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I AUTHORIZATION

N4 _.}.l The tests as reported upon herein were authorized by Burezu
gf m_f;neering letter 867/[,,6/,[.5(12—22—*8) of 26 December 1933.

II QBJECT

’”‘;,2.1 This problem requires that exhaustive tests and exsminction of the

sodel RLA and Model RAB receivirg equipments be made to provide the required
I8 necessary for the preparation of revieed specifications covering such

;:. guipments.

LIT DESCRIPTION OF ECUIPMENT

: 3.1 The receivers tested were manufactured by the RCA Vietor Company
. of Camden, New Jersey, on Contract 22837. The Model RAA comsists of the
following:

1 - CRV /550 Radio Frequency Tuner Seriel #115
1 - CRV /551 Intermedizte and Audio Amplifier Serisl #115
1 - CRV 4554 Power Unit Seriel #157

The Model RAE consists of the following:

552 Radio Frequency Tuner Serisl #7.
1 - CRV 4552 Intermediste and Audio Frequency Amplifier Seriezl #74
5954 Power Unit Serisl #203

3.2 The sudio system as reported upon and covered by the data, shown
on Plates 200 to 217 inclusive, was not the one inecluded in elther of the
receiver models, but was made up of the following perts purchased from the
Same company and under the same specifications as epply in the receiver
contract, on Naval Resesrch Laborstory Contract N-173 S-1893.

1 Type CRV 30019 input transformer, 35.7-1 ratio

1 Type CRV 53001 low pass lilter

-3 ‘ o . (Type CRV 53002 for the RAA or
X 55 Bund PEES J_llter EJ.ther(Typo CRV 53010 for the RAB.

1 Type CRV /555 audio chussis

3.3 The voltage supply to the assembled audio system was as indicated
in the instruction books supplied with the RAL snd RAB equipments. The
3 standard power unit was used for voltage supply in all cases where wave
ml form and hermonic analyels deta was teken. A Laboratory power pack was
E employed in other tests due to there being but one compiete standerd model
- of each type of equipment available, these belng required zimost continu-
ously for other tests which were made simul taneously with the zudio tests.
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3.4 Eoth receivers are of the superheterodyne type. The RAA covers
the range of 10 to 1000 and the RAB 1000 to 30000 kecs. These equipments
are .0 operuted from & 60 cycle 110 volt power supply and heve an output
impedance suitzble for use with from one te four palirs of 600 ohm telephone
receivers connected in parallel.

3.5 The Model RAR employs an untenna eoupling capacitor to the flirst
of two loosely coupled tuned circuite which are followed by & single type
38035 R.P. amplifier tube. The R.F. amplifier tube has az tuned plate circuit
. which is inductively coupled to the tuned grid of the first detector. The
.\ PIret detector es well as the second function as plete detectors for wesk

“8lgnels while for stronger signele they funection with both grid and plat
§ﬂ$ﬂctification due to the presence of grid lesk and stoppinmg condensers as
“Wwell as cathode biss resistors. Both the first and the second oscillators
gre type 38027 tubes. Their oscilletor circuits sre inductively coupled
to the detector cathode bies lead. The coupling transformers from the
firat detector to first I.F., from first to sccond I.F., and from second
I.F. to second detector have tuned primary and tuned sccondarie& which are
glightly less than critically coupled, inductively. The cecond detector
feeds into a low pass filter cutting off at around 4,000 cycles and & band
puss filter may be cut in at will giving appreciezble attenuation below 750
end sbove 1250 cycles. The audio amplifier consists of a resistance coupled
stuge employing & type 38024 tube followed by 38027 output stage feeding
into a 600 chm output transformer. An automatic volume control is pro-
vided which mey be cut in at will. This consists of a high ratio step up
transformer the primaery of which, for AVC action, is cut In parallel with
the output transformer. The secondary is center tapped and feeds to two
38027 vocuum bubes comnected as biased rectifiers. As the receiver sudio
output voltage is applied to the rectifier eanodes (plate-grid), this anode
resistence decresses. This resistance is reflected through the high ratio
transformer resulting in a lowering of the effective impedance load in the
g receiver output stage plate circuit, thus limiting the output voltage. The
degree of limitation is controlled by & variable cathode bias on the recti-
fier tubes, thus providing an audio output level that can be controlled by

the bias voltage.

3.6 The Model RAE receiver input couples to the antemna through a
veriable coupling capacitor which is. used to compensate for various antenna
constants, thus providing the ability to obtain resonance in the first tuned
input eircuit. There are two cepacitively coupled tined circuits preceding

: the first R.F. tube, which is a type 38058 pentode. This tube's grid is
e connected through & 1.0 megohn lesk to a fixed 1.5 volt negative bies and

y is coupled to its grid circuit through a 250 wuifd capacitor. The plate of
¥ the first R.F. tube connects to & mid tap of the inductanse forming & part

= of the tuned grid circuit of the second R.F. stage. The tuned grid circuit
- of this stage, as well as that of the first and that of the Iirst detector
' also, employs & fixed seriesc capaclitor in addition to the customary varisble.
The capacitance 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 capecitor for both of the R.F. amplifier grids is connected
between the Tixed and the variesble capacitors. The grid of the second R.F.

.-._ 2
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ngbtaigs itﬁ'bias voltage through & 1.0 megohm leak which is connected
potentiometer volume control. The bles voltage varistion obtainable
¥olume control is from -1.5 t0 -75 volts. The plate of thc second
be connects to the detector tuned grid at & mid point on the induc-
@imller to the preceding stage. The grid of the detector, however,
iected directly to the plate of the seeond R.F. tube through & coupling
: &énd to ground or -B through & 1.0 megohm lecak. The detector func-
88 & plate rectifier for weck Slgﬂ&ls due to & cathode biss resistor
sufficiently strong signals to draw grid eurrent, both grid and plste
lcation occur. Both the first and the seecond oscillstors are type
tubes. These oscillators couple to their respective detectors induc-
through couplings provicded in their cathode eireuite. The oscillator
ilents are heated by direct current supplied from the rectified B supply
otential divider. The plate circuit ol the first detector is tuned to the
«F, &nd coupled through az low impednace lire to the tuned grid eircuit of
the first I.F. tube (type 38035). The coupling transformers between the
first 1.F., second I.F., (type 28035) and the detector (type 38024) are simi-
B lar and consist of separately tuned grld and tuned plete circults, eapaci-
& bively coupled. Both of the I.F. grids obtain their bles voltages from the
Fame volume control voltage regulating potentiometer =s does the second R.F.
tube mentioned previocusly. The second detector differs from the first in
thet it is & straight cathode bissed plate rectifier. The plate circuit of
this detector is provided with an R.F. filter in addition to the transformer
primery which fecds the low pase filter as mentloned in connection with the
Nodel RAA sudio system previously described. The audio system is similar to
that described for the Model RiL except for the characteristics of the band
pass filter system which posses from 700 to 1300 cycles with slight attenue-
tion and with appreciuble attenuation below 600 and sbove 1600 cycles.

