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DESTRUCTION NOTICE 
WHY-To prevent the eDelllY from using OJ: salvaging this equip. 

ment fOJ hi.!; b"",.fit. 

WHEN-OrJcrN by YOUl commander, or when you arc in imme· 
diate da.ogt'r of capture. 

HOW-L Smash_Use sledges, a.xes, hand-axes, pick.a.xe5, Ium· 
m..... ..........wbats ilea"" ronls uucks laoks etc. --. ~" , 'I • , • 

2. Cut.-Use ucs, hand-axes, mochete etC. 

3. Burn.-Use gasoline, kerosene, alcohol, oil, flamc.chtow. 
ecs, iocendiary grenades, etC. 

4. Explosives.-Usc firearms, grenades, TNT, etc. 
5. Disposal-Bury broken p ieces in slit trenches, fox·holes, 

other holes. Thow in streams, somer. 
6. USE ANYTHING IMMEDIATELY AVAILABLE FOR 

DESTRUCTION OF THIS EQUIPMENT. 
WHAT.-l. Smash.---Osc:illograph equipmem 1£·14·( · ): galva. 

nometer magnet with oscillograph units, spare oscillograph uniu, 
lamps, automatic camera, magazine, motor, lenses, mirrors, runiag 
fork, timing motor, coumer, dock, sockeu, terminals, lOp. sides, 
ends, bottOm. 
Control Board BD-85- ( · ): all meters, knobs, lerminals, keys, at­
tenuators. transformers, fuses, sockets, resistor, jack strip, panel, 
tOp, side, ends, bottom. 
Relay unit BK-9·( · ) : relays, rheostat, resistors, capacitor, cha5sis, 
housing. 
Switchboard 81..>·62-( · ) : pand, sockets, drops, keys, capacitors, 
resistors, jacks, fuses, relays, transformer, coils, top, back, ends, 
bo~. 

Other centIal station equipment: batteries, telephones, headsc ts, 
chest SC[5, $lIppon:ing frame, prorector housi ng and internal 35' 
$eIDbly, all test SCts, all 1001 setS, spare partS, photographic sup· 
plies, chest. 
Microphone T-21· ( . ) : microphone unit including condenscr 
head and plugs, tubes, relay, batteries, capacitors, resistors, sockets, 
cbassis, housing, shelter, Protector .AR4. 
Output Unit BE-51: meter, resistor, switch, case. 
Oulpost Connecting Box BE-71: terminals, capacitor, choke<oil, 

boz. 
2. Cul.-All cords, wires, tubing, bags, covers. 
3. Burn.- Pile up and burn all broken pieces, chests, bags, 

covers. wires, coros, circuit diagrams, instruction books. record· 
ing paper, photographic materials. 

4 . .E:a:plosives.-Usc any a:pJosives on parts not $ffi35hed. 
5. Disposal-Bury all broken pieces. Microphone stalioru 

can be buried in micropOODe hoi" , 
Dr, .1<. 

UNIVElII!T'I' Of {AlIfORNIA 



TM 11-#4 

SIGNAL CORPS 

Pip" 1.-$tM'iIJ RMlg;., S_ GR·3·C--f"MJM' ,,,,i,m,. 
41S",u,I,. 

Or'9",.lfrorn 
UNIVE~\lTY Of CALI fORNIA 



SOUND SET GR-l-I: 
SecUOD I 

DESCRIPTION 
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1. USE AND CHARACI ERlSTICS. 

> 
6 

II. Sound Ranging Set GR·3·C is designtd !O detect the: sound of 
utillery fire: or shell detOnation and record Ihe: difference: in arrival 
time of the sound wave at a maximum of eight microphone: Ioca· 
tions. The microphones may be pbced in variow geometrical COD­

figurations (line, arc, triangle:, space: array) at intervals up to a 
maximum of 2,000 yards, Either one: of twO outpOSts are located 
forward of the: array of microphones at a distance sulfiden! to in«'r­
cept the sound wave and star! opetations of the recording equip­
ment before the sound reaches the microphones. 

b. The signal delC,'([ed by each microphone is loca1ly amplified 
aod uansmined over wire lines to a central stalion where it is re· 
corded phOtoghaphically by an oscillograph. The record exhibits 
identifying characteristics of the sound waves and is used for read­
ing the differences in times of arrival of the same sound at the di f. 
ferent microphones. This is explained in detail in FM 6-120, Field 
Anillery Field Manual, The Obscrvadon Battalion. 

t. The weight'l of the individual chest'l when packed for trans· 
parution are as follows : 

Chili 
CH-40·( . ) 
CHM.( · ) 
CH4S·( · ) 
CH46-( · ) 
CH-47· ( · ) 
CH-48·( · ) 

W eiChl, plUlI~d 
20S Ibs. 

70 lbs. 
116 lbs. 

" ... 9> ... 
160 lbs. 

( . ) The IlStcfisk within parenthcsu denotes the applicable suE· 
flJ[ k ner. 

Q,i.v, . 1 ""'" 
UNIVElII!T'I' Of {AlIfORNIA 
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SOUND RANGING SE!T GR·3·C 

d. The set, as issued, does not include necessary fidd wire:, 
battery charger, or tralUportation «tuipment. Spare pans. acces­
sories, and supplies sufficient for operation during normal supply 
intervals are included. The complete «tuipmem, including packed 
chests ready for transport, and all aultiliary equipment, weighs ap­
proltimateiy 2,600 pounds and displaces approximateiy 60 cubic 
f=. 

e. References made to type numbers. followed by pareoth~ 
( .) , will be understood to cover iDterchangeable components as 
follows: 

Rlfer",c, 

Chest CH-40- ( . ) 

Chest CHM· ( . ) 
Olest CH-45· ( · ) 

Chest CH 46· ( • ) 

ChestCH-47-( · ) 

Olest CH-48· ( . ) 

Control Board BO·85· ( . ) 

Handset 1'5·9- ( . ) 

Microphone T-21- C· ) 

Oscillograph Equipment 
1E-14-(· ) 

Relay Uoir BK·9· ( . ) 

Swirchboard 80·62- ( . ) 

Telephone EE·8- C· ) 
Test Set EE·65-( · ) 

InclMthl 
Chests CH40-B and CH40-C 

Olests CHM·A and CH44·C 

Chests CH45·A and CH45-C 

Chests CH46-A and CH46-C 

Chem CH47·A and CH47-C 

Chem CH-48-A aod CH48-C 

Control Boards BO·85-A and 
80-85-C 

Handsets TS·9·A through 1'5-9-Q 

Microphones T·21-B and T-21-C 

Oscillograph Equipmenu lE-14 
and IE-14-C. 

Rday Units BK-9 and BK·9·C 

Switchboards BO·62-B and 
BO·62·C 

Telephones EE-8-A and EE-8-B 

Test Sets EE-65-A through 
EE.65·D 

2. MAJOR COMPONENTS. 

The major components of Sound Ranging Set GR-3-C are as 
follows : 

Oscillograph Equipment 
IE.14-( · ) 

Control Board BO·85- ( . ) 

Din'll,uions 
( in inch,s) 

19 x II x 36\.l 

12\.l x 8M x 32.)i 

Dr, .1<. 
UNIVElII!T'I' Of {AlIfORNIA 
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SOUND RANGING SIT GR-j-C 

Dinunuon$ 
(in inch,/) 

Switchboard BD-62-( - ) 8~ x 8 3,4 J: 32ti! 

Relay Unit BK-9- ( - ) 
(includes one spare) 4~ x 8 x 4~ 

Protector AR·8 16 x 12 diam. 

Micropbone T-21. ' - ) 16 x 6 diam. 

Microphone Shelters BE-66-A 21 diam. 

Protector AR-4 7~ x 3~ x 3 

Bag (for microphone ) 00-97 18x~J:2 

Outpost Unit BE-H 2~ x 314 :.: 7 

Outpost Connecting Do:.: BE-71 41hx2xl1,1 

Telephones EE·8·( - ) 31,1 x 7r. :.: 91,.7 

Tool Set TE-6 6 cu. ft. 

Tool Equipment TE-37 4 x 2 diam. 

Test Set EE-6~·( · ). (See note) 8x 1Ox6 

Test Set I-~6-C II x 131,1 x 91,1 

Chest CH-40.( · ) II x 251/.1 x 471,1 

Chest CH-44-( - ) IPA x 141,1 x 25~ 

Chest CH-45-( - ) 131/.1 x 1~~ x 481,1 

Chest CH-46- ( . ) 1314 x 121,1 x 361,1 

Chest CH-47-( - ) 1 6~ x 121/.1 :.: 381A 

Chest CH-48·( · ) 17M! x 143,4 x 431/.1 

Chest BC·~ 28Yf1 x 18H! :.: 12 

Cover ( for oscillograph assem-
bly) 00-74 18:.: 18:.:4 

TM 11-444 
Plrr.2·j 

Uml Wlighl 
(fJOMntJ/) 

27.4 

6 

13 

" 4 

I 

I 

6 

I 

4 

108 

.7> 

14 

26 

" 46 

" 14 

31 

53 

" 
8.' 

Note: Test SetS EE-65 ·A (3F406~A) through EE·6~·D OF· 
40650 ) may be issued. 

l PACKING OF MAJOR COMPONENTS. 

All units of the equipmem can be packed in chests for conven· 
ient transportation so that ordinary handling will not affect pet· 

9 
Or, .1<. 
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formance. Chest BC·5 is used for general purposes. The Other chests 
(figs. 5 and 6) are used specifically as follows : 

a. Chest QI.4Q.(.) 

Microphones T-21 ·( · ) 

b. Chest CH.44-(.) 

r..m", 

Tu"" 
Miscellaneous ~ items 

c. Chest CH-45·(*) 

Relay Unit BK·9·( · ) (spare) 

Framework of Oscillognph Equipment IE· 14·( · ) 

Magazines, fixing tray, and roller 

d. Chest CH-46-(·) 

Switchboard BD.62. ( · ) 

e. Chest CH-47-(*) 

Control Board BD·85· ( . ) 

Rday BK·9·(·) 

f. Chest CH-48·(*) 

Oscillograph Equipment IE·14· ( · ). less framework 

4. DESCRIPTION OF CENTRAL STATION EQUIPMENT. 

a. General. 

The central sution equipment includes the following: 

( I ) Recording equipment assembly 

(2) Testing equipment 

(3) Tools" 

(4) PhotOgraphic supplies 

(5) Batteries and spare partS 

( 6) Packing equipment 

( 7) Protector AR·8 

(8) Cord CD·250·A 

Q,i.v, . 1 ""'" 
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SOUND RANGING S"-7 GR·]·C 

b. Recording Equipment Assembly. 

TM lI444 
P.,..4 

The recording equipment (fig. I) (onsists of Ihl' following major 
(OmponeDtS: 

Oscillograph Equipml'nl 1£·1 4·( - ), with Oscillograph Units 
M-I66-A 

Control Board B0-85- ( - ) 

Switchboard BO-62- ( - ) 

Relay Unit BK·9- ( - ) 

(1) Osillograph Equipml'm IE-14-( - ) iooudl's the frame­
work and equipml'n! moumed on its upper portion (figs. 2 and 3 ). 
This equipment (onsisls of Ihl' timing unit, thl' galvanometl'r mag­
net, thl' identifkation panel, suiuble lamps and optical systl'm, thl' 
automati( =n. with maguine, thl' fixing tray, and (overs to pre­
vent entrance of Stray light. An operating panel is located on the 
lower front pan of the equipmem. 

(2 ) Oscillograph Units M·166-A (fig. 4) are designed co fil 
into the galvanometer magnet of Oscillograph Equipment lE-14· 
( . ). Eight are in use and eight are scored in a box moumed on the 
left end of the table lOp. Electrical connection to Oscillograpb Equip. 
mem lE-14-( - ) is made with Cords C0-475. 

(3) Control Board BO·85-(· ) (figs. 1 and 14) is hou~ in a 
metal (ase with the oontrol panel formi ng the fronl. This unit IS 
mounted in the middle parI of Ihe OKil!ograph assembly. 

(4) Switchboard 80-62.( · ) (figs. 1 and 12 ) is housed LO a 
metal case with the operaling panel forming the from. This unit is 
mounted below Control Board Bo-85·( · ) in the assembly. 

( 5) Connection is made between Comrol Board Bo-85-( · ) 
and OsciUograph Equipmem lE·4- ( · ) with one Cord CO-443 and 
twO Cords CO-444. These (onsis! of multiple ronduccor cordage 
terminated with suitable plugs. Connection is made between Con­
(tal Board BO·85 · ( . ) and SwiKhboard 80-62- ( . ) with jumper 
wires (onnecting (orresponding binding post terminals for the pow­
er drcuirs, and with Cords CO-428 for the miaophone and OUtp061 
lines. These cords consist of two·conductor cordage terminated with 
suimble plugs to permil an easy rl'versa! of polarity. Binding postS 
paraUeling the plug SOCkeTS in Control Board BD-85- ( . ) and 
SwiKhboard BO-62- ( . ) are for emergency lISe. 

