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71 OBJECT

<.l This problem requires that exheustive tes
liodel RAA &nd Model RIE receiving equipments be mac
date necessary for the preparation of revieged spoe
equipments.

ts and exsmination of the
€ to provide the required
ol

isations covering such
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IIT DESCRIPTION OF BLUIPHMENT

3.1 The receivers btested were menufsctured by the ROA Vietor Company
of Camden, New Jersey, on Contract 22827. The Model RAA consists of the
following:

1 - CRV /550 Radio Frequenecy Tuner Seriel #115
1 - CRV /551 Intermediste and Audio fmplifier Serizl #115
1 - CRV 455/ Power Unit Eerizl #157

The Model RAE consists of the followings:

1 - CRV 4552 Radlo Frequency Tuner Serisl #7.
1 - CRV /553 Intermedicte and Audio Freguency Amplifier Serisl #74
1 - CRV 45954 Power Unit Seriel #203

2 The audio system ac reported upon and covered by the data, shown
es 200 to 217 inclusive, wes not the one Ineluded in elther of the
r models, but was made up of the following perts purchased from the
ompeny end under the same specifications as apply in the receiver
ract, on Naval Reseerch Laborstory Contract N-173 S-1893.
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3.3 The voltege supply to the assembled audlic system waz sz indicated
in the instruction books supplied with the RAL end RAB equipments. The
£tandard power unit was used for voltage supply in a2ll csses where wave
form and harmonicz analysis data was teken., A Laboratory power pack was
employed in other tests due to there being but one compiete stenderd model
of each type of equipment aveilable, these being requircd eimost econtinu-
ously for other tests which were made simultaneously with the gudio tests.
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gL &re oi dhe supertieterodyne type. The RAA covers
h)

% i
ge of 10 to l(}OO/and the leE—J 1000 to 30000 kece. These equipments
operated from & 00 eycle 110 volt power supply and heve an output
tmbie for use with Prom one to four pairs of 500 chm telephone

- - P s
BrE  Goine perallel.

del BELA smploys an entennc coupling capseitor to the lirst

of two loose oupled tuned cireulits which are followed by a single type

38035 H.I. amplifller tube. The B.F. amplifier tube has & tuned plete eircult

which ls inductively coupled to thie tuned grid of the first detscbor. The
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first detector es well as the sgecond function gs plste detectors for week
slgnele while for stronger signale they function with both grid and plate
rectification due to the presence of grid lesk and stopping condencers as
well &5 cuthode biss resistors. Both the [irst and the zecond ossillztors
ere type 38027 tubez. Their oscilletor circults are inductively coupled

to the debector cathode biecs lead. The coupling transformers from the
first detector to first I.F., from first to second I.F., and from second
I.F. to second detector have tuned primary and buned sccondaries which are
gllghtly lesz thean critically coupled, inductively. The second deteector
feeds into & low pass filter cubting off at around 4,000 cyzcles and & band
pass filter may be cut in at will giving apprecizble attenuation belew 750
and sbove 1250 cycles. The asudio amplifier consists of a resistance coupled
stage employing & type 3802, tube followed by 38027 output stage feeding
into & 000 chm output transformer. £&n automatic volume control is pro-
vided which may be cut in at will. This consists of a high ratio step up
transformer the primary of which, for AVC action, is cut in parallel with
the output transformer. The secondary is center tapped snd feedz to two
38027 vacuum bubes connected es biased rectifiers. As the receiver sudio
output voltage is applied to the rectifier anodes (plate-grid), this anode
resistence decreases. This resistance is reflected through the high ratio
transformer resulting in & lowering of the effective impedance load in the
receiver output stege plate cireuit, thus limiting the output voltage. The
degree of limitation is controlled by & verieble cathode bias on the recti-
filer tubes, thus providing an audio oubtput level that can be controlled by
the bias voltage.

