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COMYUNICATIORS DETE: |\
General €9 = 100 38
lireless Set, Canadian, INo.9 101 38
lireless Set, Canadian, 10.52 102 29
Wilreless Set, Canadian No.l1l9, 1k II & IIXI 103 25
Wireless Set, Canadian, 1/0.29 104 -~ 106 9
Other liireless Sets 107 40
Synthetic Insulant 108 - 114 40
RADAR
General J15 « 117 41
G.L. ¥k IIIc Set, 118 - 126 42
OPERATIONAL RESEAICE 127 - 145 44
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A Survey of Aruy Research and
Developient f9 3 EEE

1, The declaration of war in 1939 found

the Canadian Army without the establishients or organi-
zation necessary to carry out scientific research or
technical developuent. This is readily understandable
since up to this tiie, with a few exceptions*, Canadian
corupitients had not warranted any independent work
alonz such lines, and the policy had been to depjend on
Britain, not only for the develoanent of warlilke stores,
but largely for their »roduction as well, The war
changed this and Canada became a contributing partner
to the Allied pool of knowledge in wiar teschnology.

2e Develonment regquire..ents naterialized
Taster than did the organizations to cope with theil,
The Battle of Britain was largely responsible for
this., British scientists were too busily engaged in
dealing with innediate technical probleus to devote
much manpower to studying the longer teri: problens,
Furtheriiore, it was desirable to decentralize some
develoonent work froi Britain on account of the wvulnera-
bility to air attack. It was natural, too, that an
increase in develo.nent activitiss should jparallel

the increase in jproduction which was taking place,

As develonment probleiis originated they were allotted
to whatever organization was considered best equipped
to deal with ther:, whether industrial, universities

or Governnent departments, In some fields coordinating
committees were formed to supervise research in their
own particular spheres, ‘/here no organized bodies
existed to investigate certain types of »proiects these
were formed, as the need arose, wherever possible
about an existing nucleus of qualified personmnel, A
nunber of research organizations undertool problens
indecendsntly on their own initiative, As a result

of this somswhat haphazard growth of research and
develoniient zroups a certain armount of confusion
develoned along with it.

The number of technical groups and
coruaittees was increased with the increased
production of wea_ons, and as a result there
was divided resnonsibllity, lack of cohesion
?n% poor liaison between groups and coruittees

l)e }

W¥ihe exceptions were in the fields of radio,
ballistics and chemical warfare, See '/, ZIggleston,
Scientists at .wWar, Toronto, 1950,
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Once such contTusion existed it was sorne ti.e Derlore it
could be elininated, 48 late as loveber, 1542, no

less than four azsncies in Ottava alone vere indeoenlently
worlking in one specific field of research (2).

2 Within the .r y, :mch of the develo_.ent
andéd iesearch work beca.e concentrated in the branch of
the i.aster General of the Ordaance, which, in peace
tine, had keld a noiiinal responsibility Cor ressarch
(5)¢ In this branch by various nrocesses teciinical
directorates gave iise to developiient directorates,

The D>re-war Directorate of l.echanization and artillery
8plit into the Directorate ol Technical Research and
the Directorate of Ordnance Services (.echanization).
The Directorate of Technical Develolzent in turn gave
rise to the Directorate of Chei:ical Wariare and Siiolke
(D.C. isS. ), the Directorate of irtiller; and the
Directorate of Develon went ol Velicles and Suall Arus
(D.V.S.A,), all of which were develop:eat directorates.
A Directorate of Electrical and Communications Developuent
originated in the Directorate of =Zignels ol the General
Stalfl Sranch, but eventually caiie under i.,G.0, control,
A Directorate of ZEnginecr:nz Devecloruent (D.Z.D.)

cane into veing in the .[.i..CG,.'s, Branch where it
remained throughout the war, Il.edical services being
under control of the A.G.'s. 3ranch, lledical research
likkewise camne under the saiie control. Iater there were
Tormed a Directorate of Operational Research in the
Genaral Staff Branch and a Directorate of Inter-Service
Researcl. and Develoouent in the ..G.0. Branch, In
addition to develolient organizations witiin the Aryy,
research and develosment on behallf of the Ariy was
carried out, to iiention a Tew, in the Departiient of
lunitions and Supply by the Arizy Engineering Design
Branch, Signals Production Branc ., and iilitary
Technical idvisers Stafi; by the Insvection Board of
the TUnited singdoil in Canada in its irtillery Provinz
Zstablishiient; and by the National Research Council

in radar and radio especially., It will be r=zadily
recoznized that by the tiize all these organizations
were in operation the »Hrobleil of coordinating research
and develooient was guite acute,

4, In certain shecifiec fields 1ieans of
coordination were established relatively early during
the war, A notable laclk was in the field of armaiient
developuent. To remedy this, at Gsneral .cl'au hton's
instigation, the Ariy Technical Developient Board
(A.T.D.B.) was set up in larch 1942 to “proiote research,
design, experiment and developsient in connecticn with
all matters and things vherewith the [ aster General

of the Ordnance is now charged’ (4). Howevsr, those
fields in which standing Boards and Committees already
wers functioning (e.g. Cheniical arlare and Radar)

were excluded fro.. its purview (5). In addition
A.7,D.B. was 2ot normally interested in the exploratory
ohases of an investization (6),  Murtheri.ore, although
the Eoard ias ressonsible oti:erwiss for coordinating
all aray develouent srojects and was responsible Tor
allot..ent of funds Tor this purjsose, on occasion the
Board Secretariat disclaiiizd Tinancial respoasibility
for exenditutves incurred in branches other than the




i-eG.0, on the basis o the wvorcding of the rrivy
Council autiority (4).

D These various 1li itations circu:scribed
toe operations of the Board anrn’ soumetiies dela- rather
than exzedition resulted, Iad its existences dredated
that ol those organizations uho work it was to
correlate, its ef_ectiveness . pt have besn consider-
ably graater.

6. The distance bpet/een “des i ner‘ and
user with its conseiuvent delay in co..:un_.cavion and
lialson iiosed diftTicultises, thieh t“ou h ther
gradually decreased reiained to sone extent Lhuil the
end of IZuropean hostilities, It auvzenteld, too, those,
unfortunately rather frequent, nisunderstandings .hich
are »rone to arise when each Tails to aj>rreclate the
problexs anéd linitations lorced by circumstances on
the other., i.any steps were talien to overco..e the
resulting airficultiss, The ainl was to reduce the
channel of coumunication on technical iatters to a
piniram, Since the develon:ients in the u&CuWqu
situation tended to extend anc comnplicats the channels
of cormwunication the earlier reasures taken to insure
adequate technical liaison beca e less effectivs, and
20 were o. necessity sub-ected to revision., The
establishaent of a Directorate of Stary Duties (‘eanons),
(D.5.D. (7)), at Canadian l.ilitary Headquarters, London,
provided a clearing house in the United Gn;com for the
trans. ission of technical infor:mtion between the
United in_cdo-: and ilational Dsrlence ieadquarters,
Otbava. 32 ;8 8t_1l occurred in technical infor.ia-
tion recelved Iroi. researcii and cevelouzent
establishiients of the United ingdoir., To eliiiinate
these gaps a technical liaison Troup of 57 technical
officers was established under D.3.D. (/) at Canadian
Lllluar; l‘eaduarters in January, 1%44. (7). i.eubers
of this stail were attacied to ressarch orzanizations
in the United ingdo:. where they were enablel to
secure essential technical inforwation at £irst hand,
Exerience in Italy Ce. . onstratei the existence or an
excessive delay in the trans:ission of user criticisn
of desizn detall back to develoaient azencies, It

was important to overcoile this belore the invasion.
Conse :uentl;, in iay 1944, a Canadian Szction ‘/ea)cns
Technical 5taff and an ar:oursd ting 7Vehicle
Technical Staff were authorized (S%h worlk
resnectively at 21 Ariy Groun and Leaduuarte;s Tirst
Canadian Ariyy, The two technical staifs alonz vith an
Onerational Research Teail, Tor which prowision had been
made in l.arch 1944 (9), were ccabined to Tor:: lo. 1
Canadian-ield esearch Section (10). This unit
arrived on the continent just »rior to VI Day.

Te In order to perfori: the necsssary
exoheri.iental jork certain research est JlluM ants

were constitutad under the ad,inistrztl € clrection

of the var.ous techn.cal directoratss Dreviously
gentioned. In Auzust 1941 the Zxperinental 3tation
at Su’fisld was -establishel to carry out large scale
fielad investig.—;tionr in chenical warfare (11); it vas
jointly operated Ly the Devartiient of I'ational Defence




and the 3British lLinistry of Sujsly. At the saie Uine
the Research Establish ent (Cheiiical Warfare) was
constituted at Ottaia to carry on research »Hrirarily
into the defensive aspects of cheiiical warfare (1l).
The establishuent (later designated Cheiidlcal iariare
Izboratories) asswisd responsibility lfor the
Prozra:_ie of chenical warfare research »reviously
instituted by the ilational lResearch Co ncil, These
twWo organizatvions carie under the adiinistrative
cirection of D,C,V/.3. as did also the ‘Jar Disease
Control Station established in Deceitber 1942 (12) to
carry on research into defersive iieasures azainst
biological warfare.

8. In arna.ent research a nuaber of sepjarate
grouns existed which were ultilietely incorporated into
the Canadian Armanent Research and Develonnent
Zstablishnent (1). The grouns involved were a ballistics
group of the Insnection Board, BExplosives Pilot Flant
Tinanced by the Devartient of Ilational Delence and
constructed by the ilational Research Council, and a
design group of »personnel drawvn froi several sources,

fo carry out the necsssary exnerimental work rejuired

by D,E.D. there was set up in Ottawa in Octobsr 1942

an Zzperiuental Istablish:ient, R.C.Z. (13).

b Jor commmunications reseerch the Canacdian
Signals Research and Developrent Zstablishment (C.S5.R.D.Z.),

originally designated the Canadian Signals Exderiiiental
3stablishuent, was authorized (14),

10, With the larzse volune ol vzhiecle

production in Canada a Froving CGround Detachient,

R.C.0,C, (15), later rcnaized the Vehicle Proving
Establishment, N D.H.se (16), was formed nriwarily for

the »urpose of carrying out acceptance tests on new
vehicles and accessories, 4 linited amount of success-
ful developrent worik was carried out Ly this establishnent.

11, The rfollowing sections describe some of
the specific developrient work carried out by or for
the army during the war.

12, fro. the date of its incepntion to the

end of tThe war the Ariy Technical Developiisnt Doard
recorded upwards of 450 projects, exilusives of research
orobleiis relating to radar, che: ical warfare, operational
research, medical ‘and overseas work. INor did it

include exploratory research (see ref.6). Projects
investizated in these other Tields brought the total to
somewhere in the neighiourthood of 2000, and above this
there were those assessient »rozra:.ies of such
establishments as the Vehicle Proving listablishiient
which carried out over 500 servicedility trizls on
various iteiis of wvehicles developwment, Of the A,T.D.B.
projects :risntioned above, 126 were cancelled for various
reasons 200 were co.pleted, of which 35 went on to

the production stage and uere produced ior service use.

13.. It is obviously im»ossible in the
gpace available in an outline sketch such as the




uresent one to ¢o iw0rz than barely touch the aizh-
1i-hts of the develo.ents carried o.t in the years
l/),- %0 19‘:-).

ARTILLIRY ZUIFLART

The ‘Sscton’ (25 or S.2. tracied)

14, The 3exton was designed to satisly a
require.ent Tor a self-propelled artillery unit which
would have sufficient .iobility Zor use with an ar..oured
division., Require:iient sdecifications vere draim up
in jarch 1942 under the direction of the Director of
lecihnical Research (17), and the Ar:iy Engineering
Des.-n Branch of the Departient of ‘unltions and
Suphlr were rade resjonsible Jlor the oroject (18).

A pllot wocel undervent trials at Petawawa in June

of the saue year (19). Iater trials, carried out in
Ensland, resulted in the adopbtion o? the equinuent

by both British and C1aacimn arnies (20)., Over 2000
of thesz guns were :roduced Ior servic: use (21) (22),

15. The unit consists essentially of a 25«
Jield Gun iounted on a tanlk chassis oi the lai: or
ohpr.an II type. jhe gun is caaable of 15° elevation,
9 depression; and 250 lefi, and 15° rizht traverse
2&)(22), and carries a crew of 6. It is capable of
25 i2.2,h, and has a radius of action of 125 to 145
miles.,

16, Arong the users of 3Sextons were the Jt
and 23rd Field Rezi.ients (3.P.) R. G.A., and the 19th
Arny Field Reglizent (3.P.) R.C.aj in thé attack on
Arrnent on the 13th of .pril, 1§ 15, the Oth 7ield
Reginent fired 19,447 round s fron these guns, or over
810 rounds per zun during a twenty-four hour »neriod
(23)., The guns of the 15th fired nearly a cuarter

of a -dillion rounds between 19 Sep 44, and VE day, being
in action on one ocecasion Cor 33 days (Operations
WYERITABLE? and “BLOCKBUST:oRM) which accountsd for over
67,000 rounds (24), The diarist of the 23rd Field
Je{lﬂiﬂt wrote on 2 Sep 44:

After a ronth of continuous noving our
Sextons are begiminz to show slizht signs
of wear and tear, They have shoim u)
splendidly in a canpaign very touzgh on ariour
and everyone had been cellshfully sur rised

(25).

17. The Oth ficld Legl:eont had reluctantly
turned in their Priests (3,7, 105-mm) on leaving
Italy in february of 1945 (26) and were issued with
Sextons on arrival in lorthwest Durope, Tirst Iiring
found "everyone is well leased with the -uns! (27).
The 19th exchangsd Priests for Sextons in August

1944 (28), and Tired the new zuns for the Tirst time
on 9 S8ep (29); “the Air 0,P, reported that all guns
were shooting together', The ciary sntry for 20 Sep




44, contains a note o. co:iplaint as well as of pricde:=-

The Batterlies are experiencing quite
a bit of troubls with their 3.Ps, Idler
wheels' bearings are burning out. One or
two recuperator systeiis have caused trouble.
Captain iielson, with the 22nd Arioured
Resiuent reported "Peonle I an with say
"splendid shootin~ by you this altcrnoon,
one 88 mm zun Xmocled out®?d,

Subsequent evidence indicates that the dirfficulties
sientioned were rectified shortly arftervards,

40-~rua 'Bantaen’ (Iishtened Bofors Gun)

18, This develoent was undertaken to
reduce the welizht of the light anti-aircralt sun in
order to improve its cross country jerfor.ance, to
enable it to be towed by a jeen, to wake it .ore
easily air jortable and to per: it its use in jungle
varfare (30). With this in wind Canadian i ilitary
Headquarters suszgested, with ijar Office concurrence,
that Canada develon a licht weight »latforn: for the
weaoron (31) (32). A prelininary design was drawn up
in the Technical ILiaison Groun (C.i..E.J.) and the developd-
rment undertaken by the Directorate of .irtillery vith the
agsgistance of a Desizn Znginesr Iro.. the ilational
Research Council (35). By August 1944 preliuinary
studies and zeneral asseitbly drawings were comdleted
(34), and the production of four pilot nodels was
instituted. A4 series o trials was carrisd out in
Canada in October and Ilover'ber ol the saie ysar,
following which the pilot iiodel was sent to Bngland
for furt.er trials (35). As a result of the British
trials the Jar Office apjroved the equipuient Tor
introduction into service use (36), and the linistry
of Supplr placed an ordexr for 200 equinuents (37)
which was later increased to 720, Although the
rejuire ent for junzle use was eliminated by the
cessation of hostilitlies against Ja_an the Bantam was
adopted as the standard airborne divisional anti-
aireraft weanon (38),

9. "The [Variable Iime] VT type of fuze
represents at the »resent tiie the greatest advance
in Tuze desizn since the introduction of the mechanical
tyoe in 1917" (3%9). The fuze autoratically exnlodes
the shell to vhich it is attached vhen the shell

rrives vwithin lsthal distance of a target. It is
essentially the target itsellf which initiates the
ueans of bringing about its own destruction, Funda-
mentally the fuze consists of both a miniature radio

*ilso known as ths Proxzinity or Radio Proximity
fuze,




transiitter and receiver, which Sransuits a sicpnal
casable ol being reflected (slizhtly changed) from an
ap_roaching target; receives the reflected signal,

a. 1ifiss the difference between the Uwo signals and
utilizes this amplified oscillation to trigcer an
electronic switech which sets olf an electric detonator,

