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rROM LITTLE ACOENS ... The ARE
The "acorn” tube made VHF possible because iz

could oscillate up into the hundreds of mega-
Hertz. Such Very High Frequency made
WATTIMe COMMURICations more secure fj..ll'lf'l“
the second World War. The enemy could easily
listen to high frequency communications, but
above 30 megaHertz, intercepr capability fell off
rapidly. Hence, a drive 1o implement VHF as 2

location af fhe terminais of +the 954

tube 1 shown actual size,

intercepe service soon could listen that high as
well,

l:;l—.rr—-'-::l-ir-lh'll:_'l-l =t 51 =

The ARR-1 (of
the Navvy ZB-2
radio set) provid-

.AI_‘_.-

o ed an answer to
94 the quest for
8 secure VHF flight

COMMUNICations.

Using the acorn
tubes, it was small
and rugged.
Using VHF it was
beyond most but
not all communi-
Cations intercept
capabilities. The
real secrer was in
the mode of

=5 28 T egeaRTY.

more secure frequency range. The acorn tube
{an illustration of which appears neardy) made
these VHF and therefore secure communiczarions
available upon its intreducdon in 1935. One of
the earliest sets to use the zcorn tubes was the
“-atmn 1-10, tuning from 10 mezers, 30 mHz,
to ane meter, 300 mBz, inmoduced ahnu* 1940,
The acorn tbe's configuration also made it ideal
for circuits in small rugged packages, such 2
avionics, Using these State of the Amt acorn
tubes (the 954 und 953}, frequenciss as hégh as
300 mHz could be worked (line of

modulation. Both AM and FM were well
known to all sides in WWII, ar least in terms of
interception. The ARR-1 added 2 new procsss,
what we now call 2 sub-carnier. (These are
common in the FM and TV sarelite bands
today, but the ARR-1 was the first radio 1o
implement the technique}. The VHF transmit-
1er sent out z carrier berween 234 and 258
mHz, to be received by the ARR-1. The carrier
was modulated with 2 700 kHz subcarrier, and
that subcarrier in turn was voice (or otherwise)
moduiated at the transmitter. Any intercept
operator might well pick up the 200 mHz

course). Unforrunately, in ‘C’C‘\‘C".I. the Nazi
{ES Journal - Summer 1293




Afrer WWWII the ARR-1 provided h
good o tattorm tor VHF experiments
mHz band Tt was small ar 37 by _1" 3
not oniv rugged enough for mobile wo
zlso “one of the most beaunifully buiit
surplus imaginable — with its acorn
ganged. slug-type tuning mechanism.” So rhap-

= oY P/ G N P S 1 N
Il.jl\J.llJ.Lu —EFDYV :‘- May 1n “..d;'.n" ana [ etetinien

e, wary, 1949 (p. 46] (2 conversion

:rricler. His modifications turn the ARR-] into

gular converter. An ARR-2 schemartic
appears in the Surplus Schemartic Handbook,
(1960

b

at p. 15, The ARR-

larger, Doxier ser with the tuning indicator at the
bottom left. In both the ARR-1 and -2, the

tuning indicaror leaves off the "2
[ . reading 34 o 38 for 2

ARR-2 Radig wicth subes in Joregrouns

L
the snelf nicely with the ARC-5 Command sers,
and the BC-1206 aircraft beacon recsiver. It

would cerainly be trickier to operare, bur it
neverth=isss remains an -::-1:5 of rechnological
interest for its then novel circuir and communi-
cations technique, and its Eu::::_ss"ul use of the
acorn tupes in their intended VHE range. =7

Top view of the ARR-1 unit




TS 24A / ARR-2

ARR-1, ARR-2 REVISITED:

The ARR-1 and ARR-2 descriptions
in this column have given rise to some
comment from Lud Sibley of the Antique
Wireless Association, set forth in the
sidebar. As one can imagine, alignment and
“ testing of the then-novel subcarrier required
special equipment. A signal generator had
to put out the VHF carrier at wvarious
frequencies over 200 mHz, then modulate it
with a subcarrier on various frequencies
between 540 kHz and 830 kHz. Photos of
that signal generator appear nearby, the
"TS-24A/ARR-2 portable test oscillator.”