3.6 The Model RAE receiver input couples to the antenna through a
varigble coupling capacitor which is used to compensate for various antenna
constants, thus providing the ability to obtain resonance in the first tuned
input eireuit. There are two capacitively coupled tumed circuits preceding
the first R.F. tube, which is a type 38058 pentode. This tube's grid is
connected through a 1.0 megohnm lesk to a fixed 1.5 volt negative bizs and

iz coupled to its grid circuit through a 250 uufd capacitor. The plate of
the first R.F. tube connects to & mid tap of the inductenze forming & part
of the tuned grid eircuit of the second R.F. stage. The tuned grid circuit
of this stege, as well as that of the first and that of the {irst detector
also, employs & fixed serlec capascltor in addition to the customsry wvorisble.
The capucitance of' this fixed capacitor varies from about double to triple
thet for the maximum of the variable depending upon the frequency band. The
grid coupling capacitor for both of the R.F. amplifier grids ls connected
between the fixed and the verisble capscitors. The grid of the second R.F.




through o« 1.0 mogohm leak which is conneoted
The bies voltege verletion obtatnable

4 ta <75 volt The plete of the second
buned grid at & mid point on the induc-
tege. The grlo of the detector, however,

= 5 ; second R.F. tube through s coupling
capucitor &nd to ground or ~8 tk: & 1.0 megohn lecask. The detector func-
ions &z & plebe rectifier for we\k signals due to & eathode bise resistor
but for suificliently strong signals to draw grid current, both grid and plste
rectification oceur. Both the first and the second u:c1li.uor“ are type
380%4 tubes. These oscillators couple to thelr respective detectors induc-
tively through couplings provided in their zathode cireuits. The oscillator
Filements are heated by direct current supplied from the rectified E =zupply
potential divider. The plate eircuit of the first detector iz tuned to the
L. B and coupled through a low impednsce line to the tuned grid eireuit of
ret T.F. tube (type 38035). 'The coupling transformers between the
'hb 1P, Bocond [.FP., (type 38035) and the detector {(type 3802.) are simi-
and consist of separately tuned grid and tuned plete circults, capaci-
ively coupled. Both of the I.F. grids obtain thelr bles voltages from the
me volume control wvoltage regulating potentiometer zs doez the second R.F.
tube mentlioned previcusly. The second detector differz from the first in
that 1t is & straight cathode bissed plate rectifier. The plate cirecult of
thic detector is provided with an R.F. filter in sddition to the tranzformer
primary which feeds the low pass filter as mentioned ir connection with the
liodel HAA audic system previously deseribed., The audio system is similer %

sube oblalne Lts biss vol
poten Liometer voluma
thie voltme nontrol is
| zonnerles Lo the
i iler Lo the p"ﬁ"ﬂﬂirg
1o connented direstly to ths ¢
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tkat described for the Model RiL except for the characteristiecs of the band
POEE filtcr system which passes from 700 to 1300 cycles with slight attenue-
tion and with approecisble attenuation below 600 and sbove 1600 cyeles.

2.7 The type CRV-455. power supply unit which is adapteble to either
the Hodel RAL or the RAE has been designed to operate from & 60 cycle 110
volt line drezwing zpproximately 235 watbtts. The power supply circuit consgiots
escentieily of an A.F. filter in the 110 volt supply line to the electro-

statically shielded power transformer, two type 38180 rectifler tubes, & two
tage Illter, a voltage regutlator tube znd the voltage divider system. The
two type 38180 rectifier tubes are operated in parailel and the type 3827.

regule’ or tube is employed to stzbilize the 90 volt B supply which feeds

the oselilleator plates and improves freguency regulation

3.8 1In view of the deteiled deceription given in the instruction books
cupplied with esch type of eguipment, only & brief description hzz been
given herein. [f further deteil is desired, the reader lg referred to RCA-
Vietor Company's instruction books as issued with Contract NOs 22837 dated
30 June 1931, #IB-23206 applying to the Model RAA and #IB-22207 to the Model
RAE.
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IV TESTS

L.&8 QUILINE QF TESTS. The foliowing tects wers completed In the
Liaz allotted:

LZ.e.l Eengitivity. The aaplitude of the C¥ inpub signal required
to produce tn audio output of 3 milliwatts (signel-plus-receiver nolsze),
the reseliver wolume control being set for an output of 0.42 milliwatts
oi’ receiver nolse with no input signal and with the receiver tuned so as
to produce & 1,000 cycle output signul. Tests made for five frequency
settings {(each of whish is the geometriz meun of the adjacent two) iIn
ge2h of the {ive frequensy bands.

f.8.2 teleztivity. Ratio of the szaplitude of a OW input signal
{the frequency of which differs from resonant frequency by & glven per-
ent) to the amplitude of z resonant Ireguenzy inpub signal, which pro-
uces the ssame signal voltage on the grid of the second detector as
wae produced by the former signsl, resonant frecuency being defined
&5 that freguency whizh produces a 1,000 cycle output note. Tests
nade for three frequency settings in euch of the five frequency bands.

