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A PRACTICAL SCORING SYSTEM
FOR AIR-TO-AIR ROCKETS
The advent of development of successful air-to-air rockets
revolutionized concepts, equipment and tactics of aerial interception.
A host of new problems accompanied this revolution including training
of air and ground crews, maintenance of gear of previously unheard
of complexity, logistics and many others, One apparently innocent
problem was a suitable method for evaluating the firing accuracy of
these systems., Previously a towed target had been used for evaluation
of aerial gunnery and though this method left much to be desired, it
was considered adequate. It was also assumed some sort of similar
method would suffice for these new weapons,
An "E'" system interceptor during its firing phase, can be
elearly
=roughly-divided into two distinct interdependent parts or sub-systems,
LIS
which be evaluated separately, One is composed of plane, radar,
computer, and missiles all of which, when combined with a servo
system to translate error signals into control movement, will place
these missiles in a position to destroy another aircraft, The second,
of course, is the servo system or pilot in the present "E' systems,
Though his contribution during firing runs is being largely eliminated
some futvre. SystTems at present
on datew "E'' models, a pilot's functionpduring firing is supposed to be
nothing more or less than flying his plane in such a manner that the
steering dot is centered, How well this is accomplished can be

determined by examination of a photographic record of steering presenta-

tions during simulated attacks, Scope photography has become mo¥FE
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or_lgss standard procedure thus evaluating pilot»’pae&shww/\
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Evaluation of the mechanical part of the systems is a much
M/g‘ adis n of
more complex situation, presenting a suitable target
for attack and after this attack, determining if this target would have
been destroyed and if not destroyed, the magnitude of miss, Old
scoring concepts applicable to aerial gunnery no longer hold here.&tw
N/

—in aerial gunnery, a relatively large number of hits have to be scorgd
in a small area to be successful but now one projectile i a rela’a:\f;\)
large area is a kill.

Evaluation of hits or.'éven more mibmportlnt. misses, assumes a
vastly more gﬁp;tam function here than in aerial gunnery, for where

a&ﬁ(}l-ﬂZ&M "
be boresighted and ﬁned in to check this bore~

sight on the ground mfh:&b: ::pe{:::i ::» reuonat an t}z}:’ /H' ;,e.-,,,\“j
condition, this is no longer trues First, the corresponding f ction

of boresighting consists of many complex operations of setting up a

system to find a target, lock on this target, give steering information

to the pilot, solve a series of equations, and at the proper instant release
a salvo of missiles which will strike the target. Many functions previously
performed by a pilot are now assumed by the weapons ) system, Added

to ﬁ;:oblem of setting up ih;;lyltem is the impossibility of firing -

in on the ground, To have any reasonable assurance at 2ll that an

interceptor is combat-ready, it must be fired and by one method or

another be determined capable of striking this target. Even the most
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"E'" system equipped #ready for combat without aerial firing
-3 I /

: —swould-be the equivalent of merely boresjghting a gun without fir, ng jn, p
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An aerial target an coring us imperative to
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attacked, some method of determining hits or misses; and a method
of determining the accuracy of steering by the pilot,

Most suitable of all targets would be an aircraft as similar
as possible to the craft whish-ie-to be attacked during combat combined
with some method of scoring misses, Drones wefe a logical choice
of realistic targets., During the Operational Suitability Teltingq of "E"
System aircrafthere at APGC, a program of firing/pgainst QB;17'I
which were realistic as to configuration but left much to be desired in
performance, wmmv{om that these targets ?
were much too expensive and vulnerable to be used on any reasonable
scale, Since that time a large contract was let for development of
small drones with realistic performance. These units, however,
would not be suitable targets with!\auxilliary equipm.ent for determining
miss distance becaupe of their greatly reduced area, This development

ulf‘-.(" e Y

program wan unlucceuful. In_additiomra-suitable-seoring-system. was--
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Concurrently with testing and later field operation of F-86D's,
F-94C's and F-89D's, developmenf programs were started for some
@ suitable method of aerial firing and evaluation. As always the
temptation to rely on familiar methods was strong., Even though towed
banner targets were becoming inadequate for conventional aerial gunnery,
they and their associated gear were pushed up to and beyond breaking
point in an effort to use them as targets for "E" system equipped
interceptors. Aot & mivrn Lea) (% Al s onih