20, Such a Cuze had been sugz-ested indeden=-
dently by several sources belfore the war, but no
atte:pt had been 1ale to solve the attendant pragical
problexis, The British took it up early in the war,
apalying their effort to the develojiient of fuzes Tor
aircrarlt rockets, In the autuin of 1940 a British
scientific nission, the Tizard ilission, visited Canada
bringzing inf-riation on the 2ritish worit, They
considered that ths fuze offered a profitable fizld

of ef ort for Canadian Research (40)(41), The
llational lesearch Council accej)ted the proble::r and
under their sponsorship a teai: was organized in the
Desartient of FPhysics of ths University of Toronto to
work on it (42), The Canadian ork vwas dirccted to the
developi.ent of a Tuze Tor the 3.7" anti-aircralt shell
and the 47 naval shell, and included the »roblsn of
cevelopitent of rugred idiniature radio tubes for use

in thess Tuzes,

21, The attendant cifiiculties in the
developilent can perhaps best be illustrated by noting
that all the _arts of the fuze had to be sulfTiciently
stronz to withstand the shoclk or discharge fro.. the
gun and the spin of the shell in rlisht. The former
re;uires that comonents bs casabls of suzporting
20,000 tiiies thelr owvn weight. Spin is at the rate

of 475 revolutions jer second «hich injosczs a stress
in a directi n diflerent to that iisosed on firing the
gun (45),

22, l.eanwhile in the United States the
Jational Delence Researsh Co.iiittee had instituted a
research programr.e on »roxinity fuzes directed
orinarily towards a fuze for the 5" naval anti-
aireraft gun (44), but including also develozuent of
fuzes Tor rocliets and boibs (uarotated proiectiles)
(45). Discussions .ith the Tizard iliission added
stiimlus to the United 3tatss Hrogra iie and Daved the
wey for mutual cooperation and interchange of ideas,
At an early stags industrial resources were integrated
into the United States Jrogra .:e, Such was not the
case in Canada,* '/hen the United 3tates devclox.ent

%[hs reason for this 1s not clear, D.i.G.0,(C)
states "in Canada no atte:iipt had been made to integrate
developiient ork uwith manufacturing racilities™ (406),
whilst a _eiber of thes Research team (47) says ‘nrogzress
was initially slow because of lack of industrial
facilities Tor the develoaient of the special radio
tubes and batteries’, Yet, Baxter (48) rejorts, in
refersnce to llationzal Defence Research Council
contracts ne-otiatei in lovenber 1940, “Further assistance
was derived Ifr.m the Rogers-lajestic Coumpany of
foronto vhich had developed a larger rugzged four-
elenient tube Tor British use’,



of tubes outstri. ed the Canadian eXfort the latter
wias abandoned, the recuired tubass bsingz mads available
by the United otates to the Canadian tea: Tor use in
their lfuze develouw@ent. Ths lahoratory asects of

the oroble: were coileted by .ay 1542 (45). The

sw. er of 1942 saw firing trials of .odels carried out
at Caay Borden, following whick the s nsorchi) of the
develo_i.snt )assaf Iro.. Lational Researeh Council to
the Deosartaext of ..ational Defence (50). 3 soring
1945 satislactory Tuzes had besr »roduced on a silot
scale, Jurther develo.ent work in Canada vias
discontinued since by now United States iork had
atvanced to a sta-s where their larger naval Tuze had
seen successriul opsrational service, and their atten-
tion was no. focussed on sualler fuzes which rejresented
considerable advancs in desizn over the Ceanadian i1:odel

(51).

23, Production of V.T. fuzes Tor service use
until the cessation of hostilities was entirely in

the United States where tio ty_oss vere sroduced for
British account. The effect ol introduecing thzs fuze
into anti aircrar’t use is strilkingly denonstrated by
the increase, during the last Tour weslis ol concentrated
buzz boud attacks against Inzland, in the slfectiveness
of zun-Tire in the destruction of the V-1l's, Taken

by weekl: poriods, ol the tar: ots enzaged there were
destroyed in the virst weel, 24p in the seconﬂ 46p,
in the tuird, 67h4; and 'n the £inal week 79%. %on

the last dav in vhich a larze quantity of V-1lts, were
launched against British shores, 104 vere detected

by early warninz radar but onls four reached London,
Sore 16 failed ;o reached the coast, 14 fell to the
Royal Air ‘ores, 2 crashed thaanks to barrage balloon-,
and anti-aircrart accounted rTor 684 (52).

ax

25-pr Carriace for Uppsr legister Tiriang

]

24, It becaite inereasingly apparent during
the Italian ca paizn that soie .:0dification to the
25-,r cun was desirable to enable the gun to bs “ired
at elevations greater than those for which it was
originally designed., “Upper Re;ister“ iiznlies angles
of elevation greater than 45°, The .iethod of ach1ev1ng
these high elevations in the ficld with existing

e ulzent was to “dig in“ the trail, that is to say
dig a it behind the zun so that by lowerins the trail
bslow sround level tihs elevation of the barrel was
correspondingly raised. Obviously this digzing in
conswied tire and delayed the denloyiient of zuns vhen
Muooer registert was recuired.

25, To :ieet the TG’le e:ient an officcer of
the Teclniecal Iiaison Grou) at C.:...H.y¢e desizned a
nin zed trail for the gu ,nlch it wes anticinated
would allow an extra 15 of alevation. A orototype
of the desi-n was iade b Ho,.,2 Canadian Base

‘orksho:, Znzland, in .2y 1944 (53), Trials were
carried out during the swuer, hile these trials on
the whole were satisfactory, it anpeared that trouble



idcght be expected in service dus to the difficulty

in excludin- @irt froi. the hinge. Conseguently, the
Chiel Zngzineer Arcaient Design (C.E.A.D, iinistry of
Supply, U.K,) was asked to redesisn this nodification,
incorporating i:proveuents to exclude Girt (54).

The Ordnance 3oard expressed the opinion that “the

use of upper register firing is insufficient to

justify the modification orf ths equinmsnts®, but
considered “that this unodilication should be borne in
nind for possible inclusion in new designs of equizuent

(55).

26, The redesignzd prototype ({(Carriage,
25-7r, Lk 3) was ready ror tricls in January 1945,

A8 @ result of the trials tihe Ordnance Board
recoiu.ended the aj.roval o:r the design (56), and it

was adoptsd shortly therzarlter for use on ail Tuture
production of short axle 25-35r carriages (57). The
finalization of the design caiie too late for sroduction
equisneants to see service,

Sabot Projectiles

27. The Sabot Frojectile represeats one of
the nuw.erous ways of achieving high muzzle vslocity
with a gun to attain the advantages of longsr range,
increased penetration of ar.our anxd shorter tiue of
flight., The icea is 1ot particularly nes and has
occuried some attention Tor the nast 70 years althousgh
develonent was soiewkat ssrfunctory until the period
oX the past war, It providss a isans of Tiring a
g:aller calibrs shot in a gun of higher calibre, The
advantage of this Uype of amunition is that an
especlially desizned zun is not rejuired, The Sabot
is a supoort Tor the s.aller calibre shot which is
discarded after ths round leaves the nuzzle, O0On
discharze the corjlete shot receives the saile a.ount
of energy as a full calivre shot would receive but
being lighter in wei-ht the eiuvivalent snerzy trans-
mitted results in an augiented velocity, rhe Sabot
iay be either seg.ented so as to discard radially,

or it may be a jJot ty e which iz left behind or
discardsed axzially c¢uring tie £lizht o. tie round.

28, The current interest in Sabot Proisct-
1les was revived by Lt-Gen A.C.L. icliauzhton, who in
1942 rade a sketelh of a type ol Sabot on which soiie
trials vere carried out by the Ordnance Board (50)
(5¢). His suzgz=stion called for a synthetic resin

or light letzl Sabot with o s.211 exdlosive cherze to
detach the Sabot in ITli:he,

29, The early requireient s:pressed by
General lL.ciiaughton was for a projectile Tor the 25-uT
gun in order to iunrove its effectiveness against
ar.iour, J3everal cesigns vere nroduced by the starll
of the i.ilitary Tecin.cal Adviser of the Departient
of ..unitions and Suy_ly ancd by the staff or the Proof
and Develoxicnt =stablish snt of the Inspection Board.
This particular investigation was discoantinued on a
basis of “no recuire.ent” b:zTore a coupletely setis-
factory solution to the »roblsi: had been reached (60).

\
-
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In the neantiue attention had been turned to the
davelopnent of a 6-pr Sabot Froiectile rfor the anti-
tani gun with a considerably greater degree ol success
(61). Howaver, by this tiis interest haé shilted
again fro:i the 6-7r to the 17->r, so that the 6-)r
Cevelo_ient w2s not carried on to co.iercial srocduction.
The develoj..ent did, however, prove the Draticabllity
of, and revived interest in the jot ©y2e o Sabot.

As a result of the viork Canada was asked to cevelo) a
17-5r Sabot by the Orcnance Soard (62) (63), sincse

the radially ciscardinz 3abot at that tie 1: servics
did not £ill the re uire snt Tor accuracy. The
develojuent ol the 17-.r Sabot began too late for the
results %o be a:.lied Lefore the ter..ination of
hostilities,

20, This oHroiset illustrates low ulile
changin- re uireients :izht vitiate the specific
ap-lication of a particular idsa, yet the fundaiental
prineijles involved in investigating the idea nay

be ajnslied to subssquent rsiuirs:eats,

20=iz7 Guns

31e The course o. the Cevelo.iient of 20—z
suns orovides an outstanding srasizle of ths confusion
which can arise and the expense which can be incurred
throuzh a lack of unifor.: olicy and throush frecuent
revisions of recuire.ents. In 1942 Cecperal c.auzhton
gioresssd an urgzent need Tor 20-:. zuns alonz the lianes
of tihe Oerlikon but having a shorter inboard lenzeh so
that it could be rounted in arioured Tfizhting velicles,
1t was re_uired that the zZun be caable of a nisnh

rate ol Tire and that it be belt fed (64) (65) (66).
The developiient was talen u) under the aegis ol the
Arry Qechnical Developuent Board, the .ilitary
Technical Desiga Advisers Stacrl, and the Ensinsering
Desi: n vork vas carried out by the Johin Inglls
Coipany, Toronto. At the sa s tiie the Inzlis
Co.ipany undertook the desi:n ol several tyiss of

mount nzs for the 20-..a zun (67) (68). Pilot .:oizls
were shi.ped to England in 1945 for deuonstration
(6S)e On the basis of the deonstration the Ianclis
gun vias accepted as rilling the requireuents of the
Canadian arny overseas (69). Certain _odifications
were sugzested (70), 4s it stood the zun was designed
to Ifire Hispano aimnition. TIeading the finalization
oy the Inglis zun desizn an order Tor 2600 guas and
sinzle nountings called for Fisjano 20-mm zuns which
vioul’ subseguently be re:slaced by the Inslis zgun (71).
Howvever, shortly bcfore coiirletion of these contracts
Jar Orffice policy undewmwent a revision, This _Jolicy
called for exclusive use of Polsten guns on universal
mountings within the 21st Aruy Group (72). Steus
were then taien to reiesi:-. the Inglis gun to acceut
FPolsten avwmnition (73).

32.. Consecusnt ujon the new wolicy C.id.H.e
a.vise” that they no: had no re uire.ient for a single
pounting 20-:: gun and it vas proposed that the
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contract e cancelled (74). 4n order Jor 1000 quadiuzle
~ount equinzents re..ained in Jorce with the provosal
that the ounting be refCesignec to accept Polsten juns
(75). The Skink (see below, para 67), oreviously
equisped with Iispano, tias relesigned to accoiwndate
Polstens (76). Ths contract for quadruzle lountings

and accessories irvolved ar eienditure ol ratisr iore
than tuelve and one-half million dollars - which had
proceeded too far Ior cancellation to involve any

saving (77).

33. As a result of the unfortunate
e=zoeriences in the 20-..1 develo_:ent the Chierl of
the General Starf refused a_sroval for initiation
ol any other 20-mn develo_iwent Jrojects in Anril
1544 (78).

SALL AR S3

4 lortar Proiscts

24, In Deceicber 1943 the Jar 0ffice stated
an urgent rejuirecent Ifor a lizht weight base plate

for the 3" portar, to weigh not --ore than 40 lbs

and to enable a ranze of 2750 vards to be obtained
(79). In order to obtain a coirparable ranze with the
standard base zlate it hacd been necessary to strenzthen
it, resulting in a weight of 52 1lbs (80)., A desizn

vas éravn u» in the Directorats of Artillesiry For a

base »late :acde ol stainleszss steel vhich was exinscted
to weizh 25 1bs (81). At about this tine consiZeration
had besn given to the use of :aznesiuii alloys for
fabricating certain servics eguipment, of uiich the
base »late of the 34 .ortar /as one (92). A8 a result
the Chief of the General Stalf asied ...G,0. to undertake
the ceveloonent ol such a base plats. This re_uest

had been anticipated and a desizn arrived at by the
Directorate of Devzlonuent of Vehiclss and Small Arias
(83) (84), Authority was gziven to proceed uith both
desizns., A number of rwdels of both were Hrocduced

and Tiring tests carriesd ocut during the early »art

of 1944, By Abril it had bzen decided that the stzel
base 2late satisiied the re uireiesnt lzid Cown by the
War Office and the design was Tinalized (865) (86).
Sa.iples of this base plate were sent to Australia,
United ilingzdown and the United States Tor trial (87)

(C6).

55 0 the i:aznesiwi alloy base »nlate,
folloiing tests at Canmadian 3wmall Aris School (Zastern),
the following opinion was expressed:-

"Or several base Hlates which had been
subjseted to trials at this School this
& »ears to be uncuestionably the iost satis-
Tfactory " (08%).

In July 1944 tests iiere carried out in Enzland and
surprisingly enousl: the nagnesiuvm hase nlates Ifractured
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throuzh cliter jour or five rounds had been .ired (50).
It later developed that Tfailure was due to the tests
having been carried out using a .k 4 barrel; vhereas
tie plate had been designed to taie a ik 2 Darisl, no
iX 4 barrel being available in Canada at the tiue.

The redesi-zn ol the base plate to accouodate all types
of barrels was therefors undertaien (51). In the saue
tests the stesl base .late showed a certain lack of
stability and further redesizn as undertalen (52).

In Ausust 1944 the whole juestion of portar desicn
was revieved by the Ordinance Board and new Jesisns
were divided into ii..ediate, interuediate and iceal
categories (93). It vias considered in wview ol the
urzencies of the iuwediate and intermediate require.ents
that Canada would be unable to contribute to these
catezories before the end of the vear and she should
therefore confine researci to the longer ter:: policy

(94).

36, lleanwhile in 45ril of 1944 the Dirsctorate
of Artillery proposed investigations into the entire
field of zortar desiszn ($5). One phase was the
inprovezment to the barrsl in order to inecrease cdurabi-
lity, to decrease the weizht and to itake it possible

to obtain increased ranges ($6). Prototyyes of a
design of tajered barrsl werzs .roduced Tor trials.

It was indicated that consid:rable reduction of eight
could be obtained without loss of ballistic gqualities
(97). Following the »roduction of several exjeri ental
barrels it was concluded that the advantages of this
design over the 1l 5 lizht weizht bairel were a. roxi-
uately 255 reduction in weisht, 105 irprovenent in
accuracy and 15} increase in strength (§8). Trials
carried out on the barrel in Australia indicated that
the barrel was more accurate in range and line than

the norzal barrel (9%).

Ligitened Rirle

37 Small Ar.:s Linited had been carrying on
soiie exeri..zntal work on th: desizn of a lizhter
rirle than the current issuve, i.e., il0.,4. The

sroject was taiien under the surveillaace of the
Directorate ol Develojuent of Vehicless anc Suall Ar:is
in Ssysenber 1943 (100)., C.i.A.D. 0f the iinistry

of Su):ly haéd also desizned a lizhtened forai of

the 0.4 rifle, the adostion ol which was being
considerad by the /ar 0f7ice (101l). S.nce the
Canadian cesign rirle ajrsared to icet the ar

0-Tice re. uire.ent two suo les were ssat to the

Ualted dnzdoil for exzauination (102), t was found
that the sai’les required restoclking and de-niclkeling »
(103) following which they gave satisfactory oeriomance,
There were, however, certain features of criticisn
which vers brouzht out (104)., ZHovever, as a result

of trials at Bisl:s the Zritish lightened Ilo,4 rifle
subsesjuently called lio.5 was adosted b+ the War Office.
In the meantine India had rejussted 25,000 rifles
ginilar %o the Canadian odéel (105). Suall Arns
Linited proesedsd with the desi-n of a :ifle iacor-
vorating the best features of voth the ilo.5 and the
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;revious Canad.ian .odel. Since, however, the 0.5
had ~sone into »roductlon in the United ilingdon: further
develoni:ent of the second Canalian ..odel was not
continued, and since no con’iried requirewent was
fortheosdng fron C.i..M. ., (106) the project wes
cancelled in Deceiiber 1544, Tus australians in the
neantiize had carried out trials on ths {irst Canadian
lizht Lodel and reported s:itre ely favourably in its
accuracy, hanéling and serviceability but des_ed 1t
unaccentable cue to execsssive :lash (107) (108).

