which is being prepared for evaluation tests in the United
States. It has been custom designed to fit into an existing
photographic film processor manufactured by a major U.S.
film equipment firm for military air reconnaissance work. The

Dr. A.L. VanKoughnett and Walter Wyslouzil of the Electromagnetic Section of
NRC'’s Radio and Electrical Engineering Division examine an experimental
model of a microwave device for rapid drying of water-base inks. ® Le Dr.
A.L. VanKoughnett et Walter Wyslouzil, de la section d’électromagnétisme de
la Division de génie électrique du CNRC, examinent une maquette expérimen-
tale de séchoir rapide, a micro-ondes, pour les encres aqueuses.
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USAF alone utilizes 600 such processors.

An off-shoot of the film drying research was the develop-
ment of a microwave moisture sensor. This unit enables the
user to determine the moisture content within a wide range of
material from butter to leather. It can also serve to control the
power output on the photographic film dryers.

Another example of the company’s special purpose instru-
ments is its E-Line or ‘Bikini’ Dryer. This is used to dry lines of
colored ink laid down on paper revolving on drums at high
speed in a U.S. development process known as plateless
photography.

Mega’s microwave units are derived from cooperative
research and development work on basic patents held by
NRC. In microwave dryer systems a microwave generator
transmits microwaves through a waveguide into a chamber to
produce an intense electrical field. Just as some materials are
transparent to light waves, some materials are transparent to
microwaves. In the same way that light is absorbed when
passing through semi-opaque materials, microwaves are '

absorbed when passing through some materials. Materials
which readily absorb microwaves are called “lossy.”

The principle of microwave drying is that when microwaves
are passed through “lossy” material such as moist leather or
water-based glue the water molecules attempt to take up a
particular alignment with the direction of the electrical field.
When the polarity of the field is reversed millions of times per |
second, the molecules oscillate at high frequency generating |
heat within the material through intermolecular friction. By
generating heat in this way, it is possible to achieve instanta-
neous heating and avoid the necessity for conduction,
convection or radiation to take place.

Although NRC'’s main efforts have been directed towards -
the ridged waveguide designed for use in edgeline glue dryers,
a second type of microwave drying chamber known as a
“parallel plate” is under development. It is designed to de
across-the-web sheet material such as film, paper, plastics
and leather and is especially suited for drying continuously-fed
material. '

A third type, the “multiple-ridge waveguide”, provnd'es a
uniform field over the cross section of a tube. It is des,'gned,
among other things, to cope with bulk foodstuffs needing |
quick heating for greater efficiency of production, suchas
spagetti, liquorice, sausages, weiners, cereals. \

Since the death of Mr. Bleakley and the naming of Mr.
Cumming to the position of Assistant Vice-President (Lgbora-
tories), microwave research at NRC is under the q|rect|on
of Dr. A.L. VanKoughnett of the Radio and Electrllcal ;
Engineering Division’s Electromagnetic Engineering Sectlpﬂé
It was while working closely with this Section that the edgellf;
glue dryer was brought to its present finished form. An ei;;’t
version drew complaints from production floor operators
there were too many gauges and dials to watch 3nd the);.n
resented being turned into “electronic engineers”, accor lng
to Mr. Fraser. A refined version features automatic tuning a
a single control system of operation. ; .

“Tghe edgeline dryer is a good example of the kind of coéla
boration we achieved with NRC. When a problem arose W
shipped the unit back and forth, working on it until the
problem was solved,” Mr. Fraser says. O
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Industriels. .. ;

le jour méme, mais ils le seront dans I'année.” Et comme
lexception confirme la regle, alors que la compagnie de M.
Fraser avait eu un depart foudroyant en technologie des
micro-ondes, il lui a fallu 6 ans avant que sa démarche auprés
du CNRC ne s’avére fructueuse. Il s’agissait en I'occurence de
sécher rapidement des films.

Il croyait qu’on pouvait modifier le séchoir de tirages, ce
qui lui aurait permis d’obtenir un contrat de I'armée de l'air
américaine qui doit développer d’énormes quantités de films
photographiques.

On a abandonné le projet pour plusieurs raisons, la plu-
part non techniques, mais en octobre dernier M. Fraser a

obtenu un contrat.

M. Fraser attache une grande importance au marché
ameéricain car c’est aux Etats-Unis qu'il vend 82% de ses
équipements a micro-ondes, de roulements a coussins d'air et
de matériels audiovisuels.

“Nous avions espéré que la vente d’équipements a micro-
ondes atteindrait 80% de nos ventes totales actuelles mais le
marcheé nord-américain a été quelque peu fermé aux
nouveaux produits.

L'appareil le plus populaire congu par MEGA est un séchoir
Qe colle des bords de formulaires commerciaux multifeuilles
d une vitesse atteignant 600 pieds par minute. Les séchoirs
courants sont beaucoup plus lents.

La compagnie attend beaucoup d’un séchoir de films
que 'on met actuellement au point avant de I’envoyer pour des
essais d'évaluation aux Etats-Unis. Il a été congu pour s’adap-
te( a un appareil construit par une grosse compagnie améri-
caine d'équipement pour films, utilisé en reconnaissance
aerienne. L'armée de I'air américaine utilise 600 de ces
appareils.

_Les recherches sur le séchage des films ont conduit a la
MiSe au point d’un régulateur d’humidité & micro-ondes
grace auquel on peut déterminer I'exacte teneur en eau de
tres nombreux produits allant du beurre au cuir. || permet aussi
de régler I'intensité des micro-ondes en fonction de I'humidité
dans les séchoirs de films photographiques.

Un autre des instruments spécialisés de cette compagnie
et un séchoir qu'on appelle “E-line,” ou “Bikini”. Il sert a
secher les lignes d’encre de différentes couleurs sur du papier
tourqaqt sur des tambours & une grande vitesse d’aprés un
g{:gsde ameéricain connu sous le nom de photographie sans

e.
de'vt?g aplpareils.é\ micro.-ondes de la compagnie MEGA sont
i CNSEGS et mis au ppmj en partant de brevets appa(tenant
& t.IUn systemg a’ mlcro:ondeg comprend un genérateur
Chan}/bn €s ondes, a l'aide d’un gwde-or,wdes,'dans' une
e Cre congue pour fournlr'un champ électrique intense.
k- ommellz.i Iumlere:, les mlcro-'ondes peuvent traverser
ains matériaux ou étre absorbées par d’autres.

dengztS,u.n séchoir, lorsque les micro-on_des pa§sent a travers
ol Erlaux absorbapts tels que du cuir humldg o’u de la
e rapq euse, les molgcule§ d'eau ont t.endance a s’ordonner

usjeufort 'aL‘J champ e]ectruque. Si on mverselle champ
éplacer?tm”“ons de‘ fois par secopde, le§ m.ollgcules se

i a haute frequencz_a entramgnt ainsi I'’échauffement
méthodela'u par frottemen( intermoléculaire. Par cette

+ il est possible d'échauffer le matériau instantané-
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The chamber parts for a pair of microwave moisture sensors are examined by

Brian M. Head. e M. Brian M. Head examine les composantes de la chambre
d'un couple de détecteurs d’humidité a micro-ondes.

ment sans avoir a compter sur la conductibilité ou sur la
convection qui sont beaucoup plus lentes.

Quoique le CNRC ait surtout fait porter ses efforts sur un
“guide-ondes a arétes”, qu’on utiliserait dans le séchoir de
colle de bords de formulaires commerciaux, un autre type dit
“a plaques paralleles” est en cours de développement et
congu pour sécher en régime continu les matériaux en
feuilles, tels que les films, les feuilles de papier, le plastique et
le cuir. Il .convient particulierement au séchage continu. Un
troisieme type, le “guide-ondes a arétes multiples”, donne un
champ transversalement uniforme dans un tube. Il est congu
pour réchauffer rapidement de grandes quantités de
nourriture tels que du spaghetti, de la réglisse, des saucisses,
des pates, etc...

