






































24 CONFIDENTIAL

The complete QAA equipment is easily carried by one
man. Note the hand-beld ‘torch” which contains the
rr)'ﬂ'al transducer.

QAA Portable Echo-Ranging Equipment

B The QAA is an extremely light-weight submersible
echo-ranging 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 sixty
feet distant from the equipment. It was originally de-
signed for use by swimmers of underwater 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) 23 inches
in diameter and 113/ inches long. The torch, a battery
container, and a pair of waterproof headphones make
up the entire equipment. The QAA weighs about twenty
pounds in air and about six pounds submerged, and can
casily be carried by a swimmer.

In operation, the equipment is used much as one would

use a flashlight. The torch is pointed jp all directions
until a varying audio tone is heard in ¢} s
4 . 5 ) . ¢ e head I

The direction in which the torch points whep upmtﬂe&
' X S A )
is loudest is the direction of the object. The l(’: IOn‘F
pitch of the varying tone indicates the fange of t}ieg :l:t

ject—the higher this pitch, the further the object f
the equipment. J rom

Electronically, the QAA is a fre
supersonic transmitting and receivip 3
4 g SYStCm. R inoe

to the block diagram, V-1 is a twelyv cferring

e-cycle low-fr -

it 2 " . (S Lleﬂ(.}
oscillator w e G 4

hich drives V-2, a reactance modulator, V-3

is a high-frequency oscillator centered af 500 ke, V-2

causes the output of V-3 to vary sinusoidally between

495.5 ke and 504.5 kc at the rate of twelve cycles per
ser{?nd. This output is fed to a cfystal transducer "}nd
projected into the water. When these supersonic ww:veq
reach a target, some are reflected back to the sy
where they generate a voltage. This volt

quency-modulated

transducer
age and some of
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var | V-2 v-3
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AUDIO DETEGTOR
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Block diagram of the QAA equipment.

FREQUENCY

Now consider the case of target #2, which is further
from the QAA than target #1. The dotted line of
figure 1 represents the echo from target #2. Again
assume that the system starts radiating at 500 kc at time
A (t=0). At time W a 500-kc echo returns. At time W,
however, the transmitted radiation has become 504 kc.
Both the 500-kc echo and the 504-kc transmitted wave
are fed to V-4 and appear in its output as a 4-kc beat

TRANSMITTED WAVE
TARGET # |

FIGURE 1—Frequency variations of the transmitted ontput of the QAA and of the echoes

rom lwo targets, plotted apainst e,
§ &

the output voltage from V-3 are fed to V-4, which acts
as a detector and first audio-frequency amplifier, com-
bining the two voltages and amplifying the audio beat
frequency (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 will help to illustrate the operation of the
equipment. The solid line indicates the frequency of
the radiated output of the QAA plotted against time;
the broken line that of a wave returning from a target
(called target #1). Assume that the system started
radiating at 500 kc at time A (t=0). 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 of V-4 is again

:’.l 2-kc beat note, while at time E the difference is zero
“and the audio output of V-4 is zero. Thus we see that

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

note. Thus we see that the audio output of V-4 for
target #2 is a varying note with a peak frequency of 4
ke. As is indicated by the results from targets #1 and
£2, the higher the maximum frequency of the beat note
obtained, the greater the range of the target. This is
shown in graph form in figure 2.

7500

6000

4500

3000 boou-— L L

MAX FREQUENCY IN CYCLES

1500 L

RANGE INFEET

FIGURE 2—Peak aundio ontput of the QAA for target
distances of 0 to 60 feet.
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Rear view of three parabolic antennds O% roof of the Telephone Building, New York City.

PPM—NEW TECHNIQUE

PULSE POSITION MODULATION-—RADIO OF THE FUTURE

By FRED SHUNAMAN

R”)“-,hl,»r[ by permission from Radio Crafl magazine

M 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 multiplexing on a single beam; up to eight
channels are being handled simultancously by one trans-
mitter.

