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The Rolls-Royce "Flying Bedstead" can be regarded as a simple example of "airframe" and powerplant integration. 

The Powerplant Problem 
By GROUP CAPTAIN H. R. FOOTTIT 

"It seems essential that air­
plane designers and engine de­
signers get together early in the 
game .. . . " 

- Fredric Flader. 

IT LOOKED like something right 
off the front cover of Amaziny 
Science Stories. I first saw it when I 

was over in England a few years ago. 
It was sitting high and mighty in the 
center of the Rolls-Royce hangar, with 
a ring of ordinary airplanes around it. 
The open pilot's seat looked plain silly 
perched on the top of two longitud­
inally opposed Nene jet engines which 
were surrounded by an op::n frame­
work of steel tubing. The whole con­
traption rested on four legs with small 
metal castors. It was no wonder that 
the Press promptly dubbed it the "Fly­
ing Bedstead" when they first heard 
about it in September 1954. Then, as 
its wei rd characteristic of direct jet 
lift hit the front page, this wingless 
wonder immediately caught the pub­
lic eye. But it did a good job of useful 
work. 

This, of course, was the famous Rolls­
Royce flying test bed. It weighed 8,000 
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lb., and with a total of 10,000 lb., verti­
cal thrust from the two Nenes, the pilot 
could lift the odd contraption 15 to 25 
feet above the big concrete slab in 
front of the hangar. By dancing back 
and forth, in any d irection, he could 
try out Rolls' latest ideas in vertical 
take-off control mechanisms. It wasn't 
long after that A. G. E lliott of the com­
pany was predicting that future air­
planes would use this direct lift prin­
ciple by installing special engines in 
the airframe for that purpose alone. 
Forward propulsion would be taken 
care of by another set of engines. He 
even forecast that the airplane should be 
a "narrow delta wing" type. 

A way from Home: There is no 
doubt that the "Flying Bedstead" was 
a useful experiment. But when we look 
back over the horizon of history, it's 
somewhat surprising to find an engine 
manufacturer dabbling in flying ma­
chines and confidently charting the 
future. We don't blame him of course. 
But this is an age of blaring publicity 
on office systems, rail systems, airline 
syst c::ms and weapon systems. Conse­
y urn tly you might tJ1i nk that we:: would 

now consider a powerplant as part of a 
a complete aircraft "system" and a joint 
engine and airplane manufacturer's 
venture. Unfortunately we don 't. We 
blithely build integrated airborne elec­
tronic systems and integrated instru­
ment systems, but we still don't build 
integrated powerplant systems. The 
powerplant is still a separate entity that 
we carefully separate out for individual 
installation in the airframe. 

In the mid 1940's Hall Hibbard, Vice­
President, Engineering, for Lockheed 
Aircraft, was pensively predicting that 
in ten years all airplanes, from Piper 
Cubs to supersonic fighters, would be 
turbine powered with either a turboprop 
or a turbojet engine. He was obv.iously 
off on his time scale. But his words are 
true. The piston powerplant is dead. 
And with the coming of the turbine 
we've got to forget about separate piston 
powerplant packages, and start doing 
far more tailoring of the airplane to the: 
engine and vice versa. Further in the 
future we may even see the engine 
integrated with the airframe. So the 
sooner we get the engine designers in 
wi th the airplane designers, from the: 
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The Gloster Vi"hittle E28/ 39 pioneer jct aircraft represented an inte1,:ration of 
airframe and powerplant. Powered by one of the first \\"hittlc turbojet e ngines, 
the E28/ 39 was the forerunner of the thousands of jet powered aircra ft that 
are fl~·ing- in the world today. The picture below shows the E28/ 39 taking off 
on one of its early flights. Firs t flight actually took place i\Iay 15, 1941. 

first line on paper to the finished pro­
duct, the sooner we'll produce the 
better airplanes of tomorrow. After 50 
years of p iston engines and packaged 
powerplant thinking, this is no easy 
fear. To bring it about is one of the 
pressing problems of today. This is the 
power plant problem. 

In my experience in Canada, the C .S. 
and the C .K., there is a g aping gulf 
between engine companies and air­
plane companies. True, they get to­
gether on installation problem s during 
the early days of a project. But as it 
progresses they tend to plan and pro­
duce apart. Even when the airplanc 
manufacturer and the engine manu­
fac turer arc under the same corporate 
roof, there seems to be more difficulty 
than when each are independent com­
panies. But the day is dawn ing when 
all th is m ust change. And the catalyst 
that will force the fusion of the eng ine 
designer with the airframe designer, 
in the f utllre, will be the wide spread 
use of turbine engim:s. 