- 3.7 The typc CRV-455. power supply unit which is edapteble to either

3 the Model RAL or the RAB hzs been designed to operate from a 60 cycle 110

Al volt lire drawing epproximately 235 watts. The power supply circult coneits
.. essentielly of an R.F. filter in the 110 volt supply line to the elcctro-

i stetically shielded power transformer, two type 38180 rectifier tubes, & two
stage filter, a voltage regulator tube and the voltage divider system. The
two type 38180 rectifier tubes are operated in parallel and the type 38274
regule’ r tubc is employed to stabilize the 90 volt B supply which feeds

the oseillator plates and improves frequency reguleation.

g 3.8 In view of the detziled descriptien given in the instruction books
& supplied with esch type of eguipment, only & brief description has been

: given herein. If further detszil is desired, the reader 1is referred to RCA-
3 Victor Company's imstruction books &s issued with Contract NOs 22837 dated
3 30 June 1931, #IB-23206 applying to the Model Ris and #IB-23207 to the Model
RAB.
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IV TESTS

(a) Outline of Tests.

L.a.1 For purposes of meassurement, the Model RAB receiver was set
up in & scrcen booth to exclude local interferences. A shielded power
lead of minimum length was used. Power was supplied by a local genera-
tor.

L.a.2 It was necessary to set up the receiver units without their
saces to facilltate access to points of mecsurement. This is not be-
lieved to have affected performence, as the component parts are very
thoroughly shielded. The instruction book indicates that operation
should be normal without the cases.

L.a.3 These tests huve been made on the receiver &s delivered to
the Leboratory, without edjustment of trimmers, except that the second
oscillator, Band A, was readjusted for freguency, &s it wae found in
error by /4 kilocycles in 600. The equipment is supposedly &n average

sample {rom the production line.

4.a., Radio frequency inputs were provided by Model LC-1 stendard
gignal generators. For Bend A-2 observatlons, the frequencies were
metehed with the harmonics of the temperature controlled crystal cali-
brator in the Model LF frequency meesuring equipment. Redlo frequency
outputs were measured in one test by means of a sensitive vacuum tube
voltmeter, 0.01 to 2 volts. Only relative readings werc teken with this
instrument, as it has a finite input impedence and increases the losses
of the circuits to which it is connected. Chengec in plate currents of
detectors were measured by the insertion, at points of low radio frequeney
potential, of portable meters of high sensitivity, the normel current be-
ing balanced out by suitable batteries and resistors, only the current
increments beirg reod. Audlo frequency outputs were messured on 600 ohm
output meters of the rectifier type. Audio frequency beat freguencies
were measured by comparison with the output of a General Rudio type 513-B
beat frequency oscillator.

L.a.5 The following definitions are the basis on which test proce-
dure was built. They differ somewhat from standard practice.

Sensitivity is the number of mierovolts of C.W. radie frequency encrgy,
pure or 30% moduleted st 1,000 cycles, impressed on the antenna cireuit
through 300 ohms non-inductive resistance, &t resonance, to produce
stendard output (5 milliwatts, noise plus signal) at gtandard output fre-
quency (1,000 cycles) with optimum gain.

Selectivity is the number of times the resonant input signal necessary
to produce atendard change in aversage plete current of the second detector.

Gain between two points in the receiver ie the ratio of the voltage due
to signal at the point ferther from the antemna to that at the point neer-
er to the antenna. [t is meesured by connecting a low impedance signal
generator successively at the points in question, noting the inputs re-
quired to give standard radlo frequency output, and taking the ratio of
these inputs.

ke
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Optimum Gsin of the receiver 1s the highest gain which may be used with-
out exceeding standard output noise level (0.42 milliwatts, 0.5 volts at
600 ohms).

_jzggga frequency sensitivity for any given resonant frequency setting of
the receiver is the sensitivity measured in the usual way, for & frequency
equal to the resonant frequency plus twice the corresponding intermediate
frequency.

erload ic the condition of excessive signal voltage at any given stage,
gausing a decrease in the gein of such stage.

Preselector includes the antenna circuit end all tuned circuits preceding
the first tube.

First radio frequency stage includes from the first radio frequency grid
to the second radio frequency grid.

Second radio frequency stage includes from the second radio freguency
grid to the Tirst detector grid.

Detector stage includes from the first detector grid to the first inter-
mediate frequency grid.

First intermediate frequency stage includes from the first intermediate
frequency grid to the second intermediate frequency grid.

Second intermediate freguency stage includes from the second intermedizte

L.a.6 The exhesustive tests requested by the Bureau have been inter-
preted to recuire all the ordinary tests of sensitivity, selectivity, image
frequency sensitivity, overload, audio frequency characteristics, radiation,
etec. In addition, careful examination of stage by stage gains and selectivi-
ties were considered necessary in order that duplex overloading effects might
be deduced. Direct measurement of duplex overload conditions having been
previously attempted and found impractical because of lack of suitable equip-
ment, no such attempt has been mede on the subject receiver. This report
does not cover the audio frequency amplifier, as this has been covered else-
where. Where audio freguency outputs were measured, the "broad" condition
was used. It has been found impossible to complete the tests of this re-
ceiver in the time zllotted. The work completed is reported herewith.

(b) Method of Conducting Tests.

L.b.1 An attempt has been made to meke tests on a more &accurate basis
than in previous ceses. This has led to & number of changes in procedure,
the reasons for which will be discussed under V below.

4.b.2 For radio frequency input tests, a stendard gignal generator
(LC-1 #18) was equipped with a special low loss, low cepacity shielded lead
ebout three feet long, which length was necessary to reach the input posts

£
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and all radio frequengy sctage inputs. For "antenna" inputs, a 300 ohm
non-induetive resistor was used, as specified. The construction of this
receiver, unlike the Model RAA, does not permit easy access to tube grids
for measurement purposes. In order to comnect the signal generator ceble
to successive grids without removing importent components of the shield-
ing, it was necessary to drill holes in the back plate of the radio fre-
quency catacomb to permit insertion of an insulated probe to the grid
connections of the various tubes. This unavoidably placed the low im-
pedance output of the generator in parallel with the relatively high im-
poedence of a tuned circuit in ezch case. To avoid disturbance of the
normel grid bias (maintained by & one megobhm resistor in each radio fre-
quency stage) a2 mica capacitor of 0.00025 mfd was used in series with

the high potentisl genersator lead. It was not alweys practicable to re-
turn the low potential lead to the appropriate bias point, so it was re-
turned to ground in each case.