Pulse position modulation, it was revealed recently by
Bell Telephone Laboratories who developed the system,
was the principle underlying the famous AN/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. The Bell
system—constructed for combat service——uses standard
cheap receiver-type tubes for all but the final U.H.F.
transmitter and receiver converter tubes, These two are
velocity-modulated types, similar to Klystrons.

Pulse-position modulation cannot be ¢l
cither AM or FM, though it resembles the latter type of
modulation more closely. Abandoning the carrier wave
entirely, PPM carries intelligence on a series of short,
sharp, radar-like pulses. In the AN/TRC-6, these are,
first a “marker” 4 microseconds in length, followed by

assed with

cight 1-microsecond pulses. The sequence is repeated
8,000 times a second, making each series, or ‘'frame”

rupy a time period of 125 microseconds, as shown in
Fig. 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. 1f a
positive voltage at voice frequency is applied, the pulse
will be delayed slightly. If the signal is negative, the
pulse will occur before the middle of its time period.
The degree of delay or acceleration depends on the am-
plitude of the voice (or other) signal. Limiting circuits
prevent the pulse signal from swinging over more than
12 microseconds of its 15-microsecond space, thus pre-
vent'ing interference with the next channel.

At the receiver end, circuits timed by the “marker”
measure the time difference between the start of a modu-
lated pulse and the time it would start if it were un-
modulated. Translating that time difference back into

. signal amplitude, the original 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” of the signal eight thousand times per
second by the pulses of one channel is sufficient to trans-
nit voice signals clearly and with excellent telephone

" Ruality. 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 circuit is the 8-kilocycle oscillator which originates
the marker pulse and triggers the eight channel circuits.
Its output goes to the marker generalor and marker
amplifier to produce the 4-microsecond marker pulse.
Meanwhile the oscillator clipper has triggered the chan-
nel 8 position modulator, action of which will be con-
sidered later. Phone signals from the woice frequency
amplifier vary the pulse’s position according to the ampli-
tude of the voice signal. It is then passed through a
clipper, which ensures that all pulses shall be of the
same amplitude, and then is introduced into the main
line. There it is further amplified, with the marker pulse

CHANNEE PULSES

—>{le— 1 us

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

The signal is amplified through two more stages in the
transmitter unit, then introduced into the modulator. This
tube supplies heavy pulses of power to the velocity-
modulated oscillator, which oscillates only when these
pulses are applied to it. Since the pulses take up a very
small part of the total time (about 12 out of the 125
microseconds in each frame) exceptionally heavy signals
can be put out with low average power, as in radar trans-
mitters.

The 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.
The 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
through 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 ground. 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. The resulting in-
creased voltage drop across R266 and P8 now causes the
plate voltage to drop rapidly, applying a negative voltage
to the second section’s grid through coupling condenser
C120. Plate current of the second section is accordingly
reduced and the voltage drop across the cathode resistor
R286 falls, reducing negative bias on the first section of
the tube, thus permftting it to carry current even after the

initiating pulse has ceased.

FIGURE 1—TFrame of
PPM time-division
signals.