Aprés la mort de M. Bleakley et la nomination de M.
Cumming au poste de vice-président adjoint (laboratoires),
les recherches sur les micro-ondes au CNRC sont devenues la
responsabilité du Dr Roy VanKoughnett, de la Section de
technique électromagnétique de la Division de génie élec-
trique. C'est grace a une collaboration étroite avec cette
Section que le séchoir de colle a été mis au point dans sa
forme actuelle. Les ouvriers se servant des premiéres machines
ont, selon M. Fraser, dit qu'ils n’étaient pas “ingénieurs
électroniciens” et qu’il y avait beaucoup trop de cadrans et de
commandes a surveiller. Le nouveau modéle comprend un
réglage automatique et un systeme de commande unique.

Et M. Fraser de conclure: “le séchoir de colle est un bon
exemple des résultats que I'on peut obtenir grace a une colla-
boration avec le CNRC. Lorsqu’il s’est présenté un probléme,
I'appareil a été envoyé au Conseil pour y étre etudié et
modifie.” O
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NRC'’s addition to TEA laser family ‘lLapuissance en boite :
Hits laser power jackpot Yace au laser modulaire

A new laser capable of generating billions of watts of power in
pulses lasting less than one ten-millionth of a second has been
developed at the National Research Council of Canada.

The powerful laser was designed by two scientists, Dr. A.J.
Alcock and Dr. M.C. Richardson, in the laboratories of NRC'’s
Division of Physics. Dr. Alcock and Dr. Richardson are
members of the Laser and Plasma Physics Section of this
Division. They developed the laser during research into the
production and analysis of plasmas using high-energy lasers.

The device is a new addition to a family of TEA lasers which
was first invented by Canadian scientists at the Defence
Research Establishment Valcartier (DREV), Valcartier,
Quebec. Much interest in TEA lasers has been shown by
physicists and engineers the world over since DREV reported
their findings two years ago. The TEA (transversely-excited
atmospheric pressure) carbon dioxide lasers are characterized
by their low cost, high efficiency and relative safety of radia-
tion produced.

Scientists have pointed out the attractive advantage of
TEA lasers, particularly for industrial uses such as drilling,
welding, cutting and machining, due to the high power which
they generate. The laser developed at NRC can give gigawatt
(billions of watts) powers in pulses lasting only 50 nano-
seconds (50 billionths of a second). It is believed to be the
first laser capable of generating such power in such pulse
times.

The NRC work constitutes a distinct improvement over
existing TEA laser designs. On a low budget Dr. Richardson,
assisted by Kurt Leopold and Peter Burtyn, managed to have
a working model of their relatively large TEA laser ready in
just under four months of intensive laboratory work.

Still another advantage of the new laser is that it is built in
modular form, and is easily amenable to commercial develop-
ment. The laser is made up of a number of box-like modules,
all identical, every one a complete unit.

Commercial development and marketing of the new laser
will shortly be undertaken by an Ottawa firm which has been
licensed by the Canadian Patents and Development Limited,
a subsidiary of NRC, under the original TEA laser patents.

The firm, Lumonics Research Limited, was the first
Canadian manufacturer to concentrate exclusively on the
design and production of lasers. A second firm, Gen-Tec
(1969) Inc. of Quebec City, is developing another member of
the TEA laser family. TEA lasers are powerful enough to
instantly vaporize all known materials and there is mounting
interest among plasma physicists in the possibility of using

these lasers to produce plasma fireballs with temperatures
comparable to those on the sun. Large research programs in
several countries are currently directed at studying the

production of these extremely high-temperature plasmas for
controlled thermo-nuclear fusion. [J

Emission from powerful new NRC laser reflected from mirror at far right ion-

izes the air (streak at upper left) as laser generates billions of watts of power in
less that a millionth of a second, e Le nouveau laser, mis au point au CNRC,
produit des milliards de watts en moins d'un millioniéme de seconde. Lorsque

son émission est réfléchie par un miroir (& droite), I'air est ionisé (trait en haut,
a gauche).
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Computer-aided learning
The inanimate teacher

The process of learning has been investigated experimentally
for the better part of a century. Today, many different disci-
plines are focussing attention on children with learning dis-
abilities in an effort to help them to function in an increasingly
complex society.

Recently it has come to light that much of a child’s intellec-
tual ability and personality is shaped by the age of two — with
10 to 18 months being the most crucial development period.
Educational handicaps now can be identified long before a
child enters the school system. Physical deformities in
thalidomide children, for example, children with poor
muscular coordination or partial or almost complete paralysis,
can be identified at birth.

But what of the child whose handicaps are neither visible
nor apparent? The child with minimal brain dysfunction or
poor auditory discrimination? The one with perception
difficulties which hinder the acquisition of language and
eventually the ability to read and write?

Normal testing procedures do not always detect the
physiological dysfunction that hinders or precludes learning
in the normal classroom situation. In some cases, the defect
may not become apparent until the child is well advanced in
the school system, or it may go undetected throughout life
complicated with related psychological problems.

There are schools for the mentally retarded, the blind, the
deaf, the physically handicapped, but schools generally are not
geared to the child with learning disabilities.

“In fact,” says Robert McNarry of the National Research
Council of Canada’s Information Science Section, Radio and
Electrical Engineering Division, “we have no clear idea of how
many of these children there are in Canada or, up to the
present, of how to deal with their problems.”

Depending on the definition used, it is estimated that from
five to 20 per cent of Canada’s student population has some
form of learning disability. These children are inadequately
served by the conventional school system, largely because of
cost and lack of facilities or staff.

Instructional technology has been mainly concerned with
the normal child. In the case of the handicapped, the teacher-
student ratio is low, the cost of equipment and materials high,
and the need for specialist attention demanding — all of which
add up to a significantly higher cost per student. However, the
potential return of such an investment can be rewarding if
handicapped children can be taught to take their place in
society. In the long run, the cost to society would be minimized
since the cost of remedial and specialized schooling is high,
to say nothing of the cost of deviant behavior.

In a long-range program of research, development and
evaluation in the field of computer-aided learning systems,
NRC’s Radio and Electrical Engineering Division is collabora-
ting with teachers and educators at all levels in an attempt to
get an insight into the range and nature of the problems that
might be tackled using available technology.

“But,” says W.C. Brown, Head of the Division’s Information
Science Section, “it should be clearly understood that our
plans include no work on curriculum content — that is strictly

a matter for educational authorities. Likewise the evaluation

of the system as it evolves will be under the direction of
competent educators.”
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inanimate teacher

“We want the people who are dealing with children who
have learning disabilities to define the problems for us,” says
Mr. McNarry, who chaired the inaugural meeting in Ottawa
which established the Ottawa Chapter of the Canadian Asso-
ciation for Children with Learning Disabilities six years ago.
“Then, here at NRC we can think about the technology, the
software and the programing that will facilitate their dealing
with particular situations. However, we are in no way trying
to say that this is what ought to be done. We are thinking of
the system in a diagnostic sense. Can we develop the
diagnostic tools which will enable people who have access to
large central computers to administer a battery of tests to
youngsters, the results of which would lead to identification
of children who have particular learning problems, and the
area in which the problem exists? Then they can be referred
for detailed analysis to experts in the school system — much
like the use of computers by the medical profession,” explains
Mr. McNarry.

Working in collaboration with Dr. R.M. Knights, Depart-
ment of Psychology at Ottawa’s Carleton University, NRC’s
Information Science Section began by automating, for the first
time, the Peabody Picture Vocabulary Test (PPVT).

“The automated test,” says Mr. McNarry, “runs precisely
in the same way that a trained psychologist would use it.”

The test requires only that the child be able to see and hear
and indicate a choice of one of four pictures in response to a
stimulus word. For example, in the automated form of the
PPVT, the child is presented with a set of four pictures. In
response to a cue word from a tape recorder, the child indicates
a choice by touching one of the four pictures. When the
picture is touched, the choice is recorded since the picture is
projected onto a touch sensitive glass tablet. The tablet was
developed in the Section and has made the automated testing
of young children possible. It is licensed by Canadian Patents
and Development Limited, a subsidiary of NRC, and is being
manufactured by Instronics Limited, Stittsville, Ontario. As
the tablet is touched, the computer automatically records the
child’s choice, shows the next set of pictures, cues the tape
recorder to give the next stimulus word, and the child again
touches a choice on the next set, and so on, until the test is
completed.

