
I > 

,/ ,/ 
NAr1or"AL AER o; , AUTICAL ESTl~BLISHMENT ,,, AE-Sla 

19 
U\BORATORY MEMO RA NDU M 

HJT 

h JT Aerodynamics 
0A' l 

10 Sept.1956 

DECLASSIFED on August 29, 2016 by 

~ 
~i<lJ•~tl't<.L/\.,Sl~t(-\lt)"J u ret 

s11RJFc1 NOTB OH TH2: ~?F6C T OF INTL<;HC2PTOil P.C:iiFORMANCE ON KILL 
POTc.NTIAL 

P,<E F' M 1co sY R. J. Templin 

ISSut ·o T Internal 

1 ~le ~t MCIF~A~DUM IC, JS'- lJF D TO FUHi'llSti l"\J ·oF~MATln~ 

AR Pl)Hl IIISPf"lfLl '1 1NAr~yl._,CHAF1ACTfrl 

HA ..... - HFC E: IVFO l Hl rAF~CF UL LOI r1•~G O A -H'.t->()H r ANO 

15 .. 1 J HJ f ( I T ) r~ F V I [ vv 



NATI ONAL AERO N AU T ICAL ESTABLISHMENT No .. .. . ... . AE-Bla 

LABORATORY MEMORANDUM 
P AG E .......... 2 ... .. O F ......... ~

9 

SUMMARY 

In this note calculations are made of the probability 
of positioning interc eptors of different performance so that 
successful missile firings can be made against bcmbers of sub­
sonic and supersonic performance. It is concluded that effective­
ness is greatly decre a sed if the interceptor suffers a speed dis­
advantage relative to the bomber, but that it is not greatly 
increased by a speed advantage, that a subsonic interceptor can 
be as effective as a Mach number two interceptor against a 
Type 3? bomber, and that the effectiveness of a supersonic inter­
ceptor is insensitive to differences in performance estimates. 
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1.0 INTRODUCTION 

The Aerodynamlcs Laboratory WtiS asked some time ago 
to provide information to DRB/CARDE, which would allow the per­
formance of the Avro CF-105 all-weather fighter to be set up 
on an analogue computer for interceptor studies. The laboratory 
produced the required data in references 1 anq 2. 

CAHDE had previously investigated the effectiveness 
of the CF-100 armed with Sparrow II missiles against a Type 3? 
bomber (the Russian 4-eng ine, pure jet, subsonic bcrnber). Their 
method of calculating system effectiveness or the fighter­
missile combination is outlined in Reference 3. Presumably their 
corresponding study for the CF-105 is about to begin at the 
present time. Although the method is exceedingly tedious to 
apply in a thorough way, it is possible to use it for a few 
isolated cases which will give an approximate idea oft he 
relative effectiveness of various weapons systems, without 
having to make use of a computer. It was felt to be of interest 
to make scrne calculations for the CF-105 in canparison with a 
subsonic fighter. 

This laboratory has also been engaged for some time 
in an assessment of the performance capabilities of the CF-105, 
and there have been considerable differences of opinion with 
Company estimates. It has, however, been suspected that although 
large differences of performance are predicted, the effe·ct iveness 
of the aircraft may not be greatly affected. This can be 
determined only by appropriate calculation. 

A further reason for making such effectiveness cal­
culations is to familiarize ourselves with the method used, and 
to learn what are the important factors in aircraft performance 
which make for high overall system effectiveness. 

Accordingly, in this memorandun, the relative effec­
tiveness of three dlfferent fighters is compared, against a 
Type 3? subsonic bcrnber, and also against an advanced bomber 
which is assumed to cruise at a Mach nunber of 1.3 at 50,0QO 
feet. The three fighters are a good subsonic fighter (having 
performance somewhat superior to the CF-100), and two versions 
of the CF-105, one of which is a "conservative" bF-105, whose 
~erformance is as predicted by NAE, and the other is an 

optimistic" CF-105 having Avro performance. 