Input tests to the intermediate frequency steges were made by a
second signal generztor (LC-1 #13) through a 0.5 mfd cepacitor in the high
potentiel lead. No grid lesks are involved in these bisses. For these
tests, it was found possible, by careful handling of & second probe, to
contact the grids as required, through ventilating holes already exlisting
in the intermediate frequency amplifier cover. This was simple in the
lower frequency bands, but will be more difficult in the higher bands,
when the intermediate frequency emplifier slides under the audio fre-
quency amplifier assembly. This second generator was set to frequency
in eech run by adjusting it to zero beat with the intermediate frequency
produced by combination of the radio frequency input and the first oscil-
lator. This eliminated any error duve to the frequency celibration of
the second genersator.

4.b.3 The change in second detector plate current was measured by
the use of a meter in this circuit. No jeck 1is provided for this pur-
pose, a8s is done in the Model RAA receiver, so it was necessery to open
the cireuit comnections and bring out leads. An attempt to measure
this current below the radio frequency by-pass capacitor was abandoned,
because the smallest of line voltage surges kept the meter in motion
such as to prevent reasonably accurate measurements. It was found
necessary to insert the meter at the low potentisl end of the 250,000
ohm plate resistor to minimize these varistions. This is the point &t
which a jack has been connected in the Model RAA equipment. A portable
meter (6 microamperes full scale) was used in this circuit, the initial
plate current balanced out by locel battery and suitable resistors. Later,
a portzble galvenometer was substituted, to eliminate the effects of
pivot friction and provide increesed deflections. This meter was cali-~
brated as a microammeter and proved to be a substantiel improvement. A
short circuiting key was used for meter protection. As a further refine-
ment, it was found necessary to substitute batteries to provide the screen
and plate potentials for this tube. This provided & considerable increase
in measurement cccuracy. Under such conditions, possibly the meter could
be connected below the by-pass capacitor successfully, but such & test
has not been mede. This substitution of batteries was made only for sen-
sitivity and selectivity tests, & return to power pack supply being made
for studies of overloads, drifts, etc., in order that conditions might

be normsl.
<6




BuEng.Prob.R5-10

4.b.l The vecuum tubes used were tested and found to be &verage
tubes.

4.b.5 Since it wae evident that complete tesls over the whole renge
of the receiver would not be possible in the limited time and since there
%8 considerszble difficulty in zccurately measuring inputs at the higher
frequencics, it was believed that the Buresu's interests would be best
served by getting complete information on one or morec of the lower fre-
guency bends, adding such information sbout the higher ranges &s time
might permit.

L.b.6 A check showed the limiting frequencies of the bands, as speci-
fied by the manufacturer, to sllow reasonable overlape and to be the proper
end frequencics for the bands to permit comperisons from bend to band on
overlepping frequencies. kach bend wes leld off in geometric progression
bo aosign five sultsbly spaced frequencies for gensitivity tests, the
first, third, and Tifth being chosen Tor selectivities aleo.

4.b.7 After completion of the first bend (A-1), there having becn
some difficulty with frequency drift o' the signal generztors with tempera-
ture and bettery voltages, all selectivity test frequencies were chifted
to the nearest 20 kilocycle harmonic, to provide for convenient checke of
the resonant frequencies by means of the Model LF crystel calibrator. This
made a distinct improvement in the precision of messurement, particulerly
on selectivity runs interrupted over night. It was found best to keep
the receiver werm all night and give the signal generators an hour to be-
come stable in the morning.

4L.b.8 The test of Model RAA equipment having becn sterted before
that of the RiB end o besically more sccurate method of determination of
signal levels in selectivity tests having been worked out, it was conslder-
ed that this method would best fit the tests on the subject equipment. Tests
to establish the fucts in the matter included the effect of input signals
on noise level and the proportions of output contributed by inherent noise,
the C.W. carrier, and the modulation used.

L.b.9 Becazuse novel features were introduced, and because greater
securacy of measurement was stteined than usual, the detulled operations
involved in & combined sensitivity-selectivity run &re listed herewith.

Procedure:

Find signal generstor setting for the resonant frequency, & har-
monic of 30 kiloeycles. Work out scule increments for percenteges above
and below this point from menufscturer's first derivative curves. Be
sure sccond detcetor plate curremnt 1S balenced to zero, &nd stable. Set
generctor to entenna position; tune im McW signel; set receiver roughly
to optimum gain; cut off modulation and add input from cryscel hurmonic;
adjust generator to zero beat in heud phones; cut off crystal circuit.
(liote - by suitable adjustment of input levels the difference frequency
of the two sources may eusily be adjusted to a fraction of a cycle by

N
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_Qh§9f71ng the beat change ln noise level after the beat frequency is be-
the audible limit.) Record generator setting.

Retune receiver carefully to 1,000 cycle beat on the unmodulated
ator output, selecting the more sensitive side of the audio fre-

¢ note, keeping the output down to a low value (to prevent frequency
tion in the oscillators) und matching the beat note to a 1,000 cycle
derd. GCub off Lnput by setting generator attenuator to zero (not by
ort-circuiting the receiver input - this would affect tuning and gain)

and adjust "Sensitivity" control to optimum galn. Record settings of
"intenna Compensator", "Tuning Control", and "Sensitivity Control". They

must not be eltered until ell selectivity data are complete for this fre-
quency .

x Measure the input required for standard output (CW). Switch to MCW,

noting change of plate current in second detector due to second oscilla-
tor. Modulate signal gemerator 30% at 1,000 cycles. Reduce output to
soro. Advence "Sensibivity" control to optimum gain for MCW signals and
record setting. Set MCW input for stendard output. Record settings. Cut
off modulation and note remalning noise due to combined recelver noise
and CW carrier.

Set input to zero, cut off generator modulation, rebelance detector
plate current, measure Input for 0.40 microemperes lncrease. Repeat last
measurement on first radio frequency, second radio frequency, and first
detector grids.

how With input to first detector grid still om, couple generator #13 to
i first intermediate frequency grid locosely and adjust it to zero beat with
‘28 existing intermediate frequency. (Should be 600 kilocycles for Bends A-1
g end A-2). Reconnect #18 to antenna clrcult (at zero output), connect

#13 to first intermediate frequency, second intermediate frequency, &nd
second detector grids, successively, measuring input at each for 0.4

-{ﬂ' microamperes increase of detector plate current. Disconnect generator
23 #13 end recheck antenna input on #18. If it does not check previous
bt reading within 2%, investigate reason. Check nolse level for constancy
i of gain.

£ Reset frequency to the first plus frequency increment and repeat

3 stage by stage tests, receiver adjustments untouched. Next take the

- first minus increment and continue alternating from plus to minus until
b sompletion, in order to minimize the effects of small frequency drifts.
= It has been found possible to breek a test, doing part one day and part
b the next, checking very closely from day to day if the gain is malntalned
B constant and frequency at resonance is rechecked ageinst the erystal, the
g receiver being kept warm over night. :

& 4.b.10 It is important to note that the recelver tuning used is

- that determined by a 1,000 cycle output mote on CW signal. This tuning

. is determined solely by the first and second oscillator frequencies, re-
gardless of the tracking of other tuned circuits, but 1s the only one
which may be used for CW test. For MCW sensitivity, the same tuning was

8.
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used. However, retuning for maximum MCW response would have shown &
bettef sensitivity, possibly affecting measurements as much as ten or
even twenty percent. Because the CW condition is considered the govern-

éég and Important operating condition, retuning for MCW tests was not
one.

