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Experimental Type A

KINGFISHER

(SWOD Moark 15 Alrtrame)
Mounted on wing of PBQY-Z
for test flight
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the first quarterly progress report om
KINGFISUER. Previous progress reports
sued first weekly and later monthly up
Ootober 1948. In this first quarterly
an over-all sumsary of progress from
inning of the program to December 31,
beenn includad.

e

in the following report to previcus
detailed reports is made by superseript
maserals, the number corresponding to the list-
ing in the Bibliography.
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R Page 8
I. INTRODUCTION

The KINGFISHER is e radar-oontrolled, subsomio, self-homing, airborne
guided missile designed to deliver an explosive charge below ths waterline
againat floating targeta. It is intended that XINGFISHER be roleased from
an airoraft well basyond the range of conventional antimiroraft fire origi-
nating at the target. The KINGFISHER, in turn, will release a torpedo at
some distance short of the target.

Projesot KIRGPISHER is an outgrowth of the FELICAN and BAT Projeots,
shich were oarried on,duriag the war at the Naticoal Bureau of Standerds
under the spongorship of the National Defense Research Committee snd the
Bursau of Ordosnce, ¥avy Department. FPirst design consideration was given
to KINGFISHER in Ssptember 1044, when the Buresu of Ordnance requested
that & homing glide missile be developed oapable of carrying an airoraft
torpedo as psylosd, designed to enter the water short of the target, oom~
pleting its run under water. However, very little was dome at that time
bocsuse of the need for concentration of efforts on the BAT development.

In November 1945, the Nuvy Departmsnt transferred cognisenos of the

BAT to the Buresu of Asronsutiocs but retainsd oogniszance of XINGFIS!IER in
the Bursau of Ordnance. The 1,1.T7. field experiment station which had
worked on the slectronio part of the development of PELICAK and BAT was no
longsr svailable for contimiation of the work. At this time, the National
Buresu of Standards was requested to undertake the over-all development of
KINGFISHER. The organizational setup at NB6 for Project KINGFISHER is
shown in Figure 1.

At prosent, five KINGFIBHER type miszsiles have been prescribed for
development:

Type A:  SWOD Mark 11

To be a gravity-driven wehicle having a 20-aile
renge, launched from an airoraft at high altitudes
total weight of unit to be about 3,000 pounds, ine
cluding the payload, a Mark 21 acoustic homing
torpedo

Type B: To be a gravity-driven wehiole having a 20-mile
range, leunched from sn sircraft at high altitude;
total weight of wmit to be about 1,000 pownds, in-

oluding the payload, a 360-pound nen-powered non-
homing bomb-torpedo similar to the German BT.
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Typs 01 To be a power-drives missile having s 20-mile
range when launched frem an aireraft at low alti-
tude; total weight of the unit to be about 4,000
pounds, inoluding the payload, & power-driven
honing torpedo having a 380~-pound warhead charge.

fype D1 %o be & powsr-driven missile having a 20-mile
range when launched from an aircraft at low alti=
tude; total weight of the unit to be sbout 3,000
pounds, inoluding the paylosd, & light-weight
power-driven homing torpedo (yet to be developed)
having a 200- to 400-pound warhead charge.

Type 11 Yo be a power-driven mssile having & 10- to
20-aile renge shen lsunched from s surfece ship;
total weight of the umit to be about 3,000 pounds,
inoluding the deep~diving homing torpedo now in
the ressarch atage.

Although sll five types are being given oonsiderstion, indtial
mant 1o conentrated on Type A, with appreciable perallel work on Type 8.1:2.3
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I1. STATUS OF DEVELOPMENT

A« AIRFRAME

Pirst design cousideration for an airframe for KINGFISHER wes for a
giide missile capable of carrylug a standard ifark 13 airoreft torpede. The
use of this payload presented seversl requirements that oosbined to ocomplie
oate the dssign of an airframe with radar homing intslligence. Since the
torpedo is more than twice az long 83 & G,P. bosh of comparable weight,
prodlema of adequate airframe rigidity for an allowabdle waight are somewhat
more diffioult than for BAT. Also, the paylocad has to be released before
water sutry. .

Asrodynamically, the neceasity of having the electromic homing intelli-
gmce ahesd of this long peyload impossd problems of adequate stability to
oops with the large longitudinal mommt of inertia. Then, 00, the required
water satry sttitude made it desirabls to incorporats the asrodynsnic ocomtrol
system already in use or the BAT glide boub. This system has the adwsatage
of producing large changes in the walus of the 1ift veotor with small ghange
in the angls of atteck.

Sinse the first work on KINGFISHIR was done &8 a lowepriority phess of
the BAT Project, it was doemed advisable to adapt as many oomponsnt parts of
the BAT airframe as fsasidle. This would not only faoilitate msmufasturs by
the uss of existing forms and jigs, but slso beeof valus in service becsuss
of interohangeability. Comsideration, thersfore, was given to the 1dea of
modifying the existing 2,000-pound BAT airframe (37KD Mark 14) by redesign-
ing the body to ascommodate a roleasable torpedo peyload. However, upom
some malysis, it was found that for adequats structural stabdility, the body
would be excessively haavy and bulky with the obvious disadwvantage of
handling in servics. It was comoluded, therefore, that it would be sdvanta-
geous to attach the main supporting wings and the stabilising empennage
directly to the torpedo. With this in =mind, an arrsngemsent was devised that
nade use of the exieting lark 14 BAT wings with simple pin sttechuents to a
oentral frame whioh, in turn. was strappes to the torpedo near its center
of gravity. This central frame formed a superstructure in which wers housed
the batteries, the servo, and some of ths eleotranio squipment. The straps
that held this sssembly to the torpedo termimated at a standard 14-inch
bosk shackle, thus allowing releass of the wings by soms electriocal imitiae
tor prior to water entry. At the same time, the nose and tail assemblies
oould be detached by mesns of a cable relesse latoh.

A 1/8-s0sle model of this deaign was made and tested in a wind tunnel
at XBS. The results of these tests showed acceptable performance charscter-
istios. Five full-soale XINGPISIER airfrases were then ordered from the
Vidal Ressarch Corporation, which had available the molds and jizs for the
BA? airframes. Two of these airframss wers sasembled on dummy Mark 13
torpedoes and preparsd for flight tsst. The decalsge (sngle between the
chord of the wing and the horiscntal tsil surfacs) was set at £.5%°, whioh
was the best sdjustment from wind tunns) tests of the model. These units
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were equipped with & release mechanism for shedding the nose, wing end tail
sssemblies after 30 seconds of flight. These units contained rc hining
oquipment but were roll-stabiliced. using the standard control gyro S¥D
Mark 8 and merve STOV Uark & Mod O.

