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• In the preceding article on SX Radar Equipment (p. 
14 D ecember ELECTRON ) the reade r was g iven a general 
de~cription of the overall system. T o understand the 
p rinciples and advantages of the equipment, s~me kn? wl
edge of a ll the units, particularly the console, 1s reqUi red. 
Any installation employs four of these units, five in some 
appl ications. A detailed discussion o f the circui ts in the 
console is impracticable, but a brief summary of their 
functions and applications is given. 

1t will be recalled that the synchron izer furn ished four 
outputs to each console, either directly or through an 
adapter or r~dar swi tchboard. These outputs are the 
390- and 1170-cycle triggers, the 20 -mile range markers, 
and the combined 2- and 10-mile range markers. In 
addi t ion to these, each console has an E.\'<1 . ( early-wam-

~ng) and an H .f . ( beigbt -finding) video input, making 
a tota l of six s ingle inputs to each unit. N ecessary syn
ch ro inputs are furn ished to each console. 

Consoles 

Three types o f presentation are used- a PPI, off-center 
PPI, and an RHI ( range-height inclicator) . The PPI 
scope g ives early warn ing of approaching targets, eit her 
aircraft or surface . The off-cente r PP I, which will hence
forth be refe rred to as t he MSS ( map-sector scan), ex
pands the area in which the target is located, thereby g iv
ing a more detailed and accurate picture. T he RHI scope 
g ives altitude of air targets and is the pri ncipal scope 
when d irecting interceptions, since it shows the range 
:tnd alti tude of both the target and t he intercepting p lane 
or planes. 

The PPI system generates and uses any one of three 
sweeps : 20, 50, o r 100 miles. T he 100-mile sweep is 
ample for long-range coverage since it is doub le t he 
normal range ( 50 miles) o f the RHI scope. T he deflec
tion coil for the PPI tube is conventiona lly coupled to 
the an tenna drive. A variable delay circuit in the PPI 

section produces a second t rigger fo ll owing t he ma in 
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~ FlGURE 1 - Simplifie, .--
block d1agram of trig-
ger cirmits. Note that 
there is no delayed 1170-
cycle trigger when on 

the 100-mile s·weep. 

fiGURE 2·- ( left, cen
ter) Simplified block di
agram of PP! circ11its 
showing Range Sweep, 

Video, a/1{1 Marker 
channels. 

FIGURE 4 - D evelop
ment of sweeps on M ap 
Sector Scan, .rhowiug cle
crea.re of 11ertical ampli
tllde a.r angle decrea.res 
with accompanying ill
crease of horizonta l 

sweep am plit11de. 

..,.. fiGU RE 3- Simplified 
block diagram of M ap 
Sector Scan shorving De
lay Cirmits, H qrizontal 
and Verti cal R ange 
Compone11t Generators. 

etc. 

trigger by a period which can be varied between the 
limits of 0 and 100 miles. This delay is manually con

led by a dial on the front panel and is calibrated in 
from 0 to 100. The delayed trigger trips e ither a 

20- or 40-mile sweep which appears on the scope as a 
shaded area and is approximately rectangular in shape. 
The selection of length of this shaded area is determined 
by the presentation desired on the MSS. The angular 
positioning is determined by the setting of a cursor con
trol on the front panel, operating in conj unction with the 
PPI yoke. The cursor line always bisects the shade.:! area, 
thus g iving a reference for the operator to determine 
angles of targets on the MSS. The portion of the PPI 
presentation that appears on the MSS is that portion of 
the shaded area which is . enclosed by the angle marks. 
These angle marks appear as bright lines on the PPI, 
making either a 10- or 30-degree angle at the center of 
the tube .. 

The MSS generates two sweeps, each driving its own 
set of deflection coils which are mounted at right angles, 
making possible a two-dimensional sweep. The deflec
tion coil assembly is mechanically coupled to the cursor 
in such a way that the range sweep on the MSS will run 
in the same di rection and bearing as the cursor in point
ing. For example, if the cursor is poin ting to 360°, the 
MSS presentation will start at the bottom of the scope 

And proceed upward, assuming 360° to be at the center 
V'~op of the PPI tube. As the MSS is nothing more than 

an en larged portion of the PPI, it fo llows that points 
on the MSS wi ll dupl icate similar points on the PPI in 
either the 20- or 40-mile sweep, depending upon which 
is being used. The firs t ten-mile range marker on the 
MSS scope is therefore 10 miles in addi tion to the num
ber of miles noted on the range delay control dial on 
the PPI. 

Since the PPI sweep is constantly rotating, a second set 
of deflection coils is provided in the MSS unit which will 
mtate the MSS presentation in phase with the PPI. The 
MSS pattern rotates at the same angular ve locity as the 

/ PPI but is p ivoted about a point somewhere outside the 
face of the tube rather than at the cente r as does the 
presentation on the PPI. \'V'hen the PPI trace approaches 
the cursor line, the shaded area will appear on the PPI 
and at the same instant the sweeps will appear at one side 
of the MSS and sweep across it to the other side in 
synch ronism with the sweep on the PPl. 

Azimuth angles and posi tion wi ll offer little J ifficulty 
to the operator due to the angle marks, superimposed on 
the PPI, whose occurence is determined by the location 
of the cursor and the setting of the sector scan, either 10 
~ 30 degrees. The cursor line will be equidistant from 
\::- k se two ang le marks at any point along' their length, 

with the distance depending upon what point is used as 
reference on the cursor. The most important funct ion of 

the angle marks is to show on tl1e PPI the area wh ich ts 
being presented in cross section on the RHI scope. 

The RHI is something ne\v in scanning types of radar 
and its purpose in the SX is to fu rnish range and height 
information on target p lanes and interceptors simultane
ously on a cathode ray tube face. It must be kept in mind 
by the operator that the p resentation on the RHI scope 
is always 90 space degrees behind the presentation on the 
PPI and MSS. Anothe r important point which should 
be remembered is iliat range as measured on the PPI is 
necessa rily slant range rather than horizonta l distance, 
and therefore the MSS and RHI must also be calibrated 
in slant range. This will introduce a slight error on the 
RHI (as compared to the PPI ) of as much as 1000 yards, 
but this error has no effect on the ultimate resul t. The 
important point is that any error on the RHI will be the 
same for the target and the intercepting p lane. Since the 
distance and ang le between these two planes is disp layed 
on the RHI, any error between ship and planes is rela
tively unimportant due to the fact that the interception 
\~' ill be made at a distance from the ship using_the RHI 
presentation for vectoring. Slant range is d isplayed on 
the RHI by using a constant horizontal component of 
sweep. A vertical component is added to draw the sweep 
progressively downward, simulating the scanning of the 
RHI antenna beam without affecting the horizontal 
sweep. Range marks occurring at interva ls after the start 
of the trace will appear as vertical straight lines crossing 
the horizontal traces. This completes the RHI presenta
tion with the exception of the method of he ight fin ding. 
This is accomplished by a horizontal height li ne or 
marker which is created by brightening each vertical 
trace at a predetermined point. This point is controlled 
by two variables, one is an earth 's-curvature compensa
tion circuit, and the other by the height- indicating unit. 
The height-indicating unit is controlled by a dia l cali 
brated in thousands of feet up to 40,000. By using the 
earth's-curvature correction, the height as indicated on 
the dial is the true altitude of the target at any range. 
rather than the height from the horizon as measured by 
line-of-sig ht from the antenna. 

Three ranges are provided for use with the RHI sys
tem, 0-50, 0 -100, and a delayed 20-mile range. The 100-
mile range has not been mentioned previously in thi s 
article because it is used on ly in a special applicat ion in 
which the RHI system is switched to use the 390 trigger 
with a reduced scanning speed. The 100-m ile range will 
only be used when the operator wishes to examine a 
target at g reater range than 50 miles. T he 50-mile range 
will normally be used for large a rea coverage and the 
20-mile delayed range for making inte rceptions. Th is 
20-mile sweep operates from the de layed trigger and 
presents the same range as the 20-mile MSS presentation. 

As the antenna rota tes, the sweep on the PPI will pass 
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over the first angle mark on the PPI. This automatically 
turns on the sweep on the RHI which will remain on 
until the sweep passes over the second angle mark on the 
PPI. At all other times the video to the RHI is blanked 
out by the sweep. Range markers and height marker will 
remain on. If the PPI is operating on the 360° sector, 
the RHI will duplicate the PPI except that it will be 
lagging by 90 degrees. 

TRIGGER CIRCUITS 
Four separate triggers are necessary for operation of 

the scopes and their associated circuits. These triggers 
will be considered in pairs, the first pair being the 390 
and 1170 maiu triggers, the second pair being the 390 
and 1170 delayed triggers. The requirements of the de
layed triggers are coincident 390 and 1170 negative 
pulses that will start the sweeps a variable time after the 
start of the PPI sweep. A complication occurs when the 
delay is greater than 50 miles, so at present only delays 
of less than 50 miles will be considered. Since there is 
one 390 t rigger for every three 1170 triggers, it follows 
that we need only delay the 1170 triggers and pick off 
the correct one in a coincidence gate circuit to obtain a 
delayed output of both 1170 and 390 triggers. This is 
accomplished in a series of steps. The output from the 

ANTEUNA BLANKING 

AliMUTH BLAfH(ING 

1170 
VIDEO 

1170 inverter, V-105A (figure 1) is appli.ed to a delay 
multivibrator, V -167, whose output, a gating pulse, is 
applied to a sawtooth generator utilizing a bootstrap cie 
cuit to charge the sweep capacitor. The sawtooth genera-
tor is held at ground potential by a gating tube, V-169A, 
until the negative block from the M.V. is applied to the 
grid of the gating tube. The negative block must be 
longer than the maximum range (50 miles in this case) 
but must be less than 70 miles so that the stage can be 
restored to its original condition before another 1170 
trigger is applied to the delay M.V. 

The output from the sawtooth generator, a positive 
sawtooth voltage, is applied to the plate of V-168B, the 
delay-time selector. This stage has a certain d-e potential 
on the cathode, determined by the setting of the range 
delay dial on the front panel which controls a potentio
meter in the cathode circuit. The lower end of this 
potentiometer is at ground potential and corresponds to 
zero range. The upper limit (50 miles in this case) is 
adjusted by a second potentiometer, thus affording a 
means of adjusting the dial to read exactly 50 miles as 
checked against the range marks. When the sawtooth 
voltage is applied to the plate, at some certain point its 
value will reach and start to exceed that of the cathode. 
At this point the diode will conduct, forming a positive 

F IGU RE 5- Simplified block diagram of 
Range-H eight Indicator cirwits with antenna 
reference, ante11na blatzking, and azimuth 

_ blatzking voltages fed into the system. 

I 

FI?URE 6-r:ro111 11iew of tbe SX Co11sole wilb Figbter
D treclor O!Jtcer's Pa11el a11d Com/JIIIIticalion Szvitcbboard 

111011/lled on top. 

block of voltage since the output is taken off the cathode. 
The leading edge of this block is the delay point for 
measuri ng time. This block is then passed through a 
differentiator and amplifier, V -170, which gives a nega
tive pulse for the leading edge and ·a positive pulse for 
the trailing edge. Transformer coupling is utilized in 
coupling to the next stage which again makes the leading 
edge positive and the trail ing edge negative. These nega
tive and positive pulses are applied to the grid of an 
amplifier, V-171B, which is biased beyond cutoff. The 
output, a negative pulse, has two applications. O ne is 
used for the 1170 delayed trigger output and the other 
is applied to an inverter stage, V-166A, which g ives a 
posi tive pulse output. 

Up to this point we have developed only the delayed 
1170 trigger without any mention of the delayed 390. 
The output of the 390 inverter, Vl508, is applied to a 
selector M.V. , V-164. The time constant of this M.V. is 
ad justed so that its output will be a negative block with 
a time duration equal to that of the delay M.V., V-1 67. 
This output is applied to V-1658, the coincident gate 
tube. The pulse output from the 11 70 inverter, V-1 66A 
is applied to the other half of the coincidence gate tube, 

M -165A. V-1658 is normall y conducting, while V-165A 
\:. - ).; cut off by a fix ed bias. It is obvious that only one 1170 

pulse out of each th ree appearing on the grid of V- l 65A 

wi ll cause conduction because the tube is blocked, except 
when the negative block is developed in the selector M.V. 
by each 390 trigger. 

If a delay greater than 50 miles is concerned, some 
changes must be made. It will be noted in figure 1 that 
when the switch is thrown to the 50-100 mileedelay, the 
delay M.V. is triggered off by the 390 rather than the 
1170 trigger. This switching is accomplished by a micro
switch when the 50-mile delay point is passed. Not 
shown on the diagram is another switch whid1 changes 
the time constants of the delay M.V. circuit to giYe a 
negative block output equivalent to 100 miles rather than 
50. The selector M.V., coincidence gate, and 1170 in
verter (V-166A) are not effective in this condition. The 
only output is the 390 delayed trigger. 

PLAN POSITION INDICA TOR 
The PPI circui ts are more or less conventional and can 

be divided into six channels: sweep, video, range-marks, 
MSS intensifier, delay trigger, and angle marker. 

The main sweep circuit is composed of a range multi
vibrator, sweep generator, degenerative sweep amplifier, 
sweep-voltage amplifier, and sweep-curren t amplifier (fig
ure 2). The incoming main trigger trips the range M.V., 
V-155 and V-156A, producing two outputs, a posi tive 
block of voltage which is applied to the grid of the PPI 
as an intensifying vol tage for the duration of the sweep, 
and the other a negative block to be applied to the sweep 
generator, V-1568. The duration or length of these 
blocks may be either 20, 50, or 100 miles depending 
upon which is chosen by the operator. V-1 56B is nor
mally conducting, but the pulse from the M.V. cuts it off, 
allowing the sweep capacitor to charge in a positive 
direction creating a sawtooth waveform, the rate of rise 
depending upon the size of the sweep capacitor in use. 
This sawtooth waveform is passed through a degenerative 
amplifier V-1 57A and a voltage amplifier V-157B and 
applied to the g rid of the current amplifier, V -159. The 
sweep is taken from V-1 59 and applied to the deflection 
coil of the PPI. 

The incoming videos, IFf, 390, and 1170 are passed 
th rough a switching arrangement whereby it is possible 
to use either the 390 or 1170 video and permi ts cutting 
out the IFF video at will. The switch is connected to the 
video mixer (V-172) , one-half of which is used for a 
video ampl ifier and the other half for an If-f amplifier. 
Both plates are tied together, however, with a common 
plate load, thus affording mixing action in the output. 
The output of the mixer is passed through two stages of 
amplification (V-1738 and V-1 76) and applied to the 
cathode of the PPI as negative voltages. 

The range marks are applied to an amplifier (V- 16 1) 
which drives a cathode foll ower (V- 1268) . The output 
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of the cathode follower is applied to the g rid of the PPI. 

The MSS intensifier input is passed through a cathode 

follower (V -1 58B) to the control g rid of the PPI. 

The 390 delayed trigger is amplified in the trigger 

amplifier (V-163B) and applied to the PPI grid through 
a cathode ' follower (V-163A). 

It wi ll be noted that three cathode followers have been 

used in the preceding three circuits to apply d ifferent 

voltages to the PPI. There is a fourth cathode follower 

in this series and all four have a common cathode resistor. 

The fourth is in the Angle Marker In tensifier circuit. 

Two microswitches, S-118 and S-11 9, are connected be

tween - 150 volts and the angle marker switch which is 

connected to the grid of the cathode follower V -162A. 
The microswitches are closed or opened by cams on the 

PPI yoke, one during 10, and one during 30 degrees of 
rotation. Whether closed or open they apply a negative 
150 volts to their respective points on the angle marker 

switch. This tube is cut off at a ll times except during 

the instant that the switches are momentarily opened. 

This will allow the cathode follower to conduct only at 

the instant the cam opens or closes the conta::ts placing 

an intensifying voltage on the control grid of the PPI, 

making the trace brighter at t~at instant and g iving the 
required ang le marks. If the switch is on the 360° point, 

a constant - l 50 volts will be on the control grid of the 
cathode follower, which will p rohibit it from conducting , 
thus no ang le marks. The MSS control g rid is also con

nected to the ang le-marker switch and its paltern will 

show the same markers. Two addition:d switches, S-116 

and S-11 7, are operated by the cams on the PPI yoke 

when the PPI rotates an additional 90 degrees. In nor

mal position these switches are dosed to the - 150 volts 

and blank out the RH I video signal, but when operated 

by the cams they open and remove the blanking. Thus 
the signals which are seen on the RH I scope are those 

from targets in the area outlined 90-degrees previously on 

the PPI. 

MAP SECTOR SCAN 
Figure 3 shows a simplified block diagram of the ci r

cuits in the MSS system and the following discussion 

will be based on th is diagram. An inspection of the 
diagram reveals two independent but closely related 
sweeps, one for range and one for azimuth, derived from 

one sweep generator. The method of generating and 
presenting these sweeps are the important functions of 
the un it and the key to the entire presen tation. 

The sweep mu ltivibrator V-1 37 is lhc initia l point in 

the circuit. It is triggered by the 3Y0 main trigger and 
has one fixed time constant equ ivalent to 140 miles in 

range. This allows a complete 40-mile sweep to be dis

p layed with a range delay as great as 100 miles. The 

180-degree switch shown on the dia,gram 'effectively 

divides the PPI scope into two 180-degree sectors, the 

switd1 being operated by cams geared to the PPI yoke. 

The sweep multivibrator wi ll function on ly when tha 
switch is in the open position, limiting the picture on t~) 
MSS to an area 90 degrees ahead and 90 degrees behind 

the cursor line which bisects the area. T he three cut-offs 

shown in the diagram are tubes which form an interlock

ing circuit for controlling the sweeps. On the diagram, 

V-1 36A and V-153A are parallelled cut-offs which, 
when open, allow the range M .V. to operate, but when 

closed prevent it from operating. T hese tubes wi ll be 

open while the sweep M.V. is operating, as it p laces a 

negative block of voltage on thei r g rid . 

V-136B is the return cut-off tube and is normally open. 

It closes at the end of the range M.V. period. By this 
arrangement of the cut-offs the sweep M .V. may be 
tripped without regard for the range M.V. But when the 

range M.V. finishes its period, it cuts off the sweep M .V., 
stopping the sweep. A th ird cut-off (V-147) connecting 

back from the sweep selector to the sweep M .V. will be 

discussed in conjunct ion with the azimuth sweep. 

The output of the sweep M.V. is applied to the sweep 

generator V-138B which develops a sawtooth waveform 
of a time duration equal to e ither io or 40 miles. The 

sweep rates o f both must be such that, regardless of the 
range ( 20 or 40 miles), the voltage increase will be of 

the same magnitude, thus assuring the same length of. ) 
trace for both the 20- and 40-mile sweeps. O nly one 

variable, in the 40-mile section, is available for adj usting 
the sweeps to identical lengths. 

Following the sweep generator are a degenerative 

amplifier (V-138A) , a voltage ampl ifier (V-139A), and 

a current amplifier (V -140). T hese circuits funct ion in 

a manner similar to the sweep circuits in the PPI, except 
the load is connected in the cathode circui t of the sweep 
current amplifie r. The load of the current ampl ifier is 

the rotor of a transformer (called a two-phase generator ) 

which has two secondary windings p laced at rig ht ang les 

lo each other. T his rotor is synchronized with the PPI 
yoke and the antenna. 

