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FJRST INFORMATION ahout 
the Vickers-Armstrongs "Swal­
low" family of supersonic air­

plane projects was given at an Institu­
tion of C i\' il Engineers lectu re ( to 
children! ) by Dr. Barne~ J\: c\'il Wall is. 
entitled "H ig h Speed Communications 
L ink the British Commonwealth". The 
outstanding featu re was that the best 
route from the British lsles to Aus­
tralia and New Zealand is by the 
J\:orth Pole - for ships as well as air­

craft. 
The explanation of the former lies 

in his belief in his experiments with 
laminar-Aow water bodies su itable for 
fre igh ter submarines 30 ft. in diameter 
and t ravell ing at 30 k rs. Thi~ hull form 
is an elongated O\'oicl ( rra\'elling slim 
end first ) in which laminar flow is 
achie\'ed by designing the form LO give 
a smooth pressure g rad ient. Dr. \Val­
lis acll'Ocatec.l a similar route to the 
Pacific for hi~ supersonic airliner . 
\\'hich means a range of I 0.000 n.m. 1 

Ha\'ing made th is startling proposi­
t ion, Dr. \Vallis with films and slides 
outlined the principles and a little of 
the de\'elopment of his supersonic 
"polymorph". i.e., variable-geometry 
airplane. 

First Steps: D evelopment started 
<l uring the V-lar, when a laminar-Auw 
body with variable-sweep wings and 
no tail, other than a swept lin, was c.lc­
~igned. This, ca lled the "Wild Goose'' 
was succcssfull y flown as a 30 ft. span 
rad io-controlled model launched at 100 
m ph from a truck on a 400 yard track . 
/\ film showed that it was unJcc r s:itis-
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Al,oYe, Dr. \Valli, i, ~l,own explain in g the Swallow. wit h win gs in s uh­
sonil' position, to ~Olllt." of Iii!- audie nce: 11elo~ ~ !-i U pcr.so n it· eonfi ~ urutio n . 

fac tory comrol, about three axes, 
simply by co-ordinated, or differemial 
movement of the wings fore-and-aft 
in one pl:ine LO modify the forces of 
equilibrium. A film of the "Swallow'' 
model, also about 30 ft. span, was 
shown. This model had a wedge-del ta 
fuselage and its wings were fixed in 
the forward, hig h-aspect ratio, position . 
I t took off under its own power, two 
rockets in the rail , and was comrolled 
In· eleYons, powerplam nacelle side area 
being represented br rnc.lpbtc fi ns. The 
film showed a h ig h ( delt:1 ) take-off in­
cidence. due to the 80° sweep of the 
forebody. the lift from \\'hich is essen­
tial for stabili ty al all times. Flight was 
reasonably steady and the lc\'cl-Aight 
incidence w:1s normal. The model was 
lost in the English C hannel on its fi rst 
Aighr th rough a radio-piloting error. 
Rocket-boosted models of the super­
sonic configura tion have also been suc­
cessfully fired , but the 1'-!inistry of 
A ,·iation would not allow films of 
these to be shown. 

After withdrawing fi nance from the 
project in May 1957, the British Go\'­
crnment is again ~1 ,pporting it in asso­
ciation with .'\merica's K ASA and 
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funds are now adequate for the con­
tinuance of basic research. Addition­
ally, the Ministry of A\' iation has 
placed a design contract with Vickc:rs­
.'\rmstrongs (Aircraft ) for a na,·al 
''Swallo\\' .. which would be de,·eloped 
under the direct ion ol S ir George Ed­
wards. This airplanc, \\'hich could 
patrol subsonically for many hours 
with its wings forward and attack 
supersonically as they swept back. 
would weigh about 50.000 lh. and 
might be powered by Bristol O rpheus 
turbojets. 

