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MARK 34 MOD 4- REPELLER VOLTAGE 
Several reports have been received of loss of repeller 

voltage for the loca l oscillator in the Mark 34 Mod 4 
Radar Equipments. A routine voltage check showed that 
this trouble was due to grounding. Tracing the shielded 
lead (WH-BL-OR, in cable 301) revealed that the short 
was at the free end of th is lead. This was due to the 
fact that it is treated as a spare in cable 30 1 although it 
actually carries the repeller voltage. Since the wire is a 
spare, installation crews may not make sure that the 
shie ld and center conductor are not in contact at the free 
end. A simple solution to the · problem is to cut the 
shielded WH-Bl-OR lead from the repeller-adjust po­
tentiometer, R-11. This should be done on all Mark 34 
Mod 4 installations. - E.F.S.G. 

* OLD AGE PENSION FOR MAGGIES 
Numerous reports have been received wh ich indicate 

that the tunable type of magnetrons used in SG-series 
equipments normally have a hig h mortality rate (very 
short life) as compared with the fixed-frequency type. 

In one particu la r case eight magnetrons were used 
over a period of seve ral months and the average Ji fe 
hours of the g roup was only about 50 hours. Fixed­
frequency magnetrons in the same equipments lasted 
f rom 700 to 1100 hours. T he possibi lity that eig ht suc­
cessive tunable magnet rons were faulty was remote and 
thus d iscarded. 

A pre liminary check of the systems revealed that the 
d river trigger, modulator pulse, current ind ications, line 

\'Oltage, and al l po\ver supply voltages in the driver and 
modulator were normal. Further checking an d testing 
revealed that relay K-104 was not operating 
and consequently was not inserting any resistance in the · 
magnetron fi lament circuit. This would cause the mag­
netron cathode to overheat. Apparently this overheating 
seriously shortened the life of the tunable types but did 
not seem to affect the fixed-f requency types. The relay 
was repaired and a tunable magnetron was installed. 
This magnetron had operated over 300 hours at the 
time of this report and was still g iving excellent service. 

- E.F.S.G. 
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$G4 LORAN QUESTIONS 
By LT. R o BERT l. FRANK, Bm'eall of Sbips .. 

I . . onnection with 
n going about from ship to shtp tn c t to me by 

l oran design matters many questions are pu f tl . ' I Some o lese 
operattng and maintenance personne . t E ECTRON 
questions come UjJ so often that I though L f tl 

d . to a few o 1e rea e rs mig ht be inte rested in the answers ' 
most common puzzle rs. . 

Q . . tallat ions why ts 
· In Loran receiving equtpment ms' ' d ' load inn · 

•
a few feet of coaxial cable between antenna an '

1 
f 

'1 h tl e same lengt 1 o 01 any more objectionable t an . 1 ' 
cable between load ing coil and recetver · . 

A d . oil and recetver · Coaxial cable between loa tng c . . 
. t . I ' ts characte n sttc im· tS erminated in approxtmate Y 1 .. 

pedance and therefore has a relatively small capaCttt_vel 
I ' I tl er hand coaxta s 1unting effect to g round. On t 1e o 1 ' 
b d . ·1 ·. not properly ca le between antenna and loa tng cot ts 

terminated and acts as a shunt capacity to ground acr,oss 
' . · ·ty toget 1e r a relatively high-impedance potnt . Thts capaCt ' . 'd 

· 1 · d voltage-d tvt er wtt 1 the antenna capaCi ty, pro uces a ' 
ff ff t' s of the antenna. e ect and g reatly reduces the e ec tvenes 

Q. I noticed a Lo ran Master station go off the ai: fori 
· g na about a minute the other day, but t he slave statton Sl 

• . 1 · 'bl ' f the s lave sta-remamed visible. H ow tS t 11s posst e, t 
tion is triggered by the Master ? .. 

A. A lthough the slave station is normally 
w ith the Master the Slave s ignal is not actually tnggered 
by the Master'. but is generated independently. The 
M aster s ignal as received at the Slave is merely used to 
make small changes in the Slave pu lse recurrence rate, 
and thus maintain the correct time relationship of Slave­
to-Master signal. This allows the 
··coast" through momentary stattc crashes, and prO\ 

more reliable operat ion. 