13 
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TM 11444 
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(6) Relay Unit BK_9_(IO ) (fig. 14) fitS into the left end of 
Control Board BD-8~- ( 10) . and is .ccessible through an opening in 
the control-box housing. 

c. Testing Equipment. 

The testing equipment consists of the following : 

(1) Test Set EE-6~-(·) is designed for testing and loating 
trouble on magneto telephonco linC'S and equipmcont. (This tC'st SCOt is 
covcorC'd in TMII-361.) 

(2) Test Set 1-56-C is 11 universal radio servicing set consisting 
of a radio set analyzcor, OUtpUt IllC'tcor, voltohmmcotcor, lIlld tube" check­
er. Power supply for the tube" ch«kcor is obtained from a 110·120· 
volt, 6O-cydco, a-c linco. A pamphlet of instructions is supplied with 
this tC'S{ set. 

(3) Photographer's Thcormometcor PH·28 is usC'd to check thco 
tcomperaturco of photographic chemica.l solutions. 

(4) ChC'St CH-40-( · ) (fig. 5) is a combined cru:rying chcost 
for Microphones T-21- ( · ) and a testing chamber to check the 
operation of the complcote sound r«ording channC'ls. The: micro­
phonco compartmCOnt is ail. tight. At ooco cond oE thco chest and con­
nected to the microphone compartment is a pistonphone which pro­
vidC'S a uniform SillU50idal variation in pressurco ovcor thco frequency 
rangco necessary to dcotcorminco thco ovcor-all response characteristic of 
each channel 

(5) The battcory tC'Stcor permits the rcoading of the voltagco of 
coach storage battcory cell under load, and givC'S an indication of the 
intcornal condition of thco battcory. 

d. Tools. 

Thco tools consist of Clamp MM-7 (for use in rcoplacing micro· 
phonco diaphragms), a Soldcoring Iron n ·B9, Tool Set TE-6, and 
Tool Equipment TE-37. See list of Replaceable Pans (par. 38). 

e. Photographic Supplies. 

!he photographic suppliC'S arco given in the parts list, para­
graph 39. 

f. Batteries. 

The baneriC'S in use, Ihe spare batteries, and spare pan s are given 
in the list of componentS (par. 39) . 

Q,i.v, . 1 ""'" 
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SOUND RIINGING SlIT GR·J·C 

g. Packing Equipment. 

TM 11-444 
PM'. 4-6 

The paclLing equipment consists of the chests given in the list of 
components and shown in figures 5 and 6. They are made of wood 

and have hinged covers secured by rugged damps. Each chest is 
provided with carrying handles. 

h . ProtectOt. 

Prouxtor AR·8 (fig. 7), normally iostalled at the line terminal, 
is an assembly of fuses and spark.gap blocks mQUOIed in a round 
galvanized iron case. 

i. Cord CD·250-A. 

Cord CD-250·A (lig. 7 is used to connect the incoming termi· 
nals of Switchboard BD.62. (·) to Protector AR-8. The bakelite 
plug at one end of Cord CD·250·A fits intO Protector AR·S. This 
permits quick conne(tion of the incoming lines to the recording 
equipment assembly (fig. 1) . 

5. DESCRIPTION OF MICROPHONE EQUIPMENT. 

Each microphone equipment coosists of one Microphone T· 
21- ( • ), one Insulating Bag BG-97 ( fig. 8), one Microphone Shel· 
ter BE·66-'\ (fig. 9), and one Protector AR-4. The microphone 
is of the condenser type. A cylindrical metal case about 14 inches 
long and 6 inches in diameter, with a carrying handle, is part of 
this microphone. The microphone is inclosed in Bag BG-97 to pre· 
vent earth grounding of the microphone case. The microphone 
shelter is made of metal and canvas, and is about 20 inches in 
diameter. It has twO insulating spring hooks on which to hang the 
microphone. Protector AR-4 has twO fuses mouOled in a small metal 
conralller. 

6. DESCRIPTION OF OUTPOST EQUIPMENT. 

Each OUtpost equipment consits of one Outpost Unil BE·~I, one 
Outpost Connecting Box BE.7l, and normally, one Telephone 
EE-8· ( . ). These items are shown in figure to. The OUtpost unit 

. consists of a milliammeter and push switch mounTed in a leather 
case with a carrying strap. T he outpOSt connecting box is a small 
uni t that can be snapped on the telephone carrying strap. It con· 
ne(ts the outpost unit and telepoone to the line. 
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SOUND RANGING SEl' GR·J·C 

Section D 

INSTALLA nON AND OPERA nON 

Inidal procedure 

InstaUation 

Cords . . 

BaTteries 

.. 

Fuses, vacuum tubes, and lamps 

SwilChboard BO·62· ( . ) 

Control Board BD·85·( · ) 

()s(:ilJugraph Equipment lE· 14· ( . ) 

Relay Unil BK-9-( * ) 

PrOlecmr AR-8 

Microphone equipment 

Q UCPOSI equipmem 

Preliminary over-all te$rs 

Operalion . 

. . . . . . 

7_ INITIAL PROCEDURE. 

.. 

Paragraph 
7 

8 

9 
10 

II 
12 

1 3 
14 

15 

16 

17 

18 

19 
20 

Take care in unpacking and handling th is equipment. Check the 
ilems given in the pans list, (paragraph 39). 

8. INSTALLATION. 

Assemb:e the recording equipment as illustrated in figure 1, using 
the wing nuts provided for me purpose. If the Central stadon is • 
[ruck or a trailer, bolt the oscillograph assembly to the floor of the 
vehicle. If the central station is to be a casemate, a dugout, or a 
bbor:uury, bolt the recording equipment assembly to a planking. 
T his planking either should be sufficiently wide, or should be se· 
cured to the flooring, to prevent the assembly from ripping over. 
PrOtect rhe recording eqUIpment assembly from dust by Cover 
BG-74 (fig. 6 ), when nOt 10 use. 

9. CORDS. 

Tesr all cords for shorts or breaks before installation. Cords 
Ce-66 and CC-67 are used to switch or patch connections on Switch-

19 
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board B0-62· ( .) . Cords CO·38 are stonge battery connectors. 
Cords CO·50·A connect the required storage battery taps to Con· 
trol Board BO-85· ( . ). One Cord CO·433 and twO Cords CD-444 
connect Control Board BO·85· ( .) to Oscillograph Equipmem 
IE· 14· ( . ) . Cords CD-428 connect the microphone and OUtpost cir· 
cuitS of Switchboard BO·62· ( . ) ro Control Board BO·85· ( . ). 
Power connections between these twO unitS are made with hook-up 
wire. Cord CO·250·A connects Switchboard BO·62· ( · ) to Pro· 
tector AR·8. One length of two<onduCtor cordage connectS the 90· 
vol t dry cell battery to Control Board Bo·85·( ·) . Cords CO·439 
and Cords C0-438 are 20 feet in length. They are similar ro Cords 
COM3 and Cords CD·444, resp«civeiy, and are used when the 
sound ranging equipmem is set up with the major components dis· 
posed at a distance from each other, or in emergencies, as replace. 
ments for Cords CoM3 and CO·444. 

to. BAllERlES. 

a. Storage Batteries. 

Connect si:'C Batleries BB·29 in series, by means of Cords CO·38, 
to form a 24·vo[t station battery. Connect one Battery BB·29 and a 
single cell of another Banery BB·29 in series by means 9£ a Cord 
CO·38 to give G volts for the tecorJing lamp. Rotate all batteries, 
including spares, perioJically, to maintain the same state of charge. 
For charging, connect baneries in 32·vo[t banks. Ascertain the state 
o f charge of each cell by means of a sp«ific gravity test, using a 
hydrometer. Determine the internal condition of each cell of each 
battery by means of a load test with the cell tester. 

CAUTlON.-OON'T USE THE CELL TESTER DURING 
AND IMMEDIATELY AFTER CHARGING WHEN THE 
HAL IERY IS GASSING. A SPARK MAY IGNlTE THE 
HYDROGEN GAS. BE SURE TO CHARGE BA l'lERlES IN 
A WEll VENTILATED PLACE AND BE SURE TO RE· 
MOVE VENT CAPS. 

b. Dry Cell Batteries. 

Two Batteries BA·26, connected in series, form the 9O.volt sup· 
ply of Comrol Board BO·85·(·). One Battery BA·28 and four 
Batteries BA·30 are used in each Microphone T·21·(· ) to supply 
the output·tube .. C'. voltage and the filament curtenr, respectively. 

Q,i.v, . 1 ""'" 
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Batteries BA-30 must be installed upside down In the cylindrical 
holders of Microphone T -2I - ( - ) . 

11 . FUSES, VAaJUM TUBES, AND LAMPS 

•. Pwes. 

Insert the fuses in Conuol Board BO-85-( - ) and in Switchboard 
80-62-( - ) as iftdicated in the circuit diagrams, figures B aoo 15. 

b. Vacuum Tubes. 

Check the vacuum tubes for filament open and for plate or grid 
short circuits, before inserting them in Microphones T·21- ( - ). 

c. I.amps. 

( I ) Inspect the lamps before insertion in Oscillograph Equip. 
ment IE-14-( - ). The recording lamp, L=1p LM-40, is a straight. 
filament. 4.2-volt lamp. The identification lamps and the time lamp 
are Lamps LM-30. 

(2) Make connection to the stud of the time lamp by means 
of a shott jumper wire, soldered in place. 

12. SWITCHBOARD 80-62-(·). 

a. Drops. 

Adjust the tension of the drop. retaining springs so that the drops 
are easily operated by the ringing of Telephone EE-8- ( . ) through 
a 10,OOO-ohm resistance. The drops of the microphone and auxil· 
iary circuits should also operate when the O.5-uf caplcitor is in tro­
duced in the drop circuir by placing the corresponding keys in the 
upward position. Check to see that the operation of aU drops places 
a ground on the alarm circuit. 

b. Ringing Circuit. 

The ringing is effected by me:ulS of twO mutually interrupting 
relays which operate from the 24-volt battery at the rare of 16 to 22 
interruptions per second. This rate should be maintained. Re8\llate 
it by varying the tension of the relay spring with the tools furn ished 
in Tool Equipment TE·37. Also, take care that the ri nging relay 
( that is, the relay which connects twO taps of the ringing trans· 
former alternately to the 24-voh supply) is in the operated position 
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abour rhe same length of rime that it is in the non-operated position. 
This ca..n be checft.d visually, when the relays are operating, by ob· 
serving the relative brightness of the moVllble springs as they ap· 
pear Stationary in both positions at once. 

13. CONTROL BOARD 8D·8S·(-). 

See paragraphs 9", 9b, "nd 9& for cord connections, baueries, 
and fuses, respectively, for Control Board BO-8S- ( . ). 

14. OSCIllOGRAPH EQUIPMENT lE-14-(- ). 

a. Optical Symm. 

The optical system for Oscillograph Unit M·l66-A consim of 
the recording lamp, the lens on the face of (he oscillograph unit , 
the mirror on {he suspension, and the cylindrica1lens on the camera, 
The length of the optical path between the recording lamp and the 
photographic paper is fixed. Adjust Ihe position of the cylindrical 
lens by rurning the lens mounting screws at the front of the camera. 
This position, however, is critical, has been accurately set, and should 
not require readjustment. To gain access to the lens for cleaning, 
lossen the froOT plate locking screw and drop the plate forward. 

b. Recording 'amp. 

The recording lamp has a base of the pre-focus ()'pe to insure that 
the lamp will remain firmly in position and that a new filament will 
occupy, within very close limits, the same position as the old fila­
ment when a recording lamp is replaced. To insure good photo· 
graphic records of the filament crace, make th~ three adjustments 
on the recording lamp mount: 

( I ) First loosen the locking nut and rOtate the lamp socket. 
Roution is on a longtiudinal axis passing through the filament, so 
that the position of the filament is not changed. Rotation selects 
thllt position of the lamp which eliminates secondary light sources, 
and thus prevents the formation of ghost imllges on the phorographic 
paper. 

(2) The lamp may be rotated on an axis at right angles to and 
passing through the centu of the filament. This makes it possible 
to adjust the filament accurately to the venical position neces!lary to 
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obtain thin sharp traces on the r«Ord. Ol«k the adjustment by 
viewing the points of light on the phooognphic Inpef through the 
peep. hole provided in front of the camera. The best adjustment 
is attained when these points are as small as possible. 