Since the GARDE method of estimating system effective­
ness may not be familiar, it will be described briefly. 
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2.0 o·mRALL SYSTEM EFFECTIVENESS 

System effectiveness is defined as the probability of 
a single ready interceptor making a successful attack against 
a single bomber aircraft. It may be defined as the product of 
three probabilities: the missile salvo kill probabiliy PK, the 
interceptor positioning probability Pp, and the aircraft 
reliability factor Pa• 

The first factor, the salvo kill probability, is not 
the subject of this memorandun, and will be taken to be inde­
pendent of interceptor performance characteristics. If PK' is 
the single shot kill probability, then the salvo kill probability 
(for a salvo of n shots) is 

n 
PK - 1 - (1 - PK') 

The single shot probability, PK', is itself the product 
of a number of other probabilities, such. as the probability the 
missile will function correctly, the reliability of the fuse, and 
the warhead lethality. 

In the GARDE CF-100 study, the value of PK' for the 
Sparrow II was taken to be 0.288, and hence for a salvo of four 
missiles, the salvo kill probability is 0.74. Allowance was 
made for occasional shielding of missiles by the airframe during 
launch, and the above fi gure was accordingly lowered to 0. 70. 
This fi gure will be retained in the present me morandum. 

Another probability which will be assumed to be the 
same for all interceptors is the aircraft reliability factor 
Pa, which will be taken to be 0.75, .as was assumed by GARDE 
for the CF-100. 

The main subject of the present memorandum is the 
calculation of the aircraft positioning probability Pp, which 
is defined as the probability that a serviceable aircraft can 
be directed by ground control and its own radar to the missile 
launching zone in such a way that the successful launching of 
a salvo of missiles can be made. The method of calculation 
will now be outlined. A more detailed account is to be found 
in Reference 3. 

3.0 METHOD OF CALCULATION OF INTEHCEPTOR POSITIONING PROBABILITY 

In the initial phase of interception. a fighter is 
directed towards the banber by ground control. The banber and 
fi ghter are located by means of ground radar. The ground con­
troller attempts to direct the fighter in such a way that it 
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will be in a n optimun position to complete the attack at the 
time it makes contact with its own AI radar. At this time the 
fi ghter beg ins to manoeuvre, if necessary, in order to launch 
its missiles accurately enough to obtain a kill. 

If the bomber is flying at steady speed in straight, 
level fli ght, and the fighter is a pr,roac½ing on a particular 
course relative to that of the bomber , there is one "ideal" 
approach path for which the fighter will not have to manoeuvre 
at all, and can launch missiles at their maximum range so that 
the missiles will be on a collision course with the bCTaber. If 
the fighter continues on this course without turning it will 
eventually pass astern of the banber~ and for this reason such 
a course is called a "lead collision course. However , the 
fighter does not have to be on this 0ourse to ensure success. 
If it is approaching either ahead of or behind the ideal 
position, it may still launch missiles at maximum range and, 
provided the launch is made within some a llowable heading 
error, the missile itself can carry out all necessary 
corrections. 

Triere is, however , an extreme "early" and an extreme 
"la te" position of the fighter beyond which the canbined 
manoeuvr&bility of the fighter and its missiles will not permit 
a successful attack to be carried out. 

It is convenient, at this point , to view the 
situation in bomber co-ordinates . That is, fran the point of 
view of an observer in the bomber. This is a little difficult 
to visualize at first, but makes the g eanetry of the situation 
simpler . Suppose the fi ghter approaches the banber on a 90° 
course difference. Its path rel&tive to ths banber will be 
in a direction given by the resultant velocity vector , as 
shown in the diagram below: 

\ 

i<EU~11VE 
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There is a cert a in contour surrounding the banber, 
which is the maximum missile launch range. If the missiles 
wer e launched at this rang e in such a way that they could con­
tinue on their course and collide with the banber without having 
to manoe uvre , there is a particula r point at wh ich they would 
have to be l a unched. This point can be determined from another 
vector diagr run . 

I 
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For each cour s e difference (of the fighter and missile 
relative to the bomber) there will be a different ideal l a unch 
p oint on the mpximurn rang e contour. These point s c a n be found 
gra phic a lly as shown above, a nd labelled with the c ou r se 
d ifference. Now these are 11 ideal'' launch points, frcm wh ich the 
missile c a n pr oceed to collision with out having to ma noeuvre. 
Actua l ly some l a titude is b llowable becaus e of missile manoeu­
vrability. Suppose a launch heading error of ~20° is a llowa ble 
at maximum l a unch rang e. The d i a grmn below il l ustra tes this 
situa tion , for a fighter approaching at 90° course difference. 