The first unit (Flizht £-9, June 11. i94G) was leunched at 18C knote
from an altitude of ¢.000 feet. It desconded st an angle of abvut 34° to
the horisontal. Stabilisation iu rol} was obtained. but with a larger roli
bunt mmplituds than is normal with the BAT missile. The missile hit the

before the relesse machaniasm nad tims to operats. The second umit
(Flight K-10) was launched at 200 knots froa an altitude of 6.000 Teet. It
descendsd at & glide angle of 25° to the horisontal. naking » steady flight
The relosas -.clnzlu oporated suocassfully at 30 seconds at an altitude of
about 1,000 feet. The results cf these terts were considered surticiently
satisfuctory to allow uss of this sirfrane (desipnated as SWOD Mark 15) as
an intsrim test vshicle for future development of new radar homing eguip-
ment. Figure 2 shows & photograph of the Bark 15 KIKGFISHER airframe.

To this ond. a contract was let tn Camden Xastern Marine Company to
build 19 additional piywood ayrframes using ths lark 14 BAT wings then on
bhand, Later, snother contract was ist tc the Goodysar Aircraft Company to
reproduce this airframs in mesl becuuse this material lends itsolf to
quantity production Also, service experience with the BAT airframe showed
that undesirsble warping occurred whan the plywood structures were sub-
Jected to ndverse climatic conditions.

In November, two additional flight tests were made of the Nark 16 air-
frame. Sinoe the firat two units tested (Flights X-D and X~10) dascended
too steeply, the deculags was increased to 3° on one unit snd 3_5° on the
seoond wnit. Each missile was equipped with Mark 1 {PELICAR) reder equip-
nent for homing against & stationary bescon The first umit (Flight K-23)
Was relessed at 200 knota. It displayed a rether large roll hunt amplfitude
during flight and ianded about i mile short of the target. The second unit
(F1ight K-24) dropped amny normally but after about three seconds attainad
& stoep angle of bank erd descended ir a spiral, landing at a point nesrly
below the rolesse point. Renords cbtained showed that a failure cacurred
in the radar equipment. Failure of the first unit to reach the target
sesus 10 be due to the effect of the large rcll hunt amplitude on the opers-
tion of the pitoh gyro. Changes are bsing maas in the next units to correot
this oomdition.

8inoe more compact radar boming equipkent is im process of developnmt
(8ee Part C), it seems desirable tc simplify the airframs to the extent of
elixinating the body portion. It was first proposed to attasch the winga
direotly to the torpedo by mesns of latches iucorporated in the torpedo
struoture. Analysis of this, however. showed that latches could not be
placed at appropriats positions becsuss of interfersnce with the torpedo's
airflask. An arrangement was then devised to strep the wings directly.
This hes cortain advantages for testing, in that the wing may be shifted
longitudinally to compensate for any change in the position of the ceater
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of gravity., The flexidility of thins design lends itself %o the couversion
into & Type C powered missile, in which case it is proposed to atteoh a
turbo=jot motor to the resr of the ehroud ring asssmbly c¢f the torpedo tail.
Wind tunnel tests of 1/G-scale model of this design are now in progress,

snd results to date are exoeadingly gratifying. The struoturel design for
o full-soelé version is well under way. ¥ith the completion of these draw-
ings, s full-scale prototype will be made for flight test. A sketch of
thin design is shown in Pigure 3.

Tentative designs for the payload for Typo B KIKGFJBIER bave been worked
up and submitted to tho Navy for evaluation of the hydrodynmamic charsoter-
1stics. Two deaigns were inoluded, one for a L00-pound payload, 14 inches
in dismeter, and the other with a 260-pound paylosd, 11 inches in dimmeter.
Tentative designs have also been preparod for the wing attachuents snd tail
assenblies for these paylosds. lowever, models will not be prepsred for
wind tumwl tests until miniaturization of the intelligence system has pro-
greassed to the point wherv specifioation of practicel limits of its aise and
shape is possiblo. (See Part II«C of this report)

B. NAVIGATION

Past sxperiance with BAT, as well ks numsrous mathesatical studies, bes
shom the pureuit-course type of homing % ba imadequate fur use sgainst
fast-moving targets. Acoordingly, it was declded that type of sourse
favigation would be desirable for the KINGFISHER ni.un.m Any type of
eutamatio navigation which causes the nissile to fly a ocourse differing from
a pursuit oourse must osuse the missile to fly at an angle to the lino.of-
sight psth. Therefore, the homing refersnce axea oan no looger remin in a
f£ixsd relation to the missile axes. 5ince the stabilisatioc system of the
missile is referred to missilo mnxea, undosirsble cross effeots might ocour
in the homing signals dus to the divergense of the two axos when the nissile
ohanges its attituds, especially in the case of & rolling motion. These
oross effects might ssriously affect eithor the stability or the accurwy of
the aiesile. It is tod that with adequste computers for both asimuth
and elewation, diff ties from orosa eoffects will be resolved.

At the olose of the war, many missiles and nisaile ocompononts remained
froa the PELICAN sad BAT development programs. Sinos these units were
surplus end resdily aveilablo, a series of teats, preliminary in nature,
were outlined to demonstrate the practioability of using course computers
in howming misailes.

For teats of this nsturs sgainst moving targets, an 8,000-foot railrosd
had besn construobed st the Warrsa Grove, New Jersey, Test Meid. The
target, which is a radar beacon, is mounted on & railroad asction ocar, After
starting, the oar runs unatitended with & pre-set speed. Track switoches along
the railrosd sutomatically record the target position at various time inter-
wals and operate machanisms to stop the oar at the end of the track.
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During the firat three months of 1946, 8 PELICANS (SWOD Mark 7 Mod O) were
droppod on the moving target at Narram Grove (Flights Kel to EK-8).% The
antennas of two of these units werc offaet in asimuth by fixed lesd angles of
12° and 8°, rospsctively, estimated to give true collision course compengation
for the particular flight conditions. On two cther units shere the target
woved at 48 mph, the antennas were affset by an anount less than that required
0 produce & trus ¢ollision course. Ths an‘cnna of ons of these was off'set by
1/2 the full walus, or 5%, and that of tho other, by 3/4 the full smount, ar
9°. For comparison, the other four units were dropped with zero lead angle
oompenss.tion.

In all of those bests, the asimutn flight path was ascording to expescta-
tions. In the caso of the two with fulllesd angle compensation, the flight
path was very straight throughout the major portion of the flight. Howaver,
aince the line of flight passod the target path slightly sheed of the target,
it say be aonoluded that the luad sn;lc was a little too large. The two
units with 1/2 and 5/4 of full collision course lead angle flew a modified
oollieion oourse path with a slight curvature in the direstion of target
wotion, with their line of flight passing the target path slightly behind the
target, The four units with zero lead angle all flew typical pursuit¢ paths,
with their line of flight passing the target path behind the target. Exami-
nation of the flight charts of these tests reveals no adverse effsat on the
stabflity of the glider when the anteuna is offsot in asimuth, However, the
ssournoy in rangs was considersbly influemoed by the squint angle {the angle
betwesn the sf'fective fero axis of the antenna snd the axis of the nissile).
A fairly largo disperaion in range could be expocted when ths antenna sssesbly
is offset in wsimuth but fixed in pitoh. becmuse for this oonditiom, & pitch
errvor is introduced whanevsr the glider banks to corrsot for an azimuth arror
Figure 4 is @ typical example of a flight path obtained against a moving
target with lesd angla compensation on the aptenna; Figure 6 is an exsaple of
the type of path obtuined with zero load angle.