Q. I have noticed that sometimes Loran signals 
remain synchron ized even though th_e t ransmtttmg 

stations a re " blinking". \XIhy is this, and ts tt safe to use 

such sig nals? 

A. "Blinking" may indicate, in this case, that the 
transm itting stations are not sure that their signals a re 
properly synchronized , because of momentary inte r­
ference or partial failure of equipment. They continue 
to operate as well as possible so that they can resume 
normal operation with a minimum of difficulty, but it is 
evident that when the stations are not sure of proper 
synchronizat ion, the navigator can' t be ei ther, and must 
not re ly on readings obtained whi le "blinking" occurs. 
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TBL-8 INSTRUCTION BOOK ERROR 

By R. R. H Nmpb rey RT2j C and R. L. If/right R'f'2 j C, 

USS W estmoreland ( APA-104} 

We wish to bring to your attention Paragraph 6.60 
(A) of the TBL-8 Instruction Book. In this paragraph, 
it is stated that no voltage reading will appear on meters 
M-109, M -110 and M -lll when motor-gene rator fuses 
f -4 01, F-402, F-403 or f-404 are blown. W e had fuse 
F-402 b low and all of the above-mentioned mete rs read 
correct ly, and the oscillator operated perfectly. H owever, 
the indications were identical to the trouble set forth 111 

Parag raph 6.63 of the instruction book. 
blows, screen voltage is removed from the tnte rmed tate 
power-amplifiers and the power-amp lifie rs, causi ng the 
aforementioned indications. 

Bllrl!(//1 Comment: T h is is exactly the type o f mate rial 
the Bureau is an xious to receive from the f leet. Acting 
on the in formation contained in this lette r, t he Bureau 
has the c ircuit d iagram of the Model TBL-H and 
it was found that Paragraph 6.60 (A) is in error. The 
contractor has been requested to issue an adde nda sheet 
to the Model TBL-R Instruction Book to correct th is 

e rro r. 
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T he complete QAA equipment is easily carried by o11e 
man. N ote the hand-held " torch" which contains the 

crystal transducer. 

QAA Portable Echo-Ranging Equipment 

• The QAA is an extremely light-weight submersible 
echo-rangi ng equipment designed to detect and locate 

small underwater objects such as surf landing obstacles 
and mines. It gives an approximation of the azimuth 
and range of an object located from about five to sixtj· 
feet d istant f rom the equipment. It was originally de­
signed for use by swimmers of underwate r demolition 
groups while on reconnaissance or during coastal landing 
operations, and has also proven useful during under· 
water salvage operations. 

The device is small and compact. The entire electronic 
gear is contained in a case (called a torch ) 2% inches 
in d iameter and 11% inches long. The torch, a batte ry 
container, and a pair of waterproof headphones make 
up the entire equipment. T he QAA weig hs about twenty 
pounds in air and about six pounds submerged, and can 
easily be carried by a swimmer. 

In operat ion, the equipment is used much as one would 

use a flashlight. The torch is pointed i II d' . 
· · d' . . n a 1rect10ns 

until a varying au 10 tone IS heard in the 1 d 
The direction in which the torch points 1

1
ea phones. 

· d · d · · w 1en the tone 
1s lou est IS the trectwn of the obJ. ect Tl . 

· 1 f h · · · · 1e h ighest p1tc 1 o · t e varymg tone md1cates the 
· I h · h · 1 · · range of the ob-
Ject- t 1e rg e1 t 11s p1tch, the fllrthet· tl 1 . · 1e o )ject fro 11 
the eqwpment. 1 

Electronically, the QAA is a fre 
· · . quency-modulated 

superson1c transm1ttmg and receiving t 
h bl k d

. sys em. Referring 
tot e oc, wg ram, V-1 is a twelve-c 1 1 ' II . . yc e ow frequenc)· 
osc1 ator which dnves V-2 a reacta d . . . ' nee mo ulator V _ 3 
IS a high-frequency oscillator cente red at 500 kc . V -? 
causes the output of V-3 to vary sin .d II · -
;. llSOJ a y between 
-195 .5 kc and 504.5 kc at the rate of t 1 . . we ve cycles per 
second. This output is fed to a crysta l t d d . . rans ucer an 
pl.'Oj ected mto the water. W hen these SLIP . 6-. erson1c waves F · 
reach a target, some are reflected back to tile t d rans ucer 
where they generate a voltage This voltag'- a d . · .:: n some ot· 

-

["V-11 _ _ __ f'V-21_ 
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Block diagram of the QAA eqttipment .. 