T he two-phase generator separates the sawtooth wave 
into two waves and then amplitude-modu lates them, one 
sinusoidally and the other cosinusoidal ly. This modula

tion is necessary when the fin al presentation is considered 
as each trace must have both a vertical and a horizontal 

component, varying in lengt_h with each succeed ing 
trace. From figure 4 it can be seen how these functions 
are performed with the ampli tude of the "V" li nes de

creasing as the "H " lines increase. The generator sup

pl ies two sawtooth waveforms in the output, one to the 

range-sweep chain, and one to the bearing-sweep chain~~ 

The range multivibrator (V-130 and V-131A) can be· 

adjusted to a period of time equivalent to ei ther 20 or 40 

"' 

miles. The output is applied to a gate tube (V-1 32) in 
·unction with the sawtooth sweep from the two-phase 

. The gate tube effectively picks off a portion 

of each sawtooth sweep, passing it through a degenerative 

amplifier, voltage amplifier, and current amplifier to the 

horizontal deflection coil on the PPI. T hese circuits 
operate in the same manner as thei r counterparts in the 

PPI system. The range sweep-centering stage V-1 35 is 
an 807 which furnishes current for centering the sweep 

by the use of a second deflection coil in the same p lane 

as the horizontal deflection coil. 

The azimuth sweep is a push-pu ll type of circui t using 

the output of the two-phase generator for activation. 

T he initial output of the generator is to V-14 1 (6SN7). 
T he inputs to the two sections of this tube are 180 de
g rees out of phase since they are taken off the opposite 
ends of the transformer stator winding. Gating tubes 
are used in each of the channels, the gate being furnished 

by the sweep M.V. The sweep selector (V-146) is a 

6H6 with a common cathode resistor and the fi rst and 

second plates connected respectively to the upper and 

lower channels in the push-pull azimuth sweep amplifier. 

V-146 in conjunction with the cut-off tube V-147 is used 

to adjust the azimuth sweeps to the correct length. 

The remaining circuits in the MSS unit are conven
tional and require no explanation. It must be remem
bered that either the 390 video or the RH I video can be 

used by both the PPI and MSS. 

RANGE-HEIGHT INDICA TOR 
The RHI .unit was designed for sweep ranges of 20, 

50, and 100 miles, requiring three M.V. time constants 
and three adjustments. All of the sweep adjustments are 

included in one sweep generator, but the time constants 
are d ivided between two multivibrators. In figure 5 the 

two M.V.'s are at the upper left. The range M.V. 

(V-101 and V-102B) is triggered by either the 1170 

main or delayed trigger while the height M.V. (V-11 3) 

is triggered by the main trigger only. T he range cut-off 

tube (V-112) turns off the range M.V. and renders it 

inoperative except during the period of the height M .V. 
T h is limits the range to the interval between a main trig

ger and the end of the height M.V. period. The main 

trigger is normally the 1170, but for a special application 
on the 100-mile range the 390 trigger is connected in to 

the ll70 circuit. The RHI range switch simu ltaneously 
selects sweep rates, M.V. time constants, and range M.V. 

triggers. 

The output f rom the range M .V. operates gate tube 

:r- l02A and also su pplies an intensi fyi ng voltage to the 

grid of the RHI scope. V-103 and V-104 act as clam ps 

to hold the sweep capacitors at ground until the gating 

volt_age is applied to their cathodes. This allows the 

sweep capacitors to charge, forming a sawtooth wave

form. This sawtooth is passed through the range sweep 

generator (V-105A) , a cathode fo llower. T he output of 

f iGURE 7-T ypica/ scope presenlalious 011 /be 
PPI, J1'1SS, and RHI . 
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V-L05A is applied to the range sweep amplifier (V-106), 
an 807 which drives the horizontal deflection coil. A 
second coi l, in the same p lane as the deflection coi l, is 
driven by V-107 and is used as a centering adjustment 
on the scope. One point worthy of note is that the deflec
tion coils on the RHI are stationary, making the range 
sweeps run horizonta l and the he ight sweeps vertical. 

The height-sweep bootstrap generator (V -1148 and 
V -11 5A) operates on the same principle as the one used 
for the delay triggers. The sawtooth developed at the 
cathode of the triode d rives the h eight-sweep amplifier 
V -117 and the heig ht-cutoff tube V -119 which feeds 
back to the heig ht M.V. V-117 is an 807 current ampli
fier, t he output of which drives the vertical deflection 
coi l. A second 807 (V-118) is used to drive another 
deflection coil in the same plane as the vertical deflection 
coil, which controls the vertical centering on the scope. 
The antenna reference voltage, a 10-cycle sawtooth wave, 
is applied to the plate of the generator diode V-115A. 
Th is voltage has a magnitude which is proportional to 
the s ine of the ang le between the RHI antenna beam and 
the horizon. In this manner we can control the rate of 
charge of the sweep ·capacitor. When the reference 
voltage is zero, no height sweep will be generated and 
the scope trace will be horizontal. When the reference 
voltage is maximum, the height component of sweep will 
increase rapidly making the trace slope steeply at a large 
ang le with the horizon . About 11 5 traces occur on the 
RHI scope during each tooth of the 10-cycle antenna 
re ference voltage, thus each succeeding sweep will re
ceive a s lightly smaller heig ht component, g iving the 
impression of the trace sweeping from a max imum angle 
to zero ( horizon ). 

The height ma rker line is a horizontal line across the 
scope which can be adjusted for any heig ht up to 40,000 
feet. The line is composed of a series of bright spots, 
one for each vertical trace. This· line must meet three 
q ualifications; the appearance of the spots must be de
layed unti l the height sweep reaches a certain value, the 
line must be corrected for earths curvature, and the dots 
must al l" be of the same u niform brilliance. To meet 
these requi rements, th ree separate but interlocked ci r
cuits are necessary. The output from the transformer 
is applied to a gate and clamp circuit (V-1 208 and 
V -121 8) . The signal is then applied to the grid of the 
isolating cathode follower (V-120A) wh ich is initially 
clamped to the same potential as the gate and clamp. 
O ne output of the heig ht-sweep gene rator is coupled to 
the grid of this cathode follower. Thus, when the gate 
is opened , the g rid will follow the sawtooth voltage of 
the sweep gene rator. The Height Mark Control in the 
cathode of V -1 20B controls the operation o f the cathode 
follower which ultimately dete rmines the height o f the 
marker. The d ial on the control is calibrated in thousands 

of feet and a H eight Rate Control makes the calibration 
correspond to the actual marker he ig ht on the scope. -

The regenerative ampli fier (V-122) operates somewhat 
simi lar to a M.V. having a common cathode resistor with 
one section conducting while the other is cut off. T he 
resulting ri se in plate voltage at the output (when the 
circuit is tripped by the sawtooth f rom the cathode fol
lower) is very steep and momentari ly carri ed above the 
supply voltage by using an inductive load, thus a pulse 
is formed in the output voltage wave. 

The earth's-curvature generator is a simple circuit for 
developing a sawtooth, with an integrating system added, 
composed of a charging capacitor ani:! resistor. The in
tegrating system is charged by the sawtooth generated in 
the sawtooth generator. The result is that the in tegrating 
capacitor charges slowly at first the n more rapid ly as the 
sawtooth generator capacitor voltage increases. Instead 
of the regular type of sawtooth wave t his one will have 
teeth which curve upward. The wave is inverted in . 
V-124A and made to curve downward from a level start, 
simulating the earth's curvature. This waveform is ap
plied to the grid of the second section of the regenerative 
amplifier. The output of the fi rst section is also applied 
to this grid, thus both voltages have an effect on the grid 
voltage and p late current of the second sect ion. The 
effect in the output wi ll be a succession of pulses, w ithtf!J 
those at the right of the scope pattern occurring closer 
to the base line. This is true because the longer it takes 
the heig ht sweep to reach the pulse -producing value, the 
more curvature is introduced and the lower the mark 
appears on the trace. 

The output from the heig ht-li ne modulator (V-125A) 
and its gate (V-1258) is a sawtooth wave. This voltage 
is used to control the bias on the mixer tube (V-126A) 
and thus determine how much of the height-mark pulse 
will be used. The longer the time before the pulse oc
curs, the less the bias on the mixer and the g reater the 
amount of pulse which will be passed. 

The range marks are amplified in V -127 and applied 
to the grid of the mixer (V-1 268). V-1 26 h as both 
plates tied together and uses a common cathode resistor. 
The output is taken from the cathode circuit and applied 
to the grid of the scope tube. 

The remainder of the block diagram shows the 
antenna blanking, azimuth blankitlg and video s ignals 
applied to the cathode of the scope. T he azimuth blank
ing is controlled by cams in the PPI MSS gear system in 
such a way that it will be removed only when the antenna 
is sweeping the area between azimuth markers on the 
PPI. The antenna blank ing s ig nal orig inates at the(!' 
antenna at the end of each downward sweep. It is s imul
taneous with the end of each tooth o f the 10-cycle 
an tenna reference vol tage. 

• A conference was recently held by engineers of the 
W este rn Electric Co. for the 1purpose of discussing the 
problems of crystal protection in S- and X-band radars. 
As a result of this meeting the followi ng notes are pub
lished for information. 

TR BOX CONSIDERATIONS 
The life of a TR tube of the hydrogen- water-vapor type 
is determined by hydrogen "clean-up" and is almost 
wholly dep endent on the number of hours keep-alit'e 
voltage is applied. 

The use of water vapor in the tube improves the re
covery time a fter the transmitted pulse and increases the 
tube life. After absorption of the water vapor the hyd ro
gen is rap idly lost and the tube fai ls to p rotect the crystal. 

In S-band TR tubes such as the 72 L8 the add ition of 
wate r vapor has a more p ronounced effect on recovery 
time than in the X-band radars. lt is the refore probable 
that 721B tubes (used in SL radars and others) are re
placed in the field before adequate crystal protect ion is 
lost. Since this warning of impending tube fai lure is not 
obtained with the 7248 X-band tube, crystals may fail 
before it is realized that the TR tube has failed. 

Some of the characteristics of TR boxes are described 
as follows: 1- D irect coupling through the TR cav ity 
represents a fixed loss, t he energy to the crysta l being a 
function of transmi tted power. This is usually limited 
to acceptable values of TR box des ign. 2-The remain
ing power transmi tted during the pulse consists of a 
spike at the leading edge of the pulse and a Rat area 
which is independent of power level. It is genera lly the 
spike energy which resul ts in crysta l damage. The spike 
amplitude is more uniform with keep-ali,·e applied. 3-
It has been observed that the height of the spike de-
~reases with time. The .height drops rapid ly after ~he 

first few pulses but contlllues to decrease over a pen od 
of many hours. It has also been obser\'ed that the height 
of the in itia l spike depends upon the length of time since 
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the last discharge. This effect has been termed the poor 
111m-o 11 characteristic and appears to be present in all 
TR tubes. 4- The same general characte ristics outlined 
above are expected to apply equally to the 724 8 tube and 
the 1824 (the latter being used in the new plumbing for 
Mk 22 and SSj ST-1 radar systems) with some modifica
tion. In the 1824 tube a gas reservoir is used which 
should improve tube li fe. In addit ion, the tube construc
tion with built-in cavity provides a discharge path across 
the inside of the coupling iris as well as in the normal 
pa th within the tube. At h igh powers ( in the order of 
50 kw) ionization at the iris may result in some improve
ment in 111m-o 11 characteristics. 

Other factors which require consideration are : ! 
Transmitta l of power through the TR box is a function 
of load impedance which cannot readily be predicted 
because of changes in crystal impedance during the pujse. 
An unfortunate se lection of d istance f rom the TR to 
crystal might result in excessive power transmi ssion to 
the crystal. 2-M agnetron misfi ring generally resu lts in 
generation of spurious frequencies which are not ade
quately attenuated by the TR box. 

Two methods have been used to determine whether a 
TR tube is defective. They require litt le equipment, but 
p resuppose considerable experience on the part of the 
observer. O ne method involves observation of the color 
of the d ischarge. A change in color from that of the 
original during satisfactory operation indicates a loss in 
efficiency. The second involves the use of d ry ice to bring 
about condensation of the wate r vapor. T he first method 
would be useless without a large amount of experience, 
and the second requires close inspection by a skilled ob
server because of the small amount of vapor p resent. 
Neither is recommended for field use. 

Conclus ions: 1- Pay close attent ion to TR tube keep
alive hours and replace tube shortly befo re the end of 
expected life. T hat is, apply preventive maintenance. 2 
- lf poor turn -on p rotection is not provided , and if 
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equipment has not been in operation for several days, 
remove the crystal (with the usual shielding p recautions) 
and operate for about ten seconds before replacing the 
crystal. 

- JIV estern Electric Co. 

Bmea11 Comment: In addition to the information sup
plied above, the Bureau recommends the following pro
cedure as a check on TR behavior and recovery time. 

Adjust the echo box tun ing control for maximum de
flection of the output meter. Stop the radar antenna 
from rotating. Adjust the A-scope indicator of the radar 
fo r a good ring ing time pattern, such as curve E in the 
figure. Start slowly and gradually to reduce the radar 
receiver gain setting or, better yet , detune the local oscil
lator. A pattern will result such as curve D in the figure, 
having the same relative shape as curve E. Further slight 
detuning or reduction in gain will produce a pattern 
similar to curve C. Continue until a change in the slope 
occurs, as in curve B. This point of change marks the 
TR box recovery time of the radar. For a correctly 
operating radar the TR recovery should be at one mi le or 
less. 

If the g ain control is reduced still further, a greatly 
d istorted pattern wil l appear, such as Curve A. This 
curve shows that the TR box has not recovered . Refer 

to the radar instruction book for correction of the t rouble. 
If the above procedure does not produce a series of~ 
curves giving a TR recovery point, and if the ringing'l!l 
time is short, then it is probable that the TR recovery 
time is much too high (greater than ring ing time), and 
a new TR tube is needed. Check the keep-alive current. 
The keep-alive should be negative, and the current be
tween 0.1 and 0.2 milliamperes. Greater current or 
positive polarity will shorten TR tube li fe. 
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SIGNAL· TO-INTERFERENCE RATIO IN DECIBELS 

T his mn;e shows the pen·entage of garbles to be expected in radio telegraph, teletype, a11d similar 
.rystem.r, as a fmzctioll of t he int~usity of interfering signals. The mn;e should be of ·l'al11e i11 pre

dtrtmg the performance of new o rw its. 

( From A d1'ances in Carrier T elegraph Transm issio11, Bell System Tech. Jo11mal f or April. 1940}. 

New 
Synchro 

Tester 

• The Mk 2 Mod 3 Synchro Tester is now available to 
the fl eet for test ing synchro motors, generators, and trans
mission circuits. The tester is a lf synch ro motor fitted 
with a dial, test leads, clutch, and dia l-knob assembly. 
When the clutch is engaged , the rotor can be tu rned by 
the knurled knob on one end of the tester, a dial cali 
brated from zero to 360° turn ing with the rotor. \Xfhen 
the tester is to be driven by a synchro generato r, the 
clutch is disengaged, allowing the rotor to tu rn freely. 

The rotor leads Rl and R2 a re marked w:th one and 
two red stripes respectively while the three stator leads 
are marked similarly in white. A whi te index li ne is 
inscribed on the inner side of the dia l window support
ing frame wh ich is adjust~d and locked in a manner to 
insure that alignmen t will be main tained. W henever de
sired, a lignment may be checked very easily. 

Test for electrical zero: Electrical zero is defined as 
that position of the rotor with respect to the stator in 
which there is no induced voltage between terminals S 1 
and S3 and the voltage on 52 is in phase with that in 
R 1. Keeping this defini tion in mind, connect the synchro 
rotor (Rl and R2) across a 110-V 60-cycle supply. The 
clutch should be disengaged so th at the dial is free to 
tu rn . Connected in th is manner, the rotor will stop at 
electrica l ze ro. The lamps will be dimly I ighted by the 
cu rrent flow ing to the S-leads of the synch ro. When at 
electrical zero the 78-volt stator voltage is subtracted 
from the 115-volt rotor voltage leaving 37 volts im
pressed on the two 110-volt lamps connected in se ries. 

Caution : It is important that the clutch be disengaged 
when the instrument is connected to a synchro bus. Upon 

~onnecti on the tester will automatically position itself 
and thereby preclude the possibili ty of overheating and 
introducing reflections which wi II affect other synch ros 

connected in the system. As a rule it is best not to release 
the clutch until after the tester is connected to the 

synchro circuit. 

A complete discussion on the operat ion, maintenance 
and testing of synchros in general is contained in Ord
nance Pamphlet No. 130 3. A copy of this publication 
should be aboard each vessel. Additional copies may be 
procured upon request to the Bureau of Ships, Code 253. 

Synchro T esters Mk 2 Mod 3 a re now available in 
Ordnance Supply Stores and may be p rocured in the 
same manner as other ordnance-type synchros. The cur
rent allowance to fleet and repai r activities is as follows : 

3 each for BB's, CA's, CL's, CVB's, AS's, and ARL's. 

2 each for CV's. 
each for CVE's, CVL's, and DO's. 

4 each for AD's, AR's, and ARH -l's. 
15 each for all Naval Shipyards; U.S. Naval Drydock, 

Hunters Point, Cal if. ; U. S. Naval Repair Base, 
San D iego, Calif., and INDMAN 15th N.D ., Bal
boa, C.Z. 
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• One of the latest developments in the fie ld of echo 
rang ing and listen ing is the QHB scanning sonar equip
ment, now in the early stages of production. This equip

ment i an azimuth-scanning system employing the capac

ity commutator-rotation principle, and was designed to 
eliminate the tedious search procedures of conventional 

sound gear by providing a means whereby the sound 

horizon might be searched at a rate l imited only by the 
velocity of sound and the ma:ximum expected range. 
The system is conventional in that it utilizes intermittent 

pu lses o f supersonic power, but unique because these 
pulses a re nondirectional rathe r than beamed. Bearing 

determination is obtained by rapid ly rotating only the 
recei-ving beam. Thi s is accomplished electrically, and 

the bearing and range are presented on a cathode-ray 

indicator. The equipment may be used purely as a listen
ing device wh ich is continuously alert to sound f rom all 
directions. An auxili ary receiving channel p rovides for 

reception a long any fixed line of bea ring so that audio 
response similar to that of convent ional equipment is 
ava ilab le to assist in ta rget and noise identification. 

Although the Q HB contains a large number of func
tional elements, the interrelations of which are complex, 
the apparatus as insta lled is extremely simple from the 

operational standpoint. Unlike most echo rang ing equip 
ments, it does not requi re constan t mani pulation on the 

part of the operator. 

After initia l adjustment, range and azimuth informa- t/J 
·tion of a number of targets is obtained by merely viewing 
the scope. 

To provide the above features of operation, the basic 
functions required are, 1- a means for control of direc

tional sensitivity, 2-cathode-ray tube indication of range 
and bearing, and 3-provision for simul taneous sound 
transmission in all directions. 

The projector or transducer is composed of 48 inde
pendent magnostriction elements arranged vertically in a 

cyl inder 18 inches in diameter. T he assembly is mounted 

rigid ly to the ship and does not rotate. Each element 

therefore remains facing a fixed direction re lative to the 

ship . If plane waves from a remote sound source im

pinge upon the transducer, it is evident that sig nals wi ll 

be inducted which have a magnitude and electrical phase 

angle determined by the angu lar position of the ind i
vidual element involved. The phase shifts are very large 
since the radius of the transducer (8 .8 5 inches) is very 

large compared wi th the wave length of the sound (2.31 
inches at 26 kc). Actually, s ignals from a g roup of ad

jacent elements are converted to the same phase ang le and 

combined, thus forming a receiving beam pattern equiva

lent to a conventional p lane-faced proj ector. In orde r t# 

obtain g reater sensitivity, signals f rom any other ele

ments are attenuated. This operation is accomplished by 

introducing the output of consecutive elements into the 

proper points of a time delay and attenuation network, 

or lag line, the maximum phase shift being given to the 

center elements and the maximum attenuation to the side 

e lements. F inally, switching this net,vork progressively 

a round the cylinder to various arrays of elements, elec
trical rotation of the receiving directivi ty can be accom

plished. 