For the purpose of investizating tho foasibility of using Flettner typs
flaps for control of thc KINGFISHER miasile, two llark 15 airframes were pro-
vided with auxiliary contrel surfoces uttschied to the elevons and operuted by
standerd #hite-Kodgers servo motors in esch elevon, ark 1 (PELICAN) homing
oguipment was provided in the missile for homing on a fizxi beacon. These
units ware dropped at the Warren Grove Test Area in June (Flights X-11 and
K-12), Neither of the units homed but showed succesaful roll stabilisation.
The rates of roll dsveloped in ths roll hunting motion were very large, and
failure to home can be socounted for by the offect of thess high rates of
roll on the sotion of the gyros. Further experiments are oontemplated with
modified arrangements.

In order to investigate the performance of a sinplified lesd computer
system, four S§Y0D Merk 8 ilod O units, containing lesd computera in asimath,
were dropped against a beacon carried on a soving target car at the test
£i0ld at Marren Grove, New Jerssy, during July 1946, BEach unit contained
Mark 1 (PELICAN) radar homing equipment, end the antennas of 2]l units were
srranged so that they could be rotated in aszimuth by White-Rodgers reversible
motor servos.
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turned to the right at constant speed for error signal
and to the left for a right error simsl. The apesd of rotation of the antmns
in azimuth for ons unit of eash type was .5%/aec and the other, .8%/zec. The
target spoed on all tests was spproxiamtely 60 ft/sec.

Although as yet the camera data have not been analyged, the performsnce of
the units aa detarminod by observers ut the test field was not very satis-
fegtory. Ome umit with the rate of ymw gyro coatrol on mutemna motiom {Fiight
%~13) failed to home due to failure of homing equipment in the missile. The
other, Flight K-14, landed sbout 1,200 foet short of the terget. One umit
with the error signal control on the antenna motion, Flight K-l5. passed
290 feet ahead of the target car, landing about 26 feet over the tragk, sad the
other unit (71ight X-16) shout 700 feet short and whose flight trajectory
extended would interssot the track 68 feet ahead of the car's position at time

of orosaing.

In order to investigats the performence of enother lesd computing systes
4in asbmth, six SWOD Merk 6 ¥od O units were tasted against @ moving target at
Warres Grove duriag August and November, 1946. Thess tests were made for the
purpase of chscking a partisl navigating system in aximuth. Thres of these
vRits were arranged so that the antenna wus rotated in ssimuth through one-half
the angle turned by the missils from its hesding just prior to relesse (mavigs
tion correction factor,2). On three units the entemns wes twined relative to
the missile thres-fourths the angle turned by the nissile from its headlag just
prior to releass (pavigation correction factor, 4).

Of the three missiles with navigation factor 2, the firat wnit {Might K-17)
lapdad sbout 3,000 feet over tho railrcad and crossed about 400 fest ahesd of
the target ¢or. The sccond unit (Plight K-18) orossed the railroad about
180 feet behind the ear and about 14 fest short of the beacon. The third umat
{P1ight X-19) lost tracking of its homing signsl on rslease snd thus mede »
non-homing free flight. ZThe first unit with navipation correstion factor 4
(71ight X-20) pesaed about 160 fest ahend of the car sud was sbout 26 feet
short of the bescon. Ths sewond unit {Flight X-21) landed 300 feot behind and
800 feet over the targst car. The third unit (Flight X-22) landed about
1,000 fest short and 100 feet bohind the car. All releases wero made from
spproximately 5,000 feot. at a glide engle of €.5° to 1° axd at an air speed
af 180 kmots. The speed of tho tarpget car in esch csse wes approximately
60 ft/sea, Although the errors were fairly large, with rather large scatter,
the asocurscy in asimuth is estimated toc bs better then would be cbtaived on e
terget moving at that speed without n zavigetion systmm.
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INYELLIOENCE
1, Analysis of dasic Rystens

The analysis of intelligonce systems for KINGFISHER has been con-
fined to sctive radic noming (active iluplying self-pentained transmitter)
and to the X Hand. 7Two basic systems within this fremework are under
oonsideration, i.e., simultansous conmperizon snd sequential comperiscn.
Only puleed target illumination 1s considered, no developmant being
undersaken on C¥W systems.

Wile both simultuneous awd sequentiul comperisom schwmes are still
sotively under consideration; L\t was decided early in the progran that
conosutration of tuitiel effort on one wus highly desirable. The
motivating purpose was the amount of information which ocould be obtained
only from field tasts. Many of these tests could be performed on either
systam end would yield results of intersst to both, as well as results
negesssry for progrews in pirtrame and serve desiga.

In view of the history of auccessful field trials on BAY (an eotive
soquential ocmparison scheme), it was felt that the systmm to be brought
to the field test point Pfirst should be the sequentisl type.

The obvious difference betwesn simultansous and eequential ocsparison
aystems is thet the formar haz the possibility of eliminating errore in
directional information arising from fluctuatiocas in she signal level
during the acanning cyole and that the simultaneous system osn furnish
direotional information more rapidly. These advantages are obtained at
the expense of multiplying the mmber of reoeivers and involve the necea-
sity of gainebalanwing or phase-belancing these receivers. An obvious
point for inveatigetiag then is tho axtent end rapidity of sipgnel
otreugth fluctustions tered in typical tactical situations.

The first evidence bearing on this poinmt was again the performance
of BAT. While improvement over tiis performance is desired, it is
reasonably good, and some of tho departure from ideal mist be attrib-
uted to other Pactors. Among these might be oited the esble posi~
tion of the apperent center of rediation from the tar » tho lack of
sny provision for flying other than a pursult courss, and warious other
imperfections {in visw of later developments) iun the design. On the
other hand, the flustuation rate at tho new frequency (X rather then 8)
way expoated, fram theoretical considerations“®, to be higher; end the
proposed use of terget error rate in some navigation systema puts &
higher premium on smoothness of sngular duta than in the BAT systes,
whare the snguler data were not differentiated. (The prooess of
aifferentiating o fluotusting aignal emphasizes the fluetuation.)

Search of the litersture snd cansultation with other laboratorise
produced no information of direct bearing on the question. Dbata ap
sigmal fluctuution in echo return from airplanes were available, bud
these were for mmller targets, the effect of the sea was not present,
snd the presence of the rotating propeller complicatsd matiers. Com-
sequently, an independent investigetion was begun.
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With an X-Band transnitter and receiver, a seriea of runs was made
on various sises of ships at ses, from various aspeats. Ths radar was
earried in the n0se of en sirplane, which flew in at various glide
mgles over the ramge sxpsoted of a gliding miseils and oo low flat
trajectories such as might be encountered with & powered missile. In-
formation was recordsd on the amplitude of each individual echo pulse.