The "ideal" a pproach path of the fighter i s line 1 
in the diagram. On this path, the fi 0hter woul d reach the maximum 
launch range at 90° course difference to the banber, and if it 
then launched its missiles, they wo uld b e on a colli s ion course. 
If, however, the fi ghter approached furt h ex•ahead, at line 2, 
without manoeuvring , it could still l a unch missiles at maximun 
range because the missile itself could correct the 20° heading 
error. Similarly line 3 represents the rear limit of such an 
a pproach. 
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There is also a minimun missile launch range contour 
at which the miss1les must be launched with zero heading error 
becliuse t~ere is not sufficient time left for them to manoeuvre. 
If the fi ghter &pproaches further ahead of line 2 or further 
behind line 3 in the diagram above , it must manoeuvre sufficiently 
to reduce the lliunch heading error to 20° at maximum launch range, 
or if this is not possible, it must continue turning in the hope 
of reducing the heading error to zero by the time minimum launch 
rlinge is reached. 

If the aircraft is ahead of line 2 it must turn to port, 
and this turn must canmence at a point which depends on the 
distance of the approach path frcm line 2. The locus of all 
such points is called a "manoeuvre bar rier". There is one 
manoeuvre barrier by which the aircraft must start to turn in 
order to reduce the launch heading error to 20° at· maximun 
launch range, and another barrier by which it must turn in 
order to reduce the heading error to zero at minimum launch 
range. 
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So flir the charac teristics of the interceptor's A. I . 
radar has not been taken into account. The bomber can he con­
sidered to be surrounded by a contour which may be callect the 
Al contour, within which the bomber will be "see n 11 by the 
interceptor. If it is necessary for a turn to be made by the 
interceptor in order to achieve successful missile launch, 
this turn c a n not be initiated until &fter the interceptor has 
crossed the AI contour and made contact with the banber. In 
the CAHDE studies it was assumed that the turn is not initiated 
until 3 seconds after making cont&ct, and so a 11 delayed 11 AI 
contour cun be drawn around the banber. 

The point of intersection of one of the manoeuvre 
barrier s with the delayed Al contour will define the most for­
ward (or earliest) appr oach path of the interceptor which would 
allow euccess. 

T~e situation is summarized in the diagram below, 
which is drawn in ba:nber co-ordinates. 

In the diagram, the manoeuvre barrier for minirnun 
launch range is shown as the governing one because its inter­
section with the delayed AI contour will give the widest 
possible approach lane for the interceptor. ,In this case a 
fighter approaching along the most forward path would initiate 

19 
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& port turn 3 seconds bfter AI contact, and would find it 
necessa1°y to continue turnine; until r.1inimun launch range is 
r'eached, at which time its r.1 is siles would be heading on & ·col­
lision course with the bc.mber. 

In a scmewhat simil&r manner the mo s t re&rwar d limit 
of the bpprcach lane can l e gr&phically determined , but in this 
case other factors det ennine the li~itations. If the interceptor 
suffers a spe ed disadvanta6 e rel&tive to the bombe r it must not 
fall too far back while making its neces~&ry starboard turn , 
bec&.use it will not be able to catch the bomter . If the inter­
ceptor speed is equal to or greater th&n that of the banber 
such a limitution disappear's but it rmq still be t h e case that 
the bo:nber penetr&tion may be unacceptably high by the time the 
interceptor catches up. However, ra.ther than impos e an arb i­
tr&.ry lirnit.ation of this type , and in order to simplify the 
calculations , it was assumed in the present study that the 
rearward limitation is g i ven by the condition that the inter ­
ceptor , on entering the AI ran6 e contour, must not pass out 
of it again (tmd hence lode contact) while making its starboard 
turn. This turn is carried through only far enough that the 
fighter can continue on a straight; pbth and launch missiles at 
maximum range with zero heading error. 

