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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 speclfic 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 Receivers
Model MZAR Transmitters and Model RDR Receivers,

The primary purpose of the measurements was to 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 additlional date and information obtained from
previous studies ef the communication equipments involved.

dnalysis 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 recelvers accounted
for the presenec of 50 to 90 percent of the
interference signals,

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

(d) The TDZ transmitterswere responsible for only
a small percentage of the total interference
slgnals and these were essentially stable,

(e) Very few interference-free communication
channels willl be avallable in systems utili-
zing all four models of equipments (TDZ, MiR,
RDZ, and RDR), .

(f) The RDR and MAR equipments are not considered
suitable for shipboerd instellation when sever-
al sets of equipments are required and inter~
ference~free operation is necessary.



INTROCUCTION

1. Reference (1) recuested the Neval Rescarch Lab-
oratory to perform systems analyses of 225-400 Mc, Com-
municetion eocuivments. References (6), (7), (8) anad

(9) describe system enalysss performed on the following
combinations of equipments:

(2) Model TDZ trensmitters and Model KDZ receivers
(b) Model TDZ trensmitters and Model RDE recelvers
(¢) Model Mi{R transmitters end Model RDZ reccivers
(d) Model MiR transmitters end Model KDR receivers.

These couipment groups were operated on the 100 primesry Nevy
Chennels and one ~uaerd chennel in this frecuzncy renge. One
of the more importent vheses o0f the svstem rnelyses wes the
selzction of 1nt“rfbroncr free chennels for ¢ communicetion
svstem, i.e, whers & svstem is considercd es & laree number
of communication nets. The purpose of this report is to
coirslate the results obteined from the systems eveslustions
with deate and informstion secured from previous stu.lcss of
these communicestion equipments so thet & more complete sys-
tom evelustion cen be msde, In addition, one method is pre-
sented for selecting interference free communication chsn-
nels for & single shipboesrd installetion oontclnlnp Lz, RDZ,
MR snd KDKR ccouipments,

2., In & communication system coantsinine 101 frecucncy
chennels, possible interference on any roceiver channel could
result from one or more transmitter sienels., Therecfore, to
adecuately enelyze a system employing TDZ, RDZ, M.R 2nd KDk
couipments, every receiver channel on the RDZ and Dk re-
ceiver must be checked for interference egainst both trens-
mitters on 101 chennels, necessitating & total of cpproxi-
mately 40,000 mesasurements., These measuremsnts were con-
ductsd on systems employing the above nculoments end the
results ere described in refsrences (6), ( tg8), and (9).
The messurcd dete are shown on Plates 2, 3, u, and 5.

3. In order to detcrmine the primery couses of inter-
ferecnce in & communicstions system cach comnonznt of the
system must be exeminsd to ascertain its objsctionable
cheracteristics, The Model TDZ end N.R transmitters;. and
ths Model KDZ :nd RDK roccivers all employ frecuzncy multi-
plicaetion in order to obtain the desired output freouencless,
Any equioment which producexr its final output frequency o
heterouyne frequency by multiplicstion of a besie cry-

stal oscillator, will have in 1ts output power components at



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 ad justments of tuned circuits and the cir-
cult elements. In trensmitters, the magnitude of these com-
ponents which are radiated will depend largely upon the elec~-
trical characteristics of the antenna system.

L. Individuel studies were conducted on eech of the
equipments and it wes found that the gencral analysis de-
scribed in paregraph 2 was appliceble to 211 equipments.
These studies were performed prior to the system analyses
and the pertinent results are reported in references ¥6),
(79, (8), anda (9)., 1In genersl, these studies indicated
that every receiver had many spurious response frequencies
and thet both transmitters had a large number of radio fre-
quency outputs of considerable strength in addition to the
desired output freguency, Therefore, in a system contain-
ing two or more equipments, i.e. at least one transmitter
and one receiver; three potentlal sources of interference
exlst for each operating frequency. They are:

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

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

(¢) One of the spurious response frequencies of a
receiver coinciding witheam undesired radio fre-
quency output of a transmitter,

The first two types of intsrference accounted for essential-
ly all of the interference signals measured in the inter-
ference anelyses, The occurrence of the last type was high-
1y improbable because the level of this type of interference
is below the sensitivity of the averape system. For all prac-
tical considerations this third type of interfercnce can be
neglected, as it contributes only a very small pcrcentage of
the total interfercence signels, and all of these would be of
very low amplitude.