Now consider the case of target #2, v:hich is further 
from the QAA than target #1. The dotted line of 

fig ure 1 represents the echo from target #2. Again 
assume that the system starts radiating at 500 kc at time 
A (t=O). A t time W a 500-kc echo returns. At t ime W , 
however, the transmitted radiation has become 504 kc. 
Both the 500-kc echo and the 504 -kc transmitted wave 
a re fed to V-4 and appear in its output as a 4-kc beat 

FIGUnE ! - Frequency ·iJariatiom of the trammi!led outpllt of tbe QAA and of tbe echoes 
f rom two targets, plolfed against time. 

the output voltage f rom V -3 are fed to V -4, wh ich acts 
as a detecto r and first audio-frequency amplifier, com­
bining the two voltages and amplifying the audio beat 
f requency (difference frequency) that results. The out­
put of V -4 is resistance-capacitance coupled to V- 5, 
which is the audio output stage of the equipment and 
drives the headphones. 

Figure 1 wil l help to illustrate the operation of the 
equipment. T he solid l ine ind icates the frequency of 
the rad iated output of the QAA plotted against time; 
the b roken line tha t of a wave return ing from a target 
(called target #1). Assume that the system started 
radiating at 500 kc at time A (t= O). At time B, a 500-kc 
echo returns. At time B, however, the transmitted radia­
tion has become 502 kc. Both the 500-kc echo and the 
502-kc transmitted wave are fed to V-4 and appear in 
its output as a 2-kc beat note. At time C, the transmitted 
wave and the returning echo are both of the same fre­
quency and, therefore, their difference is zero and the 
audio output frequency of V-4 is zero. At time D, the 
difference is 2 kc and the audio output o f V-4 is again 

~1 2-kc beat note, while at time E the difference is zero 
~ . : and the audio output of V-4 is zero. T hus we see that 

the audio output of V-4 for target #1 is a varying note 
with a peak frequency of 2 kc. 

note. Thus we see that the audio output of V-4 for 
target #2 is a varying note with a peak frequency of 4 

kc. As is indicated by the results from targets # 1 and 
#2, the hig her the ma.ximum frequency of the beat note 
obtained, the greater the range of the target. T h is is 
shown in graph form in figure 2. 
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Rear .11iew of three parabolic a!lle/111as 011 roof of tbe Telepbo!le B11ilding, New Y ork City. 

PPM-NEW TECHNIQUE 
PULSE POSITI ON MOD ULATI ON- RADIO O F T HE FUTURE 

By fRED SH U NAMAN 

Rrprintecl by 7Jennissiou from llllllio Grall UWfJUZi ll r 

• A completely new radio signaling system- Pulse Posi­
tion Modulation--opens up new vistas in both voice and 
telegraph communication. Differing from AM and FM, 
it permits mul tiplexing on a single beam ; up to eight 
channels are being handled simultaneously by one t rans· 
mitter. 

Pulse position modulation, it was revealed recently by 
Bell Telephone Laboratories who developed the system, 
was the principle underlying the famous ANj TRC-6 
relay radio communications system, used with telling suc­
cess in the last months of the European war. Pulse­
position multiplex communications systems requiring 

special cathode-ray tubes to perform the intricate switch· 
ing operations have already been described. T he Bell 
system-constructed for combat service-uses standard 
cheap receiver-type tubes for al l but the fin al U.H.F. 
transmitter and receiver converter tubes. These two are 
velocity-modulated types, simi lar to Klystrons. 

Pu lse-position modulation cannot be classed with 
either AM or FM, though it resembles the latter type of 
modulatton more closely Abanclon 1'ng tl . · ..-., . . . · 1e earner wav~., ~ 

enttrely, PPM carnes Intelligence on a series of short, 
sharp, radar-like pulses. In the ANj TRC-6 these are, 
first a "marker" 4 microseconds in length, followed by 

eight 1-microsecond pulses. The sequence is repeated 
8 000 times a second, making each series, or " frame" 

6 -upy a time period of 125 microseconds, as shown in 
~- 1. Thus each of the 1-microsecond pulses is in the 

center of a 15-microsecond period, or "channel." 