A banner target is far from’a suitable scoring methodq The
problem of making it radar reflective can be solved by the addition
of corner reflectors and/or using reflective material for the banner,é—ts}
In regards to simulating performance of a bomber, it is woefully

inadequate. Drag figures are extremely high}and this added to drag

and wiight from a long cable necessary for safety purposesy) seriously
pe suver) Rooo W

limit performance of a plane, ‘This dragnis well beyond reliable y
operating limits of presently available tow reels, To add to the problem,
first line aircraft are not available for tow purposes, B-2%9's are
admittedlyyrelics of a bygone era and when harnessed with the additional
drag of a banner, it is barely capable with full climb power of operating
within the minimum speed limits for Phase III firing of the F-86D,
B-45's are slightly better but they too lack realistic performance as
tow craft for they are limited to about 30, 000 feet and speeds of 230 TAS
which again places the computers near the minimum speed limit for
Phase III firing/—t--u’/'ﬁ C 86 - <.f!,/ v

A banner is nothing more than a rudimentary form of firing

) 4
error indicator.=«#o® Scoring o£4rocketnﬂ is totally inadequate.



Mn its most common configuration with one or more radar

locrer/ grnal a

reflectorsattached to theﬁtow bar, aim point is no longer target
S J,& tad o borrer) W'
center., Justowmlede covers only a quadrant above and heyonsdste aim

point, thus a flane firing late and high would show more hits than one
firing correctly. More important thogglFis the fact that the area of
even a large banner is much smaller than that of a bomber., A 6' x 30'
target and 9' x 45" target respectively present 180 square feet and
405 square feet as against of a B-50 type aircraft, Most
aerioul-mthough’il the inability to determine magnitude or direction
of a miss, If a plane is improperly set up it should miss the~target.&
consistently and since ther? is no way of determining what corrective
action for maintenance to take, the only resort is to check and recheck
previous work and finally in desperation add guessed-at corrective
measures, The matter becomes even worse than hit or miss for there
is the stroag possibility of a stray rocket striking. On a recent rocket
meet, we had scoring equipment along on three passes which hit. Two
of these hits were scored by wild rockets with the centroid missing
. /:/;:.

completely, It is obviously impossible to determine Fptane's performang:\e
from towed targets without some form of auxilliary FEI (Firing Error
Indicator).

The need for FEI was early recognized and a great deal of

allin~ ;s‘« L

money and effort was expended in am-eéfort to develop a suitable system,
Much of this work has been centered around various photographic

procedures, Photographic records of flight path of projectile and

target seems a most direct and simple procedure and indeed photographic

scoring has only one difficult problem. With normal@c
5
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procedures involving a sinkle camera’only‘ two dimensions are recorded,

.

By knowing necessary angles bf atto;ck, rockets fired against fixed
ground targets can beAZ::ored easilyﬁfor the rocket's impact is in or
very close to the target plane, With air-to-air rockets an entirely
different situation exists., Here, when photographed from firing craft,
the rockets appear to become relatively fixed a shbrt time after firing
with the target apparently moving across the projectile's path, A
Fly

)

Without a hit it is impossible to select the proper frame, i.e., when )
& J‘ Y €

the rockets are in the target plane. See-Pipupesl If it is possible to

™\ ‘!

rhet
select the correct frame or frames when the rockets cut the target

: v ) comt bt LWM
plane, i by comparing apparent miss
distance to the known target length, The only real problem then in

rocket scoring by photographic means is choosing the photographs

exposed at the correct time, This is reducing the problem to its
- 2y,

me‘fxtl. Some of the details will be treated later,

7

Q{(@“iﬁ c:ﬁy one of an almost infinite number of ways of scoring
missiles, ,Mﬁfew of the others which have and are being
tried are acoustic means, both amplitude and time differential,
doppler radar on the target, cameras mounted on the target, and
detecting devices on the target for quantitative measurement of a
standard radiation or field from the missile itself,

