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AUTHORIZATION:

. 1. The test of this equipment was authorized in Bureau of
Engineering letter 567/46(9-16-W8) of 19 September 1933 under Prob-
len R5-7.

PURPOSE OF TESTS:

2. The exeminetion and test of RCA Victor general purpose
receiver, (RCA Vietor drawing-£213895), to determine its performance
and chararccteristies. The Bureau of tngineering designated, in
reference (a), that this receiver be subjscted to tests similar
to those to which the DeForest Model RRH-11 receiver was subjected
a3 reported by reference (b).

REFERENCES :

w3 (a) Bubing letter $67/46(9-16-W8) of 19 September 1933.

(b) Naeval Research Leboratory Report RE 271 dated
27 July 1923.

BCUIPMENT UNDER THST:

4o Subject recelver, manufastured by the RCA Victor Company,
Ine., Camden, New Jersey, is of the double detection, or super-
heterodyne Qype,‘having an sutodyne eircuit with oscillating first
detector, and a combination second detector, i-f oscillator end
nutomatic volume control, for which purpose & duplex-diocde pentode
is used. The receiver employs a total of six tubes, and is
vezttery operated. The frequency range is 1380 to 29,500 kilocycles,
which is coverad in six bands by the use of a tap switch, which
changes the taps on the secondary tuning inductence in the R.F.
and first detector stages. The R.F. and detector ecircuits are
ganged, and tuning is accomplished with a single dial. Other con-
trols on the penel consist of a frequency vernier which operates in
conjunction with the tuning dial; an antemna trimmer to compensate
for changes in R.F. tuning due to operation of coupling control; a
control to regulate antenna coupling; a switch to change from broad
to sharp tuning; a sensitivity control, which, with the A.V.C. con-
trol off, regulates the bias on the grids of the tubes in the i-f
stages, and with the A.V.C. control on, operates on the audio ampli-
fier to control the output level, an on and off switch which controls
that circuit of the combination A.V.C.-detector oscillator tube which
functions as an oscillator; an on and off switch for A.V.C.; an on &nd
off switch for power; one phone jack for phone output and one for line
output. The front penel measures 8.75" x 20", and the case is 11" deep.

The input circuit consists of an antenna coil electromagnetically
coupled to the sccondary tuning inductence in the grid circuit of the
r-f amplifier through an electrostatic shield. This is & double
coil with the two sections in parallel, there being two sccondaries,
one of which is used with the three lower frequency bands, and the
other with the three higher frequency bands, the change over being
controlled by the tap switch.
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There are three bindiag posts, two to the ends of the primary
coils, and the center one to ground, the center of the coils being
grounded when used with a trensmission line.

One stage of r-f amplification is followed by an oscillating
first detector which autodynes the incoming signal to produce an inter-
mediate frequency of 19 kes.

The plate circuit of this tube is coupled by means of an auto
transformer to the grid of the first i-f tube, there beilng & band
puss filter also in this grid circuit. The first i-f stage is coupled
to the second i-f stage alsc by auto transformer. Then follows the
combination detector, oscilletor, automatic volume control which is
a duplex-diode pentode, type 6B7. The control grid of this tube is
tuned to the i~f oscillator frequency, the sereen grid serving as the
anode, which is inductively coupled back to the grid tuning inductance.
This oscillating component is electron coupled to the plate cirecuit,
which plate is conductively coupled to the plate of the last i-f tube,
and the beat frequency produced thereby is inductively coupled to the
diode cirecuit which functions as a half wave rectifier. The two dicdes
are tied together with respect to the A-C component, but the second
dicde acts independently for the A.V.C. feesture, the rectified current
being divided between the two diodes. [Irom one diode this current re-
turns to the cathode through the secondary coupling inductence and a
load resistor, and from the other through a resistor, the potential
drop across which changes the bias on the grids of the two i-f tubes,
as the current varies with the received signal.

The potential drop zcross the load resistor in the first diode
circuit ls used to energize the grid of the audio amplifier.

In the plate circuit of the singlec sudio stage is an output
transformer with & split secondary designed for 'line' and 'phones'
load.

