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A Working Party from the National Researsh Council
vieited ADCHQ and both kinds of radar stations (AN/CPS8-6B
and AN/FPE-3 - AF/IS0-98) during the late spring of 1963,

It is suggested that an RCAP group be formed to co-operate
with this Working Perty in exemining in detail the capabilit-
ies of the system of Air Defence Radars as now installed,
particularly the I6G-98 as soon as one becomes available

for limited operational use. 8Such a group could arrange

for NRC assistance in on-the-job training and in the design
of extra test equipment if proved necessary.

Ho cheap "quick fixes" to improve the capabilities
of the syestem were found. Working from the basic assumpt-
ion that the present radars will be the backbone of the Alr
Defence System for many years, a series of possible alter-
ations and additions to the radars are proposed, Gemsrally
speaking, full implementation of eny one of these proposals
would be a fairly expensive proposition and it is not in our
province to recommend such changes. Howdver, we believe
that design of suitabls squipments should be started at once
end carried to the prototype stage so that, when a definite
operational need arises, no undue delay will ocour in meet-
ing it., These propossls inolude the use of more modern
display tubes, e careful watech for better receivers, the
modification of antennas to provide more suitable cover
or higher gain, the provision of extra or higher power trans-
mitters for the Height Finders, and the design of an 8 band
alternative to the ISG-98 uging FPS-508 components. Addition-
ally work should be sterted to develop other methods of d4is-
playing the video information available in V-beam radars in
order to achieve better accuracy or greater range through
inoreased visibility or both, Two new raders which may be-
come pnecessary in the future should be designed, These are
a ehort-range Doppler type set with exceedingly high clutter
rejeotion and gap~-filling radar capable of remote display
at the present radar sites,

A plea is made for the immediate trial of tele-
printer or teleautogreph methods of mechaniging some of the
telling and plotting funoctions in order to reduse the pre-
sent relience on the memory of opsrating personnel.

A list of Misoellanecus Comments includes suggest-
ions for improvements through rearrangement of display consols
in the Bearch rooms, lighting changes, power wiring changes
to give better regulation of voltage and frequency, and the
use of wired television %o repeat the gituation mapes in the
Search rooms and the "blind" cabins of the FPS-3 stationa.
Additionally references are made to certain changes in
operating procedures which could be considered, These points
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1ie cutside the province of the Working Party but are given
for completenese snd ineclude the careful segregation of
personne) working in different coordinate systems (Georef
and Polar) and the use of interim treok numbers assigned
gorially within the station with later alteration if
degired to system track numberg by the Identification
Sections.
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NATIONAL RESEARCH COUNCIL

Radio and Electrical Engineering Division

Working Party on Canadian Air Defence
Systom Radsrs

Interim Report £1

1., Historical: A Working Party consisting of Messrs. ¥.C,
Brown, H.R., Smyth and E,L.R, Webb and with Dr. R.5. Rettle
as coordinator was formed early im 1953 in order to meet a
request of the Defence Research Board for a study of the
Canadian Air Defence System Radars and to report om possible
improvements. Several visits were made to radar aites and
to ADGHQ, St. Hubert, in order that the party might become
more familier with the particular equipments in use in the
gsystem. Unfortunately, only a short examination of the
AF/I80-98 was possidble since none of these equipments ere
as yot in operational use. This report is being written
immediately after "Exercise Tailwind" during which the
party split up in order to be able to observe both the
AN/CPS-6B and AN/FPS-3 operating under heavy traffie con-
ditions, We have not yet had the opportunity to examine
any date collected by the RCAF during this exercise.

It 12 a pleasure at this point to acknowledge the

cooperation and assistence rendered to us by personnel at
the rader sites, at ADCHG, AMCHQ and RCAFHQ, both service

and civilian, The interest shown by all concerned made our
task much more pleasant than we had anticipated.

2. Scope of this Report: It is possible at this time, we
believe, to define some features of the future activities

of the working party and to mske certain proposals for
further action, Some proposals are definite, some indefinite,
gome are major, many are minor. All ere offered with full
understending that the Air Defence Radars are mostly still

in a "shakedown® ocondition, that priority has been given %o
installation with cleaning up of lcose ends following, and
that certain deficiencies mentioned, as noticed by us or told
to us by one agenoy, are in fact in the process of correction
by some other agency. For reasons such as these we have not
ettempted to delve deeply into meny points raised in this re-
port but offer all for the sake of completeness,
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3. Future Activities of the Work Party: N.R.C. proposes
that this Working Party chould remesin in existence, with
possible changes of personnel, to continue the studies already
commenced, However, it is suggested that certsin staff
officers of ADC and RGAFHQ be designated as a cooperating
group., It ie suggested that this group could be charged with
the responsibility of ensuring that maximum utility is secured
from equipments as installed, and could speak with suthority
on possible alterations or additions., There should be an
operator representation as well ag technical personnel in this
group., It is, of course, not in our province to sugzest the
make-up of such a group, nor, as & matter of fact, to ask for
its formation.

