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ABSTRAGT

The model AN/ARC-12(XN-1) equipment is a VHF radio
communication receiving and tramsmitting equipment intended
for operation in the frequency range 225 to 350 megacycles.,.
Two prototype units, serial numbers 1 and 4, were submitted
by the Bell Telephone Iaboratory of New York for the purpose
of conducting engineering analysis for compliance with refs,
(2) and (b), and for technical evaluation as to suitability
for use in Naval Aircraft as requested in ref. (e): Al
parts of the problem directive have been complied with. and
the results are herein reported. i

The results of measurements show that the equipment,
does not meet all the requirements of refs. (a) and (b).
Although it possesses several excellent and desirable features,

. 1t is not considered suitable for use in Naval Aircraft, chiefly
because of low transmitter power output and .excessive incidental
frequency modulation of the transmitter carrier. While correction
of the items mentioned above involves a pajor modification, it is

recoumended that the Bureau direct such to be done, )
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15 Another very desirable feature of the RT-58/ARC-12 is that

all channel tuning is done with a single control knob on the front
panel. An indicator, calibrated in frequency, makes channel tuning
eéspecially easy. This adjustment requires the usec of an auxiliary

test meter, type TS-80/U., Spring-loaded cables are uscd for mechanical
tuning connections between sub-assemblies. The proper crystal is
selected from a turret driven by the auto-tune motor.

16, The front panel is protected by a dust cover held by four
"Dzus" fasteners. Removal of this cover makes available the channel
tuning knob as well as the main channel crystal oven, test jacks, test
meter switch, receiver sensitivity adjustment (screwdriver with locking
nut), squelch disabling switch and a secondary power switch (Seec Plates
1. and 2). For further details of mechanical construction see ref. (d).

L ToREAL DIMENSIQNS

17.  The external dimensions of the RT-58/ARC-12(XN-1) serial # were
found to be 21-5/8 inches in height, and 10~-5/8 inches in width (from
outside of one handle to the outside of the other handle), The overall
length was found to be 1/8 inch longer than that aliowed by paragraph
E-4a(1) of reference (a) when measured from the outside of one handle
to the outside of the other. The measured height was within specifie~ -
cations. The unit was capable of being mounted in mounting rack t ype
MT—2?O%/ARC and mects all other requirements of reference (a)paragraph
E-fa(d).

HSIGHT

18.  The weight of the RT-58/ARC-12(%N-1) serial #i, as received from
Bell Telephone Laboratory with a Redmond dynamotor model 5014 serial
#15, was 48.5 pounds, one half pound in excess of specifications.
Redmond model 501/ dyramotor weighed 1.25 pounds less that a DY-9/ARC-1
dyramotor (5.25 1bs. vs. 6.5 1bs,). Therefore, if the ARC-12 were
equipped with & DY-9/A4RC-1 dynamotor it would weigh 49.75 pounds. This
would be 1.75 pounds in excess of the specified limit in paragraph E-ja
(2) of reference (a).

RESULTS OF TESTS

SEASITIVITY

19, Sensitivity measurements of the RT-58/4RC~12(XN-1) receiver
were made by means of a Ferris type 48-A signal generator (serial #14).
The signal generator output meter was calibrated by the Messurements
Section of the Laboratory prior to making any sensitivity measurements.
The RT-58/ARC-12 was coupled to t he low-impedance output tap of the
signal generator through a 5-foot length of type RG-8/U coaxial cable
and a 50 ohm serics resistor (Sce Plate 14, figure (a) ). Three methods
of measuring the sensitivity were used: (15 the resultant output and
noise at maximum sensitivity were recorded whén a 5 microvolt signal
was supplied to the antenna; (2), the signal input for 50 miliiwatts
output wes measurcd with the sensitivity control adjusted for a 6 db
ratio of signal plus noise to noise; (3), the Signal input for 100

milliwatts output was measured at 6db signal plus noise to noise patio
A mrr s —_—
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25. The variation in audio signal and noise output for changess in
primary supply voltage is shown in Plates 20 .and 21 for fhannels.s and
G.C. respectively, These data were cbitained with“a constant ? microvolt
input signal 20% mndulated with 3000 c.p.s. and W1th.the receiver
controls set for maximum sensitivity and maximum zudio gain. ﬂon

channel 5, the audio signal output increased from 20.0 to 27.3 db

above one milliwatt and the noise from 8,5 to 16.3 db above one
milliwatt when the voltage was increased from 22 to 32 volis.

26, A temperature change from -30°C o +50C had little effect

upon the.sensitivity of the ARC-12 receiver. On channel 1, the
sensitivity for 50 milliwatts output was 2.4 microvolts at -30°c,

2.5 microvolts at#10°C and 2.0 microvolts at +£509C. The sensitivity

of channel 5 was 1.8 microvolts for the three temperatures mentioned -
above, and on channel 9 it was L.1, 2,25 and 3.25 microvolts respectively,
Connections to the ARC-12 from the signal gencrator were made as in
figure lha, but with 3 10-foot length of coaxial cable substituted for
the 5-foot length,

27. The audio output for a constant 5 microvolt input signal waried
as shown in plate 22 when the ambient temperature was changed from-30°C
to #50°C. This method was found to be more accurate than above because
it eliminated any signal generator reset errors.

28. The ARC-12 was arranged in a non-operating condition and
subjected to an ambient atmospheric condition of +50°C, 95% relative
humidity, and sea level pressure for a period of 48 hours. At the
end of this pericd and following a 20-minute receiver warm-up, the
sensitivities for 50 and 100 milliwatt output of chamnels s 95 9
and G.C. were measured. These measurements showed that the noise
level of the ARC-12 had decreased, and that with the sensitivity
control set at maximum, the resultant signal plus hoise to noise ratio wus
greater than 6 db, being well within the 12 db variation from

ST/NDARD conditions required by paragraph E-7b of reference (a).

Chann=l 5 showed the greatest variation due to humidity. The

sensitivity for 100 milliwatts output changed from a dry reading

(at +50°C) of 1.45 microvolts to the wet reading (+ 50°C, 95% R.H.)

of 3.4 microvolts, or 7 db.- However, the signal plus noise ratio for

the wet reading was 10.7 db, at maximum sensitivity control setting.
Reference is made to Table 2 for additional information,

2

AVC CHARACTRRISTICS

29. ‘Phe AVC characteristics were determined for channels 1,5:9; and

the monitoring Guard Channel. The first requirement of paragraph

E-7c of reference (a) states that the audio cutput shall be between:

450 and 600 milliwatts with a one millivolt signal modulated 30%

at 1000 cycles. Three of the chamnels tested (5, 9, and GC t/r)

were found-to be within the limits specified as shown by Plates 23,

2L, and 25, However, with the above specified signal input fed

through five feet of 50-ohm coaxial cable to the #RC-12, channel one output

e —
—— b
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was 262 milliwatts, or 2.4 db below the minimum specified (see. Plate
26). Under the same cdorditions of signal input, the Guard Channel
output was 330 milliwatts or 1.3 db below the minimum specified (See
Plate 27 218 The audio noise output was alee measured on the
subject channels and this information is plotted on plates 2L, 25,
27, 29, and 30, .

30. " Paragraphs E-7c of reference (a) states that when the input
signal, 30% modulated at 1000 cycles, is fed thru five feet of 50-ohm
coaxial cable and varied from 10 microvolts to 100,000 microvolts,
the audio output power shall not vary more than 2 db with reference
to that output obtained with a one millivolt signal. The maximum
output from the "o tap 6f the Ferris model 48-p signal generator
operating into a matched load was between 4,900 and 2,000 microvolts,
depending on the output frequency. Due to this output limitation,
the above requirement in reference (a) was determined only for
channel 9.

31, In order to attain to a degree an output of 100,000 microvolts,
as required by paragraph E-7c of reference (a), the ARO-12 was connected
Lo the "HIM output tap of the Ferris model 48-A signal generator (See
Plate i4(b) ). The mismatch caused by connecting 50 ohms across the

33 ohm scurce resistance produced standing waves on the connecting
cable. The absolute value of the microvolt output was subject to error,
but ., since the signal generator frequency setting remained constant,
the relative decibel levels between any two R.F. meter readings

have significance. Five feet ‘of 50-ohm coaxial cable was inserted
between the "HI" output of the signal generator and the antenna

input of the ARC-12. with this method of signal input and the re-
sultant mismatch the audio output power of the receiver on channel

9 was 350 milliwatts with an input signal of 10 microvolts, and

1000 milliwatts with an input signal of 100,000 microvolts, or a
difference in power output of 4.6 db. The audio output power

obtained with an input signal of one millivolt was 760 miliiwatts,

which is 3.5 db above the audio power output with a 10 microvolt

input signal and 1.1 db below the audio power output with a 100,000
microvoit input signal (See Plate 24) .