| FRAME= 125 MIGHOSECONDS4>‘|
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Thus simply is the apparently difficult feat of pulse  PULSE RECEIVING SYSTEM
TR, TR L e S ] o | ey position modulation performed. Between -the pulse Arriving at the receiving parabola, the pulses are con
= MONI . = +hh 3 . [ ‘
! : ‘/-\-/l s Lt = | | RecTirEn | h @\cnerator and the velocity-modulated oscillator which verged by it oato the reflecting plate at the end of the
| — — T e e ] ‘ ) 3. unches it on the ether, the pulse passes (with pulses receiving waveguide and sent down the guide. A fre-
| osciaron Sse : GE.‘:{::;TCR—{M:;QTEQ ] | | 2, 4 and 6) through a clipper and a stage of video quency 60 Mc lower than the transmission frequency is
VEIN V51 22 . .
amplification. The odd pulses are similarly generated mixed with the incoming waves in a crystal detector,
: I i | and pass thl’OUgh a similar Clipper-ampliﬁer. Then the producing a lﬂOLlLllﬂ.tf.'d 60-Mc beat-ftequenq' Slgﬂﬂl,
OSCILLATOR \ N s . = i i > . g
N e | | vs (I TRETTRETE W) common two-stage video amplifier further builds them which is further amplified in a multi-stage i-f nmphi?er,
S awrLirien — oo || I | J S up and passes them on to the transmitter unit up on the and detected. From here there is a video signal similar
V53B,v52 1 e . . . ¥ 1 i 5 3 IS e da -
oLl ! v N atenfia. st ‘directlybehihdiokEiOete parEllic e to that in the video stages of the transmitter. This signal
LU v3 . - 2 = b T A1~
g s (WL = PoSITION —l \‘\\ flectors. is amplified and clipped to eliminate amplitude ‘Jl'l«ld
e EXCITE MODULATOR fe—dq | it
e a8, va7 LN - . : 7 - stages, an
| vess | —-m:;,:as vags,v e EveN vioEo l F _[i | % o ¥ Undergoing two more stages of amplification (through tions, again passing through a number of stages,
vai bt CLIPPER PLIF]| VIDED — TTUTT . .
b V36 puriaz | | LTTTTT : ; 2 i applied to a marker selector.
- / - | W Lt a GAKS and a 6V6-GT/G) the signals are applied to  appli
s | i — WL l | the grids of the modulator tube, a 3E29. This is a double
| vashvaz | | _ : : - : b
] b i beam-tube with both sections connected in parallel, w illc_h THE MARKER PULSE
et MODUL ATOR | P operates at a plate voltage of 1500. The plates of this The function of the selector stage is to select the
woice s L=y o s | ‘Wﬂ%ﬂ?*““- tube are connected to the cathode of the U.H.F. velocity- marker pulse from the rest of the incoming signals and
FREQUENCY— e e . sl L sl i i ; Ay s whi
NPUTS cnanhEL [ vorce — | modulated oscillator, driving it into osalllatlon durfmg use it to operate a series of square-wave generators W thh‘
& “esanso || L the period of each pulse. The U.H.F. signals (at fre- supply “gate” pulses in the proper sequence to cach of
- iy LEY - quencies between 4300 and 4800 megacycles) travel the pulse converter circuits, which convert the position-
s (Mg B = 1000 70 / i through a hollow wave-guide to a plain reflector at the modulated pulses back to voice frequency.
A EXCITER MODULATOR =" T : 1
— ] s’ 3 bt w ) v focal point of the transmitting parabolic reflector, from . e N
4 1/ | cf‘%?gu 005 e [ “WLDQE?W | fO]Cfl]pthe e oI chf Ir:gaimt ive Facs of Hhe The method of selecting the marker pulse is umplL._
CHANNEL VOICE yae J V268 vazg \ v which y @ i It 3 C . l l . p . I e " {btlie of
3 1T I0N f i__ﬁ_l ) i ; at this point have an amplitud
MR - ~ ] | wocuiaten}—d T \ ! parabola and sent out in parallel rays to the receiving  The pulses, which ) : . !
o e e / il : /i e i f P" ) to 50 miles away, depend-  about 10 volts (negative) are applied to the grid of the
_ e Tl SHRIe g CORIE, e R SOE g k lector tube, V17A in Fig. 4. Its grid, normally
i ey ‘:;'c: €R POSITION ' ‘ inq on the terrain between the two towers. marxKer selecto s & ;
ANaRA MODULATCR eI ¢
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MULTIPLEX FRAME |
TRANSMITTING SECTION
JRANSMITTING SECTION

FIGURE 2-—Complete block diagram of the transmitter
circuils, from wvoice input to antenna.

