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1. INTRODUCTION.

As described in the letter of reference (b), the sub-
Ject equipment was shipped from Guadalcanal to this laboratory for
examination in September, 1942. The shipment was received November
11, 1852. Three essentially complete radar systems, all alike,
were receiveds A photograph of the system as found on Guadalcanal
is showvn in Plate 1, and photographs of the system as set up at
this laboratory are shown in Plates 2, 3, and 4, One system was
put together from parts of the three systems received; tests of
operational performance, electrical characteristics, and analyses
of compecanents were made. A preliminary report was made in the let-
ter of reference (f), on 2 February, 1943,

1-1. Authorization. The tests of this egquipment were
directed and authorized by the Bureau of Ships letter of reference
(2), assigning Problem X102C, priority A. This letter specifically
requests that the susceptibility to standard forms of countermeasures
be determined., This letter and additicnal references pertinent to
this problem are listed below:

Ref. (a) BuShips ltr C-S67-5(920~T), Serial C-920-5111,
dated 15 Dec. 1942, assigning Problen X102C.

Ref. (b) Secret ltr from COMGEN lst MARDIV, 082/271,
AR-0054%, to COMSOPAC AREA and SOPAC FORCE,
dated 8 Oct., 1942, forwarded to NRL with 1lst
Endorsement by COLISOPAC dated 21 Oct., 1942,
S67, Serial 00929a.

Ref. (c) Conf ltr PAC 22 orf, S67 (1) from COLINCH
Pacific Fleet to VCNO, dated 5 October 19H2,

Ref. (d) Conf Enemy Materiel Report Ho. 75 from Head~
guarters, Allied Air Forces, South West Paci-
fic Area, Directorate of Intelligence, dated
30 Hovember, 19@2.

Ref. (e) Secret 1tr S-S67/36(370), Ser. 1039, from NRL
to Chief of Naval COperations, dated 12 January
1943, enclosing preliminary description of
Japanese Radar eguipment.

Ref. (f) Secret 1ltr S-8567/3G(370), Serial 1116, dated
2 Feb., 1943, from NEL to BuShips, reporting
results of tests and examinaticn to date.

Ref. (g) Translation of Captured Japanese Documents;
Navy Dept. Intelligence Report Serial 52,
issued April 26, 1983 by Intelligence Division,
Office of CHO, Op-16~FE ONI. Monograph Index
Guide No. 701-700. See also Appendix III of
this (NRL) Report,

Ref. (h) Secret ltr S-S67-5/EF37 (375), Serial 2039 from
NRL to BuShips dated November 1943, Subject:
Radar Countermeasures — Tests against Japanese
Radar, C.E.Z. Yo. 211,

| ! -1~
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2, OBJECT OF TESTS.

The object of these tests was to determine the capo~
bilities of the subject radar equipnent for detection and ranging,
and alse to determine its susceptibility to standard fomms of
countcrmeasures. Secondary cbjectives were determination of vhether
the Japanese equipment incorporated any novel or unusual features
or components representing werthwhile advances in design, and the
brocurement of any intelligence information possible regarding the
situation in Japan with respect to availability of critical materials.

3e ABSTRACT.

. 3-1, Preliminory Analysis. The Japanese radar equip-
ment ceptured at Guadalcanal was set up at the Naval Research Labora-
tory after the various circuits had been traced out and diagrammed.
Translation of nameplates and of the Japanese instruction beok by

ONI ftranslators assisted in the analysis of the circuits and the
detecrmination of the proper functions of the varicus controls.

3-2. Laboratory Performance Tests. The transmitter
power output was measured, and the receiver characteristics tere
ascertained by bench tests. During these tests the effeet of varians
conventional types of jemming signals was deternined for each of the
two Sypes of receivers.

3~3. Operstional Performance Tests. An antenna was
constructed according to data furnished con thec original Japanese
antenna, anc the complete system was operated at the Naval Research
Laboratory Chesapeske Bay Annex. Obscrvaticns on ships, planecs,
and fixed land targets were made. Operational countermeasures tests
were carried ocut at the Chesapeske Bay Annex, using both air-borne,
ship-borne, anf fixed or land-based jamming transmitters. The re-
sults of those ccuntermoasures tests whose security classification
would not permit inclusion in this report are reported in the let-
ter of reference (h).

31, Tests of Component Parts. Component parts of
particular intcrest were thoroughly investigated. The transmitting
tubes were completcly analyzcd both as to construction and materials.
The characteristics of the RE-3 receiving tubes and two types of
cathode ray tubes were determined. Construction of a high wvoltage
power supply filter capacitor whose size was remarkably small for
ites ratings was apalyzed by an American manufacturer of similer typo
capacitors. OSpectrochomical analysis of some of the metal parts
was mzde by the National Buvcau of Standards.

3-5« Dispositicn of Equipment. The cquipment remains
in operation at the Chesapeake Bay Aanex, vhere it is availadble for
use in whatever special tests may be desired by any branch of the
armed forces,

DECLASSIFIE!



, CONCLUSIONS.

U-1. General Construction and Hechanical Designe The
construction and workmanship of the Japancse Radar equipment as a
whole ig decidedly poor, and it was found that constant attention
and nursing were required to maintain good performance, or even to
keep the system in operation. Failure of components was froguent,
ond the lack of ncatness in construction and wiring made serviecing
difficult. Apparently no attefipt at simplicity of design was made;
the pulse—-generating, synchronizing, and monitoring circuits in
particuler are so complicated as to present a difficult maintcnance
problem. Tho equipment is very large and hcavy, with no evidence
of attempts to economize on material, and the gencral design is
inferiors It is probable that many of thc special devices used
in our radar systems, such as duplexers, transmission line rotating
jeints, and the use of "synchro" motors and generators in antenna
control systems had not yot been developed for radar usc by the
Jepancse at the time this captured equipment was manufacturcd (first
threc months of 1942}.

4.2, Performance. Performance of the systom, though
semewhat better than was expected from anazlysis of the individual
units, was doefinitely mediocre and far from cqual to that of the
best UsS. Haval search radar cquipnment in existencc at the time
the capture was made. The transmitter power is far lower than that
of U.S. equipment.

4.3, Transmitter. The transmitter, rated (according
te the translated Japancse instructicns) at 5 kw pulse power out-
put, delivers this power only with very careful tuning eand adjust-
ment; the output under average or scrvice adjustment would probably
be on the order of 2,5 to 3 kw. Outvut power as high as Y.7 kw was
obtained during thc laberatory tosts, but only with considerable
difficulty. Stability is poor, adjustments critical, and spark-
over froguent,

YJi, Recciver Type 29-17-2. Of the two reccivers
obtained with the eguipment, that designeted in this report as type
29=-17~2 -~ apparently the original rcceiver designed as part of
the subject equipment -~ 1is of conventional dcsign, but construc-
tion is very poors Sensitivity is 7 to 8 db less than that of the
latest 200 me receivers developed at the Naval Rescarch Laboratory.
The i.f. bandwidth is greater than nccessary, so that the sensitivity
of the recciver is not fully utilized. There are no anti-jam
featuresd.

4.5, Receiver Type NEC-NO-1736. Thc receciver designated
NEC-NO-1736, a larger receciver of oxccllent mechanical construction,
with some evidonces of Germon design, is slightly less scnsitive
than the type 29-17-2. However, the bandwidth is somevhat lcss
than that of the type 29-17-2, sc that the performance is as good

R >
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or better than that of thc other types, This recciver likeowisc had
no special anti-jam features, and r.f, jamming in conventional
fashion was found to be gquite cffective. The dynamic range was
found to be limited, definite i.f. overloading occurring at full
goin with a 300 microvolt input signal. The stability of this
receciver, howcver, is extromely good, as z result of perhaps oxcos-
sive use of decoupling ana shiclding.

U-g. tenna. Although thc antenna for this cquip-
ment was net shipped to the Naval Rescorch Laboratory, the inform—
ation furnished regording the original Japancse antonna allowed a
practical duplicate to be built. The gencral design dous not in-
dicatc familiarity with the most approved rcceont practices in this
country. The one~quarter wovelensth specing of the radistors from
the mesh reflector is not good design; the one-tenth wavelength
spacing used quite generally in this country with non-resonnnt
reflectors hne proved better., No duplexing is used, nceessitnating
sepnrate antennns for tronsmitting ond receiving., Instend of the
ontennn nlonc being rotnted (which would roquire » rotary joint in
the tronsmission line), the entirc house containing the complcte
cquiprient, inecluding rntennns, wes rotated by = 5 h.p. motor.

Y-7. YVocuum Tubc Typcss The tromsmitting tubes,
Joprnese type TR-593-A, rcsemblo closely the (American) G.E. types
GL~8002 nnd GL-L3L, ond arc cxcellent tubes mechanically ondelcc-
trieally, although not ns well adoptcd to radar tronsmit ting appli-
cotion es thoe lntest specinl rndar troansmitting types uscd in U.S.
Novoal radnr cquipment. Tho German type RE-3 tube used in onc of the
rceeiver types wos cmalyzed ond found to be an excellent tube, though
by no means cxtraoordinary, for its use as o videoo and i.f. amnpli-
fier. The cathicde ray tubes type SSE-75-G and SSE-120=G werc annl-
yzed ond found to possess no unusunl footurcs. Other tube types
used were closcly similor or identiceal to standard U.S. types,
with the cxeoption of types 6302, VR~135-50, nnd DC-762., Theso
types do not have any unusunl fortures or choracteristics, however.

L-8. Annlysis of Comneoncnts. The very compact power
supply filter capacitor which occasioncd much interest (rated L
nifde, 15 kv D,C., in o container very much smeller thon U.S8. types
of cquivalent rnting) was found to be, by U.S. stondards, very much
over-rated, ond by no mcons supcrior (in faet, inferior) to capaci-
ters monufacturcd in this country. The glass of some Japrncse
insulctors was found to be closely similar to Corning w??% PYTrex.
Analysis of metals and alleys used in the transmitiing tubes and
other perts indicated that aluminum and copper were used liberally,
indieating either o plentiful supply or willingness to use tose
moterials unsparingly becouse the radar cquipment moy net then hove
been in sufficiontly lorge production to warrant usc of substitute
materinlsg, '

I .

DECLASSIFIET



He DESCRIPTION OF JAPANESE RADAR EQUIPMELT.

5-1., Type Designation and Dates of Manufacture. The
translated Japanese instruction book designates this equipment as
UNo. 1 Electric Wave Detector, Model 1 Transmitter". Three essen-
tially complete systems were received. The individual units of the
systems carried serial numbers and dates as follows:

No. 9 = January, 1942.
No. 29 - February, 1942,
Fo. 35 - March, 1942.

This equipment has been assigned Captured Enemy Equipment No. 211,

5-2. Installaticn. The phetographs of Plates 5
through 14 show some of the units and spare parts as they were
received &t the Waval Research Laboratory in November 19&2. Plates
2y 3y and L show the system as set up at the Chesapeake Bay Annex
of this laboratory. In the actual installation on Guadalcanal,
shown in Plate 1, the entire equipment waes mounted in a house on a
rotating mount. The antenna was mounted on the side of this house,
and the whole assembly rotated as desired by a five horsepower
electric motor.

5~3. General Characteristics. Characteristics of the
eguipment, as set forth in the instruction book, are as follows:

(2) Frequency range: 97-103 mc.
(b) Peak power cutput: 5 kw.
(c) Repetition rate: 1000 per sec.
(d) Pulse length: 20 microseconds.
(e) Ranget 100 km,
(£) Power supply: 200 volts (+ 10%)
AC, 3 phase, 50-60 cycles, L kw.

Plate 15 is a block diagram of the equipment.

5-4. System Components. ZEach system consists of the
fellowing unitss?

(a) Synchronizing unit.

(b) Modulator unit.

(¢) Transmitter.

(d) Video amplifier and sweep generator unit.
(e) Indicator unit.

(f) Monitor unit.

(g) Receiver.

(h) Antenna (not received at NRL).

5-5. Synchronizing Unit. The synchronizing oscillator

is the controlling unit of the eguipment. Plates 16 through 20 are
photographs of this unit. The circuit is shown in Plotes 21 and 22.

. "~ DECLASSIFIET




Plates 23, 24, and 25 show the oscillographic wave-forms at various
points in the circuits. The heart of the unit is the 15 kc sine
wave generator. The output of this generator (V301) is first
"squared" (V305), then divided (V306 a2nd V307) by use of the "block-
ing oscillater" type of counter circuit, which results in a 1 ke
voltage. Outputs from this unit are as follows:

(2) 1 ke pulses for synchronizing main indicator sweep.

(b) 1 kc pulses for blanking main indicator return
trace.

(¢) 1 ke sawtooth voltage, to provide horizontal sweep
for moniteoring oscilloscopes.

(d) 1 kc pulses to synchronize the modulator unit
(keyer).

(e) 15 kc pulses used as timing markers on the main
indicator sweep.

