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1. PURPOSE OF PROJECT 
; 

Project, IIX-"'7!>' 1a a one-year atudy and re.earch progrlUll
coverlng engl""errng--.t>,dlea, research, dealgn, laboratory and nlght
testIng tor the practical design or an alr-to-aurrace supersonIc 
(M =1.6) guided mtasile. It is to ba carried and launchad fram an 
altitude of 20,000 to 45,000 faet ,by a B-29 Beriee aircratt against 
statIonary tarr.ets and maneuverIng watar-borne targets at tllght dIs­
tances up to 100 milee trom' the launching poInt. The controlling air ­
craft must ba able to take evaslv8 act10n 1n any d1rec~10n whl1" eon­
t!'Olling tha mi sane and must be able to executa co ntrol trom a dietancs 
at at least 60 mIles. Savanty-flva percent hIts wIthin 500 teet ot a 
Itatlonary target and seventy-five parcant diract hIts on a water-borne 
target are roqulred. The warhead must contain an explosive equlvalont 
to at least 3,000 pounds ot pruent TNT. 

AprIl 29, 1046 - July 1, 1947 

2. SUMMARY OF' WORK r;OlfDtlC'l'ED DIJRINe; PERIOD - PEB. 2B - AFR1L 30, 1947 

a. Engineer. hava visltad out.lde organization. to dlecu88 subject.
pertInent to our r8search program: 

ActivIty VisIted 	 Subjact Discussed~ 
Raytheon Mrg. Co. 3/10/47 Radar Rals.y 
Waltham, Mass. 

Laboratory for Electronics 3/11/47 K-Band RapId Scan SJlt.. 
Boston, lIu•• 

Cl/llbridga Fleld Sta tion 3/11/47 Clearance" 
Cl/llbrldge, lIa••• 

II.I.T. 3/11/47 Search Antanna 
Cl/llbridga, Mas s. 

- Stevena Arnold Co. 3/11/47 UltrasonIc TraIners 
Boston, Masa. 

Cal. Tech. and Johnl Hopkinl 3/11-12/47 Pree Flight 3~po.lum 

Wright Pleld 3/19-19-20 Contr.ct. and Equipment 
Dayton, OhIo 

W!'lght Flald 	 3/26-27/47 Radar Racelvar. 
Dayton, OhIo 

St.vens Arnold Co. 3/31/47 AN/APQ-13T Trainar 
Bolton, lIa... 

Laboratory tor Electronlca 3/31/47 K-band Rapid Scan System 
Boston, lIaas. 

SJlvania ElectrIc Corp. 4/1/47 IIla.l11 Search System 
Boeton, Ma... · 

Workehop Assoclatee 4/1/47 K-band Rapid Scan Syetem 
Boaton, lIas8. 

Williard Storage Battery 4/16/47 One Shot Batterle. 
Clevaland, Ohio 

Phl1co Corporation 4/17/47 Radar Reca! var. 
Phlladelph1a, Pa. 

BuShlps, Navy Dept. 4/18-21 subminiature Tw,.a 
WashIngton, D.C. 

( 	 Radio Corp. ot ""'erlca 4/21/47 Pull. AltiMeterl 
C..4en, N.w Jereey 
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Actlvlty Vlelted Subject Discussed 

Navy Research Laboratory 4/22/47 Radar Receivers 

Waah1ngton, D.C. 


b. Pereonnel or outside orRKnl~atlons vislted thls cnntractor to dll ­

Cllas problnMs pertalnlng to Project "Rucal": 


Vlsitins Activity Subject Discussed~ 

AIr Materlel Command 3/7/47 Project Status 


Sylvnnia Electric Prnducts 3/7-8/47 MissIle Search Radar 


Dlscus910ns p~rtalnlns to a subcontrnct are stUl In pl"Osr'lss wIth 
the Laboratory for Electronics. Completlon or neso.tlations are held up 
pending procllro:n~nt of test eqlll PI!Ient to be used In prosecution of the 
Buboontract. 

At M.I.T. n study o~ dieloctrlc lenses has Indlcated that a 
11mlted aporntl~e wl11 be obtained and hence a study or ~oned lenses 
can be made. It "Ile brou1;ht out that, contrary to the conclusions or 
A.I.L., 99.tiefactory nzlmuth patterns IMy be obtainable over a range 
In e lovatlon of ;tID d~graes or !,:reater. ~'urther study ,,111 be under­
tllken to ascnrtain If such Is the cnse. 

Ultra.on!o traln~rs "ere dl.cu9sed at Stnvens Arnold Company. 
Several typo. of ultrasDnic trlliners !-lave been developed, the most 
flexlble ~r whJch is lhe most recent type for the Navy, the AN/APS-T3. 
Other types are r epre.entad by the APQ-7Tl, APQ-13Tl (Mark III and VI) 
and APi:I-13TlA (Mark IV). The AN/APS-1'3 i a capable of provi ding conlcal 
scan and tJ lUng rcrl~ctor"; thp. tilt control is located at a central 
etation. S~eYBnS Arnold f "lt \J;at the ArQ-l:'1Tl "B" the hAst suIted 
ror our neells. Tnl. oplnlon conflicted with a r!'cnmmendatlon of AMC 
that our choice should he the APQ-13TlA. The -13TlA WkS obto.lned and 
a consultant from stoyene Arnolci bro" r,h t in to Bid in setUng It uP. 
Further det~lls on our u-,e of this e'luil"ment is cont.alned in tllle re­
port. . , 

At Californla Instl tuta of Technology and Johns Hopkins Uni varsity 
we attended a sympos1um concerned wllh rrobl~ms of free fll1ht testlng 
of full slz~ and ecale model missl1ea. 

At I'Irlf.f1t Field the ,ubject "r auxiliary power ollppllAe wae dis­
cussed. It "'''e su/:gested U,at a symposium on lhis sub,ject for all 
mlnile contrllc tors .nd b!\ tt ery nnd !,:"nera lor manufaotllrcrs be held In 
II..., or June at whic.h Lhe re'1"lrem~nts of the missile field "ould be 
nlred to industry In genernl. 

Workeho;> A.socI3tp.e ' faciJiUes "ere ins pecled as a possible sub­
e"ntractnr. Thl!tlr cH'Iwm!7.8.Llon Is 9!'Tl8.11, hut t.hey h ave adt3'l~lD.te Bhop 
racll1tha for hllil ilnr model shop ver.!nns of antenn"s In a comparatively 
ehort time. Their prosent tp.st e~"lpment Is llmlLed to X, S, and the 
lower frequency bands. ThAy speciall,e In final devftlopment of antennas 
rather t.hftn res"~rch and ellrly · d evclopm~ nt. 

Our power re1uil'~mnit t s for eqlllP1!1qn t op" ratlon ..ere t: lven to 
Willard StoJ"a~e RA.ttery Company In an effort to obtain an 8xl'endlble 
one-shot batt~ry. ThO rosults of thb h'11l1ry nre exrect..d In the 
very near futuro. 

Phllco r.orpora t.lon has d etermined that their lo/·~arlthmlc 1.f. 
'l'llpllflers are ~"i te successful on the r;round, ;'ut fll ..;ht t.,sts have 
not yet been made. ThA sub-lnlnlature tuhes u~ ..n in conjunction "lth 
this eQ1l1p~nt hllve proved q" l te sat ! sfa~tory: however, It Is felt 
that thp. lr f1,eJleral US!! cannot be possIble unt! 1 t ooling for mass prod­
uction le completod by the mBnufacblrer. It be comAS "v!dent as a result 
of this Phl1eo effort t h at ,.et~ht, ~puce and power can be conserved, 
proving a great advante.y,e to th~ mis.llo rleld. 
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• Purther studiee haye bften made of the effect of ogiyal nose 
angles on missile range. A ballc missIle of the weight and size 
comparable to the Rascal rocket mlu1lea wae selected ror study. 
OYerall length, ruselage diameter, space Tor equIpment and payload 
nre held constant, and tt.~ oglva1. nose· angle varIed from 20 to 60 
degrl", BaslcIlly the problem reduced to eolecting IL comprOllll.I8 
tuBellLg_ configuration which .ould carry a maximum amount of fuel 
tor a minimum. or nose drag_ A curve of range yArSU8 ngiv8 nose 
lingle wae plotte:t which Indl.at... en opUm"'" renge fa" an &ngle or 
~5 degrees. An angle of 44 degrees which .e had prevIously .elected 
eurfe"a approXimately only ••ven mllae los. In range over the optI­
mum Indlcat!n~ the realisticne.s or .our chOice. 

A Constant Incident Angle Radoml ... offlred In BMPA-~ &e & 
lIIi8l11e nose c ',nflglll'atlon, whIch constituted a reuonable compro­
lIise between aArodynllll!lca end K,,1.1ance requlremente. In that vain. 
another n<>sll conrlguratlon Is pre,"nted In th1e repol't which we hay. 
called a "1'alred Aadome". It Is euer,tlally a hollow dlak contain­
ing a "pill '00"" antenna Ins.,·t8d Into !.he noee of tho mlulle In 
an attempt to .egrftf,ate the guldancft requlremmto and th~ a8ro­
dynllll!lc requlr ....nt. Into Individual nOGe .har'" and thereby (1) 
reduce the no•• drag, (2) make po.slble a mo.t favorable antenna 
roado." dulgn. ond 1:5) r"duce to an ah.olute minImum th" "trllctural 
problems a"aoei ated wlth the rad"",e. Wlnd tunnel te.t. ar" now 
needed to cla"Jry' the e"tent of the d.stablllzing erfect whIch aero­
dynamic analy.l. has r"vealed for thl. configuration. Testa w"re 
roequested for MIlY I, 1947. 

rrom a Wi ng d,..11111 .tully It was rlet.rmlned that 45 sQ. reet of 
horiZontal wIng area 80Hld p.rmIt an 8 g pull-out et 5,000 r.et With 
20 per cent fuel for a Rascal mI.,,11e gros"lng 11,500 pound., and 
that thl. ar"a w1th a delh planform. end douhl" ••dge airfoil 1. 
del1rable from the "ten dpoln t or a true ture end the m1n1m\U'D wol@jh"t or 
ruel requIre" to uv.ro,>me the drap, of the wlng pl\ls the .lng •• ight.( 4 minimum ."ctlon thickness nf 2 p~r cent .el .hown to be satllfact­
o"y, but other conoid eretl on. d I ctatea that 5 Pfl" cent is more reel­
IItlc. T~.1s study has tRken Into account .truct,.trRl, aerodynAmic, 
lind productIon con.lrlera.tl on.: nutte,. was touched on lightly, but 
ml..l1e atebllity was l.,tent10nelly Ignored for almplicity. Because 
or thl. lett.r oml83Ion this anelysl. cRnnot be co:>aldered coneludve 
but only indlcet1ve of Winl': dft.l"n paramet.r••Jtil w!l1ch to work. 

Thll MI •• lle Aelay Antenne and MI.slle Carrier Rolay Antenna 
Stablli.ed neUorm! shown In !lM?R-~ ere up.d.rgoJng ",odlf lcaUon. 

Or the !"ld.... end c~ ntrol e'lulpr1Wln~ un<ler development, the 
Az111uth eoJflputer 18 eomplete except ror the decoder an\! Ita esaocl­
.ted lervo. The I.lr/.\"Q.~ r~~Br J, beIng modIfied In the laboratory 
to Include e trIple-tone cIrcuIt b.,CRtlse It has beMm.. apl'.rent that 
for a t tack. on land t.rr:ets .OM form of t.rl~ot dIscriminatory circuIt 
1a euentlal. The .mall ten Inch dlem"ler Mnlcal l'Ino",. descrlb.d 1n 
BIIPR-5 Is etill being te.lArl et WrIght Field: In the m"antlml, a la"ge 
tnnty Inch dJemet81' 18 degr.~ con1oe1 rariome Is being rabr1cated. It 
11 Intended tJ1et thle latter .. adome will a l so b" tested at Wrlgh~ FIeld. 
SylvanIa Is no. actIve In a 11118911e sAarch red.,. .yst.. m development. 
whIch has pro<luce1 to date prftUmlrutl'Y .k"tch"s 10cat1ng t~e complete 
K-band .y.tem In tho speclflc missile <le.ll:n prevIously mentioned. 

In the lap3e of U me betwoer. the last r.rort, the flIght elmu­
lator has unde~gon~ ehehG8S r.:teh appear to orrer cnnllderabl. improve­
ment over the "arll.r sy.tftm. AI.o an AH!APQ-13-TIA Training Set hal 
been obtained Knd .et up for :!IodHlcet1on Into a flight simulat10n 
device. 

A r"capulatIon of ou" flight test r .. eulte Is contaI ned in this 
Dubllcat10n. We have epproached the problem by revlewlng the orIginal 
'Ra.cal" Gu1dance Scheme that was pre.ent In BMPR-l and co.mentlng on 
.aah of the ItMft! thereIn. We have covered the objective. and pro­
cedlll'e of the tol:nlsl<>n 8..lr-to- R' r link, tho mluile .earch radar( 
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\ 
eyetem, radar t rackIng and guId1ng or miAell•• , the uee or a P-80 and 

\ 8-25 a1rplanee as m1ae11e r11ght teet vehIcle., and the equ1pment re­,I qu1red. In general the statu a or the tlight teat program can be 
eummed ~p ae proceeding aa planned with the one exception or materielprocurement. " 
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3. .\EROI>YNAIIICS 

a. 4 Stud1 of the Efrect of OglYal Noss Angles on Range: 

To continue with the program of an opt1lllUl1l nose con1'lsuratlon 
selection Which we have pur.ued in the preceding progress report 
periods, a shert atud1 ha. been made to determIne the erfect or ths 
magnitude of the ogival noae angle on th.. tot&l rnng. or ths mi.a1l". 
Being ahort and l1llltted In nature, 1t g1vee only an Indication of the 
deslrable latitudes or oglval nooe angl.s In whIch to .,rk, but it 
doe. further subatanUata our original •• lection of 44 degre.". 

For purposes ot comparlson,a basic mi.sils or the weight and .1ze 
oomparable to the Raecal rockat m1ssiles wae .alected. Overall length 
and rueslago diameter are hsld constant. Spacs ror matora. g~ldance 
s'luip!llent. and warhead 1& fi "ed. and the confl6\U'ation 1a further r. ­
strioted by the location of the ••uch antenna, the poalt.lan of which 
1. lIl.int.ined at a point where the dlamet"r of tite or:;lve 1& 90 por cent 
Of the fuselage diameter. Fuel cannot be stored forward of the IIs&rch 
IIIteMa and. therefore, t.he .nount ot fuel which a mUlIlle can carry be­
00l1l80 a function of the ogl"al angle and in turn, tns antenna loca t.'on. 
!he problem reduces to sslecting a compronise fuselage configuration 
which w111 carry a maximum amount of fuel tor a ~inimum of n03e drag. 
The ogl.al nose angle was varied trom 20 to 60 degrees. 

Since the eftect ot nOSe angle variation wall tne desired ob~ect­
lYe In this ahort otud:" tha calculations wer .. sl:npllfled by making 
a ••unptlons which eliminated several or. tne u.ual performanc.. comput­
ations: (1) The missile wru a.s\IIIed to be able to 1'1'1 With no Urt­
Ing 'lll'faCe" which eliminated tne form drag, attitude drag. and .kin 
friction drag calculatIons on tnese surfacee. (2) The mlllsile wao 
asaumed to reach M= 1,6 aftsr 30 eoconds or buost~d flight and wao 
conaldered to fly at M = 1.6 at 40.000 teet until the ruel was eX­
haueted. 

With the total fuel for unaccelera ted flight known. the rOll,"'" for 
unaccelerllted flight of the var~oue mis.He conflguratione Wer" calcu­
lated. 

Table 3:1 g1vea a compariaon or grose welghte, total fuel, an~ 
range for the various noee angle••elected. and Figure 3:1 oho.s the 
Yarlation or rangs with these nose angle•• 

8 Og1ve 
(Deg.l 

60 
oilS 
30 
20 

Table 3:1 

Range Perrormance for Various Ogivo Nose Angles 
at 40,000 foet 

Al1ulle Grosl : Total :Cruls1ng* , Drag at 
Wetted Area . Vol. I Fusl Wt • . ~uel : II = 1.6 

(ag. ft.) (eu.ft. ) :~ (lil•• ) ,.l.!!!!.d.. 
254.5 145.3 6586 4801 1690 
249.5 138.5 6000 4300 1.320 
239.0 125.0 4841 3101 976 
224.0 103.7 3021 1"146 798 

Range 
(mi, ) 

161 
185 
192 
124 

• Fuel r8J!la1nlng dter dedUcting ruel used to boost the mlos11e tro.. 
300 mpn to M ~ 1,6 In 30 eeconds. 