4. ZTraining in Operating Techniques: In order to get maximum
performance from the radars, it is necessary to set the displeys
up with great care. This is especially difficult in the case
of the RHI's., It might well be advisable to form a team to
travel from station to station, observing and instructing in
operating techniques, 8uch a team might well be organized undey
the technical direetion of the above-mentioned RCAF group, and
E.R.GC, would be willing to coatribute the aassistance of soient-
ific and technical personnsl. Certain other aspects of station
operation and maintenance such as the use of MTI, swept gain
(8TC), and differentiation (FIC) might well also come into the
scope of such a training unit, It might prove advisable that
certain experimental tests be made or certain extra test gear

be devised, The faoilities of the N.R,C. Ottawa Ladoratories
e¢ould be avallable for such work. Another phase of this
training program might well be periodie visits to N.R.C. by
stetion persoanel, including KCO's from maintenance orews as
well as technicel and control officers.

6. Equipment Uapability Studies: The above-mentionsd RCAF
group and the NRO Working Party should devise sertain tests

of the capabilities and effectiveness of the stations, We

do not have good data, for example, on the high altitude

cover of the stations. This might be obtained by controlled
experiments with known reduction of sensitivity followed by
careful extrapolation to full or normal sensitivity. Similarly
tests ehould be made of the loss of height finding range due

to the poorer vieidility factor of the BHI compared to a B scan,
and of the loss of search range on a highly expanded FPI
compared to a B scan,
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6. Major Design Studies: In the following list are included
new pieces of equipment which we believe should be designed
and tested whether or not an operational need arises in the
future. The necessary studies could de carried out either

in industry or by N.BR.C,

(a) long Range Search: Although the present redars
have about reached the useful range limits for conventional
airoraft as set by the spherical earth, new receiver techni-
ques based on better crystals may give greater safety factore
relatively cheaply. In this field, any developments should
bo monitored cersfully. Depending possibly on the results of
the cepability studies mentioned above, revised antenna
systems (particularly in the case of the ¥PE-3) may be re-
quired. Again U.S, developments should be monitored. This
subject will have to be re-examined as soon as more date is
avajlable, We understend that a new receiver is being fitted
to all FPB=3's. fThis process should be expedited and best
grade orystale should be provided,

{(b) Search Digplays: One at least of each type
of display, B, FPI (FPS8-3) end PPI (CPS-6B), should be modi-
fied to sccommodate newer CRT's, e.s. fluoride types. Exten-
sive tests of these in cooperation with DRML might be
extremely valuable.

(¢) Hi le Cover: The necessary high-angle
modification kit for the FPS-B508 should be designed and

t.esggd go that if required the ¥PS-502 can &x;gvido supple~-
mentary high angle cover for the FPS-3 and -6B.

(a) Short Bange Coherent Pulse Rsdar: A radar
of the Ochersnt Puylse type should be designed in order to
provide, if required, supplementary close range cover with
extremely good clutter rejection., BSuch a radar could be
based on one of the Pulse Doppler radars receatly developed
by H.R,0, or Projest Lincoln,

(e) Gap Filling Radar: A desiga, at least, 1s
required for an equipment capadle of filling sertain gaps
in the Air Defence System, This radar we feel, must de so
designed that ite displeys can be sent long distances over
video links and reproduced at the main radar stations. It
might well be based on the FPS5-502 but with & difrerent
antenna system,

(£) Height Finder (OPS-6B): It appears that the

Height Finding range of the UPS5~6B is less than desired.
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This is technically not surprising since the entenna gain of
the Slant lLower beam is far less than that of the Vertical
Lower beam. A design is therefore required which will give
higher gain in this beem end this will probably require the
addition of a third slant trensmitter. At stations where
no "third sail® -~ long renge search -- is to be provided
such a prooess should be quite feaaibls. AL other stations
the problem would be more diffieult,

(g) Height Finder (180-98): Here again and more
definitely the height finding range and perhaps more import-
ently the informetion rate are inadequate. Two geparate pro-
grame should be run concurrently. The first affeots range
only and not information rate but pressrves the desirable
redio frequency dispersion of the I8G-98 as sn anti-jemaing
feature, In this first program, the development of a higher
pewered magnetron in the 6 em, band is required together with
the design of & suitable moduletor and radio frequensy head,
Approximately one megawatt is available ab i-band and should
be easier to obtain at 5 centimebres. Alternatively a travell-
ing-wave-tube or klystron could be considered. A 60% range
increase is to be expected.