~5-1l. Interconnections between this unit and the moni-
tor unit (paragraph 5-10), sweep generator (paragraph 5-8), modulator
(paragraph 5-6), and main indicator oscilleoscope (paragraph 5-9) are
made by means of the front pasnel jacks and patch cords shown in
Pla.te 5-

H-6. Modulator. The modulator unit is shown in Plates
26 through 30, and the circuit diagram is given in Plate 31. This
unit "keys", or pulses, the oscillator unit of the transmitter.
The keying tube is a thyratron (Japanese type XC728A) which is trig-
gered by a pulse derived from the synchronizing unit. The keying
voltage, of about 500 volts amplitude, is doveloped across R32 in
the cathode lead of the thyratron, and is applied to the grid-
cathode circuit of the transmitter oscillator. The thyratron is
xtinguished by the action of the "quenching" capacitor (€28, 29),
which is discharged between pulses by the bleeder R30, 31. Provision
is made for switching in a spare thyratron. Since the failure of
the last of the Japanese tubes of this type (XC7284), a Westinghouse
type KUB27 has been successfully used in this unit. '

5~7. Transmitter. Plates 32 and 33 show the general
construction and appecarancc of the transmitter, which is the largest
and heaviest of the units. :

5~7-1. Aluminum is used liberally in construction of
the cabinet. The transmitter is contained in a cabinet by itself,
and the transmitter power supplics in another. These two cabinets
are bolted together to form a single unit, with power supply below
and transmitter above, (Plates 32 and 33). The r.f. circuits are
diagrammed in Plate 34 and the power supply and control circuits in
Plate 35.

~7-2. The transnitter is a master-oscillator power-

amplifier type, using L large air-coclcd tricdes in push-pull cir-
cuits. Copper is used almost wastefully in circuit construction.
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The tube type is designated as TR-593~A by the Japanese, and a dis-
cussion of its characteristice will be found in paragraph 7-3.

5>7-3. The oscillator is of somewhat unique construc-—

tion, as shown in the photograph of Plate 36. “he oscillator unit
is to the left of the vertical center shield panel. A "high Q"
plate tank circuit, cf the concentric line type with capacity load~
ing, is employed. This is shown in detail in Plstes 37 and 38.

1e filament circuit is tuned with a coil-condenser arrangement.
The grids connect through series ccil and condenser circuits to
"ground" (actually to points on the outer can of the plate tank
circuit); the d.c. grid return is to the output of the pulse modula-
tor. The oscillator is operated at d.c. plate voltage of 2500 volts
maximum, and is grid keyed with a pulse of 10 to 20 microcseconds at
a 1000 cycle repetition rate. The oscillator r.f. ocutput circuit
is capacity coupled to the amplifier grid circuit.

5~7-4. The r.f. amplifier, shown tc the right of the
shield panel in Plate 36, uses a push-pull circuit with the some
tube type used in the oscillator. Grid and plate circuits are of
the "linear" type, with copper tubes of about 7/8 inch diameter.
Neutralization is accomplished in the customary manner using ad-
Justable condensers. Grid and plate r.f. lines are tuned with vari-
able capacitors and movable shorting bars. The output coupling is
inductive; power is fed to the antenna by an open wire balanced
transmission line,

5~7-5. The moniter pick-up unit, diagrammed in Plate
39, is a diode detector unit providing a video output pulse corres-
pending to the envelope of the transmitter output; this pulse is
applied tc the vertical deflector of one of the monitor cathode ray
tubes (paragraph 5-10), contained in a small box in the lower right
section of the amplifier compartment.

5-7-6. The power supply and control circuits occupy
the entire lower half of the transmitter cabinet. Detail of the
power supply is shown in Plates 40, Hl, and 42, The transmitter
Pover supply is a three-phase full-wave duplex rectifier with half
voltage output for the oscillator and full voltage (about 5 kv)
for the amplifier. A switch in the primary circuit allows selecting
taps on the transformer primaries to give either full voltage out-
put for the normal radar operation, or reduced (half) voltage out~
put for operation during tune-up or other transmitter adjustment.

5~7-T« A second three-phase rectifier serves as bias
supply; this supply uses only three instead of six rectifiers as
in the transmitter plate supply. All rectifiers in these supplies
are of the mercury vapor type, similar to the U.S. types 866 and £16.

5~7-8. All high-voltage circuits are protected with

everlcad relays, with re-set buttons on the power supply panel,
411 important circuits are metered with three-inch panel type
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meterss A large blower for cooling mounts at the rear of the
supply unit; air ducts distribute the air to the tubes, and a vane-
operated switch cuts off the power supply when the blower is not
operating,

5~7-9. A three phase induction voltage resgulator,
which operates automatically, is built into the transmitter power
supplye The induction regulator is operated by a small three
phase motor controlled by o contact-making voltmeter. This is a
standard type of regulating system. The contact making voltmeter
is shown in the photograph of Plate 41; it is the unit just to the
right of center.

Hh~8. Video Amplifier and Sweep Generator. The video
amplifier and sweep generator unit is shown in Plates 43, 44, and
45; and the circvit diagrem is given in Plates U6 end 47. The video
amplifier uscs a pentode tube in a conventional circuit. The sweep
generator is synchrenized by a 1 ke pulse from the synchronizing
oscillator unit; the pvlse from this latter unit is coupled through
a catl:iode-follower stage (V-1) to a blocking oscillator type of
pulse generator (V-2). The pulse generated by V-2 is used to oper-
ate the swecp zenerator stage, V-3; this stage is arranged to give
balanced output, which is amplified by a push-pull amplifier (Vi
and V5). The wave-forms at various points in the sweep generator
are diagremmed in Plate 4.

59. Main Indicator Oscilloscope. Plates 49, 50, and
5l are photographs of the indicater unit. The schematic eircuit
diagram is given in Plate 52,

5~%-1. The indicator uses a type S8E-120-C tube
(screen djameter 120 mm). This tubc is further discussed in para-
graph 7-5. There are two optional types of displays. One is the
conventional type "A" display - linear horizontal time base sweep-
ing from left to right, with echoes showing as vertical upward
"pips" and range markers every 10 km in the form of downward pips.
The second form of presentation utilizes the same time base, but
he echo signals ("negative" pulses) are applied to the intensity
control grid of the catiiode ray tube; in addition, a ripple wvoltage
taken from the power supply rectificer circuit is applied to the
vertical deflectors, so that the horizontal trace is broadened to
about 1/2 inch. The echo signals appcar as vertical dark lines on
the trace. This type of presentation is interesting, but seems to
cffer no particular advantage over the more conventional type "AM
display; in fact, the latter has been found to allow detoction of
weakcr signalse.

5-9-2. The main indicator oscilloscope unit contains
enly the cathede ray tube, its high voltage power supply, and the
focus and intensity contrels. Sweep circuits, centering cont rols,
and videc amplifiers arc contained in the scparate unit described
in paragraph 5-8. TFront panel jacks and patch cords allow inter-
connection with this unit and with the synchronizing unit (range
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marker pulses). A silicon steel magnctic-electrostatic shiecld
encloscs a portion of the tube (see paragraph 7-8-1 (k) ).

5=-9-3. A glass range scale is fastened in front of
the tubc screen; this is seen in the photograph of Plate u9. The
scale is calibratcd to 100 km in 10 km steps. The length of the time
basc may be adjusted to fit this scale by means of the centering,
swecp amplitude and phasing controls. The rangc marker pips may be
aligned with the scale marks by adjustment of thesc controls. The
markers may be removod by pulling out the proper patch cord, al-
though it is pessible to apply the range markers and video echo
signols simultancously. The range determination accuracy possible
with this unit is rather poer - probably about plus or minus 1 km.
This dcgree of accuracy is sufficient for carly warning or search
use, but not for most cffective fighter dircction. Therec is ne
built-in range calibration equipment, and if the 15 k¢ master syn-
chronizing oscillator should be appreeiably off-frequency, the
ronging would be in error by a proportionatc amount.

5—9-4. The high voltage power supply for the ftube is
of conventional half-wave type with rcosistance capacity filter,
The rectifier tube type DC-762-A is similar to the type 879 (2%2)
used in this country.

5=10. Monitor. The monitor unit is shown in Platcs
53 thru 55 This unit uses four 3 inch cathode ray tubes, Japancse
type SSE-T75-G. These tubes are almost identical with the Ame rican
type 906 (34P1). The circuit of the monitor unit is given in
Plates 506 and 57. The horizontal defloctors are all provided with
a 1 kc sawtooth time base voltage by V201 of the synchronizing unit.
The four vertical deflectors receive voltages from receiver video
output, transmitter r.f. monitor pick-up (paragraph 5-7-5), modula~
tor output pulse, and renge marker pulses. The modulator synchroniz-
ing pulsec is alsc applicd fto tho monitor scope along with the range
markers, thesc two voltages being mixed in the plate circuits of
V5 and V6, Plate 21. The video voltage from the receiver cutput is
amplificd by V2 and V3.

5-10~1. Proper adjustment of foecusing, intensity,
and spot centcring of the four cathede ray tubes has been found to
be very difficult, since adjustment of thc controls for any one
of the four tubes affects the voltages on all the other tubes, and
the volitages all require readjustment as the cquipment warms up.
For this rcason the valuc of the monitoring unit has been slight.,

h~11. Radar Recciver Type 29-17-2. Of the twe dif-
ferent types of radar receivers captured on Guadalcanal, the
smaller, designated in the translated instructien book (refercnce
(g), Enc. A) as "Mark I, Mod. 1," scems to be the onec originally
designed as a unit of the "No. 1 Electric Wave Detector" (see para-
graph 7=9-1). This rcceiver, showm in the photographs of Plates 58
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through 63, is referred to in this report as type 29-17-2, a number
found cn one of the nemeplates.

5-11-1. Plate &4 is a schematic circuit diagram of
this receiver. A bleck diagram of the circuit is given below?

Y}7 refe = 100 me.
f oA ] N
{_ R.F. wcggge#—‘l fo = 8 mc. Af = .25 mc.

I ; 96 | {506 506 506 506

ol [ T:%. Tl Det. Video |

e : ' v

o
| 995 g Output to
bt er external
video am-
plificr.

The tuning range is &7 to 105 mc. The antenna coil is arranged for
balanced input line. The acorn tubes used in the high frequency
stoges, designated type UN-954 and UlN-955, are of Japanese manu-
facture, but are exact duplicates of the types 95@ and 955 used in
this country, except that certain constructicnal feastures seem to
be copied after the very earlicst tubes of this type. The types
606 arnd 6D6 are likewise duplicates of the American tubes of the
same type numbers.

~11-2. The‘high frequency circuits are of conventional
design, except for the 9%4 buffer stage which reduces reaction on
the oscillator frequency by strong input signals.

5-11-3. <the intermediate frequency amplifier is also
conventional in design except for the rather elaborate decoupling
networks in the plate and screen grid return leads. The intermediate
frequency is approximately & mc, and the bandwidth is 250 ke.

5-11-L. The second detector is of the square-law type
using & 606 "sharp cut-off" type pentode. Ancther 606 following
the second detector is used as a triode-connected video amplifier.
There are three output leads; one is for headphones, onc is marked
"1000 ohm" and the third is marked "100 ohm". The ocutput is fed
into the video amplifier and sweep generstor unit described in
paragraph 5-8; this unit contains an additional stage of video
amplification. The plate and filament power for the receiver are
suppliec from a separate unit.

5-11-5. The design of this receiver is entirely con-

ventional, but the wiring ond circuit construction are poore The
sensitivity is fair, The results of scnsitivity measurcmonts and
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othor tests of the characteristics of this receiver are given in
paragraph 7-2,

512, Radar Receiver Type NEC-NO-173%6. This is the
larger of the two radar receiver types. The construction is shown
in the photographs of Plates 65 through 72. The design and work-
manship are superior to those of the smaller receiver, It & be-
lieved that this receiver may be of German design, although there
has been some difference of opinion among observers. The type
Ri-3 tubes used in the intermediate frequency and video amplifiers
are a German type. ZEngineers familiar with German components have
recognized condensers and resistors as being German types. How-
ever, the acorn type tubes in the radio frequency stages are Jap~
anese copies of the American acorn tubes, and the receiver was
evidently manufactured by the Nippon Electric Company (NEC)., Two
Australian engineers who visited this laboratory en route fim
England stated that the Germans would have designed the receiver
more compactly.

5-12-1. Plate 73 is the schematic circuit diagram of
the receiver, and Plate 74 is a list of the components values. The
Japanese characters of this list refer to the manufacturer's type
designation. The circuit is of the double superheterodyne type.

A block diagram showing tube types used and frequency conversions
is given below!

r.f. = 100 mc. 1st i.fe = 21.55 me.
95 | 95k - | RE-3 E3 RE-3
I | Conver- [T ! I.F. "*_"jl.F. Conver-
- g : ! 4 ter

955 | 6F7--Triode xtal
o050, osc., 4.5, mc.pentede

guadrupler te 18 mec.