The approach of a fighter along such a path is shown 
in banber coordinates in the following d i agram , for an initial 
course difference of 90°. 
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By the se methods it is possible to determine graphi­
cally the a llowable approach lane width for the interceptor, 
for any given initial course difference. One p ossible further 
limitation has not yet been mentioned, &nd was in fact ignored 
in the present study; some of the manoeuvres required of the 
interceptor nay put it into a position and attitude relative 
to the banber such that its radar look anele limitations are 
exceeded. Thi s factor was ignored because these limitations 
were not known for the CF-105 0 

Another limitution of this st udy is the fact that 
the calculutions have b een carried out only for a 90° initial 
course difference between the fi8hter and bomber. The calcu­
l&tions are somewhat tedious and in any case it was found by 
GAHDE in the CF-100 study that this course difference is not 
far frcrn the value which gives maximum positioning probability. 
For these reasons no further cases were considored. A thorough 
analys is, howeve r, could not i 8nore this variable. 

¼hen the &llowable approach lane has been determined, 
it remains to calculate the probabi lity that the interceptor 
can be successfully positioned within it by the ground con­
tro ller. The reason why this event is a probability rather 
th&n a cert&inty is that ground-based radar is not by any means 
a precision measur ing device. It shows the positions of &ir-
craft in an intermit tent fashion a nd subject to other uncertainties. 
Vwhen the ground controller assumes the fighter to be in a certain 
position and on~ cert&in path relative to the bomber, there is 
a probability that this is correct, but also some probabilit y that 
the fighter is almost anywhere else. In the GARDE study the RMS 
position uncertainties are worked out separately for the f ighter 
and for the bcmber, and then superimposed to g ive a resultant 
RMS uncertainty of the fighter relative to the banber. A two­
dimensional Gaussian distribution is then assumed for the 
position probability of the fighter in ban.bar coordinates. If 
it is assumed that the gr ound controller is attempting to direct 
the fighter along the ideal &pprouch path, the Gaussian distri­
bution is superimposed on the permissible approach lane, and 
centred on the ideal path, and then integrated over the lane. 
This will give the probability that the fighter will actually 
be somewhere within the permissible lane at the time it makes 
radar contact with the bcmber. In other words, this integral 
is the positioning probability Pp• 

The R.M.S. uncertainty 'of the position of the fighter 
relative to the bomber is not necessarily the same in the direction 
of bomber motion as in the lateral direction, depending on a number 
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of f a c t ors . I f t he bomber- i s approac h i ng the t,rou nd r!:,d1:;.r , the 
l ~t e rul uncertainty ls qr8ater , und ~ey be further l ncr0used by 
dog- le,z confusion manoeuv1.'es , durin15 w'1lch the hant·er c11unc;es 
cour·se to both side .,f its mean direct:lon . I n the presen t 
memor&.ndum, the 11ddit i onc1l uncertuin y due ·to r1rndan d og- lee; 
ru:1.noeuvres has not v6en t11ken invo h0 ount, , 1::1nrl t•ie hlvt, : uu­
certuint'l.As (' the fi~htoi· relat i ve to the bombtH' huve btie n 
taken to be those ,.z;iven in I efe11 dnce <> with no do6 - leg~lng. 
The y are &.s follows : 

nJ,\S u nce:·tninty para 7 lel to bornbe t' pci.t'1. = _:4G3 0 yurds 

19 

nMS uncertainty et right a neles to bcrnber path = +9450 yurd s 

4 .0 B0MBEH P~R?ORMANCE 

Two different type s of bomber were &.SSU'Tled i n the 
IH1alysi8 . The f'irst. , 1:1. subsonic bombe r h&vinf; performanc~ 
cornp"'ruble to the 4 - j e t Type 3 7 , w&.s ass1wed tc fly at M = 0 . 75 
at 50 , 000 feet . 

The second bomber wus 11ssumed to be supersonic , flying 
at M = J .• 0 at b0 , 000 feet . 

5 . 0 MJ SSI LI'..: Pr.'HF0i'lM ANCE 

The miss 1 le launch ri:,n__,;e contnurs were cop i ed frorn 
those used i n Reference 3 . I t was assumerl that missile velocity 
was constant ut 2CC'O ft . /sec ., when fi:-ed from i. subson i c fight e r , 
and 3000 feet/s e c • .t'rom a supersonic f i _.,hter . Th i s choice was 
somewhut arb i trary, Lut a.J c:1 matter of fact it can be shown that 
the r e sults are quite insensitive to these quantities . An 
allowable launcli head in~ error of _:20° was a:.,.nrned u t max i rnu11 
launch .ran ge . 