Figure 3:1 provtdes a meana of selecting an opt1m~ basic bOdr 
for the Rasoal missile. lIowever, it should be emphasized that no 
attitude. rorm. or skin friction drags of the l1fU ng surfac•• were 
included In thh study. and that with Incresaini! noee angle and tho 
consequent increase In groee weight, theae drag component a all Inere••• 
and tend to counteract any benefits der i ved tram groater fuel capaclt1. 
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It would .eem, therefore, that for the complete mia.ile, the optlmum
point on the curve (namely, at an angle of 35 degreea) would move 
toward the lert. Thi. indic~t•• that the flnal leleotlon of an opti­
mum no.e angle can be made only atter • more detailed inveatls.tion. 

00­

/ -t--t­
80 

V f"---. 
60 J ~ 

/ " 4 

II 
2 --- r;f-- ­ 1--­ --f-­ - 1-­ ._._­

8 /
J • CRU,IIN8 RA"IE ONLY 

60 

40 -- .... --­ ... . 

2 ---I -­

0o 10 20 30 40 ~O 60 
OGIY[ ANGLE_DEGREES 

FIG. 3:1 RANGE* VS. OGIVE NOSE ANGLE FOR A MISSILE OF GIVEN 
LENGTH AND DIAMETER AT 40,000 FEET 

b. General: 

Aside tram the Osive Ansle Study pre.ented in ~,a. above, the 
reoent invest1gation, 1n the aerodJnamic phase of the Rascal Project
have pertained chiefly to the problems ooncerned with the preli~lnary 
design ot a specific mialila. Tha.e inolude dee1gnlng and locating 
aerodynalll1c lurfa~ea for e .. Liefactor,- atatic 10ng1 tud1nal and dlrect­
10nal etabUl ty at both lubDonic and eupersonic apoed., and hav1ng lIlade 
a wlng e.. l ection, 1nvestigating bl'hfly the 10ng1 tud1nal character1e­
tlcs ot the lIlia.1Ie. The rangee attainable when launched at varioua 
atU tuda. and ul ti tude. "ere t tum dete,..,ined for performan oe etudy. To 
complete the picture, ratee at control aurface deflection, power re-
q•• Irementl and l1118elle _reoponee were lnveetlgated for gIven pull-out
lpacificatlone. Purther detalle wIll be publiehed In a speolal report 
covering t he "hole of the specific mle.Ue deeign. 
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o. Paired Radome: 

A oonatant 10 degree lncldance angle radume Was presented 1n 
BMPR-4, in whicb the oalculated nOle radoma centour with reepaot to 
raYI emanat1ng trom .9 ot the body radiuI, wae clolely approx1mated
by an og1ve, i.e., by arce ot clrcle.. Thls nosa shape resultad 1n 
an 1ncludad tangent noee angle of 44 dlgreel, whlch from the stand­
point ot aerodynamlci il rather blunt. From a conlideration ot micro­
wave tranamise10n, a muoh more blunt nOle would be pretarred. Prelim­
inary result. or still inoomplete test. belng made by Mr. Behrens, AWe, 
indioate that the 18 degraa noee angle, Itraight-Ildad plexLglaa oone 
may ezh1bit acceptable transmileion characterietics. At any rate, the 
orit1oal oompromlea betwean aarodynamics and electronic. in respect to 
tbe tarward portion ot Rascal euperaonic body ramaine indeterminate at 
tbU t1me. 

In view at the unoartainty of thil eituatlon, it hee bean deoided 
to explore the pOBeibillty of IOlving thie =rucial problem ueing a 
ditterent approach. Accordingly, a dellgn al 1ndl oated in Figure 3:2 
haa been propoeed ~d invaltigated insofar ae possibl e without the ald 
ot wind tunnel informatlon. Slnce tha .aarch antenna il conceived al 
a · rotatlng merbantam aweaplng a 28 inch dlamater "dllc" about 4 inohes 
deep, it i. propos ad to mnve th1e "dlec" forward 1n tha mleeile nOle 
until the antenna radiating area extend. outalda the mls.ile contour. 
Btt.otlvel" th1e configuration attempts to eagregat6 the 1ncompatibla
aerodynamlc and alactron1c oharacterlstlce. Tha antenna radome trontal 
area has now been reduced to a minlmum. Thua a blunt radome ehapa will 
Dot 80 ....iouely ILffect tha aarodynamlc characterieLlce, ainee the 
major portion at the trontal area may bo dlaposad favorably by tha dic­
tatea ot aarodynamlce, which mean. a longar, smallar-included-angle 
nOle shape. 

It W88 hopad that thlo arrangemant, retarrad to 88 a "faired 
radome" would (1) increaee the 'leabla volume withln tha rueelage,
(2) reduce tha n0ge drag, (~) maka poesible a most favorabla antenna 
radome deeign, and (4) reduce to an absolute m!n1mum the etructural 
probleme aesociated with the radome. Praliminary work indicatas that 
the "ue.ble" t'ueelage volUll!a remain I unaltered, due to the reduced 
"total" tUlelage volume reeulting from tha longar, eharpar noee, the 
tUlelage length belng limited by bomb-bay dlmanaion •• 

Aerodynamic investigation reveal ad that the reelllting deetabiliz­
ing hOrizontal area at the forward fuselage location poeas a ler10ue 
Itabllity problBm. In respact to thle and drag, a rea.oneble aattmate 
il not pOllible in that latiefactory theory for 3-d1men.lonal· luPar­
lonio flow hae not been eVOlved, and no tests of a e1mllar nature have 
beeD perto~ad insofar al thl. contractor haa baen able to determine 
trom technical intormation both lnth11 country and 1n Gartlany. 

Par these reasone it was coneldered Imparatlve to lnveltigate 
thil type or nOse shapa In a IUp~reonio wind tunnel, and to that end 
a request tor one daY'1 telting in the Aberdean tunnel on or about 
»ay lit wae raquested 1n 8 letter to AXe dated Karch 6, 1947. To 
date, no wind tunnel time hal been 8sl1gned. 
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4. 	 STRUCTURES 

Raac al Wing Daoign Study' 

Selection of a au i t able horitontal wing for the Ra scal missile in­
volves. among othar thinge. con. ideration of th. s acti on prori l~, plan­
torm, and wing are a to giv e a minim"'" wair:ht of Cual to overeome the 
drag plue wing weight. ar.d a wing area to accompli . h t ha raqulr "d man­
euver! • 

A specification has been .atablished for t he mhsil& f or t his par­
ticular etudy as fOllow.: 

1. 	 Gross weight at launching •••••••••••••••••••• ,. 11.500 lb• • 
11. 	 Averaga gross weight ove,' the flight path •••••• e,ooo lb•• 
3. 	 Launching a 1 t;.1 tude ••••••••••••••••••••••••••••• 4 0 ,000 ft. 
4. 	 Cruising altitude •••••••••••••••••••••••••••••• 40 ,000 ft. 
S. 	 Range •••••••••••••••••••••••••••••••••••••••••• 100 mI. 
6. 	 Speed for 6~ of the range ••••••••••••••••••••• 1.6 II 
7. 	 lIaneuver In PI tch (20:( fuel'" 5000 ft.) ...... .. e g 

Thls .pecification only approximate. the mi.s1la under consideration at 
preaon t. 

Structural, .a~rodynamie, nutter, and produc tion consideration. 
are a!!lOng tha more Il1portant planform cri teria on which a w! ng desIgn 
i. to be based. Structura l ly it must be analyz ed with r e.pect to 
(1 ) spanwlo. banding moment, 12 ) deflecti on. and (3) torsIonal s tiff ­
nes.. Aerodyn~lcally. minimum pr otl la drag i o deslrad. MinImum 
washout dUB to spanwlae de flectIon ot a aweptback wing. and pointed 
tip within a trailIng edge Mach c~na are addIti onal aerodynami c con­
sidarations. Plutter character istIc s have baen to""hed on lightly. 
although it i8 belIe ved that thay are ot prIme Importance aven to the 
poin t of de t ermInIng wi ng eh ape . SInce we are workIng on an ax pendable 
yehlele. th~ de airabl11ty of production-sue influ..,ces tha dasign In 
.1:.. and straigh t elemant. devel opment. Wing are a was b a lted on the 
mInImum welght of fu~ l neeaeaary to o ve r cOlle wing dreg plus wIng we i ght 
and the minillUJ!l to a ccomplish the r pq ulrad man euvars. 

a. 	 Structural ComparI son o f a Wedge (DIamond) SectI on AirfoIl With 

a Plat Hexagon SRction: 


t .. 

.---­

- ~c 
... ".5Sl t - ..... - .353 C .+- 3)! C ~~ 

\ 

"' - - - ' " -.- . •. C .-	 f. - ._-- C - -_._--l 

Oi ';'en the above sectlons which ha.,e the eams chord but different tIs 
(both ••ction. are l oli d) . it 1. desired to compare the drag. s trength. 
weIght. and deflection of the ae a.ctlon• • 
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Secti on Prop.rtl~s 

Section (1) ( 2) 

A ,5 Ct l , 1>';6 C~ 
2 It , 333 Ct 2 

2 + ,333 Ct 2 

1 , 0208 C tl~ , 0416 Ct23 2 It .333 C x ,0208 t 2
3 

1/1 . 0416 Ct12 .0832 Ct 2 
2 

+ .0832 7. .333 Ct23 

J. beam . In bendIng , w11l fal1 tit a stress . ;l l ch calculates to be 
hl~er than tho ultimate 01' t he .,.,,.tArIal , " rovlded all of the material 
1s not concen t rated at the extrome fIhera. Th1s 1s true because the 
aateri~l undergoes .o~e plsstlc flow and therotore the classIcal beam 
bending formulae break down . The apparent stress at "rdch the bea... 
rdle d epends on the .!!htlre of ti~ e bea:t cro se-sectIon, or on a "form"
factor. 

The tollo,,1ng Inforuatlon comea trom an article In the Institute 01' 
Aeronautical SeiencA8 Journa l , May l'343 , by Cozzons , "Bending Strength
In the FIe stlc Range". 

or ~ 
K " t orm f a~tor 

1. 5 t or .. rectangular cross-s~ctl on 

= 2 . 0 t ( r a we dge Bection 

f b 	 ben<U nl; I'tre 83 

fm =ultimAtA tension Or co~pr9s .i on stre8D 

f o 	 In tAree ptlon. with stres~ aXis, or a trapezoid drawn 
on II streso- strdn d1a~r l\:11 such that the trapezoid 
covors tl ifl sa..,,, ar88 as that under th e stre ss-s t rain 
C'.!Z'"Vtl . On~ r'eak or t.!1 e trapezoid 1 :s a.t tm : 

fa 

For :hlf'a.l. to 

The b e~ 01""" not ever reach the apparent stress. 
inste ad , eonaiderJnh two ~1 8m.nts 01' area at the ex_ 
treme tibe r I when the outer-most are a. reaches t he 
Ultimate stres. , t",ere is !lame }lEts tlc n ow, and be ­
r ore i t r . ll" t he r,u ltt are a rea~ ''''s the ultl rnnte, ard 
so on until no ~or~ ~low 1~ pC!I.!b18 8 ~d t ne boam 
brea ks , It can be 8e8n rrom the accompanying sketches 
t 'l3.t the ratl0 of the area 01' tt.~ l r. ' r l ncr8m~nt to 
~h e outer i nere~6nt. t or the rectan~ular ~ ect1on 1. 
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1:1; tor the diamond 3:1. A acale drawing ot tho h.~agon being con­
.id.red gi.e. a ratio ot 1.22:1. 

Plotting the b.nding moduli agaln.t the area ratio for e~trem. 
riber., gi.81 a bending aodulul ~ 1.28 tor the he~agonal seotion• 

lENDING• ...L-~' Zlrl--I '0MOOULU$ 

J~I: 
o I 

o • 
ARU uno 

The .trongth. of the two beam., wodge and ho~agon. will now bo 
mad. equal. The etrength of any beam would depend on the bending 
aodulul times the I/y. 

21.5 ~ .0416 Ct12 1.28 ~ .0832 Ct2

The wing drag il made up of three part., akin friction, attltud. 
drag, and protile drag. or thea., only the latter will vary with the 
two eectione under con.ideration. POI' the profile drag, the only 
varying rae tor i. Ka (t/e)2. 

Drag Prop.rtiu 

(1) (2)Section 

PJoofno drag 
6
fo.... tact.or := Xa 
 " 

t 2 	 t12 1.30'72t22 1.71 t22 t22 
~= c2C =-cr- cr~ 

Pror11. draf 2 	 21.71 t22 6.(\4 t22 s · t 2factor = K--tl " II 

c2 	 = c2 cr 
From thll table it oan be aeen that the increa.e in profile drag 

cau••d by ueing the wedge aeetion i. 6fte4 tim•• that for the hellagon, 

providing that the Itrengthe are equal. 

It ba. be.n found, v.ry approximately, from a previou. analylia 
or a .i.ilar airrrame that the wing drag =1/2 total drag, prorile
drag = akin friction, and the attitude drag =2 ~ profile drag (or 
akin frio tlon). 

Then letting the profile drag =A 
wing drag = 44 

and airplane drag =8J 

the increal' in total airplane drag from uling a ••dgo 'hap. 30.7~ 
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th Ic~,pr tlvln .. he,,&(;on . ha ". 

= ~ A - 8A = .Ol~ or 1.3~ (Thh 1e negligible, being wlthln the 

l1m1te of error of the !ll8thod), 


For com~arln& defleotlon. of the aboye two eeetlone, al deelgned

for equal strength, the moment. or Inerti. maJ be oompared. 


Per (1) I .0208 Ctl~ 

.0206 C 1.3073t23 

.0466 Ct23 

Or (1) wl1l have :g:t@ =1.12 more r1g1dltJ or 12~ le•• 

defl~ct1on than (2). 

For (2) I = .666 Ct2 

.65:5 Ct2 

Or A (or weight of (1» = ::~~ x ~ 

=.980 ~ (or welght or (2» 

To sum:,arl.ze: 

HelD ! Wedge 
. "' ~ (1) Hexagon (2) 

L L 
1.307 x x 

.98 W W 
D D 
~ 1.12 !) 

b. Planforlll Selectlon: 

Since deflection becomee verJ serioue wIth emaIl thickneee air ­
fo1le, a etudJ wae made to determine the beet planfOl'II: that 11, the 
planrorm whlch, for a g1ven aepect ratio, thickne .. ratio, and area, 
hae the le••t tip beamwi8. deflection. 

Assume, for simplic1tJ, the rollowing wlng: 

Constant",: 

Aa pect Ratio or b (= eem1 epan of exposed aru.) 

S (= area of 1/2 expoe.d wlng) 

'1/ ( = load on S) 

50 "~ chord ..L airplane 

w = unlform loading 


C =Ct + I(CR - Ct) 

I =Moment of Inertla 
.1..- - ­ = .0208 ct3 


t .0208 Z3 C4
Or ~-=tall c 
=where Z =~t 1-----··"~ J 

.0208 Z3(Ct +~[CR - Ct ])' 'dx "'-:"-J 
CR 

". --+4 

" '0 ­t= 
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":'c .,:.C
The ..=ent at any point. X, = (~+T'. which ro....ula can be 

arrived at by calculul or. more simply, by geo~trical caleulationa. 

Thill tip denectlon i. equal to the moment, about the tlp, or the 
area unler the Il/EI ourve. 

b . 

j X2Ct X2C
5 (,-- + Tl X dX 

tip = 3 X 4 
o E .0208 Z (C t + b[CR - Ctl l 

Let K w 
I = E .0208 Z3 

f 
b 

Upon integrating this and eubetituting In the 11mltl, the rollow­
ing equation 11 round: 

And Ct can be put lnto terme or V or Ct =K V 

K b4 
+ I [ 

6 ~(1-2Kl 

( 
log l-K + 2K-2.5~ ­ I 5) 1-X­ li-X)2 • 

I + -..,.--:-=;3_---: x 
(~l2(I-Kl2 (~l3(l-2Kl3 . 

23 

(¥[l-K)- 2~ log ¥ - ~-f) J 

Setting the rirst derivative or this equation, with reepect to 
K =0, would glve the optimum wing planrorm rro.. a derlection Itend­
point on the ..in1mum derlection. However, this 18 a long tedloul 
procele and it is aimpler to lubstltute a g1 ven condi Uon or given 
values or b and 2S. Then dirrerent valuel or K can be aBlllllllld and 

D 
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Ii curve or OUp plotted. The 1!I1nla.um d6flectlon point can be round 
dlrActl)' on this curve. 

