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Model FRF 
Frequency-Shift 
Receiver Converter 
• Th is is the third in a series of articles on freguency­
sh ift keying equipments, and describes one model of the 
terminal equipment needed for receiving the s ig nals. 

Since the benefits of FSK are all obtained at the re­
ceiving end of the system, one would natural ly expect 
the equipment there to be more complicated than that 
at the transmitting end. This added receiving equ ipment 
is bui lt into one uni t and called a frequency-shift re­
ceiver-converter or, more s imp ly, a converter. 

Converters differ in the manner of obtaining input 

signals from th~ receiver. The first converters made use 
of the two-tone audio output of a conventional receiver. 
Others use the frequency-modu lated sig nal obtai ned d i­
rectly from the i-f output of a receive r modified for this 
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purpose. Although either method may be used, the 
latte r has certain distinct advantages, especially under 
conditions of frequency dri ft. 

F requency d rift of transmitters and receivers is nor­
mally defined · in terms of a percentage of the carrier 
frequency. If it is assumed that a nominal figure for 
the overall drift of a radio circuit including the trans­
mitter and receiver is .019'o;oc of the carrier frequency, 
a 10-megacycle circuit would be subjected to a drift of 
1000 cycles for each degree change in temperature. Th is 
drift would appear in the i-f stages by the same amount, 
and the output audio-frequency would be subjected to a 
dri ft of 1000 cycles. However, a drift of 1000 cycles in 
a 400-kc i-f ampl ifier represents a .25 %;oC sh ift, while 
the same drift in the audio ampli fier, when the second 
detector is adjusted to produce a mean frequency-shift 
signal of 2500 cycles, amounts to 40%J0 C. It is obvious 
that the sig nal would suffer less telegraph distortion in 
the i-f channel for a given amount of drift than it would 
in the audio output. 

The Model FRF converter (formerly the FSF) is used 
principally on long-distance, h igh-frequency FSK radio­
telegraph circuits employing dual space-diversity recep­
tion and receivers with an i-f frequency between 400 and 
470 kc. Three models of such receivers are the RDM, 
RBB series, and RBC series. 

The FRF takes the f requency-modulated outputs of 
the i-f stages of the associated receivers and converts 
them to d-e telegraph signals corresponding to the 
original mark and space signals transmitted f rom the 
keyer at the distant radio station. These d-e telegraph 
output signals operate a teletypewriter (or equivalent 
device) di rectly on polar o r 11e11tral d-e signals, or indi­
rectly by an on-off keyed tone over a voi ce-frequency 
te legraph system. The keyed tone is adj ustable in the 
aud ible f requency range from about 500 to 2000 cycles. 

CIRCUITS 
The in put ci rcuit of the converter is arranged for dual 

space-diversi ty reception. W ith this method o f reception, 
duplicate incoming telegraph signals are received over 
two channels (designated A and B) by two radio re­
ceivers connected to antennas separated from each other 
by a distance of about 3 to 10 wavelengths. This mi ni­
mizes the effects of fadi ng at one point. These frequency­
modulated telegraph sig nals are both in the range of 400 
to 470 kc as they leave the i-f sect ions of their respective 
receivers and enter the converter. The frec1uency around 
which the signals vary is, of course, dependent on the i-f 
frequency of the particular type of receiver being used. 
In the following description, the overall shift between 
mark and space signals is taken at the customary value of 

850 cycles. 

To increase the signal-to-noise ratio, i-f signals from 

the receivers enter the converter through input networks 
of band-pass fi lte rs. Each network may be adjusted tA 
any frequency within the range of 400 to 470 kc. Cha~ 
nels A and B are separately tuned to the incoming i- f 
frequencies by means of screwdriver-adjusted capacitors 
which are moun ted within the converter. When once 
adjusted to the receiver's i-f frequency, readjustment is 

not necessary. 

After the signals have passed th rough the input fi lters, 
each is converted by the heterodyne p rinciple to a lower 
frequency by means of two 6SA7 pentagrid converter 
tubes V -101 and V-102. These conversions provide gain 
and improved selectiv ity. The incomi ng sig nals 0 ;1 

Channel A are converted by V-101 to 50 kc, and those 
from Channel B are converted by V- 10 2 to 29.3 kc. 
These particular f requencies are not harmonically related , 
and were selected to reduce mutual interference. 

It is desirable to limi t the band width of these ci rcuits 
to a value not g reater than that which is adequate for the 
particular signals received in order to reject as much 
noise and interference from nearby transmitting stations 
as possible. Two degrees of band width may be selected 
by means of a switch. 

Channels A and B are separate and d istinct up to and 
th rough the band-pass fi lters, which have no common 
components. When these separate sig nals pass througl. ) 
their individual filters, they a re both fed th rough a 
common resistor (R-106) to V-10 3, the first tube in a 
3-stage limiter-ampl ifier. 

The orig inal transmitte r frequency-modulated tele­
graph signals vary in frequency in accordance with the 
original d-e mark and space impulses, and are p ractically 
constant in ampl itude. In the radio l ink between the 
transmitter and the receiver these signals may encounter 
static disturbances, noise and fading effects which, if 
they occur, produce variations in signal ampl itudes. The 
purpose of the limite r-amplifiers, V-10 3, V-107, and 
V-108, is to eliminate these undesirable amplitude varia­
tions before they reach the discri minator fo r detection. 
The limiter-amplifier produces re latively. squa re waves of 
a constant magnitude by tube limiting action and by 
cutting off the peaks of any sig nals which are amplified 
beyond an established li mit. 

The fi rst li miter-ampl ifier tube V -103 p rimarily ampli­
fies, but tends to round off the st rong, positive signals 
due to the limiting action of the grid resistor. Amplifica­
tion of the negative peaks is limited when the tube is 
driven beyond cutoff. 

The second and th ird limiter-ampl ifier stages V-107 
and V-108, each in conj unction wi th half a twin diodr. 
limi t the amplitude of the positi ve and negative alterna­
tions to a defin ite value. Some of the output from the 
first stage of the li mite r is fed to the '"carrie r-control 

F IGU RE 1- 11'-'ben tbe sig nal is f1111ed to the center of the disrriminator o perating regio11, a mark-to -spare traiiJition 
voltage of about 8 t'olts is produced i11 the output. 

f iGUR E 2- T be straight portio11 o f the discri111illafor .::bararteri.rtir is suffi,.ielltly long to p ermit cousiderable dri ft i11 
carrier frequellt)' ll'ithout rba11g i11g the I'Oitage dilferel/re bettl"een tbe mark a11d spa,.e romjJo11e11t.r. 

() 
0 
z -, 
0 
m z 
-; 
)> 
I 



_j 

<( 
1-z 
LIJ 
0 
L.L 
z 
0 
u 

FIGURE 3-The actual drift between the conditiom ex/Stmg in figures 1 
a~ul 2 ts shown (upper pattem). Removal of the d-e component of the 
s1gn~ls by the differentiatillg cirmit removes all evidence of the drift in 
caru~r freqrU!1z~y (lower _paffem). The resulting plflses are then used to 

tugger the CJrCtllts wh1ch produce the desired output for the system. 

mark-hold" circuit which '"ill be discussed later. 

The output of the limiter is fed to the discriminator 
section. A discriminator is a circu it which functions so 
that an input voltage of varying frequency and constant 
amplitude produces an output voltage varying in ampli­
tude in accordance wi th the frequency of the input sig· 
nal. Its action is shown in figure 1, where it can be seen 
that a frequency change from 425 cycles below to 425 
cycles above the center frequency develops a voltag~ 

having the same intelligence characteristics, but varying 
from -4 volts to +4 volts (average values for certa:n 
Navy discriminators). These d-e pulses may be used to 
control output keying circuits which, in turn, operate 
teletypewriters or other recording devices. 

The characteristic curve of the discriminator is straight 
over quite a broad band so that any normal drift in the 
mark and space frequencies will still produce an output 
voltage which varies the desired 8 volts, as illustrated 
g raphically in figure 2. l;"his is a very important featu re 
of the system, as only the difference voltage carries the 
intelligence. One of the two discrimi nators inte rprets 
the frequency-modulated signals received over Channel 
A and the other interprets those received over Channel 
B. The output from the limiter containing both 50-kc 
and 29. 3-kc signals is passed through the primary of the 
discriminator transformer for Channel A . This trans­
former conta ins two secondaries; one is tuned to a f re­
quency a few kilocycles above 50 kc and the other below 
50 kc. Each secondary is connected in series with a dio:le 
and a resistor (diode detector ci rcuit) across which a 
voltage may be developed. The res istors are so connected 
that their voltages tend to cancel each other. The result 

is that a 50-kc signal would produce equal r-f voltages 
in each secondary and, therefore, equal d-e voltages of 
opposite polarity in each resistor and the net result (out-
put voltage) would be zero. A signal of a f requency ~ 

above 50 kc would develop a larger voltage in the resistor~ 
associated with the secondary tuned to the f requency 

above 50 kc and the net output voltage across the two 
resistors would be the difference between the two vol­
tages developed across them, and would have the polarity 
of the larger voltage. Similarly a signal of a frequency 
below 50 kc would develop a larger voltage across the 
other resistor, and have the opposite polarity. T hus the 
discriminator output is a d-e voltage having a polarity 
and magnitude determi ned by the frequency of the input 
voltage. 

In a similar manner, the output from the limiter is 
passed through the primary of the discriminator trans­
former for Channel B. This t ransformer a lso has two 
secondaries, one tuned a few kilocycles above and the 
other a few ki locycles below 29.3 kc. This transformer 
is also connected to two d iode rectifie rs and their associ­
ated resistors. 

The outputs of these two discrimi nators a re combined 
so that they reinforce each other and are then passed 
through a reversi ng switch, wh ich provides for mark and 
space output signals of the proper polarities regardless 
of how they were origi nally transmitted or subsequently 
inverted. 

The output control circui t co~sist.s of a driver circuit("J 
a frequ ency-dnft compensator ctrcUJt, and a carrier-con· 
trol mark-hold circui t. Under operating conditions, the 
50- and 29.3-kc carrier frequencies may tend to drift 

from their normal values. If no compensator equipment 
r. were provided under such conditions, the telegraph d-e 
~output signals wou ld be biased. Biasing is an undesir­

able effect whereby the normally equal mark and space 
intervals become unequal in duration. To min imize the 
biasing effect, the output control circuit is equipped with 
a frequency-drift compensator circuit which may be con­
nected to the driver circuit by a switch. 

If the drift compensator circuit is not used, the signals 
pass through a cathode follower V-111A and an ampli­
fier V-113 in the d river. The amplifier has two voltage 
dividers in its plate circuit. The voltage from one con ­
trols the tubes (V-11 5, V-116, V-117 and V-118) that 
provide the d-e signals which comprise the output of the 
converter. The voltage from the other divider controls 
the tube that keys the modu lator of the tone osci llator. 

The frequency-drift compensator is a special feature 
of this equipment. By connecting the output of the 1st 
amplifier V-104A following the discriminator to the 
following stage V-IllA through a 1 J.tf capacitor C-128, 
differentiating of the square waves takes place as shown 
in figure 3. Note, in the lower drawing, that the output 
of the capacitor is a pulse 'vhenever the discriminator 
output voltage changes, but that there is no output when 
a steady-state condition exists. Also the output of the 
capacitor is constant regardless of the absolute values of 
the discriminator voltage. In other words, only the dif­
ferent ial has been reproduced and since this is constant 
so long as the frequency shift is held constant, the output 
remains constant. By applying these pulses to a "flip­
flop" triggering circuit so that the first pulse causes plate 
current to Row and the second pulse cuts it off, square 
waves of constant ampli tude-independent of the drift 
of the incoming signal-are p roduced. 

It can be seen from the above description that in 
response to a momentary pulse of mark signal voltage 
(for example + 15 volts) the feedback path or locking 
circu it produces a steady-state potential of about + 15 

volts which " locks in" until the next mark-to-space transi­
tion, which would be a space-voltage pulse of the same 
magnitude but of opposite polarity. The circuit then 
locks in similarly for the space condition, and awaits a 
mark pulse to unlock it. 

It occasionally would be possible for a transmi tted 
steady-signall ing cond ition to change without un locking 
the voltage established by the frequency-drift compensa­
tor circuit. This could occur during testing or adjusting 
procedures if the first voltage pulse should happen to be 
of the same polarity as the locked-in voltage. The firs t 
voltage pulse, therefore, would be ineffective. Due fo 
the time constant of the ci rcuit a comparatively long 
time would be required to discharge th is doubled voltage 
on the controlling capacitor to a value low enough for a 
signal-voltage transition to unlock the circuit. Several 
voltage transitions might be lost if the signa ll ing speed 
were rapid. A double diode protects the circu it against 
the condition just described by clipping off the peaks 
of all voltage pulses exceeding a maximum value as 
determined by the setting of the LIMITER potenti­
ometer. This arrangement of limiting the maximum 
voltage of the pulse signals minimizes the length of time 
required to resume normal keying. 