5. If the averaze number and magnitude of the unwanted
radio frequency outputs per channel for & trensmitter and
the averace number and magnitude of spurious resnponse fre-
quencies per channel for a receiver arec known for a given
system, then a reasonable prediction can be made as to the
total number and renge of intenslty of interfercnce signals



that will exist in this system. One criterion for an
anelysis of this type is thet the interference signels
have & random distribution over the frequency spectrum
considered. This will be the case, to a reasonable de-
gree, if in the system considered there is no fixed meth-
ematical reletlon between the methods of frequency multi-
plication in the equipments and the methods utilized in
selection of the chennel frequoncies., In the systems con-
sldered, with the exception of those including the MAR
trensmitter, these conditions were fulfilled. The NM.R
trensmitter obteins its output power by multiplving the
basic crystel oscillator frequency 54 times and subtract-
Ing a fixed frequency of 30,2 Me. This trensmitter may have
in addition to the desired output freocusncy the following:

(a) A11 hermonics of the basic crystel oscillator
frequency.

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

(¢) A11 sum end difference frequ:ncies of the a«
bove.

Therefore, some of thess s»ourious outpnut froquencies will
follow an erithmetic progression. 4in erithmetic progression
also exists in the chaennel soecing on the Nevy communicetion
chennels in the 225-400 Mc., bznd which has & fundamentel
spacing of 2800 kc., Thus, the potentiel interference may

not be totellv indspendent of channel spacing and the methods
uscd for computing interference signals for other eouipments,
i.e, TDZ-KDZ gnd TDZ-RDR equipment may not eive accurate re-
sults on systems containing the MLR cquipments. In systems
containing the TDZ, kDZ and KDR equipments ths converse is
true, in thet an accurate estimate can be made, In reference
(6) an enalysis of this type was performed for & system con-
taining TDZ end KDZ cquipments snd the results are repeat-

ed herc as an cxample of how this was accomplished. Con-
sidering the averase intensity of all receiver spurious
rasponse freousncies and transmitter unwented radio fre-
quency outputs, notential interfercnce signals wera found

to be (12) twelve per operating recelver chennel, so that
for 100 primarv channels, 120D interference siecnals could
exist. The mean effective bandwidth of the receiver is
about 0,20 Mc. so thet 100 opereting channels occuoy 100 x
.20 or 20 Mc, Methods for determining the meen effective
bandwidth are civen in ZLnpondix, part (a) of refecrence (6).
The freouency bend used for these tests were from about

230 Mc to 390 Mc or s totel of 160 Mc, Therefore, inter-
ference signsls observed on the 100 receiv r channels for



the 100 transmitter chenncls would be 12,5% of 1200, or

150 interference signals, Considering the avarage number
and level of the recciver spurious resnonse frequsncies,
and the trensmitter unwented radio freugenmcy outputs, it
can be concluded that about 75% of the instances of chan-
nel interference calculated were due to the spurious re
sponce cherecteristic of the receiver. In the analysis
described in refcrence (6), 151 instances of chennel inter-
ference were observed for the system conteining TDZ end

RDZ equipments. This excellent agreement is pxobably more
accidentel than resl; however, onc would expect in systems
comparable with the TDA RDZ or in the cese of other TLZ~RLZ
systems, a probeble accuracy of 90% or greater.

6. In estimeting the range of level of intcrfercnce
that would exist in 2 communication system conteining TLZ
and KDZ cquipments, certein bacic fectors must be known,
They are:

(a) The power output of the transmitter on the
operating frequcncy.

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

(¢c) The sensitivity of the recciver on the orerast-
ing freaucncy.