3 -' gl quﬂ__;)__ient

38, Subsequent to o seneral surver ol the
gituation on snipers souipiient (109), a ..esting vas
held in June 1943 to deter.:ine Lo best to ieet both
i..ediate and lon; ter: re uire.snts (110)., A nuw:ber
of conparavive Tiring trials hacd been carried out on
various co:u.ercial and scervice sights which a_.peared

to indicate there was considerable room Jor iiiprove:iient
(111) (112) (115). For the longer teri: policy
soacirications were dravn up Tor a 5X telescope sight
(114) (115) and a 33K sizht (116), and the production
of urototypes was instituted (1155 (117). The decision
to design the lower Lower .woi el caie as a result of

a sugcestion orizinating in the United _dingdoa (118),
The War OIfice evinced considerable interest in the
developient ol the two sizhts (119), and by ths end

of iloveiber, 1943, were so actively concerned abhout the
sniper situation that it seeiwed doubticl ir the
Canadian Jrototynes would Je coileted in tiue for

full consideration to be ziven to then by the Var
0£7ice (120). In Deceaber an added rejuire .ent was
introduced into the olerationsl secification (121),
This called Zor si-hts to bDe proof.d against fungus
grovith under tropical condivions. ZFrototyle saidles
of the telescope sights vere seat to the United

Tingdom in larch 1544 (122), and at the sa.e tiue

stens vere tallen to nodify the <desizi in order to iiake
it fungusproor (123) (124). 4as a result of reports
fro.. the United Lingdo ., which all indicated »reference
for the 5X over the 74x model, an educetional order

for 100, 5% telescove sights was nlaced (125) (126)
(127) (128) (129) (130). Sosat:ing o- the Canadian
sizhts the Assistant Chierl of the Imperial General
Sta’f stated “that the Canadian 5X and 33X teclescopes
were inco..parably better in every way than anvthing

that we or the Ger.ans had so 7ar produced, the 5%
beinz better than the 35X" (126), It causad no small
surprise to learn in July 1944 that the _Lrovisional
adoption of the 3, L rathier than the 5X sizht had been
recowuended (131). This necessitated clanzing the
educational order previously »laced (132) (133).
Councurrently, at /ar OJ.ice request, the linistry of
Supply initiated inquiries for . roduction infor.ation
based on a require.ent for 4000 3%X instrunients (134),
but were disappointed to learn that no deliveries

could be 1iade before April 1945 (135), whereas they

had understood, on a basis of unofficial infomuation
(156) siven without reference to the proper authorities
(137), that deliveries could be co:iidleted Ly Aoril
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1945 (135). On account of the length of ti_e reuu.red
to start »roduction the .ar O0ffice order was not
fortheoning (138). ileverthsless, interest in the
sights renained (139), and found expression in a
renswad inquiry for delivery estimates in .arch 19545
(140), althouzh a 21 Ar:y Grou) Revort to the ./ar
Office (141) had stated: ‘there is no particular
advantage to be obtained fror the ado tion of the
Canadian Snipsr's rifle", Jour telescopes, tio of
each jower, had bean sent to the iWiestern Theatre of
Operations for user trial (142); two of thcse were
"destroyed by eneiy action” and a third cajtured
comylets with sniper (143).

39. It should be stressed that a telescope
sicht is not a complete unit in itsell, but lorums an
integral part of the rifle on which it is subsequently
mounted, and particulsr care is taken to liatch the

tiio to each other. The coibination is Inowvn as
diquinnments, Rifle (T)." Once asseubled the asseibly
norcally reiains intect,

40, In 1943 Siall Avas Lindited carried out
experli.ental work on nodilfications of the No.4 Rifle
(the standard issue), and develojed two %ty es, rererred
to resjectively as “Scout! and ‘Section' Snijer Rifle
(144) (145)., These rifles were provided with telescope
ounts and spscial butts., Four of the Sections Sniper!
Rifles wiere sent to U.i. in larch 1944 (146), and one to
Australia in June oi the saiie year (147). These were
oreswiably the rifles used in the test under which the
telescons sights were revorted above. The rifles
theiiselves were well received, the butt especially
coi.inzg in for favourable coiients,

EXFIOSIVES

41, The neel for cooperative eifort by a
nutber of different groups in order to achieve success-
ful ultinate anplication is ilioie anoarent, »erhans,

in the field of explosive research than in .wost others,
Several research »rojcete were instituted by the N.3.C.
relativcly early in the war, Soile of these progressed
.uite ra-idly beyond the laboratory stage of development,
end, to further the work, a coordinating cauuittee

was set up which later beca..e the Associate Co.mittee
on “xplosives of the N,k:.C. Three sub-co.iiittees
Tunctioned under the parent couiiittee; these controlled,
resjectively, research, dsvelon ent and testing (148),

42, The i1ajority of research work was
carried out in Universities under iI.R.C., grants,
Develos.ent as»ects beca:e increasingly invortant

as research elfort uet with success, In oxrder to
bridge the ga> between research and Jroduction, nlans
were instituted early in 1942 Tfor the construction of
an explosives pilot »nlant to be built by the N.ZR.C,
and operated under the aezis of the Exnlosives
Cozmuittece (149). Before instituting production it
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is essentia’ that 211 aspects of the serviceability
o new exllosives be investicated, It was here that
the arnyr vas able to rake its contribution to the
integrated ellout in explosives work, In adlition
considerabls use wvas .ade ol the steil and facilities
of the rroof and levelo .went Istablishiient or the
Insysction Board of the United lingdo:rl in Canada Tfor
testing the ex»losives.

43, AS a result of the Canadian effort two
outstanding contributions werc iade to sxdlosivas
technolozy. The bLetter knoim of these was connected
with the exolosive ADX, This aterial has an explosive
gower about 505 greater than T..f, which Tor long had
been the standard explosive in use, RDX had been .nown
since 1895, but never adooted for use on account of the
high cost of manufacture and its great sensitivity.
Both these disadvantages had been ..ore recently over=-
coi.e to some extent by the "ioolwich' process, In 1940
another »>rocess was discovered in .¢Gill University
under the sjonsorshin of the W.A.C. Shortly therearlter
Auerican scientists discoversd that a coubination of
the ©./0 processes resulted in further considerable
reduction in cost, ZFrom Apnril 1941 develoniients were
carrisd on uncéer the sugervision of a Joint U.il,—
UsS.~Canadian DL Comnittee. J this tiie the
eiolosive lhad been adodoted by the British and vas
adopted by the U,S. llavy later in 1941, 1In one »hlant
alone _production eventually clirbed to 540 tons per

day (150),

44, A secon! Canadian discovery fTound
an:lication in flashless oropellants., The one
chiefly in use by British services, Cordits 1, ias
not looled uson with favour by the U.S, lavy since
as »nlasticiser it contained nitroglyceri“e, yhich
conrerred certain disadvantages under inerican
conditions of storase and use, In 1942 the U,3. Havy
g -oressed an urzgent require.ent Jor a flashless
pronellant vwhich contained no nitrozlycerine., The
United States liational Defence Research Corilttee
attacked the problem by tasting various coiirounds as
replace.;ente for the nitiozlyccrine in Cordite i, The
.08t proriising of these corpounds turned out to be one
which had been discovered a vear or so Lreviously by
the explosives research tear. of the LniVBPSltj of
Pororto and given the naiie DIilu, The new propellant
in which DI was used as plasticizer was called
Albznite (151). In :arch 1944 the production of 10
tons of DIIlA was undertaken in Canada Tor L.u., U S.,
and Canadian experinents (152) The success or © he
experi..ental work led the U.S. to construct a pilot
slant which at Abril 1945 was naking suificicnt DIVA
for tahs Hroduction of one ton per day of Albanite
(153). Just before the end of the war the U.S.
services awarded a contract Jor the croduction of
2000 tons »er iionth (154).

45, . Bxperiiisntal work relatinz to service
apolication of explosive .:ay b2 necessary for various
reaaons; Go deter:ine the value of, and to adapt, new



& 16 s

explosives to old uses; o il.aprove upon ietiods of
using service e“aloaives- to adant service ex)losives
tc new jur oaes, or to sy relo> new expylosives for

new _Huroses,

46, It was reco.::anded at the Tirst iieeting
of the 1.C,32, User Corrittee, & feb 43, that develo:uents
to Laprovs nilitary decwolition stores be undertake

in Canada, ui&ht speclifTic rejuire.ents were outlined.
The worik was undertaizen under the Director of Enuihaer
Develosent in conjunetion 'with the Research &
Devsloaaent 3ub-Coc. .:ittze ol the Associate Co:uiittes

on Zx)losives, and a wori:ing Comuittece -- The Cornittee
on Iunrovehent to 1 ilitary Dewolition stores--was setb
up (155). 4 series of ~ield trials were carried out

in August and ove.ber 1943 (156) (157) and iarch and
July 1544 (155) (158)., The ssries of -1eld e:perizents
included trials of new adhesives ceveloped Tor attaching
de.colition charges, nev Canadian-fevelo,ed explosives

to deter.ine their suitability Tor deiolition task,

a Canadian~cdesigned delar action denclition fuze nhich
later Torued the basis Tor a British design (159), as
vell as comjarative trials on Liodilfications and variants
of existing de.olition stores,

41. An interestinz explosivss provleia arose
in comection witi. the clear.nce ol anti-tani itine-
Tields, One uethod of clearance under invest.gation
was tle use oi a “Snake'! which is really an extreiiely
lonz (several hundred feet) and Tlexible Bangalore
t01.,do, the idsa bes.nz to Hro’ect the G-)tf snale
across the ulneiielﬂ and juip it full of liguid
ex3losive wiaich is than detonated with the intention
of ex)loding nines along the »ath of the snake,
Uniortunately, liquid explosives are notoriously
canperous to handle and tra;s:ort. 12 order to over-
coi.e this demger the iar OiTice recuestsd in July 1944
that Canada undertale to develo; urgently an ex>losive
which could bz rdxzed on the s ot frou salfe ingredients
(160). So.:e investizations on exhlosives of this

ort had been carried ot alreacy (101) (162), and it
*a* soon Hossible to suzsest a satisfactory nixzture
(163)., Certain technical dirfficulties dela 'ed the
nrosscution of the Jroject to its conclusion (164),
and the requireent subsicded before these were
cleared (125).

MITETIELD CLEARALICE

48, Explosive rethods wers not the only
aeene investicated of clearing idineficlds. Indeed the
clearance of winerields was ons of the i0sSt persistent
and a-gravating probleHs of the war and no single
soluuion \ulch was 100% effectiv: was ever found.

The iluoortances of the robleh nad been emphasized in
discusszons ‘between A.C.I. G.3., Chief Engineer,

British A‘Ly Director General, A.T.C.B., Joj.KoQo,
and D,3.D é ’ C.luoH, Lo in un¢land in the late suwuaer
of 1943 (166) (167). On account of its urgzency and
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conala a unigue :2ethod o anoroach was adopted
(165) (lGé) In effect, the ,1a1 was to coadult soie
20,000 Canadian enﬂlneers and secientists; the i.eubers
of The urgineering “Institute of Canada, The Doninion
Council of Professional ZSnginecrs, the ’Canadian
Institute of Che.dstry, The Royal Architectural
Institute ol Canacda, and the .;e_bers in Canada ol the
Aiierican Society of ", echanical Engineers and The
Aserican Institute of EZlectrical Insinsers., This was
to be done by the preparation and circulation of a
pacphlet outlining the Hroblex and Hossible lines of
attacz, and by the holiing of lectures at various
centres across the country. Resulting sug gestions viere
to funnel throush the Enginesrias Institute to A,T,D.B,
for scresning by a spacially apointed comuittes,
review by a :orkinu Cormittes, and iT warranted,
investigation by D.Z.D

49, AS it develoned the schieiie proved
soiiewhat enbarrassing, On the one hand it was
considered that too iwech insor.:ation had besn divulg-
ed to be in the best interests of sscurity (167), and
on the other a certain amount of resent.ent wvas
engendered on the art of the civilian engineers
consultsd bzcause they felt:

"that inadejuate inforimbtion was given
to the engineering jersonisl to enabvls thciy
to attacl: the jproblam yrozerly;

Other than a .iere aclknowledge.ent, they
have received no word on thsir Jrogosal
alfter it had been subiiitved, and dil not
know whether it was feasible or lipracticable?®

(165 (a)).

50. lisvertheless, so.ie 2400 suggestions viere
received (170), Ii.ethols sugzesveld covered every
conceivable vigy of r“Esa.'l.in,i‘ \:uﬂ 2inecs, and the ranner

of »>resentation ranced Ifrom bare outlines to careifully
worked out ané bluesrinted levices iacluding iiechaniecal,
electrical, nagnetic, exblosive, ovtical, hydraulic,
aero, heating, oshotozran ic and chsumiecal ifieans,
..echanical Cevices comprissd rollers, harrows, nlouzhs,
srapnels, weights thrown or dronjred, prodders, taipers,
div'ers, dozers, Wieepers, rakes, hauners, scrapers,
scarifiers and bridgess soie adopted Croil Sua;oard
co.rlercial _ach¢nery, some new in conce:tion (171-163),
By far the largest number of these su;gestions duplicatéd
principles already investigated or under investization;

a rfew gave rise to new projects,

-

53, "iltozgether, several thousand »rovosals
were received, and although it caanot be said
that any entirsly new or startlingly success-
ful niethod of rine destection and dsstruction
has yet been discovered, a large nuuber of
provosals arc still being investlzated, and
very aaterial osrocress has bcen .ciade in the
Qerlection and adajstation of various devices
which are at sresent in uses (184),
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52 One pronosal, of interest in the 1izli
of subsequent war develonrents, suggested using the
products oi nuclear iission, s_seirfically ..entioning
Uraniuwi 235; the idea was i.dsinterpreted by the
Corziittee (185).

53 Peculiarly enough “the .08t successful
mine destroyer yet .ut forward?® (186) dated back in its
conceytion to 1941 when the idea was rejected, to be
resurrected in the syring of 1943 Tor develo_uient.

The device beca @ tnown as the "Canadian assault Roller,*
It consisted of a heavy ariour 3late roller umounted

on a swingins arm so that the shock of explosion
instead of destroying the roller would toss it over,
about the ara as radius, ruch like an inverted Jendulw.
(187)., In February 1944 the i.inistry of Suu)l’ ordered
100 sets for each of Sheriian, Churchill and Croiwell
tanks (138),

BRIDGIIG

54, One orf the rost irportant duties of
engineers with an advancing armiy is the construction
of bridges, existing ones being aliost invariabvly
destroyed by a withdrawing ariy. Canadian develon..ent
effort was devoted no less to the construction than

to the derolition aspect of engzineering activity,

55. In October 1542 an idea was conceived
in the Directorate ol Enginser Develonient Tor an

ad justable universal bridze trestle to Jrovids an
inter.iediate support for various bridge spans in
military use, with the twofold Jurjoss of increasing
the maxiinw. width of gap across which a given type of
span could be used and of reducing the weizsht of the
main carrying rembers, The orizinal desizn allowed
for class 40 loads and provided for independent
operation of legs so t hat the slope across the bridgs
could be kept to a miniiwum irrespective of legy
settlenent (1%0), The Tirst prototyse was co.ioleted
in February 1943 (191), and Tollowing a deuonstration
in Ottawa (192) sone modifications were nade (153)

and tests were carried out at the U.,3. Engineers
Experisiental Bridging site in lay 1943. The tests
proved the equinment to be satisfactory for operaticnal
use (194)., A recuirewent having now been laid down
by the ‘/ar Cffice for a heavier trestle (Class 70)
capable of use to depths of 35 feet, develosuent to
satisfy this specification was instituted (195) (196).
In trials the new trestle ;:¢t with a favourable
reception (197) (198) and as a result the jar 0fr’ice
and 21 Aray Group expressed a requirenent for 50
trestles (199), which was later followed by a linis.ry
of Supoly order for an additional 100 sets (200),

56, Barly in 1944 Canada, “with its
developnent facilities and its advanced knowledge of
the raznesium alloy art“, was asked to undertalze the
desizn and construction irou raznesiw:, of a light



alloy infantry assault bridge* (202). Preliuinary
investigations involving the construction ol a bridge
section to a projosed desisn indicatel that The
prOgositlon was Teasible (203), and steps were talken
to have 250 feet of this brid ing coastructed, using
Canadian uwaterial and facilities (204)., Iieen interest
in the develo_ment was displayed by U.3,., authorities
(205) (206) (207). 1I: was considerel that it Tilled
a need which had long been unsatisfied. Concern was
expressed, lhowever, that the cost iiight be too great
to justify its procurerent for Pacific Theatre
Operations (208{ (209) (210). iio production regquire.cnt
actually materialized, dues chiefly to the cessation
of hostilities, though the ite. satisfied the Ceneral
Staff requirenents of both Canada and the United
States (211), The outstandingly inportant Teature of
the develo.ment was that it served to prove ‘that
nagnesiwi, as well as alwdnwi, has dossibilities and
should be considered in future develoxent ol light
bricging”® (212), That the potentialities of the
bridzs had been recognized in other juarters is
uanifest by an inuuiry as to its possible use as a
pedestrian crossing for rivers in 3tate Parks (213).