In order to reduce the effects of noise, a filter is pur­
posely introduced into the FRF to limit the amount of 
drift that can be tolerated to about + 300 cycles. Since 
th is is shore equipment, It is reasonable to assume that 
the drift can be held that low. For shipboard use, the 
FRA, to be described later, has · a d iscriminator whi ch is 
linear for nearly 5000 cycles and the bandwidth is lim­
ited to 3000 cycles. This will allow a drift of approxi­
mately + 1500 cycles before serious distortion occurs. 

The purpose of the carrier-control mark-hold circui t 
V-104B and V-105 is to ho ld a marking signal on the 
telegraph ci rcuits if the incoming carrier fai ls or is shut 
off for any reason . As long as an incoming carrier is 
received over the radio links, a portion of the voltage 

Simplified block diagram of tbe FRF Frequenry-Sbift R ereit,er Co111;erter. 
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appearing in the output of V-103 is fed to the grid of 
the mark-hold level tube, V-1048 . The output from this 
tube is fed to the g rid of the carrier-control mark-hold 
tube V-105, biasing it so that the circuit is inoperative. 
If the carrier fai ls for any reason, there is no input to 
V-1048 and consequently no bias on V-105. Thus the 
tube conducts, and its output, the equivalent of a mark 
signal, is fed to the driver V-113 to prevent the ITY 
printer from running .. open··. 

. T~e outpu t of the driver circuit is fed to the d-e output 
o rcu1ts and the tone oscillator. The tone oscillator 
V-114 enables the FRF to furnish an on-off keyed audio 
tone, either for local listening or for t ransmission over 
a telephone line to a remote point. It includes an oscil­
lator, a modulator, and an amplifier and phase inverter. 
Provisions are made for employing an external tone 
should it be required in place of the tone produced b ' 
the local osci llator. The locally-produced or an e: 
ternally-supplied tone connected to the modl]lator is 
on-off keyed as determined by d-e keying signals from 
the ~river unit. The local oscillator produces any one 
of e1ght tones, depending upon the setting of an asso­
ciated OSC FREQ switch. 

The rectifier power unit operates from a standard 
115-volt 50j 60-cycle a-c supply. These circuits are 
comparatively standard and need not be described here. 

The apparatus of the Model FRF converter is as­
sembled on a chassi which ca~ be mo~nted on a stand­
ard 19-inch relay rack, in an available sp:tce within a 
working receiver cabinet, or in a separate cabinet suitable 
for mounting on a table. No cabinets · were furn ished 
with the first FRF's, although later units were furnished 
with metal cabinets finished in b lack morocro (wrinkle) 
enamel. These cabinets are approximately two feet high, 
21 y2 inches wide, and 17% inches deep. The front 
opening just accommodates the front panel of the con­
verter. 

Physically, the Model FRF converter includes three 
sub-units, all mounted on the same chassis. The basic 
unit is mounted at the bottom of the chassis and includes 
a front panel with operating controls, pi lot lamps, 
meters, a headphone jack for monitoring the keyed-tone 
output, etc. The unit contains 18 tubes. The tone osci l­
lator containing th ree tubes is mounted in the upper 
rear of the chassis. The operating controls at the top 
of th is sub-unit are only used occasionally. The power 
supply unit is located in the upper front part of the 
chassis and provides a-c heater voltages and rectified 
d-e voltages for use with all units of the converter. Six 
tubes are used in this unit. 

Six receptacles mounted at the rear of the chassis are 
used to connect the converter by cable assemblies wit h 
other equipments at the radio receiving station. 

-----~--~ 

Latest 

Classifl cations 
T he followi ng new classifications appeared as changes 

#5 , 6, 7 and 8 to the original securi ty classification letter 
(CNO restr ltr Op-4 13-823j cvk, Ser 203P413, of 20 
Nov. 45) . These changes and correct ions bring the 
classification list printed on p. 36 of the Jan uary ELEC­
TRON up to date as of 27 February: 

MOD EL 

ANj TRX-1 

ANj T XT-1 

DAH 

Mk 1 (FA) all Mods 

Mk 3 (FC) all Mods 

Mk 4 (FD ) a ll Mods 

Mk 9 Mod 0 

Mk 10 all Mods 
Mk 1 1 al l Mods 
Mk 13 Mods 2, 4 
Mk 14 Mod o 
Mk 18 Mods 0, l 

Mk 19 all Mods 

Mk 21 Mod 0 

Mk 23 Mod o 
Mk 26 all Mods 

Mk 27 Mods 0, l 

Mk 28 all Mods 

Mk 29 all Mods 
Mk 30 Mod o 
Mk 38 Mods 0 , L 

Mk 40 Mods 0, 1 

Mk 4 3 all Mods 

Mk 48 Mods 0, 1 

Mk 1 Mods 0, 1. 

Mk 3 Mod 0 
Mk 4 all Mods 

Mk 5 Mods 0, 1 

Mk 1 all Mods 
Mk 4 Modo 

Mk 5 Mod o 
Mk 8 Mod 0 

SWOD Mk 1 All Mods 
TEH 

UJ 
UK 
UM 

Classifications 

c 
c 
u 
u 
u 
u 
u 
u 
u 
R 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
R 

R 

R 
c 
u 
u 
u 
u 
u 
u 
u 
u 
R 

u 
u 
u 
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Remove marks ( + ) wherever they appear in the origi­
nal list. Change ANj APS-15-T 3 to read ANj APS-T3. 

~Nancy 
Communication Systems 
• For years the Navy has used lights during the hours of 
darkness for recog n ition purposes, station keeping, and 
communication between ships and shpre stations. T here 
are times, however, when any show of light might 
jeopard ize the security of a ship or t:tsk force, disclosing 
its locat ion and giving the enemy a target fix. 

In order to carry out these functions under blackout 
conditions the "Nan" Communication System was de­
veloped. After several earlier models, the N an Type C 
was developed. This has been shortened to "Nancy", 
and used to designate all Nan Systems, doing away with 
the word Nan in the title and thus eliminating confusion 
between it and the symbol for the letter N. 

In Nancy Cop1munication Systems in frared radiation 
instead of visible light is used as the means of com­
munication, since a source emitting infrared radiations 
can be detected by the naked eye at only Yery close 
ranges, and does not violate blackout conditions. The 
maximum range of the system is about ten miles, if the 
equipment is mounted about 90 feet above the waterline. 
Atmospheric conditions, however, cut down the range 
considerably. The range is adversely affected by such 
conditions as fog, haze, rain, etc. 

A Nancy system consists essentially of a source of 
in frared radiations and a receiver. The source is basically 
some type of electric light, a special fi lter to e liminate 
all light but the inf rared rays, and a power supply. 
Standard sou rces are Navy 8-inch signaling searchlights 
with T ype H -1 H oods, l2-inch signaling searchlights 
with Type H H oods, N ancy beacons, Nancy beach­
markers, and Nancy cours~ markers,-all with their asso­
ciated power supplies. 

12-im·b signalling searchlight, Type-H H ood, and Type 
C-3 Nancy Rereit,er in operating positio11. 

Cross-.rec-tional dirtgrrllll of ?'Jpe AM Na11ry Rereit,er 
sboll'illg the r/1'1'(//tgemelll of t'OIII/lOIIent.r <1nd operational 

.req11enre. 
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Extemal view of T ype AM Nancy Receiver. 

Schematic diagram of the modified Type C-3 Nancy 
Receiver. 

115V 
AC!_OC 

The earliest Nancy receivers are of the " image form­

ing" type. T he output of these receivers is an image of 
the object viewed. There are two types of image form-
ing receivers: the Phosphor Button Type and the Image­
Tube Type. The fu ndamental diffe rence between the two 
types lies in the kind of sensitive element used. The 
phosphor button type receiver gets its name from a small 
target button coated with phosphorescent material which 11 
is the heart of the receiver ; the image-tube type uses a 

1 

1P25 electron tube for its sensitive element. 

The most recent phosphor button type receiver is the 
Model AM. Before this receiver can be operated, the 
phosphorescent face of its target button must be charged 
or sensitized by the radiations from a minute quantity 
of rad ium. This radium is mounted on the surface of 

R-8 

R-4 

IP-2 5 

1 P25 Elertronic I mage T 11be 11sed 111 T J•pe C-3 "T R · nancy eren,er. 

a small plate called a charging blitz. The charging bli tz 
must be moved close to the target button and left in this 

position for about twelve hours while the radium on the 
blitz bombards the button's phosphorescent coating. 
causi ng it to glow. To ready the receiver for operation, 
the bli tz is moved away from the button. Fi fteen minutes 
later the button's glow has lessened sufficiently to provide 
a satisfactory backg round fo r viewing N ancy images. 

~~ In operat ion, N ancy rays enter the instrument through 
a red cont rast filter and are reflected from a spherical 
mirror and corrector plate to form an image on the face 

of the target button. The corrector plate lessens distor­
tion of the image by compensating for the spherical 
aberration of the mirror. The invisible image on the 
ta rget button is immediately converted into a light green 
visible picture which can be viewed through an eyepiece. 
An erecting lens presents the image in an erect position 
for viewi ng, and an ocular lens allows the eye to focus 

on the image. 

The principal advantages of the phosphor button type 

receiver are its light weight (approximately one pound), 
the fact that it is completely self-contained needi ng no 
power supply, and its comparative ease of maintenance. 

The most widely used image-tube type receiver is the 
Model C-3. It is an electron ic device for converting 
invisible infrared light to a visible image by means of a 
special photoelectric tube. The equipment is a self-con­
tained unit comprising a lens-and-mirror system, an 
image tube, an eyepiece lens assembly, and a power 

supply. 

T he receiver's housing is a die-cast metal case, shaped 

for holding the unit up to the eye and aiming the lens 

(~nd at the infrared light sou rce being investigated. The 
case is a two-piece assembly with the lens, mirror, and 
image tube suspended inside. It is airtight and fll led 
with dry nitrogen, which prevents moisture condensation 

on lens and mirror surfaces at low temperatu res. The 

rear portion of the case contains the power supply. 

\XIhen the telescope unit is pointed toward an infrared 
light source, the lens-and-mirror system focuses an infra­
red image on the photosensitive surface of the 1P25 
tube. This photosensitive surface emits electrons in p ro­
portion to tbe intensity of the infrared rays striking the 
surface at that poi nt. These electrons p:tss through a 

series of four charged rings and strike a fluorescent 
screen at the far end of the tube. 

The four rings comprise an electronic lens system, 

focusing the electrons on the screen. The voltage applie:l 

~o one of the rings is varied by a potentiometer, provid­
mg a means to focus the beam. W hen the beam strikes 
the screen, a green image appears, identical to the in­
visible in frared image at the front end of the tube. A n 
adjustable eyepiece lens assembly at the back of the case 
enlarges the visible image and brings it into focus for 
the operator. 

In the original C- 3 receiver, two dry cells operate a 
vibrator, the output of which is raised to about 4000 
volts by a transformer. T his voltage is rectified and used 

to operate the 1P25 tube. In the mod ified C-3 receiver, 
a 115-volt a-c or d-e input and :1 1 17N7GT tube are 
used to feed the transformer and rectifier. The ampli tude 
and frequency of the voltage input to the transformer 
are controlled by R-1 and R-3. They are preset at the 
f:tctory and are not accessible through the case of th:: 
recei \·er. 

The principal advantages of the image-tube type re­

ceiver are its greater sensitivity, its g reater resolving 
power, and the fact that it is always ready for use. The 

C-3 receiver weighs about seven pounds. 

Future articles will cover Nancy Type D tone-modu­
lated eguipment, and Type E tone-modulated and voice­
modulated eguipment. 
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PP/ screen showing target presentatio11, ra11ge marks, 
illlensified ribbon 111arker X, and segmeul selected for 

enlargement Y. 

B-scope sbowi11g enlarged presentation of targets seen 
in the center of segment Y ou_ the PP/ screen. T he 
geometric grid is fo rmed by azmwtb and t·ange lines. 

VF Horizontal Scan 
• There are many individual circuits in radar equipmen:s 

whose operating p rinciples are difficult to understand. 
One such circuit is that used in the VF Indicator B-scope 

for horizontal scan. An explanation of the operation of 
this circuit has been prepared with the hope it will be of 
assistance to the technician in circuit analysis. 

The horizontal-scan circuit moves the ind ividual ver­
tica l sweeps across the B-scope during a scan p resenta­
tion. A sector of about 50° of antenna rotation is repre­
sented by this horizontal scan, and the scan must be 
coordinated with the movement of the antenna. Speed 
of the horizontal scan is to be dete rmined by the speed 
with w hich the antenna revolves, and the direction of 
movement by the direction o f antenna rotation. 