When operational suitability tests were started on F-86D's,

F-94C's and F-89D's here m at APGC, neither this

Ap
nor any other installation had any means of scorinu%rts were
started to develop some suitable scoring device. One early attempt

was quite interesting. Sonne S7A6continuously moving film cameras
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were mounted in nose ﬁnd tail of a QB-17, These cameras were

L3

pointed upward with overlapping fields of view covering
vertichl plane on the longitudinal axes of the aircraft., Prior to firing a fixed
an
bias was introduced into the fire control system of the interceptor
4

causing thg.jﬁghter to fire high but correctly in azimuth Gk placed

the missiles above the drone where they were photographed. :; :
addition, the rockets were Aeromites which left @ dense trttl“u!'l'muke

By knowing base line and film speed of the cameras, rockets' miss

could be calculated from the a.ngle of the .zoke tra.i}'nage on the film,

Onte Lol meas) el
e could then be compared Wiﬁ the deliberately introduced

'*‘W y mm.tw
system errors) The scheme worked well but it was considered unrealistic

to introduce errors and for this reason was discarded,

Months passed with other unlucceuful attempts being made
ass i~ Ela Batw & titnio

to use stereo pairs of came as/'hab-o me of the projects were completed
o/ M’é

without evaluation of ﬂ' syltem'l' most important function, its
ability to hit a target. In,;ne 1953 a concentrated program was started

under Project APG/ADA/54-A and co:%inue} under Project APG/ADA/49-A-4

U // &ie ‘

to devebM evaluationi"E" uystema' firing acc
here at APGC, a method which if posaible

by operational units,
The first month or so was spent largely in theoretical study
of problems involved, selection for testing of the most promising

methods, preliminary testing of methods which showed promise by

previous trials, Addddt/ébéidd bt /the! bhé b /dikkbibll/ 444 Some of the

A gl _
methods discarded are listed below along with @ reasons for not being

considered:
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1. Acoustic ranging by measurement of shock wave amplitude -
Inherent inaccuracies in measurement place overall accuracies outside
of acceptable limits,

2, Acoustic ranging by measurement of time differential of
arrival of shock wave at different points - Complicated), data reduction
problem; can handle only small numbersof single rockets,

3. Ranging from magnetic field in missile - Magnetic fields
decrease too rapidly with distance, 4 ’ ﬁ )

4. Ranging by measurement of stand’a,rd radiatien source in
missile - Radiation strong enough to be recorded at a reasonable distance
would require elaborate safety precautions,

5. Ranging by measurement of field strength of 2 radio trans-
mitter mounted in rocket head - Number of transmitters required were
considered excessive,

6., Photographing rocket crossing target plane from a camera
mounted in the tail of the tow plane and relating this to the strike camera
film in the firing aircraft - Camera cannot record rockets at the lengths
of tow chble used, unless some auxilliary device such as a flash head®
is used, Even in this case a large amqunt of auxilliary gear would be
~ necessary as would prodigi aus amounts of data reduction and assessment,

7. Ranging by doppler radar - Can handle only small numbers

of single rockets; elaborate accessory gear involvedi &£— 4«9/0/ l /l/&jlgj
which ‘
The above are just a few methods/were rejected upon theoretical

grounds or upon preliminary testing,
Four methods were chosen as being promising enough to warrant

]
extensive testing., Withmexceé)tion they used some means to determine
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time of rockets crossing the target plane and then relating this time
to a photographs taken from a strike camera. Once the correct frames

are chosen the rockets' misses are ranged stadiametrically,
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Inyokern issued a series of reports on a method of miss distance

evaluation using stereo pairs, GSAP cameras are mounted under each

wing of the firing craft and operated simultaneously during actual

fﬂng. Apparent P h of missiles is progressively plottedgs FThis—is—
each camera with the target's image being kept
as a stationary reference, resulting in a plot of miss distance against

elevation, According to their theory, these curves wi interl.ecz
AA
at the point the missile cuts the target phne, Akiss distance may

