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ABSTRACT 

The •ptation of remote control to the JB-2 Flying Bomb is pre­
sented. The primary purpose oI the project was to increase t he accuracy 
of the flying bomb by tracking i t in flight with radar and by control­
ling its course to the target by remote radio control. In the develop­
ment program the Naval Research Laboratory provided complete electronic 
engineering services, including; (1) the development and evaluation of 
beacons and beacon antennas for the vehicle~ (2) the evaluation of radio 
command links and the design of a command receivin~ antenna., (3) the 
design and development o! remote control equipment for controlling 
f light funet ions, (4) operational flight tests of all components of the 
system in a simulated flying bomb using the SP and f.irborne Early Warning 
radars for tracking and (5) the coordination of planning, design, develop­
ment and test of t he complete system. Descriptions of equipments 
developed during th-s program are given. D€tails of equipment used in 
the system, but previously 9-eveloped are referred to existing instruction 
manuals. Si!lce this report prc:sents instructions for installation of 
equipment, tuning, adjustments and operation, it may serve as a pre­
liminary syst em instruction manual. 
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AUTHORIZATION 
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1-1. Problem A61.3R-C r equested NRL to develop a method including com­
plete electronic systems engineering 0£ operating the JB- 2 flying bomb 
from a modified CVE aircraft carrier f ~r use as a long range ar tillery 
weapon. Development of the various e,.uipments required for the system 
was completed i n June, 1945. 

THE VEHICLE 

2- 1. The JB- 2 flying bomb is a pilotless jet- propelled mid- wing mono­
plane lacking ailer ons, but incorportating conventional fin, rud,cier, 
stabilizers, and elevators. It is 27 feet long; has a wing span of 
17 feet, 8 inches ~ ~ appro.xi~t.e ~ight i.rnpt~ of 1965, .pou.nds. Assembled 
views of t he JB-2 are shown in Plates 1 and 2. The fuselage is approxi­
mately 23 f eet, 6 inches long ¼~th a maximum diameter of 33-3/4 inches 
and is an assembly of four full monocoque sections as follows: (1) the 
nose section i s of aluminum alloy construction and contains the air log 
and compass, (2) aft of th~ nose section is a warhead of 2080 pounds, 
which contains the explosive charge, (3) the center section is of steel 
construction and contains a pressurized fuel tank and two spherical bot­
tles f or storage of compressed air, (4) the aft section also of steel, 
contains the aut omatic pilot, automatic controls, and servo units for 
operat ion of the control surfaces. The empennage structure incorporates 
the conventional airplane surfaces• The power plant is an intermittent­
firing duct engine which delivers a net thrust of 500 pounds. Firing 
occurs approximately 40 times per second. which is established by the 
natural period of resonance for the exhaust duct. This is the reason 
for the sound that characterized the German V-1 (of which the JB- 2 is 
a copy) and led to its being called the "Buzzrr bomb. 

2- 2. The,flight control system (described with reference to Figur~ 1) 
obtains pneumatic power from the compressed air storage bot tles. The 
rudder and the elevators are operated by push- pull air servos which 
are controlled from the autom~tic pilot through differential air valves . 
The automatic pilot is the Hbra.in11 of the flight control system and 
incorporates one f ree and two restrained air- driven gyros. It operates 
to stabilize the vehicle in yaw, pitch and rolL The vehicle includes 
vari ous instruments as follows: (1) a barometric height setting device 
which influences the aut omatic pilot, (2) a magnetic compass which gives 
azimuth information to the automatic pilot, and (3) an air log which 
i nitiates warhead arming and final dive at preset r~nges. 

2-3• Launching is accomplished on an inclirn,d ramp by means of either a 
power driven piston integral to the ramp or jatos attached to the vehicle. 
Two pre-set clock mechanisms are provided, one to delay application of 
azimuth cont rol until t he vehicle has gained sufficient speed and alti­
tude, and t he other to provide, when necessary, a timed turn to remove 
t he azimuth launching error. 

2-4. Additional informat ion on the principles of operation, assembly, 
servicing, i nstallation and launching of the JB-2 are available in 
Reference (a)11 
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I.IMS OF THE SYSTEM 

3-1. The primary purpose of the project was to increase the accuracy 
of the f lying bomb by tracking i t in flight with rA.dar and by control­
ling its course to the target by means of r8r.i.ote radio control. With 
this as a basic concept, the following parameters were given: (1) The 
syst~m should be capable of operation to at least 100 miles, (2) The 
target dimension should be taken as one square mile at tha max1 wc range. 
(3) The cruising altitude of the flying bomb will be betweun 1,000 and 
6,000 feet. (4) The final phase of this program will use th~ ,',EW (~d.r­
borne Early Warning System) for r~dar tracking purposes. Th~ operating 
altitude of the radar tracking (A.E'rl) plane will be between 5,000 and 
20,000 feet. (5) The radio control system shall provide four independent 
functions, namely; left turn, right turn, dive initiation, and b~acon 
identification. (6) The r~dio control system shall provide for the 
simultaneous <>peration of three flying bombs on a single radio frequency 
carrier. Since it is contemplated th3t at l east ei ght and as many as 
thirty r-f carriers may be used at one time, a largu number of flying 
bombs may be controlled simult~ncously. (7) Equipment dcsignvd for use 
in the vehicle shall be capable of withstanding the accel0r~tion and 
vibr ation normally cncounter~d in launching and flight. 

PRIMARY FUNCTIONS 

3-2. In order to provid~ r emote control for the flying bomb, three 
primary functions must be supplied, These ar e defined as follows: 
(1) TRACKING - continuous det0rmination of the range and bearing of the 
flying bomb with respect t o the target, (2) COMM.\ND - tr:J.nsmission of 
orders from the control st~tion on the aircraft carrier to the vehicle 
in flight and (3) CONTROL - tr.:1nsla.tion of the orders in th0 vuhicle. 
into the functions r equired f or delivering tho bomb to the target. 

3-3. Tracking is accomplished through the us,:1 of A high-power. .search 
radar; initial phases of t he progr.:un contumpL'.i.ted using the SP shipborne 
radar. It is ultimately ey.pected to e,_tend th<:! operding r".llgc and per­
mit rad.:1r view of the t arget by using thd airborne :iN/:.PS- 20 r3.dar of 
the .!..EM (i'J.rborne &:1.rly Warning) system. Si.nee the echo response of the 
flying bomb would not be suffici0nt for the intended ro.ngc of oper~tion, 
it wc1.s decided to obtain incr e.:>.seq response by supplying the vehicle 
with an airborne radar transponder or be~con. 

3-4. It was decided to use a v- h-f radio command link for tr.::.nsmission 
of orders to the vehicle i n f light. Since altitude is preset and main­
t n.ined constant, flight orders consist only of azimuth dir~ction and 
initi~tion of t he final dive. Since throe flying bcmbs are to be control­
l e:d siruultaneously on a single r-f carrier, it was decided to i<ientify 
any given one by e"""t:i.nguishing the beacon in that particular vehicle. 
By means of suitable coding, ~ tot1.l of twelve S<.lpar:~tu comm:i.nds had to 
be set up to provid~ four control co1llll"..:i.nds in each of three vehicles . 

In r egard to azimuth control, the following crit.ari.o. were: 
R- 2616 - 2-
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recommended by NRL early in the program: DECLASSIFIED 

a . That the syst em be designed t o place as little rest r i ction 
as possible on t he launching direction. 

b. That the rate of turn of the flying bomb under control be 
as fast as is consid(jred safe from aerodynamic li.rni.t.3.tions . 

c . That the transmission of radio command signo.ls be nccomplished 
in a relatively short time interval. 

With reference to dive initiation it w~s recommended that, in addition to 
the security obtained from coding, a co!IUtlE'.nd of specifi ed duration should 
be required bef ore this function could become operntivc . Thes e recommen­
dations were a direct outgrowth of two important r equirements of the 
problem, namely: t hat the flying bombs be launched from aircr~ft carriers, 
and that the system be c~pable of controlling many vehicl~s simultaneously. 
This latter requirement made it necesscry to sh~re tracking attention and 
command time between several vehicles. It followed that co.mmnnd and con­
trol should be accomplished in t he shortest possible ti.me. 