Current continues to flow in the first section of the
multivibrator tube until the second section grid becomes
sufficiently positive to bring the voltage across the
cathode up to a point which cuts off the first section.
When the first section cuts off, the tube goes back to its
original condition with the characteristic suddenness of a
multivibrator,

The second section’s grid is connected directly to the
grid of another G6SL7-GT section, V53B, the pulre
generator. During "normal” condition of the multivi-
brator, this tube draws a small current through the
2.2-megohm resistor (R280) in its plate circuit, due to
its positive grid voltage. When the second section, of
the multivibrator is triggered by the initiating pulse from
the oscillator clipper, current flow in the pulse generator
tube is cut off and rising plate voltage charges the plate
Nmking condenser (C126). When multivibrator condi-
tions reverse, the plate voltage drops suddenly as a surge
of current passes through the tube. A pulse appears in
the output circuit, the exact instant of which depends on
the instant of the multivibrator's reversal to "normal.”
The inductance Li, which is common to four channels,

together with tube and wiring capacity, fixes the pulse
length at about one microsecond.

The instant at which the reversal takes place 18 dL}
pendent on a number of factors, most important of.-\j"hl;j
is the potential applied to the grid circuit of the .%.LLCT s
section through resistors R278 and R284. Since R278 if
also in the voice amplificr plate circuit, instantancous
voltage at the junction of R278 and R284 dr.-pf:nds O‘H
the amount of current flowing through the voice ;u.npll-
fier tube. If a positive signal is applied to the grid of
that tube, current increases and so docs voltage L{II'OP
across R278, reducing the voltage available for ;1ppl:c;‘1.
tion to the multivibrator grid. Hence the multivibrator’s
snap back to normal will be delayed. If a negative signal
is being applied to the voice amplifier grid when the
multivibrator is excited, plate current is reduced, voltage
is higher and the snap-back and consequent pulse forma-
tion takes place at an earlier point th
be the case.

an would otherwise

Variable resistor P8 sets conditions in the multivibrator
so that with no modulation the pulse occurs exactly in
the middle of its proper channel.
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MARKER SELECTOR MARKER AMPLIFIER-1 MARKER AMPLIFIER-2

+ 300V
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A FIGURE 4—Marker selector and amplifier which triggers the receiver circuits into action.

1 held positive by the 3.3-megohm resistor R10 connecting
25V [ .. n nJi.n it to the 300-volt line, is brought below cut-off potential
T (A) CHANNEL PULSES and plate current stops flowing. Plate voltage starts to
1 rise, charging C7 through the 270,000-ohm p'atz resistor,
2 R15. Since the combination’s charging time is relatively
' = long, voltage rise is proportional to the length of the

3 about ten volts, while the four-microsecond marker pulse
- causes a rise of about 40 volts in the plate circuit.

7 These output pulses are applied to the grid of the
marker am plifier tube, which is biased to a point 20 volts
[& | below cut-off. Because of this bias, the 10-volt signals
1 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
(B) GATE PULSES on to the square-wave generator. This is a 12L8-GT
} hooked up as a free-running multivibrator. The am-
plified marker pulses lock the multivibrator in precise
synchronism. Its two plate circuits are connected directly
—in the case of two of the eight channels—or through
delaying circuits, to the cight gate generators. These
produce pulses (called gate pulses) of about 25 volts, 13
microseconds long, so spaced that each one occupies the
space alloted to a channel, (See Fig. 5).

Mn n n |—|_|J;L\_ﬂ_l—\_ﬂ__ THE PULSE CONVERTER
The igate pulses are applied to the cight pulse con-
e N n N H_I—ELUUL verfers in the order shown in the ﬁgurc.- At the same

time, all the channel pulse

‘ $ are applied to all the pulse
converters in parallel,

| The pulse converters are multi-
ibrators e ; : o
vibrators, hooked up somewhat like the pulse position

M_rn_n

(C) CHANNEL AND GATE PULSES

o FIGURE 5—Channel plus gate pulse waveforms.

@

pulses, those of one microsecond producing a rise off

8 ° .