Battery powered, this signal
generator also employed acorn tubes at the
VHF frequencies, and a cavity resonator.
See the nearby photos for the interior
layout, including the resonator in the back,
under the acorn tube. Note also the
calibration curve on the inside cover, for the
subcarrier frequency, called the IF. Lud
sends along a description of the first
subcarrier use in the Navy. It employed the
"ZB" converter for the "RU" receiver in
naval aircraft (the nomenclature evolved to
ARR-1 later). The "YE" Aircraft Homing
System provided a homing beacon for
aircraft carriers, as the very top antenna on
the bridge. Planes flew directly in on the
beam, and this made a difference in at least
one major battle in the Pacific.

After successful use on aircraft
carriers, the beach landing system evolved
in 1942, with a beacon whose nomenclature
was "YN." This beacon, along with a split
signal of Morse "A" (.-) and Morse "N" (-.)
from a shipboard operator, led the landing
craft in. Use of the subcarrier feature
permitted as many as 30 beacons at once. It
is a likely speculation that the subcarrier
system provided beacons for beach landings
such as that at Normandy, The f{irst men on
the beach set up the beacon, set to the
subcarmer frequency for that location at the
landing site. Then the ARR-] connected to
a broadcast band receiver, or the ARR-2
alone, with loop antennas, provided
directional bearings for the landing craft
assigned to each site. This system is set
forth in detail, with illustrations, in Louis A.
Gebhard, EVOLUTION OF NAVAL RADIO-
ELECTRONICS AND CONTRIBUTIONS OF THE
NAVAL RESEARCH LABORATORY, (Naval
Research Laboratory, Washington, DC,
1979) at 271 ff (courtesy of Lud Sibley).

Subcarrier modulation first appeared
in the late 1920s in the laboratories of John



Hays Hammond, Jr. in New York. He
claimed the invention. Benjamin Meissner,
who worked with Hammond, later claimed
to have first discovered the technique, and
made a persuasive claim to priority in the
invention. Incidentally, both men were
founding members of the Institute of Radio
Engineers (along with the likes of Lee de
Forest and David Samoff). Hammond was
number 63 and Meissner number 70,
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ARR-1, ARR-2

Ludwell A. Sibley

44 E. Main Street
Flemington, NJ 08822-1224
(908) 782-4894

I've just seen "Little Acorns” story
in the CHRS Journal. Good stuff. Some
supplementary thoughts come to mind.

The other guys got acorn tubes, t00.
I recently inspected the schematic of a
Japanese VHF radar from fairly late in the
war - Type 140, if I remember right. Its
front end used four "UN" - 954 acorn tubes.
['ve seen new-in-the-box UN-954s of that
vintage made by Hitachi. The Brtish got
manufacturing information on them, t00;
used some in VHF radars, but had great
trouble making them in quantity and
officially gave them up for new equipment
circa 1940.

On the ZB homing adapter: the
series contained at least ZB-1 through ZB-4
before the device was redesignated R-
1/ARR-1. The early ones used some weird
early-style coax fittings for the antenna and
output; the later ones, the usual SO-239
"UHF" connector. If you inspect a later
RU-series receiver or an ARB, you'll see on
top the two studs that held the ZB. I
believe that the main reason for inclusion of
a broadcast band receiver in the Navy's
AN/ARC-5 system was for compatibility
with the ZB/ARR-1 ... until the AN/ARR-2
was developed to fit the same mounting
racks. The enclosed pages from the Naval
Electronics Lab official history contain some
good detail, if vague, about the ZB.

