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1. INTRODUCTION. 

As described in the letter of reference (b), the sub­
ject equipment was shipped from Guadalcanal to thi s laboratory for 
exa..r:1ina.tion in September, 194-2. The shipment was received November 
11, 1g42. Three essentially complete radar systems, all alike, 
nere recei-.red. A photograph of the system as found on Guadalcanal 
is sho·,·m in Plate 1, anc1 photographs of the system as set up at 
t h is laboratory are shown in Plates 2, 3 , and. 4. One system was 
put together from parts of the three systems received; tests of 
operation~l perfonnance, electrical characteristics, and analyses 
of components were made . A preliminary report was made in the let­
ter of reference (f) , on 2 February, 1943. 

1-1. Authorization. The tests of t:1is eq_uipment were 
directed and authorized b~, the Bureau of Ships l etter of reference 
(a), assiening Problem Xl02C, priority A. This letter specifically 
requests that the susceptibility to stc>.ndard forms of cou.ntermea,sures 
oe determined. This letter and add.itiona,l references pertinent to 
t h is p roblem are listed below: 

Ref. (a) BuShips l tr C-S67- 5(920-T) , Serial C-920- 5111, 
dated 15 Dec . 194,2, assigning Preble□ Xl02C. 

Ref. (b) Secret ltr from COMGEN 1st MAP.DIV, 082/271, 
.AE-0054, to COMSOPAC AREA and SOPAC FORCE, 
dated 8 Oct ., 19-:-2, for'.'l'arded to NRL with 1st 
Endorsecent by CQl;SQPAC dated 21 Oct., 1942 , 
s67, Serial 00929a-

Ref. (c) Conf ltr PAC 22 orf, S67 (1) from COE INCH 
Pacific Fleet to VCNO, dated 5 October 1942. 

Ref. (d) Conf Enemy }1ateriel Report Ho. 75 from Head­
quarters , Allied Air Forces, South West Paci­
fic Area, Directorate of Intelligence, dated 
30 November , lg.l-2. 

Ref. (e) Secret ltr S-S67/36(370), Ser. 1039, from lffiL 
to Chief of Naval Operations, dat ed 12 January 
1943, enclosing prelimin~ry description of 
Japanese Radar eouipment. 

Ref. (f) Secret ltr S-S67/3G(370), Serial 1116, dated 
2 Feb., 1cjl.3, from NRL to BuShips, reporting 
results of tests anc1. examination to date . 

Ref. (g) Translation of Captured Japanese Documents; 
Navy Dept. Intelligence Report Serial ;r52, 
issued. April 2G, 1§1.:-3 by Intelligence !)ivision, 
Office of c::m, Op-16-FE ONI . Monograph Index 
Guide No. 701- 700 . See also Appendix I II of 
this (NrtL) Report . 

Ref. (h) Secret ltr S-S67-5/EF37(378), Serial 2039 from 
NRL to BuShips dated November 1~3, Subject: 
i=1ada:r: Countermeasures - Tests against Japanese 
Radar, C.E.~. No. 211. 

-1-
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2 . OBJECT OF ~STS . 

The object of these tests was to determine the capa­
bilities of the subject radar equipnent for detection and ranging, 
and also to determine its susceptibility to standard forms of 
countonncasures. Seconda:rJ cbjecti ves were determination of ,1hethcr 
the Japanese equipment incorporated any novel or unusual featur~s 
or components representing TTcrthwhile advances in design, and the 
procurement of any intelli1:;once infomation possible reeardin:; the 
situ.at ion in Japa.n with respect to availability of critical rnn.terials. 

ABSTRACT , 

3- 1. Prelimin~ry Analysis . The Japanese radar equip­
ment captured at Guadalc~al was set up at the Naval Research Labora­
tory after the various circuits had been traced out and diagrammed. 
Trans lation of narneplates and. of the Ja,anese instruction book by 
ONI translators assisted in the analysis of the circuits and the 
determination cf the proper functions of the various controls. 

3-2. Laboratory Perforraance Tests. The tra.nsrni tte::.· 
power output 1:1as measured., and. the receiver characteristics · 1ere 
ascertained. by bench tests. During these tests the effect of vari ru s 
conventional types of jarnminc; signals uas o.ctemined for each of the 
two "t;,_rpes of rece i vc rs. 

3- 3. Opera.tional Performance Tests. .An antenna r-ras 
constructed according to data furnisheC. en the original Japanese 
antenna, an(. the complete system Has operated at the !Jave.l Research 
Laborator<j Chesapeake :Bay A.rmcx. Obsc rvat ions on ships, plane s, 
and f ixed lancl targets were macle. Operational countonneasures tents 
were carried cut at the Chesapeake Ba? Annex, using both air-borne. 
sl1ip-borne, anrJ_ fixad or la.no.- base6.. jammin6 transmitters. The re­
sults of t!:lose ccuntc nnoasures tests whonc security clas~ification 
wo1,.ld not peI1Di t inclusion in this report are reported in the let­
ter of refernnco (h) . 

3-4. Tests of Component Parts. Co8ponent parts of 
pe.rticular inte rest ''18rc thoroughl;ir in7estigatcd. The trani,,ni tting 
i:;u::ics 1.rerc complatcly analyzed both as to construction anci materials. 
':2he c:1aracteri sties of the BE--3 receiving tubes and two types of 
cutl-:.cdc ray tubes ,,,ere dotcminc d . Construct ion of a. hir;h voltage 
poncr supply filt;or capaci ·~or whose size vras rcmarkabl:r small for 
itc ratings ".",as anal~;·zod by an American manufacturer of siri1ilr,r typo 
capacitors. Spectrochcmical &no.lysis of some of t~1e metal parts 
rras T.lc,,du "o:, tho 1fotiona.l Eu:,cau of Standards. 

3-5• Disposition of Equipment . Thu equipment remains 
in operation at the Chesapeake Bay Annex . where it is available for 
use in i'!hate-ver special tests may be ci.csircd by any branch cf the 
armed forces, 

- 2-
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4. CONCLUSIONS, 

4-1. General Construction and lfochanical Dc:siGn• ':'he 
construction and workmanship of tl10 Japruwso Radar equi pment arJ a 
whole is decidedly poor, and it was found that constant attention 
and nursing were required to mainto.in good per fomanco , or even to 
keep tho system in operation. Failure of components was frequent, 
D.nd the- lack of neatness in construction and wiring made servicing 
difficult . Apparently no attenpt at simplicity of deGign was made ; 
tho pulse- generating, synchronizin6 , and monitoring circuits in 
particul~r are so complicated as to present a difficult maintenance 
problem. Tho equipment is ver:/ large and. hc:avy , with no evidence 
of attempts to economize on material , and tho general design is 
inferior. It is probublc that many of the special devices usod 
in our radar systems , such as duploxcrs, transmission l i ne rotating 
joints , Md the use of 11 synchro11 motors ano. generators in antenna 
control systems had not yet been developed for radar use by the 
JapDncsc at tho t i me this captured equipment was ma.nufactureu (first 
throe months of 194-2) . 

4-2. Porfornanco . Performance of the system, though 
somewhat better than was expected from ano.lysis of the individual 
uni ts , Has defini tel:· □cdiocrc nnd far from equal to tho.t cf the 
b0st U.S. lfa.vnl sc2.rch radar cquipnent in existence at tho ti me 
the cc1pture r,as mado. The transmitter po;ror is far lower than t:1at 
of U. S. equipment . 

4-3. Transrai ttor. Tho transr.1i tter , rated. (according 
to the trc1.nsl~.ted Jn.po.ncse instruct ions) at 5 kw pulse power out­
put, delivers this poTTer only ~ith very careful tunin6 cnn adjust­
ment ; the output under average or servi ce adjustment Tiould probably 
be on the order of 2 . 5 to 3 k:,;; . Output po1.1or c..s high ns 4. 7 kw was 
obtained during the lab crater;· tests, but only with considerable 
difficulty. Stability is poor , adjustments critical, and spark­
over fr0qucnt . 

I, 11 , 2 2 ~ Receiver T~1)c 9-17-. Of the tTTo receivers 
obt::i.inocl with tho equipment, that dcs i gnc-tcd in this report as type 
29-17- 2 - apparently the original receiver designed as part of 
t:ho subject oquipc1ont - is of conventional design , but construc­
tion is vcr-· -ooor . Sensitivity is 7 to 8 clb less tho.n th2.t of the 
le.test 200 me receivers developed nt the Naval Research Lo.bcrc.tory. 
The i. f. b.:ndnidth is greater than necessc.ry , so that the scnsitivi t~r 
of t~e roccivor is not fully utilized. Thero aro no anti-jo.m 
foo.turos . 

4--5. Receiver Type NEC-N0-1736. The receiver dosign~tod 
i-lEC-N0-1736, o. lo.rger receiver of excellent mechanical construction, 
Hith some evidences of Goronn desic;n, is slightl~r less sensitive 
than the type 29-17- 2. iio11evcr, the bandHidth is somcnhut less 
than that of the type 29-17-2 , so tha.t the performance is as good 

-3-
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or better than that of the otho:r type , This receiver likov,isc h:td_ 
no spccio.l a.nti- jrun feat ures , ~nd r . f, jommi ng i n conventional 
fashion uas found to bo qui to off cc ti vo. The d.ynrunic range m:i.s 
found to be limitcci , definite i . f . ovorlcnding oc curring at full 
g.::i.in Hith D. 300 microvolt input signo..l. The stability of this 
receiver, ho·:10vcr, is oxt r om0ly good , as r.~ result of perhaps oxccs­
s i vo uso of decoupling an6. shielding. 

4-6. Antenna. Although the nntenna for this equip­
ment rme not shipped to the Naval Rcscn:cch Lo.bor.:,.t or,.,r , the infor.:1-
2.ticn furnishod rogo.rding the originul Jap2.ncsc n.,itonnn. nllo1:1cd n. 
prnctic~l duplicate to be built . The general design dovs not i n­
d i cate fQJTJilinrity i·,ith t he most approved recent practices in this 
country. Tho one- quarter w..1vcl cn[;th spl'.c i ng of the rE,.,di ntors from 
the mesh reflector is not good design; tho one- tent h mi.vclungth 
spacing used quite genornlly in this country nith non-rcson.'.'..nt 
reflector s h.'\s provoo. botter. No duplexi ng is usoc, , nccossit ,"'l.ting 
sopr-.r:'..to :mtennn.s for tr-".nsr.ii tting .".no. rccci v_ing , Insto<'.6. of the 
;,.ntcnn-'.'. n.lono boing rot.n.tcd (which woul d r equire ,".. rotn.ry joint in 
the trr•.nsmi ssion line) , the cnt ire house contnini nc the compl0to 
oquipr,10nt , including r-.ntcnn:1.s , rrr.s rot.-,.t cd by r. 5 h . p . motor, 

4-7. Vacuum Tube Types. T~o trnnsmitting tubes, 
Jr.pruic:.c t~rpc TR- 593- A, r.Jscmblc closely t ho (Ameri cnn) G.E. typos 
GL- 3002 o.nd GL-43~-. :->.nd. n.r c excellent tubes mocho.ni cnlly :-,ndclcc­
trico.lly, .'.'..lthou..<sh not 0.s wel l .:cd,.ptcd to rc".d::.r tr,.nsmitting n.ppli­
co.tion ::-.s thcJ lr'.tost spcc j_ul r.".d1,r tr,msmitting types used. in U. S . 
ihvr-.1 rnd".r equipment. Tho Gormrm type RE-3 tube used in one of the 
rc:cc ivor typ,)S ':T,ns r.;1r.i.lyzod end. found_ to be nn oxcollont tube, though 
by no mo,1.ns oxtrn.ordin,::i.r"J , fer its use :-.s ::-~ video o..nc"'c i.f. nmpl i ­
ficr. 'i1hc cnt:·,oc1c ro.~, tube s typo SSE- 75-G rnd SS:C:-120 ... G v10re o.nn.1-
yzcd ,,nd found to possess no unusunl fee.tu.res . Other tube types 
used r10rc closely simil::.r or identicn.l to st2.ndnrd U. S . types, 
,iith the exception of typos 6302 , VR- 135-50, :i.nd DC- 762, These 
typos do not have ,iny unusu,.l fc!".turos or cho.r:cc t oristics, hor:cvcr . 

l.J-13. Annlysi s cf ComJ?Ononts . The very· compo.ct porror 
sup}?ly filter cnp,".citor which occo.sicnoo. much interest (r,:1.ted 4 
mfd. , 15 kv D, C,, in o.. cont.:l.inor vcr~, r:mch smr.llor thr.n U.S. types 
of oqui vo.lcnt r:-..ting) m,s found to be , b~, U. S . sto..nd..1.rds , very much 
ovcr- ro.tod, .'.'.nd b;y no mc-t'.ns superior ( i n f:-,,ct , iHfcr ior ) to c.:,.:90.ci­
tors mr.nufncturcd in this countrv. The gl.".ss of some Jnu:s.ncsc 
insul,.tors nns found to be closciy similar to Cor nin6 1t77Lr pyrcx. 
Ano..l:0 sis of metals nnd alloys used i n t he tr8.nsni tt ing tubes .:md 
other pc.rts indicr:tod the.t n.l1..m1inum nncl copper \7Crc used liberc..lly, 
indicating either"' plent i ful supply o r wi llingness to use toso 
mo.tori nls unspo.ringl:r boco..usc the rc.dnr equipment mn.y not the?: h,:,.vc 
boon in sufficiently lo.rgc product i on to unrr;,,nt use of substi tuto 
mn.tcric.ls . 
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5. DESCRIPTION OF J.APAl-"/'ESE RADAR EQ.UIPMl':UT . 

5-1. Type Designation and Dates of Uanufacture. The 
translated Japanese instruction book designates this equipment as 
11 No. 1 Electric Wave Detector, Model 1 Transmitter11 • Three essen­
tially complete systems were received, The individual units of the 
systems carried serial numbers and dates as follows: 

No. 9 - Janu.ar<J, 1*2· 
No. 29 - February, 1942, 
No. 35 - March, 1942. 

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

5-2. Installation. The photographs of Plates 5 
through 14 shou some of the units and spare parts as they were 
received at the lfaval Research Laboratory in November 11+2. Plates 
2, 3, and 4 show the system r.i.s set up at the Chesapeake Bay Annex 
of this laboratory. In the actual installation on Guadalcanal, 
shm·m in Plate 1 , the entire equipment r1as mounted in a house on a 
rotating □cunt . The antenna was mou..,ted on the side of t his house, 
and the whole assembly rotated as desired by a five horsepower 
electric motor. 

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

(a) Frequency range: 97- 103 me. 
(b) Peak power output : 5 kw. 
(c) Repetition rate: 1000 per sec . 
(d) Pulse length: 20 microseconds . 
(e) Range: 100 km. 
(f) Pov,er supply: 200 volts (:_ 10%) 

AC, 3 phase, 50-60 cycles,~ kw. 

Plate 15 i s a block diagram of the equipment . 

5-4. System Components. Each system consists of the 
follovring units: 

(a) Synchronizing unit . 
(b) Modulator unit . 
(c) Transmitter. 
(d) Video amplifier and s,1eep generator unit. 
(c) Indicator unit . 
(f) Monitor unit. 
(g) Receiver. 
(h) Antenna (not received at IIBL) . 

5-5. Synchronizing Unit . The synchronizin~ oscillator 
is the controlling unit of the equipment . Plates 16 through 20 are 
photographs of ti,is U11it . The circuit is shown in Pl;;.tes 21 and 22. 
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Plates 23, 24, a.,d 25 shovr 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 
11 sq_uared11 (V305), then divided (v306 2nd v307) by use of the 11 block­
ing oscillator11 type of counter circuit , ,.,hich results in a l kc 
voltage. Outputs from this unit are as follows : 

(a) l kc pulses for synchronizing main indicator sweep. 
(b) l kc pulses for blanking main indicator return 

trace. 
(c) l kc sawtooth voltage, to provide horizontal sr.reep 

for monitoring oscilloscopes. 
(d) 1 kc pulses to synchronize the modulator unit 

(keyer) . 
(e) 15 kc pulses useQ as timing markers on the main 

indicator sweep. 

5-5-1. Interconnections bet,,ecn this unit and the moni­
tor unit (paragraph 5- 10) , sweep generator (paragraph 5- 3), modulator 
(paragraph 5- 6) , and main indicator oscilloscope (paragraph 5-9) are 
made by means of the front panel jacks and patch cords shown in 
Pl 2.te 5. 

