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ABSTRACT B

This report covers the results of engineering btests on 5
experimental Model AN/ARC-13(XH#-1), Serial #1:C0L., aircraft 1t
commnications trensmitting and receiving equipment manufactured il
%+ +he Collins Redio Company, Cedar Repids, Iowa. The equipment
performance is compared with specification requirements and suit-
ability for Naval use is evaluated. The subject equipment is nod
considered occeptable in its pre sent form chiefly becpuse of poor
receiver sensitivity and poor receiver and transmitter operation
under service conditions.
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1¥TRCDUCTION N WD iirt

i Engineering tests of Model AN/ARC-1%(-1) UHF aireraft trane-
mitter-receiver were authorized by the Bureau of Ships letter estadlishing
Problem S-2122T-R, reference {a). One unit, Serial Fo. 1, complete with
gontrol=, shock mount and cabling, was submitted by the manufacturer,
Collins Redio Company, Cedar Rapids, Iowa, for test by the Laboratory for
complisnce with the problem directive reference (a) and with specification

reference (b). The subject equipment covers the frequency range of 170 to
400 megacycles and is to be used as an interim equipment in both ithe

100 — 156 mc and the 200 -~ 400 mc communication bands during the trans-
ition %o the latter frequency band. This equipment eliminates the nec-
essity of carrying two equipments in each aircraft, one for each freguency
band, during the transition period. The subject developmental equipment
while not suitable in ife present form for use in Naval aircraft is con-
sidered to have many features vhich are desirable and with some modifi-
cetions can be made to operate satisfactorily. Complete tests were not
made on this equipment, particularly on the receiver section, as i% was
known that it did not meet specifications and is undergoing redesign by
the contractor. Another developmental model employing these new designs
will be submitted for test a“ some later date. Where the equipment oper-
ation borders on the specified limits, consideration should be given %o

the inaccuracies of present day instrumentation ot these frequencies and
allowances made therefore.

GENERAL, DESCRIPTIOV

2e Model AW/ARC-12 is a transmitter-receiver combination designed for
installation in all tyves of Waval aircraft. It provides nreset, multi-
cha-el, voice, amplitude modulated, pilot or radio operator controlled,
two-way radio communicstion between aircraft and ship, shore, or other
aireraft. It covers the frequency range from 100 to 400 megecveles per
second. There are nine channels, which may be preset to any nine fre-
quencies within the range of the equipment, and a guard channel which is
fixed tuned. The gmard channel frequency is 140,58 me or 280.2 mc depend-
ing upon which of $wo units are installed. There are three antenna posts)
one, desigznated as "low", is used with a VHF antenna for transmitting or
receiving at “requencies below 200 me; a second, d esignated as "hight is
used with a broad-band type antenna for operation above 200 me, and a
third for connection to the AN/ARR-2 homing receiver. A& master oscillator
which is erystal controlled is the basic controlling factor in the trans-
mitter output frequency and a2lso in determinimg the injection frequency
into the mixer of the receiver. In order to meke the transmitter output
frequency differ from the injection frequency by 19.8 me {the intermediate
frequency) there ig a second crystal controlled oseillator called the
sidsstep oscillator of I.F. osecillator. This oscillator operates in such
2 way as t0 increase or decrease the transmit-er output freguency, depend—
ing upon the channel being used, by the correct smount, In the frequency
range from 100 %o 146 mec the driver stage does no#b multiplys from 146 %o
262 mc the driver acts as o doubler and from 262 to 400 me the driver
stage acts a8 a tripler. 3oth the driver stage and the final amplifier
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=d. “he moduiahion amplifer hes a pressure operated zZa
hich ineresses the gain at high altitndes to cnm:_;-ensr—wte .“
ed efficiency af the microphone. The receiver is a conventional
Feterodyne. The audio section »nf the receiver incorporates a noise
: limiter and an audio compressor. The transmit‘er-receiver is hong=2d
s 1 1/2 AR unit and is shock mounted. Weight of the unit and shock
munrt ig sooroximately 72 pounds. For more detailed description see the
“Eandbook for Hainbenance Instructions for Model AW/ARC-13, Aireraft Redio
Squionentt,

in
or

5 Zxcept as indicated in the following paragraphs, results of the
ests indicate that the performance of the AN/ARC-13 equioment meets the
eanirements set forth in the specification, reference (v). Paragranh
numbers shown in parenthesie in the following pages correspond o those

of the goecification.

STEITIVITY {E-7b)
(a) Sencitivity messuremsnts were made under both standsard snd service
conditinns with the results as shown in Tables 1, 2, and 3.

(1) Sensitivity of the main receiver under standard conditions
wes ontside specificstion limit of five microvolis on all of
the nine channels spaced throughout the frequency range of

the eqnipment. Best sensitivity wes 5.3 microvolts which was
at a frequency of 217.2 megsecvcles and the worst conditinn was
a sensitivity of 67.5 microvolts at a frequency of 164.84
megacvcles. The sensitivity of the high guard channel mea-
sured 38.5 microvolts which does not meet specification re- *
guiremnts. Sensitivity of the low guard channel was three
nicrovolis which is satisfactory.

(2) TUnder service conditioms, sensitivity wes checked over
the range of temperatures from ~30° to +50°C and during a,
hunidity run of 48 hours at +BD°G and 95% relative humidity.
During the temperature run sensitivities were checked on
chennel 4 of the main receiver snd the low guard channel

at tempsratures of -30°, 0°, +20° and +50% with results

as sikown in Table 2, Seneltiv*ty of the ma1n recelver on
channel 4 varied from 10 microvolts at +20°C to 15.5 micro-
volts at 0%C. SensitiVLtv of the low gusrd channel varied
froa 6,5 microvolss at —-30°C, 09G and +50°C to 7.2 microvolis
at +20°C, While none of these readings met specification:
requirements, it will be noted that the change in sensitivity
over the temperature range is not great and that the failure
to meet specifications ig not due to any temperature effects.
Under conditions of +50°C and 95% relative humidity the
sensitivity of the main receiver on chammel 5 (230.6 me )
changed from 28,5 microvolts at room temperature to more

than 67 millivolts at the end of the 48 hour run. Recovery

was satisfactory; senqltivity at the end of 75 minates con-
tinuous opercticn, after shutting off hw-idity, was
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microvelts 2nd after 73 hours woe 30 microvolts.| Sensi-
sivity of the low guard channel changed from 5.5 micro-

voits at room temperature to 145 microvolts at the -nd

of 42 hours., At the end of a period of 75 minutes con-

binug ozeration, after shutting off the humidity, the
sengitivity was 8.5 microvolis and after 72 hours the sensi-
tivity wes 4.0 microvolts. See Table 3 for complete results
of sensitivity versus humidity. Hoise output of the receiver,
with the antenna post shorted to ground through 50 ohms
resistance, wos measured on each channel with results as shown

a
in Pabl

AVC CEARACTERISTICS (E-7c¢)