DEVELOPi,lENT PROGRAM 

3-6. In order to provide complete electronic engineering s Grvices, a 
highly int~grated progrrun of dev0lopment was planned and follow&d. 
Development was oriented with regard to both th0 subsc~ucnt evGluation 
program and t he use i n combat. I n some cases, readily av:lilable equip­
ment was chosen for the evaluation progrnm with the eApectation that it 
would be replaced for combat by equipment avail~ble ~ta l.::.ter dat e . For 
purposes of eAposition, this pr ogram is divided ~ccording to the three 
majbr functions; tracking, COI!lllk:.nd, and control; hmmver, all three parts 
progressed simultaneously. 

Tracking 

3-7. Various beacons including the .i.N/,'.PN- 7, Rosebud, :.nd Black karia 
were evaluated for possible use in the flying bomb. I t was decided that 
a modified version of t he !J:J/ill'N-7 (subsequently called :.N/:J>N- 33) would 
have the desired chrir,".Cteristics and be mor e readily ava.il~blo for t he 
evaluation program. The devel opment of a more compact beacon (I.N/,'.PN- 41) 
for combat use was undertnken. Polycone r eceiving and transmitting beacon 
antennas were designed for inst allation on the JB- 2 . In prel.iirl.inary air­
borne tests the AN/ :·.PS-2 radar was used to detarmine minimwn and !Ik-i.xioum. 
beacon ranges and t racking accuracy. Later, these t ests were r epeat ed with 
the SP and f.IDV radars. 

Command 

3-8. The AN/,\RW-17 five channel, frequency-modulated, radio c oJilllk-md r e-
ceiver was chosen for the eval uation program. A su:itabl<-3 receiving 3.Iltenna 
was designed for installation on the vehicle. The companion t ransmitting 
equipment, P.N/ARW-3, was chosen for ship i nstallation. ,\ f light control 
box was designed for remote oper ation of the transmitter and for keying 
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the desired commands. For combat, it was expected that the AN/ARw-1-;DJiCLASSIFIED 
~eiver would be replaced by the AN/ARW-37, and the AN/ARW-3 transmitter by 
t he AN/f.RW-34. Airborne t ests wer e m."lde of r eliability and operating renge 
of the command link. 

Control 

3- 9. _ Flight control during the guiding period consists only of t urning 
i n azimuth . A change of heading is obt.:i.ined by rot,'1.ting the compass bowl 
through the required angl e . : .. s previ,)usly s t -:ited, the compa::;s i nfluences 
t he automatic pilot which in turn opem.tes the rudder through the pnewnatic 
servo system. Rotati on of the compass is perform~d in one degree increments. 
;.s an anti- jnm me~sure , th0 syst em pr ovides that only one tlL-eree of rot.:i.tion 
shnll result from a s i ngl e command impulse, regar dless of its <lluro.tion. The 
normal J&-2 compass infl u\.-nces the automatic pilot 1.t .... r :itc of three de­
grees per minute, with :m error sensitivity of f 1/2 degree. The proble:n 
r equirements definite,ly i ndicated that a higher mn(;uvor:,.bility or fast er 
rat1::: of turn W.J.s necess.1.ry. In order to supply t his , the comp3.ss W.:?.s 
modified to providE'1 -'.l.n addition<1l r ,te of turn which coul..:. be, prfc:s,::t at any 
chosen valua from lO to 60 degrees per minute ;,.nd with nn error sensitivi-
ty of a.pproxim"?.t0ly plus or no.nus six degrvus ! The.: follovr.i.ng new control 
equipments wer8 dev0l oped: a c ornpn.ss motor drive, PU- 95(AN- l)/.:.51'V, ;md a 
control rE:Jln.y bo ..... , C-296(.x.N-l)/ .,SW which, in add.it.ion to provi dit:.g the, 
four control functions, s0rvc:s as 'l jw1ction bo. for th~ unti r c el....:ctronic 
system. Nwnerous flight t ests of the control equipmbnt w0r,..: conduct0d in 
order to observe c:h::i.r.'.l.cteristics !J.nd de,tcrrnine closign crituria. 

3-10. It was r ecognized that c onsid~r:!.bl.;; security should be provid;;,d 
for the dive initi-iti ori c,mtrol. Som'-' s0curity is obk.inud by r.::quiring a 
multi-tone comm.'.l.nd of sp0cificd durntion. l,.n addition.:i.l f caturo roquires 
a rming of the r (;moto dive control to be coincident wlth ·irmine of the 
flying bomb's w:1rhead. This was accomplished by using the \'r..rhe01d :.rming 
contact of the air-log. c ounter to ~trm tho div..:; control reb.y in thu 
vehicle. Since arming occur s at some point distant f r o!" th(; launching 
ramp, dangerously p~~maturc dive c~nnot be cornmandvd by uno.rey- signal or 
friendly accident. 

3- 11. Beacon 11offrr control w:::.s :.iccomplished by energizing a r..::1--l.y 
which shorts the beacon receiver1 s video output whun the correct command 
has be~n r ec ~ived. 

Mountings 

3-12. All equipment designed for installation in the vehicle w1s tested 
for prot~ction against tho 40 cycl<:: vibr.:.ition due: to the duct engine and 
,m .:i.ccel(.Jr.'.ltion of 18g duo to launching. .~s "'· result of the s e t~st s , speci :il 
mountings were designed for the beacon und t ho corrun:-_nd r._,,c oivur . Rlgid 
mounting was found t o b-3 satisf::i.ctory for th -:; c omp:~ss notor drivv .1nd the 
cor.trol r eL,y bo~. 

Flight Tests 

3- 13. In order to prosecute t he program, it Y~l s ncc ess~ry to convert an 
SNB- 1 aircraft into a vehicle which simulated the flying bomb in flight . 

R- 2616 ~4-
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The complete JB-2 electr onic and flight control system was installed in 
the SNB and appropriate tie-in made to the rudder and elevator. 

3-14. A test control station was set up at NRL using the AN/ APS- 2 
radar for tracking and t he AN/:iJ?.W-3 equipment for transmission of co.lUl11.3.nd. 
With this station and t he simulated JB-2 aircraft, nwnerous bombing runs 
were made on a railroad bridge target at Fredricksburg, Virgi nia, r ange 
43 miles. This range --was chosen so t hat the elapsed time would correspond 
to the time of flight of the flying bomb to a range of 120 miles. 

3-15. The simulated JB-2 aircraft was t;1.ken to Bedford, tiassachusetts for 
~tensive operational tests with the Airborne Early Warning System. 

GENERAL DESCRIPTION OF SHIP EQUIPMENT 

4-1. The shipboard equipment of the JB-2 remote control system per-
forms the functions of tracking and of transmission of command. 

TRAC.KING EQUIPMENT 

4-2. The final phase of the JB-2 program v.d.ll use the l,irborne Early 
Warning system comprising, (1) an airborne, high powered, S-band,radar 
search system, (AN/APS-20), (2) a transmitting system for relaying radar 
signals from t he i\EW plane to the ship, (AN/ ART- 22), (3) equipment for re­
ceiving and displaying the relayed information, (PO), (4) associated 
radar beacon, (YQ) , and identification, (AN/,\PX-13), and (5) auxiliary 
v-h-f communicati on and an associated radio relay. 

4~3. The pr imary purpose of the ANN equipment i s to extend the normal 
radar horizon by placing the r adar set in an airplane and relaying the 
radar information to the !£IN ship for presentation on the ship's indica­
tors. By. virtue of this, it is possi ble to track the beacon equipped 
f l ying bomb to its maximum range. Additional information on the AEfl 
system may be obtained from Reference (b) . 

4-4. Initial phases of the program contemplated using the Navy model 
SP radar equipment. The SP is a shipboard, high powered, S-bruid, search 
radar system eomprising conventional components of stabilized ant~nna, 
transmitter, modulator, receiv8r, console, and ~ssociated interconnecting 
and control equipment. Information on t he SP may be obtained frorr 
Reference (c) . 

COMM!JID TR:.NSMITTING EQUIPMENT 

4-5. The command t ransmitting system, shown in the block diagram of 
Figure 4 and i llustrated in Plate 3, includ0s the following units. 

