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Mobile 30-40 Mc Receiver

A receiver, for mobile use, and receiving amplitude-modulated signals, designed to compete
with frequency modulated systems from standpoint of immunity to pulse-type noises. May
be manually tuned, or spot-frequency tuned

INABILITY to obtain adequate
coverage with mobile equipment
employing amplitude modulation, as
opposed to frequency modulation, is
in practically all cases the result of
inferior receiver performance in the
presence of heavy ignition interfer-
ence. The U. S. Forest Service Type
KU-R receiver herein described re-
lieves this condition to such an ex-
tent that many amplitude modula-
tion communications systems now
being discarded with heavy invest-
ment loss can be made to serve ade-
quately. This receiver will not provide
completely noise-free reception nor
is it directly comparable to fm in
this respect. Its performance is, how-
ever, so outstanding as compared
to mobile a-m receivers with con-
ventional noise limiter circuits that
it will undoubtedly assist in solving
many of the problems arising from
limitations imposed by ignition and
other sharp pulse type noise. The
Type KU-R receiver permits actual
use of absolute signal values below
1 pv when used on cars without
spark plug suppressors or other
forms of ignition noise treatment.
An occasional noisy generator re-
quires correction by electrical filter-
ing and cleaning, but beyond this no
special preparation is required to
make a workable installation. A
convenient and simple measure of
useful sensitivity is the signal input
value required to produce a 4 to 1
change in the audio power output
when modulation is increased from
0 to 30 percent. Measured by this
method the average sensitivity of a
group of 25 receivers was 1.4 pv.
(See editor’s note at end of article.)

Before entering upon a discussion
of this receiver it is of interest to
review briefly the general trend of
forestry radio equipment to provide
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a background for the requirements
of this unit. Of the 4000 radio tele-
phone units in use by the U. S.
Forest Service over 90 percent are
of the strictly portable type falling
in a weight class of from 6 to 21
pounds complete with all accessories
and power. During the past five
years the trend of forestry radio has
been toward a more intensive use of
those frequencies lying between 30,-
000 and 40,000 kc. Of the 2,000 u-h-f
radiophone transmitters in use, only
1 percent have a power output in ex-
cess of two watts. The maximum
power of this group is 20 watts.
Quite naturally there is an urgent
need for communication with mobile
units, such as fire tank trucks,
forest highway patrolmen, and su-
pervisory personnel on large proj-
ect fires. The limiting factor in
the successful application of mo-
bile ultrahigh frequency equipment
to this job has, up until this time,
been the lack of a satisfactory re-
ceiver.

With the normally low signal
fields provided by the portable
units, it is essential that the mo-
bile receiver provide usable sensi-

tivity in the vicinity of 1 uv abso-
lute. Usable sensitivity in this case
is not considered as being realized
under ideal laboratory conditions,
but rather under actual road test
conditions and through electrical
noise encountered in heavy traffic.

Primary Design Considerations

The requirements of such a re-
ceiver are:

1. Provision for manual tuning
over the range of 30 to 40 Mc as
well as crystal controlled spot fre-
quency operation.

2. Compact structure to permit in-
stallation in space restricted by spe-
cial fire fighting tools and devices
in all types of motor vehicles.

3. Low primary power consump-
tion to permit prolonged use with-
out constant battery charging while
the car may be temporarily immo-
bile in fire service.

4. High sensitivity to fit into the
general scheme of low power trans-
mitter operation.

5. Broad acceptance band to mini-
mize criticalness of manual tuning
and loss of signals due to all sources
of drifting.
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for the U.S. Forest Service

By H. K. LAWSON and L. M. BELLEVILLE

', 8. Forest

Service Radio Laboratory

Portland, Oregon

6. Freedom from pulse type inter-
ference, particularly ignition noise,
originating in both the forest car
and in other traffic.

These requirements appear gen-
erally conventional and relatively
universal with the possible excep-
tion of the combination of tunable
and spot frequency operation.

The two requisites for maximum
sensitivity in a receiver are; the
highest possible signal-to-noise ratio
and adequate gain to deliver full
audio output with no input other
than the first circuit noise. A triode
first detector is used in this re-
ceiver to keep the conversion noise
at the lowest possible value. One
stage of r-f amplification adds fur-
ther gain in signal-to-noise ratio
and assists in suppressing image in-
terference.