This switch ing is done by a capacity commutator, the 
rotor of which houses a time-delay network capable of 
simultaneous connection to 16 elements. Poin ts on the 

network are connected to 16 of the 48 symmetrical 

metallized seginents on the plane surface of a g lass d isc 

secured to the rotor shaft. T his disc is mounted con

centrically with an ident ical stationary d isc. The air gap 

between the two d iscs is .00035 inch, thus providing a 

capacitance of I 00 p.p. f between rotor and stator segments 

when fully meshed. This makes a circuit for applying a 

sig na l f rom a given stator segment to any of the 48 rotor 

segments, and hence to any point on the time-delay net
work. Each stator segment is connected individually to 

an element through a step-down transformer. Suitable 

slip rings de live r the combined output signal of the lag 

~ne to the ampli fier circui ts of the equ ipment. 

The QHB actually employs two of the commutators 

described above. One is driven through gears by an 

OHB lransd11rer is .rholl'n 11•ith a mbber 
boot ror,ering. Tbe Nnit remains stationary. 
wbile sranning is arrompli.rbed elerlrirally. 
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induction motor at a speed at 1760 rpm. This is used to 
sweep the sound horizon with the receiving beam ap

p roximately 30 times per second. The other is driven by 
a servo system so that the receiving beam may be posi
tioned at any des ired fixed line of bearing. It is connected 
to a receiving channel which provides audible signals 
such as are obtained in echo ranging or listening with 
conventional equipment. 

C-R TUBE SCANNING 
A 5HCT control transformer is geared to the con

tinuouly-rotating commutator spindle to operate at the 
same speed. The rotor of the 5HCT is supplied with a 
direct current, increasing in value from zero at the time 
of the main pulse to a value necessary for deflection of 
the e lectron beam from the center of the scope to the 
outer edge. The time required for the current to reach 
this value is, of course, dependent on the range scale in 
use at the time. A 3-phase a-c voltage of a frequency 
proportional to the speed of the commutator and of a 
magnitude p roportional to the range is therefore induced 
into the control transformer stator. This synchro is con
nected to the deflection coils (a synchro stator) of a 
cathode-ray tube, thereby causing the spot to trace a 
spiral on the screen. The position of the spot is syn
chronized in azimuth with the commutator rotor and 
proportional in radius to the time since the last trans
mitted signal. 

In transmission, ·all elements of the transducer are 

connected in parallel and fed from an impulse-type trans
mitter, the keying of which is synchronized with the 
sweep generator current-control circuit. This results in 
a uniform pulse of sou nd energy which travels out in 
all directions from the t ransducer. The length of the 
transmitted pulse is made equal to or slig htly greater 
than the time for one rotation of the rotor and hence, if 
a reflecting target returns an echo before the next trans
mission, the rotor will form a sens itive beam in the direc
tion of the echo at least once during a rotation. The out
put of the rotor lag-line amplifier is connected to the 
control grid of the cathode-ray tube. The result is a 
bright arc on the face of the PPI tube which is indica
tive in angular position of the target bearing and in 
radius of the target range. It is evident therefore, that 
for every pulse of the transmitter, the cathode-ray tube 
screen will be alert in all directions for any possible 
energy return. Positive identification of an apparent 
echo can then be accomplished by use of the fixed bear
ing or listening commutator. 

ELECTRONIC CURSOR 
Since rotation of the commutator is rotation of the 

receiving beam relative to the ship, the cathode-ray tube 

display presents a re lative bearing indication. The tra in-

ing control order to the servo mechani sm of the listening 
commutator is accomplished by the p<;>sitioni ng, with th~ .• 
operator hand wheel, of a differential .synchro generatoWJJ 
excited by gyro compass. The card affixed to the rotor 
shaft of this generator therefore ind icates the true bear
ing. Gyro exci tation of the generator p rovides mainte
nance of true bearing featu re to the I istening commuta-
tor training control. 

During the transmission in terval, while the current in 
the sweep generator is being restored to zero, the deflec
tion coi ls are swi tched f rom the different ial generato r to 

Indicator console for the experimental model of the QHB. 
There may be sl;ght changes in the production models. 
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Interior view of one of the two capacity ronlllllltators of 
the QHB scanning sonar. 

Remote Indicator 111birh may be placed at any desired 
/oration aboard sbip. 

the s}rnchro order, and simultaneously a 60-cycle signal 
is applied to the cathode-ray tube g rid. The result is a 
radial line wh ich indicates the relative bearing order to 
the listen ing commutator. This not only indicates the 
fixed line of bearing from which audio response is ob
tained, but is usefu l as a means of ascertaining the center 
of an echo arc on the scan display. Means are prov ided 

Awhereby the operator may switch the line on at will in 
~lieu of the scan and manipulate the train ing control to 

center the bearing line on an echo arc, thereby accurately 
determining sound bearing . 

Means are not p rovided on the surface of the cathode
ray tube for accurate determination o f range. It may 
only be estimated on the bas is of echo arc radius and it 
is presumed in the design of the equipment that accurate 
knowledge of range would be obtained from a conven
tional sound-range recorder. The keying circuits of the 
equipment are des igned to provide self-keying at several 
keying rates, or to operate from the keying circuit of a 
recorder. It is considered that the estimated range is 
adequate until such t ime as the sound-range recorder 
commences to operate in the course of a contact. 

" LISTENING" SCANNING 
In using the scanning feature for determining the 

bearing of noise sources, the transmitter-keyer circu it is 
disconnected but the sweep-generator current continues 
the saw-tooth variation at the 3750-yard rate. The result 
is that a noise source, such as a ship's propeller, will 
come th rough the scanning commutator and appear on 
t·he PPI tube as a bright sector, the center of which is the 
beari ng of the noise source. It is evident that, as 111 

~cho ranging, the scanning display is alert to noise 
sources from the entire sound horizon. 

REMOTE INDICATOR 
Use of a cathode-ray tube as the scanning indicator 

·has made possible an exceedingly useful piece of aLL'Li l
iary apparatus : a second cathode-ray tube with its own 
power supply is connected in parallel with the signals to 
the tube at the operator's station. T hus there is made 
available to the controlling officer an exact duplicate of 
the scann ing information, a presentation which can be 
extremely useful in many situations. Local volume con
trols govern the intensity of the display of this repeater 
unit so that it may be operated under lighting conditions 
altogether di ffe rent from those of the control equipment. 

TUNING SYSTEM 
Tun ing of the system is accompl ished by a single con

trol which tunes a master oscillator in the receiver 
th rough a range of about 6 kc above and below 86 kc. 

Energy from th is oscillator is used in both receiver and 
transmi tter sections where, by the heterodyne principle, 
conversion is made to the pr?per operating frequency. 

Thus, the output from this oscillator beats with a fixed 
60-kc oscillator in the transmitter to produce a signal in 
the 26-kc band . This frequency is then ampl ified and 
appl ied to the transducer. 

Similarly, signals returning to the transducer are fed 
to the receiver where they are mixed with the frequency 
of this same master oscillator, producing an i-f frequency 
of 60 kc. Note that at any time the operating frequency 
is always 60 kc lower than the freq uency of the master 
osci llator. 
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TRANSMITTER 
To provide sound pressures equal to or greater than the 

pressure obta ined in conventional narrow-beam echo 

ranging equipment, it is obvious that a tremendous trans

mitter would be required if bui lt for continuous emis

sion. An impulse typ e system has therefore been devel

oped which employs large storage capacitors for the 

plate supply of the power output tubes. An exponen

tially-decaying driving impulse is obtained which, at the 

s lowest keying rate, develops a total power input to the 
transducer of 7.8 kw, the attenuation at the end of the 

transmission impulse being approximately 3.5 db. Since 

the acoustical efficiency of the transducer is from 30 to 

40/'r , the result is a maximum of about 3 kw o f sound 

power. This compares more than favorably with any 

conventional equipments in service. T he arrangement 
is exceeding ly economical, the average power input to 
the transmitter being 550 watts. Faci lities are provided 

for underwater communication by code. When hand 

keying, 120-cycle modulation is imposed on the driving 

impulse to reduce the power output and the drain on the 

supply line. 

RECEIVING AMPLIFIERS 
The output of each commutator is amplified by a pre

amplifie r located immediate ly adjacent to the commuta

tor, the amplifier circuit including a band -pass fi lter to 
improve the s ig nal-to-noise ratio as much as possible 

before entering the receiver. Both the scann ing and audio 

receivers a re essentially identical up to the output stage. 

The output of the scanning channel intermediate fre

quency is recti fi ed, provid ing a d-e signal to the grid of 

the cathode-ray PPI tube. 

The intermediate freque ncy of the audio channel ter

minates in a mixer supplied by a beat-frequency oscil lator 

which is controlled by an O wn-Doppler-Nullifier circuit. 

The latter is of the reverberation-sampling variety and 

had been mod ified in the XQH A equipment to provide 

a very rapid correction rate since the training speed of 

the listening channel commutator is 8 rpm, and ve ry 

la rge changes in bearing may be encountered since the re 

is no reason to progressively alter the bearing as in 

search procedures with conventional equipment. The 

Own Doppler Nullifier circuit employed uses the recti 

lied output of a discriminator transformer to control the 
bias of a triode, the plate of which is capacity coupled 

into the osci llating circuit of the beat-frequency osci ll a
tor, variation of the plate resistance of the triode chang

ing the <:ffective incremental capacity in the tank circui t 
of the osci II a tor. 

The output of the audio circuit is employed to provide 

reverberation control of gain which is operative in both 

the li~tening and scanning channels. The time constant 

o f the time.varied ga in is ve rv ~hort (80 yards for 5 db 

down) in accordance with the latest Navy D epartment 

specifications. The control unit of t he equipment has a 

single volume cont rol which affects both channels identi

cally. A top-of-chassis adjustment in the receiver prof) 
vides independent control of the audio output so that 

the equipment may be set up in accordance with local 

or current doctrine, but such independent control is not 

accessible to the ope rator of the equ ipment. 

BDI OPERATION 
It was stated that the determi nation of target bearing 

is accompl ished by inspection o f t he scan with the 

assistance of the target bearing line or electron ic cursor. 

With increasing emphasis on bearing accuracy, it is evi

dent that improvement on this method of bearing deter

mination may be mandatory. Provision has been made 
in the design of the time-delay network of the commu
tator and the commutator itse lf for application of the 

simultaneous-lobe-comparison principle of the conven

tional BDI (bearing deviation indicator) circuit to the 

QHB equipment. It is expected that one or more of the 

equipments produced will be so modified in o rder that 

bearing accuracies by the lobe-comparison method may 

be compared with those obtained by inspection of the 
scan. 

The formation of a beam by the device of lagging and 
attenuating the signals f rom a given a rray of elements 

must ~e accomplish:d by perform ing identical e lectricalf ) 
operatiOns on the stgnals to the rig ht and to the lef t of ~ 

the leading elements (or those on bearing with the 

sound source). T he lag line may therefore be split 

n:echanically and electrica lly into two symmetrica l sec

tiOns. The signals available at the termination of the two 

lag lines thus provided must be, by analogy, the equiva-
lent of the signals avai lable from the two halves of the 

conventional vertically-split transducer. If the two lines 

~1ave a c.omm?n ~round it is therefore possible, by add-
tng a thtrd sltp nng to the commutator, to bring out the 
two halves of the equivalent beam and introduce the 

right-left signals into identical preamplifiers which, in 

turn, may be connected to a conventional BDI receiver. 

As the listeni ng commutator is trained, the response of 

the BDI should be the exact equivalent to that wh ich 

shou ld obtai n if a conventional spli t transducer were 
employed. 

In designing the lag line of the Q HB commutator, the 
posstble necessity for this BDI ci rcuit arrangement d ic
tated construction of the line in two ent ire ly sepa rate 
halv~s. In both the listening and scanning commutators, 

the lmes were terminated on each other rather than into 
the characteristic resistance, s ince the lines constitute 

r~utually-corre~t terminations. The outputs o f both sec

tiOns of the lme were the re fo re connected in parai i~J 
The common termination was connected to one of th ree 

slip rings, one of the two remainin,q being the ground 

side of the line. T he third ring is unused. For the BDI 
connection, it is only necessary to disconnect the ter
mination of the two lines on each other and add the 

~haracterist ic terminating resistor of l 4,200 ohms for 

each line. The outputs are then brought out separately, 

the third slip ring being used for this purpose. This con

version requires disassembly of the commutator and 

insert ion of the' missing resistors. It renders the listening 

commutator different from the scanning commutator. 

The QHA sonar was designed for submarines and the 

Q H B for installat ion on surface vessels. T he two equip

ments are very similar, the major difference being the 

number of elements in the two types of transducers. 

T he Q H A uses 64 elements while the QHB has 48 ele

ments. T he QH C and QHD scanning sonars will be 

stabilized and will include additional new features for 

li re·control operation. 



VICing 

Requires Cooperation 

• Rad io technicians and sonar maintenance men often 

show a tendency to become "electron happy" and may 

lose sight of the fact that the mechanical features of their 

--'loi.=trn•n•'c equipment are sometimes the sources of major 

and other moving parts of the equipment. Too often the.') 
cause of a sonar casualty may be the result of the radio~ ' 
technician's failure to maintain the specified mechanical 

tolerance of the equipment or to his lack of knowledge 
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isastrous trouble. This is particularly true in 

DJjUnki:aall~~f sonar equipment. 

m•an:~<~ that a great number of sonar 
a m•...-rmn ical nature. W hile such 

failures are many times the It of faul ty installation, 

more often they can be directly to preventable 
causes such as failure to lubricate the bearings 

of the requirements which must be met by the mechanical 

parts of the sonar installation. 

The mechanical parts of sonar equipment demand p re
ventive maintenance measures. This is particularly true 

of the directing-retracting mechanism, which is nearly 
''99.44 % " mechanical. The radio technician should pay 

particular attention to this part of the equ ipment as one 

of the principal sources of sonar failures. Special tools 
to aid in the servicing of certain parts of the hoist-lower 

ta£nechanisms are provided with the equipment. Keep 

\ 'fll'these special tools such as tommie bars, gland-nut 

wrenches, etc., close by at all times and learn to use them 

properly. 

furthermore, failure of mechanical parts is often the 

cause of electrical breakdown. for example, improper 
lubrication of the gear-train mechanism in the QJA or 

QJB training control system results in a heavier load on 

the spinner motor which, in turn, causes a higher plate 

current to be drawn from the type 2050 vacuum tubes. 

This may result in the complete failure of these tubes 

and the subsequent breakdown of the electronic circuit. 

While on convoy duty in the Atlantic, the failure of the 

amplidyne generator of a DE was traced to the overload 
placed on the training mechanism when the mechanical 

lower stops of the hoist-lower system were displaced 
through corrosion or bending. 

Often the mechanical training of the radio technician 

is rather limited, emphasis having been placed on circuit 

tracing, print reading, and trouble shooting along strictly 

electronic lines. Moreover, to locate, check, and replace 

defective items, to learn how to use new electronic test 

equipment constantly being issued to the fleet, and to 

/A keep up to date on the modifications and additions to the 

~equipment itself, means that the RT has little time to 
devote to a study of mechanics. It is not surprising, 

therefore, that the radio techni~ian should need help in 

maintaining those parts of his electronic equipment 

which require mechanical skill. 

The radio technician should not hesitate to ask for 

help. H e should not attempt to make mechanical repairs 

about which he knows little. It is best to enlist the 

assistance of Machinists Mates who can do the job cor

rectly in much less t ime and with practically no effort. 
These men are trained specifically in the maintenance 
and replacement of gears, motors, shafts, valves, gaskets 

and mechanical parts which are as important to sonar 

equipment as vacuum tubes and capacitors. 

Radio Technicians should solicit the help of their divi

sion officers in securing the professional services of 

ratings in other d ivisions. They will be a great help for 
preventive maintenance, and such an arrangement is par
ticularly desirable in case of an emergency. 

No sonar installation is stronger or more eflicient than 
its weakest component. Since mechanical failures are 

predominantly the "weakest l inks", cooperation between 

the technician and mechanical rates to keep these parts 

(- n good working condition is very important. Every 

effort should be made to make this cooperation an actual 

working relationship. 

• The Naval Air Station, D aytona Beach, Florida, ex
perienced considerable trouble with interference in com

munication receivers due to operation of YG beacon 

equipment. After extensive experimentation, several 

changes were made in the installation which eliminated 
the interference. 

1-A pO\ver-line filter was installed between the YG 

power line and the receiver power line. 

2-The H ertz antennas usually employed at air sta
tions were replaced by whip antennas, feeding to receivers 
through coaxial lines. 

3-T he YG keying relay \vas eliminated (YG field 
change No. 4). 

4-The V.H.f. antennas were lowered five feet below 

the YG antenna and placed approximately six feet radi
ally from the antenna. 

5-The outer conductor in the V.H .f. coaxial lines 
was grounded at six-foot intervals to the obstruction-light 
conduit. 

It was found that changing from H ertz antennas to 
whip antennas with grounded coaxial lead-in made most 
o( the improvement. 

The installation of the equipment presented a rather 

diiTicult interference eli mination problem as the YG is 

installed about five feet from the receivers and all equip

ments have a common power su1 ply and ground. 
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Air-Search 
Radar 
Ranges . 

LT. COMDR. I. L. .McNALLY, USN. 

• In estimating the performance of a radar system it is 
desirable to determine the range of a "standard" radar 
on a particular type of "standard" target. The character
istics of the standard radar were chosen as typical of a 
shipboard search radar. The Navy model SNB plane 
represents a target of fai r size and one which is generally 
available. The curves and formulas were derived from 

considerations and a vast amount of 

ing characteristics have been chosen for the 
radar: 

Item Definition 
(a) Pulse length, d = 1 p.S 

(b) Pulse repeti tion rate = 400 pps 
(c) Receiver bandwidth, B = 1..2 Me (Ed= 1.2) 

(d) Antenna rotation speed = 6 rpm 
(e) Horizontal beam width at half-power points = 6° 
(f) Receiver Sensi tivi ty (above theoretical) = 15 db 
(g) Sweep length (PPI or DPPI) = 20 miles 
( h) Cathode ray tube, 7" diameter, P7 screen 

Target= SNB (front aspect). 
The range of a radar is p roportional to the quantity k, 
defined by the equation 

30,000 G 

f 
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where G = absolute antenna gain, 
f = f requency in megacycles, and 
P = peak power in kilowatts. 

Example: 

when G = 1000, 
f = 3000 megacycles, and 
P = 400 kilowatts, 

k = [ 3o,oo~o~o lOoo ] Y2 ( 4oo ) 1;4 = 447 

The quantity k is plotted against range on an SNB and is 
shown as curve A. Entering curve A at k = 447, the 
range on an SNB is shown to be 3 7 miles. T his may be 
c?nverted for other targets by the target range factors 
l1sted, and also p lotted as curve G. 