( | RE-3 RE-3 | RE-3 | RE-3 | B3 RE-3
| 3
el W, 1%, L—’: '[Dlode 1 Video/—iCath.|—%
I ¥ Dot | 1Fol.'|  Output
2nd i.f. = 3.5 me. (Video)

The tuning range is 89 to 116 mc. <Yhe tvne RE-3 tube is used in
all except the radio freguency stages and the second local oscil-
lator stage. This tube is connected for pentode, tricde, or diode
operation as required. The practice of using this single tube
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type for all classes of service is typically German. The character-
istics of this tube as a pentode are reported in paragraph 7-L.

5-12-2, The radic frequency circuits, using the acorn
tube types are of conventional design. Separate controls are used
for tuning the radio frequency amplifier, converter, and high fre-
quency cscillator. The converter is followed by two stages of
amplification at 21.5 mc. The second local oscillator uses the
dual type 6F7 triode-pentode (an American type used in some broad-
cast and "short-wave" receivers in the period of about 1935 teo
1937)« The triode section of this tube is used as a crystal oscil-
lator at approximately 4.5 mc. The milliammeter seen on the re—
ceiver front panel (Plate 55) is in the crvstal oscillator plate
circuit, The pentode section acts as a frequency quadrupler to
provide a signal at 18 mc for hetercdyning with the first i.f.
signal, This is mixed with the 21.5 mc signal to give the second
i+fs frequency of 3.5 me. There are three stages of amplification
at this freguoncy, followed by the detecter, a dioGo-connected RE-3.
This is followed by a pentode BE-3 video amplifier and s tricde-
connected RE-3 cathode followers Two output terminals are provided,
as shown at the lower left corner of Plate 73. The powor supply
is a separate unit.

h-12-3. Measurements of the receiver chsracteristics
and susceptibility to standard forms of jamming signals were made
and arc reported in paragraph 7-2. Thc sensitivity is slightly less
than that of the smaller receiver (type 29-17-2). The stability
is cxcellent, as a result of the almost cxcessive use of decoupling '
and shielding: The unit-type construction allows removal and re-
placement of a complete i.f. unit, local oscillatoer unit, or video
unit without disturbing any of the other units. This feature would
allow quick resumption of operation in case of local circuit failure,
if spare units were available. The radio frequency scction is of
plug-in type. It is shown partially withdremm in the photograph
of Plate 67, and complctely removed in Plate 68. This festure may
indicate that r.f. units for other frcquency ranges may be used with
the same basic receciver, although no such units were found on Guadal-
canal.

5=13. Antenna. The antenna was not shipped from
Guadalcanal, but a sufficicntly complcte description of it was pro-
vided so that it was possible to set up an cquivalent structure at
this laboratery. This description was prowided in the report of
reference (d), and in Enclosurc B, of reference (b).

5-13~1l. The antenna constructed at this laboratory
is showm in Plates 3 and 4. It consists of two complcte Sterba
arrays, cach five half-waves long, horizontally polarized, placed
in front of a mcsh reflecting scrcen. The upper array is used for
transmitting, the lower for receciving. The arrays are cach center
fed, with balanced trsnsmission line. The upper array is fed with
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an open wirc line of about 400 ohms impcdance. The lower array
feeds a balanced shielded line of about 100 ohms impedances The
clectrical diagram of one of the arrays is given in Plate 75, which
is a reproduction of Bnclosurc B of refcrence (b)e.

F=13=2, It is calculatcd that the horizontal beam-width
of this antenna is about 16 dcgrecs, with a secondary lobe of about
25 percent at 33 degrecs, and one of about 10 percent at 65 degrces.
The pewer gain is caleulated to be about 15 db over an isotrope.
*The measured horizontal beam-width of the antenna shown in Plates

3 and U4 is 23,0 degrees. Platec 75A is a plot of the measured hori-
zontal pattern. The following are given in the report of reference
(b) as the charactoristics of the antcnna; these were stated te have
been obtaincd by analysis of Japancsc blueprints captured on Guadal-
canal:

Antenna lobe 20 degrecs horizontal.

Antenna lobe 15 degrees vertical

Side lobe at 90 degreecs and 45 degrees.

Antenna 5.5 meters high by 8.0 meters wide,

(18 £t. by 26 ft.)

Five half-waves bays located onec-gquarter wave in
front of screcn.

Two wire feed to transmitter.

Receiving anftcenna identical loecatcd one-half wave-
length below.

It is noted that the side lobe angles here given differ consider—
ably from thosc caleulated at this lsberatory, and the vertical
beam width-given is much sharper than would be expected from the
antenna design. The figure given for the horizontal directivity
is in good agrecment with the wvalue calculated at this laboratory,
however.

H=13-3. The spacing between the clements eof the arrays
and the screcn reflecector is one—quarter waveclength, instead of
one~tenth wavelength, which in this country has been demcnstrated
to give better results.

5—13—4. The use of two separate arrays indicates
ignorance of the practicability of employing a duplexing device to
make possible the use of a single antenna for transmitting and re-
ceiving.

6o RADAR PERFORMANCE TESTS.

These tests were made at the Chesapcake Bay Annex of
this laboratory, wherec the antcnna described in paragraph 5-13 was
opcrated on a Mark XI mount. This location overloocks a 10 mile
wide sccliion of Chesapeake Bay, so that propsgation conditions are
comparablc to those at sea or at a coastal location. The antenna
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hoight above the water level at this location is approximately 120
foct: it was nccessary to place the ontenna about 60 foot back

from the cdge of the ¢liff, as shovm in the diagram of Pl=te 76.

It is probablc, however, that there was little or ne ground-reflected
interfercnce for targcets out beyond tio or threc miles, Beecause of
the pulsc longth of the equipmont it is not possible to dcteet cb-
Jjects at much clescr than two miles. The type NEC-110-1736 re-

ceiver was uscd during these tosts beeausc the operation of the fype
23-17-2 rceeciver wos erratic and unstable.

6-1. Aircroft Targcts. Tcsts on aircraft targoets
hovc not beon os cxtensive as might bo dosired; controlled tests
werc confincd to obscrvations of o single Navy type SBD flying at
various altitudcs. Furthor data has boon obtaincd from random
obscrvations on miscellanceus aircroft. Tho SBD, a singlc engincd
tiro~ploce coarrier-type scout bomber, was tracked to distances as
tobulatod below (noutical miles):

Altitude Max. Rangc (Average)
200 ft. 7% miles
1000 ft. 16 miles
5000 ft. 16 miles

10000 ft. 17 ' milos

Obscrvotions on random aircrsft hove bocn rocorded consistently at
rangzes out to about 30 to 35 milcs, ond occasionally to from 50

to 55 miles. The planc types anéd altitudes in thesc cases wore not
lmomm. The Navy type SC-2 radnr nt this location consistontly de-
ttets plancs at 70 miles.

6-2. Surfocc Crafts. Rondom obscrvations on freighters
have beon mede at ranges out to botveon 6 rnd 7 miles. The Balti-
mere tc Horfolk passcngcr boat wos tracked to 6 miles: at the somc
timc, this bont was followcd to § miles on the U.S. Navy type SC-2
200 mc redor cquipnmont. The SC-2 nommally will range this bont to
about 12 miles, indienting that propageotion conditions may have beon
poor ot the time of this tost. The SC-2 has o pulse power of about
150 kvy, and & rcceiver 3 to 5 db bettor than the Japancsc receivers.
The SC-2 sntonne hes 12 dipolc clumcnts vhercas the Japoncsce antenna
has 10 clcments (scc paragraph 5-13); the SC-2 is 2 clcments high
by 6 iridc. Both antennas have borizontal polarization. The higher
frequency of tho SC-2 gives it o fundomental advontage over the Jop-
oncsc radar for detection of surfoce toargotss

6-2-1, Tcsts werc made to detormine vhether landing
barges of about 105 ft. size (N-vy type LCT) could be detected with
the Jopencse rodar. With the borge out boyond the "minimum obscrv-
oblc ronge", no ccho wes scen. With the barge at about two mile
renge, o slight flutter vas obscrved at the right cdge of the trons-
mitter pulsc, but this rango is too closc to nallow an ccho to be
scen s distinctly scprrate from the tronsmittcer pulsce These
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some boarges worc followed out to 5 noutiecnl miles on the SC-<2.

6-2-2. The height of the antenns location hos an im—
portant offcet on detoetion range fer surfacc targets; the maximum
detectable ronge ill wary as the sguarc root of the santenna hoight,
for short rangcs of which the effect of the carth's curwature is not
importent. Thereforc the surfoec target ronges given in this report
should bc correcetod to toke into consideration the antenna hcight
at any specificd encmy location.

6-3. Fixed Land Targets. Toe lenémorks are froguently
uscd ns "stondard" targets for dotermining radar porformance at the
Chesapenke Boy Anncx. Thesc are the Annopolis radio towcrs, ot o
ronge of about 20 miles, and Shrrp's Island lighthousc, range about
7 miles. The former trrget gives a saturntion ccho on thc SC-2
radoar, with recoiver noise Jjust showing, and the lotter gives an
ccho with about 5 or 6 to 1 signnl to noisc ratio. Neithor of these
targets arc detectable vith the Jopanesc radar cquipment.

6-4. Operationnl Countcrmecasurcs Tosts. Beesuse of
the scecurity classification of thc results of operationnl tests of
octual countermensuras ngoinst the Jeopancse radar, they are not in-
cluded in this ropert, but nre fully rcported in thc letter of ref-
ocrence (h).

T TESTS OF UNITS AND CCHPONENTS.

The folleowing units ond components of the Jopanesc
rodar cguipment tere specifically ocXomined and tested:

() Tronsmitter.

(b) Reccivers (2 types).

(¢) Transmitter tubes, typc TR-5934.
(@) Receoiver tubcs, type RE-3.

(¢) Crthodc roy tubes, types SSE-75-G ond SSE-120-G.
(f) Eigh voltoge filtor condenscr.

(g) Glrss stend-off insulntor.

(h) Mctnl parts (spectrochemicnl cnalysis).

7-1. ZTronsmitter Powecr. The pulsc powver outut of
the tronsmittor vas determinced by measuring the averngc pover out-
put, using o dumny lond, and dividing the figurc obtained by the
producg of pulse length (scconds) ond rcpetition rate (pulscs ner
sccond ).

7-1-1. The dummy load uscd was o high-vacuum lamp of
a2 lov r.f. loss type especially coastructed at this laboratory for
r.f. power measuremcnt. A photronic ccll nand microemmetcr combino-
tien was used in cenjunction with the lamp, and a power calibrotion
of thc microammetor vas made by encrgizing the lamp with 60 cyele
Pbever measurcd by o precision wattmeter. The lamp wns then incor—
perated in a tuncd circuit vhich as coupled to the tronsmitter
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output circuit, in the same manner uscd for coupling the ontenna
transmission linec. The coupling was adjusted for maximum cutput,
the various tuning contrels being readjusted as necessary during
the procosss

7-1-2. The product of pulsec length by repctition
rate (duty cycle) was measurcd dircctly by employing an instrument
(duty cyclemeter) designed at this loboratery for that purpese, in
connection with the measurcment of pover output of cxperimental
tronsmitters. This instrument contains an r.f. detector (dicde), a
video amplificr, =nd an clcctronic circuit by means of which the
duty cycle is indicatcd by the repding of o microammeter. The ac—
curacy of this instrument has becn chocked against measurcments of
pulse length and repetition rate by direct mcthods, and the prebable
error found te bec on tho order of 5 percent or less.

T-1=3. Using thesc methods of measurement, o maximum
pulsc power output of 4.7 ky was obtaincd, but only by very carcful
ndjustment. Operation at this ocutput level is unstable, adjustments
are critical, and flagh-over is frogucnt. It is prebable that the
output under usunl operating conditions is not more than 2.5 to
3 ke

T7-2. Recciver Characteristics. Measurements were made
in the laberatory to determine the sensitivity, sclectivity, ond
othor charscteristics of the twe recciver types described in pare~
grophs B-11 and 5-12.

7-2-1. Ourves plotted from dota tecken during these
meosurcnents arc reproduccd as Plates 77 through 84, In addition to
gensitivity and bandwidth, those charactoristics which arc important
in determining the cffcet of radar jomming signals wore measurcd.

