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Xa ABSTRACT.

1-1. On 22 July 1243, a shipment of Japanese radar equip-
ment, capiurec on Attu Islend by the U.S. Army, was received at this
laborotory. This equipment consisted of two essentially complete
raéar systems: one, serial No. 156, manufactured in lovember 19#2,
-n’ the second, serial No. 161, manufsctured in December 17le,

1-2. Both of these systems were sel up and operated at
this laberatory, using an antenna constructed for the testing of
simil-r Japanese equipnent cantured on Guadzlcenal. Operating char-
acteristics of the Attu radar wvere found to be similer to the Guadal-
cenal redar, and are listed belowu?

Frecuency ranges 02-105 mc.

Pulse Power output! Nominal: § lar, DMeasured: 27 kW,
Repetition rate: 1000 cps.

Pulse widthi 15-17 micrcsecondse.

A.C. Input: 220 v., 3 phase, 50-60 cycles.

A.C. Input Pover: 4 v (approx. ).

Range (Totel sweep) 150 km (62 miles, nrutical).
Calibration markers: Overy 10 km (5.5 niles, nautical).

The only difference between the nore recently ceptured gear and thet
captured earlier on Guadrlcanal zre improvements vwhich meke for easier
servicing onda greater dependability.

1-5., Since the Attu equipnent is jdenticsl in performance
to the Guadalcanal radsr, similor ferns of countermeasures vould be
effective against the two types. Countermeasures effective against
the Guadalcanal redar are described in the report of reference (c)
anc in the letter of reference (3).

24 INTRODUCTION.

5.1, On 30 May 1943, the U.S. Army took over Chichasof Bay
from the Jopanese and found the partially completed jnstallations of
tivo separcte radars. These unite vere examined by the Signal Corps
anc sent to the United States for further study, as described in the
renort of reference (b). On 22 July 1943, the shipment of meberial
fro. Attu as received at this 1aboratorys. In the shipment were tro
essentially complete radar systems. One had the serial Ho. 150 and
wes monufactured in November 1042, while the other had the serial Ilo.
151, cné wes nenufactured in December g2, It is of interest to
note thet the Gunsdalcanal ecuipment bore serial Wos. 9, 28, end 35,
-nd were nanufactured in January, February, and March, 1042, Tollow
ing preliminsry inspection &nd inventorv of the material shipped from
Aitu, a letter report vas written to the Bureau of Ships on 13 August
195 (Reference (d)).
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2.2, Tests of this equipment were authorized by Bureau of
Ships letter of reference (a), assizning problem No. S-148. 3R=S.
Other references perbtaining to this problem are listed as references
(v) through (3).

Ref. (a) BuShips 1tr §-567-5(c24-9), 5-920-05991 to NEL
dated 21 Sept. 1943.
(b) "Report on Jepcnese Radar Captured on Attu",
11th Air Force Operations Analysis Section,
dated 1 July 1943.

(c) WRL Report on Japancse Radar Bquipment C.E.E.
No. 211, Ceptured on Guadaleanal, Report lo.
R-2183, dated ¥ovember %9&3.

(d) ¥RL 1%r s-se?/5EF37?375 Serial No. 1629 to

- BuShips dated 1) Aug. 1943,

(e) F=L ltr s-567/36(370) Serial No. 1116 to BuShips
dated 2 Feb. 1043.

(£) NRL 1tr S-8067~5/RCii, Serial iio. 1836 to BuShips
dated 2l Sept. 10H3.

(g) VCNO 1ltr Op-20-5-14/ dea., (5C) S67=5/EF3] Serial Ho.
01128620 to NRL with Enc. (), (8), anc (C),
dated 25 July 1943.

(h) ComiloPac secret ltr to VGO, Serial No. 0509 and
Enc. (&), (@), (C), and (D) thereto, dated
11 July 1943. -

(i) "Report on Japsnese Xisks Radars", 1lth Air Force
Operations Analysis Section, qated 12 Sept. 13H3.

(3) ¥EL Sccret Ltr S_567-5/EF37 (376), Serial 2039 %o
BuShips, dated Hevember 19&3, Subj: Radsr Counter-
moasurcs - Tests against Jepancsc Radar, C.E.E. No 211.

2-3. On 3 August 1943, work wes started in setting up the
ecuipnent. Circuits vere traced, and the equipment was cleaned up.
On 17 August 1943, an Army Signal Corps engineer arrived to assist
in getting up ~nd testing this equipnente. Both systems were placed
in cperation anc me~surements of the significant characteristics were
ade. Following this, on 21 September 1943, the system serial Ho.
161 was removed to Florosa Field, TFlorida for further tests by the
UeS. Arny. The serial No. 150 equipment wvas retzined at this labore-
tOr}'o

o_ii, Informetion was desired as %o whether the Attu gear
vras more or less susceptible to countermeasures than that captured
o4t Cuadalcanal. The important feetures of radar equipment examined
from this viewpoint were: pulse power output, repetition rate, pulse
length, receiver characteristics and antenna characteristics. These
fectures of the system were therefore examined and compared vith

hose of the Guadalcanal radar. Since the characteristics of this
previous nodel have been discussed fully in the report of reference
(c), and since so many features of the two systems are jdentical,
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this report will net attempt to ciscuss every detail in the coperatioen,
but instesd it rill note the dirferences between the two models. As
these two nodels were manufactured aphroxinctely one year apart, a
comparisen between the two systens is sirmificent in that it may
incicate the progress made by Japan in the development of rador gear
during 1942.

e DESCRIPTION OF UNITS AD COLPARISON WITH GUADALCADAL RADAR.

In order to maie a comparison between the Guadelcanal and
the Attu rrdors, each of the component units will be discussed senar-
atelv. The units of the Attu redor are as followss

(a) Trensmitter.

(b) Receiver.

(¢) Synchronizing Unit.

(d) Indicator Oscilloscope.
(e) ilonitor Oscilloscope.
(f) ‘lave lieter.

(z) Synchrolndicators.

(h) Antennz.

(i) Voltage Regulator.

Tech will be discussed cné compared with the sinilcr unit of the
Guacalcansl ragar.