It should be noted that the r-f
and first and second i-f tubes are
of the sharp cutoff type. Among
several considerations dictating this
choice, the g¢./I;*¥ noise factor of
merit was of major importance, a
higher ratio of g¢./I. being avail-
able in tubes of the sharp cutoff
type. Further, where power con-
sumption is a consideration the va-
riable-mu tube is at a disadvantage.
The saving in plate current by the
use of sharp cut-off tubes in this
receiver amounts to approximately
two watts. Better a-v-c characteris-
tics are also realized with tubes
which do mnot require a high bias
for cutoff.

Careful investigation of the field
of commercially available receivers
failed to disclose a unit with all
essential features combined. The
most generally available types were
of fixed tuned design intended for
police service. In this field there
appeared to be a lack of high usable
sensitivity and good pulse noise sup-

* Ratio of transconductance to cathode cur-
rent. See RCA Review, April 1941, page 518.
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U. S. Forest Service type KU-R
Mobile Receiver. Top to bot-
tom, speaker, r-f tuning head.
amplifier unit. Note universal
mounting clamp which permits
steering-column or under-dash
mounting of r-f tuning head.
Bottom cover of amplifier unit
serves as mounting plate and
entire unit may be removed for
service by releasing trunk

hasps

pression. Some of the better receiv-
ers indicated high sensitivity as
measured in the laboratory and at
the same time developed acceptable
noise suppression at relatively high
signal levels, but all failed to per-
mit use of their maximum sensi-
tivity in the presence of heavy igni-
tion interference.

Although fm may be considered
to be the ultimate answer to this
problem there are two outstanding
reasons that immediately rule out
this system for U. S. Forest Serv-
ice application. First; the Forest
Service now has on hand some 2,000
u-h-f radiophones, all amplitude
modulated and all serving a useful
purpose in forestry communication.
Any one of these may be called upon
to communicate with a mobile unit,

yet such communication is relatively
incidental to their entire field of
usefulness. Consequently it would
not be economically sound to at-
tempt a replacement of all equip-
ment merely to provide a more ideal
mobile system. Second; frequency
modulation technique has not ad-
vanced sufficiently far to date to per-
mit design of a reliable portable
unit that can compete in size, weight,
cost and over-all low power con-
sumption with the portable units
now in service.

A thorough investigation of avail-
able mounting space in various types
of cars and trucks, resulted in a de-
cision to break down the receiver
into two small units, plus an ex-
ternally mounted speaker. To avoid
mechanical complications arising
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from an attempt to eliminate rub-
bery backlash from remote mechani-
cal tuning, a complete r-f tuning
head was designed to be mounted
in the same manner as the conven-
tional remote tuning mechanism.
The common flexible shaft method
of mechanical tuning becomes satis-
factory over the relatively wide
range of 30 to 40 Mc only when ex-
tremely high gear ratios are em-
ployed. Such an arrangement results
in slow and tiresome manipulation
to tune over the entire band.

Radio-Frequency Tuning Head

The r-f tuning head of this re-
ceiver contains the signal r-f am-
plifier, detector, tunable heterodyne
oscillator, crystal oscillator, and fre-
quency multiplier.

An eight-conductor cable and sep-
arate i-f transmission line connect
the tuning head with the larger unit.
The eight-wire cable carries pri-
mary power from a switch on the
head unit to tube heaters and plate
supply, plate voltage for tubes in the
tuning head, squelch control and
audio level control. The intermedi-
ate frequency of 1600 kc¢ is fed to
the i-f unit through a length of 64-
ohm flexible concentric transmission
line. Careful design of the 1600-kc
inter-unit line coupling transformers
eliminates line resonances and per-
mits the use of any length of high
quality line found necessary.

Transfer from manual tuning to
crystal controlled spot frequency
operation is accomplished by a rela-
tively rough setting of the tuning
dial to a pre-marked point and
throwing the “manual tune — spot
frequency” toggle switch on the tun-
ing head to the spot frequency po-
sition. The panel switch serves
merely to transfer plate voltage from
the tunable oscillator to the crystal
controlled oscillator and tripler. It
is evident that the tunable oscillator
and the fixed frequency tripler are
in a measure interlocked through
their common coupling to the de-
tector grid. Special attention to me-
chanical layout and simple but ade-
.quate shielding have minimized the
interlocking between the tripler and
tunable oscillator to a point where it
is not apparent at any position of
the manual tune dial. The use of an
entirely independent spot frequency
heterodyne source eliminates the
necessity of switching in high fre-
.quency circuits where it is usually
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desired to avoid using such devices.