\
c
d

L.a.3 Gain of individusl circults. Retio of the signal voltage
on the grid of any tube to the £ignal voltuge on the grid of the pre-
ceding tube which produced the former. Tests made for three frequency
settings in each of the five freguency bands aand for various percentages
ezch side of each resonant freguency.

L.a.l Inage frequency sensitivity. Amplitude of the lmage fre-
guency CW input signal required to produce an zudio output of 5 milli-
wictte under conditionsz identical with those of par. 4.a.l. Imsge :
frequency being defined as & frequency equal to the resonant frequency
plus twice the intermediate frequency.

lLe.a.5 Overload curves. Resonant CW input migrovolts plotted
ageinst milliwatts output and aguinst second detector plate current.
Test mude at resonant frequency of 1,000 kes. Reeeliver tuned for
1,000 cycle audio output note.

L.e.6 Beat freaguency stebility. Percent deviation from 500 cycles
of the szudio output frequency plotted sgainst IC supply line voltage.
(See par...b.6 for resson for use of 500 cycles.)

/.&.7 Duplex selectivity data by the two signal generator method.
The number of CW input microvolts required at 2%, 5%, and 107 off reso-

nanze to vary, by 3 decibels, the standard output obtained from a reso-
anznt frequensy input signul. The recelver being adjusted as in par.
,.a.1. (Test not complated for reason given in par./.b.7.}

/.a.8 Eignal voltage per tubs. Amplitude of the CW signal ap-
pearing on cny grid at resonance and at various percentages off reso-
nance, per microvolt applied to the receiver input terminals.

e
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Z.b  HLTHOD OF CONDUCTING TESTS

4-%.1 Sensltlvity. & stenderd signul generstor was eomnested
Lo the recelver Input terwinelc through & 200 ohm non-inductive re-
& -n oarise with the antenns input terminal. #ith the signal

sistor I
generator delivering a CW signal of pradeterminsd frequency, the re-
celver mes resonated so that the best note (audio output frequency)
between the second osclllator und the intsrmediate frequency wes
1,000 cycles (on the side of zero beat gliving the loudest signal)
end the zntenns compensator wus edjusted for maximum audio output
under thece conditions, with the antennt coupling switeh in the
"tight coupling™ position. All tests were made with the eutomatic
voiume conirol and the bznd pass filter turned off.

Hita the slgnel generutor attenuator set at zero output, the
recelver volune control was sdjusted to produce 0.2 milliwatts of
receiver nolsc output. (At some frequencies, full gain setting did
not produce this noise output.) There was then applied en input sig-
nal of sufficient emplitude to produce an audio output (noise-plus-
signal) of 5 milliwatts. The amplitude of the required input signal
is the sensitivity of the recelver at the test frequency.

It should be noted that tests of sensitivity for modulated
eignals using 1,000 cycle modulation would be impractical beczuse
the resulting cide bands would differ from the intermediate frequen-
cies by the followlng percentagess Band 5, 0.412%; Band 4, 1.05%;
Bend 3, 2.65%; DBend 2, 5.0%; and Bend 1, 2.65%. Reference to curve
sheets nos.6-20 shows that these side bands are amplified, by the
intermediate frequency stages, to & far less degree than the carrier
{requency which they accompuny. For thls reeson, such measurements
would mean little or nothing. The slde bends of 100 cycle modulation
would differ from the intermediate frequensy by 0.5% in Band 1 and
although the diserimination sgainst these side bands in the other
bands of the receiver would be neglizlible, the use of 100 cycle (or
lower frequency) modulation would be impractical because of the dis-
crimination of the audio system for such low frequencies. As & con-
sequence, &£ll sensitivity measuremants were mede uslng a CA input,
the audio output besing obtazined by combining the Intermediate fre- -
quency with the output ¢f the second osclllstor In the grid of the
cecond detector.