PULSE GONVERTER
(POSITION- T0 - WIDTH_CONVERSION}

6SL7GT

CHANNEL 8

-OPERATES ON 2 MA
(OPERATES ON 9 M A)

(GURRENTS WHEN
NG SHOWN IN
BRACKETS)

FIGURE 6—Simplified schematic diagran: of the pulse converter and wvoice frequency amplifier.

modulators, whose work they are to reverse. The grid
of the first tube V13A (Fig. 6) is conected directly to
the plate of its gate generator, as well as to the output of
the final pulse amplifier. Its cathode resistor is common
to the second section of the tube, whose plate is con-

"7 nected to 300 volts through a 56,000-ohm resistor. The

grid of this second scction is also brought to the 300-volt
positive lead through a 3.3-megohm resistor. The second
section therefore conducts heavily, biasing the first sec-
tion well below cut-off. Channel pulses from the final
pulse amplifier are insufficient to overcome this bias.
When the gate pulse is applied, the channel pulse added
to it is sufficient to drive the first section’s grid far enough
positive to make the section conduct. Once the first sec
tion starts conducting, it continues to do so until the end

of the gate pulse.

Thus the output of the pulse converter is a series of
pulses of varying length, the rear edge of each puls:
occurring at a fixed period, but the leading edge varying
at the voice frequency. Thus we have a length-modulated
pulse. Since the voltage drop through the 56,000-ohm
resistor, R56, and consequently the charges on C34, the
output condenser, is dependent on the length of the
pulses, it is easy to see that the voltage across C34 varic;
with the voice signals, rising above and falling below
what it would be in the case of an unmodulated signal,
as the pulses begin before or after the channel’'s mil-
point.

The output of the pulse converter contains, besides the

A voice-frequency signal, a strong 8,000-cycle component
“«7*"and its harmonics, together with voice-frequency side-

bands of the 8,000-cycle component and its harmonics.
It is therefore passcd through a low-pass filter, which

removes frequencies above roughly 3,500 cycles, with its
attenuaticn peak at the recurrence frequency of 8,000
cycles. The voice frequencies are then applied to the
voice or audio amplifier, from which they go to the
cominon frame of the system, where they may be put on
telephone lines or otherwise routed as desired.

OTHER RECEIVER ELEMENTS

The actual receiver circuit is not as simp.e as has been
described. A number of necessary circuits have not
been mentioned. One of these is the automatic frequency
control circuit, which is hooked in after the eighth i-f
stage. This applies to the high-frequency oscillator a
voltage which keeps it exactly 60 Mc below the received
signal, correcting for slight frequency variations in either
transmitter or local oscillator. ‘Operation is along stand-
ard a.f.c. lines. When no signal is being received, a
searcher circuit is activated, causing the local oscillator
to travel over the tuning range till a signal is found,
when it locks in on the signal frequency.

An awv.c. circuit is also provided after the first video
amplifier, control voltages being applied to the i-f
stages. Two clipper stages also assure uniformity of re-

ceived ]m[scs.

The gating circuits are also more complex than appears
in the simplified discussion. While two gate generators
work directly off the square-wave gencrator, each of the
other six channels requires its own sweep generator and
gate starter to properly delay gate action so that the
eight gate-circuits operate in turn, each occupying its
proper portion of the 125-microsecond period.

(All photos and drawings courtesy Bell Telephane

FLaboratories.)
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SECURITY OF ELECTRON TUBES

The Bureau of Ships advises that the following tube}

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

1B26  1P25A  3J21  4AP10  Z556  Z599
1B36  2K33  3J30  5]33 Z594  Z647
1P25  2K50  3J31  6]21 Z597

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 Army-Navy Electron Tubes as of 1 Nov. 1945