32. However, when the AVC characteristics obtained with a matched
output condition for the signal generator . {connected as-shown in

Plate 14(al) are extrapolated to a signal leJel of 100,000 microvolts,,
the audio output power level is 500 milliwatts, which is less than

2 db above the 47097 milliwatt output obtained with a one millivolt

input signal. With an input of 10 microvolts under the same conditions,
the audio power output was 300 milliwatts or one db below the output
obtained with an input signal of one millivolt (See Plate -2L),

33, The. audio power output obtained with an input signal of 10
microvolts wasccompared with the ‘output obtained with a one millivolt
input signal.on charnelsil, 5, G¢ t/r and the monitoring Guard Channel,
as well as for channel 9 as mentioned above (See Plates 23, 25,25,26,
and 27/). Of tae five chonnels tested only channels 5 and 9 showed
less than a 2 db difference between the audio power output obtained

R e L
W .
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with input signals of 10 microvolts and one millivolt, while at the
same time exhibiting an audio output of 500 milliwatts (-10% +, 20%)
with the one millivolt signal agplied. For the audio noise output
on these channels 'see Plates 24,26,28,29,%and 30.

3k Paragraph E-7c¢ of reference (a) also prescribes that the
receiver shall be protected against blocking for input signal levels
up to 2 volts. Again due to the limitations of existing test equipments,
a signal of 2 volts in this frequency range could not be obtained.
However, the AVC charcteristics of the i f strip were taken by
inserting a standard modulated signal from~the Ferris model 16-C
signal generator intod 712, the input from Guard Channel r-f
amplifier unit to the i-f strip, while P712 and P6733were disconnected.
The 4VG characteristics of the i-f strip thus obtained indicated

that the i-f strip would not block with an input signal up to one

volt (Sge Plate 31). gince AVC is applied to two stages of the

r-f amplifiers as well as the i-f strip and in considerationcéf

the above measurements, it is not likely that the receiver would

block with input signal levels up to 2 volts.

35, - The effect on the AVC characteristics of channel § by

the addition of a Navy Model *R-LA/ARR-2 receiver connected
through 2-feet of 50-ohm coaxial cable to the "4UX" connector

was studied. Measurements were made with the sensitivity control
of the ARC-12 set at maximum and later at the one-half nosition
(See Plates 32 and 33), With a one millivolt input, the audio
power output was stiil within the limits specified in paragraph
E~7c of reference (a). The audio power output with a 10 microvolt
input signal was 2 db below that obtained with a one millivolt
input signal, therefore, the addition of the ARR-2 equipment did
not appreciably affect the AVC characteristics of the £1C-12 for
ipput signals above 10 microvolts. However, for inputs below 10
microvolts, the effect was primarly that of increasing the r eceiver
noise ievel although the audio power output was reduced by amounts
up to 1.5 db (See Plate 32). When the ARC-12 sensitivity control
was recuced to she bne-half position, the effect of the ARR-2 on
the aVC characteristics of the 4RC-12 was more pronounced for signal
inputs below 7 microvolts. For example with a 5 microvolt innut
signal, the additionzéf the ARR-2 reduced the zudio power output

by 3.8 db (See Plate 33).

SEIECTIVITY

36. Overall selectivity measurements are rot included in this
report as facilities were not available for accurate measurements.,
However, since the overall selectivity is influenced primarily by
the i- f amplifier, a measurement of i-f selectivity was made with
a Ferris type 16C signal generator. The results of this test are
shown on Plate 34.
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The zero kc. line of Plate 34 is at 15,100 Mc of the signal generator
calibration but the dashed vertical line is the approximate axis of
symmetry. Specifications, Ref. (a), require that the overall seclect-
ivity curve fall within limits as indicated by the dotted lines on
Plate 3L4. The bandwidths at 6,20,40,and 60 db are 155 kc, 230 kc,
325 ke, and 420 kc respectively. Specifications require that band-
widths be less than 220 kc for the 20 db point and less than 285 kc
for the LO db point. The i-f charatteristic curve is not within the
overall specification at these points, but it is considered to be
satisfactory. The flat portion of approximately 50 kc at O db is
considered & desireble sharacteristic.,

IMAGE REJECTION

37+ The image rejection on channel 9 of the ARC-12 receiver was
not within the specifications of Ref. (a), paragraph E-7e, beimg
56.6 db where requirements called for at least 60 db., On all other
channels image rejection was satisfactory. Table 3 contains the
values of the image rejection for all channels.

I-F. REJECTION
38. Measured i~f rejection ratios are listed on Table 3 for
channels 4, 9, and the Guard Channel, These ratios are in excess

of 90 dbms required in paragraph E-7f of reference (a) and are
considered satisfactory.

REGENERATION

39. Regeneration in the receiver was not encountered when operating
the ARC-12 cquipment at a primary supply in excess of 29.15 volts.
Paragraph E-7g of Ref. (a) states that the tubes used for this test
be in the upper 25 percent of the JAN specification limits. Such
tubes were not available, and tests for regeneration were conduéted
with the tubes installed by the manufacturer.

PEAK WOISE LIMITER

LO. Operation of the peak hoise limiter is shown by photographs of
the receiver output wave shape as it appeared on the screen of a
Dumant type 224A oscillograph. The receiver output had a 300-chm
resistive loasi,and the oscillograph was connected acrosszthis load,

In each figure of Platcs 35 to 39, the input conditions to the ARC-12
are recorded below the photograph of the output wave. Two signal
generators, the Ferris type 48-A and the Line Materials Model E were
used to supply a sinc wave and a pulse input to the ARC-12
simultaneously. The type L8-A generator was 30% siie wave modulated
by 1000 c.p.s. and the model E generator was modulated with a pulse -
repetitions rate of 1000 p.p.s. Both modulating signals were
synchronizcd from a common audio signal, The pulse width was monitored
with a scrvoscope.

-

0=
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41, The photo.raphs of noise limiter operition indicated that in
general, the peak noise limiter reduced the output peaks caused by
a pulsed input, but not to the extent that the output due to pulsed
input ceascd to be objectionable. It may be seen that in some cascs
the entire wave shape of the output was changed by the pulsed input
(See figures 2 and 10 of plates 35 and 37 respectively).

L2, Paragraph E-7h of reference (2) does not specify the type of
noise which should be clipped by the peak noise limiter. The operaztion
of this circuit is dependent upon the pulse width 2nd repetition rate.
It is therefore necessary to specify the type of noise which should

be limited by thids circuit in order to evaluate the peak-noise limiter
operation.

b3 Because of the output limitations of the Ferris type 48-A
signal generator , it was not possible to obtain sufficient signal
to produce a receiver audio output of three watts as specified in
Paragraph E-7i (1)a of Ref. (a). Plate 40 shows therreceiver audio
output at the maximum signal attainable from this generator. However,
the didetone output during transmitter tests reached a level of 3.15
watts, which indicated the output capability of the audio circuit to
be greater than three watts (See Plate 55).

Ly, Sidetone: distortion during transmission was in excess of 30%
and did not remain at a constant value. This distortion was attributed
chicfly to thennarrow band discriminator of the AFC circuit and only
partially due to the receiver audio circuits.

OVERALL FIDELITY

L5. The receiver overall fidelity was measured by impressing a
constant one millivolt, 307 modulated signal at the antenna connector,
with the squelch disabled and the sensitivity control se¢t at maximum.
The audio power output was then recorded as the modulationg frequency
was Varied from 10046 10,000 c.p.s. Paragraph E-7i(1)b of Ref. (a)
states that the audio response shall not ¥ary more thant 3 db relative
to the response a2t 1000 cycles for modulation frequencies from 300 to
LOCO cycles per second.

L6, On chamnel 1, the output with 300 c¢.p.s. modulation was 1.3

db below that obtained with 1000 c.p.s. modulation. Viith a modulating
frequency of 4000 c.p.s. the output was down 1.6 db from that obtained
with 1000 c.p.s. modulation (Sece Plate 41).