{b) AVC characteristics were measured at one frequency on the main re-
ceiver and on both guard channels with results as given in Tables 5, 8,
and 7, ard Plates 1, 2 snd 3. On the channel of the main receivar on
whicl fests were made, AVC characteristics were within the reguired limits
of the specification except st the low end where, due to poor sensitivity,
the output with ten microvolts input wae more than two decibels below the
output with one millivolt input. On the low guard channel receiver block-
ing occurred at a signal input of six millivolts and agein at sixty milli-
volts. On the high guard channel AVC action wes satisfactory at signal
inmuts of one hundred microvolts and above, but due to0 posr sensitivity,
the outouis at ten arnd fifty microvolt inputs sre more than two decibels
below the one millivelt input level. There being no signal generasor
avallable with outputs of two volts, it was imposeible to determine
whether or not blocking occurs beyond about sixty millivelss.

(¢) The AVC sction as described in paragravh (h) above is not entirsly
due to the effect of AVC voltages used to change the bias on the inter-
mediate freguency amplifiers, but includes the effect of the audio com—
pressor which operates from the andio output to control the gain of the
first aundio amplifier. Table 8 and Plate 4 shows a comparison of audio
ountouts with and without the audio compressor action. To determine the
effect of AVC alone a check of voltsges at the cothode of the AVC recii-
fier and at the plate of the AVC amplifier was made and the results shoy

that considersile AVC zction ie due $o the audio compressor. Ses Teble 9
and Plsse 5,

SELECIIVITY (2-74)

(d) ieasurements of selectivity were mede on the main receiver on channel
4 (217.2 mc) and on the low guard channel., IF selectivity was also mea-
sured. ZHegults of these messurements are shown in Pla*es 6, 7 and 8, and
Table 10. Resonance wag *a=en ss the point of maximum andio output from
the receiver. 1In gensral, the to:al bandwidth at the 6 db point ig less
than the specified 1imits, while at the 20 db, 40 db and 60 db points the
total bandwidth exceeds the specified limits. The curves are unsymmebri-
cal, neing wider below resonance on chammel 4 (270,85 me) and ot the inter-
mediate freguency and wider above resomance »n the low guard clannel.
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19.8 megzaccles abowe the receiver frequency and on thel low guard channel
the injectior frequency is below the receiver frenuency.

IMAGS REIECTION (B-7e)

(e) Image rejection wes measured on two channels (1 and 9) of the main
raceiver and on both high and low guard channele, Results are babulated
in Table 11, In general the results were satisfactory on low and high
guard channels. On channel 1 (109.8 me) it was found that attenuation
of a signal at approximately 70 mcfs was only 51.4 db, and to a signal
4t aooroximately 160 mefs it wes 59.4 db. Both of these fall slightly
chort of the 60 db attenuation required below 310 me/s. On channel ©
(378 nc) the attenuation to a signal at aporoximately 339 mc was 34 db,
to a signal a% spproximately 139.4 mc was %1.4 db, 2nd to a eignal at
approximately 139.4 mc was 31,4 db, and to a signal at aporoximately
100.2 me was 32 db, all of which fail to mee? the requirement of 40 db
attenuation when the receiver is tuned %0 a frequency above 310 mc.

1T RRJECTION (B-7f)

(f) 1IF rejection was measured on channels 1 (109.8 mc) and 9 (378 me)

and on both high and low guard channels and was found teo be unsatisfactory
in all four csses, ranging from 37.8 db to 57.1 db as compared to a
snecification reguirement of 80 db. See Table 12 for tabulation of data.

RICTIERATION (2-7g2) :
(z) ¥o evidence of oscillations, instability or excessive regeneration £
wae spoarent when, under conditdons set forth in paragraph (E-72) of the E
gpecification reference (b), the voltasze wes varied from P4 to 30 volis.

¥OIST PEAX LIMITER (B-7h)

(n) There is cliposing of the audio output at modnlation levels of sixty
percent and zbove. This is evident from cbservation of the output voltage 4
on the oscilloscope. Also the andio output as measured on the output '
meter drops off when the modplation level exceeds sixty percent. This is
considered to fail to meet the requirements of the specifieations, reference

(n).

AUDIO CFAR:CTIRISTICS (B-71) AL
(1) Audic cheracteristics of the receiver output cirguit were messured i 4
under sisndard conditions with the following results: ]

(1) (2-7i(1)) Power output and distortion. With an input
signal of 50 millivolts modulated 30% at 1000 CPS, the audio
output is 520 milliwatts with a totzl harmonic content of

30%. This measurement was made on channel 4 (217 mc). Vhile
tnis does not meet the requirement of 3 watis outpnt given in
Seragraph (2-71(1)) of the specifications, it should be noted
that this parsgraph conflicts with the requirements set down
in poregraph (Z-7¢) which states that the audio output, with
an input of 1 millivolst 30% modulated, shall be 500 milliwatie




(-1U%, +20%) and shall not vary more than 2 db, Trom the

1 millivolt level, over s range of input sigmnal from 10
microvolts to 100,000 microvolts. In view of thig conflict of
requirements, it is recommended that the specifications be
modified and that the 520 milliwatt output be considered
satisfoctory. The 30% distortion is excessive and fails %0
meet the requir-ment of not more than 15% distortion. Table

15 ghows resalts of measurement of distortion and aundio out- :i
put on channels 1 through 5. Table 14 and Plate 9 show audio i) i
cutput and percent distortion versus percent modul ation. Table

15 and Plate 10 show audio output and percent distortion versus
signal input a* both 30% and 60% modulation. Table 16 and i
Plate 11 show audio output end percent distortion versus out- _ th
pubt impedance. While there is some variation from one set of "“;wﬁ
dats to another, all are within the limits of accuracy of kil
messurements and no measurement of percent distortion aporoached
the 15% limit sllowed in the specifications.

