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ABSTRACT

This report constitutes a summary of the Laboratory
analyses performed in connection with several combinations
of VHF/UHF naval communication equipments in the frequency
range 225 to 400 Mcs. The specific systems studied were
combinations of:

Model TDZ Transmittersand Model RDZ Receivers

Model TDZ Transmitters and Model RDR Receivers
Model M/R Transmitters and Model RDZ Recelvers
Model MAR Transmitters and Model RDR Receivers.

The primary purpose of the measurements was %o determine
the magnitude and loecation of interfering signals when
employing 100 standard communication channels and one guard
channel. 4 total of approximately 40,000 measurements were
required to obtain the desired data. The analyses were
augmented by additional date and information obtained from
previous studies sf the communication equipments involved.

Analysis of the results lead to the following gener-
al conclusions:

(a) Systems employing the RDR receiver in con-
junction with either the TDZ or MAR trans-
mitters exhibited the presence of approxi-
mately three times as many interference
signals as systems using the RDZ receiver,

(b) In all systems studied the spurious response
characteristic of the recélvers accounted
for the presenec of 50 to 90 percent of the
interference signals.

(¢) The MAR transmitters genherated a large number
of interference signals which varied widely
in location and magnitude.

(@) The TDZ transmitterswere responsible for only
a small percentage of the total interference
signals and these were essentlally stable,

(e} Very few interference-free communication
channels will be available in systems utili-
zing all four models of equipments (TDZ, M4R,
RDZ, and RDR), :

(£) The RDR and MiR equipments are not considered
suitable for shipboerd instellstion when sever-
al sets of equipments are required and inter~
fercnce-free operation is necessary.
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INTROCUCTION

1 Reference (1) reruested the Neval Ressarch Leb-
oretory to perform systems analyses of 225-400 Mc., Com-
municstion souipments. Refsrences (6), (7), (8) and
(9) describe system snalysss psrformed on the following
combinations of equipments:
(o) Model TDZ trensmitters and Model EDZ receivers
(b) Model TDZ trensmitters and Model RDR receivers
(c) Model M/iR transmitters end Model RDZ rececivers

(d) Model MiE transmitters =nd Model RIR receivers.

These couipment groups were operated on the 100 primsry Nevy
Chennels and one ~uard chennel in this frecusncy renge. One
of the more importsnt pheses of the svstem snelyses wes the
selsction of interference free chennsls for s comuunicetion
system, i,e. whers & system is considercd es & larse number
of communication nets. The purpose of this report is to
coirelate the rssults obtained from the systems evalustions
with date and informstion secured from previous stu.iess of
these communicetion equipment®s so thet a more complete sys-
tem evelustion cen be msde., In sddition, one method is pre-
sented for selecting interference free communication chan-
nels for & single shipboerd installestion conteining 10z, RDZ,
M.E snd EDR souipments.

2. In 2 communication system contsining 101 freoucncy
chennels, possible interference on sny rcoceiver channel could
result from one or more trensmitter sienels., Therefore, to
adecuetely enelyze a system employing TDZ, RDZ, MLR end kDK
couipments, every receiver channel on the RDZ and DK re-
ceiver must be checked for interference egainst both trens-
mitters on 101 channels, necessiteting & total of e pproxi-
mately 40,000 msasurements. These measuremsnts were con-
ducted on systems cmploying the above eculpments end the
results ere described in refsrences (6), (7), €8), and (9).
The measured dete ore shown on Plates 2, 3, 4, and 5.

3e In order to determine the primsry ccsuses of inter-
fercnce in 2 communicstions system each component of the
system must be exemined to ascertain its objectionable
cherecteristics. The Model TDZ end MiR transmitters;. and
ths Model KDZ znd RDR reccivers all employ frecusncy multi-
plication in order to obtsin the desirsd output frecuencles.
Any eouinment which produces its final output frequency o
Reterouyne fregquency by multiplicetion of a besle cry-

stal oscillator, will have in 1ts output power components at
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frequencies which will include each and every hammonic of

the basic frequency. The actual strength of these components
will depend upon numerous factors, including the shielding
integrity between stages, the operating condition of the
various tubes, the adjustments of tunsd circuits and the cir-
cuit elements. In trensmitters, the magnitude of these com-
ponents which are radiated will depend largely upon the slec-
trical characteristics of the entenna system.