For the •·swallow" ( the aerodynam­
ic) philosophy was: "All wetted sur­
faces produce drag, therefore flatten 
the fuselage and cut our the tail." 
Furthermore, he cuts ou t the backside 
of the delta, \\'h ich contr ibutes little 
lift and large separation drag in super­
sonic flight. 

l~irst I mpression: The fi rst thing 
that strikes one is that. in the de/ini­
ti\'e superson ic form. it is a strict!,· 
homogeneous cn\·clope : :1 sharp delw 
with all surfaces h·ing behind the 
high-pressure a ir of the .\Jach cone. The.: 
delta body 1wing blends smoothly with 
the high aspect ratio •·swallowtails'' : 
from the markedly cambered nose of 
the former to the washed-out tips of 
the laucr. Althoug h the nose itsc:l f is 
sharp, the leading edges are rac.liusccl 
throug hout - rem:irk:ibly so along the 
sides of the forchody. T he basic cross­
sect ion of the forebod y is a fla ttened 
c.:l ipse. out of which grow the slender 
wi11p :inc.l a cyl indrical. ogivally taper­
ed, central rail which increases cabin 
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c~rac ity .111 ,I I rnh:1hl v p1 ovidn .1 t:, il 
wheel supp1 r· 11111 , 1owagc. ,\ rr 

tractable cockpit is 111.:eded 10 pre\'rnl 

the p ilots from be ing rnok <:d :1ftcr 
se\'eral hours at Mach 3 and to pro­
" i<le land ing and take-off ,·iew. llun­
ning fo re-and-a ft ;dong the top of the 
wing ;ire two large str:1kes, much at 
va riance with the g<:ncral smoothness 

of the whole aircraft. ft may be rc­
callc<l that win<ltunncl tests 011 narrow 
deltas h.1,·e shown the development of 

twin scpar:1tio11 ,·ortices :1t hig h inc i­
clcncc.·• Strakes such as those on thc 
model could \\·ell he fences to pre\'Cnt 
the spread of these rnrriccs :tt the 
ncccssa ril:, high take-olf and lancJing 
incidence - they " ·ould al,o be in 
.1hout the right pl:ice fo r undercar-
riage fairings. 

The rca,0 11 

delta ha<l not 

why .1 '\ \\'allowtail" 
been tried befo re w:1, 

that it wou ld requin.: a twenty foor 
high un(krc:1rriage because of the 
\\'ingti ps . . \ t'tcr the earlier \\'all is ,-.1ri­
:1 hlc-,wcep e,perimen1, thc solu1io11 
\\':JS oil\ ious: , i111plv , wing the swal­
lo\\'t:1ils lor\\':ml ,omc 70' to make 
thcm into high-.1spect rat io wing~ for 
low speed. Figures of 130 ft . span 
spn:ad ( with similar m·era ll length 

swept ) :111 d -rn lh. sq. [r. wing load­

ing wen: f!i \'\: n ( in the lecture ) for 
thi: 100.000 lb . . 1irliner: therefore the 
win!!' area . 1hc entire aircraft. 1s 
llll ),()l)() -,--!tl=~ .5110 sq . ir. and the 

.1.1pect r:nio :11 lo\\' spei:d \\'ould he li.8 
- though there \\'ould he rnnsicler:1blc 
ga in. oni: \\'Ou ld think. in induced 
drag from the S\\'allowtails of which 
the aspect r:itio must he ,1bout 15 .. \ 
take-olT in :1 t'cw hundred yards at 10() 
mph w:is mentioned. which implies 
hif!h :1cccler:1tion as well - assisted. 
one would imag ine. since take-off 
thrmt we ight ratio is not all th:1t high. 

G reatest Problem: \\'ith , :1ri:1hk 
.1\\·t:epback . the greate~ t problem is to 

• . \ t.:rfl ll,Hllll. il R1..·,1..·,1rd1 C,n n 111illt:c Curren t 
!'.1pt:r )X/ · ·1 iil.."h Rt:ynold, ~umhcr Test, 
,111 J ;11° 1..1' . ~wccphJck Dch.t ( !IP l lltl) ". 
( I kr .\l.,jc, l\ \ ~1.1t111ncn· Off .. price 3s. (,d _ 
eq uiv.) 
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S k c tt·ht-:-- .. lu>'" i nt e r ior 
!a~'OUI. wi n A" 11ivo1 arran;,!t' nu·ut--. 
a nrl the rt .. lra,·tahlc t·untro l ~-ahin. 

111:1intain rnm .:ct e.g . .:.p. relationship as 
the entire lift and stability pattern 
changes w ith chi: mo,·ement of the 

wings . Drawings show that the wings 
contain fuel from root to nacelle - the 
sides of the delta :1lso h :1\'l:: long tanks 
in them. The c.p. mo,·es :1fc with 1hi: 
wing-s and. as the re is no t:1il or fore 
pl:1ne fo r t r im. longitudina l stabil ity 
will ha,·e to be supplied by appropri­
,ltl'. adjustment of longi tudinal cJihedr:d 
between the wing body :111d thc "sw:1l­
lowt:1ils .... \ pp:irently, the engines nea r 
the \\'ingtips :ire the major f:ictor in 

bringing the e.g. aft in svmpathy. 