PR LAY

then bew stadiametrically, This method is predicated upon,

a change in relative elevation of the cameras. &h&nge inaelevaq

ot

tionr:occur' during a roll in or out during a pursuit curve; however,

r inimize
e

during collision course atta kl fforts are made o pr

£

roll with
LAttt
__camerasin-eleyvation;This results in the plotted curves becoming
f\vﬂh

almost parallel lines with which it is impossible to determine inter-
section,

Messrs, Prince and Ru?h of our Data Reduction Branch predicted
this and in order to verify}“ empirically, set up a stereo pair
and simulated very accurately a firing pass using point sources of ¥
light as target and missiles, Results showed that it was impossible
to eh;o.{: the intersection of the almost parallel lines, Attempts (o
use this method at several bases have also resulted in inability to
determine moment of missiles' cutting the target plane as the curves

become parallel lines,

One use of stereo ranging which showed promise was plotting

apparent distance of missiles from air i y against time, Curves

/j:”d» s
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from two cameras were then superimposed on a common scale, the
point of intersection being moment of missiles' cutting the target

plane, Frames corresponding to this time are chosen and miss distance
d!etermined stadiametrically, A pair or synchronous 35mm cameras
with 4-inch lens were mounted in modified tip tanks of a F-94C and

boresighted such that rockets fired from the ship were common to

the field of view of both cameras, These cameras' shutter openings

were synchronized to a few miuineczdn. t ev al tests W {

were run, it became apparent thzt \’rﬁth only a 40-foot ba.selinq,the
on 6@»-.)

point of intersection, i.e., moment of missile piercing target plane, 2

coulq not be determined with necessary accuracies to make this a :

“suitable method, N
A good deal of effort was expended upon detection of a shock “ J / % :

wave from the rockets' approaching the target and taking this as an i,;{ 11 y!; ‘

approximation of time of crossing. Any-objecitraveting-fosiorihen

Mach—t—O-has-assosiated—with-it-a-shoskuaver A 2, 75"(@NOTS rocket

generates a shock wave of very large magnitude which may be detected

considerable distances a&ay by a suitable tranducer VT asanliyas

quite similar to a microphone., A magnetic transducer Was .

cougled to an AM transmitter and attached to the harness of a tow

target. This transmitter's sfgnal was received in the tow c@rait and

recorded on an oscillograph. A number of flights were made in Sept-

ember of 1953 with this gear in order to test and perfect—ia;-md

_the-shock-vawesy During some miuiona uhoi“}ves werg recorded

o

but results were inconsistent.
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during the winter in an effort to refine system components, A very
promising setup was devised with excellent response and low signal
to wind noise ratio with "’pickup anc;?;l transmitter Pk
occupying only a few cubic inches in the tow harness. This system
was abandoned however, when it became obvious that other methods
would give superior results,

An elegant approach to this proljlem was designed and developed
by Mr, Bauer of this Command, A camera with?-inch film moved
continuously past eight lenses which through a system of mirrors
coveredq360° plane normal to the longitudinal axis of the S-27 glider
on which the camera was mounted, This camera wi %be. turned on by
a radio link, the transmitter of which is located in/t;‘;w:r chase
plane, A rocket passing through the field of view of tht'ﬁ camera will
be recorded and the quadrant through which it passed and a rough
estimation of its miss can be readily determinéd. By means of a
common code recorded on both this camera and a strike camera on
firing or chase aircraft, time of missiles' crossing target's pfane
may be related to strike film and miss determined stadiametrically.
This system has been quite successful in ground tests, It is extremely
accurate and is capable of handling large numbers of missiles, Data
reduction is relatively complex but its chief drawback is the complexity
and large amount of accessory gear, Data recovery is also a problem,
While this method might be useful in testing phases of a system, it
obviously could not be used in field operations,