This range determination is adequate for most purposes 
for the given values of G, f, and P because the other 
factors generally balance out in their ove rall effect. H ow-
ever, if there is considerable d ifference in the pulse 
le ~1gth, pu.lse repetition rate, scanning rate, etc., there 
will ll kew1se be considerable effect on the range. T he 
effec.t of a smaller PPI or longer sweep is to decrease the ( ) 

maximum range. The effect of these facto rs upon the 
range can ~e seen graphically by the cu rves B through E. 
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These curves show, in db, the relative change in over

all system performance as a function of the following: 

Curve B- Pulse length 
Curve C-Pulse repetition rate 
Curve D-Product of bandwid th and pulse length 
Curve £- Scanning rate and beam width 

In comparing the SG-3 with the "standard" radar, for 
example, the following information is obtained: 

Item 
(seep. 21) Standard Curve 

(a) 1 IJ.S B 
(b) 400 pps C 
(c) l . 2 D 
(d ) 6 rpm E 
(e) 6° 
(f) 15 db 

SG-3 

1. 37 
750 pps 

2.74 
6 rpm 
40 

15 db 

Overall Performance 
Relative to standard 

+1.3 
+1 .35 
-1. 7 
-1.2 

0 

Net : -0 .25 db 

Cu rve f shows that this net loss of 0.25 db has only 
a neglig ible effect on range, so that the range deter
mined from Curve A will be correct in th is case. first 
compute k as follo·ws: 

~ G= 500, 
f = 3 700 megacycles, and 
P = 400 ki lowatts. 

k _ [ 30,ooo X 500 ] y2 ( a )Y4 _ ? 
- 3700 !00 - - 85 

Entering curve A wi th the value of k = 285, the range 

is 24 miles on an SNB plane. From the table, or from 
curve G , a ta rget range factor for a PBY is l.25. The 
range on a PBY is therefore 1.25 X 24 = 30 miles. 

TABLE !-Range factor determined f rom target stze, 
based on tm·gets headed directly toward the radar. This 
information is also plolled in w rve G. 

Target Range Factor Target Range Factor 

B17 1. 37 0-47 .94 
824 1. 29 OS-2V .925 
B18 1. 29 Taylorcraft .925 
PB Y 1. 25 TBM .90 
J FR 1. 23 FM-2 .85 
j 2F 1. 18 SNJ . 795 
Beaufighler J. 18 P47 . 783 
15- D 1.16 NSC . 75 
B-26 1. 08 P38 . 711 
SNB 1.00 P51 .68 
AT-11 .97 Baka .3 

The anten na ga in factor is usually g iven in db above 
absolute, that is, above an isotropic rad iator, by 

db= 10 log1o G 
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a gain of 25 db 
log G = 2~5, 

G = 316 

or design value of 
~i~~rJzy·er, if not obtainable, 

the gain factor of a 

r-~ 
dipole feed, small 

em. 

~~t<)r is usually not a full 
illumination is varied to 

at a sacrifice of gain. This 
r gain of about 60 % theoreti-

its, 
. ......._...,.,...._,.... 13 aAf2 (lO -G) 

= illumination factor, .4 to .6, 
= area in square feet, and 

f = frequency in megacycles. 

a increases as the size of the 

--cuRVE E 

EFFECT Of SCANNING RATE AND 

B.EAM W IDTH ON SYSTEM PERFORMANCE 

6l6•pm O db 

(Eworr,rlc• 1 S ·~ "!l / 8 1 b db) 

1 ~--
~0 

The SK is very interesting to use for an example be
cause most of its characte ristics are considerably different 
from those of the "standard" radar. Let us determine the 
ability of 'an SK radar to detect a PBY: IJ 

Item 
(a) 
(b) 
(c) 
(d) 
(e) 
(f) 

SK 
5 (i.S 

60 pps 

Curve 
B 

Relative Performance 
+7.0 

c -4. 0 
B X d = 1.2 D 0 

E +3 . 3 

+8.0 

4 rpm } 
20° 
7 db 

Net: +14.3 db 

G = 19 .7 db = 93.3 absolute 
f = 195 Me 
P = 200 kw 

k = [ 3o,ooo X 93.3 ] y2 ( ; ) 1;4 _ ,~, 
195 

_oo _ 451 

Range = 37.5 miles on standard SNB target. 
PBY target range factor = 1.25 (f rom table). 
+14 .3 db = 2.28 range factor, (from curve F). 
1.25 X 2.28 X 37.5 = 107 miles range on a PBY. 

This represents a rel iable range with 50 % hi ts, and 
checks closely with average service reports. 

,. 

)' H. KRAUSE, 11'/estingho!lse Field Service, 

and ENs. W. H. SuRBER, JR. , E.F.S.G. 

• Considerable trouble has been experienced in endeav
oring to tune the SRa equipments. The full capabilities 
of the systems have not been real ized in numerous cases 
due to improper or incomplete tuning procedures em
ployed. A tuning procedure developed by E.F.S.G. and 
\Vesti ng house has been endorsed by BuShips and is 
printed herewith for in formation and guidance . 

GENERAL 
The conversion of the SR to the SRa has eliminated 

the critical grid-keyer adjustments and the reaction of the 
oscillator tuning controls on the keyer circuit. This re
duces the possibi lity of damage to the 527-type oscillator 
tubes during the tuning process. A modification of the 
monitor antenna and echo-box type of indication fu rther 
simplifies the tuning procedure. T his echo-box change 
will be desig nated field change No. 30. The conversion 
is relatively simple and no field change kit will be re

q uired . 

As originally desig ned , the monitor antenna was con
nected through the echo-box, which acted as a transmi s
sion-type ci rcuit, to a rectifier and meter. With the 
echo-box tuned to resonance, optimum transmission of 
power was obtained and the meter reading was at a 
maximum. The echo-box had to be tuned continuously 
to keep the meter reading maximized as the transmi tte r 
was adjusted, since the transmitter frequency varies dur
ing the tuning and matching process. 

In the modified circuit the echo-box antenna is con· 
nected directly to the g rid of the detector tube. This 
g rid is also coupled to the echo-box. If the echo-box 
is detuned so that it p resents a h ig h impedance between 
the g ri d and g round, the meter reading wil l be propor
tional to some function of the total r-f power output 
from the radar. The indication will be almost inde
pendent of frequency since the circuit is untuned. 1f the 
echo-box control "G " is now tuned th roug h the radar 
frequency, there will be a sharp d ip in the meter read ing . 
From the read ing o f " G" ' at this point, and by the use of 
the echo-box ca librat ion chart, the rada r f requency may 
he determined. 

() 
0 z 
:::!J 
0 
m z 
~ 

)> 
I 



_J 

<( 
1--z 
LU 
0 
u_ 

z 
0 
() 

The echo-box conversion is made as follows : Discon
nect and remove the short section of cable between J-20 3 
in the IJlOnitor receiver and the echo-box. The connector 
at the echo-box may be left open. From the monitor 

receiver spares obtai n the spare for either J-201 or J -202. 
This spare connector is already made up with a short 
section of· shielded cable. Remove the cover over the 
95 5 detector and connect the section of spare cable be
tween J-20 3 and the grid of the 955 . Connect the shield 
of the cable to the ground terminal located near the grid 
pin of the tube. Cut a slot in the top of the removable 
cover to allow the cable to pass through and replace the 

cover. An alternate method is to dri ll a hole in the shield 

box around the tube and bring the cabl e in through this 
hole. 

Before attempting to tune the equipment, the follow
ing points should be checked : Read and thoroughly 
understand these instructions before attempting to tune 
the transmi tter. Insert the transmitting tubes, making 
sure that no mechanical strain is p laced on the glass and 
that all connections are tig ht. Check the antenna to see 

wh ether it is in the bl11e or the green-yellow f requency 
band . In the blue band, both g rid-shorting straps are to 
be used on the 527 oscillator tube gr id te rminals. In the 

green-yellow band, place the shorting strap across the 
lower g rid connections, and corona balls on the two 
upper grid terminals. Ch eck the duplexer lengths. When 
operating in the blue band , adjust the duplexer length so 
that the d istance between the lowe r edge of the upper 
casting and the center of the spark gap ad justment knob 

is 9Vs" · For the green -yellow band the distance should 
be approximate ly 11%"- T h is ad justment is available 
when the uppe r rear cover of the transceiver is removed . 

When tuning for the first time, check the settings of the 
duplexer spark gaps. They should be open between 
1/ 32" and 1/ 16" . Th is is roughly 1.25 turns on the 
adjustment knob wh ich is located on the stub itself, 
above the gap. Access to the spark gaps is obtained by 
pulling the monitor receiver chassis forward and remov
ing one of the side panels. Con trols a re provided on the 
fron t of the transm itter un it fo r ad justi ng the unit for 

prope r oscillator operation. 

T he main controls are as fo llows: " A " Grid tuning 

control. Main control for setting the oscillator f requency. 
" B'' & "C" Impedance matching stubs. These control 
oscil lator f requency. " D " & ' 'E" D uplexer controls. 
When properly set, control " D' ' prevents the received 
signal from being d iss ipated in the t ransmitter portion 
of the circuit. Control "E" prevents the loss of the 
transmitter energy in the receiver circuits. 'T' ' Receiver 
tuni ng control. "G" Echo-box tuning contro l. 

TRANSMITTER TUNING 
W ith the radiation switch off, set all d ia ls according 

to the chart for the center f requency of the antenna 

being used except "G " , which should be set at 0. Apply 
power to the set and push the .. Power On" button. A fter 
the 5-minute time delay relay has operated, ad just the _ 

fi lament voltage to 10 vol ts . Turn rad iation swit ch o1IJ; 
and raise the plate voltage to 3.5 kv. (The plate voltage 
is left at 3.5 kv instead o f 5 kv d uring tuning in order 

to avoid excessive arcing .) Rotate the an tenna un t il it is 
facing the monitor antenna, so that t he echo-box meter 
reading is a maximum. Tune echo-box di al ' 'G" until 
a dip occurs in the echo-box mete r, and obtain frequency 
of operation from the cal ibration cha rt. T he frequency 
should be kept with in the an ten na band ( plus or minus 

5 Me of the center frequency) . Tu rn the "RF TLine" 
control on the monitor receiver pane l to 0 and tune " D " 

and " E" for proper firing of the spa rk gaps. The spark 
gaps may be obse rved th rough o pen mgs in the duplexers 
by either removing the b lank pane l below the monitor 
receiver or by removing the top side pane l and pull ing 
the monitor receiver chassis forward . D etune the •echo-
box (control "G " ) so that the frequency o f the osci llator 

will not affect the echo-box meter read ings. Tune " A" 

for a maximum reading of the echo-box meter. It will be 
observed that a series of maximum poin ts may be ob 

tained at defin ite frequency intervals. Set " A " o n the 

point of maximum response nearest the center of the 
antenna band . Adjust " B" and " C' for maximum read-
ing of the echo-box meter. Re-ad just "A", ''B", and " C ' 
for maximum reading of the echo-box mete r. Raise plate 6J), 
voltage to 5 kv. If any r-f arcing occurs at the osci ll ator, ~ 
it may be decreased by backing off the "B" dia l setting 

slightly. If it persists, a di fferent tuning po int ( combina-
tion of " B" and "C") may have to be used. Tune the 

echo-box for cl ips in the meter and check the f reque ncy. 
If the frequency is out of the band , shift the " A" dial 
tuning to a point o f maximum response within the cor-
rect range. Note that the f req uency of operati on can not 
be set to any arb it rary va lue; it must be tuned on one 
point o f maximum response. Tu ne d ial " F" for maxi-
mum indication on the monitor scope. T une dials " D " 
and "E" for maximum moni tor scope indication . The 
"RF Tune" knob should be set to 0 when tuning "E". 
Tune the duplexer spark gaps for maxi mum moni tor 
scope indication. Make a fina l adj ustment on d ia ls "0 " , 
"E", "F", and " RF Tune" knob for maximum echoes. 

A set of typical mete r read ings when p roperl y tuned 
would be s imil ar to the following : 

Pi/amen/ 
10 v. 

Plate 
5 kv. 

Plate Clfrrenl 
20-30 ma. 

CONSOLE RECEIVER TUNING 

Grid mrrenl 
4-8 ma. 

Adjust the ' 'I -F Tune" knob on console receiver fo r 

maximum echo response on the range scope. T his should, 
he checked by the operator at tltc beginning of each '_) 
watch. 

Sonar Lubrication Chart 
Radar and radio lubr ication charts have appeared in p revious issues of 

ELECTRON. The p urpose of the cha rt in this issue is to aid techn icians 
in the selection of correct lubricants fo r sonar equ ipments, and to pro
vide sufficient information fo r requ is it ioning these oi ls and g reases. 

Navy Spec. Navy Spec. 
Designation Designation 

Instruction Book or Nearest Na vy Equ ipme nt In Instru ction Book or Nearest Navy 
Designation Equipment Which Used Designa tio n Equivalent 

Acid Free Bea ring SAE 50 NS 3100 
Grease OS 1350 NJ-8 SAE 50 NS 3100 

Andok C 1-!L3 Grade II I QGA, QFA-5 SAE 30 Oil NS 3065 
Chopper Motor Oil NS 3050 QFr\-5 UniYis 48 Oil OS 111 3 
Dash Pot Oi l OS 1362 QC.J-2/ QCL Singer Fan Grease 1-!L3 Grade 11 
Dash Pot Oi l OS 1362 QC.J-8/ QCL-7 
Dash Pot Oi l OS 1362 QG B Singer Grease 1-! L3 Grade I or II 
Diehl Fan Grease 14L3 Grade II QCQ/ QCR Singer Grease 1-!L3 Grade I or II 
Diehl Fan Grease 14L3 Grade I I QCN-2/ QC0-1 Singer Grease 1-!L3 Grade I or I I 

vVBA Singer Grea se 14L3 Grade II 
SAE 20 (Machine Oi l) NS 3050 WCA/ 1/ 2/ 3 SAE 20 Oil NS 3050 
G raphite Gear Grease 14L3 Grade II QFD Singer Grease 14L3 Grade I I 
Ligh t Machine Oi l NS 3050 QFF Singer Motor 
Light Oil NS 3050 NJ-3/ 9 Lubricant 14L3 Grade I or I I 
Light Minera l Oil Sodium Base Ball 

(WECO Desig.) NS 2110 QJ A Bearing Grease 1-!L3 Grade II 
Ligh t Sodium Base Sodium Base Grease 1-!L3 Grade II 

Grease 14L3, Grade I NJ-3/ 9 Sodium Base Grea se 14L3 Grade II 
Lubripla te, Andok C 14L3 Grade III QFA-5 Superla 18 14L3 G rade I 
Lubriplale 110 14L3 Grade III NM B-1 Superla #18 Grease 14L3 Grade I 
Lubripla te 110 14L3 Grade II I N MC Univis 48 Oil OS-111 3 
Lubripla te 110 14L3 Grade III QCQ-2 Vaseline 14P1 
Lubriplate 110 14L3 Grade III QCU Vaseline 14P1 
Lubripla le 11 0 14L3 Grade Ill QGB Vaseline 14Pl 
Lubriplate 100-S 14L3 Grade I QFH Very Light 
Non-gummy Light Oil NS 2075 QFL r-.'lachine Oil NS 2190 
0-368 Grease \VS-334 ( ESSO) 

(WECO Desig.) OS 1350 QJA Grease 14L3 Grade I 
0 -561 G rease 

(WECO Desig.) 14L3 Grade II QBF 

Equipme nt In 
Which Used 

t\ j -3/ 9 
t\j-7 
QFD 
QJB 
QCS/ QCT 
QCS-1 QCT-1 
NJ-7 
NM B 
NMC-1/ 2 
\VEA-2 
\VB A 
\VAA- \VBA 

t\ ]-6 

NJ-3/ 9 
Nj-6 
NMC-1/ 2 
QGA 
QJB 
QJB 
QFD 
WEA-2 
QCQ/ QC R 

QFK 

QG B 

0 -561 G rease 
ORDERING INFORMATION (WECO Desig.) 14L3 Grade I l QJ A 

0 -562 Oil 
('WECO Desig.) NS 3065 QJ A Navy Specification Fed eral Standard Standa rd 
Pet rolatum 14Pl QC.J-2/ QCL Designation Stock Catalog No . Package 
Pet rolatum 14Pl QCJ-8/ QCL-7 

G R EASES SAE 10 NS 9110 or 2110 NJ -8 
SAE 10 NS2 110 QG B 1-l L-3 Grade I 14-L-13 1 1 lb 
SAE 20 NS 3050 NM B,WCA-1-3 14L-3 Grade II 14-L-90-15 1 lb. 
SA E 20 NS 3050 NMC-1 / 2 1-!L-3 Grade li I 14-L-85-5 I lb. 
SA E 20 NS 3050 QCJ-2/ QCL 14- P-1 14-P-100 5 lbs. 
SAE-20 NS 3050 QCJ-8/ QCL-7 OS 1350 14-G-715 10 lbs. 
SAE-20 NS 3050 QCN-2/ QC0-1 
SAE-20 NS 3050 QCQ-1/ QCR-1 

OILS SAE 20 (Light 
Clea n Lube Oi l) NS 3050 Nr-. I B-1 NS 2075 1-1--0 -2586 5 ga l. 

Singer Grease 14L3 Grade II WCA- 1/ 2/ 3 NS 2110 1-1-0 -2595 5 ga l. 
SA E 20 NS 3050 W BA NS 2135 14-0-2610 5 gal. 
SAE 20 Oi l NS 3050 \VE B NS 2190 14--082625 5 gal. 
SAE 20 Oil NS 3050 WAA NS 3050 14-0-2662 5 gal. 
SAE 30 NS 3065 J J-6 NS 3065 14-0 -2663-8 5 gal. 
SAE 30 s 3065 N.J-7 . s 3100 1-1--0-2685 5 gal. 
SAE 30 NS 3065 NJ-3/ 9 NS9 11 0 1-l--0 -2162 .'i gal. 
SAE 30 Oi l • 1S 3065 NM B OS l.l1 3 J 4-0-88-!-1 0 5 ga l. 
SA E 50 Oi l s 3100 NJ-6 OS 1362 14-0-2833-65 5 gal. 
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• This is the second in a series of articles written for the 

purpose of familiarizi ng the technician with the various 

types of test equipmen t and the functions they perform. 

1 o attempt has been made to go in to minute detai l as 

that information is conta ined in the instruction books. 

OAP SERIES 
T he OAP is a compact wavemeter-oscill ator covering 

a range from 150 to 230 Me. It is desig ned for use with 

equipments requiring a terminating impedance of 50 
ohms, and should be used with transmi tters hav ing 

rad iated pu lse power between 100 and 3000 watts. Due 

to this limitation it is used a lmost exclusively in checking 

IFF interrogator-responsors such as BL, BM, BN, and 

BO's. The equipment is composed principally of a wave

mtter, a dettctor-amplifier, a local oscillator, a d ummy 

anttnna, diode detector and cathode-loaded amplifier. 

The detector-amplifier uses a 6E5 ( magic eye) to 
indicate resonance between the tuned circuit in the wave

meter and the applied signal. The local oscill ator is vari
able between 150 and 230 Me, modulated at 60 cycles, 
with an output of 1.5 to 15 mi ll ivolts throug hout the 

range. The diode dttector and the cathode-loaded ampli 

fier are used to drive an oscilloscope to check transmitter 

output power and pulse shape. An untuned V TVM 

input connection to the detector-amplifier is provided so 

that the equipment wil l serve as a vacuum tube voltmeter. 

The power supply also furni shes a 60-cycle voltage 

for calibration of the vertical deflection of the ~cope used 
with the equipment. 