3-1. Tronsmitter. Although the Attu tronsnitter (Plate
L) glovs considerable inprovenment over the Gusdalcenal transmitter
ith respect to the physical construction cndé scne inprevenont in
circuit design, the pulse pover, pulse width, end repetition rate are
unchenged (see paragrenh 1-2), lost cf the inprovements have been
made for the pursose of naking the units more reliable. Appendix I
is a tronslation of the nerts lists given with the circuit diagrem
of the trensnitter snd neduloter (Plate L).

%-1-1, Like the Guacalesnal redar, the master oscillotor
is gric-keyec. The high BQM tanik: in the plote circuit of the previous
moéel has now been renlocec. by & balanced transnission line tuned
circuit similar to the arrangement used in the pover amplifier.
(Plate 3 is o photogreph of the 2.F. section of the transmitter).

e opscillator grids are now tuned by o sherted tronsmission line, bub
the fTilaments are tuned in the seme manner as previously. The final
anplifier is jdentical to the one of the previcus unit. As before,
both steges cre bicsed beyond cut-of f and the grid-leyed oscillator
drives the amplifier.

5-1-2. The keyer, OT modulsator, is now a plug-in unit to
the transmitter, sné consists of three stoges. The first stage is a
wentode amplifier using & 12 tube, which is treasfommer couvled to
e sa2s tetrode tube type XB-767-A. The electrical characteristics of
this tube (see Plate 22, tubde A1) are closely similor to the American
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) : M- 2
Lyoe 2050 put it hes o L-prong hase jnstent of the octa& Lype- This
sfbte drives @ tricde pover ~mplifier employing a TB—BOofG (g large
transmitt‘,ﬂ type tube of approximctely 100 watt size ghich 18 also

reyeT weed & thyratrois ~hich VS not sexisfastory, ae the Japanese
tube had 2 relativelg short 1ife. This vias inulcate& py the fact

thet 2 reserve rube &S puiltd in the unib, toc be switched in the cir=

cuilt vnen a failure occurred. The revised circuit has proved more
pelishble than the previous ones

Bl o The transnitver powier supply is changed congider-
000 voltis, 50-60 cycles @& Lefore, vub the three phase spduction vol-
tege regulators formerly‘
;1 e-phasce full wave, and.employ

anite ©The rectifiers are nov ging

D

hish-vacuun tybes tyPe X-251 (shovm @S gube 1 1D Plate 22) jpstead

ably from the one in the Gusdzlcenal T 2 The input 18 three-phase,

puilt into the gransmitters jg nov & separate

of the mercury yapor tubes ueed before. A choke coil, in geries vith

the prinary of the high voltage grensforne? of the amplifier plate
yoltane SU¥F:

and. neters curing tuning and a&justment. fnis coil 18 shorted out

1Y s reduces the cutpub voltase o nrevent gomoge ©O tubes

vhen the full opers ting voliege is Gesired. Ho conbinuous adjustment

of Mloie yoltege 18 gossible. fhere is 10 aﬁjustment for the plate

.

volhuagse of the oscillobore

3—1—%. One interesting feature nos been added %o this
rpononitter ghat wes not on the previous equipment. There is & Pro-

toctive spars GOF (pert w0 2nd 5o in Plctbe I, iten w3 in D1ate 22) from

the grids of the fronsnitiing rybes Lo ground. One slectrode of th
gan is 2 snall pool of mercurye The DUrnNCse of this £8P is eviaently
to protect the grid circuit neters in cose of flashover within the

e

tubes Experience with similar cevices in American circults shews tha

the protective gevice must be placed near tne noint of f1lashover in

orcer O mive adequate pratection. ‘These 3PS are some distence from

the grid 1eads, &8 they ore nounted just inside and to the lovierl
right of the fronbt penel of the transmitieTs as shewm in Plate s
Insteal of only one firaks) beins used, three jaentical san tubes areé
connected in series. This fect jndicetes that taey viere originally
jntended for lover voltege circuits, hence three ere connected in
series for the desired &P gpacing. Hovrever, the £opPs gpneal to be
offectivee

_ 3-1-5. ine opercting volseges ond currents for the oscil-
jator and amolifier are as follows?

Oscillotor Amplifier
Plcte Voltage: 20 0
. 7 v.
Plate Currents aé gav 520
Grid Voltage? 320 vy 5dma.
Grig Current: L i =
= Mas L". 5 mae

(ihen the plate : s jand
¥ 1 & Vcltﬁge s*[;ltcp iS in J.h 1 1t =l

voltzeg S ' > vne Adjust positio =
ce of the amplifier is appraxj n, the plate

netely 3¢5 kv )
ol
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3-2. Receiver. Two types of receivers vere included with
the redsr equipment captured on Guadclccnal. The smaller was evicently
of Jananese design, but the larger was believed by many observers at
this laborotory to be of German design. With the Attu ecuipment only
one type of receiver 'wos found (Plates 5, 6, 7, &, and g); it was
sdeaticsl to the "German" type receiver mentioned above. Copies of
the original Japenese viring diagranm, block diagram and receiver perts
1ist ore Fletes 5, 5 and 8 respectively. Appendix IT is a translation
of the receiver perts list (Plate &).

3-2-1. The receiver is a double superheterodyne type with
e tuninz r-nge of 39 to 115 me. The first intermediate frequency is
21.55 me; the second 3.5 mc. The characteristics of ti:ls recelver are
described fully in the revort of reference (c).

3-3. Synchronization Unit. The circuit of the synchronizae-
tion unit (Plates 10 and 11) of the Attu rader is fundamentally the
same as that used in the systen capturec at Guzdalcanal. A 15 ke
sine vave is generated zn¢ divided to a 1 ke sawtooth; the savtooth
is used to form a pulse to key the transmitter, fom the sweep, pro-
vide return blanking, ond provice a pulse to synchronize the momitor
oscilloscope. The 15 kc sine weve is also squareé, differenticted,
ond amplified to furnish pulse markers for the main indicater oscil-
loscone.