(3) The venical translation of the lamp is done by operating a 
rack and pinion arrangement at the left of the r«Ording lamp hous­
ing. This provides for rapid venical adjustment of the group of 
light images with respect to the camera lens and the viewing mirror, 
by changing the angles of incidence and reflection of the light beam 
af the mirror of the oscillograph unit. 

c. Oscillogn.pb Unit M-I66-A. 

(I) Eight of these units are assembled in a common galvanom­
erer magnet (fig. 4 ), and each is connected to a sound channel by 
a Cord CD·475. The assembly is permanently mounted on Oscillo­
graph Euipment IE-14-(· ). Do not remove the individual elements 
except for replacement of mirror adjustment. Keep the lens, mount­
ed at the from of each oscillograph unit, free from dust. 

(2) The position of the galvanometer assembly is permanently 
fixed to give properly focused images at the photographic paper. 
All images should be equally spaced, sharp, in the proper order, and 
of approximately the same length. The vertical positions should be 
the same within M! inch. About one-third of each image should fall 
on the viewing screen, the other two-th irds should be projected 
on the recording lens of the camera. The positions of the viewing 
screen and the elonga~ mirror are so adjusced that when sharp 
and properly spaced images are formed on the viewing screen, 
sharp and properly spaced lines will also be made on the record. 
However, if this is not the case, readjust the elongated mirror and 
the viewing screen to their normally correct positions. 

(3) Routine adjustment has been provided only for the spacing 
of the images by rotation of the suspension. To do th is rurn the 
slotted pin at the tOp of the element with a screw driver. Adjusunent 
of the vertical position should ordinarily not be necessary because 
th .. oscillograph units, as supplied, are properly aged and adjusted. 
However, should readjustment be necessary, as when a unit requires 
replacement, carefully bend the mirror support so that the venical 
tilt of the mirror is changed. Proceed as follows : 

( d) . Disconnect Cord CD--4n. 
(b). Loosen the three thnrnhscrews holding tOgether the gal. 

vanometer assembly. 
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(e). Insen the tip of a screw driver in the space between the 
unit and the magnet at the tnt of the assembly and pry that end 
of the unit loose from the magnet. W ith th is end free from contact 
with the magnet, pry the front end loose with the screw driver. The 
unit may then be removed from the assembly. 

NOTE.-When making adjuStment for vertical position. it 
is advisable to remove only o ne oscillograph u nit at a time 
from the assembly. Replace each adjUSted unit before an other 
is remo,'ed. As many as four unitS may be removed at anyone 
time. Should it become necessary to remove more than four 
unitS, first place a soft iron keeper across the magnet to pre­
vent partial demag neti:tation. 

(d). Remo,'e the dusr cover, and place the unit on the pins at 

rhe side of the magnet. The unit is now in line with the Other units 
in the assembly. 

( 10). Rmate the recording lamp housing until light falls upon 
the mirror of the unit. Rotate the suspension until the image is very 
close to the other images. The unit is now re:l.Jy for adjustment. 
With a pair of brass twee:z:ers, grasp the mirror suppon carefully. 
and bend until the IiI! of the mirror is such that the reflected image 
is vertically in line with the others. Remove rhe unit from the pins, 
replace the dust cover, and install the unit in the galvanometer as· 

sembly. Reset the record ing lamp cover to irs normal position, and 
rotate the suspension of the uni! umil its ima,!1e is pro]X'rl)' SPJced 
with respect to the others. 

(f). II diust the tension on the suspension with the small screw 
at the bonum of the unit. Turning (he screw to the right increa<;es 
the [ension by srretching the small cllil spring [0 which the lower 
suspension of the moving system is attached. Tensi () n ,hould be [he 
minimum required for stability, I.e., just enough to keep the moving 
system from "swaying" when the O$Cillograph assembly is gend y 
rocked. 

d. Timing Unit. 

(I) . Tuning Fork.-Adjust the roning fork driving contact so 
thar (he unit is self-starting when the circuit is closed afte r the 
lUning fork comes to a complete test. The time motor drivi()g con­
taCt must be barely open when the tuning fork is at rest. With 
these ad justments the frequency of the runing fork win be 100 cycl~ 
per second. to within 1 part in 2.000. 
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(2). Tjm~ l4mp.-Adjust the position of the rime lamp and 
reflecting mirror 50 that the light from the time lamp passing 
through the largest slot of the time wheel falls squarely on the 
recording lens of Ihe camera. 

(3) .. Tjm~ Wh~~l.-Adjust the time wheel and the two·spoke 
wheel so thac once in every 10 revolutions of the time wheel the 
large spoke of the two.spoke wheel obliterateS all light that other· 
wise would pass through the largest slot of the time wheel, without 
obli~rating Ihe light that passes through the twO adjacent small 
slots. Adjust the length of the small spoke of the two.spoke wheel 
so that once every 10 revolutions of the time wheel one·half of the 
largest slot in the time wheel is in shadow, and the light thar other· 
wise would pass through this part of the slot is obliterated. The 
time wheel is not self·starting and should be started by turning the 
starring knob to the dght. 

e. Identirication Panel. 

(1). Generaf.-The identification pam·1 consists of the counter 
and the dock. The dock is of the S.dar type stem·wind and stem· 
set. The face has a 24·houT dial. Oos!" the cover during non·operat· 
ing periods 10 prevent Ihe entrance of dust. tlluminalion for pho. 
tographing is provided by four Lamps LM·30. 

(2). Identifie4/irm mirror lind lens.--CIean the identification 
mirror and lens wi th ether and soft cotton. They should be so ad· 
justed that a complete. sharp image of the identi fication pand is 
projected on the recording paper. In making this adjustment, the 
image of the identification pand may be OWTYN on a shorr strip 
of recording paper inserted in the top parr of the camera. 

f. Camera. 

( I ). />f01or.-The camera motor is of the governed type. The 
governor is mounted at one end of the motor shaft and the speed 
of the motor is controlled by rotating the governor head. Rotating 
to the right dtcre4Jtl the motor speed. Adjust the motor speed so 
that rhe linear speed of the film is approximately 6 inches per 
second. 

(2) . Feed rollers 4nd cUItN.-Make cerrain that the cutter is 
free of ~ny paper that may have accumulated in the knurling of the 
roller. W hen the cutter is in the released position, the fixed f«d 
roller should rake a firm grip on the recording paper. In rhe oper· 

Q,i.v, .1 ""'" 
UNIVElII!T'I' Of {AlIfORNIA 



SOUND RANGING SIT GR·.l ·C 

TMJI-444 
P4T. 14 

ated position of the cutter, the idle roller should clear the record­
ing paper, and, on release: of the cutter, should not engage the paper 
before the movable slOt: with the movable cutting blade has cleared 
the fixed cutting blade, The CUtter should operate cleanly and 
crisply. If failure occurs, insrnll a complete new cutter assembly. 
A spare feed roller is furnished with each Sound Ranging Set 
GR-}-C. The backstop of the cutter and the position of the solenoid 
relative to its plunger may be adjusted. These adjustments may be 
made by removing the protecting cover on the from side of the 
~,~ 

(3). De1Jtlopi"g foll".-The re(ording paper should be firm­
ly MId symmetrically held by both edges of the developing roller. 
If ,the developing roUer appears to be unsymmetrically locat~ with 
respect to the feed mechanism, its position on the shaft may be 
shifted. To do this, remove the side wall of the camera and loosen 
the set screw. 

(4) . Pick-lip mech41lism.-The ends of the two teeth of the 
pick.up scoop should be well below the surface of the developing 
roller, and should clear all sides of the grooves of the developing 
roller in which they are located. 

(~). Light rhield.-The light shield that fits oyer the exit of 
the camera and the fixing tray, should be in place during record· 
ing to prevem fogging of the record by stray light. 

(6). Devtlopiftg t,ay.- Insert the robber stopper, with the 
robber rubing connected to the funnel serurely in the drain hole 
of the developing tray, before fill ing the tray with the developing 
solution. The maximum which the tray can hold safely is 12 ounces. 
The level of the developing solution should always be kept betwt'en 
Ih and I inch from the top of the tray. 

(7). Developing solution and heatefS.-(,,) The developing 
soludon is made up of three parts of "A~ solution and one part of 
"B" solution {Table O. The "A" and "B" solutions may be pre­
pared in advance, but should not be mixed until jllSt before using. 

(b) This developer works beSt at temperarures of 65°F, and 
higher. The solution should not be allowed to go below 60°F. A 
heater is provided under the developing tray to keep fhe developer 
at a favorable working temperarure in cold weather. Anorher heater 
is provided near the camera lens to prevent fogging of the lens 
when the developing solution is heared. 
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DEVELOPING SOLUTIONS 

"A" SOLUTION 
CompOnnJI 

- "Elan" (puamethy1&m.i.no· 
phenol sulfate ) 

Sodium sulfite 

Hydroquinone 

ParlI by 
w~jgb/ 

1. 

20 

l 

SIIgg~sud mix- -
38 grams 
(or 1!1 Oz.) 

756 grams 
(or lib. 10~ oz. ) 

114 grams 
(or 4 Oz.) 

Water 300 3 gal. 
- ·pur up under trade names of "Mecol," "Picrol," and "Pho-

rol" 
.. 1 oz. 437.5 grains= 28.4 grams. 

1 gal. of water= 8!1 lb. avoirdupois. 

Com(! ont1ll 
Sodium hydcoxide 

"8" SOLUTION 
Partl by 
. weight 

l 

100 

SuggtJud mIx ' 
189 grams 
(or 6~ oz.) 

1. .,1 
CAUTION.-Sodium hydroxide and iu solution is a 

strong caustic. Do nOt allow it to touch the skin or eyes, 
as it will cau5t' 5t'vere burm. It will also destroy dothing. 
When preparing the solutio n, use cold water, add the 
sodium hydroxide slowly, a nd stir the solution continu­
ously, as heat is evolved. 

«(l. The formula given has been proved satisfactory, but de­
partures from it may be made by experienced personnel, if other 
formulas arc found more advantageous. Use of other formulas will 
depend upon such considerations as: lcmperaturc, appearance of the 
finished ft<:ords, preservation of the rt<:o rds, etc. 

(R) Fixing 101ll/jQn.-The formula in Tablc II is recommended 
for thc fix ing solution. This solution should be used in the fixing 
[ray wi th a dash of acctic acid 10 StOp developmcnt immedia tely and 
prevent fogging of the record when it becomcs exposed to light as 
i[ emerges from [he fixing tray. Thc paper is then only partially 
fixed and should be allowed [0 slay for a fcw mOte SC«Inds in the 
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hypo [dnk attached to [he lible tOP behind the C:lffiC:ra. Have ~ 

bud::e! of water available for washing me (Omplefl:·d r"'Olds. The 
film drier is use<.l [0 squeeze excess water from the record. If time 
i5 a mruideration, wme alcohol may be used to rinse rhe finished 
records in order to hasten drying. If records ~e to be kept for some 
lime, re·immerse them in a fixing wlution for approximately 10 
minutes, then immerse in water for approximately 20 minotes. 

FI XING SOLUTION 
P d'lJ by 
fl"eigm Componelll 

Sodi um thiosulfate ( hypo ) 8 

Ammonium chloride I 

'0 
• I ot.. 137.5 gWDs= 28.4 grams. 
• I 0l..= 437.) grains= 28.4 grams. 

I gal. of water= 8\.-, lb. avoirdupois. 

15. RELAY UNIT BK-9·( · ). 

SlIggeJ It'd mix· 
4H6 grams 
(or 10 Ih.) 
)57 grams 
(or 1 lb. 3-h uz.) 
3 gal. 

d . After it has bttn a~":rtained thaI lhe recording system func· 
tions properly, test Relay Unit BK·9·( · ) ei ther by closing [he OUt· 
po$t circuir or by plaCing the rest ke)" of Control Board BD·85·( · ) 
on OVER·ALL TEST. When the OU!poSI circui t is usetl. first dll;<:k 

Ihe outp:>St relay. 

b. The proper sequence of upera tions l:ontroUed by Relay Uni t 
BK·9·( · ) between the closing and opening of the OUlpost circuil. 
is as follows : (check these uperations against the wiring diagrams 
uf Relay Unit BK-9- ( · ) ( fig. 16), Control Board BO·85· ( · ) (fig. 
19), ~nd OsI;:illograph Equipment lE·14· ( · ) (fig. 17) ). 