L On channel 9, the audio power output varied frem 2 to 3.1 db

below the output cbtained with a 1000 c.p.s, modulated signal as the
modulating frequency was varied from 300 to 4000 cip.s. {(See Plate 42).

i —.... i
~em—
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48.  The receiver digtortion was measured for the above audio
modulation tust conditions on ghannels 1 and 9 and tae - resilts

are contained on Plates 43 ond 44, The distortion was found to be
less then 15 percent for 11 osudio frequencies betiecen 300 and L00O
CiDate

49, The dynemotor ripple frequency was presint in the receiver
audio output and contributed to the receiver audio distortion.,
Separate measurements of this ripple voltege were not made.

f~F GATN CONTROL CHA24CTHRISTICS

50, The operation of the r-f gain control is shown by the aVC
chenracteristic curves which were measured at r-f gzin control settings
of meximum, 3/k, 1/2, 1/4 ond minimum (See Plztes 23, 25, and 27).
ParagraphsE-7j of Ref. (2) requires that the gain control be capable
of varying the recciver overall gain not less then 20 db nor more

than 40 db, Plote 25 shows that the ARC-12 receiver on channel

GC t/r complied with the above requirenent only for inputs betwcen

3 and 5.5 microvolts. The veriation in gaoin between inputs of 3 and
5.5 microvoits was 20 db as the sensitivity control setting wes
changed froa moximum to minimum. Chennel 5 (Sce Plate 23) had less
than 20 cdb veriation in overall geain for a1l inputs above 2 microvolts.
On the Guerd Channel, the control was less than 20 db for all Znputs
above 18 microvolts (Sec Plate 27).

S5k Sinc¢ the r-f gain control is used primarly for the cdjustoment
of squelch operstion, it is desirable to have the specified renge of
control ot the lower input levels. Pzragraph E-7j, Ref(a), does not
state the input levels ot which the above mecsurcment . shoiiEd be
conducted.

52. Plate 45 shows the input in microvolits on channel GC-t/r
required to operate the squelch at any sctting of the sensitivity
control. The receiver noise level operated the squelch when-the
control was set at 0.7 of meximum ar above. &t a control setting

of 1/2, a signel (30% modulated with 1000 c.p.s.) in cexcess of
microvolts was required to operzte the squelch. st the szme control
setting = 5 microvolt signal, similarly modulated, procduced an output
of 200 milliwatts. &n inppt change of one db effected a change in
output greater than 10 db. This complies with the reguirements(Ref.
(a), paragraph £-7j),for squelch operation.

R-F PO.JER OUTFYT

53. The trensmitter r-f power output was reasured on 211 channels
by the bolometer method, the circuit of which is shown on Plates 46
and 47. In principle, the bolcmeter bulb is used as the unknown
element in a2 Wheatstone Bridge circuit. The bridge circuit is balanced
and the d-c power dissipated in the bolometer element is determined
with no r-f present. R-f is them introduced through the slotted line
to the bolometer element and stub tuning adjustments mode on the line
to get maximum unbalance of the Wheatstone bridge. The d-c¢ nower to
the bolometer element is then reduged until the bridge is again
balanced, The difference between the two d-c power readings is then
the r-f power introduced through the slotted line. This bolammcter
WeLOUL UL Gl suring 1'3—; Powel Wes chivcKed wWitn o SY=-phnm calorinketer
system ond the two results agreed within 5%. Since the boloneter was

g e 2




much faster and easier to adjust,it was used almost exclusively for
the r-f power output Hogsurcmbnts of the a3C-12,

5, The C.W. power to a 50-ohm resistive lcad was found to vary
from 2.55 watts on channel 1 to 4.7 watts on channel L (Sec Flate 48).
When the slotted line tuning stub was adjusted for maximum power
output at each frequency, the r-f power output was increased on all
channels. C.W. power output for optimum load conditions varied from
3.75 watts on channcl 9 to 5.3 watts on channels 2, 3, and i k8e8 . W@
Plate 48). Parsgravh E-7k of reference (a) states that under STANDaRD
conditions the transmitter shall be capable of delivering not less
than 6 wotts of radio frequency carrier energy.

55, The transmitter r-f power output under optimum load was
measured on chemnels 2, 5, and 9 while the prisary supply voltage

was varied from 22 to 32 volts (See Plate 49). Paragraph E-7k of
Ref. (a).states that under SERVICE conditions (26.5 volts primery
supply + 10%) the power output shall be at least 4 watts. With a
primery sup:ly of 23,85 volts, the power outout was 2.95 watts on
channel 2, 2.25 watts on channel 5, znd 1.15 wotts on channel 9 (8ee
Plate 49). All of thesc power measurements were made aiter the trans-
mitter had 20 minutes or more continuous transmissiocn,

56. Data were taken on the effect of System warm-up time on the
transmitter power oubtput. Plate 50 shows the nower output versus
transmitter locked-key time after the eguipment hacd only a one minute
warm-up period. Plate 51 presecnts the data obtained under the same
conditions aftcr the equipment had a wam up period of 20 minutes, In
both cases the power output is very low for anproximately the first
minute of transmission, znd it is pointed cut that the normsl sarv1ce
operation periocd probably hObld not exceed one minute,

57 The transmitter Dowﬁr autgut was measured on channel 1 at
ambient temperature of -30 C +107C and +SOOC. for the first 20
minutes of continuous trunsmlssion. After one minute of transmission
and system warm-up, the lowest power output was 1.5 watts: at +10°C
(See Plate 50). “ch the equipment had operated in the rcceive position
for 20 minutes, and after one minute of transmission, the power output
was 1.6 watts at -30°C (See Plate 51). after twenty minutes of
continuous tronsmission, regerdless of the werm—up time before keying
the wansrﬂtwr, the lowest power output was observed to be 4 watts

at +50°C, The maximum power output was 5.2 watts ot -30°C (See Plates:
50 and 51). Transmitter power output and test ﬂctu* measurcments
versus transmitter locked-key time are shown on Plate 52 for further
information.

58. The transmitter power output of the ARC-12 serial #1 did not
change with warm-up time &s above. The r-f power reached maximm
value at the instent it was keyed and remained constant for o 20
minute lotked-key period.

59, i test of transmitter C.i. power output versus continuous
transmission time was conducted after the nRC-12, serial #4, had

LE hours stebilization tine iq an embient atmospheric condition of .
95% relative humidity ot +50 Humidity conditions c¢id not effect
the r~f power outpub.
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MOBULATION CHARACTERISITICS

60. Percent modulation measurements were made from an oscillographic
presentation of the modulated envelppe of the transmitter. A special-
receiver, having a bandwidth of 200 K¢ at the 3 db points, was con-
structed to convert the ARC-12 signal and amplify it at an intermediate
frequency of 12 megacycles to an output level sufficient for ample
deflection of a Dumont model 224A oscillograph when employing direct
plate connection. An output calibration of this receiyer was made

to assure no overloading during use; and the input signal to this
receiver was always adjusted for linear operation.

61. ~ The ‘modulation characteristics of the ARC-12, serial #L¥
transmitter are shown in Plates 53 and 54, Plate 53 indicates the
percent modulation versus dummy microphone oven circuit potentials at
standard atmospheric conditions with a modulating frequency of 1000
c.p.s. The modulstion envelope changed from a sine wave to a double-
peaked wave when the modulation was suddenly raised from low percent-
age to a high percentage. Excessive incidental F.M, Which resulted
from high percentage amplitude modulation caused this wave shape.
Occasionally a sine wave envelope could be attained at the higher
modulation levels when the modulating voltage was increased very
slowly from zero to that required for the higher modulation level,
Input values, determined by this method are shown on Plate 53.
Channel #5 required an open circuit dummy microphone voltage of 1.62
volts for 95 percent modulation at sea level,

62. The ARC-12 was placed in an altitude chamber and the modulator
output voltage measured at inputs from O to 1.8 volts from the dummy
microphone at altitudes~of O; 15,000; 22,000; 30,000; and 40,000 feet.
The effect of altitude upon the modulator gain is shown in Plate 54.
From Plate 53 it may be determined that 1.62 volts r.m.s. are required
for 95% modulation of channel #5 at sea lcvel as shown. On Plate 54,
‘this input voltage corrcsponds to a modulator r.m.s. output voltage

of 176 volts. In order to maintain the same modulator output voltage,
the dummy microphone voltage required a reduction of 0.27 volts or
1.44 db at 15,000 feet, 0.42 volts or 2.6 db at 22,000 feet, and 0,575
volts or 3.8 db at 30,000 feet altitude. Specifications, Refl. (a)
paragraphs E-71(1) require an increased gain of 5 db at 15,000 feet,
10 db at 22,000 feet, and 15 db at 30,000 ft, :

