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INTRODUC':'ION 

These notes are comriled from information r eceived Juring two 
visits to Doublas A~rcraft Ltd during July and August , 1954. 

The Sparrow missiles are developed by Sperry ( I), Douglas (II) 
and Raytheon (III) for t he U.S. Navy . All use the same motor; 
manufacturing by Aerqjet-General. The Sparrow I is a beam 
rider, the II is a fully acti v·e K-band guidance and the III 
is a semi-active using proportional navigation C.W. in X-band. 
·All missiles are in the 320 to 380 #· class and are generally 
811 diameter body, 156.8 11 in length with cruci-form wings and 
tail about 40" and 32" diameter respectively. 

THEOR'STICAL DESIGN CONSIDEFA.TIONS 

1. Principles of Guidance 

1.1 Constant true-bearing principle is used, the antenna 
is not servoed but maintains a constant 'look ' ~ngle 
while the missile is servoed round •to .correct bearing 
·errors. (This is similar to the proportional navi ­
ga tion system.) 

1.2 

1.3 

1.4 

Steering is thus ef{ected by checking the error angle 
e on the constant bearing, and steering the missile 
in such a manner as to eliminate this loop error. 

Gain is maintained with range to give better steering 
servo characteristics. The factor · used is:-
( e + ~) ( 1 + 1/R + 1/R) 

As detailed abovel the antenna is not tracked, the 
missile itself dong the tracking required. 

DA T E 
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1.5 As above, no automatic track means less servo sensitiv- . 
ity is required. 
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1. Principles of Guidance (Cont'd) 

1. 6 Manoeuvre is smaller as the missile approaches the 
.target. 

(NOTE: - Doug:as say that all missiles are subject 
to instability near to the target as the l .~ terms 
are increasing rapidly. This is also t ru~ of 
Sparrows.) 

2. Principles of Detection 

2.1 

2.2 

2.3 

2.4 

The aircraft A.I. radar will detect and loch-on to 
the target. The missile auxiliary units will then 
slave the missile antennae onto the targets, and 
run their range gates up to the target range. The 
missi l e magnetrons will DJ then be energi•Le~ and 
the missile radar systems should achieve 'l c}- on'. 
It should be noted here th~t the missiles must be 
locked on prior t o 1aunch as the t arget discrimina­
tion depends, in the case of fully active mis s iles, 
on the narrowness of the missile antenna beam. 
Thus it is very unlikely. that the missile could 
acquire the target if not locked on prior to launch 
by the broader-beamed A.I. radar system. 

Immediately after the missile systems achieve lock­
on the missiles are fired. This is provided the 
aircraft steerjne is correct. 

Contro l Jf the missile after launch is only with­
held for ¼ second, as any increase in this "controls 
locked" period would lead to a considerable decrease 
in the allowable launching error. 

As sudden manoeuvre may result as soon as the missile 
steering is enabled, i•t is unwise to launch missiles 
simultaneously. Two missiles are recomrriended to a 
s a lvo, which should be ripple-fired providing the 
rnissilds are Widely sep&rated, such as on wing mid 
span. 

2.5 If int"ernal stowage of t he missiles is necessary, it 
is recorr.mended that a rPsolver be incorporated in 
the antenna slaving sys~~m to avoid a build up of 
sightiog errors during lowering. This resolver 
woula ~e located on the lowering linkage. 
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DETAILED DESIGN C~NSIDERAT I O,S 

~issile Radar System 

The radar (AN/DPN- 21) s ys t em i s a 'K ' band pulsed trans ­
mi s sion of 50 r:N peak power using l/8 p S pulse width. 
Conical scanning syptems are used . The beam is 4 degrees 
wide between half- power points , and t~e scanning cone has 
1.8 degree diameter . ,A rotating dish type ~c&nning system 
is used , and the dish forms the fly-wheel of the antenna 
stabilizing gyro . The antenna has a ±60° look angle . 
Discr imination of tar gets,down to 200 ' apart at maximum 
range is claimed. A magnetron life of 15 hours is claimed 
and 100 hours has been achieved . 

A range rata memory is incorporated with the idea of over ­
coming ECM ' s in the form of 'chaff'. 

The receiver i ncorporat es an 'X' band klystron with a 
f requency multiplier . It is hoped to incorporate a ' K' • 
band klystron when a suitable tube becomes available. 

The complete radar tra·nsmi tter-receiver including all wave­
form generator s and scanning c ircuitry, is housed in t~e 8" 
diameter body just aft of the radome, and is generally 
called t he 'seeker ' unit . 

The radome is , at present , a 2½:l axis ratio semi-ell}psoid, 
but it is hoped to have an ogive form of radome in the 
produc tion models . The radome construction of the first 9 
units was of Fiber glas using Styrol #16B resin. The tenth 
missile (M- 137) was designed for a higher altitude test 
fire and used an Orlon fabric , impre~nated with resin. 
The radome is sealed at sea- level ,atmosphere and must main­
tain this pressure at all altitud~s . In t he test vehicles 
(only one was at considerable altitude) no appreciable 
leakage was experienced. The operational envir onment, as 
laid dovm in sr,ecs Navy Bureau of Aero SD-3000 and SD- 3004, 
and the Bureau of Aeronautic s Electronics Division XEL 233 
and 224 , give the following:- Operational environment • 
- 67°F to 131°F. ; Non-operational environment - 85°F to 185°F. 
These include the case of 100% humidity up to 112°F maximum, 
at all alt i tudes f r om sea - level to 50 , 000 1 with a rat e of 
change of pressure of up to½" Hg/Sec . 