3-3-1. The first departure from the design of the Guadal-
conal rodor appesrs in the methed of frequency division. ‘hile the
division from 15 kc to 1 lc was made in one step in the earlier cap-
tured radar, this division is made in two stens in the Attu equip-
nent. The 15 ke sine wave is divided by V2 and V3. The ocutput of
this circvit is o 3 kc sawtcoth having a 15 ke ripple; this sawtooth
is divided to ~ 1 ke sawbcoth having a 3 ke ripple. The outputs of
the % ¢ and 1 kc divicers-are fed to banens nlug jacks on the front
nanel. The input frem the monitor oscillcscope is plugged into these
to neize possible rapid localization of circuit failure in the syn-
chronization unit., These jrocks are marked 15 ke, 1/5 (3 kc), enc 1/3
(1 iic). These merkings led te first impressicn thnt the system
used more than cne nulse repetition rate ond indicstor range scale,
o stobed in the letter of reference (d). Actually, as described
gbove, only one repetition rate ond one range scrle are used.

3-3-2, The 1 iz output which is obtained from the last
dividing circuit is fed to a 6D6, & pulse foming oscillator, which
generotves a pulsc for the transmitter zeying. By adjusting potentio-
neters (Rp, Rp and Rg as showm in Flate 10) in the pulse forming os-
cillator circuit, the phase of the transmitter keying pulse may be
shifted with respect to the sweep forming pulse, thereby plscing the
tronsmitter pulse at the steart of the sweep and in line with one of
the ronge narikers. The transmitter keying pulse is amplifier and fed
to the modulstor unit from & type UK-76 cathode follower.
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3= A 1 kc pulse 3¢ fed iron the lest givider circuit

to 2 19 y-101. The return planking and synchrcnization for the

nonitor oscillosceDe are obtained fron the cathode of V-101, wnile the

ylote feeds another 76, =5, =0F nro¢uchion of the sveep voltage for
the nmein inaicetoX oscilloscODes In the plete circuit of y-5, there
i1g o large ipcuctence. 1-101, acTross which is connected an 0.01 mfd
nica concensers G104, Tubde V-5 is operated ab 2 fairly high Dias,
-nd nornelly yery little nlote cur-ent £1lovss ihen the positive
pulse ig soplied 1O the grid, & large plote current flovs and chorges

+ up the condenser, C—l@% which, after ghe pulse hns passed. discheries
glovrly throuah tne inductrnce, forming the eVieelde. This is & typical
eorrbooth gener:tcr circuite

3 5-it. The aynchronizabion anit also supplies nlete pover
for the video smplifier in the nain jndicator oscilloscopes fhe con-—
aections foT these lea(s are roTerred Lo &8 the "D.C. Input“ in the
-3scussion of this unit on Page 11 of reference (v)-

B—H. tiain Incicator Unib.
3—@—1. The main :pndicotor unit (Plate 12) contains the final
smplifier for the video and an ayplifier for the sweeDe A pentode

type 5302 tube, one of the ferr that 1s not & iirect copY of an American

type, 1s usec in & ccnventional circuit foTf the final viceo amplifier.

312, The sweep voltage, generated in the syncharoniza-
£ion unit, 3¢ apolied to the grid of & La2_A poveT pentode by means of
a pctenticmeter rhich controls the sweepP arplitude. This voltasie

ig then tronsforner coupled to the horizontel plotes pof the caticde
rey tube. The transformer sives the desired‘belanced syeep voliage
output. <his gysten giffers from the conventional American circuit
which uwsually ertyloys an extra tube for phase inversions. Since this
conventicn:l circuit wce used in the Gusaalcenal rador, the Erona-
former nmethod must have been considered an improvement. However, the
henefits derived DY employing this circult are not apparent since

the semne regults conl be obtained by the phase jnversion circuit, end
+he design reqpirements for & grensiormer cepeble of handling the
sweep voltage vaveforn are severe.

3-li-3. The peturn blanking ané nerker signals also &¥e
enerobed in the syachronizin@ unit. The return plenking pulse
jves tie cathote of the SSE-120-G tube positive ~ith respect tc the
iG. The noricers are applied directly tc cne of the yertical de-
lecting plates. The generation of these signals is discusset in
naresraph 303,

G3

==
.‘I‘

Hy 03 &4

B—Q—Mu The nain jndicator of the Guasdslcanal rader con-
sisbed of three separate anits as Gescribed in the report of refer-
ence (c). The arrangement of the Atiu radar is more compact since
gnly one wait is ugets Practically jgenticel resulis are obtained,
hovevers
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5--5. One fezture appearing on the e.rlier nodel hes been
oniitted frem the Attu indicater. The Guadalcenal indicater had two
nethods of presentation. One of these was standard type A presenta~
tion. The other showed the echoes as blank places on a wide line
sweep, the echo video veltage being applied to the grid of the cathode
ray tube, as explained in the report of reference (c). The latter
method had no apparent advantage and it has been eliminated from the
newer model.

3-5« Moniter Oscilloscope. Although the monitor oscil-
loscope (Plate 13) is not an integral part of the radar system, it is
very useful in checking the pulse signal at various points in the
aystem. This unit employs only one three-inch tube while the Guadal-
canal radar meonitor scope used four three-inch tubes. The signal is
monitored at four different points simultaneously in the latter,
while in the Attu system the one oscilloscope is used to monitor the
signel at the desired points with convenient plug in jacks. The
type SSE~T5-G cathode ray tubes of both models are identical and
are similar to the American type tube 3AP1.

3-5-1. The monitor oscillescope is a complete cathode
ray oscillograph of infericr quality. It is self-contained, having
its own power supply, generating its cwn sweep, and incorporating
one stage of video amplification (a 6D6 pentode). Plate 13 is a
schematic diagram of the circuit. The sweep is generated by charg-
ing a 0.0l mfd condenser through a high inductance choke. Decause
of the average bias across (-9, the UY-76 will not conduct for low
values of plate veltage. When the plate veltage reaches a certain
pre~determined value, however, the tube will start to conduct, and,
due to the transformer regencration, the risc in plate current will
be rapide The pulsc of plate current discharges the 0.01 mfd con—
denser across which the sweep was being generated and simultaneously
the grid draws current. The grid pulse is used for the return blanle
ing by applying it to the grid of the cathode ray tube. The 0,01 mfd
condenser- is now in its original discharged condition and the process
repeats itself. In order to synchronizc the sweep with the incoming
signal, an output from the synchronizing unit is amplified and trans-
former coupled to thc plate and grid of the UY-T6.

%-5-2. The four monitor cathede ray tubes of the Guadal~
canal radar had a common power supply, causing any adjustmcent of one
to rcact on the other three. This difficulty has becn eliminated dy
using only onc tube. Also, the unit is much more compact than be-
fore. Although these changes are improvements orcr the Guadalcanal
monitor, the unit is still inferior tc thc commercial models of
Amcrican cathode ray oscilloscopes.