63. During the modulation tests and after considerable data

were taken, a supersonic frequency was observed as a modulation
component of the transmitted signal. This reached a sustained level

of 5 percent'modulation during one test of channecl 9, A reduction

of the AFC gain by a representative of The Bell Telephone Laboratory
eliminated the supersonic component. All the modulation data presented
are for the lattcr condition.

o e
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ELDETITY

6. The transmitter fidelity was measured by two methods to
determine compliance with ref, (a) paragraph E-71(2). In the first
method, Plate 55, the dumiy microphone input necessary to produce

100% modulation: was recorded in decibels at audio frequencies between
300 and 5000 ¢.p.s. The zero db level was established st the input
required for 100% modulation with 1000 c.p:s. The response at 300
C.p.S. was 7.7 db ‘below that at 1000 €.p.5.; at 3500 c.p.s. the response
was 0.35 db above the 1000 Csp.S. response, anca at 5000 c.p.s. the
response was 8.4 db below the 1000 C.p.s, value. Specifications, Ref.
(4) paragraph E-71(2) require that the response at 300 and 3500 c.p.s.
be no greater than the 1000 ¢.p.s. value nor less than 3 db below it.
Plate 56 shows the resuiting distorition of the transmitter output for
the above conditions. The distortion was less than 15% for frequencies
between 40O and 3500 CoP.Sethat for 3007c.p.s. was 24% which exceeds the
15% specifications o1 Res. (a), paragreph E-71(2), -

65, The second method of tramsmitter fidelity measurement was made
with constant dumny microphone volatage and the peeeent modulation
recorded for audio frequencies between 100 and 10,000 c.p.s. (See Plate
57). iith the response at 1000 C.p.s. used as the zero db reference
level, the response at 100 c.p.s. was found to be more than 30 db below
the reference level,and those at 300,2000,3500, 4000, and 6500 c.p.s,
were found to be -9.0 db, +0.5 db, 2.0 db, 4.0 db, aad 13.0 db respect-
ively. This performance excceds specifications, Ref, (a), paragraph
E-71(2), at 300, 2000, 4000 and 6500 C.pP.s. as shown in Plate 56,

6. The microphoie energizing current was L6 milliamperes with an
82 ohm dummy microphone and with the ecuipment operating from a 26.5
volt d.c. supply. Paragraph E-71(3) of Ref, (a) specifies that this
current shail be between 45 and 55 milliauperes. (See Plate 58 ),

67. With a short-circuit between the ring and sleeve of the micro-
phone (simmlating a snorted Ixderdphone ) the microphone energizing current
increasced to o miiliamperes. This current is not considered excessive
(See Plate 58), :

C4rRIsR SHIFT

68. The osciliograph presentation of the transmitter modulation
envelope appeared as a double praked wave when the ARC-12 was 95%
modulated with 1000 e,p.s, The special modulation receiver, described
in Paragraph 60 of this report was ysed tao croduce the oscillograph
presontation, and the inejicdental F.M, of the ARC-12, (due to amplitude
modulation) was the cause of this distorted wave pattern, Hence, a
conventional carrier shift indicator, when used in conjundtion with
the modulation receiver, showed a false reading. A test of transmitter
output power, first unmodulated, then 95% mofulated with 1000 c.pis.,

FadThl,

T AN B S o e T
- . DECLASSIFIED



showed that the modulated power output increased by a factor of

1.425 over the unmodulated power output. Since the load resistance was
constant, the power change was accompangéd by an r.m.s, current

change equal to the square root of 1.425, which is an increase

of 1.19 - .nd in compliance with Paragraph E-71(4) of Ref. (a).

SPURIOUS RADIATIONS

69. The ARC-12 was equipped with an Army V.H.F. stub antenna,
designed to cover from 210 to 380 Mc. (S.W.R. less than 1.5 to 1)
which was centered in a #2 X'L42 inch ground plane, Spurious
radiations from this antenna and the ARC-12 case were measured by

the use of specially calibrated receivers provided with probe antennas.
No attempt was made to separate the spurious case radiation from that
radiated by the antenna. '

70 A Hallicrafter type SX-28 receiver calibrated by the use of

a Ferris Type 16C and a Ferris Type LOA signal gencrator, was used

to detect spurious radistion in the frequency range 0.55 Mc. to 40 Me.
A loop about three inches in diameter with 10 turns of hook-up wire
was used for the receiver pick-up probe. A Navy type RDO receiver
calibrated against a Ferris Type L48-A and a Ferris Type 4O-A signal
generator was used to detect similar radiation in the frequency range
LO Mc to 1000 Mc. The pick-up device used with the RDO rsceiver was
an electrostatically shielded probe conforming to the requirements of
Aeronautical Standard Drawing AN-3065.

g1, Paragraph E-7n of reference (a) states that the magnitude of
any radiated signal on other than the €arrier frequency shall be

"50 db or more below the carrier level, Spurious radiations from the
subject equipment were found throughout the frequency range of 0.55

Mc. to 1000 Mc. Since it was difficult to scparate the ARC-12

spurious radiations from those inherecht in the test receivers used

for these measurements, measurements were only taken at thHe fundamental
frequencies of the individual circuits in the ARC-12. These circuit
freguencies are as follows:

{(2) Narrow band discriminator circuit--------~- 0.57 Mc.

(b) Narrow band discriminator Xtal Osc.-—---—- 14.53 lic.

(c) Intermediate Frequency- - ==-15.7  WMe.

(d) Main Channel Xtal Oscs------—-Depending -upon Channel Xtal.
(e) Main Channel Harmonic Amplifier——-------- ~Four times (d)

(f) Main Channel Doubler circuit—-—————-—-——- Bight times(d).
(g) Main Channel Fundamental~-————-——-—- Fight times (d) +15.1 Me.
(h) Guard Channel Xtal Osc,---Depending upon guard channel Xtal.,
(k) Guard Channel Harmonic amplifier—--—--—=———-- Four times (h)

(j) Guard Channel Doubler circuit--——--——-——==- Eight times (h)
(k) Guard Channel Fundamental----Eight times (h) +15.1 Mec.

A
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72, Spurious radiation measurements were made for transmitting
conditions on Channels 1, 5 and 9. The results of these measure-
ments are shown on table 4 and are tabulated both in miecrovolts and
in db belew the carrier level. The strongest spurious radiation
measured was .16,000 microvolts.at 215.5 Mc. on Channel 1,and was

41 db below the earrier level. This was the kain Channel, Doubler
circuit, frequency for chamnel 1. The spurious radiation of the
Maoin Channel crystal oscillator (Chatnel 9) was 7700 microvolts,
but was only 29 db below the cerrier level,

COUPLING #ACTOR

73. Coupling factor tests were conducted for sigmal input to

the primary power leads- and to the audio output jack of the remote
Jack box, C-44/ARC-1(XN-1). Plate 59 is a block diagram of component
units used for this test, and all of these units were grounded to

e copper ground plene., The point at which the signal was injected
into either the power line or the audio leads was determined by
sliding the coupling to a positidn of maximum test receivér out-~
put. The results of these tests are listed in Tables 5 and 6 for
power tine and audio injection respectively, The power line
coupling factor exceeded the 0.0001 specification (Ref. (a),
paragraph E-7n) on channels 3,4,6,7,8, and 9, withi0.00068 for
channel 7 (289.8 lic) being the greatest deviation from the specified
maximom. In addition, channels 7 and 9 haed e xcessive audio coupling
factors of 0.00048 and 0.00075 respectively. All other channels
were found to be within specifications.