6 . 0 ? I GHTEh AJ HADAR PERF'O ~~ 

The Al cont our &.1' ound t ie bomber was cop i ed from 
Bef tJ rence 3 . I t pro~urn::.bly u,_; 1Jlies to t,n i\ I radur· set which 
is scmewhat i nferior to that actuelly i ntEmded. for the CF- 105 , 
but the character i stics of the CF- 105 system W'e unknown here , 
and in any case the r,c.1rpo,Je nf the presout llpproxi:::11.1te analysis 
was t o compare the capabilities of tho CF-105 wi th a good 

L ________________ ____. 
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subsonic fighter, both carrying the same equipment, and so 
although the absolute value of the results may be affected by 
this a ssumption, the comparison probably is not. 

7. 0 FIGHTER PERl<'0hMANCE 

As was pointed out in t ho Introduction, three different 
fighters were investigate<l. They are referred to as Fighters A, 
Band C in what follows. 

Fighter A is a subsonic fighter, which is a.ssuned to 
fly always at a Ma.eh number of 0.75 a.t 50,000 ft. (Note that this 
is the same as was asswned for the subsonic banber). At this 
speed and altitude it is assumed to be capable of a sustained 
load factor of 1.2 g's. Th is permits it to make a steady level 
turn of about 4.ry miles radius. A plan view of this turn ~s 
found in Figure 1. 

Fighte r Bis a supersonic fi ghter. Its performance 
in turns is that which is calculated by the NAE for the CF-105, 
when its centre of gravity is at 28% of the mean aerodynamic 
chord. As such, its performance is considerably inferior to 
that estimated by Avro. In the present study it is assuned 
to fly o.t a Mach mll!lber of 2.0 at 50,C00 ft. when in straight 
flight. In actual fact the NAE aerodynamic estimates indicate 
that the CF-105 ho.s a maximum level speed at this e.g. position 
which is sanewhere between 1. 9 and 2.0, but it wa.s felt for the 
present purposes t hat a slight upgrading in level speed per­
formance would have a negligible effect on the results. This 
aircraft then enters a canbat turn at a M~ch nunber of 2.0. 
Bxamples have been calculated for several t ypes of turn to 
determine what is the best method. It is found that in gen~ral, 
if time to turn is the mos t important quantity, and if also it 
is considered undesirable to lose speed, then it pays to apply 
only moderate load factor at first, but to overbank to 90° so 
that the nose of the aircraft drops. In the desbending turn 
a much greater lo~d factor can be applied and finally the 
angle of bank is greatly reduced so that the aircraft pulls out 
of its moderate dive. In this manoeuvre it will suffer a 
considerable los s in altitude, and probably the method would 
be useful only if the fighter is required to make a large 
change in course ending in a tail chase with the banber. In 
such a case altitude could be re gained, if necessary, at a 
slow rate without reducing speed. 

If it is important not to lose altitude, but not 
as important to maintain high speed, then it seems preferable 
to apply a large load factor and to control angle of bank so 
that there is no loss in altitude. In this'case the speed of 
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the aircraft will drop in the turn. The present study of the 
positionin!.'.; p1·oblem shows that loss of speed in the turn ls 
act;ually an advttnta~e becaus e it shortens the turning radius. 
Accordingly, constant altitude decelerating turns were 
adopted. It was also decided to assume that these are carried 
out at a load factor of 3. At this value, Fighter B decelerates 
rapidly, and has reached a Mach nunber of 1.3 after making a 
turn of about 90°. Probably it would be undesirable to continue 
this turn because the aircraft is rapidly approaching a buffet 
condition. Accordingly the remainder of the turn was assumed 
to be carried out at a constant Much number of 1.3, at the 
maxlmum steady load factor (which is 1.305). As a matter of 
fact turns of greater than 90° were not required for the 
interception cases studied, and so the last assumption above 
is of academic interest only. A plan view of a 180° turn of 
this type for Fiehter B i!:l also shown in ?lg. 1. The average 
radius of turn for the first 90° ls about 6 miles, but increases 
to about 11 miles after the speed has dropped to l.J. 