Lo Individual studies were conducted on ezch of the
equipments and it was found that the gencral analysis de-
seribed in persgraph 2 was appliceble to ell equipments,
These studies were performed prior to the system analyses
and the pertinent results are reported in references (6),
(79, (8), and (9). In general, these studies indicated
that every receiver had many spurious response frequencies
end thet both trensmitters had & large number of radio fre-
quency outputs of considerable strength in addition to the
desired output frequency, Therefore, in a system contein-
ing two or more equipments, i.e. at least one transmitter
and one receiver, three potentiael sources of interference
exlst for each operating frequency. They are:

(a) One of the spurious response frequencies of a
receiver coinciding with a transmitter operat-
ing frequency.

(b) One of the undesired radio freguency outputs
of & transmitter coinciding with a receiver
operating frecuency.

(¢) One of the spurious response frequencies of a
recciver coinciding witham undesired radio fre-
quency output of a transmitter.

The first two types of intzrference accounted for essential-
1y all of the interference signals measurced in the inter-
ference anelyses, The occurrsnce of the last type was high=-
1y improbable becszuse the level of this type of interference
is below the sensitivity of the average system. For all prac-
tical considerations this third type of interference can be
negleccted, as it contributes only a very small percentage of
the totel interference signels, and all of these would be of
very low amplitude.

5e If the averase number end magnitude of the unwanted
radio frequency outputs per channel for & transmitter and
the averace number and magnitude of spurious response fre-
quencies per channel for a recelver are known for a given
system, then a reasonable prediction can be made as to the
total number and renge of intensity of interfercnce signals

il LT -
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that will exist in this system. One criterion for an
anelysis of this type 1s that the interference signels
have & random distribution over the frequency spectrum
considered. This will be the case, to a reasonable de-
gree, if 1n the system considered there is no fixed meth-
ematical reletion between the methods of frequency multi-
plicetion in the equipments snd the methods utilized in
selection of the chennel frequencies, In the systems con-
sidered, with the exception of those including the N.IR
trensmitter, these conditions were fulfilled. The MIR
trensmitter obtains its output power by multiplving the
basic crystel oscillator frequency 54 times and subtract-
ing a fixed frequency of 30,2 Me. This transmitter mey heve
in sddition to the desired output freousncy the following:

(a) A11 nermonics of the basic crystal oscillator
frequency.

(b) 411 hermonics of the fixed frequency oscillator
(10.066 Mc).

(¢c) £11 sum end difference frequencies of the a-
bove.

Therefore, some of thess spurious output frcequaencies will
follow en erithmetic progression. dJ4in erithmetic progression
also exists in the chasnnel specing on the Nevy communicetion
chennels in the 225-400 Mc, bznd which has a fundementel
spacing of 800 ke. Thus, the potentisl interference may

not be totelly indzspendent of channel spacing and the methods
used for computing interfersnce signels for other ecuipments,
i.e. TDZ-EDZ and TDZ-EDR equipment mey not give accurate re-
sults on systems conteining the MLR equipments. In systems
containing thse TDZ, KDZ and KDR equipments the converse is
true, in thet an accurates cstimate can be made, In reference
(6) an enalysis of this type wes performed for & system con-
taining TDZ and KDZ cquipments sand the results are repsat-

ed here as an exemple of how this was accomplished. Con-
sidering the everace intensity of all receiver spurious
roesponse freaqusnciss and transmitter unwented radio fre-
quency outputs, notentisl interfercnce signals wers found

to be (12) twelve per operating recelver channel, so that
for 100 primary channels, 1200 interference sienals could
exist. The mean effective bandwidth of the receiver is
about 0,20 Me, so thet 100 opsrsting channels occupy 100 x
.20 or 20 Mc. Methods for determining the meen effective
bendwidth are siven in Lppondix, part (a) of reference (6).
The frequency bend used for these tests were from sgbout

230 Mc¢ to 390 Mc or g total of 160 Mec, Therefore, inter=-
ference signels observed on the 100 receiv r channels for

iED
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the 100 transmitter chennels would be 12,5% of 1200, or
150 interfesrence signels, Considering the average number
end level of the receiver spurious resnonse frequencies,
and the trensmitter unwented radio freugency outputs, it
can be concluded that about 75% of the instances of ehen-
nel interferecnce calculated were due to the spurious re-
sponce ckerecteristic of the receiver. 1In the anelysis
deseribed in reference (6), 151 instances of chennel inter-
ference were observed for the system containing TDZ gnd

RDZ equipments. This exccllent azreement is probably more
accidental than reel; however, onc would expect in sy stems
compareble with the TDZ-RDZ or in the cese of other TLZ~RUZ
systems, a probeble accuracy of 90% or sreater.