3-6. Wayve Meter.

3-6-1. The wavemeter (Plates 14, 15 and 16) is an auxiliary
unit used in aligning the receiver to the transmitter frequency. This
unit-was not captured with the Guadalcanal radar although it is mene—
tioned in the capturecd instruction book. The following paragraph

e - DEC’ A



appears on Page 2% of the snstruction Dbook (reference (c)), with
rogard to the tuning of the receiver to the transmitter froyuencys

m1] Whon there is 1o euitable echoing target in the vicinity.

1L, Disconncct the t ransmitter, reccilver, and froquency meter to the
oviginal conditicn.

15. Measurc the froguency of the transmitter emissions with the fro-
queney meters

15. HNext cub off the modulator voltagc, the transmitter voltage and
the power, stopping transmitter cmission.

17. Change the sotting of the froguency meter to reccive, thon com—
mence rocoption of €ho modulatcd wave tronsmission of the frequency
meber in the roceiver. By adjusting tle local acillator tuning con-
denscr ond the HeFe tuning condcnsor you get the point of maxi mun

cffcete
15, This complctes the tuning of thc rocci vers"

3-6-2, TWhen the sond-roccive switch in Plate Nos. ¥ is on
the "sond" position, the roccived transmitioer signal is heterodyncd
with a local oscillator, which uscs a 955 tubes This oscillator is
tuned to tho transmittor frogucncy &8s indiccted by tho audiblec boat
in tho carphonose Ihe switch is then thrown to the "Roccive" posi-
tion and the 955 oscillator is modulatcd by another oscillatoer (a
76 tubc)s This oscillator is uscd as a signal genorator anmd the
output gocs %o tho roceiver. The recciver is then tuncd for maximum
output. The power supply for thec wave motor is a scparabo unit; the
circuit diagrem is given in Platec 15.

3-7. Synchro Motors end Gencrators. Of particular in-
torcst wore the synchro motors found with the cauipment. Thex are
snotm in the photograph of Plate 19.

3-7-1, Plates 20 and 21 arc photographs of a box con-
taining o synchro gencrator unit. Therec is & dial calibrated in
dogrecs connccted to a gear train oxtending to a joint just above
a hole in tho vottom of the box. Bolow is another dial, calibrated
in kilometers, which is connccted to a gcncrator—typc synchros
The dials both have imobs. In between the two dials, and to the
sidc, is a push button s.peSeb. sritche The push button, accord-
inz to tho translated nameplate, controls & buzzcr, and is assumed
to be for signalling when the equipment is "on target". The
control boxes have scrial numbers Gaoglh and 68285.

3.7-2. The remote train and range indicator units (Plate
3T czlibrated in degrees and kilometers, respectively, each contain
s mobor-type synchro in a round cast aluminum case. There is a
rheostat on the side for controlling prilliasnce of the three pilot

I M-il
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lights which illuminate the dial, and for switching out the illumin-
ating lights and switching in a light in the terminal box to show
that the unit is operating. The units were made by Kure Arsemal in
June, 1943 and bear serial numbers 35, 36, 39 and 9.

3-7-3. The Synchro units (Plate 1§) are fairly well eon-
structed. They have spiral cuts on the laminations of the rotor,
the brushes are dual and independently sprung for positive contact,
and the slip rings appear tc be gold plated. There is a cast strap
bearing retainer, but there is no case to prevent the entrance of
dust and other foreign matter. In the generator units both bear-
ings are steel-cn—-steel, and the other is steel-on-steel with a ball
thrust bearing. This latter could net function, however, unkss the
face of the dial was peinting downward, and in this positien it turns
least easily, so the bearing is evidently extraneous.

3-7—#. Both the motor and the generator units are stator
excited, the rotor having three windings. In both units, there are
two separate windings on the stator; in the case of the motor unit,
the second winding functions as a step-down transformer from the
line to provide power for the illuminating lamps.

3-7-5. Based upon the experimental value ¢btained from
the fact that the bulbs are rated at 15 volts, 50 volts was used as
field excitation. With this voltage applied, in several trials, the
motor followed within plus or minus % degree.

3-7-5. Specifications for U.S. Navy fire control Syn-
chros require an average static accuracy of 0.2 degree deviation,
with a maximum of 0.5 Gegree deviation. Due to the fact that the
dials on the Japanese Synchros cannot be read closer than % degree,
no attempt was made to determine whether the averagec accuracy was
bettor than that value, but it is doubtful that such weuld be'the
case. As for physical construction, the Japanesc models arc far
inferior to those of American design. The rotors of the motor units
do not turn freely; in fact, there is sc much friction, that there
ig no nced for the damping arrangement common to American models.
No attempt was made to reducc friction in the generator type Syn—
chros. In one test, a generator type was driven by another; the
rotor of the unit under observation turned with the greatest diffi-
culty and did not follew at all.

3-7-7. The master control box is painted khalki and the
renote indicator units are painted gray, while the radar cquipment
is painted black. This cast some doubt as to whether the Synchros
were designed for use with the radar. The most conclusive evidence
found was that the calibrations on the different units are different.
While the radar main indicater oscilloscope and the remote indicator
units read meximum range as 150 km (for 360° rotation of the remote
indicator pointer) the master control box has 300 km for the 360°,
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Since on the latter the range is a multiple of the range reading on
the first two, it is possible to use the units zs a system. However,
this may indicate that the units were not designed for use with the
radar as a system, but were pressed into service.

3-8. Antenna. Very little information concerning the
antenna used with the Attu radar was received. The writers cf the
report of reference (b) note the absence of anything resembling a
duplexing device, but remark that there may have been one, since a
device as small as a spark-gap or gap-tube might easily be overlooked.
However, it is to be noted that there definitely was no duplexer
in the equipment captured at Guadalcznal, but instead the antenna
system consisted of scparate arrays (on common mount) for receiving
and transmitting. A sufficient quantity of copper rods and insula-
tors were included with the Attu equipment to construct two complete
antonna systems. The rods were made of copper tubing 3/8" in dia~
meter and were intecnded to be supported by the standoff insuls tors.
There were § quarter-wave lengths anc 15 half-wave lengths of copper
rod for cach sntenna. These numbers correspond cxactly to the num—
ber of such eloments uscd in the Guadalcanal antcnna.