Us Ing a t :; plcal wlng, b =36", S = 1330 eq .In., the tollow1ng 
r~ s"lte ar~ obtlllne~d-:--.,._----...., 

K 6UP/K1
+- ­

.01 1.299 

.05 1.222 

.10 1.216 

.20 1.351 

Tile curve, Pi!:. ·hl, plot .. the s e valUlls and shows Ule optlmllrl
point to be K = .075. 

3.2 

... 
3. I .t 

, 
I I

2.8 >- I · ·f --- t + -- .-~ 
I I 

, I26 + 1-- . 

I2.4 - f 

22 ,. 


20 i ­

~TIP I.~ - i I.·t · i 
KI 

1.6 ! ~---_ .f _. -- I 

1.4 . i ­

1.2 

I -- .. -I 1.0 

.i
'" 
6 


. 4 
 ,. 

2 ~ - -t T- -t ..--t- -. -I-­

00 .02 04 ..06 08 10 .12 .14 16 .18 20 22 
K 

FIG.4: 1 WING DEFLECTION AS A FUNCTION OF PLANFORM 
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Then Ct = .075 ~ 

C = ~ - .0'75 ~ = .925 ~ 

25 
or ~ = ,925 fa = 12,33:1 

t ,0'75 'D 

By pr.vious consid.r.tion. the optimum .....pb.ck angle hu been 
found to b. '5°, for the quarter chord line, .t M = l,e, Th. r.tio 
12.33:1 11 .long the neutral .xia. Por the .bove coD11tion the ratio 
of the root chord to the tip chord, for the chords parallel to the U"" 
or flight h round to b. 14 :1, 

.L 
Ct 

T 

Optimum Wing Pl.nrorm 

Por Minimum Defleotion 

Th. tor81onal twht or • 2,3% soUd INlgne81um .urraee or the rol­
lowing planrorm waa studied, The trailing 20.e% or the .urface wa. 
oonaid.red to be an eleYator, On the baals or pralUtinary estillatea, 
the tixed .urrace loading waa .eaumed to be 8,3 p.i (limit) and the 
elevator 2 x 8.3 =16.6 pai, 

I.o--_I_---IIJ ,. C LIN, 

10 'I(, C LINE (lUX TM'CONUSI 
M.SSILE 

....-r- ;---NEUTRAL UIS 158'1(, C LINE I 

- +-t---l M'_ 1.... '1(,) 

50 
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Tarsion wa. t~ken about th~ elaltic axl s (wh ich wae aSlu=ed to 
colncid.. wlth th.. neutrBl axla). The pressure distribution over the 
wlnc .as aasu~ed uniform. Since the twist d ecrealed the angle of 
attaok. cr , the efrective wlnc area •• 0 lowered, or more exactl" the 
CL 010:1(; the apan was lo"erRd. A plot of t he ch ord x ¥ againlt 
t he Iplltl compared with a plot or chord x span showed an effe ctlve de. 
crene in wi ng area of about 30";. (The elevator wal au.-d to ha~e 
four hing.... ) , 

Approximate Twiat (9) in :( of a: 

o I 17.5 : 35,1 I 52.6 \ 70.2 \ 87.8 I 100~ E~o. ed S .. ~i·Span 
e ( )o cr) o : .103 1.207 .331 .600 , 1.00 \ 1.36 

1 , .897 1.793 1 .669 i .400 0 a.!!...:...! 
IfActuuly the lurface would never tw1at more than a • 

It can be seen rrom the above that, structurally, it would be 
v er y desirable to uae a completely movable surface, rather than an 
elevator • 

However, the pruent tre nd here 11 toward a 5% section. Since 
the ' tor aional defle ction 1a approximatal,. proportIonal to the cube of 
the thickness, the twist will be materiall, reduced. 

A wing of the rollowing planform wal des1gned (1) .1 lolid 
magnesium, (2) hollow dural, (3) hollow magnesium, and (4) hollow 
stsel. 

,1 I -f 
! ~ . 

ASSUME I- -, --< { ZS'" C LIN£ CENTER paNEL 
5 WEP' , ACt( .,­CONSTANT AND , 10 S ~o % CLINE ""'J tTtt[ FOR( INO 

I' T .OUNO'RtES : I 

TO at SO,.C , 


ANO 70 % c j ~ l:-':"­
T , ' .... - $TI"ENEJItS IS' 

1 

The wiq;s were designed for a design loading at 12.8 psi. Temp­
erature w~s eonsld ered to be 250op, Bt widch tho E, and UTS are con­
sidered t o ta reduc ed to 80,( thoae of root! t emperawre. 

The followinll table aummarizes result.: 
Approx. Tip 

Section Parallel C Weight Beam
I 

Deflectionr.!1ss11e (both a1d e s l I1'/1na 
20185#2.3;; l:agn. Solld 3.39"= 4.56; C 109# 

95#
5; Dural to 5.~ Cti 

4.91"4.40~ C5~ ~agn. to 5:' Ct i 1.68" siC Steel to 5~ Cti 4.6d C 226* 

to =out side t h i ckness at 50( C lin8. 
tl =inside t h i ekneu at SO.' C 11ne . 

Derlectlon !. at limi t l oad . 
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From the foreCOill6 analysis it can be seen that the double . edse 
.ection compares yorr ravorably with the hexagon 1n .eight, dr RS , and 
.1ns denection, In planform, the delta eont1gurlltion .ith a Cft equal 

~ 
to 12,33:1 proves to b. the moat desirable structurallb, Optimum 
s.eepback rar m1n1r.um profile drag 18 approxl~atelJ 40 at K equal to 
1.6 desIgn epeed. (Ref, I"AC 02-942-071). SInce the attitude drag 10 
appreciabl,. leaa .ith hl/1ler angles of eftepback, an anah of e.eep­
back of 45 degree. hae been arb1trarlly chosen lIS a reasonable comp­
romiee, A delta planforrn .ing 18 proposed to minimize the decrease in 
lift caused b,. ••ehout, This becomes apparent wh en one cons idera the 
cage of a ••eptback rectan&ular planform wing .her e the .ashout 18 in­
duced .,rogrellSively toward the tip In proportion to the lIIIount of 
spannee deflection, The delta con1'11;Ul"at10n offera le88 area to be ' 
affected b,. .ashout toward the tip and ther erore le8S adv~r!e efrect 
of .ashout due to t1p deflection, Product10n cona1d er"tl ons have 1n­
fluenced the a e lection of a planforrn to one of e traich t leading and 
trn11111{; .,de"&, 
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FIG. 4 :2 VELOCITY VS. DAMPING 


SUBSONIC INCOMPRESSIBLE FLOW COEFFICIENTS 

(SWEEP BACK NEGLECTED) 
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A simplified flutter analysis has been ~ade for a wing s~ilar to 
the one in question to anticipate aero-elas tic problems which will in­
fluence the dea1gn of lilting ele....nt.. It ..... believed that high 
subsonic speede might be most critical, and therefore the analysie wae 
made assuming eubsonic inoompressible flow. No compressibility cor­
rections wera made for tha two dimensional bendinc-torsion flutter 
considered. A spot chack of pointe in the supersonic region indicates 
no flutter for these check pOints, but a complete supersonio analysis
has not b .. en lIIade. A two percent and three percent wing were con­
eidered: 

Wing Thiclcneu Bending ~ 

2% 650 cyc18l/min. 2500 cycles/min. 

760 'cycles/min. :5250 cyclea/min. 

For either wing tha ratio of torsion to bending is sufficiently high 
to indicate that no flutter problem will be anticipated. A plot of 
velocity vereua dacping, Fig. 4:2, indicate. that damping in the high
eubeonic region ie inherent. 

o. 	 Wing Area for Minimum Weight of Fuel Used in Overcoming 
Wins Drag Plu. Wing Weight: 

Next to be oonaidered is wing area for minimum weight of fuel 
used in overcoming wing drag plus wing weight. Equation (4:1) 1& 
derived fram equations for wing drag presented in BMPR-4 and -5. 

(4:1) 

Where: Term (1) 	 Weight of fuel used in overcoming ekin friction 
and profile drag 

(2) 	 We 1j7.ht of f uel ueed in overcoming attitude drag 

(~) 	 Weight of a so lid wing of double wedge crose 
section prorile, delta wing exposed planform
and rectangular pla.nrorm for th e portion or the 
wing enclosed by tha fuselage 

and Krw is fuel consumption in pounds per pound of drag. 
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This stud} is baled on a mia ai1e average weight or 8,000 1bl, 
and a oanard arrangement where the art hOrizontal surrace is a.sumed 
to contribute two third. or the total hOrilontal w1ng lirt, 

Va lue. or S were a.sumed and corresponding value. or Wrw wer e 

oa1cu1ated, A plot or the individual terml as a runction or ·S· with 
the 8l[ception or term (3) i. presented L'l I'ig, 4:3, 

II~-~------------~--~----------~ 

PA"....LT£ItS "A..er l iOO .ll£S.A~ .-Ae..~ I I 
ASlltCl ...TIO' Z ~ . ! . 
"J\.2,"C · 45· ---t·--- ---to 1" -----­
f S' '11,000 L as.1 so. "" • I 
.lTtTUOI.40.000 ~ : . 

. S ." C, ' I'-Le./ la THRUST /I'iOUIII 
A, ,,,.Ol l I[CTION~ .. SOI.lD 

I 
--2.:.;[,...,-0·' ,"un us~o TO , , - ­

ovtOCNIE TOUL ...G 0"",\ I i 
_1 : i ~ 1 ! 

- r W[18HT OF fUlL USID to OYERCOM[I; W'"o. A,lTITUOC: DR",. ! i , , I I I 
: . ; . I t i 'i 

i . ' ! 

200 i 
I 

• ' t ; 
........ _ WEIGHT Qf' ,ueL u seD TO . . 


OVf"c;.oMr: WJNQ PF.OflU ~fI"G 

30 40 !I\;l 60 10 
SQ. FT. WING", S' 

FIG. 4 ;3 WEIGHT OF FUEL USED TO OVERCOME WING DRAG 

I'ig, 4:. i. the aggregate or the fuel required to overcome wing 
drag pl us w1ng we1ght, An e.ttmated curve (dash line) has been added I.erel, to emphasize the tact that the.e curves were prepared on the 
basis or equal atre••e . (50,000 p.i) which gives exce.sive tip derlect­
ion. ror the larger .urrace., 

Prom I'ig. 4:4 an area or ~o Iq. tt. ia selected a. the optimum 
I 

tor the horhont al art wing. The corre apondJ.ng to t al her izont al wing f 
are. i. equal to ~O x 2/~ =45 sq. rt, To determine the maneuver ac· 
eeleration. po •• ible with th1s area, Pig, 4:5 waa plotted. I'ort}-rive 
Iquare reet will permit the mia.ile to pull 8 g at altitudes or 16,125 
feet under rull gro•• weight and 27,500 reet under a 20 per cent fuel 
cond! tion. 
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FIG. 4:4 WEIGiT OF FUEL USED TO OVERCOME WING DRAG 
PLUS WING WEIGHT Vs. WING ARE A 

From this study It hes baan determinad that horizontal winga of 
delta planform, double wedge cross . .. etlon, and 45 sq. feet total area, 
ara satisfactory from tha standpoint of struetura and the minimum 
weicht of ru el requirad to overcome tha drar, of the wi ng plus the wing 
weight. The area II more then . ufflcl ent t o fulfill tha requlramant of 
an 8 g pullout at 5,000 f eet with 20 per cent fuel. A minimum aection 
thickness of 2 per cent Is shown to be s atisfectory, but enginearing 
Judgment dictatea that 5 p~r can t is more reasonable. This study, be­
caus. of Its Incompleteness can be conald l!trGd only preliminary. giving 
limiting criteria on whi ch e desir~ can be besed. It I s r ealiz ed that 
the wing dealgn will fina l ly be selected onl y when Itability require­
ments e~e conelderad wIth thOle above. 
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40.000 
1 

HORtlOHTA\. WING ."U, .. 4a 5-0 'T 
:CLailA,,, at.OO i : 

I · 

L 

+. 
! 

10,000 

q 
FIG. 4:5 MAXIt.\JM ACCELERATING "Q" vs. ALTITUDE 

5. PIIOPULSION 

An Internal report coverIng the des Ign of a SpecifI c "Raocal" 
missIle .111 be publI shed In tha near ruture. Ina~much a e the Pro­
pulsIon Group dev oL a6 Ita ent I re timo the pas t pariod to the desIgn 
of rocket motors for the spec ifI c mh~lls. thair act IvltIs.B -111 be 
related In the Intornal report. 
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6. 	 GUIDAllCE AND COilTROL 

a. 	 Allmuth Computer: 

The AzImuth computer 1, comp1ets e~cept for the decodlr and 8ssoe­

Iatld aerTO. 'rhe Syn<:lu-o h... been mounted on the antenna but hal not 

yet been zerood. All t~e cables have been made uP. The autopilot tie­

in haa been complete11 a ••embled but not f1i~~t tested. 


There hav" boen two flight t"sta of the computer ull ng the mech­

anic 81 cursor. The operation lO~a satIafBctor1. On on~ Nn over a 

target the A cont.rol, ..~l1ch corl'a'ronds to the hair, u.'ntrol of a 


[in 
8ervo-mech,.nhm. W>iS set at it. maximU/II pod tion. A' miCht be ex­

pected, tho systom waS wut.blo and oecillatIol\. occur,.ed. Further 

flIghts will b" necessl<I'] t~ deteMline tne optim\Jll1 ."tting of this 

contro 1 under various comi 1t:t nna. 


It Is ex:·-ect.. d that the electronic cursor and alltopllot control 

w111 be te.t..,d extensively durin.; tne next two munths. 


b. 	 Radar l~provcment: 

Durin!; t ' lO pa.t • e.oral months 1 t has be.;ome e.pl'ar~nt that for 

attacks on l"n<.l targete 30me form of tar~et discriminatory c1 rcui t i. 

eseential. ·,1urk has sta,.ted on all inveltigation of aev~re.l posstble 

cirelli ts incl "dtne 10,:ul'1thm~ c TT> ""'p11t1e r •• peak-rIder video channels. 

triple-tone, ru ) ~e-lerl(",th ·l bcriminators ...,d "tI,er antI-clutter cir ­

cuit •• An AN/Ai'~-'; radar t~ b~inf modified in tl.o l abor"tor1 to In­

clude e triple-t (Ine circ'J:..t. Other t;Jrcult:s, ll1 cl.udtnt: t.")oile :nentlonod 

above, will be .ot up ",oct flI;;ht t~lted to dat,."niM the one 1II0at 

suitable for this project. 


c. 	 Plu:lC18ll il"lnme Construction: -The emal) 10 Inch .IJ am_ tor. 1" degree conic.. l rad"",p deicribed 1n 

a:.!PR-5 hal been d~11v ..ro,j to p. II. Behrens of Wri~;nt Piold ~or testing. 

Although preliminary t ~ .tl ' ,ave yielded rehtively poor trll1llm1eslon 

characterlo11cs, bea" t"uts ol'e n.:>t considerad 1ndleati va for two 

reason.: (1) The tolerance on the tip "r ~e radome n" se deviates 

considerably f"·1m the re'l'lired toler .."" e "r !O.005 Lnch. It 1& - /) .020 

inch in epots, and (2) Tna klystron u.ed In the te.t equip"",nt W"I 

conUderab1y erl'atic In behavior aad failed nlt"~et,,er before oomp­

letion of t.he t..,ste. lIpon receI;>t ot a new klystron . ',Yri~;ht Pleld 

intends to cun~~ nue tes !. s. If re.ults are still nee"tive. th.. radome 

wIll likely be returned ~o Bell Aircraft for a Il"W tip. 


Pror.res" hn3 be.. n alow on the large slze 2/) inch d1Rrneter 10 deg­

ree coniclll r"llo:ne , al th~ rrime t:ontracl·or has no lathe with a "ultable 

taper et.tael'r.tp :-:. t t o t'..lrn an obj~ct this :dze. Con:lequer.tly, the maohin­

ing ls beint": d·.ne by an out~lde vendor. To date, the plast?r form i. 

being r.IIIchine..i. If found to b .. within toleranc .... pl"x1r.le.. will be 

rorm"d about th!. Jill. It wIll t hon be n6C8.ea,.y to ret""n the radoms 

to the vend"r fnr r.:achining. AslOe have Jl" assur,,"ce that the vendor 

will be able to .."rfol'!'. this wor:' satisfactori1,. it is not possible 

to eatil'lRte a comple tlon dale. 


d. 	 MialI1e Search Radnr syste.. : 

A Purc~... se O!'der hilS boen i"ued and made payable to S1lvania 

E1ectrio Product3, Ino.. Lo cover t.he cost of a ~tudj' for t!le dST810p­

ment and posaible cons tru~tlon of a eearch radar system to be instal ­

led in the mia 911e. 