( I ) Outp:>St Relay AQA·l operales quickly. 
(2) It ground is placed on the control-board alarm cireuit. 
0 ) The counter of the identi ficalion panel operates 
( 4 ! Staning relay AQA-2 operates quickly. 
0 ) The cumr solenoid circuit is broken. ( It is alteady open 

a.t me ··make"" springs of relay ASO·6.) 
( 6) The identification lamps are rurned on. and the expo:o;urc 

of the identification photoguphs begins. 
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(7) Voltage is supplied 10 the microphone circuits. 
(8) Vibratw8 reed relay AVR-} is energizai and operates 

quidly. 
(9) Motor relay A5O-4 is energized wd operates after a delay 

of .1 to .} second 
( iO) The identifiution lamps are r:urned off, thereby terminat­

ing the exposure of the identification photograph.. 
( 11 ) The camera mOtor starts. 
(12) Weighted spriog relay AWS·} is energiz.ed and its arma­

cure pulls up quickly. 
(B) After the vibrations of the weiglned spring of relay A WS­

} have died dowo, in about 1 second, lamp relay A$O-6 operates. 
(14) The cutter solenoid circuit doses at this point, but is still 

open at relay AQA-2_ 
(I}) The ti.r:ne lamp (24 volu) and the recording lamp (6 

volts ) are r:urned on. 
(16) From this time on, the recording operation takes place 

until the OUtpost circuit is opened. 
c. When the outpost circuit is opened, the following sequelKe 

of operadons takes place: 
( I) OutpoSt relay AQA-I is de-energized and releases quickly_ 
( 2 ) The conuol board alarm circuit is opened. 
(}) The COUnter relay is de-energiwi and releases. 
(4) Starting relay AQA-2 is de-energized and releases quickly_ 
(5) The cutter solenoid circuit is dosed and the cutter operates. 
(6) The microphone circuits are switched from the 90-voit 

banery to ground_ 
(7) Vibrating reed relay AVR-} is de-energized and iu re­

leased vibrating reed keeps motor relay A5O-4 operating for a 
few seconds. 

(8) Motor relay ASO-4 is de·energized and releases. 
(9) The camera motor Stops. 
(10) Weighted spdng relay A WS-5 is de-energized and releases 

quickly. 
(I I ) 
(I2) 

leases. 

Lamp relay A5O-6 is de.energized and releases. 
The cutter solenoid circuit is opened and the cutter re-

(B) The time and recording lamps are turned off. 
d. If Relay Unit BK-9- ( . ) does not function properly hecau5e 

of relays' operating or releasing tOO quickly or tOO slowly, or be­
cause of damaged COntacts, use the tools of Tool Equipment TE-37 
to adjust the relay spring tension or to dean the contacts. Take cate 
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to adjuSt the teruion of the movable relay spr ings. To do this, bend 
the springs neu the base and foilow through wiLh the tool up to the 
spring comacr to give the spr ing a distributed tensioning. The qual­
ity of the work done can always be gauged from the straighmcss 
of the aJjusll"d spring, along its edge. This work should normally 
be performed by someone who has received proper training in relay 
adjustment and cue. 

e. When molO! relay ASQ·4 is adjustcJ, the relay should be 
energized strongly enough 10 operate the twO break comaCt springs 
and the three make contaCt springs. The time delay of motor relay 
ASO-4 may also be adjusted by means of rhe 200·onm rheostat 
mounted on the relay mounting base. This adjustment may be 
changed from time to time to take (;ue of vuiations in the 24-volt 
supply or in the effectiveness of the developing solution in develop­
ing the identification photograph. 

f. The time delay of lamp relay ASO-6 in combinatioa with 
weighted spring relay A WS·5 should be JUSt sufficient to allow the 
identif ication photograph to pass by the recordiog lens of the cam· 
era. The extent of the deb)' is related to the position of the outpoSt 
with respect to the first microphone reached by the gun report. 

g. Adjust vibrating reed relay AVR·3 to allow sufficient time 
for the record to leave the camera before the camera motor StOps. 

h. Make all these adjustments with Relay Unit BK-9· ( · ) in 
an upright position-its normal position when ptoperly mounted in 
Control Board BD·85· ( e ). 

16. PROTEcrOR },.R·S. 

Protector AR·!j (onstitutes the terminal part of the line innalla· 
tion and should be located on a pole or on a tree, if possible. Make 
(errain that its fuses and spark-gap blocks are in good order. Each 
fuse should show a dosed ci rcuit and each spark.gap an open ci r· 
cuit when tesled with an ohmmeter. 

17. l\-UCROPHONE EQUIPMENT. 

a. Microphone T -2l-("'). 

T est each Microphone T-21-( - ) before and after it is inscalled 
on the field array. To le~t before installation, proceed as follows: 

( I ) Connect the microphone, equipped' with tubes and batteries, 
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to the oscillograph assembly wough the switchboard and (omrol 
board, in place of one of the incoming lines. 

(2) With the test key of Comrol Board BD·as· ( . ) placed on 
ORCUlT TEST, the milliammeters should each read approximately 
4 mill iamperes. If the polarity of the connection between micro· 
phone and control boMJ is incorrect, the milliammeter will read 
approximately 2 milliamperes. 

(3) The polarity is comxred by reversing the hammer·hem 
plug of Cord CD428. ' 

( <1 ) When a gus: of air is produced near rhe outside plug of 
the microphone, the control board milliammeter of the circuit used 
oscillates over 1 or 2 milliamperes while the corresponding record· 
ing light image oscillates more or bs violently (depending upon 
the potentiometer setting) . Both milliammeter and light image 
should be very quiet whenever lhe holes in the outside plug of the 
microphone are kept dosed.. 

(5) Repeat the (est outlined above after the microphone has 
been insnilled. 

(6) Co·ordination between the oscillograph operator and the 
installation crew is made by telephone communication over the 
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microphone line. If the recording equipment assembly is not avail· 
able for this test, the 5·milliampere scale of the voltohmmeter may 
be used in place of the milliamme{cc of Controllkl.lrd BO·85·( - / 
to indiCiue oscilbtions of current. In this case a 9O·\'0It dry cell 
battery will be: requ ired to supply pla re vohage to rheo microphone 
amplifier. 

b. Protecto r AR-4. 

The protector should be: connected between Mictophone T·21· ( • ) 
and the line. 

c. Microphone Shelter BE·66-A. 

The assemoly of Microphone T·21 ·( · ) and Bag BG·97 shoulJ 
be installed in a round hole dug in the ground, sufficiently wide 
and deep to prevent any contact between the assembly and the 
earth. Microphone T·21·( · ) must be suspended from the twO 
springs of Microphone Shelter BE·66·A, and the shelter melel) 
laid over {he opening of the hole. Pile some earth smoothly aJound 
the shelter to eliminate openings under the edge and to el iminate 
obstructions in the path of the wind that might cause pressure gliSts. 

CAUTION:-Do not place the microphone within 100 yards 
of a g un as the blast from the gun may damage the micro · 
phone. 

18. OUTPOST EQUIPMENT. 

Connect the line, the telephone, .lfJd Outpost Unit BE·51 to 

OutPOSt Connecling Box BE·71, as indicated in figure II. This fig. 
u te is also shown on Ihe tOP plate of (he OUtpoSt connecling box. 

19. PRELI~UNARY OVER·ALL TESTS. 

a. Over·AlI Response Test. 

An overall frequency response tCSt of a complete channel may be 
made wi th the use of Chest CH-40· ( . ). 

( I) Place the microphones. equipped with rubes and batteries, 
in the chest. 

( 2 ) Connett the lead wires in the chest to the proper micro· 
phone lerminals and clamp the lid oE me chest shul. 
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(3) Connections are made from the terminal board of the 
chest to the recording equipment assembly. 

(4) Check and correa: polarity as in paragraph 174-
(5) Set the attenuators at 6. 
t 6) Set the pistonphone in motion by quickly pulling up a 

string which has previously been wound around the fly.wheel shaft. 
Make a photOgraphic record for the full frequency range provided 
by the pistonphone. With the atIenuators of all the channels ad· 
jUSted to equal settings, the excursions of the traces should be ap· 
proxi.mately the same at any frequency. 

b. Circuit Test. 

When all microphones have been installed, tCSt the proper func· 
tioning of the microphones, the control·board equipment, and the 
oscillograph unit by placing the test key of the contIol board on 
ORCUlT TEST. The microphones are thereby energiud., and the 
recording lamp is turned 0 0 . If all these part'S fuO(tinn properly, 
a characteristic behaviot of the microphone milliammerCfS will be 
observed 00 the control board, and the light images 0 0 Lbe viewing 
screeD will indicate wind.pres.5ure gust'S at the various microphone 
pDSl twas. 

c. Over-Ali Test. 

Place the lest key on OVER·ALL TEST. lbe set should operate 
and produce a record, just as though the outpost circuit had been 
dosed, except that the counter of the identification panel will not 
advance and the alarm circuit will not be dosed. 

d. OutpOSt Test. 

Make sure that telephone communication with the outpost opera· 
tor is available. The OUtpost operator should also operate OutPOSt 
Unit H·St at the requeSt of the oscillograph operator [0 ascertain 
whether the OUtpost circuit is functioning properly. It should be 
possible to maintain telephone communication with the OUlpost 
operator whether the OUtpost circuit is dosed or not. 

20. OPERATION. 

a. Oscillograph. 

Comrol Board BD·8~H " ) and Oscillograph Equipment IE-I4-
( . ) are turned on by means of the ST A nON SA TIER Y switch. 
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As soon as the tuning fork is vibrating, start the time wheel by hand 
by rotating the starting lwoO to the right. 

b. Switchboard BO·62. (*). 

Switchboard BD·62· ( . ) has been designed for use either with 
H andset T5·9· ( ~ ) , or wi th the combination of Head Set HS·~O· 

( . ) and Chest Set TO·l. Both of these can be used by connecting 
one set to Plug PL·:;8 and the other to terminals T, C, and R on 
the switchboard. Telephone communication wi th the outpost oper· 
ator or operators should be maintained. at all times. Personnel as· 
signed. to the microphone stations or to the maintenance of the 
lines can establish telephone communication with the oscillograph 
if they are equipped with a Telephone EE·S· ( . ) . 

c. OutPOSt. 

W ith the sound ranging set properly installed and adjusted, the 
taking of records can be controlled entirely from the OUtpost by the 
operation of Outpost Unit BE·5!. A record is started. when the OUt· 
post operator presses the button switch of Outpost Unit BE·51. At 
the same time the alarm buzzer in the swi tchboard operates to warn 
the oscillograph operator that recording has started. Also, the OUt· 
post operator can transmit a verbal "on the way" signal over the 
telephone. The OUtpost operator can conuol the duration of record· 
ing by keeping the bunon switch on Outpost Unit BE·51 pressed 
uncil he judges the sound report has reached all the microphones. 
With the bunon switch on Outpost Unit BE·51 closed and the 
test key on Conuol Board BD·85· ( . ), (in the neutral position), 
the allllm buzzer will continue to operate. As soon as a record has 
been started, the recording can be taken over by the oscillograph 
operator. He does this by switching the test key to OYER·ALL 
T EST. This operation opell5 the circuit of the alum buzler and 
also permits the OUtpost operator to "release the switch on Outpost 
Unit BE·51. The oscillograph operator will observe the behavior 
of Ihe light images on the viewing screen, and Stop the recording 
by switching the test key to NEUTRAL when his observation in· 
dic~ltes that the sound has reached all microphones. If, in the mean· 
time, the switch on Outpost Unit BE·:>J has again been placed in 
the pressed position, the recording will continue and the alarm 
buzzer will again begin to operale as a signal to the oscillograph 
operator that another sound report is "on the way." Any character· 
ist ic fearnres of Ihe sound heard by the outpoSI operator can be 
telephoned to the oscillograph operator. 
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Relay Unit BK-9-( O' ) ........ __ ._. __ .. __ .... __ .. _._. _ ... _. .. .. . 23 
Oscillograph Equipment lE-14- ( O' ) _____ ._ ... __ ~ _____ ~ ___ ___ ~. __ _ ._ 24 
Oscillograph Unit M-l66·t\ ___ __ __ __ __ .- _____ . ____ __ ___ . __ _ 

Microphone T ·21 ·( O' ) ... _ .. _... ........ . ...... .......... . ... _ ... 
PrOtcaor AR·8 . . __ ___ ___ _____ ____________ _ . _____ _ 
Cord C0-250·"'" ___ __ ___ _________ ____ ___ __ ._. ___ . __ ... _. _____ _ 

Ourpost equipment . 