Getting Complicated: I listened to :i 

30 

heated discussion on engine design. the 
other night, between F. H. Keast, 
Deputy Chief Engineer of Orenda 
Engines Ltd ., B. A . Avery, Chief De­
sig n Engineer at Orenda, and vV. 
Hurley, Assistant to the President of 
A no Aircraft. The discussion centered 
around getting the best rotational speed 
to give the lightest weight jet eng ine. It 
all got rather corn plicated. But it re­
minded me of Burt A Yery's statement 
in a talk he ga,·e some rime ago. Said 
he, "The turbojet engine began exis­
tence as qu ite a simple piece of equip­
ment, but through the years it has 
ernlved into a more and more complex 
machine." Yet oddly enough when 
these simple jet eng ines were first in­
troduced to the Western Vlorld we 
went out of our way to match one 
engine to one ai rframe. 

Remember the G loste r E28/ 39 a ir­
craft' This squat little single seater 
was first wheeled out from G loster's 
hangar in England in May, 1941. It 
was the first jet eng ined airpl:rne in 
the U .K. and it anract t:d the :m cntiun 

of all the local residents \\"ith 1ts 
strange intake in the fuselage nose. the 
lack of a propeller, and the stubbv 
bnding gear. Behind the pilot was 
the big wartime secret-a V,'hittle je1 
engme. 

The engine designers and th~ air­
frame designers had worked closely 
together to turn out this special test 
,·ehicle. It was nothing more than this. 
But it produced big results. From this 
grew the famed \1eteor jet fighter 
which first flew from Gloster's airport 
in I 94 3, and did some sterling sen·ice 
during the follo \\' ing year chasing 
Hitler·s V.] buzz bombs as they winged 
their way to T arge t London. 

Growing Apart: As turbines h,11·e 
become more complex, howe,·er, we 
seem to ha 1·e d rifted back to the piston 
era separation of the engine and the 
a irframe. In fact. it has been onlv 
quite recently that there ha,·e been 
rumblings in the technical press :.ibout 
mating a part icular jct to a particular 
supersonic fighter in the design stage 
to achie,·e an optimization of perform­
;ince. But the futu re bndscape is much 
broader than this as the pin points 
from the past now indicate. 

Jn the early 1930·s, for example, we 
have one of the earlier inkl ings of this 
new trend. It happened on a small 
airport, H adley Field, New Jersey, in 
1934. A U .S. research report had re­
cently been written about the hig h lifts 
that could be generated by blowing or 
suck ing air from o,·e r the wings. T his 
was boundary layer control as it was 
cal led . The airplane on the fl ight line 
at Hadley Field had been converted to 
take advantage of th is new theory. 

It was a low wing. side-by-side, two 
seater, with a piston powerplant in the 
nose. Inside the fu selage was a separ­
ate motorcycle engine driving an air 
pump. Along each wing there was a 
long, spanwise slot. Through th is slot 
the motorcvcle engine pumped extra 
a ir o,·er the wings. :-\ similar scheme 
took care of the tail. The whole con­
t raption was inl'ented by a German 
immig rant and it cost him $4,000 to 
put together. 

Theory Good: U nfortu nately it was 
too crude to produce good results and 
actually never flown with the boundary 
layer control operating. But the theore­
t ical ga ins from such a system still 
nagged aircraft designers. Even the 
U.S. Army Air F orce got inte rested. 
In 1944 they arranged for the conver­
sion of one o f their piston-engined 
!iai,on a irpb nt\. T hty had a suction 
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mechanism installed which drew ai r 
from the wing surface through two 
spanwise slots. This experimental craft 
was redesigned to follow the ideas of 
Professor Stalker, formerly of the Uni­
versity of Michigan, and one of the 
pioneers in boundary layer control 
theory. But the experiment ended in 
disaster. The airplane crashed and the 
pilot was killed before the system 
could b~ tried out. The Army Air Force 
cancelled the project. 

These are only two of the many ex­
periments that were conducted to try 
and control the ai r immediately adjacent 
to the wing. They were all done with 
airplanes using piston powerplants. The 
engines were heavy, and the air blowing 
or sucking system had to include 
another heavy engine for pumping. No 
wonder, then, that the results were 
never startling. But along came the 
light turbine powerpl:rnt and the whole 
picture changed. Moreover, the gas tur­
bine has a big air pump built right into 
it-the engine compressor, which raises 
the pressure of the air before it goes 
into the combustion cans. Here was a 
ready made powerplant for true boun­
dary layer control. All there was to do 
was to tap rhe engine compressor and 
send the air out over the wings through 
spanwise slots. 