The motion of the antenna, as obtained from the azi­
muth servo which also drives the PPI deflection coils, is 
transmitted through a mechanical d ifferential into the 
rotor of a control transformer (CT). T o the rotor of 
this CT is supplied a 600-cycle voltage from a H artley 
oscillator. The output voltage from the stator of the CT 
is determined by the coupling between the rotor and the 
stator. This coupling, as well as the output voltage, 
varies with the position of the antenna, r ising to a maxi ­
mum and falling to a minimum twice for each revolution 
of the antenna. The connections are such ~hat the output 

of the CT wi ll then be the 600-cycle reference voltage 
modulated by a sine wave, the frequency of which is the 

sp~ed of rotat ion of the antenna. The output of the CT 
wi ll be in phase with the reference oscillator du ring one 
rise and fall, and 180° out of phase during the other as 
shown in fig ure 1. T<his voltage is then coupled th rough 
a cathode fo llower to the sense recti fier which detects the 
phase and amplitude of the output of the CT. T he phase 
is detected by direct comparison with the oscillator out­
put and wi ll determine the polarity of the out;x1t wave­
form. The ampl itude of the input waveform will 
determine the amplitude of the output, as explained in 
the following analysis of a simpli fied sense rectifier. 

If two diodes are connected as shown in figure 2, cur­
rent will be free to flow in eithe r direction through the 
tubes. Points " A" and "B" are electrically connected 
through the opposing diodes, and any voltage appearing 
at '"A" will also appear at '"B". If, fe r example, £;, 
were charged in a positive direction, V2 w ill conduct, 
charg ing C, and point "B" will assume the same potential 
as point "A". Conversely, if E;, becomes more negative, 
V L wi 11 conduct to bring the potent ial at point " B" down 
to the potential at point "A". 

In fig ure 3, the diodes have been replaced by triodes 
and to the grids is app lied a hig h-amplitude 600-cycle 
reference vol tage from the H art ley oscil lator. Both grid¥"'" 
are driven in phase so that both tubes will be driven into 
conduction at the same t ime. As illust rated in figu re 4, 
g rid current drawn into the RC combinations w il l de-

.fiGURE 2-T wo diodes connected so thai wrrenl will be 
free lo flow in either direction through them . 

fiGURE 3-The diodes in figure 2 are replaced by triodes 
and a t·eference voltage of 600 cycles is applied to their 
grids. T his is the basic circuit of the Sense Rertifier. 

fiGUHE 4-Tbe outline of the reference IJO IIage aPfJiied 
lo tbe grid. N ote that the lubes conduct only on the 

peaks d11e lo self bias in the slaf?,eS. 

velop a h igh value of self bias so that the tubes will not 
conduct except during the positive peaks of voltage 

~ applied to the g rids. During these positive peaks of 
voltage, point "A" will be shorted to "B", and their 
potentials will be egual. At all other times there wi ll be 
an open circu it between "A" and "B", allowing '" A'' to 

f iGURE 1-0utput of the Control T t·amformer showing 
in-phase and out-of-phase portiom in respect lo the 

reference oscillator. 

. I 

OUTPUT OF CF 

I I -

FIGURE 5-0utput of t he cathode follower used in tbe 
horizontal scan circuit. 

FIGURE 6-0utput of the Sense R ectifier going frolll an 
in-phase lo an out-of-phase voltage. 

assume any potential without affecting " B" . The voltage 
applied to " A" during the conducting period will then 
be the potentia l appearing at "B" . Thus, if a d-e voltage 
of 70 volts is applied to "A", "B" will soon reach a 
potential of 70 volts by chargi ng C in a series of short 
pulses. 

Assume that an a-c voltage is applied in addition to 
the 70 volts d-e, and that the a.c. is in phase with the 
voltage applied to the grids of Vl and V2. The voltage 
at point "A" during the time the tubes can conduct will 
be the d-e voltage applied plus the peak amplitude of 
the a.c. applied. The output at point "B" will become 
more positive by an amount equal to the amplitude of 
the applied a.c. If the a.c. is slowly reduced to zero, the 
output at "B" will follow the positive peaks until "B" 
has fallen back to the d-e level applied. If the a.c. ap­
plied were out of phase with the grid voltages, the volt­
age seen at "A" during the times the tubes can conduct 
will be the d.c. applied minus the peak value of the a.c. 
applied. The output at "B" would become less positive, 
or more negative, by an amoun t equal to the peak ampli ­
tude of the a.c. applied . 

Essentially, the above is a description of the actual V F 
circu it with tubes Vl and V2 corresponding to V-2098 
and V-209A respect ively. The sweep produced in the 
above simplified description represents the entire 360° 
rotation of the antenna. On the precision B-scope of the 
vr only a 50° sector of the antenna revolut ion is to be 
presented, so that the output of the CT is connected to 
the cathode fol lower and sense rect ifier only during the 
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50° portion selected. This is done by means of a micro­
switch-operated relay in conjunction with a cam arrange­
ment which permits the output of the CT to be con­
nected approximately 25° before the CT passes through 
a null and remains connected until approximately 25 ° 
after the CT has passed through the null. The exact mid­
point of the sector selected (corresponding to the null) 
is determined by the position of the cursor which is 
connected to the mechanical differential , thus varying the 
positioning of the rotor of the CT with respect to the 
azimuth information. It can be seen that the output of 
the cathode fo llower wi ll correspond to that of figure 5. 
Since a sine wave has the most linear characteristics as it 
passes through its axis, the 50° portion selected for the 
horizontal scan is from that region. 

Referring to the waveforms in .figures 1, 5, and 6, it 
will be seen that for one di rection of antenna rotation 
the output of the CT will pass from an in -phase voltage 
to an out-of-phase voltage with respect to the reference 
voltage produced by the hartley oscillator. If the direc­
tion of rotation were reversed , the direction of phase­
change would also be re,·ersed ; i.e., from an out-of-phase 
to an in-phase voltage. 

The sense rectifier, as explained above, detects the 
sine-wave envelope of the CT voftage. However, its 
output would differ depending upon the direction of an­
tenna rotation. In the first case mentioned above (going 
from an in-phase to an out-of-phase voltage) , its output 
wou ld rise quickly positive, slowly move to a value which 

would be negative with respect to the reference voltage, 
then quickly return to the reference l evel. This wave-· 
form is shown in figure 6. In the second case, the out~ 
put would be reversed, m.oving quickly negative, slowly 
swinging positive, then quickly back to the reference 
level. The sweep voltage produced by the sense rectifier 
is thus governed not only by the speed of antenna rota­
tion but also by its direction . 

In the simplified sense rectifier explanation above, it 
will be seen that the change in voltage occurring at the 
output of the sense rectifier does not take place smoothly, 
but rises and falls in steps as it follows the peaks of 
voltage. Before this waveform is suitable for use as a 
sweep Yoltage, it must be filtered. Filtering will distort 
the sweep voltage if the filter components are large com­
pared with the frequency of antenna rotation. For this 
reason, the exciting frequency for the system is high 
(600 cycles) when compared with other synchro excita­
tion frequencies. This high frequency enables the cir­
cuit to obtain sufficient fi ltering with small fi lter com­
ponents without seriously distorting the sweep voltage. 

After filtering, the sweep is applied to the grid of 
V -208. As the voltage rises and falls on the g rid of 
V -208 the tube draws more or less p late current. This 
causes V- 207 to draw less or more plate current, due to 
the common cathode resistor. This current difference 
flows th rough the B-scope horizontal-scan deffection coi ls 
and generates a sweep which is proportiona l to both the 
speed and direction of rotation of the antenna. 

, 
FIGURE 7- Partial schematic diagram of tbe borizontal scan rirwil 11sed in tbe VF eq11ipmenl. 

+250 "9" HORIZONTAL DEFLECTION COILS 
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-105 

R-272 
2,000.Jl. 

(tTest Equipment 

for Search Radars 

• Is your search equipment just functioning or is it really 
performing? Is your receiver as sensi tive as it should be? 
Does it compare favorably with otliers of the same 
type? Is your transmitter power output down? ~h~sc 
are only a few of the questions that plague the techniCian 
by day and night, at sea and ashore. To know the 
answers and have that feeling that his equipments are 
''hot" should be the goal of every technician. 

Many factors contribute to better per~ormance of 
electronic equipments. One of the most 1mportant of 
these is a knowledge of what test instruments are best 
suited for a certain performance check. Obviously, no 
single ship or station will have available all the nu1~erou s 
test units procured by the Navy D epartment. In v1ew of 
this fact the Bureau of Ships has compi led a list of many 
test sets procured for use with search radar cquipments. 
Included are old fami li ar fri ends, the echo box and the 
directional coupler, which arc usually considered an 
integral part of most radars. 

The items lis ted were selected from several sources. 
Most of them are from "ShipboarJ Elect ron ic Test 
Equipment Allowance, RE60Zl04E" (just recently re-

• pla~ed by tl~e ind ividual sh~p allowanc~ li sts) . Some 
· - equ1pment listed was supplied on earl1er allowances; 

others have been supplied with certain raJar gear such a~ 
TS-35j AP and TS-34j AP with fire control gear and the 

TS-295 UP with the SV radar. Others were furnished 
to field engi neers (60ACZ range scope to Raytheon 
men) . T he TS- 358/ U is to be incorporated in the 
standard remote PPI switchboard on larger vessels. 

This list does not necessari ly show the best possible 
equipment for a certain purpose but affords fl exibilit}' of 
selection of the avai lable equipments. The list includes 
equipments which are in the field, or to be distributed 
in the near future. The use of any of the equipments 
listed in lieu of other suitable equipment is not manda­
tory. In servicing radar cquipments correctly, the tech­
nician must use common sense and reasoning. Al· ove all , 
he must know the capabi lities and limitations of the 
radar and of the test instrument in use. The instruction 
hooks for both the radar and the test unit should be 
thoroughly understood before actually doing the servicing. 

It is pointed out that in most radar recei ver~ the i-f 
stages are not to be adjusted unless the technician has 
consiclcrahl e knowledge, ski ll and the correct test equip­
ment. 

Some of the more general test equipmcnts, usable with 
practically a ll radars, arc listed in table II. For more 
information and photographs, attention is invited to the 
new "Catalog of Electronic Test Equipment'', ,1\'Ships 
')00, 10 1, which has just been distributed. 

() 

0 z 
T1 

0 
m z 
----1 
)> 
r 



_J 

<( 
f­z 
UJ 
0 
LL 
z 
0 
u 

T ABLE I-RADAR AND TEST EQUIPMENT CROSS REFERENCE 

SA 
series 

SC & SK 
SCrlt'S 

SD 
seril'S 

SF & 
SF-I 

SG. SGa 
SGB.SG-1 
to SG-Id 

SG-3 
& SG-4 

SL.SLa 
& SL-1 

SM& 
~.\1 - 1 

S:\ 

SOa. SO-l 
S0-2. SO-S 

.'0-9. S0-13 

S0-3 
S0-4 

SP 

SR. SRa 
SR-5 

SR-3 
SR-6 

SR-2 
~H-4 

Sl ' 
:;l'-1 

:-:r.:-:ra 
S\ '-1 

Cl' -90/l'P 
Ccaucciled) 

47AA1\ 
4iAA~I 

built in 

4iA.\L 
' pnrt of OBl'-1 ) 

4iAAP 

built 
lll 

CU-83fi;P 
built in 

47AA:\-2 

~0-:l 
14AB\ ' 
S0-4 

built iu 
above ser. 

;.lo. 100 

huih in 

huilt in 

14ABL 
huilt an 

<T-I l' 1'1' 

hmlt m 

huilt iu 

0 
.!C S ~ ~ 8 i: 

~}J1 
~·~ 
"'"' 0: 

~ll ~E ~; 
g~~ a 
]8.5.§ C::.!: ~ 

OAA LX,LAF 
SCri ('S UAP-1 

OH LX,LAF 
series OAP-1 

OAO 
series 
SD-3 

LX,LAF 

OAF 

OBU LAG 
(14ABA) LZ 

ser1es 

OBt; LAG 
series LZ 

built in 
(or 

TS-2i5/l'l'~ 
LAG 

OBU-1 LAG 
OBU LZ 
ser1es 

OBI: I,AG 
series LZ 

T S-270/ UP LAD 
LAG 

LAG 
LZ 

OBU LAG 
series LZ 

14AAT T S-35/ AP 
built in 

' or T S-21 8/ .\Pl T.'-35.-\ / AI' 

14A A\\' LAD,LZ, 
built in LAG 

' or TS-270/ U') 

L:\G 
LZ 

OAA-2 LAF 

built in LA E 

built in I.AE 

TF-3 11/ l'l' 
T fi-31!.\ j l,;l' 

T:>-35.\ AI' 

T:i-2 !S/ I'I' 
T:i-21~A/I'P 

Tl'-35.\ .\P 

14 \BG 
Built i11 1 L ·\G 

or r :;.zi5 l ' P! 

TS-2i0/ l'P & built in 
T~2i5 rl' uoi:;c 

gcncrawr 

:\htt·s : T:-:~IZ5 .-\P , .. wrludt'<.l with A~·{" P\: -i Ki1. 
• \'ultmtt- .-: l:llldliJ't-\\"uv( Hat1o. 

r: 
.... ·u 
<-= 
>"' 

"' ·- " 
8.~ 

~g 
.... .... ..!: 
~ : .... 

~c: ..::::.=: !!.;:6 .G....J .!:: 

» "" E .::c .: 
§-~ g ~ 2? . 