Vibr a t ion of; up to 9G peaks in t he 10- 60 c . p.s. range , 
up to 5G peaks i n the 60- 500 c . p.s. r&nge , 
up t o 3G peaks i n the 500-1 , 200 cps range. 

DA T E 
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Missile Warhead 

.This unit is immediately behind the 'seeker' unit, and 
occupies the full body diameter for an ur1disclosed length. 
The warhead consists of a 45 lb. fragmentation charge 
detonated'on the proximity principle. The range of the 
proximity fuze is restricted to 100 ' ; at greater miss 
distances than this, the missile is not-~etonated: ~§ thi~ • 
is a Navy weapon designed for carrier-borne operations no 
self-destruction facility is provided. This would, of 
course , have to be provided for ground-based operations . 
The effective area of the fragmentation charge is in a 
sector abo~t the warhead centered 65 degrees off the centre 
line looking forward. Thus a time delay must b'e incorpor­
ated to b;ring the charge to the most vulnerable area of the 
target. This time delay must differ for nose and tail 
approach, ·therefore r and r ,information is fed to the fuze 
to introduce variable time~delay into the detonating 
circuits. ,This delay is very critical in some approaches 
and is critical to ~5 degrees in a beam attack. 

The warhead charge is made by the Naval Ordnance Labs. , 
and the fuze is made by the Diamond Or inance Fuze Li.:bS., 
(Old Jational Bureau of Standards). 

Automatic Pilot 

The auto-pilot used in this missile is similar to ~at used 
in the NIKE missile which has praved satisfactory in a 
large number of tests. The auto-pilot is, in principle, a 
command accelerci,tion t:;pe system. That is, when a certain 
acceleration is commanded, the servo system calls for a 
certain wing deflection, this deflection produces an 
acceleration moment. This moment !s sensed by the rr.~ssile 
accelerometer and compared with the acceleration called for 
by the system, and the 'error' sitnul resulti~g 5ives the 
new acceleration called for. Rate and fin displacement 
feed-back is used.for damping . 

The command signals are smoothed and limited to ±14G - !16G. 
A shaping network is included in the servo loop and the_ 
actuator is a hydraulic valve. This valve ·vill provide a 
hinge moment on the wing of 240 lbs at 3, 500 psi and will 
operate with a hydradlic pressure varying between 3,500 and 
1300 psi. 

Roll position stabilization is not used, therefore, a roll 
resolver is incorpor~ted in the missile. Roll rate stabi­
lizatior is used . Steady roll rates of 5°/sec. and 

- ---
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transient up to 200° /sec are' allowed for. Thi,s unit is 
situated in:mediately aft of the warhead unit . 

Hydraulic and Electric Power Supplies 

These units are sit~ated aft of the auto-pilot un it, and 
forward of the motor. • 

Sept 

The motive power of the hydraulic system is a nitrogen 
pressurized direct loss system operating from an accumulator, 
but a very sensitive valve is at present used that is 
subject to fouling with dirt. A better valve as used on 
the NIKE missile is being in~roduced. The system operdt es 
the four cruciform wings within the limits of 3,500 to 
1,800 psi as mentioned above. The electric power supply 
is from a silver/zinc battery in the present models. These 
batteries supply the requ~red 1,200 w., but are not very 
convenient. They have a short shelf life, require some 
time to activate and have a one day life after activation. 
It is proposed to introduce a liquid (ethelyne-oxide) 
propellant-driven turbo-generator some time in the future 
(1956), this will supply 1, 000 w at 4 7000 CPS. 

Turbo-Products, a sub-division of American Mac hine and 
Foundry, are to supply the unit. 

Propellant Motor (Prime Mover) 

The. motor i? an Aerojet, solid propellant type, which burns 
for 1.85 seconds. Considerable effort has been made to 
develop a _s mokeless charge, as smoke is undesirable both 
fr.om an EC~ standpoint, and because of obscuring the target 
for succe~ding missiles. 

,J 
The s pecification requires that the motor should operate 
satisfactor'il..ly between -70 degrees and +150 degrees. How­
ever, up · to now, -40 degrees has proved to be the prc:1ctical 
limit. 

Lavout and Structure 

The missile has a body diameter of 8 11 , and a length of 13 1 

o.8" with ogive nose. It has one set of fins, or wings, 
(4 fins in cruciform layout), and a similar set of stabi­
lizers at the tail. The wings have a span of 40 . 1", with 
their leading edge swept at an angle of 57°, while the tail 
has a span of 32 11 , and a 30° leading edge. The weight of 
the fully operational missile is 38o lbs. The missile will 
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be supported on the new launcher by three ' buttons ' which 
protrude from the skin of the missile for loading and 
retract after launch. These buttons will each withstand 
an axial (tensile) load of just over 13,000 lbs . As 
rreviously sta ted , from structural and other consider ct tions, 
manoeuvre after launch is restricted to 14G in any one 
plane, or a total of 20G, thu~, taking a safety factor into 
account, the missile structur~ must withstand up to 30G 
loao.s. 

LAUNCHER DETAILS 

The launcher , whose rails p~ck up on the retracting 'buttons' 
on the missile as previously described, provides three feet 
of guidance to the missile. This launcher has not yet been 
tried out in flight, as all ti1e test launches carried out 
to iat e have been from zero-length launchers . 