The i-f amplifier is substantially
flat over a band of 50 ke centered at
1600 kc. This choice of bandwidth
was influenced by the necessity of
receiving some of the older type
modulated oscillator transceivers
which are still in service. A rela-
tively wide acceptance band also
serves to minimize the effect of nor-
mal drift of various crystal con-
trolled transmitters. Although all
current transmitting equipment of
the U. 8. Forest Service employs
crystals having a temperature coeffi-
cient of four parts per Mc per de-
gree C or better, none of these units
are temperature controlled, and
when operated on a mountain peak,
may encounter temperatures vary-
ing from near freezing in the morn-
ing to over 100 degrees by mid-
afternoon.

The Cover Picture
A battery-operated qutomatic relay
or repeater station is shown in op-
It utilizes the 30 to 40 Mc
region and ties 5 forests into a
central fire and weather forecasting
office in the State of California. It
also serves as a repeater for mobile
equipment in the forest in which it is
located. The longest circuit covered
is 200 miles. For reasons which our
readers will understand, the loca-

eration.

tion of these installations cannot be
published now

The requirement of a 50-kc¢ band
necessitates three i-f stages for ade-
quate gain. It can be shown that for
a given bandwidth and stage gain
the intermediate frequency can be
varied between fairly wide limits.
With available i-f transformer Q’s
a 50-kc bandwidth can easily be had
at an intermediate frequency of 5,000
ke. Such an amplifier would have
excellent skirt selectivity. The same
gain and bandwidth can also be ob-
tained at a much lower frequency by
proper adjustment of circuit Q. This
shift will produce several results.
First, the image response will be
closer to the signal frequency; and
second, skirt selectivity will be re-
duced. This latter factor may be
either an advantage or a disadvan-
tage depending upon the application
of the receiver; third, stability with
drift of trimmer condensers due to
temperature change or vibration,
will be improved at the low fre-
quency. With consideration given to

all of the above factors, the fre-
quency of 1600 ke was selected pri-
marily for the advantage of stability
so necessary in mobile equipment.

By far the greater part of the
work on this receiver went into the
design of the noise silencer. A si-
lencer of practically the same design
as appears in the present model was
incorporated in one of the test re-
ceivers at the beginning of this
work. Due to what appeared to be
excessive space requirements and
circuit complications, the much simp-
ler and more compact series diode
limiter was employed in the next
test receiver. Analysis of the series
diode limiter indicated that this type
of circuit could be expected to ac-
complish everything that might be
expected from any form of limiter.
A receiver employing this circuit
gave excellent results under re-
stricted conditions but the design
would not stand the test of use in
heavy traffic.

It was finally realized that the di-
ode limiter could do an acceptable
job of silencing only up to the point
where interference became strong
enough to actuate the ave. When
this condition is reached, which is
usual in the presence of heavy igni-
tion noise, the signal will be reduced
by action of the automatic volume
control until it is lost in the residual
noise. Resulting aural effects range
from an increase in the staccato
noise to a complete blanketing of
the signals, depending upon intens-
ity and rate of ignition. The noise
silencer herein presented is based on
variations in the type of silencer first
proposed by J. J. Lamb (see QST
Febuary 19, '36). To the best of our
knowledge the most important of
these variations first appeared in a
receiver manufactured by the Pear-
son-Delane Company.

This form of limiter not only
serves as a noise silencer but also
protects the ave from the overload-
ing produced by strong impulse in-
terference. This silencer incorpor-
ates two major variations in the
fundamental circuit proposed by
Lamb. First, the output of the noise
rectifier is impressed on the injector
grid of the third i-f stage through
a coupling condenser. This prevents
the d-c component in the output of
the noise rectifier from appearing
on the controlled stage and thus
eliminates the blocking normally en-
countered with this type of silencer.
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The second circuit variation is made
possible by the first, and consists of
an automatic threshold control cir-
cuit which maintains the bias on the
noise rectifier at the proper value
for optimum silencing with varia-
tions in signal level.

The fundamental operation of the
silencer may be briefly described as
follows: The output of the second
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The output of the 6J7 noise ampli-
fier is rectified by one of the TA6
diodes, and any pulses or irregu-
larities in this rectified output are
fed through the coupling condenser
to the injector grid of the 6L7 third
i-f stage. These pulses serve to block
this tube for the duration of the
rectified noise voltage and thus pre-
vent the rise of the original noise
impulse to full amplitude in its out-
put circuit. The foregoing consti-
tutes the fundamental actions of this
circuit, but without additional de-
vices and elaborations the system re-
mains unworkable.