Provided such a higher powered tube were available,
or oven without it, an increase of antemna gain of the 15G-98
would be worthwhile., The limit to antenns size would be the
35' yadome, A4 §0' x &' snbenne could probably be fitted to
the present mount and use the present feed, A 24' x 4°'
antenna could be fitted to a revised mount. The 20' antenna
ghould give a range increase of 20%, the B4' an inoresse of
30%., The higher power trsnsmitter and the 24°' anteana to-
gether would mearly double the range. %he use of a longer
pulse length if practical would ensure the double range. It
is necessary to retain vhe 4°' dimension in order to cover a
reasonable renge dof slevation angle in each rotation.

The second ISG-98 program should be the design of
an equivalent S-band equipment using the modulator and R.F,
head of the FPE~802 and sgein as big an sntenna as can be
put in & 38° rademe, This change oould be made in such a
way as to cover the required angular sector of elevation
with two beams only end not four as at present. Thus the
information rate would be doubled., Under these conditions
with the FPS-508 head end a 20' x 4' antenna a range in-
crease of about 70% would be obteined and with a 24' x 4°
antenna ebout 85%., It is appareat that this produces a
slightly lese favourable end result as far as range is
concerned than the high power 6 om, set and the larger
entenna but the increased information rate might well be
an overriding consideration. :
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In either program the provision of MII on the
IS0-98 is perhaps netessary at some sites. Any decision
might well await operational experience but the second
or S band progrem would use equipments to which an MII
system is being fitted, The § em. program would require
the development of a suitable MEI gystem. Perhaps this
ghould be done in any case.

The following table using rounded figures
presents e summary of these changes.

Wavelength Antenna Size Power [Noise FPigure Pulse length Range

6 cms. 14° x 4° £50KW 12 db 1.4 paec 100%
5 20 x4 280 18 1.4 120
5 2 x4 250 12 1.4 130
5 20 x4 1000 18 1.4 170
5 2 x4 1000 12 1.4 180
5 2% x4 1000 12 2. 200
10 20 x4 1000 9 2. 170
10 % x4 1000 9 8. 185

(k) Height Finder Displays: In both the CPS-6B
and 15G~-98, the FHI's now in use cause some loss of renge
compared to a FPI or B scan, The magnitude of such a loss
is not known as yet, Additionally the asouracy of height
readings is poor. A design study 1s required to find some
form of digplay where ome or both of these deficiencies oan
ve improved, Advantage could be takem of relatively exaot
knowledge of range end ezimuth to allow certain forms of
signal iategraticn in gated circuits to obSain increased
visibility,

(1) Station Raday Information Wiring: It is
epparent that extra radar equipment for low cover, high
cover, gap filling, inoreased range, ete, will demand &
upadar central™ where & "switchboard operator® can route
extra information to scontrollers or trackers as required.
The design of such a central should keep pace with other
davelopmenta,
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7. Distribution of Design Studies: The above list of major
design studies represents & large load on Oanadian develop~-
ment potential. The following is & nebulous proposal for

{te distribution included only as a preliminary guide and
an indication of what part of the load might be teken by N.R.C.

(a) Antenna design Af required - NRO or U.S.

(b) Search m»hy' = c.A.Lo' €.0.B., or N.E.,
with NRC design sapervision

(e) Bigh Angle Cover - Antenna HRC

(@) Short Range Coherent Radar - a Canadian manu-
feoturer with NRC design supervision

(e) Gap Filling Radar - HRC initially

HRC on antenna

(g) I8G-98 Beight Finder - High Power Tube by
Canedian Westinghouse or RVU., Remaining
parts of program chared by Marconi and C.A. L,
with BRC design supervision and antenna
assistanoe