In general the OAP has five functions: 1-to tune a 

transmitter to a desired frequency, 2-to tune a receiver 

to a desired frequency, 3-to adjust an antenna system 

for best performance, 4-to measure the relative power 

output and observe pulse shape of a transmitter (using 
an external oscilloscope), and 5-to monitor a trans
mitter during operation. 

OAA SERIES 

The OAA is a test instrument for checking SA, SC, 
SR, SK, and s imi lar radar equipments. It is designed 

for use as a frequency meter, to indicate relative trans

mitter power output, to detect double pulsing, and for 
checking receiver sensitivity, tun ing, and al ignment. The 
tuning range is from 150 to 240 M e with micrometer 

adjustments accurate to ±0.5 Me uti lizing a frequency 
calibration curve which is included as a part of the in

struction book. The un it is equipped with an antenna 

assembly for permanent mounting near any radar 
antenna, and is connected to the unit by a coax ia l cable. 

The instrument includes a resonant-line input to a 955 (I' 
tube connected as a d iode. The d-e output from the 

diode is passed through an r-f choke and can be utilized 

~ (le ft ) M odel OAP JIY'twemeter-Oscillator. (right) OAA-2 Radar T est Eq11ipment. Antm na assembly is uot shown. 

in either of two ways. In one connection the ?ut~ut is 

delivered to a d-e amplifier and microammeter o rcLIIt f~r 
measuring relative power output of a transmitter. T~1tS 
d-e amplifie r is a 6SQ7 connected so that its plate r~SISt
ance is in series with one arm of a wheatstone bn dge. 

With no signal input the bridge must be adjusted ~or 
zero meter reading by the zero-set control. fo r tuntng 
a transmitter and checking peak output and wave shape, 

the output of the diode is viewed on an osci lloscope 

which may be plugged into a jack provided for th~ pu~
pose. When the scope is plugged in, the d-e amp ltfier ts 

cut out of the circui t. 

Since the input circuit is a high Q resonant line, it will 

oscillate for a short period of time after excitation by a 

transmitter pulse. Th is oscillation or ringing time is the 
signal source fed back into the radar receiver and indi
cator, thereby measuring the overall radar performance. 

W hen used for checking relative power output, double 

pu lsing, or receiver sensit ivity, it is necessary to usc the 
permanently mounted antenna assembly. However, fre

quency measu rements can be made from the permanent 

antenna assembly or by the use of a pick-up rod fur-

~ nished with the unit when employed as a portable unit. 

The OAO is simi lar to the OAA except that the f re

quency coverage is 105 to 125 Me. 

OAJ SERIES 
The OAJ (phantom target ind icator) operates on the 

p rinciple of continued oscillation in a resonant chambe r 

for a few microseconds af ter excitation by a radar pulse. 

The uni t operates in the S-band and is used to check the 

receiver and indicato rs of ai rborne radar equipments 

operating in this band. However, it contains no fre

quency-measuring or indicating device. The p ick-up rod 

is mounted near the radar antenna and is coupled to the 

resonant chamber by a coaxia l cable. When d1ecking the 

system, the radar pulses into the pick-up rod, the energy 

being carried to the chamber which oscillates for approx

imately 28 microseconds a fter excitation if overall per

formance is correct. The energy of this oscillation is 

radiated back throug h the pick-up rod and into the radar 

antenna, appearing on lhe indicators as signals to be used 
for check ing receiver sensitivity, tun ing, and other ad
justments. 

The OAJ -1 is a test un it similar to the OAJ but with 
a frequency-measuring feature employing a micrometer 

adjustment. It is also designed for use with ai rborne 

radar equ ipments operating in the S-hand. 

Since the unit contains faci lities for measuring fre

quency it has more application than the OAJ. These 

applications are: Checking transmi tter frequency, d eter-
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mining pulse width , checking mag netron spectrum, and 
for setting the local oscillator frequency. The uni t oper
ates on the same principle as the OAJ for checking radar 
transmitter and receiver operation. For the other adjust
ments, however, it is necessary to use an exte rnal micro
ammeter, a probe and crystal hold er, a 0. 5 p.f capacitor 
and a length of coa..xia l cable to couple the crystal holder 
and the meter. The p robe, crystal, and cable are similar 
to that conta ined in the p hantom target test conversion 
kit part number 453-25 07 as supplied by P hilco. The 
meter should be a low-resistance type such as W eston 
M odel 301. 

CW -60ABM FREQUENCY M ETER 

The CW -60ABM is designed for operation 1n the 
5-band. It has fou r applications: measuring transmitter 
f req uency, adjusting local oscillator for desired i.f. , 
measuring d-e crystal converter current, and checking 
standing-wave ratio in t ransmission lines. 

T he instrument comp rises 3 electrical components 1n 
one metal shielded can, consisting of a hig h-frequency 
pickup and resonato r circuit, a d -e supply, and a d-e 
measuring circu it. The high -frequency pickup and reso
nator consists of a tuned r-f input circuit, varied by a 
micrometer and shunted by a negative temperature coeffi
cient Thermistor. T he the rmistor is used because it re
sponds to average power and is not damaged by peak 
pulses of r-f energy. T he d-e supply circuit, energ ized 
from any 115-volt 60-cycle source, consists of a bridge
type rectifie r to furnish current fo r measuring the resist
ance of the thermistor. The d-e measuring ci rcuit is 
used to measure the crystal converter cur rent of receivers. 

The instrument is in itially set without any r-f input. 
The meter is adjusted to mid-scale by the sensitivity con
trol in the bridge rect ifier ci rcui t. When mak!ng this 
setting, the temperatu re o f the thermistor is effectively 
being adjusted by setting the \·a lue of current flow 
through it. The r-f input plug is then connected to the 
instrument and to the radar being checked . The sensi
tivity control is now adj usted to g ive almost full -scale 
deflection. Assu re the tuned circuit to be off resonance 
by turning it a few turns either \vay and noting any rise 
or fal l of the meter indication . A quarter-wave line (or 
odd mu ltiples thereof) at resonance, d issipates the maxi
mum amount of power from the circu it to which it is 
connected . Conversely, when off resonance, it will d issi
pate the least amount of power. Since the thermistor is 
shunted by this tuned quarter wave tank, any change in 
power dissipation in the resonant or non-resonant circui t 
wi ll affect the thermistor. If the tuned circuit is off 
resonance, the maximum amount of power will be ap
plied to the thermistor. causing its temperature to in
crease. This causes the res istance to decrease and the 
current flow throug h it to increase, and th is is ind icated 

on the meter. Now as the micrometer adjustment is 
varied (changing the frequency of the tuned circuit), a 
point of resonance wi ll be obtained . When this resonant~ 
point is reached, the tank circu it will be dissipating it~1 

maximum amount of power, and m inimum r-f power 
wi ll be applied to the thermistor. I ts temperature will 
decrease, its resistance wi ll increase, and the meter will 
show a sharp d ip in current. 

The instrument can be used to ad just the local oscil
lator in the receiver by resonating it to the tuned circuit 
in the wavemeter after the transmitte r frequency has been 
measured, with the micromete r setting unchanged . The 
i.f. o f the receiver together with the number Of microm
eter d ivisions equivalent to this f requency are determined 
f rom the instruction book. The micrometer is t hen 
moved the necessary number of divisions above or below 
its original setting and the local oscillato r adjusted to 
resonance with this new frequency. Th is will p lace the 
local oscillator at a freq uency which, when mixed w ith 
the magnetron frequency, will p roduce the correct i.f. 

To measure crystal converte r curren t, the wavemeter 
is connected to the receiver ( if a jack is provided) by the 
r-f input cord provided with the mete r. The " Freq uency
Conv. Cur." switch is thrown to "Conv. Cur." and the 
current is read on the 0- 2.5 ma meter. 

.When a transmission line is provided with a standing- • ) 
wave detector, the wavemeter may be used to indicate the ~ 
standing-wave ratio. Connect the detector to the r- f 
input of the wavemeter and adjust the transmission line 
tuners unt il the least variation is obtained as the probe 
is moved along the line. 

Ntu•y Type CIIV-60A BM INII•emeler. T his is view of 
1111i1 removed from t(l(t/erproo f carrying rase. 

GIVE YOUR SUCCESSOR A BREAK 

By Lie111. B. B . Ostbem, Jr., USS Dayton 

During the next six months or so many of our ships 
will be placed in reserve or in inact ive status. U ndoubt
edly many key men will either return to civilian life or be 
t ransferred to a new ship or station. In view of these 
facts, now is the time to put your operating sets, spare 
parts, and test equipment in such condition that your suc
cessor may take over efficiently. 

Your successor may take over immediately or he may 
-A take over a yea r a fter you have left the ship. Listed be

·~ low a re a few o f the steps that you should take to help 

h im and to protect you r gear. 

1- Bring you r instruction books up to date. If you 
have made any circuit changes draw the changes into the 
schematics, and don't forget to enter them in your logs. 

2- lnventory your spare parts. Put a copy in each 
spare parts box and leave a copy for your successor, along 
with a list of all shortages. 

3- Check your test equipment and tag a ll gear that is 
not work ing properly if repairs cannot be made before 
you leave the sh ip. List your test equipment and leave 
this list for your successor. Check your allowance list and 
make a I ist of what is missing. 

!~-Summari ze the pecul iarities and capabil ities of each 
~quipment on a separate sheet, leaving these notes for 

you r successo r. By now these facts should be known to 
you , and what you have learned should be avai lable to 
the next techn ician. Here is an example: 

S K-2 gives 011/ best a/ abo111 217 M r. Fade rbarl for 
tbis f requency is allached lo Ibis sbeel. D on·/ forget to 
tune C-14 13 and C-4002 fairly often and especially when 
you change a 446A . She won·/ lake proper plate t'oltage 
II' hen the 327 A 's star/ logo, so hat•e a tested and malrhed 
set ready for replarement. T bere are three knobs hanging 
down under the PPI 11nil tl'hich are fastened to speed
ometer cables. T be otber ends of tbese rabies are soldered 
to tbe tbree centering screws inside !be tmil. Use these 
for centering easily witbo111 sbulling down the eq11ipment . 

5-Go up on the antennas and see that they are pro
tected from rusting by proper painting and g reasing of 
threaded adj ustments, etc. Cover your plugs, jacks, con
nectors, etc., with f riction tape, rubber tape and glyptal 
to p rotect them from moisture, dust, stack gasses, and 
salt-air corrosion. 

6--Cover all exposed equ ipments such as remote PPI's. 

7-Sketch your power source layout, showing all fuses, 
switches, distribution panels, etc., in each feeder from 
the engine rooms to you r sets. Remember a new man 
would have to do a lot of hunting for these th ings and 
your he lp in doing this will be great ly app reciated . 

8-Collect all inst ruction books, pamphlets, and any 
othe r l ite rature d irectly connected with your equipment 
and put them all in one p lace. Afte r stori ng a ll these 
publications make a complete list of them, their locat ion 
and custody, and leave it for you r successor. 

9- Collect all too ls, prepare them for storage by prop
erly g reasing, etc., then lock them in a secure p lace. 
Leave the key in proper hands and leave a note for your 
successor, list ing all tools and where they are located . 

t O- M ake a note of the storage p lace of all bl ueprints, 
logs, and m iscellaneous wri tten mate ria l not covered 
under (8) above. 

T hese suggested poi nts give on ly a genera l idea, and 
while reading th is you have undoubted ly thought of a 
number of other things. Add them on the list and start 
worki ng on a program that will make th ings easier for 
the technician who is to re lieve you . 
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IMPROVISED TCS-15 ANTENNA 

By Rober/ E. Conroy, RT3j c, USS Sangay ( AE-10} 

When the TCS-15 was installed on this vessel it was 
impossible to obtain the recommended 20-foot whip 
antenna. In lieu of this we improvised a jury rig with 
which we obtained excelle nt results. The system includes 
a 40-foot antenna hung vertically and fed by a 20-foot 
length of armorec! coaxial cable. 

To prevent the antenna current meter needle from 
hitting the peg, it was necessary to shunt the terminals 
with a p iece of No. 18 wire an inch and a half long. 
The meter still reads one-third full scale on voice with 
the PA plate current meter reading below the max imum 
allowed. We did not connect the antenna loading coi l. 

B11rea11 Comment: The purpose for w hich the T CS 
was originally designed made necessary the use of a 20-
foot wh ip antenna. If space permits, an antenna such as 
that described may be installed for better resu lts. I t wi ll 
then be necessary to add a sh unt to the antenna ammeter, 
as above, to avoid damage to the meter. 

• 
A MULTIVIBRATOR 
FOR SIGNAL TRACING 

By Carl F. Evert, RTl;'c, USS W h ite M arsh (LSD-B) 

In keeping with the pol icy of exchang ing useful ideas, 
it is felt that the multivibrator described be low may be 
of value as a signal generator in receiver serv icing. Since 
many small craft and amphibious vessels do not have a 
readily portable device for s ignal tracing on a ll bands, 

1\ !I V AC 
60.-., 1" 

C·2 

(---oANT. 
C· 3 

t----<> GND. 
C·4 

C- 1, C·2- .001 MFO. 
C-3, C- 4 - 01 MFO 
C·~,-IOMFD 200V Ot 
FI -I,R- 2 - IOOKt\,I W 
FI -3, - IOMJ\. 2 W 
A-4,- 101<1\POT. Z W 
A-,,- 601\. ) W 
V• l, V2 ,-3$ l6GT 
V•),- 3~Z)(; T 

th is un it may fill the gap nicely. The circuit is shown in 
the figu re. 

T he inherent output wave form of any multivibrator 
is a square wave. Remembering that a square wave is 
composed of a s ine wave fundamen ta l and numerous 
harmonically-related frequencies, the wide frequency 
range of such a circuit used as a sig nal generator is at 
once apparent. This oscillator has been used successfully 
for poi nt-to-point sig na l trac ing on both audio- and 

rad io-frequency amplifiers. The upper usable h armonics 
are high enough to permi t this generator to be used in~ 
checking the TBS. It is also usefu l in the rapid location o~ 
defective bands in communication receivers. The output 
tone is a harsh rasp y n ote t hat is clearly distinguishable. 

The circui t has been designed to use as few compo
nents as possible and all pa rts are easily obta inable . A 
transformerless power supply was used for this reason. 
The omission of a fi lte r choke in the powe r supply seems 
to h ave no adverse effect upon the operation. Rathe r, it 
adds a slig ht modulation to the carrie r that is usefu l in 
audio work. The chassis layout is of the simplest type. 
A 4" x 6" x 3" chassis is ample and makes the unit very 
light and portable. Constructional details are le ft to the 
individual technician. 

B11reau Comment : Expe riments with a multivibrator 
constructed as described reveal that it can be used for 
signal tracing or checking receiver bands for "dead spots". 
The bureau does not recommend using this unit in any 
application which normally would require a calibrated 
freq uency source or a critical amplitude of output voltage. 

• 
CHANGE TO LELAND 
MOTOR GENERATORS 

Darragh E. Johns/oil, CJU\11, USS Azimech ( AK-124) 

The power dissipation of an adjustable or tapped re
sistor is based on its entire res istance and thus will de
crease as the portion of resistance used is decreased . 
Experience has shown that afte r el imination of the speed 
regulator for the type 21806 motor gene rator (Field 
Change #1) , the 200-ohm, 50-watt resistor " A ", and the 
3-ohm, 50-watt resistor "B" overheat and often burn out 
due to insufficient power-hand ling capacity. 

This condition can be relieved by replacing resistor 
.. A" with a type 63262 200-ohm 120-watt res isto r, and 
resistor "B" with a type 63375 2 .5-ohm 120-watt re
sisto r. Both type A resistors are tapped in ten equal 
parts. 

The resistors should be mounted in such a manne r as 
to protect them from mechanica l damage, accidenta l con
tact by personnel, and in a position that will insure ade
quate venti lation. Due to the increased s ize, they cannot 
be sat isfactorily mounted in the gene rator junct ion box. 
Once installed, the location of the prope r tap con nection 
is dete rmined in the same manne r as fo r previous re· 
sistors. 

B11rea11 Comment : This is one example of how an~ 
idea submitted to the Bureau of Ships resu lted in an 
authorized fie ld change. ( Field Change #2 to type 21806 
Leland Motor Generators.) 

• 

MISTAKES IN SR TUNING 

- On one ship the SR .was tuned. fo llowing the new pro-
cedure (see p. 25 ) unttl the monttor antenna meter read
ing was maximum. The echo response on the A-scope, 
however, was considerably poorer than for several other 
tun ing points for which the r-f power output was indi
cated to be less. This phenomenon proved somewhat 
baffling to the RT's. W hat they had neg lected to do was 
to check and determine whether all of thei r power output 
at this point was at the same frequency. Since the moni
tor antenna in this procedure is connected di rectly to a 
recti fie r and is untuned, it will indicate the sum of the 
power outputs at both f requencies. For this system, t he 
maximum meter reading was obtained at that point, al
though the power output at either of the two frequencies 
alone was considerably Jess than the optimum value. T he 
system was retuned to g ive maximum output at a single 
frequency. 

- I!..f.S.G. 

* 
UNSTABLE PULSE RATE IN Mk 13 

Eng ineers from Bell Telephone Laboratories have 
found that when operating the Mk 13 radar on precision 
sweep, long range, some show an instabili ty of pulse rate 
at certain settings o f the long range unit in the region 

etween 60,000 and 70,000 yards. 

An analysis of this trouble shows the cause to be 
coupling in the wiring between terminal 5 of V-1 and 

termi nal 4 of V -13 in the re
ceiver-control drawer. The rem
edy for th is trouble is to retrain 
these two wires, keeping them as 
short as possible and maintaining 
the maximum possible separation. 

It h as also been found that the 
voltage generated by the sine 
wave generator, which p roduces 

the bearing sweep, contains too high a percen tage of h ar
monics. T hese h armonics, when amplified in the bearing 
sweep amplifier, produce slightly unsteady echoes at the 
side of the patte rn on the scope as well as ji ttery effect 
on the 50 m ile bearing Jines. 

T his trouble is corrected by the installation of a simple 
RC filte r in the bearing sweep amplifie r. H a lf-watt, one
megohm + 10% resistors a re substi tuted for the wires 
running to grid pins 1 and 4 of V -2, and a 0.01 /Jof 
postage-stamp capaci tor connected across the two grids. 
This fil te r introduces additional p hase shift in the bear
ing sweep voltage, and to obtain the correct phasing it 
is necessary to move the magnet of the s ine wave genera
tor approximately 4 5° tn a counler-clocb vise direction, 
looking f rom above. 

- W est em Elerlrir. 

* REDUCED GAIN ON MARK 34 MOD 2 

Several instances have been found recently of a marked 
reduction in gain on M ark 34 Mod 2 radars. This con-
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di tion is indicated by a condition of no grass, with few 
echoes. No defective tubes could be found. 

Equipment was restored to normal by re-adjustment of 

i- f OVERLOAD ADJUST and MAX AGC ADJUST 

controls . 

A study of these f ailures and the steps taken to correct 
them w ould ind icate that the following procedure should 
be followed by technical personnel. 

Since the systems are left in standby a great p ercent 

of the time, they should be turned on full operation for 

at least an hour each day. During this period of opera
tion the technician should check the adjustment of the 
controls mentioned above plus the AGC LEVEL and the 

CIRCLE CLOSURE ADJUST. This preventive-main te
nance check wi ll usually prevent a condition of reduced 
gain appearing when the equipment is needed for actual 
operation . 