7-2-2. The bondwidth, or sclcctivity, of the type
VEC-NO-1730 receiver, is given by the curves of Plates 78 threugh
Gle It vas found thnt thc overall i.f. rosponsc wos "double humped",
as shown in Platc 80. Apparently the sclectivity of the r.f.
stoges is opprecicble, sincc the roceiver's overall bandwidth de~
pends on vhother the r.f. circuits are tuned to the "center" of the
i.f. rcsponsc or to one of the "humps". Platc 78 gives the overall
bondwidth for the former condition, while Plnte 78 is for the latter
condition. Tuning tho r.f. scction to onc of the "humps" of the i.f.
responsc gives the grentest receiver sensitivity, and hence ropres—
ents the way the receiver would most likely be tuned in actual scr-
vico. The bandwidth is thus 0.17 me. This rcprescents the fregquency
diffcrence betweon points 3 db up on the rosponse curve (since these
curves roprescent input voltage for constant output instcad of vice
versa)s The bandwidth of thoe type 29-17-2 recciver, measurcd in the
samc way, wos 0.25 mes Tho i.f. rosponsc was not "double humpcd",
heowever.
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7-2-3. The scnesitivity was determined by the mothod
indiented in Platc 77, vhich is data taken on thc typo NEC-NC-1736
rocoiver (paragraph 5-12), E, is the "oquivalent noisc voltnge",
found by measuring the voltage of thc cw input signal required to
inercase the receiver power output to twice that obtained rith no
signol input (i.c., thot due to the rcceiver and antenna noise
alonc). The valuc of B, divided by the squarc root of the band-
wvidth gives the noisc voltage per megacycle. For a perfoct receiver,
this figurc would bc 0.55 microvolts por megacycle, for 70 ohm
impedance. The ratio of the figure actually obtained to this ideal
figurc is called the "noisc factor", snd is customarily uscd as o
means of rating the scnsitivity of a recciver. This figurc for the
type NEC-NO-1736 is found te be 19.5 db with the r.f. section tunecd
for "broad-band" operation, and 1&.3 db for the "narrow band"
condition. The fizurc for the type 29-17-2 rccciver is 13.7 db,
although instability of this rcceiver made accurate measurcment dif-
ficult. This noisc factor is about cqual to that of U.S. Navy 200
me radoar receivers in usc at approximctely the time the Jepancse
equipment was capturcd (Navy type SC)» Those Ue.S. Navy rcceivors
uscd the samc acorn tube types, but the design is actually suporior
to that of the Japomesc recceiver sinee with tho same tubes it should
be possible to obtznin a lover noisc factor at the lower frequency of
the Japenocsc rodars. The noise factor of the more rececent U.S. Navy
200 mc rocecivers, using impreoved tubes and circuits, is 7 to & db
better than tho more scnsitive ef the Japancs: rceceivers.

7-2-l. The imege rejoction ratic of both rocecivoers
vas found te bc approxim~tely 80 db.

71-2-5. Platec 82 is o sot of curves showing the over—
lond charncteristics of tho i.f. amplifiers of the type NEC-NO-1736
receiver, for various cconditions of tuning ~nd i.f. gnin. Complecte
overlord occurs at 300 microvolts input (last i.f. tubo blocks).
The type 29-17-2 receiver i.f. overloads with 500 miecrovelts input,
tho sccond detoctor blocking in this casc.

7-2-6. The modulated r.f. input voltage required to B
block the videco amplificr was 20 microvelts for the typc NEC-NO-1736
roceiver, ond 25 micrevelts for the type 29-17-2.

7-2-7. The bohavior of the two roceivers with conven-
tional typcs of jomming siganls is given by the curves of Plies
83 ond 84. The data for these curves was obtained by using two
signoal genocrators whosc mixcd output was foi into the rcceiver. One
gonerntor was pulsc modulntcd, to provide an artificial "echo"
signol, and the other was modulated or operated "c.w." as an arti-
ficial jammcr. The value of jamming signcl voltage to echo sigaal
veltzge requircd for effcctive jomming was detcrmincd; this ratio,
tormed thu "dymomic ronge", is plotted as a function of the arti-
ficial ccho signnl voltage. As would be expocted, this rotio is
grontost for o cv jomming signol ~nd loost for a "noise" modulntod
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signal. Tho walues of thosc ratios allow calculation of how much
power o jornming troasmitter must have in order to effectively jam
these rececivers, for assumed vnlues of ocho signal input, distance
between jommer and radar, antenna clevations, and other similor
arvitrarr conditions.

7=3. Tronsmitting Tubes, Type TR-593-A. The con-
struction ef the Joponese transmitting tubes, type TR-593-4, is
shovn in platcs 85 through 89. The tube is n forced-nir cooled
triodc, ond is uscd both as an r.f. oscillator and as r.f. power
onplificr.

7-3-1. The static tests conducted on this tube were
made with the filement oporated ot 7.5 volts. The results of thoe
acosurcments are given in Toble 1s The average filoment heating
current is 16 cmpcres, The filnment comission currcnt obtained with
o platc potential of 4000 volts is about 9 amporcs. The grid emis—
sion current is nct high cnough to causc ony operoting difficultics
in circuits using this typec tubc. The cut-off ratio (cor) is about
12, This is mcasurcd as thc ratic of plrte veltage to grid bias
volta§c for onec milliompore of platc currcnt (Platec potential 3000
volts).

7=3=2. 7The intecrelcctrode capecitances of the tube
werc mensurcd by o substitution method at a frequency of 500 kilo-
cyclee per socond. The average copocitoncos ared

Grid to plate 5¢ 6 mmfda.
Grid to filamcnt 7«92 mmfd.
Plnte to filpment 0.87 mmfd.

Toble 2 lists the rcsults of enpacitancc ncasurcments on four samples
ciiosen at random.

71-3-3« The following spocifications for the tube were
tronslated from the instruction books:

Type forced-nir-ceolcd throc element tube
Ef 7-5 "J'.A.C-
Ir 16.0 4
U500 ¥ (nex. 5000 V.)
Anp. frctor 16
Tronsconductonce 4000 nicromhos
Output 1000 atts

From the static charocteristic curves, shorm in Plote 90, the fol-
lowing informntion was cobtained:

Anplification factor - 17

Plate resistonce - 6000 ohm for opcration ot EP = 3000 w
Ig = -170 V,
Pransconductnnce - 2750 micromhos for Ep = 3000 V
Eg = ~170V
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7—3—#. The filament temporntures of four tubes trere
meosurcd by the usc of an opticel pyromcters

Tubc Scrinl Temperature (degrees centi-
grade)
3473 1377
2897 1log
2931 1lg2
3612 147

This ncasurcment is slightly lowor than the actual temperature be-
couse of the obsorption of thoe radiation by the gloass cnvclope.

7-3-5. The TR-593-A chorncteristics werc compored
vith those of scveral Anmcrican tube types. It wns found te closcly
rescrible the General Eloctric Cempany tube type GL-8002. The con-
parison of clcetricel nnd physical dimensions nre shovm in Table 3.

7-3-6. The tube is constructed very well and is mech-
anically rigide Most of tho welds on the intornal structurc are
spot welds of goed quality. The only defective work on the tube
vas some feulty butt welds on the tube leodse Scveral of those
come apert with little applicd force. Plates &5, 86, &7, 88, ond
8% illustrote the dimensions and construction of the tubc. Sonme
niscellancous obsorvntions nre listed in Toble U

T1-3-7« Pi-tc & illustratces the probsblc proccdurec
used in ossombling the tube. The following discussion is based
uwpon expcricnce in thc construction of similor Amoricon tubes. The
tube vas scaled wvith -~ reguloar typc Housckocper scel. The House-
ltecpor copper-sleove was beaded with nonex glass (similar to Corning
#772) on the inside only, thon a nonex 50 mm tubec was senled te it.
A rouldcd nenex basge, vith the tube clements sealed in place, wos
sct 6n tho copper glass assenbly ond machine sealed te it. 4 frie-
tion fit copper shicld vrs attached to cover the inside of thc cop-
per to glass seal. The tubo was thon put on the pumps and sealed
offs The plrtc cnd of the tube yns tinned with soft (lead-tin)
soldcrs The radisting fine were machincd from o cast block. &
ecepper slcove s prebably shrini-fitted to the fins, thea held in
position by thc usc of » lock pin. <*he insidc of tho slceve was
tinned so that a good clectricnl and thormal contoct ceould be
made wvhen the tube wos wnrmed to nelft the solder and sct in ploce
in thc copper slcove. The oxpescd motal of the copper to gloss
seol was coverod with blroek lacguer. The draw hondles used on the
tubes werc of various designss Somc handles ‘rere screwed in place
and the bent cnds coupled with sloeves on one tube, another type hed
"u" bend handles frstencd by brass cross pins in the radiator.

7-3-8. This tubec is oxecllent both mechrnically and

clectrically for applicntions in which high valucs ef pulsc powers
arc not nocessary - i.e., for high duty cycle scrvices. Howover,
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its porfornnnec as o rodor tronsmitting tube docs not approsch
that of the lntost rodor tronsnitting tube types new monufaecturcd
in this country. The rensons arc indicated ia prragraphs 7-3-1
and 7-3-4; tho filamont temporature, and hence the cmission per
walt of filament pover are definitely "conservativeo".

y 2 Rocciving Tubcs, Typc RE-3. The typc EE~3 tubes
uscd ir the vidco and i.f. eircuits of the larger receiver (type
NEC-NO=-1736; sce prragraph 5-12) worc -exonined, nnd chornctoristics
of o poair of samplcs were determincd. Plate 91 is 2 photogravh of
the tube, It is o pontode type with 6.3 volt heater; all grids are
brought out te teminnls. Tho contrel grid terninsl is the "end
cap". Tho pin terninnls ot the other ond of the tubc arc hoater,
cathodc, scrcoen grid, suppresser grid, nnd plate. These arc sup-
ported in a brova phesmolic insul-ting matcrial vhich oppears o bo
of good quality; it is probably "low loss" for frequencics up to
about 50 megacyelcs.

T-4=1. The tubc is normally opcrated in nn "invertod"
position, with the grid c¢rp dovm. The snoll kmob on vhich the
tubec in the conter of the photograph (Plntc €1) rests is uscd os a
hondle for inscrtion ond removnl of the tube.

7-4—2. The noasures choracteristics of somples of the
RE-3 nre given in the curves of Plates 92 thru 96. The moximum
tronsconductance of the somplcs averaged about 2000 nicremhos.
Somec of the somples diffor cuitc narkedly in sctual charocteristics,
as 7ill bc noted from inspcction of thc curves.

7-4-3. The tube enpoecitics vere monsured and found to
have approxinnto avcrage volucs ns follevst

Oy (Platc te 21l other cloctrodes) - 3.4 mnfd.
C; (Grid to n11 othur clectrodes) -~ 4.1 mmfd.

These copneitrnecs are guite lowr, considering thoe tronsconductance
values

7-4-U4, This tubc is wory well suited to its usc as
a videc and i.f. amplifisr. In size it is intcrmedintc betwcen the
UsS."acorn"™ types ~n¢. the standaré "G" or "GT" zl-ss tubes. The
transcenductrnce is high, though not so high ~s that of the U.S.
typce GACT and BAGT (9000 ~nd 7000 micrombos, respectively), which
arc comronly uscd ag video amplifiers. The trronsconductancc of the
RE-3 is, on the other hand, higher than thot of the acoran pentede
types 954 (G, = 1400) ~nd 956 (G, = 1800). Actually therc is no Ua.S.
stondord tube type with cheoracteristics closcly similar te those ef
thc RE-3, ond the paysicnl outlinc of this tube, ~nd its type of
base and secket, arc guite radicnlly diffcorent from stondord U.S.
t}-PC Se

7-5. Cothodec Ray Tubes. The two types of cathods roy
tubes usod in the Jopancsc radar cquipnent werc cxanined ond chor-
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oeteristics determined. The types are designoated SSE-75G and SSE-
1206. The type numbers apparcntly refer to the dismcter of the
scroen in millincters. The type SBE-T7HG is very similar to the U.S.
type 3AP1 (formerly typc 906; screcen diameter 3 inchecs). The
SSE-120G is not similar to any U.Ss type. Platec 97 is a photograph
of these tubes.

7=-5-=1. Thc doto obtaincd in tests of twe samples of
the SSE-75G is given in Toblo 5. The narkings indicating "satis-
factory" charncteristics, or "failurc to comply with specifications"
refor to specificd characteristice of the U.S5. type 34P1.

7-5-2, Only one sample of the SS5BE-120G was available
for tests; the dato on this sample is given in Tablc 6. Designo-
tions "satisfactory" or "failure to comply with specifications"
refer to spocificd charncteristies of the U.S. type 5BPl. Defloc-
tion sensitivity of this tubc is low comparced to that of the HBP1,
and thc position of the spot with d“floctor plote leads open is
exccgaively off coater, indicating or "gun" constructions This
tube has & scrocn of ~pproxim-tely inchos dirmeter (120 mm),
and has o five pin boge. There arc wlso five cap torminals on the
neeclk of the bulb, and the four decflecting platcs and second ancde
arc brought cut te these terminels. This tube is used in the main
indicotor unit (paragroph 5-9). The scrcea is of the mediun persis-
tence type with green fluorcscence.

7-6. High Voltage Filter Condonser. A high voltage
filter condenser wiich wns much smeller in size then American con-
densers of the sone roting was anslyzed by the Insulrtion Rescenrch
Scetion, Pittsficld Works Loberotory, of the Gencrnl Electric Com-
ponys The results of this annlysis nro contained in the Gencral
Tlcectric Conponyls confidential data folder Ne. 65126, dated 27
Janunry, 19h3. A discugsion of the results of the analysis is con-
tained in o lettor of 25 Fobruary 19@3, from Mr. L.E. Grogery,
Copacitor Scetion, Genoral Electric Compeny. Copics of thesc
documcnts ore attoched to this report os Appendix I.

7-6-1. As notcd in Appondix I, the voltage rating of
the Japencsce capacitor was considernbly greator than it would have
boen by U.S. standards; the matorinls uscd in its construction vere
inferior, ond in fact the total volumc occupicd was not used offi-
ciently. 4 condonger deosigned nccording Yo best U.S.As practice
and using the somc stress per unit thickness of dieclectric would Inve
up to 62% grecter capacity for thc same volunc.

