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Television Interference Filters

By the Engineering Department, Aerovox Corporation

HE advent of television broad-

casting has brought about many
new problems in interference elim-
ination. Much of this interference is
caused by spurious radiations from
transmitters of other services. The
burden of finding solutions to such
problems rests upon the licensee of
the transmitter causing the interfer-
ence, and upon the owner of the set
being interfered with — or his ser-
vice technician. Usually, a satisac-
tory solution can only be arrived at
through the complete cooperation of
all parties concerned.

The American amateur radio oper-
ator, because of greater numbers,
closer proximity to owners of TV
sets, has spear-headed the technical
battle to find cures for this threat to
his hobby. Now, with many “hams”
again able to operate at full one-kilo-
watt input in the midst of dozens of
TV receivers, the battle has been

educating others in the methods em-
ployed.

The most powerful tool which has
been applied to the elimination of
television interference (TVI) is the
frequency selective filter. The theory
and design of such filter networks has
been treated at some length in the
AEROVOX RESEARCH WORKER
in the past. (See March, 1940; Sep-
tember, 1942-—February, 1943; Aug-
ust-December, 1944.) This issue dis-
cusses the application of filter net-
works to television interference elim-
ination and describes the construction
of practical filters for use at the source
of the interference, as well as at the
TV set.

Causes of Interference

Because of the lack of selectivity in-
herent in modern -television receivers,
they are particularly prone to inter-
ference by spurious signals of many
kinds. When one considers that the
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er “front-ends™ is about 6 mc. and
that many using untuned grounded-
grid r.f. stages will accept signals over
a band many times this width, it is
seen why this is so. For example,
an amateur transmitter operating at
7 mc. may radiate a small amount
of power at each of the harmonics
(multiples) of this frequency. The
amplitudes of these harmonics dimin-
ish rapidly with frequency, but mul-
tiples up to the sixteenth or eight-
teenth may be of sufficient strength
to interfere with a weak television
signal, depending upon the proximity
of the amateur transmitter and its ad-
justment. Thus, with a harmonic
falling every 7 mec., the transmitter
stands a good chance of interfering
with TV channels 2, 3, 4, and 5, since
the 8th through 11th harmonics of 7
mc. fall within them. The degree of
interference is usually determined by
the proximity of the harmonic to the
frequency of the picture carrier. If
it is close, the harmonic must be weak-
er by about 50 db. to avoid interfer-
ence.

By far the most serious harmonic
interference is that caused by the sec-
ond harmonic of “ham” stations op-
erating in the 28 mc. band, since this
harmonic falls directly in channel 2
and is usually quite strong. Another
such case of troublesome interference
is occasioned by the second harmonics
of FM stations which fall within the
high-band TV channels. The com-
mercial solution to this problem has
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been similar to that adopted by ama-
teurs — the use of filters to prevent
spurious radiation.

TVI may also be caused by low-
frequency signals getting into the re-
ceiver if. stages, either through the
tuner or by direct pick-up in the set
wiring. Cases have been observed
where picture reception was prevent-
ed by signals from European short-
wave broadcast stations leaking into
the 21.25-25.75 mc. if. channel. This
type of interference is usually char-
acterized by the fact that all TV chan-
nels are effected, regardless of tuning.

TVI Reduction at the Transmitter

Of course, the most effective ap-
proach to interference elimination is
to start at the source. The harmonic
content of the transmitter signal is
tremendously affected by circuit ad-
justments such as grid bias, grid drive,
modulation percentage, and tank cir-
cuit L-C ratio. If the generation of
harmonics and parasitics is first min-
imized by the selection of the proper
values for these variables, the job of
preventing the radiation of the re-
mainder is considerably simplified.

In addition, it has usually proven
necessary to completely shield the of-
fending transmitter before the work
of harmonic suppression by the use
of filters can proceed. Otherwise, har-
monic radiation may occur from the
final tank coil and other parts of the
transmitter. Since the wavelength of
the harmonics which cause TVI are
relatively short, leads of moderate
length may act as efficient antennas.

The need for shielding may be de-
termined by loading the transmitter
with a “dummy” lamp-load substi-
tuted for the antenna. If the TVI
clears up, it indicates that the inter-
fering signal is being radiated by the
antenna and that the present degree
of shielding is adequate. If this test
shows that more shielding is needed,
the type required need not be elab-
orate, but must be complete. Com-
mercially built metal cabinets, al-
though neat in appearance, do not
always provide effective shielding
because of poorly-bonded joints,
doors, cracks, and ventilating louvers.
The most popular method of shield-
ing employed in amateur practice is
to enclose the entire transmitter r.f.
chassis in a box made up of close-
mesh copper screening, soldered at
all junctions to make it absolutely
r.f-proof. This shielded chassis and
panel may then be mounted in a
standard rack or cabinet to improve
the appearance.