The launcher here described is the proposed prototype launcher , 
described by Bull.er as: Missile, Launcher, Aero lA and is for 
Sparrow I only. A new launcher is in design for production 
equipment which will be designated as the Aero 2A Universal 
Launcher. (i.e. capable of carrying Sparrow I - II - III) 

The Aero lA launcher is 80--1" long, and weighs 36 lbs . The 
controlled •r~• of 3 feet is the minimwn length required to 
provide the missile with sufficient stability to allow the 
wings to be locked for¼ second after launch without collision 
during that pe~iod . This. time is necessary to allow the 
missile to clear the aircraft before introducing a possibly 
viol€nt manoeuvre, but should be as short as possibler as 
guidance is most effective early in flight. Thus too long a 
"controls locked" period would mean a reduction in the 
maximum steering error allowable at any given ?'Jange. It 
should be noted that the missile antenna is gyro stabilized, 
and this gyro is uncaged at 5.0 mS prior to launch, therefore 
the antenna v:ill maintain its orientation despite missile 
manoeuvre due to local flow, after launch. 

The missile, when la_unched, is only marginally stable but 
becomes more stable due to forward shift of C .of G during the 
motor burning period. • 

MISSILE AUXILIARIES 

There are two proposed methods of deriving the launching 
information, one from AI radar , and the other from an optical 

D ATE 
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sig: ting ..,,.,.,'-'n ._.ement . 'J•ne f tr .. ese s. stern ..tW<L.i--ry i..:"',i+-s 
huve Jet :.een l.esl..;ned dni 1• -c. still in he philosopl,i:zing ·• 
s+-at,e . Huwe" r, t ,inkint. , r' s > e bread- board wori-;: , r s 
rrod~ced sorr3 bor ~aram1•erM ~s follows: -

no. Off 
~for 2 

missiles) 

• 
U it ~or AI Ra~ar Tie-in 

1 C0 -orlinJte tran~f rrr~tion 
ltrl' t 

2 A11t -~na ros!~ioDing units 

1 Firing ·nt ' e inJic.tar ~#~ 

l Firir._. rr-gc in!ic~tor 
l "'res-2'1ta t.:.01, ~nd c ntT'Jl '.L"ll ~ 

Wt. Cul-,ic 

12 lb. l-' o 15 
"c=; lb. ,._., . ~ 
(for ' _) 

c:; ,, lb. ('L 
.., 0 ·~· I.._ 

5 l'.:-. '-- . -
( f ,:- ..:') 
1 r; ., n . C. ::·£. 
1:,,, lo, '-'• 3 

,-
:.b . ,, ..,, . ...:.. 

I 

... 

:#) 'i'ris u--iit js a 1 ... d an'"'le c.:) 1puter , it cv1,J.;.res .._ ·e I 
ex sting lea' 1rit-l::t tre llow~.d·r J.ead· t i.;:1,,e .., ,.:._, .. ble "' 
firing sign ls . 

Op~ical tie-in units: -

'To . ')ff 
( for 2 . Urit for 0 rtical Sitht Tie-in 

rr:1s~ ilcsJ 

1 P_ange search ·init ~ra11ge c:ate 
SWPer) 

1 Ra~2e 1 oc~ ietector (stop 
~ .-:eei.) 

1 ~iring range i~lic~tor (#) 

l Pre~ent&tion d"ld control un't 

t•f•t o 

5 lb . ) . 06 

c:' lb . ,) 

5 lb . 
t::' lb . ; 

(#) This unit uses i• forma+.ion of rdn6e , 8locity, G, e:.c., 
to <'o:r:;:--.1te tlae maximurr and minimum f iring r '1.6es . 

All the a txilL,.ry lll"i '.;s \·,,~,,1r1 be " e."'itP"' 1 by Dou5 las t 
operate wit~ a~y staniar' r~ ar ~i·ing ra~~e bnd • e~r!ng 
irs-f'ormatio . Th':' uni ts woul be requi:r-ed t:) oper te i· teie 
awbient coniit'0ns CAlled for the ~i 0 silos. 
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The function•of the auxiliaries i s detailed bel_)w: ­

( 1) Co - or-dinate Tra'lsformat1on Unit , 
Requires AI antenn~ azirruth and elevation an 6 le infor­
mation, Its output is the polBr angles of re tation ad 
leflectivn to control the seeker antennE, Initiated by 
lock-0'1 , 

(2) AntenPa Positionine Unit 

(4 ) 

~eceives the output of (1 ) above , and amplifies the 
si 5nal to position the seeker ::1.ntenna, 

Ran ge Sec1rch Unit 

~his sweeps the seeker r~nge gate thr ough the AI range 
gate and an error margin. Its output is a sawtooth of 
a certain voltage , Initiated by - 3 sec . si~nal from 
the computer , 

R~nge Lock De t ectnr 

This detects the presence of a tbrget si~nal i~ the 
seeker ~~nge gate , an1 stors the range searcn , 
Indicat es lock-on acquired , ~nd closes the interlock. 

( 5) Firi ng Am :;l e Indicat )r 

~equires inruts of: AI range , existin~ AI loc~ anble , 
altitude and , i f &."a:ilable , the slewing r-ate o: t. ~ AI 
antenna , 

The unit compute s the oesired lea·l angle rlus ollowable 
errors , i r t"'O planes in interceptor co- orl inutes . 

(6) ?irin~ ~an ge I nlicator 

·~equjres input s of: AI range , aspec t c1n 51e (a.i- rox . ) 
corputed frJm antenna s:evin~ rate , r~nfe rdte and 
interceptor velocity , bna altitude , 

The unit corr:1> tes maxin um and minimwa fir j ng range . 