4.b.11 Bands A-1 and A-2, using the 600 kilocycle Intermediate
frequency, were investigated at three frequenciesz each by this procedure.
In addition, sensitivities were taken at the two other points mentioned
for cach band. Because of difficulties peculiar to the new methods used,
the first two runs were found unsatisfactory and they were repeated after
the completion of the other four in very much reduced time.

4.b.11 1In order that some selectivity and sensitivity data might
be available at the higher frequencies, an attempt was made to include
some data on Bands D-1 and D-2. It was found impossible, above 20,000
kilocyeles, to read input levels accurately, because signal generator
leskages were serious und "zero" output at the signal generator showed
a strong signal. This 1s a common occurrence at the higher frequencies.

+ can be avoided to some extent by careful spacing of units and experi-
menting for proper ground conditions. It was finally found possible to
mzke reasonably sccurate tests at 16,190 and 24,510 kiloecycles on D-1,
and 24,510 kilocy=les on D-2. Because of lack of time overall selectivi-
ties on these frequencies had to be taken the easlest way; i.e., with
modulated signels, using the audio frequency amplifier in the usual way
&t standard output.

/.b.12 Before it was decided to work only on the harmonics of 30
kilocycles for ilnput, resonant overload curves were taken at 1544 kilo-
cycles on Bund A-2. Three runs were taken at different receiver sensi-
tivities of input microvolts (CW) ageainst power output.

4.b.13 Non-resonant overload data werc taken with the receiver
tuned to 1560 kiloeyeles, Bend A-2, for the purpose of studying overloads
in the radio frequency tuner. In this case, outputs were measured &s
microamperes change in the second detector plate current and data were
taken on the change in the combined plate currents of the redio frequen-
cy stages and first detector. It would be difficult to separately me&-
sure the platc currents of these three tubes. This particular input
frequency, 1560 kilocycles plus 1.30 percent, was chosen because there
appeared to be an overload effect at this polnt; i.e., & relatively
sherp noise minimum as the frequency of a strong carrier (about 0.1
volt) was varied.

,.b.1, Another resonant overload test was made at 2460 kilocycles,
Band A-2, to locate the reason for overload effects repeatedly noticed
whenever high inputs were used because of reduced gelin or non-resonant
conditions. Output wes measured in terms of the second detector plate

current.

-9-
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4.b.15 A test was made of the sensitivity of the second detector,
(MC¥W) in terms of microvolts input end plate current change, up to the

0.5 volt 1limit of the signal generator.

A similar test was made in the CW condition, 1t being necessary to

& &pply the input to the second intermediate frequency grid, to avoid in-

terference with the coupling of the second oscillator to the detector,with
& messurement of the second intermediate frequency stage gain. These

CW date are not presented here as it is hoped they may be better corre-
lated with receiver conditions and presented later.

4.b.16 A test wes made of beat freguenegy drift, for Band D-1, on
the 24,000 kilocyecle nermonic of a 300 kilocyele erystal calibrator,
with temperature control (Model LF). Using two suececessive retunings,
together with & receliver tuning control calibration, the second oscil-
lator vernier and a calibrated beat freguency ogeillator, the drift was
observed for over two hours from & n"aold start™ at room tempersature.

4.b.17 £An esdditional test was mede at the conclusion of the above

run with the recelver warm, varying the line voltuge and observing beat
frequency drifts, both immediate values and after a short elapsed time.

V RESULTS OF TZETS

5.1 The tost at 1,000 kilocycles, MCW, to analyse the noise and
signal content of recelver output, resulted as follows:

Table 1
Moduwlated Unmodulzted
Input Input Input No Input
Microvolts Sain # * i * # *
WS Optimum 5.0 0.071 B 0.063 0.42 0.014
2.92 n 110 0.138 278 0. 123 0.42 0,015
10.00 Reduced 5.0 0.096 1.0 0.080 0.0 0.0
100 Further
reduced 5.0 O3 0.0 0.118 eiB 0.0
Table 2
Recelver Qutput due to Output due
Input Nolse carrier to Modulation
Microvolts # * # * # *
1.15 0.4 0.014 3.3 0.04 o5 0.008
2.92 0.42 0.015 26.6 0.108 83.0 0.015

# #illiwatts audio freguency oubpub.
% Mlcroumperes increase in second detector plate current,

from no-signal condition.
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5.2 In Plate 101 are shown the sensitivities, as lar as tests have
me, of this receiver. The use of log-log paper permits .uowing the
> frequency range on one sheet, with all the band: shown at thelir
tive widths. Bends A-1 and A-2 have been completely measured. Ac-
aying Sensitivity-Control settings were 2vout 80 for CW and about
MCW tests, to give optimum gaim. The four bands B-1, B-2, C-1,
€-2, have not been tested. Two peints in D-1, and one in D-2 are
. shown. Dotted lines indicate the uncertein position of the connuching
‘lines. At 15,190 kilocyeles, D-i, sensitivity wes set at 94 for CW, and
100 for MCW, the latter giviug but 24 microwatts noise. ALt 24,510 kilo-
syeles, D-1 and D-2, full sensitivity was used, and the gain was still
well below optimum.

5.3 Plate 102 gives overall selsctivity by the test procedure out-
lined in detail under 4.b.9 for 1,000, 1244, and 154/ kiloeyeles, Band
A-1, .

5.4 Plate 103 covers, in similar fashion, 1560, 1950, and 2460
kilocycles, Band A-Z.

5.5 Plate 10/ shows selectivity for 16,190, and 24,510 kilocycles,
Band D-1, taken ac previously mentioned with modulated input.

5.6 Plate 105 shows, similarly, & curve for 24,510 kilocycles,
Band D-2. These two plates will receive special comment under VI.

5.7 Plates 106 to 111, inclusive, summerize a large number of ob-
servetions on individual stage gains, Bands A-1 and A-2. They are gelf-
s=Jonator— 1a Tars.  Abtention is invited to the abscissae, which are
in terms of percent detuning from the resonant frequency. Since the in-
termedlate frequency stage curves are shown in teras of radio frequency
e percent detuning, it has been thought wise to indicate the equivelent
‘ " percent detuning in terms of the 600 kiloeycles intermediate frequency.
- Since the first oscillator is maintained 600 kilocyzlos cbsve the signal
P frequeney, for & given recelver tuning, an increase of signal frequency
e decreazses the intermediate frequency.