57. Another venture into the develon.ent

of river crossing ecuipment led to considerable
controversy, It resulted frou a suggestion originating
in the U.., that Canada develo» a close suj.ort Class
12 raft (214) upon which D.:.D. sugcested the
investigation of a detachable ragnesiui. alloy truclk
body usable as a raft (215), an idea which Tound

ready suuport by other interested directorates (216)
(213;. It was proposed to »roduce lour »rototyses
(218). C.l..Hs3. did not consider the utility increased
by making a truck body usable as a ontoon (219), and
war Office, while feeling it desirable to procuce a
orototy e (220) recoir:ended that Geveloxient be delayed
until a firn policy had bsen cdecided (221). The
United States tool &1 interest in the idea, and after

a deuonstration, concluded it :jight have a definite
2lace in service require:ents (222)., Thereafter,
develonuient was aiued at satisfying U.3. reguirezents
(225). U.L. 2oliey turred out to be contrary to the
dual role idea (224), while on the cessation of

Pacific hostilities the U.S. rejuirenent ceased (225).
The project was therefore cancelled (226),

VEHICIZES

58, The effort involved in adapting Canadian
facilities to initiating production and to building up

; ¥for a detalled account o this develoji:ent ses
"Developuent of the Canadian llagnesium Allov Assault
Bridze” by Col E.C. Thorne, 1.,2.I.C.,, Engineering
Journal, Vol 29, pages 712-~716, 1946,
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to tae ultimate »roductive capacity of ap roved typnes
of wmilitary vel.icles during the early years ol the var
precluded any great atte..pt at designing new tynes of
vehicles during that ner.od., To reach an outhut of
200,000 vehicles per vear of over 100 various new types
within a jeriod of 3 years 1s no suall achisveient
(227). llevertheless, soie iluportant developiient work
did take place during those early davs., The Raii tank
is the best known exaunle, This tank was first
oroducsd in 1941, the cesign being based on tiae U.S.
General Lee tani:, but with racical chanzes in the
turret, ~un umount and arvaient (228), The Ran provided
a nrototype for the 114 (Sherman) tanlk, which was
develoned shortly afterwards by the U.S, (229).

59 Tyoical of developient work narticularly
suited to Canadian conditions ané resources is the
3novi:obile series of low ground pressure vehicles,

The devslopiient of these vehicles was supervised by

the Arny Engineering Desizn Branch (4.2.D.3.) of the
Devartrnient ol .unitions and Supsly. A survey of
coiuwiercial tyoes of snow wvehicles wa: made in the Tall
and winter of 1941 on the insti ation of the U..., (230).
Folloviing the study complet: tests were carried out

on the rost prorising one o these tyjes, and a
adlitary vehicle was develoosed thererfroid by introdu-
cing a nuzber of :iiodifications to iajrove the purfor-
zance under service conditions., (231). Soms 129 of
these ‘Bonbarcisr< snowriobiles were built, starting

in the spring of 1942, .o0s8t%t of the vehicles were
ship.ed to the U,ii. At the sz ..e tiuie a »roject was
instituted to dsveloy, froo: the ground up, a velicle

of a siiilar typs (helf track with skis at ‘ront),

but greater cavacity. Izterest in this veiicle ceased
in July 1943 (232), TFowever, a pilot had been built
and duwring tests it becaiie ajoarent that such a vehicle
could better be manosuvred by rieans of the tracls

than by ski steering, It was decided, therefore, to
build an exjeri.ental fullv tracked snow vehicle,

Tests on the new veh:cle wWere carried ocut in the
winter ol 1%942-43, and their success lsd to a decision
to adodt the full track srineisle Tor service snow
traversing vehicles (233).

60, In the soring of 1943 the Sritish
idaistry of Sup.ly exsresscd an irmediate recuirenent
for an ar.oured two-i:an rcconnaissance snowwobile,
The results ol osrevious sxzperience viere devoted there-
fore to satislying this recuire.ient, ratier than to a
Pplan which had been conteiinlated of building an
unar.ioured >ersomnel and cargo carry.ng vehicle, and
a prototyse was built of this wehicle which became
knovm as the ‘Snowiobile, Arioured Canadian, lark 1.7
(234)., Procduction started in early soring 1944 and
was completed during the following winter, 410
vehicles having been produced.

61, lieanwhile, in January 1944, the

liinistry of Supply had requested A,2.D.5. to develop

a version of the Snowrobile for hot clinate and
aixphibious operations, 4As an interiia mieasure the liark 1



snowniobile was . 0difizd Jor hot cliiiate operation,
while concurrently experiicntal worl ias instituted
which led to the conversion of the snow:.oblls into the
araoured aohibian [ udcat, of which pilot ..ocels wsre
=ale in the spring of 1945 (235).  Design of a
lightened load=-carryinz version of the ludcat,
subsecuently called *uslkrat? begax in October 1944
(236). 2ilot models oaly were _roduced (237).

62, Ths final ne ber of the sno.obile
faiily, she Penguin, reverted to ths original oversnow
function. Vith overation % uskox” liipending, work
was started by D.V.S.ia. in Getober 1945 on bduilcding,
froix the lLark 1 Snoviiobile, a iiock u> of a sedan type
vehicle in which c-uipment and personnel could be
transyort:d in reasonable co.fort in extre e cold
conditions, a re.uire..ent which had becn sstablished
froi. the experiences of oJrevious winter exercises,
followin: brief tests 15 Zenzuins were riade ror the
operation (238),

63. Operational user trials were carrisd out
on several ..ark 1 Snow.oblles in Italy in January and
Februaryr 1545, Perforience over all tynes of soft
ground was excellent, Thsy not oanly travelled, with
ease, roads one and a half Teet des) in iwd but were
able to assist bozzed wheelsd vshicles to Iir:i. Tfooting,
The tiechanical reliability ox the vebicles was good.

(239).

64, In operation .uskoxz’ (February to iay
1946) which covered 3,100 ::iles under the :wost tryving
conditions of weather and terrazin, it was dust thich
ultinately osroved the sorst eneiy; during the last
200 niles (36 hours) of running sixz sngines were
znoclked out fro.: this cause (240).

65. Visvalizin: the e:pansion of zairborne
forcss and with a view to possible veiicle Tejuireiients
in the South /est Pacilic, . 0.l Proving Crounc beszan
work in 1942 on tiie develon. .2nt of coimmonents for a
tracl: laving velilels of ©th- snallest psracticabls size
(241), The outcore of tiiis was the “"Tracked Jeep-.
follouins construction oif a iock up by the Zroving
Croun? a tentative Censral 3taflf Spscification was
drawvn up and asrovel ziven for the construction of a
prototyoe by the Jillys-Overland Co,, Siince a large
nuw:ber o. the coijonents were Jillys' Js=_. varts (242),
The v:=hicle was de.onstrated to 220 1.ilitary _dission

in August 1543 and _ajor General J.S. Letihbridge
co..anding the i.ission, recogni:ing the sossibilities
of thas veiicle for ’:ingle or airborne use, reguested
th:t 5 _rototy.es bc constructed for trizals (243).

in Decewber the i.inistry of Sujoly ordered Jour veiiicles
2lus Tour amshibious iiodels (244)., This order aj.eared
to duslicate in 2art the previous rsjusst. D7 .arch
1944 the »osition was clarified (245). The Tinancial
1a;lications of the British order raiscc difficulties,
Lend -Iease vrovided only Jor the sun ly of standard
U.3, 2ilitary ezuinent, whercas this was an e:jerinental
tyoe, hile on the other hand (utual Ald, the Canacdian
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version of Iend-Iease, had no authority to cover
Jurchases in U,3, funds, The proble: was resolved

by a decision to Jurchase the vchicles for Caradian
Ary account and transfer them to the U,i, as a ziit
(246), The first silot _0fel, built as a two-ian
lizhtly ar.oured reconncissance vehicle, was coni.leted
in Anril 1944, and follovding tests and inor changes
in Zesirm it vas shijjped to Zngland, where it arrived
in Auzust, 48 a result of British tests tiaeir order
was changed to »rovide unar.oured aiphidious load
carriers instead of thc ar.oured traclied jeens
previously requested (247) (248), but, due alyparently
to sore disaszrezient (249) this ordsr was again chanzed
to a load cavrier, not necessarily astphidious and with
belly araour i practicable (250). The original
contractor was unable to uncertake work on this
iwofification (251), but was willing to cooperate and
furnish parts to any othser contractor undertalting the
work (252). A new contractor was founc. 3lLortly
thersaftsr the .dinistry ol Sus_ 1y transcitied instructions
to discontinue efforts to jrocure the vshicles (253),
a2 re;uest wh.ch was followed a week or so later b7
alvice that the cancellation shoull be cancelled,
having been sent as a result ol a nisuaderstanding
(254). Thereupon the contract was Dlaced as jlanned
(255;. 1t was a_.areat that the tracked jes: had now
ot into the “J0st war develoj:ient’ class,

66. In order to improve the perioriiance

of wheeled vaihicles in solt ground Lt-Col B.D. Irvin

of D.V.3,A, desizned a “].nsle track® in the fall of
1943, The traci could be used sii:ilarly to tire chains,
Or as a wra_ around tracl:i Zor the rear bosie of a
sixz-wheeler (256)., +The @irst 2ilot 1w0éel, tested in
the suwauer of 1944, evolved iuch Tavourable coruient

ant actiracted the interest of both ths U.... and U,S.
(257). It was considcored there would be a dafinite

re . uira.ent Tor the treck in the Facific as an accessory
ror six-ttheeled vehicles., _-~dclitional »ilot :iiodels

were irade incorporating imoivove.ents in desizn (258)

and several recucsts were reczived or sets of tracks
for trials (259),

The C.A.S. .ashington, have inforied ne
that the Junzle Traclz dsvelon:snt is of ~reat
interest to the U.S5. forces, T.ere is a
¢efinite operational re uire.ient Tor over-
all tracks Zor the Facilfic Area and in
the U,3., this project is on the Lighest
possibls rey !ire.snt and, consezusnily, the
U.3. ars cdesperately aniious to -5t trials
underwiay iiu.ediately. The stalf also say
that 17 trials are successiful thers will be
tre.:encdous »rocduction re uzireent., In
acdicion, it will _rovide Cancda with a
splendid contribution to this _Jhase ol the
wvar against cavan (2690).

subseyuent to Vi dar interest in jungle track
intensified; additional re_uests ca.e Irom the
Linistry of Supply (261), while the ateant rights



weie released to U.3. .:anulacturers Tor military
purposes (262), The u:zeaey of the recuirenent
closed ‘iith the surrende: of Jajan, but interest in
the device continued into the _ost war period, In
tests carried out in the U.3. ia Auzust 1945 it ap.sared
%gﬁb? the best of all such tross of eauisnent tested

3)s

Jebruary 1943 re. uire4 ensv SJCCixicatiO_S were drava ud
for an anti-aireraft tank (the oLin“), the “unction of
which woulé be to acco.iranT arioursd “or..ations for
their protection against low flying aircralt (264),
The problen was pessed to A.2.D,B. for investigation

(265). Due to the ¢irfriculty encountered in Cinding
a contractor to undertake the engineerlng iOTK @ ook -
up was nade in A.2.D.B. vorkshops (265). The construc-

tion ol a »ilo¥ rwodesl wes later undertaisn by the
Jaterloo l'anufacturin: Co.any (267). Tae design
consisted of an 1.4 tanl: chasis lounting a turiet
carrying Jour 20-r: Hispano sachine guns, In canuary
1944 a re_uirecuent For 265 =nuioﬁ nts was established
(h68) Shortly thsreafter it becawe necessary, due
to Vlar O0ffice policy, o redssizn the euuij-,nt to fire
Oerlikon instead ol =Zispjano a-:unition (955) The
redesi;:ed 2ilot nolel as corizleted in Anzil (270),
and production was inscituted the following ionth
(271). .Aifter thres corslets veiicles and eizht
turrets had been sroduced the SUratabic require:.ent
for A.A. Tanis lassed (272), and the Hroduction
urogra;qe vas cancellod (2;;) In ojerational trials
carrizd out by First Capadizn Ar.y os a »ilot odel
in February - iarch 1945 the Sliin't was Found useful
in the engageitent of zround targets (274 & 275).

The aggreciauion o7 the /ar 077 ice was swuzed up by
the D.C.I.G,3. as follovs:=

wish, theiefors, to express, oa
behalfl of the liar &f“lcu our aj:reciation o;
the speed and e’_iciency /ish wvhich the
Siink turret vias srocduced to ilest what was,
at that tiuie, an iiijortant recuireiient,

It is Tfully rezlized that the develon=-
went of this powertful AA weapon, as rfar as’
the procduction stage in the tiiie available,
mst have reguired a very consicderable dssizn
ané production elffori, for which full ecredit
is due (276).

FIAIGE TIROWLERS

68, Canada cae into the Licture, To the
Jrescience ol ths Canadian Cowiaa nder-in-vule;,
Ceneral :.ci aughton, the eatiusiasi of Colonel
Larold IJﬁn Royal Canadian Enginesrs and
later of Lbt.Colonels uawy"f and _Arnasox, and
the 1hs>_¢u_5 kkesimess of Canacicn orficers
and ien of all ranks, i:uch of the »Hractical
Jrosress Iroil tiids Uiiie onwards in securing
he o>erational acdootion o carrier lane-

1 - -
L gy
caioviers via U,
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Thus did Sir Donald Ban'ss (277) pay tribute to the
Cenadian contribution in the develoziient ol the fla..s
thrower, the success ol which, in action, engendered

in the users an énthusias.: without parallel in any
other new -ieapon, The Canadian work was so closely
intesrated into the eflorts of the Petrolew: Warlare
Departuent, (5.%W.D., (U.i.)) that it is impossible to
divorce the tio in telling their story. P.. .D. had
come into beins in July 1940 for the express purpose

of ensuring, in the teeth of a threatened Ger:.an
invasion, not only that the large stocl: of petroleun
products held in the belsagusred islané should not

fall into eneny hands, but that its possibilitics should
be oxploited to ths fullest extent to extend to the
invader literally the hottest rsception iiaginable,
Along with such unpleasantries as ‘‘barrel Tlace traps,”
‘beach Tlawe barrazes, “"witc_es cauldrons, ' ‘“ougasses'
and “deirigasses’ the ingenuity of the 2.¥W.D. starlfl

lad the. into investigations on .:.obile Jetiol sprayers
thouzgh without anr intention of trespassing on the fiaids
of the iiuistry of 3upuly's lflane Thrower dxderiiiental
Establishient, The Bren carrier seciied to be a sultable
veiiicle on which to .ount such a deviece., On 2¢ lay 41
a deLonstration was nade of an experiiiental iioCel wiich
so inmpressed Lt-CGen A,G,L. _cilaughton that he noninated
1st Ba R.C.E. to assist P. ..D. in develoring an
inporoved weajon by carrying out whatever user trials
were necessary (27°). The .ar Office zave its aporoval
to the develonuent two ..ontiis later., Iagonda (otors
tool: in hand the éesizn of a Ilane throving ecuinsuient,
subsequently calleC the Ronson, while the Canacdian

Unit carried on extsnsive tests to deteriine the
practicable load linit and load distribution of the
carrier (279)., Twelve Jrotoiynss of ths Ronson viere
conzleted by the end ol Cctober 1941. There Tolloiisd

a saries ol tests and deonstratvions by “C‘ Coy

1l Bn., R.C.E., in orcer to develon G e tactics of the
vieadon ané to ‘"sell? the idea to ssnior oflicers,

The Chief of Comhined Operaitione, the C-in-C Foie
Fforces and the 2,0,C. 4th Cén Arnd Div were keen
supsorters of the carrier fla = thrower. The War
0Zfice relectsd thes Rnso0.1, though agreeing that it

met ths require..ents previously laiéd down, and setb

out nev srecilications calling for a longer range,

at the sae tine stating a nunbver of objections to the
use ol rlauie throwers in infantry carrier latoons
(280), and e:osressing preference Tor a tanl: mounted
weapon., The Canadian G,0,C. re.uestzsd 1000 Ronsons

be procuced in Canada (281), The deecision was made
fully conscicus of the shortco.ings of the _lonson and
with the Tiru conviction that a riuch nore satisTactory
veapon could bes dssigned ultiniately, but on the basis
that ths Ronson was the only equiasnt of its tyoe in
existence at the tiiie, A bird in hand is ever worth
two in a bush. The Canadian . anuwlacturers first

pllot was coupleted in July., (202). By April 1543,

142 Jonsons had bezn received in the U.L.,, and
additional 368 wers at sea =n route, while & Iurther

52 had been lost at sea by ene . action (203).