Fighter C ls another version of the CF-105. Again, 
it is assumed to fly at a Mach number of 2.0 in straight flight, 
and to carry out level turns at a steady loud factor of 3. 
However i.ts &erodynamlc characteristics are those estimated by 
Avro, and in addition its centre of gravity ls assumed to be 
set bac k to 34 percent of the chord. ( This is several percent 
further back than it is likely to get in practice). Because of 
the much lower trim drag at high lift, Fighter C decelerates 
much more slowly in turns. The Mach number has dropped to about 
1.9 after 90° of turn, and to about l.7ry after 180°. The mean 
radius of turn is about?½ miles for the first 90° and about 
6l miles for the second 90°. A plan view of this turn ls shown 
in Fig. 1 for comparison with those of F'i~hters A and B. 

One of the things which is felt st;rongly in carrying 
out such calculations, is the extreme "slugg1 shness" of a Mach 
number 2 fi ghter in canparison with its subsonic cousin. The 
above calculations show that the radius of turn of the super­
sonic fighters is greater t han that of Fighter A, although their 
turns are made at a load factor of 3 g's (an angle of bank of 
70°), while i''ighter A turn::i at only 1.2 g 's . This is also shown 
in other manoeuvres. In a descending turn of the type described 
above, Fi~hter C banks initially to 90° and holds this until the 
nose has dropped 20 degrees, while pulling as much load factor 
as is required to prevent an increase in speed . Initially the 
load factor ls 2.28. As the nose drops this increases to about 
5 g's. Even ut this extreme angle of bank it t&kes over 20 
seconds for the nose to drop 20 degrees. At this point the 
angle of bank ls greatly reduced to produce a vertical accelera­
tion and the aircraft begins to pull out of its dive. It will 
have accomplished the pull-out in another 20 seconds, but will 
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have lost a tot al of about 14000 feet of altitude end will have 
nearly comp l eted a 180° turn. The procedure does however, 
shorten the mean radius of turn to a bout 5 miles (from about 7 

miles). 

Another case which was calculated for Fighter C was 
a pull-up from level fli gh t 1:it M = 2.0 at 50,000 feet. The 
pull-up was carried out at 3 g's and was terminated when the 
flight path had reached a 20 de gree slope, after which the 
aircraft was allowed to round of f at a load factor of zero 
(a ballistic trajectory). It required about 9 seconds at 3 g's 
to reach a 20° nose-up flight path an d after 27 seconds the top 
of the trajectory had been reached at about 58,000 feet. The 
total distance covered by the aircraft was about 9 miles and 
its Mach number had decreased to 1.68 at the top. 

As will be seen, this sluggishness may almost 
cOMpletely c a ncel any benefits of h igh speed in interception 
manoeuvres against e subsonic target. 

B. 0 PLACEMENT DIAGRAMS 

The first step in calcula tin~ the positioning probability 
for a given fighter approaching the banber on a given initial 
course difference, is to determine the allowable width of the 
appr oach lane. This i s done graphically on a "placement diagram". 

Fig ure 2 s hows t h e placement diag~am for the subsonic 
bc:mbero The allowable approach lanes for all thr ee fi ghters are 
shown. It will t e noticed that t he re is not a great deal of 
difference in the w1dth of these l a ne s for the three aircraft, 
and hence it is not t o be expected that there will be much 
difference in t heir positioning probabilities. These lanes, of 
course, apply only for a 90° course difference between fi ghters 
and banber. 

Figure 3 is the corresp onding placement diagram for 
the supersonic banber. In this case it is obvious that the 
capabilities of the subsonic fi ghter are seriously reduced, and 
tho main reason is that the rear limit of the approach lane is 
cut down. A figpter approaching on the rear limit must make a 
turn to cane in on tha banber I s tail quarter, and the scope 
of a subs onic fi ghter is therefore severely lL~ited against 
a supersonic banber. On the other hand, the approach lanes for 
the supersonic fi ghter·s are not greatly different from those of 
Figure 2. 
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In nearly &11 cases, the "ideal" approach path (the 
lead-collision ccurse ) is not located at the centre of the 
l ane, and if the ground controller is attempting to direct the 
fighter along this path, there is a hi ~her probabflity that the 
attack will fail due to the fi ghter being too far forward than 
too far back. One solution may be f or the ground controller to 
purpose l y a ttempt to dire c t the fi ghter on a more rearward 
course, but the optimum amoun t of the shift would be different 
for different approach c ourses . It follows also that greater 
fi ghter manoeuvrability would improve the chances of successful 
attack if the fighter must tu11 n on to the bomber nose, but 
would not greatly help for turns int o the rear quarter. 