G In estimetine the renge of level of interference
that would exist in 2 communication system conteining TDZ
and KDZ equipments, certsin basic factors must be known,
They are:

(@) The power output of the transmitter on the
operating frequeney. :

(b) The power output of the transmitter on the
unwanted radio frequencics.

(¢c) The sensitivity of the recciver on the oseret-
ing frecuency.

(d) The sensitivity of the receiver on frequencies
where spurious response points ocecur.

(e) “ttentuetion between trensmittine and receiving

antennes for all frequ-neies considercd.

With these basic fectors known the magnitude of the strong-
¢st interference signal cen be determined. In one case the
meximum interference siensl was observed when the trans-
mitter overating frequeney chennel coincided with e strong
spurious response in the recciver. TFor the TDZ-RDY sys=

tem this meximum signel was calculsted to be approxima tely

50 db above the noilse level of the receiver., Jlctual measure~
ments as reported in reference (6) indicate thet this fisure
is essentislly correct,

KESULTS
—— s e s

/i Table 1 presents the essentizl information secured
from the system enelyses or from refsrences (2), (3}, (u)({ 5)
and (10), on equipmznt characteristics for this composite
interfersnce snalyvsis, Tsble 1, column one, indicates the
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ECLASSIFIED



DECLASSIFIED

totel number of interforence signels produced if eech end
every transmitted signel interfered with 2ll receiver chan-
nels. Column two shows the average number of transmitter
spurious radio freouency outputs per channel which cen be
considersd of sufficient strength to cause system inter-
ference, snd the spurious response frcquencies per cheannel
for the receivers which ere 21so likely to cause system
intsrference., Potentiel interference si-mals for the RDZ
rec~iver were averegad on three channels, while on the &DR
rec-iver informstion wes available on only & single chan-
nel., Insufficient informstion was svailable on the MLRtrans-
mitter to meke any ressonables cstimete of the potential num-
ber of interference sienals per channel. Columns 3 and 4
ijndicate the total number of interference signals.measured
in each system and the rancge in level of these signsls, Col-
umn 5 presents the number of recceiver chennels which were
essenti elly free of system intsrisrcence when tranamitters
wers transmitting on ell chemnels. Column 6 indicates the
meximum renge of interférencecaused by interference signals.
Distances gziven ars betwcen trensmiting and receiving enten-
nas. Column 7 indicetes the expsct.d verietion in the aver-
age intensity of interference signals for each system, Col-
umn 8 cives the mean effective beandwidth for both receivers.
The mecan cffactive bzndwidth of a rec=iver is defined as e
theorstical, flat-bottomed, verticel sided, selectivity
ourve (idesl 1.F. zmplifier curve) which could be substitutad
for normal I.F. selectivity curve end produce comparable re-
sults. One msthod for determining the meen effecctive band-
width of e receiver is eiven in rcoference (6), sppendix,
Part (a). '

8, To determine the causes of interference in any
communication system & careful examinstion must be conduct-
cd on all components utilized. Both the TDZ and MZR trans-
mitters producsd system interfsrence when a recelver opesrat-
ing channel coincided with a transmitter unwented radio fre-
guency signzl of sufficient strength to cause interfcrence.
These unwanted redio frecusncy outouts in the 1DZ trans-
mitter were essentially stable in charaoter, that is, when
specific interference measurcments were repeated, similar
results were obteained, This was not the case with the MAR
transmitter. In sddition to variations ceused by slight
coulpment edjustments and tempersture changes, considerable
veriations were noted in magnitude end locetion of inter-
ference signels vhen the position of the meter switch on

the equinment was chengod. This switch chenges the posi-
tion of e multi-meter in order to indicete the operating
conditions of the verious circuits in the cquipment and 1f
properly designod should heve 1ittle or no effect on the

o R L 5
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radio freguency outputs. The changzs in megnitude and
Jjocation of interference signals due to these causes make
duplicetion or checking of results virtuslly impossible.
Thus, one would expect thet on any group of measurzment s
utilizing the MAR trensmitter the results would bes more of
an estimete rather than an accurate analysis. Thet 1is, the
number, megnitude and the position of the verious inter-
fercnce points for the MLR trensmitter are not stable and
an eceuratec snalysis of the deta is not practieal.