Unfortunately, it's not as simple as 
that. The gas turbine's compressor, with 
its mated turbine wheel, can only be 
tapped for so much air. [f you tap off 
more than the design maximum the 
combustion cans will starve. Conse­
quently if we are to take advantage of 
the engine ·s capacity to supply pres­
surized air for such devices as wing 
slots, we must match the tu rbine power 
plant to the particular airframe. Since 
wings come in all shapes and sizes, this 
makes it almost mandatory that the 
engine man knows, from the first blue­
print, exactly what airframe his engine 
is mated to. He will then know how 
to design the compressor so it can sup­
ply just the right amount of air to com­
bustion cans and wing slots. This will 
be a real integration of airframe and 
engine, and it will have to start in the 
earliest design phase. 

Universal Application: Those prin­
..:iples will apply, in the future. on 
all sizes of aircraft from the two 
place light trainer to the large inter­
continental transport. The gains in per­
formance will be fantastic. The U.S. 
research agency, the National Advisory 
Committee for Aeronautics, has doQe 
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PROPULSIVE WING 

some performance estimating on a flap 
with this boundary layer control. On 
a 300,000 lb. jet transport, ( about the 
size of the Douglas DC-8 and Boeing 
707 jet liners) they were able to reduce 
the take-off speed and the landing speed 
35 mph. At the same time the take off 
run was cut from 8500 feet to 4500 
feet, and the landing distance from 
7000 feet to 3700 feet. These are phe­
nomenal improvements in performance. 
And these come from a flap with 
boundary layer control. Even more 
could be achieved with boundary layer 
control on a complete wing. 

This particular N ACA scheme hap­
pened to use the exhaust from the trans­
port's turbojet engines. However, 
whether we use exhaust or compressor 
air, there is certain to be a closer co­
ordination between airframe and engine 
if we are to achieve these big perform­
ance pay-offs. I asked J. C. Yi. F rost, 
Chief Designer for Avro Ai rcraft's 
Special Products Division, about the 
fo r futu re of our airframe and 
engine combinations. John Frost. in­
cidentally, supervised the <lesign of the 
early CF-IO0 jet fighter. Since then he 
hJs been <lirecting the USAF's design 
study with Avro, which, as the USAF 
hav~ said, may result in a d isc shaped 
airplane. H e is therefore used to ponder­
ing the future, and is probably one of 
Canada's most advanced thinkers in 
the oYerall art and science of aero­
nautics. 

Frost's detailed ana lysis of where we 
arc now. and where we're going, in the 
airliner business, leads him to support 
the podded engine installation for 
transports for some time to come. But 
as he points out, " It is interesting to 
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note d 1.1t en1rincs usually start life by 
ht:in!! d.:s i·!ned to go into fi!!hters. later 
graduate to bomhcrs, and then to trans­
ports." T o peer into the fa r future. 
then, we've _got to deci<le what will 
happen first in the fi crhter field and 
then we'll sec what will come ab'1u t at 
a later date in bomber, trainer and 
transport airplanes. 

Made for Each Other: Accordin!! to 
Frost if we're really going to take big 
steps forward, we've got to t1ke some 
drastic action and " make the en1rine 
take the shape of the airfram?, or ,·ice 
versa." For example, a future fi1rhter 
could have the best aerodynamic sh1pe 
unhindered by bulges and cun·es that 
arc often necessary now because of the 
fixed engine shape. Frost's engine 
would be fitted piecemeal into any odd 
corners of the airframe. H e got some 
of th is idea from a stu rdy he mad:: of 
the CF-100 fighter. From this he 
brought out the term "aircraft volu­
metric efficiency." While this sounds 
rather complicated it's quite simple. ft's 
just a percentage figure for the space 
inside the airframe that is usefully em­
ployed. 

As Frost explains: "Some time ago I 
made a study of the volumetric effi­
ciency of the CF-100, and [ was sur­
prised to find that the aircraft was less 
than 50% efficient. By this [ mean that 
there were large spaces in the rear fuse­
lage and in the nacelles around the jet 
pipes. which are not used for anything. 
All the outer wings beyond the fuel 
tanks-the ailerons, the flaps. the em­
pennage-are empty. This figure of 
50°1,, volumetric effic iency [ would ex­
pect is fairly general for most aircraft 
of this type." All this, of course, means 
added weight and more drag, so that 
a larger engine is needed to drive all 
this useless space through the air. 