One solution advanced to this problem is that the 

K en-Rad type 6AC7 tubes used in the i-f strip seem to 

Jose gain rapidly and that the AGC circuits a re very 

critical and apparently unstable. Some overloading of the 
last i-f stage was encountered but was overcome by 
p roper balance of the adj ustments concerned. 

- E.F.S.G. 

* 
INCORRECT RANGES ON MK 12 RADARS 

Ensign J. P . Costas (E lectronic Field Service Group ) 
reports ranging d ifficul ties with Mk 12 radars during 
ta rget p ractice by the U SS Columb!IJ (CA-74 ). The 
practice was fired on a towed target, w ith main b attery 
control by M k 13 radars. Mk 12 operators reported dif
fe rences in range as g reat as 600 ya rds from t hose of the 
Mk 13"s. Ens. Costas, ass isted by the ships CRT, checked 
the range uni ts, ze ro set, and range transmission, finding 
everything in order. 

At the suggestion of the ship's rada r officer, Lt. Fol
l ien, the M k 12's were switched from automatic to 

FSB Crystals 
The formula for computing the crystal frequency as 

shown on page 10 of the Prel imina ry Instruction Book 

for the M odel FSB Frequency Shift K eyer shou ld be 

corrected to read as follows : 
assigned frequency ± 425 cycles 

Cr)'st:tl fn:quenc)' - --- 200 kc. 
mu lti plying factor 

manual ranging. This immediately corrected the diffi 
culty and the ranges checked ve ry closely with thoseA 

from the Mk 13's. ~~ 

The explanation of the errors was that t he target was 

being towed by a tug . O n automatic rang ing , the Mk 12 
will g ive excellent range results from a sing le isolated 
target. However, the automat ic circui t should be used 
with caution when two targets are being picked up at 
about the same range and bearing . The automatic circuit 
will tend to f avor the st ronger echo, which in this case 

was from the tug. This explained why both Mk 12's h ad 

the same range reading but with a 600 -ya rd e rror as co m

p ared wit!~ the Mk 13's. 
- E.S.F.G. 

* 
SAFETY SHIELDS FOR Mk 34 

The transmitter in the Mk 34 Mod 2 systems is pro

vided with a guard for preve nting h igh-voltage injury 
to p ersonnel eng aged in tuning the TR and A TR boxes. 
Carelessness while making these adjustments can result 

in electric shock to the person e ngaged in the work. 

On ly one instance has actually been reported of per
sonnel being injured as a result of coming in contact 

SHEET 
PLE XIGLASS 

TEMPLATE HOLES FROM 
EXISTING GUARO 

with high vol tage leads adjacent to these points of ad
justment. However, to p revent a repetition of accidents 
of this nature, a plexiglass guard has been des ig ned to be 

p laced in these t ransmitte rs . T he guard is made as shown 

in the fig ure and can be bolted to the frame replacing 
the guard now insta lled. 

- E.F.S.G. 

Improved TR 
An improved TR tube, type 721B, has been developed 

and has been stocked in all naval activit ies . The li fe ex

pectancy is better than 1000 hours comp ared with the~ 
300-hour safe li mit established for the 721 A. The 721 B 
is completely inte rchangeable w ith the 721A except in 

new equipment designed for the 721B. 

TESTERS MAY NEED TESTING 

Over a p eriod of time excessive rejection a fter d leck
ing types 6AB7, 6AC7, 6AK 5, 6]6, 6Y6G , 7V7, 12SR7, 
and 9001 e lectron tubes on certain H ickok tube checkers 
h as been reported to the Bureau. T hese testers include 
the N avy Model OZ-1, and Hickok Models 530, 549, 

and 5 50 X . Special tests conducted at the Naval Research 
Laboratory by Airborne Coord inating Group engineers 
disclosed that when tested in accordance with instructions 

published by H ickok, the types 6AG5, 6AK 5, and 6J6, 
are o ften ruined due to the grid wires being overheated, 
sometimes to the point of incandescence. Investigation 
carried ou t on the remaining types by the Electronics Sec-

- tion of N RL has shown that little correlation exists be-
. - tween the transconductance read ings obtained on H ickok 

testers and satisfactory equipment performance o r trans
conductance measurements taken in accordance w ith 

standard methods of testing as stated in J AN -l A Specifi
cations . Add itional tests on quantities of the tubes listed 
are now in p rogress at NRL and at the H ickok Electrical 
I nstrument Company. Revised test settings and lim its 

will be available in the near fu ture . 

In the meantime it would be well to test several new 
t ubes, if available, of the same type as the one which is 
indicated to be fau lty. If read ings on the new tubes are 
approximately t he same as those obtained on the one in 

q uestion, it is likely that the tester is in er ror. As. soon 
as the new d ata is made available, E LECTRON w ill pub

lish the corrections. 

TUBE DECLASSIFICATION 

The Bureau of Ships advises that the following tubes 
together wi th all sp ecifications and techn ical data per
tain ing to them are now " U N CLASSIFIED" : 

~1 2C35 2Kl3 72 5f'P14 
<-0 series 2C36 2P21 5]2 1 thru -32 
vx 2C38 Lh ru -47 2P22 SK3'b 

1822 2C49 2Q28 SK40 
1823 2] 21 thru -34 3C22 6C2 1 

TUBE DECLASSIFICATION-Cont'd . 

1824 2] .)6 th ru -62 3C27 6C22 
1825 2]64 3C3i 6C23 
1827 2]849 3C45 6K-l 
18 29 2]850 3D21A 6L4 
1831 2]851 3E29 6Q4 
1832 2 K21 thru -2-l 3H P12 HK7 
1834 21<25 3HP14 ''-7 series 
1835 21<26 3] 2-l 78P12 
1837 21<27 3] 25 7C22 
1838 21<28 3] 26 7C23 
18 40 21<29 3jP12 88 
1842 21<30 31<2 1 8C22 
1843 21<31 3K22 8C23 
18+! 2K3-l 3K23 L-14 
18 50 2K35 3K27 15E 
18 51 2K36 3K30 Ql\:26 
1856 2K39 -lC23 QK28 
1857 2K40 -lC26 Ql\:59-62 
1858 21<-11 -lC28 45 Special 
1 N21 thru -3-l 21<42 -lC33 53A 
1P2-l 21<43 .J.C35 98R 
D-2 series 2K4-! .J.j 21 thru -65 A120 
GY-2 21<45-46 HISS A124 
Y2 21<47 5C22 X126B 
28 22 2K-l8 5CP12 \T-12iA 
282-l 21<49 5021 YT158 
QF196 GL529 715A,8,C 1280-CT5 
QF2 15 2GS29 718 series 1 330~! 
227A WL530 719A 1331 
32 7A,B 2G530 720 series 1380:Vl 
H3SO GL541 72 1A, 8 1382 ~VI 
\l,iL41 7 2G541 722A 1391X 
\VL41 7A 2G547 723A, B,C 1407XQ 
417 559 724A,B 1429CT8 
417A ZG564 725A 1429CT9 
4178 GL572 726A,8 ,C 1636 
419 ZP572 727A A2214 
419A GL579 728 series A2304 
4198 ZP579 729A WE2779A 
421 ZP584 730A 3092 
421AA G L590 826 WX-3199 
434A L600N S D828 A5594A 
\VL4-l1 series ZG626 SD83-l X 6013 
\VL442 2G629 SD835 X6030 
\VL443 serie!' GL645 SD846A,8 X6032 
471A 2G645 SD849A,B X6033 
GL484 2P6-!6 QK915A R6210 
GL485 700 series QK9158 UX 6653 
GL486 701A QK91 5C C-7063 
ZG489 702A,8 933 8014A 
DRH5U5 706 series 936 38142 
GL516 707 A,8 :\ l.!-976 D 161831 
2]51 6 709A 1278-GY2 0 164694 
527 714 series 1280-CT 

The confiden tial status is being retained on tubes still 

in developmental stat us which were developed fo r mili
ta ry requiremen ts and have no immediate commercial 
app lications. T he " K-band " types a re a ll incl uded in this 
category. 

Tubes stil l "Classified" are I is ted below: 

Restricted : 
4AP10 

Confidential : 

11326 21<33 
1836 2K50 
1 P25 3] 21 
1P25A 3]30 

3] 31 
5]33 
6]21 
Z-556 

259-b 
2597 
2599 
Z647 

() 
0 
z 
T1 

0 
m z 
-l 
)> 
r 



Classifications drop again 
-------------------------------------------------~ ~----~~-------------~-----------------------------·' 

• The October ELECTRON listed certain equipments Arm y -Na vy Eq u ip m ent-Con t' d. Airborne Equipment-A Series Classifi- Classifi- Clnssifi-

which had been declassified. Classifications have been 
MODEL cation MODEL cation MODEL cation 

Classifi- Classifi- Classifi- Clnssifi- Classifi- Classifi-

changed again, with many more dropped to restricted or MODEL cation MODEL cation MODEL cation MODEL cation MODEL cation MODEL cation D AS-1 u DAY R DBN u 
DAS-ta u DAZ R DBO c 

unclassifi ed . In the tables below you will find t_he latest AN/A RC-Tt • AN/AR\V-20 u AN/GPS-TtA•t u 

I 
ABA u ARD-2 u ASJ u DAS-tb u DBA R DBS u 

u 
AN/AR\V-20X u AN/GPX-2 R 

ABA-I u ARE u ASVt u DAS-2 u DBA- I R DBT R 

classifications, which apply to instruction books as well as AN/ARC- I u 
AN/,\R\V-21 u AN/GSQ-1 ° R A BO t u A RF u ASVCt u DAS-3 u DBB R DBU R 

AN/A RC- l A u 
A='i/AR\V-21X u AN/l\1 KR-1 (XN) u ABO- tt u A RG u ATA u DAS-4 u DBB-1 R DBV R 

to the equipments, but they do not apply to the military AN/ARC-2 R A BD-2t u ARH u ATB u DAU u DBC R DBW c 
AN/ARC--I u A-:\/AR\V-22 u AN/:\IPQ- 1 s ABD-3t u ARJ u ATC u DAV u DBC-1 R DXA R 

applications of the equipments. AN/ARC-4A u A:-I/AR\V-22X u AN/:\I P N -1 ° u '· A BEt u ARK u ATC-1 u DAV- 1 u D BD u DXB R 
A?\/ ARC--IX u A:--i/ ARW-23 u AN/iV! PN- IA 0 u A BF R ARQ R ATD u DAV-2 u DBE u DXC R 
A:-1/ARC-5 u A:-1/AR\V-2-1 u AN/MPN-2 R A BF-1 R ARR R ATE u DA\V R 013F u DXD R 
AN/ARC-5X u AN/AR\V-25 u AN/li!PN-3 R ABJ R ASA u ATF u DA\V-1 R DBG u LRN-1 u 

Army-Navy Equipment AN/ARC-6( ) • u A:-1/ARW-26° u AN/li ! PS-4(XN) c A BK R ASB u ATG u DA\V-2 R DBH u LRN-IA u 
AN/ARC-9° u :\N/AR\V-26A u AN/M PX-1 c ABK- 1 R ASB-1 u ATH u DA\V-3 R DBM u 
AN/ARC-I I() c AN/A R\V-27 u AN/~-!PX-2 c A I3 K-2 R ASB-2 u ATJ u DAX R DBM-t u DAQ Series u 

Cassifi- AN/ARC-12( ) R AN/A R\V-28 u AN/l\!PX-13 c ABK-3 R ASB-3 u ATK u 
Classifi- Classifi- AN/ARC-13( ) R AN/ARW-29 u AN/MRC-5" u ABK-4 R ASB-4 u ATM R 

MO DEL cation MODEL cation MODEL cation AN/ARC-14 c AN/ARW-30 u AN/MRC-6 " u ABK-5 R ASB-5 u ATM-1 R 
AN/A RC-1 5 c AN/ARW-31 u AN/MRC-7 u ABK-6 R ASB-6 u AVA u F requency-Shift Keying Equ ipm e nt-F Series 

A?\/AGA-1 u A='i/APG- t5B0 u A:-I/A PS-4t u AN/ARC-16 c AN/AR\V-32 u AN/MRC-8 u ABK-7 R ASB-7 u AVA-I u 
AX/AIA-2 u A:<:/APG-15C u AN/APS-4At u A:--i/ARC-17 c AN/ AR\V-3-1 u AN/li!RN-1° u ABL R ASB-7A u AYB u ~ 

AX/ A!A-2A u AN/APG-15-T1 ° u AN/APS-41'1 u A:-1/ARC-IIJ R A:-1/AR\V-.35 u AN/l\IRN-3° u ABM R ASB-7 B u AYB-1 u Classifi- Classifi-
AX/AL'\-4 u Al\/APG-16" c AN/APS-41'2 u R ,\:-1/AR\V-37 u AN/PPN-1 u AI A t AYC u Clnssifi-

AN/ARC-25 u ASB-8 u MODEL Cltion MODEL cation MODEL cation 
AN/ AIC--1 u A:<:/APG-I i() u AN/A PS-6 u AN/ARC-28 R AN/ARW-45 u A N/PPN-2 u AlA-It u ASCt u AVO u 
A :<:/ AIC-5 u A :<:&A PG-18( )t R AN/ APS-6A u AN/AR D-3 u A""! AR\V--16 u AN/PPN-3 u AMA u ASC-It u AVO- I u 
A:<:/AIC-6 u A1\/APG-19( ) c AN/A PS-6T! u AN/ARD-~ u A:<: IAR\V-~ i u AN/ P PN-8() c AMD R ASDt u AYD-2 u FRA u FRG u FSD u 
A-:\/AKT-1 u AN/APG-20() R AN/APS-6T2 u AN/AR. 1-Tl u AN/AR\V-4 7X u AN/PPS-1( ) 0 c ARA u ASD-It u AYD-3 u FRC u FRH u FSH u 
AN/ A:\!Q-1 u AN/AP G-22 c AN/APS-61'3 u AN/AR N -1 u AN/ASA-1 u AN/PRT-1 R AH.A-1 u ASEt u AYD-4 u FRE u FSA u 
A:<:/A:\IQ-10 u AN/APG-25 c AN/APS-61'4 u AN/A R N-5 " u AN/ASA-IA u AN/SPA- I u A R A-2 R ASE-It u AYD-5 u FRF u FSB u 
AX/ANQ-3 u AK/AP:-1-l u AN/ APS-10° u AN/ARN-5A0 u AN/ASA-3° u AN/SPN-1 c ARB u ASF u AYF u 
A:-1/APA-1 u AN/AP""- IA u AN/APS-10-1'1 ° u AN/ARN-6( )• u AN/ASA-S(XN) R AN/SPQ -1 R ARC- I u ASGt u AYF-F1 u 
AN/APA-1A u AN/ APX-1 13 u AN/APS-1 1(X N) u AN-A R N-7 " u AN/ASA-6(X N) R AN/SPR- 1 u ARC-2 u ASG-tt u AYJ u 
AN/ APA-5 R AN/APN- IX u AN/ APS-13° u AN/AR:-1-8 u AN/ASG- 10 R AN/SPR-2 u ARD-1 u ASHt u Airc r a f t T r a n s m itting Equipmen t-G Series 
AX/ APA-5A R AN/APN-T1 u AN/APS-15t u AN/ARN- 12 u AN/ASG- 10.-\ R AN/SPR-3 R 
AX/APA-6 u AN/A P-:\-4° u AN/APS- 15At u AN/A RQ -1" u A•"/ASG- IOB R AN/SPT - 1 u 
AN/ APA-6A u A:-1/A P!\-H u AN/APS- 15Al\l R AN/ARQ-~ u AN/ASG- 10 (XN) R AN/SPT-1 A u Classift· Classifi· Classifi-
A:<:/APA-6X u A:-1/A P >I-9° u AN/APS- 15B t u AN/ARQ-5 " . • u AN/ASR- I(XN) c AN/SPT-2 u MODEL cation MODEL cation MODEL cation 
AN/APA-7° u A:<:/A P>\-11( ) R AN/APS-15Bl\! R AN/A RQ-5X u A""/AS R-2 c AN/SPT-3 u IFF- B S eries 
A:-1/APA-8 u AX/A PX-13 u AN/APS-15-T1 u AN/A RQ-6° u AN/AS\V-8 c AN/SPT-4 u 
A>I/ APA-10° AN/AS\V-9 c AN/SPT -5 B~ ,._ GA u GH-X u GP- 1 u 

u AN/AP:<:-22(X?\-}t u AN/APS-15-T 3 u AN/ARQ-7 u GA- l u GH-1 u GP-2 
AN/APA-1 1° u AN/AX A-I (XN) u AN/SPT-6 u 

u AN/AP. --23(XN-) c AN/APS-16° u AN/ARQ-8° Classifi- Classifi- ClassiH- GB u G 1 u GP-3 u 
AN/A PA-12 u AN/ A P :-1-H(XN-) c AN/A PS- 17( ) 0 t u AN/A RQ-9° R AN/AXR- 1 u AN/SPT-6A u MODEL cation MODEL cation MODEL cation 
AN/APA-12A u AN/AP:<:-31(XN-) c AN/APS-18 u AN/ARQ-10 R AN/AXR-2(XN) u AN/SPX-1 c GC u GK u GP-4 u 
A>I/APA-13 u AN/ A P:-I-32(XN-) c AN/APS-19( ) R AN/A RQ- 11 ° u A N/AXR-3 u AN/SPX-2() c BA u BL-1 R BN-2 R 

GO u GK-1 u G P-4a u 
AN/ APA-13A u AN AXR-4(XN) u AN/SRQ-1 u GF u GL u GP-5 u 

u Al\/A P:<:-33 u AN/APS-20 R AN/A RQ-1 2 
AN/AXS-1 AN/SRQ-2 u BE u BL-2 R BO R GF-1 u GM u GP-6 u 

AX/APA-13B u AN/APN-4 1 u AN/ APS-20A R AN/ARR-1 ° R u BE-l u BL-3 R 130-1 R GF-2 u GN u GP-6a u 
Al\/APA-14 u AN/A PQ-1° R AN/A P S-2 l (XN-) c AN/ARR-2 R AN/AXT-2 u AN/T PQ-TI 0 u BF u BL-4 R BP u 

AN/AXT -2A AN/TPQ-T2° u GF-3 u GO u GP-7 u 
AN/APA-14A u AN/APQ-2° u AN/APS-25 c AN/A RR-2A R u BG · U 13 !..-5 R BQ u G F-4 u GO-t u GQ u 
AN/ APA-15 u A='i/ APQ-2A" u AN/APS-30 R AN/ARR-2AX R AN/AXT-2ll" u AN/TPQ-1 R BH u BL-6 R BR u 
AN/APA-15A u AN/APQ-2B u AN APS-30-T I R AN/A RR-2B R AN/AXT -2C 0 u AN/TPS- I B R Bl u BM (CXEM) R BR- 1 u G F-5 u G0-2 u GR u 
A:-1/APA-16 R AX/APQ-5° u AN/APS-31 R AN/A RR-2X R AN/AXT-4 () c AN/T P S-9 u Bl-1 u BM- 1 R BT u GF-6 u G0-3 u GS u 
A>\/APA-16B R AN/APQ-5B 0 u AN/APS-32 R AN/ARR-3 u AN/AXT -5 u AN/TPX-8 c BK R BN R 