Exhl bi t "An 0(' thi. furchll.s Order Usts the actIv1 Ue. Included 

In thil study all1 are r"rro'hc~d Ile followe: 


1. 	 Follow portino:Jt devclopr.le ntll lit the plant of the Buyer, 
2. 	 Conltruct a wc ·,den mock-up of a 1'.,.,pooed radar reeol ver­


transmitter !mit. 
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3 , Do mi s cel l aneous lebor ator 1 t e s t i ng of prorosc d ma tpria ls 
end 	 ! ChCrtAe . 

4 , 	 Vl t lt "Nrl r.h t n .. ld nnd Navel HR""err t. Labor Rtor r to ,~cllr e 
a id In eonuuct ! nF aaid G t~cy . 

5 . 	 Stu1y f> . ,nln: 1Y t he r ccci ver- t r ens I!" tLnr uni t , bu ~ r, l ve 
e ar.'l8 8 t Lent.ic:n Lo an t p.nna end l nd l c e t or problems , and a ut.o­
ma t lc opera tion rnT, ! r omnr.ts , 

C. 	 Submit br Ief monthly r flpc>r t s of Sel1 p r' . s t ud I es and pr oGr ess. 
Wr l te a s et n ~ s r,pelfl catl 'n~ r or n pr f'l>08 llrl d evolormrnt Con­
t.rac t . 

e. SubmIt by Apr il 1 , 194·' , e r r el !m l nnry e. t l .,,, te of we i gh t , 
~ 1 2.0 and ~ha. re o f comronent s , en11 r OW Ar r equl r emBnt s o !" t he 
comple te 9~ " tem (a.sum l nr power supp ly o f 28 v olt ! d • • , a nd 
400 c:rc l~ 9 115 volt. a . c . I . 

9 . 	 Submit e f i nnl ·rRpor t .t o wl nr, In d e t.n the stuey , wor k , 
rn ! ul t e and rncorr,11enrlatlons o r t hf! Sellnr. Such r epo r t 
ehe ll Inc 1 uri e r~prorlllclblo cor l oe or al l drawln;.: e made nnd 
u s ed 1n t he pe r forrr.nnc o o r such s t!utj en1 work. 

A pr e limInary e s tima t e of welr.h t , SI1.8 e nd eh npe h". b.,,,n r ec eI ved 
per Item B end Is ItS fo llows ror e K- bond . :/ s t em. 

Totel e s timo.tp. d w.. ll'l- t ( les s c ab) ~ 8) ............... 95 lb• • 

To t a l est ima t e d vo lUJr,e ••••••••••••••••••••••••••••• 1. P. cu .ft . 
Power cons umr t i on ••••• 	300 we ~ts or ll5V e.c , a nd 2 amps of 

~4V d . e . 

The 	 X- bend s ystem In c l udes s 'lne r.ron l z Ar, modu l e t"r, t rnnsmlt t fJr, 
a l l rccelvJ nr: e~:"1r-or. o r. t.e f n(~ l 1Jd J nJ.~ AP :"' , r ..,r, n1ver .....t t h a n Ll - r Ju t.te r 
f oalur ea and a ) l powor s upplies. It do ns "ot i nclud e the a" t~nl\a . 

Prelimina r y sMo tch~ s ' eve been mado 10ea Ll nr. t he c~tlA te K-band 
OY8 tem ebove t he M arch ar.t en na in Lt,,, ml ~s lle nose. AdditIonal 
ske tc he s pl ace o nly t he- r. f. c("mronp.r. ts abov e tt.o an ten na, th~ o the r 
compon ents hav l n~ been r omovnd t o the mlesl le mid-se c t i on . 

~imihr . lIotct-.o s Incl udl ng wel Eht , size and spece r e qu irem("nts 
are b e l n,. rre pe r 8d f o r t h e Kp -~and • . 

• • 	 Fl I ght Si mul ator: 

In t he pr ev I ous prol:r ess re port (BIlPR-~) tlon aorodyn~ i c eque t i on s 
for pitch and r ol l wer e developpd a nd a se rvo e y stom i nd Ica ted f or pro­
vid ing a m~c han ieal solu tion f or tho eerodyn rudc " qull U on• • Anot.h" r 
me thod o r ! i mu l ati Qn has been de vI sed wh i ch may ofrer ce r t ain pr nc t l cal 
advllrl tegee In pr ovldlnp: rood simulati on. 

~ SImula t or 

J. f' + LP r . L s S 

f.@ _ LS 
B (5)- 5 (Lp ... J. 5) 

The r ollowln" bloe Md laf,rnm at owe the a prr odrr.n tA solu Ion of t his 
equati on 1n t e~3 o r prectlcal campon~nts , 

Ar.lPLIFIER ANO 

TIM E CONSTA NT 
 SE RVO 

~(Sl r --.. 
-- · --'--~t __ 

5 
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E (S) 

_.i .ill 
~ (5) 5 

5 'P :5) 

..b.k.. 
t p 

S(I + s-~~) 
'lthu s th~ tt~c u ra c:v o f .~o lutl lJ~ o f t t.f.c e1, lJO T. i o r; I s de tann ~ r.(:>d by 

the I ntcr.r al Qr t ho ~ervo ~rr~r . 

~~ S1zr.ulator 

1<.0 e+ "'r e+ I<.p e • I<. ~ 0 + I<.j j t Ii d t 
o 

~ 
0(5) 

1<. , +K/i 5 
S( l<.p +"'r 5 +1<.0 5 2) 

Th a rol low!n4~ blo~ · i! a,'Yr f'~'r. !!}II')W~ a.r, -::"petr:r. l.: mp t ~:od o r s c lv i ni) 
the. equu t l on {ti". P. lnte ~·rtd /· r Trin " b E"­ oi':: et~Hlif" o r nw. chnn1 e:a. l } . 

AM"LIFI EFI AND TIlliE CO NSTANT 

----1 PI . f:ii 2 1e (Sl 
~ I I + STI f ' - l i+si2~ ! :.-1 _:.:I : 

l _ • --.-J 
I n C" r1er tc jAtC'!"rr; ! '!1' ~ ttl" v!;lr l e.t,l os 

e .t.ahll~h t ~;,· l",1": 1 ::1r.~'.1r : 
I ' 

_1_: C PI P2 
Kp 1+ P I J1 2 

Th i s pr ovIde :'! tJ...r(rf ' Go.'Ju~: ':)!":1 j!""; "l v f1 ur'irnr-' 'II'ns pr: r ml ttil!f the variou s 
tlr.:e con s t. l!ifi t!: fin :t nnq n r =~: , ttlDr.S t o be ad~u!" tEd t o m"!At o the r r aqulre­
lr.1lr. t e. 1t shruld bo no tlld timt the e l cetr'mir pitch simulator, although 
I nrlud 1n r, a r e(ubur.J. :oq , • " vP. ~ • hn "qll!ltion d th no I nhe r ent arror. 
('!n t.hA o thor 'IRr::i , r!ra -.f +'''~l.n r.;J lrut is a vQlte,.;" , it CBlln o t ba :u:od 
.;,H~ect ly wi t l. f.~ ·:r t.\ ~,:,or.4. ~ .'t:.d f'. !.~ . ....r ~u l d~' ~ o R..,,)j c f.~ ntrol 9~ul!,lmcnt . To 
avo id t h ts d! rf~~~11 t::: , n ~.1) 9H.!nn t! ~n ~··!,,"':O C': ouI.d be u t il l zad 'ou t i t 
Is r ethcr d!!Ti u : t t, :r: :~! ~;, n L '''':,It.1 c t ~""rv : to ar c;lr!f. t ely r f"apond 
t Q tho r ~lAtlv!t.l y t il (i , rl'"I , · ~·.: '_~nr' ::>j Invcl vu:'1 in Sll!',.ul aUon o r e m13s1 1e 
a !rfr c.ma• .';' ~r n~rvn r Z"!'" ~ i "r. :-gr, b~ ~ :>nl:"!J*lr~bly n: l nlm17 ed i f W I) con­
vert t o Q vo l o e! ty t iP" :-""r .. ~ a~ in tOlE' rc!l 9 j~ulatcr , .:) r If wo a r d 
nbl a t o hup~ly So :8rr~, ~rH' ~:-,'!"" ~r derlvq~lva to th':\ $ .... !'VO . 
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A block ~l1e"rlllll showing a m" lhod utll1zinl! error derivative 
"el lo.a: 

rl
~ AMPLIFIER ANO 


.Ii I -1 TiME CONSTANTS 
 SERVO 

, t r---' 
6(S) , , - ., f )l I I E ~S ) Ol a(s)lI • 
- "-1 Jl~~~+_STIJ -- 1 ___..1 

tLr;;l- r -~I r- -~ iL~ . L_-;~ ' .-l L __---4 .____, 

INTEGRATOR L.~ .. ST , 

(_P_I_) 6(S1 C(" 5+ ~) ol( 1+STIHI+ ST2 ) +Jl IJlZllE(SI +9(Sj(I+ST I]
I+ST S [1+ST,)(I+ST2 1 2

I 

E (S)elSI _ -',( ,..."'-::,...+--::"='-~..!.)-~-+..,.~..:.:-_ S ~~z-
6(S) SeT, +T21 S2 T, T2 6[S) (I+ST2 

1+ 1+}iI.fl2 + 1+ )J,)J2 

As before, the e ccurecy of simuletlon 18 de termi ned by thl! n:a"nl­
tude of the servo error . 

A velocity typ.. a"rvo con be utili~ed i f . the k i inter,ra t or ia dis­
pOll aRd wi th os f o llows: r 

AMP\.IFIER ANO 
TIME CONS TANTS SERVO 

6 1S) .-- 'J r 'ji-,-' r4JSl-=.::.:..:........--o,c l ... , ..... - . ........,-+.--;, ~~.---..~ :---l 

L_ ~J I! - "; 1l I ~ ta,S) 