T he h igh aspect ratio of the swa l­
lowt:iils makes them look thin . where­
.is they .ire :1.:tu:1lly a bout 15° ~ thick 
_.1m c111rall_r. when swept to 80° th is 
is reduccd to less than 'P ', aerod_r· 
11a111icallr. Thi: acrofoil section of the 
swallowtails is bi--('.01wcx and of la111in­
;1r-t-low form ; it is neither ,harp-edged 
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nat·t•llt•, n1:ii111 a i11 po ... ition 1Tla1ive lo tfa1t1111 li11 1·. 

nor symrnetric:d and the incidence 
washes ou t m a rkedly. Thi: ti ps are .:ut 
away to be in the line of Right when 

iully swept. O ne would expect :1 re­
duction of incidence. rel:ni,·e to thi: 
body. as the wings m o\'e fo rwa rd . 

Bec:1u.1e ,·ariablc swcephack necess i­
tates the engini: nacelles swi,·e lli11g 
through 70°. they might ,IS \\'ell he 
uni\'ersall~· mounted :111d po\\'er opera­
ted to act as elc,·:1tors. ailerons and 
rudders . They also provide some ,·er­

t ical fin area - the :icute delta \\'Ou ld 
be highly stable at surcrsonic speed. 
w h ile slight toe-in of the widely-sp:1ced 
thrust lines coul<l compensate: for the 
shortage of fi n are:1 at low speed. 
O nce the engines a re uni,·ersally 
mounted. there are many poss ibil ities . 
of which coupling to autostabilizers 
tor trim an<l offsetting fo r .1symmetric 
!light ( :iutomatically upon po\\'er fa il­
ure a t take-off) are immecJ iatcly oh­
,·ious. ft is important to realise th:it 
1 he control use of the nacelles is ,1ero­

dmamic. any thrust-deAect ion effect 
is r urcly coincidcnr:11 - e,ccpt pns­
siblv in the dead encine r:ises. ThC' 
111e~hanics of the u11 i,'.ers:1l mouming-. 
which 111 11st be held r igid .1f!ai11st feeJ­
h:ick or Hutter. and the :1ct11:1tinc 
111ech:rnism must ha ,·c requir<'d ,;, 

mu<.:h ingenuity as the wing joint. The 
need to mm·e the 11.ic<.:lks in pitch 
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11,·n-,,i1:ilo tr iangu l.rtl'll 1110u11 t ing Jll'· 
lom \\'i th their a pic:o adjacent 10 thl' 
,urLrc:c. Tht' nac:clln project wdl ahead 
of tl1,· ir Jl\'lons so tha t the engine, 
m:1s, h:1l.111n: the: \\'i11gs. :is well as 
lht'ir o\\·r, rnountinp . :1g:1i11st flutt er. 
I 11 ,idt' cln :il ion th,· p:r ired 11:1cclln 
:rrt' rc:rnin is,-cnt of l\uscmann's super· 
wni, hipb nt'. so that there ma,· Wt'II 
k· t:1wnr r.1hk ,hockwan: intcra~t ion. 

,ving Joint: T\\'o hin ts h aH· hccn 
1.:i1-cn l,y Dr. \\';1 llis ahout the ll'in" 

ioint. th~ kc:· 10 the project. Dr. W alli: 
h;i, likened it to the human hip joint 
:111J in his lc:cturc he said it is '·some­
th in,1.: l ike that used ior trammg a 
gun". T his suggests that. instead oi 
h:"·ing a hinge :n the ,-en· root of the 
\\'ing. a fulcrum :rnd ICl'er ha,·e hcen 
c,·oh·cd 1"- Dr. \ -\Ta ll is' g-enius. The 
''h ip joint" could he the fulcrum or 

trunnion. \\'ith :in inboard ex te nsion 
of the \\'ing spar :ind an arrnate rack­
a11d-pinio11 representing the gun 
mechanism". Such a dc,·ic:e \\'Ou!d h:1n· 

the immense atkrntage of g i1· ing relief 

•••••••••••• CF-104: 
A round-up of the points of dif­

ference and features of the CF-104, 
a s compared to the Starfighter 
variant on which it is based, was 
recently released bv Canadair Ltd. 