With the r.f. portions of the trans-
mitter thus completely shielded, it
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becomes a relatively simple matter to
filter all leads entering this metal
enclosure, in the manner indicated in
Fig 1. It must be remembered that
the key or microphone lead is a
potential source of r.f. leakage and
must be either shielded or filtered.
Any a.c. power leads which enter the
chassis must also be filtered. For this
purpose, a balanced single pi-section,
low-pass filter as shown in Fig. 2 may
be employed. A unit of this type may
be constructed in a small metal box
and bonded solidly to the outside of
transmitter shield box for maximum
effectiveness. The line filter should
not be assembled inside of the trans-
mitter housing because of the danger
of the components coupling to har-
monics from the tank circuit.

For d.c. leads which enter the
shielded compartment, a single L-sec-
tion low-pass filter of the type illu-
strated in Fig. 3 has proven effec-
tive in preventing r.f. leakage. The
values of the components are not
critical, but they should be of high
quality. Inductances should be of a
universal-wound type so that distri-
buted capacitance is reduced. Mica
capacitors* should be chosen, accord-
ing to voltage requirements. A filter of
this kind should be used in each d.c.
lead which might conduct r.f. out of
the shielded housing. Like the line
filter, these d.c. filters should also be
assembled in a separate metal box
which is fastened to the outside of
the main shield compartment. A com-
mon housing may be used for all pow-
er lead filters.

After the job of shielding the trans-
mitter and filtering all power leads
has been completed, it should be
checked again for TVI. If all signs
of interference to nearby television
receivers have disappeared when full
transmitter power is applied to a
dummy load inside of the shielded
compartment under conditions of full
modulation or keying, this part of the
job is satisfactory.

*Aerovox Type 1445-47.

If the interference appears when
the antenna is again connected, the
TVI is reaching the receiver by rad-
iation from the antenna. It may be
of the harmonic type or the receiver
overloading type. At this point it is
well to determine which, since further
changes at the transmitter will not
eliminate the latter type. The har-
monic content of the transmitter sig-
nal may be checked by listening on
the multiples of the operating fre-
quency with a good VHF receiver, or
by ©building a crystal “harmonic
checker.” The circuit of a simple de-
vice which fulfills this requirement is
shown in Fig. 4. It consists of a
parallel L-C circuit which tunes to
the low TV frequencies and which is
link coupled to a crystal rectifier and
indicating meter. The tuned circuit
must be calibrated in frequency so
that harmonics may be identified.
Several of the commercial absorp-
tion wavemeters may be used for har-
monic checking by the addition of
the crystal indicating circuit. Alter-
natively, a grid-dip meter of the type
which has provisions for operating
the oscillator tube as a diode detector
may be employed for locating har-
monics.

The harmonic checker should be
loosely coupled to the output of the
transmitter and a systematic search
for spurious frequencies made. The
sensitivity of the indicator will be
better if a low range microammeter
is used. The frequency of all signals
detected, other than the carrier,
should be carefully tabulated, since
this information will prove of value
in determining filter requirements.

If any radiation is detected in the
television bands, a filter between the
transmitter and the antenna is neces-
sary. Ideally, this filter should be a
unit which transmits the amateur fre-
quencies without loss, while present-
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ing infinite attenuation to all TV band
frequencies.  Actually, these condi-
tions may be approached with mod-
ern low-pass filters of the “m-derived”
type. With such networks of rela-
tively simple design it is possible to
obtain attenuations greater than 100
db. at all television frequencies. If
high quality components are used, the
“insertion loss” in the amateur bands
below 30 mc. may be less than .2
db. In addition, the attenuation at
any given frequency within the re-
jection band may be “peaked up” by
special design. In this way, added at-
tenuation may be provided at specific
frequencies where harmonic output
is greatest.

A practical low-pass filter for use
with amateur transmitters is shown
in Fig. 5. This network starts at-
tenuating at 45 mc. and should pro-
vide over 65 db. attenuation at all
frequencies above 55 mc. It con-
sists of four sections; two series m-
derived end sections, one constant-K
type intermediate section with max-
imum rejection at infinite frequency,
and one series m-derived intermed-
iate section with maximum attenua-
tion at 71.25 mc. The filter is de-
signed for use with shielded coaxial

transmission line having 52 ohms
characteristic impedance. The prob-
lems associated with transmitter

shielding and output filtering are ap-
preciably simplified if shielded cable
is used.

The filter is assembled in a suitable
metal shield can having a tight-fitting
cover. The transmission line enters
the filter box through coaxial cable
connectors which are soldered solid-
ly to the metal box for perfect shield-
ing. The lay-out of the parts is ap-
proximately as indicated in the sche-
matic (Fig. 5). The capacitors are
small air-padders which have suf-
ficient spacing for the power to be
handled. They should be adjusted to
the capacitance values indicated in
Fig. 5. All coils are self-supporting
and must be kept one diameter away

from other metal objects to insure
accurate inductance values. The coil
lengths specified in Fig. 5 are meas-
ured between the ends of the first and
last turns. Lead lengths should be
limited to about one-half inch.

