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UHF Television
By the Engineering Department, Aerovox Corporation

THE impending activation of tele-
vision broadcasting stations in

the ultrahigh frequency band between
475-890 mc. makes a discussion of
this subject very timely and of wide-
spread interest. The inauguration of
this service, with its many new tech-
nical and economical problems, is
expected to have far-reaching effects
on all phases of the video field. Oc-
cupying, as it does, a portion of the
radio spectrum where the methods of
transmission and reception depart
considerably from those practiced in
the present bands, this new frequency
allocation will require the adoption
of many new concepts and techniques
in the development, manufacturing,
and servicing fields. For although the
Federal Communications Commission
proposes to maintain the presently
used television engineering standards
for bandwidth, number of lines, and
frame repetition rate in at least the
lower forty-two channels of the UHF
group, the differences in propagation,
antennas, transmission lines, and r.f.
circuitry make this band a radically
new and interesting field of endeavor.
In this issue of the AEROVOX RE-
SEARCH WORKER we discuss some
of these aspects of UHF television.
Future issues will contain construc-
tional details of UHF receiving an-
tennas and converters.

Necessity for additional television
channels arises from the fact that sev-
eral metropolitan areas have ex-
hausted the VHF channel allocations

than can be safely made for that lo-
cality without causing interference
with stations operating on the same
channel in neighboring areas. Such
co -channel interference restricts the
minimum spacing between stations
sharing the same television channel
to about 150-200 miles. Even with
this spacing, viewers located between
such stations are frequently bothered
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with "venetian -blind" interference
during periods of anomalous propa-
gation. Therefore, the FCC, with
many more applications for television
station construction permits on file
than it had channels available, de-
cided upon the UHF frequencies be-
tween 475 and 890 mc. as the logical
place to expand television broadcast-
ing facilities.

UHF Propagation
One of the chief difficulties in TV

broadcasting has been the unpredict-
able nature of short wave propaga-
tion. The common characteristic of

such propagation is that, although the
range of transmission under normal,
undisturbed conditions is compara-
tively short, abnormal conditions
which occur quite frequently due to
air mass movements in the tropos-
phere may extend the range many
times. Thus, although it is necessary
to use appreciable transmitter pow-
er to cover a reasonable primary ser-
vice area, this power may frequently
cause co -channel interference on re-
ceivers hundreds of miles away un-
der conditions of abnormal atmos-
pheric bending. These effects bring
about serious problems in station
spacing and frequency allocations,
and are considered important enough
to warrant a brief discussion here.

Radio waves in both the VHF and
the UHF portions of the spectrum
normally follow line -of -sight laws.
The relationship between transmit-
ting and receiving antenna heights
and station separation for a true op-
tical path over a smooth earth's sur-
face is shown in Fig. 1. Actually,
because radio waves propagating in
an "undisturbed" earth's atmosphere
are bent or refracted slightly so that
they follow a path which is theoreti-
cally four -thirds of radius of the
earth, the radio line -of -sight is about
15% greater than optical line -of -
sight distance. The constant 1.23 in
Fig. 1 may be changed to 1.41 to
include this effect. Of course, de-
partures from a "smooth earth" and
absorption or scattering caused by
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large objects in the radio path modify
the range considerably. It is usually
the radio line -of -sight condition which
determines the primary service area
of a television station. Beyond this
radio horizon the signal at ground
level is attenuated rapidly with dis-
tance from the transmitter and a sat-
isfactory picture signal can only be
obtained by increasing the antenna
height, the transmitter power or re-
ceiver sensitivity. This service zone
is known as the "fringe area" and it
is here that the effects of anomalous
propagation are most pronounced.

Abnormal propagation of very
short radio waves is caused by sev-
eral sets of meteorological conditions
which may exist in the lower several
miles of the earth's atmosphere (the
troposphere). The most widely re-
cognized of these conditions is that
known as "temperature inversion."
Such an inversion exists when the
temperature decrease of the earth's
atmosphere with altitude departs
markedly from the normal "lapse
rate" of about 3 degrees F. per 1000
feet. When this condition occurs,
bending of radio waves in the lower
atmosphere increases. If the tem-
perature of the air actually increases
with altitude, downward bending be-
comes very pronounced, resulting in
reception of the waves far beyond the
normal range. This bending is caused
by the fact that the waves travel
faster in the light, warm, upper air
than they do in the more dense, cool-
er lower air. Therefore, radio waves
passing obliquely from one medium
to the other are bent downward due
to the optical phenomenon known as
refraction. This process is illustrat-
ed in Fig. 2.