(2) (2-71(2)) Overall fidelity. The audio response.does not
very more than 3 db relasive to the response at 1000 CPS for
modulation frequencies of 300 to 4000 CPS Aftenuation above
4000 CPS is very good. While the attenuation below 300 CPS

is not so rapid, it is considered satisfactory. Distortion
levels were meagured over the frequency range of 170 %o 10,000
GPS and were found to range from 25% to 32%. This is not
considered satisfactory in view of the requirement of pare-
eraph (E-74(1)). See Table 17 and Plate 12 for complete data
on overall £fidelity.

b
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RF GAIN CiiROL CHARACTERISTICS (B-73)

(3) R¥ gain control charecteristics were meacsure d on the main receiver
donannel 4) and on the high and low guerd chamnels. Ia each instence

it was noted thet the setting of the gain control affected the tuning.
Thie effect was mich worse on the main receiver. In changing the gain
control sebting from maximam to minimum, the resonant point wes found %o
have shifted downward spproximstely 185 kilocycles. This causes quite

s difference in the measurement of variation in overall gain depending
on whether the renge is measured from minimum %o maximum or from maxi-
mom 0 minimam. Three messurements were made as follows:! (1) The
change from maximam to minimum setting, without retuning the signal
generator, was 27.3 db; (2) The change from maeximum to minimum, retnrn-
ing the signal generator from maximum receiver output, was 22.4 db; 0 i
(3) The chenge from mininum to maximum, without retuning, was 18.1 db. eS|
The operation of the gain control would be catisfactory if the chift in 3
frequency was minimized. While the frequency shift in the high and low |
susrd channels is not as great, 21.8 kilocycles in the former and 19 i
¥ilocveles in the latter, it is sufficient to canse quite a differencs in .w

messrement of variatinon in gain control characteristics. In the high
guard chamnel, the varistion in gain from minimum to maximum (not retunad)
wag 12 db. In +the low guard channel, the change in gain from maximam %2




to minimum pogitlon was 23.6 db. Squelch operation on channel 4 (217 mc)
of the main receiver was measured by checking audio output versus signal
input. The receiver sensitivity being poor, a five microvolt signal wonld
not produce a 100 milliwatt output and it could not be determired whether
the receiver met the requirement of effectively supgressing signals below
three microveolts. Examination of the data in Table 18 and Plate 13 shows
that from an input of 19 microvolts to 25 microvolts the output changes
from 20 milliwatts to 240 milliwatts., This is a change of 2.4 db in signal
input to produce a change of 9.7 db in audio output, which is not within
the rate of change specified. The specifications, reference (b), stotes

that a change of approximately one db in EF input shall produce a change
of 10 @b in audio output.

RF POWER OUTPUT (B-7k)

(k) Power output wes measured under both standard and service conditions.

Tables 19 and Plate 14 show the results of measurements under stendard con-

ditions. These measurements were made with a2 bolometer. Three measure-

ments were made a2t each freguency and the average velue take. Power oubt-

put failed to meet specification requirements on chamnels 2 (1238.0 mc),

3 (164.8 mc), 5 (230.6 me), 6 (277.8 mc) end 9 (378.0 mec). Table 20 and

Pla“e 15 show ;results of measurements of power output versus supdly volt-

age. The transmitter was overated for one hour continuously in the

Mzeyed" condition and power output measured at various intervals. The

results are show in Table 21 and Plate 16. Under service conditions mea-

surements were made as follows: (1) Into a 20 ohm load and into a 125

ohm load; (2) Over the range of +emperatures from -3%0°C to +50°0; (3)

Under conditions nf +50°C temperature and 95% relative humidity for 48

hours. Results of measurements into 20 ohms and into 125 ohms were made

on channels 5 (230.5 mc) and 8 (351.3 me) with results shown in Table 22

All these results meet requirements of the specifications except inito a

20 ohm load on channel 5 where the power output was 9.7 watts instead of

the 10 watts required, It should be pointed out that the requirements of

the specifications now ca2ll for antenna resistances of 25 ohms instead

of 20 and 125, Time limitations prewvented the taking of meagurements

using *these loads, but in view of resplts of earlier tests it scems safe i
to assume satisfactory eutpute into these loads at these frequencies, B
Results of power output measurements over the range of temperatures from
~20%C to +30°C on channels 7 {328 mc) and 2 (128.0 mc) are shown in Talle
23. A1l resnlts on clennel 7 are satigfectory and, while the results on
channel 2 do not meet the requirement of 10 watts given in the specifi-
cationg, there ig little change over the range of temperatures and ressulis
would be satisfactory if tre power output under standard conditions were
satisfactory. Under conditiong of higk temperature and high relative
humidity the power output went from 8.9 watts at room temperature (7,2
watts at +50°C) to a low of 2.0 watts at the end of 48 hours. Recovery
was rather rapld Bowever, power output being 4.6 watte after ftwo hours
continuous operation (75 minutes after ceasing humidity) and 8.0 watts
after 72 hours drying out. Results in each case were tsken at the end
of fif ;een minutes operstion, See Table 24.
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MODULATIOY CFARACTERISTICS (2-71) JEULASOIFIES
ffj' Monsurements were made under both standard and service condifions
Wl Gl [OLLAOWlls resulits.
(1) (2-71(1)) Modulation capability. The modulation amplifier
has o pressure opereted gain control which increases the gain atb
spproximately 20,000 feet and again ab approximetely 35,000 feet.
Honcurements were made to determine the audio input necessary
for 855 modulation (negative peaks) of the carrier at each of
the three levels. See Table 25 for results. ab about 20,000
feet, the gain is increased by 7.4 db, and at about 25,000 feet
hr an additional 6.9 db (14.3 db total). Under service con-
ditions of temperatures ranging from -30°C to +509C, tests
run on channels 2 and 7 show very little change of andio inpui
voltzge required for 30% negative peak modul~tion., See Table 2B.
(2) (3-71(2)) Fidelity. Using an input voltage equal to that
required for 100% negstive peak modulation, measurements of
modnlation level were made over the frequency r ahge from 150
CPS 4o 8000 CPS. At freguencies in the range 00| to approxi-
mately 2800 CPS, the modulation level exceeded the required
50%. At 3000 CPS the modulation level was 57% and at 3500
GBS it was 47% and it fell off rapidly above 4000 CPS. Per-
cent distortion measurements were made and were found to De
satisfactory (below 15%). See Teble 27 and FPlate Ve
(z) (E71(3)) Wicrophone current. The microphone current
as meesured was found to be 43 milliamperes which is slightly
below the minimam of 45 milliamperes given in the specifications.