The completed filter should be
tested for proper functioning. A
rough check may be made by ex-
ploring the frequency range near the
intended cut-off frequency by means
of a signal generator coupled to the
input of the filter and an indicating
device coupled to the filter output. If
sufficient output is available from the
signal source, a 50 ohm terminating
resistor may be placed across the
filter output and the power in it mon-
itored with the crystal harmonic
checker. The power transmitted
through the filter should drop very
abruptly at 45 mc.

TVI Reduction at the Receiver

A transmitter of another service
may cause television interference
even though its signal is in accord-
ance with the best engineering prac-
tices. If it is located in the imme-
diate vicinity of the TV set, as is
usually the case with amateur trans-
mitters, it may produce picture in-
terference by overloading the TV
receiver front-end and so produce
local harmonics. This, of course, is
not the fault of the transmitter, be it
amateur or commercial. It is merely
a consequence of the close spacing be-
tween the transmitter and the receiv-
er, and of certain deficiencies in the
TV set front-end design. Most re-
ceivers now incorporate one or two
high-pass filter sections between the
antenna terminals and the first r.f. or
mixer stage. This filter is intended to
prevent the passage of strong, low-
frequency signals into the tuner, but
to accept the TV signals.

In many cases, where the TV an-
tenna intercepts a very strong low-
frequency signal, the built-in high-
pass filter may not provide adequate
attenuation to prevent interference
of the “overloading” type. It usually
becomes the responsibility of the TV
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service technician to diagnose this
trouble and to provide a cure. For
this purpose several additional sec-
tions of high-pass filter may be neces-
sary. Such filters are available com-
mercially or may be made up. A typi-
cal design is detailed in Fig. 6. This
filter is a balanced configuration for
300 ohm “twin-lead” and is of the
double pi-section type. It is design-
ed to have a high-pass cut-off at about
53 mc. so as to provide maximum at-
tenuation to all amateur frequencies
up to the ten-meter band (30 mc.).

The high-pass receiver filter should
be constructed in a metal box similar
to that described for the low-pass
transmitter filter. Complete shield-
ing is not too important in this case,
since unshielded transmission line is
used. High quality components should
be selected. The capacitors should
be of the silvered mica* variety.
Two 10-micromicrofarad units may
be used in parallel to form the re-
quired capacitance value and to min-
imize lead inductance. The coils are
close-wound on a three-sixteenth inch
low-loss form and are center-tapped
by twisting a half-inch loop in the
center turn of each. These loops are
then tinned and soldered to ground,
leaving a quarter-inch lead. All coils
should be mounted at least one inch
apart to avoid coupling.

Receiver interference of the “if.
channel” type mentioned above will
also be reduced by the high-pass filter
if it is being picked up by the an-
tenna. However, interference of both
this type and the “overloading” type
may gain access to the receiver
through the power line, or by exposed
wiring in the receiver. In such cases,
a low-pass line filter of the type shown
in Fig. 2 should be used. It may also
be necessary to improve the receiver
shielding by adding a bottom plate
to the chassis.

*Aerovox Type 1469.




® This Atomic Age calls for huge
capacitor banks in atom-smashing
installations. Typical is.the beiatron
installation at the University of Illi-
nois, Urbana, Ill.,, with a capacitor
bank totaling 12,960 mfds. made up
of 648 units each rated at 20 mfds.
6000 volts D.C. Sufficient energy is
stored in this capacitor bank to lift
a 3000 lb. car 57 ft.!

Aerovox engineering and experi-
ence were important factors in the
special design and processing re-
quired for the manufacture of these
capacitors. Such skill is applied to
all Aerovox production, regardless
of type or size. Every design is given

individualized attention.

Because of outstanding experience
with oil-filled. ¢apaditors, together
with production facilities difficult fo
duplicate elsewhere, Aerovox is
meeting the rigid requirements of
atom-smashing installations.

Likewise for other high-voltage
needs such as deep-penetration X-
ray, radio transmitting, high-voltage
testing, carrier-current coupling, and
electronic laboratory equipment,
Aerovox offers the widest choice
of tried-tested-proven capacitors
backed by application engineering
second to none.

Aerovox Series ‘26 oil-filled stack-mounting
capacitors. One or more units can be con-
veniently banked in series or parallel. Voli-
age ratings up to 150,000 D.C. Max. petr unif,

.

Aerovox Series ‘20 steel-case oil-filled capac-
itors. Voltage ratings up to $0.000 D.C.W.
Also dual units of 25,000 v. (12,500-12,500)
for voltage doubler circuits.

® Try Aerovox first! Our engineers will gladly share their high-voltage
capacitance ‘‘know-how’’ with you in solving your particular problem.

FOR RADIO-ELECTRONIC AND
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