The fourth method to be tried consisted mmesely-of recording

the relative range of rockets and target from a radar A scope presentation
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and relating the instant of range coincidence to proper frames of

a strike camera. This is perfectly straight forward with recording

of rockets by radar being the only unique feature. Possibility of

this at first seemed dubious while in reality it is an extremely simple
matter as later tests showed, An object with a cross section as small
as a rocket is not usually considered large enough to give a sufficient
return to be recorded by a radar set, Several people with a great
deal of experience in radar considered it impossible, Radar
Observers however reported tracking rockets and other projectiles

to large distances,

A crude A scope 3¢ was built and installed in an ¥-94C to
determine ability of a set to ""see’ rockets., This was completed in
October 19Sibut was not tested until April 1954 when a salvo of six
free-fired rockets were easily recorded. Further tests were immediately

made against targets with complete success., In an effort to



~prove fedsi ty of this system as @ method suiteble for field use, a com-
plj& stem including redar, cemeras, and A Scope was assembled. The R.T.
um& G‘=-30 wes housed in & 120 gallonm-llé/mpelmjank along with an

A Scope rresentation which wes photographed by a 35 mm camers whose shutter
openings were syncﬁronized with those of another 35 mm strike camera equipped
with a 4" leﬁs. This unit wes hurriedly assembled suspended from an &6F and
without prelininary tests teken to Yuma AFB where a large number of firings
were being mede. During the week, & firings were chased by this 86 with 511

& being suceessfuliy recorded. This instrumentation, in spite of its hurried
design and construction and unnecesssry complexity, required noc meintenance.
Several hits were recorded, thus @ffording & check against instrumentation
accuracy which proved to be escellent This was tEE flrsz ;nstaﬁfik ?
firing error indicator functioning successfully-én—%he—fiéid Several con-
ferences were held with members of Air Defense and Treining Commends as to

the most satisfasctory configuration of this system end it was decided that

8 chese plane equipped with this F.E.I, offered more advantages then any
others. A unit wes then designed using, with one exception, AF stock items
which is simple enough to be reproduced by any Air Force installation eguipped
with machine shops and fecilities for meintaining en "E" system. A prototype
of the unit was assembled and tested here and will be given to Yuma for further
tests. Complete deteils of construction end operation of this FEI are given
in the atteched appendix.

Since the concept of tracking missiles with pulsed rader is relatively
new and opens a realm of poséibilities in the missile field in general, its
specific application as & prectical F.E.I. for E system scoring will be described
in some deteil, This-ceeriag-metho |

This scoring method is extremely versatile, requiring bassically only two

sources of dste, rader video information and photographic data from a strike

14




camers. Ve have built s series of these Reder-Optic F.E.I.'s using various
configuretions. They have fallen into roughly two clesses--units mounted on
the firing craft and using system's redar for video, and those mounted on a
chese plene with its own rader. The system described in the following is the
Model 2‘£which wae designed for field use. It consists of an unmodified G-30
Rader feeding a ¢ tube sweep and K&de chassis whose output is an "A" presents-

eR. tvobe

tion on & 3JF11 Cathode Ray Tube. A modified lens combines thehimage =
04 BT mm T.)

-one—ddge—ofHx35m filn with strike photogravhsm A 40 frames per second

cemera is used. Housing for the unit is an M-116 Nepalm Tank with necessary
chenges. Weight is epproximately 125 pounds and drag is only slightly higher
then a normal tenk. The chase plane flles a feirly tight formation with
X, Seet nete

firing creft endpduring the last few seconds of & firing run,(%aégr voltage
is spplied to the mzfnetron only diring this period to eliminate poééigziitj,
of interference,qg:d ceameras are turned on for ten or fifteen seconds.