L _r J.l2 L_J ~. _{~~~ J 
~~~~. j ...J 

)J, r(ltST.J(I+ST2)tJl, .112] [ ]
I-tST, C, "-I &(S)"l (I+STd[ I+ST

2
1 E(S) +e[S)SC2 
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9 (5) 

6(5 ) 
f (5) 

SC26(S) 

In th... Rbr:v e ~,,"et! on f or s lmulat!.nn . 

_~_i__ C , 
! +}I , )l2 C; "I\p 

Tt-c D!lI'"nrRrC C or tt,P I' UI!'bf' r !:" In th.... rror exrreMlon mA re l ,. 
r.l, J" t1rS t' l.'lt th~ ,? f't!' VC: lor: ~ .' -'Il.!r. !'t .. .( .,,"j b~ 83 I d~·.h as ro t. s ible f or 
lt C-e'.J :"'lltfl e l mula' !(',.. . 

.\1t 'lourh t hE' r,onM'!l1 fill'1l 1Br nlrnulnthn IIV'thodB outl l n~ d 1n thi s 
descr 1ptl on have n"·t boO!· comrl'" \,,,11 6val tlO ted . a rew 1nh~rr.nt advl1nt ­
R~e8 Rl' e rea'U 1J . ar pftren'.. . 

(lJ 	 Tb.· ")" ,ol'lm rr , .. lr"E nn "'I'et.Rnl -sl coanterl'Rrt or the alrframo 
J rt~rt! R. n . r j. e!\ It. r~q , !re nr:y nccelertit.1on measurerr.ont s. 

(2) 	 Tr.t"' fc ...·U·n.tk r~ 'I :J7 !.~ ~! 88 R ~ !ccllt t. ~d with th~ !J Or 'lO c an bo 
:i~tpJ'r"~nn~ nr!'I1~r f ly fr<;·m tr~e ~ t.!lndf'u l nt of b6ZSt ""TVO per ·­
ronr u'! .c e . ;"s c resu :. t. , n( ccmr""om ls e c r ! c rvo pe r f c M"B.nco 
,nend t r ~xrf'r !6 f1'"! ed t' e~ flt,r e ~r ~t'. anr ln g flAr ::xJynnrr:! c !:on:Jtants . 

(31 S1nc e' ..... l"ll o :! i t.' S!i- :l:J.;' $ k rc B.val1ab l o to rood t.ho !p,rvo . 
conn f~(')r" ~~j- ~ .,t. tor pnr !","'rrmnrl) can br. oX} 8cted tLtm ir 
Y(,,·:1 J ':~ "'I'ih.: hiI"(r tl"l!.tt or; n;. cni w~rB available. 

An AN/Ar~ .l~.T: f Trn~n1nf 5~t ~~. ~~en rro~ured and . at up 1n the 
l a bor ato ry ~o -' ,.r""!lTl", r :> ta.t .' to deter... 'ne I t s RfPUes"ll 1ty to our 
~l!ftulator pl ...·!"..r!.n-, ~ 2"t:~ ":' !""',f>d r.i·ut t.h l s trn.lne!"', i n con junct Ion with 
oa r mlodle l>l!llu :,c t'):, ~ '.J "' !:/AF ~.-13 radAr search set wl "-l simula te the 
comrletfl:! ,.uldo..::::~ l ·ro '.,...~ .": !' tho RRscAl Proje c t at 12 :" '(; mph . As th i s 
trainer WS I!!I 1~a1::"\ftd ,,0 n!n'u..!ato rajar t::omp ing prot-loms , 1t 1 ~ not 
dIrec t ly !l1l1~ t'd Co'" "·l"..r " "11 1~ 1I",lssn.. r j 1rht simulati on . Rut it 1s 
now bp, i ng st ;dl !l;::! And t·vnl~ t.q1 t o oet.('!"'Ir\ln .. whAther or r~ t. i s 1s prae ­
tl cal t o ma.k~ tho mee ~a4rj- !l'uitrtc at!of'is . 

For BT""':: " . !.!'-.. r!'''.~ '' t raxlmUl!\ h~r1 y.ontal va loe 1tiA9 ,,1' 4'10 mph 
f o r t hif'! aj r pl.fl.n f" !J.nd " :-l ~' L W~ ;l"j mue t be incrt'! b. sp d t. o 1200 mph- and 200 
"'rh by 1:1cr .. /l s nf" tho X " .. j Y "~, ,,,, 1 ~1•• "r t h o tro l l-·y . The ,..aJl1.,um 
vjlllrt i~ B. !. Yt! ln:' l t , MU!J~, DO !.i:-r~8.s ,, :i Crom 0 mph t.o S::0 mJh by en Mgl ng 
the a l t !.t'.l:i.f\ ,ir1vE': !ri !..""! ~ tr ollp.y . Thr· r (· 1s 6XCe ~&!.Y!t backl a s h in a l ­
mo. t '.lJ ;, th... "Mrl"~ t.h··t ,",1l~ t he rRd"c od ~o a m1nlmum o!' .. 1 1rr.l nated. 
T.! ~ a7.jriut~ d~~ "V~ " "1'"VO ~y 4 tf"!fI ...j 1.1 nat !'o l l ow 8. fi cycl~ pe r !J (!fcond , 
p l us Rnd nin'l.1s 4 t:. d.., ~r"'o ~o:' !. '- r 8(' nn rate , whi ch means Q ehnn;,tI In t.he 
a7 l~uth dr! vn p"Hlr~rF Rr.d ,'or D'I'1tor . As h e prA!IIent mo t l o':1!l or t.l-te s l m­
u!. B.t ~r !lnL~r::1 6 6.~' J 'r.f' n.'\ '!"(~ t.:J t) ..l \lf',h t. h e anttmna was ~ t9.hl11. zed In t.he 
m1"1I11 ~ , 1t. ~3 1! .....1 ."Y'"'J:· ~ t I ~· .yP t! :n lIlItlltnna to slmula. te an Iln t! tab11­
lr."d ant"r, r.a ~ n t.". t m1:'1 ~ t ;e . '.1:0 R'"e.:-mp : l :th trle '3n t he t r a.in er wi l l 
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roquire major montrlcet l on In the trolley antenna system, 

As the dlvln/' portion of L'le Oil:ht 13 th e only part thet n ..ed. tc 
be simulated, tho m"~tmW'l shnt r~nge will h~ 20 miles at 50,000 f~et to 
• slant l"enp,8 or 1 mil e, wi! 1ch J e nenr the (",resen t ranJ;8 of the tra1 ner. 
T>,is will enanle us tn d.temine tarKet r~coP1'1tlon and reacLlon t., ..". 
at sUp8raonlc velocltlfts. As benD pD..ttern study ne cessitete.:. grlndlnl~ 
new glass r",fler.I.('J·s, '. ;..•. (Tt.Jn:UI:l t ..rg~t rec"Jplt1on tillle may not be 
determined, 

g. Raytheon KelB Y: 

The vl ,:oo r~lll! "'lu!pm~nt has boon CDml'J<. ted Rnd has passed elect­
rical type t.ests :::nt.lofnct.c'rl1l'. Durinf: v!brn\.1 ull test s it 'fUiS fOWld 
tr.at sever •• l minor rr.Cld1flofltlon. were IIAces.ary In order to Insure 
proper ororatlon under n trht conn I lion., TheGa modlficetlons have 
been mnde on tho umi !H, l i e" ~l'l u1 pml"!nt .IIl c- h Is n \lW be!ng set up 1n the 
Bell electronic. l ab" ratory. 

Con~l d ernble trr'I!ble w.~ e"l'erl~nced. In the launching alrplene 

parabolic an terna due \.0 v Ibra t. lon. A ne .. and milc h .trnnger BIItenna 

haa been con.t.rllctpd and la n O. rp..rly for vlbrn t. lon teatIng. Upon 

.atlafactery co~plotlon of the.o tests, the antenna and Ita ea~oclated 

receiver w111 be 3hl~~d to Bell for eur leata. 

The commnnd l.Ink from t t.e 1",mch In!" alrplanp. I e thc ",ls011e is now 
Icheduled for completton at tt le .,nd of May. Two dlfferr.nt recelvera 
are being ~u rpl1ed rOT' t . ~ 1 0 mir.r.'lp ("rod or u .. l" 11nk. One Is e con­
ventionel 3up"rhel.!"nd Yll(, :' .n1Ht~ ' ;0 mc. i.r. and the r.-ther n cpyste l video 
receiver. 

The cr.,s t sl vi deo r.co!y or wIll I,DVC two soctt ..·r.s n~ tu nerl pre­
aelector ce~1 t1~s r~ed .! rot; In'_o two ~.crnrDte cr:r.t lll o. Tho rre-selector 
caviLies hevp. a btlfldwlnth of 8i°f')·ox!rM.tely 10 me and will be tunl1d so 
one '0'111 rocr-Iv e t.' ,e s~erc h rader frequoncy end the other the ecmmnnd 
link freqvency. T~)t~ recniver t~ milch ::smaller and lighter thnn t. he 
conventional i.f. receIver. 

h. Dive-Anl'.le Comrutol': 

In BMPA-4 a COmp\l tflJ" called "e: l evnt.1on Computer" was introduced; 
It was further descrlbnd In IlIlI'H-[,. 'l'hls cO" l'uter Is now beIng called 
"Dive-Angle Computer" In order to p..,-mlt assle;nlng "t":lovetion Computer" 
to an item better suited to that ro~e. 

The Dive-Angle Computer is of the Henge-Allitude vDrlety. Ita 
purpose Is to determine the propor dlvo enr,l. for the ml•• lle peth, 
and to comblne thi. angle _lth the actual mi •• l1R pitch anele es meao­
ured by a yertlcal gyro. If t~e missile I. no t on the correct courae 
in pitch, these two anKles will not cancel enrl t. h.ra 'rill be • correct­
Ion tu the eutopllot. 

The modified DI... -Ant:1e r.oml'uter I••hown In block dlar;rGlll fOMl 

in FIgure 6:1. The mejor rRcent additions are t r. e IncorporatIon of 

an autopilot convert~r, end provlclons for ullllzln~ an APG-5 range 

unit tor tracking ettitude 8uto",ntlcelly. 


The computer may be divIded Into t wo perts; the c.l~lletor, which 
deterlllines the rllve angle, 9; and th.. r::1xln~~ .yst""" which cens'lI'es the 
original cal oul At! on by co",I,1 ninl~ tM diva angle wl til the pitch Illll; le, 
and lends t h/! roaul t l o tho Autopil ot. 

The calculator work:s on the equetion, R:rSln 9 - n -: o. 

where: 	 Rs 1s slant rnn,., n 

e 1. tI," dl va angle 
H is elt Hude 
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This ~1unt1 on 1~ . p.L ur tj' ~<>nv{r'tHnRl m" ,," s. utll l z i n r. poton t lome te r s 
Iln~ a SE'rVO }eo p . '!'h" "0. '''''(\ .. r, ~ IIf! on js the an,,} ., ...l}ed "fI". In 
o r ie l' to t ra.c k Illt1t.ud@ [lid F R ' ! .... . &' rr.e ",0111'" ",U3t bo on hand to dater­
r.lr'Q wt en l ri f! polent l oml"lt ~r ll '1 r "· s t thn correct posi tlnn. I n or der to 
occomrlish t h I s . l1nMr r otfr.t l r ""p '." r . Ilre " oflCad t o U... r "OLo and a l t l­
t u"; o Fo t~nt lor.:" ta r~ • ... . 1', ": . rdHI ~ dl !'r. c1. voltnr.e 18 I:r.rre s s"d . This 
vol tnr.~ r ",ed. In to u ch, , "lt wh i c h t·a" t h o prnpar ty of devoloplng a 
ma rke r. delayn1 In dlrAct pt" l'C'rt ' on to ."0 Rr' pl1~d v ol ta(;e . By this 
mp.Lhod altl t·ud e and rnn~f" r ipa o re p)t\ ce 1 on t.hR fl , I , l . sc r e on. Wl t. h 
Vir. "R II s p. r vc ~o tcr d!" '·.· tr; ~ ~ t h e Y·'l r.rr. pot.f'n Llomt'!tcr and APa­ 5 s~rvo 
d r : v l rr: the e : tll u:lc pc •. ' · ...tlnr.>~t~ '· . the o J' r r Rtor ne od a dJu.t only thn 
eleva t l on cny.lc ~ s in" ,.~~ t.f'n l l .i. ~",~ t . l r ) t.o rurn l ~~ l e orc plo te I nrom~ tinn t.o 
t.~n e~putp l"" . 
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FIG. 6:1 

J3nl~~d on t h~ a m n r t.!·c ~ 'n n po t !~ a lin"or r n t . ' t h an III t a r­
not. l nh vol tBrc I m il rc~~ t: :j !l '! !" c~e ! t . Thin V'J 1 t .. Rt":P ! s t.'lfl!n C'omb lnod . 1t h 
an nut ot pt"Jl ~. e ''' r l taf~~ ~rr.' Jf' B " l"rt lCu.l ,.~ ! rc . · The comb I nat ion o r th o se 
l " o voll.8r.p.~ ; ~ f.,1 l r:t;:. u ~ 'JmMlr . ;· mrr,21f!er nnrl t h on to nn ou t..opllot.­
~ ' nvp.7' t. er" T'''' " ~(·nver tr. r t.' 'Jr. "'O(" l'. d! rtte ~ly to the C-l au t.or l 1ot . If 
t :'e " l!ft of t. ~I (' '' B v olhJr. r. !' !~ ,.ar", t tl" ~ '. rtl!) ~ _I ll b tl ~n tho des irod 
e O~lr'.!"o . 
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[ 
'7. PLIGHT TEST 

a. Review ot Flicht Teetins Program: 

In the 1irst bimonthly progr.. ea report, BMPR-l, dated June 29, 
111.6, pag•• 21 throur.h 25, a rl~ht taeLing program was outl1na4, Thi. 
program has been followed, with mi nor rsvision., tor ten month.. It 1. 
the purpoee of this review to analy~e our progress in following the 
prosram, which 15 sa fa llows: 

w1. 	 Ts1evision Link, Air-to-Air 

A. The ob j ectives are: 

(I) 	 To demonstrate that an alr-to-air televielon 11nk i. 
fea61 ble." 

Two typas of air-to-air vidao links have b&8n investigated: the 
Block 3 T818v1aion Syatem and the Raythaon Video Relay L1nk. The 
B10ak 3, ueed to transmit a tellv1eion picture, has been demonstrated 
air-to-air at rancu 1n exeellB of 100 nautical mlll1l. A link for trans­
mitt in!; a radar picture, manufactured to our speclfications on a sub­
oontract, hae been designed and built, a. a breadboard , and is belns 
tnetalled 1n the flight te.t vehiclse. 

"(2) To devalop a matt-od ot 81"chronization. 

Thie rersrs to S1"chroni%atiQn or a radar picture tranem1tte4 
over a vIdeo l1nk. A method of ••eap synchroniution has been devel­
oped and demonstrated and a method of azimuth ~chronltatlon 1. in 
work,. 

11 B. 	 Proced'lrs: 

(1) 	 Obtain and install microwava transmitter and re­
ceiver. (Block 18 or X-iland); adapt t o sector PH 
(APQ-7) scanner and indicator." 

Block le haa not been avallable 80 Bsll Aircraft let a subcontract 
to Raytheon who has delivered a breadboard Vidso Relay ~ink whlch oper­
ate. 1n the X-Band re~on. It ls beios bench tasted prior to Instal­
lat10n. Tn _<i dition, 8 Block 3 t elevision link wae obtained, installed, 
testeel, and modified for air-to-air transmission or telav1e1on picturee 
at rangaa ot 60 to 100 nautical miles. The Video Relay Link hal yet to 
be flight taatad. 

"(a) 	 Deeign, build, and inetall g:yro stabllhed 
tranamitter anteMa." 

The 811tennaa for the Video Relay were surplis!\ by thlt eubcontractor. 
Bell Aircraft hae des1!~ed, bullt, and 1s now bench te.ting gyro Itab­
ili&ed platfarms to support thele antennas. In addition, a :yaei 
antenna waa deeigned, built, and installed with ths Block 3 tr811emitter 
In orcler to attain long range opara t lon. The Vldeo Relay AntaMa. heve 
yet to be flltht tested. 

"(3) 	 Study effect of ground rsflection., phase inter­
terence (fading) 811d time dela:y (ghosting )," 

Thul far, fading and ghosting teets havs been ma1s air-tn-air wIth 
Bloak 3 tranamis aion. Tests ;Iave tnnl cated the t t. ct inc. if Jl!'esent, 1. 
not ev1elant, and that ghostinl(. ver:: muc h evl dent f or certain cOlld1 t ­
10n. at short rlU'E;es, I s not troubl . some at r~n&ea in excaaa of 60 
nautlcal ml1es, Similar teatl are .ched~l~d for the Video Ralay Link. 

"(4) 	 Tea t various methode or aweep eynchronlzation.· 

A method employinp, a ~ icro.econd pulae coder and decoder ha. been 
developed and t •• ted in tha laboratory tor u•• with thl Vid&o Relay 
Link. The Block 3 supplies its own aweep synchronization. Synchron-
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izat10n sij:;T\llla 8ent over the Vl"80 Relay Llnk l:ave yet to be rUght 
tested. -

"2. .:1ss11e Sel1rch Radllr Syshlll 

A.. The ohJ~ctlve8 are: 

(1) To obtain f1rat-hand exPerience and data on the 
opt1mum relatlons whlch e~ilt between mislile 
8~ood, 3canr.lng rate, re.olutlon of scanning 
8~'stem, tl::1e requlred at "arioue ranges to nnd 
and track v~rious tarbets, ete." 

Efrort;s to accOlll~lls~1 t hos.. objectives ",ave baen numerous, All 
Eagle (AN/AI'Q-7) searet. ""dar sy.teJr has be·en flo,", ao a narrow (0.40 )
beam radar, ar,d a bo~~1n~ (AN/A~-2~) search radar s~stem, as a wlde 
(1.4°) bSBJIl J'11-.!nr for tonr.inal gu1dlln~e. The )l.l.T. it-Blind Rapid Scan 
Searc,", r..do.r hils been r_SUI'ree r,ed and 1s being put In share by a 8ub­
contractor tOr future Install.. t1 ?n and 'tt ve tASti. A Pro ject10n Tenn­
1nal G..1dance .\na) ~"r 1 s bAillG :.,"cr.·,b ] ""- to project fUms ot both 
televidon and rll~,cr prosflntltt.1ons t9icen during dive tests. T!'le t1l11s 
wl11 be projecturt ~t I ncrAns~d ,pA.d so a. to s1mulate condItions at 
1200 mph, for anRly,,~nb R hunan op~rnt~r" abillty to read the pre­
aentatlona at s;.JpAr :J·?nlc l:Sofleds. Ail Ultrn3vnlc Terminal GlIl1ance 