FREQUENCY, STABITITY

7. Frequency ¢rift versus temper:sture measurements were conducted
for channels 1,5,9, and G.C. over a temperature range of -30°C to
+50°C in accordznce with Paragraph E-70 of Ref. (&). The results

of these measurcments are shown on Plates 60 to 65 for both 3
transmittcr and receiver oscillators and on Plate 66 for the Guard
Channel receiver oscillator. All measurcments were made =zt the
final frequency following multéplication and not a2t the cyystal
frequencics. The frequency measuring equipment utilized a 5 Mc.
harmonic spectrum wherc cne of the harmonies of 5 Mc was mixed with
the ARC-12 frequency to produce a beat note between O and 5 Me. This
beat notc was fed to the input ofza TRF receiver where it was mixed
with the receiver C,W. oscillator at the detecfor to produce an audio
signal output. The drift of this audio signal was measured by
conventional methods. During these measurements, thc receiver

C.W. oscillator was chucked Bgainst a 100 ke. erystzl oscillador,

and both the 100 kc. and 5 Me. oscillators were continuously check.d
against the 5 lic. standard signal transmitted by the Bureau of
Standards, WWV,

=17
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15 The frequency drift of the receiver oscillator had z cycling
effect caused by the temperature control of the main channel crystal
oven. The cycling effect of the receiver oscillator frequency drift
(Plate 60) was closely followed by the drift of the transmitter output
frequency (Blate 61). The zero time reference of the data shown in
Plate 59 is the instant the receiver wes turned on. In Plates’ 61, 63,
and 65, the zero time refers to the instant the transmitter was keyed,
foirlowing a minute receiver warm-up. The stabilizetion time of the
temperature chamber prior to measurements was 1-1/2 hours. A curve
showing frequency drift versus temperaturc for any specific Warm-up
time would be misleading, due to the frequency cycling characteristic.
Hence, the data are presented as frequency drift versus -warnm=up ‘time
at several temperatures.

76. ‘The frequency drift of the receiver oscillators channel 1,
Quring the 20 minute warm-up period was from -Tke at 1/2 minute when
operating at -30°C to +15Kc. at 8-1/4 minute when operating at 0°C or
a total drift of 22 Kc, (0.01021%) (See Plate 60.). However, after the
crystal oven reached its operating temperature the frequency drifted
between the limits +0.5 ke and + 13.0 Ke., 2 drift of 12.5 Kec or 0.0058%
with respect to the final oscillator freguency of 215.5 Mc. The
transmitter freguency drift was the same number of cycles, but with
respect to the output frequency of 230.6 lic. it was 0.00542%. The
percent frequency drift of channel 5 was less than that of channel 1,
but it was below the assigned frequency instead of avove. (See Plates
62 and 63), On channel 9, the transmitter frequency cycled t hrough the
assigned frequency as indicated in Plates 64 and 65. The percent
drift is again well within specifications Paragraph E-7o of Ref. (a).
It is apparent that the shapes of the cycling curves are not the same
on any two of the chamnels tested. This could result from Slightly
different compensztion in the receiver crystel oscillator circuit.

Tl The frequency drift of channelssl and 5 versus warm—up 'time

did not change after the AKC~12 had been subjected to 95% relative
humidity 2t +50°C for o period of 48 hours. The drift vcrsus warm-up
time for observed data at +50°C with less than 50% relative humidity

and for obscrvations after the 48 hour humidity test are shown on Plates
67 =nd 68 for the above channels. It is evident from these plates that
humidity had no appreciable effect upon the oscillator frequency.

SIDUETONE

7&. The sidctone audio output power was measured on channels 2,5, and
sy &s the percent modulation of the transmitter was varied from O to

100%. Thesc measurcments were made with a modulating frecuency of

1000 cycles per second. Paragraph E-7p of Ref. (a) stipulates that

the minimum sidetone power output from the receiver shall be 700 milli-

watts when the transmitter carricr is modulated 30% at 1000 c.p.s. When

the transmitter carrier was so modulated, the sidetone power output from

the receiver was 1850 milliwatts on channel 2, 2400 milliwatts on channel
5, and 45 milliwatts on channel 9 (Sec Plate 69). It was observed

while making thes¢ measurements that intermittent grounds between the

top cover piate and the chassis of the ARC-12 caused wide deviations

in the recciver output during transmission. This partially explains

the low audio output meesured on channel 9. In addition, the stray

coupling between the trensmitter and rcceiver, as well as transmitter

BT L I B P I I 8- S S
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29 Reference (&) also states that, if oracticable, the modulation
signals celivefed t~ the recéiver output &S sidctone while
trensmitting be obtained by rectifying a sa2ll portion of

the carrier outwut rather than from the modulator directly.

In essence the ARC-12 was in compliance with this requirement

since the main chamel recciver was operated with reduced R.F.

gain during transmission.

SIDETONE FIDsLITY -

80. Measurements were made of the sidetone fidelity on channel
2 with a constant 1000 c.p.s. input signal of 1.91 volts connected
to the 82 ohm dummy microphone circuit (See Plete 70). This was
the voltage reguired to obtain 100% modulation of the carrier at
1000 cycies per sscond. ¥With a modulating frequency of 300 cycles,
the audio outut was-3.3 db relative to the rcesponse et 1000 c.p.s.
With a2 modulating frequency of K000 cycles, the zudio output was
-2 db relative to the response at 1000 c.p.s. (See Plate 71). The
specifications, Ref., (&) do not cover sidetone fidelityy but the
results obtained are in keeping with the receiver and transmitter
fidelity requirements specified.

HOISE QUTPUT

81 Vibration tests of the ARCS12 equipment were conducted as
required by par:-graph E-7q of Ref. (e). The mechanical procedure

and vibration charscteristics of model RT-58/ARC-12 (XN-1) serial
#), when installed on model ME-2304/4RC mount are included in
Appendix 1, prepercd by the Shock and Vibration Division of the
Laboratory. No electiriczl or mechanical failurus were encountered
guring the vibration tests, although excessive excursion was ex-
perienced during resonance conditions at the higher vibration
frequencies. It was observed that the noise modulation of the
transnitter output slightly exceeded the specified maxdmum
modulation (5%) at seversl vibration frequencies, This excessive
modulation was obse¥ved in both horizontal and vertical vibration.
On channel number 2 the noise modulation frequently reached a value
of 6,58 for vibretion in both vertical and horizontal planes. The
audio output level of the receiver for 2 or 5 microveolts unmodulated
r-f input did not cxceed the equivelent of that obtained with a
similer r-f input signal modulated 5% at 1000 c.p.s.

INPUT POLsR

82, Paragraph E~7r of Ref. (a) states that the power input
requirsments of the complete equipment shall nol exceed 20 amperes
during transmission or reception,nop. more than 25 amperes during
operation of the channel selscting mechanism. The currenh drain

of the subject equipment from e primary supply of 25.15 volts
(maximum specified in paragraph D-4(b) of Bef. (b)) was 11.05 amperes
in the transmit positidn without autotuning and 12 with the latter

E——— -19-
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in operation. Seven and six tenths amperes was the current
drain from tie same source for the receiver and heaber circuits
(See Plate 72),-

CHailllul CHHGLIG CYCLa THE.

83. The channel chenging eycle tine of the sutotume mechanisn
was fo.und to be within the 6 second limit of paragraphs E-Ts, Ref.
(2) only under STNDARD condifiion=. At pbemrtemperature, this time
was 3.6 seconds with 2 primary suppl{ of 26.5 volts,(Sec Plate 73).
At -309C the time was 4.9 seconds with the same primary supply. After
three, 48 hour;y humidity tcsts, the autotune no longer functioned
properly, because the mechanism would stop somewhere between channels
and it was necessary to operzte the power switch to produce a surge
voltage which would cause the autotune to complete its cycle. No
investigation was macde to determine the source of troible, but it

was possibly due to inadequate lubrication.

8L, The ARC-12 equipment has no provision for disabling the
audio circuit during the autotune cycle as cvidenced by the aoise
fevel prosent.

85. The autotunc of ARC-12, serial #l, was permanently damaged
by changing the channel while the locking control was unlocked.
Investigation of this unit revealed a sheared engazing pin between
arm 0-501 and the arm of relay K502.

ANTNa CIRCUITS

8b Tn order to meet the requirements of paragraphs E-3b and E-6b
(5} of Ref. (2), the ARC-12 was supplied with an antenna coupling
uwit (See Plate 12). Since no radiation messurements were made ab
the Laboratory, this coupling unit was not involved in any of the
measurements presented in this report. ‘

87. The equipment provides no indication of relative antenna
curvent or voltage as preferred in paragraph B=7% of Ref. (2).

Pl U.aICY :0DULATION
ag. Paragraph E-7u of Ref, (a) states that the incidental

frequency modulation of the transmitter output shall not exceed
three kilocycles peak deviation when the transmitter is 280%
modulated with 1000 c.p.s., and that the pesk deviation shzll not

exceed one Ke. with no mocdulating voltaoge.
89. During initiasl measurements &t wes found that the autonatic

frequency control motor hunted when the continuous tone modulation
lovel of the trensmitter exceceded 609 . Replacement of the type
9002 tube(which proved gaseous on the tube: tester) in the modulator
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unit increased the level to which the modulation could be reised
without cxpericncing motor hunting, and o level of 100% modulation
coutd be obtained., The freguency modulation during s-f-c motor
hunting exceeded 150 kilocycles total excursion, Hunting continued
throughout the transmission period with sufficient percentage modu-
lation, and occasionally, the a-f-c motor would hunt when opersting
the microphone push-to-talk button and with no modulation.