With the A.V.C. switch In the 'off' position the volume control
resistor operates to regulate the bias on the grids of the i-f tubes.
When in the 'on' position the volume control resistor operates ns a
shunt acrosc the primaery of the output transformer to control the out-
put level, at the same time the grids of the i-f tubes assume their
normal bias for full galn, the bias being increased as the signal
becomes strong enough to increase the IR drop across the resistor in
the A.V.C. diode circuit. With the CW switch in the 'off' position,
the seresn grid circult of the 6B7 tube 1s opened thus eliminating
the 1-f oscillator. When ln the 'on' position, the screen grid cir-
cuit is closed. When on 'Broad' tuning, the capacitors around the
auto transformer and band pass filter Inductances between the two
i-f stages are disconnectsd. When on 'sharp’ tuning, both inductances
are tapped to dscreuse thelr value, and the capacitors connected; a
resistor also being placed in shunt to the secondary coupling induc-
tance in the diode circuits.

The tubes employed in addition to the type 6B7 above mentioned
are one each type 39 pentodes for first r-f and two intermediate
stages, one type 36 tetrode for first detector-oscillator and one
type 89 pentode for power emplifier. Condenser and grid leak &re
used In the first detector, and fixed grid bias for the r-f and'e-f
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grids cre obtsined by the use of resistors in the cathode circuitc.
JETHOD OF CONDUCTING TESTOs:

5e & model LC-1 standard signal generator was used to supply
all input test r-f voltages; an wudio oscillator, General Radio
iype 512-B, to supply zudio frequency test voltzges; en output
neter, General radio fype 482-C, resistance 20,000 ohms, to meusure
outputs, and a Gerercl Electiric cathode-ray oscillograpn type HC-10-il
to study the operatiion of the sutomutic volume control, and its time
congtant.

For the purpcse of these tests, the following definiticnc zre
epoliceble:

Standard output is 5 milliwctts, or 10 volts acrosc 20,000 ohm:.

Sengitivity ic chown as the microvolts input throuzh 300 ohme
revistance for ctondard output witk guin adjustment for & noise level
of not over 0.5 volt. 7ith 2 nolse level of Q.5 volt and cignel
output of 10 volts across 20,000 ohnms, the voltege ratio is 20 to L
wv.uile the power ratio is 400 to 1. It is believed that under
ordinary opersting conditions, & much smaller ruatic is toleraied,

:nd eny decrease of this ratio increases the sensitivity, since the
aoise is reduced by reducing the gein.

In & receiver where the sensitivity is of the order of 5 to 10
sicrovelte, the internsl receiver noilse does not generally control the
output noize level, this being governed by the nolue pick-up of the
collector system.

Selectivity is shown as the ratio of input for standurd output,
.1 percentzazes of frequency wbove or below resonant frequency, to inmput
for ctandard output «t resonant frequency.

Primary image frequency is defired as any input frequency other ther
whiet for which the signel frequency circuits ere resonated, whose
funducental frequency, combined with the fundamentzl frequency of the
first oscillator, will produce the fundsmental freguency for whkich ine
i-f stagec are resonated, no discrimination being made here between
the two closely relzted frequencies producing a-f beuts on opposite
cide of zero beat.

becondsry imuge frequency is Jdefined as zny other froquency which,
7.en combined with the fundemental frequency or harmonics of the first
ousciilator, will produce a beat freguency to which the i-f system will
respond, this resuliznt being usuclly & frequency oI whick the i-f
fundamental is & harmonic.

Audio cheracteristics are chomm &zs the cttenurtion in decibel:
=love and below & reference level, which is taken «. the voltage
gain of the audio caplifier «t 1000 cyclec.

111 receiver input voltages are wcpplied through 300 ohms resistznce.

Test for interaction between receivers is made «ith the input
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terminals of two receivers connected directly to the seme wnienne,
The following tests were muades
i¢) Sensitivity, Ci input, Broad &and sharp tuming.
(b) Sensitivity, MCVW input, Brozd and sharp tuning.
(c) Gelectivity, MCW, Input, Broad and sharp tuning.
{d) kudio ampiifier characteristics.
(e) Resonant overload, A.V.C. off,

(f) Resonent overlosd, A.V.C. cn.
{g) deximum noise level.
(h) Image response, primsry and secondery.