Filament | Diode- Twin | Pentedes Gonverters | Klystrons Power Tuning Rectifiers Miscellaneous
Voltage | Diodes | Triodes Triodes | Triodes [ — Qutput Indirators
| ‘ I | Remote | Sharp Cathode Ray Crystals
1.4 1A3 | 185 | 1LE3 | 3A5 1T4 | 1L4 1LCB 3A4 2AP1A
| (Diode- | ; | 1LN5 | 1R5 304 | 3DP1A
pentode) | [ i 155 | | 234 3IP1
5.0 | i 504G 3IP7
| | | | 5Y3GT/G | 5CP1A
—— e T e B e et [ e | - — 5CP7A
63 2B22 6AQ8 2022 | 616 6AB7 6AC7TW | 6SA7 2K22 6AK6 6AF6G | 6X5GT/G | 6FP7A
BAL5 65Q7 2C40 BSL7TW 6SG7 6AG7 | 2K25 | 6ARB 6E5 1005 | 6FP14
6H6 6SR7 6C4 BSN7W BSK7 BAKS 2K 26 BAST! | 5JP1
6F4 7F8 9003 BANS 2K27 | 6B4G \ 7BP7A 4
6J4 6AS6 2K28 6LEWGA | | 12DP7A e
615 BSH7 2K23 | 6N7GT/G 1 == | 1P21
9002 63J7 | 2Ka1 | BVBGT/G ‘ Valtage 1P30
TW7 2K45 I 6Y6G | Regulators 1P35
9001 | 726A , \ [——— {920
| | 726B | | j 0A2 921
| | 726 | \ 082 922
| [ [ ‘ | oc2 925
S~ B e L B | (ouecesmE st S -~ | ————| 0A3/VR75 926
12,8 12HB 128Q7 | 12J5GT | 12SL7GT 128G7 | 12SH7 | 12SA7 | | 1246 | 1629 ‘ | 0C3/VR105 929
12SR7 | 125N7GT| 128K7  128J7 | \ 0D3/VR150 | 931A
; 14W7 [ | \ ‘ | 991 835
25 or | | 25L6GT/G | 25Z6GT/G | |
over | | 35L6GT/G |
Only types for | 28C6 6AJ5 2606 | 26A5 ‘ ‘
28 volts anode 26A6 | 26A7GT 1 ‘
supply operation | 28D7 | | |
| . [ \ ; ‘ o
7 | _ Twin Pulse | | Rectifiers Gas Switching
Triodes Tetrodes | Tetrodes | Pentodes | Modulation Magnetrons e — Clipper | —mm8m8m8™ —————
( | Vacuum | Gas | Grid Control| Tubes | ATR [ TR
MR a1 A S | o L B Tl = o
2C26A 450TH | 807 815 | 2E22 | 3D21A | 2J30-34 4131-35 | 122 | 3B28 2021 3826 | 1B35 | 1B23
2039 527 813 829B 2E25 3C45 2i4 4136-42 2X2A | 4B26 | C5B | 4B31 1B37 | 1B24
2C43 811 814 832A 4E27 3E29 2142 4143-44 | 3B24W 4B35 6D4 | 719A 1B44 | 1827
3c28 826 827R 803 4035 2148 4150 | 5RAGY 5821 393A 1B51 1B32
CV92 (Br) 862A 1625 837 5022 2J49 4151 | 3711B 6C 3947 1B52 1B50
100TH 880 6C21 2150 4152 836 83 884 1B53 1B55
250TH 1626 715C 2151 5125 1616 | 8578 | 2082 | 1BB3 1B58
304TH B025A 2153 129 | 8016 B66A | 1B57
2166-56 5130 8020 8698
'ﬂga 513}2 872A S
i 513 1006 | _ |
2161A-62A il 1 e
1833 | 1B22
1B564 1841
1B42

Receiving types are listed in the upper section, with transmitting types below.
reduction in the variety of tubes used in Service equipment,  m
equipments under the jurisdiction of the Army laboratories or
for certain exceptions, 1 L

[tis

l)hc' request should go to the Army Electronies Standards Agency
Bureau of Ships, Code 930-A, Navy Dept. I '

the Navy department be chosen from this list.
wwever, and a procedure has been set up for obtaining permission to use other tubes: fo
S;

The purpose of this list is to effect an eventual
mandatory that all tubes to be used in all future design of new
Provisions are made
r Army equipment,

r, and for Navy equipment should go to Electronics Division,

s
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ELECTRON is your ‘magazine! Your contributions are

a useful source of technmical information and news.

Through ELECTRON, information received from men
out in the fleet is available to all. Write up your

contribution and send it directly to us via your C. O.
Include sketches or photographsxgtwn appropriate.. /" g
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