GF-7 u G0-4 u GS-1 u 
A >I/ APA-16-T1 R AN/A PQ-5-TIA" u AN/A PS-33 R AN/AR R-3A u AN/AXT-6 u AN/TPX-11 c BL R BN-1 R 

GF-8 u G0-5 u GS-2 u 
A:<:/APA-17 u AX/ APQ-7°t u AN/APS-34 R AN/ARR-3B u AN/CPA-2 u AN/T P X -1 2 c GF-9 u G0-6 u GS-3 u 
AN/.-\PA-17A u AN/APQ-7-T t• u AN/APS-35 R AN/ARR-4 u AN/CPN-3 u AN/TPX-14 c GF-1 0 u G0-7 u GS-4 u 
AX/APA-18 u AN/APQ-15°t R AN/APT-1° u AN/A RR-5° u AN/C P N-3A u AN/TPX -1 5 c GF-11 u G0-8 u GS-5 u 
AK/APA-19 u A:-.1/APQ- 19 c A:-1/APT-2° u AN/ARR-i 0 u AN/CPN-6 u AN/TRA-1 R GF-1 2 u G0-9 u 
AN/ APA-20 u AN/ APQ-20( ) 0 R AN/APT-3" u AN/A RR-8 u AN/CPN-8° u AN/T RC-1/3/4 ° u R adio Direction F inding Equipm ent and 

GH u GP u 
Al\/APA-2 1 u AN/ APQ-21 ° R AN/APT--!" u AN/A RR-9 u AN/CPN-11 ° u AN/TRQ-1 u 
AN/APA-22 u Al': / APQ-27 ° R AN/APT -5° u AN/A RR- 11 ° u AN/CPN-12" u AN/U IQ-2 ° u Lora n Naviga tion a l lndicators-D Series 
A:<:/APA-23° u A:<:/ APR- I u AN/A PT-6( ) 0 u A:-1/ARR-14 u ;\N/CPN- 1.3 c AN/U IQ-2A0 u 
A:<:/APA-24 u A:-1/ APR-IA u A:-1/APT-9 u AN/ARR- 16 R AN/CPN-1-t u AN/UMQ-3 R Classifi- Classifi-
A:<:/APA-26 u A:-I / APR-1B u A:-1/APT-10 u AN/A RR- 16A R AN/C P N-15( ) c AN/U PA-1 u Classifi- Sound L iste n in g (Receiving) Equipme n t-J Series 
A:<: /A PA-27° R AN/APR-IX u AN/A PT- 16 R AN/A RR-16ll R AN/CPN- 16° u AN/U PA-2 c MODEL cation MODEL cation MODEL cation 

AX/APA-30 u AN/APR-2 ° u AN/APT-1 7 R AN/A RR-17 u AN/CPN- 17 u AN/U PA-3 c 
A:-I/APA-30A u A:<:/AP R-4° u AN/AP\V-4-(XN-1~ c AN/A RR- 18 u AN/CPT-I "t s AN/UPA-4 c D A u DP- 17 u DAB u Cla33ifi- Classifi- Classifi-

AN/APA-31 u A:<:/ APR-4-Tt • u AN/APW-~(XN-2 c AZ/A RR-19 u AN/CPT-2°t u AN/ U P A-S c DB u D P- 18 u DAB-I u MODEL cation MODEL cation MODEL cation 

AK/APA-32 u AX/APR-5 u AN/APX-TI R AN/AR R-2 1 u AN/CPT-3 u AN/U P A-6 c D C u DP-19 u Di\13-2 u 
AN/A PA-38 u AN/APR-SA u AN/APX- 1 R AN/ARR-22 R AN/CPX-3 c AN/U PA- 7 c O F u DQ u DAI3-3 u JA u J K-8 u JN-1 u 
A:--i/APA-41 ° u AN/ APR-5.-\X u A='i/APX-IA R AN/A RR-23° u AN/C PX-4 c AN/ UPA-8 c DG u DQ-1 u DAE u JB u J K-9 u JO u 
AN/APA-43(X:'-i-) R AN/A PR-SA Y u AN/APX- l A:\1 R AN/ART-2 u AN/CPX- 11 c AN/UPA-9 c DH u DQ-2 u DAE-1 u JC u J KA u J P u 
A:<:/APA-+4° c AX/A PR-6 u AN/APX-!AX R AN/A RT-3 ° u A:--l /C PX - 15 c A N/UPA-10 c Dj u DQ-3 u DAE-2 u ]D u J KA-1 u JP-1 u 
A-:\/APA-45 u AN/APR-7A u AN/APX- J B R AN/A RT-3.-\ u AN/CPX-1 6 c AN/UPA-11 c OK u DQ-4 u OAF u JE u J K A-2 u JP-2 u 
AN/APA-+8 u A:<:/APR-7ll u A:-1/A PX- I X R AN/ART-7 ° u AN;C RC-7 u i\ N/ UPA-12 c DL u DQ-5 u OAF-I u J F u JKA-3 u JP-3 u 
A:<:/APA-50 R A:<:/A PR-9 R AN/ APX-2 R AN/A RT-9° u AN/C RC-9 u AN/U PA-13 c OM u DQ-6 u DAG u JG u JKA-4 u JQ u 
A:--i/A P.-\-53 R A:<:/APS-Tl u AN/APX-2A R AN/ART- 10 ° u AN/CRN-1 ° u AN/UPA- 1·1 c ON u DQ-7 u DAG-1 u Jl-1 u JKA-5 u JR u 
.\:>: / APA-56 c A:<:/APS-TI A u AN/APX-2B R AN/ART-11 ° u AN/CRN -Ii\ 0 u A N/U PA-15 c ON-X u DR u DAG-2 u J K u J KA-Sa u JR-1 u 
A:<:/APA-.57 c A:-1/AP -T 2 u AN/A PX-6() c AN/ART - 13 ° u AN/CRN-2° u AN/UPA- 16 c DO u OS lJ DAH R J K-1 u J I, u j R-2 u 

_j AN/A PD-1 t: AK/APS-2t u AN/A P X-7( ) c AN/ART- 13!\0 u AN/C RN-3° u AN/UP A-1 7 c DO- l u DT u DAL-l-a R JK-2 u JM u JT R 

<( A":-</APG-4 t; A='i/APS-2At u AN/APX-8 R AN/ART-17 u AN/C RN- 10° u ,\ N/UPA- 18 c 0 0-2 u D T-1 u DAL-1-1 R JK-3 u JM-1 u JAA R () 
A:<:/A PG-4AX t: AK/APS-2Bt u AK/APX-SA R AN/ART -18 u AN/C RT- 1° u AN/ UPA-1 9 c D0-3 u D T -2 u Di\H-2 R J K-4 u JM-2 u JAB c 

~ A:<: / APG-4X v A~/APS-2Ct u AN/APX-12 R AN/A RT-2 1 u AK/CRT- 1/\ u AN/ U PA-20 c DP u DU u DAH-3 R JK-5 u JM-3 u JBA c 0 
z AN/A PG-5 ° u AX/APS-2Dt u AN/A PX- 13 R AN/ART-22 u AN/CRT- I ll u AN/U PN-1 ° u DP-1 u DU- 1 u DAJ u JK-6 u JM -4 u J CA c z 

A>l/APG-(> u A:<:/APS-2Et u AN/A PX- 13/\ R AN/ART -2:1 u AN/CRT-2° R AN/U P N-2° u DP-2 u DU-2 u D Aj-2 R JK-7 u JN u 
UJ A:--i/A PG-9( ) t; A:-I/APS-2Ft u AN/A RA-3 u AN/ART-2·1 u A:<:/C RT-.3° u AN/U PN-3° u DP-3 u DV u OAK u 11 
0 AN/ APG-Il( ) t; AX/APS-2G t u A:-1/A RA-4 ° u AN/A RT-25 R AN/CRT-4 R A:-1/U P N -4 ° u DP-4 u D\V u OAK-I u 0 
LL AX/ APG- 13° u A='i/APS-2Tl u AN/A RA-6( ) u AN/AR\V-2 u AN/CRT-6 u AN/U PN-5() c D P -5 u 0\V-1 u DAK-2 u m 
z A:'-i/APG-Ui\ 0 v AN/ APS-3t u AN/ARA-7 u AN/AR\V-2X u AN/ FGC-IA u AN/UPN-6 c D P-6 u DY u DAK-3 u 

A:<:/ A PG-1 3B 0 c AN/APS-3.-\ t u AN/A RA-8" u AN/ARW-3 u AN/FMQ-1 u AN/UPT -TI u DP-7 u DY-1 u DAK--1 u Sound T ransmittin g Equipm ent- K Ser ies z 
0 A:<: / APG-13-1'1 u A:-1/APS-3.-\~It u Al\/ARA-1.3 u AN/AR\V- 11 u A:--i/FPN- t (X:-1-1) R AN/ UPT-T.l u DP-8 u DY-2 u DAL u -I 

u A:'-i / APG-l.i.\ 0 L" A:<: / .\P:"-3TI u A:<:/ARA- 15 R AN/ARW-12 u AN/FRT -1 l) AN/UPT- 1 

~~ 
DP-9 u D Y-3 u DAM u > AN/ARW- 13 u Al\/ GMQ-2° u .-\N/UPX-TI ,.DP-10 u DY-4 u DAN u Cla.,ifi- Cta .. ifi- Classifl-

0 Indicates an item spon.;orcd and developed hy the Arm}-. AN/ARW-14 u A""/Gl\IQ-5 u AN/URA-Tl .. - ~ g~:g u Da u D!\0 u MODEL cation MODEL cation MODEL cation r 
t lndic_ates an item containin~ British influence. No technical disclosure AN/A RW-17() u AN/G PN-1 R AN/URA-T2.-\ R u DZ-a u DAP u 

-o on thc!:iC Items may be made to the puhlic. AN/A RW-19 u AN/G PN-2 R A:-1/U RQ- t R DP- 13 u DZ-1 l) DAR t c KA u KE u KE-4 u 
('I") ' Dome and Retracting Gear. AN/A R\V-19X u A?\/GPS-T I 0 t u AN/VR\V- 1 u DP- 14 u DZ-2 u DAS u KB u KE-t u KF u 

DP-15 u DZ-2a u DAS-a u K C u KE-2 u KG u w 
DP-16 u DAA u DAS-b u KD (I KE-~ u .... 



Combined R adio T ransmitting and Classifi- Classifi-
Radio Receiving Equ ipment-R Series Classifi- Classifi- Classifi-

Receiving Equipment-M Series 
Classifi- MODEL cation MODEL cation MODEL cation 

MODEL cation MODEL cation MODEL cation Classifi- Classifi- Classifi-

fJ 
cation MODEL cation MODEL cation SD -5 u SK-Ii\1 u SQ u 

Classifi- Classifi- Classifi- N~I-9A u :--/l\1- J.Ic u :--I GA R SE t u SK-2 u SR u 
MODEL cation MODEL cation MODEL cation N l\1-10 u l'O I-15 u N i\IA u u RAK-4 u RBL-3 u SF + u SK-3 u S R- I R 

N~I-IJ u N l\1-16 u Ni\113 u 13 u RAK-5 u RBL--1 u SF-It u SLt u S R-2 R 
~lA u ~10- 1 u M AN u N i\1-1 2 u N AA u Ni\<IU- 1 lJ RB-I u R.-\K-6 u RBL-5 u SG + u SL-at u S R-3 R 
i\I B u i\10-2 u M AO u N i\1 - 13 u KA B u N MI3-2 u RB-2 u RAK-i u RBL-6 u SG-a + u SL- t+ u SE-4 R 
~·IB-a u ~IP u l\IAQ u N~l - 1 3a u N AC c N~I C u R C u RA K-8 u RBJ\1-Scries u SG-bt u Sl\1 R S R-5 R 
i\I B-b u ;\IQ u M A R R N M-H u :--lAD c K ;\I C- 1 u RD u RAL u RB N u SG- t+ u SN u SR -6 R 
;\·I B-t u l\IQ - t u MAS u ="' l\ l - t 4a u KAH c N i\I C-2 u RE u RAL-1 u RBO u SG- t b t u SO+ u ss R 
i\IB-2 u i\IQ-2 u MAW u N ~l - t 4b u NAJ c Ni\10 R RE-a u RAL-2 u Rll0- 1 .U SG-ct u SO-at u SS- t R 
MB-3 u ;\IR u i\IAX u RF u RAL-3 u RB0-2 u SG-t c t u SO-I t u ST R 
MC u ;\•IR-t " u MAY R Opera tor Training Equipme nt- 0 Series RF-a u RAL-4 u R B0-3 u SG-d t u S0-2+ u ST-a R 
MD u ) ·IS u M AZ u R G u RAL-5 u RBP u SG-Id t u S0 -3 R ST-1 R 
::VI E u ) IT u i\IBA R Classifi- Classifi- Clas31fi· R G- 1 u RAL-6 u RBP-1 u SG-et u S0-4 R SU+ ~ 
MF u l\IT- t u l'viBA-1 R MODEL calion MODEL cation MODEL cation 

r 

R G-2 u RA L-7 u RBQ u SG-Ict u S0-5 R SU-U 
l\IF- 1 u ;\IT-2 u M BA-2 R RG-3 u RAL-8 u RBQ- 1 u SG-2St u S0 -6 R SU-2 R 
M F-2 u ;\'I U u i\IBA-3 R RH u RA J\ I u RBR u SG-3 R SO-ill 1/ ="! + u SU-3 R 
MG u l\!U-1 u i\IBB R ov u OAF u OA U u RH-1 u RAN u RBR- 1 u SG -4 R SO-St u SU-4 R 
MH u ;\IV u i\IBB- 1 R 0\V u OA H u OAV u RH-2 u RAN-I u RBS-Scries u SG-5 R S0-9+ u SV R 
;\II-X u ;\IV- I u i\ IBB-2 R 0\V- 1 u OA H-1 u OAV-1 u RH-3 u RA O u RBT u SG -6 R SO-li t u SV-a R 
~IJ-a u ~1 \V u i\IBB-3 R OW-2 u OA H -2 u ouc u RH-·1 u RA0- 1 u RBT- t u S I-l t u S0-1 2iVI/ ="' t R SV-1 R 
i\IK u )1\V- 1 u :VIBC R OX u 0,\j u OBJ R RH-5 u RA0-2 u RBT-2 u SH u S0 -13+ u S\V u 
:.\IL u ;\IX u MBD R ov u OAj- 1 u O CJ R JU u RA0-3 u RBU u SJ -a + u SP R SX (SC I)(CXHR) R 
ML-1 u ;\IX-I u ~I BE R OAB u OAS u RJ u RA0 -·1 u RBU- 1 u SJ -1+ u SP- 1~1 R 
l\IL-2 u ;\IV R M BF u OAC u OAT u RK u RA0-5 u RBV u S K • u SP-2 R 
M L-3 u ~IZ u ~IBG R RL u RA0 -6 u RBV-1 u 
l\I L-·1 u ~I Z- 1 u i\IBK R Automatic Transmitting and RL- t u tv \0-7 u RB\V u 
l\01 u ;\ IZ-2 u ~IBL R RL- Ia u lV\0-8 u RB\V- 1 u Army Signal Corps Radio a nd Ra dar Equipment-Ml\1- 1 u ~IAA u MBM u Receiving Equipment- P Se ries RL- Ib u RA0-9 u RB\V-2 u 
i\n t-2 u ;\·lAB u l\IBN u RL-2 u RA P u RB\V-2 M u BC a nd SCR Series 
l\01-3 u ) lAC u MBO u Ctassifi- Classifi- Classifi- RM u R AQ u RBX u 
M:-1 -4 u ~IAE u l\ IBP u MODEL cation MODEL cation MODEL cation R N u RA R u RBY u 
Ml\1-5 u ;\•IA E- 1 u iVIBQ u RO u RAS u RBY- 1 u Classifi- Classifi- Classifi-
MX u ;\I AF u l\•I B R R PA u PF u PN- 1 R R0- 1 u RAS-1 u RBZ u MODEL cation MODEL cation MODEL cation 

!\IX- I u ;\•l AG u l\I BS R P B u PG u PO R R0-2 u RAS-2 u RC B u 
MX-2 u MA H u ;\IBT R PC u PH u PO- l R R0-2a u RAS-3 u RC B-1 u 
;\IX-3 u ) 1.-\J u l\IBU c PO u PJ u P0 -2m R R0-3 u RAS-4 u RCC u BC Series 
;\·IX-4 u ) IA K u l\IBV u P O a u P L c PQ u RQ u RAS-5 u RC D u 
l\IX-5 u :VIAL U · PE u P:-1 u PQ -1 u R S u R AT u RC E u HC-34A u BC-610 u BC-1206( ) u 
~10 u l\ 1 A ~1 u PE-l u PN R PR u R S- 1 u RAT- I u R CE- t u BC-312 u BC-61-1 u BC-103A u 

RT u R AU u RCF u BC-342 u BC-638 + u BC- 103AZ u 
Fire-Control Equipment- MARK Series Echo Ra nging Equipment- 0 Series R U u R AU- l u RCF-1 u BC-348 u BC-639 + u 

RU-1 u R.-\U-2 u RCG u BC-606 u BC-6·10 t u 
Classifi- Classifi- Classifi- Classifi-

RU-2 u RAV u R CG- 1 u 
Classifi- RU-2a u R.'\W u RC H u 

MODEL cation MODEL cation MODEL cation MODEL cation MODEL cation RU-3 u RAX u R CJ u 
R U-3a u R.<\X- 1 u RC K u SCR Series 