Z.b.2 Selectlvity. Inasmuch as selectivity is & retlo as de-
fined In 4.s.2, it would seem thet the use of 100 cycle modulated
test eiznels might be sztisfactory except perhaps in Band 1, bectuse
the diserimination of the intermedizte frequency circuits is not great
{for side bands differing by such smsll percentsges znd slso because
the low effliciency of the sudio system zt 100 cycles would be can-
celled out by the fractlon reprecenting the retio of input signals.
There 1s, however, zn Important discrepsncy which erises in the mea-
surement of selectivity by the use of modulated signals which are
egdjusted to malinteln a "constant® audlo output while the test sig-

5




nel ie detuned by verious percentoges. This dicerepency srises in the
Zollowing menner: 4s outilined In per.t.s.2, ths receiver senaitivity
ie adjus so that the nolse output is 0.42 nilliwttts. This noise

g produccd a5 followe: In the tuned Irput cirecult praceding the first
&F tube, there ave gencrntedy by thermel szlibation, minzte voltages of
11 frequenzies frowm the lowesnt audio lrequency to the highest radio
Precuensy.  Beeczus cirenit le tuned, those thermzl cgita—
tion ‘Ll*'" & having o reRdLs or the naturel freguersy of the tuned
input ecircult zpperr scross the pgrzllel tuned lnput *lr'hlt (thet is,
on the grid of the first EF tube) as far lorger voltzges; their ampli-
tudes being in the rang

e of 0.2 to 1 mierovolt. The thermel sgitation
voltages having frequencies differing from the nzburzl Irequency of
the tuned inpul cirzuit eppecr as lessger voltages, o thet the voltages
on the grid of the first tube méy be rcpresented by & resonzcnee ourve
of tie tuned Inpub circult, the areu of which i completely filled with
voltege ordineter of every freguency reprecented by the width of the
boee of the curve.

Eech of these thermalegitatlon freguencies is anplified by the
Tirst ? . tube, detected by the firs dotecuor, amplified by the inter-
mediete frequency stages end delivered to the grid of the second detec—
Loz Of cource, in passing through esch tuned amplifier stage, each
individusl egitation frequency is amplified in propo*tloh to its posi-
tion on the resonence curve of that particuler stsge co that the ggi-
tetion voltages appecring on the grid of the second detector mey be
represented by en oversll receiver resonance curve, the sres of which
ie completely filled with voltage ordinctes of every fregquency repre-
cented by the width of the besce of the curve.

Assuning the second detector to be &n essentially square law
deviece, these meny volteges on the grid will produce the following cur-
rents in the plzte circuit:

Group L. Frequencies identicsl with those impressed. The ampli-
tude of the plate current of each frequency in this group is propor-
tional to the emplitude of the voltsge of the stme frequency eppearing
on the grid. Thesge ere redio frequenciesc and cen not be eamplified by
the sudio system.

Group_B. Frecuencies which sre twice the [requency of eech voltage
sppeering on the grid. The amplitude of the plate current of ezch fre-
guency in this group is proportional to the squere cf the amplitude of
the Input veltage which produced it. These are redioc freguencies and
con not be omplified by the audio system.

Group €. Frequencies which &re equel to the sum of ezch frequency,
on the grid, a«dded to such of the other frequencies, on the grid, respec-
Lively. The emplitude of the plete current of each [reguency in this

group iz proportional to the product of the emplitudes of euch frequency

&

which produced it. These gre rudic freguencies end cen not be smplified
hy the sudic system.

il
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uronp L. freg
irequency, on thes gr 5
cn the grid, respectively. The L i & -urlnnu 01
Frequency ln this group is proportionul to the pr of the empli-
tuies of ench freduency which prodeuszed its THELE ARE AULIO FREQUENCIESE
cnd CAN Lbe Lﬂp;Ll ed tg the cudic system, but ths vegree of emnlifiocs-
ston of each ie dependent on ths meney charseteristic of the audio
cystem. 41l zudic frequencies sre prescnt cand thelr sombined output 1is
¢ "noige" by definition.

Group ©. This group is represented by plete currente of zero fre-
gueney 3 that is, by Increments ol IO plate current. Etch input voltage
produces &n increment of plate current propertionzl to the square of 1ts
emplituvde. The totel increment of plete current is proportlionsl to the
#um of the gqueres of the smplitudes of the individusl grid voltages &nd
is independent of their respective frecuencies.

How consider an unmodulzted cerrier frequency at the center of
the overzll receliver rezonznee curve znd heving en emplitude seversl
times lerger thaun the egitetion voltzge of the same frequency. The
gudio noise output of the second detector (Group D) is now greater than
before bccruec eech of the other sgltetion voltages while beating with
euch other zre producing the same zudio output ae before, yet each of
then, while beuting with the lerge carrier, is producing & lsrger sudio
output than before. The DC plcte current of the detector has also been
Increczzed by un emount proportional to the squere of the carrier ampli-
Lude.