Analyzer '8 bel!)" " ... :10 tMIIl a m"dIfl,.. d AH/.\P:<-l~':'IA bo:nblng trainer 
to d",ul"te 12<'0 "'?h ter::.!nn1 0 ' tdan ee condition.. The•• variou8 
proJects wl11 COVbr aU " f the .,lJj<>r.tlv .. , q"otol\ above. 

"! '.~ } 	 Errre t of rtlfl 1.dl:r YllrJ1nE;; aepo c:t On ttlrget 
reoot)nltlon. u 

Roll I1Md rltch v nrl&tlons hova In~ontj~nI1111 been 1ntroduo$d 
d'.lring d i ve te.~.. Lar,~e magn1t.uue v..,-intton~ eonfuDo tho preaont­
nUon. but varlatlon. associnted with normal CO'lrse corroctlons are 
n~t objectionsl>l". y,~r. data I. to be ~c talned trom the Terminal 
Gulc1anca Anal :r~~r3. . 

"( ~ ) 	 R~q"lr"::I~nt. and uaefuln..sa ot offset techniques." 

Off.et polnts giving dloUnc tive radar 1'8t'1%'n have been uaed 
visually for inltially locating les8 prominAnt tarr,et.. HOW8V~r, ftore 
attentlon wl11 b~ 1\1roetAd to thi. problem when direct target approaches 
haY8 bet:'n Inv69ti(·;~, t~d more thoroughly. 

II (~ ) 	 Dtstur.ce to begin aenrch; m8xl=\Dn range re:,)u1rod. II 

rhie 1!' a fune tlcm vf alr:Jpeed and target chnractQrist1c6, of 
which ",ore «111 ~ .. loarned wi tn thA Torminnl Guidance Analyzer.. At 
B-l~ speeds, 20 mila. 1a Bufficient for I1vera~e tnrKets. 

"(~) 	 vH.lrnbla r~~ce acalo var1atton for tracking 
method ehosen.· 

It ha. b...n found thnt oontinuOu9 r""!)~ senl...~p.na1 on, 80 a. 
to k .... p the tIlrtl"t two-t.hird. of the way from th.. hottor! of the PPI 
seotor. eives ST, euill' re~tlatJ1. ;>icture wah rrosol'lt tracking methode. 

"(6) 	 E;voluat10n of Illt ..r!\Atlve ftethods of tracking 
o.nrl cI,jr.:lputlng." 

Various methOds of tracldng and eOlllI'"ting have bun eonsidered 
and breadboard models for ·both the 92imuth and piteh probleftB are 
be1ns flicht t .. s t ed and revi.ed a8 the test. progr•••• 

,,\ ,, ) 	 >'requ.ne7 and c ->nt!nulty .,ith wl d eh scoP" Dlust 
b" eheck&d. for the.e al ternati vea." 

T.,te to date indicate contlnU'JU8 observation Rnd tracking or the 
soope pr888ntatlon to bl praferable. lind aided trackinc to b. desirable. 
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L 
R(B) 	 Require~entl for roll and pitcn stabilIzation of 

learch an tenna. It 

B-17 teats included pitch changes of fIve degreas, at retas allow­
able WIth the alrcrart, ~Ilch Showed little or no adv~r.e arrect, Roll. 
Whioh were nec.esary for B-17 turns in correoting the coursa to target 
tended to confuee the radar picture but do not result in loss of tar­
get. However, for the:e teste the tar6~t could not be along the roll 
aXIl of tne aircrart because of the antenna conriguration. It is ax­
pectel1 that tha K-Ssnd Rapil1 Scan 5yst"'" .,111 pro vi 11 " bettar data. 

"(9) 	 StabIlity and suitability of the range-altitude 
eystem for c~put'n6 tha approach gIlds angle." 

A model of such a computing system 18 beinr. rl~ht tasted and hal 
been .uttable in inttial tests. Test. ara contlnuinb to 'jet8l"l!1ine 
11m1tations and to lJ"prova tha 1I\"dal. 

"(10) 	 Faasibility or ateering to 0011i8ion at 600 mph 
ralattva velocity by constant bearin~ principle 
(optlca.l and radar) ei1't& tinll, "i th baacon carry­
ing plana as target." 

Suoh air-to-air telts have not baen attempted, nor ara they 
pre.entl,. lntanded. Tha contract has bean changed to raquire 1200 
mph, which would raqu; ..~ two aircrllft flyinp; 600 mph reciprocal 
headingl. Inltead, an AN/APQ-13TIA boobing trainer is being modi­
fied to attaCk the problem under simulated 1200 mph condition., ae 
a Terminal Guidance Analyzar. 

"B. Procedure, 

(1) 	 Fly with APQ-7 and APQ-IS .ysterns to becoma ranUiar 
wHh oper3tlon ~.d appl1catioo po.sibili ties." 

Repaatad attampte to obtain l1.monstratlon rli~hts with A~~-16 
hav. b••n uneuccessful. AP~-7 familiarization Wa. accomplished aftar 
.. procured an installation. 

(2) 	 Study de.trabla methods for obtnining data 
mndir1cat1 one apf'roprja ta to Q_7, layout 
program." 

ThU etudy and plannin!; wns accomplleh.d prior to rocaipt of an 
AII/AI'Q-7 e,.atem. 

"(3) 	 lIod1ry Q-7 syetam to provide optlmlUII (vo.rlable) 
range Icalas, PRR, ecopa spot 3iza, etc., for 
flight Ixperimantation." 

The•• and other modificatione were triad on a bench ••tup of 
AH/AI'Q-7 bafora the flight installRtion arrived. Laboratory work 
hal oontinued Iince than, interlaced with flight test. ae needed. 

" (4) 	 Install Q-7 in 8-2.5." 

Suoh an inltallatlon was Investigated and startad, but then 
el1m1natel1 in favor of an AN/AN.-7 alroal1y installed in a B-17 • 

.. (5) 	 Flight teeting: directed tOWllrd abOve 
obJecth•••" 

~or. than 30 rli~~t. have baen acc~pli.hed 8ince the flight 
teet vehlcla wae rece1vad ill January. 

"( S) 	 Further study Olld approprla ta flight tasting. n 

Plight testing and laboratory work 6c'e cpntinuing in a coordinated. 
program to etudy the Raacal Guldanca Schama and to provide Intoraatlon 
tor the final design. The present AN/APQ~7 mOdel will be rlplaoed o~ 
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8uppl.emanted with tha K-Band Rapld Scan Syatem whan the latter la 
avaIlable for fllght teats. 

"(7) 	 Check It~ (10) of objectives as aarly aa 
posoib1e Cal w1th Just two olrplanas; Cb) 
wi til Ear.la w1 th or wI thout a baaeon in target." 

Thla has yet to b~ checkld and 18 preuntly asdgnad to the 
Ultralonic Termlnal Guidance Analy&er as stated above. 

"~. 	 Rndor Track!n.: Knd Guld1ng of Mlss!la 

A. Tha obJe'!tlves are: 

(1) 	 To daDlonatrate the error In ciatal'lll1ng relative 
location of a beacon-carr.lng missile or aIrplane 
and tarr.et, at 0 ranee of SO-l00 miles." 

Tests have shown that e1ther u target or baacon can be located 

wI thin :tl degree and :tl000 yards at thase rancBS. However, thase 

data are not yet available 1n usable form for the guldanca sch~e. 

Data In usable form Is Bvsl10ble at much leiS accuracy, 


"(2) 	To demonstrate the accuracy wI th whIch miallle 
may be staerod to targot uaing vsrlol~s m"thode 
ot: t"acklng and campuu,,;; sturInE aienllls: 
must scope bo tracked continllously?" 

Msny differant methoda have b~e~ considered and a Simple mathod 
11 beIng teet..d. It involve. 1nsta"ta!l8ou" ,-""ding ot bcsring from 
II1I111e to targat and relaying it I\S a comp"" heading to. tho .,iostle. 

"(3) 	To damonstrata probable ma~1mum angles betwoan 
miesl1e h~a~in~ and launchln~ plane-to-target 
line <luring (2) for u... In datarming raqulred
talev1s1on u.tl!nna pattern. n 

Teats have Ind1catod that lha guidance schem.. Imposes mInor 
limitatIons on lhis an,.la. The major l1mitQtione on tha relay Unk 
(formerly called tela vision) ..ntenna pattern ..re imposad by the ..aro­
dynamic turnlnC raeponse of the mlsal1a and the .erodyn~lc limit­
ations on u.ntenna s!.ze and shaps. 


nB. Prucadure: 


(1) Beco~~ familiar w1th APQ-23 (and APQ-24)
operat.ion." 

The A~-23 was banch check.. d baror.. InstallaUon and A~-2' 
davelopmants hava baRn followad at Wrlght F1eld. 

"(2) /Aodlfy. 1f ner.auary, onc! install ';;'-23 In a 
B-1', and beaoon (APN-1l) In mlss11a." 

The AN/APQ-23 was ~odir18d for slmult.aneous baacon and radar 
opera tion and both AN/AN-23 and A~I/APII-ll .era installed. 

"(3) Install also in the 11-17: 

(a) T"lavhion recai'Ter and IndIcator." 

Block S television and its indicator have been 1nsta11ed and used 
wi th the .,lulle having television "ayes", A video rel..y lInk reoelver 
and indIcator have yet t~ be .ineta11ed for uaG w1 th the misdle having
radar 	lIeye,'!. 

"(b) TrackIng ."stsm and r.omputer," 

Tracking ey.tems and c~"puter~ have beRn constructed In bread­
board fash10n anc! 1nstalled where n&aded. In order to simplify the 
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layout, the cClllputing srst8l!l has be&n dIvided 80 that "OI!Ie COM:' ''>n~ nt '' 
are In the IIIOther and some In the 1II1uile, Work on compntflrs h con­
tlnu1I\t, 

• (e) Coni·rol ~'ranlllll1 tter." 

A radio transmitter has been Installed for controllir.g th~ ~i~.'lr. 
wIth televhlon "e"ca", The m1aa11e with radar "e),., a" .,111 be '''In­
trolled over the two-_ay vi~eo rel~y link. 

"(d) 	 ,\ntonnas." 
!,

Antennae have been il1DLalled as neceIl8111',. In addition to til" . 
GPE antennas suppl1pd , a video rp.lay link ant~nna 1."9 be Dr. de~11.."fld 
and la beine gyro atabilized. 

"And 	 in t. roe n1s~ll.. : 

(e) 	 Auto ,,110t-aervo s~9tem with dIrectional eyro 
and/or conp&:is." 

In the B-25 televIsion mi."ile, an autopilot which i8 dllved \.0 
ocnr.pnos hae ' been inot.allcc! ,,:it! adapted to remot e control. In the D-17 
radar 1111R9ilc, an all tC'pilot w!; l r.h c&r.:e install cr! In thll airr.r'lrt 18 
Ilaved to a directional gyro, and 1: belne adnrted to remote control. 

"!f) Televic10n trll1lSlnitter and antenna." 

Block 3 televisiC'n haa hcen in~tnlled in the B-~5 Minaile and a 
new Bnt~"na dosigned and i netalled for 100 nSllticnl mile transmission 
raneea. Thn B-17 radar n:i<l• .!le will hAve a vicleo relay 11nk Installod 
between it and the 11-17 motl."r, It~ antenna hItS been dedened an:1 if 
being gyro stabl1ized. 

II (r) Control 1:'eceJvor. II 

A contro l receIver has beon j n!Jtalled In t.he B-25 telavl elan mia­
aile, The two-w~y vIdeo rela~' link will carry control algnals to the 
B-17 	 radar mis8ile when it Ie instal led, 

"(h ) 	 1-l1~cellan"ouD control eQulpru~nt 
(lncludlne AP'':'_'! )". 

AN/APQ-'!, the Ea~le radar, caoe !nntalled in the mia.l1e B-17, 
whlch ...ae a major factor for using a nch a lar[;e aircraft to elmulate 
a IIIl1111e, Ot~er equlp"ent has been In.talled ae needed, 

"(") 	 Fl1r.ht Te.tlnr.: 

(a) Relative poeitlon error, nicaile ,,~on from 
B_1"! ." 

Both alr-to-cr<JWld and air-t.o-Rir testa have heen made uelnr. the 
lIi osl1e beacon and the }:ot ller search radar at ranGe. of GO to 100 naut­
ical mUell. Teato have indicated that relative poel tiona are determ­
ined ...ithin accuracy of rMdlnr. search radar presentation. With 100 
1II11e8, full ecale rant;e, the error Is In t he order of pl', s or minne one 
1II1le In range and plus or mlnus one degrAe in a1-1muth. URine range de­
lay and ohort ran,;. acale, the ranr.e accurac~ can be increaaed, but a 
I!I&p pre.entation no loncer edste. Theee test. are eS8entially com­
plete, 

"(b) 	Error whnn ~~ided by various eystems 
(APQ-23 only)." 

A desire" ml ".l1e he adlng may be determined froln the /tother 
search radar hy determining relative poeltione of Mother, mieelle, 
and targat, with errore ns 1II~r.tioned in the parai;rnrh above. Theae 
errors comhine to make the InaccurAci/l. In the cOlDputed missile 
heading Increase a. the ml.al1e ne(lrs the ta,.sp.t, The resulte of the 
comblned errors have yet to be determined, 
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DetermJnlnc a desired mls£11e course corrcctlon requIres, In 

addit10n to the above, U,e plottinG of B proUL 1'11 ...11e oourae. 

Thll alternate system of culd!nf: does not look pl'Omblnl; but may be 

tried should the first system f'rov~ dll'ficult. 


"Ic) Stab1lity of various ~;uldlnt; .ystems 
(APQ-?3 only)." 

WIth the syetem of l~uidlng which Is pror.ently beine worked out, 
only two fIxed "lns11e '\AI1<11n,;8 aro detormln.. d by the Kot~er sellrch 
radar: one!l.t th.. Hme of Inuno.h!n!'; And anot'lor "',"" the missile I, 
about 20 mlles from the t:u'cet, Eerc th"I'e is no st"b!lHy problem 
involved. Should an alternnte s:,"1,,,,,, he tri~d lat"r, wMoh requires 

' that the mi.:il.. ,,01l1'''e cerr"cUont be dctermilHH! from the ~:other 
search radar systom, thAn \·he ~bt:illty ,roble;:; \.111 ent~r. 

"II!) 	Time rpq,,!rp.d for <ontrol Icoc.t!nuous or 
ir.t~rr.:1t t~r.t )j;'P.,-.'3 only)," 

As presentl::- pl.nnAd contr"l wi11 he Inl.(,r",11 tcnt; I'.)~uirinc tv/o 
cOllr~e detl'l'1r.jnIlUons. 1"01" thA first, prinr Lo lHunc!:ln;:; It is nOC08­
sary to deterr.:!r,& the ..1n1 and CN::,'lIte a ~orrect.d h~"d1r.g to c;et the 
proper miPsile c" ',r:;9 t.o n:e tsr(~ot. ~'osts !,ave ir.d1c 'ltOc!. that wind 
determ1nationl!!l, eit!'Ip.r p'iJhr or O!'I.!.rkl t:,:.co B~"('llt. IE- l':'J.nutel!!l, nftert 
wi::1ch the calcul.:J tJ on con51:''TIf!~ 0 nf>r:ll~lble one nInute. 

It Is ex!"ected t!,!lt t " c 3~c""d mls~l Je co ..r"e detHrr;ir,ut.1on, \'o!\cn 
the m!sallc IF " i:(>ut 20 mU"s fron: the tf..rC~t, csn be !'fond dlrect1:; 
from the h:ot!:cr 'i'''r,~h I' ,dar, this o!'orat!ol1 requIrInG abc'llt One dnute 
set-up time. lIowever. further tests are requlrod to ",e.tsure the time 
for the se'cond det.ew.lnation, 

"Ie) Error In cr'.Jisl ilL preset.· 

A serlAs of :'l1rht. hllve bep.n rr,arie If! t h the 1:0 ther B-17 dUl'l nI~ 
which it rl ..t.,rr.:ill~d. at 100 mil... from the tare"t. a wind corrected 
missIle ccurse. 'i'~, .. Mo~,h"r !l-l" t hAn n .." tUs c('Iurse s!mulatlng the 
missile art~r 19unchir'i·. . Of ccur.,. the 1l-1'I flew the lounchlng-roint­
to-t.:lrGet c\":r~c at nhOl:t ,'np. 1l1xt'h of 1~0t) ::-:.rh. thf'lreby e.ff'Etctlvttl'j' 
inCren8in.~ t!:!l actunl wInd factc-r 1-,:: six U",IlS fc-r the sImulated C!llIe, 
Test.s mu.de w~t'c wltl: "!n·~9 1.1' to ;:) ('\ mph, 'N:;1ch r.1Il1tlr,11~d hy six Wt"1I1d 
s1::-:ulate w1 nda ur- to 3 ~"0 r.tJ'h. !kl'ors 1n the crlt! s!nr. r,ru~9t course 
wcrt! a mllx1m\l~ (If tYIOlv8 n Jmtlc :ll r. i! 1'~s, a mi;'l ir.mm of less Lhnn 1000 