D ATE 
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COCKPIT LJ\.YC'UT AIW !f.ISSILE AUXILIAJ'.l.Y TIE-IN 

The cockpit presentation envisaged will be similar to the AI 
radar steering signals . The pilot will have a presentation 
showing a circle representing the maximum steering error 
that tLe missile can collipensate for under the conditions of 
range, speed , altitude and approach angle obtaining at the 
monent. The steering dot will shovr the pilot the direction 
to fly to reduce the steering error to a miniw.um , and will 
show him when the error is sufficiently small to permit 
missi1 e firing. 1'/hen the s tearing dot lies within the 
minirrum error circle, the launch is enabled , but launch will 
not take ~lace until the missiles are locked on to the 
target. To inform the pilot of the ~issile set-1p situation, 
he has some indicator lights. These li~hts may he above the 
steering indicator and there will bed switch and a 'power 
on' indicating light for each missile, on the pilot's console. 
The installation is planned for co~patibility with the E-10 • 
system , but AN/APQ- 5O is a second possibility. 

With an optical steering system using a 1 strai 6 ht 1 optical 
sight ~ith no lead angle , the missile antennae would be pre­
aligned to the boresight requirements , and in pursuit, an 
automatic missile r&nge gate sweep (6 , 000'/sec ) would be 
energized when the transmitter is switched on by a switch on 
the pilot's console. Firing could be automatic as soon as 
each missile achieves lock-on, or firing could be manual when 
lock-on is indicated. 

If an optical system was used with a launc½er configuration 
that req~ired the mi s siles to 'toe-out' then a separate set 
of auxiliaries wrrnld be required for each missile. 

The cockpit control functions wuuld be in some similar form 
to that tabulated below: -

(1) Power on S'I'/IJrnBY Everything is switched on with 
exception of the modulator , carried out at any time &fter 
take-off . There might be a switch for each m!ssile or 
one switch for all , with indicator li~hts to show which 
missiles are on. 

( 2) HYDRAULIC WARM-UP - Heaters are normally turned on ,.-1 th 
STAflDBY, but this is an overrid~ switch to turn them on 
earl·ier , if required, in cold conditions. 

(3) MISSILE SELECT Selecting the number of missiles to be 
f i red. (Dou~las would prefer to fire any missile r~ther 
than a p~r ticular one . ) 

D ATE 
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V 
AUTO-MAITTJ. • There is ~eaJ ly little difference between 
these positions except th·-tt the firing button is cut out 
in the AUTO po~. it ion. 

If an optical mode is provided two furtl:er swi tch.es are 
n-eeded: 

AI-OPTICAL switch and TRANSMITTER ON switch to turn on 
the transmitters in the optical mode. (In the AI mode 
the transmit~ers ~re turned on automatically at lock-on.) 

( 6) JETTISON 

~ .; 

The external missile power requirements will depend on whether 
batteries or a turbine power supply is used, because, to _ 
increase running time, arid to reduce the_ contamination in the 
missile bay, tre turbine .is run up to speed by dri vin6 the 
alternator from the airer .ft power supply. Therefore a heavy' 
drain is imposed 011 the ajrcr;;.ft 115 1208 V Y. 3 phase AC 
supply . The AC drain is 1 , 420 VA on standby and 2,360 ~A on 
full.power for each missile . Half this latter drain being 
used to supply turti11e lqsses . Full power drain must be 
started· early ,(several minutes) for the turbine requires at 
least l minute t come up to speed. 

It is not defi11ite that a turbine will be used, and if it is 
not used the external power requirements will be 2,000 - 2, 500_ 
watts at 28 volts DC. 

The missile auxiliary units , including the computer, are 750 
VA of AC + 4 amps at 28 V DC for the basic units , with an 
additional 250 VA of AC for additional units f~r each missile 
carried . 

MISSILE LA1HCHING PHILOSOPHY 

Mjssile launch is enabled, all other thine;s being equal , when 
the target lies within r~nge o f the seeker (depending on the 
effective area o f the target) and within the aerodynamic range 
of the missile (depending on the closing rate). Also, the . 
launch must be so aligned, that aiming error correction can be 

, carried out dur ing the missile f light, without calling for 
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unaccep tably excessive manoeuvre . This latter parallieter will 
vbry with altitude , as will the aerodynamic range of the 
missile . Thus , the aerodynamic range at 30,000' will vary 
between 10 nautical miles for a nose approach and 2 n~utical 
,miles for a tail Bfproach for a rarticular set of speed para­
meters. While the seeker range, bb.sed on some BofA figures 
~or effective area of a F3D-l aircraft, give a calculated 
seeker range of 32,000' f or a nose approach, 25,000' for a 
tail approach, rising to a figure in excess of 10 ndutical 
miles for a beam approach. It might be stated here that 
experiments carried out by the ~uidance unit contractor show 
that the water-absorbtion properties of K band transmissions 
is of the order of 1110 dB/1, ilc. 

The following page contains the curves illustrating tne 
nature of t~e above mentioned parameters , and showing the 
nature of the minimum range curves. These curves form the 
basis of the minimum range inforILc1tion, and maxir•um allowable 
lead-angle, to the computer. 

The various time delays will, of course, be taken into account 
in the computations of firing range. These delays will 
include; 1 second required for the missile to clear the 
launcher, but, as the calculations assume missile lock-on is 
achieved , they do not include the l½ seconds between AI lock 
and missile locY, and the 50 mS required to energize the 
magnetron. 

PERFORMANCE 

As a result of considerable amount of statistical and simulator 
work, Douglas estimate that the probability of kill of a· two 
missile salvo will be ◊f the order of 80%. That is, assuming 
a figure of 60% reliability (which is realistic from NIKE 
experience), the total probability of kill is 50%. Using 
three dimensional simul~tion , tte predicted miss of an 
average missile is 12 1 to 16 1 RMS. 