5-6. lfodulator . The modulator unit is shown in Plates 
2G through 30 , and. the circuit diagram is given in Plate 31. This 
unit 11keys11

, or pulses, the oscillator unit of the transmitter. 
The keying tube is a thyratron (Japanese type XC723A) which is trig­
gered by a pulse derived from the synchronizing unit. The keying 
voltage , of about 500 volts amplitu&e, is dovcloped across R32 in 
the cathode lead of the thyratron, and is applied to the grid­
cathode circuit of the transmitter oscillator. Tho thyratron is 
extinguished by the action of the "quenching" capacitor (C28. 29), 
\"lhich is discharged between pulses by the bleeder P..30, 31. Provision 
is made for switching in a spare thyratron. Since the failure of 
the last of the Japanese tubes of this typo (XC725A) , a VTesti nghouse 
typo KU627 has been successfully used i n this unit. 

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

5-7-1. Alum i num is used liberally in construction of 
the cabinet . The transmitter is contained in a cabinet by itself, 
and. tho transmitter power supplies in anothe r . These two cabinets 
are bolted together to form a single unit , TTith power supply below 
an~ transmitter above (Plates 32 and 33) . The r . f . circuits are 
diagrammed in Plate 34 and the po;rnr supply and control c i rcuits in 
Plate 35. 

5-7- 2. The trn.ns□ itter is a master- oscillator poncr­
aoplifier type 1 using 4 largo air- cooled triodes in push- pull cir­
cuits . Copper is used. a l most nastcfully in c i rcuit construction. 
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The tube type is designated a.s TR-593- A by the Japanese I and a dis­
cussion of its characteristics will be found in paragraph 7-3. 

5-7-3. The oscillator is of somewhat uni~ue construc­
tion, as shown in the photograph of Plate 36. '.!.'he oscillator unit 
is to the left of the vertical center shield panel. A rrhigh Q,11 

plate tank circuit , of the concentric line type with capacity load­
ing, is employed. This is shown in detail in Plates 37 and 38. 
Tr1e filament circuit is tuned vri th a coil- condenser arrangement . 
~ne gri&s connect through series coil and condenser circuits to 
11 ground11 (actually to points on the outer can of the plate tank 
circuit); the d . c . grid return i s to the output of the pulse modula­
tor . The oscillator is operated at d.c. plate voltage of 2500 volts 
maximun, and. is grid keyed with a pulse of 10 to 20 microseconds at 
a 1000 cycle repetition rate. The oscillator r . f . output circuit 
is capacity coupled to the .qmplifier grid circuit. 

5-7-4. The r . f . amplif i er , shown to the r i ght of the 
shield panel in Plate 36, uses a push- pull circui t with the same 
tube type used in the oscillator. Grid and plate circuits are of 
the 11 linear11 type, vrith copper tubes of about 7/8 inch diameter . 
Neutralization is accomplished in the customary manner usin& ad­
justable condensers. Grid ano. plate r.f . lines are tuned with vari­
able capacitors and movable shorting bars. The output coupling is 
inductive; poner is fed to the antenna by an open .-:ire balanced 
transmission line. 

5-7- 5• The monitor pick- up unit , diagrammed in Plate 
39 , is a diode detector unit providing a video output pulse corres­
ponding to the envelope of the transmitter output; this pulse is 
applied to the vertical d.eflector of one of the monitor catllode ray 
tubes (paragraph 5-10), contained in a small box in the lorrnr 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 
porrer supply is show-n in Plates 4o , 41, and 42. The transmitter 
pouer supply is a threc- p!mse full-wave duplex rectifier with half 
voltat;e output for the oscillator and. full voltage (about 5 kv) 
for the amplifier. A swi tch 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 trans~itter adjustment . 

5-7-7- 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 816. 

5-7- 8. All high- voltage circuits are protected with 
overload relays , with re-set buttons on the P0\7er supply panel. 
.!11 important circuits are metered nith three- inch panel type 
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meters. A large blower for cooli ng 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 rrhen the blower is not 
operating, 

5-7- 9• A three phase induction voltage regulator , 
which operates automaticall y , is ouilt i nto the transmitter poTTer 
supply. The induction regulator is operated by a small three 
phase motor controlled by r.. contact- making voltmeter. This is a 
stancl.ard. type of regulati ng system. The contact maki ng voltmeter 
is shown in the photograph of ?late 41; it is the unit just to the 
right of center. 

5- 8. Vi deo Amplifier and Swee Generator. The video 
amplifier and. sTTeep generator unit is sho\'m in ?latcs 3, 44, and 
45; and the circuit diagram is given in Pl ates 46 e.nd. 47. The video 
amplifier uses a pentode tube in a conventional circuit , The sweep 
gene rat or is synchronized by a 1 kc pulso from the synchronizing 
oscilli>.tor unit ; the pulse fron this l atter unit is coupled through 
a ce,t::ode- follo~wr stt-,ge (V- 1) to a blockinc osc i llator type of 
pulse generator (V- 2) . The pulse generated by V- 2 is used to oper­
ate the s~vecp generator stage , V- 3 ; t:·1is stage is arranged to give 
balanced output , which is amplified by a push- pull ar.iplificr (V4 
and V5) . The wave- forms at various points in the sweep generator 
are d.iagrammod in Plc.tc 48. 

5-9. Uain Ind.icator Oscilloscope. Plates 49, 50, and 
51 arc ,hotographs of the indicator un i t , The schematic circui t 
diagram is given in Plate 52. 

5-9-1. The indicator uses a. type SSE- 120-G tube 
( screen diameter 120 mr.~) . This t ube is further di scussed in para­
graph 7-5• There arc two optional types of display. Ono is the 
conventional type 11 .111 display - linear horizontal time base s\7eop­
ine; from left to r i ght, nith echoes showing as vertical uprrard 
11 pips11 antl range markers every 10 km in the fonn of do11nr.ard pips. 
The second form of prcsentati.on utilizes the sane time base , but 
the echo signals (11 negat i ve11 pulses) arc applied to the intensity 
control grid of tho cat:10de ray tube; i n addition , a ripple voltage 
taken from the po,:rer supply rectifior circuit i s applied to the 
vertical deflectors , so that the horizontal trace is broadened to 
about 1/2 inch. The echo signals appear as vortical dark lines on 
the trace . This type of presentation is i nteresting, but seems to 
offer no particular advantage over the more convent i onal type 11 A11 

displP.y; in fact , the latter has been found to allow detection of 
weaker signals. 

5-9-2. The main indicator osci l loscope unit contains 
only th,:, cathode ray tube , its high voltage power supply, and tho 
focus ano. intensity controls. Sneep circuits , centering controls, 
and video ampl ifier s arc contained in tho separate unit described 
in paragraph 5-3. Front panel jacks and. patch cords allow inter­
connection nith this unit and. wit'.1 the synchronizing unit (range 
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marker puls8s) , A silicon steel magnetic- electrostatic shield 
encloses a portion of tho tubo (see para.graph 7- 8- 1 (k) ). 

5-9-3, A glass range scale is fastened in front of 
the tube screen; this is seen in the photograph cf Pl ate 49. Tho 
scale is calibrated to 100 ion in 10 km steps. The l ength of the time 
base may be adjusted to fit this scale by means of the centering, 
sTTeop amplitude and phasing controls , Tho range marker p i ps may be 
aligned with tho scale l"'!arks by at' justmont of these controls, The 
markers may bo removed by pulling out tho proper patch co~d, al­
though it is possible to apply the range n~rkers and video echo 
signa.ls simultaneously. The range d.ctcrminati on accuracy possible 
~Ji th this unit is rather poor - probably about plus or minus 1 !an , 
This degree of accuracy is suff icient for early warni ng or scRrch 
use, but not for most effective fighter direction. Thero is no 
built- in range calibration equipment , and_ if tho i5 kc master syn­
chronizing oscillator should be appreciably off- frequency , tho 
r;;,.nging r10uld be in error by a proportionate amount . 

5- 9--4, Tho high voltage power supply for the tube is 
of conventional half- \7avc typo with resistance capacity filter, 
The rectifier tube type DC- 762-A is similar to tho tJpe 879 (2X2) 
us0d in this country. 

5- 10. Mcni tor. The monitor unit is shovm in Pla tGs 
53 thru 55, This unit uses four 3 inch cathode ray tubes , Japanese 
type SSE- 75-G. Those tubes arc almost idontical '.rith tho Arre rican 
typo 906 (3AP1) . Tho circuit of the monitor unit is given in 
Plates 56 and 57 . Tho horizontal deflectors are all provi ded nith 
a 1 kc sa~tooth time base voltage by V201 of the synchronizing unit . 
Tho four vcrtic.,_l deflectors recoi vc vol tagos from recei vcr video 
output , transmitter r , f. monitor pick-up (paragraph 5-7- 5), modula­
tor output pulse, and_ ra.nge marker pulses. The modulator synchroniz­
i ng pulse is also applied to tho monitor scope along nith the range 
markers, thcs0 tr,o voltages being mixod in tho plate circuits of 
V5 nnd_ V6, Plate 21. The video voltage from tho rocei vor output is 
amplified by V2 and v3. 

5-10-1. Proper adjustment of focusing , intensity, 
and spot cent~rin~ of tho four cathode ray tubes has been found to 
be very difficult, since adjustment of the controls for any one 
of tho four tubes affects the vol tages on a l l the other tubes, and 
tho voltages all require readjustment as tho equipment narms up. 
For this reason tho value of tho monitoring unit has boon slight. 

5-11 . Radar Rocoivor Typo 29-17-2. Of tho t rro dif­
ferent types of radar recei vers captured on Guadalcanal , t ho 
smaller, designated in tho transl ated instruction book (reference 
(g) , Enc . A) as 11 Mark I , Mod. 1, 11 seem& to be tho one originally 
designed as a unit of tho 11 No , 1 Electric Wave Detector" (see para­
graph 7-9--1). Thi s recei ver, shonn in the photographs of Plates 58 
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through 63. is referr ed to in this report as t ypo 29--17- 2 , a number 
found on one of the n~meplatos. 

5-11- 1. Pl ate 64- is a schematic circni t diagram of 
this receiver. A block diagram of the circuit is gi ven below: 

6.f ,., . 25 me . 

J6D6l___JTc61_. J6G6l -~ ~ ~7 
Output to 
external 
video run-
plifier. 

The tuning range is 37 to 105 me. ibe antenna coil is arranged for 
balanced input line . The acorn tubes used in the high frequency 
stc,{_;cs, desi6nated. type UN- 954 and UN- 955 , are of Japanese manu­
facture, but are exact duplicates of the types 954 and 955 used in 
this country, except that certain constructional features seem to 
be copied after the very earliest tubes ·or this twe. The types 
6c6 ar:d 6D6 are likewise duplicates of the American tubes of the 
sa.:-:1e type numbers . 

5-11- 2 . The high frequency circui ts are of conventional 
design , except for the 954 buffer stuge which reduces reaction on 
the oscillator frequenc~r b~r st rone input signals. 

5-11-3. '.t.'he intemediate frequency amplifie r is also 
conventional in desi gn except for the rat her elaborate decoupling 
net,.,orks in the pla,te anf.. screen grid return leads. The intermediate 
frequency is approximately 8 me , and the bandwidth is 250 kc . 

5-11-4. The second detector is of the square-law type 
usinc; a 6c6 11 sharp cut- off" type pentode. Another 6c6 following 
the second. detector is used as a triode- connected vi(teo amplifier. 
There arc three output leads; one is for head.phones, one is m.'.l.rked 
"1000 ohm11 and the tl1ird is □e.rked 11 1 ')0 ohm11 • '.I'!le output is fed 
into the video ampl i fier an6. sweGp c;encrctor unit described in 
pnrngrar,h 5-8; t~:is unit contains an ad0.i t ional stage of vicieo 
amplification. The plate and fil anont power for the receiver are 
supplieu from a separate unit . 

5-11- 5. Tho dcsien of t 11is rece iver is entirely con­
ventional, but the wiring end circuit construction arc poor. The 
sensitivi ty is f~ir. The results of sensitivity measurements and 
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other tests of t ho characteristics of this receiver arc given in 
PB,ragraph 7 - 2. 

5--12 . Radar Receiver Type NEC- N0- 1736. This is the 
larger of the two radar receiver types , The construction is shown 
i n the photographs of Plates 65 through 72. The design and work­
manship are superior to those of the smaller r eceiver, It i, be­
lieved that this receiver may be of German des i gn , although there 
has been some difference of opini on among observers. The type 
R:::-3 tubes usea. in the i ntermediate frequency and v i deo amplifiers 
are a German type. Engineers fami l iar with German components have 
recognized condensers and resistors as be i ng 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 manuf actured by the Nippon Electric Company (NEC). Two 
Australian engineers who v i sited this l aboratory en route fm 
England stated that the Germans nculd. have desi gned the receiver 
more compactly. 

5--12- 1 , Plate 73 i s the schematic circuit diagram of 
the receiver , and Ple.te 7~- is a list of the components values. The 
Japanese characters of this list refer to the manufacturer 1 s type 
designat i on. 'i'he circuit i s of the c'i.ouble superheterodyne type. 
A block diagram showing tube types used ano. frequency conversions 
is given below: 

RE--3 
I . F. 

2nd 

955 
osc. 

RE-3 
Conver­

ter 

r---------.....i....---
6]7--Triodc xtal ) 
osc ., 4.5. mc . pcntoJc 
qu..'1.druplcr to 18 me .r 

1Ri:j-~J I ~ -3 j-R~3 ~ I I. F, I .F. --· Di ode --- Video--! Cnth. l~ 
._ __ , - , __ 1Fol. I Output 

i . f . = 3. 5 me. (Video) 

The tuning range is S9 to 116 me . ine t~3>e RE-3 tube is used in 
a l l except the radio frequency s t a.ges and the second local oscil­
lator stc1,ge . T't1.is· tube is connected for pentode , triode , or d.iode 
operation as requi red, The practice of us i ng this single tube 
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type for all classes of service is typically Gennan. The character­
istics of this tube as a pentode are reported in paragraph 7-4. 

5-12- 2. The radio 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 oscillator. ~~e converter is folloTTed by two stages of 
amplification at 21. 5 me . The second local oscillator uses the 
dual type 6Y{ triode- pentode (an American type used in some broad­
cast and "short-wave" receivers in tho period of about 1935 to 
1937) , The triode section of t h is tube is used as a crystal oscil­
lator at approximately 4. 5 me . The milliammeter seen on the re­
ceiver front panel (Plate 65) is in the cr;i.rstal oscillator plate 
circuit. The pcntode section acts as a frequency quadrupler to 
provid.e a signal at Us me for heterodyning with the first i . f. 
signal. This is mixed with the 21. 5 me signal to give the second 
i .f , frequency of 3. 5 me . There e,ro throe stages of amplification 
ut t his frequency, follorred -by the 6.ctector, a dio6.o-connected RE-3 . 
This is followe~ by a pentode P.E--3 video mnplificr end a triode­
connected RE-3 cathod.e follower . Two output terminals are provided, 
as shown at the lm7er left cornv r of Plate 73. The power supply 
is a separate unit. 

5-12-3, Measurements of the receiver characteristics 
and susceptibility to standard forms of jamming signals were mado 
and arc reported in paragraph 7- 2. Tho sensitivity is slightly less 
than that of the smaller receiver (type 29-17- 2). Tho stability 
is excellent, as a result of tho almost excessive use of decoupling · 
and shielding. The unit- type construction allo\7s removal and re­
placement of a complete i,f. unit, local oscillator unit , or video 
unit \'rithout disturbing any of the other units. This feature would 
allow quick resumption of operation in case of local circuit failure, 
if spare uni ts vrerc available. The rad.io frequency section is of 
plug- in typo. It is shown pnrt ially \7i thdram1 in the photograph 
of Pla te 67, and completel y removed in Plate 6s. This feature may 
inciicate that r,f. uni ts for other frequency ranges. may be used with 
tho same basic receiver, although no such units were found on Guadal­
ca.ial . 

5-13. Antenna. Tho antenna was not shipped from 
Guadalcan~l, but a sufficiently complete description of it was pro­
vided so that it was possible to set up an equivalent structure at 
this laboratory. This description was provided in tho r eport of 
reference (d), and in Enclosure~. of reference (b). 

5-13- 1. The antenna constructed at this laboratory 
is shm1n in Plates 3 and 4-. It consists of two complete Sterba 
arrays, each five half-waves long, horizontally polarized, placed 
in front of a mesh reflecting screen. Tho upper array is used for 
transmitting, the louer for receiving. Tho arrays are each center 
fed , with balanced transmission line. The upper array is fed rrith 
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an open t:iro line of about 4oo ohms impedance. Tho lower array 
f~ods a balanced shielded line of about 100 ohms impedance. The 
electrical diagram of one of tho arrays is given in Plato 75, which 
is a reproduction of Enclosure B of rcforcnco (b) . 

5-13-2, It is calcula-t0d. that the horizontal bcD.m- nidth 
of this antenna is about l& degrees , v;ith a secondary lobe of about 
25 percent at 33 degrees, and one of about 10 per cent at 65 degrees , 
The pm;cr gain is calculated to bo about 15 db over an isotropc. 