69, In June of 1942 *the Canadian grou) was
established as the Canadian Petroleun: Wariars



ixoerimental Unit (C.Z./.BE.U.) for the purjose ol
sgtiratineg insrove.ents in fla:e guns and in Zuels

investicaiing _
(204 ). eanvhile lazoada were orkins on the Wasp
desi n, while the Canadian zroup woriing at lagonda

e T o T L

built the Iliornet vhich incor. yorated a aew srincinle

n.llhdg gun cesisn, Irttuﬁgf:;u@uuu that both of
these would achieve the re-uired rarge of 80 yards,

fhis “Dﬂ did in tests carried Jut in Jul7 and Augusty
285) (2 86) Both suns were soi.swhat conplicated,

n addition, Iro:i: the Ganaﬂiln viewnoint, the ./asd
L 1

) Eug,ple{ froi: the disadvantage of d;vin:
internally stowed fuel tan.is which ddded to mainte-
nance difficulties and interfered viith the »riiary
rols of the carrier, The .ar U_mlCE would not acceut
the risk ol external Tuel tanc: and orcdered 1000 of
the llasns, having deciced 'n :azh 1942 that carriers
ould be better than tanls* For mounting flane
throvers. (207).

yobout thi.s t__ € CePeileieUs UNGBITOOK

191ify {laie zuns D rocducing a iodel

¥ could Ds CGiE:Dll&C antirely b7 a

valve, An exverinental nodel, tine :

v in Fe bruary 1943, Concurrently

were Vol :iﬁf OLLLuh. [asp 2 in which ¢
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decided that C.rF. ;'._*1. U. wWere reguired Ior riore urgenv
duties, and all develoalnent iork on fla e Throvers
was turhed over to 2../.D. and to D.B.D. in Canada
(289), vhile in the Canadian Arny oversecas Jslavie
Jjerfare bsca.s the reshonsibility of the Chenical
jarfare organization (290)., Jor this reason and due
the fact that the “Jas» 2 desisn was reasonably well
advanced and had 211 the facilities of lazoncda behind
it the develo.onent ol tThe 3arracuda was ,;U_E‘S ed o
surther (291), The first iasp 2 “:as recsived in
October and, followin_ trials, the Canadlan AIL,
acdonted 1T To renlace the

; .

V4

. ionson subject to it beiling
oditfied Iro.: invernal e d &
)

a ¢
to external fuel t.nks,
so¢ification vhich r:sultai in the vWasn 2¢. (292).
five hundred weie orderad, I[he first _Irototyle was
receivec ior :reli _;_fj trials in february 1944,
first Canadian Ar..v ce.onstrated vto 21 Ar.y GIrou) the
F"dJLL“'ul_’_, s 0- the 2¢ over the 2 with the result thatv
the Torier was adoosted throughout the Groun (293)e

’h 3 a al*f-: 7§ Deen enared
to acce >t risks ©to the fTuel Cﬁdtalugf 1in
mounting 1t outsice ti'._:-: arour at the rear
or the carrier for the benerlfit thet tals
cave of »nreserv.in-. the interior of the
carrier for nor:.al use., This vias “ully
'ustified in the event and the Canadlan
nodel 2¢ beca. e standard for the wiaole Arny

1

. et
belore the end o onerations (294),

%Tani: Tlaue throwers, (Crocodiles), were later
adopived as vell,

. .

LO
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71. Zarly in the Zuropean caumpaisn the
Canadian Airmy felt the desirability of having a

heavily arioured flame thrower in addition to the

Wasp but without the disadvantages of a fuel trailer
such as the Crocodile had, and in August 1544 drew

up plans and specifications for mounting asp flame

guns in Rau Tank chassis as converted inco Arioured
Personnel Carriers (ilangaroos), The work of installation
was carried out in the Canadian Base .Jorkshops in the
U.l, By lloveiber a few of the eguipments, later called .
Badger, arrived on the continent, and, following a
period of training and minor modifications to the
oguizient, were used in action., The heavier aruour of
the Badger afforded additional »rotection to both

crevw and equipment over the Was)>., Althoush casualties
to ‘/asp crews were li:ht, there were no casualties
vhatever to Badger crews in any operations in which

they were used, However, on account of their imch
smaller nuabers and later dates of adoption they were
not used to anywhere near the same exient as the

asps (2%5).

72 So far little :ention has been rades of
the develonent of Tlane thrower fuels, though, in
fact, this was the greatest factor in enabling the
range oil carrier borne flame tlirowérs to be increased
fron 25 to 100 yards, and with a prospectv of atiaining
still greater ranges., A “l ixtures Co.mittee” had beoen
establislied early in the career of P.\i.D., Under their
direction fuel mixes were drepared in the fuel
Research Station, Greenwich and Tield tested by
CoredoB.U, (296), An early suggestion that rubber

or soap be added to stocks ol »Jetrol in commercial
rilling stations to frustrate any attempt at their
conversion to enemy use in the event of a German landing
was turned to zood advantase when it was recognized
that the zgels resulting froi: such acts ol sabotage

currently in use in flame throuers, Attention was
first centred about the use ol mubber, Shortly aftsr
success was aci.ieved the rubber sup_ ly failed, thaniks
to the Jajanese (297). Therealfter efforts ware
coniined to the use of soajss, In the United 3tates
investigation of thickened gasolinc for use in
incendiary boumbs had been undertaken even belore

Pearl Harbour (298)., T:e researches of both the U,XL.
and U,3, groups were success’ul, resulting in two
thicken.ng agents, dependent on different raw Laterials
for their ranufacture, The British conwound, called
FRAS, was essentially an aluminun stearate soap., The
U.3. material, called lapalm was a nixture of aluwium
conpounds of naphthenic and coconut oil acids (298).
Investigations on aluninuwi soaps were undertaken later
in Canada at the request of C..i.H.3. (299)., TRAS was
adonted as Ilane thrower fuel by the Canadian .iriv in
liovenber 1942 and by the ar Offics in June 1943 (300). ,
75 After two false starts the Ronson c¢id
achleve linited operational use in the Pacific by U.S.
Fo;ces. In Iovember 1942 the VWar O0ffice had asked

LI ]

C.louHa e 1T Ti7ty Ronsons could be sent to the .iddle
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Zast, a recuest which was cancelled a month later
(301). Two wmonths before the Sicily landin; General
Eisenhower asked for 16 Ronsons or latest tyve Tlai.e
thrower® (302), to which the ..ar Of ice replied:=~

Regret unable to coauply with your
request in view G.3, decision taken on
security grounds enploy flane throwers
in large %rpt large) numbers only.

Unlikely Jasn (latest trpe carrier
borne ) flaiie throvers available Jor alloca=-
tion in quantity until June (303).

Whereu_on the requirement was cancelled ‘“since no
Tlaiie throwers available until June? (304), In Tact,
as early as January 1945, Lt-Gen icliaughton and other
authorities had asreed that the Tlaimie thrower shoull
not be used prematurely and unnecessarily (304a),

74. A nuumber o Ronsons, estimated at 170,
were acquired fron. Canada by the U,S. Navy and .arine
Corps. Sone ol thes: were mounted on tanlis and sorne

on anphibious ecraft, and saw service in the liarianas

canpaizn in 1944 (305) (306),

15. iasps 2c¢ becaiie available to the
Canadian Arny in France in August 1944 (307). They
soon gained the confidence of those units which used
then, By the end of the hostilities in the case of
e;gerienced users Tlame was used in ap_roxinitely

505 of the nain battalion attacks, anc from the start
of operations to clear the Rhine Valley until the end
of the war it was used in 75/ to 100% of the main
battalion attacks, All units rzport thot their Ilaue
throwers were over $04 successiul in cariying out

their Ilame attacks, and it is estimated that approxina-

tely 200,000 gallons oi fuel was used opsrationally,
fhe following two coiuxnts of users are of interest:-

I consider 7Tlaile to be a nost efficient
sungsort weapon and would uss it on every
possible occasion.

This unit is of the opinion that the
ias) flane thrower is one or the best close
support weapons the infantry ever have had
when within effective range of the targst.
To achieve this, strong susport (fire) was
given to then, (308).

The particular value of the iiasp in the tyve of
country encountered in the lietherlands is emphasized
in the following:-

In recent operations over the polder
country, where a carrier was often the only
vehicle that could be moved, with the enemy
occupying »positions on one side of a dyke
and our own troop»s on the other, the only



weapon vhich effectively winitled out the
eneuy was the “jas»“, The flame was fired
over the dyle.and blobs of ignited Tuel set
fire to straw and wood covering slit trenches,
In aliost every case, the enexy was driven
out of his jositions and was innmediately cut
doun by the Tire of supporting infantry or
%.Gei mounted on the carriers tiisiselves

309).

76, A strikin-, though not typical, Vasp
action, took place at Bouiogne, when an intre»id flane
crew of the Hizhland Light Inrfantry of Canada neutralized
an eneny fortification located at the ernd ol the south
pier, This fortification had vroved inmune to machine
gun and artillery fire, The only aj>roach was by rieans
of tlie pier itself, a structure sorie 300 or so yards
long and ten feet wide, carrying; a narroi gaugs
railwar and under repair at the seaviard end. Along
this the carrier vwas driven, After running 100 rards
it lired a shot of Tlame 'hich fell short. Travelling
another hundred yar's a second shot was Tired, then

a third, which however, failed to ignite, The flane
thrower was “out of gas''s The crew had just taken over
the weapon, unaware that it had been used Drevicusly
and not since reseiviced. fortunately the distant
sizht of Tlane, and the 1ere threat of its closer
a)proach had been sufficient to induce the sneny
garrison to suirender, and by the time they had
sumuioned up encugh courage to eiierge the supporting
infantry literally were sitting on the fort waiting
for thern, The result: no casualties to own troops‘;
fifty prisoners, a quantity of axwwunition, a 75-um

gun and a nuaber of machine guns (ons of which covered
the pier aproach) cajtured ?310). That is the
picture tine after time, At the Leopold Canal, with
the assistance of Tlane throwers the Canadian Scottish
wade the assault crossing uithout casualties (311),
Similarly in the crossing of the Senio in Italy on

$ Apr 45 one of the assaulting division, the 2nd

Ilew Zealand, lost not a xan killed; the total
casualties anong assaulting troops were 43 killed and
279 wounded (312). OF this ex»loit Field larshall
Alexancer says:-

This battle =saw the greatest use of
flane of any in this war and undoubtedly
the Crocodiles and /asps nade a nost vitel
contribution to the success geined, I can
sup>lenent the account with evidence from
the eneny, obtained since cajzitulation,
On 14 April General Von Vietinghoff, the
Gerian Arny Group Commander, rTeorted to the
Suprene Couriand ol the Wehrrachtj “Since
11 April the enerny has been enploying a
nev type of Ilawe~throwing tank which has
a range ol Iror three to four hundred netres,
These weapons are used to burn out strong-
po.nys and isolated nockets of resistance,
The range of close coilbat anti-tank vieaons
is insu.Ticient to combat thar,* In the
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absurd exaggeration or the ranze can be seen
a Leasure of the _Jsychological effect these
weapons had on our eneny. (313)

77 The effect on uorale is indicated by
eneny re:arks as well as by user reports, Thus,
followin; his cajitulation General Eberding, G,0.C.
64 Gerrian Division told the G.0.C. 3rd Canadian
Division that 'his men feared our rlaie throver iiore
than anr other weanons at our disnosal", while the
staif of 30 Gemian Corps naned rlaue throwing tanks
and carriers, and saoke as our lost effective wealons

(314),

78, This extreme phychological effect is
a phase which accori anies the success:ul large scale
introduction of any novel weajon. «ith increased
Jandiliarity a2 more stable unental attitude accrues and
the weapon assumes its sroper perspective among
‘conventional® weapons, It is hoped that, for the
{lane thrower, this stateilent will never have to be
deiionstrated. isamihile flame Cthrowers

seshad Tulfilled the anticipations of the
visionaries, They had fought in over 500
actions, had surffered no higher casualties
than the noriwal carrier crews and had sroved
theriselvss invaluable infantry weapons,
l.any a stout infantesr owes his safe return
horie to the flauning “l/asns” that struck
%err?r into the hearts of the Liazi hordes
312).

SKOLRE

19 Snoke was coupled with uechanized flame
throwers in the tribute paid to the effectiveness of
our weapons by 30 Gerioan Corps staff (see para 77).
althoush sioke producing devices ol Canadian develon=-
ment did not see service use our contribution to the
knowledge o the production and use of smoke was in
evidence at all stages froix the laboratory to the
Tield and especially in the field, Fundamental
research was carried on at the uvaiversities under
extra ..ural grants from D.C.%.5. (315).

80, Arong siloke devices of Canadian origin
vas the “Comox bvorpedo, This was a lizht, self-
steering hydrofoll power craflt carrying smoke ganerators
(316). The suggestion that such a craft be developed
originated in the llavy as an outcome of a large scale
sioke deuonstration at Courtenay, B.C. in Lay 1943,

The idea was put Torward as an alternative means to
aircraft for laying smolke screens close in to shore in
landing operations (317). Developiment work was a
cooerative eflfort of severzal agsncies coordimted

bv A,T.D.B, Trials of »rototyyes viere held at Jfort
Pierce, florida, in Jfebruary 1944, Although the
seaworthiness was satisfactory the self-stecsring was

not reliable and considerable citificulty was experienced
in launching (318). As time vert on it becane clear
that the sroblems of steering and launching were not
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likely to be solved sufficiently early to be of any
great operational value and the project was abandoned,

81. Iate in 1942 at the request of CL.IL.H.3
the Ary Zngineering Design Branch of the Department

of lunitions and Supply undertoolc to investigate rieans
of producing smoke screens {rom vehicle exhausts Tor
the tactical screeningz of A.7.V. formations (317).
Subsequently D,C.%.S. and D.V.S5.i. took part in the
develoaniient, Several nodels of exhaust snoke emnitters
for universal carriers were sOroduced independently

by various agencies (320). All of them proved
mechanically unsuitable Tor service apolication (321).
A tank version was more successiful, Deronstrations

of an experimental model on 14 June 1943 indicated

that the tentative General Starff recuirement could be
satisfied and it was decided to have six orototypes
constructed Tor trials (322), The first wmanufacturer's
pilot wodel was sent to the U.X. in llarch 1944

(323) and the remaining pilot iodels were completed

and distributed the following month (324)., Therealter
the development became a victim of misunderstanding,

to which it ultinmately succumbed. The nisunderstanding
arose, perhaps, through lack of emphasis on the intended
functions of the emitter coupled with the fact that

in tests and dercnstrations comparison invariably had
been ade with the llo,25 Rear 3Siwoke zZnitter which Tfired
a bank of four No.8 Generators cither in pairs or
altosether, /hether for this reason or not it caue

to be assumed that exhaust siioke was put forward as

an alternative to the Rear Snoke Eritter, A statenent
to this effect was made in ths report of No.6 (C..,)
Wing, Canadian Training School (325), ané the same
assunption was reflected in the report of the Cheiiical
Defence Experinental 3tation (C.D.Z.3.) (326) and in
the Jar Office decision rejecting the device (327), thouch
no such suzzestion had been nade by C.M.H.M. (328).
C.l..E, 4. considered that these two siloke eiitters

vwere, in fact, complenentary in function (329). rhe
situation was swaned up by the i..G.0. as follovis (330):

It was considered that certain state-
ments rade in regard to this device both by
[Director, Royal Armoured Corps] D.R.A.C.
and C.D, Ixperimental Station shows lack
of knoviledge of the use and potentialities
of the exhaust emitter,...Once again we.
reiterate our statenent made in earlier
correspondence that this device will not
elininate the tank's individual protective
sioke laying devices, (27 bomb thrower or
srioke grenades)....As we envisaged it the
proper use of the smoke from an exhaust
srioke emitter is the laying of a tactical or
a collective protective screen,

82, l.eanwhile a more urgzent sumoke requircment
had arisen in Turope in connection with the use of
carrier flame throwers, .hat was required was a

device to provide inmediate self screening to »rotect
flane thrower carriers during the final 1 t> 200 yds,

of thelr attack (331). A satisfactory equioment
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or 81 grenades was developed at C,D.E.S. Porton,
gngland (331). Trials at First Canadian Aray (332)
resulted in an imnediate require.ent rfor 200 of the
equinients, In order to unake these speedily, Canadian
Base .Jorkshops undertook their production, Through
the !/ar OfTice 21 Aruy Grous requested an additional
400 vhich were also made by C.B../. (333). This device
subse,uently replaced the existing rear snoke euitter
of tanks (334).