(d) The sensitivity of the recciver on frequencies
where spurious responsc points occur.

(e) Lttentustion between trensmitting and receiving
antennas for ell frequ-necies considerecd,

V/ith these basic factors known the magnituds of the strong-
¢st interference signal cen be determined. In one case the
meximum interference sienel wes observad when the trens-
mitter overating frecucsncy channel coincided with e strong
spurious resnonse in the rec-iver., For the TDZ-RDZ sys-

tem this meximum signel was calculated to be epproximstely

50 db above the noise level of the raceiver, lLctual meusure-
ments as revorted in refersnce (6) indicate thet this fiesure
is essentieslly correct,

KESULTS

7. Table 1 presents the essentiel information socurcd
from the svstem anelyses or from references (2), (3), {u),( 5)
and (10), on equipmz=nt cheractsristics for this composite
interfer=nce snalysis. Teble 1, column one, indicates the



totel number of interfarence signels produccd if each and
every transmitted signel interfered with ell recciver chan-
nels, Column two shows the average number of transmitter
spurious radio freocuency outputs per chennel which cen be
congsidered of sufficient strength to cause system inter-
ference, and the spurious response frcquencies per chennel
for the receivers which ere slso likely to cause system
interference. Potentiel interfcrence si-nals for the hRDZ
rec~iver verec averagzd on three channels, while on the nDR
reciver information wes evalleable on only a single chan-
nzl, Insufficient informstion was cvailable on the MiRtrans-
mitter to meke any reesonabls cstimete of the potential num-
ber of interference signals per channel, Columns 3 and 4
indicate the total number of interference signals.measured
in each system end the rence in level of thesc signals, Col-
umn 5 presents the number of receiver chennels which were
essentl elly free of system intsrferznce when tranasmitters
were transmitting on ell chaennels., Column 6 indicates the
meximum renee of interférencecaused by interference signels,
Distances civen are betw:2en transmiting and rcceiving enten-
nas. Column 7 indicetes ths expect-d veriation in the aver-
age intensity of interfercnce sipnals for each system, Col-
unn 8 cives the mean effective bandwidth for both receivers.,
The mcan e¢ffactive bandwidth of a rec=ziver is defined as s
theorstical, flat-bottomed, verticel sided, sclectivity
curve (ideel 1,¥, zmplifier curve) which could be substituted
for normel I.F. selectivity curve and produce comparable re-
sults, One method for dectermining the meen effesctive band-
width of 2 receiver is civen in rcference (6), Appendix,
Pert (a). '

8, To determine the causes of interference in any
communication system & careful exeminetion must be conduct-
ed on all components utilized. Both the TDZ and M.R trans-
mitters produce=d system interfsrence when a r=cciver operat-
ing channel coincided with a transmitter unwented redio fre-
guency signzl of sufficicnt strength to cauce interfsrence.
These unwanted radio freru-.ncy outouts in the 1DZ trans-
mitter were essentially steble in charsoter, that is, when
specific interforence measurcments were repeated, similar
rcsults were obtainzd, This wes not the case with the MIR
trensmitter, In addition to verlations ceused by slight
eouipment adjustments end tempersture changes, considerablc
veriations were noted in magnitude end location of inter-
ference signels when the position of the meter switch on

the equinment was changod. This switch chengcs the posi-
tion of & multi-meter .in order to indicete the operating
conditions of the verious circuits in the e¢guipment and if
properly designad should heve little or no effect on the



redio frequency outputs. The changzs in meenitude and
location of interference signals due to thesc causcs make
duplication or checking of rasults virtuslly impossible,
Thus, one would expect thet on any group of measuramert s
utilizing the MLR trensmitter the results would be more of
an estimete rather than an accurete znalysis. Thet is, the
number, megnitude and the position of the verious inter-
ference points for the MLR trensmitter sre not stable and
an accuratc egnalysis of the deta is not prectical.