5.8 Plate 106, in curve A, shows the typical varlation of second
L, detector sensitivity, HCW, at about 600 kilocycles. Curve B shows sub-
48 stantially zero variatlon when no coupling exists to the tuned eclreuit
of the inoperative second osclllator.

o 5.9 Plates 112 and 113 present overall resonant overload dats, CW
b inputs, for opbLimum galn cnd two reduced gain settings selected to glve
censitivities of 100 and 100,000 microvolts, respectively. The first
two are substantially ldentizal, except for horizoatal displacement.

The third indicabes & serious overload condition, repeatedly experienced,
the meximum outpub being but 45 milliwabts. Some-difficulty wus experi-
cnced in isolating the cause for this eondition, owing to the limited
output (0.5 volt) of the Model LC-1 standard signal generator.

=11=
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_ 5,10 Plate 11/ shows non-resonant overload curves, receiver tuned
to 1560 kiloeycles, Bend A-2, with CW inputs at the antenna, and first
and second redio frequency grids, plotted aguinst increase of second de-
Beetor plate current. Curves &re also shown of the accompanying change
in the total plate current of the first three tubes, separation of the
tirece components having proven impracticable.

5.1 Plate 115 summarizes a test te further study the overloads
shown in Plate 114, under somewhat different conditions. With inputs
at 2460 kilocycles, Band A-2, CW lnputs are plotted against voltage oub-
puts by vacuum tube voltmeter for the preselesctor and first radio fre-
quency stages, second radio frequency and first detector, and first de-
tector alone, together with a curve of grid current ceused by excesslve
inputs on the first radio freguency grid. Sensitivity was increascd to
get sufficient galn from the second radlo frequency stage but avoiding
grid current in this tube. While outputs &are in volts, it is important
to note that the finite input resistance of this grid detectlon voltmeter
msterislly alters stage gulns, 80 that outputs are proporticnel to, but
are not the sctusl gains. The detector curve wub obtained by multiply-
ing the second radio frequency stage inputs by the messured gain of thise
stege, which mey suf'ely be apssumed to be practicelly constent, since 1t
operated at sufficzient grid bias to prevent the flow of grid current.

5,12 Plate 116 prcsents input microvolts, MCW, versus lncrease
in second detector plate surrent, up tc the 0.5 volt input available.
The pointe chown are sctusl observetions, while the straight line repre-
sents true square law response celculated to pass through the point at
100,000 mizrovolte input. This curve would have greater value if &he

inputs could have been ecarried further.

5.13 Plate 117 indicates the rate of drift of output beat note,
with & constant crystal harmonic input freguency, against time from &
room temperature start. It is interesting to note the relative smooth-
ness of the curve, 1t having been comewhat difficult, not only to keep

rack of the beat note during the early repid drift, using receiver tun-
ing, oscillator vernier, end a variable pitch standard, but also to
reconcile the varistions of all three in properly evaluating the data.

5.14 Plate 118 shows the effect of increesing the line veoltage on
the warm recelver from below 90 to 125 volte on output beat frequency
et 2/,510 kilocycles, Band D-1. One or both oscillators started at 95
volts and a rapid variation of note ensued, a redical chénge appearing
at 100 volts, after which, &8 the voltage was increased by five volt
steps, the immediate output freguency assumed the velue shown by the
upper limits of the shaded area and after sbout two minutes assumed
the vulue shown by the lower limit. These limits are only relative and
may be varied radically by slight changes in procecure. For lastance,
the 120 volt observation showed 250 cycles after two minutes, but drop-
ped to zero beat in three.

“Ja-
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- 5.15 Miscelluncous use and cursory inspection of the instrustion
book for the Model RAB equipment discloses an unusually complete book.
gever, in the schematic wiring diagram, drawing P-701165, the caption
?ﬂr_uoﬁc. COILS, Ay to D," has been erroneously placed to point out the
0 frequency fﬁlter oils 42 and 43, in the plate circuit of the second
ator. The arrow should point to coll 39, somewhat to the right.

~_ 5.16 No image frequency responec could be found with 0.5 volt Input
. In Band A-1. Further study should be made with higher inputs.

VI CONCLUSIONS

6.1 Table 1 (see 5.1 above) shows & 2100 percent increase in output
for only 150 percent increase in inpub volts. Also, it is evident that
us receiver noize is decreased, because of reduced gein, the modulation
furnishes an increasing perceatage of the output.

Tuble 2, caleulated from Table 1, shows that at optimum gein and
standard output, MCW, cutting off the modulation reduces the output only
1.3 milliwatts, or 26 percent. At a higher input, cutting off the modu-
lation caused a decrease of 75.4 percent. The power output is, therefore,
a poor indization of the amount of modulated energy at the output of the

detector circuit.

The standard noise level, 0.42 milliwatt, increases considerably
under the heterodyning Influence of & resonant carrier. However, & non-
=5 resonant carrier has a much smaller effect and one well off resonance

BB would not increase the noise level appreciably. Nezr resonance, the
heterodyning effect will predominate, while well off rcsonsnce, the modu-
lation effect will reacn & meximum of 4.58 milliwetts. It follows, then,
that such a type of measurement does not give a truc ratio between the

f off-resonence znd the on-resonance galns of the receiver. Since the on-
o resonance output is 5.0 milliwatts, representing 1.3 milliwatts duc to
the modulation, it may be considered that the proper selectivity measure-
ment by this system would require an off-resonance input such that &
change of 1.3 milliwatts would be caused in the output by switching modu-
letion on or off. This would be laborious and slow. Instead, the usual
procedurc would mezsure the input required for 5.0 - 0.42 = L.58 m.w. of
% modulation effect, which would vesult in &n off-resonance ordinate for

3 the selectivity curve which would be high by & fuotor 4.58/1.30 = 3.53.
For any receiver test where & different ratio of signal to nolee exists
in the output, it is clear that this ratio would change. 211 selectivi-
ties mezsured by such & system sre in error end the error &pplies In euch
g direction as to show & greater selectivity than is justified.

Plate 114 is consul‘l‘,ed, pi will ke found that
the increzse of platc current in the second detector ie proportional to
the square of the input microvolts, (all gelectivities and stage galn
dete were teken &t 0./ microzmperes chunge.) The curve chows that the

-2 LS, e

Ir contrest to this, if
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. G voltage applied to the second detector grid mzy be accurctely meesured
& plite meter. The inerecse in receiver noise due to heterodyning by

i& carrier, therefore, is of no consequence in the test method used and
. method is basicelly correct for obtaining selectivities. (Seec Report
Model RAL Receliver for further discussion.)

6.2 Plate 101 presents the sensitivities co far tezken on this equip-
ment. It should be remembered that no &ttempt has been made to retrim
the receiver, mezsurcments on & production linme model being the aim. The
- fecond oselillator for Band A was readjusted and the same treztment for
Band L is similarly advisezble. The error for Band A wes about 4 kilocycles
or 0.67 percent.