9. The principel ceuse of interference signzls in

the VHF/UHF communicetion systems analyzed has been the
spurious response cherscteristic of ths reccivers. This

cen be substsntiszted by observing column 2 of Table 1l and
compsring the results obteined on TDZ, HDZ and RDR ecquip-
ments. The RDk receiver, due to its spurious response
chsrecteristic eslone, will produce epproximetely ten times
as meny interfsrence signsls as the TDZ transmitter when
these souipments ere opsrated together as a locel system.

By comparison, the HDZ receiver will produce a2bout three
times &s meny intsrference signels as the TDZ trensmitter.
Ln sdditionsl fector which seriously limits the usefulness
of the kDR receiver in e communicetion system is its re-
latively brosd I.F. selectivity curve. This recefver has

e mean affective basndwidth of approximstely 400 ke. So

when one considers the present cheannel spacing of 800 kc,
and the sttenuation of 2 standard skipboard & ntenna system
of from 30 to 40 db, it is feirly certain that in a greet
many cases adjecsant chennel transmitters will produce inter-
ference on the operating channel of this receiver., (Stsnd-
erd shipbosrd sntenna instellation refers to a system con-
teining two MLAR entennss collineer mounted with a center

to center spvecing of four feet or for a horizontzl spacing
of 20 feet.,) This adjecent chennel interf srence existed, as
mey be seen by observing Table 1, Plates 3 and 5. The mean
effective bsndwidth of the HDZ recelv T is spproximately

500 ke, 4 study of Plates 2 end 6 will show that the pro-
bebility of observing edjacent channel interference was no
greater then for any of the more remote chennels. If the
stability of the operating system could be improved such
thet the mean effective bandwidth of the rec-iver could be
decreased, say for example, tO one-half of its present value,
then the aversgs number of interierence siznels would be re-
duced to spproximetely one-helf. In addition, this reduction
in mesn effective bendwidth of the receiver would produce
ths following results:

(a) The noise level in the receiver would be Te-
duced, which would be observed es an increase
in receiver sensitivity. This increassed re-
ceiver sensitivity would effectively increase

Btk ool Uikl £ 2 6
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the communicetion range of the system,.

(b) The number of interference free channels
on the receiver would be increcased, which,
in turn, would increesse the number of inter-
ference free communicetion channels.

Other methods for system improvement could include improved
filter circuits in the heterodyne oscillator system of the
receivers and improved shielding end circuit design in the
transmitters.

19, Plates 2, 3, 4, and 5 show complete results of all
interference messurements in systems conteining TDZ-RLZ,
TDZ-RDR, M.R-RDZ and M/R-RDR equipments. These equipments
were opersted on the 100 Primery Nevy Channels and the guard
channel for the system analyses. The one oxception was that
the RDR recelver was operzted on 98 channels, &s three chan-
nels were blocked due to the local oscillator signsl sppeer-
ing at the intermediste frecuency. To select intcrfcerence
fre= chennels for z system containing all four of the above
listed squinments, & careful exeminetion must be mede oOn
Pletss 2, 3, 4, and 5. The following procedure wes used to
select 7 communication channels which are essentially frese

of interference for ¢1l conditions of transmission. First,
Plste 5 waes examined end fifteen channels were selected as
interference freec for & system conteining MIR-RDR eouipments.
These channels are 1, 5, 6, 15, 23, 29, 34, 38, 46, 51, 62,
71, 83, 91 and 96. Second, flaste 3 was examined to see which
of these channcls were also cleer for a system conteining
TDZ-RDR equipments. Ctennels 1, 5, 6, 15, 23, 38, 51, 7%;

83 =nd 96 wers sclected. In 2 system conteining the kDR re-
ceiver =nd both of ths trensmitters the above chennels could
be utilizezd without inter-system interfcrence. Now the prow-
lem is to see how many of these channels can also be used
with the RDZ receivers. First, Plete 2 wes observed and it
was seen that channels 1, 5, 6, 23, 51, 71, 83, and 96 could
be used, These chennz2ls were cleer for the 1Wz-nDZ com-
binction of =zquipments., Sacond, flete 4 vas exemined end

it was found that chennels 1, 5, 6, 23, 51, 83 and 96 could
be us=d for the ontire system, This indicetcs thet on these
seven channels gll four souipments cen be operzted in a local
system with sssentielly no intsrference on the receiver chan-
nels for el1l conditions of trsnsmission. The methods uti=" -
1ized here ere appliceble when & smell number of che nnels

are to be s=lezctzd. The more compliceted problem of select-
ine the meximum number of interference free channsls for e
task force is beyond the scope of this report.