· Tho measured horizontal beam-width of the antenna shorm in Plates 
3 and 4 is 23.0 degrees . Plato 75A is a plot of tho measured hori­
zontal pattern. The folloHing arc given in the report of reference 
(b) as the characteristics of tho ant0nna; th0se were stated to have 
boon obtained by analysis of Japnnosc blueprints captured on Guadal­
canal: 

Antenna lobe 20 degrees horizontal. 
Antenna, lobe 15 degrees vertical 
Side lobe at 90 degrees and 45 degrees , 
Antenna 5,5 meters high by 3. 0 motors nide , 

(18 ft. by 26 ft . ) 
Fivo half-Haves b.::sys loca.tod one-quarter nave in 

front of screen. 
Trro wire food to transmi tt or . 
Rcceivinf; antenna identical located one-half nave-

length bclovr. 

It is noted that tho side lobe angl c,s hero given differ consider­
ably from thosG calculated at this laboratory, and the vertical 
bec.m \!idth-givon is much sharper than v,ould be oxpoctod from the 
antenna. design. The figure given for the horizontal diroctivi ty 
is in good agreement r1ith the value calculated at this laboratory, 
ho,rever. 

5-13- 3. The spacing bctuecn the clements of the arrays 
and tho screen reflector is one- quarter navclcngth , instead of 
one- tenth nav(;lcngth, nhich in this country has boon demonstrated 
to give better results. 

5-13-4. The use of tTTo separate arr~ys indicates 
ignorance of tho practicability of employing a duplexing device to 
make possiblo the use of a single antennc, for transmitting and rc­
cci ving. 

6. RADAR PERFORMANCE TESTS . 

These tests norc made at tho Chesapeake Bay Annex of 
this laboratory, rrhere tho nntonne. described in paragraph 5-13 was 
operated on a Mark XI mount. Thi s location ovorlooks a 10 mile 
'.7id(;. section of Chesapeake Bay, so that propagation conditions arc 
comparable to those at sea or et a coastal location. The antenna 
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hoif;ht o.bovc the ,.,ntcr l evel at this loco..tion is approxi□e.tcly 120 
feet: it ·m.s necessary to nle.c..., th0 ~tcnna about 60 foot back 
from the odg0 of tho ¢liff , c::.s sho,.;n in tho din.grrun of Plr,tc 76. 
It is probable , ho\-:ovo-r, that there •-:-o.s li ttlo or no (;rcund-roflcotcd 
i nterference for turg0ts out beyond t~·o er three :nilcs. :Bcc.-.usc of 
the pulse lon~th of the oquipQont it is not possible to detect ob­
jects at r.iuch closer tho.n t,10 miles . The type N.EC-tf0-1736 rc-
cei vcr rm.s used during thooe tost::; b.:.cnuso the epcrc'.lt ion of the type 
23- 17-2 receiver Tin.s c rrc..tic all' unstable. 

6-1. Aircraft Targets . Tests on aircraft targets 
hew.: .::iot b00n c.s extensive c.s raight be dosired; controlled tosts 
,.,ere confined to observations cf c. sint;l1.. Nc::..vy ty-...:,c S:BD flying ut 
YD.rious altitudes. Further d£>.to. ho.s been obtc.incd from rnndom 
observ,tions on □isccllnncous .:.,.ircrc.ft . The SSD, o. single engined 
t·.•o-pl;,.cc ccrricr-ty:pc scout bomber, ~7CS trl'..cked to distances <'-S 

tc.bub.tud bolo,: (nc..utico.l miles): 

Al.ti tudc 

200 ft. 
1000 ft. 
5000 ft . 

10000 ft . 

Max. Rang~ (Avcrcgo) 

7} miles 
16 miles 
16 miles 
17 · mi10s 

ObsC'r-1c-tions on r n.ndon .:::.ircr;:.ft h:v0 b,xn recorded consistently o.t 
rc.ne;cs cut to cbout 30 to 35 mih.s , o.nd occnsionn.lly to from 50 
to 65 miles . The pl::nc types r>.n6. nl titudcs in these cases ,.,ere not 
icno,m. ::'he :favy type SC-2 rc.d ..... r .'.'t this loc:-.tion consistently dc­
ttcts plnncs nt 70 nilcs. 

6-2. Surfc.cc Craft . R·,ndom obscrvo..tions en frciehtcrs 
hc.vc b,..cr.. me.de n.t rnngcs out to bct•.,ccn 6 -.nc1. 7 miles. The 3nl ti­
mere to Norfolk pn.sscngcr boat 1::-ns trncked to 6 miles; n.t the sc.mc 
tir:iC, this bo'\t ,;ms follo--c.d to 9 miles on the U. S. Nc.,rJ typo SC-2 
200 me r,.ci. ... r cquipr.cnt . The SC-2 nonnnlly r.ill rnngc this bo:--.t to 
C'.bout 12 nilcs, indicr.ting thnt propngnt ion conditions may ho.vc bc0n 
poor o.t tho time of this tvst. The SC-.2 ~1,1.s C'. pulse pouor of .. bout 
150 k· , ".!10 . .., receiver 3 to 5 db bettor th('.11 the Jo.pM0sc. rcc0ivcrs . 
Tb., SC-2 ['J1tc:n11n h.~s 12 dipole .... L.,nc:i.ts ·.!hc:.cc.s th~ J:--.pr>nGsc r,.ntcnno.. 
h['.s 10 elem .. nts ( so:.- pn.rn.grn.p'.1 5-13); th1.. SC-2 is 2 clements high 
by 6 •.•idc. Both ~.ntcnnns h .... vc ·orizonto'.'..l pol ,rizction. The higher 
frcqu"'nc:r cf th: SC-2 g iV.)S it n fu.nd['.J:l:nt-".l c.dv~nt:-.g.._ over the Jc.p­
o.nos"' rnd'1.r for detection of surf,:,.cc t".rg;.:.ts . 

6-2- 1. ':2csts ,·e:.~c r.1:-,.dc to dot ... rmine ·-hcthcr l.'.Uldi:lg 
b:-.r ge;s of c:oout 105 ft. size (N~.v:, typo LCT) could be. detected ·.-:-ith 
t:10 J:.pr,.11osu rr.d::i.r. With the or.rr;c. out beyond the 11 minimum observ­
nblc r~.ngc 11 , no .::cho ';'.'C'.s sc011. "Jit~1 th ... b.-.rgc nt P,bout t·.-o mile 
rMgo , n slight flutter H.'.S obsc.rvcd <'..t th .... right edge of the tro'.'..D.s­
r:iittcr puls1.. , but this r ,'1.n~o is too closv to r,.llon o.n echo to be 
soon ~s di ::;tinctly s0p-rD..to from the tr~.nsmittcr puls~ . These 
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S<'.me b:,,rgos ,-rorc follo·.rcd out to 5 nnut i c~.l miles on thu SC- 2 . 

6- 2- 2. Th0 height of the O...'ltcnnc.. locntion h,\s n.n iri1-
portnnt effect on o..ct0ction rnnf;c for surf;_:i,cc k .rgcts; the rn::.ximum 
det0ct;,,blo rr.ngc Hill v;-,.ry <"-S tho squrw· ... root of th1.., r~"'1tonn<'.. height, 
for short rang,_ s r.t :7hich th0 off.Jct of the cnrth I s curvnturc i:; not 
irnportr.at . Therefore tho surf.'..cc t<1.rgot rMgcs given in this report 
should. be corrected to tnko i nto consider~tion the r:.ntcn:m h e ight 
o. t nr1y spec if i oa. enemy 1 o c ... ti on. 

6-3. Fixed Ln.,--id Tnrgcts . Ts:ro lt>..nd.mr-rks ere frequently 
used 0S II st~7.dnrd11 t'.'..rgcts for d.ctormining rc.d.a.r pcrformC'.nco nt the 
Chesc.ponke B!'.y Annex. Those a.re the Annc..poli s rndi o toucrs , ['.t ['. 
r.:).ngo of c.bout 20 miles , ~n& Sh~rp•s Island lighthouse, rnngo a.bout 
7 mile s . Tho former tr-.rt:;ct gi vcs n. satur:-,,t ion echo on the SC-2 
rndo.r , r;i th recoi vor noi so just sho•:,ing , 0nd. the l:\t tor gi vos :i.."'1 
ocho rrith about 5 or 6 to 1 signr.l to :1oi sc ro.tio . Noi thcr of these 
tc.rgcts 0ro detectable ,:ith the J.:-.pnnosc r~.da.r equipment. 

6-4. Opori:..tion:-.1 Countcrmci1.suros Tests. Becl:'.uso of 
tho security clc..ssificD.tioa of thC: r,Jsults of oporo,t ioar.l tests of 
cctUD.l co,mtermc,'.'.surc,s n.gninst the J;--.pnncse r2-d;-,,r, thoy :,re not in­
cluded i n this r.:mort , but nro fully reported in tnc letter of ref­
erence (h ) . 

7. TESTS OF UNI':::'S AND COH?Ol{f.;l?l1S. 

The follcuing uni ts o.,."1.cl components of tho J,'),pD.nosc 
r.:-,dar oq_uiprnont 1.·crc specifically O'.A['X'linod ::mo.. tested~ 

(:i.) Trr,nsmi ttor. 
(b) Receivers (2 typos) . 
(c) Tro..,smittor tubes, type TR- 593A. 
(d) Receiver tubes , type :az-3. 
(c) C:-.thodc ro,y tubes, types SS:3- 75- G 1"'.nd SSE-12O-G. 
(f) Eigh voltago filter condenser. 
(e) GL~.ss sti',,7.d- off insul.".tor. 
(h) Hct..".l pr'..rts (spectrochomi c::-..1 e,n"'lysis) . 

7- 1. Trf'nsmi ttor Pot.:or. Tho pulse po1.;or out:)ut of 
tho tra.nsc1i ttor 17~.s determined by m8n.suring the rwcrngc po•··cr out­
put , usirlg n dun_r:1y lo:-i.d, n.nd. dividing the figure obtained. by the 
product of pulse length (scconci.s) c.nd repetition rt.>.to (pulses per 
second). 

7- 1- 1. '.i"nu duruny loc.d used ,w,s a high- vacuum lrunp of 
a. loi.1 r . f. loss type espcci.::-.lly co:1structcd 1"',t thi s l:1,borntory for 
r . f. por:cr monsuremcnt . A photronic coll ("1.;ld microo..mmotcr combinc,­
tion ,.,n.s u::;cd ir:. ccnjunctio:1 ~"!ith tho lamp , o.nd Q. po·,1cr Cl"',libr,'\tion 
of tl1c micron.rJIDotcr vc..s mndc by onergizirl& tho lanp nith 60 cycle 
po,;or non.sured by r-. precision ;·m.ttmotor. The lomp ·,,-_s then i::1cor­
pornted in n tuned circuit rthich ·ms coupled to the trrn1smi ttcr 
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output circuit, in 
trnnsmission line. 
the vri,rious tuning 
tho process. 

the snme mo.nncr used for coupling the en tcnnr,, 
The coupling nns r>,dju.stod for mnximum output , 

controls being rendjustcd a s necessary during 

7-1- 2. Tho product of pulse length by rcpctitio~ 
re.to (duty cycle) nns mcr..sured directly by employing on instrument 
(duty cyclometer) designed at this 1[1,boratory for tho.t p-qrposc, ia 
connection i::ith the mcp,surcmcnt of poue r output of expcriment0l 
tr.,..nsmi ttcrs. This instrument contains nn r . f . detector (diode), c. 
video nmplif i or, end 1'.l;. clcc tronic circuit by mer.ms of nhich the 
cluty cycle is indico.tod by the reo.ding of 0, microa.r.1r.10tor. The o.c­
curacy of t h is i nst rument hns been checked against measurements of 
pulse length c-nd repetition rate by direct methods, o.nd tho probo.blc 
error found to be on the order of 5 percent er less. 

7- 1- 3. Using these methods of mo['...surcmont , n mxdmum 
pulse poner output of 4. 7 krr nn.s obtained, but only by very c nrcful 
c-.djustmont . Opcr~tion a t this output level is u.nstnble , adjustments 
['.r e criticn.l, o.nd fl::,,sh-ovor is frequent . It is probnblc that the 
output under u sunl operating conditions is not more the_, 2 . 5 to 
3 ki:. 

7- 2 . Receiver Ohnrl\ctc ristics. Mcnsurcmcnts ,!ore m;i.dc 
in tho l o.boro.tory to determine the sensitivity, selectivity, ,".:1d 
other chn.rc'.ctcristics of the tno receiver types described in p:::.ro.­
g r nphs 5-11 o.."ld 5-12. 

7- 2-1. Curves plotted from de.to. tc.kcn during tnesc 
mcc.su.rcmL-,1t s c"'.r e r epr oduced r.-.s Pl:J.tcs 77 through G~-. In nddition to 
sc~1Sitivity a.r:td bl'..l16.\·;idth, those chaructcristics r;hich n.rc importa.n.t 
in dct onni :i.i ng the effect of r.-.dnr j;:,mming signnls ,;ere measured. 

7-2- 2. Tho bc,ndr;idth , or selectivity , of th e typo 
:i.f.EC-W0-1736 r ecd ver, is gi vo:1. by the curves of Plo.tcs 78 through 
81. It •::<1.s found thf'.t the overnll i. f . rospons0 TTns II double humpcd11 

, 

ns shoi;r:1 i n Pl[',to 80. Appo.rer:tly the selectivity of the r . f. 
stc.ges i s ['.pprcc i t'.bl e , since the roccive r 1 s overall bo..'1.d\!idth dc­
pc::i.ds on 11hcthor the r. f . circu its nrc tuned to the II center11 of the 
i . f . r esponse or to 0:10 of tho 

11
humps11 • Pl.-.t o 78 g ives the oyerall 

b~.ndnidth for tho former condition, ,1hilc Pl;-, t o 78 is for the l nttcr 
cond.ition. Tuning the r . f . section to one of tho 11 humps11 of the i . f . 
response gives the gro~tcst receiver sensitivity, .'.11'1.d hence r epres­
ents the ,~·c.y the receiver TTould most likcl~• be tu.i-ied in .\Ctun.l ser­
vice. Tho bn.nduidth is thus 0 . 17 me . This represents the frequency 
d.iffcrencc botr:een points 3 db up on tho response curve (since these 
curves represent i nput voltage for constew-it output instead of vice 
versa.) . The b:1.;.1duidth of tho typo 29- 17-2 receiver , mco,surcd in the 
so.me ,my, m~.s 0.25 me. Tho i.f. r os_ponso m:i.s not II double humpcd11

, 

houcvor. 
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7-2-3. Tru .. sensitivity '17.'.S dutermined by the method. 
inclicr.tod in Pk.to 77 , TThich is dntr>. tnkcn on th0 typo NEC-N0-1736 
rocciv,.)r (p:irn.grnph 5- 12) . En is the 11 cquivo.lcnt noise voltr~o11 , 

fou:1d by mcnsuring tho volt::,_gc of the cw input signf'.l required to 
incrc.'.'.sc the rocciv0r por;er output to t,·ice th:\t obtn.incd :ri th no 
sign£>.l input (i . e ., th,~t dµe to the receiver a.,d nntcru1n no i se 
a.lone) . The vn.luc of En divided by the squnrc root of the bm~d-
,:id th g i ves the noise volt~c per r.icg,:,.c~rcle . For n porfcct rccoiver, 
this figure ,:ould be o. 55 microvolts per megnc;yc lo, for 70 ohm 
i mped:-i..nco . 'I'he rc.t io of the figure n.ctu.'.llly obtl'.ined to this id.ecl 
figur,., is cnlled the; 11 noisc fnctor11 , "'..,d is customnrily used ns ;,, 
mc.:-.ns of rr.ting the sensitivity of a receiver. This figure for the 
tYl)e i~C-N0-1736 is found to be 19. 5 db ,.~ith the r . f. section tuned 
for 11 brot'.o.- br1.nd11 operntion , nnd 18. 3 db for the 11 no.rroY: b0.nd11 

co:,dition. The figure for ti1o type 29- 17- 2 receiver is 13 . 7 db , 
cl though instnbil i t:,r of this receiver m.-.dc c.ccurntc mcnsurcmunt dif­
ficu.1 t. This noise f~ctor is nbout equal to th..~t of U.S. Nnv-J 200 
rac rr.dc-r receivers i:1 use nt <".pprox in..-.tcly tho time the J.-.pcncse 
cquipr:10nt •·:o.s cnpturod. (N,wy t~rpo SC) . Th.:-,sc U. S . Nnvy receivers 
used tho sc.r:ic ncorn tubo typos, but tho a.osign is 1'.ctu.-.11" sup()rior 
to th~t of the Jnnc..'1..::sc rccoiVL'r since :ith tho sNnc tubes it should 
be possible to obiic.in n lo1ror noise fr.1,ctor nt thu loTTor froqucnc~' of 
i;hc J;,.pn:,...,sc r.".d:->.r . 1-i'ho noise fnctor of the I'.lorc recent U. S . No.vy 
200 t1c receivers, using improved tuboG n.nd circuits , is 7 to 3 db 
better th.:i.n tho r.ioro sensitive of th~ Jn.p<'.::10~: receivers. 