Q0. A supsrsonic amplitude-mocdulation of the transmitter output
signal was produced by operating the transmitter microphone switch.

A representetive of the Bell Telephone Laboratory tracéd the cause

to oscilletion in the feedback circuits of thcautomatic. frequency
control system. THis instability caused 2 sustzined modulation of

10% in some instances. The a-f-c goin was subscquently reduced and

the supersenic oscillation ceased. The.Peak:déviastion of the ihciacatal
Irequency modulation was however increased.by.réauction of the a-f=t gain.
Tne innerent pnase shift in the a-f-c feedback cirecuit anlted the

amount of usable gain to a value below thet necessary to counteract
severe frequency modulsbion. Hence,the incidentel frecucncy modulation
could not be elimianted or reduced to specification limits, All measure-
ments herein reported were mzde with the z-f-c gain sct just beiow the
point where supersonic oscilistion was obtained.

q1, when thie aC-12 was voice-modulzted with a Nevy typs RS-38-A
microphone so t:at the modulation percentege did not reach 100%, the
frequency modulation was approximetely 10 ke, pesk deviation or 20 ke.
totzl excursion. Vhen the transmitter was voice modul=ted at such a
level that peaks occasionally reach 100% modulation, the peak deviation
we.s approximately 20 Ke. When the transmitter was overmodulated, the
peak devistion occasionally exceeded 50 Ke., or 100 ke, total excursion.
The zbove measurcments were made with 2 Naviy type RBW=3 panoremic
recciver which had 2n input frequeney of 5.3 megacycles. The ARC-12
outnut frequency was mixed with a stable uSClll_tor to produce & 5.3
megacycle difference frequency required for this recciver. The sweep
range of the panoraric receiver calibrated with an externallsignal was
expanded on the indicsztor tube as necessary to provide sufficient
spreac of the side frequencies,

G92. Under econtimuous tone modulation conditions, the peak deviation
was found to build up to values in excess of 100 Xc as observed with the
panoramic roceiver, A% 100% modulation the a—-f-c motor hunted and
continued to hunt until the modulation level wes doereased to approxima—
tely 60%, As the modulation was graduslly increased, a pointrwas reached
where a spurious osciilation appeared on the trunsm¢bubr output carrier
“envelope. This spurious oscillation appearcd si.ultancously on the
panoramic rcceliver screen a2s an increase in side frecucncy components
which extended more than 150 Ke. from the carrier frequency. These

g ~21-
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side frequencies were not symmetricelly rclated to the carrier
frequency. With 1000 c.p.s. modulating frequency and at modulation
percentages which caused neither the a-f-c¢ motor to hunt nor
spurious oscilleations, the magnitudes of observed pveak freguency
deviations are shown on Plate 74.

23. A static test of transmitter frequency change versus piate
voitage of the type 8324 power amplifier tubc was conducted to compare
the meesured frequency change with the above dynamic test. A d.c.
voltage was applied from an external source to the power amplificr
through terminals #11 and #16 of the power control unit terminal strip.
The return lead which connected terminal #11 to the dynamotor was
opened, the type 6V6 modulator tubes were removed, and the a-f-c motor
switch sct in the "off" position for this test. The results are shown
on Plate 75. The plate voltagc of the type 8324 tubes was 290 volis
with no modulating signel., With modulation applied, this volthge is
increased and decrcascd by the value of the peak modulating voltage
during ¢ach cycle of the modulating frequency. The transmitter output
frequency change resulting from a plate voltage change (from dip to
peak values) is approximately equal to the total frequency excursion
of thet ransmittur for the percent modulation corrcsponding to the
plate voltage varietion. For cxample, a 50% modulation would provide
a peek plate voltage of 435 volts and a minimum of 145 volts., Fronm
Plate 75 this would cause a frequency differunce of 22 Ke. for ARC-
12 serial # 1. Theé dynamic curve shown on Plate 74 shows approximately
the same rcsult.

AUDIO VOiUME CONTROL

L Measurcments of audio volume control characteristics woere made
with the 4RC~12 instziled in an AN/ARC-1 harness. This harness
consisted of a mounting rack MT-2304i/ARC, a remote control unit
C-45/ARC-1, = junction box J-21/4RC-1(XN-1), two jack boxes C-4L4/ARC~
1(X-1) and the associsted czbling. The audic volume control measures
ments were made with a2 5 microvolt signall supplied to the antenna
wector of the #RC-12 by a Ferris model 48-4 signal generator

ed 30% at 10C0 c.p.s. and a General Radio type 5834 output

- meter, adjusted for a 300 ohm load, connected to the audio jack
in the two jack boxes. The audio power outout was then recorded for
different fixed settings of the aundio volume control ¢n one jack box
while the audio volume control of the other jack box was varied. The
interaction b.tween the volume controls of the two jack boxes was
found to bte excessive as shown on Plates 76 and 77. For example: the
output obtained from jack box seriel No. 25, when its velume control
was set at 3/L4 maximum, was chonged 16 db as the volunme control on
joack box serial No. 26 was varied from minimum to maximum (Sec Plate

)
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95. The following additionzl obssrvationrs were. made during
these testse

(2) The main channel oven door wWas sealed shut by high temperature
and humidity conditions.

(b) The RT-58/ARC-12(XN-1) serial No. 4 did not show signs of
corrosionsdue to high humidity. However, jack box C-4 /ARC-1
(Xh-1) corroded around the headset jack during the humidity test.

(g) Inspection of the subject equipment after the vibration test
showed that no mechanical feilures were incurred as a result of
the vibration tests.

(@) The eudio output and test meter jacks on the aRC-12 front panel
are identicel and, though properly lebeled, pernit interchanging
the test meter and headphones.

() The top cover plate of the 4RC-12 was warped and did not insure
a good ground conneabion throughout the length of the cover.

COICLUS TONS

9%. The model AN/aRC-12 (XH-l) equipment in its present form
does not meet all the requirements of reference () 2nd (b) and is
not considered suitzble for use in Haval aircraft, chiefly because
of low transaittcr povier output and excessive jnecidental frequency
modulation: However, the subje€t equipment does.posscss several
highly desirable fostures which could be incorporeted in future
eguipments, such as a single tuning control end plug in assemblies.
The following conclusions ar- made on AN/ARCe12 performance which
does not comply with specifications, referchces (2) and (b). In
some individual cases the equipment performanceswhich excecds the
1linits of the specificotions would not seriously inpair the operation
of the system, butscollectively all deficiencilés contribute to make
the AN/LRC-12 ecuipment unsuitable in its present form. '

(o) e r~f power output was less than specified throughout
the entire freguency range. On some channels the deviation
from the required output, when operating into a 50 ohm
load, wes s great as 3.5 do(Sec |paragraph 54).

(b) The incidental freguency rmoduletion wias excessive. This
could be reduced by a redesign: of the automatic frequency
control circuits. However, with | the -RC-~12 an afitempt to
increase gain introduced an ugdesirsble supersonic oscillation
in the associated feedback circuit. (See Paragraph 90).

(¢) The receiver sensitivity was decreased appreciably when
the AN/ARR-2 equipment was coupled to the "AUK" antenna
outlet. This effect was encounbéred over a large portion
of the AN/ERC-12 frequency range| (See paragreph 2Ly,

PSR imRi
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(d) The autotune operation was unsatisfactory. Complete
mechenical failure was experienced with autotune unit,
serial number T{installed in &N/ARC-12 (¥-1) serial #1)
when it wes operated in en unlocked condition. (Sce parae-
graph 85). Partial failure of the autotune unit in
Aii/ARC-12(XN-1) serial No. 4 was experienced following
numidity tests. (See paragraph 83).

(¢) The increase of modulator gein with decrease of zabient
borometric pressube did not comply with specifications
(3¢e paragreph 62).

(f) The transmitter fidelity was not in accordance with spec-
jfications of refercnce (a), especially at ~udio frequencies
below 500 c.p.s. (Sec peragraph 64).

(g) The trensmitter total harmonic distortion was excessive
(24%) at a modulating -frequency of 300" c.p.s. (See pare-
graph 6L).