Modulation causes the pulse to occur earlier or later 
than the middle of the time period allotted to it. If a 
positive voltage at voice frequency is applied, the pulse 
will be delayed slightly. If the signal is negative, the 
pulse wi ll occur before. the middle of its time period. 
T he degree of delay or acceleration depends on the am­
plitude of ·the voice (or other) signal. Limiting circuits 
prevent the pulse sig nal from swinging over more than 
12 microseconds of its 15-microsecond space, thus pre­
vent'ing in terference with the next channel. • 

At the receiver end, ci rcuits timed by the "marker" 
measure the time di fference between the start of a modu· 
lated pulse and the time it would start if it were un­
modulated. T ranslating that time difference back into 
signal a.mpl itude, the orig inal voice frequencies are re­
constructed. 

All eight pulses could be used to handle one transmis­
sion, but experience has shown that it is not necessary. 
A "sampling" o f the sig nal eight thousand times per 
second by the pulses of one channel is sufficient to trans-

,_,it voice signals clearly and with excellent telephone 
\.~uali ty. Each of the other seven pulses per frame can 

carry its own transmission. 

SIMPLIFIED OUTLINE 
A simplified block diagram is shown in Fig. 2. Heart 

of the ci rcuit is the 8-kilocycle oscillato1· which originates 
the marker pulse and triggers the eight channel circuits. 
Its output goes to the marker generator and marker 
am p!i fier to produce the 4-microsecond marker pulse. 
Meanwh ile the oscillrlfor rlipper has triggered the chan­
nel 8 position modulator, action of which will be con­
sidered later. Phone signals from the 110ice frequency 
amplifier vary the pulse's position according to the ampl i­
tude of the voice signal. It is then passed through a 
clipper, wh ich ensures that all pulses shall be of the 
same amplitude, and then is i nt~oduced into the main 
line. T here it is further amplified, with the marker pulse 

• .. 

(and the seven other channel pulses) through two more 
video amplifier stages before being int roduced into the 
transmitter unit, mounted behind the parabolic reflectors 
o f the antenna. 

The signal is amplified through two more stages in the 
transmitter unit, then int roduced into the modulator. This 
tube supplies heavy pulses of power to the velocity· 
mod ulated oscillator, which oscillates only when these 
pulses are applied to it. Since the pu lses take up a very 
small part of the total time (about 1 2 out of the 12 5 
microseconds in each frame) exceptionally heavy signals 
can be put out with low average power, as in radar trans­
mitters. 

T he position modulator is the unit which actually con· 
verts speech-actuated voltages into changes in pulse posi­
tion . It consists of a multivibrator and a pulse generator. 
T he multivibrator consists of the two halves of a 
6SL7-GT (V 52 A and B), so biased that free oscillation 
without outside excitation is impossible. It thus tends to 
act as an electronic switch. The two cathodes are con­
nected together and grounded through R286 (Fig. 3) . 
Grid of the second section is connected to 300 volts 
th rough resistors R284 and R278, and the plate direct to 
the 300-volt lead . (Resistor and condenser numbers are 
from the Bell Laboratories blueprints.) Because of the 
positive grid, this section of the tube draws a heavy cur­
rent, biasing the cathodes about 50 volts positive because 
of the heavy current through R286 to g round. Grid of 
the tube's first section is biased about 35 volts positive 
with respect to ground by the voltage divider system · 
R270, 378 and 288. It is therefore 15 volts more nega­
tive than its own cathode, a bias beyond cut-off for this 
tube. 

Application of the excitation pulse from the oscillator 
clipper drives the first-section grid far enough positive 
to permit the tube to pass current. T he resulting in­
creased voltage drop across R266 and PS now causes the 
plate voltage to drop rapid ly, applying a negative voltage 
to the second section's grid through coupling condenser 
Cl20. P late cu rrent of the second section is accord ingly 
reduced and the voltage d rop across the cathode resistor 
R286 fa lls, reducing negative bias on the fi rst section of 
the tube, thus permitting it to carry current even after the 
initiating pulse has ceased. 