The CF-104 strike-reconnaisance 
fighter being built for the RCAF is 
the Canadian vers ion of the F-104G, 
which has b e en adopted also by the 
air forces of Wes t Germany, Belgium 
<md Holland. The Canadair-built CF­
t 04 is intended a s a replacement for 

• the Sabre 6's presen tly in service 
: with Canada's e ight day fighter 
• squadrons in Europe. 
: Like earlier marks of the F-104, the 
• C'Inadian version will be capable of 
• Mach 2 flight. Major difference is 
: in the beefed up structure to with­
• stand the higher wing and airframe 

: \~~,~;ry'f~t;;1;_an len~~ee~teif i::~ 
forgings are incorporated in the 
fuselage main frames , wing fittings 
and spars, fuselage longerons and 
joints. fuselage tail frames. tail unit 
spars and ribs . 

The vertical tail surfaces have 
been enlarged by 25% and a fully­
powered rudder has been added to 
give more precise control during 
attacks on ground targe ts. The hori-

• zontal stabilizer me chanism has been 
modified to give increased hinge· 
movement. 

Maneuvering flaps have been 
added to provide an increase in 
the available load factor. This will 
reduce the tum radius by one third 
at an altitude of 5000 feet, a signifi­
cant advantage for ground attack 

o operations . 

m hcndin,1.:. s ince the trad itional h t1gcy 
of the ,·11r:1stn: wingroot has been 

sidestepped - it would he analogou, 
to the ki ll jo int at the hase of :1 tall 
radio mast. To he efTcni,-c. hearing 

loads ha l'l' I<> he reduced to :1 In \\' 
value (as in the pin joints of idc:t!ized 
structures ) another key secret. 

Dr. \Vall is i, knoll'n to h:11 c ll'orkcd 
ou t some 1110s1 unusual solution to the 
hc:11 problem of Aying for m:tny hours 
:11 \ lach 3. In th is connection he men­

tioned that he considered the limit for 
sustained atmospheric flight would b~ 
i'vl4.57. since " the equilibrium tem pera­
ture of 300°C. was too high e1·en for 
steel ' ', and the practica l speed would 
he i\[:2 .5-3.0. equilibrium temperature 
about I 50°C. 

Flight control of the " Sw:1llow" 
would he br con\'cntional cont rol 
column :1nd rudder pedals. ~othin~ 
h:is been d in1lged about the ll' ing 
sweep control. hut since it is a function 
of accclcr:nion and speed it is psycho­
logicdh· linked wi th the throttl e. so 

far a, the pilot is rnn,Trned. alt!wu,.:h 
it \\'ot1ld ob,·iously he related to rnrne 
fo rm of :rnlOm:nic control through a 
Machmeter. So long as increase of 
d rag. when rapidlv applied. is no t 
:Kcom p:rnicd by unpkasant compressi­
bility dTcrr~. the rcl'l-rsc act ion is po• 

tclllially the most po\\·.:r ful speed brake 
vet dn·iscd. Pu t another \\·ay. the 
speed of the "S\\·.dlcl\1·" ll'ill :d\\':tvs 
lie belo\\' its \ f,. " · \\'hich is rel:rted 
to the \ lach angle of the how shock. 
behind ll'hich the ll'ings lie at all 
speeds. :\ ccelcration must. therefore. Ix: 

a co-ordinated e/Tcct of reduced wing 
\\'al'(: drag ( and frontal area ) plus. 
perhaps. increase c( thrust from the 
ris ing ram reco1·cry. Once accelerated . 
power ll'Oulcl he reclucccl to the re­
m arkahh· low \':dues ru::eclt'd to main­
ta in the des ign speed. 

Calculations: Some simple sum, 

based on figure, l,!i,-en al the: lc:rturc 
add interest to the project. 

( (;r11Jll//1Jt t/ flll /'.ltt ) ;; J 

VARIATIONS ON A THEME 
reduce landing roll. To meet pos­
sible icing conditions during low 
high-speed flight, electrical de-icing 
elements are fitted to the air intakes . 