ttlet, and Rli RV8r~ ;·c or tYlO nr t.!ll''''c :1allt1cll1 T:lJle8 to one side or the 
otr.er ot L =1 ~ cicHlirl!":n. CO'7.rse foT' 8 100 nautical m!len dl£:t&.noe. 1118 

mnximum ""1"<'1' Vi" c.used ":1 a wind sl,lft ussocl"to<l with " w.."tr.er 
front an\~ ~\'(l '.tll~ :iJiVe requ!rl)d a Z,' , derreo corT't'ction at 20 r.tl1es from 
targot. Aver!1 ;-" I)rrCl' ~ l~dI('n te t :, 1;l \~""rr:;,. correction junt prior to 
tennin!!l ,'t!d.m"o wIll oft-ron be unn~CeS"Rr)", IF.!nc cof the order of 5 
to 9 decrNl9. !,:orn dHa will be fortr,comlne fr"" tv/o aIrcraft ",19s10ns 
which w111 s!mll l .Le condltlnns v:!th sepBr:ote mi3~11e and ~: othl'r aIr­
craft, 

II (r) AccurKC'Y of .f1rst ' ~ourS8 correct!n€; Sit;no,l." 

This ref!'r, t.) the CO\lr~c c"'Tectlon Just prior to tanninal. ",id­
ance, wh~ ch 1 s <l e t."nll!",~<l 1n th., n:other anel reloyed to the Dllsalle. 
InItial te~ts have 1ndlcRtl.'d d l fr1clllty In dctennlnlnl'. the proper cor­
rection fMm th •• ~:oth9r a6uro.I: l' "dol". lV!th st' !table antennus for the 
mlaalle radnr he~con, it Is po.slt-Ie lo DAt pos1tl ve IdentlSl entlon of 
miss1le poal tion, filth alllt"t>le chur~~e~ to the l\oth~r search radar, 
It is possl ble tc. rend t,oth t>eac('In am! the eOlirch rodar mn," elmultnne­
oualy, lIoweve,r, lhe problen', of s ',Rrp tarl.;.,t definition 100 naut! cal 
miles a.,a" from ,:\1rMt radar ret):rn or fr')n: offset tar(;ut rptllrn, 18 
stlll belnF; 1nvestif~ated for n.ceS~RrY Iml,rOvemonte. 

n[g} 11». Ie). Hnd lei) "!th rAdAr-televl!ion syeteml 
(i.e., w.tth comrlf'!te p::~tem).11 

The compll .~e ~ystem C'f ~'U!<lance from the liother prj or to terminal 
guidance 1s p!'sser,t.ly havinG !ts InitJIll t ... tB. Terminnl r,\lldance 18 
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included 1n the ..e te..ts with only telad ..lon ..iesiIe "ay..... " Rosults 
Il"e not yet aignificant, Atter completIon of the radar relay, the com­
plete Dyatem will be testad using r"dllr "eyes" for tenninal gul:lance. 

W(h) 	 Time to yaw missile and lataral accelaratlun." 

It hal been found In flight tasts that the time elapsed between 
dateZ'llllning a correction from the Mother ,earch rAdar and tha ,,,oclltl"n 
of th.. corraction by t"~ -oie.ne Is serious evan at tha spaeds of the 
presant flight test vahielas, The problem is presently 1n work, 

"(i) 	 Observe ma"imum &nllias or mlesLl.e h .. ading 
and launching pl~ne-to-tareet line during 
abOve tasts, 

The ..e tests are in the inItial sLa..;e, with the angles yet to be 

determined, 


"4, 	 P-SO or B-?5 'Missile' 

'r'hree possib Ie USoIJ8 are: 

(ll 	 A3 mlssne with target soeker and autopilot, Such 
u systl'lrn wo are con~Jlderlng only in ea~e thl) rad.ar 
televtslon schemo proves impracticable," 

InsteAd, the program is uslnu both s B-?5 and B B-17 as missiles, 
'I''tlevl aion is use,l a8 the " .. ;res" for termlnol guldenc e in tho &-25 and 
radar is us..d In the &-1 7 • TarGet s""kers ~ave be.. n considered, but 
have not yet bOAn ',sed becnusc or their inherent tactical lImItations. 
or'!e,. reqalre ttl,at the tarf,nt havo some lip,ht, heat, Or radar r"flect­
ing charaeteristlc whl~h Is dir ferent from the surrounding area, 

"(2) 	 As a ben~on-carrYing miesile, radio-controlled 
and gu ided o:\l;r b;V APQ.?3 informatlon, as tn 
~-g , 4-b. C. d. '1 

AN/APN-ll bAaeon equ.lpment is uRed in the fl-?5 mlssile In con­
- junction with the AP~-? 3 Mot.hor s ~ arch radar to provHo a cour,e 

correotion to tB~bet Just prior to te~l~al ~!dnnce. One of the 
r:anct1:ma of tho VIde" Hclay Link In the fl-l" missllo will ba to pro­
v!je a 8imllar boncon slenal. 

"(;5) A~ mi,.ilA in full tRlev1elon system." 

The B-?5 and B_17 mla ..ile are beln~ used In working towards two 

complete sy.te~s, one uuIne television e~~s" in the missile and the 

other u8ing radar "eye ..", 


"5. 	 Equlpaent Requlrod 

(1) 	 GFr:: as roquA.ted in lot .ters to Wright ,Field, 
References (e) and Ie)," 

A tlae lag of from three to nin.. months exi8ted in obtaining the 
major portion of the Initial request.. Since thAn a system hal been 
worked out with which the time betwe.. n roq"est and receipt of GPE ite... 
i. usually kept down to a minimum, which ls primarily the time consumed 
In freIght shl pment... Expre.s shipmAnt a would allevl 0 t. this con~i tion. 
ThIs lag in roeeipt of equIpment has been a major dlffIculty at UI:IS8 
and continues to be troublesome. 

"(2) Additional test e'lulpment and matArial." 

It has been obtained or substituted ror as needed, 

"(3) 	 Addltionlil (lPE: Com:.llnd Link and auxil1a.rios, etc." 

Additional GPE contInuas to be reqllested a8 the noed Ilrlaea, and 
In due t1me it usually arrivel, 
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-(4! 	 X-Band televIsIon lInk. 
(5 X-Band commend lInk." 

Por the televISIon mlsel1e, two separate ~PE Iystema haYe been 

procured end ueed. POl' the radar mlasl1e, the VIdeo Reley LInk built 

to our specIflcetions by Raytheon on e 8ubcontract is expected to per­

fo~ both functions. 


"(6) 	 Antennas: 

(e) MIssile Seerch gyrostabllized.
(b) Command and Television ReceIval' for B-17." 

The mis8ile search entenne hes not been gyrostabllized becauBe of 

the obvious dIfficulty to be encount~rod with the Ear,le antenne. Teets 

to dete Indlcete~lttlo advantage in stabilIzIng pre.ant fli~ht te.t 

modelS. The Video Relay L1nk entenna., howevor, are being stabilized. 


"(7) 	 Interim Search Radar for Mlseile, perhaps 3-4 n~. 
or 9 DIm. s1's tem.· 

The clOsest evaileble system i8 the K-Aand Rapid Scan System 

Which ia .belng rnsurrected by e subcontrector. 


"(iI) 	 R"3enrch oJn 3-4 I11III. radar systam." 

Aircreft Radiation Laboratory s tRrtod to initiato this work, but 

when the progr:un did not mat"rl!llize, eubcc.ntracts were let to stUdy

posa1b1l1 ties for tl,ft ml •• ll", search radsr. T""~e .ubcon trect3 er8 

presqntly In work. 


"(9) 	 Renge-.. ltitude compater system for glide path 
contro!., " .., 

A model of this co~puter has been built and flIght tested. Im­

prove~nts are now In work. 


"(10) Other computers: 

(&) For fir.t course correctIon. 
(~) an systcm. 
(c) Ac~r.lerometer system." 

The fir.t cour36 corroction la present I! being attempted by a 

method !lhlch riOCII not re'lulre comrut~tion. Howevor, a OPI sy.tem,

such aa AN/~PA-44 mIght be edeptgd to meterially aid the ca.e; hence, 

thS accuracy of the corr~c~lon. AcceleromAtar. have been stud19d and 

a model built, but a3 yot they hnve not been incorporetod Into the 

computArs preaen t ly bet~ r, developed for the missile. 


"(11) "ftlAl'lctorlng rroportlonnl control, for telev:.lon 
fU1d cO~~Hnd 9~'9tcme." 

Two ty,les of proporUonal control ere in WQrk. On', being in­

stalled in :,he B-~5 miSSile, opftr'ltes from an off-on signal wIth a 

10 cycle 'por second t'un 'lnm~ntal fre'luency. Tha other, beIng developed 

to work over t he Vid6~ RelAY Link, usas mlcro8econd pulses end e t1me 

bllSS of th.. ,,,,,, ,,1' of ml l l1.econdR. 


"(12" Timftrs" 

As yet tho problem of tllll8ra hel had only preliminary investi ­

gation. Timcrs hnve not yet been necessary 1n the flic,ht teat program. 


b. Flight Test ~ummery: 

A total or 4.~ !'lights heve been completed during tha perIod of 

this report. Of ','''' S6 rlichta, (; were duel m1aslons pertaining to the 

Mother and Televl~lon MiRslla; 10 ware by the Mother alone; 4 by the 

Television M18911 ,~ n.lone, tUld 23 by the Reder JUealle elon•• 
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; ... . Of the 16 Mot~..lr te.t flights, 9 weI" for presot !,,!~allce chacks, 
2 were beacon antenna pattern end meJtilllum rlmse checks, 3 w'Ire te!e­
"lelon ghos tIns a.nd r.IAx.1D1WD rang" check:!, and 2 ror r.:omiJ1 "'! te Flot.her­
IIh.lle mission •• 

The 9 pro.et f,uldal1ce flir,hts (SO-3A, 53-41, 5~-43, 5'-44, fln-45 , 
59-46, 59-47, ;;1-40, 1'2-49) made un a series In .i , ich thg AN/A1'·:;-:!3 
e'luipped alrp19ne served as bot.h M!r:sl1o r.:a.rrler and All&sH4"I; Lo,. 
served as MU.l1e Carrier In naviI7.Qtln ,: til thA hunc :·; ln,; point, '!A!"r­
lIIined wind ago /lad pro~"r hA~jnr, fNm tllA hunchinp. point to !, ~., I,flr_ 
get, and flow the cour.e the It.Isslle wOlIl .1 bavn nown f,' ,)m t~, r. hunch­
ing pOint to the target. OpUc"l end rudar wind ct .. tp.nn1M L!on rro­
cedurss were cO~J1al'~d and ",valuated, .'lnd accuracy 0:0 ;"r ... ~et CO ~Jr!:left 
determinftd. It was found that ratisr ,jetennin(d wi nels are rAliablo and 
that 100 na"tical mile run. on pr".~t COIl"~es to tgr!~ete Nuld bc 
rIo,," wit h an ave ragA accurecy of about 2 to 3 m!l~. b terAI mi... In 
one extreme case t In w!1i en. e weether rl"ont W'J.S enco ;.mtcrf'ri, a wi nd 
change of 17 degre~e In <:Ilr~ctlon And 65 per CAllI. In lIIei'7'itl1:ln !;3.ve 11 

lateral error or 12 mtles. Ttlt.!!! le9t Is not c'Jnalderflo. BArl o lls, si nce 
errors ca.' Jsed by w('let.h'3r fronts cnuld he e xpected M.nd COmpp.I1Sl1teti ror 
by careful perusel of evallable meteorolo~ical date. 

The beacon hllrn antennn beW!! width, 1n th~ ~ "'rl zontel plllnc wa3 
determined on fllr,ht 4R-36 in whIch t he heacon-Al' lipped !l_,:" ,..,mnlned 
on the ground while the ro.do.r-"qu t Pi,,,,d B_1"'1 wne u (l'borne. T!lot;t wl:1 th 
was 50 de?,ro8s at e nominel rani:'" u r t~O "'tlltlcAl ' l!:tl~s Hnri at An alti­
tude of 19,000 r"et. 'r~~ he"m wlrit.~1 W8:" mp.'4r.'lr~ · ! ClI~a!:1 :jurlnr, flight 
53-42 1n WhIch bo th ships were II I rborn~. T'I" he.. m w; 'Hh was 31, d,,[;rAeS 
at a sernrat10n dl"t"",e or 90 n"'ltlcal ",Ile. rlm!;e nnd .n ::Iltlt,,,j,, of 
101000 foet. Also on t.h~ ~ rl1 t. ~lt :t 1"'~ 11X!mUm oeACt"'t n rnnl~l} ~ l r 150 nelltI­
aal mile! was ohtelnt\d, in w' dch T' p. rp.pt.ion .~s intcrmi l. tent And nnt 
conaidored rellablo. :Howp.vor, oo nslst~"t 1 )' Iyo<:l rAturn "as had nt 130 
nautical ml1.8, and this 1e co n.ider.!d thc rellab, e maxlmum r""t~e. 

Fl1chts 49-~~, 50-,39, f>1-40 were flow" in conjunction w: th tele_ 
vision t·p-sting and. t~e bARr.,,!'1 .AlII 1l!3.~c1 t.o !': Irnl.~h ranc,RS bet.~cn the 
two alrcre!"t. BfHlcon l'811gf!l3 uJ'I to 1]0 nnut1crJ} miles wr.re nhta!.ned on 
th~ae fll ;:hts. 

The "ot~er-MIssll~ mission. are l1IIIntion~d lntcr in co,mectlon with 
~elevl.10n. 

The twent)'-thrc~ rl !f,!lt. mAne ""lln testing the AJi/Ar:(-- (<:el\lo) 
r,ldar can be broken ,lewn Into .~vAral cBtet~or1es. 

S .. tlsfllcto ry res'I Hs Wp.re ohtalnod on flkr.ts 508-(15) and 56B­
(~.ll from a mech3nlcs] Az l m:Jth eomput!>r whn.e brll cnUon••',N' fAd Into 
• F1)I on t.he r11r;ht pHonAl. ~ )ev~lopmfmt or nn elp.ctr,n! c fiz.!':nut .h cursor 
10 proceeding 1" thn laboret.orj. 'r h in wi th lhn C-I ~"t.' rllot azimuth 
cont""O 1 awa1 t 9 r.ompl e tlon or Illborat.ory tests. 

,)n flI",hts 52 B-(JA), 1" ' !\-( ~4), :JffB-( :!"), 'i 9R-(:~B), " " d 60B-( 2 9) 
flight test em! <lA3Ip.n Mal;<"ts "r l,ha rtt",:A Altltudo comp,,~er ' lav" 
sAtIsfactorily solved the prohlem ~r Rccu~ate corrcctqd missile nneles 
to t9.rt~"tn. With th~ complltp.r output f~ ..dlnr. a mn ter IndIcAtor on the 
fl1ght i'~r.Al, s1mu l ate.j collls]on r uns on sol"ct."d tflrr.p.t. were SIlC_ 
cessful 'ly cOr.'\pl",t"d. 5 j n':'! thASA r11ghts were mnde, worK 'iriS J'Iro~res!'lled 
toward Clll1l'l1n~; thA comput~r ontrut dlroctly to tlte C-l Q<Jtnrllot ele­
vatlon co .'1~rol. 

A modl"l . d tr!plA t.one terg.. t discrimInator circuit W3. flll:ht 
tested on f .: !p'"ts :;58-(22) Ann 1\2B-(33), And roun<:l to gIve unsHtls­
factor), res" . ts. A circuit, rAdu.I,:np.d on the besle of observed re­
sul ~St J9 nn~ nwe't i n~ LAst. 

S~vp.ral J'llf" tn, 628-(.11), 625-(32) and 62B-(3I;), at 20,000 feat 
level have b" ll!:n "";(Hnr1"ted In order to obs"rvo the oJ.leret!nf~ 111111 tatlons 
of target loc.. thn and approech. Con.letAnt re.ul ts have not b~en ob­
tained: t!leref,)r '" ~'lIrther t~et8 at thle altitude and abovQ are indl­
c:>.ted. 
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Slmahle1 collIsion oprro ~o"'cs , rll~:,t .. 4','1<- (1 3 ) , 4:)" - ( 11 1 , 4 ," ',­
( 1 :"1 ), ,) lH- {r') . ;,3B-(19) . :1 4 :~ {:·! 1. ) . ~~P' l3-( 2 5 ) . Let "lbsll!'ve l:lf1 ~r f.·~~. or 
v :l?'l ~ !.lS r~in;'A n" "lP.p m,,1. 1f ica t : ~ ns Wf1ro t.t't9 l ~d an 't ." ,~ ! l :: :- ~ ::: '... f~ r! 1y 1m.. 
...· r'(~ \'oj c· r f'T'a~. l :1n . ',s ohto~nt·j . Tnls Impr'o vod O T"H"'a:'1 ~ n 'fI'!) S :)11 (· !n.... j 
:19 11 rl1 ~u lt c =- Ute fIl ~ t'l t Imu ! ys 13 u nd 1""~8S! ~" 0" var J :'lU3 ::;i:s!....~!l . 

On !' li. ~ · ll L.:J 53B-( i:!~» . f~ ·~~-( 2'; ) and (' 1 ~- (~() ) t h '~ C'l:~n r ;l :~ rH' . t .., ! t.. _ 
!1U C"ns c f" t.~rf· :"t.. loe at.lo11 WfU"r, obSArv"'d In :!il iTI.ul .q t l'ou ,...~sn : lo rlr'l ·:o 
fr:'IJC 11 , O :1~"· ft!.d. at. r llfl(fl 3 of 20 to 2!j r.ll los . ::v:.tluRt,.':1o o~ t ~ lf11 d :l t.a 
oh t!l~n " J ~ .'J,!I Inj ' ~9.to1 a rr·l Jablo a ce urncy '...! Lu tn 3r,,-:""' ~rtC'at! on ~ Lm : 1..!'I e 

:)..- · .:;, ' :"1' " 1 ~ t'a:i ar o :!Op n !""·e:lr'Hnr! ~ :ave t:r:t"! n m,J" r 'n Sf"v ·:'t ".'J. l 
r ; 1;- ~1~ . ;~IJ',! I. e.. err ut!c c '.lPJe r 4 ~'H>t' ~!J t!o n, sat1.:l"nct ) ! " Y n Ims !L.'lve 
. .... :. ON'tl ot. t'!1 i n "' u . ~! n~tl thn f O:.ll t Bpl'eJl l' !l to i , t! I n!!'"'r C"fJ!.. In t-~! f'!' 