(n) Height Finding Displays - RRC
(1) Btation Wiring - Cenadian Industry

It should be noted that no contracts or finanoial
arrangements are necessary with NRC and therefore work can
be started immedietely essurance is received that the RCAF
considers a certain development is urgently required., On
the other hend some development funds will be neecded to pay
for extra more or less complete units for conversion to new
units. A reasonable estimate of this would be the total of
one FPS-502 basic radar (excluding tower and radoms) plus
one sach PPI display, RHI display, and B scan display. It
is possible that these last could be supplied from spares
now held by the RCAF but it is reasonable to allocate the
funds in eny cese. Where programs will have to be handled
through industry 1t is diffioult to anticipate the charges
but it would not be unreasonable to ask that en egual amount
be provided for this purpose, These allocations would be
for the fiscal year beginning in April 1954,
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8., Mechanization of Functions: During exercise "Tailwind®
it was apperent that the rader equipments generally speeking
could generate data more rapidly then 1t could be snalysed
by the present system of telling, plotting, recording and
placing on tote boards. It appeared that gerious delays
were occurring. Incomplete communication facilities contri-
buted but the main Sause was inexperienced operators. This
last is unlikely to improve greatly especially when reserve
forces are employed, es presumably would happen ghould
hostilities break out,.

In the distant future one can visuasligze something
1ike CDS or Datar reducing confusion by simplification of
tasks and in the interim future the possibilities of photo-
graphic systems being employed tc asdd designations to raw
radar data prior to projection on to situation maps, eto.

8ince these aystems are rather distant, it appears
that an immediste easing of the situation ghould be sought,
We would suggest that a trial ehould be made using equip-~
ments of the tele-printer or teleautograph kinds. In the
former case, the radar operators or the present recorders
would type the data into one of several eystems. The output
units would feed the plotters, the tote board operators and
if required any supervisory personnel. Queries would not be
allowed axcept through supervisery personnel, and would be
less frequent since the plotters would roly less on memory.
Since data could be allowed to remain idle for a few secoands,
independent rates of telling and plotting could be establish-
ed and it seems reasonable to assume that any anall number
of tellers aculd pass data to eny small number of plottere,
The rate or rates of telling could be adjusted to matoh the
rate or rates of plotting snd control could be exercised on
individun) operators instead of teams which although trying
herd do not always pull as a unit.

1f the radar operators are not capeble of operating
the keyboard either through lack of training or an insufficient
pumber of hends, the present recorders, &dtting near the dig~
plays instead of cluttering up the filter bhoards, could do the
typing. If the rsdar operators ecould hendle the keyboard, the
recarders oould be eliminated. Alternatively teleautograph
equipment would allow the radar operators to write down the
data instead of typing it and, if legible, the recorders could
again be eliminated.

4 gimilar system oould be usefully employed betwesen
the filter room end the operations room. Again oross-telling
and forward telling might be facilitated particularly since
the data can be allowed to 1ie dormant until a plotter is free.
A judiciocus use of flaghing lights should serve to preveat
undue delays. A reascbable elaboratdon of the system might
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allow one teller-typist to feed data to more than one station
and a single plotter to find data from more then one station
on a single roll of paper.

$. Migcellanecus Comments: There follows & group of items
where action may be useful or mecessary. In some cases ection
is tn hand, We have not considered these items in detail and
offer them only as possibilities. BSome are not even rader

but strictly operational questions.

(a) Displey arrangements: It sppears that a rearrange-
ment of the displays in both the OPS-6B end FPS-3 etations to
allow the supervigor to see all the displays without leaving
his own would make for easier transfer of plote between oper-
ators, end would generally speeking ease ths supsrvisor's Jjob
or maeke better supervigion possible.

(b) Lighting and clocks: It was noted that in many
cages the minimum display room and cabin lighting was so
located as to cast ennoying reflections on the displays.

Clocks were slso offenders in this respsot. Olocke in addition
could not always be seen without turning the hsad.

The use of rheostats for lighting control is waste-
ful of power and precents an ennoying hazard if left full
down, Separate switching of certain circuits to presat
levels would be much better and would reduce unnecessary
heating of confined spaces. less gemeral illumination in
filter rooms would be beneficial in this respect and could
be secured if more contrast were provided by better choice
of colours on the maps.

Corridor lighting appeared to be too high in some
areas ospecially near the blind cabins (ses below). A
general reduction in level together with a change near the
entrance door to help the shift into the outside illumin-
ation level might be useful,

This whole Question of illumination might well be
teken up with DAML,

{o) Telephone eircuits: As cutsiders listening
at o0dd places, we noticed annoying changes of level on various
oircuits, More training on the use of the microphones might
be the cure., We would not be surprised if an intensive
study of the system revealed many useful rearrangements., In
particular a facility for oross comnection of tellers and
plotters during a transfar from sestor to sector might be
very helpful.

(4) Blind Oabine: The blind cabine of the FPS-3
units need either a rearrangemeni or a light-look on their
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doore. The clocks are bad offenders in these rooms. Ib might
be possible in rearranging these rooms o provide by periscopes
or other optical means a view of the operations board, Alter-
natively wired television might be employed. To date it appears
that little use has been mande of theee blind cabins, and some
experience in their use should be obtained.

