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ABSTRACT

The Model RXA Antenna Multicoupler was submitted for tests to deter—
mine its suitability for Naval use, as compared with the RCA §-8853-1
multicoupler, in accordance with reference 1. The equipment was manufac-
tured by the Hoffman Radio Corporation, Los Angeles, California, Tests
were conducted from 1 December 1945 to 1 January 1946.

The purpcse of the equipment is to permit counling up to 10 receivers
to a single antenna without interaction or interference between receivers,
and with minimum cross-modulation, strong signal overload, and attenuation
of desired signals in the 4 to 24 Mc frequency range.

Measurements made upon the RXA multicoupler disclosed that it is
sunerior to the RCA S-8853-1 multicoupler in respect to radiation sunpyes-—
sion, cross-modulation, and strong signal overlead from undesired signals
of 10 volts or less. However, undesired signals of greater than 10 volts
cause nore loss in the RXA nulticounler than in the RCA $-8853-1 multi-
coupler. Also, the RXA multicounler causes a greater loss in sensitivity
(on a signal-to-noisc ratio basis) at all frequencies (4 to 24 Me), it
provides much less gain, and it produces stronger spurious responses. The
R¥XA multicoupler will withstand continunus omeratinn at temveraturss up to 50°C,
and perfermaneé.remains unchanged with $emperature variation of from 25°C to 50°C.

Mechanical inspection showed the EXA multicounler to be of unusually
good constructien for the tyne of service intended. General layout is
gond, components and chassis are apparently adequately protected against
hunidity and salt spray, wiring is neat, and accessibility is excellent.
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INTRODUCTION

1. The RXA Antenna Multicoupler was manufactured by the Hoffman Radio
Corporation, Los Angeles, Californic. It was tested %o determine its
suitability for Naval use, as compared with the RCA $-8853-1 multicoupler,
in accordance with the requirements of reference (1), The equipment was
designed to couple up to 10 receivers to one antenna, without contributing
loss or interference to desired signals in the 4 to 24 Mc range,

2, Characteristics to be compared were effect on sensitivity, gain, over-
load, cross-modulation, production of spurious signals, and radiation
suppressiorn, Mechanical construction features were noted, as wes ability
to stand relatively high smbient temperatures.

RESULTS OF TESTS

3. Sensitivity neasurements were made by feeding the output from a
Measurements Corporation Model 65B signal generator through a standard
dunmy antenna (which in the 4 to 24 Mc region appears as a resistance of
400 ohms) to (&) the antenna input of the EBC-2 receiver, (b) the inmput of
the RXA Antenna Multicnupler, (c) the imput of the RCA S-8853-1 Antenna
Malticounler., Whenever the signal generator was fed to either multicounler,
the input of an RBC-2 reccivor was connected to the output of that multi-
counler, The antenna trimmer of the RBC-2 was peaked for each measure-
nent, Output of the HBC-2 receiver was observed on an externally connected
General Radio Type 483C output meter. Signal generator output and receiver
gain controls were adjusted for standard cw sensitivity for all measure-
ments, Sensitivity measurements were also made for each channel of the
multicoupler and were frund to be within 1 db of each other,

4., As shown in Plate 1, the BXA multicoupler causes a loss in cw sensi-
tivity at all frequencies in the 4 to 24 Mc range except from 9 to 11 Mec,
where it has a gain of about 1 db., The RCA S5-8853-1 multicoupler causes
2 loss in cw' sensitivity at all frequencies in the 4 to 24 Mc range
except from 8 to 14 Mc where it has a gain of about 4 db., The RCA multi-
coupler was operated with a 150-volt B supply in these tests; (the per-
formance can be expected to vary with different operating voltages).

The RXA unit zives lower sensitivity at all frequencies, with the differ-
ence averaging abeut 6 db.