~ *I~' r!.. t ft9~ rn , on:" i ..~"r t , po 0:' f"~"I'Iorn hns boo!') or ~r"'re:i . 

i ·!" t.' r';l !" :l t.! ~n.:l "or I n~tHt r nt!on o !" t.hf" 1'f'!1<t3' l ink , t..o •... t.h p:"" '.-;! th 
!"'i , .~ :: ! :1 . .., j A:J,'AT.\ - " r. ·/ n~:~ ~<Jnltlnr~ c:"l mponi!nts Il !"fi IT 'r p. ,'·l!";,~ 3C r ::t .. : tl y 
'I'" i'it.,"l r" ~~n"'.' i.,·, f1o= "f""j'· "" ,1.,11 lhf" 1l ~:",lV 1l1 -' : c )",J r'qfl "rt ~ ::1 .: 1 : f f'!":1' ll • 
• , t f '~t,t ~ '1 1~ '('1/\ -if Q· H!Uon 'l l r 01t ·'!Y" rG~I 11t.l o:i ~n t ~w !~_1"7 OW ·l .: t ~ 
·... r ~ -" . J l ('1 :" ~ ' r- "' r~~"'M.,nl . ~'i!,, ~ lr'O .... : 1 e 'rn N"~ (!:f~ !:nw t a!l 1!" ':1~ !' l('!:i. ·,, ! ,'n3 
~' ) !, ' \' I ;..; ~n· \. 1.+; "f'j'l ~' l ink. 
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In ttm C O ",lr9 (J o f V :-- t" -~.~: j. ~ • • , ::' !.l~ P "1 1r:,t t.'!Jlt! p~rf ="'rmt!'d during 
t.hi,s por t o d , t. h e. ~'r 3 t 0.1 r- ·o- nlr t~i!")v! !. lon t.r 9."1 sm l s 310ns were po!"f~rmod 
sineR the p-~!... nJrcrnft W~9 c:· ~u l r .", :: lUJ a m!.,p ~ l !l3 . 

On 10. f.ar "h ( flJ s' !\ t 4 ~A- (l9)) t tl ", t .. l "v!sl c n t r ,m smltti:!g ~~',ip­
m')n t "u >:Iv " n ! ts flr .t. air C' pei< s~ ne .. t"" AXT-,~ mo11flc'1tl ons had 
b~en made . By t~Jls chanl ~J It W~9 FO~~lblo to ch~os a n p1 cturo or the 
t .. rr~ln at.eed Of t :1A eir e r e!'t , OJ" a pic ture o f a bBnk or fllrh t mo ters 
s ol i n a pho to-peTl~ l . :Jr" r . !l on was satl s faclcr ? et 60 s ta t u te mll"8. 
On the naxt fll s;nt (rlJ '.:h t SClA- (20» ) end on t il" :'ollowinl' ona (fl1, ht 
511.-( 21) ·n we. f o un:1 lhat s ~ho.tln. w!)Uld off .. r no trouhlo e t ran" es 
beyond 60 statuta ", l1 .. s 'Illd t.he t ~Irn als WAre r o sdablo up to 125 stat­
ute mll.. s . Th,,!e l imi t a t ion. WAre a~c~n t"bl$ in vlcw ·of th" fac t l hat 
tha mathor pl!lI\$ wIll or"'rn t A at 60 t o 1')0 n aut l cd ",ll~a from th.. 
t3. l"'fle t • 

The ,8-25 m !" ~ll" was r,rounrll1:l a n 13 March to a llo w ir'9 t ll1ll1 tion 
of t he F-l Rendl x Il;lt... ,>1l0t In a. S'lnr t a th.., us poS! lbla. During 
th i s pe ri od t he Im" r.e art'o l eon t"l'v !~ i on c ,lr."'rn r £lc" lv e d It. finnl 
chock-out In t ho I!l DOr st:>ry alld Wll. placed i n th .. R-~5 n088 On !l 

."rcla l1;r d ...If,np.d 01:-'0 k mnunt . 1'00 mnun t wss so "ons truc t ed t')~t 
t ' ,o o pnra tor , hy a hn lr 'j "I' . wl tches , cou1:i vur, I t. ""s Hi on In 
pI t.ch and. yaw, or e3. ! l~ O 1 t t o be 9 La.b t 1J :ted by wInd v anes mount t' d On . 
booms in t ha nose 0 :" tJ.1fi1t s h i p. 

On 10 A;>rll, nir chackln" or til" auto , 110t W~ft tJe gun (fl1 ,;'t 63A­
(2 3) l . AdJus t..,,,,,,t of l h n vn ..!o"s c"nt r o I s c o ntln,,,d In fl1r,ht 641.- (24 ) 
nnd t h o now Imll~p. "r Ud~on W'l!; l~!vcn t ts .!r lt l s 1 alr chccz. In the 
ndxt flI r ht (65A- (25 ») t ho P-l autopilo t In!tdl:lti on I'rO"~d sall s fe ct­
ory nnd r e1"Iroj no r~lrtll~ r n:i uat",ent ; tho Imnr.e o :- : ', Ie on , !.owaver, 
1avelap~1 0 f3ult a.d f 1t1l.,1 t o oper !lte . 'III th !.ha i,mge or' ,'.Icon r e ­
pairad fmd workin ;: ~ n t1efllet or il;r , flI ght 6uA- ( ~ " 1 1l 1us~,r llte:i tho 
c .:une r :l l s rl1gh 1e.!~reo or ufiefulne93 lI ~ · ftn 1 t i'rod 'l~ ad 0. r-l~ tu"'lI! 0 :" 5'leh 
c hrlt;r that t tlo t.al" vI91an ob . .. rvor in the 1\_2 ', cOllld t~ljd " t ',~ . " Ip 
h t a fiv e d Irect hI t.. I n l !11. fllr,h t l h" j>' - l c~ntrol Ms.::! was oper­
.:It- ft d from th~ t"lev t6 1on :. tn t,l on. s lmuletlnc c o nc11 tt ons und e r r sd ~ o 
con trol. 

In fl I ght 6~ A- ( ?') , f : o '.n I n can j 'm~t1 on wlth (," - (5')) , a pr e llm­
J n~1l ' 1 !"'ll :~h t WU !I m!.t.ie , r!~n lr~~" ln } 1' tho B-~•., YlI)rb 'll , y f r oD) t hA 6_1"7 , 
wIth all u,,1t. In3t ll llod exr~r t t h .. t! e - In f r o m r"jlo ~"n·.~ol to 8 <ltO ­
pilot. Contro l w a. ~ rr..:J. ' nte ir,ei t y Dra ; In " t.r 1J ·~ t'ong 10 1ho B- !?:: rJ10t . 
In t.wo or t tln t· :.!" !!'f' d}V ~3 a· · t.~, rt.p.:i , th" to''tv :l'i on Or-;~rQ t:'! r f a l 1t\d t o 
d ts ti nf~lJ 13h ~ n,. tar~c t at. 0.11 . TL 13 "':1:'\, : ',H" nJ loy n m!st in ona C 'l ~ e 
!lI1 -j by nn a rror In ~r (!. Yl ous "Rtfftlnt,,: n i)!" t ho ~ 19 .~ ! ~O 1(. t ho O tlHH". Tha 
thi rd d: Y O , o n Nlare r a Fnl:'l.3 Alrp!ll" t. , S ! iO WO:.! 11 s t ~n,;-Jl !-1! Jn r:. lJl.I1dm"lr xa 
t\t f Jv a mllos r iUlI~n, r r om " . 01 " " po:nt tha 1l!1 ~.Jl" . " S s uceo.9!'ully 
di rec ted over th" t a r r."t . 

On 24 A~rll, fll ,- bt. MIA- (2U ) nnd 68 - (1)1) yIcldod u""ful dat .. o n 
the porfo r manca o r t l)Q pn t. '. re t e lev lf t on :' ~i8 tcm . I n f ·J lll"" eO!1t r o ll ed 
di v as , t ~fl I)vf" rar.a ranl~o o.L wn l ~h la r l:" obJect.s , 5~ iorft l J nn~ , f'l t. c ., 
c oulj h~ dl:1t,ln,".: ;llsnr. d c ' ~ a r Y W."la tf'n to rl r t~.,n n!liJt : c~l ml 1fts . Ab­
soluto t are o t I ,\entlflcat l o n W9.A q 'l ltp. jlff1c:Jlt , and could ba adJ <ld ged 
completely rel l dbla on1, w;th! n rr va mUp.s . I n t.he C8sa o f 8 sh i p o n 
t'l" "ater, ar !l tarret l OC!lted n '''lr a band In th .. rl var , t, lts should 
b~ neored cons i ston tl !- Crom t e n rrl1~ a . 

In tha 11ne or cone l ",, ·: . n e a"d r .. s u ll . , no dlfflculty has yat bean 
e xpe rIenced with t h ... t" l " vl. lon ''1ulp..e n t f rom cr o ss wln,\ rr r"ct s . An;r 
cho."n ob jec t o n t ho t "ll\v lsl on n' r ~"n can ha hi t wi thin llmi ts . Tha 
pr obl arr. 0 :" dlstl nga lshlnb !l rr n c~r1.c t.ert~et f rom 9 ,,~h 11 t hinG e s a 
fI eld is much more dif I~. "lt . l. · 'w",, ' r , and w11 1 r e~lIl re It ~rellt dad Of 
e Xi,e r lenca (\n t h ft r urt -, f t ...; ... opnreto r Q~ wlJ; ll 8S e l hor ;") up.h !"amll1ar­
iz li tlon "lth t h r. t .. r rll in. This n" .. :1 for ~xr.Ar ! nne " a·. d fn..., ll larlz !ltI:>n 
Is llkarlse t r ue fo r ope rat,:rn ,, ~ the radar ' .. ~"I rm..nt , sJne a II ma r kad 
Impr ovemant In the ope r n1'l r I n Ei" , ll! t y t.o " S80 t !lrt!ete ho.S baen men i ­
fost"d sI nce t h I s f1 1rl1t t 's t ! nr: rro,; r ltl" was orI.lnated . 
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c. Autopilot Evaluation: 

~o further evaluatIon or the F-l Bendix Autopilot hal baan 
realized as components ro~oved rrom the P-63 have been in uae in the 
laboratory Radio Control m~ck-up and &-2b A~imuth Control programs. 

Evaluation of the Sperry A-12 haa been dIscontInued in the In­
tareata or economy. but the rollowing perrormance and limitationa 
were observed: 

(1) 	 The particular vertIcal gyro iupplied, developed minor mech­
anical difficultiea but after these W4re corrected performed 
perfectly ae a source or pitch and roll intelligence within 
the limits of its d.si~n. Tumbling occura at approximately 
85 degree. pitch or roll with re-arectlon ra~uiring about 
two minutea. No me~s of caging i, ~rovlded and therefore, 
it la not adaptable to high maneuverability gyropilot con­
figurations. 

(2) 	 Two aervo sizes are available with fOur power gear ratiol 
optional, thus allowing for a wIde range of servo speed•• 
Six ratio. of reppo.tback gear clusters a ,'e al.o available 
to match the re=pon.e cr,ar!lctorl.tlcs of tho nircrart. In 
addition to t h .. ga'1r cluster chqnges ..oc 'I In, I! sil!lple 
..hon~e of vall Age dlvider value~ in the repe ntbuck network 
allows additional latitudo of adjuBtlIIent. Application of 
.urtace at &11 times WaD exceptionally umooth. 

(3) 	 The A-I? eyror! lot was primar1ly dostgned for 111111tl-cngined 
crart where no torque problem i. preeer.ted and coordination 
i. accomplIshed by zeroing rudder servo output. Coordination 
of th1. type should be aatiaractory ala6 ror Jet and rocket 
powered vehicles, but was definitely unsathractory for the 
P-63 where torque vari~8 proportional to aIr apeed and cer­
tain condltionl ma~ require left rudder ror richt turns. A 
yaw intelligence pick-efr froM a Ball-Bank indicator or a 
pendulous maS9 cOllld be devised to accomplish coordination 
undcr torque condltiona. 

(.) 	 Altituue contrQl can be made to maintain altltude in level 
flight or turns to plus or ..inua fUty f eet e .. en under tur­
bulen t cendi tlon. at lew altitude •• 

(5) 	 The Sparry sy.tam or rate derivation from displnc8..ent error. 
provlde8 a wi~e rnnge of rate chonges by sl~ple voltage div­
Is10n that can ba carrIed atill rurther if Integration comp­
onents are alter~d. 

In the intere~t. of economy the proposed program of recording 
r8sponse to transient. lnJoc t ed 1n series w1th gyro 1ntal11gence wa. 
cancelled and all evaluntlon was made by observntion of pilot and 
engineer. 

d. Radio Control Adaptation: 

The BendiX Radio Control Program 1. to proceed with a eo.plete 
check of functions by laboratory mockup and 1nstallation In the P-63 
airplane. Work on the baalc radio control configuration plue Azimuth 
.election by proportional control la to be the first objectlve with 
re.aarch of altitude contrnl, rate of cl1mb control and acceleration 
limiting held in abeyance. 

Analy.ls of the Lear Autopilot Ie awaiting the rec8ipt of design 
data and autopilot component_. 
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nrallT TEST RE'OIT 

lI.Q4Ui.. D ..71G ~ 1 1a,.r. ;r. ll _ Airport l..U!!I1..!; u ( 3ft) 

~g :'0 __t arat,. the ••~hn.. 1"'.. 0 .... .-: i h._ "ld~ or tt.. t-.a!:'t'JII\ ht'lrn 
qt,.nn•• a t "..1_ and l" ~ 'I!''''' dl '' ':lO' ranli"'I. 

TEST EOUIMIT: AlI/,At~- 2 3 t:ulhll.~ tEt. ~- l'q 
A';, 'API:-U I n_ta ll.i i n 8 .. 2S,' 

tllUK, StCt LUl FLIGtn' ~ 1I;'""l. 

:II 

'" " 

'ILar: 
Co:iii:of' 
'U1£IJiIIll'(I: 

"ur.lIi: 

S-. IL . 0..... 
J. F,.iu 
1':. ~ rin 

t""'r c:... t Nd .CJ. ~t.rad a t 3()1YJ r.et 

YUiW 
~ 
!!!!I..!!!I.i. 

4i!1. r:t34 
2.1& 

fj ~ l ~a 

I... .... 
I 

~ 
Z 
P ~~-~~ j 

'..,( -lFf !I~ ; u.s,) 

Rlt r:" h .r S.n'li t h ·it:r (Wtt.h . f "~' ~IlII 'M·. 
IIIldo ....eon l oc _l Q!II c1Uetou J . 

r:»r.~l o:1 ot' "" lu' 

Q. 1ar: 
/ e aeo!1 1 
f~,,", ~e;r. t 

101 - :".III r q" -~v 
U t Df Y 

~; riffi-~=c:'~..!i~{f~· t t~. :i 2 ~:o~:~~:n~e t:~· ~:;!~ A~~;~~~:t::':.7· ~n· ~~.~ 
tr1th tl:1 .i dir" ~t.. 1 t..,.. r d !'H)'"L t irK' lee ] .t 1"r.-.1 · t,,: J , r'r.tarJ ~ . :bt 11 .. 17 1 th_n 
r~" . ,·.,-flr t t.e ·.. Z&.' on , (~ur . ", t~ )-!Ul !. o;vl\ -.n1 ~'t..."'1 I d l nt: I e I '" to reef't. an 
.. UP: ;.!"!. · r ~ . '! _ r · ... t ~-:'"1 !~' I " ' ·At let.!. :'! ' e. :'r-/'a t". ~l!! " . ""he t::III ,. i.~ 
!: · .. .::DJI r l,l'lr, . aD i .!w "l" ~ .1H~ _ . " ,... tt:' ~ d~ ·, .nLMf al oOftr ",: 1, tl~ !)-': !'._"'.. 

<-

Z. ~.ul ~. : At. r"lI:I ('t t'r ~ ~ r." I~t ~ . l _ I! .., w fl r clJI ..t .• !i-!!) .I ...~ b • • e-or: !O 1" ,. ! 1 
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IOOCl n>;;IO C (131):141) 

E:vsn:!!, John H. 
~ 

DIVISION: ~uided lI1.elle. (1) /0 

SfeTION: Design and Description (12)/' 
o~i~ao 

f~&l~ cnoss DEfERENCES: W.asHes, Guided ~ Design (62909): , 
Mi9sile., Guided - R"nge (6}550); Missiles, Guided - ! - ...._.. , ! ! 

UTHODIS) Structural design (6}700): Rascal (62909): ~ 

Al4£Q. T~ !)AscSl air-to-groWld guided missiles - StJth bi-mont. hly progress repart 

FOIIG'N. TITlE,(1?U !.~ VlA. r'f ~ f' /0' ~ ~J~'- 6-1-< (' ~~ 
ODIGINATING AGENCY, Bell Aircraft Corp. /J -;J,/ /iL/)1f\ _ . 
TllANSIATION, !'in ~r I..oL 

COUHTAY r ,LANGUAGl rOIlG.'H.cLA' u.si:LAsrr ·oATE rPAGES IIUUS. 
U,S . Eng. Secr. IApr'L7 79 11 

AOOl1llA1!:11 
Design of .upersonic guided 'missile with range up to 100 !!Iiles is dis cussed. Studiee 

Are continued on effect of ogival nose angles on mis"lle range snd curve of range versus 
, angle indicated optimum range for }5 degrees. Concsrning suitable nose configuration:!!, 

nelf design based on structural, aerodynamic, and production considerations, are outlined 
for Rascal !!Ii.sUe groa. ing 11,500 pOWlds. AN/AfQ-7 radar ..ill include tri~le-ton. cir­
cuit deemed e••ential for at·tacks on land targets. Flight t.st reports are appended. 
~ Target seekers, Electromagnetic (92000) 
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~",""oc(lSlci~ OO<eD(JV ~'U'Oo 457' 
Evans, John H. DIVISION, Guided Ilisslles (l) lo:llG. AGENCY NUMDEO 

Sl:ClION, Desien and Des crl ption (12) BIlPR 6 
CIIOSS RE/EltEMCES, Uisslles, Guided - Design (62909); 
I.tl.sslles, Guided - RHllge (6'550); lI1.sUes, Guided IlEVISION 

~HOP~51 Structural design (6}7OO); Rascal (62909);1' 

I 

AMiD. TnLE, RllScal air-to-ground guided mi• • Uos - Sixth bi-l!lOnthly progress report 

fOllG'H. TITU, 

OlIIGINATIMG AGENCY, Bell Aircraft Corp. 

DA . flATU 
Apr'h7 phot~, diagre, graphs 

t:ill!lVIlt\a' 
Design of eupers onic guided'miesUe nth range up to 100 miles is discussed. Studies 


lire continued on effect of ogival nose angles on missile range and cune of range veTSUS 

' angle ind1cated optimum range for '5 degrees. Concerning s uitable nose configurat10n:! , 

ne.. design based on structural, aerodyns.ml.c, and production considerations, are outlined 
for Rascal mi s sile grossing 1l,500 pounds. A.N/A~-7 radar ..ill include trivle-tone cir ­
cuit deemed essential for attacks on land targete • FUght test reports aro appe nded. 
• Target seekere, Electromagnetic (92000) 
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