The methods developed have been proven to give results which are quite
- reasonably reproducible, when the receiver settings remaln undisturbed and
the signal generstor may be reset by precise methods. It is felt that the
observational errors ure, in generel, small compared with the imstrumental
errors. Model LC-1 signal generators, at low outputs, are ruted zt 10 per-
cent mceuracy up to 1500 kilocycles and 20 percent up to 30,000 kilocycles
at_the output jack, after all corrections have been made. These instru-
ments are smong the finest of thelr kind. Accuracy of output mevers aver-
ages sbout 10 percent. It is probable, therefore, that the sensltivities
for Bands A-1 and A-2 are sccurate to within 20 percent znd for Bend D-1,
perhaps 30 percent, while the single frequency tested in Band D-2 is pos-
sibly 50 percent in error. This was & hurried observation and will be re-
peuted if opportunity offers. At these higher freguencies, it is usually
necessary to use at least a two foot shielded output cable from the sig-
nal gencrator to the receiver in order that there may be & minimum of leak-
ege. This ceble must have a minimum of both inductsnce and capacitence to
minimize transmission errors. These two reguirements are somewhat contra-
dictory and very little information is aveilable regerding the errors to

be expected. It is necessary that considerzble testing be done before the
situetion will be clear with respect to input voltages &t the higher fre-
guencles. Matching of impedunces to permit use of true transmlission line
effects is very difficult in this case. The ecrror due to leaving & tuned
eircuit in shunt to the signsl generator output has been proven negligible
&t 2500 kilocycles and below.

The accurscy mentioned above does mot include the discrepancy pre-
viously disclosed under /.b, due to teking MCW sensitivities with the tun-
ing set for o 1,000 cycle CW beat note, not on the setting for meximum
oversll gein. This difference is not likely to exceed 20 percent. Re-
tuning for MCW would have lowered the MCW points on Plate 101.

6.3 The zbove discussion relative to selectlvity meusurcments has &
besring at this point. It was pointed out that 5.0 milliwett outputs on
MCW test et optimum gein drop but 1.3 milliwatte when modulation Is shut
off. This is a representative condition for Bands A-1 and A-2, observe-
tions having been mede for each sensitivity point. While the output meter
indicated 5.0 milliwatts of noise &nd 1,000 eycle note, it should be point-
ed out that the ear would hear but little musicel note becuuse most of the

ik~



Bukng.Prob.R5-10

energy is in noise. The ordinery variebility of the noice level notice-
ably affects the sccuracy of oubput readings for the seme reason. Most
fﬁceivers in the pest have been teated on the basis of 0.5 volt noise
(20,000 ohm output) at optimum gain with 10 volts or 5.0 milliwatts stend-
ard output, signal plus noise. If the subject receiver had been tested

on the ceme noise wattage basis, the gain would have been reduced to one-
third and all microvolt inpute shown on Plate 101 would have been shown

&t cbout three times thelr present values. Such irncreased velues would

be more accurcte for comparison with the semsitivities of previously
tested receivers.

The 0.5 volt noise level was originally fixed as the smellest output
which could be read on available output meters. This is no longer a
valid limit, as a lower nolise level mey eacily be read.

6., Plate 102 shows but little variztion in selectivity over Band
A-1. These data were very carefully taken and the ordinates are believed
more accurcte than previously gquoted sencitivities, as a more accurzte
method wes employed. 15 percent 1is considered & fair estimate of aeccuracy,
although repetition has been mede to 10 percent.

It has been pointed out in 6.1 above, that modulsted signal methods
of overcll measurement are feulty and thet the curve: of Platc 102 mey be
expected to flstter the receiver somewhat less. In spite of this, selec—
tivities are in feir agreement with the availatle curves previously teken
on similar eguipment, the new curves appcaring somewhat broader.

The normal improvement in selectivity with lower L/C ratios appears
to be largely neutralized by the superheterodyne charzctericstic of de-
creasing radio frequency to intermediate freguency ratio, at the lower
end of the band.

211 three curves show a slight error in tracking of the circuits,
since the grestest gain ls slightly to one side of the resonant frequency
determined by oseillator frequencies only. This error is most pronounced
at 1244 kilocycles.

The 124/ kilocycle curve presents an interesting depurture from the
ordinary shape. A dlscrepancy having been noticed, & large number of
points were taken to obtein full information. With the second oscilletor
shut off, for selectivity mezsurements, 1t was observed that @z beet note
could be heard at about 1.lpercent below the resonant frequency, at the
input level required for selectivity measurement &bt that point, about
2,000 microvolts. This 18 230 kilocycles, as nearly as the signal gene-
rator can be reed. Since there was but one oscilletor operating in the
receiver, such & beat note must be caused by the beeting of undesired
frequencies. The first oseilluator should be 1244 plus €00 or 18// kilo-
cyeles. If, now, the second harmonic of 1230 beats with the oscillator,
the difference is 616, increasing with increase of 1230, whlle the d4lf-
ference between 184/ and 1230 is 614, decreasing with incresse of 1230.

= |
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Zero beat will occur between these two intermediate freguencies at ebout
this point and accounts for the bect note observed. Less than 1 percent
_ﬁf Second harmonic in the signel frequency would be adequate.

The receiver output curve on Plate 102 shows clearly the dip in
;oise level due to the combination of signals, with one side of the bect
more pronounced than the other.

e After this test, & check was made on the three test frequencies of
Bend A-2. While no deteiled data are presented here, sweeping across

the frequency range with 0.5 volt C¥ input, receiver set for MCW, pro-

duced & total of 29 separate beat notes for three receiver settings.

Most of these beats were quite wezk. All of them are undesirsble. In

&ddition, a number of successive mexime end minime of noise, unaccompanied

by beats, were observed.

Imperfections in the contacts of the signal generator slide wire
constitute insufficient moduletion to be audible under ususl circumstances.
However, when the inputs approach 50,000 microvolts, off resonance, the
scrateching due to these modulations causes nolse outputs appro&ching
saturation of the zudio frequency amplifier. They may be congldered to
shock excite the receiver, or that they give rise to damped oscillations
of assorted freguencies, to some of which the receiver responds. At about
170,000 miecrovolts, the scratching ceases, probably beczuse of reduced
gain due to overload. This wes observed, for instence, at plus 1.6 per-
cent, 1244 kilocycles and at minus 1.75 percent, 1,000 kilocycles. All
frequencies show gctual or incipient overload at the curve limlts shown.

The overloads observed off resonence were, in some cases, such &s
2 to permit obtainirg only half, or less, of the standard output, after
; which the output decrcused as input continued to increase.