The old-time story about the double
modulation system being "secure” is more
or less radio-amateur myth - you read it in

the old articles in CQ, et al., but that’s it.
In this simple AM-on-Am system, a
competent intercept operator tuned to the
carrier would hear nothing, all mght; but
tuning down or up 700 kHz would bring in
the two sidebands of the "secret” modulation
with their information signal. If the
intercept operator had a panoramic adapter,
he'd see a unique head-and-shoulders pattern
immediately: a carrier set between two
weaker sidebands. The Japanese were
competent in this area; they developed a 200
mHz airborne search receiver to detect
signals from the SD air-warning radar on
U.S. submarines, and sank a few with it.
The only security that the ZB scheme
offered was that it was basically line-of-
sight,; an aircraft carrier could bring its
planes home without breaking radio silence
on HF.

The R-1/ARR-1 could be honored as
being the first receiver designated under the
ten-new "AN" nomenclature., (Of course,
there was a foul-up: it was a converter
rather than a complete receiver, and should
have been "CV-1/ARR-1" or some such.
So it goes.)

On the ARR-2: the photo shows what
appears to be an interesting variant (R-4X7?)
with a remote channel-change motor (?) and
extra connector. Anyhow, I enjoyed your
story! s/ Lud. ##

sttt

J - %xC-37/ARR-2A
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CONFIDENTIAL
CO-AN-08-25 BA-1

Saction

Parographs 1-3

HANDBOOK OF
MAINTENANCE INSTRUCTIONS

RADIO
RECEIVING EQUIPMENT
*AN /ARR-1
(INCLUDING INSTRUCTIONS FOR
TEST SET *TS-1/ARR-1)

PART |
RADIO RECEIVING EQUIPMENT *AN/ARR-1

Many Navy ZB-2 and ZB.

(SIMILAR TO *R-1/ARR-1)."

noted.

SPECIAL NOTICE
3 equipments have been modified for Army use, and are referred w in Army
installations as Radio Receiving Equipment *AN-ARR-1.
RADIO RECEIVER: Navy Type No. CZE-69076, CZR-69076. o CW-69076 are stamped "MODIFIED

RELAY': Navy Type No. CZE-29173, CZR-29173, or CW-29173 are stamped "MODIFIED 12 OR 24 VOLTS

(SIMILAR TO *RE-1/ARR-1)" or, "MODIEIED 12 OR 24 VOLTS (SIMILAR TO *RE-1A/ARR-1)."
These modified equipments are mechanically and electrically identical, and are interchangeable as com-
plete component units. - References in this book apply equally to these equipments, except where otherwise

These equipments are stamped as follows:

SECTION |
GENERAL DESCRIPTION

1. GENERAL.

Radio Receiving Equipment *AN/ARR-1 is de-
signed for use on aircrzft and for operation in con-
junction with standard aircrafr radio receivers. Radio
Receiving Equipment *AN/ARR-1 can be used to
receive radio-frequency signals in the frequency range
of 234 10 258 megacycles, which signals are amplitude-
modulated by a telegraphically keyed radio-frequency
signal in the range of 540 to 830 kilocycles. This unit
then delivers the keyed-modulation -c;mpcncn: of the
signal to the input circuit of the communication re-

ceiver, where it is further amplified and converted inco
an audio-frequency signal The resulting audio-fre-
quency signal is keyed in conformity with the keying
present on the modulation frequency of the received
signal. The range of this equipment is approximarely
40 to 70 miles at an altitude of 10,000 feer, wich
greater ranges at higher altitudes.

2. COMPONENTS, DIMENSIONS AND WEIGHTS.

& EQUIPMENT SUPPLIED.—The following com-
ponents are supplied with Radio Receiving Equipment
*AN/ARR-1:

CONFIDENTIAY T



Section |
Poragraph 2

COMFIDENTIAL
CCo-AN-08-25 BA-]