21. SWITCHBOARD BD-62-( " ). 

" 26 
27 
2B 
29 

". Switchboard BO·62·( O' ) (figs. 1, 12, and B) provides means 
for conveniently switching or patching the various incoming outpOSt 
or microphone Hnes for communication and testing purposes. The 
swirchboard has I telephone circuit and 10 other circuits as follows: 
2 outpost circuits and 8 microphone circuits_ 

b. The input cOnrlcaions to the 10 switchboard circuits are 
made by means of 10 pairs of binding post terminals located along 
the bottom of the operating panel. Each circuit has twO jacks, 3 

telephone drop, and it key. t\ pair of binding postS and a socket for 
Cord CO·428 are provided at the OUtput end of each microphone 
circuit. The two OUtpoSt circuits have it common OUtput which is 
terminated in a pair of binding posts and it socket for Cord CO-428. 
The circuits in Switchboard 80·62- ( . ) arc normally connected to 
the corresponding circuits in Control Board BO-85- ( .. ) by means 
of Cords CO.428, but the connection can also be made by jumper 
wires betwCf!n the corresponding binding posts on tbe switchboard 
and control board. To change the polarity of connection to the 
microphone line, reverse the hammer-head plug on Cord CO-428 
in the socket at the switchboard. Plugs on Cords CC-GG or CC-67 
fir into Ihe switchboard jacks. Plugging into the upper jack con· 
ncas across the circuir established with the incoming line, and 
plugging into the lower jack connects to the incoming line, cuning 
out the local circuit. The telephone drops indicate the ringing of 
the corresponding line, and operation of anyone of the drops places 
a ground connection on the alarm circuit, thereby operatmg the 
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buner in the switchboard. The night alarm can be installed between 
rhe +24V binding POSt and alarm binding post. 

r. The keys permit three connections for the QutPOJt duui/: 

(I) Key down---outpost line to indicator drop. 

(2) Key normal---outpost line to telephone circuit. 

(3) Key up-outposr line to telephone and control board OUt-
. . 

post CltCI.ll(S. 

d. The keys permit three connections for the mj&rQphQ"~ 
eU/ll: 

(I) Key down-microphone line to telephone circuit. 

( 2) Key normal-microphone line to indicatOr drop. 

• m-

(3) Key up--microphone line to control board microphone 
circuil and to indic~tor drop through a 0.5/(f capacitor. 

e. The 0.5/(f. cap~( i tors with the indicator drops in series have 
a high impedance, at sound.ranging frequencies (5 to 25 cycles 
per second) , compared with the microphone circuits and do not 
aleer the chamcreristics of t\"lese circuits. These capacitors permit 
passage of sufficient current to operate the indicatOr drops when 
properl)' adjusted. The outgoing or incoming ringing currenr on the 
OUtpoSt circuit is prevented from reaching the control-board OUt­
POSt circuit by a choke coil. Two 0.25-,d. capacitors connected acrO$S 
the two windin~ of this choke coil increaSt! the impedance of the 
coil at ringing frequency. 

f. The telephone circuit consists of a talking circuit of conven­
tional design. and a ringing circuit. The twO relays of the ringing 
circuit are connected so as to be mUTUally connecting and inter­
rupting when energized from the 24·volt supply. As the 24-volt 
supply is altcrnately connected to twO taps of the ringing auro· 
transformer, a ringing alternating voltage of approximately square 
wave form and 96·\·0Ir peak value on open circuit is generated at 
the terminals of the auronansformer. 

22. CONTROL BOARD BD-B5-A. 

a. Control Board BD-85-A (figs. 1, 14, and 15) contains eight 
identical control circuits, one for each of the eight microphone cir­
cuits. Meters are provided for indioting the following currents and 
voltages: 

( 1) Plate current of each microphone circuit. 

(2 ) Plate supply voltage for The microphone circuits. 
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(3) Recording lamp current. 

(4) Station battery voltage. 

(5) Tow station battery current. 

(6) OutPOSt circuit current. 

TM 11444 
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Control Board BO-85-.\ also houses Relay Unit BK·9. This unit 
is connected to the citcuits of the control board through a 16-poim 
base plug that engages a 16-point frame jack mounted in the con­
trol board. Relay Unit BK-9 is readily removable through a door 
located at the left end of the control board. 

b. Each of the eight control circuits of Control Board BO-85-A 
consists of a transformer and a ladder-type auenuator which couple 
the microphone to Oscillograph Units M-l66-A_ The transformer 
has a 31.6: 1 rums ratio, and an input inductance of 200 henries, 
with 5 milliamperes flowing through the primary winding. 

c. Each ladder attenuator has an approximately cons~m im­
pedance of 10 ohms and is graduated in 16 steps of 3 db per step, 
the gain increasing clockwise. For a given input, an increase of twO 

steps on the comrol setting will approximarely double the ampli­
rude of oscillation of the moving system of Oscillograph Unit 
M-I66-A. 

d. The meters are shown in figure 15, the schematic wiring dia­
gram of Control Board 60-85- ( . ). The numbers encircled in the 
d iagram refer to the connections of the three sockets at the rear 
of the control board. A wiring diagram similar to that of figure 
15 will be found inside of the comrol board cover, mounted on The 
back plate. 

23. RELAY UNIT BK-9-(· ). 

Relay Unit BK·9·( · ) consi~ts of six interconnected relays ar­
ranged to close and open various electrical circuits in a definite 
time sequence, thereby making possible the automatic operation of 
Sound Ranging Set GR-3·C. The operation of Relay Unit DK-9-
( . ) is outlined in se<:tion II , paragraph 15. One spare Relay Unit 
BK-9- ( . ), together with spare pans for servicing, is supplied with 
each Sound Ranging Set GR·3-C. A wiring diagram, similar to 

that of figure 16, will be found on the inside of the door at [he 
left end of Control Board DO·85- ( . ) . 
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24. OSCILLOGRAPH EQUIPMENT IE-l4-(·). 

TM 11444 
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A wiring diagram is shown in figure 17. The circuir connections 
of this equipment are located under the table tOp, and access to 
them is obtained by removing Control Board BD-85-{ · ) and re­
moving the bollom cover of the oscillograph equipment. A circuit 
diagram, similar to that of figure 17, will be found fastened to me 
removable panel on the large light hood of Oscillograph Equipme~t 
IE-14· ( . ). The vuious keys on me narrow front panel operate 
individually we components of the oscillograph equipment_ Sec: 
aiso seo:ion II, patagraph 14. 

25. OSOLLOGRAPH UNIT M-l66-A. 

A photOgraph of this unit is shown ill ligure 4. It is of the mov­
ing coil type. A coil of fine copper wire is suspended in the air 
gap between twO pole piece'S built integral with the housing. A 
~all mirror is mounted 0 0 • suppan that is fastened rigidly to the 
coil SO that coil and mirror move tOgether. This combinalion forms 
the moving sYStem of th~ unit. The upper and lower susperu;ions are 
similar fine gold strips. One end of the upper suspension is 
fastened to the moving system, the Other end to an insulated rOtat­
able pin at the top of the housing. One end of the lower suspensioo 
is fastened m the moving system, the other end to a fine coiled. 
spring, the tension of which can be adjusted by fUming the screw 
in the bottom of the housing. The insulated terminals of the unit 
are connected to the OUtput transformer of Control Board BD-B5 -
( . ) by means of Cords CD-475. When the unit is placed in posi­
tion in the galvanometer magnet, a magnetic field is produced in 
the gap between the pole pieces. When current from the OUtpUt 
transformer flows through the coil, a force is set up which causes 
the coil and its attached mirror to deflect in accordance with the 
magnitude and direction of the coil current, thereby causing a cor· 
responding deflection of the light spot on the recording paper. 

26. MICROPHONE T -21.("'). (Figs. 8, 18, aDd 19). 

". Microphone T-21-( · ) is a combination condense! micro­
phone and amplifier and a double Helmholz resonator. The con­
denser head of the unit is mounted at the top of the inner resonat-
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ing chamber, and COll$i5U of a thin suetched metallic diaghragm 
mounted symmeuically .004 inch hom an in.su1ated metal plate. 
Air pressure from the main chamber of the microphone reaches this 
inner chamber through the holes of a removable plug. Access of air 
pressure from the ouuide to the main chamber is through the holes 
of another removable plug. The combination of the twO plugs and 
of the inner and outer chambers forms a two-section acoustical 
low.pass filter. The dimensions of the plug boles have been cal· 
culall:d to obtain a 25<ycle-per.second cut·off frequency for this 
filCCl. 

h. The power supplied from the line to the microphone serves 
as plate voltage for the twO amplifying rubes and as polarizing 
voltage for the condenser head, and also serves to energize the relay 
which rurns on the local filament batteries. The plate of the OUtput 
Tube VT·27 is placed directly across the line; the plate supply of 
the first Tube VT44 is fed wough a two-section resistance.capa. 
ciranee filter. This voltage is further filtered to serve as polarizing 
voltage for the condenser head. The voilage amplification yielded 
by the first rube is between 40 and 50. A further voltage ampli­
fication of about 9 is yielded by the secnnd tube. 

t. Insulating Bag BG-97 i5 used tn prevent earlh grounds on the 
microphone case. The microphone line is ungrounded and since the 
case is connected. to one side of this line, an earth ground of the 
case will unbalance the system and produce erratic excursions of 
the recorded uaces. Bag BG-97 will prolect the case even if the 
hole in which the microphone is suspended should become partially 
filled. with waCCl. 

d. Protector AR·4 is connected to the microphone at its field 
position to protect the microphone from the effects of the discharge 
of stadc e1ecuical charges accumulated by the line, or in the evem 
that lightning sui.kes the line.. 

27. PROTECfOR AR-B_-(See par. 16). 

2B. CORD CD-2SO-A. 

Cord CD-250-A is used to connect PrOtector AR-8 with Switch_ 
board 80-62- ( . ). The cordage contains 15 pairs of conductors, 
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of which only 11 pairs arc normally used. One end of the cord is 
terminated in an ll.pair phenolic plug for quick connection to 

Protecwr AR·8. The eight microphone terminals are labeled MIC 1 
to MIC 8; the twO outp05t terminals, O. P. 1 wd O. P. 2; and the 
auxiliary, AUX I. The four pairs of spare conductors are taped to 
the phenolic plug. At the switchboard end, the cordage is fanned 
OUt for connection to SwitChboard BD·62· (.) (0. P. 1 and O. P. 2, 
and MIC 1 to MIC 8). The pair of conductors corresponding to 
auxiliary ( AUX 1) on the phenolic plug is terminated in spade 
terminw and is 29 inches in length. This pair is wrapped and 
rubber.taped about the cordage for a distance of apprOXimately 2 
ioches in the direction away from the switchboard. The four spare 
pairs of conductors, which arc carried to the extreme end of the 
cord, looped back, wd enlosed in rubber tape, are for repair of 
the cord, when necessary. 

29. OUTPOST EQUIPMENT (figs, 10 and Il). 

a. Telepbone EE·8-(·).-See TM Il-333. 

b. Outpost Coooecting Box BE· 71. 

This component comprises three pairs of binding posts, a 2.0·,.-£. 
capacitor, and a I .henry choke coil (C·158), and connects the OUt· 
post line to one Telephone EE·8· ( . ) and to one Outpost Unit 
BE·n. The capacitor is connected in'the telephone circuit and the 
choke coil in the outpost unit circuit, thereby permitting simul· 
taneous operation of the telephone and of the OUtpost unit. 

c. Outpost Uoit BE·51. 

o"upost Unit BE·51 comprises a milliammeter in series with a 
58,OOO·ohm resistor, and a switch. The ammeter with the series 
resistor is normally placed across the line, and the ammeter deflec· 
tion serves as w indication to the OUtpost operator thar the line 
is energi:ted. The operation of the switch places II. shon across the 
line, thereby operating the outpost relay in the centtal Station. The 
unit is housed in a leather carrying case with a celluloid windo ... 
for observing the milliammeter. The switch, a push·button type, 
can be operated without removing the unit from its carrying case. 
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30. GENERAL 

All repairs should be made by thoroughly competent personnel. 
Drm', ,u, add-cor' solder (ff soldering I IMx. Always flS' , osin·,o" 

sold". 

31. CARE AND CLEANING. 

a. Batteries. 

( I ) Storage hauffi, s.-For maintenance of the storage w'neries, 
see TM 1l ··i}0. 

(2) Dry biJIteri,s.-lnspect all dry batteries at least twice a 
month. This inspection should include testing for voltage and exam· 
ining for mechanical defects, such as sweUing, in order to prevent 
damage caused by leabge of electrolyte. 

b. Vacuum Tubes. 

Check all vacuum rubes at least once every 2 months by compar· 
ing their performance with the performance of fresh rubes. 

'0 
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SOUND RANGING SET GR·J·C 

c. Photographic Equipmeot. 

TM 11-444 
PII. JJ.JJ 

(I) elron all phmographic equIpment thoroughly at the end 
of each "day" of operation. 