7-T« Glass Bondio-Froguency Stand-0ff Insulators. A
large number of cylindrical glass stand-off insulaters, of about cne
inch dieneter and in lengths ef about 3 inchos werc usud as supports
for the antenno clements. Similar but larger insulators worc uscd
in the rodio froquency circuits of the transmitter. The glass from
onc of these insulators was cxomined, ~nd o sample was scaled to a
picce of Corning #77h: pyrex glass. A good bond resulted, indienting
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that the Japanese glass was molded pyrex similar te the Corning
w74, since few dissimilar glasses will weld without subsequent
cracking or severe strains due to expansion differences.

7-8. Spectrochemical Anzlysis of Radio Parts Samples.
Metal parts from various components of the captured equipment, par-
ticularly the type TR-5935-A transmitting tubes, were sent to the
laboratories of the National Bureau of Standards fer gualitative
and serii-quantitative analysis. The analysis was made by tle spec-
trometric methed; the complete report c¢f the Bureau of Standards
is reproduced as Appendix II.

7-8-1. The results of the analyses are summarized
below. The following designations are used to indicate very apvrox
imately the amount of each element in the allcys.

VS ~ Very Strong
S = Streng

M - Moderate

W =~ Weak

In general, the designations VS and S correspond to major constit—
uvents (greater than l%). and ¥ snd W to minor constituents (1 to

041%).
Name of Article Constituents Classification Special Properties
(a) Braw Handles of Cu Zn Pb Yellow Brass
TR-5934A Vs VS M 70 Cu ~ 308 Zn @ =—emw
(v) Handle Coating Sn Ni Nickel Plate Non-Corrosive
TR-5934 S M
(c) Support Beds of XNi ¥n Co Fe $8-99% Wickel Corrosion
TE-5H93A VS M M W Base Alloy Resistant
(d) Internal Shield Mo Melybdenum 0 0——=——
of TR-5934 Vs
(e) Lead Wire of w Tungsten ———
TR-593A Vs
(f) Grid Vire of Mo Molybdenum e
TR-503A VS
(g) Shield at base Mo Molybdenum 0 o———e-
of grid wire Vs
TR-533A
(h) Filament Wire W Th Thoriated Low Work
TR~593A VS S Tungsten Function
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(i)

(3)

(i)

(1)

(m)

(n)

LTS EETE w25

Name of Article Constituents Classification Special Properties

letal top of in- Cu Zn Fe Pb Pb-Ni-Bronze.

sulator for VS V8§ § S Te generally left ocut
transmissicn line Sn Wi of American Bronze.
S H Cerresponds te Navy

Cemposition ¥, or red
brass: 8§5% Cu, 5% 2n,
5% Sn, 5% Po.

Fuse Clip Ca Sn P Phosphor Bronze

Cathcde Ray Tube Fe Si

Shield VS N Silicon Steel
Cathode Ray Al Co Probably Al2 03
Shield Paint VS M (Ordinary aluminum paint)
Transmitter Al Cu Pe Bi
Panels Y88 8 H Duralunin
Radiating Fin Al Cu Fe Hi Al casting, alloy not
of TR-5934 V5 S 8 S similar to Americen alloys.
5i In
5 B

7-8~2. Those alloys that contain aluminum show evi-
dence of being made from scrap naterial because of the nature and
Percentages of impurities present. It is prcbable that a lerge
source of melybdenum is availsble because of its liberal use in
the constructicn of the TR-593A.

7-9. Translation of Captured Documents and Nameplates.
4As indicated in Appendix III, a Japanese document descriptive of
the radar installaticn on Guadalcanal was found with the captured
equipment, end has been translated by the Office of Naval Intelli-
gence. This translation is Enclosure A of reference (g), paragraph
1-1. Appendia III is a copy of reference (g) less the enclosures,
which comprise a total of 47 typed pages (Enclosure A, 31 pages;
Enclosure B, 16 pages).

7-9-1. Enclosure (A) of reference (g) is & fairly
cemplete radar manual, containing a description of the operation
of the equipment, instructions for tuning and adjusting, and dis-
cussicn of the most probable circuit failures, procedure for locat—
ing trouble, and recommended remedies. There are frequent sketches
and diagrams to illustrate the text, although complete circuit
diagrams are not given. The first 21 pages arc devoted to the trans-
mitter and modulator. Pages 22, 23, and 24 are headed "Mark I
Mode. 1 Receiver". The receciver described is the small "Japancse

designed" unit; see poragraph 5-11. This is conclusive evidence
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that the small recciver is the one originally designed to be used
with the other captured units. There is no mention of the kErger
receiver in the "manual". The remaining pages of Enclosure (A)
describe the indicator unit, synchronizing unit, and monitor.

7-9-2. As noted in Appendix III, the original Japanese
documont of Enclosurc (B), reference (g), appeared to have been a
notebook kept by a Japancse radar tcchnician, and most of the notes
scecm to have boen copied from a radar manual. It is also thought
possible (Appendix ITI) that "the radar described in Enclosurc (3)
was designed for shipboard rather than shore usc", because of the
tochnician's refcrence to repairs made aboard the heavy cruiser
KINUGASA. That the radar cquipment referred to in Enclosurc ()
is of diffcrcent design is indicated by the difference in rated line
voltage — 220 volts a~c for the radar ceptured on Guadalcenal and
described in Enclosurc (A), and 110 volts a-c for thc radar rcferred
to in Enclosure (B). Furthermore, Appendix III states that the equip-
mont montioned as being repaired on the KINUGASA is identical with
that described in the pencilled notes thought te have been copied
from o manual.

7-9-3. An analysis of thesc notes of Enclosure (®),
by an cngincer of this laberatory who is familiar with the charac-
toristics of the Guodalconal equipment, confirms the proposal that
the cquipment described is of a different type. The most signifi-
cantly difforent foature of this equipment is that the pulsc rope-
tition rate is 1500 cycles per sccond, while that of the radar cap-
tured on Guadnlcanal is 1000 c.p.s. In other rospeets this "ship-
board" equipment is similar to the shore-basdﬂ typc: the pulse length
is given as 2 socond - i.c., 20 microscconds. Unfortunately
100,000
the notcs of Enclosure (B) deal solely with the operation of the
indicator, menitor, ond synchronizing circuits, ana the radio
freaouency of operation is not given. However, the long pulsc length
(20 microsccond) indicotes thot the cquipment is of the " scarch"
typc, ond possibly operatcs at the same froguency (97-103 mc) as
the shorc bascd cquipment.

7-9-4. Thc fact that Jopancsc shipboard rodar caguipment
cperatcs at 1500 cycle por second pulse repctition rate may be usc—
ful tacticnl information. Any intcrcopted cnemy radar signols using
this ropetition froguency may bc tontatively assumed to Dbe from o
Jopancse warship.

7-10. Translation of Nameplatcs. The nomeplates
identifving the vorious controls and tcrminals of the units were
tronsl-tecd by personnel of thc Officc of Naval Inteclligence. In
addition, nameplatcs on some of the circuit components and the moin
nameplates of the units were translotoed on those units which car—
ricd them. DTronslotions of typical circuit components nomeplates
are given in Toble 7.
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Be CONCLUSIONS.

&-1l. General Construction ond Mechanical Designe The
construction and workmanship of the Joponese Rodor equipment as a
whole is docidedly poor, and it wns found that constant attention
ond nursing were required to maintain good performange, or even to
keep the system in operation. Foilurc of components was frequent,
and the lack of ncatncss in construction and wiring mode servicing
difficult. Apparcnily no attompt at simplicity of design was made:
the pulse-gencrating, synchronizing, ~nd monitoring circuits in
porticular are so complicatcd ns to present a difficult maintcnonce
problem. The cquipment is very lerge and heavy, with no covidence
of attempts to cconomize cn materinl, ond thc gencral design is
inferiore It is proboble that mony of tho special devices used in
cur rador systoms, such as dupleoxcrs, transmission linc rotating
Jjoints, ond the usc of "synchro" motors nnd gencrators in antcnna
coenirel systems had not yet boen developed for rador usc by the
Joponese at the time this captured couipment was manufactured (first
threec months of 1942).

8-2. Porformoncc. Porformonce of the system, though
somovhat better theon was cxpecteéc from analysis of the individusl
units, vas definitely medioere nnd for from cqual to that of the
best U.8. Noval scorch rodar cquipment in existence ot the time the
capture wns made. The tronsmittor povrer is far lewer than thot of
U.S5, cquipment.

6~-3. Transmitter. The tronsmitter, roted (according

to the trenslated Joponcsce instruetions) at 5 ki pulse power output,
delivers this powrer only with vory careful tuning r~nd adjustmont;
the output under average or scrvice adjustment would probably be

on the order of 2.5 to 3 kv. Output pover as high os 4.7 kv was
obtaincd during thc loboratory tests, but only with considernble
difficulty. Stobility is poor, adjustments critical, oné snark-over
freguente.

6-L. Rocciver Type 20-17-2, Of thc two rececivers ob-
toined with the cquipment, that designotcd in this roport as type
20-17-2 - appercntly the original receiver designed as port of
tho subject cquipment - 1is of conventional design, but cons truc-
tion is very poor. Sonsitivity is 7 to & db less than that of the
latest 200 me receivers developed at the Navel Rescarch Leborntory.

The i.f. bandwidth is greoter thon necessary, so that the sensitivity
of thc receiver is not fully utilized. There are no anti-jom features.

8-5. Recciver Typc NEC-NO-1736. The receciver dosignated
NEC-W0-1736, o larger receiver of cxcellent mechonical construction,
with some cvidencos of Gorman design, is slightly less sensitive then
the type 29-17-2. However, the bondvidth is somevhat less than that
ef the type 29-17-2, so thot the performonce is as good or botter
thon that of the other typc. This rocciver likewisc had no special
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onti-jom featurcs, ond r.f. jamming in conventional fashion was
found to be quite cffoctive. The dynomic ronge was found to be
limited, definite i.f. overloading occurring at full gain with a
300 microvolt input signal. The stebility of this roceiver, hor-
ever, is cxtremely good, os o rosult of perhaps cxcessive usc of
decoupling and shiclding.

8~6. Antcnno. Although the ontenna for this cquipment
ve.s net shipped to the Navel Resesrch Loborntory, the information
furnished regarding the original Jepancsc antenna allowed o prac-
tical duplicate to be built. The genernl design docs not imdicate
fomiliarity with the most opproved rocont practices in this country.
The cnc-quarter wavelength spacing of the radiators from the mesh
reflector is not good dcsign; the onc-tenth wavelength spacing used
guite generally in this country with non-resonant roflectors haos
proved better. No dupleoxing is used, nccessitating separate snten-
nas for transmitting and rcceiving. Iastcad of the antenns slone
being rototed (vhich would require o rotary joint in the transmis-
sion line), the cantire house containing thec completc cquipment,
including antennes, was rototed by a 5 h.p. motor.

&=+« Vacuum Tube Typcs. The tronsmitting tubes,
Joprnese type TR-593-A, rosemble closcly the (Amecricon) G.E. types
GL-8002 and GI=L34, and ore cxcellent tubes mechanically and elce-
trically, although not ns weoll adapted to rador transmitting appli-
cotion as the latest special rodnr trinsmititing types used in U.S.
Navel rodar cquipment. The Gemmon type RE~3 tube uscd in one of the
receiver types was onalyzed ~nd found to be an cxeellent tube,
though by no menons cxtraordinary, for its usc os » video and i.f.
emplificr. The cathode ray tubes type SSE-75-G and SSE-120-G were
onolyzed ond found to posscss no unusual fenturcs. Other tube types
used wvere closely similar or identical to stondnre U.S. types, with
the cxception of types 5302, VB-135-50, and DC-762. Thesc types do
not have any unusual features or choractcristics, hovever.

8-6. Analysis of Compenecats. The very compact power
supply filter capacitor vhich occasicncd much intercst (rated 4 mfd.,
15 kv D.C., in a contpiner very much smoller thon U.S. types of
cquivalent rating) wns found to be, by U.S. stonderds, very much
over-roted, rnd by ne means supcrior (in foet, inferior) to capoci-
tors manufoctured in this country. The gloss of somc Japoncse
insulators wns found to be closcly similar to Corning w174 pyrex.
daelysis of metels ond alloys used in the tronsmitting tubes ond
other ports indicated thot aluminum and coppor were used liberally,
indicating cithor n plentiful supply or willingness to usec these
motericls unspoaringly becausc the radar cguipment moy not then have
been in sufficiently large production te varrant usc of substitute
matericls.
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Teble 1

Static Tecste of Type TR-503%-A Tubos

Tube

Serial

Nosa Date Hrs. Ir Io Iic Ee Cors ZRcmarks

3285 12/5/42 0 16,15 0/100 10 250 12.0

2968 12/5/42 0 15.0 0/100 6 2o 12.5

3012 12/5/42 0 16.10 0/100 9 Internal Sprrkover

3473 12/1/42 20 16.0 0/100 9 275 10.9

2897 12/1/4%2 20 16.7 35/100 9 251 12

3420 12/1/42 20 15.8 50/25 °9 255 11.7 Will not
cut off
completely

3356 12/1/42 20 16.25 50/37 9 261 11.5 Will not
cut off
complectely

3911 11/26/42 Filement sonl broken in tremsmittor.
2192 11/24/42  Filomont open vhen it was unpackods
3239 11/24/42  Tent gassy in amplifier.