(i) kesponse cf i-f system to frequencies otber then ihe funds
nental i~f frequency.

(j) Interaction between receivers.

(k) Study of operation of sutometic volume control and its time
constant.

LEGULT TESTS:

6. (o) bensitivity. Prior to teking sensitivity mocsurements witl. ¢

CW input, it was found that with the CW oscillzctor on, but no olgnal
input to receiver, and the velume control reduced tc minimum gain the
output meter indiceted 3 velts, with zere resding when the cscillator wuo
chut off. It wao found thut the conter of each of 4‘he two secondury
windinge in the cutput tronsformer is grounded, snd that by placing

u 01 mfd capacity around one half of ths secondary winding for the
'phones' output, the circuit wus tuned to the csocillator frequency,

and scted as a trap to eliminate the undesirsd CW output, no asttenustica
cf cutput being noted & & result of its use.

vensitivity, with gedn adjustment for 0.7 nolse, and with both
Cii input end CW modulsted 30% at 1000 cycles input each for broad and
eharp tuning, lc shorm on plates 1 to 4 inclusive.

(b) Celectivity, with CV input moduiuted 30% at 1000 cycles,
tuxeu with the CW oscillator off, and gain edjustment for 0.5 volt
anoice iu ghom for both brosd und charp tuning om Pletes 5 to 36, inclusive.

It will be noted that ecch curve showo & peuk in zddition tc the
rci.onance peek, which ls thet of the image rscponss, removed zbout
;3 gilocycleu from resonance, the intermediate frequenoy being 19
kilccycles. The image response is zbout egqual to the sigmel recponco,
being produced when the sutodyne first dotector is tuned on the
npreaite side of zero baut.
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When tuning off resonance on the side toward zere beat, and
usuelly et & point where the input required for standard output is
between 100 and 1000 times that required at resonance, the qutput
becomes unstable, with a temdency to block, until the curve beginc
to approach the point of maximuwr image response. Due to the response
to non-resonant signals over practically all of the band between
resonance and maximum image response, the actual selectivity must be
considered between the cmrves away from resonznce on the one side

and away from maximw jmage response on the other.

To account for the above mentioned instability with high inputs,
end iendency te block when approaching zero beat, it is believed that
this is due to secondary image response, the autodyne detector pro-
ducing beat frequencies of the order of two to nine kilocycles, of
which the intermediate frequency is &« harmonie, and to which the
intermediste system would respond. On plate 6 are showm the variouc
fluctuations that occur as & result of this response.

Selectivity, with & resonant frequency of 1924 KC i shown on &
large scale at and near the peak of the curve, for inputs up to ten
times that at resonence, on plate 27 for broad tuning, and on plate
38 for sharp tuning. It will be noted on plzte 38 that the selectivity
is great enough to cut the side bands, the second pesk occuring one
kilocycle off resonance, or the resonant frequency plus the frequency
of modulation.

(d) The eudio emplifier cheracteristics sre shown on Plate 41,
with the voltage gain at 1000 cycles given =s 17.7, audio frequency
voltage being applied tc “he coupling condenser from the diode circuit
of type 6R7 combination uscillator-detector—-iVC tube, with the equivalent
resistance of the diode inserted, this resistance being determined to
be 5,000 ohms. Standard output was used.

(e) Resonant overload curves, teken ai 7700 KC, and with both CW
and CW modulated 30% at 1000 cycles input, for broad and sharp tuning
are shom on plates 42 to 45 inclusive, automatic volume control off.

(f) Resonant overload curves, taken at 7700 KC, and with both CW
and CW modulated 0% at 1000 cycles input, for broad and sharp tuming,
are shown on plates 46 to 49 inclusive, automatic volume control on.
These are taken at several output level settings, to show the effective-
ness of the autometiec volume control.

(g) Maximum noise level, with CW oscillator om and off, with
broad tuning, is shown on Plate 50.