What John Frost wants to do is to 
make the airfr:ime to the best possible, 
m1111mum size, aerodynamic shape. 
Then he will install the engine and 
equipment into the interior so all the 
space is filled . [f he could arrange it so 
there are no vacant cavities he'd achieve 
his figure of 100°1,, volumetric effi­
ciency. As he says, " [£ large advances 
are to be made. something r:i<lical 
should take pl:ice in the form of this 
engine-airframe integration. If an 
engine could be designed to fit into 
these empty places, then the overall 
efficiency of the vehicle would be 
enormously improved. This would 

( Continued 0 11 page 74) 
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tc.:mp<.:ralures of -30° F'. Hoth the.: 
:1irpl:111e and the equipment ha\·e func­
tionl'd normally undn thl'sc c011dit io11s. 
Heating and pressurization units h:in· 
p..:rfor111ed according w specific:niom. 
The :1irplanl' has floll'll ll' ith µ-round 
tl'111p<.:raturl's n~·ar Zt'ro \\'ith engines 
,t:1 n ing i111111edi:1teh· \\'ithou t th l' u,e o f 

extc.:rn:d pown sources. 

On IGY Liaison 
.·\ \'ancou\·er office r. \!ajor Mark 

Holmes. of the ]{oyal Canadian Aritil­
lery. is sen·ing as liaison officer at Fort 
Churchil l. \Ian .. \\·ith L.S. troops and 
sc ientists who will carry out :1 compli­
cated ser ies of rocket tests at the north­
ern base. The t~sts an: designed to ex­
plore the upper atmosphere of the 
:\retie as part of the lntern:1tional c;eo­
physic:tl Year. 

As did the majority of the men hand­
ling the rocket tests. \lajor Holme:, 
trained at the: \~' bite Sands PrO\·in" 
Crounds in 1\; c.: \\' .\ lexico before tak in~ 
O\'t:r his presc.:m duties at Church ill. 
The l.: .S. rocket site at Churchill was 
constructc.:d at the in\·it:11io11 of the 
Canadi:rn go\·ernment bec.1use of it~ 
accessibility by rail. air and \\'ater, and 
its loca tion in the Arctic auroral belt. 

I.ETTERS Tfl THE EIIITOII. 

Civi l Air Patrol 

~lr : 

On FdJru.1r~ ~:-. JlJ5:-. J 1n:clcu:- nf pilot:­
. tnd .1ircr:1ft o,,·,wr:- c ci·:ilia11 ) . hdd :i n1L'Ct• 
' "!!• :tt Ci,·il I klcncc I k .1dqu.1ncr, 111 \\'1nni• 
JK'g ( lollo\\'i ll !.! the ~t(und Cl) uril'n tatiu 11 
k·l.'.turc:- ior pth;h) . Jnd 1urmc.:d the.: "\\,lunttTr 
:\tr 1'.11rol" (\ i~nitoh.1J . .,f \\'hi,h I . " '·" 
1..·h:i.:tnl pro, Hh:1.tl hc,u.l. 

The function of thi~ air group i:- to :1:-:,,i:-t 

C11·il Dcicn.:e. the RC.-\f'. the Rt·d c,.,,,. Jntl 
other 11rganiz:1tion:-. in ~l'ard1n. etc .. and 
cmcrgcncic~ ocl.'.uring during pl':t(l' and \\'.tr 
ti1ne. T h i, g roup (the \ 'AP) . will bt', :tnd 
1:- a definite a:-,ct tu Can.1da. ;b i~ the C . .\I' 
t1• the United St:11t·:-. 

\\·c hope to gl:t a !-!f,llll fr,un tli:.: Cn i i 
I >clt'ncc.:. tn hdp out on :1 (h.trtcr. uni form:-. 
i.:rc.::-h, Wll'lj!~ . eh: .. ,u th.u we.: 111.1~ t'Xp.111d 

and :,,c.:n·c C:lll,lll:1 tu the u tmo:,,t uf uur 
.1hiht,. 

T i;c.: \'oluntn:r .\1 r P.Hrol h:1:,, It.id q u1t1..· .1 
hu of a<h L"rtJ:,,11)_;:: in \\.innipeg 111..·w::,,p.,pt'r:-. 
T\' .111d r.idio . . rnd :t L?rc.ll deal nl intcfl':-.t 
1:- hL·ing shown in it.. 1:,rm.1tio11. tu d:nl'. 