2052 11/26/42 Internnl arcing.

320UA 11/24 42  Filenmont scal broken during unpocking.
33716 12/5/ 15.65 0/100 11,0 Internal sparking
7721 12/5/k2 16.5 50/95 5.1 256 1l.7
2u56  12/5/k2 16.0 0100 T«5 230 13.0
3145  12/5/k42 16,1 0/100 9.0 238 12.6
250 12/5/42 16.1 0/100 9.0 262 11.5
3201 12/5/42 16.3 0/100 7.8 244 12.3
2031 12/5/42 15.85 0100 8.7 228 13.2

sllsllefecleNels]
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Tnblec 2

Interecleectrode Copacitonce
of TR-H93A Tube

Tubc Serial Nos Cpie Lo Coic
3612 o8l 5ol S22

*2968 .81 *11.5 8,06
2931 .86 4,72 7.82

3285 .97 692 7.56

*Tube number 2968 was defective in that the inner plate corcna
ghield was too clesec to the grid support ring.
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Tablec 3

Comparison of TR-593-A Tube
With Two Other Types

Tube Characteristic TR-59%-A GL-8002 ZP-Li3l
Pilrment Voltnge 7.5 volts 16 11
Filecment Current 16 ampercs 39 Rg
Piloment Emission Q9 amperes -
Amplification Factor 16 _— 25
Intercleoetrode Capacitancos
Grid to Pl-te 5.68 9 9
Grid to Filament 7192 8 10
Plotc to Filoment « 87 0.5 0.5
Dircet Plate Voltege 5000 (Max.) 3500 volts 1500 V.
Plote Input - 3000 viatts -
Plcte Dissipetion - 1200 watts -
Output 1000 wotts —-— ——
lieximun Length *l_5/g" L11/16"
liaximum Dinmcter wp 1-7/8"

*Dimensions without radinting fins.
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Table 4

Miscelloneccus Information
on TR-593-A Tube

Effective diometer of grid - 11.45 mm
Diemeter of filament helix - &.68 mm
Diemeter of filoment wire - 0.56 mm
Dirmcter of grid wvirc - 0:19 mm
Grid wirc spacing - 2.21 mm

Inner diameter of plate =~ 30,35 mm

TR-503-4A GL-8002
Grid-Filament Spacin 1.39 mm 1.53 mm
Grid—-Ancde Spacing 9«45 mm 2.14 mm
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Sheet MNo. 1
Enclosure

to accompany WRL ltr

CATHCDE RAY TUBE TEST DATA

Toble 5

Date Tubes Received ¥urr, N.E.C. Type No.

Date Tubes Tested Apr. 17, 1943. JAN 1A Specification Dated SSEa] 56
JAN 1A Serial Number
s IR L&2 2941

P61 Heater Current 2.1 23

F-8b 1st Anode Current 140.0 7.0

F-8b Cathode Current 145.0 15.0

F-Oc Gas Cross Test S S

F-8d Base Aliznment 100, 15

F-8d(1) Alimn, Def. Axis 4~ S

F-8d(2) Align, Base with Bulb S S

F-8e Cathode Illumination

F-8f Screen Juality S S

F-8£(2) ‘{rLight S S

Grid 1 Current un -6.5 0
Resistancc: H-k Contrel Grid S S

P-8g( ) |line %idth man 0.48 0.38

F-8g( ) |Line width n 0.56 0.48

7-8h( ) |Position of Spot 11.0 9.0

b3 § Cathode Emission Check S S

F-83 Crid Cutoff 37 48

F-8k Focusing Voltage : Ec = 75% Eeo 29h* 310%

F-0k Foeusing Voltage  : Ec = 0 to Eco 205-295% 310-310

F-8n Deflection Pactor 102 Volts/in 14g* 1L

F-8m Deflection Factor 3D Volts/in 119 21

F-3n Deflection linearity Factor 5% 1%

Voltage Brealdown
Spot Displacement

F-2 Grid Leakage

F-2 1st Anode Leakage

F-8p(1) Heater-Cathode Leakage

F-8p(2) Grid Current

P-8q(1) Capacitance: Control Grid - al1 uuf 5.76 b.42

F-8q(2) Capacitance: Cathode - all

F-84(3) Capacitance: D1 - D2

F-3q(l) Capacitance: D3 - DL

F-33(5) Capacitance: D1 - all 4,12 3.90

F-8q(6) Capacitance: D3 - all 5.28 5.2

P-3q(7) Capacitance: D1 - all except D2

F-B8q(8) Capacitance: D2 - all except D1

F-8q(9) Capacitance: D3 - all except Di

F-0q(10) Capacitance: Dl - all except D3

F-8s Vibration: 10 G

Anode #2 Current ua, 15.0 7.0

F-54 Overall length Inches 11.56 11.53

F-5d Overall Diameter Inchecs 2.94 2.99

S indicates satisfactory. # indicates failure to comply ﬁtUE'W. }J -N’EPT

Negative Grid Current Indicatcs Grid Emission. .‘SS F’ D .



CATHCDE AY TUBE TEST DATA

Table 6

Sheet MNo.
Enclosure to accompany NRL ltr
Date Tubes Received Mr.0.E.C. Type No, SSE-120-G
Date Tubes Tested JAN 1A Specification Dated
g&eg 1A R Serial  Mumber
; 2114
P64 Heater Current Azps 2ol f = 2.9 volts
F-3b 1st Anode Current ua 21.5
F-8b Cathode Current un 20.0
F-8c Gas Cross Test S
F-8d Base Alignment
F-34(1) Aligmn, Def, Axis S
F-8d(2) Align, Base with Bulb S
F-Je Cathode ITllumination
F-8f Screen Quality S
F-8£(2) Light 5
Grid -1 Current uc -h.0
locistance: HE-Control Grid 5
F-8g( ) |Iine Width "A" o 0.36
F-8g( ) [Line Width# " nm 055
F-8h( ) |Position of Spot mm 13*
F-51 Cathiode Bmission Check S
F-83 Grid Cutoff 33
F-dk Focusing Voltcze : Ec = 758 Eco 350
F-3k Foeusing Yoltage : Ec = 0 to Eco 510-350
F-8n Deflection Factor 102 Volts/in g8, 8*
F-8m Deflection Factor 3D4 Velts/in 79.0%
F-3n Deflection Linearity Factor % .0
Voltage Breakdown
Spot Displacement
F=2 Grid Leakage
F-2 1st Anode Leakage
F-8p(1) Heater-Cathode Leakage
F-8p(2) Grid Current
F-8q(1) Capacitance: Control Grid - all
F-8q(2) Capacitance: Cathode - all
F-8a(3) Capacitance: D1 - D2
F-8q(L) Capacitance: D3 - Di
F-3a(5) Capacitance: D1 - all
F-8q(6) Capacitance: D3 - 2all
F-8q(7) Capacitance: D1 - all except D2
F-8q(8) Capacitance: D2 - all except D1
F-8q(9) Capacitance: D3 - all except Di
F-84(10) | Capacitance: D - all except D3
F-8s Vidration: 10 G
F-54 Overall Length Inches 16.79
F-5d Overall Diameter Inches 4,70 )
# indicates failure to comply with specifications. i

"s" indicates satisfactory.
Negative Grid Current Indicates Grid Emissien.
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Table 7

Translations of Typical Nameplates
Captured Jopancsc Raderr Equips
mont - C.E.E. No. 211

Ammeter

Hippon Elcetric Co.
No. 100568
Docember 1941

U mfa - 8 XV
Tokyo Elcctric Co.
No. 6054, 1216
Model OP 603

All small tubes made
by Tokyo Electric Co.

Moters, Shunts, and
Multipliers madc by Nippon
Elcetric Company (NEGC)

3 mfd - 3 KV 2 KV 2 lifd

Tokye Electric Co. j Wippen Tsushin Xeggo
No. 2751, 1216 1 (NTX)

lodel OP 60U i Jan. 1942  P-10
Volineter Indicotor Sweep Unit

Kogowic Denki Koggo K.K.
(?)
Nov. 1941

Waval Technical Institute
February 1942
1“&'0¢ 29

Time Deloy Relay
Hitochi Factory
Docember 1941

Jap. Receiver
Naval Technieccl Institute
Jonuary 1942

No. 48koss ; No. 9

liodulator Power Tronsformer tiodulator

Nippon Elecctric Co. Nippon Elcetric Cos
Wo. 22455 Jan. 1

Nov. 1941 Low Voltoge Neo. 9

High Voltage Condcnscr
Wippen Tsushin Kogyo K.X.
(Sonyosha Factory)
liodge Jan. 16

No. &2

lodulator Power Transformer
High Voltage

Wippon Electrie

Nov. 1941

No. 22516
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Japanese RADAR Antenna on Guadalcansal.

~

‘33/: - el I |

L

t WU y" - L wwE 5 T SfRc g . 8rs W/’ff/

Ir - e an  HE e say /

f

/

o Ie TRANS \yorTEE

-

RRoirrers Age %"Cﬂfﬂq’ U8B/ G

Receiving zntenns is similer to the transmitting sntenna =nd

ie locsted 1/2 wave melow it. Top bay is trenemitting and
bottom receiving. Receiving anterna evidentally had "Q" bars
for metching immedances between transmission line to antenna
and eomling line to receiver. Receiver counling line consiste
of a nair of #8 solid conper conductors, insulated by svacers,
and nrotected bversll by a sheath of coomer with an outer
covering of lead; outside dimensions soororimately 1".

The commlete antenna system is mounted on a combined wood
»nd &teel frame with the elements abtout 1/U wave from a reflecting
screen. The screen is an orfinary galvanized wire affair with 1" holes.

The =ntenna is horizontally molarized.
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(Copy)

0-867/36(371) Februory 25, 1943

Mr. D.B. Hull

Lt. Commandecr, UsS.i.
Nawal Research Lab.
Anscostia Station
Washington, D.C.

Dear Sir:

Our detailed cxamination of the capacitor described in your
communication of December 9, 1642 is covercd by thc attached confiden=
tial data folder 65,126,

The feollowing comments and cbservations orc offered with the
idca that it may help you to better judge the relative merits of Japoen-
csc and JAmoricon madc-copaciterse. Frequent reforcice is mado to G.E.
design practice. This is for the sake of convenicnce and alsoc because
we feoel that G.E. design practice is fairly representative of the cap-
aciter industry in the UsS..h. '

The main points of differencce botween the Japanesc capecitor
ond the average U.S.4A. built capacitor were found to be as follows:

1. The poper used in the Joponcse capacitor contained
a filler. Both the density ond the dielectric con-
stont of the poper was from 35 per cent to 4o per
cont higher than for pepers normally used in the UsSele

2. The normol operating stress on the Japancsc capdcitor
was cbout doublc that usuclly uscd in U.S.A. practicce.

3. Elcctrical characteristics of thc Japancsc capacitor
Were pocr.

b, Spacc or volumc of the Japancsc capacitor was not
used efficiently.

Comments on Iftem 7l

The mu-f capacity of the Japancsc copacitor was approximatcly
20 per cent greater thon we would expect from the some thickness and
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aren of U.S5.A. nokerinls.

The usc of high density, high diclectric constant paper vas
obviously for the purpese of inecressing mu-f co acity and decreasing
sizc.

Thc use of high density, high diclcetric constont papers
will not give any approciablc inereasc in mu~f capacity per unit
volume, where eastor oil or Pyranol impregnation is uscd.

Attontion is called to the fact that preosont Navy Speci-
fications prohibit the usc of fillcrs in papers. Soc RE-17 &8E,
Paragroph Di=b.

General Elcctric practice has been to use o paper in the
general donsity ronge of «95 to 1.05. Our cxperience has been that
high density papers nrc oxtremely difficult to thoroughly dry ond im-
pregarte.  Conscquently, we usurlly obtain poor clectrienl charnctor
istics, including short lifc when high density vopers arc uscd.

One favorablc choracteristic of high donsity paper is thot
the short timc brosldewm strength or nbility to withstond voltage
surges might be oxpeeted to be higher then for lover density papers.
Our cxpericnce would indicote o maximum inercasc of five pcr ceat
for a poper with the same donsity as thot used in the Japancse
capacitor.

Comnents on Itcon 2

Normrl operating stross on the Joponese copncitor was found
to be approximntcly 2000 volts per mil of diclectric. The usual
UsS.ls proctice is 1000 volts per mil--see Novy Specifications
RE-13A~4668 poragroph D3-b.

Poragroph F-10 of the some Specification also regquires
that copoeitors be copable of withstonding 1000 hours life test ot
double roted voltzge. In other vords, the Jopaonese hawve used a
normal rating which is equivalent to the Navy Specification life
test roting.