In the first series of investigutions, vertical polarisation wes
used,® (Sinilar tests with horizamtal polarisition are contemplated.)
Roughly, ths conolusions were that the fluctuations are of considerable
consequense st any scan rate and that they did mot depand markedly on
rengs or uspeot. However, the effect is reduced by high soan rates.

The desired improwvements over the BAT (pertinent to design of con-
trols) are 1listed below:

(a) 1lnoreased probability of hit by

{1) Tighter traocking to avoid loss of target or
chenge in targets,

{11) dreatsr resolution in range and angls, for
same purposs, and
(131) Provision for computing intsroeption courss,
obviating necsssity of impossivle rates of
tun st end of trajectory.
(b) Inoreased range.

(0) Decreased volume and weight, snd better serodynemio
properties in radose,

(4) Simplioity in use sad maintensnce; slso produoibility.

3. Charsoteristios of Selected System

Baged on the above analysis and the desired improvemsats over the
BAT intslligence system, the following over-all ‘hrut.huol wers
seleoted for the first prototype for KINGFIBHER.

(a) Syatem; seguentisl oq-unolu

{b) Antenna systes; uon-sosaniag transmitter with repid
ooniosl soun on receiver; satenna stabilized and
aowble for computing purposes.

(0) Ref system; 1/4 sicrosecond pulse, 2,000 pulses/ses,
50 kw peak powsrj tunable magnetron taaesge

i -
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(4) Neceiver: band width 5-G mo/weo; 1/4 mlsrosecond
video gating with automatic traoking in rangs, and
renge velocity memory; electronis commutatiom of
directional informatioa.

(e) Prinary powsr supply; 400-oyole geuerator driven
(st commtant spesed) by variable pitoh windmill
(desoribed in Sec. II-E).

In the following discussion, the lines of separation drawn above
mcmt b:“nmt ;tnd. dus m intimacy of the iutwutlc(:)m the

ous gn factors. has already been said of to perait
passing direotly to the others.

(b) Antema Bystem
(1) R-f Properties

The system chosen for first teats oomaista of four horms;

& complete asssudly is shown in Pigures 6 and 7. One hora
points slong the axis, one 7° up, one 7° down and 70 left, and
the fourth 7° down end 7° right. The oross-overs in the radia-
tion patterns are &t about the half-powsr points. The horn
that points along the axis is used for tranmmitting only. The
other three are brought to a special switoh section, where

. newly developed r-f switoh tubes, gated eleotromically by the
timing unit, permit use of the highest possible scan rate
(a single scan cycle includes one pulas from esoh receiving
horn). The signsls from the two "down" horms are added (after
the seoond detuotion, so mo question of phase arises) for &
true down signal to compure with that from the "up® hormg
right-left information is slso sscured from the two down horns.

The gaina of all horns are of the order of 120 (or 20.4 db)
ovér an isotropic radiator. An additiomal effeotive gain of
3 db oomss from use of an "oa-gourse® rather thaa a
transaitter. A portioa of this is lost again due to the use of
thres rathe= than Cour receiving horms, but space oomsiderstions
are rulisg heve.

In sddition, it is belivved that & nom-scamming trans-
mitter will purmit better stresmliniag of the radoms. With a
pointing dish and u scunnisg transmitter (es in BAT), any
redome shape other than spharioal csn be expected to give o
pulling effect on the magustron, whioch waries exastly at scan
frequenoy, The resultant variations in transmitter power and
frequenoy would give riss to false direotiomal information.
This diffioulty was met ir. the BAT and necessitated use of a
hemispherioal 1 2se on the aissile, which was asrodmsaiocally

unsatisfactory.
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It is recognized that this antenns system suffers from the
drawbeck of using only i/4 the available aantenus aperturs at any
one time. Nevertheless, its use will be sdvantagoous in severai
partisulars, lJecause of its simplicity and the fesble inter-
sotion between horns., ocomstruction and design wers relatively
eagy, and thus a flysble honing head will be more quickly achieved.
Second, design considerstions indicate that this system oan
quiokly be changed to & simultaneous ssplitude comparison system
far tests of the oomparative merits of thess two systems- (Thia
sntenne osn hardly be cogvertsd into s satisfectory phase compari-
son antemna, howsver; dus to phase relations arising from the
physical ssparation of the sntemna centers, reversal of dirsctiohal
information will be encountered with good eignal streugth at rela-
tively small error mngles.) Third, the spaoe between horna ia
usable; in ths present sssembly. ths sagnetron, pulse ‘ransformer.
losal osoillator, signal crystal, switoh section and r-f switoh
tubes, APC orystal, snd associated couplings are all mounted in
this spsce, with some rocm left into whioh components of the
atenna stabilising mechanism can intrude.

Lack of switch tubes to the preasnt has precluded meagure-
st of the radar width of the aystam. Produotion of switoh tubes
of the type made by modifying 1824 TR tubes has suffered seversl
delays but is now begluning st a good rate and tubes are axpeoted
wery shortly. Developmnt of the new switch tube fs being done at
Sylvenia under contract from the Haval Research laboratory. A
preproduction tube, designated X-7047, is showt in Plgure 8.

Tha four-horn system, desaoribed abovs, would probmbly be too
large for use in KINGFISIER Type B. An spprecieble redustion n
size appears most promising with oommon aperture systems, and
these are being investigated. Intersoticn bstween the feeds of
the common sporturs is the most serious problem, and so far, good

111lumination has not besn echisved. A lens appears morse
suitable than m reflector because of the bulk of the fesd system
Of varicus lenses considered, ous of the Frosuel zone plate type
showed considerable promise primarily beosuse of the high ratio
of diemester to focal langth. Such a lens may be seen in Pigure 9
This leas has good optical properties and a fooul leagth of only
4 inches. With such e lema. a rotating eingls Loed could oon-
oeivably be used, but this would reintrodwe the diffisulties
oaused by sosnning the transmitter and would, in sddition, at high
sosn rates, introduce a range-depsudent rotational shaft,. This
arises beoause the maximum ranges euvisaged give eoho dalays com~
parsble to the interval batwesn pulses. It is believed that the
fluotuation dats previcusly referred to indiosts strongly in
favor of high sosn rste; and a high scan rate also favors tight
m‘tmmrmmummmﬂnmmt
alloweble. (There 1s & possibility also that it may reduce the

ts on the memory oiroult for the ssme remson). It is

folt that the problem of securing good sperturs 11luminstion with
maltiple feeds is aolubls.
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In the sxisting antenna system, much efforts has been
devoted to making the plumbing system of great band width so as
to exploit the counter-counterssasure properties inhorent in
the tunable wagnetron. The switch tube Ssotion was the most
diffioule item, but even here a broad design i balidved %o
have besu achieved, Aoctual moasuremsuts of width have been made
ouly with approximations to the final tube, final production
ssmples not having been received, however. it is believad that
the system will be operable at loast over ths range from 8,2
3.5 om. At present, a change over wuay large fraotion of this
range requires retuning of the mixer, Jocal oscillator, and
switch tubes, as well us the magnetron. Howewver, broad-dapd
switoh tubas with no tuning sdjustwente required over the range
3.1 t0 5.6 om are under deveiopet elsewhers; a varioty of
wida-band local oscillator ‘ubes sre also wuder developmant
olsenhers; and some work i baing done here as well as elsemhers
on the design of a broad-band mixer- A iwoad-band AFC trang-
mitter coupling has aiready been devised.