Ten test veh'icles have been made and fired, and five of these 
would have successfully completed their required role. The 
first 2 failed to steer immediately af ter launching, and it 
was found to be due to loss of lock-on caused by the change 
of impedances within the missile after launch, due to the 
removal of the mass of metal of the launcher from the vicinity 
of sensitive tuned circuits. This was an oversight, and 
should have been foreseen . In two other missiles power supply 
failure was .responsible for loss of control, one due to an 
exce ssive G load, the other burnt out due to some unspecified 
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shock. The fifth failure lost lock due to some unknown 
cause. The miss distance of the five successful missiles 
were: 8 1 , 2', 12', 16 1 and 45' respectively. 

The maximum altitude considered was 50,000', but Douglas 
are confident that there is no immediate altitude limita­
tion, but capabilities do start falling off with altitude . 
Minimum altitude of operation is very satisfEtctory; of the 
trials carried out, one was at 1,100', and another at 700', 
and both were successful. It is predicted that satisfactory 
operation can be carried out as low as 400', however, as 
700 1 in the minimum height for CGI operation, lower altitudes 
than this need not be considered. 

MISSILE LAUNCHER LOCATION 

It has been already stated that only external stowage has 
been considered by Douglas up to the present, and internal 
stowage presents a number of problems, as does the location 
of missiles in proximity to one another. 

The necessity of the missile to achieve lock-on prior to 
launch is the main problem, and the difficulties will be 
discussed. In the present Douglas configuration one missile 
is carried under each wing, with its nose extending ahead of 
the wing. This installation may not be ideal aerodynamically, 
and tests have shown that two missiles carried externally 
will reduce maximum speed by 40 knots at M.0.8 and by more 
than 60 knots at M.1. 4. There is a temperature limitation 
due to aerodyna'mic heating with supersonic carry. In all 
other respects this is an ideal installation, missile 
manoeuvre after launch is unrestricted;. antenna look angl es 
are unrestricted; and launching is as simple as possible. 
However, if the missiles are internally stowed close to one 
another they must be extended after AI lock-on, their antennae 
servoed onto the target , or , if previously servoed, they 
must be servoed to compensate for their change of line of 
sight. An extreme error of 2 degrees can just be tolerated 
but it is highly desirable that the line of· sight error 
should not exceed ½ degree, and thi·s would call for accurate 
launching mechanism. But, by f ar the greatest problems are 
those of avoiding the missiles fouling the mother snip after 
launch when control must be introduced, with its consequent 
sudden manoeuvre , within'¼ second of launch. The missile 
look angle, when obscured by the fuselage ahead of it, presents· 
a problem in manoeuvre, although D9uglas have done successful 

DA TE 
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tests on Lntennae , witti the incident angle ahead of-the 
missile as ln1 as 4° , Mithout :.,,berratlon effects . The 
difficulty of launching two miss.iles (or three) mounted 
side-by-sile wl1en thez must be extended at least 2 sees. to 
achi?ve lock-on, and :2 sec. for launching, say 2: sees . prior 
ta f iring , is another problem. Also, the second ~issile 's 
ractove will ~aceive tne full blast of the first missil~ 's 
moto r . (Do,1gL.s say simultaneous launching of two missiles 
is impossible due to their very rapid manoeuvre.) Douglas 
also have made some tests on the buffet loads experienced 
when- a missile bay is opened at high Mach numbers and they 
are worried about these . 

The r issile will travel at speeds of IJach 1 . 5 1- the launcher 
velocity but the missile is very susceptibla to. excessive ' 
heating, particularly the flight control units, so the effect,:• 
of aerodynamic heating.during missile extension must be 
considered. 

l • 

T:-<_;ST EQTJTPNEHT 

As thj.s mispile was designed for car.rier based opera.,tions 
1 th~ t~sts are short , concise, and foolproof wherever. 

·po~ible. In principie the tests are autowatic wherever 
poS~ible , and they consist of ca~ibrating the missile against 
a standard, and the au .. -xiliaries against a standard , with no 
spot check after arming the aircraft . 

Checking the missile is carried out on a speci~lly designed 
bench. This has two main cnecks ; power supply· and auto-
pilot tests , and 6uidance tests. Hydraulic power at 3 ,000 
lbs pressure is required for this test bench. A roll. stand 
is S'4Pl lied to hold the rnissl le for these tests . Radar· 
checks are also carried out , and as removing the sealed, 
radome is discouraged in the field , a special absorbing 
chamber is supplied in place of the usual dummy load for 
transmitter tests. This absorber is just a box lined through­
out with 2" thick absorbing material , the size of this box is 
of 15' side at the moment, but a box of 2~' side is hoped ~o· 
be made . Grountl operation of the radar should be -restric ted 
to a total of1·5 minutes , due to the undesirable heating 
effects. Airborne operations should also be restricted to 
.~O minutes with B+ turned on , indefinite operation in the air 
with filaments lit is permitted . • 

The missile auxiliaries in the aircraft are checked out using 
a dummy missile box. 

DA TE 

D ATE 
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Spot checks are carried out immediately prior to armi ng- up . 
One of these checks is to check the output of the local 
oscill~tor , and if this gives the correct readings , the 
transmitter and receiver have been checked. A check on the 
output of the IF stage checks the sensitivity of the receiver. 
Chec~ing the video s ignals to simul&te guidance, range track, 
etc . is easier than checking K band signals . 

A power meter , a f r equency meter and an oscilloscope are all 
the test equipment r equired to check if the missile is in 
sat i sfactory condition. 

The test history of a missile is as below:-

·STAGE COMPONENTS SECTIONS 
MISSILE 

ASSEMBLY 

Factory Complete test Tested as section Tested as a~sy . 

Depot Selectlon Tested Tested 

Carrier ----- Faulty sections Tested 
replaced ( 1 month with-

out retesUng) 

1'-J"o te : Douglas.consider that 'turn-on ' causes more 
failures than a protracted shelf-life. 