Random access to recorded audio messages with minimum
delay still presents a technological problem. However, a
specialized magnetic disc recorder is being designed by the
Section which will permit computer-controlled cueing of any
one of many hundreds of short audio messages in approxima-
tely one second.

“Next,” Mr. McNarry says, “we will study the technical
problems related to perceptual difficulties and try to develop
programs which will enable us to pinpoint the nature of the
perceptual problem i.e., difficulties with visual motor coordi-

nation, such as problems in right-left assymetry, following line
drawings, etc.”

A five-year old child indicates his response to a computer controlled audio
message. The touch sensitive tablet (utilizing ultrasonic surface waves on clear
glass) controls the entire test sequence. e Un enfant de 5 ans donne sa ré-
ponse au mot émanant de l'ordinateur. Cet écran de verre, sensible en raison
des ondes ultrasoniques de surface, commande les séquences des tests.
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inanimate teacher

With the aid of rigid teaching disciplines, one quite remark-
able statistic was achieved in the United States. A group of
retarded children — by definition those with an intelligence
quotient considerably below 100 (the average in this study
was 83) together with another mem ber of the same family who
was also retarded, were exposed to this type of learning for a
period of two years. At the end of that time, the 1.Q. of some of
the group had reached 120!

“It's apparent,” says Mr. McNarry, “from this example,
that present methods are often at fault, rather than the child.
Evidence points to the fact that 99.9 per cent of children can
be taught. What we have defined in the past as children with
learning disabilities are actually children who, for some reason
or other, we have simply not found the means or methods to
teach.”

Students with learning disabilities present special problems
in interactive terminal design and programing. Special em-
phasis is therefore being given in the Section’s research pro-
gram to the accommodation of the particular facilities needed
for such disabilities.

“There areanumber of independent programs in computer-
aided learning in Canada and elsewhere in the world,” says
W.C. Brown. “We are tackling the problem differently.
Through the use of a central com puter facility and a telephone
network, we are serving as a nucleus for a cooperative effort in
which each sector, educators, industry and government can
serve in their most effective role. In this way we hope to avoid
fragmentation of effort and achieve a degree of system
standardization sufficient to ensure interchange of course
materials between all provinces.”

Electronics is having an enormous impact on today’s
society, says Mr. McNarry. “We're putting our heads in the
sand if we ignore computer-aided learning systems. It isn't a
matter of cramming material into children’s heads by machine
or presenting the things they have to absorb in a given time by
pressing a button — that may happen in the conventional
classroom — this is not what the system does when itis properly
developed.”

Such systems allow the student to progress at his own rate
with material presented under computer or student control as
required. Furthermore, assessment of progress is impartial
and exchanges are handled without ridicule.

One of the most useful research applications of the
computer is the collection of statistical information and
student comment on courses for subsequent analysis and
curriculum improvement,

“This,” says Mr. Brown, “is a powerful way of examining
learning situations. If student reactions to various teaching
methods are recorded, learning rates and difficulties can be
studied. Course materials can then be better matched to
learning rates, particularly when presented interactively by
the computer.”

“If through imaginative use of computer graphics, coupled
to CAL programing, the student enjoys success and has a
stimulating experience, then he may be well on the road to
coping with his disability and becoming a contributing
member of society,” Mr. McNarry says. O
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prer']Flsse‘lg;'a.nfant au moyen d’'une machine, ni de s’en servir
matlere'a; 'ree apprendre par coeur des Iegon; en un temps’
ot I'UI 3y ui peut arriver dans une classe feggllere. Ce n'est
o i <31’un systéme bien développe dqlt faire.
g e g ateurs doivent permettre a I'éléve de progresser
; 2 i lrg rythme. C’est ainsi que la matiére est presentee a
i prqpr thme que I'éléve peut modifigr s'il en sent le
o certagw yIus Pévaluation de ses progres est |mpar}|a|e et
pgspnn. ¢ 2 Zs 'a’ craindre d'étre ridiculisé par la maqh_me.
I‘ale(;/;?snr:c%erches permettront avant tout de recuelllliaui:\es
: tistiques et les commen
el ey e donnegsnset:wents seront utiles pour nos pro-
des‘etUdmntlS-s(e:ssetr?)r:)Suerl%méliorer les programmes d'études.
chame; aé)r\‘/?nynous a dit; “Ce systéme devient un mstrumer’\t
desMp.Iusr efficaces dans l'etude des’divers prpblerlnessreq:;ilo?jr;
tre dans I'apprentissage. Si I'on em"eglstye e i
:jenlggtzdiant en fonction des méthodesld epselgnemen - }
pZut étudier les rythmes et |e§ ‘diffl%ugr?:e?gi%?rggtliiﬁng .
i 1 ter les matieres ! _
ﬁzftupd?:?tble? gligap?afticuliérement lorsque c'est I'ordinateur
qwl\jni;la(lz?\lnaer.ry a conclu: “Si, grace a l'utilisation intglligente
des éraphiques de l'ordinateur e_t de la prog.ramm?;gztgﬁsoes
I'éléve réussit et est encourage, il pgut fort b|egrseuactif i
difficultés d’apprentissage et devenir un mem

notre sociéte.” O



Valuable bypaths of research

Go beyond the straight and narrow

“In advanced research the unexpected is always lurking in the
background. It is always present, in the shadow of every idea,
of every measurement. And when it emerges, it can turn a
research project upside down.”

These are the enthusiastic words of Dr. Alex Szabo, a
physicist with the Radio and Electrical Engineering Division
of the National Research Council of Canada. One can easily
understand his enthusiasm. Several years ago he set out to
build a laser-excited maser and has now ended up quite far
afield with a new idea for a computer memory. And along the
way he discovered a novel and elegant type of spectroscopy
for solids enabling researchers to make observations never
before achieved and to improve existing observations
hundreds of times.

“The unanticipated, the unforeseen, the unpredictable,”
he contends, “are some of the very best reasons for doing
research.”

Dr. Szabo’s discovery bears the awesome title of laser-
induced fluorescence line narrowing (FLN) in solids. Although
still in the very early stages of development, it shows much
promise as a versatile and very precise analytical tool with
application to both solids and gases. It will help to penetrate
the broad veil which covers excitation processes in matter and
will allow scientists to test basic semiclassical and quantum
electrodynamical theories of fluorescence when atoms and
molecules are strongly excited.

FLN spectroscopy depends on fluorescence. This is the
name given to the radiation, usually light, emitted by a
substance, as a result of radiation which it absorbs from
another substance.

How is this light emitted? Conceptually, the answer
depends on the jumps made by the electrons of the atoms and
molecules making up the fluorescing body. When these
electrons absorb the energy of the incoming radiation, they
jump to a higher energy level. As they fall back, they in turn
emit energy, in the form of electromagnetic radiation, and
fluoresce.

Theoretically, this radiation should be almost pure, i.e. of
extremely well-defined frequencies, and should give very
narrow lines on a spectrograph. But if the incoming radiation
is from a conventional light source, this is never the case. The
spectral lines are always broadened and more diffuse than they
should be. To a small extent this broadening is due to the
inherent structure of the atom. But in gases it is principally a
result of the movement of the atoms (Doppler effect) and in
solids, where atoms are almost at rest, broadening is mainly
due to the various kinds of imperfections, on an atomic scale,
in the crystal.

The “line broadening” occurring in this way is called
inhomogeneous line-broadening. The broad line is a blur, a
composite of a number of very narrow homogeneous lines,
each of which has a slightly different “shade of color”
(resonant frequency).