(41) Mechanicml Properties; Stabilisation

The sntenns is to be mounted on a gimbal system 80 that
cosputation may be done by rotating the radar exis relative to
the line of flight, The radar axis is to he stebilized against
pitch snd yew of the missile Stebilisation systems under
investigstion are disoussed under serwo development, Part D=1
of this report.

The weight of the first prototype anteona without the
stabilizsing sechunisn, is about 28 pounds.

(8) R-f System; Nodulator. Transmitter, and Mixer Umits

The modulator 18 & copventional pulse-forming line. hydrogen
thyratron and pules transfsrmer aystem. The new Alsifils linee will
probably be eployed. Figure 1C shows the spacs saving shich can be
agcomplished by the use of this dieleotrio. Both lines are 6E3, 1/4,
2,000, 50, the only dilference being that the larger uses paper as a
dislectrio.

The thyrstrom in preseiit uae 18 & 4035, howsver. developmemt of
& tube of smaller size is under consideration. The low duty cyvle
and possible reduction in 1ife requiresant should make & mmller sise
preaticebla..

The pulse transformer is mounted in a oase containlng alwo the
magnetron sooket, and both mre placed in the spaoce between the horns
on the antenns asasmbly. Rotating joints in the ref system and long
maguetron lewds are thus avoided,

§ 7 -
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An unbalenced mixer of simplest type ia at present in use, as
first rough tests indicate a satisfactory noise figwe can be
obtained in this way. A spocial requirenmt is the need for a pre-
mixer AGC system to prevent orystal overload at short ranges. Data
on preproduction samples indicute that the samo type of tube used
for the r~f switch can perform this fumction, the attemuation being
variable froa scme 60 decibels szoothly down to about 10 decibels
as the control electrods curreat is varied. At about 10 dscibels,
the arc goea out and the attenuation drops abruptly to the insertion
loss of about 1 decibel. Jith a delay ‘in the AGC appliod to this
electrode, this syatem can be uged without detrimemt to performance
&t axtrems range. There sro beneficial by-produots of the use of
the premixer attenuator. The blanking requirements for cloae=range
operstion are greatly redusod (firat msasurement in fact indicating
that this feature, combinod with the shortar pulse length, may
eliminate tho necessity for supplying a blanking pulse). In addi-
tion, use of the attemuation in tho receiving channels only, with
full power maintainsd in tho transmitting chennel, is advantageous
from the point of view of counter-countermsasures.

(4) Receiving and Data-Analysing Systess )

A great deal of detailed ‘development on reoeiving and data
mlyllsgm has bemy dosaribed in reports already
100ued]Va13:16,18 op 1y 55 preparsticn. The necessity for such
development arose from reduction in pulse lemgth, requiring greater
band widths and imposing more stringent requirements on trecking
oircuits; uae of elsotranic rather then mechanical scanning; snd
use of a three-component rather than & four-quadrant scanning
schems.

In the 1-f amplifier, a band width of only 1.t 1, where 7 1is
the pulse length, or about 8 mc, is used in order to economisze on
tubes and produce high signal-to-noise ratio. Fixed tuned staggered
pairs are used and present axherience indicatss that it should be
possible to wind all ocoils to mechamionl specifioations without
electricsl checking or tube selection. Use of more sophiasticated
sohamos {double coupling, staggored triples or guartets, negative
foedback) might savs one stage, but at the oxpense of tuning adjust-
menta. The present amplifisr has none. Further, the "syusrer®
outaff of these schemos would require a greater hand wadth for
equivalent pulse reproduction. The first three stages are gain-
controlled by control-grid biasing; the time constunt of the AGC
{sutomatic gain oontrol) oirouit is tentatively set at 20 milli-
ssoonds, this low figure being possible because of the rapid scan,
Computations indioate that the premizer sttenimtor may make possible
the use of a fixed gain firat stage, with some resultant bemefit in
noise figure; experiments in this direction are proveeding.
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A plats deteotor, operated at aa low a level as will.give
reasonsble linearity, is provided. Wo epecific sati-jsmming measures
are included in the first prototyps unit. such as back bias or
instantansous AGC; however, the low lavel dgtection gives exvellent
overload properties and thus gives good CW rejestion. A video stage
and osthode follower oomplete this unit; a moderate amount of fast
time-canstant is eaployed to rejsct the lower modulstion frequencies
without deterioration of pulas shape.

Experiments arc beinyg carried on also with amsller tubes es
sersplos becono available; Pigure 11 shows the reduction in cise
echieved in an experimental i-f explifier employing preproduction
ssmples of pentodes in the 1-3 (subminiature) sise.

The sutomatio frequemcy control unit as conventional, operating
by comparison of. the transmitted and looal osoillator frequencies,
and gontrolling the latter through refleotor voltege modulation.

Ons relazation osoillator sauses the local oscillator to "hunt® for
the transmitter. On crossing ths proper frequeoy, sigmls {rom
the disorimioator fire a escond thyratron, mommtarily setting the
hunt gyole back slightly. The hunt then resumes, is set back egain,
and the local osoillator "rocks" slightly around the proper frequency.
An l-f smplifier similer to that in the nain receiver is employed;
and & coaventional dusl-diode disoriminator. The use of thyratroms
rather than the more common blocking oscillators eliminates the
requirenent for one or two pulss trsnsformers. The hunt cyole is
somswhat elower than is commom in this type of ooatrol, sinse it 1s
eseantial that the corrsctions to the frequenoy not be mads at about
threo-pulss intervals, as is common, since this would give rise to e
slight scan frequency modulation of the echo, which would be
interpreted a» directional information.

The video unit parforms the following fumctions: (i) generstes
trigger fr modulator and pra-triggers for other functions; (i1) gea-
srates gates for ref switah tubes; (11i) gensrates range gate for
ssleotion of & single echo; (iv) tranamits all echoes and position
of range gate up to monitor in mother ship; (v) amplifies chosem echo
for camutation of directional information; (vi) oontains oircuits
requirad to lock gate on the ohosen echo and track sutematiocally im
rengs (a rangs velocity memory is prodused for cuses of short
interruption of sigml); (113 develops AC vol from gated echo
g;h: {viii) gemerates gates im synchronism with (1i) for commitation
of signal into appropriate diffsrential emplifier; (ix) provides,
from the differeatial smplifiers, output currents proportional to
asisuth and pitoh errors, for precession of gyro axis; and (x) com~
tains two renge switohes for sotuating torpedo relssss mechanimms.