It will be not ic ed c lso from these placement diaer runs 
that Fighter B appears to have a slightly wider permissible 
approach lane than Fighter c, and hence that its positioning 
probability is greater . This is due to the fact that the mean 
radius of turn of Fighter B is le s s than that of Fighter C if 
t he y both t urn at t he same load factor. Fighter B is the 
"pessim1st ic" CF-105, as far as aerodynamic est irnates are con­
cerned, and thus t ~e paradox arises that t he fi3hter with the 
hi6her drag seem3 bet ter in combat . This cornpu r ison is hardly 
fair, b t:Jc ause thera are e:everal ways in which Fighter C could 
have equalled the manoeuvrabi lity of .? i ghter B. For example 
it could thr ott l e buck in the turn in order to dece lerat e more 
rapidly. Thi s , however, mi~ht increase the risk of afterburner 
blowout. Alternatively it could t urn at hi gher load factor, 
but it would soon r un into elevator hinge mcment limitations. 
It could also op en dive brakes, if it had any. The latter 
arran3oment is pr obably the most flex ible. The CF-105 has dive 
brl:l.kes, but at t he rnonent they are incapable of being safely 
opened at superuon ic speeds 0 

9.0 CALCULATION OF POSITIONING PROBABILITY 

As outlined i n Section 3 , the method of calculating 
positioning probatil ity i s to super i mpose the assumed positioning 
uncertainty distribution on the allowable approach lanes, and to 
integrate i t over the lane width. The uncertainty 1istribution 
is centred on the ideal approach path on the assumption that this 
is the path ulong which the ground controller is attempting to 
direct the fighter. For an RMS uncertainty of the fighter 
relative to the bo.nber of +4630 yds . parallel to the bomber path 
and ~9450 yds. at right anBles to this p&th (See Section 3 ), the 
calculat ed positioning probabilities are as shown in the table 
below. The overall system effectiveness was defined in Section 2 
to be the product of the positioning probability Pp and two other 
probabilities PK a nd Pa which were assumed to be equal to 0.70 
and O. 75 r e spectively.' Hence the overall system effectiveness 
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is obtained by multiplying the positioning probability by 0. 5250 
System effectivenes s is also listed in the table below. 

TABLZ I 

POSITlONl NG PHOBABlLITY Pp, AND SYSTEM EFFECT l VENESS Pp PK Pa 

50 ,000 feet, co-altitude attacks, with 90° initial course dif­
ference between fi ghter and banber. 

Subsonic Bomber M=0 . 7 5 Supersonic Banber M=l. 3 

Fi6hter A 

Fighter B 

Fighter C 

0 .8 '7 

0 . 90 

0.885 

10.0 DI SCUSSlON OF RESULTS 

0 . 456 0 . 425 

0 . 465 0 . '7'75 

0.223 

o. 4 15 

0.407 

The above results indic&.t e that F i ghter A (a subsonic 
f i ghter ) c an be ne&.rly as effective as the supersonic fighters 
against a subsonic bomber aircraft. The positioning pr obability 
(0.87) for Fighter A is somewhat g reater than the corresponding 
value for the CF-100 &.ircraft as ohtained by GARDE in Heference 3. 
Their values r&.nged from about 0.'7 to o.s. In the CAHDE study, 
the bomber was al l owed to carry out dog -leg manoeuvres to 
increase t he lateral positioning uncertainty, and also the 
lhn itat ions due to AI radar look angle were taken into account. 
However , an e ven greater effect was that due to the speed dis­
advantage (about 30 knots) of the CF-100 relative to the Type 37 
bomber for co-altitude attacks . GARDE e~tended their study to 
investigate the effects of carrying out attacks from altitudes 
5000 feet and 10,000 feet below t ha t of the banber, a nd making 
use of the missiles' junp -up capab ilities. These altitude 
differences wipe out the speed differential between fi ghter and 
banber , and considerably increase its chances of success . If 
the fi ghter suffers a speed d isadvantage , attacks which require 
a turn on to tho rear of the bomber are limited by the maxLmun 
allowable fall-back of t he fi ghter, &. nd in t his case the rear 
limit of the allowab le approach l ane wil l be cut down . The low 
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positlonin~ probability of Fight er A a~a inst a supersonic 
bomber illust rates this point. 