(1) T-24/ii:ffi'f-3 is a crystal controlled transmitter with ten 
tone oscillators for frequency modulating an r~f carrier of 
assigned frequency between 30 and 42 .megacycles. Only the five 
highest frequency oscill~tors, corresponding to channels 6, 7, 
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8, 9, and 10 are used i n this system. For addit ional informati on 
see Reference (d). 

(2) AM-10/ARW-3 is an amplifier unit used with transmitter 
T-24/Jut1fl-.3 to raise the power output of t h~t unit f rom 25 to 
250 watts. For additional information see Ref erence (d) . 

(3) 800-1-C is a motor alternator for converting power from 
28 volts de to 120 volt s 800 cycl es ac to provide power for 
amplifier, AM-10/ARW- 3. 

(4) J-174(JCN)/ARW is a junction bo.i,. f or interconnection of the 
command transmitt ing system. Photogr~phs of this unit ar e shown 
in Plates 7 and 8, and a schematic diagr am in Figure 7. 
(5 ) C-303(AN)/ASW is a flight control bo .. for r emote starting 
of 'the transmitting and Miplifier units and for keying the twelve 
coded commands _listed bel ow. Photographs of this unit a.r e shown 
in J:>l ates 4, 5 and 6, ruid a schematic dia~arn in Figure 6. 

A cabling diagram of the command transmitting system i s given in Figure 8,, 

COMMAND CODES 

4-6~ Since only five tone channel s wer8 available it was necessary t o 
set up-coded combinations- of those channels in ordor to provide the 
twelve separate com.m.n.nds required t o oper at e three vehicles . The coded 
commands ar e tabulated below. 

TABLE OF CCY.MM:JID CODES 

VEHICIE FUNCTION TONE CHANNELS 
6 7 a 9 10 

Left Turn X X 
1 Right Turn X X 

Dive X X 
Beacon 11off11 X 

Left Turn X X 
2 Right Turn X X 

Dive .x X 
Be,'.'.con 11off11 ).. 

Left Turn X X. X 

.3 Right Turn X X X 
Dive X X X 
Beacon 11off11 X X 

R-2616 - 6-
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GENER.AL DE$RIPTION OF VEHICLE EQUIPMENT 

4~7. The electronic equipment installed in t he JB-2 vehicle performs 
the functions of reception of command and translation into the various 
controls. The elect?onic and flight control equipment is illustrated 
in Plate 9. Figure 12 is a complete schematic diagr·'.m of the JB-2 
electronic control system. The additional equipment (including the 
modified compass) required to perform these functions is described 
below: 

(1) d'l:-110/APN-33 is an S-band radar transpondor or beacon 
which has been adc>.pted to operate from a 24 volt de source. A 
circuit diagram is given in Figure 9. This unit, shown in Plates 
10, 11 and 12, is located on the port side of the vehicle 
slightly forward of the autopi lot. (See Figure 3 o.nd the instal­
lation diagram of Figur~ 14). The genemotor shown in Plate 13, 
for supplying high voltage de to the beacon, is separately in­
stalled directly aft of the batteries. Separate polycone 
antennas are used for beacon transmission :rnd r eception and are 
•installed on both ends of the horizontal stabilizer as shovm in 
Figures 2 and 20. Plate 14 is a photograph of a polycone an­
tenna. Since this beacon is a modification of the ;,N/iiFN-7, 
informati on may be obtained from Reference (f). 

(2) R-64/i.RW-17 is a crystal controlled coJnmand receiver with 
five tone channel s0lectors for detecting a frequency modulated 
carrier between JO and 42 m~gacycles. The five ton~ channels 
correspond to ch~nnels 6, 7, 8, 9 and 10 of command transmitter 
T-24/Ii.RW- 3. The five channel relays of this unit operate in 
response to the co!Ilffie.nd tone combinations. This unit is shown 
in Plates 15 and 16, and an installation diagram is given in 
Figur e 15. .\dditionul information .may be obt.1.ined from Reference 
(e) . The r eceiver is fed by a balanced half wave dipole antt:nna 
fo~ which Figures 18 and 19 ar e installation diagrams. 

(3) The JB-2 compass has been modified to permit rotation in 
one degree steps through 360°, in either direction, when driven 
by an impulse motor . A 4011 flexible shaft is provided for connec­
tion t o the motor drive unit. Plates 17, 18 and 19 are photographs 
of the modified unit. An additional air-electric switch has been 
inst alled t o provide faster slaving (faster rate of turn). The 
electrical wiring of the modified compass i s shown in Figure 11. 

(4) PU-95(XN-l)/ASW is a compass motor drive which incorporates 
a fast acting, reversible de motor, and suitable gearing for coupling 
to the fle.idble drive shaft which makes one revolution per command 
impulse. Once per revolution, a cam switch on the output drive 
shaft opens the relay which controls rotation of the motor. As 
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shown in Figure 11, electrical connections to the compass are made 
through t he motor drive unit. Photographs are shown in Plates 
24, 25 and 26, and an installation diagram in Figure l?. 

(5) . C- 296(,ili-l)/ASW is a control relay box including three 
relays for controlling the compass motor drive unit, and one 
relay for firing the dive deton~tors. A sAlector switch is 
provided for setting up each of the three vehicle codes. The 
unit also serves as a junction box for the complete electronic 
syst em as shown in the sch~matic diagram of Figure 10. The 
unit i s installed on the port side of the vehicle below the 
autopi lot (see Figures 3 and 16). Plates 20, 21, 22 and 23 are 
photographs of the unit. 

(6) A diagram of i nterconnections between all units of the 
electronic control system is given in Figure 13. These connec­
tions are made with open ·.vi.res protected by vinylite sheathing. 

OPERATION OF THE 3YSTEM 

5-1. Assembly of t he flying bomb, installation and s€rvicing of flight 
controls, and final check of the latter are described in Reference (a). 
Tuning and adjustments of the electronic control system are described in 
Section 9 of t his r eport and installation of electronic equipment in 
Section · 8. 

5-2. A final check of the electronic control system is made prior to 
launching with the vehicle on the launching ramp. A test rack is pro­
vided for this purpose and it includes (1) Test Set TS-155c/UP, for 
beacon check, specifically for measuring transmitter and receiver frequency, 
transmitter power output and receiver sensitivity, (2) Test Set TS- 306/ARW, 
which simulates t he command transmitter and is used for checking the command 
receiver and the electronic control system, (3) a modified flight control 
box C-J03(XN)/ARW, which has been adapted for keying Test Set TS-306/ARW 
to provide t he coded commands and (4) an indicator panel which includes a 
meter for measuring slaving coil current and indicator lights for the four 
control functions: left turn, right turn, dive and beacon 11off 11 • In­
structions for use of the test rack are supplied with it. 

5-3. Special attention is directed to several adjustments which must 
be preset prior to launching. The control code (1, 2, or 3) must be 
chosen by setting the selector switch on the control relay box~ The 
fast slave rate-of-turn must be set by adjustment of the potentiometer 
on the control relay boA. The appro~te course for interception of the 
target may be preset by rotation of the compass as described in Reference 
(a). This rotation may be performed through the electronic control system 
by keying the test r ack with the appropriate commands. The time delay 
clock should be set f or the required delay. This breaks the circuit for 
both slow and fast slaving currents until the clock has run to zero and 
thus prevents turning during the early period of flight. The timed turn 
c l ock is not used in the remote control system and should be set to zero. 
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5-4. Launching instructions are provi ded i n Reference (a) . After 

l~unching the major f unction of tracking mus t be performed continually 
until the vehicle reaches the dive point . Tracking attention may have 
to be sh~red alternately between three vehicles, however a continual 
series of rnnge and bearing readings must be taken on each vehiple, 
identi fying it by means of its beacon 11off11 code. Since only instan­
taneous point r eadings are obtained from the search radar presentation, 
the readings must be transf er red to a plotting chart so that successive 
points define the course or t rack of the vehicle in two dimensions. When 
the course has been so defined, the angle between th6 vehicle track and t he 
bearing line between vehicle and target represents an azimuth error. To 
correct this error the appropriate turning command is t r ansmitted to the 
vehicl e. It i s important that the command be transmitted on the code of 
the vehicle t o be turned (as i dentified by its beacon). CoII!ll'ands are keyed 
by use of the flight control box as described in detail i n Secti on 10. It 
must be noted t hat the vehicle, moving forward at a rate of 6 to 7 miles 
per minute, increases r ange during the e_ecution of an azimuth corr ection. 
This requires t hat the corrections commanded b~ somewhat grec.ter than the 
error angle indicated en the p+otting chart. 