Ouverail | T
Qurarntity Mame of Parz | Dirmenriongt | f?ﬂ}gm
| (im incher) | (in ibs.)
1 Radio Receiver *R-1/ARR-1, less Mounting *HT-IKARPL-LI 128 x 33 = 3% \ 363
bur with the addition of 4 Tubes JAN-954 insmalled in
seckets, |
or
| Radio Receiver: Mavy Type Neo. CZE-62076, CIR-60076, or !
I CW-60076, stamped “MODIFIED (SIMILAR TO |
| *R-1/ARR-1};" complete with onc mounting base, 4 tubes
of Mavy type CRC-954, or equal, intalled in sockes.™
1 Mounting *MT-1/ARR-] for Radic Recciver *R-1/ARR-1.* 121 = 3 = 0.25
1 Slip cover. 12 x4 x4 0.31
1 Relay *RE-1/ARR-1, less Mounting *MT-3/ARR-1.
or
Relay *RE.1A/ARR-1, less Mounting *MT-3/ARR-1. 4 15/16= 4 x2 5/16 1.40
or
Switching Relay: Navy Type No. CZE-19173, CZR-20173, or
CW-29173, samped “MODIFIED 12 or 24 VOLTS
(SIMILAR TQ *RE-1/ARR-1);" complete with one mount-
ing base.®® |
ar |
Switching Relay: Navy Type Neoo CZE-29173, CZR-29173,
or CW-29173, samped "MODIFIED 12 or 24 VOLTS
{SIMILAR TO *RE-1AARR-1);" complete with one
mounting base.**
1 Mounting *MT-3/ARR-1 for Relay *RE.1/ARR-1 or Relay| 4 15718 x4 x 14 Q.20
*RE-1A/ARR-1.2=
1 Antenna *AT-5/ARR-1, including one Plug PL-259. 12* long 0.56
4 Plug PL-259.% dinmeter 34 0.063
each
1 Plug PL-PA3 (used with open wiring o Radio HRecciver dizmeter 114 0.19
*R-1/ARR-1).
1 Plug PL-P74 (used with open wiring 1o Relay *RE-1/ARR-1 diameter 114 .18
ar Relay *RE-1A/ARR-1).
Adzprer M-359.% ox lbe x 34 | 0.1o
As Cable WC-549% A or later productions thereof {or Radio Fre- Approximarely 0.1l
required quency Cabie RG-8/U or RG-31/Uk 20 fc longtt per ft,
v} Socket Cap M-163-A." diamezer 114 0.063
each
1 Swirch BSAY
| Total Weighe 5.9

% The modified navy receiver includes the mounting base and two Socker Caps M-163-A. If this receiver is fu:nish.td insten:
of Radio Receiver *R-1/ARR-1, Mounting *MT-2/ARR-1 and the oo Socker Caps M-163-A will not be required.
#2 The modified navy relays include the movnting base. If either of these relays ic furnished instead af Relay *RE-1/ARR-

or Relay *RE.1A/ARR-1,

Moundng *MT-3/ARR-1 will notr be required.

, Adapror M-359 will be used where a righr-angle connecton of Pleg PL-259 must be made.

71 Cable " WC-549-A or later productons thereof (or Radio Freguency Cable RG-8/U or RG-:I.-"U:I is supplied in Bbulk
T}"Flﬂﬂl lengrhs are as follows:

Antenna *AT-5/ARR-1 o Radio Recsiver *R- 1/ARR-1
Radio Receiver =R.1/ARR-1 1o Relay *RE-1/ARE-1, or Relay *RE-IA/ARR-1
t This comiponent is

5. EQUIPMENT REQUIRED BUT NOT SUP-

PLIED.—A communications equipment consisting of

camplete

15 fee

furnished from Air Corps stock, and designared by the code word {ZB).

SCR-274-N, must be supplied in order to provide
e and operative equipment. These Equ:pmtn:'

Radio Compass SCR-269- (*) or Radio Receiver BC-
946-B, which is part of Radio Receiving Equipment

= Asterisk in parentheses indicates that Radio Compass
SCR-269-D, SCR-260-F, or SCR-269-G may be used.

are capable of receiving keyed CW signals in thl? fre
quency range of 540 to 830 kilocycles. This recer 1
equipment must be complete with all accessories, -
cluding headser and primary power suppl;r.{ In addi-

2 COMFIDENTIAL



CONFIDENTIAL 2
CO-AN-08-25 BA-1

tion to the above, Radjo Receiver BC.946-B must be
equipped with Adaptor FT-310-A and Plug PL-P56
for supplying operating power to Radio Receiving
Equipment *AN/ARR-1. (See figs. 18 and 22.)