O ur inc111ht:r:-.l11p (arc.I:- an..- bt·ing prin:cd 
1111w ( S3.IHI .1 H·ar J. and cn..-,1, .tnd wirn..: ... 
,lft: oil till" \\ ,t~ . The V .--\i> t"inl>km i:- • .1 

\'dlow b .. h.:kc:n:und .md uutlinl' o f tlw 
i>ru,·incc ul • \ t.rnituk1. with the w11nl, 
"\'olun1ccr .\tr l'.llrol " .. , ,nul l :1ircr:1ft a11d 
h11rdcr in l,Li1..·k. 

Ci"il lkil'n,,·. 1hc RC.\F. lhL Rnl Cro" 
.tnd Flying Chri>:- al'.ro:,,:,, the Dom1111un h .. l\ l' 

-i.>t'c:n nutitinl 111 writUH!- ol thl' f,>rmat iun u! 
1hc \ 'olu n1,-er :\tr P:ttr; ,I i11 ~l:111i1ob.1. 

LOL'!S \1cl'I IILl.ll'S 
\\' tn nipc::g 

Delivery to Site 
wit/, 

IA 
AIR TRANSPORT 

now includes 

DC-4 SERVICE 

DORVAL AIR TRANSPORT LIMITED 
Canada's leading H eavy Haulage and 

Charter Air Tm nsport 
Mont r eal Airport, Canada - ::\1Elru!::>e 1-5551 

POWERPLANT PROBLEM 
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probably mean tha t airframe and 
engine structures \\'Ould be common . 
\\'hich in ::iddition. must constitute a 
definite \\'eight s:l\·ing." 

O nly \Vay: To carry through an1· 
such future project a single engine and 
airframe: design team \\'Ould be ::ihso­
lutely necessary. H o\\' else could you 
ensure the precise integration and 
strength of the combined structure? In 
fact. it \\'Ould be impossible to do it all\' 
other \\'ay. While this is truly an a,i. 
\·anced idea. l find that others han: 
been looking at similar possibilit ies. In 
glancing th rough :111 old copy of the 
C:inadian .-\eronautical Journ:d I 
noticed an article In· F'. C. Phill ips and 
K. lrbitis. Chi,J of :\erodvnamics :tnd 
Prel iminary Design Engin~er of Cana­
dair. respectively. These t\\'O engineer, 
were re\·ie\\·ing possible lift ;1nd thrust 
systems of their application to short 
take-off and \'ertical take-off airpl.111e,. 
One of the schemes chev considered was 
:1 "propulsi\·e wing". This wing has an 
engine. or a series of engines built inw 
it. In cru ising Aight the leading edge 
of the wing is the intake and the trail­
ing edge the exhaust. as shown in 
Figure l. In the take off and landing 
cond ition. the whole rear of the 1\·ing 
including the engine. tilts down to pro• 
\' itlc high lift :1s sho\\'11 in F igure ~- :\s 
the authors point ou1 in their conclu­
~iom. "I n the short take: off and l::ind­
ing category the possibil ity of the high­
lift propulsi\'t \\'111g should he ex­
amined." 

Leading aeronautical de,igners and 
c::ngineers h:.t\'e generally agreed chat 
the tu rbine po\\'erplant-either lllrbo­
prop or turbojet-1\'ill be the prime 
mo\·er for the 111ajorit1· of our air• 
planes for decade, to co;ne. In the im­
mediate furun: we 'll undoubtedly sec 
boundary layer control schemes come 
into existence. These ll'ill necessitate a 
close tie between the airframe and 
engine from the fi rst drawing pro• 
duced. In tht: fa r fulllre we may see 
almost complete integration of the air­
f ramt and engine, as Frost has pro• 
posed. Or we:: may see partial integra­
tion along the lines of Phi ll ip's and 
I rbitis' ideas. In eithtr case we 're going 
to have to weld tht engine designer and 
the airf ramc designer into almost a 
~i11gk team. l\~ vet we l1a\·en 't suc­
l <Tdcd in c<,111i11; n<:n clo,<: to th is 
ideal. Thi~ i~ our powc.:r plant pml,lc.:111. 



and th is 11·c m11st ~oh c. 
f e rdric r-Iader has suggested th.n the 

least we could do now is t 1. • o on ng 
them together "early in the game." 

