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RADIO BROADCASTING TNTERFERENCE

General

The radio broadcasting interference is the r2diated interference-
which is transmitted by electromarnetie fields from the radio transmitters
and/or the other sources of RF enercy such as natural static (Atmosphe-

rie), artificial static (man-mads), and ete.

The radio -transmitter convert sound waves to eleetrieal impulses.
The electrical impulses that represent the orisinal sound waves are sent
out by the use of hich-frzguency zlternating currents. This currents
produce masnetic and electrie fislds that radiate in all directions over

long distances without losing much of their orizinal strencth.

The radio interfarence passess through 2 "Receiver” as an undesired
sirnal when the desired sirnzl is absent ond 25 a parasite when the desi-
red signal is oresent. Thus, the rsceiver receives sound an”d noise,
or desired functions and undesired malfunctions. This dusl response reduce
the speed of telepraphy, the intelligdbility of spe.uch, the avpreciation
of music, the cloarness of imascs, or the aceuracy of mechanisms. 4 hich
interferznce lsvel lowers tho range of 2 recsiver for a given qunlity of

reception from a transmitter of a siven power.

A radio transmitter may radiate umnecessary fricuency or freguche

cies which are outside the necessary bandwidth, Those ummncossary freguency



or frequencies dus to the distortion of the modulntion, hsimonies of the
carrier frequency, etc. Any of these radi=ted frequencies, nccessary or

otherwise, may cause interference in various ways.

Bandwidth of the Transmittor

It is necessary that the system of the radio broadcasting
transmitters transmit only those frequencieés in a necessary bardwidth,
Necessary bandwidth iz defined as that minimum bandwidth necessary to suf-
ficiently insure the transmission of intelligence at the rate and with the

guality required for the syster employed.

It has been frzquently stated that the A~ broadecast transmitters
are restricted to the use of bandwidth not over 10 KC in order to prevent
interference with the signzls of adjacent channel transmitters operating

within the seme service area.

Interference due to Frecuency Shift

The radio broadesst transmitters must transmit the carrier frequen-
cy at the assigned frequency and has a tolerance which is established by
Internationsl agreement maintzined within 20 cycles of that assigned fre-
quency. If the radic broadeast transmitters transmit the carrier frequen-
cy outside the assigned frequency and its tolerance, it will cause a mutual

interference with the adjacent channels.

Interference due to Modulation Characteristics .

The process of amplitude meodulation is quite similar to the process



of mixing. Other teorms which refar to the same orocess are frequsncy chan-
ging, beatinz, heterodyming, and ste. In 211 cases, two frecuencies are
applied to a eircuit, and a2t the ovtout therc avrenr the sum and difference

of the two frequencics in addition to the original frecuencies.

In rodio broade-~st systom amclitude modulation is a wrocess of com-
bining an RF ecarrier and 2n 2udio modul=ating sionmal, Beéecouse of the: hete-
rodyning action which rasults, with the subssquent “beat frequencies,®
there are nroduced new frequevcies /egual to the sum and difference of the
radio and aw'io frequenciss iavolved. Those new frequencics are known as
“side frequencies™ or "sids Honds.” Thersforz the 3F simsal is represcnted
as a carrier with 2 similay’ svectrum on either sides. The total width is
twice the highest avdio fraoueneyr to boe transmitted. As the maximum undis-
torted power outut of a transmittsr is obtained with 100 par cent modula-
tion, it is gzenerslly desir~tle to operate with such a fully modulated
carrier wave. If the modnltation is less-than 100 per cant, the nower out-
rut is reduccd, =ven-though the nower hf theceorrier wove hes not beon
reduced, If tho modulnibioniexeisds /100 periiednt, this reducss the carrier
outmut to z=ro vzlus for an aprreciable period of time during which the
modulating sisnal has d=finite amplitudes. This condition is cnlled over

modulztion.

At over modulation, while the ecarrder ls thus reduced to zero, ths
audio simal intellirence is not baing transmitted, i.c., it is lost, The
result was distortion in the waveform of the radisted intellipgeace. This

represents an-undesirablso sidsbands and corrier frequeney shift, which in



turn cause an interfer:nce on adjacent overating chennels, Thus, over modu-
lation is usually avoided in aural broadessting service since it produces

undesired distortion of the simnal,

The modulztion ermebility of a transmittur-is the maximum perecen-
tage to which that transmittzsr m-y bs modulated before spurious sidebands
ars generated in the output or before the distortion of the modulating
waveform bocomes objectionable. The hirhest modulation capability which =any
teansmitters may have is 100 per cent modulation. The meximum permissible
modulation of many transmittirs is less thon 100 per cent. The ITU and FCC
regulations specify that no transmitter be modulated in excess of its mo-

dulation capability.

Distortion in Amnlifiars

Ideally, the outnut wveltsge of an amplifier should have the some
weveform as the inmut sigmal. Changes in the waveform are due to distortion.
There a2re three types of distortion that may oceur, eoither singly or to-
gether in any combination. They are nonlinear (amplitude) distortion, fre-

guency distortion, and vhase distortion.