A decode card is required bur oot supplied with
cach equipment. These cards are available from the
Operations Officer.

3. POWER REQUIREMENTS.

Power for the equipment is supplied by the com-
munications radio receiving equipment A voltage
supply of 14 volts at 0.54 ampere or 28 volts at 0.38
ampere and a plate voltage of 250 volts atr 12 milliam-
peres are required.

4. DESCRIPTION OF COMPOMNENTS.

@ RADIO RECEIVER *R-1/ARR-1.—The receiver
is housed in a black, crackle-finished, recrangular metal
cabinet which contains all the equipment required to
BUTTON SalTiaEs

o T (ros sEcumeg
1 —

bIus
FagTENDEm

SiaL
ERFERERCE
POINT

Biai

REVERIIBLE CPERATING
WOLTACE FLATE

- ANTEMMA ADJIITING
CONDENSER [£102)

SHAF-ALIOE
FALTENER

UDUNTING BETaiL CSUHTING o WT-F ARR-i

Figure 2—Raodio Recejver *R-T1/ARR-1, Fron! View

tene, amplify, and demodulate the received signal and
deliver the modulation component 1o the input circuit
of the communications receiver. The froot and rear
panels conrain the conrrols and sockess as shown in

J103 P
{socKET sO-54) % e

4102
(sockET 50-235)

Jio
(socKET sO-235)

SROUND BINDING
FOST BP 101

J108 >

SoCKET so0-43)

IHAP SLLEE/@ e

FASTCMER®

HOUNTING
= WT-z faRR-

Ji104

MOUKTIHNG -
[sockeT 30-33)

DETAIL

Figure 3—~Rodic Receiver *R-1/ARR-1, Rear View

Secltion |

quqgr;;tphi 2-4

fgures 2 and 3. On the frontare a tuging dial, a dial
lock, and an aatenna-trimming adjustment marked
ANT. TRIM. The rear panel has a grounding post

and five receptacles,

5. MOUNTING *MT-2/ARR-1.—The mounting,
shown in fgure 1, coasists of an aluminum plate wich
two mounting details aod four countersunk holes.
Figures 2 and 3 show it attached to the receiver.
Some mountings do oot comrain the nomenclature
"*MT-2/ARR-1." =

t. RELAY *RE-1/ARR-1 (OR _REL.-";Y *RE-
IA/ARR-1). — The relay is constructed of black
crackle-Anished meral Figure 4 shows the froac of the

ANTEIMNA BINDIMNG POST
IPF 330

ANTERMA THIMMER
caracITOR (CJ03)
ANTIMNA

1 HIKSING POLT BPF 302

it 4 363
g T (sockET :-n-:.-«]

OUNTING
DETAIL.

MOUNTING

AUT=3/aAR=| =

MAF SLIDE

FASTEMER
Figure 4—Relay *RE-1/ARR-T lor *RE-1A/ARR-1),
Front View

relay and the nameplate. The rear, shown in figure 5,
has three receptacles and rwo binding posss (many of
the modified Navy equipmeats have only one binding
post). The top of the relay has an input aligning ad-
justment.

AMTEMWA TRIMMER CAPACITOA
[(SET-H]|

4381
[socrLT 30-34)
MOUNMTING OETAL

SWAP SLIDE
ASTENTR

ANTE WA Bas D
FOET 8P 307

ANTLMMA BiMIiME
FO3T 8P 351 /

4302

{s0cmET 1o-233]) FELT]

{sccmeT $0-24%)

Figure 5—~Relay *RE-1/ARR-1 (er *RE-1A/ARR-1),
Rear View

4. MOUNTING *MT-3/ARR-1.—This mouanrting,
shown in figure 1, consists of an alumioum plate with
four mouating details and four countersunk holes. In
fgures 4 and 5 it is shown attached to the rotary relay.
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