5-5. In the vehicle, the receiver relays r espond to the command tones. 
These in turn oper ate r elays in the control r el ~y box for controlling the 
compass drive motor. When the compass is rotated to a new bearing and 
the correction is large (6° or greater), the insensitive air- electric 
switch closes causing fast slaving of the autopilot . Small corr~ctions are 
made at slow s l ave rate. The autopilot operates the rudder through the 
air servo system (as previously described) to produce turning of the vehicle. 

5-6. In addition to the target l ocation, the plotting chart must show 
a point of dive , displaced from the target, to allow for the diving tra­
j ectory of the flying bomb. It is important to know and allow for this 
t rajectory, since it is an accuracy determining factor over which the oper­
ator has no control. The dive trajectory i s obviously a function of alti­
t ude which must be taken ns the pr eset reading of the b~rometric height 
control. The final dive is initiated by transmitting the pr oper coded dive 
command. The dive initiating relay in the control r elay box has a time delay 
of at least 0.1 second in order to pervent acci dental closing on noise or 
interference and hence requires that the dive command be of greater duration. 
The dive function cannot be oper at ed by radio command until it has been 
armed by the air-log c ounter. Th~ contact used for warhead arming ~lso 
arms the radio controlled dive nt the chosen preset range , As an optional 
feature, dive may be preset to operate at s ~ne range in excess of the ex­
pected dive point by setting an additional count on the air- log counter. 
When preset this function is independent of the remote control system. 

DETAILED DES'JRIPTION OF SHIP FgUIPMENT 

CO:MM.AND TR ~NSMIT"TER AND POii.E..1. AMPLIFIER T- 21./ ARW- 3 and AM- lOIARW- 3 

6-1. Description, operation and maintenance of the T-24/ARW- 3 trans-
mitt er and .AM-10/ARW-3 power amplifier are covered in detail in Reference 
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(d). The power amplifier is used without modi fication. I n all cases one 
modification is necessary in the T- 24jiJl,,._3 transmitter. P::..n N of recep­
tacle J-204 should be connected t o pin 5 (plate) of rcL.~y Tube V- 208. 
This modification enables the car rier control relay K- 201 to be control­
led remotely from t he flight cont rol box C-303(J.N)/,..RH. In some cases 
it may be necessary to rewire the power receptacle J- 205 so that it agrees 
with the r eceptJcle for serial numbers 101 and up of Figure 8-8 in tho 
instruction book, Rcfer,.mcc (d) . For remote oper:i.tion the FIL..1i6NT and 
PL.TE switches on both the transmitter and the power amplifier must be 
in the ON position and the TUNE- OPER,TE switch on the power :!.mplifier 
must be i n the OPER .• TE posi t i on. 

FLIGHT CONTROL BOX- C-303(AN)/ARW 

6-2. The flight control bo~, finished in black-cr~cklc, water- re-
sistant paint, i s a r ect.:1.ngular aluminum bo.,. with a sloping top. ..11 the 
controls are mounted on t he top panel. ,,t one end is ci. receptacle, type 
AN- 3102-36-lP, fitted with a plug, type AN- 3108- 36-lS, for the cable 
running to the j unction box. The control box is shown in Plates 4 and 
5. Plat e 5 shows the controls mounted on the bo.,. . The top panel has 
been removed and the internal wiring is shown in Plate 6. The control 
box is used to control the power and to key the modulation channels of 
a T- 24/ARJN- 3 transmitter and an AM- 10/AR;- 3 amplifier from a remote 
point. The power controls along the left hand side of the box are : the 
reset for a 10 ampere circuit breaker through ~~ich all of the 28 volt 
de power flows, the FILAMENT switch which controls the filaments of the 
T- 24/ARll-3 transmitter, the AMPLI_,..IER switch which controls the 800-1~ 
motor alternator furnishing power for the AJJ.- 10/ ,\RVl- 3 power amplifier 
and the CARRIER switch which determines whet her the T- 24/AR'fi- 3 trans­
mitter carrier i s on constantly or is keyed on by the modulation. Re­
ferring to Figure 6, the control box sche..."latic diagram, it is seen that 
neither t he T-24/ARS- 3 plate nor the AM- 10/ARH- 3 power can be turned on 
unless the FILAMENT switch i s closed. It wi ll also be noticed that the 
pilot light is turned on only when all three pow~r switches are on, in­
dicating that all units have power to them. The C.\RRJ.ER switch grounds 
one end of a 20, 000 ohm resistor mounted in the boA. The other end of 
this resistor goes, through the control cables and junction boA, to the 
carri er control rel ay K- 201 of the T-24/AF.W- 3 tranS'.llitter. In the CONSTANT 
position the CARRIER. svdtch grounds the 20,000 ohm resi stor completing the 
circuit energizing t he carrier control relay. The control be.,. makes the 
combinations of t he modulation channels of the T- 24/ .• R .. - 3 transmitter tabu­
lated in Par agraph 4- 6. Fr om this table it is seen that for vehicle 1 
the code channel is 6, for vehicle 2 channel 7 and for vehicle 3 channels 
6 and 7 simultaneously. The three position rotary switch marked CODE 
SELECTOR makes connecti<ms in the bo"'" so that selected code ehannels are 
sent whenever a .command is sent. The BE~CON switch operates only the 
code channels which also turn the beacon off. Note that the beacon i s 
turned off whenever any C{'JI.m:Uld is sent as the vehicle code channels are 
s ent with every command signal. Channels 8 and 9, those for left and 
right turn respectively, are selected by the s~itch mar ked LEFT- RIGHT . No 
turn can be sent when the !EFT- RIGHT switch is in the cent0r or off position. 
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The LEFT-RIGHT selector switch does not in i tself send a tum signal but 
selects the turn signal to be sent when either the MANUAL TURN swi t ch or 
the DIAL TURN switch is oper at ed. Although the selected turn signal is 
sent as the MANUAL TURN switch is held dm-m, only one degr ee of rotation 
is commanded for each signal regardless of its dur ation. The DIAL TURN 
switch is used t o send a seri es of modulation impulses corresponding in 
number to digit dial ed. To circumvent possible trouble caused by the 
carrier control relay K-201, of the transmitter T- 24/AR.W- 3 not following 
the dial pulsing, constant carrier is switched on by two contacts, in 
parallel with the CARRIER svri.tch on the control box, which close whenever 
the dial is displaced from its rest position . Channel 10, the dive channel 
is controlled by the DIVE svlitch whi ch is pr otected from accidental opera­
tion by a sv,itch guard. Referring to the diagr am in Figure 6, it is seen 
that the break contacts cf the BEACON sv,itch make it impossibl e for a turn 
signal to be sent by the BEACON switch even when the LEFT- RIGHT switch is in 
t he left or right position. As the DIVE svritch does not have this protection 
THE LEFT-RIGHT SWI TCH MUST BE IN TI-IE CENTER OR OFF POSITION ,HE..N A DIVE 
CO&AND IS SENT. As sboYm in Figure 12 the DIVE S:OCURITY relay can not 
operate if eit her t he channel 8 or 9 relay of the r eceiver is closed. 