D A TE 
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The supp l y situation , ~nd develo.ment plbnnin~ , 1s tubula ed 
below: -

1q 54 12.:2 

;favy exptl. 
batch 

1956 l2iZ ill] 

'B ' ..,,iss . Chu71ges 
i---1- -o-f_f __ , 1-I _ i _n_c_l _u_.J._e_L'._ -1 

Test 
e,luipment 

t 

FJD test 

programme 

Revised units 

test programme 

l T . ,BLIB F'JWER SUPr LY 
CHANGE HERE 

Alf,{ I LI PJW 
BLACK BOXES h~RE 

DATE 

Seot .:.7/ 

OPE~ATI()'i AL 

:tHSSILES AVAIL. 
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There is & possible privdte development that Douglas· are a . 
little retic~ t about, and is very unofficial at the moment . 
(The impre ion conveyed was that they regretted mentioning 
it.) This,suggestion is of &"controlled &irframe missile with 
interchan5e:ible guid·nce and power supply. This would be 
designed for su_;Jersonic la..mch , either externally or internally 
carried. 'f'he ti"ling of this might be; commencing at the end 
of-1954 , with production at the middle of 1957. 

The availability of launchers is:-

Lau,.,che:r AERO lA 

Launcher AEW' 2A 

Available immediately if in small 
quo.nti ties , and Navy agree to inclusion 
in their frogramme which commences in 
2 months time . 

Authority to be obtained soon, ~rigineer ­
ing ~elease 6 months later, factory 
proiucti.on tirr>P 5 months after that,. 'in 

-~- 13-14 months. 

A dummy r-issile, if required, could be constructed in 7 months , 
if expeiitef, as rone are available from stock, but full set 
of drawings exist3 for their construction. 

CJNCLUSIONS 

1. The missile is d,esigned for external stowage u.nder the 
wing ieadinE edg es,,with two missiles to an installation. 
This introduces the problems:• 

(a) rr internal stowage, w~ich s~ould not be insu,er~ble, 
t iou-::i missile ulignwent and b'uffeting problems may 
c;:.1 .... se some difficulties. 

( b) Avoi,1' ng sudden missile manoeuvre before it is clear 
of the cti~craft belly . 

' 
(c) A'roidin,; danw.ge· to the second missile by the 1exhaust 

of +-re first one la:unched. 
. . 

rd) Achieving lock-on w.ithout excessive A/C manoeuvre or 
lj_mitations to A/C I!'anoeu.vre. • 

These three latter problems need some thought and experi­
~ental rAsults before they can be retolvcd. 
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~. T~e m ssile radar set-up time is of the order ~r 2-2~ 

sec) 's. This time 1nclu 4 es the ll seconds re 1 ired to 
slave the anten a ~nd rknge gate , :nd ½ second.rc.~ired 
for the missile to achieve the force of d G required to 
shedr t~e l~uncler ~issile retaining pin, and to clear 
the launcr-ier. The ir:1.x i mmr miss.:.:i_e r, Jar :c c~.uisi tion 
range is now beinE d~terrine1. 

3. The mis~ile receives i~fornation of target hcuding and 
range frow either a standard type AI radar system, or 
from a fixad type of optical s!gbt. The missile ~1rrili~ry 
units either for AI ra 1ar tie-in or for optical tie-in 
have not yet ~een iesiEne( in detail. However, their 
sizes have reen e::,t.ir:dtei , r • they wE.l be designed to 
work 111 the en,·ironrrent requir<> • by the 1 issiles. If they 
are ~o ffited in the reissile bhy, baffles may have to be 
used to rotect them from buffetir~ 1 .... ring the +ime \,:.;e:•1 

the bay doors are ope~. 

4. For most eff~ cient oper2.tj-:m Doutl'ls recomr .. er.d the u.se of 
a two missile in- t3.l::!..ation, c,. ti1ree n.issile in.:;tallation 
should be more effective, but whether it ¼ould be 
economically ~iryHntage~us toe p~nd another missile for 

5. 

6. 

8. 

9. 

10. 

a small increa.:;e in ~ill effectivity would, they think , 
be questionable . They do no t recommend the use of a one 
~issile installation. 

' The coc~pit rresentation ~ill be in the form of & maxinlm 
errJr 1ngle circle and a steering dot on a co~•entional 
pilot's CRT display. TL1s circle will slxink do½n to a 
dot when jnsuffi 0 ient tirre is available fJr missile set-up . 

If the optical syste:r. j_s used, the missile antenn'1 ,\ill 
be pre - boresiehted for a :irect pursuit course, and , when 
the ..1.:.rcrc£'t J s flying oo "· cor!'ect ::;mrs .. !it c 11rse the 
range gatP. of th 0 r:issi1e r1d1.1r system V'ill be swept 
until lock-on is achieved, when the mis ile wlll be fired. 

The m!ssile will o~erhte successfully at altitudes down 
to 400 feet . 

A proximity fuze is 11sed which will operate at ranges up 
to 100 feet. A variable ti~e delay is incorporated which 
wi~l adjust the ielay to ~uit the rate-of-closing. 

The warhead is a 49 lb. fragmentation charge. 

The missile , iLcludin~ a 60% reliability factor, will give 
a probability of kill of 50%. 

DAT E 
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Details of the Sparrow Programme 

1. Snarrovr 1 

This is 3n X-band, semi-active beam riding missile ' • tll 
a 7 degree cone of se_rch. Orientation is cErri~d out 
using a coded bea~ signal giving a different signal in 
each quadrant. 'fo guidance during rnot0r burning, so 
launching error angle is more limite1. It is designed 
for 3 seco~ds burr time, 3~ seconds gui ance. A three 
gyro and accelerometer autopilot is used , to give a 
straight-line cours"!. A comp,.iter is used to steer the 
aircraft on the correct 18ad course for rrissile release. 
This reissile is in full prorluctio~ . 