Ouly o fow genorsl comments will be made. It is belisved that
an unususlly sconomical switching and comeutating system has besn
developed, and a detailed report comserning it is in preparation.
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The renge gate trwoking aystem required much attmtacn sisce the
are approximately six times as stringent as in BAT. (The

pulse length is narrower by a factor of 3 only, but the over-all width
of the tracking gates is only ome pulse width, dus to the uss of 1/3
nicrosecond tracking gstes. In the BAT. 0.”-miorosecond tracking gates
were stacked edge t0 edge giving, with a O 7-miorosecond pulse, an
over~all width twice the pulse width.) cm?,unt].y two systems were
developed: one was & dual oscillator system!c similar in prineiple to
that used in the self-gynchromous system in PELICAN; the sescnd wsg a
dslay multi-vibrater aystem similar in principle to that employed in
BAT (report in preparation). Hoth have besn developed to a poirt of
mooting beuch tests; the multi-vibrator system . however omploys fewer
tubes. Part of this difference 1s in the counter-stages rajuired to
derive pulses st repstition rate intervals (approximately Z0OU cps}
from the stable orystal osoillators, runuing st preseut around 50 ko/sec.
Development of lower frequency orystals or use of some other stabllizing
unit, such as s magneto-striotive rod, wight eliminate this differesce.
Those faotors are being investigated.

Development of & new msmory oirouit mskes possible longor memory . 15
Ao effort is being made to translate this advantage into s shorter lesrn-
ing time, so that maximuos advantege may be derived from the mamory
esirouit in tracking wesk sighals. The pointing sntenne and the short
ASC tims constent should oonspire to reduce the resquirement for long
memory timee.

A new pulse~stretiching system is being used to effect power ampli-
fioaticn without producing "rotationsl shift" by oarry-over of informa-
tion from ona recelving sntezna te the mext A report desoribing the
system is in preparation.

Standerd type T-8 1/2 tubss are used throughout. Samupios of sev-
sral varieties of T-3 and T-2 tubes have bean procured for sxperimeats
ou miniaturisation, with partiocular enphasis on reducing the size of
the equipment so that it will be acceptable for KINGYISUER Typs B In
addition, the possibility of using printed cirocuits in many perts of
the eleotronio assembly is under consideration es a mesns of furthey
redusing the sise of the equipment.

BERVO SYSTEME
1. Antenna Stabilisstion

It is desired that the antenns of XINGFIBHER be stabilized against the
pitoh sad yaw of the aissile to within approximately 1/4 degres and without
sny oacillation. Bince the serve aystem operating the bird controls may
use antenns rate as well as antenna position, a dead-beat {non-kunting)
syatem is conaidered essential. The maximum welocities required of the
stabilizing system sre expeoted to be of the order of 30%/ssc. It would
be desirable to have the antenna free to tip in any direction to an sngle
of 45° from the center 1ins of the ghip, However, the locatiom of the
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suspensioz mmmbers may be such that those sngles may be limited to 30°.
Spece limitations also complicate the realization of the stabilisation
fequirensnts. Three methods of antenns stabilisation are under investi-~
gation, and aupporting development is under way at the Reymond Engineer~
iag Laboratories, the P, H. Shepard Laborateries, as well as at NBS.

In the first of these systems, two gyros are used. A large, heavy
gyro has its axis fixed in the sntenna, and sorves as the primary
stabilizing element and as a torque motor. This gyro will stabilise the
antsnna against jerks from the airorafts however, torques due to
oconnecting cables, unbalances, accelerations, ete., will cause alow pre-
oessions of ita axis, and therefore of the antenns. Theas precessions
will be detected by a second, truly free gyro mounted on the antmmna.
The information obteined from pick-off's on this gyro will be used to
apply counter-torques to the ginbals of the sutenna. When it is desired
deliberstely to precess the antenns for ressons of navigation, the free
gyro axis is precesszed to & new sero; the pick~off system will them
force & corresponding precession of tle main gyro. A schematic disgram
of this system, labeled a "piggy beck™ stsbilizer, is shomm in Figure 12.

8§ince the free qrouopo is to be mounted on the antemns, it need
uot have more than 1% of freedom in eny direction. This moans that gyro
gimbals are not needed and some type of & dall and sooket or univeraal
Joint may be sccsptable for the gyro support. Severasl such gyroscopes
bhave bean built and they show considerable promiss. Two of these are
shown in Figure 13. These gyroscopes are driven by a motor mud use
solf-aligning bearinga. The gyroscope wheels sre drivem by the friotion
of the bearing. Thie is suffiocient to drive the larger wheel at
6,000 rpm when the motor is running at 8,000 rpm. Another poasible
snswer for the fres gyro is found in the Mark 18 gunsight. This sight
has s univeraal joint gyroscope of e very light and compact oonstruc-
tion. A photograph of the original snd the modified gyroscopes is
shomn in Figure 14. The antenna direction will be controlled by pre-
oessing this free gyrosgope while the large gyroscope will be controlled
by piokup coils mounted near the free gyroscops wheal. These coils oan
be seen in Pigure 14. JQuantitative mesasursments on the inherent
stability of the gyroscopes discussed are in progreds but ms yet in-

oomplots.

Both the other aystems use a single free gyro in the antomna and
differ only in the servo cycton used to keep tho antenna axis slipned
with the gyro sxis. Again, deliberate rotations of ths untemna axis
are acoomplished by preceasing the gyro axis; the sarvo thus having
the single duty of kesping the antesna and gyro axes alignsd. In one
system, an arrangement of magaetic clutches oporating from  aan-
tinuously running motor gives proportional control; in the other, the
elutohes are repleced by s special differmtinl gear syatem. The
differential gear system is shown scheaatically in Figure 15, anxd a

graph of the first laboratory model is shown in Pigure 16. With-
out aoti-hunt features, this syatem held a mook-up antenns stable to
within 1/4 degroe with very little hunt. A oonplete modsl with anti-
hunt features is under construction.
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SCHRMTIC DIACRAR OF AUTENNA STARILIZER SYSTMM USING A SK.IL PREE GYRO
AND A LARGE R1DDLY ATTACIED (YO THE ANTINEA) GYRO
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FIGURR 16

' SOHEMATIC LKAMING OF TIDX DIVVERRNTIAL G
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2. Msin Control Serwvo

The requirements for the KILGFISUER control-qurfape aervo have not
ab yot beem fixed, and very little work has been done in this oonnection.
Sinoe the antenna will bshave as a fres gyroscope as far s yaw and
pitoh are cancerned, it will be possible tn use the sntenna as s refor-
ance for the stabilisation of missile as a whole. Because of the fact
that the antonna axis and the ship uxis may nct soinoide, an "axis
resolver® may huve to ba used to provide a rane of reference for the
misalle. A separute fres gyro can, nf course, bo used to obtain the
samo result.