FREQUSICY STABILITY (3-70o)

(n) Frequency stability was calculated by messuring the drifts of the
oscillator involved and calculating she change occurring in the trans-
‘mitter output frequency or receiver frequency. These meagurements were
made under both standard and service conditionms. Results are shown in

mable 28 and Plate 18 through 25. Freguency deviation excesds the
0.007% 1imit in the following cases! (1) Warm-up drift of low guard
channel at ro-m temperature; (2) Low guard channel at +50°¢; (3)
Channel 5 st +50°C (receiver only).

o

SIDETONE (E-7p)
(n) Ountpus of the sidetone circult was t00 low for satisfactory measure-
ment, being only 15 milliwatis (8 milliwatte noiee) when the transmitber
was modulated 30% (negative peaks) at 1000 CPS. Considerable time was
spent in trying to raise the output level. No troudle was found in the
sidetone rectifier and by increasing the pickup it was possible to get =¢
much as 300 milliwatts outpnt when the transmitter was modula ted 100%.

The trouble appears 0 be insufficient coupling.

I§PUT POVER (E-7r) :

(o) Table 29 and Plate 26 show input power requirements under both trans-
mit and receive conditions. Autotune drain on the power supply is also
shown. All are s=tisfectory.

(p) The time required to change channels wes mesgured af room femper-
ature and over the range of temperatures from ~30°C to +50°C. sa-
surements made as indicated in Paragraph (z-7¢) of the specifications
chowed the channel changing $ime to ve 7.12 seconds ab —20°C and 6.24
ceconds abt UG, 30%: oF whaich are greater than tne 0 snounw Limbue

CEANYEL OHAFGING CYCLE (B-7s)
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slloved. These figures are averages of ten trials at eachtemperature.
See Table JU.

Y Ty
.

FRIQUEJCY MODULATION (B-7u)

(q) A ghesk for frequency modulation of the transmitier was made using
the type R3W-3 Panoramic Adaptor. With the carrier modulsted 280% at
frequencies of from 100 CPS to 10,000 CFS no evidence of frequery mo diu—
jation conld e discerned by observing the presentation on the oscillo-
sCopes

FAILURZS DURING TESTS
(r) The following failures occurred:

(1) During power output rneasurements unusual leading of the
dynamotor was observed. It was found to be due to arcing in
one of #le 2039's in the driver stage. The transmit-receiver
relay K-1602 would close momentarily and then reopen, drawing
an sre which burned the contacts so badly it was necessary to
replace the relay.

(2) During the visit of Messrs. Fubbard and Anderson of the
Gollins Radio Company, they undertook to improve the tracking
of the driver stage and the final emplifier., In so doing it
was discovered that the grid of V-502, one of the drivers, was
drawing current even when the transmitter was not keyed.

The caunse of thies proved to be a partially shorted by-pass con-
denser which made the DC resistance to ground 2000 ohms. This
formed a voltage divider arrangement to the +26.5 volts and
mede the grid positive causing grid cuarrent to flow. It was
necessary to replace the fauliy condenser. It is considered
guite likely that this was t'e cause of the tube failure and
conseguent relay failure reported in (1) avove .

(3) During tte temperature run on ¢hsxmel 7, ths equipment
failed to operate at -30°C. Examination showed filsments to
e lighted bat the dynemotor would not operate. The trouble
was found to be due 10 the power lead to L-1321 being open.
Ap srently contraction due to exposure at low temperatures
thag coused a poor solder joint to break. Normal operation
was reeumed after resoldering the connection. ;

(4) TFour tube failures, all 2039's, occurred dpring these tesis.

MECEATICAL FZATUERSS
(s) In general the equipment is considered to be well engineered and
most sub-agsemblies snd components sre readily accessable for replace-

ment or repairs. However, several minor mechanical difficulties have
occurred and are listed below:

(1) Dzng fasteners not secursly locking the dust cover to
the chassis,

oy - e
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{- Lo cully 9 IR0 Suriies ar0anl CHag=ls bilg -~k
sround front panel. '
3) Andio unit plug not fastened to chassis.

4) 1Inaccegsability of main receiver RF amplifier components
and firet HF amplifier tube.

P ot

WRIGHTS AV DIMENSIONS
() The equipment is housed in a one and nne~half unit |ATR rack and weighs
poroximately 72 1lbs., less shock mount, cables and central box. See Table

L

CQICLUSICYS

4. Yodel AN/ARC-13 Serial Fo. 1, COL, in its present form, is consi-
dered unsatisfactory for use in Naval aircraft due to the failures,

enume?aged below, to meet the requirements of the specifications, refer-
cence (b):

(a) On all nine channels of ths main receiver the sensitivity was
not within the 5 microvolt requirement, varying from 5.5
microvolts t~ 87.5 microvolts. On the high guard channel
the sensitivity was 36.5 microvolts. Under service conditions,
especially humidity, the sensitivity became much poorer,
going to more than 60 millivolts on channel 5 (270.6 me)
and to 145 microvolts on the low guard channel. Tha poor
showing under high humidity would seem to be due in a large
measure to surface moisture since recovery was rather rapid.