5, Radiaticn suppression was measured from a2 typical receiver cutlet
jack to (1) an adjacent outlet jack and to (2) the antenna jack. The
first measurement showed the minirmm degree of isclation of "birdies"
fron ane receiver oscillator which come in as siznals on another, The
second measurement showed the degree of attenuation of radiation from the
antenna using the receiver oscillator as a transmitter. These measure~
nents were made on the basis of power loss (in decibels), which takes
into acccunt the difference between input and output impedance at the
aporopriate multicoupler terminals,

6, The output impedsnce looking inte a typical receiver outlet jack on

the multicoupler chassis was measured with a General Radio~lype 916A- R=F
bridge over the 4 to 24 Mc range of both the RCA and RXA multicounlers.
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Ag shown in Plate 2, this is a rether uniform decrease from 920 ohms at
4 Mc to 565 ohms at 24 Me on the BXA unit and from 800 ohms at 4 Mc ta
180 ohns at 24 Mc on the RCA unit. The RCA unit loads the receiver more
at all frequencies, which tends to reduce radiation,

7. The input inpédance looking into the antenna jack of both the RCA
and RXA rulticouplers at the chassis is shown in Plate 3. This was
neasured over the same frequency range with the same B-F bridge. The EXA
innut impedance is 43 ohms and is somewhat inductive at 4 Me, It increases
to 2200 ohms purely resistive at 10 Mc, It then becomes capacitive,
dronping to 4.8 ohms at 24 Mc., This peak in the 10 Mc region explains
the improvement in sensitivity noted in paragraph 4 in the 9 %o 11 Me
range, and the poor results noted at each end of the band. The RCA unit
exhibits similar characteristics but only drops to 23 ohms at 24 Mec, The
exact parallel resonant peak of the RCA unit was not located, as consider—
able extra maninulation of the bridge in this range is required, and the
results appeared similar in other respects, The RXA appears to have
practically reached series resonance at 24 Mc.

8. Radiation supnression was measured by feeding a known voltage from

a signal generator into a multicoupler output jack, and measuring the
voltage at the apnropriate immut jack across a series of resistive loads
by a substitutirn method, using a decoupled receiver and signal generator,
Maximun output power was determined, and was referred to input power
Ceternined from the imput voltage and imput impedance., The inter-channel
radiation suonression thus obtained is shown in Plate 4, The RCA multi-
coupler supnression decreases rather uniformly from 58 db at 4 Mc to 38 db at
¥c. The RXA multicoupler suppressinn averages about 6 db better and
varies more over the range, This is good performance, Suppressicrn of
radiation to the antenna is shown in Plate 5., Both rulticouplers zive
sipilar performance, averaging from 120 db at 4 Mc to 85 db at 24 Mec,
which is excellent,

9, (Gain mensurements were made by feeding the output from a Measurements
Corporation Model 65B signal generator through a standard éummy antenna

to {(2) the antenna input of the RBC-2 receiver, (b) the input of the RXA
dntenna Multicourler, (c) the input of the RCA S-8853~-1 Antenna Multicounler.
Whenever the signal generator was fed to either multicounler, the input

of the EBC-2 receiver was connected to that multicoupler., The antenna
trinmer of the RBC-2 receiver was neaked for each measurement, Output of
the RBC~2 receiver was observed on an externally connected General Radic
Type 483C output meter, Signal generator ocutput and receiver gain controis
were adjusted for a satisfactory signal-to-noise ratio (better than 20 ab),
and a convenient output meter reading was obtained with the test equip—
ment connected in accordance with (a) above, Connectiéns were then changed
as in (b) above, and the signal generator output was readjusted to restore
the output reading to the original value. The difference in signal genera-
tor output levels was expressed as a gain or loss in db. Connections were
then changed as in (c) above, and the foregoing procedure was repeated,
Gain measurements were 2lso made for each channel of the multicrupler and
were found to azree within 1 db, The results are shown in Plate 6,
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10. The EXA multicoupler provided about 12 db less gain than the RCA
model, The RCA S5-8853-1 multicoupler was operated at a 150~volt B supply
in these tests; (the performance can be expected to vary with different
operating voltages). The RXA multicoupler causes a loss in signal at all
frequencies in the 4 to 24 Mc range except from 8 to 12 Mc, where it shows
a maximum gain of up to 4.3 db, This is the region of highest input
impedance, The RCA unit gives gain from about 5.5 to 21,0 Mc with an 18.6
db peak at 10,5 Me, which is the region of highest input impedance, Spot
frequency gain measurements wers made using the same procedure and squip-
ment, except that a dummy antenna of 60 ohms was substituted for the
original 400 ohms, and a slight but not significent change in gain levels
was noted,

11, Results of these gain measurements do not sgree with the data supplied
by the manufacturer, This may be explained by differences in test proce—
dure, use of different tyves of test equipment, use of different lengths

of interconnecting cables, and use of different input impedance communica-
tions receivers for the tests., The EBC-2 receiver antenna trimmer was
neaked for each measurement, while the data sunnlied by the manufacturer
did not indicate that he had done this in his tests, In practice, this
would always be done if the signal were weak. These results will obviously
differ widely with different antenna impedances, Neither the 50-chm cables
nor 2 400-ohm antenna are likely to work into am optimum load over any
appreciable frequency range, as shown in Plate 3.