How can physicists get through the blur to the essential
narrow lines? In gases, inhomogeneous line-broadening can
be overcome by shining laser light, which is of high purity
(i.e. of one well-defined frequency) on the gas molecules. In
those molecules moving with a particular component of velo-
city parallel to the beam, light will be absorbed only at the
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The road to discovery is rarely a straight one. Research at NRC into the inter-
action of light and microwaves leading to a microwave maser yielded unforeseen
results of great value to the optical spectroscopy of solids and to the compute
storage of information. ® Exemple frappant de I'apport de I'imprévisible dans
la recherche. Au CNRC, des études portant sur la construction d'un maser a |
rubis excité par un laser ont mené, de fagcon inattendue, non seulement a la
mise au point d’'une nouvelle spectroscopie optique pour I'état solide mais
eégalement a un nouveau principe pour la mémoire des ordinateurs.

ABSORPTION FLUORESCENCE

SRR

Absorption lines on a spectrograph indicate that atoms are absorbing energy tg
go from one energy level to another. During fluorescence the excited atoms fall
back to lower energy levels in several stages. This gives rise to a much larger
number of lines, each helping to identify the fluorescing substance. ® Les
raies d'absorption figurant sur un spectrographe indiquent qu'en absorbant de
I'énergie, les atomes passent & un niveau d'énergie plus élevée. Toutefols. les
atomes excités ainsi peuvent retomber par étapes a des niveaux inférieurs, cé
qui donne lieu a un plus grand nombre de raies dites de fluorescence, chacune|
pouvant aider a identifier la substance emettrice.

INHOMOGENEOUSL
BROADENED LINE

RAIE ELARGIE

HOMOGENEOUS |NHOMOGENE

LINE

RAIE |
HOMOGENE

——» ABSORPTION

—
FREQUENCY FREQUENCE

, . . g w it IS
lllustration of an inhomogeneous absorption line in a crystal showing ’.70 &l
made up of a sum of hdmogeneous lines with a range of frequenmes,ose o
ma d'une raie d’absorption inhomogéne dans un cristal. Elle se comp

sieurs rajes homogénes ayant une gamme de fréquences différentes.
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Aspect important de la recherche scientifique,

place a I'imprevisible!

Aux frontiéres de la recherche, l'inattendu se tient derriere
chaque idée et chaque mesure. Et lorsqu’il se révele, sa pre-
sence peut trés bien suffire & bouleverser de fond en comble
lorientation de la recherche.

Clest I'avis du Dr Alex Szabo, physicien appartenant a la
Division de Génie électrique du Conseil national de recherches
duCanada. On peut facilement comprendre son enthousiasme.
lly a quelques années, le Dr Szabo s’est mis a construire un
maser & rubis excité par un laser et il vient de découvrir un
nouveau principe pour la mémoire des ordinateurs. D'ailleurs,
en route, ses recherches ont donné naissance a une nouvelle
spectroscopie qui permet non seulement d'effectuer des
analyses jusqu’ici impossibles mais encore d’améliorer de cent
fois les observations déja faites.

Au dire du Dr. Szabo: “Trouver et puis se prévaloir de
limprévisible, 'insoupgonné, I'inattendu, voila parmi les
meilleures raisons pour se livrer a la recherche scientifique.”

La nouvelle technique spectroscopique est basée sur une

“meilleure définition des raies spectrales résultant de la fluo-
rescence dans un corps solide lorsque celui-ci est irradié par la
lumiére d'un laser (laser-induced fluorescent line narrowing —
FLN). Bien que toujours a ses débuts, cette technique se
révele déja trés prometteuse comme outil analytique, douée
dune grande précision et qui s'applique tant aux gaz qu’aux
solides. Elle permettra de mieux connaitre les procédés
dexcitation dans la matiére. Enfin, grace a elle, les physiciens
seront en mesure de mettre a I'épreuve les théories fonda-
mentales portant sur la fluorescence lors de la forte excitation
des atomes et molécules.

La spectroscopie FLN dépend de la fluorescence. C'est la
proprieté que posseédent certains corps de transformer le
'ayonnement qu'ils regoivent en radiations (le plus souvent
lumineuses).

Quel est le mécanisme de I’émission fluorescente? Grosso
mod’o, il s’agit de transitions électroniques dans les atomes et
molécules du corps émetteur. En absorbant I'énergie du
fgyonnement incident, les électrons passent a un niveau
dGrjergie plus elevé. Puis, ils retombent a un niveau inférieur
én émettant de I'énergie sous forme de radiation électro-
magnetique, bref, c’est la fluorescence.

En principe, cette radiation serait presque pure et devrait
Aoir des fréquences extrémement bien définies. Elle doit

?pparaltre sur un spectrographe en forme de raies tres
elroites. Mais quand la radiation incidente provient d’une
Source !umineuse traditionnelle il en va tout autrement. La, il

ZealuLi“; elargisserpent des raigs spectrales q‘ui dépasse de loin

; Uql_JeI on s’attend d’apres la structure interne de I'atome.

mitnf'é”glssement est attribuable principalement au mouve-

fions aiia;OTes (effe;t Doppler) dans. les gaz et aux mperfec-
désignentc e Ig'atonlmque dan_s les cnst\aux’.‘ Les physiciens le
par “elargissement inhomogéne.

| Diusoi;ula raie élargie dg fagon inhomogéne se compose de

| lie frérs raies hompgenes, cha}cgne ayant une “couleur”

- M “quence de résonance) légérement différente.

DOUFad'thgtne\:nI?nt péqétre( le voile posé par la raie élargie
our les SUbstaissenyerl,' c’est-a-dire Ies _rales’homogenes?

un faisceau i C;es a” etat gazgux, v0|q| la reponge. on ’VI.SG

SUr log 5 a lumiére laser, a une freq_uence bien précise,

molecules. Or, dans celles-ci se déplagant avec une
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Diagram showing saturation behavior of an inhomogeneous line and illustra-
ting the term “hole-burning.” When exposed to a high power single-frequency
laser beam the whole curve does not collapse but only the local homogeneous
width at the frequency of the laser light is removed, leaving a hole. e [Lorsque
la raie inhomogéne est irradiée par la lumiére monochromatique d'un laser,
celle-ci est absorbée seulement a la raie homogeéne correspondant a la fré-
quence de la lumiére incidente. Une fois saturée, cette raie devient un “trou”
dans la grande raie inhomogéne.

Dr. Szabo with apparatus which permits much better definition of spectral lines
in solids. ® Le Dr. Szabo et le dispositif expérimental permettant une meil-
leure définition des raies spectrales dans un corps solide.
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Research

particular narrow line corresponding to the laser frequency.
If enough light is absorbed, this narrow line will become
“transparent” and a notch or “hole” in the inhomogeneous
band will result. The phenomenon is called “hole-burning.”
Hence gases may be analysed despite the veil of broad lines,
thanks to absorption measurements of the laser beam where
hole-burning occurs — a technique known as Lamb dip
spectroscopy.

Lamb dip spectroscopy depends on the motions of atoms.
In solids, however, atoms move very little and this technique
is ineffective. Another method of analysis was called for.

“At first, we were attempting to make a ruby maser, and
were watching how the absorption of microwaves by the
ruby crystal changed when it was illuminated with ruby laser
light, “Dr. Szabo recalls. “The theory seemed inadequate to
explain what we found. The laser was exciting only a small
group of ions, which absorbed at the laser’s frequency.
Although it had never before been observed in a solid, we
wondered about possible ‘hole-burning’ taking place.

“This turned out to be just what was happening. It was the
first indication of hole-burning in a solid at optical frequen-
cies.”

Having deduced that hole-burning must be going on with
this arrangement, Dr. Szabo attempted to demonstrate its
presence. The excited atoms and molecules involved in hole-
burning will fluoresce when they fall back to lower energy
levels. This special case of narrow line fluorescence is thus a
complementary effect of “hole-burning.”

Could this effect be detected in Dr. Szabo’s experiment?
A Fabry-Perot interferometer which serves as a very high-
resolution spectroscope was placed in front of the ruby crystal.
When light from a ruby laser was focused on the crystal, the
very narrow lines due to fluorescence were observed in the
interferometer. These lines had never before been seen. For
the first time, the troublesome inhomogeneous line-
broadening in a solid had been overcome due to the laser.