Nonlinesr Distortion

In ideal requires that the dynamic characteristic of the amplifier
circuit be linezr over ths range of operstion. Actuslly, the dynemic cha-
racteristic of the amplifier circuit is not linear in genernl but contains
a slight curvature. This nonlinear characteristic arises because the {ib,eb]

static characteristics are not eouidistont lines for constant abintarvals



over the range of overation. The =ffect of this nonlinear dynamic characte-
ristic is 2 nonsinusoid=l output waveshape when thz inpub wave is a sinusol-

dal. Such an effect is known a2s nonline-r, amnlitude or harmonic distortion,

If = pure sine wove is apolied to the srid of a vacoum tube operating
with correct volt~ges =nd load izpad-nce and the amplitude of the sine wave
is such that it do:s not overdrive thes grid, 2 pure sine wave eon bi expec-
ted at the outout of *he tube. The only departute from the orizinal wave-
form of the input will »e 2n inerzssa/in its amplitude and 2 phase reversal

of 180° betimen the input end outout circuits. (Fig, 1.)
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When the bias is too larse, the negative bias has boen incressad
until the ooerating noint has shifted dovmward toward the bend in the lo-
wer portion of thz dymamic characteristic. Under this condition if a sine
wave is apnlied to the rrid, a sreatsr amount of wlate currsnt will flow
on the positive half of the grid swing that for the negative h21f and an

unsymmetrical waveform will result in the plate-eircuit showm in Fig. 2.
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If the bias voltage is too small, the negetive biss has bezn de-

crezased until the oper2ting point has shifted vpward in the dymamic cha-

racteristic. If the grid swings positive, the amplitude of the positive

half of the plate-current vaveform will be lzss than th: neg tive half as

shown in Fig. 3.
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When the grid is driven th: zero no'nt, srid current will start to

flow bacause the grid is now positive with respect to the cathodc. The

flow of the grid current will czuse a voltage drop across the load in the



grid cirecuit which 'ill be in ovposition to the sirm-1 volizge on the orid,
and the smnlituds of the signel-woltage vositive-roing peszks will be re-
duced. The rerion is indicated by the dotited line in the positive half of
the signal volters at the grid. (Fig., 4.) Under these condition, sescond
harmonics will be gensrated in the pl:tedcir:uit.i It becomes apparent that
“the bias wvoltaze on the erid and the amplitude of the apnlied signzl vol-
tage are the controlling factors in the zsneration of harmonic distortion

within a vacuum tube.

Harmonie distorticn esn 2lsp b generated within a vacuum tube that

is corroctly biased, (Fig. )«
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Howard M. Tremains, Intermodulation and Haimonic Distortion Hand-

book (Indianapolis: Howard W, Sams & Co., Inc., 1963), p. 11,



10

Tt should he noted that the sirmal voltoze applied to the grid is
large enoush to extend into s-turction arees of the dynamic characteristic.
In the sctur-tion rexion ths neask of the outpnt waveform is flattened since
the tube camnot supply further plats current. In thes negative region the
flow of th= vlate current is roduced to = nesr cut off v-lue. Thus, both
the mositive ~nd na~-tive penks of the plate current waveform 2re distorted,

and bYoth odd and even harmonies ar: gonerstod.

Fraoguency Distortion

Freouency distortion éxizts vhen all frocucncics are not amplifiad
by the samz amount. It is dhe to tha nature of the circuits associ~tad
with the tub=, Freouoney disbortien oecurs in some fre-ucney rance. The
tube may eause frecuency distortion if the pariod of the anplied siennl
is of the same order of ‘mapgnitude s the timc of flow of the electron from

the cathode to the plateof the tubz,

Phase Distortion

Phas~ distortion oceurs when the phase rzla*ions of the componint
frecueneiszs being amolifisd are not the s-me in tho outwut as in the inpnt
signal, even thoush both may contain exactly the same frequiney components

in the same rolative mapnitudes.

Phasz distortion is not imnortant in audio systems hzcruse the human
aar dozs not distinpuish small chemges in the rel-tive phases of components

of a2 sound.
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Adjacent channel Interference from High-order Side Bands

The output of a radio broadeast transmitter will interfere with ad-
Jacent channels if the ouvtput contzins high-order side bends. High-order
components ean result from overmodulation of the transmitier or from dis-
tortion in the audic-modulating system that causes harmonies of hizh audio

frequsencizs to be modulated on tha carrier.

Intezrfersnce due to Spuriens Emission

It is important that 99 per/cent or more of the radisted power lies
within the bondwidth permitted Tor each elass of service. Spurious out-of-
band radistion ean seriously interfere with other services. The most com-
mon tipe of spurious radiation is on frequeneiecs which are multiples or

harmonies of the desired freguency,

Interference due to Intermodulztion

Interforence due to intarmodulation is 2 rasult when the second
harmonic of one sirnal and the fundamental of any other simnal combine to
produce a difference freguency equal either to the frzquency to vhich a

receiver is tunad.
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