7- 2- 4 . The ir.,;,.gc rejection rntic of both rcccivcrs 
,;c.s found. to be '.'.poroxim-:.toly SO db. 

7- 2- 5. Plntc 82 is c set of curves shouing the ovcr-­
lo:1,6. chc.rncterist i cs of tho i.f. runplifiors of tho t~rpo NEC-H0-1736 
receiver, for vr.ricus co:iditions of tur1ing r>..nd i . f . g~.in. Cor.1plcte 
ovorlc,-.d occurs £>t 300 microvolts i::iput (11'.st i.f. tube blocks). 
The type 29- 17- 2 r eceive r i. f . ovc rlor>.ds ,:ith 500 microvolts input , 
t.ho second. dctoctor blocki ng in this en.so . 

7- 2- 6 . T'ne modul ..... tod r . f . input volt.-..ge required to 
block the video c.mplificr rm.s 20 r:iicrovolts for tho t:,rpo NEC-N0-1736 
rocoivcr , c,.nc 25 microvolts for the type 29--17-2. 

7-2-7 . The boho.vior of the t•.:o receivers '.,ith convcn­
tionnl t;irpos of jo.mming sig,.1 .... ,ls is given by th0 curves of P:ttcs 
83 ..-.:.1d [J.j.. The dl'.t,:,. for those curves r;ns obto.inod by using tno 
sign.-,,,1 gencrntors •.:hose r;;ixod output t"[l.S fu, iato the r eceiver. One 
g.)aCr.'.'tor •·c.s pulse moduL.,_tcd. , to p:rovic'l..J o.n ;i.rtificin.l 11 ccho11 

signc.l, ·,nd tho other ,;rns r10dul1'.tod or opor;,.tod "c . u . 11 ns o.n nrti­
fic inl jo.r.uncr. The vD.luo of jru:u-:ii~g sig,'~~l volt:sgc to echo sig~nl 
volte.go required for effective jNnr:1i:1.~ \::,.s determined; this rn.tio , 
termed tho 11 d~rn::-inic rr,:igc11

, is plotted ns n fu."lctio:1 of tho r.rti­
ficio..l echo sign.~l volte.go. As •·•ould be expected , this r:--.tio is 
gro.'.'.tcst for ;-,, en jrunmi:1g signc.l ,~.nd loo.st for a 11 noisc11 modul;,.tod 
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signa.l. The v,~.lucs of these rntios nllon calculation of ho~, much 
pouer n jn."1Ding tr..,.nsmi ttcr must hn.vo in a r do r t o cffcctivcl;7 jrun 
these receivers, for a.ssuncc V:".lues of echo sig;n~l input , dist~nce 
bet,ccn jnmncr ,.nd rr~d:--.r , n.atcnnD. olcv:-t ions , D..."ld other sir.:il~ r 
nroi trnr:r condi tioas. 

7-3. Trx:Sr.1itting Tubes , T,JPc TR-593-A. The con­
structioa cf the J:--.pnncse trr~s1.Jitti::1t; tubes , t~rpe Trt- 593- A, is 
sh01.m i11 pl,".tcs 85 through 89. The tube i s r-. forced- ~.ir cooled 
trioclo, o.nd is used both ns n.n r.f. oscillntor o.nci. :-.s r . f . poner 
cii1plifior. 

7-3-1. The stntic tests con&uctcd on thi s tube ~ere 
mo..de rri th tho filc.oc:1t oper '.'.ted :-.t 7. 5 vol ts . The results of tho 
;.1cc.surancnts ".re given in Tr.blc 1 . The :wor n.go fill"lilcnt heD.ting 
eurrcr.t is 16 c,.,:iperes . The fil ''.ncnt cnission current obtained Hi th 
o. plntc potc::tin.l of 4ooo volts is nbout 9 onpcrcs. The grid cmis­
sio:1 current is not high enough to c:->..usc o.ny open,.ti:1g diff i cultio s 
in circuits m;in£,; t::is t=rpe tube. The cut- off rntio (cor) is nbout 
12. T..1i s is rne'1surcd ns the r~tie cf pl~.tc voltage to grid bi.:-.s 
·.rclto.ge for one milli.'.'Ii1pcrc of plo.t .... current (Plntc potcntio.l 3000 
volts) . 

7.3-2. Tho i~~0rclcctrode capncitnncos of the tube 
ucrc MC:--.surod by '1 substitut i on nethod nt n frcquenc~, of 500 kilo­
cycl er pe r s0co11d. The a.vorngc c~p,,citn.nces nro : 

Grid ;;o pl:-tc 
Gric: to filnncnt 
PL1.t o to f il:'J!lon t 

5.6 nr.ifd. 
7. 92 ::1t1fd. 
0. fS7 mmfd. 

T,:,.ble 2 lists th.; :-csults of c".p.,cit:cnco r.c:-.surca ... :!ts on four s . ..,.nples 
c~osen nt r~1dom. 

7-3-3• Tho follo,.., i ng sp;)Cificc.tions for the tube \/Ore 
tr~:1:-;l:-.tod fror, t}1c i!'lstruction book: 

Type forcod- ~ir- coolcd three cluncnt tube 
Ef 7 . 5 V. i, . C. 
If 16. 0 A 
Ep 4500 V (r.,o.x. 5000 V. ) 
limp. fr.ctor 16 
Trnn ~conductMce 4000 micromhos 
Output 1000 ~a.tts 

Fron tho stntic cha.r.:,,ctcrist i c curves, shorrn ii: Plr.tc 90 , the fol­
lor.-ing infcre~t ion •ns obt:,,i ncd : 

Anplif i cn.tio:i f.:>.ctor 
Plnto rcsi stc,,1cc 

Tr~,sconduct,..,_"lcc 
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7- 3-4. The filmont tompcr0tures of four tubes ·.-rcrc 
nc~curcd by the use of c..n opticr.l pyror1 -)tcr: 

Tube Scrir..l 

34-73 
2897 
2931 
3612 

Tcmpcrnturc (degrees centi­
gr" .. dc) 

1377 
1498 
1492 
1417 

This ncc.suromcnt is slit;htly lo'--;cir tr.:> .. n the nct~"..l tonporn.turo bc­
C{'..Uso of tho absorption of 1;h0 r.:i .. diation by tho glc .. ss cnvolopc. 

7-3-5, 'i'hc 2 - 59}-.4. c"l-... ".r, .. ctoristics ,,or;:; co::rp.'..rcd 
.'5. th ti'.Ose of scvcrnl .Aneric:"1,1 tube tJpos . It ,.~~ .. s found to closely 
rcs1.,,;blc. tl10 Gen~ r.'.'.l :El..,ctric Company tubo typ,J GL-8002. The cor.1-
p::-.. riso:: of clcctric~.1 :-.:1d ph:;sicnl dincnsions crc sl10Pn i:1 T:1.blc 3. 

7- 3- 6, The tube is cor.structod vorJ \rnll :i.nd is mcch­
c .. ;-:ic.-sll;</ rigid. Hoot of the '·olds on tho intc r,1.:'.l structure {'.re 
s:;:-Jot ',:olds cf <•ocd qu0li t;,,. ':i:hc 0:1.ly defective 1.,ork on the tube 
PC.£ s0r,c fr.ult,, butt -;rclds 01: ti:c tube lco.ds . Scver,l cf th1.,so 
c.:uic r.p.'.' .. rt :1i t:1 li ttlo ,cpplicd force . Plr..ks 35 , G6 , 87, 68 , rn.1d 
&S illustr:-.tc the di:.1c2:sions n .. "lci coastruction of the tube . Sonc 
nisccllr .. ncous obs0rv,.,,t io:1s ,.ro list ... ci. in Tr-..bl.~ 4. 

7-3-7 • ?l·t .... gr illustr.:'..tc s the prob;·blc p rocedure 
used ia ".sscr1bling t:.w tube. The fol l orrinr; discussion is bn.sod 
u.po;, o:x-p, ricncc in th.:: constructio:1 of simil-~r .AL10ric.:-.n tubes . '1hc 
tube ·.·ns sc:::.lod · ri th ;, re,gul, r t;.rpc Housekeeper sop 1 . The Housc-
1-::ecp,:r copper-sleeve r.o.s bondc,d \-rith nonox gl:i..ss (sinilr>r to Corning 
;t772) or. t~1c i:1sidc o:-:1~- , t~1,:1 n. noi.,0,\'. 50 nn tube r,2..s sc:-,lcd to it . 
A riouldi.:.d noncx b,"..SC , ·.·i th the tube elcmc,;1t s soc.led in plc.co, ,10.s 
set o;, th::: copn,:r glc .. ss .:-.sscnbly o..1d. rn'..chine son.led to it . J. fric­
tion fit copp(.;r shield .. ,..s n.tt"..chcd to cover tho inside of the cop­
per to gl"..ss sc:11. The tube Pns then put on tho pumps ,\nd scr,,lod 
off . The pl~t'-' end of t'."l;: tube ·:--.s tinnod " i th s oft (lco.d-tin) 
solder. The r,"'1,di:c.tinG fins '.!ere Mnc11incil. fro1;1 n, co.st block. ;1. 
copper sl~cve --r..s prob,')..bl:r shrinl:- fittcd to tho fins , then held i n 
position b;r the use cf ,, loci:: pi:1. '...'h~ inside of tho sleeve '.7:-.s 
tinn...;d so thr,.t " 6 ood cloctricnl r.nc:.. thc l'T:12 .. l contr.ct could be 
DD.de ~1l:.cn t~ . ...: tube · ,::,,s ·.:" .. med to nel t tho solder n·1a. set in pl:·.cc 
in the copper sleeve. Tho o:.::pcsod netnl of tho copper to Gl,,.. .. ss 
s.::.:-.1 ,:c.s covered ·.Ii th blrck ln.cqucr. The drm; ho..ndlcs used en the 
tubes \~ere of vc.riou3 designs , Sane handles · ·cro sc:·o,:;·cd in plncc 
['..11d t!1c bent ends coupled ,.-:i th sleeves on one tub.:! , nnothcr type hr.d 
11u 11 bond hr:.ndlcs f~st.:.ncd by br~ss croi:;s pins in the rndi:-.. tor . 

7-3-Z. This tube is :):~collcnt both r.1cch;,:1icc..lly o..;1d 
clcctric~.lly for -i.pplicf"tic:1s i:1 •-;:1ich high v"!.lucs of pulse ponors 
nre not accossnr.r - i. o . , for !1igh duty cycle s e rvice. Hc,.,cvcr , 
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its porfomru1c0 ns /". ro.d0.r trnnsmi tting tube do~s not ,'\ppror.ch 
tllr-.t of the 1,.,,tcst r;,.d.c.r tr2..,sr.ii ttinb tube types now ntmufr.cturod 
in t:-:is ?ountry. Tho r cr.sons ::.r.:., i.1c.ic.:i.to~ i ::i p-.r ,"'.grn.phs 7-3-1 
end 7- 3- 1·1· ; t !10 fil:'.I.'lcnt tcnperr.turc, n..,d hence the oniszion per 
.-·c.tt of iil~c!:t po~ ·or {\.re def ini tcly 11 conscrv".ti vc11 • 

7-4. Rccciviag Tubes, T-.fPe R:s--3. The t;;'J)t, RE- 3 tubes 
used ir.. thv vid.co ;,.nd i.f . circuits of the l c.rgor receiver (t:rpc 
lfEC-iJ0-1736; sec pr-.rn.gra.ph 5-12) rwr,:.; cxnnincd , t'.nd c!1 .... rr..ctGriotics 
of :'. pnir of s"'..nplcs ucre dctcrr.iin'-d. Pl-.te 91 is ,. photof;!',ph of 
t he tube . I t is n pcntoo.c t ypo Pith 6.3 volt h o.'.'.ter ; n.11 grids r-.re 
broUf;ht out tc tcmin:-1s . Thu control g rid t 0rcin~.1 i s the II end 
co..p11

• The pir. temin.".ls ~.t tl,c other cad of tho tube r.r e ~1:n,tcr , 
cc.thod: , scr een grid, suppressor grid. , :"IJ1c•. plo.te. ':bcs0 :u-o sup­
por';0<l. i n ['. bro• ,1 phc~.olic ii:sul.- ti1'4-; r.1ntcrinl ~-hich .:.ppenrs to be 
or" good qu •. ,lity ; it is prob0.blJ 11 10•.1 loss11 for frequenc i es up to 
o.bout 50 r:1cgo.c~'cl1.-s . 

7-4-i. The tube io norr.inllv oporo.tccl ir. ;,.~ 11 invnrt cd11 

position, ,·it!'. thc ,c,;rid ('•·p do· 7' . Tl-:.c sn..,ll l::nob on ,;;hich the 
tub(. in tho c enter of thu ptoto6 r ..... ph (PL-,t.:, Sl ) rests is us.:d .'..'.S o. 
r . .'..'.,1dlc for insertion c.nd. rcr:iovn.l of the tube . 

7-4-2. ~he no.-...sureo, chri.rn.cto r istics of sr,;nplos of the 
RF,...3 "re t;i·.ron in tl:c curves of Pl~tos 92 thru 96. 'i'ho r.:n;(imun 
trc.: sconductt".,"'lCC of t~1c sr.nplcs r..v .... rn.6cd ,,bout 2000 nicronh.os . 
Sorn .. of tr..; s~-:ipl.~s tliff,~r q_uit1.. •1·'\.rkcdly i n nctun.l chnro,ctcristics , 
ns · ·ill b,.. :-sot ·d fror.: insp_,ctio:: o:f tl:(, curves. 

7.._3. T:i.c tube c--..p:-.citics ,·ere r:;r.surod n::d. fou..,d to 
hnv.._ o.pproxL"l,"..tc uvcr'.'.gC v~.luvs r, s f ollc• rs : 

C0 (Pl->.t'- tc <'-11 otl:~r vLctrodes) - 3.4 nnfd. 
Ci (Grid to f'.11 otl1,r electrodes) - 4.1 nnfd. 

'1::~.:.:;c C.:'.P,"..C it~nccs ,re quite lo·: , ccnsici.1..ri:1g th.: th' .. nsco:nd.uct".racc 
vn.luc . 

7-4-4. 'I;i.is tube is vcr~r r'cll suited to its use :-..s 
a. viC:co -..ncl i. f. ri.i:iplif:,._r . I a size it is i ntcmcdir,.tc bet·.,ccn the 
U. S . 11ncor:1" t ypos ~;1(. t;10 stnnd:-.rci 11 G11 or 11 GT11 61 ·.os tubes . The 
trf'.,1scondu.ctr,.:1co is h igh , though not so ~1igh !".s thnt of the U. S. 
typos ~--07 r-...r:i 6;,.07 (9000 ~.nd 7000 r~ic r oohos, re spec ti vcl~) , •;l:ich 
o.ro ccr.mo;!ly used ni:, v i deo nnpl i fiors . T~c tr~.nsconduct::u"'lcc of t~1c: 
RE-3 is , on the other hnnd , l1i1:;hcr tl"-<~ th~.t of the n.corn pcntcdo 
t~•1)c.C 9:f+ (Gn = 1!.oo) r.nd 956 (Gn -:: lGOO) . 1.ctUD.lly there is no U.S . 
st .. .nc1.;,,rd tube t~rpo 1rith chr-.rnctcri st ics closely similnr to those cf 
the :3E-3, ,•.nd tho p:.ysic~1 outline of t'1is tube , "'.nd its t:rpc of 
bnso <i::-1d sockvt , nrc qui to r 1".dic<'.lly different fror.i st--.ndo.rd U. S. 
typci; . 

7-5• C;,.thodc R".." Tubes. The tno t:,rpcs of C,'.:'.thod . .:} rny 
tubes us~c",. in tl:e JnpM(;se rD.d."'.r cqui:pncnt ·.•ere cxv.oi nc.d r-.nd chc.r-
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r-..ctcristics a.ctorni ncd. Tho typos arc dcsignc.tcd SSZ- 75G ['.nd SSE-
120G. The t;,rpc nunbcrs r.ppr:-.. rontl;si refer- to the J.io.met0r of tho 
sc:::-cen in TJillinotcrs. The type SEE-75G i s very sinn,~.r to the U.S. 
t ;TJ_)e 311.Pl (forncrly t~rpe 906; screen dianetcr 3 inche,s). The 
S5E-120G is not sinilr.r to 2-,.'ly U.S. type. Plrt.tc 97 is :i. photogrn.ph 
of these tubes. 

7-5-1. The do.to, obtn.ined in tests of trio snmplcs of 
the SSE-7 5G is g i ven in To.bh: 5. Tho 1:1:-.rk i ngs indicnting 11 sn.tis­
f v.ctory11 cho.rt'..Cteristics , er 11 fn.ilurc to comply uith specificr.tions11 

r efer t o specified ch:i..rn.ctcristics of tho U.S. typo 31\Pl. 