To produce a workable circuit, it
is necessary to adjust automatically
the threshold of rectification so that
modulation peaks are not rectified
and thus cause to clip and distort,
and to maintain this threshold of
rectification as closely as possible to
these peaks to prevent the rise of
unwanted noise. An ideal curve for
this condition was plotted by apply-
ing manual control to the rectifier
for various signal levels from 1 uv to
1 volt. The nearest possible duplica-
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a-v-c¢ bus and the grid return of the

(Continued on page 98) Complete circuit dicgram of the Forest Service receiver
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30-40 Mc Receiver-

(Continued from page 25)

first a-f tube. Operating under a
no-carrier condition the grid of the
first audio tube is biased beyond cut-
off, thus effectively silencing the
audio output of the receiver. A small
negative shift in a-v-c voltage pro-
duces approximately a 40 times shift
at the plate of the d-c squelch ampli-
fier in the positive direction. A por-
tion of this shift is applied to the
grid return of the 7C6 audio tube.
The shift is limited by the diode to
a value which permits only a very
small grid current to flow and the
first audio tube operates as if the 10
megohm grid-leak were returned to
the cathode. The sensitivity of the
squelch circuit is such that the audio
channel may be held inoperative with
no signal, and be entirely opened by a
signal of less than 1 uv, or if set to
reject signals below three micro-
volts the circuit may be entirely
opened with an input of 3.5 uv. Due
to the protection afforded the a-v-¢
circuit by the noise silencer, the
squelch circuit remains relatively
insensitive to ignition noise.

Low-pass Output Filter

The inclusion of a simple low-pass
output filter, having a cutoff fre-
quency of 5,000 cps, increased the
usable sensitivity of this receiver by
a factor of two to one. This result
is reasonable when it is considered
that the random noise output of a
wide band receiver does not cut off
at 3 to 5 ke as in the case of the
more conventional narrow band unit,
but extends to possibly 25 ke before
being appreciably attenuated by the
selectivity of the i-f amplifier. The
importance of this high frequency
noise output is greatly increased by
the rising impedence characteristics
of the wusual output transformer-
speaker combination. Inclusion of
this type of filter serves to minimize
one of the principle disadvantages
inherent in broad band i-f ampli-
fier receivers.

Power Requirements

It is usually desirable to hold the
power consumption of a mobile re-
ceiver to a minimum without sacri-
ficing performance. The type KU-R
receiver draws 5 amps. from a 6-volt
battery, which is moderate when it
is considered that twelve tubes are
employed. Power savings not com-
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The “PRECISION” catalog No. 42-E describes more than 40 radio and indus-
trial electrical test equipment models . . . Tube Testers, Combination Tube and
Set Testers, AC-DC Multi-range Testers, Vacuum Tube Multi-range Testers, Signal
Generators, Circuit Testers, etc.

While the greater proportion of these instruments are for industrials, labora-
tories and governmental agencies, serving to expand our war effort, a fair per-
centage is still available, commercially, through leading radio parts distributors.
*ADDITIONAL PRECISION MANUFACTURING FACILITIES are now avail-
able for the production of national defense orders, to specification. I’rincipals
inferested ue m\ ited to contact our factory directly.

< RRE SO N ESTIEONIRNEN]

INDUSTRIAL ' LABORATORY - RADIO * TELEVISION

PRECISION APPARATUS COMPANY e 647 KENT AVENUE e BROOKLYN, N. Y.
Export Division: 458 Broadway, New York City, U.S.A. Cable Address: Morhanex

STABILIZED A. C. VOLTAGE
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Varying - Inpit Vaoltage
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INSTANTANEOUS ACTION NO MOVING PARTS

When a precision electrical device or a critical process is powered from
an AC line, a Raytheon Voltage Stabilizer will permanently eliminate
all of the detrimental effects caused by AC line voltage fluctuations.

Made for all commercial voltages and frequencies, single or three phase.

Raytheon's twelve years of experience in successfully applying the
Stabilizer to hundreds of perplexing voltage fluctuation problems is at
your service. It will pay you to take advantage of our engineering skill.

Write for Bulletin DL48-71 JE describing Raytheon Stabilizers.

RAYTHEON MANUFACTURING CO.
100 Wiillow Street, WALTHAM, Massachusetts

ELECTRONICS — January 1942



>

a
RADIO PARTS

and
ELECTRONIC EQUIPMENT
for DEFENSE!

*

GREATEST STOCK EVER
IN RADIO HISTORY!
CONDENSERS @ RESISTORS e
TUBES ® METERS e TRANS.
FORMERS @ PLUGS @ JACKS e
SWITCHES e RELAYS, etc.

*

IMMEDIATE DELIVERY
ON ALL STANDARD PRODUCTS!
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MANY U. S. GOVERNMENT
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Write, wire or phons us on your
most urgent requirements.