Restating the problem of photographic scoring: Ranging of rockets miss
by motion picture photography is easily accomplished by stedismetrie techniques

if gend only iff) & rocket is in-pe

exis of the striiecomerr—duwery a plane through the target paralbeél to the

camera's film plane. First order accurscies are determined solely by the

errors La-daiecting hhe—cutilng_nf_tanget-plane by rockets end relation of
o, -

this to the strike cemera film. Positional errors thus become s function of
time errors as the target is in continuous linesr motion . An example will
illustrete: Assume that a single rocket crosses a target plane at some given
time, missing the target sim point by 50 ft leed in azimuth. A photograph is
teken 1/20 of & second lster and miss-distence is assessed from this photograph,
Elevation errors are negligible since vertical target velocity is zero and
vertical rocket velocity relstive to the firing aircraft arises only frqm

35




gravity scceleration, which is on the order of 70 ft/sec at this point. Errors
in azimuth will now vsry directly as target speed. In this case, the missile
will appear to have passed closer to the target by distance of target travel
in 1/20 second. With a target speed of 300 ft/sec this error in azimuth would
be 15 feet i’?iﬂSt an elevation error of 3.5 ft. It is obvious that ;igi;::“
lation Exxmeximaxxmsxixgx holds for this specific case. Error in assessing
miss-distance in azimuth (ft) equals target velocity (ft/sec) times error

in determining time of crossing rocket plene c&%ESSAQ. Other much smaller
errors are present in ranging techniqﬁe but this time function errors pre-
dorinategd. This of course leads to another problem. Since rockets are fired
during a relatively long period of timé?jthe rocket psirs must be followed
separetely and crossover time riforded for each reir, or one pair must be
chosen and the time of onl&tg;;r's crossover be recorded. Th; first Prisedure
is necessary for extremely accurate work in engineering tests. For::;;&uation
of system accurecy, it is enough to know where the so-called strike rocket

or pettern centroid goes,ffor it is this rocket which is theoreticelly designed
to hit terget aim point. Since neither missilesnor fire control system is
perfect, it is necessary to add rocket:z fired before and after the strike
rockets to bring kill probaebility to a ressonable figure. It is the centroid
which is scored with the system being described, although it is possible to
score other rockets by interpolation."mf\’adar setg used to determine range co-
incidence is an AN/APG-30, an sirborne, low power, bapd set commonly used for
range‘?ata on A series sights. It would be desireable to have a set with more
poJ:;/Gr en antenna of smaller beam angle, but this is more than offset by

such factors as small size,light weight, simplicity and ease of maintenance.

(*Approximately 1.25 seconds for an 89D; .084 seconds for 86D; and .168 seconds

for an F-94 for full salvos.)
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Renge informaticn is displayed on 3" scope in an "A" presentation. In this
presentation, the scope beam is started coincident with Pransmitter output
pulse at one edge of the tube and is swept ldnearly alonéagxis. Return pulse
informetion is displayed alon?a)us resulting in qscale on which distaence o
objects from the set may be determined. Relative,not sbsolute range is of
primary interest here.

Since mxtremely short ranges @re necessary here; some complications
arise since the sets sre designed for much longer ranges. Radar renge factor
is approximetely 490 per micro-second, thus the .4 micro-sec pulse of a G-30
covers 196 feet in spaceg @Objects closer together than this cannot be
seprerated on a presentation. Ideally, pulse length would approsch zero with
position of each scanned object appearing as & single, narrow line. Unfortun-
ately, prectical limitations prevent this. A salvo of rockets appears as a
single lengthen‘%ulse, and the target as another relatively wide pulse.

After a little experiencef, time of crossover for the centroid can be deter-
mined by inspection to within one frame of film run at 40 fremes per second,
even though p ulse width occupies a relatively lerge amount of trace width.