(h) The vibration tests indicatcd excessive cexcursion of the
ccuipment ot the higher vibration frequencies. (See pera-
gravh 87 and Aspendix 1).

(i) The discussions of the following items not in compliance
with specifications are covered in this report in the para-

e

graphs indicated below:

Dimensions (Paragraph 17)

Weight (Paragraph 18)

iVC Charecteristics (Peragraphs 29 to 36 inclusive)
Sclectivity (Paragraph 36)

Tmege Rejection(Paragraph 37)

Recoiver Overall Fidelity(Paragraph 47)

R.F. Gain Ccntrol (Paragraph 50) :
Spurious Radiations (Paragraph 72)

Coupling Factor (Paragraph 73

Sidetone Output Power (Paragreph 78)

97 . Ho test was conducted on the antenna maiching stub. However,
he sdjustment of this stub requires the use of 2 slotted-line and
prescnts instailetion difficulties. 4 broad-band antenna, such as
the Army v-h-f stub which covers the frequency range 210 to 380
megacycles with a standing wave ratio less than 1.5 to 1, provides -
clectrical charateristics equal to thet required of the matching stub
and antenna combinction, but climinates many of the instatlation and
alignment problems.

98. The mcchonicsl design and form factor of wilN/4RC-12 are, in
general, very good and comply with D-la of reference (b). However,
inspection and tests disclosed the following:
(a) Poor grounding exists between the top cover plate and the
casc due to the inherent design.
(b) The crystal oven door was sezled closed by high temperature
and humidity test conditions,
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{c) The test metcr jack and phone jack on the panel of the
ecuinaent 2re identicel andiwill permit interchanging the
test meter and phone cables, The latter could casily damage
the test meter,

(d) Inclusion of patch cables with the sub-asscably type con-

. struction is highly desirable for service meintenance.
99 Excessive interzction exists between the audio volume controls
when two type C-44/ARC-1 (XN-1) jack boxes are employed. Thorcfore, it

is pot desirshle to use two of these jacxsboxes simultancously with an
AN /ERC-12.

100, The specifications, refercnce (a), require clarificationsto
establish definite standerds of equipment operation for percgraphs =
7o, E-7g, E-7h and E-7t of sensitivity, regencration, peek noise limiter
and entenna circuits.

RECOM.ENDATIONS

101 The development model RT-58/ARC—12(EN—1) v-h-f-commnication
equipment in its prescat form, as represcnted by serial numbers 1 and Ly
is not recommendsd for use in Navel aircraft. Since tune subject
equipment pessesses highly dusirsble feaburcs, it is rocommended that
the transmittor section be redesigned to provide increased r-f power
output and decreased incidental frequency modulation to compky with

the existing specifications, refercnce (a). In 2ddition, the foilowing

recommendations are mace:

(a) Provide suitable filtering of the recsiver entenna circuits
to prevent sensitivity loss in excess of 6.0 db. when the
4N /ARR-2 is coupled to the "aUX! antenna connector.

mprove the mechanical construction of the autotupe mechanism.

rovide means to prevent electrical and mcchenical failures
as a result of operating the sutotune in an uniacked condition.
Provide lubricetion that is adequate under all SERVICE atmos=
oheric conditions.

{(¢) Increasse the range of the pressurc operatud modulator gain
pontrol.

(é) Improve the transmitter fidelity.

(c} Reduce the trensmitter total harmonic éistortion at low audio
frecucnecies.

(£f) Provide maberial on the crystal oven door to prevant the door
from sealing closed after pericds of high temperature and
humidity.

(g) Mechanically secure the top cover plate to insure 2 more
complete ground conacction with the case. Construct the cover
more rigidly to prevent changing of sidetone output power,
by changes in stray coupling during transmission.

(h) Change test meter plug and jeck to types not interchangeable
with the phone plug. One possibility is the.msee of a three
connector nhone nlug with the sleeves and  ring used for

(5]

(b)

T
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neter connections.

(i) It is recommended that a troad band antenna be used to replace
the matching stub. On the basis of laboratory measurement, the
Army broad band, v-h-f, stub antenna is suitable for this purpose.

(3) Improve the construction of the shock mount so as to provide
better vibration characteristics.

DECLASSIFIED
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(2)
(b)
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(a)
()

Buships Specification RE 134 995A of 17 June 194,
Buships Specification RE 13A 5858

BuShips ltr, Sec. 913BH. Ser.07458 dated 23 June 1945-
Assigning Problem S-20877—C.

Instruction Book

NRL 1tr., report to the Bureau of Aeronautics -C-FL2-1/

- 66(316:JTB) C=310-221/L5(dge)dated 17 January 1946.
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TABLE 1

RT-58/ARC-12
TUBES COMPLELENT

Main Channel Oscillator -- JAN-6AKS5~—mmmm=V=561
-1 1 Harmonic amplifier L VIV S—— A5
i " Doubler M —BAK Smmmm eV =563
" n lst R.F. Amplifier———————eemmeeeao Y -671
" u 2nd R.F. Amplifier-- SR v V-672
3 o 3rd R.F. Admplifier -— W —bAK5— V=673

. i Mixer=———————— e " —bhS b mmm V=67,

Guard Chennel Oscillatorm———-eece—meamcmmm e M —BAK5mmm eV =781
. Harmonic Amplifier--—-—-———meoeemmas " ~bAK5-—~-~==V-782
H " °  Doubler e JLRRSTCY. 1 TR——— V=783
n t lst R. F. Amplifier-———=——wa—eeee T e =751
n g 2nd R, F, Applifier ———————reeeeee " ~5hK5~—m s V-752
. " 3rd R..F. implifier ———-—mm—mereen " —6iKS——mmmme V=753
pak Mixer ———- - " i S V=75

I.F. amplifier I e e = T S -7
L L i CHE PN Y I AR L V-712
d n 11T - AE B A B BAKS el Va7l 3
t t v ——— " —HAK5—— e V=714

Detector and lst Audio~———mmmemmm oo e A V-81,34-B

AVC control and Peck Noise Limiter——-———————ae-- " AL~ ——==V=8/24-B

Phase Inverter —— -—- - 1 —bAQ6~mmme V-8L5

Audio Output —— - ————————— B —bnKbmm ==V =816

Audio Output—m——mmmm e LU S VPN (< e — V847

AVGC Detector and Amleflur ——— - 1 —HAQh———m—m V-841

- Converter—————— e ———— " —buSbmmm e V-85

Wide band smplifier COHtrol and Squelch-—-——-— " —64Q6~~—===-V-8LLA-B

Narrow band Discriminator————————ce—maomamoo " ~b4iL5==—===-V=-8L49

Wide Band amplifier(AFC unit)-———- " —biK5————===V=501

Wide band Discriminator (sFC unit)——~—-—e—=ad-au " wbal5—m—mmem V--601

~ Electronic Control amplifier I (AFC unit)——-=—e " —6uK5~—m—mmm V~503

Electronic Control amplifier II(aFC unit)-—m-— " —biKbmmm e m V=504

Electronic Contro. Amplifier II(AFC unit)—a—ne M of Kbornuans V-505

Motor Control implifier I (4FC unit)=—————eadeae 1 ~6uQb== ==V =602

Motor Control Amplifier II(sFC unit)-—-———=—=x——= s o P —— V=603

Transmitter R.F. Oscillator - " -2CL3—~—a==-V-51]
ransmitter R.F, Oscillator—-—- - " <20L3————m— V-512

b crophione: Ampidfiepiecsiaccoooaa oo L 6 R O—— V=641

Modmlataraseioee e e 0 o — " _BVEGT/GmamV =612

Moculator —_— - - - -— " —6VEGT /G-~--V =643

Transmitter Power Amplifier—-——_____ ________ B D MR V-513

S itz
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FIG. | FiG. 2
LIMITER INOPERATIVE LIMITER OPERATIVE

5 u¥. 80% SINE. WAVE. MODULATED WITH §000 c.p.s. TO “ANT®. |
0.1 VOLT PULSE: INPUT TO "AUX" - P.R.R. 1000 c.p.s. = 10 uSEC. PULSE WIDTH

FlG. 3 FiG. ¥
LIMITER INOPERATIVE LIMITER OPERATIVE

50 uV. 80% SINE WAVE MODULATED WITH 1000 c.p.s. TO “"ANT™
0.1 YOLT PULSE INPUT TO "AUX" - P.R.R. 1000 c.p.s. - 10 uSEC. PULSE WIDTH