Max range for specific bombing 
missions is allowed for by the pro• 
vision for installing aluminum fuel 
tanks in the ammo, gun and shell 
case compartments of the fuselage. 
This ins tallation is interchangeable 
with the gun and increases the 
internal fuel capacity by 120 gallons. 

As with other late models of the 
Starlighter, the CF-104 has a conven• 
tional upward ejection seal instead 
of the downward system used in 
early models. 

Other interesting features of the 
CF-104 include : anti-skid wheel 
brakes; provision for the pylon· 
mounting of Sidewinder missiles 
under the fuselage: a large-calibre 
rocket and other external armament 
stores under the wings along with 
extra fuel tanks. 

The CF-104 will be equipped with 
an autopilot complete with "stick 

steering". This w ill include modes 
for preselecting and holding altitude, 
speed , h eading and a constant rate 
of tum. 

It will be lilted with the multi­
purpose NASARR radar syste m con• 
sis ting o f a radar set and fire-control 
computer: a bomb computer: an air 
data compute r: and the PHI (posi• 
tion cS. homing indicator ) developed 
by Computing Devices of Canada. 

Other items : TACAN radio air 
navigation system : provision for a 
data link-time division set : and UHF 
radio. 

Powerplant sp ecified for the CF-
104, and which will be produced by 
Orenda Engines Ltd,, is the GE 
]79-7 rated at 15.000 lb s. thrust 
with afterburner in. Wing span is 
21 feet 11 inches; s weepback at the 
quarter-chord line is 18.3 ' , and 
length of the slender fuselage is 54 
feel 9 inches. 

The first of 200 Canadair-built CF­
l 04's w ill be delivered to the RCAF 
in the spring of 1961. 

0 
: The drag chu te diameter has b een 
11 increa sed from 16 fee l to 18 feel to 
• • • ~•• • o•~•o• 6• •••oe • •••~t • •••••••••••••••••••••••••••••••••••••••• e•o•••••••• •••• •• 
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RADIO THEORY 
( Conti1111cd from pagr J I i 

th:it 121.9 megacycles has ::i wave­
length of 2.4 meters ::inJ 500 kilo­
cycles has a W;J\'C length of {i()() meters. 
Commerci;1l broadcasting st::itions in 
Canad::i ha \'e wa,-e lengths th,it range 
from 5-10 to 200 meters. 

The formula also inJic::itcs a vcry 
significant point. That is that the high­
er the frequency, the shorter the wave 
length. Consequently, since antenn:1s 
must be m::itcheJ to the frequencies 
being transmitted and received. the 
higher the freq ucncv, the shorter the 
antenna required. .-\Ltual antenna 
length is a compromise in,·olving ,1 
number of factors sud1 as space :JVail­
ablc. cost of construction . frequencies 
to be useJ ::ind the power being used. 
Ex;ict :intenna matching is usu:illy 
,1utomatically accomp!ished by the :id­
dition or subtraction of inductance 
(coils) or capacitance (condensors) . 
.\ dding inducta nce in series to the 
,rntcnn,1. electr ically lengthens the an­
tenn:1 and ,1dding capacitance in series 
electrically shortc11s the antenn::i . 

In the 11e:,,;f article, the Jre­
qnencu SJ)ectrurn , f'reqnencu ap­
!)l ication , skip distance, slcip 
zone and J)ropogcitfon will be 
discussed. 

SUPERSONIC AIRLINER 
( Continued from f'1iJ:; l' 18 1 

The 50,000 lb. gross weight na,·:d 
project may h:1,·e four Bristol Siddelcy 
O rpheus, say 'i000 !h. thrust each at se:1 
le,·el. a quarrc r of that ;it 60.000 ft. or 
so - the likely height for supersonic 
cru1s111g. T he 10,000 11 . 111 . airliner 
might be supposed to ha1·e a similar 
thrust 1weight ratio. At 100.000 lb .. this 
would mean a total cruising thrust of 
I0.000 lb. Thus. cruising I. D=I00.-
000+ 10,000= 10. 

Dr. Wallis said his BO:-\.C "Swal­
low .. airliner project woulc.l carry 50 
or 60 passengers, say 15,000 lb. 111-

duc.ling baggage and crew: 100.000-
15,000=85.0t)0 lh. 

.\ssurn ing 30 • of che gross for 
structure : I 00.llll0-30.000= i 0.0ll0. 