Nething in our cxemination of the Japancsc ecnpacitor gove us
any reason to belicve that it was any better than U.S.A. built copa-
citors with the some diclectric thickncoss.

Comments on Itcom 3

Mu-f copecity versus tenperature of the Japanese copacitor
is shown in H-8372U26. For charnctoristics of G.B. oil impregnated
copocitors, sce H-8351069. The curve for 25F394 morc ncarly repro=-
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Mr. D.B. Hull e February 25, 1943

sents the average design than the curve for 26F377. It will be noted
that the capacity-temperature coefficient for G.E. capacitors is less
than for the Japanese capacitor.

Change of mu-f capacity with change of voltage is a peculiar
characteristic for which we have no explanation, with the possible
exception that it may result from the filler used in the paper dielec-
trics G2+ mineral oil and Pyranol impregnated capacitors do not
show this characteristic.

Power factor versus temperature is shown on H-8372U28. For
comparison with G.E. designs, see H-8351072. It will be noted that power
factor of the Japanese capacitor is considerably higher than for G.E.
designs, and especially so in the range of 50 to 100° C.

Power factor versus voltage is shown on H—8372429. GoEa
mineral oil filled capacitors do not show any change of power factor
with change of voltage except at 100° C vhere there is a very slight
increase in power factor with an increase of voltage.

G+E. Pyranol impregnated cepacitors (see H-8372429) shov a
characteristic similar to that of the Japanese capacitor at 75 and 100°
Ce This characteristic is very pronounced on the Japanese capacitor at
all temperatures.

On G.E. Pyranol impregnatcd capacitors ve attribute this
characteristic to the molecular structure of Pyranol. In the casc of
the Japancse capacitor it is probably due to the molecular structure
of the filler uscd in the papor.

Insulation recsistance vorsus temperature is showm on H-3372430.
We éo not have & G,E. curve which is directly comparable. However, we
would normally expect our capacitor to have an insulction resistance
of about fivc to six times that of the Japancse copacitor.

The comparatively high power factor and low insulation resis-
tonce are beoth indicators that inferior life might be expected.

Ye, of coursc, hove no way of determining the life of the
apoeitor from a singlc sample. However, bascd on ocur experience with
copaciters we would predict that the lifc of the Japancse capacitor,
vhen opernted at normal voltage would not excced the follewing velucs:
1000 - 1500 hours Ambient 60° ©

200 - 300 hours Ambient 75° €

5 - 10 hours Ambient 90° C

Poge 3 of Appendix
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Commonts on Item ;3L

As shovn in our Laboratory report, the foil used was 3-1/8"
wide ond the poper 3-3/U" vide. The containor height and bushing
construction werc such that 3-3/L" wide foil and 4-3/8" wide poper
coulé have been usecd. This would make it possiblc for the Japancse
to put nbout 2.28 mu-f in the some size container,

A

Furthermore, the inside height of the Jaopanesc eaprecitor
was six inches. One and one-half inches of this height wes requircd
for bushingse. For the somc test and voltoge roting, G.EB. design praoc-
tice would be to usc o bushing one-half inch high on tho insidc.

This nnturally lcads to thc question: how many mu-f could be
obtoined in this size container with G.E. design practicc ond using
the sprme stress per mil of diclectric that wos uscd on the Japancse
cepoeitor? ThePnsior is approximately 2.54 mu-f with mineral oil
imprognation and 3.7 mu~f with Pyrancl impregnation.

This would indicnte up to 52 per cent gronter mu-f copacity
with G.E, design practice on the grest mojority of our applications,
since we use Pyrcnel imprognntion on procticnlly oll applications
axecept those that reguirc o low enpecity-temperaturc coefficicente.

If thorc is any odditional informantion or any other scrvice
which we con render on this subjeet, pleoase feel frec te call on us.

Very truly yours,

V.Z. Goodwin, Monnging Engincer
LTG. ARREST., CUTOUT & CiP. DEPT.

By: L.Z. Grogory
CAPACITOR SECTION

L‘!_‘.G/ g
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(Copy) Data Folder 65,126

GENERAL ELICTIRIC

IRS 651
COMPANY File 16
Schencctady, H.Y¥., U.S5.4. Class 5

Title Txeminotion of 2 MP, 15,000 Volt DC Test, Japoncse Copac-

itor.

By
Insulation Research Scction

Pittsficld Works Laboratory Dept.

Information prepared for  Capscitor Engincoring Dopartment

Tosts made by J.F. Byrono, L. Earrop, L.J. Hoguc, B.H. Nicder,

R« Umhocfer

Infermation precpared by  R.R. Umhoefer

Countersigned by F.M. Clark

Jamuary 27, 1943 Date

FuMe Clark
L.E. Gregory
V.E. Goodwin
J«Ds Stacy
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(Copy) GENERAL ELECTRIC COMUPANY

Report No._ 65,126  Page No. 1

s e

CONF IDENTIAL

INSULATION RESEARCH SECTION REPORT 651
PITTSFIELD WORKS LABORATORY
Januoary 27, 1943

I, SUBJECT: ZExomination of 2 MF 15000 Volt DC Test, Japaoncse Copacitor

II. SOURCE OF CAPACITOR:

This unit wos token from o Jepanese plonc, -nd vas used on an 8000
volt DC circuite The nomeplate stated that the capacitor had been
tested ot 15000 volts DC.

ITI. OBJECT:

This unit had o much smaller veolumc thon do capacitors of similar
roting manufactured by Geaneral Eleciric,

This made it desircble to exemine completely the olectrical and
construction details of this capacitor.

IV. OBSERVATIONS J/ND CONCLUSIONS:

L. This unit, in ocutward appesrscnce, is similar in all details to
o former Generol Electric design.

B. The workmenship is of a high guality.

C. The relotively high copacity of this wnit, as compared to Gen-
eral Electric oil-filled capocitors, is due to a higher diclectric
constant of thec solid insulation.

D. The solid diclectric consists of vegetable fiber, principally
mulberry with cither or both manila or romie. The diclectric consteat
has been increased by incorporating o clay filler in vhich hydrated
aluminum oxide is a majer constituent.

E. The liquid dielectric is mineral cil of about the grade of
10-C transformcr oil.

F. Both the capacity and powier factor decrenses with increasing
voltage.

G. The capecity increases with increoasing temperniures over the
ronge tested, =57° to 950 C,

He A% 1500 volts d~c, the pever factor is a minimum and
- less than 0,5% botween 15° and 60° C.

_ Poge 7 of Appendix : 5 e
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(Copy) GINERAL ZLECTRIC COMPAITY

Report No. 65,126  Page No. 2
CONFIDENT IAL

I. The power factor is higher than General Electric Pyrancl or oil
unit;, and also shows a greater variation with temperature.

J. The insulation resistance is low compared to General Electric
capacitors.

V. IXPCRIMENTAL:

ie Electrical Properties:

A detailed exsmination of the electrical characteristics at dif-
ferent voltages are given in test report 46506.

CAPACITY AFD POUZR FACTOR VS TZMPEIRATURE

Test Temp, (0C) Test Voltage (AC) Capacity (MFD) Power Factor (%)

=57 50 1.782 2.07
-25 50 1.840 0.727
0 50 1.673 0.977
25 1500 1.904 0.861
51 1500 1.936 o,
75 1500 1.963 0.663
IVSULLTION RESISTANCE E§_TEEEE£AEUEB (500 VDC)
Pemperature (°C) Insulation Megohns Resistance Megohm-
liicrofarads
-3 190 10380
-25 20 8040
-8 2600 5200
5 1770 3
25 740 Z'éo
50 111 222
75 14,1 28.2
98 L.a 8.2

Curve sheet H-5372426 shows the change in cepacity with temperature and
woltage

Qurve sheet H-5372425 shows the change in 50 cycle power factor with
temperature at 1500 volts.

Curve sheet H-8372429 shows in detail the effect of voltage and temper-
ature on the power factor.

Curve sheet H-5372U430 shows the change in insulction resistance with
temperature.

oo
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(Copy) GENERAL ELECTRIC COMPANY

Report MNo. 65,126  Page Wo. 3
CONFIDENTIAL

Conclusions:

1. The power factor vs temperature characteristics of this capaci-
tor as received are not good. The minimum in the power factor at 1500
volts cccurs between 15 and 60° C.

2. The power factor of this unit is higher than General Electric
Pyrcnel or oil-filled units, and also shows a greater variation with
temperature.

3. The capacity increnses with increasing tcmperatures over the
range =572 to 952 C.

Y, The insulation resistance is low compared to General Electric
capacitors.

B. Construction Details of Capacitor:

1. Description of Unit!

(2) Namcplate: Thc nameplate was stamped in Japancse letters with the
exception of the rating of 2 Muf, 15000 VDC.

(v) Appearance: This unit had the samec appoarance as a former Gencral
Eloctric capacitor, sec photograph.

2. Weight: 2850 g.

3« Containcr: Tin-platec can, 6 1/4 x 2 1/2 = 7"; volume, 98.5 cu. in.

4, Torminals: Hollow, nickel-plated brass with a threaded top ond.

These werce insulsted with procclain bushings. The bush-
ings were sealed to can by resin-coatced cork gaskets
(Photograph).

5« Elecirical con- Contact was made by two, twisicd, tin-coated copper
tact to cover wircs. Dismeter, .020". The wires extonded through
terminals: the hollow terminal and were soldercd to it at the

tap. The selder scaled the hollow terminala

0. Electrical Ar- The capacitor rolls werc arranged in two groups in

rangement of ca~ scerics. ZEach group was compeoscd of four capacitor

pacitor rolls: rolls connccted in parallel by mcans of the twisted
terminal wircs. One of thc vires crossecd over the
asscmbly at the center and was insulated from the
rolls by a notched mica shoct. (Photograph)

— Pegc 9 of Appendix I
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(Copy) GENERAL ELECTRIC COMPANY ;3 %QL&SSBFIEE
Report No. _ 65,126 Page No. _ 4

CONFIDENTIAL
T+ Interior Con- The capacitor rolls were cncased in a pressboard
struction: barrier which lincd the inside of the can. Ind move-

ment of the capacitor rolls and pressboard liner was
prevented by red fiber picces, 1 5/8" = 3 5/8" x
L055". At cach end, therc were two picces between bar-
rier an¢ can and onc beiween rells and barrier.

The rolls were held to thc bottom of the can by a rce-
tangular shaped, pressbosrd piccc aluminum riveted to
the pressboard liner. (Phofcgraph) Between the capaci-
tor rolls and bottom of can were 6 sheets of kraft
papcr doubled over, 12 x 2 1/2 x .002",

8. Electrical con- The terminal wires worc soldered to tin-coatcd bross
tact to Capaci- tap straps, 2 15/16 x 5/32 x .003". The taps had

tor Holls: squarc corncrs. There were tie taps to each foil, 5"
apart smd located 10.1 and 10.5 feot from outside cnd
¢f foil.

9, Copacitor Bolls & in numbor. Bach onc was 7/8" x 2 1/2" x 3 3/un,

10. Iasulation Humber of shects betwcen feoilst H
Betoen Thickncss cach sheet: .00038"; width 3 3/U¢
Feils: Dicleoctric constent: 4.9

Composition: The selid insulation vas a densc, ecssen—
tially non-porous paper madc from mulberry fibers and
cither or both manila and ramie. The paper density
vos obout 1.345. A clay-like filler was prescnt which
consisted to a large dogrce of hydrated aluminum ox-
jde. The presence of potassium sulfote has been de-
tectod also.

The paper cxtonded, &" on inside and 12" on ocutside,
beyond tho foil. Breoks in the paper were neatly
stuck togcther with o 1/2" overlap, the sticker hod a
blue color.

Conclusions? The highcr capacity por unit volume,
comparcd to General Electric oil crpncitors, is duc to
the higher dielectric constant of the solid insulotion.
(4e9 as comparcd to 3.85 for General Electric oil im-
pregnated kraft paper) The higher diclectric constant
has been obtained by incorperating an inorganic filler
with the peper fibers. The filler appcars to be a
clay in vhich hydrated aluminum oxide is a major con-
stituent. (The diclcctric constant for dry aluminum
oxide is T.7).

3l. Foil: Aluminum. Length for cach roll, 26.5 feet. Width, 3 1/8 in.