7-5-2 . Only one so.t1plc of the SSE-12OG HD.$ ."..V,"..ili:>.blc 
for t c..sts; tl--.~ d'l.t['. on this sv.nplc is given in Tnblc 6. Dc signr.­
tions II s.'.'..tisft:.ctory" or II fnilurc to co□ply ~-,.i th spccificn.tions11 

refer to specified chnrnctcristics of the U.S . type 5EP1. Deflec­
tion ::icnsi tivi ty of t h i s tube is lo·:.1 coTJp:wod to th,':'..t of the 5BPl , 
~d tho position of tho spot i7i th d.oflcctor pl:--.tc lo.:.',.ds open is 
OAccs:;iv0ly off c oater, i ndicc.ting ;p?or 11 gun.11 co:1stroctio,1. This 
tube hn.s r.. screen of "..pproxim: toly % inches di:i.mctcr (120 mm) , 
n.nd hns o. five pin bnsc . There :->.r:: :i.lso five cc1.p t onninr.ls on tho 
noel:: of tho bulb, n.nd. t!10 four deflecting pla.tos <'.',nd second .:i.ncdc 
r..ro brought cut to t hese t c n .1i n['.ls. This tube is used. in t!10 r:1'7.in 
i :1dicdcr unit (p:-.rn-grr.ph 5-9) . Tho screen is of the t1cdiun porsis­
t c:1cc type ,., ith green fluorescence. 

7-6. HiGh Voltngc Filter Condenser. A hi~h volto,gc 
fil t cr c ondenscr r•:·, i ch r,.1,s ,;mch sm.-.11..; r i n si zc thc.n ,\noricrn con­
densers of th0 s:--.no r -"..t ing ',-1.s rui:;,,l yzcd by the Insul :- t ion Ro so,1,rch 
Scctio·,. , Pittsfield Works Lnbordory, of tho Gonc :rc.l Electric Col!l­
p:-i.ny. The r0sults cf this ::,,:1,~.1ys i s ;,,re conto.inod i n tho Gcncrn.l 
Electric Conp:1.iw I s co21fi dcnt i n.l da.tn folder No. 65126, dntod 27 
Jo.nu...~.r~r, 1943. A 6.i scussion of tho rcsul ts of tho [1,j1.,lysis is con­
tained i n n letter of 25 Fobrun.r~r 19'+3 , fro□ Mr. L.E. Gregory, 
C..-•.J.)l'.Ci tor Sect ion, G.:,ncr::i.l Electric Cor:rp,~.ny. Copies of these 
dccu.":l;:nt s .~.re ri.t tr.chcd to this report ,'.S Appendix I. 

7-6-1. As nokd in ~·~pp,:::ndix I, the volt<1.go m.ting of 
th.:: J r.pMcsc Cl',pn.c itor 1:ns co;1sidc r r.bly grcr.. t or them it ,1oulcl ho.vo 
been br U. S. stnnd.1,r ds ; t1:c mo.tcrir.ls used i!1 i ts construction ·.·ore 
i n f eri or , nnci in fnct the tott:.l volurac occupied ·.m.s not used offi­
cic1,tl;',!. i~ conc1.onsor designed c1.ccorcli.1g to best U. S.A. practice 
o.r:d usL1g the S<'PlO stress p0r unit thiclc.,css of dielectric Y:ould lx,.vc 
up to 62;6 gror,tcr cupnci ty fer t he; snr.1O volur.ic. 

7-7. Glt,ss R.".dio-Frcqucncy St!:.j,1d-Off Insul r tcrs. A 
lv.rgo ;1ur:ibcr of c;1lindricr,,l glD..ss stand- off insul:-,,tors , of ,'l.bout 0,10 

inci1 d i rnctcr nnd i :1 lcn[;ths cf ,".bout 3 inche s ,.-~ere us-::d r',S supports 
for tho nnt can:-. clc□cnts . Similnr but lo.rgcr i nsul1'.tors r,cro used 
i n tl1c rn.dio frcquonc;:r circuits of the trn.nsni ttcr. The glnss fron 
O,1c of these insulr,.tors \~~s cx~inod, :-.nd r,, somnlc '."!O.S sen.led to ;::, 
piece of Corning 1r774 pyrcx glass. },. good bond- resulted, indic~ting 
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(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

that the Japanese glass was molded pyrex simila r to the Corning 
v77 4-, since fe,.'1 d i ssimilar glasses will vrnlci without subseq_uen t 
cracking or severe strains due to e~ansion differences. 

7- S. Spectrochemical Analysis of Radio Parts Samples. 
Metal JJarts from various components of the captured equipment, par­
ticulc,rly the type T?.- 593-A transmitting tubes, were sent to the 
l abcrc:tories of the National Bureau of Standarc'i. s for qualitative 
and seni-quantitative analysis. The analysis was made by tl:e spec­
trometric method; the complete report cf the Bureau of Standards 
is reproduced as Appendix II. 

7- S-1. The results of the a11.a.lyses a re summarized 
below. The following designations are used to indicate very approx­
imately the amount of &ach element in the alleys. 

VS - Very Strong 
S - Strong 
M - Moderate 
7{ - Weak 

In general, the designations VS and S correspond to major constit­
uents (greater than 1%), and Mand TT to minor constituents (l t o 
o. 1%) . 

lfame of Article Constituents Classification Special Properties 

1'rav, Handl es of Cu Zn Pb YelloH Brass 
TR- 593A VS VS M 70% Cu - 30~ Zn 

lia.:1dle Coating Sn Ni Nickel Plate Non-Corrosive 
TR- 593A s M 

Support Reds of Ni Lfn Co Fe 93-9:);b Hickel Corrosion 
TR- 593A vs M H w Base Alloy Resis tant 

Internc:..l Shield Mo Molybdenum 
of TR-593.A vs 

Lead. Uire of \1 Tungsten 
TR-593A VS 

Grid ";'iire of Mo Molybdenum 
TR-5'.?3A vs 

Shield at base Mo Molybdenum 
of grid wire vs 

TR-593A 

Filament Wire W Th Thoriated Low Work 
TR-593A vs s Tungsten Function 
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Name of Article Constituents 

(i) Metal top of in- Cu Zn Fe Pb 
sulo.tor for vs vs s s 
transmission line Sn Ni 

s !iJ 

Classificati on Speci al Properties 

Pb- Ni- Bronze. 
Fe generally left out 
of .American Bronze , 
Corresponds to Havy 
Cooposition M, or red 
brass: G5% Cu, 5% Zn, 
5;,1 S 5d Pb .~ 11 ' 70 • 

(j) fuse Clip Cu Sn P 
VS S U 

Phosphor Bronze 

(k) 

(1) 

(m) 

(n) 

Cathode Ray Tube 
Shield 

Co.thode Ray 
Shield Paint 

Transmitter 
Panels 

Radiating Fin 
cf TR-593.A 

Fe Si 
vs :N 

Al Co 
VS M 

Al Cu Fe 
vs s s 

Al Cu Fe 
VS s s 

Si Zn 
s s 

Si 
M 

Ni 
s 

Silicon Steel 

Probably Al2 03 
(Ordinary aluminum paint) 

Duraltmin 

Al casti~g, alloy not 
similar to American alleys . 

7- 3-2. These alloys that contain ci.luminum sho'fl' evi­
dence of bein5 made from scrap r.1aterial bece.use of the nature and 
:percentages of impurities present . It is probable that /:I. 1 .. rge 
source of molybdenum is avail2ble because of i~s liberal use i n 
the construction of the TR- 593A, 

7-9, Translation of Captured Documents and Naneplates. 
As indicated in Appendix II I, a Japa.~ese document descriptive of 
the rad2.r install.Pt ion en Gua.d.alce.nal was found with the captured 
e~~ipmont, ~nd has been translated by tne Office of Naval Intelli­
gence. This transl~tion is Enclosure A of reference (g) , paragra~h 
1-1. Appendin II I is a copy of reference (g) less the enclosures , 
nhich conprise a total of 47 typed pages (Enclosure A, 31 pa~es ; 
Enclosure B, 16 pages) . 

7- 9-1, Enclosure (A) of reference (g) is a fairly 
complete radar manual , containi ng a description of the operation 
of the equipment, i nstructicns for tuni ng anci. acljust i nc;, and dis­
cussion of the most probable circuit failures, proc-edure for locat­
ing trouble , and recommended remcQics , There are frequent sketches 
and diagrams to illustrate the text, although complete circuit 
diagrclJils arc not given. 'l'ho fi rst 21 pages a.re d.evoted to the trans­
mitter an6 .. modulator . Pages 22, 23 , and 24 are headed 11 Ma.rk I 
i.Iod. 1 Recoi vor" . The receiver descr ibed is the snall "Japanese 
designcd11 unit; sec pD.ragraph 5-11. 'i'h i s is conclusive evidence 
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that tho small recei ver i s the one origi nally designed to be used 
with the other captured units. There i s no mention of tho 1lrgcr 
rccoi vcr in tho "manual 11. The remaining pages of Enclosure (A) 
describe the indicator unit, synchronizing uni t, and monitor. 

7-9-2. As noted in Appendix I II , the original Japanese 
document of Enclosure (B), reference (g) , awearod to ha.vc been a 
notebook kept by a Japanese radar technician , and most of the notes 
scorn to have boon copied from a radar manual . It is also thought 
possible (Appendix II I ) that 11 the radar described in Enclosure (3) 
wo.s designed for shipboard rather than shore use" , because of the 
technician I s refe rence to rcpa.irs mad.e aboard the heavy cruiser 
KI NUGASA. That the ri".dar equi pment rcforrocl to in Enclosure (B) 
is of different de sign is indicated by the Qifference in rated line 
volta{_;c - 220 volts a- c for the radar c~pturcd on Guadalcanal ;:nd 
described in Enclosure (A) , and 110 volts a-c for the radar r eferred 
to in Enclosure (B). Furthurmore, Appendix III states that tho equip­
ment mentioned as being repaired on the KINUGASA is identical with 
that described in the pencilled notes thought to have been copied 
from u mo.nual. 

7- 9-3• .An n.nalysis cf these notes of Enclosure (B), 
by an engineer of this laberntory who is familia r with the cho.rac­
t cristics of the Guc.dalcanal equipment, confirms tho proposal that 
the equipment described is of a different type. Tho most signifi­
cantly different feature of this equipment is that the pulse repe­
tition rate is 1500 cycles pc.r second, nhilc thnt of the rndo.r co.p­
tured on Guo.do.lcano.l is 1000 c . p.s . In other respects this nship­
boo,rd11 equipment is similc.1.r to the shore-be.set. typo; the pulse length 
is given o..s 2 second - i. e ., 20 microseconds. Unfortunately 

100,000 
tho notes of Enclosure (:a) deal solely with tho operation of the 
indico.tor, monitor , n.nd synchronizing circuits, and tho ro.n10 
frequency of operation is not [;iven. Honcvc r , the long pulse length 
(20 microsecond) inci icc.tcs thd the equipment is of tho II sca rch11 

type , ,ncl possibly opcro..tos r',t the same frequency (97- 103 me) as 
the shore b<1,sed oquipmont . 

7-9-4. Tho fact that Jo.p2.ncse shipboD.rd rc'.clnr equipment 
opcro.tcs t'.t 1500 cycle pe r seconci pulso repetition rate mo.y be use­
ful tactico.l infonnntion. Ar1y intercepted enemy ro,do.r signc.ls using 
this r epetition frequency mny be tent,1.t ivoly assumed to be from :::,, 
J:::pancso ,.w.rship. 

7- 10. Translnt i on of l'if!'1.!'leplr,tcs . The nr.mcpln.tos 
idcntifyine; the vr.rious controls o.nc.i. tcnninnls of the uni ts rrore 
trnnsl.-.tcd by personnel of the Office of Nuvc1.l Intelligence. I n 
a.dclition, nruneplr'.tcs on some of the circui t components n.no. th c me.in 
nruncplntes of the uni ts m,rc trnnslc.tcd on those units TThich co..r­
rieci them. Tr,nsl.:-.t ions of typic.::i..l circuit components no.mepl::i.tcs 
r'.re gi v ... n in Tc.blc 7. 
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s. CONCLUSIONS . 

&-1. General Construction 0nd. Mcchnnicnl Design. The 
construction nnd 1,orkmnnship of the Jnp~-iosc R:-.dc.r equipment .:-,s n 
Tiholo is decidedly poor, GJ.1d it n.:-.s found that constant nttention 
o..ncl. nursing Tierc required to mninto.in good pcrformnnc.e, or even to 
kuep the system in operntion. Fnilurc of components nns frequent, 
D..nc.l the le.ck of ncntn0ss in construction ruid rriring mo.de servicing 
ci.ifficult . Apparently no nttompt o..t simplici ty of design 11cs mo.do; 
tho pulso-g.:::nc.rnting , synchronizing , "'-'"lei. monitoring circuits in 
p~rticulo..r nrc so complic~tcd ns to present n diffi cult mcintonG11cc 
problem. The equipment is vor;: lr,,rge and hotW'J, rri th no evidence 
of attempts to econonize en mo.t c rinl , ,'.'.nd the gencrnl design is 
inf~rior. It is probnbl e thnt mnny of tho special devices used in 
cur r,'.dr.r systems, such :i.s d.uploxcrs, trn.nsmission line rot;-,.t ing 
joints , rnd the use of II s:mchro 11 motors :mc1. gcncrntors in antenna 
control systems hcd not yet been d.cvelopcd for r:,.a..~.r use by the 
Jr.-.J?oncse At the time this c,,ptured equipment wis mnnufD.Cturod (first 
throe months of 1g42) . 

8-2. Porform,.nce . Porformo..nce of tho s~rstom, though 
someTTh,"..t bettor th.:'.n nns e:;.,..'J)ectco. from analysis of the individucl 
1L7.its, ':r['.s defini toly mediocre rmd fnr from cqunl to thnt of tho 
best U.S . Novr.l sol'.rch ro.do.r equipment i;1 exi stence r.t tho time tho 
C[l.pture '!"ms mr-.de . The tr;,nsrnittor pouer is far lo1.1cr thn.n th.'.'.t of 
U.S. equipment. 

B-3. Tr:1.nsmittcr . Tho tronsmittcr, ro.tcd (nccord.ing 
to tl1e tr2.P-sl.'.'.ted J.-.p.:-. ...,-1.oso instru.ctions) :-,t 5 kv pulse po·~cr output, 
delivers this po··er only '.Ii th v0ry cc.roful tuning r.nd. o.djustmont; 
the output under nvcr".ge or service o..djustmont '."Jould probo.bly be 
on the order of 2 . 5 to 3 k.·;. Output poncr a.s high r.s 4-. 7 kn TTO.S 

obt::>.incd during tho lnbor,:-.tory tests , but only ·.Ji th considorcblo 
difficulty. Sto.b ili ty is poor, ;-,.djustments cri tico..l , .::-....-1c1. s:pr,rk-ovcr 
froc:i_uont. 

S-4. Receiver TYJ?o 29--17-2. Of the t1."Fo rcccivcrs ob­
tninod. nith the oquipme;"!t, th.-.t dosign:-.tcd i11 this report a.s type 
29-17-2 - nppnrcntly tho oriGir.n.l r ecoi v or dos ignod o.s p;,.rt of 
tho subject equipment is of convcntionnl design, but coIJS truc-
tion is very poor. Se,1Sitivity j_s 7 to 8 db less thr.:.n thnt of tm 
l~test 200 me rccoivors developed o.t the Nn.v[l.l Resoo..rch La.borntory. 
Tl1c i.f. bnnduidth i s grco.ter th:-.n nocosso..rJ , so th0..t the sensitivity 
of the receiver is not fully utilize~. There a.re no nnti-jrun fca.tures . 

S-5. Receiver Type NEC-N0-1736. The receiver d.osigno.ted 
IIBC-N0-1736, o. lnrger receiver of excellent mcch[l.nicn.l construction , 
rri th some evidences of Gomo.,.'l design, is slightly less sensi tivo tha.n 
tho typo 29-17-2 . Honcvcr , the bo.nd1.1idth i s somcuho..t less th,.n thnt 
cf tho type 29-17-2, so th,:-,.t the pcrformnnco is ,?..s good or bettor 
tht':1 thD.t of the other type. Thi s receiver likC\7iso hr .. d no spccinl 
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L'.:1ti- jD.m features, cmd r . f . j:J.rnIDing in conventional f[',shion ,,-;;:.;.s 
found to be quite effective. The dyn..."'.Iilic rnnge •.-:ns found to be 
lil!litod, definite i.f . ovcrloc..dins occurring ut full gn.in ,rith n 
300 microvolt input signo.l. The sta.bility of this receiver , ho~r­
evor, is extremely good, .::-.s r-. result of pcrhn.ps e::ccessive use of 
dccoupli:1g n.:1d shielding. 