JUNCTION BOX J-174(.iN)/ARW 

6- 3. The junction box is a r ectangular aluminum box finished with 
black- crackle, water-resistant paint. Plates 7 and 8 show this unit which 
is used to interconnect the power and control leads of the T- 24/ARii- J 
transmitt er, the AM- 10/ARW- 3 pov,er amplifier and the C- JOJ(AN)/ARii flight 
control box used for the transmission of command to the JB-2 flying bomb. 
On one si de of the box is a r eceptacle, type AN- 3102- 36-1S, fitted with a 
plug, type AN-3106-36- lP, for the cable from the flight control box 
C- 303(.ili)/ARW. On each of the other sides of the junction box there are 
two type AN- 3064 fittings wi th A.t-J- 3057 cable clamps t hrough ,mi.ch the re­
mai ning cables enter the box. On one side there is also a 125 amper e 
circuit breaker , K- 101. The box contains four terminal boards : E- 101, 
E-102, E-103 and E-104 . The terminal s on E- 101 correspond to the ter­
minals of the power plug AN- 3108- 24-12S for the power amplifier Afl..- 10/ AR,i- 3 . 
The terminals on E-102 correspond to the terminals of the power plug 
AN- 3108- 20-4S of the driver unit T- 24/AR,,- J . E- 103 is for the input and 
output 28 volts de. The terminals of E-104 correspond to the terminals of 
the control plug AN- 3108- 28- 2P for the driver unit T- 24/AR,i-3. Figure 7 is 
a wiring diagram of J - 174(XN)/AR\. while Figure 8 shows the cabling for the 
junction box and comrn .... a.nd transmi~~ing equipment. 

I NTERCONNECTIONS 

6- 4. Tae i nt erconnections a re of A.1'\J approved open wiring. Figure 4 
shows a block diagram of t he units and interconnecting cables and Figure 
8 shows the individual wi r es and sizes for each cable. 

DETAILED DESCRIPTION OF VEHICLE EQ.UIRr:ENT 

BEACON RT- llO/APN-33 

7-1. The RT-110/APN- 33 is a converted AN/APN- 7 radar transponder beacon. 
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See Plates 10 and ll. It operates from a 28volt de. supply which mai nt ains 
the input voltage to the beacon at 18 volts (nominal). All power, except 
filament power, i s supplied by a genemotor, Plate 13, the required nega­
t i ve voltages being obtained by introducing a bleeder in the high voltage 
return lead to the genemotor . The equipment uses two antennas and there­
fore contains no TR box . Each antel"-'1a feed line is matched by means of 
a tunable quarter wave stub. See Plates 10 and 12. 

7-2. The receiver i s a superheterdyne "With an i.f. of 30 megacycles 
which is approximat ely 12 Mc wide at 6 db down. The receiver sensitivity 
is approximately 76 db bel ow 6 mw. It is tunable over a r,u1ge of ap­
pr o;..imately 50 Mc f rom t he front panel, but can be tuned from approximately 
2600 Mc to approAiroately 3000 Mc by means of an internal adjustm~nt. See 
Plates ll and 12. 

7-3. The modulator is a t hyratron (2D21) which is coupled to the trans-
mit ter circuit by means of a pulse transformer. The ma.:xim.Q~ r epet iti on 
rat e to which the modulator can responn i s approxi.'!lately 3000 pps. and at 
p. r.f. ' s above 2000 pps, the transmitted power is somewhat r educed. The 
transmitter is a 2C43 light house tube in an AN/APi'i- 7 cavity. The: trans­
mitted pulse is approximately 1 wicrosecond wide with a peak power in 
excess of 200 wat ts. The tuning range oJ: the transmitter f r oi';l the front 
panel, like t hat of the receiver, is rather limited, but co.mpliate 
coverage of t he 2750 to 2950 Mc range is obtainable by internal adjustments . 

7-4. The filament circuit of the AN/APN-33 is a series- parellel com­
bi nation consisting of t hree 6.3 volt banks in series across 18.9 volts. 
The total power drain of the unit is approximately 6.5 amper~s from the 
28 volt ~urce . I f t he carbon pile regulator is properly adjusted, the 
equipment may be operated from any voltage: between 23 and 28 volts. De­
tails of the circuit are shown in the schematic diagram of Figure 9~ 

7-5, The beacon recei ving anq transmitting antennas are iden~ical. 
Each consists essenti ally of a circular,· solid dielectric (poly~tyrenu), 
wave guide fed by a pr obe from -:::a. 50 ohm coaxial cable and :natching section~ 
The open end of the wave guide is t erminated in a truncated cone 0.f tho 
dielectric. See Plate ll+. This constructi on gives a conical radiation 
pattern approximately 70 degrbes wide at t he half power points. 

COMMAND R.H;EIVER R-64/.r...RW-17 AND ANTENNA 

7-6. Descript ion, operation and mainten~nce of the R- 64/liliW- 17 rec8iver 
are given in detail in Reference (e). The balanced input of th~ rec0iver 
l ends itself t o use of a doublet antenna. Insta.ll8d on t he JB-2 bomb, the 
two legs of t h~ doublet running fr~~ the ·fuselage out to each wing tip form 
a Vas seen :i,n Figure 18. The antenna is connuct8d to the wing tips by 
means of a hook, a tension insulator and a strain insulator shovm in 
Figure 19. Each leg of the antenna enters the fuselage through a stand- off, 
feed-through insulator mounted on t he skin of the ship. I\. piece of 50 ohm 
coaxial cable (RG-8/U) runs from each leg of the antenna to a Y-connector. 
The other end of the Y-cor~~ector is joined to a piece of RG-22/U 95 ohm 
bal anced cable which feeds the balanced input of the 1-:-64/;.,.RW- 17 command 
r eceiver~ Det ail s of the antenna installation are shown in Figures 18 and 19. 
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7- 7. The JB-2 compass shown in Plate 17 is a !Ild.gneti c compass v;hich 
has a differential air pick- off controlled by a cam attached to t h~ n~edle 
shaft. In the on-course position the air pr es sur as from ~ach side of this 
pick-off are equal. When thG needle is displaced from th<:l on- course 
position a pressure differential is dav,:;loped betweE.n the two sides of 
the pick- off. ThL:se two presc;nres are brought to opposite sides of a dia­
phragm tY}:eair- electr ic switch. The air-electric switch is essenti ally 
a single pol e three position switch; the diaphragm being the moving contact 
whi ch, when displaced, toucht;S one of thG contacts placed on either side. 
1'1.ctually there are: two of t h0se ;:,.ir switches ,vith t hc;ir air supplit;s in 
parallel. One of the switches is sensitive to a pr~ssure diff er ential 
equivalent to approximately± 0.5 d0gr ees dispL.~cement of the comp.:i.ss needle . 
When the air switch closes it comp_letes a circuit putting current through 
one of t he two slaving coils which applies a torque to the main gyro in the 
autopilot. The gyro, precessing under the inf'luence of this torque, applies 
azimuth correction t o bring the vehicle on course. The slaving coil cur­
rent controlled by t his switch turns the vehicle at the r ate of approxi­
mately .3 degrees per minute . In order to turn the vehicle at a faster 
rate, when large tur ns are desired, the second air switch, made seusi ti ve ± 6 degrees displacement of the compass, controls a larger slaving cur­
rent which turns the vehicle at a rate adjustable up to 60 degrees per 
minute. Plate 18 shows t he air hose connections to the two air switc~s 
one of which is labeled sensitive and the other labeled insensitive. In 
Plate 19 the electrical connections to the ~nitches are shown. 

7-8. The electrical schematic wiring and the cable for the compass are 
shovm in Figure 11. The electrical connecti ons between the compass air 
switches and the autopilot are shown ir. Figure 12. Note : The wiring of 
the autopilot has been modified by bringing a wire out to pin A of t he 
autopilot r eceptacle. This modification was necessary to return the movable 
contact of the :insensitive, fast slave air switch to ground through the 
ti..~e delay clock. There is .'.),n interlock in the delay time clock which pr e­
vents current flow through the slaving coils until after a preset time delay. 
It is thus impossible t o turn the vehicle by compass influence un~il time 
has elapsed for it to have gained cruising speed and altitude. 

7- 9. A change in course is dictatec! by rotating ~he compass bowl which 
changes the position of t he stationary part cf the differential air pick­
off. The compass bowl is r otated by means of the large 360 tooth ring 
gear and worm drive sho.-m· in Plates 18 and 19. One revolution of the worm, 
turned by the compass motor drive through a flexible drive shaft, r otates 
the compass bowl one degree. 