At forty frames per second, the maximum azimuth time error is less than
1/40 second times tow speed. dkxyxmmmxkyxkewxxxent @ present tow speed,
this is on the order of 7 ft.Emwmkimm Elevation error is negligible. Once

the instant of crossover of the centroid is found, it is necessery only to

select the centroid of the pattern from Etrike pZotogqaphs and determine mag-

nitude, of migs stgdiametrically. TFor usewith-present—target®) a slide pro-
jectorﬂwould be cdeslrable but not necessary. Experience here has shown thst

L

pettern centroid is extremely close to the center of a circle which en@loses
all but obviously wild rockets. Choosing this point becomes simple after ob-

serving several strike films, Onee this point is chosen, magnitude of miss
“e-deternined-by.-comperison-of -imege~distance of -centroid from aimpoint#® to-
T




is determined by cemperison of image distance of centroid from aimpoint* to
image distance of target.
ﬁf/’ This sytem has much to recommend it. Indeed it is difficult to conceive
of another system with the advantages of no target limitations, simple data
dj%io s, @ chwf firing Easses_reglﬁc enough toﬂ;ffez: E’pcentive /
to & pilot to study his performences To accurately evaluate a pess with any
form of FEI it is necessary to hsve & record of piloté‘&erformance to deter-
mine errors introduced frbm steering.

As mentioned before, the ure of radar to obtein range deta from missiles
has meény applications. It should be an extremely valueble tool in pallistics
studies of velocity, acceleration, and pair dispersion. As an FEI system,
its value is obvious. Meny possibilities existg for its immediate utilizmtion.
There is no reason why the Model 2b FEI, as described in the appendix, should
not be immediately reproduced for use at béses where firing progfams are being
conducted. At present, it seems impracticel to equip individusl fighters with
this system, ecven though‘izdgou d involve only s simple "black box" amd a

mote) Ldl .
cemera. Such an instelletion would be'far simplemy than the Nadar,’equipment

which is rresently scheduled for installetion. It—would S of vastly»ﬁSEe
uses Value of an FEI system needs no further justification.

Use of this sytem should have far reaching effect on targets. Now instesad
of having to use banners as a crude attempt at scoring, only function of a
target need be provision of & radar terget with realistic performance., A
logicsl target configuration would be & radar reflector enclosed in a stream—
lined structure offering small dreg. Once dragf is reduced to & low figure,

it ie possible to reduce csble size weight and drag as well gs reduce tow reelggs
' s

siz%,weight and complexity. With this reduction in size, weight and drag, the

(‘Aimpoint on 2 non-reflective banner with corner reflectors attached is of
course the feflectors. It will very with reflective targets.)
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next logical step is use of fighter craft to obtain realistic performance.
Work has been done toward developing smell low drag radar reflective targets
by at leest two companies, one of whose targets has the added festure of
frangibility which should be extremely sttractive for trazining use. A protype
of a high speed terget was recently'constructed here end preliminary tests

of it ere under way. Drag of such targets are approximately 50 lbs at 300
knots T.A.S., while weight is 20 1lbs or less. Radar reflecfor area is /f;' ﬁ
equivalent to a 3 ft diameter convent&Qﬁ ound refledtor. These are com- :?
mercially available nylon fishing lines which have adecquate strength to tow
these targets. With smsll cable, feel sizes cen be cut to reasonable figures.
It is & relatively minor problem to design & reel such that it could be car-
ried under the wing of a fighter in & nescelle which could also partislly house
the target for tekeoff. FProbably most practical of all, woﬁld be a target

and small reel which could be attached to a conventienal bomb or tank rack

of & fighber. Once airborne, the target could be relessed and after comple-
tion of mission, both target and cable be detached from aircraft., Thic is

an entirely feasible system even from an economic stendpoint, since cable and
target should cost less than $40. 00. At present, & merquisette target end
reflector cost almost £300.00. Seven of the smaller bergets, discerded after
every mission, would provide much %onger time in the eir than a single bannerfA
P bargeds would provide—secfzrmsdess which banners never can. If cost

of meintenance of & present bomber type tow plane are compared to those of a
fighter using énaller targets, target price becomes insignificant. Fighter
type tow craft would provide individual squsdron with presently lacking tow
facilities. There are many squadrons which, if tow facilities were provided,
could carry on firing programs rather than "shadow boxing" which is what the

present treining amounts to,
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The radar optic scoring system described is & presently available for
immediate eapplication to scoring of "E" csystems equipped interceptors. New,
and presently unique, methods are involved but this is necessary if we are

to close the ten year lag that presently exists in tow target fecilities.
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