Cuppose this carrier to be 307 moduleted at 100 cycles. The
carrier zmplitude is unchanged, but there sre added two side bunds spaced
in freguency 100 cyciec ebove &énd below the cerrier. These side bends
¥ill correcpond In frequenczy to two of the ggitation freguencies alresdy
recent whose difference freguency was clready producing the 100 cycle
component o¢f the noise ocutput. The addition of these side bands not only
incressec the emplitude of the 100 cycle component (deslred sudlo output
in this ctce) but eleo increzces the amplitude of ell the other zudio
noise frequencies in the same manner &s did the introduction of the un-
moduleted cerrier. The additlon of these HéEé bands also increases the
LC plete current by en smount equel to g = 0.0.5 KER (where

F = 0.3 for 307 modulation, E is the amplituae of the cecrrier, and K is
Bro rtionality frctor. The increment caused by the carrier slone was
; therefore, the increment casused by the 30% modulzted carrier is
132(1 + 0.045) and thus the increment caused bty the side bands is only
L.5% of thast caused by the carrier.

It can now be seen that, slthough the receiver mey be originally
¢et to produce 0./42 milliwatts of noise, when there is spplied & modulated
input signel of sufficient amplitude to producc & signal-plus-noise outpub
of 5 milliwztts, the nolse component of this output is far grester then
0.42 milliwatte. This is easily proved by removing the moduletion from

-
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the ecarrier snd noting that the ou usus
o abouy 4 milliwutts and not to 0./2 milliwutte. The second detector
plute current chenges herdly &t 11 wken this is done. Consenuently,
the emplitude cf the input signel, reculred to produzed & signci-plus-
nolre output of 7 milliwattes, is fer less than would be required hed
the noise level not incressed.

1iy Grope from 5 milliwatts

o
+
u

Conslder now, & modulated carrier on the gri¢ of the second de-
tector of the same amplitude &s kefore, but locsted severzl percent
ewey from ite former positlon in the center of the overall receiver
reoonence curve. (To produce this carrier, the receiver irput amplitude
muct, of cource, be far grester.) Guppose the frequency of this new
cignel to be such that the diffcerence between 1ts frequency end that
of the sgituticn voltuge, &b the center of the overull resonence curve,
to be & higher frequency thun the zudlo system will emplify. Then,
those zglitation frequencies which are nezrer the cerrier frecuency may
or mey not produce an sudible output, depending on the location of the
carrier, but in eny event, this inereused noise output, il produced,
wlll be less than with the carrier st the center of the reconsance
curve, tecause the amplitudes of the azgitation voltuges which do pro-
cduce &n audible output, are far less then the agitution volteges near
the center of the overall resonance curve. Consequently, 1If the ampli-
tude of thls off resonance moduleted carrier is now adjusted to produce
& signel-plus-noise output of 5 milliwztts, the audio output will con-
tain less noise than is the case at resonance znd mey well contzin only
the original 0.42 milliwatts of noise provided that the carrier is far
enocugk removed from resonance.

=

From the foregoing, it will be obzerved thut for a constant
g w6l-plus-noise audio output of 5 milliwatis, less modulsted carrier
required on the grid of the second detector &t resonance than at a
few percent off resonance. This ccndition is untenable beccuse the
method of test predicates that conctent modulzted carrier voltages on
the grid of the second detecter shall produce constant audio output
over & large frequency renge.

‘i,_u?n

To allevicte this condition, the zudio system weze not used &s
& mezsure of the radio (IF) frequency on the grid of the seccond detec-
tor, but instead the increment of sverage plate current of the second
detector was uscd [or this purpose. From the foregoing discussion, it
is evident that the vzlue of the increment of the averzge (IDC) plcte
current of this tube is proportional to the sum of the squeres of the
amplitudes of &ll the indlvidual voltrges impinging on its grid, regurd-
lese of frequensy, so thet the agitetlon voltages &re reprecented by a
constant increment of pléte current &nd the aadition of an unmodulzted
corrier couses an sddaitional increment of plate current regerdless of
the frequency of the cerrler (within the limite in which we sare inter-

ected).

8-
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Therciore, this methed meksz possible the sccurate mecsurement

of the moduleted or unmodulsted {re:qlnL are the samc in either case) =
slgnai linput required, szt any perzent of?f freguency, to produce the I

cene currier voltugs on the grid of Lhc gecond detsctor es ir produced
Ly & given input slgnal at resonance.