8. Canadian worl: in the production and
control of large tactical suoke screens Dredated their
sarticisation in hostilities by socie years. A
tactical snoke screen was laid by personnel of the
Suffield Station at Bedford Basin, il.S., in August
1942, at the request of the Naval Board (R.C.,) and
which at that tice added considerably to the knowledge
of area screening, in particular it showed that the
harbour could be screened without interfering with sea
traffic (335). This nmarked the beginning of Canadian
work which culminated in Horthwest Zurope in 1944-
1945 on a far greater scale,

84. In o»nerations on the continent considerable
use was made of oil fog generators as well as of the
standarc No.24 snoke generators and snoke floats,

both of the chemical burning ty-e (336). 0il Tog
generators were an iunerican developi:ient, designed from
fundamental physico-chemical data, and embodying the
principle, for the first time, of producing a screeiing
srioke by the distillation of hizh boiling »etrolun
fractions (337). Several types of generator incorpo-
rating this orineinle were »roduced.

85. Durins the period September 1944 to

April 1945 the smoke units of the First Canadian Arny
soent over 70 days in actually »utting up tactical

suioke screens, exclusivec of the time spent in preparation
and »lanning. Over 5,000 tons of smoke producing
Laterial were expended in these operations. The largest
Smpole action, that in supiort of "VWiEIRITABIE" extended
from ¢ feb to 12 iar 45, consuning 3,500 tons of siioke
material. Due to changing situations this consisted

of a serles of screens (rather than a single screen)
which had to be changed aliost daily. At the

coitnletion of "VERITABLEY" there was a nearly continuous
line of smoke enission points 30,000 yards long
paralleling the Rhine,

86, These operations anply demonstrated the
value of controlled smolie screens put u» by generators.

The great advantage of using smoke
zenerators (oil and smole) rather than shsll
for producing siioke screens is in the economy
of efifort. It must be revembered that in
order to place one pound of s..oke agent on
the ground about 10 pounds of boxed aumu-
nition is required. Another comparison
of effort is the relative tonnages required
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to .iaintain e kiloweter suolke screen Ior an
hour in a following wind of average speed
(10 1ioh). .ith 25 pounder swoke 100 tons
of boxed ammunition are required against

1l to 2 tons ror sioke generators, Another
advantage of use of generator siiolke is that
it is seldoi. used at the expense ol HE

as is usually the cass with siioke shell,
The use of shell is therefore a very
expensive ethod of putting us a suole
screen but must be acceptel when laid in
ene.y territory. (336)

CHELICAL 'ARFARE

87. It aisght be “iell at the outset of this
section to explain the siznificance of the tern ‘‘gas"
in the popular expression "Gas iWarfare®, i/hile to the
civilian lay.ian “gas™ nieans hardly anything iiore than
something with which to cook, to the scientist it is

a state of matter in which the "molecules are prectically
unrestricted by cohesive forces”, and has neither
definite shaje nor voluwme. Chlorine, the first of
nodern chemical varfare agents complied with the
scientists definition. Ilowever, since 1915, which is
generally accented as the year of birth of -iodern
cheuical warfare, a number of toxic agents of all
three states of matter - solid, ligquid and gaseous -
have been added to the list of chemical warfarve
substances so that, to the soldier, the teru "gas-

has taken on a looser and difrerent connotation, and
is ay.lied to “any substance, whether solid, liquid,
or vapour, which is used for its poisonous, irritant
or blistering effects+ (338)., It is hoped, therefore,
that the present work will not occasion in the
strictly scientific reader any uental wgithings, when
a2 substance with a boiling point of 217°C. is referred
to as a gzas.

88. The establishiient of the Exzperimental
Station at Suffield (see saze 3) made it sossible to
elininate <from the concepts of the behaviour of chemnical
warfare agents much of what was either s»eculation, or,
at best, extrapolation from small scale experiments,

The station had sufficient territory at its disposal

to periiit observations to be made of gas releases on

a scale commensurate with that likely to be used in
operations, liueh of its work, especially in the earlier
years, consisted in examining by iicans of large scale
experiiients those hy otheses which had been develoned

on gas behaviour on a basis of the disyuersion of
relatively si:iall anicunts ol agent, The most significant
factors in the release and travel of gas clouds are
thosc several natural sheno..ena which are collectively
called wsather, Terrain, vhich includes the texture

and profile of the earth's surface, and the vegetation
and buildings ujon it, together with the nature of

i1ts subsurface, coies a close second. As a result of
much neticulous tiork carried out over many years by
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the Cheaical Defence Bxperl.ental Station in the U.I,
it was possible at the beginning of the war to predict
with a practicable dagree of vrecision the behaviour
of a zas cloud under those variatvions of weather
conditions »revailing at that staticn. That is to say
a satisfactory degree of correlation had been attained
between quentity of gas; tine, distance and concentration
downwiind; atnos)heric turbulence; wind speed; and air
and surface teajeratures, within certain limits. Kence
the soldier could be taught that under certain

weather conditions he was nore likelr to be subjscted
to an attack by non-persistent gas than under others,
Favourable and unfavourable weather conditions had

come to be recognizsd as concepts in the tactical use
of gas. The Suffield work on behaviour of gas clouds
was essentially an extension of the zrevious work

to cover exnerimental conditions well beyond the

linits of previous experiments, %ithout, in any way,
discrediting previous work the results did indicate
that certain factors, insignificant within the

narrower li its became increasingly significant the
nore certain of those limits were exceeded, and that
so0dification of existing theory was necessary to allow
for special conditions. Ti.e ult:mate effect for
sractical purnoses reduced considerably the significance
of favourability and unfavourability in weather
conditions (339).

89. In the TFirst Great .iar, when the use
of chenical agents had becone a normal feature of
battle, and respirators a standard item of »Hersonal
equipment, the most ef.ective casualty producing ‘igas*”
was nustvard, a blistering, or vesicant, material
resenbling an cil, and which »>roduces slow healing
che ical burns wherever it comes into contact with
the body. Inhaled as a fine spray it usually proves
fatal. In the eyes, if not quickly attended to, it
causes blindness. Obvi usly an extrenely unsleasant
substance with which to be showered. The treaendous
develo ment in aircrart between the wars increased
the lilrelihood of just such a contingency to a
virtual certainty should gas warfare ever be resorted
to. Speculation as to the possible results ranged
all the way from the lurid flights of imagination

of writers in the sensational press, throush the ioTe
sober, bui sometimes erroncous, calculations of the
initiated to the blind pooh-soohings of the ultra-
conservative. In any event a trezendous effort was
expended in time and material in providing defensive
rieasures. i considerable number of full scale
experiients carried out at the IZxperiiental Station
on the eifectiveness of air sprayed mustard gas
enabled conclusions to be drawn based on actual
observation instead of conjecture, on fact instead

of theory (340).

90, A prominent feature of Sul’field work
was the assessient, or evaluation of the effectiveness,
o:r various chenical weapons and ammunition under a
wide variety of weather conditions, thus eliminating
much of the uncertainty as to what nmight be expected
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at tei.peratures where investigation had hitherto been
impossible,

91, The techniques develoled and used by,
and the special facilities available to, the Ixperi-
mnental Station led them into investigations only
retiotely related to chemical warfare., liotable aunong
these was work carrizsd out on the eumission of D.D.T.
solutions from aircraft for large scale control

of insect pests. Indeed, tie euntomological work of
the establishient expanded so considerably that it
was found necessary to set up, in aApril 1945, a
soecial section to carry ouv the volurne ol work
undertaken, Perhaps “remotely hardly applies here.
The eradication of predatory insects by chemical
means is but a short step rrom the eradication of
sredatory humans., (341).

92. In 1942-43 a series of experinents
were carried out in coopsration witih the liedical
Service on the efiricacy of mnaleptic drugs in the
prevention of Tatigue in troo»s, This extended the
work in Zngland of Dr., D, Russel Davis, perforied
early in 1942 /ith the cooperation of the Officer
Coiunanding, the Rezina Rifles (now Gen., C, Toulkes,
C.B., CiBoifsy D.S.0., C.D., Chairman Chiefs of Staff)
and Col, H.il. Brown of the Canadian lledical Service
overseas., The conclusions of one test in particular
are worth noting, In this test 150 men were involved,
a prorortion of vhom received benzedrine sulphate,
exercises lasted 3 days, during which tins they
narched 50, hours vith a toral rest of only 7 hours
of which it as possible to slse) only 4+, The men
were unaware ol the period of duration of the test
until the actual mowment of terwination. *The

benei _cial eifects (of benzedrine) were not marked,
and the capacity ol the drug to alleviate Tatigue is
not comparable to the influcnce ol good officers on
troous® (342),

93 Bven if space pe~izitted it would be
inpossible for security reasons to give a detailed
account of all the work of the station. Its share in
the United Hations war eifort is best sumed up in

the words of General G. Brunslkill, Director of Special
Weapons and Vehicles, the liar Office:

for various reasons, the contribution
which Canada has imade to Chenical Warfare
in all its facets has been out of all
roportion to the contributicn that could
rightly have been expected Trom the Dorminion,
?gi?%al& has played a large »art in this....

During its wartiue operations about 300 field Zxpcoriments,
ilostly large scale, were carried out, and in the

vicinity of 400 technical and scientific resorts and
nmenoranda were issued,

94, Less spectacular, but no less essential,
was the vwork of the Cheiuical J/arfare Iaboretories,
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Ottawa, The primary responsibility of these laboratories
was to ensure the adequacy, both in qualily and
quantity, of the various items of equizuent for
protection against chenical agents; respirators,
fabrics peraeable and inpermeable, ointments to

reduce the effectiveness of blister gases. Needless

to say this involved not only considerable routine
work; but, in addition, every change in the sup,ly
situation of necessary strategic materials, e.g. rubber
for respirators; every new iten, whether chenlcal
warfare or not, of service equiwent adoptcd Tor
operational use, even such apparently insignificant
items as buttons, every new theatre of operations
opened, from sub-artic to tropical; every potentially
new chendcal agent reported raised a defensive problen
vinich had to be investigated. Such investigations
provided the establishrient with most of its work. A
second »Hhase of C, /,L, work was in technological

advice and consulting to those nanufacturers producing
chemical warfare stores whether defensive or offensive.
Ceccasionally suphly problens becarie so urgent that the
laboratories were themselves coilpelled to enter the
production field. On these occasions the pilot plant,
which formed part of the establishment and which
noriaally vwas used for the investigation of manufacturing
oroblems, proved invaluable, Thus, when the reguirenent
for D.D.T. by the services vias 10st urgent this pilot
plant was the only available source of the naterial

in Canada. Their D.D,T. production, while small by
manufacturing standards*, was timely and adequate for
iimediate needs pending the developuent of larger
production facilities ?}44).

95 O considerable importance within the
sphere of Chemical Jarfare laboratories activities was
the viork carried out on physiological aspects of
chemical warfare, This covered invcstigatiaons in
prophylactic, immunological and therapeutic means of
mitigating the number and severity of chemical casual-
ties, Il.uch effort was aimed at improving the ointments
provided for protection esgainst vesicant agents, and
with marked success although the objective of producing
a single ointient with satisfactory effectiveness
against all vesicants, the chief of which are mustard
and the nitrogen nustards, was not achieved.

96, Considerable extranural work in chenical
warfare was carried on in the universities in both the
cheillcal and physiclogical aspects of the subject.

The extramural effort was nore concerned with the
longer term Jroblens, This work was integrated

into the overall Canadian work by being coordinated

in a section set up for the purpose in D.C...S.

The results of sore of these investigations, as of
other chemical warfare researches, are .ow beginning

to Tind their way into the scientific literature (345).

*The pilot plant »roduced 7 tons of D.D.T.
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97 The Directorate ol Cheuical ijarfare

and Suoke was responsible for the adirinistration,

and in part, the direction of the wori, ol the War
Disease Control 3tation, a joint U.S, - Canadian
organization., A notable achievenent o the scientists
of this station was the developnent of a vaccine
against the dread cattle slague Rinderpest (346) (347).

98. It is no secret that none of the
belligerents resorted to chenical warfare; one or tvio
incidents resorted were iiinor and may have been
Jurely accidental, hen thls fact is examined in
the light of the alnost universal expectation of its
uss not only before the war but throuchout almost its
ent.re course one naturally tends to ask: why? It
is not d fiicult to answer on the .art of the Allies;
the reason was reiteratsd at frequent intervals by
ellied leaders, Gas would be resorted to only if
the enewy used it first*, The reason is rniore difificult
to seek on the part of the axis powers., The notorious
llazi disregard ror treaties makss it unlikely that the
Geneva Convention of' 1925 was any deterrent.
Besides, Italy had already violated the convention in
the Lthiopian iJar, Both Italy and Ethionia were party
to the Convention., Japan was not a signatory to this
agreewent and had made some use of gas in the earlisr
years of the war against China, vho was, It is
perhaps worthy of note that on both these occasions
gas was used against defsnceless cersonnel. The Un_ted
3tates was not bound by the Genevra Protocol so that
this question does not enter into U.3. - Japanese
nostilities, It see.is logical, thererore, to discount
the Geneva Convention as a ractor in preventing the
outbrealx of chemiecal warfare. To sugsest that
humanitarian consideraticn restrained the axis >owers
from resorting to gas smaciks of the Tacstious,
Rotterdaii, Coventry, Buchenwald and a host of others
testify otherwise. ILack of confidence in gas as a
weapon of war? Geruanyl!s extensive »reparationa as
xairpliTied by Raubkarier belic this suggestion,
though the »ossibility of & disagrese;.ent on this score
between Covernment and General Staff exists. The more
the question of *why' is considered in conjunction
with the llazi pattern for conducting war the nore it
seeins apparent that they would have resorted to gas
had they becn convinced that the conseguences of its
use woull Treact in their favor and provide soile
advantage .hich they could not otherwise achieve,
The ‘uestion then resolves itsel? into deteriiining
what Tactors could have instilled into the Nazi mind
the doubts which stayed their cheiiical hané. The
advantages of gas against inadcquately protectel
personnel had been demonstrated on nwaerous occasions
between 1915 and 1955. The extent of chenical delfensive
ueasures, of Britain in particular, were well knoun

%Ln the opinion of General . cliaughton gas would
have been used against German landing in the United
Kingdom in 1940,



-~ 3 -

to the Geraan, The defensive thoroughness,
agpecially in comparison with CGeruany's ovm, rust
have raised doubts as to whether the use of gas
viould be worth vhile., In the 1914-18 lar gas had
been sonevhat of a boomerang since the prevailing
wind direction in the theatre ol operations had been
in Allied Tavour, In 1939=-45 the Allies were far
better nrepared to retaliate, and the ene.y believed
our retalliatory potentiality even greater than it was,
This expectation of receiving ssveralfold what they
were prejared to dispense esvecially with the loss
of air superiority, could have influenced the
decision. It seens logical to su)nose that our
prepardness for chenical warifare, both defensive and
orfensive, i not the only reason or even the chief
reason, iias at least a contributing factor to the
failure of the Nazis to initiate gas warfare., If
this is so then our efforts were not futile, as may
apoear at first sight, but were, in fact, first class
insurance. This belief was expressed by the Connpt-
roller Cheaical Defence Denartment (U, ):

Though it may nou anpear at first
sight that sincs cheiidcal warfare has not
been used in the war against Geriany our
efTorts have bsen largzely wasted, this is
by no means the cascg. I have just paid a
visit to the Gerian Porton and amrmunition
dumps and I an certainly surprised at the
huge scale on which they hav:s conducted
their investigations and ths large amount
of money they have spent in equipning the
place and in providing huge supnolies of gas
arvmunition of all kirds. ‘ie have nost
certainly made then exnend a tre.iendous
effort, This they must have done because
they imew of our state of preparedness but
assarently they were deterred from initiating
chemical warfare by the high state of our
defence and the r:t»’ ation which we should
nave brought to bear liad they initiated this
forn of warfars. I t(herefore feel that we
have won our cheriical war without having to
Tight it. In other words, we have been an
extremely chea: insurance p»olicy, a ract
wh.ch I hope will not be forgotten in the
years of peace vhen the money bags are a bit
tight. (348)

l.ajor General Alden H. jaitt (Chief U.3. Chenzical
wWarfare Service) Joints out a lesson in preparedness
in the non-use of gas by the eneny:=-

It Turther proves that preparedness
DayS.+s« Here is a case vihere preparedness
actually prevented the use ol a weapon (349).