The report of reference (i) describes and includes photo-
graphs of the antcnnas used on Kisks Island. The framework and antenna
spacing appear to be identical to that used on Guadalcanal. The report
also statos that no "transmit-recciver box" or spark gap was found
but we may supposc that the Japencsc arc acquainted with the technique
of using thc samc antcnna for both transmission and reccption. How-
ever, the similarity of the antenna system to that uscd at Guadal-
canal indicotes that the two systoms may have been jdentical. The
report of refercnce (¢) fully describes the Guadalconal antenna
systcom.

3-9. Voltrge Regulator. The components of the thrce
phasc voltage regulator (Plotc 17) arc almost identical to thoseo uscd
in the Guadsleanol rador. However, instcad of being built into the
transmitter, the Attu unit is cntirely scparatce The ecircuit and
operation is that of o conventionol threc phosc induction rcgulator.
This is uscd to roisc or lower the linc voltage to the requircd voluc.
The rogulator is turncd by a motor which is controllcd by o recversing
rclay. The relay is encrgized by o contact making voltmecter. The
output voltage moey be voricd somcwhat Dy changing the "relay adjust®
resigtor shown in Platc No. 17.

3-10. The units (Platc 1) werc conncctcd as shown in the
block dingrem, Platc 2, and tho systom sct in opcration.

Measurcments made on the cquipment werc:

Pulse Power Output 2.7 kw (Nominally 5 k)
Pulsc Width 16 microscconds
Ropetition Ratc ;OOO cycles per sccond.
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3-10-1. The avcrage power output was measured by using an
incoandcscent load lamp with a photo cell and microammctcer. The highost
volue of pulsc porer obtained was 2.7 kw (pulsc length 16 micro-
scconds)e The rated nominal pulsc power for this cquipment is as-
sumed to be the same as for thc previous model since the final am-
plifiors arc identicnl and the pulsc length is unchanged. The
nomincl pulse power given in the Japonesc instruction book found on
Guadnlcanal was 5 kw.

3-10~-2. The receiver was cercfully cxemincd and com-
parcd with the German type receiver capturcd ot Gundalconal. No
diffcronces yore found and no anti-jom foaturcs hed becn added.

3-10-3. From an cxamination of the two systems, sorial
Tose 158 ond 161, manufactured in November and December of 19L2 rc-
spectively, it woas obscrved that a fow minor circuit chenges had becn
made in the month betwoen their menufncturc. The disgram of Plate
10 is thnt of unit Ne. 161. Supporting cvidence of the fact that
there vng little or nonc of the stonderdization nccessary for moss
production tochnique is the foet that covers for perticular units
arc not interchongeoable botween the two systoms.

L, CONCLUSIOHWS.

L1, Execpt for the changes vhich offoct decpendobility
and. servicenbility in the Attu radar, no significant difference in
performance was noted betweon this gear and thot captured at
Guadalcanal.

l.2, Thereforc, since nonc of the characteristics
which determine cffcctivencss against countcrmeasurcs have beon al-
tercd in any groot scnse, countcrmeasurcs cffoetive against the
Guadnlernnl radar would be effective agoinst the Attu radar

cll - DECLASSIFIED
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APPEIDIX I

TRANSLATION OF TRANSIITTER PARTS LIST (PLATE 4).

No. Name Total Remarks
3 Grid Coil i
2 Grid By-Fass Condenser ik 0.005 mfd
D.C. 75 V Mica
i Grid Current Meter (Main Oscillator) 1 D.C. 50 MA
lieter (Gauge) "A" Safeguard Condenser 7 0.005 mfd
D.C. 1500 Miea
5 Arrestor Fuse 3 Vacuum Type 30 MA
6 Mercury Arrestor 3
1 Main Oscillator Tube 1 TR-593~-A
8 Main Oscillator Tube 3 TR-593-4A
9 Plate Closed Elec. Circuit Coil(lain Osc.) 1
1) Plase Condenser (Main Oscillator) 1
11 Filament Tuning Coil 1
12 Filament Tuning Coil 1
L Filament Tuning Condenser 1
1 Filament Tuning Condenser L]
15 Plate By-Pass Condenser i 0.002 mfd
D.C. 15000 V Mica
16 Coupling Condenser 3
i Coupling Condenser 1
18 Grid Choke Coil 1
19 Grid By-Pass Condenser 1 0.005 mfd
D.C. 7500 V Mica
20 Grid Current Meter (Amplifier) 1 D.C. 50 MA
21 Arrestor Fuse 1 Vacuum Type 30
22 Mercury Arrestor 3
23 Grid Closed Elec. Circuit Condenser (Amp-
lifier) 1
24 Grid Closed Elec. Circuit Coil 1
25 Amplifier Tube 1 TR-593~A
26  Amplifier Tube 1 TR-593-A
27 Neutralizing Condenser i
28 Neutralizing Condenser 1
29 Filament By-Pass Condenser L 100 mmfd
30 Filament By-Pass Condenser 1 100 mmfd
31 Filament Choke Coil i
32 Filament Choke Coil T
3 Plate Closed Electric Circuit (Amplifier) 1
3 Plate Condenser (Amplifier) 1
25 Plate Choke Coil i |
36 Plate By~-Pass Condenser 3 0,002 mfd
D.C. 15000 V liica
37 Plate Voltage Switch 1
38 Antenna Coupling Coil 1
ag Feeder Circuit Current Meter 1 14
1 14

Feader Circuit Current ileter

w Page 1 of Appendix __ e |
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APPENDIX I (cont.)