FIG URE 1- Prame of 
PPM time -division 

signals. 
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F IGURE 2-Complete block diagram of the transmitter 
cirmits, f rom voire inp11t to ante1111a. 

Current continues to flow in the first section of the 
multivibrator tube until the second section grid becomes 
sufficiently positive to bri ng the voltage across the 
cathode up to a point w hich cuts off the first section. 
When the first section cuts off, the tube goes back to its 
orig inal condition w ith the characteristic suddenness of a 
multivibrator. 

_The second section's g rid is connected di rectly to the 
gnd of another 6SL7-GT section, V5 3B, the p11l.re 
generator. During " normal" condition of the multivi­
brator, this tube draws a small current th rough the 
~ - 2-megohm resistor (R280) in its plate circuit, due to 
1ts positive g rid voltage . W hen the second section. of 
the multivibrator is triggered by the initiating pulse from 
the osci llator clipper, current flow in the pulse generato r 
tube is cut off and ris ing p late vo ltage charges the plate 
block1ng condenser (C1 26). When multivibrator condi ­
tions reverse, the plate voltage d rops sudden ly as a surge 

of current p asses through the tube. A pu lse appears in 
the output circuit, the exact instant of wh ich depends on 
the instant of the multivibrator's reversal to "normal." 

The inductance L1 , which is com mon to four channels, 

together w ith tube and wmng capacity, fixes the pulse 

leng th at about one microsecond. 

T he instant at w hich the reversal takes place is de­
pendent on a number of facto rs, most importa nt of w hich 

is the potentia l applied to the g rid circuit of the secon.d 
section through resistors R 278 and R284. Since R278 IS 

also in the voice amplifier plate circuit, instantaneous 
voltage at the junction of R278 and R284 depends on 
the amount of current flowi ng through the voice ampl i­
fier tube. If a positive s igna l is applied to the g rid of 
that tube, current increases and so does voltage drop 
across R2 78, reducing the voltage avail able for applica­
tion to the multivibrator grid. H ence the mul tivibra tor's 
snap back to normal will be delayed . If a negative sig nal 
is being applied to the voice amplifier g rid when the 
mu ltivibrator is excited, plate curren t is reduced, voltage 

i ~ highe r and the snap-back and consequent pulse forma­
tiOn takes place at an earl ier point than wou ld otherwise 
be the case. 

Variable resistor PS sets conditions in the mul tivibrator~ 
so that with no modulation the pulse occu rs exactly in 
the midd le of its proper channel. 

Thus s imply is the apparently difficult feat of pulse 
position modulation performed. Between · the pulse 

Aenerator and the velocity-modulated oscillator which 

~'lunches it on the ether, the pulse passes (with pulses 
2, 4 and 6) through a clipper and a stage of video 
ampl ificat ion. T he odd pul ses are similarly generated 
and pass through a similar cl ipp er-amplifie r. T hen the 
common two-stage video amplifier fu rther builds them 
up and passes them on to the transmitter unit up on the 
antenna mast, d irectly behind one of the parabolic re­

flectors. 

U ndergoing two more stages of amplification (through 
a 6AK5 and ~ 6V6-GT j G) the signals are applieJ to 
the grids of the modulator tube, a 3E29. This is a double 
beam-tube with both sections connected in parallel, which 
operates at a p late voltage of 1500. The p lates of this 
tube are connected to the cathode of the U.H.F. velo~i ty­

modulated oscillator, driving it in to oscillation during 

the .period of each pulse. The U.H. F. s ignals (at f re­

quencies between 4300 and 4800 megacycles ) travel 

through a hollow wave-guide to a plain reflector at the 
focal poin t of the transmitting parabolic reflector, from 
wh ich they are reflected back against the face of the 
parabola and sent out in parallel rays to the receiving 
station, wh ich may be from 30 to 50 miles away, depend­
ing on the terrain between the two towers. 