But E. H . Heinemann, toil eng i­
neer for Douglas. qresses the time 

asp~ct . [n ? iscussing the integrat ion of 
engme designers \\'ith .1irf r::ime desi" n• 
e_rs he say~. "The consideration of p;K­
ttcal ::i~pects during the design stage is 
most important, and it may actually 
short cut a large amount of deta iled 
and meaningless analysis. as well as 
de,·clopmental work ." 

WEEKEND WARRIORS 
I r ,,111111urd / m m page 27 ) 

one of the Canadian squadrons based 
there. 

But Cl'en while Canada's cn1ze11-
tighter pilots are relearning their dead ly 
contrail-trade. the same l'Oices that 
\\'Cre raised bcr'orc arc heard again. The 
same squadron leader is still standing 
at the b:ir. older 110\\', but still repeat­
ing it. The tune is familiar. Though 
the words ha,·e changed a bit : "They'll 
ne,·er hack Sabres. Those bombs are 
too hoe for p::irt-time jet jockeys." 

unimpressed with ca rpers. the ,\ uxi­
li:1ry squadrons a re going ahead with it. 
There is an increasing Aow to the 
.\ uxiliaries oi traine.d Sabre pilots who 
h:1,·e com pleted their term in the Regl!­
hr .1nd :ire returning to Ci,·ilian Street. 
StrCn)!thcncd lw these men and re­
equipped 11·i1h an adl'anced type of 
airplane. the Warriors are pro,· ing that 
they c:111 "hark it". 

RUBBER GLASS: New type of Do w 
Corning safety glass for supersonic air­
craft, based o n silicone rubber, stays 
clear and shatterproof at temperatures 
oi 350 F. Above, ordinary saletv 
glass bubbles and oozes out the edg es 
(left) ; top right , illustrates elasticity 
and strength of Silast ic Type K inte r­
laye r; right, panel a l new Dow Corning 
glass held before pilot's face shows 
outsta ndin g cla rity feature . 

A pril, I95i 

CF-JOO SIM ULATOR 
( Continued from page 2 5) 

Rig ht and weapons systems simulato r is 
the first to be dc,·eloped by an ex­
clusil'ely Canadian company. In accur­
acy of radar simulation, it is belic,·ed 
to be the finest in the worl<l . ,\ ccord ing 
to a C :\E spokesman, the Cni ted States 
Air Force " has expressed great inten:st 
in the integrated weapons system ." ,\ s 
fo r the RCAF, the main ad,·antage lies 
in the fact that the simulator pro1·ides 

special t raining in operational roles 
where training would natural!\' be lim­

ited. 
On February I 2th. the first produc­

tion model was tu rned 01·e r to the 
RCAF. This was the fi rst installment 
of Cr\E's contract which calls fo r one 
prototype and 11 prod uction models of 
the simulator. C:\ E has also recently 
recei,·ed from Canadian Pacific . .\i r­
lines. a Si'55.000 order Lor a DC-6[3 
Aight simulator. 

BRITANNIA 
I Co11ti11ued fr,Jm pt1ge /') I 

The alternators ha,·e two three-phase 
outputs : one at 208 ,·olts and the other 
supplying. at a loll'e r ,·oitage. 112 ,·o!t 

and 28 ,·olt rcctilicrs . :\! though sharinl! 
,# ~ ~' 

a common m:1gnetic circuit. which :s 
ex(ited and regulated hy the 208 ,·oil 
output. the two windings arc electric­
ally independent. .\ svnchronous boos­
t::r on the same shaft. with its ll'ind-

I Announcing the second annual: 

I IRE CANADIAN 
I CONVENTION 

AND EXPOSITION 
Automotir;e Building, Exhibiti.on 
Park, Toronto, Canada, 

October 16, 17, 18, 1957 

I ELECTRONICS & NUCLEONICS 

Enlarged hy 25 per cent to 
meet the demand for 
rnore exh ib it space ! 
T he l 95 i l RE Canadian 
Conl'cntion promises to 
draw an e,·cn larger 
attendance than 
las t year's l0,038. 
Plan your eompa ny's 
exhibit partieipation now. 
\X'ritc toda,· for 
illustrated brochure. 

IRE CANADIAN CONVENTION 
Sponsored b_y the Cllluicfilll1 Sectio ns 

of the Institute of Radio Eng ineers 

Oflicc: 7-15 \ !011111 Plca, a11t Hoad. T oro11lo 7. Canada 
'l'clephouc: II Utl:,on ij.j7c,g 

CANADA'S LARGEST 
SCIENTIFIC CONVENTION 
AND EXPOSITION 
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