Por refersnce to the foregoing theory see "Communication Engi- !
neering" by W.L. Everitt, let edition, Chapter XV in general end equa-
tion \9) in particulear.

4.0.3 Qtin of individual clircuits. The meusurement of gain of
eiach stege was made concurrently with the mecsurement of overull selec-
tivity as follows:

Jeing & CW input signel of predetermined freguency, the receiver

H&" tuncu zo that the zudio output frequency {(diflerence in freguency

botween I.¥. carrier snd second oscillator) wes 1,000 eycles and the
gntennu compensator sdjusted for maximum output “lth the Tantenna
coupling” switch in the tight position. The se2ond oscillstor was then
turned off and with no input signal the receiver volume control was set
for &n audio output of O. 22 milliwatts of noise. fcllowing these ad-
justments, no further use was made of the audio system.

The normel plate current of the second detcctor is approximste-
1y 35 microamperes. The ilncrements of this plate current were mesasured
by means of a 0-6 scele microammeter shunted by & 1.5 volt battery in
serles with 43,000 + 1,000 ohms to act as & "bucking® circuit. The in-
strument resistance wes only 3,500 ohms, thus insuring good sensltivity.

With the receiver edjusted as described above, there was applied
sufficient Cff input signzl to ceause & 0./ microzmpere increment in second
detector plate current (e purely arbitrary value). HNext the same fre-
guency lnput signal wes applied direct to the grid of the RF tube (the
leed from the grid cep of the tube to the normel input circuit being dis-
connected) and the ground return circult from the signal gencrztor con-
nected to the mein bias lead &s shown at “B" on Plate 24. The input
signel wes then increscsed until there was obtuzlned & 0.4 microampere
inecrement in second detector pleate current. The ratio of the signel on
the grid of the EF tube to the input signal (300 ohms in series with an-
tenne terminel in @1l tests) then being the gein of the input stege at
resongnce.

Similsrly, the signal on the grid of the first detector required
to increzce the second detector plate current 0.4 microsmperes wee mee-
sured; the ground return from the signel generator being connected to
ground. The retio of this signal to that on the grid of the RF tube
being the gain of the RF clrecuit.

Next, the signal wes sgeln spplied to the receiver input to make
beneficiel uce of the ususlly detrimentel first circult nolege. Vith suf-
ficlent elgnel epplied to produce approximately 0.4 microamperes increment

-8
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of feccond detector plete current, the signal from a second signal gene-
rator war very loosely coupled in parellel with the normel input eircuit
of the first I.F. tube through &z 25,000 ohm resistor. The second signal
generesbor was set approximately to the known intermediszte frequency and
ther tuned to the exact intermediste frequency (produced by the caprrier
irom the flrst signcl generstor pegsing through the first detector in
conpinstion with the first oscillator signal) by listening for the sudio
output note produced by beating the second signel generator with the I.F.
carrier. ldenticsl frequercies may be obtained by first tuning for "zero
beut" which may be sixty or more cycles on either side of true synchro-
nism, znd then by more careful tunirg the noise level originating in the
Tirst tuned circuit may be caused to slowly rise and fell as the two sig-
nels fell into exact synchroniem.

Having thus set the second signal gererctor to & frequency identi-
ccl with the intermediste frequency, 1t wes now directly connected to the
grid of the first I.F. tube, its ground return being connected to the nor-
mal biss leed at "B" as in the cuse of the R.F. tube. The amplitude of
thic intermedizte frequency was then determined as before and the gain of
the first detector was tuken as the ratio of the L.F. signal on the grid
of the first I.F. tube to the R.F. signal on the grid of the first detec-
tor,

In & similar manner, the gain of the first I.F. stsge was deter-
mined end finally there wes found the signesl on the grid of the second
detector required to produce the 0.4 microampere increment of plate cur-
rent. The wvalue of this signel determined the gain of the second I.F.
stuge and the overall gain of the system.

From similar meusurements made &t radio freguencles differing
from resonant freguency by given percentuges, the gein curves of individ-
tal circuits were plotted against "percent off frequency”.