PULSE RECEIVING SYSTEM 

Arriving at the receiving parabola, th e pulses are con­
verged by it onto the reflecting plate at the end of the 
receiving waveguide and sent down the g uide. A fre­

quency 60 Me lower tha~ the transmission frequency is 
mixed with the incoming waves in a crystal detector, 
producing a modulated 60-Mc beat-frequency sig nal, 
whid1 is further amplified in a multi-stage i-f amplifier, 
and detected. From here there is a video sig nal similar 

to that in the video stages of t he transm itter. This signal 

is ampl ified and clipped to eliminate amplitude varia­

tions, again passing through a number of stages, and 
applied to a marker selector. 

THE MARKER PULSE 
T he function of the selector stage is to select the 

marker pulse from the rest of the incoming signals and 
use it to operate a series of square-wave generators which 

supply "gate" pul ses in the p roper sequence to each of 
the pulse converter circuits, which convert the position­

modulated pulses back to voice frequency. 

T he method o f selecting the marker pulse is s imple. 
T he pulses, which at this point have an amplitude of 
about 10 volts (negative) are applied to the grid of th e 
marke r selector tube, V 17 A in Fig. 4. Its g rid , normally 

F IGU RE 3-T be eight position modulators change ·votce l'tlriation.r to changes in p11!se position. 
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A FIGURE 4-Marker selector and amplifier which triggers the receitJer cirmits into action . 
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(Cl CHANNEL AND GATE PULSES 

held positive by the 3. 3-megohm resistor R 10 connect ing 
it to the 300-volt line, is broug ht below cut-off potential 
and plate curren t stops flowing. Plate voltage starts to 
rise, charging C7 through the 270,000-ohm p!at~ resistor, 
R 15. Since the combination's charging time is relatively 
long, voltage rise is proportional to the length of the 
pulses, those of one microsecond producing a ri se o~ 
about ten volts, while the four-microsecond marker pulse 
causes a rise of about 40 volts in the plate circuit. 

These output pulses are applied to the g rid of the 
marker amplifier tube, which is biased to a point 20 volts 
below cut-off. Because of this bias, the 10-volt signals 
from the one-microsecond channel pulses have no effect, 
while the 40-volt impact of the marker pulse is sufficient 
to cause plate current to flow and to send amplified pulses 
on to the square-wa·ve generat or. T his is a 12L8-GT 
hooked up as a free-running mul tivibrator. The am­

pl ified marker pulses lock the multivibrator in precise 
synchronism. Its two p late circuits are connected directly 
- in the case of two of the eig ht channels-or through 
delaying circuits, to the eig ht gate generators. These 
pr.oduce pulses (called gate pu lses) of about 25 volts, 13 
miCroseconds long, so spaced that each one occupies the 
space alloted to a channel. (See Fig . 5). 

THE PULSE CONVERTER 

~he ~ate pulses are applied to the e ig ht p11tse con-
velfel s m the order shown in the fi At the same . II I gure. 
t1me, a t 1: channel pulses are applied to all the pulse 
c~nverters 111 parallel. The pulse converters are multi -
vibrators, hooked up so 1 . . · mew 1at l1ke the pulse positiOn 

~· 
~ FIG URE S- Channe! pills gate plll.re ll'avejonnJ. 

•• 

FIGURE 6- Simp!ified schematic diagram of the p11!.re COII/Ierter and voice freqllency amplifie r. 

modulators, whose work they are to reverse. The grid 
of the first tube Vl3A (Fig . 6 ) is conected directly to 
the p late of its gate generato r, as well as to the output of 
the final pulse amplifier. Its cathode resistor is common 

.to the second section of the tube, whose p late is con-
- 7 nected to 300 volts through a 56,000-ohm resistor. The 

g rid of this second section is also brought to the 300-vo!t 
positive lead through a 3.3-megohm resistor. The second 
section therefore conducts heavily, biasing the fi rst sec­
tion well below cut-off. Channel pulses from the final 
pulse amplifier are insufficient to overcome this bias. 
W hen the gate pulse is applied , the channel pulse added 
to it is sufficient to drive the first section 's g rid far enoug h 
positive to make the sect ion conduct. Once the first sec 
tion starts conduct ing, it continues to do so until the end 

of the gate pulse. 