No. Name Total Remarks
151 By-Pass Condenser 1 0.005 mfd
D.C. 1500 V Mica
42 Closed Circuit Coil (Monitoring Recti-
fier) 1
4 Closed Circuit Condenser 3
)it Monitoring Rectifier Tube 1 D.C.-782-A
U5 Plate Choke Coil 5
46  Plate Resistor 1 C-5 2060 ohms
L7 Filament By-Pass Condenser 1 0.005 mfd
D.C. 1500 V Mica
Lg Filament Resistor 1 4 ohm enamelled
g Filament Voltage Meter 1 AC 15 V
50 Filament Changeover Switch E
51 Filament Transformer (Main Oscillator 1 7.5 V 354
52 Filament Transformer (Amplifier) 1 7.5 V 354
ga Plate Current Meter (Main Oscillator) 1 DC-300 mA
Plate Current Meter (Amplifier) 1 DC-300 mAd
55 Overload Relay (Main Oscillator) 1 0,0-0.3 4
56 Overlead Relay (Amplifier) 1 0.0-0.3 A
57 Overload Parrell Resistor 1 40 ohm Enamel
58 Overload Parrell Resistor 1 40 ohm Enamel
59 Overload Moving Indicator Lamp % 18 V 75 mh
60 Overload Moving Indicator Lamp 1 18 V75 mA
61 Overload Series Resistor 3 2600 ohm Enamel
62 Overload Series Resistor 1 2600 ohm Enamel
63 Overload Relay Reset 1
6l Grid Voltage Meter 1 D.C. 1000 V
65 Multiplier 1
66 Multiplier Changeover Switch 1
67 Plate Voltage leter 1 D.C. 8000 V
68 Multiplier 1
69 Multiplier Changeover Switch 1
70
§ i 1 Main Power Supply Fuse 3 30 A
72 Power Supply Indicator Lamp 1 18 V 75 mA Red
73 Power Supply Series Resistor 1 2600 ohms
T4 Hain Power Supply Switch 1
Th Filament Power Supply Control Switch 1
76 Filament Electro-Magnetic Switch 1
Tl Filament Fuse 1 A
78 Air Blast Electro-Magnetic Switch i
79 Air Blast TFuse L 10 A
80 Timing Relay 1
gl Grid Power Supply Control Switch 1
g2 Grid Power Source Electro-lMagnetic Switch 1
& Modulator Fuse % 2 A
g Grid Power Source Fuse 1 2 4
85 Grid Power Source Rectifier i 122 VA 5000 V
' Pressure Proof
86 Grid Power Source Rectifier Plate Trans-
former 1

BB IEAL
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APPENDIX I (cont,)

No. Name Total Remarks
g7 Grid Power Supply Rectifier Tube 1 K25
88 Grid Power Supply Rectifier Tube 2 K-.251
89 Smoothing Choke Coil 1 30 H 0.11 L 6 XV
90 Smoothing Condenser 1 3 mfd OF DC 3 KV
91 Voltage Dividing Resistor 1 1300 ohms Enamel
g2 Smoothing Condenser 1 3 mfd OF DC 3000 V
92 Smoothing Condenser | 3 mfd OF DC 3600 V
9
95 Plate Power Supply Fuse g 10 -
96 Plate Power Supply Push Button Switch 1
97 Plate Power Supply Electro-Magnetic Switch 1
98 Plate Power Supply Indicator Lamp 1 18 V 75 ma
99  Plate Series Resistor 1 2600 ohms Enamel
100 Plate Voltage Changeover Switch 1
101 Voltage Regulasor Reactor 1 0.4 H
102 Plate Power Supply Rectifier Filament 1 10V 12 A 122 VA
Transformer Tube 20 KV Pressure Broof
103 Plate Power Supply Rectifier Filament 1 122 V& 20 KV
Transformer Tube 19Viea
PYessure Proof
104 Plate Power Supply Eectifier Tube 1 K-251
105 Plate Power Supply Rectifier Tube 1 K-251
106 Plate Power Supply Rectifier Tube 1 Ke251
107 Plate Power Supply Rectifier Tube 1 K-251
108 Plate Transformer for Plate Power Supply 1 1.4 xva
Rectifier )
109 Plate Transformer for Plate Power Supply 1 640 VA
Rectifier
110 Smoothing Choke Coil 1 4 H 0.3 A 6000 ¥
111 Smoothing Condenser 2 2 mfd OF DC-15000 V
112 Smoothing Choke Coil : | 11 H 0.65 A 10 KV
113  Smoothing Condenser 2 2 mfd OF DC-15000 V
201 Series Resistance Condenser 1 0.005 mfd 1000 V
202 Input Adjustable Changeover Switch 1 MK-12451
204 Automatic Bias Resistor 1 C-3 2K ohms
205  Synchronous Input Amplifier Tube 1] Uz-l2
206 Audio Transformer 1 202-5B=5
207 Grid Resistor 1 C-3 160 K ohms
208 Impulse Wave Intermediate Driver Tube 1 XB-767~-4
209 Impulse Wave Load Resistor 1 3K ohm Enamel
210 Impulse Wave Discharge Condenser 2 0.002 mfd 5080 V
211 Variable Resistor 1 Model 819 160K ohms
212 Choke Coil 1 15 mH '
2l3 Impulse Wave Amplifier Tube i TB-508=-C
214  Power Supply Smoothing Condenser 1 6 mfd 1500 V
215 L 1 2 mfd 2000 V
216 Power Supply Smoothing Low Freg. Choke 1 15 H 40 ma
Coil
217  Power Supply Rectifier 1 EX~12-F
218 Power Supply Transformer 1 66 VA
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No.

APPENDIX I (cont.)

Neme Total Remarks
219 Power Suvply Rectifier Tube 1 KX~142
220  Power Supply Filter Resistor i C-5 70K chms
221  Power Supply Filter Condenser X 3 mfd 3000 V
222 Power Supply Filter Resistor 1 C-3 10K ohms
22& Power Supply Filter Condenser B 2 mfd 2000 V DC
P - 1
225 Voltage sllotment Resistor I C-3 10 X ohms
226  Power Supply Eectifier Tube 1 KX-12F
227 Power Supply Filter Condenser 1 2 mfd 5000 V
228 Power Supply Filter Low Freq. Choke Coil 1
229 Power Supply Rectifier Tube 1 KX-142
230 Power Supply Allotment Resistor i C-5 LK ochms
231 b : & C-3 2K ohms
232 1 1 n
233 n 3 "
234 " 1 C-5 TOK ohms
235  Impulse Wave Load Resistor 1 200 chms Enamel
236 " 1 2000 ohms
237 Series Resistance Condenser 1 2 mfd 2000 V
238 Input Adjustable Resistor 5 M 1/3L 30X ohms
239  By-Pass Condenser 1 2 mfd 2000 V
230 Power Supply Filter Condenser i 2 mfd 5000 V
241 Rikenohm 1 20K ohms M-1/3 L
242  Impulse Wave Discharge Resistor 6 C-1 50K ohms
24 Power Supply Trensformer - 135 Va
2 Power Supply Rectifier Tube 1 KX-1k42,
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APPENDIX II
TRANSLATIOX OF RECEIVER PARTS LIST
Feeder Circuit Higsh Frequency amplifier - No. 1 Detector - No. 1 Oscillator