9. The principeal ceuse of interference siesnsls in

the VHF/UHF communicetion systems analyzed has been the
spurious rssponss cheracteristic of th:s rec:ivers. This

cen be substsntiested by observing column 2 of Table 1 end
compering the results obteined on TDZ, ~DZ and RDR equip-
ments. The RDk receiver, due to its spurious response
charecteristic elone, will produce epproximetely ten times
as meny intsrf=srence signals as the TDZ transmitter when
these zouipments ere opsrated together as a locel system.

By comparison, the oDZ receiver will produce ebout thrcee
times &s meny interference signels as the TDZ trensmitter.
Ln additional fector which seriously limits the uscfulness
of the kDR receiver in 2 communicetion system is its re-
letively broed I.F. selectivity curve. This receiver hes

¢ mean sffective bandwidth of approximately 400 ke. So
when one considers the present chennel spacing of 800 kc,
and ths sttenuation of 2 stendard shipboerd zantenna system
of from 30 to 40 db, it is feirly certein thet in & greet
meny cascs edjec=nt chennel transmitters will produce inter-
ference on the operating channsl of this receiver. (Stsnd-
erd shipboerd antana instelletion refesrs to e svstem con-
teining two MAR entennes collinesr mounted with & center

to center svecing of four feet or for a horizontul spacing
of 20 feet,) This edjecent chennel interf :rence existed, as
may be seen by observing Table 1, Plates 3 and 5. The mean
effective bsndwidth of the KLZ recelv r is sporoximately

200 ke. 4 study of Plates 2 end 6 will ohOW that the pro-
bebility of observing adjacent channel interference was no
greeter 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 thes rec:iver could be
decrees=d, say for example, to one-half of its present vealue,
then the avaraese number of interference si~nels would be re-
duced to approximetely one-half. In a ddltion, this reduction
in meen effective bandwidth of the receiver would produce
the following results:

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

6



the communicetion range of the system,

(b) The number of interference free channels
on the receiver would be incrzased, which,
in turn, would increese the number of inter-
ferecnce free communicestion channels.

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

10. Plstes 2, 3, 4, and 5 show comvlete results of cll
interference measurements in systems containing TDZ-RLZ,
TDZ-RDR, M..R-RDZ and MAR-RDR equipments. These equipments
were opereted on the 100 Primery Nevy Channels and the guard
chennel for the system analyses. The one exception was that
the RDR resceiver was opersted on 98 channcels, &s three chan-
nels were blocked due to the locel oscilizstor signel zppesr-
Ing 2t the intermediete freouency. To select inturference
fres chennels for a system containing all four of the above
listed esquinments, a careful exeminstion must be mede on
Plates 2, 3, 4, and 5, The following procedure wes used to
select 7 communication channels which are essentially fr=ze

of interference for £1l conditions of trénsmission. First,
Plete 5 was examined end fifteen channels were selected as
interference free for @ system conteinineg M.E-KRDR equipments.
These channels ere 1, 5, 6, 15, 23, 29, 34, 38, 46, 51, 62,
71, 83, 91 and 96, Second, flate 3 was examined to see which
of these channels were also cleer for & system contsining
TCZ-RDR ecuipments. C'annels 1, 5, 6, 15, 23, 38, 51, 71,

83 £nd 96 wers sclectcd. In a system contzinineg the KDk re-
ceiver 2nd both of ths trensmitters the zbove chenncls could
be utilizzd without inter-system interfecrence. Now the prod»-
lem is to see how many of these channels can also be usad
with the RDZ receivers. First, Plcte 2 wes observed and it
was scen that channels 1, 5, 6, 23, 51, 71, 83, and 96 could
be used., These chennsls were cleer for the 1DZ-4DZ4 com-
binetion of zquipments. 3czcond, flete 4 "as exemined end

it was found thast chennels 1, 5, 6, 23, 51, 83 end 96 could
be us-d for the ontire svstam, This indicetcs thet on these
seven channels all four <cuipbments can be operestzd in 2 locel
svetem with sscentislly no interferencz on the rcceiver chan-
nels for ell conditions of trensmission. The methods utl-""
liz2d here are applicsble when e smell number of chenncls

ere to be solzctzd. The more compliceted problem of select-
ines the maximum number of interfercnce frze channels for a
task force is beyond thce scope of this report,.