..:.. Sparrow 2 

Thi is the K-band 7 fully active missile, with facilities 
for radar or optical launching , th t we have been con­
sidering. 

3. Sparrow 3 

/ 

T~is is an X-band, rw, semi-active missile. This missile 
operates by discriminetin~ between the frequencies of 
the transmitted und rAflected signals to deduce the 
target velocity. To this end it carries two antennae , 
in nose a~d tail. Steering is by the proportional 
nav{gation method , witl antenna tracki"g. A dor.ler fuza 
is used . Raytheon are making this e1uipment. It was 
hoped that CW w~uld give better low-altitude results, 
but it has beer. found that this theory has not obtained 
in practice . 

D ATE 

D ATE 
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Mi5celleneous ~otes 

1. 'Sidewin1er' is an IR seeking 5" HPAG missile ·,vith a 
26 lb . warhea.J ~nd an 'influence' fuze. This weapon 
is designed to oper.,te from an optical launch system. 

\ ' \ 
2. • The telem 0 try system✓ Us8d by Douglas is a PWM 28 channel 

+ 2 sequenaers using a rate of 30 S&llifles/sec. This 
unit is made bJ the Afplied Science Corporation of· 
,...rinceton . 

3. The engineering staff of Douglas ' s guide~ missile wing 
w.to co-operated in provi.Iir.c the above information , 
included:-

E.P. Wheaton 

J.C. Solvasen ..... 

Guided Missile Projects Engineer. 
I 

Project Engineer Sparrow Missiles . 

W.H. Hess ......... Asst. Project Engineer, Sparrow. 

S.L. Col?Y ........ Aerodynamicist, Sparrow Missiles . 

Dr. A.F. Johnson .. Electronic Specialist , Sparrow. 

Frank l,emr::;on ...... Electronic Design Engr., Sparrow. 

4. The Drone always used by Douglas ic, the F6F. 

D AT E 
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Miscellaneous Notes on the Sparrow Missile 

1. The Mater 

2. 

This is an 'Aerojet ' solid propellant type motor, 
developine 14,400 lb/sees thrust for approximately 2 
seconds. It has a s~ock-proof igniter. Black powder 
type was ab&ndoned as introducing high shock. A new 
type is used (Alclo) which s~rays molten magnesium 
and alurninum. 

Radorne and Antenna 

The rado~e is a solid dielectric type of construction. 
The antenna has ·a , ry shar!J 2 degr ee beam to half 
power points with sire lobes 30 db down. Cross-talk 
is less than spec. 

Missiles and Supplies 

The 8Xternal supplies required by the missile prior 
to lalL.~ch are 2 500 W per missile max., all 28 V DC. 
The umbilical plug carries 20 wires (size and type 
unspecified). Heater bl~nkets are required by the 
missiles under certain conditions. These are for the 
electrical and ~ydraulic power supplies, and re~,ire 
250 W for JO minutes to heat the missile from -65 to 
+60 degree F. In hot ambient conditions, no cooling 
is provided fer tte ~issiles. Missile units are tested 
to operate under acceleration conditions of 20 - JOG 
in manoeuvre, ~nd 80 Gin shock. 

4. Power Supnly Turbine System 

The 400 c.p.s . AC frequency output of the alternator 
must be closely held, as it establishes the ~.r.f . of 
the trc1nsmitters and runs synchronus motors. It is 
therefore necessary to hold the aircraft J phase supply 
to this accuracy when running the turbine ~rior to 
motor ignition. • 

Ignition is by means of a glow plug that heats the 
Ethylene dioxide mixture to its flash point 1 , 050°F. 
The lower and upper explosi"e limits are .3% - 100% by 
volume at 1,050°F. The mixture is not readily ignited 

• 
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Power Su• 1ly Turbine S)sterr Cont'd) 

b:· a lot surf~c e because cf t,.e f'Oc· in~ eff et )1, the 
sJ.rface :>f the 1 ig• L,.t,, t , __ cl.t o:' ·•-1 0 .. .:-lz .. • i, ~ ~Le 
6ss. Neither is it i1;:,i.ted r,_ ~ rifle ,ullet. 

The I r, :i,lcts vf CJJrJbustion '-'• e metl-iu 18 nj c_roon !),Jl)O.Ji.ije , 
wLich , "~J-..l '-'h tc x.ic i•: .., vn:'.' iried S~)d~c , re 1ui te s.__fe 
!n ~ venti a~eJ ar3~. 

DATE 

DA T E 

5. Lu~nching ~nd the Luunch~r 

Tc bive conlitiDPS of rb.iO sil~rcg , all t~e t~ nsru~tter 
su~~~lcs • b ener gi?Pd ana alloweJ t~ ~arrr u1 , Lut t~c 
ma 0 net.r m 1 iel:i sup_ ly is llelJ off. Full • over ~ra s -
~' ssion is obtained 50 ~s after field nergizut i )n. 
Ex; er:im;;nts h1.1V8 shovrn that in a tr~nsonic aircrctft ti,e 
opening of the ,.,iss1le • ay c n produce 'mffets f u1 to 
- l G. 