“Before FLN spectroscopy,” notes Dr. Szabo, “our know-
ledge of excitation processes in solids was limited to just what
the broad lines could tell us. Now we can see lines with a
frequency spread so small, it measures just one hundred-
millionth the frequency of the incident laser light. This new
type of spectroscopy gives us a 300-fold increase in resolution
of the line.”

The fact that FLN spectroscopy is based on fluorescence
and not absorption gives it several advantages. For example,
it is more encompassing than absorption methods since there
is a much larger array of fluorescence lines — electrons absor-
bing energy to go from one level to another can fall back in
several stages, giving numerous fluorescence lines.

FLN spectroscopy now permits the scientist to study the
effect of temperature and neighboring atoms (concentration
broadening) on interactions and electron transitions pre-
viously masked by inhomogeneous line broadening. In fact,
many new interactions have already been seen.

FLN spectroscopy has also successfully been applied to
gases. Dr. Szabo and a colleague, Dr. L.E. Erickson, have
pioneered absorption-fluorescence studies in gases and are
presently investigating the hyperfine spectra of iodine excited
by an argon laser using FLN spectroscopy.
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The pureness of the frequency of fluorescence in solids mayf
pave the way for new and improved length and time standard
involving lasers. T

Solids have several potential advantages over gases in thisy
regard, not the least being that in a solid irradiated by a laser,
the atoms are always interacting with the laser beam. In gases,j
they drift in and out of the beam. This interrupts the inter- |
action and serves to broaden the linewidth which, as a conse-
qguence, jeopardizes the accuracy of the standard. At presenf
these standards are based on gases. :

Unexpectedly, unpredictably, there is one very importantF
possible application of the “hole-burning” phenomenon in
solids discovered by Dr. Szabo. With a laser which could be
tuned to emit over a range of frequencies one could makel I
holes corresponding to the narrow homogeneous lines making
up every broad inhomogeneous line in a solid. ;

These holes act just as the holes in a punched paper tapgl
for the storing of information in a computer. For a ruby |
crystal measuring one centimetre on each side and one I
millimetre in thickness, there is potentially room for about onﬁll
hundred million spots of laser light. With “hole burning”, eacf}
spot can be further subdivided by frequency to the tuné of aj
thousand million elements (bits) since the broad line WI('ﬁh |
for each is typically made up of this number of narrow lines,|;
each able to accept “hole-burning”. Hence the small cryst?ﬂ f
has room for some 1015 (thousand trillion) bits of informatior
as compared with 106 (one million) bits in core memories §
(fast access computers used today) and about 107 (ten thou
sand million) bits on magnetic tape (slow access time). _

Dr. Szabo's patent application for this use also proposes |
methods for maintaining the hole-burning over long p‘erlodsﬂr»;
of time and for reading the information stored in the “holes

“The basic concept of ‘hole-burning’ in solids cogld well |
serve as a basis for a new kind of computer memory,” hé 3y

“But if someone had challenged me to invent a new kind of
memory, | would never have taken this route. It was an un-
suspected bonus from a surprise in some research far :
removed from this happy result. The road was no less PUTPN:
than research usually is, but it was by no means a straigh
road. Chance and the unexpected played a major role.

“In science, | feel, the more closely you define your aker%
starting and finishing points and the straighter you try tomar= i
the path, the less you are going to discover.” O !
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_place & I'imprévisible!

When is an opaque substance not opaque? When hole-burning occurs.
is unique photograph taken at NRC is the first visual display of optical
ation (“hole burning”} in a solid. A cooled (-4509F) ruby crystal
adiated with two ruby laser beams (power 1 milliwatt) from befow.
beam at left, of much smaller diameter and more intense, is not
rbed but bores a path right through the crystal because of continued
burning.  Se prévalant du phenoméne de “hole-burning” on

méme de rendre transparente une substance opaque! Cette photo-
aphie unique, prise au CNRC, montre pour la premiére fois la satura-
optique (“hole-burning”) dans un corps solide. Un cristal de rubis
roidi (-26790C) est irradié par deux lasers & rubis {puissance: 2 mifli-
tt) situés en bas. Le faisceau lumineux a gauche, d’un diamétre plus
petit et plus intense, n'est pas absorbé mais passe a travers le cristal
grace au phénoméne de “hole-burning”.

composante de vélocité paralléle au faisceau, la lumiére est
absorbée uniquement dans la raie homogéne qui correspond a
la frequence de I'émission incidente. Si elle absorbe suffi-
samment de lumiere, la raie homogéne qui correspond a cette
frequence peut devenir saturée, “transparente”, et il en résulte
un “trou” dans la raie élargie. Donc, en mesurant I'absorption
de la lumiére laser la ol les “trous” se produisent on peut
effectuer 'analyse spectroscopique de molécules dans le gaz
malgré la présence des raies élargies.

~ Il'esta noter qu’on ne saurait utiliser cette méthode analy-
tique sans le mouvement des atomes et molécules. Donc,

pour analyser les cristaux il faut recourir & une autre méthode.

Le Dr. Szabo explique comment il a trouvé cette méthode et
la nouvelle spectroscopie qu’elle implique:

“En essayant de construire un maser a rubis, nous avons
observé I'absorption des micro-ondes par un cristal de ruby
alors qu'il était irradié par la lumiére provenant d’un laser a
{uby. I nous était impossible d’expliquer nos résultats sans
!Ihypothése qu'il y avait des fréquences transparentes, des
rous” dans le cristal, phénomeéne tout a fait inattendu et
lsque 1a insoupgonné pour les corps solides. Mais voila
listement ce qui se passait.”

Ensuite le Dr Szabo s’est mis a démontrer la présence de ce
Phénomene dans le solide. Or, lorsqu’ils retombent a des
Niveaux q'énergie inférieurs, les électrons qui participent a ce
Pﬁeﬂpmene donnent naissance a la fluorescence et celle-ci
tFZmbOI?Se de ce phénoméne.’Se servant d‘up interférométrg
e try erot, le Dr _Sz’abo a decop‘vert’ce.s raies provenant d'un

stal de ruby excité par la lumiére émise par un laser. Ce

l:'zam."ﬂ a permis de passer pour la premiére fois au-dela de
5 sii)g_r(ljere que presentent les raies élargies inhomogéenes dans
ide.

étaitAivam la de’couv"erte de Ia} spectroscopie FL.N cet.te barriere
o ﬂSurmonte_xb[e nous dit Ig Dr Szabg. Mais mamtepant,
e upouvons d!spng_ger des raies dont I’épaisseur ne dépasse
i ne cent-millionieme partie de la fréquence de la lumiére
| & Incidente, (ce qui veut dire que la résolution de la raie
Pectrale se trouve améliorée de 300 fois).
qUeL:uSrrigctroscqpie FLN est basée sur la fluorescence plutot
Pagts absor’ptlon et de ce fait présente plusieurs avantages.
i bemme' etant donné le fait que les raies fluoresceptes
ot aucqup plus nombreuses que les raies d’absorption, la
roscopie FLN se montre plus exhaustive comme méthode
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d’'analyse. D'ailleurs, elle permet maintenant d’étudier I'in-
fluence de la température et des atomes avoisinants sur les
interactions et les transitions électroniques qui, jusque Ia,
étaient masquées par les raiesinhomogenes élargies. Effective-
ment, de nouvelles interactions ont déja été découvertes par
cette meéthode.

La nouvelle technique s’applique également aux gaz grace
aux recherches du Dr Szabo et de son collegue, le Dr. L.E.
Erickson, entre autres. A I’heure actuelle, les deux chercheurs
I’'emploient pour étudier la structure hyperfine de I'iode excité
par un laser a argon.

Puisque leur fréquence est trés pure et trés bien définie,
les raies fluorescentes serviront-elles un jour de nouveaux et
meilleurs étalons de longueur et de fréquence? Actuellement,
on emploie des gaz dans ces étalons. Mais si on base I'étalon
sur I'excitation d’'un corps par le laser, les solides seront
préférables car, dans ceux-1a, les atomes restent fixes dans le
faisceau d'excitation, ce qui évite I'incertitude inhérente au
déplacement continuel des atomes gazeux dans le faisceau.