On the other hand the present study indicates that 
a speed advantage (even a large one ) is no gr eat advantage to 
the fight er if it resu l ts in a reduction in manoe uvrability. 
In Fig ure 2, it will be noticed that the rear limit of the 
approach lane for Fighter A is so close to the extreme width 
of the Al contour , that there is very little improvement to 
be obtained by en increase in spe'ed. The forward limit of the 
lane, on the other h a nd , is mainly affected by manoeuvrability , 
end in particular by radius of turn . 

These conclusions are the result of an approximate 
ana lysis which was carried out for one particular course dif­
ference only. A more thorou§h analysis, covering course 
diffe1•ences from zero to 180 way mod ify them somewhat , but 
it mus t be remembered that the approach course to be used ls, 
to sane extent, the choice of the ~r ound controller, provided 
there is sufficient war ning tine, end ~ence all course d i f ­
ferences ere not equally probable . 

To weiGh the adventa~es of interceptor speed only 
from the point of view of final canbat i s not, of course, the 
fully story . ~xtra speed permits the interception to be carried 
out at shorter banber penetration, for a ~ iven warning distance, 
provided t hat the f i ~hter radius of action is larg e enough. 
Since supersonic fighter radius of action would normally be 
less than that of a g ood subs onic fighter, it may not a lways 
be possible to realize this potential advantage . 

One conclusion from this analysis is that it migh t 
be worth while to carry out a shor t project s tudy of a high 
altitude subsonic, al l-weather fi ghter. I t would undoubted ly 
be an aircraft consider ab ly larger than, say, the F- 86, because 
of the need to carry sophisticated fire control equipnent, but 
it mi~ht not be much larger than the CF-100 . Its desi gn would 
be considerably simp ler thttn that of a super sonic fighter for 
several re&sons . Supersonic stability und control problems would 
not arise . i xternal missile stowag e would probably be feasible 
without ::rnriously affecting performance. Its wi ng load i ng would 
probably be low because of the high- b.ltitude manoe uvrabilit y 
requ i rement , end this would make for g ood landing and take-off 
characteristics . Its thrust-to-weight r1:1t lo probab ly would 
h ave to be h i gh for the same reasons, and this might make it 
worth while to consider a VTO vers ion. A very pre liminary 
g ues s po ints toward an aircraft in the 3 0,000 l b . class 
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p owered by u sing le Orenda Iroquois, &nd armed with 4 Sparrow 
missilos 0 The results of such a project study could be used 
in a comp lete weapons system evu lua tion such as that now beine 
undertaken by CAHDB f or the CF-105 . 

It should be borne in mind that any subsonic fighter 
would be r e latively helpless against a supersonic banber 

11.0 CO NCLUSIONS 

On the basis of this appr oximate analysis, it is 
concluded that, 

1. The overall system effectiveness of a supersonic 
interceptor armed with a ir-to-air miss iles is in­
sensitive to differences in interceptor · performance 
estimates . 

2. Effectiveness i s 0 r eatly reduced if the interceptor 
suffers a speed d isadvant age relative to the bomber , 
but cha nges very little as the interceptor speed is 
increased above that of the bomber , as long as the 
interceptor rad iu s of turn is not chan ged. 

3. A subsonic fi e;ht.er whose per·formance is at least 
equal to t hat of the b anber may be nearly as 
effective us a Ma ch number two fi ghter, provided 
the s ~~e armament i s carried . 

4. The manoeuvra bility and h ence the effectiveness of 
a supersonic f i ~hter could be improved if it carried 
dive brakes which could be oper&ted at supe1·s onic 
speeds. 

5 . There may be some point in carrying out a project 
study of a h i gh -altitude subsonic all-weather 
fi 8hter. It would be cheaper and quicker to 
develop , and could be a flexible and effective 
partner to a supersonic f i ~hter in the defence 
system. The usefulnes s of such an aircraft would 
depend on how soon it is expected t hat long rang e 
supersonic bcrnbers may be developed, be.cause it 
would b e relatively ineffective aga inst such an 
aircraft . 
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Fig. 12 Yawing moment coefficient versus yaw 
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