All Douclas 1-~nc• est dat-e hci e been f r~w zero l engt h 
launcher-s . The decic:ion to 'dke tLe optimum leng t h of 
l~ ..... ncher to be for 5 fe1;:;t of cm1t.,..olled rur , uus based 
on some test 1esu:ts ill1stft~te~ in the accJmpanying 
curve:-

1)i,1'LACEl"f£NT 

. ?,rot ANr,1.£ 

(:, fHT 

The AEPO l A l 0 "J.ncher 's • cO.e ' long cil1d weighs ,J .:bs . "'he 
1ick- u1 bu+tons c1re , ~l.j ,, 11 fr om the nose , and 22.Jl" 
apar t . -A l!rnnchin 0 sr.ec r-pin is pro, ided with a ~hearine 
stren6th of 2 G. The hunc,her hGl,s u retain detent wi t h 
breaking strengt ~ of 10 Gas purt of th~ jettiso~ 
facilitiaE . These a .... e provide~ in tte SpLrrow, 
phi lo"ophy , beca..ise H is desi""ned f .... C3.!'rier ,.Dra+ion 
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'i_::.-e ,. jettisonable locd .,.c.J.Y be necessary f r s.ll'vivc1l , 
ad ctre carried out by blJ¥1nL t~e missile bd~ki~rds to 

Le C'1li of the ~c..:'.ls . 

6. Sequence of O~er~tlc~s in an Attack 
{ 

(1) Pilot +u-~s 11 
HY!)R pw F' '·p._p·r_ 
tJP 5,,. tch. 

(~) ~ilct sel~cts 
1.'ANUAL ->r AUT" -
FIRE, 'J . f 
'!.:TS'"' '"L'RS 
re1ulrel, 
s·: itches po·.ver 
to STA?l'DBY. 

. (J) ~110 r•ncts ard 
l c~s AI c11to 
the tar 0 et . 

(4) The pilot flie~ 
t;-1e steering 
4 ~,t on hls 
SCOf'I=; ... isplay. 

nreratlons Result ,!1 0 

Hyd~&~lic and battery po~er supply 
hehtin~ s~ste~s turned or.. 

Gen-:ral 1i.issile au.xilidries .•r.d 
~u.<i 1 iar ies ussoci t0d ith selected 
u!ssiles turn~~ Jn. The foll0~ing 
iter:..s energized 'r t11e 1- is iles 
selected; Filarnents, Gyr 6 motors , 
Tfo:ll.iL, tors , In-;erter.,, also , t 1J·ou i:;h 
time delbys , tbe cout~o: signbl and 
B~ o~ ~~ges are sUJJlied to the' 
sel c-~ed 1.,is.sile<:>. (T~ie 1ylrct-~lic 
arid battery h,qatin'"' syst s are 
tur"'ed 0n if function /11 is not 
.sel~cted.) 

Pilot's -co~e steer ing p~e~gnt~tion 
c...f.ed.rs. In the selec ... ed rl'lss iJ:e s: 
'l'Le trans:nl tters !'e turn_d on , the 
aee~er aDt?nnas ~re .slaved to the • 
AI . nten .c' , tl e ran~e 'Y\ eet,s are 
.s ta:-ted . When e _ch se,;;•ker locks 
on: Mis ile lock-or'\ signul .1;e'-'rs 
op n,? :·'lot ' s c -:;,-'-e 1 .ut1m::,tic 
ruri.;•= tr .;;Ck is j ni l tea, .;.;ut,Jmd tic 
sl virit CP~ses, .u r~atic Jnte7na 
trdcking of t arlet cu ~ nces , t1e 
111r,iss1 le read~,,, tone l ", .r.es o.Vo.il­
cJ.b ;,e. 

I 

The selected missiles fire in ripple 
when the range is correct if AUTO 
has be,~n selected. If MA:mAL has 
beer selected then two further 
functions,' (a) and ( b) i.:,S belO\ , are 
re-luirei. 

DATE 
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"jlot Fun<'tio'1s 

(4) Cont'd 

(a) DiJot hc:lis 
l"t,n his 
firing 
button . 

T~1e f ollowing se..,•1e· cc of opPratior s 
OCLurs: Igniter selects t ~ 

(b) Pilt t releasns 
button and 
: resses it 
C\.._,J.i '1. 

( 5) :'."'ilot ~mlls out . 

(6) If ~issiles h ve, 
not b~eri fired by 
the ti~f ninimum 
:ran,::_ is shown 0:1 
t. e sr pe , +ho 
.Ji Lot rul • s 1t. 

miLsile tc fire, internal po¼er is 
switched on, (extern·l power off) , 
roll gyro is unc~ged • ~ntennd 1s 
uncdged , igniter fires. (Thi s 
se~.~ ce then re.eats fo~ the nPxt 
rnicc.;j_::_e, if rj, l-':::.e fir in~ ;L,, bt.,{:. 1 

seldcted. If si~~lE !irinu l~S 
b9en selected t~en s•q~~rc~ (b) 
occurs. 

Se½uence (a) is rep~&ted f0r 
1; is.sile. 

AI l,))ses loci< , e"~c-:1 1 :-e3;:.r,tu.tion 
re: "n'= . 

As (5) above, b-tt lso. ~tissile 
tr ns1itters, ~r turr d ~ff, a ~o ­
tr&ck disconti'1uts , ~ Dl~ ~,. 
:i i SC"'" tinucs d' i l;:,.• ~ 6 " t:1e 
·1 rte 1 ,·s disc,iPtinu""s. 

The fo.dowing co1 ii tio'1S 1..us t 1e s ti sfied 
'-efore t,1e "iri ,g sign'".: is e 'l' led:-

Lan- ir 0 bear ur. 
SeH1 er :ocKei on. 
''Ii thin range allo 'u.bc . 
'Vi~llin t.,dlr.:; -?11;;

1 <2 1Lwable. 
Missile on internal rower . 

Tnst.i·u1 ent g/ros unc<.1._,.:J. 

• 