12, Strong-signal overload measurements on the multicouplers were per—
formed by simultanenusly feeding the outputs of a Measurcments Corporation
Model 65B sigznal generstor {fed through a 120,000 chm pretective resistor)
and 2 Collins Model TCS-5 transmitter through a standerd dummy antenna
into the multicoupler input. &n EBC~2 receiver was connected to a multi-~
coupler output jack. The signal generator and receiver were set up on

6 Mc and adjusted to & level gatisfactorily above noise {about 20 db
signal-plus-noise to noise ratic), requiring about 12 microvolts innut

to the dumny antenna at 6 Mc, The tronsmitter was set to 11 Mc and the
antenna tuning circuits were adjusted to apply high r-f voltages to the
multicoupler input. These high r—f voliages were measured by a Genesral
Radio vacuum tube voltmetsr connected across the multicounler input. An
attempt wag made to apply 50 r-f volts to the RXA (Hoffman) multicoupler,
but this resulted in destruction of ths first tube (a Type 64B7).

13. The RXA multicoupler begins to exhibit strong-signal overload with
undesired r-f signals of one-half volt or more as comparad to the RCA
5-8853-1 multicoupler, which begins tr overload with undesired r—f signals
of one-tenth volt, Althouzh the RXA multicoupler is considered better
than the RCA $-8853-1 multicounler in this respect, it would still be
very vulnerable tc near by radio transmitter signals. These results are
shovan in Plates 7 end 8,

14, Measurements of cross—-modulation were made by feeding the cutnuts
of two Measurements Corvnration Model 65B signal generators (each through
an 800 ohm resistor to present a composite impedance eguivalent to &
standard dummy antenna to the multicounler) into:



(a) The antenna input of the RBC-2 receiver,
() The irput of the RXA Antenna Multicounler,
(¢) The innut of the RCA S-8853-1 Antenna Multicounler,

Yhen the. 3isnal gendgrators were fed ifitd -either’'nulticoupler, the.input

6f the T0=2 receiver was conneched-to’'the output of: that multicoupler,
Out»ut nf the RBC-2 receiver was observed on an externally connccted General
Rafic Tyne 483C nutput neter,

15. With test equinment set up as at (a) above, it was immossible to develon
any cross-modulatinn with the availahle outmut ranse of the signnl =zenera-
torrs (0 to 2.2 volts r~f). This established the fact that the RBC-2 receiver
itself was free of cross-nodulatinon effects.

16. One of the signal generators and the KBC-2 rcceiver were adjusted for
standard cw sensitivity at 11,2 Mc. The nther signal generator frequency
vns set above and below this freouency in 1 Mc steps at the output level
(with 90% modulation at 400 cycles) necessary to cause & 3 ¢b increase in
the IB0-2 receiver outrut (above the 11.2 Mc standard cw sensitivity level),
The RBC-2 receiver antenna trimmer was kent neaked on the 11.2 Me signal,

To determine that the 3 db outnut increase was always cross-nodulation,

the 11.2 Mc genorator was turned off, If this caused the output to dis-
arpear, the outnrut was due to cross=mndulation and net to lack of selec-
tivity,

17. As shown in Plates 9 and 10, the RXA rulticounler was better than the
RCA unit at most frequerncies throughout the & to 30 Mc range, from the
standnoint of cross—modulation, However, the RCA $-8853-1 multicounler

ves better through the 17 to 23 Mc rence., Both of these units would
nrobably be troublesome from this standpoint when aperateld near radio trans-
nitting statiens,