Symbcl Name Fixed Number Summary

1 UN-95% Acors Socked
2 " n

V3 W-955 "

VC1l Midget Condenser 20 mmfd.

vC2 " ’

vC3 4 ¥

Cl Naval Type Model 2 0.002 mfd

c2 i B

c n "

Ca n "
L]

C5 0

co Naval Type Model 2 0.002 mfd

CcT Naval Type Porcelain Terminal Condenser O

C9 Naval Type lodel 2 0.0001 mfd

C10 . 1 mmfd

c1l 2 0,002 mfd

(3 42, 1 ) "

c1 g n n

Cl " 1

Cc15 n "

C16 - "

Cl7 " n

Cl& : u n

C19 o 0

€20 iy 0,002 mfd

Cc2l " "

022 " u

023 un "

Rl Navel Type 0-0.5 Purple Color .500 ohms Rikenchm

h2 n 1 X ohm »

R3 " Yellow Color 30 K ohm "

RY Naval Type B-20 Orange Color 50 K ohm "

55 ¥ 100 K ohms "

R " Red Color 5 K ohms

1l Peeder Circuit Tuning Coil

L2 f

L Amplifier Tuning Coil

L n

5 Oscillator Tuning Coil

16 Plate Choke Coil N-16114

L7 " n

18 " "

19 it "

110 Filement Choke Coil : "

Lll n n
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Symbol

APPENDIX II (cont.)

Name

Fixed Number

Summary

112
53

vl
ves
vCh
vey
vCcg
vCo
ces
cey
ceg
€30
031
c32
C3

C3

C35
C36
C37
C38
C39

chl

gﬁa
cls
(TS
cly
cug
clg
CHO
c51
chHe
R7

K9

R1C
R11l
R12
R13
R1Y4

Filament Choke Coil

Naval
llaval
Naval
Naval
Naval
Naveal
Naval
Naval
Naval
Naval
Nawval

Naval ©

Naval Model C-C.5 Red Color
I

Tvpe

Type
Type
Type
Type

5 ]:\ITO d. 8 1

liodel
Model
Hodel
lModel

(AN AV IR AS I 0 R 3 B AV

Hodel

Porcelain Terminal Condenser

Mcdel 2

Porcelain Terminal Condenser

Model 2

Porcelain Terminal Condenser

Model 2

Poge 2 of Appendix II

No. 1 Intermediate Frequency amplifier No. 2 Detector

0.01 mfd

n
i

100 K ohms
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APPENDIX II (cont.)

Symbol Name Fixed Iiyygber Summary

R15 Naval Model C-0.5 Red Color 1 X ohm Rikenohm
R16 . Purple Color 250 ohms "

R17 1 il

R18 Naval Model B-20 Red Color 5 K ohms g
R1S n n

R20 n " n
R2l " Orange Color 30 K chms "
REE n n

23 . 100 K ohms I
R62 Naval Type % iodel L 100 "
36 ] n

36‘ 1" " n
L14 Intermediate Frequency Tuning Coil N-16112
L15 L I
L16 1" "
Ll? ] n
LlS 1 1"
ng 1 "
120 Plate Choke Coil N-1611k
L21 " n
LEE 1] n

L2 " n

LE 1" n
L25 n i
126 Filament Choke Coil "
127 1 n
128 i "
L29 n "
L}G n 4]
L31 u "

¥o. 2 Oseillator

V7 6F7 Ut-TP
VClo Midget Condenser 50 mmfd

VC1l L

C5 Naval Type Model 2 C.01 mfd

c " "

€55 n i

956 n i

Ch7 It n

chHe " n

Ch9 - 0.002 mfd
c60 " ]

ch1 " "

ch2 . 0.01 mfd

c63 n n

T Page 3 of Appendix II
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APPENDIX II (cont.)

Symbol Name Fixed lNumber Sunmary
cou Naval Type Model 2 0.01 mfd

65 " 1

Rl Naval Type C-0,5 Purple Color 1 X ohm Rikenohm
R25 " Red Color o "
326 1 ] ]
R27 it Yellow Color 1 M ohm 5
R28 Naval Type (-2 Red Color 5 K ohm ”
k29 " 5 K ohm "
R%8 " Orange Color 30 K ohms "
L32 Oscillator Coil 16114
Lgs 1t 1
L}h 1 "
135 Plate Choke Coil N-16114
L36 . 1
L}? 1
138 Filament Choke Coil b
L39 n n

X Crystal Oscillator 4.5 1C

No. 2 Intermediate Frequency Amplifier - Ho. 3 Deteotor

V8 RE-3

v9 "

'U'lo "

V1l %

vciz2 liidget Condenser 50 mmfd
VC1l3 W n
veolk " 1
v015 " n
7016 it n
VC17 s Y
7018 n 1
VC198 it ]
CT4 Naval Type ilodel 2 0.01 mfd
C75 " n
C76 " I
c77 g i
c78 ] "
079 n "
Cc380 " 1
cgl " n
082 " n

cg Naval Type Porcslain Terminal Condenser 0.5 mfd
~ n "

o ’ :

wis

c86 Naval Type iodel 2 ©.01 mfd
cg? n "
&3 " "
089 u "
Cot i n
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APPENDIX II (cont.)