FiG. 6

FiG. 5
LIMITER INOPERATIVE LIMITER OPERATIVE

50u¥. 80% SINE WAVE MODULATED WITH 1000 c.p.s. TO "ANT"
0.1 VOLT PULSE' INPUT TO "AUX" - P.R.R. 1000 c.p.s. = 10 uSEC. PULSE WIDTH

IAAA

FiG. 8

FIG. 7
LIMITER INOPERATIVE LIMITER OPERATIVE

50 uV. 80% SINE WAVE MODULATED WITH 1000 c.p.s. TO "ANT®
0.1 VOLT PULSE INPUT TO "AUX": - P.R.R. 1000 c.p.s. - 30 uSEC. PULSE WIDTH
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FiG. 9 Flg. 10
LIMITER INOPERATIVE. LIMITER OPERATIVE

: 50 uV. 80% SINE! WAVE' MODULATED WITH 1000 c.p.s. TO "ANT™
0.1 VOLT PULSE! INPUT TO “AUX" - P.R.R. 1000 c.P.s. - 30 uSEC. PULSE WIDTH

VAVAVAR

FIG. I FiG. 12
LIMITER INOPERATIVE LIMITER OPERATIVE

/

50 uV. 80% SINE WAVE MODULATED WITH 1000 c.p.s. TO "ANT".
100 u¥. PULSE INPUT TO "AUX" - P.R.R. 1000 c.p.s. - 30 uSEC. PULSE WIDTH
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VAVAVA

FiG. I3 FIG. 14
LIMITER INOPERATIVE LIMITER OPERATIVE

50 uV. 80% SINE: WAVE. MODULATED WITH 1000 c.p.s. TO “ANT".
1000 u¥. PULSEI INPUT TO "AUX" - P.R.R. 1000 c.p.s. - 30 uSEC. PULSE WIDTH

FIG. 15 FiG. 16
LIMITER INOPERATIVE LIMITER OPERATIVE

5 u¥. 80% SINE WAVE MODULATED WITH 1000 c.p.s. TO "ANT".
10 uv. PULSE: INPUT TO "AUX" - P.R.R. 1000 c.p.s. - 30 uSEC. PULSE WIDTH

TMREERTAL H— LATE 36



VAVAVA

Flg. 17 FIG. I8
LIMITER INOPERATIVE LIMITER OPERATIVE

5 uV. 80% SINE' WAVE MODULATED WITH 1000 c.p.s. TO "ANT"™
100 uV. PULSE INPUT TO "AUX" - P.R.R. 1000 c.p.s. = 30 uSEC. PULSE WIDTH
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BLOCK DIAGRAM - COUPLING FACTOR TEST EQUIPMENT

COPPER FERRIS
TYPE 48A
Si1G. GEN.

Vs

/ CERAMIC

: INSULATOR
GR.583A R j\/

OUTPUT %
METER St Y
JrIrrrryyrrrrTrrTTITiTrT]inTg INTTTITTTITITITIvfIT]

CERAMIC SLIDING COPPER
INSULATOR ~ CONTACTS GROUND
PLANE

BATTERY

FIG. | = POWER LINE INJECTION

COPPER /044/ARO-|(XN-I)

' CERAMIC
A ARG INSULATORS

(XN-1)
’/V “:/ HIGH —

TAP

O T IrTIriT I T TiT
COPRER V=~

GROUND FERRIS
GR.583A PLANE

OUTPUT

witel B TYPE 48A
BATTERY S16. GEN.

FIG. 2 — AUDIO INJEGCTION
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PRIMARY SUPFPLY VOLTAGE
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C-15-2(2)/562(1552) DECLASSIFIED
Report No, 4298

From: Shock and Vibration Section, Code 1550
Tos Airborne Ra-io Division, Code 1400
Subj: AN/ARC-12(XN-1) Airborne Equipment -
Vibration Tests of - Report on.
Refa (a) Memo from NRL, Code 1430 to NRL Code 1550,
1400-1734/L6(1430:M4F) dated 15 April 19L6.
(b) BuShips Specification RE 13A 585B dated 15
December 1943.
(¢) BuShips Specification RE 13A 825C dated 4 HMay
1944,
Encl: (HW)
(A) Photograph: Equipment kiounted on Vibration Machine.
(B) Transmissibility Curve: Equipinent Hounted on Airborne
Radio Rack Ser. No. 230A/ARC.
(G) Photograph: Record Tape Taken with Mechanical Vibration
Recording Meter.
INTRCDUCTION
1 The AN/ARC-12(XN~1) Airborne Equipment was subjected to vi-

bration tests on the 15th and 16th of April 1946. The tests were
authorized by relsrence (a) and conducted according to specification,
references (b) and (c). Representatives of the Airborne Radio Division
witnessed the tests and were responsible for obscrvation of the electri~
cal operztion of the equipment.

2.

The unit, which weighed 55 pounds, was enclosed in a sheet

metal cabinet of the following dimensions: 10 inches wide x 9 inches
high x 24 inches long. The cabinet was mounted on an airborne radio
rack seriazl number 230A/ARC.

VIBRATION TESTS

3,

Th: test procedure, in general, was as outlined in reference

(¢), 4nd in detnil was as follows:

(2) The unit was mounted on a horizontal, direct drive vi-

bration machine, the cxcursion of which was set at 0.060 inch, The unit
was vibrated in a dircction parzllel to its front and transmissibility



DECLASSIFIED
C-15-2(2)/562(1552)

Report No. 1298
1550-132/46 (prh) ‘

(ratio of unit displacement to table displacement) data were obtaincd.
The exciting vibraition was then varicd continuously and uniformly in
periods of aboub threc minutes from a froquency of 11 to 45 and back to
11 cps for a period of 30 minutes. The unit wis then vibrated for 15
minutes at 27 cps.

(b) The equipment was rotated 90 degrees on the table and
was fastened to a horizontal vibration machine. The unit was then vi-
brated in a direction perpendicular to its front at an impressed ampli-
tude of 0.030 inch (0,060 inch tozal excursion) and transmissibility
data were obtained. The frequency of the exciting vibration was then
varied continuously and uniformly in periods of about three minutes from
a frequency of 11 to 45 and back to 11 cps for a period of 30 minutes,
The excursion of the vibration machine was thea changed to 0.C30 inch
and the unit was vibrated for 15 minutes at a frequency of 14 cps.

(¢) The unit was mounted on 2 vertical, direct drive vi-
bration machine and it was vibrated in 2 vertical direction st an im-
pressed amplitude of C.030 inch. Data for a transmissibility curve
were again taken. The frequency of the exciting vibration was then
varied continuously and uniformiy in periods of about three minutes
from a frequency of 11 to 45 and bick to 11 eps for a period of 30
minutes. The unit was vibrated 2t an jmpressed amplitude of 0.030 inch
(0.060 inch total excursion) for a period of 15 minutes at exch of the
resonant frequencies of 20, 29, and 31 cps. The excursion of the vi=
bration machine was readjusted to 0,030 inch and the unit was vibrated
for 15 minutes at a3 freguency of 10 cps.

(d) At an impressed vibration fr.quency of 29 cps the unit
vibrated at approximately 14 cps with constantly varying amplitudes.
Enclosurc (C) is a rocord of this phenomenon taken with a mechanical
vibragraph. This record was obtained while the unit was vibrated in a
vertical direction at an impressed amplitude of 0.03 inch and a con-
stant exciting frequency of 29 cps.

COMMENTS

Lo Although there was no failure in the operation of the unit
throughout the tests, it is felt thak the resonances and amplifications
it high frequencies, 2as measurcd, are excessive from 2 mechanical view=
point, and will be contributing factors toward shortening the unit's
1life. It is felt shat a mount which would impart better vibration
characteristics could be_applied.

CONCLUSIONS
5 The unit withstood the specified tests, mechanically, and

is therefore considercd satisfactory for vibration as outlined in
specificaition, reference (c). Refercnce (¢) contains ne resonant
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frequency limitations or isolation efficiency requircments, therefore,
no conclusions regarding these vibration characteristics can be made
with reference to the governing specification,

RECCOMMENDATIONS

6. Due to the excessive amplifications measured and the resomances
found to exist at high froquencies it is felt that the unit is not mounted
for vibration as well as it might be. It is recommended that a mount with
more suitable vibration characteristics be provided for the equipment.

Approved by Report prepared by

£.) Buuglot c Bt
E. J. Birgelaitis Q%@§L Garl J. %astien
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