The stebiliaantion of roll can be obtained by using a rol) gyroscope
or @ suitablo aagular acceleronster. osuch accelercasters are comaer-
olally available. and & wodel svecinlly desijnad for XINGFIL.ER ia mow
being tested This wodel is shown in Figure 17. It consists of a
balanced membor mounted on ball besrings and held in a fixed relution-
ship to the frans by u spring. The natural frequenoy of the ayatem i
approxiaately 10 ops. Pick-of[ coila are mounted on both sides of this
member 80 that an output voltage 18 waried botn in phase and magnituds.
This voltage can be empioyed through the controi servo to countoruot
the roll of tha ship, The adwvuntage of the acceleromoter ove:r & gyro-
soope ia the elimination of high~speed rotating systoms and the need
for driving power. An accelcroneter should be much more foolproof and
dependable than a gyroscope. to say nothang of being chespe:.

B. POWER SUPPLY

The primary source of energy, both for the radur and antenns stabilizing
goar, and for tho control-surface servos. 18 the airstrsas. Two gezerators,
driven by one or two vurisble-pitch sonstant-speed windmills are to be used
The redar genarator will supply sp;roximately ome kilowntt at 400 2ycles,
117 volts; the servo gemerator will have & simlar ompacity, tut ths form
of the output awnita further definition of servo requirements.

The warisble-pitch wimimill is a special resign in which the power to
rotate the blades ia not Jdoriwed from the speed-control networx. Instead,
the speed-oontrol network operates a clutch which uses the power of the
alratrean itsell L. ¢ffect the rotation necossary for the indica%ed change
of pilch. The principle is shown achematicelly in Figure 18 Wind tunnel
teats on the first model, pictured in Figure 19, ore very promising.

In addition to possible changes in type of priaary supply desired.
another reason oxists for using separate radar aad servo gemeratars. The
servo load may fluctuste quite sharply, and it is highly wr® -irable to
have rapid fluctaation in radar supply voltage. ilowover, gensrator inertia
nay be sufficient to permit mounting both on a cownon shaft and driving
with & single windmill.
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FIURE 17

ABJULAR ACCTLEROMETISN JHIER CORS1DERATION
FOR Bok LN “ALF CORTHOL 5ZRV0 SYOTEN
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FIGMRE 19

AIR-URIVEER POWSN: SUPLLY FOR FINGFISHER
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Design of the radar gonerator is woll along. An 800-cycle model with a
onrbon pile regulator has boon completed. This ia shown schematically i
#Mgure 20. lLxperimonts om other rogpulation schomes, such as axial displace-
ment of the rotor, and on alternative, possibly moro compsct, desipns
enploying purmanent asgnet rotors, aro in prograss. The gonerator will not
be larger than tho invertor roquired in 1Al to comvert {ros: tattery power,
thua making tho spacse oocuplod by the batteries theuselves pure prafit, The
airedriven gonerator increcses drag on the misailo about 1f..

Brakes will bs sugplicd so that ko guacrutor noed mot run cantinunasly
throughout tho %ime tho bird is carricd. This powsr supply will meke 1t
unnecessary over to power to redar from the sothor plans, thus simplifying
the wiring in tho vmbilical cord.

The savings incident nn oliminatiag; tho logistios problen assooisted
with battery supply need hardly Ye montioxed.

P. FLISNT SIKVIATOR

A fight simulator has boen cavolopod snd constructed for moilitating
the developmnt work on KINGFISUER. It is ossentially a device for solving
tho equations of motion of the {light of a missile, and thus roprodusing in
the laboratory the behavior of misgilo in flipht. A flight simmlator pro-
vides a laboratory tool which ic very wseful in the appraisal of thesrotical
ol practical flight control systoms und should considerably reduce the
smount of field testing roquirod in the devolopment of a suitable puidance
snd control system for KUGFISER, Although designed as a tester lor the
XTUG/TSISR, the simulator has upplication to misciles of the same jenersl
type. A gemeral demcription of the sinulator is ¢iven in "The Cuided
Missile® for July 1240.

Figure 21 shows the platform on which the gy1os or elements of the con-
trol syctem semsitive to anglar wotion are mounted, Thin platform is
sounted in a gizbal fraw {roo to rotato about threo perpondioulur uxos.
On the center of rotation is mounted an optical homing systen to slaulate
the oharacteristics of tho radar homing system of the missile, In this
figire, ths gyros of tho 5.7 ilark 9 :vd O LAT aro ghown of opposito sides
end below the opticel homing howd,

Pigure 22 chows, at tho left, tho light source used as x sinulated
targot snd which movos in such m :mnnor xs to reprosant tho motion of tho
missile in space. In the center is tho throo-axis mounting which carries
the platforn shown in Figuro 6. At the rijit is u control punol Yor
adjusting tho constunts of the system to correspond to tho sorodynamic
charactoristics of the missilo undor test.

Pigurs 23 glves snothor viow ol tho gemoral arrangsmoant, showing the
track alons which the curriago rves to roprosent the upprosch of the
missilo to the tarioet.

First teats on the simulator were conaucotod in Ostober, und considerauls
time has been spent in muking revisions which were found nocassury irom pro-

limimary oporationse
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FIGURE <1

PLATFURE OF FLIGHT SISULATCR O3 WiICH THE HOB (OK IDMUXTS
CONTROL SYSTEM EEXEITIVE T SUTAR u;rnol;} ANE MOURTEL
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hh?. following investigations are now in progress using the flight simu~-
*

(1) Comparison of the control systems of the liod O and the
Mod 1 GAT with respact to asourasy of the missile under
waryiog wind conditions.

(2) The investigzation of the effects of squints in the gyro
xlm, servo system, and homing on the acoursoy of the
snlle. -

(3) The investigation of the performence of proposed navi-
gation systems for YINOFISIER.

Under Item (1), 20 runs have been taken with the comtrol system of the
Hod O BAT, with wind set for 40 mph right, 29 runs with wind 40 mph left,
and 40 runs with 00 wind. The average deviation variea from 34 feet to
80 feot. The distribution of error doos not follow a normal probability
digtribution dus to a small long-period oscillation in yaw evident in these
raans. The results ure in sxosllent agrosment with motual fleld tests of
Mod 0 BAT, thus desonstrating that with the simulator, performsnce of the
:ﬂpﬂon system of a missile can be predioted under various [light com=

tions.

F.  INSTRIMENTATION

The instrumentation system for XINGFISHER is intended to provide dats
on the performance of the missile snd its componemts while in flight. The
flight tests referred to above (under II-A ond I11-8) have used the
ingtrumentation systen developed for BAT. This systewm imcludes two record-
ing csmoras within tha missile and two ground statioms for obtaining
trajectory data by optic methods. The cameras within the missile are ez~
olosed in rugged onses to preserve the rocords from damago osused by imnact
of the missile. Ono cemera pnctographs mn instrument psnal snd the other,
the view directly nhesd of the missile. In some cases, s third cemera has
been added to photograph mn oacillograph oconnected to tho intolligence
syatom.