Date for the gein of the second detector were taken as follows:
£t each intermedicte frequency the gain of the second I.F. stage was
carefully determined, as outlined in per.Z.b.3, and mainteined at this
level, The proper intermediate frequency wes applied to the grid of the
second I.F. tube so that in combination with the second oscillator sig-
nal, a 1,000 cycle beat note was produced in the plate circuit of the
second detector. The intermediate frequency wes spplied to the second
I.F. tube rether than direct to the second detector so that the grid
circult of thc latter would be normal in every way. Sufficient input
signal wee applied to produce & given number of audic output milliwatts.
By substituting & mezsured 1,000 cycle signal across the primary of the
first audio trensformer, the sudio voltage required to produce the given
output wes determined. The input cignel at the grid of the second detec-
tor was determined from the input to the second I.F. tube and the known
gcein of that stege. The ratio of the sudio output voltuge to the inter-
medlzte radlo freguency input voltege is the gain of the second detector.

i
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ueney sensitivity. The frequency of the u
1 Y np
y 5et to the imige frequency end then sccurate-

quencsy beuting cecond oscillutor frequency). The amplitude of input
cignel necogoary to produce a nolse-plus-slgnal output of 5 midliwatts
wis then the required "semsitivity"; the recelver gain having been set
ror 0.42 milliwatts of nolse output with no input signal.

In some instunces, the image [requency sensitivity wus 0.5 volts
or lese in wnich case very accurate measurements could be made using in-
put signels direcet from the signzl generator. In other cases, it was
necessury to amplify the signal generator output, mezsuring the receiver
input signal by means of a vacuum tube voltmeter. In such cases, the
incressed noise level arleing from the tubes and circuits of the signal
emplifier made meacsurement difficult but despite this, falrly reliable
results were obittired by means of measuring the recelver total noise
cutput (ineluding nolse from signzl amplifier) without input signal and
then by introducing an image signal sufficient to incresse to audic out-
put by 4.58 milliwatts. This latter flgure was taken because the sig-
nal content of the 5 milliwatts output,when no additionsl noise was be-
ing introduced by the signal amplifier, was 4.58 milliwattd; the remain-
ing 0.42 milliwatts being receiver noise.

At some frequencies, the preselection wus so excellent that 4.58
milliwatts of signal output could not be obtzined even with the maximum
input signal of 15.45 volts which was convenient to measure with the
vacvum tube voltmeter. Inasmuch as the measurement of greater input sig-
nels would have heen of little practical value, there is reported, in
such cases, the audio signal output obtained with this meximum signsl
voltage.

L.b.5 Overload curves. te for these curves was tsken only at
1,000 kes. The recelver was adjusted so that the intermedliate frequency,
o produced, beat with the second osecillator to produce & 1,000 cycle
output note.

For Flete 21, the receiver gain was set to produce 0.42 milli-
wotte of noise output and data plotted showing receiver signal input
versus output milliwatts (signal-plus-noise) and versus second detec-
tor plate current. Under these conditions, &n input signal of 3.5
microvolts was required to produce 5 milliwatts output.

For Plzte 22, the receiver geain was set so that 200 microvolts
was required to produce 5 milliwatte output.

For Plete 23, the receiver gain was set so that 3,400 microvolts
wee required to produce 5 milliwetts output.

L.b.6 Beat frequency stebility. The data for Plete 25 was ob-
tained at 1,000 kes %highest frequency of this receiver) by tuning the

receiver to the second harmonic of & 500 ke erystsl oscillator, so thuat

)=
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character, will produse such large key clincks in the recelver that any
snell variation in desirsd signel level resuliing from the steady in-
terfering carrler, will be insignificant in comparison to the Interfer-
snce produced by the cliczks.

P ."i-.8 L’]'.g—‘:y__-._l_ _V_Ql_b&é{t';' per tubo. The L.ic';t-’x, rgprc:;gnt‘?_ng the results
of this test, were token directly from the data used in obtelning the
rGein of individual esirzults™ (par.4.b.3).

Obviously the signel voltage on the grid of the first R.F. tube
per microvolt recelver input is numerically identical with the gain of
the input stege. The signal voltage on the grid of the first detsctor
per microvolt receiver input is numerically identical with the product
of' the gains of the Input end first R.F. stages.

This method of portruying the sume data set forth in the curves
of "Individusl stage gein" 1s wvaluzble in permitting the dirsct predle-
tion of the signal voltage appearing on any grid for any input signal
up to the point of overload for any tube.

V. RESULTS OF TESTS

5.1 Sensitivity. The overall receiver sensitivity for five fre-
guencies In each of the flve bands is plotted on Plate 26.