COMPASS MOTOR DRIVE PU- 9~(XN -1)/ASfl 

7-10. Tne compass motor drive consists of a revorsible de motor with 
magnetic clutch coupling to the output shaft, a. Lear, Inc. model AA 100, 
driving a 11+:l r eduction gear box. The f inal driven shuft turns a cam 
switch and also has a fitting to receive the fl0.x:ible driv~ shaft from 
the compass. The cam switch i s part of an electrical lock- up which fur­
nishes power t o the motor until the c e..m shaft hes made one complete 
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giving one r evolut i on of the output shaft in 0,06 t o 0.07 seconds. Thor~ 
are two r ecept.?.cles mounted on t he unit. One, type iJJ- 3102-18- lP connects 
to the contr ol_ relay box, the other type, AN/3102-143- 5S connects to the 
co.ble rwming to t he compass. The wiring of the motor drive is sho,-m in 
Figure ll. Note that t he motor has e cent er tapped field wir.ding G.nd th(; 
direction of rotation is determined by the half of' tho field which is 
energ:i..:zsd. 

CONTROL REL.S B02,. C- 296(XN- l)/.!SN 

7- 11. The control r elay box, a r ectangular bo~ finished in black- cr['.ckle 
paint, is sho·:m v.i.th its mounting br:..cket M-517/1~SW in Plate 20. Three 
AN type r eceptacles 2r e mounted on one end of the box and throe recepta­
cles and twe sl otted·shaft screw driver adjust ments arc mounted on one 
of the sides as shown i n Plates 20, 21, 22 and 23.· The unit serves as a 
junction bo~ for the complete electronic control syst~m and contains the 
impulsing circuits for the compass motor drive PU- 95(.AN- l)/.~SW, the ve­
hicle command code seloctor switch, :md the dive security relay. Figure 
10 shows t he complete wiring of the relu.y box. The i,N r ecept:.i.cles and 
their functi ons ere t abulated below: 

AN REX:E?T •• CIBS OF CONTROL REL.1.Y BOX 

REX:: EPT ;.c IE L.'.BEL REDEPT •• CLE TYPE C • .BLE NO. UNIT CONN~ TED 

C{MfASS AN- 3102-18-1 S 1 Compass :Motor Dri Ve 

PU- 95(XN- l)/ASW 

:.UTOPILCYr AN- 3102-18-8S 4 Autopilot 
COUfll"TER .,.1,'-J-3102-18- 12P 3 Cow1ter Bo;. 
BE:.CON l.N- 3102-16S- 8S 2 Beacon RT-110/APN-33 
REDEIVER i.N-3102-22- l.4S 5 Comm.~.nd Rt..:ceiver 

R- 64/ :,ffH- 17 
TEST i.N-3102-20-.is External Test Instruments 

7-12 •. The slotted sh~ft l~beled CODE SEIETOR is~ three position, rotary, 
wafer switch which selects the comm.md code for th~ vehicle. The slotted 
shaft l abeled TURN RATE adjusts t he fast turn rate of the vehicle. This ad­
justment i s the varie.blc r..:sistor, R1 in Figures 10 .:,.nd 12, v:hich controls 
t he current through t he .~utopilot sb.ving coils for fost sb.ving. 

7- 13. Of the four r Glays in the box, one) the dive s~curity relay, is a 
s low make type used t o initiate the div~. Th~ d~l~y action of the r~l.-~y is 
protection ag-rinst a burst of static or noise causing a preJ112.turc dive . To 
prevent accidental diving of th., vehicle near the l~unching nr~;,_, th0 circuit 
from the dive relay cont~cts to the dive detonators is complet~d through 
the warhead arming circuit. See F:i.gur~ 12. The warhe-id is armed by the 
mcchnnical counter actuated by th~ air log as describ~d in Reference (a) . 
Ref erring to Figure 12 it is s~t..:n th~t the dive detonator can Qlso be con­
t rolled by one of the c-:ms of the mechanical count~r. This allows t he 
vehicle to be put i nto its div~ at n r~ge preset on th~ counter. Note : 
:. preset range for dive gre.::i.tcr than that anticip:i.ted must be set on the 
counter to mnke c0rk .. i n th.'.lt tht: dive will be controlle:d remott:.1ly, 
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Reference (a) describes t he method f or sotting the dive range on the 
counter. 

7-14. The other three relays comprise the impulsing circuit for the 
compass motor driTe PU-95 (XN-l)/ASW. The anti-jam relay, energizea in 
standby, is a slow opening type. As seen in Figures 5 and 12 the circuits 
to the left and right impulse relays are made through the contacts of the 
slow release anti - jam relay. As the left and right impulse relays are self 
locking only a momentary impulse is required from the contacts of the anti­
jam relay. One set of contacts of the impulse relays furnish power to the 
compass motor drive. After one revolution of the compass drive shaft the 
camswitch mementarily breaks the circuit to the impulse relay coil, thus 
unlocldng t he relay and shutting off the power to the drive motor. The 
function of the anti- jam relay is to convert any signal or more than suf­
ficient length to a short impulse for tne motor drive. Figure 5 shows 
schematically the impulsing and anti- jam system and Figure 12 shows in de­
tail the wiring, including the tone channel coding from the command receiver 
relays. 

7-15. The TEST receptacle affords means for a preflight check of the 
electronic control system. By plugging proper test instruments into the 
TEST receptacle the battery volt age, the voltage across the left and 
right slaving coils for fast and for slow slave, and the operation of the 
left and right impulse r elays may be checked. The connections to the 
TEST receptacle are shown in Figures 10 and 12. Note that the delay time 
clQck on the autopilot must be set at zero in order to energize the slaving 
coils. In subsequent models it will be possible to check the beac.on opera­
tion and the dive relay operation by l eads which are to be brought out to 
presently unused pi ns of the TEST receptacle. 

INTEBCONNE::TIONS 

7-16. The interconnections are of A1i approved wires strung in cables 
through vinylite tubing. The cabl e and wire specifications and a block 
diagram of i nterconnect ions are shown in Figure 13. The following modi­
fications to the J~ electrical wiring have been maae for the adaption 
of remote control, 

(]). The compass bowl has been modified so that jt may be 
rotated by means of t he compass motor ~rive PU- 95(XN- l)/ASV/. 

(2). Vii.res t o the compass air switches now pass through 
the motor drive unit . 

(3) . An i nsensitive air switch which controls slaving cur-
rent for fast turns has been added t<:> the compass. A connection 
to Pin A of the auto-pilot receptacle has been made to return 
the fast turn air switch through the time delay clock. 

(4). The control relay box C- 296(.xN-l)/ASW is now the main 
junction box rather than the counter box. Cables from the auto­
pilot and compass enter the control relay box. 

- j5-
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(5). Originally all the electrical power for the JB-2 went FIED 
through the MAS'l'fil{ switch and the LAUI-:CliING switch in seri es. 0.6CLASSI 
the power for all t he electronic remote control equipment : the 
command receiver, the beacon, the compass and motor drive, the 
slaving coils, and the control relay box i s controlled only by 
the MASTER. switch. This enables a preflight test to be made of 
the el ectronic control system. 

(6). The circuit for r emote control of the dive by means of 
the dive relay i s made through the wc1.rhead arming circuit. This 
makes it impossible to initiate dive unitl the warhead has been 
armed by the air log and counter. 

(7). A doubl et antenna for the command r eceiver is installed 
from the wingtips t o the fuselage as shown in Figures J , 18 and 19. 

(8). Polycone antennas for the beacon are mountE;d at the tips 
of the horizontal stabilizer as ~hown in Figures J and 20 , and 
the beacon ant enna cables are brought into the fuselage of the 
vehicle through the inside of the horizontal stabilizer. 

INSTALLATION OF VEHICLE .E}.'JUIPMENT 

8-1. The beacon RT-110/APN- 33 i s install1::d on the port side of the ve­
hicle behind the rear air spher e as shovm in Figure 3. The t:.&act location 
of the beacon and t he m0th0d of mounting by means of spring shock mounts 
are shown in Figure 14. 'rherc is no d1:;ta.iled drawing showing the mounting 
of the beacon gencmotor but Figure J shows its location. The ecnemotor is 
mounted rigidly to t he plate above the batt ery compartment. 

8-2. The polycone beacon ant0nnas are mounted at the tips of the hori-
zontal stabilizer as shown in Figure J. Figure 20 shows the details of 
mounting these antennas. 