D’une fagon tout a fait imprévisible, le Dr Szabo a décou-
vert une application possible, ayant fait I'objet d'une demande
de brevet et trés importante du phénomene des “trous” dans
les corps solides. Si on dispose d’'un laser pouvant émettre une
gamme de fréquences, on peut percer tour a tour un trou dans
chaque raie homogéne constituant chacune des raies non-
homogenes et élargies d'un cristal.

Les trous jouent alors justement le méme réle que les trous
dans une bande perforée servant de mémoire dans un ordina-
teur. Un trou peut se considérer comme un “bit” d’'information.
Or, sur un cristal carré de ruby, d’'un centimétre de coté (et
épais d’'un millimetre),on peut en principe mettre environ cent
millions de points de lumiere laser. De |a, on peut percer en
principe environ un milliard de trous dans chaque point de
lumiere, car la raie élargie pour chaque point est typiquement
composée d’environ cette quantité de raies homogenes et dont
chacune peut accepter un trou. Donc, le petit cristal a de la
place pour quelques millions de milliards de “bits” d’informa-
tion! Ce chiffre dépasse de loin la capacité des meilleures
memoires a ferrites (un million de bits — temps d’acces rapide)
et méme des meilleures bandes magnétiques (dix milliards de
bits — temps d’acces lent).

Dans sa demande de brevet, le Dr Szabo suggere aussi des
méthodes pour prolonger la vie des trous et pour lire l'infor-
mation gu’ils contiennent.

Le Dr Szabo conclut:

“Le concept de base des “trous” dans les corps solides peut
bien servir de point de départ pour un nouveau type de
mémoire pour ordinateur. Mais si on m’avait demandeé
d’inventer une nouvelle mémoire, cette idée ne me serait
jamais venue a I'esprit. C'était un cadeau inattendu provenant
d’un résultat surprenant des recherches bien éloignées de
I'informatique. |l nous a fallu beaucoup d’efforts et de
persévérance mais il faut quand méme avouer que l'inattendu
et la chance ont joué un réle capital.”

“Dans la recherche scientifique,” nous confie le Dr Szabo,
“plus vous fixez votre point de départ et votre objectif ultime,
plus vous définissez votre route pour arriver a cet objectif et
moins vous allez découvrir.” O
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Need scientific or technical information? #BSN peut répondre 2 vos besoins
NSL has the answer “entifiques et techniques

¢

The National Science Library (NSL
Council of Canada is more than a
sense. Its information transferral

complete clearinghouse function

location of any format of publicati
to assist an enquirer. In addition
known the world-wide facilities a
anticipate future requirements, a
needs. It also acquires, stores an
' Its resources and information
In close cooperation with all maj
Canada. Its total activities are d
complement local information s
of formal and informal cooper
of Telex linkage with world-wi
Library serves as the focal poi
technological information syst
to the literature and informati
scientists, technologists, industrialists and managers.

In most countries, the development of new techniques to
ensure maximum exploitation of scientific and technical
information (STI) for economic and social betterment has
become a matter of major concern. Canada is no exception.
During the last few years a variety of studies, carried out by
both governmental and non-governmental agencies, have
explored ways and means of improving the dissemination of
STl in this country.

The most extensive of these explorations is Special Study
No. 8, published by the Science Council of Canada and entitled
“Scientific and Technical Information in Canada.” This and
related studies were used by the Science Council in preparing
recommendations contained in its Report No. 6 “A Policy for
Scientific and Technical Information Dissemination” released
in September, 1969. As a result, the federal government in
December, 1969, directed “that the National Research Council,
under the general direction of the National Librarian, develop
in concert with existing information organizations, a national
scientific and technical information system, to encompass the
natural sciences and engineering.”

Almost since its inception, NRC has been active in the field
of information processing. The combined activities of its
Technical Information Service (TIS), Canadian Journals of
Research (CJR), and National Science Library probably make
NRC the principal producer and disseminator of STI in Canada.
TIS in association with the various provincial research
councils or foundations, forms a free government service in-
tended to provide the secondary or processing industries with
up-to-date technological information on the properties and
processing of materials, the efficient operation of manufactu-
ring facilities, new industrial developments and the results of

scientific research.

CJR, through 10 Canadian Journals of Research, publishes
research results. Articles are accepted in either of Canada’s
two official languages from Canadian researchers, or resear-
chers outside Canada.

In 1963, NSL which had its beginnings in 1925 as the
Library of NRC, began experimenting with the use of compu-
ters and related electronic data processing equipment to
assist with the problems of bibliographical control and the

) of the National Research
“library” in the conventional
activities encompass a

for the identification and

on or of expertise necessary
NSL endeavors to make

services have been developed
or libraries throughout
esigned to supplement and
ervices. Through a wide variety
ative measures and utilization
de information services, the

nt of a national scientific and
em which provides ready access
on required by Canadian
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storage, retrieval and dissemination of information.

“From the very beginning,” says National Science Librarian
Dr. J.E. Brown, “we decided to concentrate on the utilization of
mechanized techniques to exploit the Library’s resources and
facilitate the dissemination of information. We knew that the
prime concern of our clientele was to obtain information which
was relevant and timely to their activities and that any failure
to take advantage of new techniques to improve services would
not be excused on the grounds that the Library was concen-
trating its efforts on streamlining its internal housekeeping
operation.”

The first step was to mechanize the listing and recording of
serials held by the Library, then numbering some 12,000 titles.
More sophisticated techniques for handling information were
introduced in January, 1966, when the National Science
Library started an experimental Selective Dissemination of
Information (SDI) system using Chemical Titles (CT) on
magnetic tape as search input. For 18 months interest profiles
Were processed by computer using a program package sup-
plied by Chemical Abstracts Service.

“Anyone who has attempted to use the CT tapes and the
related programs as first produced, will be familiar with the
difficulties and frustrations we experienced in achieving a
workable SDI system,” says Dr. Brown. “Because of these
difficulties the Library, in cooperation with NRC'’s Computa-
tion Centre, developed within a year a software package that
has resulted in the establishment of an SDI system which has
won international recognition.”

During the first three years of experimentation, because of
restrictions placed by producers of the tapes and because of
the experimental nature of the project, the SDI services were
limited to NRC scientists and other scientists working at
various Canadian universities under NRC Postdoctorate
Fellowships.

“This limitation,” says Dr. Brown, “proved beneficial and
highly necessary, for it prevented us from launching pre-
maturely a national SDI service which, because of develop-
mental problems, would undoubtedly have been inadequate.
It gave us time to test techniques and programs on a large
group of NRC scientists who were willing to serve as ‘guinea
pigs’ and to provide immediate feedback regarding deficien-
cies in the system.”

CAN/SDI (Canada/SDI) — the first Canadian attempt to
provide a highly sophisticated computerized STI system to
subscribers based on interest profiles — became available
nationally in April, 1969. The program is a computer-based
current-awareness service which alerts individual scientists,
engineers and others to the existence of recently published
papers in their specific fields of interest. Under the system,
nine data bases containing bibliographic data regarding
papers published in over 20,000 scientific and technical
journals as well as books, reports, proceedings and patents
are processed weekly or bi-weekly and matched against
individual interest profiles. During the last year, more than
2,500 users of the service were provided with tailor-made
bibliographies selected from over a million papers. NSL sub-
scribes to almost all of the journals covered by these data bases
and provides photocopies of cited papers when they are not
available through local sources.
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As an integral part of this service and operating as the
Canada MEDLARS (Medical Literature Analysis and Retrieval
System) Centre, the Library also offers a current-awareness
and retrospective searching service covering 2,300 of the
world’s medical and health science journals.

The CAN/SDI program functions as both a centralized and
decentralized system. The programing, systems design, re-
formatting and processing of the magnetic tapes are céentral-
ized at the Library. The construction of interest profiles and
the contacts with users are decentralized and carried out by
some 300 search editors trained by the Library and located in
universities, provincial research councils, government depart-
ments and industrial firms.