8-6. Antennn. Although the cntennn for this equipment 
nc.s ;iot shipped to the N[',vr-.1 Rcse:--.rch Lnborr.torJ , the informi'.tion 
furnished regarding tho origi nal Jnpc.11c se ,-:,.ri. tenn£'.. o.llo;Jed n prnc­
ticcl duplic1'.te to b .... built . The generc'.l.l ci.os i gn docs not irx:1. ico.tc 
fnmili2.ri ty TTi th the most .'.'..pprovcd r ocont pra.ctices in this country. 
The ene-qunrtor unvclength spacing of the radiators from the mesh 
reflector is not good design; the one- tenth \7<'..velcngth spncing used 
quite gcncr:i.ll~r in this cow1try \iith non- rcsoru.mt reflectors ho.s 
proved better. No duplexing i s used, nccessi tc..ting soparnto n.nten­
n0.s for trn.nsr.ii tting [l.nd reeeivi.1g. Instead. of the cntonn.'"'. r.lone 
being roto.tod (which ,.-,ould require o. rotnry joint in the tro.nsmis­
sio1;. line), the entire house contni ning tho complete equipment , 
including o..ntennr.s, wc.s rotc,tod by n. 5 h . p . motor . 

&-7. V,:-.cuum Tube Typos. The tr"Jlsmi tting tubes, 
Jo.p.-:,neso type TR- ;593-.A, resemble closely the (.Amoric.::i.n) G. E. types 
GL-8002 nnd GL-4-3LI-, n.r1d rrc excellent t ubes mochnnicnlly n.nd clcc­
tricn.lly, n.ltheugh not o.s •.-roll ,".dnptod to rnd".r trnnsmi tting a.ppli­
c~tion "·s the..: lr--.test special r<'.dnr trD..<"1snitting types used in U. S. 
No.v<1.l r0dnr oquipmc..at. The Genmm typo RE-3 tube used in one of the 
recc i ver types uo.s 0.1mlyzed :-.nd found to be r.:1 excellent tube, 
though by no mc:,ns cxtrnordi n<1.ry , for its use .'.s ,"'. video nnd i . f. 
<'Inplifier. The c..-,.t;wdo rn-:,• tubes type SSE- 75-G n.nd SSE-120-G rrcro 
o.nc..lyzcd o.nd found to possess no unusuo.l fc0.turcs . Other tube types 
u.socl rrorc closely simil <'.r or identic[tl to st,.,.11c-;,l',ro. U. S. types, nith 
the eAccption of t:irpes 6302 , VR- 135- 50 , ['.nci DC-762 . These typos do 
not h.-:wo r-.n:r unusu...._l fe.'.l.turcs or chr,.rc.c t c.rist ic s , hm·:cvor. 

B-8. Anclysis of Components . Tho very compnct poucr 
supply filt er cnpn.citor ,7hi ch occnsicnod much interest (rnted 4 mfd., 
15 kv D. C. , in n. contnincr vory much smn.l lc:r tht'.n U. S . t;irpes of 
cq_uivc.lent rn.t i ng) ,ms found to be, by U. S. st.'.'...l'ld[l.rds , very much 
ove r- r<'.ted , ,~nd by no mei:-.ns superior (in f0,ct, inferior) to cn,p['.ci­
tors m:mufc.cturcd in this country. 'i1he gl:--.ss of some Ja,pf'.,"10sc 
insulntors uns found to be closel~r similnr to Corning ·,f774 pyrex. 
lnr-,lysis of T:lct<'.ls <'.no. o.lloys used in tho trnnsmi tting tu.bes .'..nd 
other pr.rt s inciic:>.ted th<'.t o.luminum :md copper Y1ore used li bernlly, 
in0.icr .. ting oi thcr "- plentiful suppl? or nilli;1gncss to use those 
mc.tcri<".ls W1spn.ringly because the rndt'.r equipment m:::.y not then hr'. vc 
been in sufficiently lri.rge product i on to no..rrnnt use of substitute 
mo.tcrir.ls . 
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T['.ble 1 

Static Tests of Type TR- 59J-A Tubos 

Tube 
Soric.l 

Nos . Date Hrs . If IQ Ik E!:. Cor. Rcmo.rks 

32g5 12/5/42 0 16.15 0/100 10 ~~ 12.0 
2966 12/5/42 0 15.0 0/100 6 12. 5 
3S12 12/5/42 0 16. 10 0/100 9 Internnl Sprrkovc r 
34-73 12/1/42 20 16.0 0/100 9 275 10.9 
2397 12/1/42 20 16.7 35/100 9 251 12 
3420 12/1/42 20 15. s 50/25 ·9 255 11.7 Will not 

cut off 
completely 

3]5S 12/1/42 20 16.25 50/37 9 261 11.5 Will not 
cut off 
completely 

3911 11/26/42 Filc.mcnt sco.l broken i n t r i·.nsmi t tor . 
2192 11/24/42 lil<'.I!lcnt opcu ,··hen it ,m.s m1nuckcd. 
3239 11/24/42 7ent gnssy in omplifier. 
2052 11/26/1.J:2. Intcrnr~l nrcing. 
32Sl-)-A 11/24-~2 FiL::ncnt soo.l broken dur ine; unp, .eking. 
3376 12/5/ 0 15. 05 0/100 11. 0 Intc rn:1.l spr-.rking 
7727 12/5/42 0 16. 5 50/95 5.1 256 11.7 
2446 12/5/42 0 16.0 0/100 7.5 230 13.0 
31 5 12/5/4-2 0 16.1 0/100 9.0 238 12. 6 
2450 12/5/4:2. 0 16.1 0/100 9.0 262 11.5 
3201 12/5/42 0 16.3 0/100 7. 8 244 12. 3 
2931 12/5/4:2. 0 15. 85 0/100 8.7 228 13. 2 

DEClASSr -· t: 



Tnblo 2 

Intor cl cctrodo C~pncit~nco 
of TR- 593A Tube 

Tu.be Scric.l No . Cpi~ Cpg Cgk 

3612 .84 5.4 c.22 

*2968 . 81 ,;tn.5 S.06 

2931 . s6 4. 72 7. 82 

3235 • 97 692 7.56 

*Tube number 2963 TT~s defective i n that t he inner pl ~tc coronn 
slliclcl nns too close to tho grio. support ring. 

JECLASSIFIED 
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Table 3 

Comparison of TR- 593- A Tube 
With 'fuo Other Types 

Tube Cho.rnctcristic 

Fil:-mcnt Vol k.gc 
Filcncnt Current 
Filomcnt Emission 
.Arnplificntion Fnctor 

I~t~rclcctrodc Cap~cit~nccs 
Grid to Pl~tc 
Grid to ]il['JlJCl1t 
Plo.~v to Filrr.10nt 

~i~cct ?lrtv Volt~c 
J?lotc Input 
?l~tc Dissiprtion 

Output 
:.:: .ximur.1 Lcn~th 
::c...".'.imun j)i.,r.wtcr 

TR- 593- A 

7 . 5 volts 
16 D.Jllpcrcs 

9 :unpcrcs 
16 

5. 68 
7 . 92 

. S7 

5000 (!.:rue . ) 

1000 \W.tts 
*4-5/811 

*2" 

*Jimcnsio,rn ,.,i thout rc.di.:,..ting fins . 

GL-8002 

16 
39 

9 
8 
0 . 5 

3500 volts 
3000 netts 
1200 rm.tts 

4-11/1611 

1-7 /811 

ZP-434 

11 

~ 
25 

9 
10 

0 . 5 

1500 v. 
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Tnblc 4 

Misccll['.ncous Inform,tion 
on TR-593-A Tube 

Effective diomcter of grid - 11. 45 mm 

Dirnutcr of filD!llcnt helix - s.68 mr:1 

Di['.mctcr of fil rnncnt nirc - O. 56 mm 

Di ~meter of gri d ·.:ire - 0. 19 i'll!:l 

GriQ ~ire spncing - 2 . 21 mm 

I nner di:.:mc tor of plf'.to - 30. 35 mm 

Grid- Fil:'lllont Sp!'.cing 

Grid- Anode Spn.cing 

TR- 593-A 

1. 39 mm 

9.45 mm 

Glr-8002 

1.53 mm 

2 . 14 mm 
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CA7HODS :1AY TUBE TEST DA':'A 
Sheet ?lo. 1 
Enclosure to accanpany ?x'RL ltr 

Date Tubes Received l!fr. N. E • C • 

Date Tubes Tested Apr. 17, 19l.;.3 , JAN lA Speci!icat.ion 

JAN ll 
Ref. TESTS 

F-61 Heater Current 

F-3b 1st Anode Current 

F-8b Cathode Current 

F-3c Gas Cross Test 

F-&i Base Ali~ent 

F-8d(l) Alir;n. Def. Axis 

F-8d(2) Alien. Base with Bulb 

F-Oe Cathode Illumination 

F-8! Screen ~uality 

F-8£(2) Light 

Grid ,rl Current uc 
Rcsist:¾1c~: H- k Control Gr id 

F-8g( ) Line ·-ndth "A" 
F-3g( ) Line -:idth " " 

F-3h( ) Position of Spot 

F-3i Cat~ode Smission Check 

F-8.1 Grid Cutoff 

F-8k FocusinP. Vol t['..gC : Ee = 75% Eco 

F-3k Focusing Vo 1 tagc : Ee • O to Eco 
F-8;,1 :leflection Factor l.D2 Volts/ i::1 

F-8m Deflect.ion Factor JD4 Vol ts/ in 

F-3n Deflection Linearity Factor 

Volta~e Brealtdown 

S:iot ~is~lacement 

F-2 Grid Leakage 

F-2 1st Anode Leakage 

F-8p(l) Heater-Cathode Leakage 

F-8p(2) Grid Current 

F-8q{l) Capacitance: Control Grid - all uuf 

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

F-8q{3) Capacitance: Dl - D2 

F-8q(4) Capacita.~ce: DJ - D4 

F-3q(5) Capaci ta.-ice: Dl - all 

F-8q{6) Capacitance: DJ - all 

Ca:!)llc~ta.~ce: Dl - all except D2 

F-3q{8) Capacitance: D2 - all e..'Ccept Dl 

F-3q(9) Ca!)<lcitance: DJ - all except D4 

F-3q(10) Ca:,acitance: D4 - all except DJ 

F-8s Vi:,ration: 10 G 

Anode ~2 Current un 
F-5d overall Leni;th I nches 

F-5d overall Dia.':leter Inches 

Type No. 

Dated SSE-7 5'-G 

Seri al Number 

4-612 294-1 
2.1 2,1 

11+0. o 7,0 
11+5. 0 15. 0 

s s . 
10°. 150 

4-v s 
s s 

s s 
s s 

- 6. 5 0 
s s 

o.4s 0. 3s 
0. 56 o.l+S 

11.0 9.0 
s s 

37 4-g 
295• 310• 

205-295~ 310-310 
14-9• 144* 
119 121 

Jr' 1%" 

5. 76 6. 4-2 

4 . 12 
5. 2s 5. 62 

7.0 
11. 53 

11S11 indicates satisfactory. * ind~cates fail~e to co.-aply witoe-~fio71•~ \t: i!:I.L)' 
r;cgo.tiv..:: Grid. Currcat I::d1cd.:.s Grid Emission. V !-\ "-!l 



CA?HODE i!AY TUBE TE.ST DA':'A 
Sheet 110.1 

F.nclosure to accanpany NRL l tr 

Date Tubes Received urr.i~ .E. C. 
Date Tubes Tasted JAN ll Spec1t1cat.1on De.ted 

JAM 1A 
Ref. TESTS 

2114 
F-61 Heater Current A:'l'ITIC,. 2 . 2 
F- 8b 1st Anode Current uo. 21."5 
F-Sb Cathode Current ll" 20.0 
F-8c Gas Cross Test s 
F-8d Base Ali~ent 
F-Sd(l) Ali;;n. Def. A..m s 
F-8d(2) Align. Base 1l'i th Bulb s 
F-!3e Cathode Illmtlnation 
F-8! Screen ~tu11ity s 
F-8!(2) Light s 

~ ... ;" -~, ('.,, ,...,.,_,.., t. "~ - s.o 
p,..,., i "'t '""'" : EK- ~n::1trol Grid s 

F-Bg( ) Line ·1iidth "A" T>'>m 0 . 36 
F-Sg( ) Line :-;1dth -, 11 mm 0 . '1'1 
?-3h( ) Position or Spot mm 13• 
F-81 Cathode Emission Check s 
F-81 Grid Cutoff 33 
F-8k FocusinF- VI"\ l + ~ rFf> : Ee = 751, Eco 35° 
F-Ok Focusing V" l + ~ ,.,.., : Ee • 0 to Eco 310-350 
F-8!11 Deflection Factor 1D2 Volts/in $8.8* 
F-&n Joflec~ion Factor JD4 Volts/in 79.0• 
F-3n Denection Linearity Factor 1 4.o 

Volta~e Breakdown 
Soot Jisolacement 

F-2 Grid Leakage 

F- 2 1st Anode Leaka2e 

F-8p(l) Heater-Cathode Leakage 

F-8p(2) Grid Current 

F-8q(l) Capacitance: Control Grid - all 

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

F-8q(J) Capacitance: Dl - D2 

F-8q(4) Capacitance : DJ - D4 
F-8q{5) Capaci ta.."lce: Dl - all 
F-8q(6) Capacitance: DJ - all 

F-Bq(7) Co.!)8.c ... tance: Dl - all except D2 

F-8q{8) Capacitance: D2 - all except Dl 

F-8q(9) Capacitance: DJ - all except D4 

F-3a(l0) Ca-:xi.citance: D4 - all EQ:cept DJ 
F-8s Vi'Jration: 10 G 

F-5d Overall Le.,igth Tn,-.hcs 16. 79 
F-5d Overall Diameter I:nr.hcs 4-. 70 
11511 at · facto indic es satis cy. * indicates fai.l'.ll"e to co.-:i ply withs 

:iJcgn.ti vc Grid Curre:it Indicc.tcs Grid Emissio:1. 

Serial Number 

Ef = 2.: volts 

< 

cificatiorus . 1,.JHI~ ')J:Jr J.; 



Tnblc 7 

Tro.nslo..tions of Typical Nruneplntcs 
Captured Jc.pnncsc R:1.dr.r Equi p­

ment - C. E. E. No. 211 

lunmcter 
}Ti ppo:1 Electric Co. 
Ho. 100566 
December 1941 

All smnll tubes mndc 
by Tokyo Electric Co. 

3 mfd - 3 KV 
Tokyo Electric Co. 
No. 2751 , 1216 
i1odel 01' 6o4-

Voltnetcr 
Kogo.n:- Dcn..ici Koggo K.K. 
( ? ) 
Nov. 1941 

Time Dclny Rol ny 
Hite.chi F['.Ctory 
Docor:ibcr 1941 
ifo . 4s4DG3 

lviodulntor Pouor ~ronsformor 
Nippon Electric Co. 
ifo . 22455 
Nov. 1941 Lon Volto.gc 

High Volta.go Condenser 
Nippo:1 'I'sushin Kogyo K. K. 
(So.nyoshn Fnctory) 
i,;o.,o.o J ~1 . l ')4-2 
No . 82 

4 mfd - 8 KV 
Tokyo Electric Co. 
No. 6054, 1216 
Model OP 603 

Motors , Shunts , nnd 
Niul tiplicrs rnn.de by Nippon 
Electric Compo.ny (NEC) 

2 KV 2 Mfd 
Ni ppon Tsushin Ko~go 
(NTK) 
Jon. 1942 P- 10 

I ndicc.tor Srrnep Un i t 
lfavnl Tochni co.l Institute 
Fobru<J.ry 1942 
lfo. 29 

Jc..p . Receiver 
No.vnl Techniccl Institute 
J nmmry 1942 
No. 9 

Hodul.'.'..tor 
Ni ppon El ectric Co . 
Jan. 1942 
No. 9 

tfodul o.tor Poccr Trt:w"'.lsfonncr 
Hi gh Vol tngc 
Uippon Electric 
Nov. 19-tl 
No. 22516 
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(Copy) 

c-s67 /36(371) Februnry 25, 19Lt-3 

Mr. D.R. Hull 
Lt . Commo.nder, U. S. N. 
No.v:tl. Research La.b . 
Ano.costic. Sto.tion 
i7a.shington, D.C. 