&.. d~ ,~ ~ 

~=;: ! ~~ o~oo 
c...E> ~ " 

OAA 
series 

0.\A 
series 

A;.l j UP.\1-2 

OAO 
OAF 

A;.l{ UP.II -2 

T S-125/ AP OB U 
60.\BU series 

(part of LZ) 60AB~I 

TS-125/ AP built in, 
60ABU OBU 

(part of LZ) 60AB~! 

60 124 
' built in) 

TS-275/ UP 

TS- 125/ AP Echo 
60ABt: Box 

(par t of LZ) 60.\B~I 

TS- !25/ AI' fiJ.\B~I 
60ABt: OBl' 

fplrt of LZ) se:i:!S 

LAD OBA 
T S-!25/ AP TS-2i0/ t:P 

TS-125/ AP 60.\BO 
60.\ BU 60 .\ll~ l 

(part of LZ) 

T S-125/ \P Echo 
6JABU Box 

I part of LZ) 60AB~I 

TS-36/ AP TS-3~/AP 
TS-230/ AP 

1, \D OBA 
TS- 125/ AI' or Echo 

60ABU Box 

T:>- !25/ AP 60 \BO 
60\ BU 60A ll~l 

Cpart of LZ) 

built in 

Echo 
Dox 

nonce- J·;cho Dnx 
lOITI"\ ('r huilt in 

rbuilt inl 

T S..z:IO/ AI' 
T S-36/ AI' T S-33/ AP 

TS·23J/ .\I' 
1'1'-:lU t.\P T:'-~:l(A I' 

T::i·2.))/ !' P 
rwith c:wh Rr 

~ ·r i ' S) 

Edw 
Uo~t·s 

1!' 

i 
~ -u !!' 0 ~ 
-c "0 ";: 
£~ S =' ~ 
·- f5. 

_,., ~ 
8 ;,·~ .~-~~ 
~5 ~ .... " ~ : rne.o ~..,:-: 
~ ~= ' ~., 

et:''- C:: ::::~ ~ " ~ 

TS-35S/U 
60.\ CZ 

built in 

TS-358/ U 
60.\CZ 

T S-358/ U 
60.\CZ 

T S-358/ U 
6J..\CZ 

60\CI' 
in stock 
spares 

TS-1 02/ AP 
60\CZ 

TS-358/ l! 
60.\CZ 

built 
in 

60ACZ 
TS- 102/ AP 

60.\ CZ 
TS-102/ AP 

built 
Ill 

TS-35~/U 
GOACZ 

TS-358/ U 
60 \ CZ 

TS-358/U 
60A('Z 

TS-358/ U 
60.\CZ 

60.\('Z 
T S- !02/ .\P 

liO\ HT 

6J \ C'Z, 
T S-102/ AP 

T :i-231/.\1' 

liOH'% 
T ::i- 102 AP o•; \Ill' 

6JA"'I, 
T~- 102 AP 

~~ 
:§.~ 
·uc: 
0~ 
t:..a... 
..:. ~ 

LX,i09B 
Ll' 

LX.i09B 
LP 

LX,709B 
LP 

LX,iOOB 
LP,iSi 

LX,709B 
Ll',78i 

LX,709B 

LX,i09ll 

LX.709B 

furn i•hcd 
by Novy 
LX,iOJB 

LX,i09B 

LX,i09B 

LX,i09B 

LX,i09B 

LX,i 09B 

LX,i 09B 

t,X,709B 

LX,709B 
SH4 : 