(b) On channel 4 of the main receiver and on the high guerd
channel, AVC action is unsatisfactory at signal inputs of
50 microvolts and below. This is due to poor semsitivity
rather than failure of AVC circuits but still is a failure
to meet the requirements of the specificatlons. On the
low guard chennel blocking occurs at signsl inputs of eix
2illivolts and sixty millivolés.

—
(v}
—

On channels 4 and the low guard crannel, the total band~
width of the receiver at the 6 db points is lese than

the recuired 114 kilocycles. On channel 4 and st the
intermediate frequency the total bandwidth at 20 db points
ig greater than the 220 kilocycle limit. On channels 4
end the low guard and at the intermediate frequency, the
tobsl bandwidth at the 40 db points exceed the 284 kilo-
cyele limit and at the 60 db points exceeds the 450
kileocryele limits. .

(a) Image rejection fails to reach the 60 db limit at two
fraquencies on channel 1 (109,8 mc) being only 5l.4 db
t0 o 70 me signal and 59.4 db to a 1460 me signal. On

e ey | i A & . . | p—
LU ADOIFIE]

.




(e)

(g)

(n)

(1)

(39

(k)

(1)

(m)

ctennel 9 (8 fc)] there are ‘three frequencies at which
Yo Yonan wNasnkian Falls balrer the A0 85 Foaniweod]

a 339 mc signal, 31.4 db to a 139.4

mc signel and 22.0 db to a 100.2 mc signal.

5eing SZ.G

IF rejection feils to meet the 80 db requirement on all
pf the four chennels, 1 (109.8 mc) and 9 (378 m) of the
main receiver and vo*th high amd low guard channels, on
which measurements wers male. Results range from 37.8 db
to 57.1 db. p

Audio pewer output of the receiver fails fo reach the

% watts level required in paragraph (BE-71i(1)) of ref-
erence (), but does meet the requirements of paragraph
(E-7c) of the same reference.
give conflicting requirements, it is considered that the
power output is sufficient.
ig excessive varying from 25 to 2%.
is satisfactory, distortion of the cutput varies from 25 ©o
32% over the audio frequency renge from 100 CPS to

10,000 CPS. :

Since these two paragraphs

andio distortion level
While overall fidelity

The RF gain control causes considerable shift in the
resonant frequsncy of tve receiver.

Squeleh operation is somewhat below the specifications
requirements since it takes a change of 2,4 db of the
signal input to cause a change of 9.7 db in the audio

Transmitter pewer output. is below requirements of tre
specifications on channels 2, 3, 5, 6, and 9 under

On channel 5 under service condit-
jons of high temperature and humidity, the transmitter
power output went from 8.9 watts to 2 watts.
was rapid and satisfactory after ceasing humidity wiiEch
seems to indicate that surface moisture accounts for
most of the loss of pcwer output.

standard conditions.

hEtOVeTY

Modulation fidelity does not meet specification require-
ments at frequencies of 3000 and 3500 CPS.

Microphone
current was only 43 milliemperes. -

Frequency deviation exceeded the 0.007% limit in the
following casest (1) Warm—up drift of low guard c%annel
at room temperature} (2) w guard channel at +50°C3

(3) Ohemmel 5 at +50°C (regeiver only).

The output of the sidetone circuit was only 15 milliwatts
(8 milliwatts noise) when tte transmitter was modulated
30% at 1000 CPS.

The antenna output mefering circuit does not proyide
ample indication of maximum power output.




RECO~ ENDATIONS L L

i Model AN/ARC-13 Serial No.

1 COL trmnsmitter-receiver is considered,

jn its present form, to be unsatisfactorv for use in Naval aircraft. The
following chmnges and modifications are recommended?

(a)
(o)
(c)
(a)

(e)

(£)
(g)

(n)
(1)

(3)
(x)

(1)

The sensitivity of the main receiver and of the high
guard channel be increased to comply with the 5
microvolt reguirement.

The cause of blocking in the low guard channel be
determined and eliminated.

The bandwidth be decreased so as to comply with the
1imits specified in reference (b).

Image rejection and IF rejection be improved %o comply
with the specifications.,

Ttre couse of reduction of gain of the recelver when the
input signal is modulated .60% or more be investigated
to determine if the noise peak limiter is at fault and
steps teken to improve this condition. :

Th% receiver audio distortion level be reduced to below
15%.

The effect of the RF gain control on the recelver fre-
guency be minimized and the range be made to comply with
the requirement of 20 to 40 db variation in gain.
Transmitter power output be increased to comply with
specificatidns.,

Trequency response of the modulation system be improved
so that the 3000 and 3500 CPS frequencies will not be
attenuated more than permitted by the specifications,
The frequency stability of the sidestep oscillator and
tre guerd channel exciters be improved.

The coupling from which the sidetone system piekss up
the transmitter output be increased so that the output
of the sidetone system is within the specified limits.
This will also irprove the reliability of transmitter
tuning on position 6 of the metering swltch.

It is further recommended that the specifications, ref-
erence (b)), be clarified as to what audio output is desired
and to remove conflicting requirements of paragraphs
Z-7¢c) and (®74(1)).

- 11 -
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(a) BuShips ltr. Sec. 944DA-Ser 3554 9447A of 29 December 1945
to Director NRL autYorizing Problem S$-2122T-R.

(v) BuShips Specifications RE 13A 996A.

Data recorded in NRL Log Book No. 6194.
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TABT 1

Model AN/ARC-13 Serial No. 1 COL
Receiver Sensitivity

gtandard conditions, RF input modvlated 30% at 1000 CPS in-
put through 50 ohm dummy antenna and 10 ft. of RG-8/u trans-

mission line, sensitivity is the voltage inovut to the receiver
antenna post.