8-3. After mounting the beacon and its genemotor, cabL..J No . 2 of Figure 
13, the power and control cable from t he control relay boA, shoQld be 
connticted to t he receptacle on the:, beacon marked 28 VIC. One end of cable 
No. 6 of Figure 13 should be connectud to t he b0acon receptacle marked DYN 
and thu other end to t he receptacl e on the gener:i.otor. See Plat es 10 and ll. 
Cables No. 7 and 8 of Figure 13, thG antenna cables for t h0 bvacon should be 
connected on0 to the beacon receptacle marked !MTR and the other t o the 
receptacle m:irkGd RCVR. See Plates 10 and 11. Not1:; : The toggle switch 
lab0led OFF ON must be left in the ON.position in order for tho beacon 
to opurate when the MASTER switch is t urned on. 

COMMAND R.ECEIVi<:R R- 64/ ARW-17 

8-4. The command r eceiver R-64/ARW-17 is inst,3.lled directly above thtl 
batteries as shovm in Figure 3a The exact locat i on and the method of 
mounting with spring shock mounts ar e shown i n Figur e 15. Bef ore mounting 
in t he vehicle the dust cover of the r eceiver must be removed :md cable 
No. 5, Figure lJ, the poner and r1;;:ley connection cabL.,, at tached to t he r e..: 
cei ver receptacle J-101 shovm in Figure 4 -1 of R0f0ronce (c) . The dust 
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nee• llS~IFll=J:) . cover should then be replaced and trie caoleorougnv out through the 
notch i n the top front edge of the cover. After mounting in the vehicle 
the antenna cable , cable No. 9 of Figure 13, should be attached to the two 
conductor antenna receptacle which protrudes through the cover as shown 
in Plate 15. 

8-5. The antenna f or the command receiver is in two sections, each of 
which is strung from a ,tlngtip to the fuselage as shown in Figur es 3 and 
lS. Details of mounting the antenna and antenna cable are shown in 
Figure 19. The cabling diagram of Figure 13 shows the lengths and types 
of cable to be used for the antenna. 

MODIFIED COMPASS 

8-6. The modifications made to the JB-2 compass do not alt or its 
.mounting. which is in t he nose s,1ction as described in H.eferoncc (a) . 

COMPASS MOTOR DRIVE 

8-7. The compass motor drive PU-95 (.lili- l)/ASW is locat0d in the nose 
section as shown in Figure 3. The mounting M- 518/ ASW for the compass 
motor drive is rigi.dly riveted to the skin of the vehicle as shown in 
Figure 17. One und of the flexible drive shaft is fastened to the 
fitting on the motor drive and the other end to a similar fitting on 
the compass. The cable from the compass is conn8ct od to tho receptacle 
Jabeled COMPASS on the motor drive while cab le No. 1 from the control boJ1., 
Figure 13, is connected to the r eceptacle label~d RELAY BOA on the motor 
drive. 

CONTROL RELAY BO.X 

8-8. The control relay box C-296(XN-ll/ ASW is mounted on the lower port 
side of the vehicle, below and to the side of t he autopilot as shown in 
Figure 3. The mounting M-517/Af}l/ for the control relay box is rivtted 
rigidly to the skin of the vehicle as shown in Figuro 16. Cn.blcs No. 1 
t hrougn No. 5, Figure 13, are connected t o the pr oper receptacles on the 
control relay boA. 

TUNING A ... "ID ADJUSTMENTS 

COMM.HID TR.,NSMITl'ER T-24/AJJJl-3 AND Pm·IER ,..MPLIFIER AM-10/ARW-3 

9-1. Complete instruct ions for alignment and adjustment of the trans­
mitter and power amplifier are given in R0ference (d). 

BEACON RT-llO/APN-33 

9-2. The procedure required for bench checking the beacon is as follows: 
With t he equipment connect ed to a 28 volt de supply and having been al­
lowed to run for a 5 minute warm up period, th0 r E:coivvr frequency is 
adjust ed to t he desired value . Initial adjustments are mad~ using a one­
millia..mpere meter conn0cted to~ ordinary phonB plug. The crystal current 
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will change when tho local oscillator frequency is changed. When the 
local oscillator is finally set to the proper frGqucncy, thv cryst:-i.l current 
should be adjusted to somG v3.lue between .200 and 500 microru:tperes by 
varying the dGpth of t ho loc~l oscillator f eed probe into the crystal 
mixer cri.vity. 

9-3. There :ire two mo..:thods by which the locGl oscillator can be set to 
proper frequ8ncy. One method is to disconnect tho local oscill~tor 
coaxinl cable f eed from the cryst,11 mixer, insert a six inch pi0ce of wire 
into the center conductor of the loose Sperry fitting and bring a wave­
mctor., such n.s the TS-46/1.s1 (which also should hri.ve a small antenna pro­
j ecting from it) near the wire. i\ strong ro:ad.ing should show on the 
meter. The froquency of the l ocal oscillator should then be set to a 
frequency either 30 Mc .:tbove or 30 Mc below the r adar frequency. There will 
bB no cryst~l curr0nt r ~nding whil~ this is being done, but if no wavemeter 
deflection is obtained after any change of local oscillator frequency, the 
coax should be reconnected to the miAer cavity and the cathode bias poten­
tiometer of' the 2K28 readjusted until crystal cu.rrent is again obtained. 
(The potentiometer is adjusted for maximum crystal current). Normally, 
failure t o oscillate will not occur unless rather extra•ue changes of 
frequency are made. If the desired frequency is not attainable from the 
front panel it is only necessary to adjust the one odd slug in the local 
oscillator c;;;.vity to attain it. 

9-L;.. The alternat ive method of setting the receiver on f requency is 
to use a signal generator and an oscilloscope. An ordina.ry 3" oscilloscope 
should be sufficient but n synchroscope woul.d be more desirabl€ if the 
signal generator can be synchronized from it. Th~ synchroscope could 
then be used a s a pulser when tuning up the trA.nsmittcr. Th8 procedure 
in either CcJ.se would b e t o present the r t:ceiv0r output on thE: scope -1.nd, 
with the signal generator set to the radar fr.aqucncy, tune the receiver 
to mar..imurn signal on the scope. It is very convenient at th\s point in 
tho process of tuning to ad.just the tuning strub unitl a maximum signal 
is seen on the, scope.. As in the other method of tu.rung, tho crystal 
current ·should be observed when any change of loco.l oscill:1tor frequency 
is made, 

9-·5. VJhen the frequency i s properly set, th~ r ec<:Jiver output is con­
nc:cted :to the upper half of the chassis through the short green cable and 
the signal g<:::n~rator output is attenuated until t he .magic eye does not 
quite close • .At this point thG signal level at tho rocoiver should be at 
lE.:1,st ?O db below 6 mw. If th'::! sC::nsitivity should be below this vulue , 
it lllA.y bE: i nc r ,;;::i.s-::d by reducing the bias on Vl06-l. This reduction must 
b0 done Cfl.refully in order t o avoid r eachir1g the: _poi nt ;,.t which ripple 
from the genemotor commutator ca.uses firing of the 2D21 modulator. Thd 
t est for such G. condition i s to turn off the sign<.l gun0r:,tor ·md note 
wh.ather or not a pulse c::.n bd S<"-"n ::i.t terminal //5 of the 3- wincling pulse 
tre.nsformer or at th<::: plat e of th~ trn.nsmittc,,r tube, both of whi~h ,1re 
accessible. If th•.3 r equir ed sensitivity cannot be o.ttainod by this ad­
justment, the cryst~l should be examined. It is 0ntirely possibl0 to have 
good crysta.l current but poor scmsitivity! 
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9-6. In tuning the tr~nsmittcr, a positive pulse of 20 volts or roor~ 
is i ntr oduced into th~ coaxial j ack marked CODER IN. The pulse 'ridth 
is not i mportant . I f t he magic eye is closed, the t r ansmitter should 
be operating. The TS- 46/AP (or similar) wa vemet or i s brought nti<!r t he 
tranwitter antenna ~nd then the frequency is adjusted to thu desired 
value. If the desired frequency cannot be attained from tht1 front 
panel, the black bakelite wheel ju:,t inside the p~.rwl my be adjust ed. 
WARNING--- a pulse volt~ge of 1200 to 1400 volts is pr~sent near the 
bakel.ite wheel. 