CONCLUSIONS

11. The exverimentel arrengements on whkich 40,000
meesurements were made are ecuivelent to stendard ship-
boerd installations in which the receivine and trensmitting
entennas are collinear with a 4 foot spscing, or, for =
horizontal spacing of ebout 20 feet. Ths specific data
obtained during these msasurements are velid only for the
perticular souinvment on which the meeasurements were mede,
It cen be concluded from the data derivsd from specific
svetems conteining TDZ-RDZ%, TUZ-RDR, MiR-RDZ and M.E-iDR
equipment that:

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

(b) For the svstems containing the KDZ recesiver,
the meximum interference level was spproximate-
ly 50 db above the noise level of the rec-iver,
For the KLk receiver this meximum level wess a-
bout 90 db ebove the noise level.

(¢) in interferznce signal level of 90 db, as ob-
served in these analyses, can oroduce detoct-
able interfercnc: when the transmitting enten-
ne is speced from the receiving antenne & dis-
tsnce corrcsvonuing to 25% of the communicetion
renvc of the system; &n interfceresnce eirnel of
50 db can produce undesirasble interferance when
the transmitter to receiver entenna spacing is
one mile, an interfer=nce signel of 30 db will
not produce interfercence whzn the transmitter
to receiver entenna spacing is creeter then
600 feet. Thus, it is possible for & trans-
mitter on one ship to produce interfecrence in
a recelver on 2 nearby ship.

{d) Zn interference siensl of the order of 90 db
in a local system will render thet recciving
channel unusable., Ln interference sicnel of
50 db will reduce the communicetion range to
less then 10 per cent of its normal value and
an interference signal of 10 db will reauce
the communication range of & system to about
60% of its normal value,

(e) In 21l systems enalyzed 50% to 90% of the inter-
fzrence signsls were due to the snurious re-
sponse choracteristic of the receivsrs.



(f) On systems containing the RLK receiver
98 channels only are usable, as two of the
nrimery chennels and the guerd channel are
blocked by local oscillator-. signels appear-
ing at the intermediete frequency.

12. The meesured dete obteinecd from the system analyses
of TDZ-kDZ, TDZ-RLR, M'.R-RDZ &nd M. R-EDE eculpments are for
oiven transmitter receiver comhinetions. Channel freguency
tolsrances due to set effects end crystal tolerances will

in &1l probability affect the magnitude and channel number
of some of the interference signels. .11 equipment end com-
ponent tolerences cen, for the sake of convenience, bas con-
sidered as effectively incrcesing the mean effective band-
width of the receiver in the system, Then it can be con-
clud=d that:

(2) The meximum numbsr of interf-rence siecnels that
could be mesesured on & larese number of trens-
mzttur -recoiver systems is cvoroximatsly 25

octrr for systems containing the RDR rec:iver
°nd 50% greazter for the RDZ rasceiver, than the
measured number of sicnsls.

(b) The most probeble number c¢f interference sig-
nels that will exist for & largze number of TLZ
transmltter receiver combinstions is aporoxi-
mately 5% greater for systcms using the ®Dk re-
ceiver and 10% ereater for the nDZ, than the
measured number of interferencs 51gnals.

(¢) The avsrsee veriation in intensity of the
measured interference o gnels in svstems con-
taining the RDR receiver will be approximstely
¥ 3 db and in systems using the kKDZ recelver
aporoximetely + 5 db,

(d) In systems comparable with those comtzining
TDZ-EDZ =cuipments, the probesble veristion from
svstem to systcm in the total number of inter-
ference sicnals messured will be approximstely
10%,

REC OMMTD " TION

13. It is recommended thet the use of MJk-ELK gouipment
be excluded from communication systems ¢ bosrd ship where
seversl sets of equipmznt =re to be used and intsrforence
free communication is desirad,
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