CHANNET,  FREQUENCY OUTPUP-YITLIWATTS SIGNAL/NOISE  SEVSITIVITY

(me) Avudio  Noise RATTO MICROVOLTS _
1 10%.8 320 . 80 6 9.8
9 12€.0 100 < 20 7.0 36.5
3 164..84 120 30 6 67.5
4 2172 100 25 é 5532
5 230.6 100 25 6 8.0
6 27 100 S 10.4 345
7 328.2 15| TR bieas Bl iy T 32.0
8 (35103 100 18 Tsh 21.5
G L0 100 16 8.0 22,0
T10W GUARD 140.58 210 60 6 3.0
FIGH GUARD 280.2 100 16 8.0 -36.5




TABIE 2 UL AL S
Model AN/ARC-13 Serisl No. 1 COL
Peceiver Sensitivity vs
Temperature
Sensitivity tsken as the voltaze inmut to the receiver
antenna nost.
T PERATURE MAIN RECEIVER CHLNNEL 4 TOW GUARD CHANNEL
COMDITIONS Sens. Qubput Noise Sens., putput Noise
Wicro- Milli- Milli- Micro- Milli~ mMilli-
. volts watts watts volts watts wat's
Reon 10.5 100 12 7.0 100 25
-30° 3540 2360 90 6.5 280 70
0°¢ 15.5 288, 70 6.5 260 65
+ 200¢ 10.0 220 55 .2 220 55
+ 500C STl 8 £ 100 15 6.5 120 30
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Model AN/ARC-13 Serial WNo. 1 COL
Receiver Sensitivity vs. Humidity

censitivity taken as the voltage inmut to the receiver antenna

post.
Temnerature MATY KECEIVER CHANNEL 5 10V GUARD CHAWNEL
Conditions Sens. OQutput Noise- Sens. Output Noise
Nicro- Milli- Milli- Micro- mMilli- willi-
Bl volts watts watts volts watls watts
Room Temp.. 28,5 v, 7 ROMUUURINE  o 6.5 200 50
+5000 : - :
Tow Humidity 30.0 100 20 645 100 25 i
24 hours 145 100 6 14.5 100 g :
Humidity : il
48 hours ' . iy
pumidity 60000 L5 -3 145 100 0.5 i
2 hours _ ; i
Recovery 65 100 15 £.5 100 17
72 hours . s
Recovery 3c.0 100 20 4.0 160 40 ;y
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TIBRLE 4

Model AN/APC-13 Serial N¢. 1 COL
bfudio Woise nNutnut

Antenna post connected to sround through 50 ohms resistance.
Switch on con*rol box in main T/ position except on Channel
10 where Guard position wes used.

CHANNEL NOISE oUTrur

(Milliwatts)
1 32
2 12
3 10
A 15
5 12
6 9
7 13
8 12
9 10
10 12




TERIE 5

Model AN/LRC-13 Seriel Wo. 1 €01
AVC Characteristics Channel 4 -217.2

Megacycles
INPUT OUTPUT DECIBELS T%)" ON= MIITIVOJT
Microvolts williwatts - Qutput Jevel

i) 20 ' - 14.2

2 27 - 12.9

3 40 ' -1

A 70 R

5 85 i R

10 170 = 4.9

50 450 = 0.6

- 100 490 = 043
500 520 0
1000 520 0
5000 520 0
10000 520 0
50C00 520 0
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vodel AN/ARC-13 Serial No. 1 COL
LYC CHAPACTERISTIC
Tow Guard Channel

INOUT QUTPUT PECIBIES TROM ONE MITLIVOLT
Microvolts Milliwatts Output Ievel
1: 140 =5.4
2 230 -3.3
5 370 -1.2
10 410 -0.8 i
20 L0 -0.5 il
50 460 : -003 Ll
100 470 : -0.2
200 L70 : _ -0.2
500 475 -0.1
1000 490 0
2000 4LE5 0
3000 460 -0.3
L000 L0C _ -0.9
5000 : 200 -2.3
6000 210 =335
7000 . 275 -2.5
£000 400 ) -0.9
2000 425 - -0.6
10000 425 -0.6
12000 320 -0.9
15000 335 -1.6
20000 - 265 -2.
25000 ) 220 -3,

30000 195
40700 175
50000 160
60000 135

L]
-
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TsBLE 7
Model AN/RC-13 Serial No. 1 COL

AVC Characteristics
High Guard Channel

INPUT OUTPUT DECIBELS FRCM CNE MILLIVOLT-
imicreovoits Milliwatts Cutput Level
10 30 -11.1
50 130 - L.8
100 290 - 1.8
500 365 - 0.3
1000 390 0
5000 . 420 % 03
100C0 £30 1 + 0.4
4 0.5

50000 450

DECLASSIFIED

1 mr1hv




T42LE 8

Model AI/A&RC-13 Seriel No. 1 COL
Operaion of Audio Compressor

COMPRESSCR _IN COMPRESSOR __OUT
15207 OUTPUT DB FROM ONE QUTPUT DB FROM ONE Milli-
Microvolts Milliwatts Millivolt level Microvolts volt (Compressor in)
. : level
10 60 -8.7 S0 -7.0
15 190 -3.8
20 380 -0.7
25 190 =3.7 600 +1.3
30. , 850 +2.8
35 1050 +3.7
L0 : ' ; 1100 +3.9
L5 - 1200 4.3
50 330 -1.3 1300 +.6
100 ; 410 =0.4 1650 5.6
500 450 0 2050 +6.6
1000 450 o 2150 +6.8
5000 460 +0.3% 2300 +7.1
10000 470 +0.2 2500 +7.5
50000 470 40.2 2650 +7.7

2 iten AR




INPUT
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10

50
100
500
1000
5000
10000
50000

TABLE 9

Model &N/ARC-13 Serial No. 1 CCL

AVC Characteristics
Voltages at the Cathode of AVC Rec-
tifier (V1201) and at Plate of AVC
Amplifier (V1202)

CATHCDE OF V1201 PLATE OF V1202
Volts Volts
+l¢-5 +2’7.0
+3.9 +27.0
RV A 126.5
47 a2k
+4.8 +23.5
+4.9 423:.2
+5.0 122.5
45.0 $21.7
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Only points are shown which are not satisfactory.