AT R 7
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Jol The exverimentel arrsngements on which 40,000
messurements were made are ecuivelent to stenderd ship-
boerd installetions in which the receiving and trensmitting
entennas are collinear with a 4 foot specing, oT, for =
horizontel spacing of sbout 20 feet. Tha specific data
obtained during these msasurements sre velid only for the
perticular eouipment on which the measurements were mede.
It can be concluded from the data derived from specific
svetems conteining EDZ-RDZ, TDZ-RDR, MLR-RDZ and M.iER-iDR
equipment that:

NECLASSIFIED
CONCLUSIONS

(a) The TDZ-RDZ system contained the least numbar
of interfersnce signals and the greatest num-
ber of interference free chennels.

(b) For the svstems contzining the KDZ receiver,
the meximum interference level was =pproximate-
ly 50 db above the noise level of the receiver,
For the RDEK receiver this meximum level wsas a-
bout 90 db sbove the noise level.

(¢) Ln interfer=snce signal level of 90 db, &s Ob-
served in these analyses, can produce detect-
eble interfercncc when the transmitting enten-
ne is speced from the recciving antenns a dis-
tence corrcosponaing to 25% of the communication
rensc of the system; en interfcrence sirnel of
50 db can produce undesirsble interference when
the transmitter to receiver entenna spacing is
one mile, an interfersnce signel of 30 db will
not oroduce interference when the transmitter
to receiver entenna spacing is ecreeter then
600 feet. Thus, it is possible for s trans-
mittsr on one ship to produce interference in
e receiver on a2 nearby ship.

(@) Ln interference siegnel of the order of 90 db
in a local system will render thet receiving
channel unusable. 4n interference siegnel of
50 db will reduce the communication range to
less than 10 per cent of its normal value and
an interference signal of 10 db will reduce
the communication range of & system to about
60% of its normal vealue.

—
i)
—

In 211 systems enalyzed 50% to 90% of the inter-
farence signsls were due to the spurious re-
sponse characteristic of the receivars.

T e, ¢ 8
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(f) On systems containing the RLR receiver
98 channcls only are usable, as two of the
nrimery chennels and the guerd channel are
blocked by locel oscilletor- signels appear-
ing at the intermediate freaquency.

12 The meesured dete obteined from the system analyses
of TDZ-RDZ, TDZ-RDR, M’R-RDZ znd M.R-KDR eouipments are for
civen transmitter receiver combinetions. Channel fregquency
tolzrances due to set effects and crystal tolerances will

in &ll probability affect the magnitude and chennel number
of some of the interference signels. 411 equipment end com-
ponent tolerances cen, for the sake of convenience, be con-
sidered as effectively incrcesing the mean effective band-
width of the receiver in the system. Then it can be con-
cluaed that:

(a) The maximum numbsr of interforence signels that
could be messured on & lerese number of trens-
mitter-receiver systems is aporoximetely 25/
orsater for systems containing the RDR reccziver
and 50% grester for the RDZ rscelver, than the
measured number of signsals.

(b) The most probeble number of interference sig-
nels that will exist for a large number of TLZ
transmitter-receiver combinations is approxi-
metely 5% greater for systoms using the EDR re-
ceiver and 10% greeter for the wDZ, than the
measured number of interference signals.

(¢) The everase veriation in intensity of the
measursd interference < gnels in systems con-
taining the RDR receiver will be approximetely
+ 3 db and in systems using the KDZ recelver
aporoximetely * 5 db,

(@) In systems comparsble with those comteining
TDZ-RDZ squipments, the probsble verietion from
svstem to system in the total number of inter-
ference sicnals messured will be approximetely
10%.

R=C OMVEND "TION

2 P It is recommsnded that the use of MIk-RLR souipment
be excluded from communication systems ebosrd ship where
seversl sets of eouipment sre to be used and interference
free communication is desired,

DECLASSIFIED
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