Meximum noise level, with CW oscillutor off, and with sharp
tuning, is shown on Plzte 51.

. Maximum noise level, with CW oscilletor on, and with sharp
tuning, is shown on Plate 52.

(h) Primary image response is noted on the opposite side of zero besat
&nd ab?ut 38 kilocycles removed from the signal, the autodyne detector ’
producing an intermediate frequency beat note of 193 kilocycles which is
of 2bout the same strength as the signal response,
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With the receiver resonated at 2000 KC, response was noted when
the signal generator was adjusted to any freguency of which the
resonant frequency was & harmonic, response being obtained on either
side of zmero beat as outlined above. This is believed to be more &
charscteristic of the signsl generator, as response to signal generator
frequency harmonics is obtained on receivers of various types.

Secondary imuge response was noted only as described under
selectivity test ( ), where the autodyne detector produced a beat
frequency of which the intermediate frequency of 19 kilocycles is
& hermonic, and to which the intermediate systems will respond.

(1) To determine what frequencies the i-f system would accept,
a signal CW modulated 303 at 1000 cycles was epplied to the grid
of the combination first detector and oscillstor tube, the grid tuning
inductance being shorted out to stop oscillations in this tube, and
the result is shown in the form of a selectivity cwrve for the i-f
eystem, for sharp tuming on plate 39, and for broad tuning cn
Plate 40, It will be noted that the curve for broad tuning is
besed on resonance at 15.5 KC where slightly less input was re-
quired for standard signal output, however the curve between 15.5
KC and 19 XC is practically flat.

‘j) To determine the interaction between receivers, subject
receiver was comnected to the seme antenna with a Hammerlund Comet
"Pro®, and resonated to set up a frequency of 2000 KC from the first
oscillateor.

From the Comet "Pro™ outputs noted were as followss

Irecusncy Volts Qutput, across 20,000 chas
2000 20
4000 1.5
£000 %
8000 =
10000 1.5

(x) By coupling the output of the receiver to ths deflection
terminals of a csathode-ray oscillograph, the action of the autosatic
volume control was observed, by viewing the deflected besam on the
fluorescent screen, the oscillogreph fumctioning as & voltmeter
without lag.

It was noted that when the signal was suddenly increased, the
output voltage remained constant, there being no perceptible lag in
the action of the volume control in regulating the grid bias to
compensete for the increased signel. However, when signal was
suddenly decreased, there was & very noticeable lag in the action
of the control. The output voltage would instantanecusly drop to a low
level, and it would require & period of approximately one second for
the grids to assume their normel-welus, and for the output voltage
to resume its normal level. By repgulation of the resistor in the
audio system, which is connected when the AVC switch is 'on’, the
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maximum output can be set at any desired level, but with e corresponding
decrease in output with lower signal input, &s is shown on Plates 46
to 49 inclusive.

CONCLUSIONS:

7. The usable sensitivity of this recelver 1s very good, the
input required for standard output of 5 milliwatts averaging 8.7
microvolts, verying from 4.3 to 21 microvolts, for CW signals. For
MCW signals, the input required for standard output averages 18 micro-
volts, verying from 11.3 to 30 microvelts. These measurements are
bused on & noise output of .0125 milliwatts.

The selectivity is very good except for the lack of sslectivity
over a bznd of 38 kilocycles between the rescnant signal and image
response. On the side away from the image response, the slope of the
curve is very sharp, showing an attenuation of 60 DB's on & voltage
basis at 1.85% off resonance at the lowest frequency, and an atten-
uation of 60 DB's at 0.1% in the highest frequency band. The same
ettenuetion, however, on the other side of resonance, due to the
intervening poor selectivity band between resonance and image response,
is at 3.7%7 for the lower frequency, and 0.3% for the higher frequency.

Resonant overload curves show that the receiver will handle
outputs satisfactorily up to 400 milliwatts.

There is considerable interaction between receivers from the first
oacillator frequency, but only slight interaction from its harmenics.

With the single tuning control and bend change switch, tuning and
frequency shift sre facilitated.

The noise level is readily controlled and stable operation is ob-
tained.