(2) Drain the developer tray and fill it with 12 ounces of clean 
water. 

(3) Run the camera for about ¥5: mmute. 

(tj) Drain the tray again. This is done !O clean the developer 
roller and developer uay of all chemicals. During the cleaning 
operation remove the r~ording paper magazine, or place the cutter 
switch at ON, so that recording paper is DOt wasted. 

(~) Repeat the above operation until the drained solution is 
fairly clean. 

(6) Di~mble and clean the camera thoroughly at regular 
intervals; otherwise, the accumulation of din and bits of paper will 
seriously affect its opeI'lltion. 

(7) Lubricate the camera periodically by placing a few drops of 
light oil in the oil holes located directly beneath the recording 
paper magazine. A small amount of oil should also be placed on 
the exposed shafts of the gear box and on the bearings of the fixing 
tray roller. 

32. CIRCUITS. 

If a circuit becomes defective, first inspect the wiring for loose 
connections. Ch~k moving parts, capacitors. and coils. If no defect 
can be found in the individual partS, ch~k the circuit step by step 
by means of Test Set I·56·C until the defect is found. 

33. RELAYS. 

Inspect the relays at least once a month. The adjustment or reo 
placement of springs should be perfnrmed by personnel specially 
uained in relay adjustment and care. Standard adjustments ale 
given in the paragraphs following. 

Q,i.v, . 1""",,, 
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SIGNAL CORPS 

34. MICROPHONE T·21·(-). 

The condition of Ihe amplifier and the condenser head of a 
microphone can be checked by substituting pans of a microphone 
known to be in good conditiun, and comparing results. If a con­
Jenser head is faulty, Ihe defeCt may be caused by a direct shon 
in the condenser head, or by a faulty diaphragm. If it becomes 
necessary [0 change [he diaphragm of the condenser head, clamp 
a square sheet of new diaphragm ma[erial securely in damp MM·7, 
and place it over the opened condenser·head chamber, the rim of 
which should be slightly oiled and free of grit or any other foreign 
particle~ Place weights aggregating 30 10 40 pounds on the 
periphery of the damp, or suspend them from the holes at the 
corners of the damp. Two microphones with their amplifiers reo 
moved may be used for weights; sll5pend them from twO opposite 
corners of the damp. Dust the tOP hee of the diaphragm carefully 
10 remove any dust or other panicles, locate the dowel pinholes 
by gently rubbing [he rim of the chamber with an eraser. Place 
[he head over the diaphragm and screw it down, taking (are to 
tighten every fifth screw in turn, statting from any given screw. 
If the amplifier is at fault, check baHery volrages under load, and 
install new baueries if necessary. Tubes known to be in good con· 
dition should be installed. The relay cOntacts may be deaned and 
adjUSted with Tool Equipment TE·37. With the microphone in 
operating position (handle up), adjUSt the amplifier relay as 
follows: 

d. The armature should move freely on its bearing surface bur 
mUSt not be loose. 

b. Set [he residual adjustment screw to give not more than 
.OOI·inch clearance between armature and pole piece, when the 
armature is held firmly against the pole piece. 

c. Turn the adjusting screw on tOP of the relay to obtain a 
clearance of .012·inch between the residual screw and the pole 
piece, when Ihe relay is in normal posicion. 

d. Place a .006·inch feeler gauge between the residual screw 
and the pole piece, holding the armarure firmly against the gauge. 
Adjust the heavy contact spring so the contact is barely touching. 
This allows the armarure 10 travel .000·inch while the contact 
makes after the feder gauge is removed. 

e. With the amplifier in normal position (handle on tOp), the 
lens ion on the thin COntact spring should be increased, so the relay 

52 
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PMr. J 4-J6 

.ill not operate on 40 voles, but will opeNte on 50 volts. Be sure 
to maintain the above clearances. 

/. When the relay is properly adjusted, the COntaCtS will remain 
open for all possible positions of the microphone when it is not 
energized. 

g. If the faulty operation is not corrected by the above pro­
cedure, make a complete check of the circuit with Test Set 1-56-C. 

35. CONtROL BOARD BD·85-(·). 

Normal readings on the meterS of Control Board BD·85· ( . ), 
with the test key on ORCUTT TEST, are as follows: 

Plate voltage 90 volts. 

Stadon battery voltage--24 volts. 

Station battery current--O ampete (current drawn by timing fork 
is tOO small to regi.ster ). 

Recording lamp current-3.0 amperes approximate (dependent 
on rheostate setting) . 

Outpost current-up to 15 milliamperes ( varies with length of 
line. 

Microphone channel plate current--·tO miUiamperes. 

Observe the station battery vol tage and current during operation 
of the recording motor and cutter. If the station battery is dis· 
charged, or if one or more cells have high internal resistance, the 
battery volrage under load wiU drop to considerably less than 24 
voles. This will cause improper functioning of Relay Unit BK-9- ( . ) 
and other equipment operating from the 24·volt source. A similar 
reduction of voltage may be caused by poor contact at the battery 
connections, binding pom, or plug and socket COnne1:rioos. In case 
of failure, che1:k all battery voltages and connetions, and replace 
fuses where necessary. If the fault is not located by the above pro· 
cedure, check the circuies with Test Set I·56·C 

36. RELAY UNIT BK·9-(-). 

<I. Inspec:;t the rt"lays periodically. Clean all dirry contacts, using 
Tool Equipment TE·37, and jf conracts are badly pitted or burned, 

• l )~II.: 
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install new springs. If failure nf conracts is due to faults in other 
pares of the equipment, correct these faults before Rday Unit 
BK·9· ( . ) is replaced on rhe control board. 

b. The adjustments of rdays 1, 2, 4, and 6 arc similar in that the 
clearance between the armature and the tOP of the support should 
be .002 to .003·;nch. Th;s is attained by moving the armature which 
is held by one screw in back of the support. 

c. Adjust the residual screw until it extends .002 to .DlJ3·inch 
below the armature. This is measured by placing a gauge between 
the armature and the pole piece. 

d. With a .013·inch gauge between the residual screw and the 
pole piece, and the armature pressed against the pole piece. bend 
the armature arm so it JUSt touches the contact spring. 

6. With a .000·inch gauge between the residual screw and Ihe 
pole pi~. and the armature pressed against the pole piece, bend 
the heavy COntact springs so that they JUSt touch. This al lows ap­
proximately .010·inch of travel for the contactS when the gauge is 
removed. 

f. Adjust the tension of the contact springs on the relay so that 
rhe relay will operate when a resistance of 2,000 ohms is in series 
with the outpost. 

g. On relay 3, rhe twO adjusling screws should have a gap of 
approxima(eiy .02~·inch on each side of the vibrating reed contact. 
This adjustment will cause the motor to operate for approximately 
4 seconds after the film is CUt If the motor runs more than 4 sec· 
onds, turn each screw inward an equal amount until the desired 
4·second run is attained. 

h. Now adjust the inner spring conract so that there is a .010· 
inch clearance between the contaCtS when chey are in normal 
position. 

i. Adjust relay ~ for a .002 to .003·inch clearance between the 
afmaNre and the tOP of the suppon. 

1. Adjust the residual screw to extend .002 to .003 ·inch below 
(he armarure. 

!. The tell$ion of the vibrating reed spring should be great 
enough to hold the Stop against Ihe back of the SUppeR 

Q,i.v, .1 ""'" 
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I. The tension of the inner spring should hold the armature firm­
ly against the stationary stop. 

m. Bend the StOP spring so that there is a .025·inch gap between 
the contactS. 

PI. The gap betw~n the residual screw and the pole piece should 
be .020 to .030-inch, depending on the tension of the vibrating r~ 
spring, and is attained by bending the armature. 

o. If the space on the film between the identification and record· 
ing lines excowls 3 inches, the residual screw should be rumed in 
slightly. 

p. On relay 6, the recording and timing lamp contaCtS should 
make 5imultaneou$ly. If they do not, adjust them by bending until 
they do. 

q. For $Ufficienc exposure of identification, adjust the rension of 
the th in contact springs on relay 4 with the rheostat turned fully 
clockwise. 

CAUTION.-IF THE TENSION OF THE SPRINGS ON 
THE RELAY IS TOO GREAT, THE IDENTIFICATION 
LAMPS WILL STAY LIGHTED, AND THE RELAY UNIT 
WILL CEASE OPERATION. 

37. SWITCHBOARD BO-62-(*). 

If. Keep the switchboard free from di rt and chemicals to prevent 
corrosion and short<ircuiting of the drops, keys, and relays. Inspect 
all components periodically, and make necessary repairs ... ith Tool 
Equ ipment TE-37. 

b. Adjust the bracket in back of the relays so there is a .002 to 
.000·inch clearance betw~n the armature and the top of the support. 
This will keep the azmature from binding when the coil is energized. 

c. Adjust the residual screws in both relays so there ji .002 to 
.C)(13· inch dearance between the armature and the pole piece when 
the res idual screw is held firmly against the pole piece. 

d. With the armature in its normal position (the aim insula· 
tion resting agairu;t the contact spr ing) there should be a clearance 
of .013-inch between the residual screw and the pole piece. This is 
obtained by bending the relay azm. 

Or>v, .1 ""'" 
UNIVElII!T'I' Of {AlIfORNIA 

" 



~ 

( 

• 

Sec60n V 
SUPPLEMENTARY DATA 

Li.n of Repbceabk PutS ...•.. ____ .. __ ...... _ .. _ .. _._ ..... _ ... __ ... ___ .•.... 
List of CmnpooentS. __ m_... ._._~ _ _ __ . __ _______ ._. __ .. _._ 

l odes of ManufactUIen ... _. ---_. _---_._---
}8_ U ST OF REPLACEABLE PARTS. 

L Amplifier of Miaopbooc T ·2J.(·) . 
Rt/. 
N,_ Stock-No. N4mt ,,1 pM' Dtjenptio" 

I- I 30177A uJnci lOf CA· I77·A O.') ·.f. 

1-' m l 77A CapacitOr CA·I77·A 0.5·"f. 
J.3 301n A Capacitor CA·I77·A 0.5·,,1. 
14 · 30177A upacilOr CA·l77·A O.'}· .... £. 
1·' ml77A upacitor CA·ln·A 0.')· .... 1. , 3015511. Capaciror CA·15'}·A O.Ql·.I. 
} 30157 Capacitor CA·157 0.02· .... 1. 
4 301%11. Capacitor CA· 156-A 0.002·,.,1. , 3Z68'}O Resistor 50-megohm, I ·wart 

6 3Z6829 Resistor 20.megoluD, 1,1 wan 

'·1 3Z68I!)'5 Resistor IO·megohm, 1,1 wan ,-, 3Z68I(}.5 ResistOr 10.megohm, 1,1 wan 

P",.gr*th 
}8 

}9 
4. 

Fllru:t"''' 
Filtn 

• 

• 
.. 
• 

Coupling 
• 

Shum, coodenstr head 
load condenstr head 
G rid, lst stage 
Filter 
Sctffn grid 

~ -~ 
Z • " 0 
0 • 

~~ 
~­.-
£ 

~ 



8 3Z6805-6 Resistor 5-megohm, Y.! wan Grid, 2nd suge 
9 324534 Resiswc RS-134 I-megohm Place, 1st stage 

10-1 3Z4562 Resistor RS- 162 O.25-megohm Filter 
10·2 324562 Resistor RS- 162 O.2S-megohm .. 
I I 3Z5998 Resistor 8.0 - 8.3 ohms, Y.! wan Voltage dropping 
12 2Z7649·6 Relay (see note I ) 2 pairs make contaCtS Switch 

~ ~ r , b~ Control Board BD-85-(·). 0 
Z 

" 201 3FlOOS·2 1 Ammeter 0-5 amp Recording lamp current 0 

" 202 3FSOSO-iO Voltmeter 0·50 volrs StatiOD bauery voltage • " '" ,,, 
203 3Fi020-11 Ammeter 0·20 amp Relays and IE- 14 current Z 

~ 
204 3H470-Z Milliammeter 0-15 Mill iamp Outpost current -Z 

c 205 3F8100·2 Voltmeter 0-100 volts Microphone voltage ~ 
z 

~ < 206 3B470-1 MiUiammetet 0-10 milliamp Microphone current 0 

~i 207 4CnOSDA Key (see note 2) Lever, 2 way Test key ~ 
208 402080"'" K ey (see note 2) "" Station banery key • .' ~ 

209 4G385A/Tl Transformer Output Output coupling 0 

f 210 3Z25R7 F"~ !4-amp Circuit prOted:or 
> 211 }Z20D- I F"~ D-amp " 

212 3Z1925 .Fuse FU-25 S-amp " 

~ ~ 213 3Z1926 Fuse FU-26 I-amp "" 
~ 

214 228778 Socket $0-78 8 contaCtS Oscillograph connectiolU ,-. " 215 228799-25 Socket $0-125 9 contacts Power oonnectiOIl$ " ~ 
~ . .. 