— FREE 416 PAGE CATALOG —
Address Dept. EJ on your firm letterhead.
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RALCIO SUPPLY HOUSE
— Telephone BArclay-7-1840 —
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V" NEW YORK. N. Y.

DEFENSE REQUIREMENTS

ELECTRICAL

COIL WINDINGS
& TRANSFORMERS

Designed to meet specific require-
ments or to your specification.

COIL WINDINGS
ELECTROMAGNETS
SOLENOIDS
COIL ASSEMBLIES

PAPER INTER-LAYER SECTION
BOBBIN WOUND
FORM WOUND

Equipped for vacuum and pres-
sure impregnation — varnish or

compound,

An experienced organization at
your service prepared to assist in
design or cooperate on problems.

DINION COIL COMPANY
P.O. BOX D  CALEDONIA, N. Y.
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mon in usual practice were effected
by the following points. l

1. The power consumed by the B
supply will be roughly proportional
to the square of the B supply volt- |
age. The item which usually dic-
tates the required B voltage is the
required audio output. By mounting
the loud speaker separately, at ap-
proximately ear level, intelligibility
is greatly increased and much less
audio output is required. An output
of 500 mw used in this manner ap-
pears to be adequate and is readily |
obtained with a plate voltage of 150. |

2. The use of sharp cutoff r-f and
i-f amplifier tubes as previously dis-
cussed accounts for further saving.

3. Tubes having 0.15 amp. heaters
in place of 0.3 amp. heaters are used
wherever suitable tubes of this type
are available.

A slight sacrifice "in primary
power consumption was made in the
selection of a tube type rectifier in
place of a self rectifying vibrator.
It was felt that this was more than
offset by elimination of an occasional
complication arising from the va-
riety of battery polarities encoun-
tered.

Space for power components was
reduced and added simplicity ef-
fected by the use of a resistor-
capacitor filter in place of the usual
iron core choke arrangement. The
drop in the filter resistor is used as
bias for the audio power-output
tube. Since the compact arrange-

ment of all circuits in this receiver |
necessitates complete isolation filter- |

ing these added filters are, where
necessary, designed to augment the
simple basic power filter.

It should be noted that even
though the vibrator power supply is
an integral part of the receiver unit,

only the most conventional r-f filter- |

ing is required for noise-free power
supply operation. The noise silencer
serves to remove the vibrator inter-
ference which, by radiation or other-
wise, may escape suppression in the
power supply r-f filter. This reliance
on the noise silencing circuit to
cover an additional function results
in a saving in space and greater
freedom in mechanical layout.

Bditor's note.—Regarding this method of
indicating sensitivity, the authors state, "an
unmodulated 1 gv signal is fed into the
receiver and the noise output measured. Then
the input is modulated 30 percent and a

second reading taken. This reading will
b approximately 3 times the first. Now the
input is inereased to 1.4 uv and the two
readings taken again, Thede readings will be

4 times the first set.”
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in MICA
CAPACITORS

@ Climaxing an outstanding selec-
tion of mica receiving and trans-
mitting condensers — from tiny
"postage-stamp’’ molded-in-bake-
lite condensers to exira-heavy-
duty micas—Aerovox offers its
stack-mounting mica capacitors
as standard items. Heretofore
made only to order, these capa-
citors are now generally avail-
able. And that fact is amply re-
flected in lowered prices.

STACK-MO UN
Type 1940; TING Micas

mtd. 35,000 5, 319 x 10~

tall, .
Type 1950; :;/'o 01 mtq, ls,oggogl.
00001 mia A dia. x 2140
3,000 ,0Md- 6.000 v 222 mig
Type 1960, . ’
.0000] © 4% dig, y g.
1,000 , ™4 15.000 v. 4o 3 o
Type 1970,

5% 4 .,
20,000 ' X 4 tail,

.00001
1.000 ,™f9- L

T YPe 1980, 5-Y, 74
4" dia, x 5-Y,
-0000] mfd, 35.000 v, to .05

tal),
mfq,

000

® Write for DATA ...

Catalog sheets on stack-mounting micas
and other extra-heavy-duty capacitors not
listed in our general radio catalog, sent
to professional radio workers writing on
business stationery. And for your con-
venience, individual items can be ordered
through local Aerovox jobbers.

NEW BEDFORD, MASS., U S. A
In Canada: AEROVOX CANADA LTD., Hamiltan, Ot

EXPORT: 100 Varick St., N. Y., Cable 'ARLAR’
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