5.2 Selectivity. The overall recelver selectivity for three fre-
quencies in each of the five bands, is plotted on Plates 1, 2, 3, 4, and
5. On Plate 5A is plotted the overull selectivity at 10 kes over & great-
er frequency range than depicted on Plate 5.

5.3 Gain of individuel clrcults. The galn of each circult of the
recelver is plotted for three frequencles in each of the flve bands on
Plates 6 to 20 inclusive. The gain of the second detector (CW condi-
tions) for each intermediate frequency is as follows:

Band Gaip
) | 10.48
2 7.85
3 10.48
L 12.59
5 8.80

The guin of the second detector is constant for any ocutput up
to ovarloaud point for the audio system beyond which tne gezin could not
be meusured.

5.4 Imuge freguency sensitivity. The amplitude of the image fre-
quency input signal, requirsed to producze standard output, appezrs in the
'ollowling tsble. If standard output was not obtainzble, the output ob-
tulned is given.

=,
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r-v_,

6.2 Gain of individual eircuits. Plates 6 to 20 Indicute that the
ut nobt compatible with

clignment of ipdividual eireults 1s tolerable but
good mdnufa::urlna practice.

It is noted that in Bund 2, Plates 15, 14, and 17, the galn ol the
firet intermediate frequency stage is very low although the stage iz proper-
1y aligned. The coupilng iz evidently too small either through accldent or
bty Intention to prevent oscillatlon.

The galn of the second detector is satisfuctory zlthough the ex-
zitatio n of the second oscillator might be better adjusted so zs to egual-
ize thls gain in each bend. (See par.5.3 for second detector gain.)

6.4 Imzge frequency sensitivity. The discrimination zgainst imsge
frequencles 1s good except at the following freguencies: 400(4), 158(3),

and 21l of Bands 2 end 1. (See par.5.4)

6.5 Overload curves. Plates 21, 22, and 23, Indicate that at reso-
nence, the audio system overloads before any preceding R.F. or I.F. tube
ovarloads.

6.6 Beat freguency stebllity. Plate 25 indicates that the audio out-
put beat frequensy stablllity, for varlations iIn supply line voltage, 1s
excellent.

6.7 Duplex selectivity data by the two signel generstor method.

o detza.

6.8 E&i; voltage per tube. Plates 27 to 41, inclusive, clearly
show the need for greuter pre-selection in order to inerezse the duplexa-
billty of the Model RAA racelver.

6.9 In conclusion it may be said that, in general, the Model RAA
receiver 1s not only excellent but far superlor to any shipboard re-
celver previously used In the Naval Service.

Lt some polnts in some of the frequency bands of the receiver
ested, the stzge allgnment was poor, but nevertheless the overzll sensi-
tivity end weak signsl selectivity was satisfactory.

The celectivity is Insufficlent to permit duplexing within about
2% at any frequency or within 107 at the lowest frequencies without over-
louding some one or more ftubes end thus producing cross moduletion and
key clicks originating within the receiver; the sbsolute value of mini-
mum frequency separation necessary for duplex operation depending on the
amplitude of the undesired signel resaching the receiver input.

M though the low frequency selectivity of the radio freguency
system does not meet the specification requirements, the zction of the
bend puss filter in the audio system provides the necessary off reco-
nence stbenuutlon so that the overall selectivity of the receiver is
satisfactory. luplexubility is not required at these frequencies.

<Y
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VII RECOMMENDATIONS

There are no recommendations for easily zccomplished minor modi-
fications of the existing sguipment.

In order to improve duplexability, it is recommended that ex—
perinents be conducted leading to the design of a suituble preselector
wirlch may be connected external to recelver. It should be noted that
while the recelver averzge sensitivity is one microvolt, the nolse
level aboard ship (elecirical disturbances) may be 20 or 30 mierovelts
(exact value unknowm). Under such conditions & preselector circult which
ut resonsnce attenustes o desired signal from 30 microvolts t¢ 2 misro-
volts, not only delivers sufficient desired signal to the receiver for
clear reception, but also attenuates the ship nolse level by a much
larger ratlo than 30 to 2 by reason of its selectivity and thus makes
readable & 30 microvolt signal which would otherwise be buried in the
ship noime level. In additlon to this adventage, a properly designed
preselector reduces the frequency separation necessary for duplexing.

-.l_ 6..
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