Dca.r Sir: 

Our dcto.ilcd exnminntion of tho cnpa.ci tor described in your 
communicn.tion of December 9, 19+2 is covered by tho a.tt.:,.ched confidon-
tinl dntn. folder ;r65, 126. · 

The follotri:1g comments nna. obscrvn.tions c.ro offered ~7i th tho 
idoo. thn.t it may help you to bctt~r judge tho relative merits of Jo.pc.n­
ose nno. ii.moricc'.11 mo.do ca.pa.citors. ?rcqucnt r ef erence is m,,dc to G. E. 
design prncticc. This is for the sn.kc of convenience nnd 2.lso boco.usc 
ue fool thnt G. E. design practice is fo.irly rcprcsontn.tivo of tho cnp-
ncitcr industry in tho U. S . A. · 

The ma.in points of differonc0 bctr:eon the Ja.pnncse co.pf',ci tor 
c.nd tho n.verc..gc U. S . 1:.. . built c.:tp['.citor ·::o~-o found to be o.s follons: 

1. Tho p,.pcr used in tho Jnpf'nc sc cr.pnci tor co;1taincd 
a. filler. Both tho density ::-,nd. tho dielectric con­
st['.nt of tho pa.per rm.s from 35 per cont to 4o per 
cent higher tha:1 for pnpcrs norm.1.lly used in tho U.S. A. 

2. The norr!lc,,l operating stress on the Jo.pc'.l.1csc cnpo.citor 
uns c.bout double thr.t usuc.lly used in U, S , A. pro.ct ice. 

3. Electricnl cho.rnctcristics of the Jnpnncsc co.pa.c itor 
,7crc poor. 

4. Spnco or volume of tho Jo.pa.nose cnpa.c i tor uo.s not 
used efficiently, 

Cor:unents on Item '11=1 

Tho rnu- f ca.pa.city of the Jnp8.l'l.eso cnpa.citor 11ns npproxirna.tcly 
20 per cent grcntcr them 110 TTould expect from the S['l!IC thickness and 

Pngo 1 of Appendix I 
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Hr. D.R. Hull - 2- Febru:u-y 25, 19'+3 

~reo. of U. S.A. mntorio.ls. 

The use of high d_ensi ty, high dielectric constnnt pn.per r;o..s 
obviously for the purpose of incrco.sing mu- f cc..pnci ty n.nd decrensing 
size . 

The use of high density , high dielectric const:-11t pnpers 
,.-.-ill not give nny n.pprccio.blc increase in mu- f c.:i.pacit y per unit 
volume , TThcrc c~stor oil or Pyro..~ol impregnation is used • 

.Attention i s Ct'.lled to tho fo.ct thnt present Navy Spcci­
fico.t ions prohibit the use of fillers in po.pars. Seo RE-13A- 4SSE, 
po.rngrc.ph D3- b . 

Gencrr1.l Electric pro.ct i co h<',S been to use u paper in tho 
gcnerr,,l do:1sity r .1.116 0 of • 95 to 1.05. Our cxperie::1ce ho..s be en thr.t 
hii;h de:1Si ty pnp0rs r.ro extromcly difficult to thoroughly dry rmd im­
prega,~tc . Conscquci1tl:r , '.70 usur.lly obtnin poor oloctricr.l chc1.rri.ctor­
istics, L~cludi:,e short life ~-rho,1 high density :p0pcrs o.ro usod. 

One f.-wor;-,.bl.:; chnrnctcristic of high dc;rnity p.,,pcr is thr.-.t 
tho short time brcd:a_mm strength or '.'..bi li ty to ,:i·i:;hst0J1d voltnge 
surges r_1ight be expected to be higher th2.n for ln•.·:c:::- dcnsi ty po.pc rs. 
Our cx-porie:1co nould ind.ic,.tc v. mo.ximun i:1crcr.s0 of fi vo per coat 
for n p,:,.pcr •::i th tho s:".t.10 d0ns i ty r:.s th, t used i:1 tho Jn.pn.:.,csc 
c;-i.p;:, .. ci tor. 

Cor:u:ie:1t s o:-i. Itcra ·,f2 

Nomr-..1 opcr...,_ting stress 0:1 tho J['..I)<'..nOsc cn.p.,_ci tor vns found 
to be o..ppro:~irJ,'.'.tcly 2000 volts per mil of dielectric. Tho usuo..l 
U.S . A. nrnctico is 1000 volts per mil-- sec N<'.vy Spccific...-..tions 
RZ-13A-4GG:S P<'-rngr<"",ph D3-b . 

Pnr.1grnph F-10 of the snmo Spocificntion o.lso requires 
that cr..p,~.ci tors be c,0 pt1.b l c of ,Ii thsk,nding 1000 hours life test t1.t 
double rr'.t ed vol tr..g;o . In other ,:ords, tho Jo.po.nose h1wc usod n 
aormc.l rc:ting ,,rhich i s equivo..lcnt to the N...,_vy Spccificntion life 
test rr\ting. 

Nothing i:1 our o:w.n innt ion cf tho J.:-,pc'.1...'1.cso c..-,,pnci tor gc,vo us 
any renso:1 to boliovc thnt i t uns nny better thn..'1 U.S . A. built c.,,p.-,,­
ci tors ,:i th the s c.ne dielectric thicknoss . 

Co□r-ionts on Itor:1 1t3 

Uu- f c;:, .. pc,ci ty ve rsus tcnpe'ro.turc of tho Japr . .nosc cnpnci tor 
is shoTTll. i n H- 8372426. For charr>.ctoristics of G. E. oil i:Jprognntod 
cr,pc.ci tors, sec H-8351069, 'I'ho curve for 25F394 1:1ore nearly rcprc-

P:)_{;e 2 of Appendi x I 
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Hr. D.R. Hull -3- February 25 , 1943 

sen ts the average des ign than the curve f or 26F377. It ,1ill be noted 
that the capacity- temperature coefficient for G. E. capacitors is less 
than for the Japanese ca.pa.ci tor. 

Change of mu- f capacity with change of voltage is a peculiar 
characteristic for v,hich we have no explanation , '17ith the possible 
e:~ception that it may result fror.i the filler used in the paper dielec­
tric. G.~. mineral oil and Pyranol i npregnated capacitors do not 
shoTT this characteristic. 

Por,er factor versus temperature is shmm on H-8372428. For 
comparison r·ith G. E. designs , see H- 8351072 . It nill be noted thnt pouer 
factor of the Japanese capacitor is considerably hieher than for G. E. 
designs , and especially so in the range of 50 to 100° C. 

Poner factor versus voltage is shomi on H- 8372429. G.E. 
mineral o i l filleQ capacitors do not shon any change of poTTer factor 
,..,ith change of voltaGe except at 100° C nhere there is a very slight 
increase in po11er factor \7ith an increD.se of voltage. 

G. E. P;yranol impregnated cc.paci tors (sec H- 8372429) shou a 
characteristic similar to thc.t of the Japanese capacitor at 75 and 100° 
C. This characteristic is very pronounced on the Japanese c.:i.pacitor at 
all temperatures. 

On G.E. Pyranol irnpregnated capacitors ,:e attribute this 
characteristic to the molecul~r structure of Pyranol . In the case of 
the Japanese capncitor it is probably due to the molecular structure 
of the filler used in the papor. 

Insulation resistance versus temperature is shonn on H-8372430. 
!Jc 6.o not have a G. E. curve Hhich is directly coopc.rablo. Honcvor , YJO 

r:ould nonnully 0xpcct cur capacitor to huvc an insulc.tion resisto.nco 
of about fi vc to si:: t ir,cs that of tho Japanese co.pee it or. 

Th0 cor.:ipc.ro.tivcly h igh pc;-:or factor ci.nd lor.r insulation rcsis­
to.ncc arc both indi cators thnt inferior life might be expected. 

r'e, of course, h.:-.vc no ,;['..~r of determining tho life of the 
ct\pc,ci tor from .-i. single sampl e . Ho,:evor, be.sod. on our experience ui th 
c~'.pacitcrn ·;;e \·ould predict that tl::c life of tho Japruicso C:\pccitor , 
uhon opcrntod at nonnal vol tc,,ge vould not exceed tho follo,:-,ing vo.lucs : 

1000 - 1500 hours 
200 - 300 hours 

5 - 10 hours 

Ambient 60° O 
Amb iont 7 5° C 
i'.mbicnt 90° C 

P;'l.go 3 of Appcndi;: I 
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i:r. D. R. iiull -4- Fe :ni.t,1.ry 2 5, 194 3 

Comnents on Item ·A 

As shmm in our Ln.bor::>.tory report , the foil used 1:.'.).s 3-1/311 

,·idc c.ncl tl-.o p.:-.per 3- 3/411 dde. The contc.incr height ~a. bushing 
co;1struc t ion •7cre such thnt 3-3/411 •.: i do foil nnd ~- 3/811 ,;ide po.per 
coul~ hcvc boon used. This ~ould rarucc it possible for the Japenese 
to put 0.bout 2. 28 mu- f in the s:-nc size cont:-.incr. 

' Furtherraore , the inside height of the Jnp.'.'.ncso c:-.p.-.ci tor 
rrn.s six inches . One nnd one-half inches of this hdght m·,s required 
for bushings. For the Sf'nte test £>nd volte.go ro.ting, G. E. design pro.c­
tice ,:ould be to use n bushine; one- lw.lf inch high on the inside. 

This n;,_,turally lco.ds to the question: ho\7 nnn;r mu-f could be 
obt:,.ined in this size contninor ,"Ii th G. E. design pr[1.ctico .:-.nd using 
the s~me stress per mil of dielectric th..1.t r;".s used on tho J[1.pr.ncso 
C<',p:--.citor? Tri4~.ns'.;or is npproxiot'.tely 2.54 mu-:: •,ith 1:1inerC'.l oil 
improgn~tion Md 3. 7 mu- f ,~ith Pyrn.nol ir.,pregnn.tion. 

This uould indicl'.tc up to 62 per cent gredcr mu-f c0,pnci ty 
:·:ith G. :,. desi-:;n pr".ctice on tho grert m.'.'.jority of our n.pplic.:-.tions , 
since ·.,c use Pyr:-..nol ir.1prcgn-:.tion on prf'.ctic.'.'.lly c-11 c-.pplicntions 
c:~ccpt those th:--.t rcq_uirc o. loi-· c:-:,,pc.city-tcmpcrr.ture coefficient . 

If there is nn~r .-.ddition~l inform.~.tion or an~, other service 
:·.-r_ich ,;e c~n rund,,r on this subject , plcl".sc feel free to cn.11 on us . 

Very truly yours , 

V .J . Gocd·.1in, !fr.nr>6 ing Engineer 
LTG . .A .... 'tffiEST. , CUTOUT & C.1.'.? . D:llT. 

By: L.J. Gregory 
CfJ)h CITOR SI:CTION 
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Pngc No. 1 Report No . 65,126 - --
CONF ID~NT I.AL 

INSULATION RESEARCH S:ECTION REPORT 651 
PITTSFIELn WORKS LABORATORY 

J anunry 27 , i®_ 

I . SUBJECT: :i::XD.minntion of 2 HF 15000 Volt DC Test, Jnpc'..l.1csc Cr,,po.ci tor 

!I. SOURCE OF CA?ACITOR: 

This unit ur.s tD..kcn from r. J r.pnnosc plr.nc , -:,nd ·.,n.s usod on nn 8000 
volt DC circuit. The nOJ11cplr.tG stc'.tod th.~.t the cn.p,').ci tor ho..d been 
t estca. n.t 15000 volts DC. 

I II . OBJECT: 

This unit hn.d r.. much smnller volume thn.n do co.pa.citors of similnr 
rr.tin:;; nn..,ufa.cturcd by Gcnerr..l Electric. 

This mndc it dcsirnblc to cx..mino completely the electrical a.nd 
constructio~ dctnils of this cnpa.citor. 

IV . OBS:ERVLTIONS ;,ND CONCLUSIONS: 

A. This unit, in outrmrd a.ppct',rc.ncc, is similar in all dcta.i ls to 
~- former Gonerr-,1 Electric design. 

B. Tho •.~·orkmr',nship is of a high qUD.lity. 

C. Tho rcl,.tivcly high c;-pncity of this uait, n.s compc,,rcd to Gon­
crnl Electric oil- filled cr.pc..citors, is duo to a higher dielectric 
co;.1St2.nt of the solid. insulation. 

D. The solid. dielectric consists of vcgotnblc fiber, principnlly 
mulberry ,ti th c i thcr or both mo.niln or rrunio. The d.icloctric constr.:at 
hos been incroo.scd by inccrpora.t ing <Y. clo.y fi llor in nhich hydrated 
aluminum oxide is n major constituent . 

~- Tho liquid ciiclectric is mi:lcr:,,l oil of nbout tho grade of 
10-C tr['.llsformcr oil. 

F. Both the c0.pnci ty o.nd ponor fn.ctor docrc;,,ses P ith incronsinG 
voltn.go . 

G. T'.ac cnpo.ci ty incrcn.ses 1::-ith incrcl'.sing tcrnpcr;-,.~ures over the 
rc.ngo tested., -57° to 950 C. 

H. At 1500 vol ts A-c, the porrcr factor is ::i. minimum ;:ind 
· less thnn o. 5% botuccn 15° :,,nd 60° C. 

P~e 7 of Appo:idix I 
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2 Report No . 65,126 Page lfo . ----
C 0KF IDE.:.fi' I.A:.. 

!• The poryer facto~ is higher than General Electric Pyrano~ or oil 
units, anQ also shows a Greater variation nith temperature. 

~- The insulation resistance is loTI compareu to General Electric 
capacitors. 

V. ZX?:.i:til!ZNT.'.L: 

~- Zlectrical Properties: 

<l detailed exa.~ination cf the electrical characteristics at dif­
ferent voltages are r,iven in test report 46505. 

~est Te□p. (oc) Test Voltage (AC) Capacity (MFD) Power Factor(%) 

- 57 50 1. 782 2.07 
-25 50 1. 640 o. 727 

0 50 1. 573 0.m;7 25 1500 1. 9ol+ o. 1 
51 1500 1.936 o.457 
75 1500 1.963 o. 663 
95 1500 1.992 1.062 

r:rsuL ..... 'i'IOl: :?.:ESIST.\:.:CE VS TZdPERA'::UF.L (500 VDC) 

Temperature (0 c) 

-43 
- 25 
-S 
5 

25 
50 
75 
98 

Insulation Megohms 

5190 
4o20 
2600 
1770 
74-o 
111 

14-. 1 
4.1 

Resistance lfogoh.111-
iiicrofarads 

10380 
3o4o 
5200 
354<) 
1480 
222 

2G. 2 
8. 2 

Cu1·ve r;heet E-6372426 shows the chan::;e in cc.pacity r•ith temperature and 
'-Oltage 
Curve sheet n-2372426 shoTTs the change in 60 cycle po~er factor nith 
teraperature at 1500 volts. 
Curve sheet E-33721.;.29 shows in d0tail the effect of voltage and ter.iper­
a'~ure on the pouer factor. 
Curve sheet E- G372430 shons the chanGe in insul.:.tion resistance with 
temperature . 
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Report rio. 65 ,126 Page ifo . 3 
CONFIDENTIAL 

Conclusions: 

1. The power factor vs temperature characteristics of t his capaci­
tor as received arc not good. The minimum in the po...-•er factor at 1500 
volts occurs between 15 and 6o° C. 

2 . The po110r factor of this unit is higher than General Electric 
Pyrcnol or oil- filled units , and also sho•·s a greater variation Hith 
temperature. 

3. The cnpaci ty increases r;i th increasing t cmperc1.turcs over the 
ra11ge -rsr 0 to 95° c. 

4. The insulation resistance is low compared. to General Electric 
cc..paci tors. 

(a) 

(b) 

2. 

J • 

4. 

B. Construction Details of Capacitor: 

!· Description of Unit : 

Nameplate : 

.:.1)pcarancc : 

\7cight : 

Cont2.in ,r: 

Terminals: 

The ne.ncplate nas sta~pcd in Japo..ncsc l etters with the 
chccption of the rating of 2 Yuf , 15000 VDC. 

~nis unit had the same appearance as a f omcr General 
~lcctric capacitor , sec photograph. 

2650 g . 

Tin- plate co.n , 6 1/4 x 2 1/2;:: 711 ; volume , 9G. 5 cu. in. 

Hollow , nickel-plated br ass r;i th a threaded top end. 
Those ucrc insulctod TTith urocclain bushings. The bush-
ings .. ere soc.led to can by rosin-coated cork gaskets 
(P'notograph) . 

5. Elcctricr.l con- Contact nas raadc by tuo, tuistcd , tin-coated copper 
tact to cover ,;ires. Dic.rJoter, . 02011 • The uires o:;;:tcndcd through 
tcnninuls: the hollou terminal and. Here solde r ed to it ;:-,t the 

t ap. The solder scaled the holloH teminal. 

G. Electrical Ar­
rc:10cmcnt of ca­
pnci tor rolls : 

The capacitor rolls ucrc arranged in tuo groups in 
series . :Sach group nas composed of four capacitor 
rol ls connected in parallel by means of the tTTisted 
tcnni nul ,-ri r os . One of tho ui rcs crossed over the 
asscobly at the center and .. as insulated from the 
r olls by a notcho~ mica sheet . (Photograph) 

Page 9 of Appendix I 
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CONFIDENTIAL 

7. Interior Con- The capacitor rolls \7erc encased in a p rossboa rd 
struction: barrier TThich lined tho inside of the ce,n. End move­

ment of tho capacitor rolls ancl prcssboard liner na.s 
prevented by red fiber pieces, 1 5/811 x 3 5/S" :;c 

8. ~loctric~l con­
tact to Co..paci­
tor Rolls: 

.05511 • At co.ch end, there '.7erc tno pieces bct..-rcen bo,r­
rier an~ can and one bctTTcen rolls and barrier. 