There are those who would be »revared to dispute this
contention. Without atteunting to justify further its
validity the fact rem:zins that in this instance
preparedness ray have worked; in the prevention of



war in toto preparedness has never been tried; other
uwethods have, and in vain., There seeis to be a good
case in favour of giving preparedness a chance. The
cost is little compared to that ol war,

COLIUNICATIONS

The production for service use of ariy

comuunioations equioment running into a value of
oirething lilze three quarters of a billion dollars

13 itself a testinony to the efiorts of those
responsible Tor the design ani developnent of this’
equiprient. iluch of it was of Canadian develonuent,
A large proportion of it was due to the work of the
Directorate of Zlectrical and Coumunications Develop-
ment and its subsid.ary, the Canadian 3ignals Research
and Develoziient Establishment, Originating about a
nucleus of technical personnel in the sre-war Directorate
of 3ignals of the General Starfry Branch, the group
underwent var.ous transformations of function, organiza-
tion and supervising responsibility, according as the
war econony passed through its various earlier phases,
until it settled dovn as a 1..G.0. directorate in 1943,
At the sane time an armiy radar grou> vhich had
previously been integral with the signals organization
beca.e a section of the Directorate of Artillery.
The new D,E.C.D, had well defined terwus of reference
incorporated into its far Istablishment (350).

100, In addition to the nornal work of
design of signals eguipuent, the Directorate had,

lilkke Lany other directorates, all those problems to
investigate which sten from such things as the failure
in supply of a strategic raw material, and the
necessity of keeping equipment workable whetaer in

the arctic or the tropics, The loss of rubber supplies
nececsitated the introduction of synthetic materials
as cable insulators, and a wide range of insulated
conductors were develoned by D.Z2.C.D. using these
substitutes, Perhaps no other single iteiss of
equiment are as susceptible to damage due to tropical
conditions as are commnications sets 1ncorgorating,
as they do, so many different kinds of materials in
their _ake up, Zven under favourable conditions
corrosion has to be guarded against, At high tenpera-
ture and humidities and with the addition of sea

salt, and numerous delsterious troical flora and
fauna the danger is increased nanifold,

Wireless Set, Canadian, No.$

101, Ationg the wireless sets widely used
early in the war was the ‘/ireless Set, Canadian, ﬁo.9,
(C.9) which went through several redesian )hases to
become !mown, eventually, as the 452 Set“ Over
521,500,000 was spent producing iore than 2300 C,9
and successor sets for both British and Canadian
forces, DBased on & pre-war British design the C.9
was & Canadian redesiun which gave increased



ef{iciency and per:itted the alternate use of available
Canadian tubes, This set was »laced in use by the
Canadian .ruy Overseas (C.A.0.) in 1942, It was
reported as gliving excellent service and made a good
inpression on the Iritish, giving impetus Tor the
desirn of lio.,9 Ik I which cawe into use by C.4.0.,

and British .r.y Overseas in 1945, and in 1944 was
used in beach-landin- operations in Noriwandy on

D=Day., The .1t I set was designed to double the
nileags range on the saie Irequency, The Tavourable
inpression created by this set Hrovided 3ritish
interest and the impetus Tor the design of /S Cdn

52 still higher power and greater frequency

coverage., In January 1944 it was agreed that C¢

1k II set be changsd in name to Wireless Set, Canadian,
No,52 (351).

Hirgless Set, Canadian,.Nb,§2

102, The C-52, developing from the Fo.9 Set
proved to be very »opular in all gquarters although it
was noted that while performnance on medium power was
good there was a tendency to overheat on high power.
This set was »narticularly valuable in airborne roles
and for cormand vehicle tiorkinz. The U,:X. alone spent
over 14 nillion dollars jurcheasing thess sets (3523.

Jireless Set Canadian ¥o, 19, Ik IT and il IIT

103. As with the No.§% set, the C-19 was a
redesign of a British model (to accorodate Canadian
manufacturing processes), The ik II of this make
replaced the W/S I'o., 11 in the Valentine Tanis and

was standard equipment in the Raiis, and saw service

in the Horth Arrican canpaign. The C-19 kits were
designed to bs interchangeable ':ith British designs

ToT g:neral overseas use, In October 1545 the
Australian Aruy, reporting on the conditions of

service naterial under tropical conditions in Ilew Guinea,
renarked that “,,. Canadian lio, 19 Sets ithich were
inspected appeared to withstend damp trooical conditions
bstter tian other sets." 2 Cdn .rmd Bds redorted,
respecting /S Cdn lio, 19 .k III".., 3ets give excellent
service under severe operating conditions. (353).

ireless Set, Canadian, No. 29

104, In designing a wireless set for
operation in the tro_ics a number of factors which
adversely arfected radio cormmmunication in the junzle
hac to be considered: heavy rainfall, hizh hunidity,
high teiiperature, tall and dense vegetation, rugzed
tovogranhy and intensz electrical storms, As a result
a durable wireless set giving better all-round
perforiance and which would also be smaller in size
had to be designed and manurfactured (354),

105. Ine Jireless Set, Canadian, lio. 29
ca.ie into bzing as a renlaceient Tor the J/ireless Set
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0., 19. .an order ror 10,000 eguizuents was laced in
Canada on U,.., accounts and »roduction 'ias to coiutence
in July 1945. The “29 Set”, becsifes beings sinpler to
operate than ths 1//3 Io. 19, was lighter, had twice
the range, and was Jlesigned Tor opsration in any
theatre of war, fro.. the ..retic to the Tropics,
Urgently required Ly the U.L. for general use in the
Far ctast, >roduction comrienced in September 1945 (355).

106, Fhe British recussted a desizn ten tines
tie _ower ol W/S 19 but to the saue space linitations,
This called for niniature technique hence there was

a long neriod (32 months) of develonnent, The 29

Set vas adopted, by the .jar Cffice in October 1944

as the standard set lfor tanks and A.7.Vs, in the

war against Japan., Thers "/ere many iuproveiients in the
W/S 29, including increased rgnze, additional frequency
channels, elicination of nettinz Hrocedure and weather-
orool construction - to mention but a few, Thex, in
August 1945, iimediately uson cessation of Lostilities,
the requireient no lonzer existed., The British order
Zor 10,000 sets ias cancelled and a new order
subsequently nlaced for 200 (356).

Other ./ireless 3ets

107. A nuber of other wireless sets were
developed Tor specizlized work such as the *58¢ and
‘88" Sets Tfor infantr’ use, The .//3 No. x83B was
designed for radio-telephone cormwunication uy to one-
and-a~half milecs between inlantry companiest! platoons
and Tor troops supporting Aruioured Fighting Vehicles,
etec, In soie instances the need for a particular
wireless set (isapoeared Lefore it could be brought
into production and often after the e:jenditure of
pany thousands of dollars in prelininary work (357).

Synthetic Insulant

108, Another important feature of cdevelon-
nental work in cowrmunications concerned a synthetic
substitute Tfor the rubber insulation on cables, luch
design was involved in the search for rubber insulant
by inf€ustry, F.2.C., 2nd at all test establishnents
in coordination with the Depart.zent of National
Defence (358),

109. dhen the sources of natural rubber were
cut off nuuerous investigations were carried on by

the llational Research Iabor:tory in selecting and
tssting Synthetic Coiipounds to renlace the natural
oroducts used in insvlating ané sheathing cables,

The Tirst investigation was in connsction with the
viring ol taniks and wvehicles for the Ariy and this was
carried out for the ..r.uy sSnzireering Design Branch
(4.2.D,3.), Departrient of :unitions and Zudnly. There
followed extensive Iield tests, The most idely

tested synthetic conipound at the time was a plasticized
polyvinyl chloride (°.7.C.) !movm variously as Zoroseal,
flauinol and Vinylite (359).
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110, To 1108t Canadian cable .ianuracgursrs
this product was new and zumch oif the testing in the
first feow months was to satisfy ..ryy authorities that
the Tinished jJroduct was souné both physically and
electrically. i.any heat shock tests were nade to
ascertain that no stresses were present which might
result in subsequent splitting and failure in service,
S2ecial tests were later carrisd out with carticular
attention devoted to low tenperature perror..ance
leading to the develol 1ent of new and better nlastics,
Under lov teiperature (-40°) it was Tound that the
copyer strand in a cabls would fail bsfore the plastic
insulants (360).

111, Continued tests deionstrated that if
good physical »roperties at low teriperatures were
required they could be obtained using special
plasticizers but by so doing sacrificing the desirable
?;Zg?rical )ﬂoaerties. It wvas necessary to coix)roiiise

112, Later when Buna-S tyse synthstic rubber
beca @ available the e.phasis was shifted Tfrom P.V.C,
compounde to this GR-3 iaterial and in general the
vwork in the laboratory as shifted from .r.y to lLavy
sponsorship (362).

113, When GR~3 was Tinally given preference
over the P.V.C. Coumipounds it was necessary to deternine
whether the GR-S produced in Carada (Polyuer Corps,
Sarnia) was suitable and vhich manufacturer could
produce the best coupound in the forw: of Tinished

cable (363).

114, 3y coumparison the 3arnia >roduct was
found to be unsatisfactory since it was 2 general
Qurpose product bullt around the needs of the tire
industry. Further investigation ol the aroject was

not carried on after the cessation of hostilities (364),

RADAR

115, Radar* was one of the ‘niracles of
dorld “jar II Tor it undoubtedly contributed ruch
toward beating the eneiy, _articularly Gernany. By

1639 DBritish radiolocation devices had been developed
to a greater extent than those ol the other Creat
Powers and Britain was thus realy to meet the invader
with a new device (365),

*The British nane gziven to tais nethod of
detection was “radiolocation® and “R,D.,7," (radio
direction~inding), The U.S. llavy coined the word
“radar’ as an abbreviation of ‘radio detection and
ranging”, This term was talken over br the U,S. Aruy
and subsscuently adopted Ly the 3Dritish Scrvices,
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116, Si.plr stated, Radar consist of a
transuitter and receiver located at the saiie place
often with a cormion antenna. The trausuitter sends
out energy in sulses, DBetween julses the rcceiver

is wording and the signals ‘t receives are echoes of
the poweriul trans.aitted pulse Zroml nearby objects,
fhe elapsad tiwe between the transmission of the julse
and the recestion of its echo measures the tistance

ol the obiect givinz the eciio fror the s>lace vhere

the radar set is located, The direction orf the object
is found by providinz the radar set wit . a Jirecticnal
antenna which sends out the Julses in a narrow beai,
like a search light (366).

117. 2arly in the .ar it was discovered

that liore trained operators and e uipnent would be
necessary than could be >roduced by wartime Britain.
The Jar (i ice therefore rejuested that Canadian
personnel be loaned as Tire Control Operators and that
the yroduction of -un laying e uinuent (G.L, Sets)

be undertal:en in Canada (367).

G,L, M¥: ITII C Set

118. In the autu:in of 1940 the I.inistry of
Suu:ly requested the National Research Council in
Cttawva to develon G.L. Equipnent. “Jork was bezun and
good srogress :a.e, In avout ten months tiue Canada
was about readr to go into Hroduction, tvo the a.iazeiient
of both the U.il. and the U.3. In Cctober 1941 a
Canadian G,L, ik III 3et was siortly to be atailable
ror shi uent to the U.K. After iiore exjseriiental
viork, four further sets we.e roduced, one of which
was sold to the U.S.a. (368).

112, The G.L. 1J: III Set consisted of an
Accurate -osition finder (A.F.7.) and a Zone Position
Indicator (Z.P.I). Trials of the A,P.,F., and Z.P.I,
corzenced in January 1942 in Surrey, Zasland but
unsatisfactory weatiher caused the trials to be
srolonged until June. The successful trials of the
Canadian protoiype wele enthusiastically noted by the
British experts. It an.cared that Canada could produce
the G,L. Sets before Britain and an order was placed
Tor 200 G.L. iXk III C equipuents to augizent those
being received frow Iritish _roduction (369).

120, During November 1942 the Viar Office
accepted the L.W, Set Tor 'early warning’ en3joyiient

by L.A.i.. Regiments in osreference to the I.,P.I. Set
since the forner could be carried in a 15 cwt truck
whereas the latter recuired the services of a 4 ton
lorry and a 6 ton trailer, The srovision of Canadian
4.,P.1. Setes for Canadian L.A,.i. Teginments was cancelled
and orders vere placed during Jebruvary 1943 for tvwo
L. .« sets per regl ent althouch delivery would be

slow (370).

12X, In the British view there were sound
reasons hy the Canadian G.L. ..ark III Sets should not
bz used in a iobile role, There was a shortage of
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rodification and spare jarts and there was a lack of
proser identification e uin.ent. Duriag 1943, however,
suitable ilentilication of friend or foe equiplient
(I...7.,) was developed at the l'ational Research
Council and Jlaczd under trials, .nother obstacle

to adoptins the Canaédian ~,L, Set iias that certain
defects were encountered in the Tirst i.odels due to
substandard ;anufacture., In addition the umanufacturer,
desearch Interprises Iiuited, vas unable to umeet
oroduction schedules due to shortages of tools and
skilled orlkien. British ranufacturinz caught up

with Canadian end it would ot have Deen possible to
maintain two different equix.ents Tor the samne

surpose, lastly the Canadian equinient was too

bullzyy and cw:ibersoiie, necessitating as it did a
three-ton loiry, a four-ton tractor drawing a ten-ton
APF trailsr and a six-ton Z,P.I. or early warning
trailer (371).

122, These lactors prompted the War Oflice

to inforn C.li,I'.C. In July 1943 that their policy vould
be not to issue G,L. ik III C Sets to units of the
field Jorce but Canadian sets could be used on 4.D,G.B.

123, During 1944 an increasingz nuaber of
Canadian G.L. Sets ca.e to be used on i.D.G.B. sites
anl the closest liaison was maintained by technical
personnel of both the Canadian Ariyy and llational
ResSearch Council with A.0.4.G. and A.D.R.D.E. of the
Linistry of 5Sup_ ly and inti-Aireraft Comuzand to maie
iwprove:ents in this set's employizent., A number of
sets werse shijyed also to ‘rance and Russia, A large
nuwuber had been retained in Canada for »urooses of
coast defence and internal security whilst other had
bsen unade availabls to justralia Tor ennloy:iient in the
South-\est Facific (373).

124, l.eantine there vas the _roble. of
training persomnel, In loveuber 1940 the Var Oflice
requested C,l.H, ;s for a loan of personnel Ifor a six-
month period to be treincd and used as operators fire
control.,. ZXEven more urzent was the need Tor trained
naintenance personnel, General i.cilaughton concurred
in the request and training was begun under British
ausp.ces, Jor the most art, techniciams and operators
trained in Canada were em»loyed in .:anning radar
eauipnent on Coastal defence and viith all anti-aircraft
batteries in Canada. Overseas, Canadians were picked
for training as Tire control Operators at British
schools, Ais o»erators conuleted their courses they
were attached to Zritish units in A.D.G.B. and further
?ggi%datee were sent to British anti-aircrarft schools,
.