NO ADJ 

LX,7091l 

LX,709B 
fi,d. 
tu:1nd 

LX.i03B 

LX,iOUB 

"' 
~ ·s E 

~~~ 
.;;: :f ~ 

3~g 
!: l! ~ 
U<- -
~ a... 3" 
:E.E.!: 

Tf'- !48/ L' P 

with 
0.-\,\ -~ 

with 
O.H.-2 

6.\JG 

with 
Echo 
Box 

with 
Echo 
Box 

with 
Echo 
Box 

with 
OB U 
s~rics 

TS-270/ UP 
(Echo 
Box) 

(with 
LZ) 

with 
OBU 
scri rs 

with 
Echo 
Bo.< 

with 
LAD 

(with 
LZ) 

with 
EchJ 
Box 

with 
r adar 

OT-1 

01'-l 

OT-1 

built 
in 

built 
i.t 

built 
in 

built 
in 

Hrfl "<'· 
lOIO"f er 
lmilt i 1 

Horn Ui-dircc 'l 
T:i- t 4~tl'P with couple· 

T S-35A/ AI' f ' W-!4.-\ l.L 

T ;<..J4, I l ' P with 
Echo 
Box 

ll i-direc't 
(•oupl<' :-
buill i:l 

wilh 
Ti'-2i0t l' I' 
T S-2ir. ( I'P 

TABLE 11-Test Equipment for General Radar Use 

Equipment Types Purpose 

Audio Oscillator LAJ, LO, 205AG For checking a udio systems, checking rep. rate o r frequency in con-
j unction with oscilloscope. 

C a nd R Bridge 60007 For checking resistors and capacitors while applying a YO!tage. 

Crystal Detector Checker TS-268/ U Forestimating performanceof 1N21A, 1N2 1B, 1N23, 1N23A, 1N23B. 

Electronic M ult imetcr OBQ Series For use in i- f and discri minator (AFC) a lignment and YO!tage, current , 
or resistance measurements. It has high input impedance up to 50 Me. 

F luxmeter TS-15 / AP For checking magnet s used with magnetrons. 
TS-15A/ AP 

,, Heterodyne Frequency Meters : For accura te frequency measurement. Used wi t h signal generato 
90-450 Me .......... . ......... TS-173/U R for-calibrating absorption-type frequency meters. 
500-1400 lVlc ............ . .. ... TS-186/U P 
(Usable: 100-10,000) 

Megohmmctcrs 
Megger type (500Y) ...... . . . ocw 0.05-100 megohms 

Electronic Type (67.5V) ...... 60C89 0.05 to 10,000 megohms 

M ult imeters OE, OCR For checking voltages, currents, and resistance. 

Oscilloscopes OBT F or viewing regularly recurring video wave-sha pes. 
use a synchroscope (slave sweep oscilloscope) instead. 

If jitters occur 

OBL, OCU, 60018 For viewing waves having frequency components under 100 kc. 

Range Calibrators 
(Crystal Cont rolled) 

TS-102/ AP 
TS-120A/ AP 

For calibrating "close-in" or precision range units. Marker pips every 
500 yards-phaseablc (Accuracy ±0.1% between pips.) 

TS-358/U For calibrating remote PPI 's and range units . Markers a re at mult i-. pies of 1, 5, 10, a nd SO radar miles (2000 yards = 1 rada r mile). 

60 ACZ For calibrating ra nge. This has an oscilloscope unit incorporated. 
Similar to TS-100/ AP except for marker interva ls. 

60 ABZ (Not crystal contro lled.) Liquid tank unit. 
Simila r to ra nge unit of Model SE radar. 

Accuracy 15yds. ± 0.1o/c. 

Repair Kit, CZY For simple, on-t he-spot checks and repai rs. 
Emergency Electronic 10223 

Synchroscopes TS-34/AP For viewing 0.25- to 30,000-microsecond pulses a nd ot her video 
TS-34A/A P waves; a lso for observing sine waves from 30 cycles to 1 Me. Has 

2-inch t ube. 

TS-28/U PN For viewing wave shapes. Puts out trigger. Frequency range is 
1000 cycles to 5 Me. Has crystal calibrator giving marker pips spaced 
by 2, 10, and 25 microseconds. IFF video test set. Has 5-inch tube. 

60ACB F or viewing wave shapes. Freq. ra nge 3000 cycles to 1 Me. Puts out 
trigger. T his is pa rt of LZ eq uipment furnished to certain yards. 

Synchro Tester Mark 2 Checks selsyn leads to remote PPI 's, etc. (TS-417 /U PPI checker, a 
clifTerent device, listed on a llowance lists, 
buzzer ca n be used to check video leads. ) 

has brcn cancelled. A 

Tube Testers OD Series \Vith adapters types -!9396, 49397 and 49398. For checking receiving 
(Mutua l conductance types) tubes. Cha racteristic curves may be made using OD Series. 

OQ Series For checking receiving type tubes. Less elaborate tha n OD Series. 

OZ Series For checking receiYing t ubes in the ficlct . Hickok Model 540-SSOX. 

OCL Newest portable tube checker anct mult i-meter. T empora ry books 
have only partial tube list ings. More complete list is forthcoming. 

\'oltage Dividers T S-89/ AP For sampling h-, · ,·ideo to a llow inspection on ~ynchroscope. Rat io 

II' 100-to- 1 a nd l 0-to-1. Maximum voltage 20 kw on 100-t o- 1 ra nge. 

62 1-l-2 For usc with oscil loscopt' to ,·icw , ·ictco pulsl' by direct connection 1 o 
62 153 pla1cs nf scope. 
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FIGURE 1- Mark 32 !Hod I IFF system i11dicator and antenna lobe pa!tems showing: A - Target in center line of the 
tll'o lobes. B- Target to rigbt of ce11ter of the two lobes. C- iarget to left of renter of the two lobes. 

Mark 32 Mod 1 Radar Equipment 
Electronics Field Service Gro11fJ 

• Several inquiries from engineers and sh ip's personnel 

indicate a need for add it ional information on the Mark 
32 Mod 1 equipment used for identification purposes 
with the Mark 4 or Mark 12 fire-contro l radars. T he 
questions raised indicate a lack of information on instal­

lation of the antenna and Iober, and the operat ion of the 
identification indicator. This is particularly true where 

the installation work is being carried out by ship's forces. 

In line with these inquiries, it is hoped that the following 

wi ll assist engineers and ship's personnel in mak ing 
installations as well as covering several points which may 
have proven confusing. 

The Mark 32 Mod 1 system consists of a BN Inter­
rogator-Responsor, a Navy Type CTZ-50ACW Duplexer, 
a Mark 1 Mod 0 Identificat ion Indicator, a Mark 1 Mod 
0 Radar Lober, and either a Mark 2 Mod 0 Identification 

Antenna for Mark 4 Radars or a Mark 3 Mod 0 Identifi ­
cation Antenna for Mark 12 Radars. 

The first four of these components are furni shed to­
gether, but the antenna must be ordered separately, de­
pending on whether the equipment is to be used with a 
Mark 4 or Mark 12. There are also spare parts boxes, 
one for the BN and one for the remainder of the equip­
ment. The temporary instruction books ( 2) and supple­
ments (Ships 350) for Radar Equipme nt Mark 32 Mod 
l are packed in the latter box. Two instruction books 
fo r the antenna system (Ships 353 for Mark 12) are 
packed with the antenna. Also included with the an­

tenna is the mounting bracket for the Iober, since the 

mounting of the Iober assembly differs with t he Mark 4 
and Mark 12 installations. 

BuOrd drawings for installation of the Mark 32 Mod 
1 radar are available from Electronics or Ordnance Offi-

cers at navy yards. T hese drawing numbers for various 
equi pments are as follows: 

Mark 32 on Mark 4 Radar.. .............................. .423811 
Mark 2 Mod 1 Antenna Asscmbly ............... 591027-33 
Mark 32 on Mark 12 Radar ............................ .423812 

M ark 3 Mod 1 Antenna Assembly ........... .590961-69 

incl. 

incl. -

The correct spare parts are supplied with each type of 

antenna ; space is provided in the spare parts box sup­
plied with Radar Equipment Mark 32 for the storage of 

these p arts. 

OPERATION 
The Mark 32 Mod 1 p rovides rapid and accurate iden­

tification of a ta rget. Th is is accompli shed by using 

antenna lobe switching and presenting only a small por­

tion of the I FF video beginning with the radar range 
marker on an expanded sweep of a separate indication. 

As the antenna lobing is switched from left to right the 
video is synchronously switched f rom one horizontal 
plate to the other. T he sweep is applied to the lower 
vertical plate and deflects the beam in the upward direc­
tion. This g ives a back-to-back " R" pattern, as shown 
in the figure. Horizontal and vertical guide lines are 
provided in front of the indicator scope screen. The 
upper horizonta l line and small horizonta l mark are to 
be disregarded. 

T he indicator sweep is adj ustable between the limits 

of 30 and 50 microseconds. This sweep and the un­

blanking-pulse generator are triggered by the fire-control . , 
radar range marker. Consequently, only signa ls from ~/ 
transponders at or slightly beyond the range of the radar 
target wi ll be displayed. T he rada r range marker of the 

I 
J 

· ~ 

associated radar is in the form of a notch in the radar 
trace. When the operator ranges on a ta rget he adjusts 
the range crank so that the target pip will ride inside the 
notch. T he transponder returns associated with this tar­
get wi ll then appear on the IFF ind icator. If the target 
changes range, the operator adjusts the range crank to 
keep the target pip in the notch. The IFF response in 
th is case wi ll continue to appear in the same position on 

the IFF indicator sweep. 

W hen the rada r antenna is bearing on the target, the 

IFF signal wi ll also be on the target. T his wi ll provide 
equal signal pickup in each IFF lobe, which in tu rn will 
produce equal deflection to either s ide of the center of 
the IFF display as shown in figure l A. T he r-f and 
video switches are so synchronized that during left- lob­
ing of the anten na array the received s ignal is fed from 
the receiver th rough the left video channel, and during 
right- lobing through the right video channel of the indi­
cator. Each video channel is coupled to a horizontal 

deflection p late. Consequently a received IFF response 

produces a dua l pattern ,i one to the r ight and one to the 
left of the vertical sween li ne. If the target is located in 

1!\.Wne with the cross-over ' point of . the t~vo ante~1n a-lobe 
.~attern s as in figure lA, the recetved stgna l wt!l be of 

~qual strength during right and left lobing. T he patte rn 
appearing on the ind icator will then be symmetrical on 

each side of the sweep line, i ~dicating that the IFF 
antenna is bearing directly on the target. Since the IFF 
antenna is a l ign~d with the fi re-control antenna, this 
would mean that the IFF signals were being received 
from the target in the range notch. H owever, if the re­
plying target is to the right of the center as in figure lB, 
or to the left as in figu re lC, the pattern on the ind icator 
scope will be of greater amp litude on the wrresponding 
side of the base line. 

CHANGES 
During early production of the Identification Indica­

tor, certain modifications were incorporated which are 
not included in all equipments. These changes are sum­
marized in the following paragraphs as addi tional in ­
formation to engineers and sh ip's personnel. Equ ipments 
should be checked to ascertain if the changes have been 
made. 

T he p late load res istor (R-11) of V 2B should be 4700 

ohms instead of 2200 ohms. This increase in resistance 
is made to increase the amplitude of the unblanking 
pulse. Mark 32 indicators with se ri al numbers 1 to 169 

inclusive have the wrong type o f "IFF-GAIN" ' potentio­

meter. It should be replaced with the gain control from 
the BN spares, item 159. 
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Ranging With the SU Radar 
Electronics Field Sen ·ire Group 

• It is true that seYera! calibration procedures may be 
employed with equally accurate results as long as the 
same method is also used for rang ing. In the interests 
of uniformity and in order to avoid confusion among 
operators it is recommended that the follow ing method 
be employed: 

When calibrating the range d ial , the MAX and MIN 
SET contro ls shou ld be adjusted so that the image ap­
pears as in figure 1. In lining up the range step with 
the echo signal, the center of the range step should be 
made to coincide with the center of the leading edge of 
the signal as shown in figure 2. 

W ith the range selector on 8,000 yards and with 
markers ON, adjust unti l the fi rst marker coincides wi th 
the leading edge of the image of the transmitted pulse 
on the A scope. The trace from the bottom of the first 
marker to the top of the transmi tted pulse image should 
he a straight line as shown in figure L. This pattern 

must be attained before the equipment can be calibrated 
accurately on the 8,000 and 40,000-yard sc~l es .. The 
calibration for the SUj SU-1 equipments wh1ch _1s de­
scribed in the instruction books was established w1th the 
assumption that, since the range potentiometer is l i~ear 
for all practical purposes, the range error at all pomts 
on the range dial is so small as to be negl ig ibl~. ~t 
developed that there is some non-linearity in the CtrC~It 
resulting in a range error which tends to increase With 
range, regardless of the range scale used . In order to 
distribute the error more evenly over the enti re range 
of each scale, thereby reducing the error at the O:id ­
point, it has been agreed to standardize on the followmg 
calibration procedure, which will appear in the final 

instruction book for the SU equipments : 

Change "Chapter III- Operating Inst ructions, 3.1 =I!; 
General Procedure", steps 6 th rough 16, to read as 
follows : 

6--Set range dial to read 2,000 yards. Adjust 8,900-
~yard MIN SET control until range marker (drop of 
~trace on range scope) coincides with the second pip. 

7-Set range dial to read 6,000 yards. Adjust 8,000-
yard MAX SET control until range marker coincides 
with the fourth pip. 

8-Repeat steps above as many times as necessary ( 3 
or 4) to obtain consistent adjustment over entire range. 

9-Put RANGE SELECTOR on 40,000 yards. 

10- Set range dial to read 10,000 yards. Adjust 
40,000-yard MIN SET control until range marker co­
incides with the sixth pip. 

11- Set range dial to read 30,000 
yards. Adjust 40,000-yard MAX 
SET control until range marker co­
incides with sixteenth pip. 

FIG URE 1- Pattem that sboNld be 
obtained when adjflsting the calibra­
tion. Tt·ailing edge of first marker 
and leading edge of transmiffer 

- p11lse should form straight line. 
Note also the appearance of f oNrtb 

range marker at bo!!om of step. 

12-Repeat above steps as many times as necessary 
until adjustment is satisfactory. 

13-Put RANGE SELECTOR on 80 miles. 

14-Set Range dial to read 19 miles. Adjust 80-mile 
MIN SET control until range marker coincides with 
fourth pip visible. (This is actually the fifth pip on the 
series, as the first pip is not visible on the screen.) 

15- Set dial to read 59 miles. Adjust 80-mi le MAX 
SET control unti l range marker coincides with the 
twelfth pip. 

16--Repeat above steps until adjustment IS satis­
factory. 

FIGURE 2-Correct method of 1/leas­
urinl; range 0 11 a target . The middle 
of the step sho11ld coincide u•itb the 
middle of the leading edge of tbe 

erho . 
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MARK 12 F IELD CHANGE No. 14 

T he incorporation of Fie ld Change I o . 14 in the 
Mark 12 radar equipment has resulted in some post­
installation difficulties. One difficu lty reported as oc­
curring f requently is in the range unit, evidenced by un­
mesh ing of the idler gear under slewing operation. This 

troubl e has been reported by both Western Electric Co. 
rep resentatives and nava l personne l. 

It has been fou nd that the id ler gear which replaces 
synchro Bl in fi eld change No. 14 must be locked very 
securely or e lse the idler gear will be forced out of mesh 
by the torque of the slewing operation. To insure that 
the id le r gear will not change position, check to see that 
the springs and clamps which he ld the synchro in place 
were replaced with steel washers. T hese shou ld be tight ­
ened with the socket wrench provided as part of the 