The rolls uoro hold to tho bottom of the can by a rcc­
ta11i:,"1.11D.r shaped, prcssbos.rd piece aluminum riveted to 
the prcssboa.rd liner. (Photogro.ph) Bctuccn tho capaci­
tor rolls a.nc'L bottom of can ,;rero 6 sheets of kraft 
pDipcr doubled over, 12 :;c 2 1/2 x .00211 • 

Tho terminal nires ncrc soldered to tin-con.too. bro..ss 
tap straps, 2 15/16 z 5/32 :x . 00311

• Tho taps had 
squnro corners. There •.1ere t1.:o to,ps to each foil, 511 

npart c:ind loco.tad 10.1 and. 10.5 feet from outside end 
cf foil. 

9. Ccpo.ci tor Rolls 8 in number. Each; one -:-ras 7 /811 x 2 1/211 x 3 3/411
• 

10. Insulction 
Bet•.•oon 
Foils: 

Number of sheets bctTTocn foils : 5 
Thickness each shoot : .0003811

; 1.7io.th 3 3/411 

Dielectric constcnt: 4 . 9 
Compcsi tion: The solid insulation ,.-,as a dense, ossen­
tic.lly non- porous paper mo.de from mulberry fibers end 
e ither or both manila nnd r~~ie . Tho paper density 
1.0.s o.oout 1 . 345. A claJ7-like filler w1s present \7hich 
consisted to n lnrgc degree of hydrr-,tod aluminum ox­
ide. Tho presence of potnssium sulfcte h~s been de­
tected also. 

The paper c;<tendod, G" on inside r,,no. 12" on outside , 
beyond the foil. Bren.ks in the pa.per "Fero nc,:,.,tly 
stuck together ui th n 1/211 ovcrlnp, tho sticker hnd o. 
blue color. 

Conclusions : The higher cnpac i ty per unit volume, 
compv.rcd to Gcnc ro..l Electric oil cr.pn.citors, is duo to 
the higher dielectric constant of tho solid insulntion. 
(4.9 as compnroQ to 3 , 35 for G0ncral Electric oil im­
pregnated kro.ft po.per) Tho higher dielectric constant 
has boon obtained by incorpornting an iaorgnnic filler 
TTith tho pcpor fibers. Tho filler ~pponrs to be a 
clny in nhich hydrntod aluminum oxide is n m;-,.jor con­
stituent . (The dielectric constant for dry o.J.uminum 
oxide is 7. 7) . 

:µ_ . Foil: 

"" 
Aluminum. Length for co.ch roll, 26.5 foot . Width, 3 1/S in, 
Thic!ocss, . 00036 in. The foil hnd n crushed apponro.ncc on 
inside end of roll, Pa~o 10 of Appendix I 
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12. Effective Aron: One roll, 13. 8 sq. ft . 
Capacitor, 110. 4 sq. ft . 

13. Llcctrical Tests 
0,t 25°C: Capaci ty 1. 9o4 N1 (1500 volts AC) 

Pouor Fcctor, o . 461 percent 

14. Sq. Ft . Foil 
Aron. per MF: 

58 

15. Cu. In . per MF of Elcctric;,.l C2.po.ci ty: 51. 7 

C. Exrnni1mtion of Imprognc:).ting Compound: 

1. Physical Properties : 

Co,:.cl.i t ion 25°c 
Coler (.ASTM) 
1:..cid.ity (mg "J:fo.OH/g) 
Rofr,".Ct i VO Indc:;: (25°c) 
Gr<'-vity (15.6°c) 
Viscosity (37 . goc) 
?cur 
Flnsh 
Fire 
Snponificf'.tion No. (mg KOH/ g) 
~iclcctric Co~stnnt (25°c) 

II 11 (lQQOC) 

Pm:or Fcctor (60 cycle, 25°c) 
11 n II n ioooc) 

Resistivity (100°, ohm/cm3) 

Jcpnnoso 
lmprcgno.n t 

Clo0r, fluid liquid 
6 1 d<'.rk, r cd- bro.m 

.06 
1.4998 

. 92s 
57 sec. 
-48°0 
136°0 
146°0 
.84 
2.2 
2.1 
13% 
87% 

53 :( 108 

Neu 10-C 
Transformer Oil 

Fluid liquid 
1 , pale ycllou 

. 014 Mo.x. 
1. 49 1"',b OU t 
.900 Mo~. 

58 soc • II/Ia.;( . 

-4o r.1c'..X. 
130°Min. 
145°tlin. 

Less thn.n. . 5 
2 . 2 
2.1 

. 007 

.036 
50 X 1011 

Conclusions: Those :properties indico.tc tho imprcgnri.ting liquid to be a 
mincrnl oil of o.bout the s,.rne grc.dc ns 10-C trnnsfomcr oil. The im­
preg,;.nting liquid, therefore , is not ::-. fn.ctor in producing tho h igh Cc\­
::_0acity per unit volume cf this CC!.pncitor. 

g_. Chomic<',l E?Comi1mtion: 

J.ttempts to dctormin0 tho presence of st;1.bilizcrs in the oil h.:wc 
been u.asuccossful. ~he coloring m~ttor nnd chc~icc'.lly similar □atcri~l 
is present too.bout o.6 percent. No nitrogen cor.ipounds <'.re present, 
but compow1ds uhich cont;,.i n sulfur ho.vo boon detected. Tho coloring 
compounds h~vc higher boilinc; points th0-n most of the oil r.nd hence 

;,,r e cf ln.rgc molocul2.r r,cight rn1d complcxi ty. .As is tho C['..SO for 

Po.go 11 cf i;.ppcndix I. 
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o;ridizcd oils, the color r.ir.y bo r emoved by fullers o:,.rth. The rofin.od 
product hr.s <'. light yollon color. 

1h~.t inhibitors <'.re n:0s011t or inoffccti vc is furthe r indic,-:tcd by tho 
poor co:1dition of tho oil . Thus tho oil h:-.s n slight o.cid.ity , high 
poucr fnctors n.t 25 0-nd 100°c ['.,7.d n lo•.1 rosistivi ty a.t 100°c. 

Conclusions : No evidence for the prosci1cc of stnbilizors i n tho improg-­
nd inc oil h-:-.s boon found . All the physico..l ... nd chomi c.i.l fnctors noted 
mo.y bo cxplo..i~od on tho bD.si s of o:~idc.tion or dotorior:i.tion of a sulfur 
contl'.in i ng oil. 

rru/r,1p 
2/2/43 

• 
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UNITED STATES DEPARTM ENT OF COMMERCE 
WASHINGTON 

i'S: AJB Natinµal mureau of ~tanilarils 1v-11Tp 
1 411-14/~3 

REPORT 
on 

SPECTROCHEMICAL ANALYSIS 
of 

Twelve Samples of Radio Part s 
Labelled as Shown in Table 

Submitted by 
United States Navy Department 

Naval Rese arch Laboratory 
Anacosti a Station 

Date Submitted: Dec ember 26, 1942 
Laboratory Nos: IV-1/ 4036-4Q47, Ino1u~tve 
Spectrogram Nos: W-763, W-765 and W-766 
Region of Spectrum: 24-00- 5000 A. 

The spectrograms were examined for t he sensitive spec­
tral lines of the e lements as shown in the accompany ing· 
tabl e. The qualitative scal e used in reporting the rel ative 
amounts of the elements in the sampl es is a s follows: 

Designation I Scale value II Designation I Scale value I 
vs Very strong vw Ve ry weak 

-i 
! 

/ s Strong T Trace 
i M Moderate FT Faint trace 

w Weak - Not detected ! 

In general, the designations VS and S corres pond t o 
major constituents (greater than 1%) , M and W to minor C?n­
stituents (1 t o 0.01%), and VW, T, and FT to trace c onstit­
uents (less than 0.01%). 

The absence of a designation i ndicates that a t est was 
not made for that element. 

NBS Test No. IV- 1/Tp 411-14/43 
WASHINGTON, D. C., 
January 9, 1943 

Inclosure. 

~Fonn81 

Lyman J . Briggs , Director. 



• IS Form SZ 

No. I V- 1 Lab. No. 
_l -J-_ _.!4~0,..-1~~----1 
2 •• 
3 
4 
5 

- 4037 
- 4038 

• 
NBS Test No. IV-1/Tp 411-14/43 

TABLE OF RESULTS ( 1) 

Label o~f=-=S=a=m=m=l~e-------~ 
Handle Coat 1~ ___ ·-··---- - ·---------1 • Baa§ ______________ ______ ---1 

Metal top of Insulator 
_ Fuse Clip ___ ________ _______ ·-·-----1 

Internal Suonort-:_. ____ _ ________ __J 

U. I , GOVIINNINT PJtlNTflf~ Of'FICC l&-18288 

f/PPENDIX 2 PflGE 2 
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NBS Test No. IV-1/Tp 411-14/4-} 

TABLE OF RESULTS ( 2) 

Cd 
----::-==----t---1-- --1- - - -1-- --+-----1 Ce 

Co VW -? W - VW 
_c-"--r __ v_w'-'-------'v-'-w~--'-w-+--=-FT-=-,.---=T,._____, 

Cs 
Cu T w w s s 
Dv I 

i--:::E'-"r--'---- 1'--·_ -_ -_-_-_~t--=------~--•-----+-------1 
i--=E=u'----+----'---

Fe W vs VS S I S 
Ga T T 
Gd 
Ge vw 
Hf 

Ho 
In 
Ir 
K I 
La 
Li 

,_Lu 
,_ M2: vw vw T 

Mn vw vw vw 
- ~~ - =- ~~.:....:.-. 

T V'II 
w I w 

No. IV-1 Lab. No. 

-- .. 
Ele- Sample 
ment l 2 3 4 5 

Mo - .. vs ._ __ YK._I vw - -Na 
._.Nd 

Ni -w·· vw vw vw 8 .. 
Os - - - - -p 
Pb vw DJ -? vw w 
Pd - - I - - -Pr I- ;: _ _ 

--Pt - - - - -_Ba ____ ... -- - -Rb 
--'-'- - f-:~-- ·------------ - - - -__ Ru --- -•----

Sb - -- - - vw 
_ S_c - - - - -Si w M s M s 

S_m 
Sn - w w vw w 
Sr - - - I - -- I Ta - - - - -,_Tb 
Te I 

- Th - - w - -~ 1:.i I w l w w - - I 
T__L - ---- - , __ ...;::: l - -T.m._ ._ ___ [ ___ - i--1-

_ Q_ - - ; - -J--- - - -· - - - --- vw V - I - vw I vw 
w I I - - _ _ -_! - -·- ·-y j - - - I - -- Yb i 
Zn 

r 
V:'1 w s - I -

Zr 
f-

W? l - - -···- -=-= 

Label of Samole 
~ 

1 4040 Interna l Shield, _ _________________ _ 
~ 

2 4-0 4-1 
3 • 

,_4 4-04-2 
5 404 -:S 

Ca thode Ra y §hield Coa ting 
-1-----,---,-------1----:::--"---:::---:.-" _ ____ " Base · ______ - - ---- --~ 
~----.-:.~------~- --=B.,.._a"""c:...,,_K ..... P ..... a .... n.._.e.__l_ru." .J'.ranJ~Jm1t t er _ _ _ ____ ---- --1 

Ri:!di ~tin"' F1 n 

·-
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• 
s1uma 

:le- Sample 
1ent 1 2 3 I 

Arz. - - -
Al vw vw vw 
As - - -Au - - -
B w - ' ' -
Ba - - j -
3e - - -
3i - - I -
C 
Ca T T I T 
Cb 
Cd - - -
Ce 
Co _w - -Cr - - -Cs 
Cu w -? -? 
DY 
Er 
Eu 
Fe vw vw vw 
Ga - - -
Gd 
Ge - - -Hf - - -
He: - - -
Ho 
In - - -
Ir - - -
K 
La 
Li 
Lu 
Me: T T T 
Mn vw vw vw 
No. IV-1 Lab. No. 

I 1 4044 
2 J4-04S 
3 J4"Q4.fi 
4 J .. 047 
5 

• ,, 

NBS Test No. IV-1/Tp ~ll-14/14-3 

TABLE OF RESULTS ( 3) 

Ele- Sample 
4 5 ment 1 2 3 4 5 - __ Mq__ I vs vs - I -- Na 
- ~ cL - Ni vw - - -- Os - - - -- ... p 

- Pb - vw vw -- Pd 
- Pr - - - -

T - -Pt - - I - -Ra I 

vw Rb- - - -

Re - Rh - -
. - -- -~~ - - - -- - Sc - - - -Si 

- ~111 
M w I w w I 

Sn - - - -vw _ Sr - - - - I 
- _ Ta - - - -

Tb I 

- Te 
- Th - - - I s 
- Ti - - - i -Tl - - - -- Tm I - - u - - - I -- - -

V - - I - -w vs - I - vs - y - - - -
_ Yb I 

T - Zn - - - -VW? Zr - - - -
Label of Samole 

Lt11tJ:1n Wire -
Gr1d Screen_ 
/'l,..1 rl Wi ,..e 
FilJ:imAnt Wi-re 

. 
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Monograph Index Guide No . 701-700 

Washington, D. C. Date April 26 lg1-__ J _. 

2eference 

Source Captured Japanese Documents Evaluation 

Subject Japan Communications Radar 

Japanese Radar 

:ii:nclosures A ond B are translations of two captured Japanese 
documents on radar equipment , 

The original Japanese docunent of Znclosure A is a 57- page 
mimeoc;raphed pamphlet on the cover of Hhich is a notation in ink 
nhich sugge1;ts that it was prepareo. by the Electric Research Depart­
ment of the Japanese lJaval Technical Research Laboratory and was in­
tended. as a manual for the use of Japo.nese rad.2.r personnel. The 
original Jap~.nese document of Enclosure Bis 17 pages of pencil 
notes whic:~ appear to have been a note book kept by a Japnnese radar 
technician. From the organization of the materi al , its divis i on 
into sections , sub- sect i on etc., it is poss i ble that tho technician 
merely copi ed t his infomc.tion from a radar manuel. 'i'hc material of 
::::nclosure A wo.s foun6. on Guadalcanal ::..nd ''!aS descr i ptive of the Jap.s..n­
eso radar installation captured there and. subsequentl y shipped to 
the lJaval Researc:: Labo r atory. The tyro documents, hm,evor , descri bed 
different types of radar equipmont . Tho alte rnating current for the 
equipment mc.:ntioned in E -closure A i s given as 220 volts, ~1hile tho 
2.lternuting current 6.cscribotl in tho penc il notes of 1nclosure B is 
100- 110 volts. It is possibl e , therefore , that the rada r described. 
in Enclosure B was designed for shipbon.ro. rnthe r than shore use . 

Op-20- G (2) Cominch List I - b, d , o , 
J3u.r . Ships (3) Archives List II - y 
Bur. Air (3) Konograph 
3ur Ord MIS (5) 
JRI, (3) AUS JSM (2) 
SON:;.:m iiZ J SM (2) 
Op-16-FA (8) 
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This possibility is further strengthened by a brief note in ink on 
a single sheet of paper which ~ccompunicd the pencil notes compos­
ing Enclosure B. The type of stationery is identical and bo1h tho 
pencil notes an~ tho brief ink notation arc in tho same hnnduriting. 
A trc..rislation of tho ink notation, which is incomplete, is as fol­
lm7s: 

11 May 12, 1942. Report of Repairs ana. Adjustments of Mech­
anical Troubles on the KINUGASA. No . 2 squad, 

1. :!10la.y for c-.utomntic voltage o.djustmcnt in tho rectifier 
for use with t:1.c transmitter ••••• 11 

The equipment mentioned is identical ni th a.ppo.r .:i.tus d.o­
scribcd. in the pencil notes on rndo..r, D,na. sug;:;osts the,t the toch­
nicic .. ..r1 uho wrote these :10tcs hnd ·oocn ordered in l,fox, 19+2, to 
ropc:.ir ·m6. ndjust radar equipment on th0 KUWUGASA, n hco..vy cruiser 
nhich nas 10-tcr sw1k off Sc.vo Island in October, 19-+-2. 

Tho originnl J r,pa.nes.::: docur.10nt of :Enclosure B \7a.s wri ttcn 
in very poor hnnc!.rrriting ~na_, in D.ddi tion to tho extremely tcchnico .. l 
la.ngungo employed, presented difficult problems from the stD.lldpoint 
of tr;-,nsl.:-.tion. 
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