‘s Thickness, 00036 in. The foil hod = crushed appearance on

_ inside cnd of roll. Page 10 of Appendix I



(Copy) GENERAL ELECTRIC COMPANY

Roport No. 65,126  Pnge No. _5

CONFIDENTIAL
12, Effecctive Areca?! One roll, 13%.8 sg. Tt
Capacitor, 110.4 sq. ft.
13. Llectrical Tosts
at 25°C: Capacity 1.904 MF (1500 volts AC)
Power Factor, 0.461 percent
14. Sq. Ft. Foil 58
Arca per ME:
15. Cus In. per MF of Elcetrical Copacity! BHl.7
C. Examinstion of Impregnating Compound:
1. Physical Propertics:
Japonese . Hew 10-C
Impregnant Transformer 0il
Condition 25°C Clear, fluid liquid Fluid liquid
Color (ASTH) 6, derk, rcd-brom 1, pale yellow
Leidity (mg WaOH/g) .06 01l linx.
Rofractive Indox (259C) 1.4998 1.49 about
Grovity (15.6°C) 928 900 Max.
Viscosity (37.89C}) SCCe 58 scc. Max.
Pour “hﬂgc 40 Hnsx,
Tlash 136°C 130%4in.
Firc 1l600 145%15n.
Soponification No. (mg KOH/g) .84 Less than .5
3iuluctrlc Constant (25°C) 2.2 2.2
" (100°¢C) 2.1 2.1
Pouor rhctor (60 eycle, 25°C) 13% .007
n W w 3000C) 8T% .036
Resistivity (100°, ohm/emd ) 53 = 108 50 % 10+1

Conclusions: These properties indicate the imprognnting liquid to be a
mincral oil of cbout the same grade as 10-C transformer oil. The im-
preganting liguid, thercfore, is not o factor in producing the high co-
pacity per unit volumc of this capacitor.

2+ Chemicel Examinctions:

Attempts to detcrminc the prescnce of stabilizers in the oil have
been unsuccossful. The coleoring matter and chemiecally similar material
is present to about 046 percents No nitrogen compounds are prosont,
but compounds vhich contain sulfur hove beon detected. The ccloring
compounds have highor boiling peints than most of the oil and hence

arc ¢f largc melecular weight and complexity. 4As is the case for

— Page 11 of Appendix 1.
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(Copy) GENERAL ELECTRIC COMPANY

port No. 65426 Pagc ¥o. 6

% CONPIDENTIAL

oxidizcd eils, the coler moy be remeved by fullers enrth. The refincd
preduct hrs o light yellow coler.

Th~t inhibitors nre absont or incffcetive is further indiented by the
poor condition of thc cils Thus the oil hrs o slight acidity, high
povier factors at 25 and 100°C and o low resistivity at 100°C.

Conclusions: No cvidonce for thc presencc of stabilizersg in the impreg-
noting oil hos beon found. All the physical and chemical factors noted
may be explained on the basis of oxidotion or deterioration of a sulfur
centaining oil.

rru/mp R.R: Umhoefer
2/2/43 PITTSFIZLD WORKS LABORATORY

— Poge 12 of Appendix I JECQ&&S!F‘ED
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161683  CAPACITOR RATED 2.0 MICROFARADS, BCOO VOLTS D-C (WORK ING), 175,200 VOLTS D-C
Fih [TEST). FROM JAPANESE RADAR EQUIPMENT.

FILING NO.5700, 6300 £338.1
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4 UNITED STATES DEPARTMENT OF COMMERCE

WASHINGTON

’3:ATB Natmnal Burrau of Stamdarns 3

411-1
REPORT

on
SPECTROCHEMICAL ANALYSIS
of
Twelve Samples of Radlo Parts
Labelled as Shown in Table
Submitted by
United States Navy Department
Naval Research Laboratory
Anacostia Station

Date Submitted: December 26, 1942
Laboratory Nos: IV—l/ 4036-4 47, Inclu éve
Spectrogram Nos: 763, W-7 5 and W;7g
Region of Spectrum 2400-5000 A,

The spectrograms were examined for the sensitive spec-—
tral lines of the elements as shown in the accompanying
table. The qualitative scale used in reportlng the relative
amounts of the elements in the samples is as follows:

Designation | Scale value H Designation Scale value |
= = . |

VS Very strong | ¥W gery weak :

S Stron ' race -

M Modergte ” FT Faint trace |

W Weak I -  Not detected

In general, the designations VS and S correspond to
major constituents (greater than 1%), M and W to minor con-
stituents (1 to 0.01%), and VW, T, and FT to trace constit—
uents (less than 0.01%). ,

The absence of a designation indicates that a test was
not made for that element.

NBS Test No. IV-1/Tp 411-14/43 "‘"f%} 5\3)/\_,;41 o

WASHINGTON, D. C., .
January 9, 1943 Lyman J. Briggs, Director,

Inclosure.

NBS Form 51
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18 Form 52
NBS Test No. IV-1/Tp 411-14/43
TABLE OF RESULTS (1) |
le— Sample | |[Ele— Sample
ant| 1 2 5 4 5 | iment 1 A 3 4 1 _ B
3% B <0 (R D P O S Mo V¥ | = - = -
al } W | Y9 : 99 | W 1\ ¥V 11 ¥a ;i 1
As | « ¥ = | W U - i = TL®eEy " T
Au | - - 1 = | = | = 1[N [ W [ ¥Y&| ¥ | V| ¥
B | WY1 o el . Os - ] - ST T i
Ba | T T i & b o= PN E e ‘ - - M
Be | = | = ! = - | = I Po] & 1 M S | VW | Vwe?
Bi | - - | VYW? | VW?_'JF - Pd _ _.t'__[_ pmie: - = -
<k N i i e I T IR - o 3 \
ca VW VW ¥ | | ® Pt = e hon 8 .
Cb | s I B 4 | | Ra | | o
Cd [ vw T | Bb o WEe
LTI S TE (T ST S 1€, N ]
Co [ W =__ | w| - | M (tBh | - | -~ - - =
Cr b ; ¥, A ) L FT " Ru i
ca | | Sb | W - W - -
Cu | VS Vs Vs VS | VW I I T I - -
Dy | I O, 55 1 W VN | W VW | W
Er ] D SRR & G- " T e '
Eu Sn S YW | 3 s L
Fe ¥ ! % | B M | W Sr e = e, M e -
Ga - __aeso 1 _—-? — I__ - l e _Ta "'__ _— - ._ - -
Gd | | Tb .
Ge W | VW | - - - || Te NI e
Hf = = = = - Th - I R T -
H = - | - - T Ti | = £ RS Y - =
_H_g._._ = _I _! : & - e . T =
In - | = % - - - Tm o ir
Ir T E Y = - U = Et e Sl : o= -
-2 , — vV - LT = =
La | ] Wl = 1 = . = - -
Li | ]._____ |. Y | = - - =0 gir
Lu [ b, -
Mg | VW | VW [ T VW | VW Zn | _VS | VS | V3 | W )
. Mn w ! VW 1 ___TEL VW M .__Zr.-. e — — -
No.| IV-1 Lab. No. _ Label of Sample
1 | Bo36 _Handle Coating = .
2 M s Base
3 | B037 ~_Metal top of Insulator
4 L0333 ~_Fuse C iy T
5 L039 Internal Support

U. 5. GOVERNMENT PRINTING OFFICT 19—15288
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B3 Form 82
NBS Test No. IV-1/Tp 411-14/43
TABLE OF RESULTS (2)
Ele— Sample Ele—| Sample
mint T 2'.!‘_ 3‘1‘ T 4 1 5 ment[” I | 2 S s
g - 4 X i E 1 FE VW Mo _ Vs =l
e vs W —vsl v || Na| T | YW VW -
As | = | = | = | = - .
T N T Ni W | VW W W 8
B | = - . - Os - - - & - 1
.ga_v -1 7T = - - P
be | = - | = - - _Fb VW -7 W
Bi | - | - | = - - Pd | - ZU - }W_ -
L./ [ N e e ) L BT
Ca W M YW T | 7T Pt - = - = -
Cb | e | Ra | )
_Cd - - | = - - | Rb_[ (1
Ce i Re ol
Co VW «T1T M 1 = .1 9% VL Bh | SN s = =
gr VW YW /| W FT T | Ru
s ' Sb =a = = &
Cu T | W W 3 | 8 " Sc - = T ZL
. Dy | Si W M 8 M S
Er l I‘ ] _Sm
Eu ‘ Sn - W W
Fe W Vs Yo 8 | B “Sr = = - Yw ;L‘
Gd . Tb
- Ge - - VW - - _Te
Hf - = = - -, Th - % A el
Hg = | = - - - o b - - ¥ W W
Ho | 7 o (| I s e O -
In - | - - - - : ;W RS S SR (5 | |
| Ip S % = i = u R BT T «
K | \') - - YW VW VW |
La 1 1w - - NP e F
Li el -l Y = o i WY = -
| Lu | ‘ Yb
Mg W i VW T T VA Zn | - | VA - W S
Mn iﬂn.f | Vw_| VW!| W W ZZ;I_‘_:__ - SN we - =
No. IV-1 Lab. No. Label of Sample
1 4oho Internal Shield
B 4okl Gathode_ Rav Shield Coating _
3 . = Bpme- . 7
| 4 | Lol> Liag__a&ml_qt Transmitter
5 4oLz __Radiating Fin

U. 5. GOVERNMEINT FRINTING OFFICE
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B Form &2
NBS Test No. IV-1/Tp 411-14/43
TABLE OF RESULTS (3)

le—=| Sample Ele- Sample

ent| 1 2 il - 3 B mént 2 S 4 1 b
Ag - = = - | Mo - V3 vs -
Al VAL W VW - | Na

As - - - - Nd

Au - - - - Ni | VW - i =

B W = LN IS - Os - = = =
Ba - e Oy il 3

Se - - . = - | Pb - VW VW -
3 A - “Pd | - N e

c Py 1

Ca T T T T | Pt = =, U1 Wla =
Cb Ra | .

G =< = - W Rb |

Ce | Re ) - .

Co = - W - _Rh - - = =
Cr - 2 = - Ru

Cs _Sb il Bl 2
Cu | w = ] = - | Sc = = T
Dy | Si M v | W W
Er | Sm i

Eu e Sn - - = 22
Fe VW W w VW Sr - - - Shii)
Ga - - - - | Ta - - - -
Gd . Tb 1
Ge - - - - |_Te A

gf = - - = %1} - - - | 8

= - - - i - = = -

“% | T1 - = w0l
In - - - - | Tm et -

Ir - - - - U - - —_I -

K v = = = =
La W ¥\ - . Vs
Li | ¥ - - - -
Lu _»

Mg T T T sy | Zn 2 - o -
Mn w VW W VW? ar | . - - -
No.| IV-1 Lab. No. Label of Sample

1 oLl Lead Wire -

2 4olhs Grid Screen

3 Lols Grid Wire

4 4o47 Filament Wire P A
5

e =
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(Copy) Appendix III

Issued by the Intelligence Division
Office of Chief of Naval Operations

Navy Department

F~2 0516 INTELLIGENCE REPORT

Serial _ yH2 Monograph Index Guide Ne. _701-700
From  Op-16-FE OKNI at _ Washington, D.C. Date April 26 1943.
Reference 9300

Source Captured Japanese Documents Evaluation

Bub ject Japan Communications Radar

Japanese Radar

Enclosures A and B are translations of two captured Japanesge
deocuments on radar eguipment.

The original Japsnese document of Enclosure A is a 5]-page
mimeographed pamphlet on the cover of which is a notation in ink
which suggests that it was prepared by the Electric Research Depart-
ment of the Japanese Haval Technical Research Laborabtory and was in-
tended as a manual for the use of Japanese radar personnel, The
originsl Japsncse document of Enclosure B is 17 pages of pencil
notes which appear to have been a note book kept by a Japanese radar
technician. From thc organization of the material, its division
into sections, sub-section cbc., it is possible that the technician
mercly copiecd this information from a radar manuel. The material of
Inclosure A wos found on Guadalcanal and was descriptive of the Japan—
ese radar installation captured there and subsequently shipped to
the Naval Research Laboratory. The two documents, however, described
differcent types of radar equipment. The altornating current for the
equipment mentioncd in B oclosure A is given as 220 volts, while the
alternating currcnt described in the pencil notes of Enclosurc B is
100-110 volts. It is vpossible, thercfore, that thc radar described.
in Enclosurc B was designed for shipboard rather than shore use.

Op-20-6 (2) Cominech Idst T = b, 4, 6,
Bur. Ships (3) Archives List Il = ¥

Bur. Air (3) Monograph

Bur Ord MIS (5)

§RL  (3) AUS JsM (2)

SONRD Nz Jsu (2)

Op-15-FA (8)
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This possibility is further strengthencd by a brief note in ink on
a single sheet of paper which accompanicd the pencil notes compos-
ing Eanclosurc B. The type of stationery is identical and both the
peneil notes and the brief ink notation arc in the same handwriting.
A tronslation of the ink notation, which is incomplete, is as fol-
lows:

"Moy 12, 1942. Report of Ropairs and Adjustmonts of Mech-
anical Troublcs on tho KINUGASA. No. 2 sguade

l. Relay for sutomatic voltage adjustment in the rectificer
for usc with the transmitter seses”

The cquipment mentioncd is identical with apparatus do-
seribed in the peneil notes on radar, ond sugzests that the tech-
nicion who wrotc thesc notes had Decén ordered in iay, 19@2,13
repair and adjust radar cguipment on the KUNUGASA, a heavy cruiscr
which was latcr sunk off Save Island in October, 19@2.

The original Jopancsc document of Enclosurc B was written
in very peor handwriting and, in addition to the extremely tochnical
language cmployed, prescnted difficult probloms from the standpoint
of translation,
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