UST OF REPLACEABLE PARTS (Continued) ~~ . -.-
b. Control Board 80·85·(·). (Continued ) 

,-
~ 

. . 
" ~ • Ref. • 

No. Stock N o. NtJm# 01 PMt DeJcriptiotl Function 
216 4C4365 Frame jack strip 16 C6nt:l(ts Rday unit connect ions 
217 3Z5983 Resistor 0.3 ohm, 20·watt Voltage dropping resistor 
218 . 2Z392 Attenuator 10/10 ohms Output control 

r , 219 4G385A1S 1 Socket 2 contacts Input conneaion 
" --

" 
,. Relay Unit BK·9·(·). 0 

• 
, 

" > 
I 2Z7645 Rday (see nOte 1) Double winding Switch. counter and alarm " 
2 2Z7645 Relay (see nOte 1) •• Switch. microphone, CUtter, ~ c 

c identifiauion lamps • z ~ < l 2Z7649·7 Single winding Switch, motor delay 0 Relay (see note 1) 

~i 4 2Z7649-4 Relay (see nOte I ) •• Switch, seal, mOlor, identifi· 
cation lamps .' , 2Z7649·8 Relay ( see note 1) - Switch, time deby f 6 2Z7649-4 Relay (see note 1) - Switch, cutter, lamps 

> 
7 3Z7200·3 Rheostat 200-ohm, 6-watt Time delay adjustment 
8 3Z6030-23 ResistOr 300·ohm, I ·watt Filter 
9 3Z6045-9 Resistor 450-ohm Time delay 

iO 3DI77A Capacitor CA·}77-A 0.5·,.£, 400,voit, d-c Filter 



d. Swilchboard 8 0-62_( . ) 

101 2Z7645 Relay (see note I ) Single winding Ringing relay 
102 2Z7645 Relay (see note 1) " " 
IOl .:if2S44 Ringing uansforlller Ringing CUffent 
104 4C1527AW Buuer Alum 

. 
IOj 3Cl712A Retaxdation coil 24-voh, d-c Filter choke ~ ro, 

" 106 3C44 Inducdon coil 24.volt, d-c Audio transformer 0 , 
" 

107 3C323·2A Choke coil 4 terminals Filter choke 0 
• 108 4C3503 Drop M·203 (modified ) Call indicator • ,. , 

109 326015-9 Resistor ISO-ohm, I-watt Filter , 
110 30A250-6. 1 Capacitor Q,25-uf., 200 volt, d-c •• " -, c 

z t ll -l to8 30B1.763 CapacitOr 1.0-",£' , 200-volt, d-c Coupling condenser " < 
0 111·9 3OBI.763 Capadwr ] .O·",£., 200-volt, d-c Filter -~i ~ 

to 16 
" .' 112 30177A Capacitor CA·I77·!.. O.S·uf., 400.volt, d-c Coupling Condenser • ~ 

f III 4C4319 Jack Tip and ring Circuit patching " 114 4C4277 Jack JK·37 Tc:lephone jadt Connection to handset > 

II) 4C4314 J'ok Tip and ring Circuit patching 
11 6 402080A Key (see note 2) Lever, 2-way Ringing and alarm cill:uit key 

~ 117 4C520SDA Key (see note 2) •• Outpost circuit key 
, 

~ 

118 4C5208DA Key (see note 2) " Microphone circui t key , -
.~ 

119 }Z1926 Fuse FU-26 l-amp Circui t protector 
. ~ 
~~ ., 



UST OF REPLACEABLE PARTS (Continued) \':;! . -
d. Switchboard BO.62. (-). (Continued) -~-

S R~f· 
.~ 
~ 
~ 

N o. Stock No. Nllm. of P",I D~JmpJio" . PM""io" 
120 3Z1925 Fuse FU·25 hmp Citruit p rotector 
12l 4G4762B/S7 Sock~ 2 contaCtS O.IIP.n connection 

•• Oscillograph Equipment lE.14.( - ) . 

( 301 4G4 35 Counter Single winding RKOrd CO" OIEf 

)02 4G5U 2 T ime m;uker unit Motor, tuning fOtk, etC. Timing lines 
~ -
~ )03 4G820 Oscillognph unit jack 16 jacb , - 304·1 6Z6827 Lamp LM·30 27·volt Time lamp ~ 

W4·2 to 5 6Z6827 Lamp LM·30 27·yolt Identification lamp 8 
305 4G12<l0 Lamp LM-40 4.2·yolt Recording lamp 

~ 
~ 
~ 

306 3Z7000E5 Rheostat y'! ·ohm, 25·wan Recordillg lamp ronuol. 
307 3Z5996·1 ResistOr 6.0-ohm, 20-wan Heater tutrenl limiler 
30S 3Z6008-1 Resistor SO-ohm Lens bealer 

309 3Z600I F6 Resistor 16·ohm Developer beater 
lIO 3Z6004A5-3 Resistor 4 5-ohm, 20·watc Filter 
311 326010·30 Resistor lOO-ohm, 20 watt Cutter holding current limiter 

312 3Z6001 · 11 Resis tor lO-ohm, 50-wan Motor speed control 
313-1103 3DBI.763 Capacilor l.O-,..f., 200-yolt, d< Filter 
l\4 3DI77A Cap3cilor CA-I77·A 05-,..f., 400·voll, d< Filter 

. 
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r , 
" 

" • 

" 

c 
z 
< 
0 

~i .' f 
> 

~ -

3ll 3H3111 Motor 
316 2Z7686 Relay 
317 402080A Key (see note 2) 

• 
lI8 402080A Key (see DOte 2) 
319 4C52080A Key (see nOte 2) 
320 2ZB778 Socket SO· 78 
321 2Z8799·2~ Socket 50-125 
Fig. 4 4Gl666A Oscillograph unit M-l66-A 
FigA 3E I475 Cord CD-475 

f. Headset HS-30 (. ), 
S:Odl No. 
28730 
2B2030( " ) 
3EI620( · ) 
2B1300 

g. Chest Set m·l. 
48418 
3E333 
482358 
4Z6924 
4Z6925 
3Z81l8 

N"m. of PM' 
Headband HB-3Q 
Receivers R·30- ( · ) 
Cord C0-620· ( • ) 
Inserts M·300 

Chest Unit T-26 
Cord CC333 
Plug Pl.-58 
Strap ST·24 
Scrap ST·25 
Switch SW-I18 

Camera drive mowr 
Cutter operation 

Lever, , 2-way Counter'" fork control 
" Lamp '" motor control. 
" Heater control 

8 contacts Oscillograph conncaioa 
9 COOtactS Power connectioDS 
Moviog-coil type Sound record 
Plug-ended each end Galvanomerer COJlneCtion 

Dmf'ipliMt 

, 
2-cooductor 

6-ft.. 3-conductot 

~ 
o 
~ 

~ 
~ 
~ 
~ 

~ 
~::: 
.~ 

~t: 
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llST OF REPLACEABLE PARTS (Continued) 

h. Tool Equipment TE-;7. 

QJllIfIlil1 

I 
1 
1 
1 
1 
1 
1 
1 
1 

Ntlm~ lind DfJtriplio1l 

Gauge. thickness 
Pliers, duck·bill 
Tool, spring bender 
Tool, spriog bender 
Tool, spring bendtt 
Tool, armatufe SlOp bender 
Too1, armature bender 
Tool, contaCt deaner 
Tool roll , canvas, No. 10 hud.textuIc, olive: drab 

ducic, wi th individual compartmcDts for tools list· 
ed, side flap!. and webbing strap with bllckle 

, 

Tool Set TE·6. " 
Slode N o. QlHOlItil, N"m, 

6Q8112-18 " Blade, hacksaw 
6Q19077 1 Chesl BC·77 
6Q1 9808.6 1 Chisel, cold 
6Q27502 1 a uner, file 

, 
M_fulllfWS SJod~ No. 
( A,,'07IUJI;t Ek,,';, Co.) 

H..46n~· 1 

H·~0620 

20777 
42873 
7066 
14769 
14768 
H-42962 ·! 

D,u nplio1l 

12· in., 18 feW! per inch 

"'" Y.z by 6 in. 

-
~ 
" a • 
~ 

" • > , --~-", 
~ 



6Q34BO 1 Drill, land Ratchet 
6Q361GO 

1 '" 
Drill, twist Steel, Nos. 1 to GO 

6Q38)03-4 4 File, round Second CUt, 4·in. 
6Q38S03-6 6 File, round Secood CUt, 6·jn. 
6Q38603-4 4 File, square Second CUt, 4· in. 
6Q38030.8 6 File, flat Bastaro, 8·in. , 6Q4 1000 1 Frame, hacksaw Adju$t:abJe, 8 in. to 12 in. ~ c 
6(4631) 1 Grinder, tool Hand, bench, I by ) in. wheel 0 

Z 
t\Q'0004 1 Hammer, riveting 4-ol., cast $teel C - 6QSI18S.S 2 Handle, soldering iron Wood, ).in. • • 6QS I l3I.S 1 Handle, file Malleable iron Z 
6Z7300·7) 1 Oiler ~-oz., coppered steel, 4·in. bent spout 0 -c Z , 
6R2082M 1 Oilstone, soft Moumed, 8 by 2 by 1 in. 0 < 

~ 
6Z7492 1 Padlock MC·92 For Olest BC· 77 ~ 

~l ~ 
6R4Sl3 1 Pliers n·l3 Side·cutting. 6-in. 

~ o • 
6R4603 1 Pliers n·103 DiagonaJ-curting, S·in. .' ~ f 6R4626 1 Pliers 'fL.126 Long.nose, 6·in. " 6RnOS 2 Punch, center ¥.I·in. diam. by 4 in. 
6R19100 1 Saewdriver Set n · 128 Includes ratchet screwdrivers, drill points, 

chuck. countersink. etc. , 
~ 6R l4970 1 Saewdriver 'fL.2S Jewelers', swivel·head • ~ 

6R19S07 1 SaewpLate set Taps and dies, NC 4·}6 to 14.20, in wood ,-. -• .~ 

"" ~~ 
.~ 
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liST OF REPLACEABLE PARTS (Continued) 

i. Tool Set TE-6. (Continued ) 
Stodt No. Quantit, N"m. D'Jmpt;on 

6R24011 1 ShtarS, tinner', lund Snips, 11 in. over·alI , 2j.1-in. CU t 

6R24~08 1 Soldering iron Size I, 11-1b. 
6R24524 1 Soldering iron Size 3, 1 \.7 lb. 
6N7531 1 lb. Solder M·3I Resin COlC 

6R25506 1 Square, combination 6-ilL 
6R42100 1 Torch, blow Gasoline, 1-<1[. 
6R47020 1 Vise:, beDCb 2· in., solid bad: jaw, swi.et hue 

NOTE l.- Wheo ordering, specify contaCt arrangement, number of coils, tderence number, and function. 
NOTE 2.-WhcD ordering. specify conQCt arrangement, reference D"mber, and fuoction. 

39. liST OF COMPONENTS 

QlllnUit1 , .... 
10 

8 
20 

120 
16 

SfO'. No. 

8A802·2 
4G197 
M26 
;A28 
3MO 
3B29 

A"icU 

Alcohol, ethyl, denatured 
Bag BG-97 
Battety BA-26 
Battery BA·28 
Battery BA·;O 
Bmery 88·29; iocludes 8 spare: 

DimnJWtu ( j,.,b,l) 

Httighl WWllh Dl ptb 

18 , 2 
4\1 8\4 71> 
11/ 16 2 2\4 

I ~ditm. 2\4 
8·9/ 16 9* 8 

U"i,WttiRht 
(pOIIU1) 

I 
14.5 
0.12 
0.25 

;, 

~ 

" Z 
> 
" 8 
~ 

~~ , -
~, .. 
~~ 
~, 



1 3B429~ Raftery tester, heavy discharge rype l , 8 2 
1 4C}100 Bell. switebboard. 24 voir, d-c. 6 l 117 I., 

10 fm 6Z922LR Belting, leather, round HI in. 