Th us the output of the pulse converter is a series of 
pulses of varying leng th, the rear edge of each puis:: 
occurring at a fixed period , but the lead ing edge varyin,c; 
at the voice frequency. T hus we have a length-modulated 
pulse. Since the voltage drop throug h the 56,000-ohm 
resistor, R56, and consequently the charges on C34, the 
output condenser, is dependent on the length of th~ 

pulses, it is easy to see that the voltage across C34 varie ; 
with the voice signals, ri sing above and fall:ng beJo-:, 
what it would be in the case of an unmodu lated sigml, 
as the pulses begin before or after the channel's mi.l · 

point. 

The output of the pu lse converter contains, besides t l : ~ 

• voice-frequency signal, a strong 8,000-cycle component 
'·:· · and its harmonics, together with voice-frequency side· 

bands of the 8,000-cycle component and its harmonics. 
It is therefore passed through a low-pass fi lter, whic'1 

removes frequencies above roughly 3,500 Cj·c:es, with its 
attenuaticn peak at the recurrence frequency of 8,000 
cycles. The voice f requencies are then applied to the 
vo:c:? or audio ::mplifie r, f rom which they go to the 
t 0 /111/JOII f ral/le of the system, where they may be put on 
telephone J:nes or otherwi se routed as des ired . 

OTHER RECEIVER ELEMENTS 
The actual receiver circu it is not as simp:e as has been 

described. A number of necessary cir::uits have not 
been mentioned . One of these is the automatic frequency 
contro l circuit, wh ich is hooked in after tl:e e ighth i-f 
stage. This applies to the high-frequency oscillator a 
voltage which keeps it exactly 60 Me below the received 
signal, correcting for slig ht frequency variations in e ither 
transmitte r or local oscillator. ·Operation is along stand­
ard a.f.c. lines. When no sig nal is being received , a 
.rearcber circuit is activated, causi ng the local oscillator 
to travel over the tun ing range t ill a signal is found, 
when it locks in on the signal f requency. 

An a.v.c. circu it is also provided after the first video 
ampli fie r, control voltages being applied to the i-f 
stages. T wo cl ipper stages a lso assure uniformity o f re­

ceived pu lses. 

The gating circuits are also more complex than appears 
in the simplified d iscussion. \Xl h ile two gate generators 
work d irectly off the square-wave generator , each of the 
other six channels requi res its own sweep generator and 

gate starter to properly delay gate action so that the 
r.ig ht gate-circuits operate in turn, each occupying its 

proper portion of the 1 2 5 ·m ic ro~econd period . 
(All photo.r a!Jd d ratl'i llgs t'OIIrles) Bell T eleJ;holle 
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SECURITY OF ELECT RON TUBES 
The Bureau of Ships advises that the fo llowing tubf) 

with all specifications and technical data pertaining to 
them are now UNCLASSIFIED : 

1B26 
1B36 
1P25 

1P25A 
2K 33 
2K50 

3]2 1 
3] 30 
3] 31 

4AP1 0 
5]33 
6]2 L 

Z 556 
Z 594 
Z597 

Z 599 
Z 647 

The Bureau advises that with the exception of tubes 
used in proximity fuzes, there are no tubes in the fleet or 
in Navy supplies which are classified . 

Preferred list of A rmy-Navy Electron Tubes as of 1 Nov. 1945 

Filament I Diode- Twin Ponto des Convertors Klystrons Power Tuning Rectifiers Miscellaneous 
Voltage Diodes Triodes Triodes Tr iodes Output Indira tors 

Remo!e 1 Sharp Cathode Roy Cryslols 

- 1-.4-lw--
------

ISS 1LE3 3AS 1T4 
1 1L4 

1LC6 3A4 2AP1A 
rDiode- 1LNS l AS 3Q4 3DP1A 1N218 
pentode) 155 354 3JP1 1N238 

--------------- 1N25 
s 0 5U4G 3JP7 1N26 

5Y3GT/ G 5CP1A tN28 
----- ------ I 5CP7A 1N31 

6 3 28 22 2C22 6J6 6A87 6AC7W 6SA7 2K22 6AK6 6AF6G 6X5GT/ G 5FP7A 1N32 
6SG7 6AG7 2K25 BARS 6E5 1005 5FP14 

I 6AQ6 
GALS 6SQ7 2C40 6SL7W 
6H6 6SR7 6C4 6SN7W 6SK7 6AK5 2K2S SAS7G 5JP1 Phototubos • 