This le:l\es 'i'i.000 lb .. or about 700() 
[G, for ft1<.:I ,in,1 ,1 reasonable assump­
tion fo r the cruising sfc of a low pres­
sure ratio supersonic engine is 1.0 . 

. I /ml, 1960 

T hus. 55,0!J0 lb. of fuel wo11id 1.1, t 
'i .5 hours, or :il111os1 11,i)l)iJ st:1 cu tc.: 
miles at 'vl:tch i (2 <11J() mph ) which 
seems near enough for an armchair 
"guesstimate'', but rather tight on al­
low:rnces for LonJon-Melhourne. 

However, let us suppose that this 
gracdul aeroJync has an L/ D of 12, 
the optimum value for supersonic 
range, anJ one gets this remarkable 
picture: 

l 00.000+ I 2=8350 lb. th rust fo, 
cru1s1ng, 

anJ 55.000 +8350=6.6 hours. 
or 13.:200 statute miles. i.e. 10.000 

n.m. with 1,500 11 . 111 . reserve. 
which fits logically into the 
route pattern. 

Fin::ill y, it must be clearly unJer­
stooJ that there is no Vickers Swallow. 
as such. there is a whole range of 
"pap~r ::iirpl:ines"' designed on a simi­
la r principle to meet different specifi­
cations. The officiall y-released airliner 
must ht an earlv studv before the 
full impl ications ·of the. :iirAow and 
lift pattern ot wedge-delta wings was 
understood. Tod:1y. acroJynam icisrs 
realize that the hocl v and wing 11111.<t 
be blended I ikc the demonstr:11 ion 
model. One would also guess that hc­
c:1use of the need for hlcnJing there 
is a minimum practical si:ce for this 
configu ration - e,·cn with a prone 
pilot - since the cockpit must k 
extended and retracted. 

NAE WIND TUNNEL 

svstem and fi ne mesh wire smoothing 
screens installed in the settl ing cham­
ber of the tunnel. T he steady air How 
lea,·cs the settling chamkr by ,1 con­
vergent fixed contraction and is fu r­
ther accelcr;itcd in pass ing through the 

, upe1 ,, tll n<,z,.Ic· . ,.; 11 ·•· nl the 
air ilo,v p,1\\; l;.!t.: Ol t! l' IIJ>l'(~{)f)I( 

nozzle is prO\ idcd hy two -1 5 It. long, 
5 fr . widt:, ()) l{j in. thick . fkx ihk \tee! 
plates, act ing between parallel sidc­
walls. Each of thcst: plates i\ positioned 
against accuratdy set mechanical stops 
hy 11 hydraulic jacks. V:1rious stop 
settings , giving a range of convcrgent­
d i,·ergent no:czle shapes and test Mach 
numh::r, ,ire a,·ai lahlc. 

Transonic Testing: For tests in the 
transon ic range a special test section 
is inserted into the winJ tunnel circuit 
between the superson ic nozzle and 
model support sec tion. T his tr:111sonic 
test section. which is 1(, 1 , ft. long, h,1s 
perforated Row surfaces surrounJed hv 
a 12 ft. <liameter plenum chamber. 
:VfoJels ::ire supported from the h:1se 
by :1 mounting sting which is attached 
to a \'ertical strut. Housed within the 
model support system are hydraulic 
senos which pro,·ide model attitude 
control. in pitch and roll, during a 
tun nel run. The air forces acting on 
the model during a blowdown arc 
111e,1surcd clcctric:dly by a stra in g:rngc 
balance 111ou nted within the hody or 
the model :ind air pressures arc con­
,·ertcd to analogue ,·oltages by pres­
sure transducers. The air Aow through 
the test section is slowed down in the 
,·ari::ihle and tixed c.liffuscrs and finally 
d ischarged to atmosphere through an 
exhaust silencer designed to reduce the 
outlet noise to an :1.:ceptahle le,·el. 

Th<: :icrrnl:.-namic me:1sure1ncnts 
made during :1 run. wh ich :i re clectri­
c;,I niltages proport ional to model 
loads and pressures. :ire measured hv 
self-balancing strip chart potentio­
meters fitteJ with digitizers and re ­
corded on IR\[ punched cards. Subse­
quent processing in computing equip­
ment g i,·es the reduced results in tahu­
hr anJ p!oued form. 
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