The manufacturer's curves of overall selectivity were made with

50 microvolts rescnant input and the ordinsctes reach 1,000 times resonent
input. The curve here included for 1544 kilocycles shows incipient over-
load at 1,000 times with & resonant input of only 2 microvolts. It is
possible that the overload conditions existed in teking the menufacturcr's
data, but were not evident because & modulzted input was used. It has
been found in the tests here reported, that overloads are less notice-
able on MCW signsls and that on CW, the effect is as though the first
oscilletor were pulled pert way into synchronism. This would lower the

intermediate frequency.

These conditions will be further diccussed in comnection with over-:
load tests.

6.5 Plate 103, with its dats on the selectivities of Band A-2, may
be considered to be covered by the remarks on Plate 102. 2460 kilocycles
overloads more essily than the other frequencies.
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Plete 104 shows selectlvities for the end frequencles of Band
. by & discredited method, but of accuracy probsbly similer to
evious curves from other sources. It is hoped thut ordinates
te to 50 percent. The eurves agree reasonzbly with the menu-
sample curves. { 527

8.7 The remarks of the previous umwﬁgﬂaph apply, in generel, to
i@ 105. These bands nced further study.

6.8 Plate 106 presents an individusl stege gain snslysic for 1,000
llocycles, Band A-1. It shows clesrly the lmperfect tracking of the pre-
ector circuit and of the flrst osclllator, since both intermediste fre-
- cy band pass stuges are somewhat off center. The second radio fre-
quency estege has a much lower gein than the first becsuse of its higher
grid bias due to reduced gain. (The first radio frequency stage has a
fixed 1.5 volt bias.) It having been noted during the tests that the
~ fecond detector sensitivity varied somewhat with frequency, Curves A and
B have been added. It is evident that the varistion in A is due to ab-
sorption in the inactive but coupled second oscillator circuit, which
18 peaked 1 kilocycle sbove the ruted intermediate frequency. Curve B,
with the coupling coil short-circulted, is practically flet end shows
greater sensitivity. Thie condition affects only unmodulated reception,
&€ the second oscillstor, when active, furnishes negative resistance,
thus reducing the losses of the grid clircuit of the second detector. All
Stege gain curves are bused on the use of Curve A, which is for normal
conditions.

The intermediate frequcncy stages show en excellent bend pess char-
acterictic about 10 kilocycles wide, and are well matched. It is inter-
esting to note how accurately the curves of Plates 106-111 repeat the de-
tell differences in chepe of thece two stages. The width, as plotted,
veries as the radio frequency to intermediate frequency raztio varies.

6.9 Plate 107, covering the middle frequency of Bend A-1, is very
eimilar. However, the preselector gain curve shows little drop on the
lower frequency side as far as the date could be taken. It is evident
that the preselcctor is of no value to thec receiver with respect to du-
plex operation up to minus 1.5 percent. It is useful to prevent image
interference, which would come on the plus side.

6.10 Plete 108 shows a still worse broadening in the preselector
characteristic. (Compare with Plates 109, 110, 111.) Desh extensions to
the presclector and first radio {reguency curves indicate the effect of
overload. This plate presents the poorest data of the report. In view
of the haste required, the runs were not repeated, as it 1s believed
the curves are reasonably sccurate. A comparison with Plates 1046 end
107 indicates the improvement in accuracy with more cexpcrience in this

particular type of measurement.

TR = i
wids: PN ;
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6.11 Plstes 109, 110, and 111 give & stage analysis of Bend A-2.
Only at the lowest frequency does the preselector show a near-resonant
pesk, as in Band A-1. At the higher [requencies, the double humped
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indicates excessively close coupling in the double tuned circuit
omplete lack of preselection on the low frequency side. The pre-
, then, iz o protection only on the high frequency side, which
glde on which image response would occur. It is regretteble

e slgnul generutors heve not sufficient output to cerry the
 ferther from resonznce, or to Investigate overloading on the
redlo frecuency tube, which has only & 1.5 volt bias.

“6.12 In obtaining the otage gain date of Plates 106-111, inclusive,
wee obgerved that overloads occurred at from 0.75 to 2.0 percent on
ther slde of resonancc. The effect of the overload was to show & mexi-
second detector plate change of less then normsl (0.4 microampere)
hich decrezsed as input wos inercaced. A similer effect wes observed
2t cbout 200,000 microvolts input to the untenna eircult with grestly

" peduced goin, during o comperison of the outputs of two signel genera-
tore.

Plates 112 and 113 present date taken in the search for the cause
of the overload. Only when the gain was reduced a8 in Plate 113 did
the condition sppear. 1t was first believed the ceuse lay in the 1.5
volt bizs on the first radio frequency tube end that grid current &t
this point was destroying the gain.

.13 In Plate 114, the gain of the presclector is shown &8 the
horizontel distence from Curve & to Curve B and the first radlo frequen-
ey stege from B to C. As far ss the signal generator permitted carrying
the curves, no importent change occurs in these geins. However, the
curvature indicztes & loss of gain in some stege at the higher levels.
Curves D and & indicate a change in combined plate current for the
first three tubes, but the data could not be carried fezr enovgh to
g | complete the study end the plate currents are difficult to measurc
?ﬂ. seperately. It will be noted that thece non-resonant overload curves
e were taken at 1560 kilocycles plus 1.30 percent. This particular fre-
= gquency was chosen because &t this polnt, as the input freguency was
B veried on the tests of Plate 109, there occurred & sharply defined
' minimum in the output nolse with & strong input (about 150,000 micro-

7 volts.) This was believed due to overload, but the dats taken did not
b« definitely disclose the reason.

- 6.1/ Plate 115 summarizes & test which approached the root of the
overlomd difficuitics. It is seen that the preselector and first radio
frequency stege show a falr degree of linearity, even when grid current
reaches one microampere. This aurrent apperently starts at about

} 100,000 microvolts input, corresponding (sec Plate 111) to about 400,000
i . misrovolts on the first radio freguency grids which has a fixed blas of

i 1.5 volts. The curve for the combined SEcOm radlo frequency end flrst

i detector stages shows the overlozd charecteristic under investlgetion.

- e Since the second radio frequency Stege iz similar to the flrst, except

that its grid is more negatively b;gﬁtd whenever the gain 1s less than
maximum and since in this case o bigs wes psed such that no grid current
could be detected, it 18 reasonable to assume the stage to have & con-

stent gein. This gain-was'me&sﬁred and the first detcctor curve computed.
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~eould have been directly measured, if available signal generators

1 Bigher output. It appears that the gain in this stage begins to

11l off at 0.5 volt input and that its output is maximum at 5 volts

It is unfortunate that these curves could not be carried further.
: ing data for Plate 111, it was found that an overload was indlieated
» plus 0.82%, maximum output occurring with an input of 28,100 micro-
b8. Ixtrapolating the gain curves, & first detector grid voltage of
volts is calculated. This is close enough to 5 volts to indicate
obable agreement, there being & number of variables involved. The over-
p d point for this stage may be expected to vary with frequency, as the
excitation from the first oscillator is hardly likely to be constant.