18 4E681 Block, protector, c:uboo !4 ~ ~ 0.03 
18 4E682 Block, Pr()(ectol, ba kel ite !4 ~ ~ 0.03 

8 40290 Bucket. counded steel. 1<MJt. 12 10 diam. 2 
~ , 

6 lOn7 Ca~ilor CA. tH, (Spares) c 
Z 

6 30155/1. Capacil()l" CA.U5·A, (Spues) 0 - • 6 3Dl56A CapacitOr CA-156-A. ( Spares) • 12 30177/1. Capacitor CA.-InA, (Spares) z 
n 

c 2 mA250-6.1 Capacitor, .25.1i11 .. 200 volt, d-c Z , 0 < (Spares) 

~ 
~ 

~l 6 mSL763 Capacitor, 1.0 MI., 200 volt, d-c 
(Sparcs) ~ o • 

" lru'" 6G199 Cement, household, waterproof ~ r h 
10 lb. 8A802-1 Chemical, acid, acetic, glacial, c.P. 99 

per cellot 
30 lb. 8A802·5 OIemical, lIDlIIlonium chloride, grade A 

~ 4 lb. 8/1.802·10 Chemical, metol ~ ~ 

2 lb. 8A802 ·12 ~miC1.l, bydroquinooe >-. -,~ 
20 lb. 6G191O·1 Chemical, sodium hydroxide, U.s.P. ~t: 



UST Of COMPONENTS (Continued ) ;:>;:! 
Di1lUJUu,1tS ( j,.dm) U,.il J¥lnghl ' -,.-

~-

8: Qlllln#t1 Stoell No. Artit,. H, ight Width Depth r/'OlImJt) >-• • 
200 lb. 8A802·27 Olemica1, sodium thiosulfate ( hypo ) 

photOgraphic, pea-crysrals 

50 lb. SA802·30 Chemical, sodium sulfate, anhydrous, 
photographic 

r 1 6f705 Chest BC·5 28» 18~ 12 ;, 
2 4G340B Chest CH-40· ( . ) 11 2)1,'4 47>1 84>1 

~ -~ 
1 4G344A Olest CH44.( · ) 1~~ 14>1 ">I 46 z • 
1 -'lG345A Chest CH-45· ( . ) 1314 ">I 48>1 " " 
1 4G346A Chest CH-46-( · ) B~ 12>1 ;6>1 ;4 8 

~ 
c 1 4G347A Olest CH-47.( · ) 161t 1214 3814 ;7 ~ 
~ • 1 4G348A Chest CH-48-( · ) l71t 14~ 4314 H 

~i 1 48417 Chest Set TO·I ( Note 3) 

2 4G355 Oamp MM ·7 8 8 " 6 -r 
~ 50 yards 6N1619 Ooth, bi rdseye 

• 1 4G385 Conuol Board BD·85· ( . ) 12>1 8" "It ;6 > I. ;E66 Cord C(.66, length 18 iDCbes 
2 3E67 Cord CC.67, lengt,h 36 inches 

• 
1 3E1250A Cord CD·250·A, lenJ1h 50 feft 



15 3E1428 Cord (D.428, length '5 inches includes 
6 spares 

2 3E1438 Cord CO·438, ieDgth 20 feet 
1 3E1439 Cord (D-439, length 20 feet 

1 3E1443 Cord CD-44 3, length 17 V-i inches 

2 3EI444 Cord CD·444, length 14 inches 
~ 8 3E I475 Cord CD-47S, length 8 inches ~ r , i " 10 3E2038 Cord (0·38, length 12 inches 

0 
" 4 3E2050A Cord CO-50-A, lCllgth 72 ioches • • • ,. 1 ~ 6"'00 Couon, absorbent , 

1 4G394 Cover BG·74 18 18 4 8.' ~ 
c 24 4GUZIB/Dl Diaphragm, aluminum, 7 J: 7 x .001 inches 0 
z 
< thick -0 ~ 

~i Drier, film 2 8A980 0 
4= 8A802·38 Ether • .' ~ • 

f 1 6Z4002A.1 Aashlight TL-122·A ~ 

4 8Al174 Funnel PH·174 > 

18 3Z191O Fuse FU·lD, 3·amp, tubular 

24 3Z1925 Fuse FU·25, S-amp. ~ 

~ • 24 3Z1926 Fuse FU·26, I-amp. ,-,-
24 3Z2015-1 Fuse, IS-amp. 

.~ 
~~ 
~~ 

l 



LIST OF COMPONENTS (Continued ) ~i 
Dim' ''liofI.J (;",6,1) U"i, W ligh' ~-.-

iii ~ 

QIHI"til, SIO,. No. Ar/ut. Hlighl fY;J,h D'I',h ( I'OMIfIlr) 
~ 
~ 

18 ;Z2427 Fuse, ~'lfIlp., rubulu 
24 ;Z2~g7 Fuse, Wi·amp. 
2. 4Gl}2 1D/G I Gasket, 1I16-inch, neoprene, large 

( 2. 4Gl}21B/G2 Gasket, 1I16.inch, neoprene, 5IDall 
2 4G6;2 Gr:u:lualle. enameled steel, w:.ite ;2·ollnce 7 4 diam. o.n ~ -~ - I. ~B4416 Ground Rod GP- 16 24 Y.! diam. 1., Z 

;Z;;29 Ground Rod GP-29 l6 2~ dill1\. 8 
, 

1 " 
1 481109·( - ) Handset TS-9-( · ) 9 l l l.l 0 

0 

Handset 1'5-911. (48 11 0911. ) through TS- S 
9·Q ( 4Dl109Q ) may be issued. l 

1 28 8;0-( · ) Headset H S·;O·( · ). If Headset: HS-;O-
( . ) and Olest Set TO-I arc: DOl 

aVlli labJe, Head and Chest Set HS· 
19-11. (48 . 1279A ) mlly be: issued. 

2 ;82202 Hydrometer HY·2 1214 2 2-7/ 16 0.25 

l ;82600 Jug, gallon, gil". door 

l ; 82600.1 Jug, gallon, glas" brown 

10 6Z6827 1.&mp LM-;O, 27 volE 



10 6Z6761A Lamp Ud·35·A 
I. 4G I240 Lamp LM..-iO. 3.7.amp., 4.l·voll 

2 " .. Genu Lubricant, household 

I. 4G1406A Microphone Shelter BE-66-A 21 diam. 1 4 
10 4G l321B Microphone T·21· ( . ) I includes 2 spares I . 6 diam. 24 

, 8 4G I66A!Cl Moving coil systcm for Oscillograpb Unit ~ 
0 

M·l66·A. Not issued with GR-3-C. To ~ z be nored at depot for repair of (}scillo_ 0 - • graph Unit M-I66·A. , 
2 ano 6G 1}50 Oil, Gargoyle Vdocite, grade E Z 

~ 
c 1 4G l614C Oscillograph Equipment IE·14· ( . ) 19 11 }6\; 90 z , 0 < Includes 8 spare Oscillograph Units ~ ~ 

~l M· I66-A. ~ 
4G 1741 OutPOSt Connecting Box BE· 71 4\; 2 I \; 

0 

F 
2 1 • ~ 
2 4Gln l OutPOSt Unit BE-51 2\; m 7 6 h 

• 2 (;M1 220J Pad, stamping, black 

140 rolls 811.2852 Pa~r. recording, roll 250-feet long, 35 · l 6 dim. 2.' 

$ 
mm wide ~ 

12 6MI030 Pencil, red, ch ina marking ,-
'" 2 6R3000 Pick, railroad type, with hwdle 
. ~ 
~~ 
.~ 



LIST OF COMPONENTS (Contioued) 

c: QMilntitl SlOd No. .ffld. 

2 4132358 Plug PL·58 
to <iE4004 PWle(lor AR-4 
I 4E4008 Protector AR-S 

( I 2Z7649-6 Relay. (Spue) 
2 4GI909 Relay Unit DK·9· ( · ), iodudes 1 sponc: 

6 3Z4!i34 Resistor RS. l>4, I.megohm, J.7·watt - (Spans ) 

6 3Z4562 Res istor R5. 162, O.25-megohm, J.7-wau 
(SJ»res) 

6 3Z5998 Resistor, B.O-ohms, y'!-watt ( spares ) 

6 3U805-6 ResistOr, 5-mcgohnu, \.1.Wlt{ ( spares) 

6 32'..6810-5 Resistor, IO·megohms. y'!-watt (spares) 
6 3Z6820 Resistor, 20.megohms, Y.z·watt (spares) 

6 3Z6850 Resistor, 50-megohms. I-watt (spares) , 811.3430 Rod PH-23D, sei rring 

I 811.361411. Scale PH-I4-A 

I 811.3624 Scale PH· 1t4, 4·16 

2 6R22019 Shovel LC-19 

Dimnuio1Jl (i", h.,) 
HngbJ Wfdlb D.plh 

,,< 2 2 
Hi ,~ , 
I. 12 diam. 
,~ I \< 21-\ 
,~ 8 ,~ 

, 8 , , 12 , 
37-overill 

U",itW,ighl 

(potl,JliI} 

0.1 2 
1 

" 0.75 

• 

I 
4 
l 

~~ 
~ -., 
~ 

~ -~ 
Z 
> 
" 2 • 
~ 



1 GR24639 SoLdering Iron n · B9 
1 6Z8l69 Sponse:. cdI"!OI!e, fine pore 

1 4GI909/St Sprillg assembJy for relay AQA- l (spare) 

1 4Gl909/Sl Spring assembly for relay AQA.2 ( spare) 

1 4GI909/S} Spring assembly fo r relay AVR·3 (space) 

, 1 4GI909/ 54 Spring assembly for relay AS04 (spare) :s 
1 4G I909/S~ Spring assembly fo r relay AWS-~ ( spare) 0 , 
1 4G I909IS6 Spring assembly for celay ASQ..6 ( spare) 0 - • 1 4G1 614(JSI Spring assembly for cutter relay (spare) • , , 6M 1201 Stamp, idcmifiacion, rubber ~ -c !1 lb. 6Z8420 Sropper, cork, No. ~ 

, , ~ 
< 

6 6Z842 1 ~ Swppcr. rubber, No. ~, oDe-hole ~ 

~l ~ 
y'!·Jb. 6ZB422 Scopp:r, rubber No. 6 

~ o • 1 4G4762 ( . ) Switchboard BO.62.( - ) 8Y1 8~ mi 27.4 .' f l 4135008 ( - ) Telephone EE·8·( · ) lYl 7·7/16 9Y1 4 ~ 

1 3F4065 ( - ) Test SeT EE.6~.( · ). Test Sets EE-6S·A 8 10 6 14 
(3F4065A) through EE·65·0 ( 3F· , 

~ 4(650) may be issued. " 
" - 1 3Fti056C Test Set 1-56-C 11 llYl 9Y1 26 , " , , , BA382S Thermometer PH-28 • ~. 

• ~ . 



r 

; 
' . • ~ 
~ 
> 

~ 
N 

UST Of COMPONENTS (Continued) 

QII4N/jt7 Stock No. 

I 6R380H 
I 6R38006 
28 >TI7 
24 2T44 

l 4G5600 

24 feet 7A1930 
2 6R4600 
3 lb. 6Z88 ll 

1,000 feet 1BS20 
SO feet 18816.4 

Arna. 
Tool Equipment TE·37 
Tool Set TE·6 
Tube VT·27 ( includes 18 spates) 
Tube VT-44 ( iooludes 14 spates ) 
Tubing, pyrex, right.angle (includes 2 

spares ) 
T ubing, rubber, grade 5, 3/16-inch bore 
Tweezers, brass 
Twine RP-I3 
Wire, No_ 20, rubber<overed, hook-up 
W ire. No. 16. rubbtt<overed, 2-«mduc-

lOr, La.mp cord 

D;m'Nsjotu (iNCh,,) 
Hlighl WidJh D~'h 

4 2 diam. 
6 cu. ft. 

UNitWlighl 
( pOIIMS) 

o.n 
l OS 

40. INDEX TO MANUFACTt1RERS. 

N_ 

American Automatic Electric Sales Co. 

Engineering Laboratories, Inc. 

Wallace & Tiernan Proouas. Inc. 

Ad""" 
1033 W. Van BW'C'D Sr., Chicago, III 

624 E. Fourth Street, Tulsa, Olda. 

Beikville, N. } . 

~ 
" 8 
S 

~~ 
' ­~-
'Pi.. -. • • 

-- - - _ • • _ . _ • •• ¥ 



( A.G. 062.11 (4-2643).) 

BY ORDER OF TIlE SECRETARY OF WAR: 

G. C. MARSHALJ.. 

Chief of Staff. 

OFFICIAL 

J. A. UUO, 

Ma jOt GeDetai. 

The Adjutant Geoeral. 

DISTRIBUTION: 

tBD 6 (2 ); IC 6 (3), 11 (2). 

(for explanation of symbols see PM 21-6.) 

Q,i.v, . 1 ""'" 
UNIVElII!T'I' Of {AljfORNIA 
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