Frequency
Megacycles

70
150

339
139.4
10G.2

Model A¥/ARC-13 Serial No. 1 COL

1750
1300
1400

TABLE 11

Image Rejection

MAIN RECEIVER, CHAFFEL 1

(109.8 mc)
Input Sensitivity
Micrevolts (200 milliwatts)
2800 7.5
7000 7.6

MAIY RECEIVER, CHANNEL 9
(378 zc)
(100 millivatts)
35
35
35

DB Image
Rejection

51.4
59.4

34.0
3l.4
32.0




Channel

TABLE 12

Model AN/ARC-13 Serial No. 1 COL
IF Rejection

Frequency
Hegacycles

Sensitivity
Microvolts

IF Signal
Microvolts

Decibels

Ratio

sig/Yoise
Milliwatts

DB
s/x

e |

ow Guard
jgh Guard

109,8
378.0
140,58
280.2

.5

2 o

65}
> R

3750
3000
2150
2650

240/60
100/15
240/60
100/15

TIERY L

6
8.2
6
8.2
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TABLE 13

Model AN/ARC-13 Serial Wo. 1 COL
Apdio Output and Per Cent Distortion vs. Frequency

Input 1000 Microvolts Modulated 30% 1000 CPS

Channel Frequency Output Per Cent
Hegacycles Milliwatts Distortion
1 109.8 520 30
2 128.0 ; 460 26
3 164,8 470 28
& 217.0 520 32
) 230,.6 420 27
i




TABLE 14

Hodel AN/ARC-12 Serial No. 1 COL

fudic Output and Distorticn vs Per Cent

modulation

Channel 5 (230.6 mc), input siznal 1 millivolt modulated at

Per Cent Disto

rtion

1000 CPS
Per Cent kodulation Audio OQutput
_(1i11iwatts)

10 320
20 330
30 L40
40 L8O
50 480
€0 165
70 [ L55
80 430
e ; L15
100 420
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Model AN/ARC-13 Serial No., 1 COL
Audio Output and Distortion vs. Signal Input

Channel 5 (230.6 me), signal input modulated 30% and 60% at 1000 CPS,
reference level is cutput with 1 millivolt input signal modulated 30%.

3Q% Medulation 60% Modulation
Signal Input Output Per Cent .OQutput Per Cent
Microvolts Mw _DB Distortion My DB Distortion
10 HE  L9uF 80 95 -6.3 48
50 250 «2.1 27 360 ~0.5 24.5
100 335 -0.8 24 435 +0.3 29.5
500 385 ~0.2 25,5 480 +0.7 29.5
1000 405 0 28 490 +0.8 &5
5000 410 +0,05 28 500 +0.9 34
10000 - 400 =0.B85 32 510 +1,0 Bk
7 32

50000 410 +0.05 B2 480 +0.
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TABLE 16
Model AN/ARC-13 Serial No. 1 COL
Audio Output and Distortion vs. Output Impedance

Channel 5 (230.6 mc), signal input one millivolt modulated 30% at

1000 CPS
OQutput Impedance Output Decibels From Per Cent

Ohms Milliwatsts 30N Ohm Level Distortion
50 550 + 1.4 18
100 550 + 1.4 21
150 500 + 1.0 R
200 450 + 0.5 23
200 400 0 25
"800 275 - 1.8 28
1000 200 - 3.0 30
2000 (o120 F = B2 33
5000 45 = 8935 33

10000 - 20 -13.0

44




TABLE 17

Model AN/ARC-13 Serial No, 1 COL
Receiver Fidelity

Channel 5 {230.6 mc), input signal 1 millivolt modulated, 30% at

1000 CPS
AUDIC FRIQUENCY OUTPUT DZCIBELS FROM 1,000 PXR CENT
_____0ps MILLIWATTS CPS LEVEL. _ DISTORTION
100 180 239 28
150 240 ~2.6 26.5
200 280 -2.0 25
250 210 -1.5 26
300 730 ~1.2 25
400 5 ~0.7 28
500 410 -0.3 28
600 425 -0.2 28
750 435 =01 27.5
1000 240 N 28
1500 " 400 -0.4 25
2000 350 -1.0 “oh
2500 . Z0 =15 28.5
3000 265 T =22 28
4000 230 . =2.8 27.5
5000 185 -3.8 31
6000 160 -4.4 ' 31
7500 140 -5.0 30

10000 - 160 ~6,4 : 32
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TABLE 18

Model AN/ARC-13 Serial Yo. 1 COL
Squelch Operation

Channel 5 (230.6 mc), input signal modulated 30% at 1000:CPS

I¥PUT ] : QUTPUT
Microvolts Milliwatts
- 'B 0sd:
7D 0.3
10 : ; 0.8
12.5 1.7
15 3 5.0
17.5 ; 150
13 26
20 48
21 ' : 75
22 1O
23 120
24 160
25 240
30 270
35 ' 300

NEULAS
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Model AN/ARC-13 Serial No. 1 COL .
Transmitter Power output vs. Supply Voltage

Chanrel 5 (230.6 mc), standing wave ratio 0.928.

Supply Voltage Transmitter Power Output

Watts
24 7.6
2 8.8
26 9.6
26.5 - 10:5
o ; 10.8
28 11.6
29 12.4

kﬁ”*
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JEGCLASSIFIE:
Table 21 3-_m.mﬁm;-u yevi

Model AF/ARC-13 Serial No. 1 COL
Transmitter Power Output vs Time,

Channel 5 (230.6 mc), Standing 7ave ratio 0.933, equip-
ment on 1 minute before being keyed, time is given in
minutes from time transmitter is keyed.