range un it (mounted in fuse cl ips on the inside of the 

tover, lower right-hand side) un til the assembly is guile 

fi rmly in p lae<: . No trouble has been encounte red with 

idler gear assemblies which are known to have been 

p roperly tightened on installation . This indicates that 

t he t hange is adeguate for the purpose intended if cor­
recti}' installed. 

If the above procedure does not correct the difficu lty, 

the following procedure is recommended. When a range 
unit is encountered having the maximum depth of recess 
in the chassis plate permitted by manufacturing tolerance 
limits, the clamps mentioned above will fail by 0.002" 

to bear on the plate. The clamps wi ll not, therefore, 

prevent the id ler gear bracket from rotating away from 

its p roper position. Al so some of the clamping washers 
supp lied may be tapered, or "crowned' ' by a slight 

amount instead of being absolute ly Aat, maki ng the 
outer edge further away from the mounti ng plate than 
the center. A combinat ion of all the tolerances in th : 
wrong d irection wil l cause the method fi rst expla:ne' 
above to be ineffective. 

The second remedy for this difficulty is to cut a piece 
of shim brass stock 0.005" thick and install it between 
the idler gea r mounting bracket and the chassis. Th i.; 

~hi~knes~ should be sufficient for the toughest cases. The 
1ns1de d1ameter of the shim should be 2 inches wh ile 

the outside diameter should be 2.5 inches. Thi s metho\IP' 
shou ld be used only after the firs t method described has ~ 
been tried and failed. 

- W estem Electric. 

MK 281 34 DUTY CYCLE ADJUSTMENT 

In the Mk 28 and Mk 34 systems, a broader tolerance 

s now specified for the average current in the 1200-volt 
supply to the modulation network. The present instruc­
tion books speci fy 175 milliamperes at 1200-volts. This 

is now revised to between 165 and 200 milliamperes at 
1200-volts. With the establishment of these broade r 

limits, the feedback waveshape may show a "b reak" at a 

point other than the optimum change in slope. However, 

this will not appreciably affect the efficiency of the modu­

lator circuit. 

The above considerations are of value when the Duty 
Cycle Monitoring Meter (Mk 28 Field Change No. 15-
Mk 34 Field Change No. 3) is installed. The D uty 
Cycle Adj on the modulation generator unit should then 
be adjusted so that the DCM Meter needle is midway 
between the red marks. Then with pulse rate at 1800 

cycles (mid point of potentiometer rotation) , and with 
the HV at 1200 vo·lts (108 volts a.c. on plate supply 

meter) , the average current should be between 165 and 

200 milliamperes. 
-W estem Electric 

STACK GAS CAN BE HARMFUL 

Regarding the safety of personnel engaged in the 

installat ion or maintenance of SX antenna assemblies, as 
affected by stack gases, the following incidents are re· 
ported. Each is claimed to be true, and not just rumo r : 

l - In Boston Navy Yard, a civilian yard electrician 
was working at the top of the mast, and the stack exhaust 
was blowing h is way. H e worked in it for half an hour 

and then came down, complain ing that he cou ldn't stand 
it any more and would have to wait until it cleared. 

About an hour later he became sick at his stomach and 
the Y ard Dispensary sent him home. H e was taken to 

the hospita l that nig ht and died the next day. 

2- Jn Norfolk Navy Yard, a G.E. field eng ineer was 

~orking on the mast with an enlisted man. T~1e engineer 
went below to get a meter, and when he cl1mbed back 
up the stack to the top platform he found the Navy man 

unconscious. T he engineer had to go down and get a 

gas mask and some help. The man was lowered to the 

flight deck with a rope where, sometime later, he was 

revived . 

3-ln Pearl H arbor, an enl isted man was OYercome br 
stack gas and had to be rescued by other members of the 
crew. H e also recovered. 

There are p robably many othe r incidents that were not 

publicized. They show that stack gas sometimes gives no 

warning and can cause illness and loss of consciousness. 
or even death as a result of a fall from the mast. 

- General Electric. 

Bureau Comment: Ordina ry Smoke Respirators, Bu­
reau of Ships #S-2 3-R-1 6900, will fi lte r out smoke par­
ticles and obnoxious fumes but offer no protection against 

carbon monoxide, which is one of the gases prevalen t in 

stack smokes. While the possibi lity of this gas building 
up to hig h concentrations in the open is remote, the 

results of prolonged exposure to even small concentra­
tions accumulate and can be lethal. According ly, if per­
sonnel are in confined or poorly ventilated spaces sus­
ceptible to the ent rance of stack gases, the Type A-1 
Oxygen Breathing Apparatus, Bureau of Ships #S-23-B-
69850, should be used. 

* 

WIRING ERROR IN 50-1/S0-8 

Attention is invi ted to the fact that the in te rnal wiring 

of the S0-1j S0-8 Bearing Control Unit was incorrect. 
Correction of this error was instituted in production with 

SO-l RX-1006 ki t No. 1997 and S0-8 RX-1156 kit No. 
1117. Earlier kits must be corrected in the field. The 
change is simple and requ ires on ly a few minutes to 

accompl ish. 

The basic difficul ty is that between the Bearing Con­
trol Unit step motor and the terminal strip E-1410, the 

leads 4 (214) and 5 ( 215) are reversed. This would 
normall y resu lt in the sarpe po la ri ty at each step-motor 

coil except for the fact that some current passes through 
the un used coils in a repeater. A simp le test will reveal 

if the leads have been reversed. Discon nect the external 
cabli ng to terminal 214 and 215 on E-1410. Connect 
one lead of an ohmmeter to tcrmi n.d 2 15 and test be­

tween the pilot lamp socket and terminal 5 on the ter­
m ina l strip attached to a direct connection between 

terminal 215 on E-1-ilO, te rminal 5 on the step motor 

strip, and one side of the pilot lamp. 1f the connections 

are not proper, a resistance o f several hundred ohms will 

be indicated between terminal 2 1 5 and terminal 5. 

If the wiring is reversed. it may he corrected in the 
following manner : 
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Remove the can on the step motor side of the Bearing 

Con trol U ni t, disconnect the external cabling to terminals 

214 and 215 on E-1410, remove the marker number strip 

on E-14 10, and remove the second screw in the Jones 

strip at terminals 214 and 215. N ext lift up the Jones 

strip soldering busses on 214 and 215 and reverse them. 

Replace screws and marker strip and reconnect the ex­

ternal cabling. D o not reverse the external cabling to 

214 and 215. 

With a pencil , write "4 and 5 ok' ' on the inside of the 

cover so that the work will not be duplicated. Then 

replace the cans on the Bearing Control Unit. 

- Rtqtheon 

Maintenance of Electrolytic Capac it ors 

The following information appears in the preventive­

maintenance section of the new SV-1 Instruction Book 

Ships 341. T echnicians should make use of th is informa~ 
tion in the servicing o f any electronic equipment con­

taining electrolytic capacitors. 

All electrolytic capacitors should be rep laced afte r a 

period of 3V2 ye3,4s from the date of manufacture, which 

is usually stamped on them. If a rectifier unit is not 

heing used in service it should be operated for a period 

of at least one-half hour every 18 months to restore the 

fi lm on the plates. Since an electrolytic capacitor not 

co~nected to a vo ltage fo r more than 18 months may be 

rumed, the technician should remove these capacitors in 

spares and connect them across 300 volts for at least 

one-half hour every 18 months. T he positive terminal 

of the capacitor should be connected to the positi ve: 

polanty of the supply. This terminal is marked positive 

or With a red dot. Note the voltage rating on other than 

high-voltage capacitors so that the process of restoring 

the: film does not ruin a low-voltage unit, and apply a 

'oltage not greater than the rated voltage. 

- If/ est em Electrir. 

TS-35A/ AP SIGNAL GENERATOR 

Since its fi rst appearance in the fleet several chan~ 

have been made on the TS-35A j AP Signal Genera~ 

both by field modifications and by design cl1anges incor­

porated at the factory. The more important of these 

design changes, together with certain changes in the 

operation of the set, are of particular importance to the 

technician·. It is suggested that this information be in ­

corporated in the instruction book (Ships 339) which 

accompanies the TS-35Aj AP. 

Power Supply Regulating Range A djustment: In set~ 

having serial numbers lower than 103, R-105 is a fixed 

320-ohm resistor and the sets as delivered regulate for 

a-c inputs from 105 to 125 volts. In a few cases replace­

ment of the 2K25 tube may shift this regulating range 

slig htly and no field adjustment of regulating range was 

provided. In sets having factory serial numbers f rom 

103 to 1999 inclusive, R-105 is a 250-ohm adjustable 

resistor and is supplemented by a fixed 100-ohm resistor 

R-180 and a switch S-llO. T he circuit arrange(\lent is 

shown in the figu re. R-105 is adjusted at the factory 

and fi eld adjustment is not recommended. Switch S-llO 

should be in the H IGH position (open) on a-c line 

vol tages above 115 and in LOW position (closed ) for 

line voltages below 11 5. 

Stabilizing the OsciJJator Freque11cy A djus/me/11/1) 

W hen the cavity tuning ot a 723Aj B or 2K 25 tube has 

been readjusted to make a large change in frequency, 

mechanical stresses in the metal shell may cause f re­

q uency drifts unless these stresses are re lieved by flexing 

the tube bows several times around the point of desired 

adjustment. T his is not necessary for small readjust­

ments, but when a major change in frequency is made 

the procedure g iven below should be followed after 

the desired frequency has been found by adjustment 

of the control setting in accord ance with the instruction 

·book: 

T he setting of the FREQ control which gives the 

desired f requency is designated "setting A" . T urn 

fREQ control about five full turns clockwise and back 

again to "setting A" . Turn FREQ contro l about five 

fu ll turns counter-clockwise and back again to "setting 

A" . Repeat this procedure, but make only four turns 

in each direction. Continue th is process making th ree 

turns, two turns, and one tu rn in each di rection . Re­

check the frequency and make any small read justment 
rec1u ired. 

Freque11cies outside 8500-9600 i\1egaryde Ra11ge: The 

f requency meter calibration card on the panel of 

TS-35 Aj AP appl ies only when the input frequency ~) 
between 8500 and 9600 Me, and false results may be: 

obtained if a frequency outside this range is int roduced. 

T he: rc:ason for this is that the calibration is based upon 

adj usting the length of a coaxial li ne in the frequency 

- eter to 15 quarter-wavelengths of the applied fre­

~uency, but the line will resonate also at other odd 

numbers of quarter-wavelengths such as 13 o r 17. For 

example, a frequency of about 9860 megacycles will 

g ive a 17 quarter-wavelengths resonance ind ication at 

the same frequency meter sett ing as the 15 quarter-wave­

length ind(cat ion for 8 500 megacycles. T h is would be 

mistaken for the latter frequency on the basis of the 

calibration card . 

In general this wi ll cause no d ifficu lty in transmi tter 

frequency measurements since the correct f requency is 

usually known within about 75 Me. W hen adjusting 

the frequency of Signal Generator TS-35Aj AP, the 

frequency range of some 2K25 tubes is so great that the 

caution given in the instruction book (Ships 339, Sec. 

2, Par;. 5h) in exceptional cases may not be sufficient to 

avoid a false frequency adj ustment. To avoid a possible 

false setting, the oscillator setting should be somewhere 

within the 8500-9600 megacycle band before starting 

the frequency adjusting procedure given in the instruc­

tion book. This can be assured by first setti ng the 

FREQ control in its maximum counterclockwise posi­

tion, and then rotating it 17 turns in a clockwise direc­

tion. O bviously this step will not be required for small 

~readjustments o f f requency or if it is known that the 

Arrangement fo r adjflsting power supply regflltlt:ng 
ra11ge in TS-35Aj AP units. 

control setting has not been moved outside the 8 500-

9600 megacycle band since the osci llator was last used. 

Numerical Frequency V alues 011 Calibration Card: On 

units having serial numbers above 999 the f requency 

meter cali bration chart shows actual frequencies instead 

of the arbitrary letter symbols formerly used . Steps re­

qui red to convert lette r symbols to f requencies o r fre­

quencies to letter symbols are un necessary when f re­

quencies are shown directly on the chart. 

Cord CX -790j U: A ten- inch power cord was fur­

nished with sets having serial number 850 and above. 

T his cord serves as an adapter when operating power 

~or the TS-35 Aj AP is obtained from an ordinary com­

mercial 11 5-volt power source. O ne end is equipped 

with a standard parallel-blade plug cap ( H ubbell No. 

7057) and the other end is equipped with an AN-3102-

22-l OS receptacle which fits the AN-3106-22-l OP four­

prong male plug on power cord CX-1 28j AP. 

lVIeamrement of Receiver Effective Sensilivity,­

A itemate Method: Section 2 paragraph 9a and figure 

2-9 of Ships 339 describes a method o f receiver sensitiv­

ity measurement using a "class A" oscilloscope in \vhich 

the test signal strength ·is adjusted to g ive a signal-plus­

noise pattern twice as great in amplitude as the noise 

pattern. An alternate method preferred by some opera­

tors is to adjust the signal to g ive a signal pattern just 

barely d iscernible above the noise pattern. If the 70-db 

attenuation in the sig nal generator is not enough to d o 

this the signal can be atten uated further by means o f a 

calibrated cord or attenuator inserted between the signal 

generator and the receiver. A 10-db reduction can also 

be obta ined by adjusting the output to 0.1 mill iwatt 

(mete r reading of 10 instead of 100) . 

Whether the barely-discernible pattern or the double­

height pattern is used must be taken into account in 

judging the result of the measu rement, since the d iffer­

ence between results obtained by the two measurements 

is of the order of 8 db. T he barely-discernible pattern 

method had some advantage in that the results are more 

nearly comparable with measurements made with echo­

box test sets. 
-BeLl Labs. 

* 
SR/ SRa RECEIVER ADJUSTM ENT 

When the r-f tubes (V-201, V-202, and V -203 ) in 

the Monitor Receiver a re replaced it may be observed 

that the perfo rmance of the receiver d rops below normal. 

It has been found that when these tubes are replaced it 

is necessary to readjust the trimmer capacitor C-207 on 

the r-f sub-cl1assis. Th is is particularly true when a type 

2C40 is substituted for a type 446A. 

U sing the echo response on the Monitor Scope as a 

tuning ind ication, adjust C-207 with a non-metal lic tun­

ing tool. Rock the receiver tune control "F" con tinu­

ously during the: adjustment to keep the echo response 

maximized. 

The change required in the tracking adjustment is 