125. Under General l.cilaughton's direcition,
plans wvere :jade to organize a Canadian radio location
unit, Personnel ./ho had becsn attached to British units
were recalled to Iform a nucleus and in .arch 1642,

231 reinforce.ents arrived 2ron Canada (375).




126, By the end of summer 1942 o, 1 .
Canadian acio Iocation Unit was concentrated at
Colchester, liith the arrival of the »re-production
viodels of the G,L., .X III C Set it was possible to
intensily train.ng of both maintenance personnel and
operators, r'ire control, The training of Canadian
personnel was now vell in hand, It was the loan of a
considerable nwiber of them to the British which
enabled them to place many sets in operation. The
ené of 1942 found personnel of Jo. 1 C.2,L.U. serving
with British batteries on the South Coast. These
gun-sites were visited seriodically by Canadian
oilicers, i cdecicsion was reached in February 1943

to disband this unit in order to make the Canadian
radar organization confori to that of the British Aray
and to elininate one ol the exztia calls on the "man-
power ceiling® (376).

OPSRATIONAL 38=42CH

The work of "Operational Research' is
to observe, to study and to dalculate on
what zoes on during training and in operations

ees (377).

1217. The tem: “"0Ojerational iesearchv vias
Tirst used in the early days of the wiar by Coastal
Coiuiand, Royal .ir force. Ia the Arny, the tenm: was
Tirst apslied to the nathematical treatizent of the
aiiployment of radar and otier new ejuipuent in air
defence, It was Tound nzcessary to include in the
scope of “Operational .esearch- such associated matters
as the training of personnel ané the design orf
equijnent., In other fields the rapid develonnent

of new weanons and enquiniient created new problems

of ianipulation and of training, The solution to
these and other »,robleus called for a contbination of
the research nsthods of the shysical and biologlical
sciences tozether wiitlh the an lication ol considerable
service experience. Ianr of the »roblems were beyond
the scope of existing cdevelopiient and research
establishnents, and a number of variously-naned
researci bodies, includin the “Ar.y Operational
Research Crou), ' wers created fro: tiue to time in
Great Sritzin to <deal with thei: (378).

128. Zxperience ol the British Army showed
the necessity ol an organized body on investigators,
equipped and able to Turnish the General Staff with

an open-n.nded asseszlent of the value of eguiosnents,
rocedures ané training methods, in so Tar as such an
assessuent could be based on sclentific investigation,
British operational research ssctions were formed in
1943 for ir.y Groups ia the £fizld. Doubt existed as
to the potential value o these sections and as to
their orzan.zation and runction. Soic considered that
the unit should operate as a detachient froi: the Aruy
Operational Research Groud, (4.C.R.G.), returning when
1ts study was coripleted, The system actually adopted
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by the British Amy was to »lace the operational
research section conpletely at the disposal of the
fornation conmander as jart ol his stalf working Tor
hin on problems arising within his coimanc, and
reporting to hin only, This section was allowed to
exchange liaison letters direct with the Supervisor
Operational Research Group (3.0.R.G.) on purely
scientilic matters, Under the EZritish systern several
directorates were rss onsible for army operational
research, In practice the British drew no clear lines
between the functions of related directorates but,

in gersral, there were three zroupnings of operational
research activity:

(a) performance of weapons and egquipment
in operation,

(b) behaviour of men using equisment,

(¢) tactical er:loyaent in coniunction
~ith D.,M,T., and D.M.0,

These tasks were supervisced respectively by the Deputy
Director of Geience revorting to the Scisntific ldviser
to the Ariy Jouneil, (S.A.4.C.); the Director of
Aesearch redorting to the Desuty Chief of General

Staf? (D.C.G.5.), and the Director of Biological
desearch rsporting to the Director General of Army
iledical 3ervices, (D.G.A....S.) (379).

129, The ex)erience ol the Zritish showed
the necessity or organizsd operational research.
Hence, in 1945, at the instance of the Director of
Staff Duties (Weayons) at .D.E.3d., Dr. D.C, Rose of
the lational Research Council amd It~ Col C, Sandford
were sent to England to examine the Onerational
aesearch and sinilar systens in the bSritish Servics,
and to recoin.snd vhat organization should be set up
for Operational Research in Canada (380).

130, In sugust 1943, having investigate” the
British systei, Rose and Sanford conferred with Lt-Gen
4.G.L, licliaughton concerning opjerational research, a
subject “hich alrealy had besn under active consideration
for so.s tiiie by the Canadian Ariy Overseas, It was
agreed that any operational research section in the
C.A.0, should be a British section althouzh Canadian
2ersonnel should be included in the group, General
.claushton felt that the organization of an operational
research group in Canada would be very valuable for

the analysis of >hysical functions in resnect of
equiznt, It-Col Sanford stated that the chairnan

of N.R.C., Dean laclkenzie, agreed iith the establishment
of an operavional research grou) esjecially since it
~dght better survive post-war retrenchiient in the
wilitary cdevclojzient fisld, Such an organization

would be engaged in )Jsychological as well as physical
research. Aose and Sanford o,:osed any direct
connection between the section with the Pirst Canadian
ar.y and any arugy research organization in Canada.



They suggested that the function of the research
organization in Canada shoul’ be: +“to advise the
C.G.8. ia any :iatter, susceptible of scientific

study, on which he recuests advice.” It was noted
that because existing rilitary research establishiients
wire woriiing to time and concerned with actual su ly
and production prodleis there was a need for an
organiz=sd boir of investisators ejuijped te undert_ e
scientific study os value of equin.ents, procedures,
training methods and Jurnish C.G.3. with coinletely
open-ainded assessmuent and (if re.uired) reco.iiendation,
In draftins the terus of reference and details of
organization for Canada the nain factors considered
were:

(a) The orior existence in Canada, as in
Great Britain, ol a awiber o: cdevelo ent
and research bodies not cover.ng the
whole field of necessar;y research,

(b) The onerational research systsii wust
fit in and cooperate 1ith these existing
establishiients anc sust T£ill the need
that they do not fill,

(¢) The many dirfferences between conditions
in Canada and those in Great Iritain
which tended to create in Canada a set
of proble s very dirlTsrent Troi: those
aresented in Great Britain, (381)

131. The Rose=-Saniord rednort reco. ulended
that the Canadian operational research syste:: should
be comorised o ths following:

(a) The Scientific Adviser to the Chiel of

Gensral Stal’l
fhe S5.,A,/C.G.3., preferably a

civilian, had to be in good standing as
a research scientist with an entreés to
the heads of civilian research bolies.
A soldier would tend at tines to allow
service traditions and seniority to
affect the advics he niizht give to
senior arny oificers., This a-jointee
was required to direct the research
work of the Canadian Army Operational
lesearch Group (C.4.0.R.G.). Dr. Rose,
the Tirst holder of th.s oilice,
vacated the Jost in April 1945 and it
rerained vacant until after the end of
the war.

(v) Ifhe Canadian .riy Operational Research
Group

A nenber of the C,.i.0.2.G. was
rejuired to be a well=-qualified research
aan with considerable service experience,
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Because o- the dilficulty in Tinding
such wen it was decided to insist only
on the research qualilfication - research
experience in a particular field was

not required, ‘/here specialist
knowledge was re uired one .ian had to
hel) another,

Originally overlooked, a technic-
ians!' ool was set up in the svring of
1945, Tersonnsl of ti:is group served
wainly in connection with recordins
and »rocessing of data on ..eteorolocy
viork,

- - - - —

(c) Ihe Directorate of Operational Research

This directorate was, Tirstly, to
provide the liaison and the serviee
inovledsze and exderience necessary to
directin- the research work alons the
lines .08t >rofitable to the ar.y; and
secondly, to relieve tihe 3..1./C.G.S. and
Ceise0.:1.G, of as iuch detail as Hossible.
dithin tlhe Directorate the functional
orzanization >rovided sections rTor:

(1) routine and adiiinistration, and
(ii) technical liaison

The tasks in the latter section uncluded
liaison with the CGeneral Starf technical
directorates, training centres, units,
operational research in other services,
library, and collection and control of
arogress reoorts., (582).

13254 Tfhe »royosed ressarch organization was
designed to assist existing establishmients by raking
avallable the results of scientific invsstigation on
the a_yslication of their work to actu:l srobleus of
operations ané training, Joses and 3anford believed
that there was a useiul function to be jHerfcriied in
advising the General -tarifi on coordination of all
research viork in the .r.yy and in organizing inter-
change of inforiiation, Incluced in operavional
research vias operational analysis; that is nuierical
studies made on the battlefield of such subiects as
the tilling power and the effect ol various isajsons,
the recording oi daumage done by barrages and boiibings,
and the protection afiorded to nen by their eguinnent
and their shelters (383),

133, In the earlicr stages of develoli.cnt

of the systeii, investizators went to work in suitably
constituted sections at Ottawa, using the resources

of the .ational lesearch Council, and at tralning
establishiient where there were suitable facilities,

It was reco.mended that Tfor the ti.ie being the srovision
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of research sectione for opsrational lToruations
(other than the ’irst Canadian Ar.y) be delferied. AsS
far as operational research with the Canzadian arny

in the rield was concerned it was susgested that the
research section for First Canadien .r.y be organized
on British lines, bearing the saue relation to the
arny co.iander and to the head of the 0.2.G., as did
the sections .with other Tormations in the 21st Arny
Group., This section was to be manned by either
British or Canadian milita.y personnel, 4lso, it was
considered inadvisable to sstablish any cirect channel
of inter-corsmnication or control between the sedtion
and the organization in Canada (384).

154, after further consideration the
oroposals were apyroved by the Zhiel of General Stalf
and the :inister of llational Jerlence., Initially the
~.esearch Grou» was to be organized in sections stationed
as required in Canada. It was anticipated that
research sectioms for Tizld operations iight be Tormed
as required ror attachuent to formation headguarters

in the Tield, In October 1943 the C.G.5. wrote: "It

is not practicabls to orzanize the several parts of

the oserational research systen immediately at their
full eventual strengzth., The systen Lust be..,.« allowed
to zrow as research pjroble.'s arise and as,.. »ersonnel
becone available... it is prooosed that the Scientific
Adyiser and the Director of OLerational Research be
aprointed as early as possible and jroceed with the
organization ol the systeir... interii. establish=ents
shall not be filled iimediately but only as the systen
prozressively undertakes its resjonsibilities,® (385).

135, The organization of Canadian operational
research was authorized in Iloveiitber 1943, An interin
war establishiient for the Directorate ol Operational
Research remained in Torce until 16 lay 44, when a
reviscd H,/.L. was a)roved. Col J.T. '/ilson was
appointed director in Decexnber 1943, The Dositions
of 3.,4,/C,G,3, and of Deputy S.A. also were established
by order-in-council in Decenber., The war establishnent
Zor C.A.0.R.G, was ajporoved in .arch 1$44 eirective

1l llov 43, The stafis of the Directorate and of
C.A.0,R.G, were gradually increased and on 15 ALr 44
consisted of 16 scientists. iiowever the question of
a Canadian Operational rResearch Mield Section was still
not settled, for on 17 feb 45 S.A./C.G.S. wrote to
?:gé?.s.(c) proposing the Tormation of such a Section

P .

136, An important feature oif Canadian
Operational Research was the necessity of carrying
out liaison, It was essential that there be an
exchange of inforuation with related civil and
nilitary research bodies in the United idngdom, the
United States, Australia, India, and, of course with
doiniestic Canad.an grouos, Initial liaison with the
UK. was established by 3.A./C.G.S., (D, Rose) and
It-Col Sanford, Liaison was further develoned in
:ay 1944 when rrofessor £llis, S.A.A,C,, Brigadier
Iennedy D.,D, Sc., and Dr llabairo of A.0.R,G. visited
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Canada and the U.S.A. Frojects were discussed which
could be best investigated in Canada because of
climatic cond.tions, Sowne of the »rojects undertaken
as a result were large scale snoke trials, cold weather
troop trials and visibility developuent. Liaison was
developed, too, with Operational Research Sections in
Australia, Indla and various establishiients in the
U.3,A. In Canada close contact was maintained with
many groups, both civilian and ~overniental in nature

= H.ReCouy n.D H.,. directorates, universities, training
cenires, etc (3 1)

137. The relationship of operational research
to various portions of the ariy is oi interest.

Bk, /C G.3, was authorized to report direct to the
0,03 3L necessary and had the power to decide upon
the suitability of )rojects for investigation. ZIxisting
develon..ecnt and research bocdies were at first critical
of the operational research sronosals, especially

since the ‘iori: night have bezsn handled by other
cirectorates. lany projects fell to Onerational
Research because Cperational Research had suitable
investigators who were ready to undertake the nain
responsibilities ior the work in collaboration with
other directorates. Once the need for this particular
tyoe of research was established cooperation was
forthconiing (388).

138, The C.A.0.3.CG., formed detachiients at the
Armoured and Sizmal Corps training centres. These
detachuents were foriied to cope with certain training
problens and in this res»ect the systein proved its
worth, A\t Tirst the nethods used were et with sorie
suspicions by instructors, reluctant to try a new
apporoach to their problens., Such was the contribution
of the ojerational research detachments that the starfs
of both centres vwanted detachients perianently

attached to their establishnents (jg

139, Canadian Operational Research began
late in .orld /ar II hence an account of Canadian
wartioe achieveients in this field covers only a
relatively brief period of time, By August 1945
operational research was well under way and the main
job remaining was to ensure that research was
?ggq?ately srovided for in the army in the future
0).

140, A conplete investigation of the
develoniient of Canadian Operational Research is nob
practicable in tils narrative., However a briel account
will ind.cate the type of research which was involved.

141, In Decsamtber 1944 the C,.G.5. issued a
memorandum in which a rough classificacion of
operational research projects was outlined, It was
Jointed out that ojerational research included
ozerational analysis: numerical studies of the killing
power and effect of various weapons, recording daiiage
done by barrages and bombings, and the »rotection
arforded to ien by their equioment and their shelters,
The projects fall, roughly, into four groupds.
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large scale tactical trials and related oroblems

142, These were trials designed to establish
idlitary doctrine in regard to the use of im>rovenents
in technology or fighting under unusual conditions,
Exauiples of these trials were the winter exercises,
(Exercises Leiuiing, Polar Bear, etc.) four of which

had been conducted by iay 1946, Such tests stemmed,

at least in part, from the theory that Canadians would
be fightinz the Tapanese under conditions sinilar to
those obtaining in Canada, The winter exercises
provided tests of ..en, equipnent and technigues under
specialized conditions - a ty>e of training not

pursued aong westcrn allies, The conclusion of the
exercises was that it was possible to conduct joint
ar.y~airforce operations in any part of Canada in any
season, It was felt, too, that winter exercises should
be encouraged as they _rovided a good test of men

with attendant advantages in discipline and morale (391).

Effect oi weapons and equipnent

143, Juantitative studies were made of the
lethality effects of weavons and analysis of battle
results in cooperation with 3ritish A.0.R.G. Mine
clearance by explosives was investigated as was the
effectiveness of H.Z, and C.,./. Weapons under various
conditions, Trials were held to invsstigate the
technical and tactical problems of producing a smoke
blanket and fighting in it, Results showed that the
prelininary training of troops needed inprovement and
tanis were found to be very wvulnerable to infantry in
suoke (392),

Training and selection problens

144, Detachiients were established at sone
training centres to investigate methods of pre-selecotion,
scientific neasure.ents on zethods of application of
training equioment and o: results obtained, The

results of research detach.ents' work at R.C.A.C. and
#X.C.C.8, training centres becaiie incorporated into
traininz manuals (393).

145, A large poition of the story of
Canadian Operational Research goes beyond the period
here dealt with and does not properly belong to an
account of Canadian wartine technical developnent,

In fact Canadian Operational Research, conceived of

in the 1iinds of a few iien in 1943, really had begun

to function only towards the end of the war. However,
as at least one oerson clearly rforesaw, there was

a need to establish operational research so that it
would be car-ied on in the Jost-war days of anticipated
nilitary retrenchment., Any such period of retrenchment
which way have existed has now besn passed and
operational research still continues, long after the
end of .Jorld War II,



81w

146, The ma jor part of this report was drafted
by Dr, E.E. Massey during the period 1947-52, The final
paragraphs, 10ls145, were prepared by Lt, C,A, Iarson
in 1953, The repor£ waes mimeographed in February 1955.
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