The basic differences between VHF
and UHF propagation are that very
much greater transmitter power is
required in the UHF band to provide
the same quality of television service
that is presently offered in the VHF
channels, although anomalous propa-
gation effects will probably be worse.
Actual field tests of UHF television
transmission made by responsible

commercial investigators and by the
FCC indicate that up to 100 times as
much power may be required to pro-
vide UHF coverage comparable to
that presently experienced in the low-
er bands. Such power requirements
are beyond the present status of the
UHF transmitting tube art, although
there is feverish activity in the in-
dustry to complete the development
of suitable tubes. The great em-
phasis on microwave tube develop-
ment for military radar applications
and the lack of commercial services
in the 500-1000 Mc. region has re-
sulted in this frequency range being
somewhat neglected in the past.

The need for extremely high trans-
mitter power for UHF television
arises from the poorer performance
of receiving components at these fre-
quencies, in addition to the propaga-
tion limitations mentioned above. The
characteristics of receiving equipment
for this band will now be discussed.
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Antennas
The problem of receiving antenna

broad -banding is not as troublesome
in the UHF television band as it has
been at the lower frequencies. The
frequency ratio involved is less than
2:1 in this case instead of the 4:1
frequency ratio which exists between
the extremes of channels 2 and 13.
In addition, half -wave antennas in this
band are quite small, ranging from
about one foot in length at the low
end to approximately six inches at the
high frequency end. The small phy-
sical size makes it possible to use
special broadband designs which could
not be employed at the lower televis-
ion frequencies because of prohibitive
wind resistance. Typical examples of
such special UHF designs are the
sheet -cone antenna, the biconical an-
tenna, and the discone antenna de-
picted in Fig. 3. Antennas of these
types can be effective over frequency
ranges considerably greater than 2:1.

Balanced against the convenience
of small physical size is the fact that
a UHF antenna has a smaller "effec-
tive area," i. e., it extracts less energy
from a passing wave. The effective
area of an antenna is given by:

(1) Area
GA2

4Tf
Where: G is the power gain of the antenna.

A is the resonant wavelength.

Since the effective area is propor-
tional to the wavelength squared, an
antenna resonant at 60 mc. (5 meters)
would intercept 100 times as much en-
ergy from a field of a given intensity
as would an antenna of the same gain
operating at 600 mc. (.5 meter). It
will therefore be necessary to em-
ploy antennas having high values of
gain, since the effective area increases
directly with gain.

For frequencies within the UHF
TV band, relatively high gains are
obtainable with special dipoles of the
types shown in Fig. 3 when used in
conjunction with cylinderical para-
bolic or square -corner reflectors. An
arrangement of this type is illustrat-
ed in Fig. 4. Reflectors of this kind
are preferably constructed of metal
spines or wire mesh to reduce wind
loading. Power gains of over 16 db.
are available in the UHF band with
antennas of practical size.

Transmission Lines at UHF
Another serious problem in the re-

ception of UHF television signals is
the high attenuation in common trans-
mission lines at ultrahigh frequencies.
The r.f. losses in the standard 300 -
ohm ribbon -type lines make the use
of them prohibitive at UHF frequen-
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cies. These losses are mainly due
to radiation from the line which be-
comes much greater if an appreciable
standing wave exists. Even high qual-
ity solid -dielectric coaxial lines such
as RG-8/U exhibit attenuations which
range from almost 6 db. per hundred
feet at 500 mc. to nearly 10 db. at
1000 mc. This means that only one-
fourth to one -tenth of the energy in-
tercepted by the antenna would reach
the input of the receiver, if the trans-
mission line is 100 feet long. Thus,
the advantage of a high antenna to
improve the signal strength is partial-
ly offset by the increased losses in-
curred by the long line needed to feed
the receiver. This suggests that in
some cases it will be necessary to
place the UHF receiver front-end at
the antenna so that the lead-in works
at the lower frequency of the i. f.
where the losses are much smaller.
Lines with low losses at UHF are
available, but are quite expensive.

Receiver Considerations
One of the primary reasons for

maintaining the present black -and -
white standards in the lower part of
the UHF band (Channels 14 through
55) is to make it possible to adapt
any of the several million existing
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low -band viewers to UHF by the ad-
dition of a simple frequency convert-
er. Future television sets will un-
doubtedly have built-in UHF cover-
age, but it is anticipated that the dual -
conversion system will be used. This
is because the UHF band lies in the
"awkward" transition frequency range
where lumped -constant circuits are
unsuitable, and yet true distributed -
constant circuits such as cavities and
lecher lines are quite bulky. For this
reason, combination VHF -UHF tun-
ers appear impractical. In addition,
dual conversion has advantages in im-
age rejection, local oscillator range,
gain, and flexibility.