usually relatively small for equipments in the yellow­

greell band , and the improvement in performance may 

not be too noticeable. For those sets in the blfle band. 

however, the change may improve the performance by 

as much as 2: l in some instal lations. 
-E.F.S.G. 

* 
Prompt submission of the Signal Equipment Failure 

Report used by Marines is essent ial to accomplish 

prompt correction of a defect in Marine Corps signal 

gear. 
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WIRING CHANGE IN MK 29 RADAR 

Reports and requests from the field for replacement 
parts indicate that excessi-,e wear is occurring in the 
aided-tracking section of the range uni t in the Mark 29. 
The wear shows up in scoring of the variable-speed drive 
ball as well as in the integrator disc and associated gear­
ing. A g reat deal of the wear occurs when the Time 
Constant control knob is set at zero range rate, where­
upon the unit operates continually with no output. 

At present the aided-tracking motor B-501 may run 
in either the ''operate" or "standby" condition of the 
radar. The following change is recommended to cause 
the motor to run only in the "operate" condi tion. The 
Bureau of Ordnance requests that all ships and activities 
having installations of Radar Mark 29 Mod 2 effect the 
wiring change as follows: 

In junction box CW-62090, remove lead 0-BK from 
terminal T-1618 and connect it to terminal T-1 620 in 
the same box. (This lead mns from range- rate motor 
B-201 in the range rate unit to the junction box.) Other 
leads to these terminals are to remain as before. 

. Upon completion of this change it should be recorded 
111 the instruction book used with the equipment and 
reported to the Bureau of Ordnance (code RE4F) by 
postcard. 

- W,estem Electric. 

* 
SPARK WHEEL_REMOVAL ON SL 

Reports from the field indicate that considerable 
trouble has been encountered by inexperienced personnel 
111 attempting to remove the spark wheel from the SL 
radar equipments. In order to avoid unnecessary work 
and possible damage to the equipment when removing · 
and replacing th is component, it is suggested that techni­
cians foll ow th is procedure: 

To loosen the motor shaft nut it is necessary that the 
spark wheel assembly be prevented from turning. To 

prevent this natural tendency to turn requires patience 
and the correct method of blocking the assembly. DA 
not block on the spark wheel pins because they are ve~ 
brittle and will snap off when pressure is applied to the 
nut. Use a double open-end wrench with 5j l6" and 
13 / 32"-openings. Place the larger opening of the 
wrench on one of the round bars that support the sta­
tionary electrode assembly. Engage -the smaller opening 
of the wrench with one of the hex nuts in the outer row 
on the spark wheel. 

Ordinary methods of applying pressure oftentimes 
fail to accomplish the removal of the wheel after the nul 
has been removed. To meet this situation a wheel puller 
has been devised. This consists of a piece of steel or 
brass approximately ~" thick, 1" wide, and 2 Y2" long. 
Three holes are drilled as shown in the figure. The center 
hole is drilled and tapped for a # 10-32 brass screw. An 
alternate method is to use a nut through which the center 
screw is screwed, thus accomplishing the same purpose­
applying pressure on the center of the motor shaft. The 
two outer holes are a loose fit for the # 10-32 screws. 

To use the wheel puller, first remove two opposite 
screws that hold the spark wheel to the hub. Then 
screw the two 2~" screws of the wheel puller into these 
~crew holes. The exact depth the screws are inserted is-> 
not critical but the puller plate should be parallel with -­
the wheel so that the wheel will have no tendency to 
bind when pressure is applied. The final step is to screw 
in the center screw, putting pressure on the center of the 
t:Jotor shaft until the spark wheel is pulled off the shaft. 

k J..::---1 k,---1 16 '"l 
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~-------==REMOVE TWO 
OPPOSITE SCREWS 

Echo Box Data 
There may be technicians in the fleet who are in doubt 

as to what echo box should be used with their particular 
radar. Although it may be possible to use a certain echo 
box with several models of radars, the following list 
indicates the correct box to be used with the equipments 
listed. 

Table /-Preferred TJ'pes of Tuned Ecbo Boxes for Use Witb Sbipboard Fire Control Radars 

TUNED TUNED 
MODEL ECHO BOX NOTES MODEL ECHO BOX NOTES 

i\Iark 4 
ta-rark 8 Mod 2 
\~[ark 8 Mod 3 

Mark 12 and 
Mods 0 to ..J. 

OBU Series 
TS-311A/ UP (or 
TS-3 11 / UP) 

TS-3-!9/ UP 

Mark 12 Mod 0 TS-311A/ UP (or 
TS-311 / U P) 

Mark 20 Mod 0 TS-9 1/ TPS-1 

Mark 20 Mod 1 TS-1 72/ UP 

Mark 22 TS-62/ AP 
Mark 25 Mod 2 TS-62/ AP, 

T S-2 18/ U P, and 
TS-3 11 A/ UP 

Obsolete 

Uses Mark 13 Mod 0 
Antenna and ST An­
tenna. 
Production to begin in 
February as a retro­
active field change. 

Marine Corps (trans­
portable). 
Marine Corps (Mobile 
land vehicle). 

Due to broad band 
there is a port ion of the 
frequency band not cov­
ered by these 3 tuned 
echo boxes. 

Mark 26 
Mark 27 
Mark 28 Mod 0 
i\'lark 28 Mod 2 
Mark 28 Mod 3 
Mark 29 Mod 2 
Mark 34 Mod 2 
Mark 34 Mod 3 

Mark 34 Mod 4 

Mark 35 Mod 2 

M ark 39 Mods 
0 to 3 

OBU Series 
OBU Series 
OBU Series 
OBU Series 
OBU Series 
TS-62/ AP 
TS-311/ U P 
TS-311A/ Up (or 
TS-311/ UP) 
TS-3 11 A/ UP (or 
TS-311/ UP) 
TS-62/ AP, 
TS-218A/ U Panel 
T S-311A/ U P 

T S-218A/ U P (or 
TS-2 18/ U P) 

Due to broad band 
there is a port ion of the 
frequency band not cov­
ered by these 3 tuned 
echo boxes. 

RADAR 
MO~EL 

Table Il-Preferred Types of Ttm ed Echo B oxes for Use With Sbipboard Search Radars 

RADAR 

SA Series 
SC and SK 
Series 
SO Series 
Sf' Ser ies 
SG to SG -le 
SG-.3, SG-..J. 
SJ Series 
S L Series 
SM Series 
(SOa, SO- l , 
S0-2, S0-8, 
S0-9, S0-13) 

.M)-3, SO-..J. \\..., 

ECHO BOX NOTES MODEL ECHO BOX NOTES 

OAA-2 
OAA-2 

OA0-1 
OBU Series 
OBU Series 
TS-275/ UP 
OBU Series 
OBU Series 
TS-270/ UP 
OBU Series 

T S-21 8A/ AP or 
TS-218/ UP 

Built in Echo Box type 
-1-J.AAT is not suited for 
comparison of va rious 
S0-4 's as is the 
TS-21 8A/ AP or 
TS-2 18/ AP. 

S P 

SR, S Ra , SR5 
SR-3, SR-6 
SR-2, SR-'~ 
SS, SS- 1, ST, 
STa ST-l 
su, 'su-1 

S\·, S \ 'a , SV-1 

sx. 

T S-270/ UP 

OAA-2 
Built in 
Built in 
TS-3 11A/ UP (or 
TS-3 11 / U P 
TS-218A/ U P (or 
TS-218/ U P) 
C\\'-1-lA BG (in 
RF package or 
TS-275/ C P) 
T S-270 10 [' and 
T S-275 t l -P 

T S-270/ UP is more de­
pendable than the i\ Iar­
a thon tuned echo box. 

T S-270 is in prod uct ion 
T S-27 5 / L'i' is beginning 
production. 
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NAVY TYPE NUMBER INFORMATION 

for the past few years the Bureau of Ships has been 
conducting a Parts and Spare Parts Survey. This survey 
consisted of analyzing all rad io, radar and sonar equip­
ments purchased by the Navy since 1939. Trained Naval 
personnel, supplied by the Electronics Field Service 
Group, performed the field work, visiting electronic 
manufacturer's plants and obtaining complete electrical 
and mechanical data covering 26 different types of com­
ponents that are ordinarily assigned Navy type designa­
tions. This information was sent to the Bureau, and has 
been prepared for publication in the following manner: 

!-Supplemental or revised parts lists for instruction 
books covering the more popular equipments that will 
be maintained by the Navy for peacetime use. These 
supplemental parts lists include all of the Navy type 
numbers assigned as the result of the Parts and Spare 
Parts Survey and will be d istributed through the Vl\,fious 
Electronic pools. 

The following is a list of revised parts lists which are 
now being printed : 

RBO 
RB0-1, 2 

BM-BO 
BN 
DAE, DAE-1 , DAE-2 
NMC 
QJB 
RBA, -1 , -2, -3 

RBG, -1, -2 

RBK-1 to -14 
RCH 
RCK 
TCS thru TCS- 5, -7, -9 thru -12 
TCS-6 
TCS-8 
TCZ 

2- Master catalog sheets showing all electronic com­
ponents, if assigned Navy type des ignations, arranged 
by Navy type number. These master catalog sheets wi ll 
include as many of the 26 common types of components 
as is possible. The sheets will be ararnged by component 
and will include a cross index showing manufacturers 
part number, Electronic Supply Annex stock number and 
Aviation Supply Office number. The main section of the 
sheets will include listings of the components showing 
dimensions, electrical data and illustrations. These lists 
will be distributed direct to all sh ips and shore activities 
concerned with electronic equipments. 

These sheets will not all be published at once. T he 
first g roup wi ll consist of descriptions of three classes of 
components and will be distributed in a loose-leaf binder 
bearing the title '"List of Electronic Components ar­
ranged by Navy Type Numbers (NavShips 900,11 3). 
Other classes wi ll be printed and distributed later and 
upon receipt can be inserted in the binder. 

Comments from the field on the above publications 
will be appreciated. 

PUBLICATIONS 

DOWNGRADED 

• The Bureau of Ships has completely reviewed its elec­
tronics publ ications in view of recent security d irectives 
and as a result has downgraded many of them. These 
new classifications are officially established in a letter to 
all Ships. and Stations identified by the fi le " Security-4 
EN 28j A2-ll Serial 993b-24" . 

A large number of the publications which were for­
merly rest ricted or confidential are now unclassified. It 
is hoped that these security reduct ions will make it easier 
to handl e and use them. However, according to the 
present Bureau policy, it is still not permissible to issue 
personal copies of any of these publications even though 
they are unclassified. 

The fa llowing is a list of publications issued by the 
Bureau together with the short title, classificat ion (recent 
changes indicated by the sign t ) , and a list ing of t~ 
type of activities to which the publications are furnishe<i: 
Activities requiring any of these publications may obtain 
them by writing the Bureau of Ships. 

Short Title Name Classification Distribut ion 

~~============================== 
NavShi ps 943-02 

Na, ·Ships 903-5 

NavShips 903-6 

Na,·Ships 903-7 

NavShips 900,008 

Na,·Ships 903-9 

_ iavShips 900,011 

Na vShips 900,0 12 

NavShips 900,013 

NavShips 900,0 14 

NavShips 900,0 16 

NavShips 900,017 

N avShips 900,020A 

NavShips 900,021 

~avships 900,022 

~ 
NavShips 9C0,023 

Na vShips 900,024 

NavShips 900,025 

NavShips 900,026 

NavShips 900,028 

NavShips 900,029 

NavShips 900,031 

NavShips 900,038 

NavShips 900,C39 

NavShips 900,041 

NavShips 900,042 

NavShips 900,C43 

NavShips 900,045 

NavShips 900,046 

NavShips 900,047 

NavShips 900,048 

~vShips 900,049 

\\. 7avShips 900,050 

Prediction of Sound Ranges from Bathy- C 
thermograph Observations 

i\,licrowaves and Waveguides U t 

S.-\ Instruct ional Diagrams Ut 

The Klystron Ut 

Radio Frequency Transmission Lines Ut 

SC/ SK Instruct ional Diagra ms Ut 

Radio and Sound Bulletins-Quarterly­
Issues 1 to 18 Superseded 7/ 1/ 45 by BuSh ips 
Electron 

Elements of E lectricity a nd Radio 

Timing Circuits 

Instructions for the Operation of SO Series 
Radars 

Rada r E lectronic Fundamentals 

Radar Sy~tem Fundamentals 

Communica tion Equipment i\ la intenance 
Bulletin- monthly 

Instructions for the Operation of SA Radar 

Radio Installation Bullet in-published 
weekly 

Sona r Equipment Log 

Ha rbor Detection Bulletin 

Sona r Bulletin pub. monthl y 

i\ laintenance Manual for QCS, QCS-1, 
QCT, QCT-1, QCQ-1 , QC R- t 

iVI icrowave T echniques 

Ins tructions for the Operation of SF /SF- I 
Radars 

Advance Base T eletype Insta llation and 
l\ la intena nce Practices 

Impedance and Admittance Di~grams for 
T ransmission Lines and 'vVavegllldes 

Radio Equi pment Log 

Instructions fo•· Operat ions o f SA2-PPI 
Radar 

iVIa intenance Ma nua l for \VEA-2 

i\ lain tenance Ma nua l for J P-1 / -2/ -3 

l\ laintenance Manual for \VCA / V•/CA- 1 

Maintenance Manual for QCQ-2 

:\laintenance Manual for BD! 

SeiTo-Synchro Block Diagra ms for Ship­
boa rd Radar Equipments 

SF / SF-I Inst ructional D iagrams 

Ins tructions for Operation of S.'\2- PPI with 
J F Recei , ·cr 

R 

Ut 
Ut 

Ut 

Ut 

Ut 

R 

Ut 

R 

R 

R 

R 

Ut 

TJt 

Ut 

u 

Ut 

R 

U t 

Ut 

Ut 

Ut 

Ut 

R 

R t 

Ut 

t Indicates recen t change. 

To a ll surface vessels ha ving sonar gear. 
A/ S Schools and other A/ S activities 

To la rger ships, schools, and ma intenance 
activities 

T o ships having SA Radar, schools and 
maintenance activities 

To all sh ips and schools 

T o la rge shi ps, schools, a nd maintenance 
activ ities 

T o ships having SC/ SK R adar, schools, a nd 
maintena nce activities 

T o a ll activities concerned with rad io 

To la rger ships and to schools 

To rada r equipped ships, advanced radar 
schools, a nd ma intenance activit ies 

T o EO'~ for issue to ships having SO Radar 
and to schools 

To a ll sh ips ha ving radar a nd to shore ac­
t ivit ies concerned with rada r t ra ining, in­
sta llation o r ma intena nce. 

Same a s NAVS I-I I PS 900,016 

To all ships (except la nding craft ) T ype a nd 
Force Comma nders, a d vance bases, a nd 
major shore ac:tivities 

1 o shi ps having SA Radar and schools 

T o installation activities only 

T o a ll ships having sonar 

To a ll Harbor Detection Units, EO'S and 
ha rbor defense schools 

To a ll sonar equipped ships, main tenance 
act ivities a nd schools 

T o a ll ships havi ng the equipment 

To laboratories, advanced materia l scho0ls 
a nd principal ma in tenance activit ies 

Ships ha ving SF rada r and to schools 

T o advanced bases 

T o laboratories, schools and EO's 

T o a ll sh ips a nd stations on t he ba sis o f nne 
for each radio space 

T o a ll SA-2 equipped shi ps 

To all sh ips having the eq uipment 

T o a ll sh ips having the equi pment 

T o a ll sh ips ha,·ing the equipment 

T o a ll sh ips having the equipment 

T o a ll ships having the equipment 

T o main tenance act i,·it ies, repa ir ships, 
tenders, and schools 

To ships ha,·ing the equi pment a nd 10 

schools 

T o a ll shi ps ha ' ' ing the C'q u ipmc nt 
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Short Title 

::\TavShips 900,052 

::\avShips 900,055 

::\avShips 900,056 

::\TavShips 900,060 

::\avShi ps 900,062 

::\a vShips 900,065 

::\avShips 900,069 

::\avShi ps 900,070 

::\avShips 900,071 

::\a,·Shi ps 900,0i-! 

::\avShips 900,075 

::\avShips 900,076 

::\avShips 900 ,080 

::\avShips 900,08 1 

::\avShips 900,082 

~avShips 900,08-1: 

::\avShips 900,085 

::\avShips 900.086 

::\avShips 900,095 

::\avShips 900,096 

XavShips 900,097 

::\avShips 900,099 

XavShips 900, 100 

::\a vShips 900,101 

::\avShips~900, 102 

::\avShips 900,1 0-1-

:--:a,·Ships 900,105 

S hi ps 2-1-2:\ (a nd 
S upplement :\o. 2) 

S hi ps 27 S 

S hi p;, 2i 8 

O p 1303 

:\a ,·Shi ps 900 ,-l-1 -1-

:\avShips 900,-1-15 

:\Tame 

:VIecha nica l Shock 

\Vorkbook for Predictio n of Maximum Echo 
Ranges 

Inst ruct ional Radar D iagrams SGa / SG-1 

Loran Tra nsmi t ting Station l\lanual 

Prototype Radar Bea con Q uo nset Hut In­
sta llation 