SF4 7F8 9003 SANS 2K27 684G 78P7A !!!'J' ' 
~ SJ4 SASS 2K28 SLSWGA 12DP7A 

6J5 I SSH7 2K29 SN7GT/ G 

\ 9002 

I 
6 >J7 2K41 SVSGT/ G Voltage 1P30 
7W7 2K45 6Y6G P.egulntors 1P35 
9001 726A - 920 

7268 OA2 921 

-~-'-1 I 726C 082 922 
OC2 925 
OA3NR75 926 

12 6 12H6 12SQ7 12J5GT 12SL7GT 12SG7 12SH7 12SA7 12A6 t629 OC31VR105 929 
125R7 12SN7GT 12SK7 12SJ7 OD3 •VR150 931A 

' 14W7 991 935 
--- -- - - ----- --· --- --

25 or 25L6GT/ G 25Z6GT/ G 
over 35L6GT/G - 2GCs _l ___ ---

I 
Only typos for 6AJ5 26D6 26A5 
28 volts anode 26A6 26A7GT 

supply operat ion 2807 

Twin I Pulse Roctifiers Gas Switching 
Triodes Tetrodes Tetrodes Pentodes Modula tion Magnetrons Clipper 

Vacuum Gas Gr id Control Tubes ATR TR 
- ------

2C26A 450TH 807 815 2E22 3D21A 2J3D-34 4J31-35 1Z2 38 28 2021 3826 1835 1823 
2C39 527 813 8298 2E25 3C45 2J41 4J36-42 2X2A 4826 C58 4831 1837 1824 
2C43 811 814 832A 4E27 3E29 2J42 4J43-44 3824W 4835 6D4 719A 1844 1d27 
3C28 826 827R 803 4C35 2J48 4J 50 5R4GY 58 21 393A 1851 1832 
CV92 (8r 862A 1625 837 5C22 1 2J49 

4J 51 3718 6C 394A 18 52 1850 
!DOT H 880 6C21 2J50 4J52 836 83 884 1853 t855 
250TH 1626 715C 2J51 5J26 1616 8578 205) 1853 t858 
304TH 8025A 2J53 5J29 8016 866A 1857 

2J55-56 5J3~ 802a 8698 
2J58 5J31 872A 

I 
~":Tfi-~ Modulators 2J60 5J32 1006 I 2J61A-62A 

183R 1822 

I I 
1851 t841 

I 1842 

Rcccivingtypt·s arc. listed in t he upper scct i~n, witl~ tra nsmitti~1g t ypes belo w. The pu rpose of th is li st is to eiTccl a n eventua l 
rcd~:~ct 1on 111 tlw va n cty o_f t~b~s used 111 Sen ·1cc eqUipm~nt. lt1 s mandatory t hat a ll tubes to be used in a ll futu re dcsi n o f new equ1pme!ll ~ unde1: t he Junsdlcuon of t he Arm y Ia bora LOn es o r t he :-.Ia vy ck·partmen t be: chosen from t his Jist. Prov's'o g de 
for n ·rtam cxn•pt1o ns, however, and a p rocedure has been set up for obtai ning permission to usc o ther tubes· for -\ .

1 1 
ns a ~e ma t 

Ill! Ill i 111·1·11: !1!11111! I'! jlllll!1111·1·1·1·1·! .1.111·1·1·1·1·1·1·1·111111111!! I! I! IIIII! I! Ill I%~~~·:== u = <) ~ < = < c 

.IIIII! IIi r 
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the rNJ Ul'Sl »hould go to lhe Army Elcctron il's Standa rds Agc:ncy, a nd for :\a,·y eq uipment should go r'd FJn··t' Ill }~ c_qu11
1P~1~ 11 

' ~ Bureau of <.;hips, Cod(' 930-.-\, :\a\'y J)epl . ... ... c roruc~ tv tston, f~ · ::: 
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ELECTRON is your magazine! Your contributions arc 

a nseful source of technical information and news. 

Through ELECTRON, information received from mt>n 

out in the fleet is available to all. Write up your· 

contribution and send it directly to us via your C. 0. 

Include sketches or photographs when appropria 

Address 