The NSL staff point out that some of the benefits of CAN/-
SDI in research and development work are:

— It eliminates time spent in locating and scanning the
current literature.

— It alerts researchers to important papers in peripheral
publications and material not locally available.

— It produces highly personalized bibliographies geared to
the needs of the individual researcher.

— It is backed up by the literature resources of the National
Science Library and a Canada-wide Interlibrary Loan
network.

— It helps the subscriber to build a personalized file of
references for present and future use.

— Itoffers a wide range of data access points such as signifi-
cant keywords, authors, title words, organizations, and
author-supplied citations.

— It trains members of various organizations in the art of
profile construction through SDI Search Editor Seminars
sponsored by the National Science Library.

One of the most significant aspects of CAN/SDI is that the
NSL has produced a computerized current-awareness infor-
mation system which is so highly regarded throughout the
world that a number of foreign groups have negotiated the
right to use it.

The other major element in the present national ST| system
comprises the 225 libraries of universities, industrial firms,
government departments, societies, etc., whose holdings of
scientific and technical journals are recorded in the National
Science Library’s “Union List of Scientific Serials in Canadian
Libraries.” New editions of this valuable publication are
prepared from a computerized master file which also serves
as an up-to-date record of locations for the use of NSL's Inter-
library Loan and Photocopying Service. Cooperative working
agreements between reporting libraries and the NSL ensure
that the scientific and engineering communities of Canada
have access to the largest and most important part of the
world’s scientific and technological information resources.

Latest in the series of computerized information retrieval
systems being developed by NRC to help scientists and science
policy makers fight the information explosion is the Pollution
Information Project (PIP).

Comprehensive profiles relating to environmental quality
are regularly scanned against CAN/SDI data services, the
output edited and the resulting pollution relevant citations
merged to form this specialized file. Dating back to September,
1968, the file now consists of 53,000 items and is growing at
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Demandes de renseignements et compilations de bibliographies de
1961-1962 a 1970-1971

Dorothy Seanor of the National Science Library operates an IBM 2741 ﬁé’ﬁf’
writer terminal which is connected to the NRC 360/67 time sharing SyS

(TSS). This terminal is uSed to create, edit and search files of bibliographic

information. e Dorothy Seanor, de la Bibliothéque scientifique nat/on?le.ése
sert d’un clavier de commande IBM 2741 relié a l'ordinateur a temps pa;?b%/o-
360/67 du CNRC. Grace a ce clavier, on peut obtenir des renseignements 0!
graphiques.
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DSl dont la valeur est internationalement reconnue”, nous a
dit le Dr. Brown.

Pendant les trois années d’expérimentation, par suite de
restrictions, placées par les fabricants de bandes magnétiques,
et du caractére expérimental du projet, les services de DSI
nont été offerts qu’aux scientifiques du CNRC et a d’autres
scientifiques travaillant dans différentes universités cana-
diennes au titre des Bourses de recherche post-doctorat du
CNRC.

“Cette limitation s’est avérée bénéfique et hautement
indispensable car elle nous a évité de lancer prématurément
unservice de DSI qui, en raison de problémes de mise au point,
seserait avéré sans aucun doute inadéquat. Cela nous a donné
letemps d’expérimenter des techniques et des programmes sur
un large groupe de scientifiques du CNRC qui ont bien voulu
servir de “cobayes” et nous faire connaitre immédiatement les
deficiences du systeme”, a ajouté le Dr. Brown.

CAN/DSI (Canada/DSI), qui est la premiére tentative
canadienne de mettre a la disposition des utilisateurs un
systeme de DSI tres perfectionné fonctionnant avec ordina-
leurs et basé sur les profils d’intéréts, est devenu opérationnel
sur 'ensemble du territoire en avril 1969. Grace aux ordina-
teurs, le programme permet d’'informer les scientifiques, les
Ingénieurs et d’autres chercheurs intéressés, de I'existence de
documents récemment publiés dans leurs domaines d'intéréts
propres. Dans le cadre de ce systéme, neuf bases de données
contenant des renseignements bibliographiques sur des com-
munications publiées dans plus de 20 000 revues scienti-
fiques et techniques, livres, rapports, comptes rendus et
brevets sont traités chaque semaine ou deux fois par mois et

| Indexés a chaque profil d'intéréts. Au cours de 'année passeée,
Plus de 2 500 utilisateurs ont recu des bibliographies faites

 SUrmesure et sélectionnées dans plus d’un million de docu-
Ments. La BSN est abonnée a presque toutes les revues cou-
‘ertes par ces bases de données et fournit des photocopies de
documents cités dans les publications lorsque I'on ne peut se
& procurer localement.

| LiteDans le cadre qe ceserviceetdu Centre MEDLABS (Medical
i rature Analysis and Retrieval System, ou Systéme

| af!ii').'ses‘et de classification de la documentation médicale),
alblb!lotheque offre également un service de recherche de
ONnees récentes et anciennes couvrant 2 300 revues médi-

%les et 'hygiene du monde entier.

i L? Programme CAN/DSI fonctionne a la fois comme un

tem,e‘centralisé et decentralisé. La programmation, les

aC_tenstuques des systemes, la modification des formats et

“aoltﬁr‘nent de,z‘s bapdes magnetiques sont centralisés a la

i €que. Letab[n;sement des profils d’intéréts et les

_ act§ avec les utilisateurs sont décentralisés et exécutés

eNviron 300 rédacteurs de recherches formés par la biblio-

féchgfcﬁt travail!an't dans les universités, les conseils de

les ﬁrme:S Provinciaux, les ministéres gouvernementaux et

®S industrielles.
; eLr?tlsdlrecnon de la BSN cite quelques-uns des avantages
< Zaf CAN/DSI dans la recherche et le développement:
etpa rlmet d'économiser le temps nécessaire a la recherche

=4l analyse de la documentation existante.

ie gnale aux chercheu.rs Ia_\ documentation importante se

Uvant dans des publications traitant de sujets ayant
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un lien avec leur recherche et I'existence de documents
qu’ils ne peuvent se procurer localement.

— il produit des bibliographies bien centrées sur les besoins
du chercheur.

— il s'appuie sur les ressources documentaires de la Biblio-
theque scientifique nationale et sur un réseau national de
préts entre bibliotheques.

— il aide I'abonné a constituer son propre dossier de réefe-
rence.

— il offre une gamme étendue de points d’acces aux données,
tels que les mots clés importants, les auteurs, les titres,
les organismes et les citations des auteurs.

— il forme les membres de divers organismes dans I'art
d’établir des profils en organisant des séminaires patron-
nés par la Bibliotheque scientifique nationale.

Un des aspects les plus importants de CAN/DSI est que la
BSN a mis au point un systéeme électronique permettant
d’obtenir les données les plus récentes, systeme dont la valeur
est mondialement reconnue comme en témoigne le nombre
d'organismes étrangers qui négocient pour avoir le droit de
Iutiliser.

Les 225 bibliotheques universitaires, firmes industrielles,
ministéres gouvernementaux, sociétés, etc., dont I'avoir en
revues scientifiques et techniques figure dans la “liste unifiée
des périodiques scientifiques des bibliotheques canadiennes”
de la Bibliotheque scientifique nationale, constituent I'autre
élément majeur de I'actuel systéme national d'IST. De nou-
velles éditions de ce précieux document sont actuellement
préparées a partir d'un dossier électronique central qui sert
également de référence au Service de préts et de photocopies
de la BSN pour localiser les documents recherchés. Des
accords de coopération entre les bibliotheques participantes
et la BSN donnent I'assurance que les secteurs scientifiques et
techniques canadiens auront acces a la plus importante partie
de l'information scientifique et technologique existant au
monde.

Parmi les systemes électroniques permettant de retrouver
'information et actuellement mis au point par le CNRC, pour
aider les scientifiques et les responsables de la politique
scientifique a faire face a I'explosion de I'information, nous
citerons le Programme d’information sur la pollution (PIP).