Appracisble work has boen done toward improving the BAT instrumentatiom
syatem, inoluding better synchrenization of the airborne camesraus, more
reliable ersctors for the lonsos und mirrors, and installation of Askania
regording thoodolites in the ground stations. In addition, sericus atten-
tion is being diracted toward devcloping or wdapting telemetering systema
and radar plotting methods. The telemetoring system will supplement rather
than replace the recording caneras.

A pulse-tise telemstering system has been devsloped which requires
only one tube por channsl. It ulso nllows considerable flexibility in soan
rate and in the number of channele. The full possibilitios of the system
are still being investigated. Howovor, in view of the fact that most of
the teating of complote KILGFIS:!ER missiles will be at KAOTS Chincoteaguc,
where other guided missiles are slso to be tested {notably DOVE and LETEOR),
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Attentiont Dr. Carl Amstein

Goodyear Alrcraft Corporation
Aaron 17, Ohio
Attention: MNr. A. J. Petersom

Urvanan Alroraft Engineering Corp.
Bethpage, long Island, New York
Attention: Mr. We. T. Schweandler

Afroraft Company
Culver City, Californla
Attention: MNr. R, E. Hopper

Hughea Alrorsft Compeny
Culver City, Callfornia
Attention: MNr. L. H. Lvans

Jet Propulsion laboratory
California Institute of Techmology
Pussdma 4, California

Kaiser Flootwings, Ine.
Bristol, Pennsylvania
Mr. Carl DeGunahl

Buremy of Asronauties Repre-
smtative

Glemn L. dartin Company

Baltimore 3, Maryland

Buresu of Asronautios Repre-
samtative

Goodywser Alroraft Corporation

Akron 16, Ohio

Buresu 0f Asronautics RBepre-
sentative

Grusman Alrcraft Engimesring
Corporation

Bethpage, L. I., New York

Bureay of Asronautics Repre-
sentative

Douglas Alroraft Company

¥l Segundo, Califoraias

Officer=in-Charge, Research
& Development Hervioe
Suboffice (Rocket)

Californis Institute of
Tesohnology

Pasadens 4, Califomia

Buresu of Asronautics sepre-
semtative

Kaiser Fleetwings, Inc.

Nristol, Pemnsylvanis
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NAE AND AVURESS
Xellex Corporation
Neow York, New York

M. W. Esdlogg
Jersey City, Bew Jersey

U. ¥. Xellogg

oot of Danforth Aveme

Jersey Uity 3, New Jersey

ur, . L. Sesserly

Chairmmn, LIT, GMC

Project Zetsor Offioe

Nasssphusetts Institute of
Technology

Cambridge, Kassachusetts

Nollonoell Airoreft Corporation
8t. louls, Rissouri
Attention: Ur. M. A. Steel

NMclonmell Aircraft Corporation
Bt. louis, Miasouri
Attention: Mr. G. V. Coviagbon

North American Aviation, Ine.

las Angeles, Californis
Attention: Ur. Ws. Bolley

Northrop Alroraft, Ino.
Hawthorne, Cnlifomia
Frinoeton University

br. K. e
Ur, John A. Thesler

Attention:

Prinoston University
Pringeton, New
Attention: Projsit BQID

Hadio Corp. of Amerioa
Prinoeton, New Jersey
Atteutions Mr. A. ¥. Vanos

Jass Div, WHS
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TRAWSKITTED VIA .

Ipspegtor of Kaval Mat'}
30 Churoh Street
Hew York 7, New York

lnspeotor of Naval Mattl
1020 Broad Street
Bemdk 2, Now Jarsey

Navy Ordnance Lieaident
Teohnioal Lisiscn Afficer
Hass. Inatituts of Teohuolopy
doom 20-C~136

Cambridge 3¢, Lnssachusetts

Burews of Aeransutics Hepre-
setative

Uslonnell Airoraft Corp.

P. 0. Box 618

8t. louis 21, Missouri

Bursa of Asrovautios Resi-

Los Angeles A5, Californis

Sevelopment Contrect 0fricer
Princeton University
Prinseton, Yow Jarsey

Commnding Officer, Branch
Orfioe

Office of Luval Research

90 Chureh Strest (Bm. 1118)

Bew York 7, Kew York
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Raytheon Manufacturing Company Inspector of Nuvel Mat'}
Waltham, Massschusette Park Square Fiilding
_ Attentions My. R. C. Saunders Soston 16, Massachusetts

Sepublio Avistion Corporation
Military Contract Uepartmant
Mraingdals, long Island, New York
Attamtions Dr. Willimm OtDommell

Lindberg Field
San Diego 12, Culifornis
Attetions MNr. 8. T. Sslmon

5. W. Narshall Company Inapestor of Nawval Mat'l
Shorehem Building 401 Watar Strest
Nashington, D. C. Saltimore 2, larylmad

Bperry Gyroscope Co,, Inn, Inspeotor of Naval lat'l
Great Neok, long Island, New York 30 Churah jtrest
New York 7, New York

Sperry Gyrossope Company
Gerden City, New York
Attantion: Mr. G. E. Thite

‘United Adrcraft Corporation Burean ¢f Asronautics Rep
Ghanos Vought Airoraft Div. United Airoraft Corporstion
Stratford, Connsotiout Chanoe Vought Airoraft Dav
Attetion: r. P. 8. Daker Stretford 1, Cannectiout
United Alreraft Corporation Bureau of Asronautics fep.
Resoarch Dopartamt United Aifereft Corpommtion
Bast iartford, Conneotiout Pratt & Whitaey Aarcraft Div
Attemtions Mr. John G. les Bast Hartford B, Connectiout

University of lichigan

Dept. of Enginmesring Hessarch

Ann Arbor, ilichigan

Attentions lir. Robt. F. Hay
Ur. M. B. Bmall

University of Texas Developusut Jontrast Qfficer

Defenss Eevearch lLaborstory 500 Naat 24th Street

Anstin, Texas dus€in 12, Texas

Attentions Dr. C. F. Boner

Wllys-Overland Motors, Imo. Reprssmtative~in-Cherge,

Maywood, Californie Buhsr

Attmtion: Mr. Joe Talley Consclidated-Yultes Aircraft
Corporation

Downey, Califormia
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. 186,187 pr. 5. L. Dryden
1688 Sational Buresu of Stendards
188 Dr. 3. J. Hiller
National Buresu of Standards
190 ¥r. larry Dismond
¥ational Dureau of Standards
m Dre A, Y. Astin
National Bureau of Standards
192 Dr. E. U, Condon, Director .
Nationa)l Bureau of Standards
188 Ordnance Uevelopment Diviasion
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Kingflahes and 1t3 equipment are shown,

in the development of 2 radar -comtrolied, suh-

project 1a summarised trom the date the program was fajtisted st
aagaged
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