Time (Minutes) Power Output (Watts)

2 1329
2 : 13.7
b . 12.85
10 124

15 _ 1358

20 Il

27 ; 10.7

38 . 10.3

40 10.0

60 9.55




—IABIE 22

T
ﬁtg\d@é ' 153 %&?
Hodel AN/ARG =12 Serial No. 1 COL

Power Qutput 1nto5ver10us Loads

=10

20 Ohn Load 0 Ohn Load 125 Ohn Load

Trail] Power Phasd Power ! Phase ! Phase

Qutput! S.W.R{ #Angld Output: SWM.R.; 4ngle om@m55£am Angle
(o 8,55 | 2371 «+ 79 i 878 +7.5° 1 1L3 1 2450 Hz2°
( 24 509 2,50 F #1299 209 898! +6,1°0] 10,14 2.49] 417°
( 3 985 | 2.61f #1929 112 | Lo gc |10.15; 2.47 +9°
( &l 92 11.26 10.53] -

; |

Gk 6.1 poft i and malue | ooas 1o | 206 w2
(G 5.9 2.31F =14 7.8 1 39151 =2.9%) 1143 | -2.39} 42°
o 5.1 2ol sl g ] LGl L =890
( &vd 54 8.1 10.9




TASLE 23

Model AN/ARC-13 Serisl ¥o. 1 COL
Transmitter Power Output vs. Temperature

Readings tsken at the end of 20 minutes operation of the transmitter,
50 ohm load.

Temperature Channel 2 (128.0 mc) Channel 7 (328.2 mc)
Conditions Power Output Power Output
(Watts) (Yatts
Roo% Temperature — 11.6
-50°C 7.9 10.5
0°¢ 7 .35 9.6
+2000 7.35 8.8
+50°C 7.4 6.6

Room Temperature

After run —— 7.8




Table 24

Model AN/AKC-13 Serial Fo. 1 COL.
Transmitter Fower Output vs. Mumidity

Channel 5 (230.6 mc), “eadines taken after 15 minutes

oreration of transmitter, 50 ohm load.

Time or Cond.

Hil. Temp

+50°¢. (No Humidity)
After 24 hr. Humidity
After 48 hr. humidity
2 hr. Hecovery
72 hr. Recovery

Power Output (“atts)

8.9

Y=g ARSU

e




TABLE 258

Model AN/ARC-13 Serial No. 1 COL
Modulation Characteristics - Capability

Channel 4 (217.2 mc), modulation of regative peaks measured by means of
modulation meter built by Test Investigation Section, Airborne Radio
Division of the Naval Research Laboratory. Measurements under standard

conditions.
Altisude Volts for 85% Decibels Volts for 100%
(Approximate Modulation - Gain Modulation
Feet)
Below 20,000 0.73 - ] 0.80
20,000 to 35,000 0.3 7.4 0.35
Above 35,00C 0.14 6.9 0.15
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TABLE 26

Model AF/ARC-13 Serial No. 1 GOL
Modulation Characteristics — Capability

Measurements under service conditions: (1) Temperatures ranging from
-30°C to +50°C taken on channels 2 and 7; (2) +50°C and $5% humidity taken
on channel 5. )

Temperature VOLTS INPUT ¥OR 30% Modulation
Conditions Channel 2 Channel 7
Hoom Temperature 0.32V
-20°C 0.30V. 0.24v
0°C 0.38V 0.26Y
+20°¢ 0.38V 0.24V
#50°C 0.397 0.27V
Room Temperature . 0.24V
(2): Channel 5
Room Temperature . 0.3V
+50°¢ (no humidity) 0.3V
24 hours Bumidity : 0,32V
48 hours Humidity 0.38
*2 hours Recovery 0.26
72 hours Recovery 0.28

ote: * Two hours continuous operation.

DEGLASSI-IED




TABLE 27

Model AN/ARC-13 Serial No. 1 COL
Modulation Characteristics ~ Fidelity

Channel 4 (217.2 mc), negative peak modulation made by means of modula-
tion meter under standard conditions.

Andio Per Cens Volts for 1004  Ded¥dl-Ratio to
Frequency  Modulation* Modulation 1000 CPS Volts
150 14 2.85 16,1
200 30 1.85 7+3
300 79 1.05 2.4
400 81 0.87 0.7
600 93 0.84 0.4
200 94 C.81 0.1
1000 100 0.80 0
1500 86 0.86 0.6
2000 80 0.91 1,1
3000 57 117 3,3
3500 47 1.43 5,0
4000 36 1.85 7.3
6020 10 1.90 7.5

Wote: * Audio inpu£ constant 0.8 volts;

Per Cent

Distortion




Condition
Varm-vp Drift
455 minutes
+238C

+50°¢

Warm-up Drift
+23°C

Warm-up Drift
+23°C

+50°C
-30°%¢C

+50°C

TABLE 28

Model AN/ARC-13 Serial No. 1 COL
Frequency Stebility :

ghapnel

Low Gunard

Low Guard

High Guard

4 (217.2 mc)

7 (328.2 mc)

2 (126.0 me)

5 (230,6 me) -

Per Cent Off
Transmitter

Frequency
Receiver

-,0195

.0151

.0023

.00126
.0066
.0023

.0076
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Table 29

Model AN/ARC-13 Serial No. 1 COL
Input Power Requirements

Receive (Normal) Receive (Autotune) Transmit
Amps. Watts Amps Volts Watts Amps. Watts
B.2 197 12.6 215 271 b b2 290
8.5 213 184k 25.0 301 12.8 320
8.8 229 13.6 24.5 334 135.2 343
8.9 236 13,9 25.2 350 13.5 358
9.0, 243 13.8 2555 352 139 370
9.2 258 4ol 26.5 374 14.1 393
9.5 276 14.6 28.0 409 14.6 423
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Table 30

io. 1 COL

Serial

C-13

Model AN/AR

Channel Changing Time
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TABLE 31

Model AN/ARC-13 Serial No. 1 COL
Weights and Dimensions

Unit

—

AW/ARC-13 (less cables and
shock mounting

Guard Channel (extra unit)

iinit Length

AN/ARC-13 (overall

dimensions of equip-

ment not mounted on

shock mounting) 21 1/an

Weight
(Pounds)

5.4

2.0
Width Height
15 5/t 7 7/8n
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