(e) Wired Television: In addition to its possible
use in blind cabins, wired TV might well be of value in repeat-
ing back information from the boards to the supervigars of
displey rooms, monitors, and from one board to ths other's
supervisor,

(f) Obanges in Operation of Radar: Provision should
be made to warn display operators end controllers of impending
changes such es MTI to non MTI, gated MI'T position, eto., with
an additional feature of an appeal ageinst such thanges when a
eritical mituation exists. A Public Address system might work
but might prove to be more of e curse then a blessing if too
mony inputs were aveilabls,

(g) Supervisors' Displays: It is poseible that a
FPI readily available to the filter room supervisors might
aspist in rapid resolution of camplex situations.

(h) Pgwer Distribution: It is our belief that
vitel parte of the reder system, in particular the MTX
equipment, meed more protection from voltage and frequency
varistions and should be fed from a bus cerrying only a con-
stent or slowly changing load. A seperate high grade regul-
ator might do but this problem meeds intensive study.

() Pressurization Noise at FPS-3 stations: The
radome pressurization aystems for the FP8~3 and 18G-98 are
exceseively noisy. This is not the case in the CFS5-6B and
the difference lies in the fact tluat the radome eir is recir-
oulated in the bad caeses while only losses are msde up in
the cage of the UPS-6B. The reason for rscirculation is
believed to be avoidance of moisture condemsation at aight,
Since more eguipmant is inside the radome in the case of the
FF8~-3 than in the OPS-6B, it may de that the dehumidifying
vequirement is more stringent, It is urged that the respon-
sidle egency study the differences im requirements of the
various systems with a view towards reducing the amount of
air circulated in the FP8-3 and ISG-98 systems. Altermatively
a redesign of ducting, filters, eto., is perhaps warranted.
We are not competent to state the extent to which such an
annoying background noise affects human operators adversely.

(3) Georef vs. Polar Coordinates: It was observed
on one ovcasion that confusion between radar operator end
plotter could be definitely aseribed to the fact that, while
the display was in polar ccordinates, the plotter was ®living®
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in & room vhare Georef was the rule and was also accepbing some
Georef plots from enother station, Same of the previocusly meat-
ioned suxilliary equipment such as the telepriater or telsautoe-
graph devices or a wired TV ligk back to the radar supervisor
would help %o roduce confusion., Similarly a better polar grid
on the map would aid together with e rearrangement of plotting
duties to keep osrtain plotters always in "polars™ sand others
in "Georef”., On the other hand, the immediste conversion of all
data to Georef through the use of video mapping on ths displays
might be considered, It is, of course, necessary to comsider
the proposed methods of data handling by sutomatis mesns before
making any changee im coordinate systems,

(k) Interim Identification of Plots: It was observed
that operators and pleotters were frequently earrying in their

heads more tham one "initial plot" fer considerable periods of
time with resulting confusion. It sppears that it would be ad~
vantageous to give immedicte track numbers to all trucks with-
out reference to the Identification sections. Buch traok
numbers might be for use solely within the statioa, might be
allosated serially, might be removed when a proper identification
was found, or might be preserved as a station serial number with
the oross reference te the track number of the whole system never
appearing on the map but only on the tote board.

10. Priority: We would suggest that immediate attention be
given to the formstion of an RCAF party corresponding to the
HRC Working Party (Para. 3), and to the setting up of en
on=the~job~training program (Para. 4). The studies of radar
capability would follow the formation of the above group.

Of the Major Design studies (Para. 6), work on the
displays (b) (h), should be started imsediately snd that on
the range inoreases for the Heoight Finders (f) (g) should get
under way as soon as the various agencies concerned can be
brought together to produce rough requirements. Uertain pro-
posed antenna changes for improved high angle cover (a) (e),
may await studies of present cover. The two new radars gnd
video link {d) (o), will have to awsit firmer requirements
although it is posseidle that certain HRC developments now in
hend for other reascms might find themselves being modified
in condeption,

We regerd tests of mechanized telling (Para, 8) as
of the greatest importance.

Of the Miscellanecus Comments (Pars. 9) we regard
the diapley arrangements (s) and lighting (b) es meriting
attention in the near future. Power distribution (k) s
expected to ceuse poor functioning of the radars if action
is not taken, Although plightly outside our province, we
regard the questions of ¢oordimates (J) and identification
of plots (k) as requiring immediate attention.