18. Measurements of spurious responses were made by setting one Measure—
nents Corporation 65B signal generator at 6 Me and a second 65B siznal
menerator at 8 Me. OQutpuis of these signal generators were fed simultane-
ously throu~h 800 ohn resistors to: (a) the antenna innut of the RBC-2
receiver, (%) the innut ~f the RXi Antenna Multicounler, (c) the immut

of the RCA S$-3353-1 Antenna Multicounler, Whenever the signal generators
vere fof intn either multicounler, the inrut of the RBC-2 receiver was
nbserved nn an externally connccted General Radio Tyne 483C outnut méter.
The two 65B siznals resulted in the renerntion of snurious beats or
resnonses within the narticular miece of gouinnent beings fed, The intensity
nf those responses varied with different simal generator nutnut levels,

and this intensity was measured by commarison to the sional from just one

of the 65B sisnal genseraters operating 2t the frequency of the particular
spurinus response, The signal generntnr nutnut was adjusted to obtain
equivalent outnmut of the surious resn-nse at the receiver resonant frequency,



18, Spurious responses were measured at freguencies of 4, 10, 14, 20 and
22 Mc, and the results at 10 Me produced by 6.0 and 8.0 Mc signal inputs
are shown below, These were tynical of those at the other freguencies,
At a 1 volt level, the receiver alone rives 2 110 @b rejection, the RCA
unit zives 58 db, and the EXA unit zives 36.5 db, Figures listed under
colums (a) indicate the outnut of each of the two 65B sisgnal generators
{(one at 6 Mc and the other at 8 Mc) for a certein outnut neter reading

on the RPC-2 receiver. Figzures listed under columns (b) indicate the
outrut required of a third 653 siznal generator (on 10 Mc) to duplicate
the output meter reading of the KiC-2 receiver. The top fizures under
colurms (a) and colurms (b) are the ninirmum inputs for a signal-plus-nnise
to neise rntio of 3 db under m-c-w conditions,

SPURIOUS RESPONSES AT 1C Mc

F2C-2 receiver only RXA Multicoupler RAgiMulticounler
STGNAL SIGHAL SIGNAL

() (B  BRatio (8 () Ratic _(a) () PRetio

.56 v 0.6 uv 119.5db 0.5v 2000 uv 43 @ 17,500 uv 0,2 uv 98 &b
3 110 1 15000 36.5 1v 1250 58
1.5 85 2 200000 20 2 60,0N0 30,5

1

20. The RXA multicoupler was tested under conditirns of high temmerature
with relative humidity below 50% at 211 tines, Iquipment was set uwp as
shown in Plate 11 at roon termerature (25¢C), and adjusted for standard
e-w sensitivity (2 microvolts at 14 Mc). The entire equipment was
stabilized by operating at room temmeraturc for 4 hours and nmeasurement

of sensitivity disclosed nc change. Then heat was supnlied and the
temerature was stabilized at 50°C. The equipnent was operated at 58°C
for 26 hours and measurements nf sensitivity esach hour disclesed no change
within neasurement accuracy (about 1 db). Then the temnerature was dropped
to roon value and with the eruipment onerating for an additinnal period of
16 hours, the final neasurement of sensitivity showed no change within
neasurziunt accuracy from the nriginal neasurcment, ,This is excellent
perforoance nver this range,

CONCLUSIONS

21, Upon the basis of the tests conducted, the subject equipment is not
considered suitable for use abeard any Naval vessel upon which a trans-
nitter could onerate during neriods of rcceptirn, or at any Naval shore
station where the field strensth of any transnitting station (operating in
the freauency range from about 4 to 40 Mc) would deliver a value of 0.1

to 1.0 volt of r-f at the multicounler input jack. In addition to being
subject to eross-modulation and mpurious responses, the subject equip-
nent produces a sensitivity loss (orn & signal-to-noise ratio -basis) at
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frequencies tested (except the narrow band of 9 to 11 Mc, where there
was a peak gain of about 1 db), it produces a gain loss except in the

8 to 12 Mc region on a standard antenna, and has insufficient strong-
signal overloacd protection. The imput impedance varies widely over the
useful freguency range, The mechanical construction is unusually good
and well arranged, with excallent accessibility. High guality parts and
excellent workmanghip are displayed. The equipment will operate satis-
factorily at high ambient temperatures.

RECOMMENDATIONS

22. It is recommended that devices of this nature not be used when separats
antennas or direct paralleling systems can be emnloyed. If such a device
must be employed, this one is well built and gives typical performance,

REFERENCES
1. BuShins ltr. Serial No. 2162 (925Cm) of 20 Sept. 1945 to NRL.
2. Spocificetion 16M4(RE) with amendment 1,

3. BuShips Snecc. RE 13A 554E,
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