9-7. I t is possible tho.t the desired frequE::ncy m.:.:y not ye:t be at­
tcin-1.ble, parti cularly i f ;~/APS- 2O frequencies .,ru r equir ed. Normnlly, 
the t ransmit ter will not cov0r the entire band, including both SP and ,J>S-2O 
frequencies. The units aru shipped to opcr .:. te on t he l mrer h:md (SP) . 
lf it is rcquir1::d to operate on the higher bmd, the light house tubo 
should be r emoved mid the grid cylinder, which will probnbJ y bt, found 
s ot on its first groove, ooved to its second groove . The prop(;r f r ~quency 
should th~n bQ at t .'.linablo. 

9- 8• In chccldng poi·mr, ,-..ny st.:mde.ru. method of m.1.;.:i.suring pe:t:i.k powL::r may 
be used. WhiL::, thi:; power n.djustment i::; being t·lk,.m, th1.: st ub turn.:r should 
be adjusted for m.c"..rimill!l po,;1,,;r output. ,fu...:r0 thc r ~pc.:tition r,t1,; is 2000 
pps or greatt.::r a simple ch..;ck i nvolves the us1,,; of 1/25 vmtt nuon bulb. In 
such a c.::i.se, the power should be s1tffici\:ntly high if it, is possi blc to 
light the neon bulb ·it t h1.: surf--:.cv of th\j ant0nna. If th..: power output 
is not sufficient, i t Cc'.Il bo r,is<c:d by incrv1.si ng the., r:1.,up]_i.ng to thv trans­
mitter c:w i ty. This coupling must not b0 increG.sud too much for two 
rc:'\sons: (1) Loss of output , inst-.:.'.?.d of gun, ro.;sults if coupling is too 
close. (2) Froqut!ncy i nst :bility results from too tight coupling. It 
should be remember ed t h,t ch,nging tho c oupling 1ff0cts t.hc frequ(..ncy. 
Th...:rcforc , the f ruqucncy should b~ rocht:ckud "fter ~Y c h:-.ni;c of coupling. 

COMM:'.ND RE::;EIVER R- 64/!,R1·V- 17 

9-9. Complete i nstructions f or alignment and adjustment of the command 
receiver n.ro givvn in. Reference (c). 

MODIFIED COMP:..SS 

9-10. The air el ectric switch1,,;s mount1Jd on the comp~ss nr~ singl0 polv 
t hr ee position switch0s . Thi., di.:1.phr:sgrr, t he moving contact, is el ectrically 
common to most of the.: :ur swi tch structur~ :~nd on0 0f th0 riru scr ~ws is 
made a tcrminal a s SL::<.-:n in Pl:1te 19. On 1:;,1.ch sido of the switch is a 
piece of tnsula.ting m1.tcri ::-.l with 1. scrt;w p13.ssing t hroutsh its cente r . 
S<3e Phte s lB ~nd 19. Thor;e; screws a r v tho fixed t,:,;:-min1ls with which the 
moving di ".phr~.gm m:;ik1.;s cont:?.ct. i,iith no pr .assur ... diffcr0nti·•.J. applied to 
the, switch the di,phr:igm should m:>.ko cont:_c t with ndtht:r sid•.J turmintl. 
Under pressure diff'crc.ntitl the di1,phr"\.gm mov0s t0wqrd onv or the other 
sid0 cont:\cts and the sensitivity of th..; switch is tlut c rr.d.n<:d by the;: 
spacing of the side c ontacts from th(; diuphr ".gm in its und1.;fleoted position. 
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9-11, To check and adjust the air switches a U- tube water manometer, 
a rubber bulb and an electrical continuity indicator are needed. After 
disconnecting t~ air hoses from one of t he switches connect both of 
the tose connect ions of this swit ch to the water manometer. Insert a 

DECLASSIFIED 

T cor.nection in one of these hose lines and attach the rubber bulb. A 
clos€d system now exists and squeezing the rubber bulb will apply a 
differential pressure to the air switch as indicated by the vra.ter mano­
meter. The pressure differential indicated by the vra.ter man9meter is 
increased until t he switch closes as indicated by the electrical contin­
uity meter. The other side of the switch may be checked by inserting the 
T connector and bulb in the other air line. 

9-12. The sensit ive or slow slave air switch should be adjusted, by · 
means of screws on the side mntacts (See Plate 18), to close on a 
press1re differential of 0. 62 f 20% cm of water. The insensiti~e or f ast 
slave air svri.tch should be adjusted to operate on a pressure differ en-
tial of 8 ± 10% cm of water. The following table summarizes t he adjustments 
f or obtaining the required deflection sensitivities of the compass: 

Supply to differential air 
valve 

Pressure in 
cm of vra.ter 

30 :I: 10% 

Maximum pressure different ial 
from air va lve 14 :!: 10% 

Differ~nti al pressure to 
operate sensitive or slow 
slave air switch 0.62 ± 20% 

Differential pressure to 
operate insensitive or 
fast slave air switch 8 ± 10% 

Coupass Displace­
ment in Degr1..;es 

:I: 8 and over 

± 0. 5 

± 6 

9-13. Reference (a ) describes methods for additional adjustments t o hhe 
compass and autopilot. 

CONTROL RELAY BOX C- 296(XN-l)/ASW 

9-14. The TURN RATE should be adjusted to give the desired rate of turn 
in the manner described in Ref,:1r ence (a) for adjusting t he slaving rates. 

OPERATING PRCCEDURE FOR TRANSMISSION OF COMMANDS 

TURNING ON COMMAND TP.ANS"MITTING EQUIPLlENT 

10-1. Determine that the FILA.ME1~T .and PLATE switches on the transmitter 
T- 24/Afl.W-3 and power amplifier AM-10/A.~W-3 are in the ON position, that 
the GARRIER switch on the transmitter i s in the KEYED OARRIER position and 
th.:.t the TUNE- OPER.:.TE switch on th,; power amplifier is in the OPERti.TE 
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10-2. Turn on the main power switch K-101 mounted on the side of t he 
junction box J-174(XN)/.ARV,T. On t he flight control box C-303 (:XN)/ARW 
turn on the FIL\MENT switch, end wait one minute. Turn on the PLATE 
switch and the AMPLIFIER switch; t hen the pilot lamp should light . 
Wait 2 minutes to allow time for the thermal r elay in the plate circuit 
of the power amplifier to close- For normal operation the C;-1.RRIER 
switch should be in the KEYED position. The system is now ready for 
operation. 

OPERATIOJ-J OF TR.'.NSMITTING EQUIPMENT 

10-3. The search radar is used to track the course of the vehicle to be 
controlled. As -the vehicle carries a beacon whosu response Il'.ay bt:: ex­
tinguished by operation of the beacon switch on the flight control box, 
the vehicle's r esponse on the radar display may be identified. After find­
ing the vehicle's response on the radar take a series of position readings 
and plot the vehicle's track. Fuom the track plotted determine the 
azimuth correction necessary to bring the vehicl0 on a course to the target. 
Send this a~imuth correction by means of the dial on the flight control 
box. Set the turn selector s,vitch to the right or left, whichever turn is 
necessary, and dial the required number of degrees of turn. Allow time 
for the vehicl e t o complete i ts turn (rate of turn for lar ge turns i s 
10 to 60 degrees per minute as preset by TURN R,~TE adjustment) and again 
plot its course t o see if additional azL~uth correction is necessary. The 
course of the v0hicle must be continuously plottud and corrected and when 
the vehicle has approached the target to the diva point the dive command 
is sent by operating the dive switch' on the flight control box. The 
operation described above assumes only one vehicle to b~ under control. 
The channel coding of the command system makes it possible to control three 
vehicles simultaneously. The vehicles are l aW1ched successively and each 
of the three vehicles is set on a different command code. On the radar 
display the responses of all three vehicles ,vill appca.r the same. Control 
of th~ beacon response is the method used for identification. With the 
CODE SELECTOR switch set to Code 1 operate the BEACON switch and notice 
which missile respons0 is extinguished. Identify the vehicles on Code 
2 and Code 3 in the same manner. Take position readings, plot the courses, 
and determine t he azimuth corrections for each. When sending command 
signals to a vehicle the CODE SEIECTOR switch must be in the position cor­
r esponding to vehicle's code. ;~s each vehicle arrives at the dive point 
send t he dive command on the appropriate code. 
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