Radar ;'Il k ! (FA. FA-a) Mod 0 R Rad ar l\lk 34 Mod I R QA u QCJ -Ia u QCQ-3aU u R U-4 u R.<\X-2 u R CL u 
Radar l\lk 3(FC) ;\lod 0 R Radar Mk 3~ Mod 2 R QC u QCJ -2 u QC R U u RU-4a u RAY u RC M u SC R- 169 u SCR-295 u SC R-587+ u 
Radar ::\-lk 3 ;\lod I. 2. 3 R Rad ar Mk 34 Mod 3. 4. 5 R QC-1 u QCJ-3 u QC R-a U u RU-.5 u RAY- I u RCN R SC R- 177 u SC R-299-A u SCR-588- Bt u 
Radar ~lk 4(F D) lllod 0 . I R Radar Mk 34 l\ lod 6. 7. 8 . 9 . 10 R QC-I a u QCJ -3a u QC R-I U u - -RU-Sa u RAY-2 u RCO u SC R-1 83 u SC R-299-E u SC R-595+ R 
Radar :VI k 4 :\l od 2 R Rad ar :Il k 35 ~lod 0. I c QC-2 u QCH u QC R- Ia U u < R U-6 u RAY-3 u RC P u SC R- 187 u SC R-300 u SC R-602-At R 
Radar )I k 5 ;\lod 0. I. 2 R Radar ;'11 k 36 ::VIod 0. I R QC-3 u QCJ -4a u QC R-2U u , RU -7 u RAY-4 u RCQ u SC R-1 88-A u SC R-399 u SCR-608 u 
Radar l\.lk 6 Mod 0 R Radar Mk 37 :VIod 0 c QC-4 u QCJ -5 u QC R-2aU u R U-8 u RAY-S u RC R u SC R- 193 u SC R-499 u SC R-609 u 
Radar )lk 7 ;\lod 0. I R Radar ;'Il k 38 i\ l od 0 c QC-5 u QCJ -Sa u QCSU u RU-9 u RAZ u RCT u SC R- 19·1 u SCR-508 u SC R-6 10 u 
Radar ::VIk 8 :1-lod 0. I. 2. 3 R Radar ~1k 38 l\ l od 1 c QC-5a u QCJ -6 u QCS-a U u RU- 10 u RAZ- 1 u RCU u SC R-195 u SCR-509 u SCR-619 u 
Radar i\lk 8 ::\-lod 4 c Radar ;\I k 39 i\ locl 0. I R QC-Sb u QCJ-6a u QCS-I U u R U-11 u RBA-Seric.> u RCU-1 u SC R-244 u SC R-5 10 u SC R-624 u 
Radar ~I k 9 i\lod 0 R Radar ;'I l k 39 M od 2. 3 R QC-6 u QCJ -8 u QCS- Ia U u RU- 12 u RBB-Series u RCV u SC R-245 u SC R-511 u SC R-625 u 
Radar ;Ilk I 0 l\lod 0 . I R Radar M k 40 ~\•l oci 0 c QC-6a u QCJ -8a u Q CT U u RU-13 u RBC-Scrics u RC\V u SC R-268 u SC R-5 17+ u SC R-62 7+ u 
Radar Mk 10 Mod 2-7 (inclusive) R Radar l\ l k ·10 Mod I c QC-7 u Q CJ-9 u Q CT -aU u R U-H u RBD u RCX u SCR-268-13 u SC R-51 7-at u SCR-634 u 
Radar ::\-l k I I ;\l od 0. I. 2. 3. 4. 5 R Radar l\ l k 4 1 i\l od 0 c QF u QCJ -9a u QCT - IU u R U-15 u RBE u RCX-1 u SCR-268-C u SC R-5 17-bt u SCR-694 u 
Radar ~l k 12 )loci 0. I R Radar ~l k H ) fod 0 s Q BA u QC K u QCT-t a U u R U -16 u RBF u RCY u SCR-269F u SC R-5 17-ct u SC R-695 t R 
Radar C\lk 12 C\1od 2 R Radar :VI k 43 :v'lod 0. I. 2. 3. 4 c Q BA-1 u QC K-a u QCUU u RU- 17 u RBF-1 u RCZ u SC R-269G u SC R-522+ u SCR-7 18A u 
Radar ::\-l k 12 ::\-lod 3 R R adar ;'Ilk 44 Mod 0 s Q BB u QC K- t u QCW + u R U-1 8 u RBF-2 u RDA u SC R-2 70-B u SC R-527-At u SC R-7 t8AM u 
Rad ar ;'Ilk 12 !VIod 4 R Radar l\1 k ·15 i\!od 0 c Q BC + u QC K-Ia u QCX + u R U- 19 u RBF-3 u ROB u SCR-2 70-D u SC R-528 u SCR-718 13 u 
Radar :\1k 13 ::\-lod 0. I R Radar ~lk 46 ~l od 0 c Q BC-1+ u QCL u QCY t u RW u RBG u ROC u SC R-270-Da u SC R-536 u SC R-7t 8C u 
Radar ;\1k 13 l\lod 2 c Radar M k 47 l\ lod 0. I. 2 . . 3, 4 c Q BD t u QCL- 1 u QCZt u RAJ\ u RBG-1 u ROC-I u SC R-27 1-A u SC R-538 u SC R-720At u 
Radar ;'Ilk 13 i\lod 4 c Radar ;'Ilk 48 ~lod 0. I s QBE u QCL- la u Q D A c RAA-1 u RUG-2 u ROD u SC R-27 1-D u SC R-542 u SC R-720Ct u 
Radar ~lk 14 ~lod 0 R Radar Beacon :'vl k I :\fod 0. I R Q BE- 1 u QCIA u QFA R RAA-2 u R BH u ROE u SC R-274-N u SC R-5 73 u SC R-722 u 
Radar ::\-lk 15 ;\lod 0. I R Radar Beacon ~ I k 2 ~ I od 0. I , 2 R QBE- Ia u QCL-2a u QFA-b R RAA-3 u RB H-1 u RDG u SC R-2 77 u SC R-574 u SC R-729A R 
Radar "'' k 16 :v'lod Ot u Rad ar Beacon ;\·lk 3 ;\l od 0 R QB E-2 u Q CL-3 u QFA-c R Ri\A-4 u RB H-2 u RDH R SC R-283 u SC R-5 78-A u SC R-808 u 
Radar Mk 18 :\lod 0 . I R Radar Beacon ;'I lk 4 i\ lod 0. I. 2 R QHE-3 u QCI~3a u QFA- 1 R RAB u R BH-3 u RDJ u SC R-284 u SC R-5 78-B u 
Radar Mk 19 ;\lod 0. I. 2. 3 R Radar Beacon il l k S ~lod 0. I R QBE-3a u QCL-4 u Q FA-2 R RA B- 1 u RBH-4 u RDK u SC R-287 u SC R-584 u 
Radar Mk 20 l\ lod 0. I u Radar Beacon :VI k 6 C Q BE-3b u QCL-4a u QFA-2a R RA B-2a u RBJ u RDL u 
Radar ;'I l k 2 1 ;'11od 0 R Ra dar T rainer ;'I l k I Mod 0 . I. 2 R QBE-4 u QCL-5 u QFA-3 R RA B-3 u RBJ -1 u ROlli u 
Radar :\l k 22 Mod 0. I R Radar Trainer il l k 2 i\ lod 0 R QUE-5 u QCL-Sa u QFA-4 R RA B-4 u RBJ-2 u ROO u 
Radar :\I k 23 ;'11 od 0 R Radar T ra iner i\lk 3 Mod 0 R QBFt u QCL-7 u Q FA-5 R RAB-5 u RBJ-3 u RDP u R adio Transmitting Equipment- T Series 
Radar :VI k 25 Mod 0. I. 2 c Radar Trainer l\ 1 k 4 l\ lod 0 R Q BG u QCL-7a R RAC u R BH u RDS R 
Radar ::\-lk 26 ~lod 0 . I. 2. 3. 4 R Radar Trainer l\1 k S l\lod 0 R QBG- 1 u QCL-S 

u Q FA-6 
IV\C-1 u R BJ-5 u RDV u u QFBt R 

Radar i\1 k 27 Mod I c Radar Trainer il l k 6 ~lod 0 R QU I-l t u QCL-Sa u Q FB- It R RAD u RBK u ROW u Classifi- Classifi- Classifl-
Radar ;'Ilk 28 l\ lod 0. 2. 3 R Radar Trainer l\1 k 7 r-1 od 0 R QCA u QOI u Q FC R RAD-1 u RBK- 1 u RDX R MODEL cat ion MODEL cation MODEL cation 
Radar i\lk 2\1 Mod 0. 2 R Ra dar T rainer l\ l k 8 Mod 0 R QCA-a u QCl'vl -1 u QFD R RAD-2 u R BK-2 u ROY R 
Radar ~lk 29 ~·l oci 5 R Radar Trai ner ~·l k 9 R QCA- 1 u QC .:-. t -2 u QFE R RAD-2a u RBK-3 u RDZ R T A u T W u TAJ-3 u 
Radar i\lk .30 :v'lod 0 R SWOD :'\ l k I :vtod 1. 2, 3 c QCA- Ia u QCl\1-3 u QFF R RA D-3 u RBK-4 u REA u TB u TX u T AJ-4 u 
Radar ;'Ilk :12 ~1od 0. I R S\VOD i';lk 2 i\ l ocl 0. I c Q C ll u QC M -4 {j Q FG R R AE u RBK-5 u REB u T C u TV u T AJ -5 u 
Radar ;\I k 33 :v'lod 0 R S\\'00 ;'Ilk 3 i\lod 0 s QCB-a u QC1'\' u QFI-1 R RAE- I u RBK-6 u REB-I u TO u TZ u T AJ -6 u 
Radar :-.1 k 34 l\ lod 0 R QCR- 1 u QCN-1 u QFH- 1 R RAE-2 u RBK-7 u REC u T E u T AA u T AJ -7 u 

Q C B- Ia u QC:'-1- Ia u QFJ R RAF u RBK-8 u RED R TF u T A B u T AJ-8 u 
Specia l Sonar Devices- Series 

QCB-2 u QCX-2a u Q F K R RAG u RBK-9 u REE u T G u T A B-I u T AJ-9 u 
_J Q C B-.1 u QC:'-1-3 u QFL R RAG- I u RBK- 10 u REF u TI-l u T A B-2 u TAJ -10 u 
<( Q CC u QCN-3a u QFill R RAH u RBK- 11 u REI-I u TJ u T A B-3 u T Aj -11 u 0 Classi fi- Classifi- Classifi- QCC- 1 u QCN-4 u Q F N R RAH- 1 u RBK- 12 u REJ u TK u T AB-4 u TAj - 12 u 
1- MODEL cation MODEL cation MODEL cation Q C D u QCK-4a u QFO R R AJ u RBK- 13 u REK u TL u T A B-5 u T AJ -13 u 0 z Q C D-1 u QCO u QGA R RAK u RBK-1 '1 u REM R TM u TAll-6 u T AJ - 14 u 
w X.\ L' XJ -4 t . XK-9 

QC E u QCO-a u QGB R RA K- 1 u RBL u REO u TP u T A B-7 u T AJ - 15 u z 
u QC E -1 u QC0- 1 R R A K-2 u RBL-1 u REP u T Q u T AC 

0 Xll t. X.J -5 L' NM u QG R-a u TA]-16 u , 
u QCE -2 u QCO- Ia R i\ K-3 u RB L-2 u REQ TR XC t' XJ-6 l ' 1'\'M-1 u QGC R R u T A D u T AJ- 17 u 

LL XD !j XJ -7 
u QC E-3 u QCO-Z u QG D R T S u T A O- I u Ti\J- 18 u 0 

l ' NI'vt -2 u QCF z XE u XJ-8 u N :'\·1-J 
u Q C0-2a u QCE R T S-1 u T AD -2 u T A]-19 u m 

X F c XJ -9 u u QCF-a u QCO-.~ u QGF R T S-2 u T AE u TAK u z 
0 l'O I-4 u QCG u QC0-3a Radar Equipment- S Series 

XG l" XK u :'-ii\1-4a u Q GG R T S-3 u T AF u T A K-a u -i u QC H u u XG-1 c XK- 1 u !\i\1-5 u QC II -1 
Q C P + u Q l! Seric> c T S--1 u T AF-1 u TAL u 

XG-2 L" XK-2 u ?'\~ 1 -Sa 
u QC P-It u QJ A R ~~ - u SC-a u so u TU u T AF -2 u TA M u )> u QCH-2 u QCQU u SC-I u S O- l X II u XK-3 u t\ 1\1-6 u u QJ H R I u T U- t u T AG u TAN u r 

!\!J !j XK-4 u N:VI-6a 
QC H-3 u QCQ-aU u QLA c "" 

JA-2 u SC-2 u S O-a u T U-2 u T A H u T AN- I u u QC II-4 u QCQ-tu c . . SA-3 u SC-3 u SD-2 u T U-3 N.J-1 u XK-5 u NM-7 u Q K Series u TAJ u T AO u 
00 N]-2 u ="'K-6 u u QCJ u QCQ-t a U u QL Series c S B u SC-4 u S D-3 u T U-4 u T AJ - 1 u ="'M-8 u QCJ-a u QCQ-2 U c sc u SC-5 u SD-4 TAP u w 
(") Xj-.1 l" XK-7 u Ni\1-9 u QCJ-1 u QCQ-3U 

u 1478 u TV u T Aj -2 u T .AIP- 1 u ..0 u 
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MODEL 

TAQ 
TAQ-1 
TAQ-2 
TAQ-3 
T AQ-4 
T AQ-S 
TAQ-Sa 
T AQ-6 
T AQ-6a 
TAQ-6b 
TAQ -7 
T AQ-8 
TAQ-9 
T AQ, lO 
T AQ-1 1 
TAR 
TAR- I 
T AR-2 
TAS 
TAT 
T AT -! 
TAU 
TAU-! 
TAV 
T AV-a 
TAV-1 
T AV-2 
T AV-2a 
T AV-3 
TAV-4 
T AW 
TAW-a 
TAW-I 
TA.-X 
T AX - I 
TAX- 1a 
TAX-2 
T AY 
TAY-1 
T AZ 
TAZ-1 
TBA 
TBA-1 
TBA-1a 
TBA-2 
TBA-3 
TBA-4 
TBA-5 
TBA-6 
T BA-7 
TBA-8 
T BA-9 
T BA-lO 
T BA-11 
TBA- 12 
T BA-1 3 
TB B 
TBC 
TBC- 1 
TBC -2 
TBC-3 
T BC-4 
TBC-5 
TBD 
T BE 
T BE-a 
T BE-1 
TBF 
T BF-a 
TBF-1 
T BF-2 
T BG 
T BH 
TBH-1 
T BH -2 
T BJ 
T Bj -1 
T BK 
T BK- 1 
T BK-2 
T BK-3 
T B K-4 
TBK-S 
TBK-6 
T BK-i 
TBK-8 
TBK-9 
T BK- 10 
T BK -11 
TBK-12 
TB K-13 
TBK-H 
TRK-15 
T BK-16 
TBK- 17 
TriK- 1!\ 

Classifi
cation MODEL 

U TBK-19 
U TBK-20 
U TBL-Series 
U TB!\·1 
U TBM-1 
U TBM-2 
U TBM-3 
U TBM-4 
U TBM-5 
U TBM-6 
U T BM-7 
U TBM-8 
U TB M-9 
U TB lVI- 10 
U TB M-11 
U TBN 
U TBN-1 
U TBN-2 
U T BN-3 
U TBO 
U TB0 -1 
U TBP 
U T BQ 
U TBR 
U T BR- 1 
U TBS 
U TBS-1 
U TBS-2 
U TBS-3 
U T BS-4 
U TBS-5 
U TBS-6 
U TBS-7 
U TBS-8 
U TBT 
U TBU 
U TBU-1 
U TBU-2 
U TBU-3 
U TBU-4 
U TBV 
U TBW 
U TB\V-1 
U TBW-2 
U TBW-3 
U TB\V-4 
U TBW-5 
U TBX 
U TBX -a 
U TBX- 1 
U TBX- l a 
U TBX-2 
U TBX-2a 
U TBX-3 
U T BX-3a 
U TBX-4 
U TBX-4a 
U TBX-5 
U TBX-6 
U TBX-7 
U TBX -8 
U T BY 
U TBY-1 
U TBY-2 
U TBY-3 
U TBY-4 
U T BY-5 
U TBY-,6 
U TBY-7 
U TBY-8 
U T CA 
U T CB 
U T C B- 1 
U T C B-2 
U T C C 
U T CC-1 
U T CC-2 
U T CC-3 
U T CC-4 
U T C O 
U T C E 
U T C E -1 
U T C E-2 
U T CF 
U T CG 
U TCG-1 
U T CG-2 
U T CG-3 
U T C H 
U T C H-1 
U T CJ-Series 
U TCJ<-Scrie' 
U T C L 
U TC I~ t 
U T C IA 
U T C M 

· Classifi-Classifi 
cation MODEL cation 

U T CM-1 
U TCM-2 
U T CN 
U T CN-1 
U TCO 
U T CO- t 
U T C0-2 
U TCP 
U TCP -1 
U T C P-2 
U T CP-3 
U T CQ 
U T CR 
U T CS 
U T CS-1 
U TCS-2 
U TCS-3 
U T CS-4 
U TCS-5 
U T CS-6 
U T CS-7 
U T VS-8 
U T CS-9 
U TCS-10 
U T CS-1 1 
U TCS-12 
U T CS-13 
U T CS-14 
U T CT 
U T CU 
U T C U-1 
U T C U-2 
U T CV 
U T CW 
U T CX 
U T CV 
U TCY-l 
U T CZ-& ries 
U TOA 
U TDB 
U TOB-1 
U TO B-2 
U TOC 
U TOC-1 
U T OD 
U TOD-1 
U T00-2 
U TDE 
U TDE -1 
U TDE-2 
U TDE -3 
U TDF 
U TDF- t 
U TOG 
U TOG- I 
U TOH 
U T OH-1 
U TOH-2 
U T O H-3 
U TDH-4 
U TOJ 
U TDK 
U TOL 
U T OM 
U TDM- 1 
U TON 
U TON-I 
U TDN-2 
U TDN-3 
U TDN-4 
U TOO 
U TOP 
U TDP-1 
U TOP-2 
U TDQ 
U TDR 
U T DT 
U TDU 
U TOY 
U TOW 
U TOX 
U TOY 
U TOY-a 
U TOV-1 
U TOY- Ia 
U TOY-2 
U TDZ 
U TEA 
U TEB 
U TEC 
U T E D 
U T E E 
U T EF 
U T EG 
U TEH 
U TEJ 

TPA 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
R 
u 
u 
u 
u 
u 
u 
u 
u 
l) 
u 
R 
u 
u 
u 
R 
R 
u 
R 
R 
R 
I " 

MODEL 

UA 
UA- 1 
UA-2 
UB 
UB-I 
uc 
UO 

MODEL 

vc 
VC-1 
VO 
VO- l 
V0-2 
VE 

Remote Con trol Equipment- U Series 

Classifi- Classifi- Ctassin
cation MODEL cation MODEL 

U UE-t 
U U F 

============ca=t=io~n~ 
U UL U~ 
U UL-1 U . 

U UG U UM R 
U UG-t U UN U 
U UH U UP U 
U UJ 
U UK 

R UXA U 
R 

R ad ar Repeaters - Mod el V Ser ies 

Classifi-
cat ion MODEL 

U VE- l 
U VF 
U VF-1 
U VG 
U VG-1 
U VG-2 

Classifi-
cation MODEL 

U VG-3 
R VH 
R Vj 
R VK 
R 
R 

Classifi
cation 

R 
R 
R 
c 

Com bin ed Echo Ranging and Echo Sound ing 
Equipmen t- W Series 

M ODEL 

W AA 
WAB 
WAB-1 
WAC 
W BA 
WBA-1 
vVC A 

Classifi-
cation MODEL 

U WCA-1 
U \VCA-2 
U \VDA 
U \VDA- 1 
U \VEA 
U WEA- l 
U WEA-2 

Classifi-
cation MODEL 

U \VEA-2a 
U \VEA-3 
U WEB 
U \VFA 
U \VFA-1 
u 
u 

Classifi
cation 

u 
u 
u 
R 
R 

Aircra f t and Navigational Aids - Y Series 

MODEL 

VA 
VA- l 
YA-2 
VB 
YB- t 
YB-2 
YB-3 
YC 
YC-1 
YC-2 
YC-3 

Classifi-
cation M ODEL 

U YD 
U YD- 1 
U VD-2 
U YD-3 
U YE 
U V E-l 
U VE-2 
U YE-3 
U VF 
U YG 
U VG-1 

Classifi-
cat ion MODEL 

Classifi -~ 
cat1on 

= ==== = ==' 'li 
U YG-2 R 
U YH u 
U YH- 1 u 

u 
u 
u 
u 

U Vj 
R Vj -1 
R Yj-2 
R YL 
R YN u 

R 
u 

U YQ 
R YR 
R 

SU-1 Motor Generator Servo 

Due to its very high speed of rotation the SU-1 motor 
generator servo B-405 must be given special attention to 
insure long life. Both brushes on the generator end 
shou ld be replaced after each 1000 hours of operation . 
After each 2000 hours the machine should be dis
assembled and cleaned thoroughly with carbon tetra
chloride. 

- Sub Signal 
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J ES, three heads are sometimes better than one. T his is partic~larly tr~~ in 

the case of some of our complicated electronic gear. The radw techmcian 

is an expert on circuits, but he may be a little confused by some of the mechani

cal and electrical gadgets that get tacked on to his equipment. So don't be 

ashamed to call on your shipmates for a little help. Electrician's Mates may 

help you with a gyro attachment or a Machinist's Mate may know the answer 

to your sonar retracting gear problem. You'll probably be able to return 

the favor by giving them a lift on some headache that's right up your alley. 
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