It is known that the first oscillator frequency ls affected by the sig-
"nal level, which effect may be serlous. Further study is needed.

The ecathode bias of the first detsctor was found to be 4.1 volts
with no signal. This varles with signal inputs, but the law of varia-
tion was not investigated. When signals become strong enough to draw
grid current, grid detection commences and by driving the average grid
potential more negative, tends to neutralize the increase of plate cur-
rent due to plate detection. This 1s a possible reason for the saturation
effect noted.

It is interecting to note that when overload occurs in the first
detector-oscillator combination, that the screen voltage of the second
detector is varied. This condition complicates the study of overloads.
In order to measure stage gains under steady conditions, batteries were
used for plate and screen supply to the second detector. These supply

J?Q; voltages were returned to normal for overload tests. The interaction
i of the screen voltages is aggravated by a common resistance in the power
e unit, amounting to 10,000 ohms. More tests are required for & full un-

B\ derstunding of the overload effzcts in this receiver. However, data ere
sufficient to show that a fraction of a volt at the antenna, off resonance
at optimum gain, or on resonance at reduced gain, may seriously overload
3 the receiver. Such voltages are likely to be excceded because ol static
i or duplex operation. Thic momentary paralysis may be the reason for tae
= - reputation these receivers have earned relative to paralysis by key

oy elicks. Detection (cross—modulation) begins in the first radio frequency
stege at about 130,000 microvolts in the antenna at resonance. Key click
transients in duplex operaztion are likely to exceed this value.

L 6.15 Plate 116 shows that the second detector, when not heterodyned,
A follows tne square law very closely. This detector does not have a grid
iE lesk and stopping condenser. It operutes at a no-signal bias of 4.0 volts.
ke The second oscillator causes, in Bands A-1 and A-2, an increase of 4.5 to
5.0 microsmperes in the average plate current, corresponding to about 0.8
volts excitation. Under these conditions, plate current decreases as sig-

nal increases.

6.16 Plate 117 indicates that about 25 minutes are required for the
receiver to resch a constant rate of beat frequency drift from a cold
start. At 24,000 kilocycles, the beat note drifted 18 kilocycles during
this time and tanereafter drifted about 100 cycles per minute up to two

(o B bt e [oa” St s
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| the start. During the first ten minutes, the beat note varied
1,000 cycles per minute. The effect is very probably due,

ry to decreuse in the power .t ocutput, because of heating. The

r frequency dial must be in sed to compensate for this drift.

17 Plate 118 shows the intages of a2 constant line voltzge. For
ment purposes, it was found possible to use one of the 5 kva machi:es
ed for power supply to RAA and RAB equipments. The machines give a
isingly constant voltzge and frequenty, even when operated on a D.C.
with poor regulation. The test of Plate 118 served to emphasize the
difficulties which were overcome by the use of the above machine. While
the eguipment is operable from 95 volts to 130 wolts or more, it would be
difficult to copy high frequency signals with rapid line voltage fluctua-

~ tions and would probably be impossible, if the "sharp" sudio frequency
~filter were to be used.

- The sudden rise at 105 volts, Plate 118, 15 pocoibly due to the "strik-
ing" of the neon voltage rcgulator tube in the power unit. It wus not pos-
8ible to observe tanls tube during the test.

6.18 On tae above well regulated generator, the receiver, with sen-
sitivity control untouched, will hold its gain constant to 10 percent for
several days.

6.19 These receivers have presented a standard of performance which
is a distinct gain. They have a considerable degree of weak signal selec-
tivity, but are very susceptible to overload under conditions of duplex
operation, which is the probzble reason for the complaints so far made,
relative to keying interference. While no degree of excellence at the re-
ceiver can eliminatc key clicks, the difficulty can be minimized by avold-
ing overload conditions. Keying impulses from an off-resonant transmitter
m&y produce damped oscillations on recelver resonance of appreciable frac-
tions of a volt under shipboard conditions.

6.20 While the lnstructlon book infers that & better signal to nolse
. ratio was obtained by leaving a fixed 1.5 volt bias on the first tube, it
i is believed that such a practice is undesirable on account of the increased
likelihood of overload difficulties in duplex operation. The difference
in the signal to noise ratio is probably not great, but the advantage of
inereased bias on the first tube, to protect against strong signals and
provide more preselection, is very appreciable. If it is found that con-
trolling four tubes mskes the gain control too critical, one of the Inter-
mediate frequency stages could have a fixed bias. No tests have been made
on the effects of changing the control methods. Attention is invited to
the fact that on a capital ship the local noise level is likely to be so
- great as to swamp @ small increase in recelver nolise.

I T

e

Lo

e

_ 6.21 The receivers have a fair degree of precision in resetting to
el & desired frequency, if the warming-up time is not considered. At the
higher frequencies, some little varlation in beat note 1s occasioned by
glight movements in the carriage shifting mechanism. This shifting
mechanism is not all that might be desired with respect to quick and
smooth shifts. 1t takes a very appreciable amount of energy to make a

shift. _20-

o
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" 6.22 Aboard ship, the servicing and retrimming of these receivers
present an interesting problem. The nced for and difficulbty of

from the case for any sort of service does not encourage prompt
\tion to faults. Tube renewals are no small undertaking. While &
eliable type of cable terminal has been esdopted, 1t 1s @ very slow
gss to connect or disconnect ‘m}. ﬁa suggcstion for cable improve-
it is offered. The receiver constr n is not well adapted to modern-
ion to meet advances in the art. =

6.23 The complexity of these receivers brings up the question of

" rapid construction in case of emergency. It is often found that the
vandykes furnished as part of & contract are not entirely complete. IT

they were, it is difficult to conceive of rapid manufacture of these re-

ceivers, first, in the factory of thelr origin in the hands of their de-

~ glgners, and second, in some other factory to which plans might be sent
by the Navy, but where there is no one femiliar with the finished pro-

. duct. The difficulty of rapid menufacture might force wartime cxpension
with untried receivers whose principal merit would be production fecili-

ties.

6.2/ The high gain of the recelver resulis in & tremendous maxlmum
noise level, sufficlent to overloed the audio frequency amplifier. Lower
test noise levels are desirable.

VII RECOMAENDATIONS

7.1 It is recommended that future purchases of receivers require &
design simplified as far as practicable with a maximum possibility of
modernizing the equipment when desirable and with thought in mind of the
possible need for building equipment quickly in another factory in case
of hostilities.

7.2 It is rccommended that future test procedure be modeled after
that outlined herein for most accurate results. To this end, it is de-
sirable that the manufscturer provide, as far as possible, means of
acecess to various tubes for radio frequency measurements, together with
a jack for plate current measurement in each detector circuit.

7.3 It is recommended that lower noise levels be required for test
in future purchases, leaving & considerable preponderance of standard
signal output over noise.

A
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