Radar Equipment Log 

C se of S ubmarine Bathy thermograph Ob­
sen ·atio ns 

Hera ld Ranges 

SO Series :VIain tena nce Handbook 

Installatio n a nd :VIaintenance o f S ubmarine 
Cable fo r U.E.P. System of Harbo r Detec­
t ion 

Catalogue o f Elec tron Tube T ypes 

\ 'F Operation 

R emoving the Mystery from the AN No­
menclature 

In sta llatio n a nd M a in tena nce o f T ra nsmis­
s ion Lines, \Vaveguides, and Fit t ings 

SL-a/ SL-1 Instructio na l D iagra ms 

Installatio n a nd :vraintenance of Submarine 
Cable fo r U.E. P . Net Gate D etection Uni t 

1\otes o n Servicing Radio and Sound Equip­
ment 

Installatio n o f t he Army- Navy Instru ment 
Approach System SCS-51 

Trouble Shoot ing C ha rt for S0-1 / S0-8 

Radar :VIa in tenance Bulleti n (New ed it ion 
replacing X A VSH I PS 900,034)-monthly 

Shipboa rd RC:vl Installat io ns 

:\lo bile E lectro nic Unit s 

B uShips ELECTRO:'\ 

Calibrat ion of Shipboard Direction Finders 

Index of Army-Xavy R-F Transmissio n 
Lines and Fittings 

Servicing I FF Mark 3 Equipment with 
TS-1 8 2/ CP T est Set 

Ca talogue of E lect•·onic T est E quipment 

List o f l'\;1\·a l Radio, Ra dar a nd Sonar 
Eq uipmPnt 

Catalog ue of :\a va l Radio Equ ipmen t 

Lora n l lanclbook fo r Shipboard Operato•·s 

Inst ructio ns fo r the Opera t ion of SG Rada r 

So unci Material Ha ndbook 

l ' _ S. :\a , -y S ynchros 

:\l a in tt·nanre :\ lan ua l fo r WC A-2 

:\l ai nt Pna n c-e ma nua l for Q B E/ -1 / -3/ -3a 

t J nd ica tcs recent change. 

Classification 
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Ut 
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R 

Ut 
c 

Rt 
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Rt 
R 

Rt 
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Distribution 

T o manufactu rers 

To ASW Tra ining Activities 

T o a ll ships hav ing the equi pment 

T o activities concerned with Loran Shore 
S tatio ns 

T o concerned act iv ities 

T o a ll radar equipped sh ips. O ne book per 
equipmen t 

To subma rine a nd submarine activ it ies 

T o harbor detectio n a ctivities 

To ships having the equipment 

To activ ities conce rned wi th the equipme nt 

To a ll sh ips, rad io statio ns, a nd supply 
activ ities 

T o EO's and to ships having equipment 

Reprint of art icle in Radio_ and Sound Bul­
letin 

To la rge ships, installatio n, ma in tenance 
activ it ies 

To ships having the equipment 

To activities co ncerned wi th the equipmen~ 

T o a ll sonar equipped vessels 

T o activ ities concerned with the equipment 

S hips having the equi pment 

T o all rada r equipped ships 

To comma nds and insta lli ng a ct i,·it ies 

To comma nds 

All sh ips a nd act ivities conce rned with elec­
t ronics 

T o ca libration activ ities 

T o insta lla t ion acti,·ities 

To ma in tena nce act i, ·ities 

T o in sta llation, main tena nce. a nd pla nning 
activities 

To commands, schools, l enders, in stalla tion 
and ma intenance act iv ities 

T o comma nds, schools, tenders, installa­
tion and maintenance activities 

T o a ll Loran equipped , -essels and to schools 

T o shi ps having SG Radar and schools 

T o a ll sonar equipped vessels 

To a ll ships, comma nds, a nd mi'l jll r shore 
activit ies 

T o sh ips ha , ·ing t he equipmen t 

T o ships ha ving 1 he equipment 

The Mark 39 Mod 3 -By ]O H N A. REXROTH, LT., USNR, 

B11rea11 of Ordllall<e. 

• Radar equipment Mark 39 Mod 3 is making its ap­
pearance in the fleet after having undergone various tests 
and changes during the past eighteen-month period of 
development. This equipment was originally intended 
to be a straight conically-scanning radar designed for use 
in the Gunfire Control System Mark 57 Mod 4. Due to 
the number of changes made during development it has 
gone into production as an X-band fire-control equip­
ment with certain features not present in previous sys­
tems of its type. These features will eliminate some of 
the objectionable characteristics inherent in the M ark 29 
Mod 2 and the Mark 34 Mods 3 and 4 now installed 
with the gun-fire control system Mark 57. 

The Mark 39 Mod 3 is designed to locate quickly and 
track low-flying ai rcraft, and provides the Gunfire Con­
trol System Mark 57 with electrical data corresponding 
to the range of the approaching ai rcraft and the rate at 
which the range is changing. This information, together 
with the train and elevation information obtained from 
the gun director, is fed to several computing devices, a ll 

l?.adar Eq11ipment J\ Iark 39 ·M od 3 11101111ted on M ark 57 
director, t~ith r~flector pointing away from 1·eader. Note 
two eye-pteces m u pper center f or imlicator and tliSIIal 

sighting . 
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part ot the Mark ) 7. system~, ~. nd is eventually used to 

direct batteries of etther 5 dual-purpose or 40-mm 

anti-aircraft g uns. The equipment has a mechanism to 

aid the operator in tracking incoming targets at speeds 
up to 750 knots and outgoing ta rgets at speeds up to 450 
knots. The anten na used in the equipment has two 
types of scanning; e ll iptical scanning for the acquisit ion 
of targets, and conical scann:ng for blind-tracking a 
target after it is acqu ired. A unit to aid in the acquisition 
of targets is to be added to the equipment at a later date. 
Two operators are required for operation of the equip­

ment, one for the above-decks units and one for the 

below-decks units. T his number will be increased to 

three when the target acquisition unit is added. 

Any installation of the equipment divides the uni ts 

into two groups: The antenna, the director indicato· 

unit. and the filament t ransformer are mounted on the 

rotating structure above decks. T he remainder of the 

Mark 39 iHod 3 Co11sole witb one tmil witbdraum from 
frame a11d tilted f or servicing . 

uni ts, transmitter-receiver, power supply, radar indicator 

(console), range unit, and modulator are mounted below 
decks. All of the latter named units with the exception 
of the transmitter-receiver a re enclosed in one frame or 

cabinet refe rred to as the console. This console has been 

des ig ned for easy servicing . Each of the four units are. 

assembled as drawers which slide into the console1 'l? 
frame. A unique feature is provided whereby these 

drawers can be unlocked and tilted so that the underside 

of the chass is is readily accessible for servicing. 

In order that the operator of the g un d irector above 

decks and the operator stationed below decks may have 
an indication of correct pointing of the an tenna at an 

approachi ng target, an osci lloscope is p rovided for each 
operator and indicates the presence of a target in the 

antenna beam and the approximate angula r pointing 

error. In operation, the antenna is made to Jilt/ale either 

conically or elliptically and scans the area in accordance 

with the motion of the an tenna feed in front of the 

reflector. If the target is not in the center o f the beam, 
the received echoes wi ll be modulated at the frequency o f 
nutation. T he antenna unit con tains a small generator 
which turns in synchronism with the antenna radiating 
element, generating refe rence voltages wh ich are com­

pared to the phase of modulation of the received echoes. 
In this way deflection voltages are obtai ned which are 

applied to the scopes to deflect the pointing spot. In 

th is type of p resentation, known as T -and-E (Train and 

Elevation), an oscilloscope with cross-hai rs on its face is 

used, and the position of the brig ht dot on the face of 

the scope. is an indication of the position of the target ir:-A 
the nutatmg antenna beam with respect to the cente r o ." · 

the beam. W hen the spot is in the center of the cross­
hairs, the antenna and, therefore, the director, is pointing 

d irectly at the target. 

(e The equipment provides circuits which will al low a 
- n1ethod of ta rget acquisition to be added at a later date. 

This system consists of a new uni t, T arget Acquisition 
Unit, Mark 5 Mod 0, and will allow a below-decks 

operator to take control of the deflection of the pointing 

spot on the T-and-E scope of the director-ind icator unit, 

thus indicating the direction in which the director must 

be pointed to find a target which has been located by 
other radar sets. 

Radar information is presented on two osci lloscopes 
in the indicator ( console) located below decks. One is 

the 5-inch A ( range) scope and the other a 2-inch 
T -anci-E scope which monitors the director indicator 

T-and-E scope. The range scope utilizes two sweeps 

simultaneously, a main sweep of 30,000 yards which 

presents the range information, and a precision sweep 

of 2000 yards to increase the accuracy of range measure­

ment. Provision is made for "gating" and tracking a 

sing le target, whether one or more targets is p icked up 

by the antenna. The width of this range gate is approxi­
mately 165 yards. 

The range-tracking controls are located in the range 

unit below decks. A mechanical range counter located in 

~the front of the range unit reads the range in yards, and 

·~a range-rate dia l indicates the rate at which a ta rget is 

app roaching, provided the target is "gated" and is being 

tracked. A servo amplifier system provides aided track­

ing of targets. It may be set to drive the range notch 

wh ich appears on the range scope of the Indicator at 
any constant speed between 0 and 750 knots for incom­

ing targets and between 0 and 450 knots for outgoi ng 

targets. To aid in the procedure of gating a target, the 
range notch may be moved rapidly by means of a slewing 
system controlled by a switch on the f ront panel. 

The Mark 39 Mod 3 operates in the X band with a 

pulse repetition rate of 1800 per second and a pulse 

length of 0.5 microseconds. The peak power output is 

in the order of 35 kw. T he intermediate f requency of 

the receiver is 30 Me. Approximate ranges that may b~ 

expected are 15,000 yards on small airc raft and 25,000 
yards on large aircraft. The overa ll beam diameter 

(elliptical) is 5 degrees in the horizonta l axis and 20 
degrees in the vertical axis. The conica l beam diamet~r 
is 5 degrees. The slewing range rate is 300 yards per 

second. 

Radar Equ ipment Mark 39 Mod 3 has seen no service 

in the fleet to date but it is expected that its ease o[ in ­

stallation and maintenance, its operational characteristics, 

,. nd its genera l ruggedness of construction will enable 

it to take its place among the fire control equ ipments 

already installed , and that it can adequately do the job 

for which it was intended . 

55 RADAR- INSTRUCTION BOOK ERROR 

The Transmitter-Receiver schematic d iagram 7-159, 

7-160, upper left-hand corner (Modulator Chassis No. 
1) shows R-43, a 10,000-ohm resistor, connected across 
R-46, a 0.27-megohm resistor. R-43 should be shown 

connected between terminals 75 and 78,-not between 

terminals 75 and 77. The present diag ram (with the 

error) leaves the grids of the 50 21 modulators floating. 

T he technician is further informed and duly cautioned 

that SS System Stock List contains Item 581K, a coa--xial 

cable made up of RG-55U. This coaxial is for use be­
tween the AFC pickup and the AFC input and contains 

p lugs T-l C and T-5A. This cable is 69Y<!" long, a little 
g reater than a half wavelength at 60 Me. The cable 
should not be used for any other purpose than that just 
described. 

* 
POPULAR BOOKS DE-CLASSIFIED 

The Bureau of Ships has declassified its publications 
"Radar Electronic Fundamentals" (NavShips 900,016) 

and "Radar System Fundamentals" (NavShips 900,017 ) 
to UNCLASSIFIED. These books have previously been 

restricted. 

It will, perhaps, be bad news to those who covet 

personal copies of these publications that the Bureau 

must still consider these "For Official Use Onl y" . In 

other words, it wi ll not be possible to fi ll individual 
requests. 

CNO POLICY ON 
ALTERATIONS 

The Chief of Naval Operations has estab­
lished the fo llowing policy relative to alterations 
on ships: 

1- No alterations of any kind wi ll be under­
taken wJ1ich affect the military characteristics of 
the ship unti l they have been approved by the 
Chief of Naval Operations. 

2-Alterat ions not affecting mil itary charac­
te ristics wi ll not be undertaken until approved 
by the cogn izant Bureau. 

3-Responsibi li ty for determ ining whether or 
not milita ry characteristics may be involved w il l 
be with the Bureau concerned. 

T hi;; policy pertains to ships of the Active 
and Reserve fleets. No alterations of any de­
scription wil l be considered on ~·essel s in the 
inact ive Aeet. 
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U. S. Navy 
Electronic Laboratory 

The widely-known U. S. Navy Radio and Sound 
Laboratory at San Diego wi ll henceforth carry on under 
a new official title-U. S. Navy Electronics Laboratory. 

This laboratory functions under the technical direction 
of the Bureau of Ships for the purpose of conducting 
special investigations and developments where close 
relation with units of the Fleet is required. 

Planning, development, and installation of new 
equipment gives rise to many questions. Because of it> 
strategic location inside a g reat west-coast naval base and 
because it is close to busy anchorages and ocean a reas 
ideally suited for operational tests, the laboratory can 

supply the kind of answers which the Bureau needs in 
working out the Navy's electronics problems. 

This close relationship between Flee t and laboratory 
is especially valuable in the development of an effective 
systems-engineering program. As the number and vari­
ety of electronic equipments have increased, systematized 
installations become increasingly important . A special 
Systems Engineering D epartment at the laboratory is well 
equipped to hand le problems of this type. 

Thus, although its name is changed, the Laboratory 
will carry into peacetime operations its old traditions of 
service to the Fleet. 

NEW 
SONAR 
BULLETIN 

.,~ 

~ 
~ ~ 

~ ·~ ~ 
~ 

A NEW edi tion of the Sonar Bulletin has just been d ist ributed. It is an entirely 

new book containing a wealth of new materia l, plus a ll the usefu l information culled 

from the last edition and its ten monthly supplements. This new sixth edi tion has been 

entirely rearranged in order to g roup together the listings of all similar equipments and 

field-change information, which should make it a welcome addition to your service library. 

The Sonar Bulletin and its monthly supplements a re prepared especially for YOU, 

the T ed1nicians, as an aid in the maintenance of your equipment. The new edition and 

the monthly supplemen ts shou ld be kept where they will be available to you at all times. 

If you receive too few or too many copies of these publications, please notify the 

Bureau of Sh ips of your p roper requirements. 



DON'T BE BA 
Technic i ans : Does something bother 

you? Something not quite c l ear? A 

ques t ion you want answered? Don ' t be 

bashful, --send it along to the 

ELECTRON. We probably don' t know the 

answer either, but we'll try to look 

it up for you. This is your magazine 

Send it to the ELECTR~ Make good use of i t . 