Symbol Name Fixed Number Summary
€91 Naval Type liodel 2 0.01 mfd

092 " n

€93 [ n

C?L' " n

095 1 "

096 1 n

co7 U I

C98 " 0.002 mfd

099 fl 1

C100 I I

cl01 i 0.01 mfd

0102 " 1

€103 i Y

Clou' n "

€123 1l 1

R31 Naval Type % C 15 K ohm Rikenohm
332 n U "
333 1" n 1
33}4_ " " i
H H " "
Rgg " i 1
R}'{ ] " ]
R38 i n "
139 liaval Type C-0.5 Red Color 1 X ohm i
R 0 " n "
B4 ] y " ]
R}_}_E H " 1]
RY " Purple Calor 250 chm "
R 1 i il
RL|,5 n " u
RYE i Red Color 5 K ohm s
R""? " n It
R’-I»S It 0 1"
R)_{_9 " " u
R50 . Orange Color 30 K chm o
';:Il " i n
I{SE i " "
E65 Neval Tyno 1/3 Mudel L 10C -hm i
%6 1 " n
R57 n " i
40 Intcrmediate Froguency Tuning Coil N-16112
Ixu'l ] "
42 L "
L]-'rj n n
Thb " ]
U+5 1l "
L)-I»6 ] "

% Page 5 of Appendix II
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Symbnl

LPPENDIX II (cont.)

Name

Fixed Number

Summary

47
48
149
150
151
L2
153
154
155
156
L57
LkE
158
160
L6l
162

V12

V13

€105
0106
c107
c108
€109
€110
Cc111
€112
C113%
c11kh
C115
C116
c117
€113
€119
€120
clel
c1e2

RS
B
B55
R56
B57
R56
=59

R61

Intermediate Frequeney Tuning Coil
Plate Choke C-il

RE-3
RE-3
Naval

Haval
aval
Havel
Naval
Naval

Naval
Naval
Wavel
Wavel

Taval
Naval
Naval

Havel

n

Q

Typ

Type
Type
Type
Type
Type

Type
Type
Type
Tyve
n

n

Type
Type
Type

H

Low Fregquency mmplifier

P-reclain

dindel 2
Porcelain
lindel 2
Porcelain
iindel 2

Porcelain
licdel 2
Purcelain
Model 2

C-0.5
¢.2

C-0.5
i

Terminal Condonser
11

Terminal Condenser

Terminal Condeanser

Terminal Condenscr

Terminal Condenser

Red Color

]

Yellow Color

Type B-20
"

n

0.5

Purple Color

Orange Cnlor
Red Col-or

Tellow C-lor

Page 6 of Appendix II

0.5 mfd.
"

0.002 mfd.
2 mfd
0.002 mfd
2.5

0.002 mfd

i

0.5 mfd.
0.002 mfd
5 mfd
0.002 mfd

N-16112
N-16114

0.5 x 4

0.5 x5

0.5, x 19

Rikenohm



APPEWDIX II (cont.)

Symbnl Name ¥ixcd Fumber Summary

L63 Plate Chrke Coil N-16114

L6Y ] "

165 L i

166 L it

L67 Filament Chnke Cnil "

L6§ n 1]

169 - 1]

170 " n

VRl Naval Type Variable Resistor for 10 K ohms Kokavwa No. U4
Vessels (Ships) i=del C

c1eh Naval Typec Porcclain Terminal Condenser H mfd 0.5 x 10

M ¥n. 2 Oscillator Plate Current Metoer 5 ma MO-NModel 2

51 Plate Power Supply Switch Temperature

Switch
se Filament Power Supply Switch i
P Pilot Lamp 6V 0.1a Neval Typec "E"

Special kodel
Elcc.Buld #6
J1 Qutput Terminal
Je Reeceiver (Bar phone) Terminal N-16117
J3 . KMK-20Y4 "B
€125  Naval Type lkindel 2 0.01 mfd
0126 11" 1
127 " "
Clag ] L]
L71 ;
L72
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APPENDIX III*
TRANVSLATION - TRANSMITT™R INSTRIIGTIONS

SECTION I
ITEMS FOR CARE IN WAYDLING

1. The overating of transmitter is in the follo™ine
crdexr?

(a) Switeh on filamont surmlv. (™31l light un the fila-
ment of modulator and transmitter, an® air-blast
vill start omerating.)

(b) Switch on grid summlv. (Mhirty sccontg oftor sritch-
ing on time delayv 'relav will strrt., Thorofere, in
sritching on grid surmlv, grid sumplv and modulator
will start omerating.) .

(¢) Switch on nlate suonlv. (To everate at adjusting
position of nlate voltaze nrotector. )

() Resct of Plate Voltage Protoctor (Ghanse to oncrating
position from adjustins.) To turn off, chanme a-itch

to off vosition in cvder of nlate sunmnly, grid suonlyr,
and filsment sunnly.

SECTION II
CARE IN CHANGING THW TTRES

In the case of chenging TR 5734, =ill ndjust froownew
p¥ turning control I in the oscillator. In the amplifier, it is
necessary to neutralizc and to align. In this ncutralizine sct,
first of all oven up plate voltage switeh (37) of tho armlificr and
to start the oscillator. Then adjust the erid tank condensor (23)
and look for the maximum point of grid current of the ammlifior.

Next, rosonats the ammlificr nlatc condenser. In other
vords, placing the ncon tube on tank and leok for the nlecevwkre the
light is strongest or the stronmost moint of the ammlificr grid
varront.

Noxt, adjust the neutralizing condenser (27) (28) ~ith
neon and look for the strenmost neint of smmlificr erid current.
In this casc the adjusting position of cachk nautralizine condenser
is same. After verfeocting the neutralizing act, close nlate voltoge
sviteh (37), a2t the adiusting nosition of vlate voltage switch on
plate supnly and by freouency adijuster II and in findine the adjrst-

ing point, the dip of plate current and the veak of r7+id current
and the peak of aorial current will occur 2t the seme time. In
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APPENDIX III (Cont'a)

this vay to prevent the arcing of tube transmidsion should be con-
tinued for 30 minutcs. After soplving ageing to the tube change and
usc plate voltage changor to operating mogition. If the areing of
tube transmission continuers, azeins sheould be done again.

SECTIONW TIX
CARE IN MAINTTWANCE
In case of inspecting the inside of transmitter, comcn
clectric supvly switeh (74). In the mlatc clectric sumnly high
voltage currcent remains, so it is neccssarv to lecad out the clee-
tric current by grounding rod. It is with tho condenser,
SECTION IV
OTHERS
In the unner clectrode of the morcury nrrostor (6) (22)
it is best to heve merecury at 2ll times. In case of vacking this

transmitter for transmortimg it is boest to take norts that are
heavy off.

*Reproduced from the report of roforonce (b). This is the trans-

lation of a sheet of overating instructions that vmg cavturcd —ith
the Attu cquipment.
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