Des profils exhaustifs touchant la qualité de I'environne-
ment sont réguliérement confrontés aux données CAN/-

DSI; les résultats obtenus sont expurgés, aprées quoi les

données restantes qui s’appliquent a la pollution sont réunies

pour constituer ce dossier spécialisé. Constitué en septembre

1968, le dossier contient 53 000 articles et il s’accroit de 3 000

nouvelles entrées mensuellement. Les recherches se font sur

des séries avec la possibilité de poser des questions. Ainsi un
chercheur peut s’asseoir devant un terminal semblable a un

poste de télévision et demander a un ordinateur se trouvant a

I’'Université d'Ottawa de trouver en quelques secondes les

titres de publications importantes contenant les résultats de

recherches sur la pollution.

Cette interaction homme-machine est également utilisée
dans un autre systéme de retrait de I'information mis au point
au Canada et connu sous le nom de QUIC/LAW (Le Droit
instantané). Quoique ce programme n’est pas du CNRC, il est
compatible avec le “Programme d'information sur la pollution”
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the rate of 3,000 new entries per month. Searches are provided
in either batch or interactive modes; in both cases a searcher . , -
may sit down at a television-like terminal and ask a computer = . .. . USEOF .

at the University of Ottawa to pick out within seconds titles of - NATIONAL SCIENCE LIBRARY
important published research papers on pollution. . . :

This interactive access is provided for another Canadian-  Inton Inquiries and Compilation of Bibliographies

_developed information retrieval system called QUIC/LAW. - .  1961/62 — 1970/71

Although this is not an NRC program it is compatible with the . .

Council’s Pollution Information Project (PIP). Centered at
Queen’s University, Kingston, Ontario, this project is designed
to provide legal precedents quickly for lawyers. The University
of Ottawa law faculty also is participating. This system is
essentially a research tool — a means of almost instantly
searching millions of words of recorded data in order to give
legal researchers almost instant access to all of Canada’s
statutes and judicial decisions.

These mechanized services of the Library are supported by
traditional information services which during the last year
accounted for the provision of 160,000 loans and/or photo-
copies and the answering of 27,000 requests for compilation
of bibliographies, literature searches and answers to scientific
and technical questions.

In accordance with other recommendations of Science
Council Report No. 6, NRC appointed an Advisory Board for
Scientific and Technological Information in July, 1970.
Membership of the Board consists of 20 leaders in the fields of
science, industry and education, and represents the users,
producers and processors of information. To obtain the essen-
tial liaison between the two national libraries, the National
Librarian and the Director of the NSL are ex-officio members
of the Board. The Advisory Board, in addition to its major role
of formulating guidelines for the continuing development of a
Canada-wide STI system, has been assigned several supple-
mentary duties, which include responsibility for advising NRC
on priorities necessary to undertake or promote the dissemina-
tion of STI; expenditures for grants-in-aid of research; scholar-
ships to promote the training of information specialists and
contracts to further an STI system; arrangements for inter-
national collaboration in the field of STI; the best use of
existing STI resources in Canada and finally on the develop-
ment of existing and new scientific and technical publications
and other means of dissemination.

“These activities,” says Dr. Brown, “are being carried out
under the general direction of the National Librarian with the
express purpose of ensuring that a national system for STI,
which is the responsibility of NRC, and a Canada-wide system
for information in the humanities, social sciences and the arts,
which is the responsibility of the National Library, are com-
pletely compatible and developed in parallel. This cooperation
is essential if Canada is to achieve its aim of having a national
information system which will be equally effective for all
fields of knowledge.”

Construction now is underway on the Library’s new build-
ing, scheduled for completion in early 1974. The building will
have a seven-storey central core, a pair of three-storey L-
shaped wings, and a two-million-volume capacity — plenty of
space to anticipate needs over the next 20 years. The design of
the building also provides for the utilization of latest mechan-
ized techniques for storing and retrieving information. O
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(| (PIP) du CNRC. Basé a I'Université Queen, ce programme a
our but de communiquer aux hommes de loi des jugements
faisant jurisprudence. La Faculté de Droit de I'Universite
dOttawa y participe également. Ce systeme est avant tout un
“outil de recherche permettant de trouver instantanément des
llions de mots constituant les données mises en mémoire de
naniere a donner aux hommes de loi la possibilité d’acceder
1es rapidement a I'ensemble des statuts et décisions juri-
| diques du pays.
Ces services mécanisés de la bibliotheque s’appuient sur
moyens d’information habituels qui ont permis I'année
niére de faire 160 000 préts ou photocopies et de répondre
a27 000 demandes de compilations bibliographiques, de re-
cherches de documentation et de répondre a des questions de
caractere technique ou scientifique.

Conformément aux autres recommandations du rapport
Inuméro 6 du Conseil des sciences, le CNRC a nommé une
| Commission consultative sur I'information scientifique et
echnologique en juillet 1970. Le bureau de cette commission
composé de 20 personnalités de premier plan dans les
maines scientifiques, industriels et pédagogiques et il
résente les utilisateurs et ceux qui produisent et traitent
linformation. Pour réaliser la liaison indispensable entre les
deux bibliothéques nationales, le Bibliothécaire national et le
Uirecteur de la BSN sont des membres ex-officio de la com-
fmission. La Commission consultative, en plus de son réle prin-

tipal qui est de formuler des directives pour le développement
permanent d’'un systéme d’IST national, s’est vue confier plu-
JIEUrs autres taches complémentaires et, notamment, la res-
,nsabilité de conseiller le CNRC sur les priorités qu'il y a lieu
daccorder pour mettre en oeuvre ou encourager la diffusion
(G IIST, les dépenses pour l'aide a la recherche industrielle,
¢ bourses d’études pour encourager la formation de spécia-
Iites de I'information et I'attribution de contrats pour dévelop-
Perun systeme d'iST, la responsabilité de prendre les disposi-
@Qns necessaires pour développer la collaboration internatio-
! |9 dans le domaine de I'IST, la responsabilité de faire le
»°"|el{(usage des ressources existantactuellement au Canada
.?“.maﬁlere d'IST et, finalement, de développer les publications
r‘clentlf{ques et techniques existantes et d’en créer de nou-
8lls ainsi que dautres moyens de diffusion.
B 'Cesltrayaux sont executés sous la direction générale du
L l?llothecglre national avec la mission expresse de s’assurer
Hun systeme national d’IST, relevant du CNRC, et un sys-

© national d'information dans les lettres, les sciences
milglzs et les arts, relevant dg la Biblipthéque\nationale, sont
“°0||aboTetnt compatnples et deve|.oppes parallelement.‘ Cette
™ a“:or,w est indispensable si le Canada veut atteindre
'infor?nu ![ sest fixé et qui est de disposer d'un systeme
- ation natuqnal de méme efficacité dans tous les

Lalnes du savoir”, nous a dit 1e Dr. Brown.
elle geifgi?tr'uction de la nouvelle bibliothéque est en cours et
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Amid twentieth-century technology’s drive for advancement, some voices are
speaking out in favor of saving our heritage. Our Lady of the Sacred Heart Con-
vent in Ottawa, Canada, was recently demolished to make way for an office
building. The National Research Council of Canada’'s Photogrammetric Section,
along with the Department of Indian and Northern Affairs, the National Capital
Commission and the National Gallery, has recorded to scale the unique fan-
vaulted ceiling, the reredos (bottom) and the windows of the Sacred Heart
Chapel. This will permit them to be reassembled later, possibly in a future Na-
tional Gallery building. Story page 4. ® Penser a I'avenir ne veut pas forcement
dire oublier le passé! Malgré la démolition du Pensionnat Notre-Dame du Sacré-
Coeur a Ottawa, sa chapelle n'est pas encore vouée a l'oubli. Le Conseil national
de recherches du Canada, de concert avec le Ministére des Affaires indiennes et
du Nord, la Galerie nationale du Canada et la Commission de la Capitale natio-
nale, a mis "en mémoire” avec grande précision, grace a la photogrammetrie,
la voate d'aréte ogivale, les retables (en bas) et les fenétres de la chapelle. Avec
ces données, la chapelle pourrait étre reconstruite dans une future annexe de la
Galerie. (Voir page 5)