Fig. 5 shows, in block diagram form,
the rudiments of the dual -conversion
scheme. The incoming UHF televis-
ion signal is heterodyned with the
UHF local oscillator signal in a mixer
of the vacuum tube or crystal type.
The frequency of one of the VHF tel-
evision channels is chosen as the dif-
erence frequency, so that the output
of the converter may be fed into the
input terminals of the standard re-
ceiver. The receiver r.f. stage acts as
the first i. f. amplifier and the signal
is again converted by the VHF mixer
to the i. f. of the receiver. The sig-
nal has thus undergone two frequency
conversions before final detection.

Vacuum tubes of special design are
required for r. f. applications at UHF
because of the limitations of conven-
tional designs discussed in the AERO-
VOX RESEARCH WORKER for Oc-
tober. As mentioned there, silicon
crystals are favored for mixers at
these frequencies because of better
noise performance and greater sim-
plicity. The noise figures of inexpen-
sive r. f. amplifiers for UHF are so
poor that most converter designs do
not use r. f. stages ahead of the mix-
er, but may have a tuned preselector
or r. f. filter circuit to improve image
rejection.

The r.f. circuitry used for UHF
tuners represents a considerable de-
parture from conventional low fre-
quency types although evolved direct-
ly from them. Tuning circuits in par-
ticular present a new appearance at
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first glance. This is because a tun-
ing range of nearly 2:1 is required
to cover the entire band, so that it is
necessary to use combination induc-
tive and capacitive tuning. Special
tuners which use this general principle
are the butter -fly, the semi -butterfly,
and the split -cylinder types. The de-
velopment of a UHF resonant circuit
of the semi -butterfly type from the
conventional coil-condensor parallel
resonant circuit is illustrated in Fig.
6. The frequency of the L -C com-
bination (6a) can be varied either by
changing the meshing of the conden-
sor plates or by introducing a body
into the coil which effects the per-
meability. If a brass "slug" is used,
the frequency increases as it is insert-
ed into the center of the coil.

In the UHF version (6b), the coil
has become a single half -turn loop
and the many condensor plates of the
low frequency circuit have been re-
duced to two quarter -plates which
form the stator plates of a split -stator
condensor. The rotor performs a
double tuning action in this arrange-
ment because it acts as a tuning
"slug" in the position shown and in-
creases the resonant frequency; then
as it is rotated to mesh with the stat-
or plates, it decreases the frequency.
The tuning range of this double -ac-
tion type of tuning is greater than
with either inductive or capacitive
tuning used alone.

The conversion loss in a crystal
mixer may be as much as 10 db. For
this reason, it is usually necessary to
add a stage of i. f. amplification to
the UHF converter output to compen-
sate for this loss. The very popular
cascode amplifier is widely preferred
in this application because of it's ex-
cellent noise properties. The noise
figurue of the i. f. amplifier used here
is very important in establishing the
overall noise performance of the re-
ceiver, since the preceeding stages
have little or no gain. Noise figures
of about 10 db. appear to be about the
best that can be expected from com-
mercially feasible UHF television
converters.
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CAPACITORS

 Minimum weight, slashed bulk. Improved relia-
bility. That's the why -and -wherefore of AEROLITES
Aerovox's new, improved metallized -paper capaci-
tors. Now available in the same variety of types as
corresponding paper -and -foil sections - cardboard
tubulars, hermetically -sealed tubulars, and the usual
oil -filled metal -cased units.

AEROLITES' are self -healing when subjected to
voltage overloads. Yet such units provide a gener-
ous margin between rated voltage and overload
test. Likewise, satisfactory insulation resistance.
AEROLITES* meet JAN vibration, temperature, im-
mersion cycling and life -test requirements.

 Aerovox Application Engineering assures performance
satisfaction with AEROLITE* metallized -paper capacitors.
For literature and answers to your particular application
problems, write on your letterhead to AEROVOX CORPO-
RATION, DEPT. A-150, NEW BEDFORD, MASSACHUSETTS.

HERMETICALLY -SEALED AEROLITES- MEAN ...

... marked reduction in bulk and
weight.

... operating temperatures of
-55°C to +55°C without derat-
ing. Operation at ambient tempe-
ratures up to 95°C with voltage
derating.

... power factor same as conven-
tional mineral -oil -impregnated ca-

pacitors.

extended electrode type con-
struction for minimum r -f imped-
ance.

... immersion proof.

... time -and -service -proven Aero-
vox terminals and cases.

...backed by Aerovox engineer.
ing experience and "know-how."

*Trade -mark

FOR RADIO -ELECTRONIC AND
INDUSTRIAL APPLICATIONS


