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Television

Large air masses, as those shown on this weather map, affect TV reception as they sweep the country.

WHAT'S THE MYSTERY
'BEHIND TELEVISION DX

By E. P. TILTON, WIHD@*

and sometimes annoyed by pictures

from distant stations on his TV

sereen. Sometimes they come in
with such strength as to drown out local
programs. Television viewers are divided
intd two camps—the dx hounds who are
pleased and proud to receive programs
from 1,000 miles or more away, and
the local-station televiewers who object
to the interference. The first group is
much the larger, and many people are
inquiring as to the whys and where-
fores of long-distance television propa-
gation.

As the first serviee to use the fre-
quencies above 30 me, the radio ama-
teurs have contributed much to our
knowledge of v.h.f. propagation. Ama-
teur activity on 56-60 me in the 10 years
before the 1941 shutdown, and more re-
eently in the nmew band at 50-54 me,
provided data on the lower TV chan-
nels. The high band is similar to the
amateur 144-148 me assignment, where
*V.hi, Editor, QST Magazine

THE TV viewer is often astounded

thousands of hams have been working
since 1945.

Long-dist: Propag; is consid-
ered a nuisance by ecommercial services.
The ham, on the contrary, jumps at
every opportunity for work beyond his
normal communicating range.

There are many ways by which a
50-me or higher-frequency signal can
reach points beyond the normal work-
ing radius. Only two are important in
TV reception. One is closely allied with
weather phenomena and can be pre-
dicted with considerable accuracy 24
to 48 hours in advance. The other is
the result of spolty concentrations of
high ionization density in the E-layer
region of the ionosphere, some 50 miles
above the earth’s surface, Its causes are
not well known and tly it is

Tropospheric Bending

V.h.f. waves leaving the transmitting
antenna take off into space in straight
lines, 8o a television station’s serviee
area is a somewhat irregular circle of
a diameter of perhaps £0 miles, depend-
ing on antenna height, transmitter
power, nature of the terrain, receiver
sensitivity, and other variables, includ-
ing the weather at the time. The weath-
er exerts an influence because the speed
of radio waves varies with the dielectric
constant of the medium they travel
through, The temp e and humidity
of air affect its dielectric constant, so
our v.h.f. wave is bent slightly when it
passes through a boundary between air
masses having different temperature
and moisture content.

Large masses of air are constantly
moving across our country from west
to east in fairly well-defined and pre-
dictable patterns. Modern weather fore-
casting methods are largely based on
plotting of this air-mass movement!.
Under stable weather conditions the
boundary between two very different air
masses may remain well defined for up
to several days.

If this boundary lies along the path
between a TV station and a distant re-
ceiver, a station may be received far
outside its normal coverage. (Air-mass

predictable only in a general way.

These two phenomena, tropospheric
bending and sporadic-E skip, account
for all the TV dx reported in recent
issues of this magazine.

y bending ean work the other
way, too, reducing the coverage to be-
low normal.)

The bending of radio waves by at-
mospheric stratification increases with
frequency, but it is negligible below

RADIO-ELECTRONICS for



about 25 me, The amateur 50-me band
13 noticeably more responsive to tropo-
spheric effects than is the 28-me band,
and the 144-me band often shows strong
signals from points several hundred
miles distant, while 50 me is only slight-
ly affected. The distance over which re-
fracted signals may be heard increases
with frequency, other things being
equal, 50-me signals are seldom heard
beyond 300 miles by tropospheric means
(troposphere: the atmosphere between
the stratosphere and earth, in which
our weather occurs), but the 144-mc
band often supports commumnication
over distances up to 500 miles in the
warmer months, and 700 to 800 miles is
not uncommon. The current record for
two-way amateur communication on 144
me is nearly 1,200 miles,

From this we can see that the high-
band TV channels, 7 to 13, should pro-
vide more tropospheric dx than the low-
er ones, channels 2 to 6. Why this is
nol borne outl in current TV experience
is easily onderstood when we consider
the difference in performance of most
receivers between the high and low
channels, DMost antenna installations
favor the low band, and there iz a pre-
ponderanee of low-band stations. Chan-
nel 4 alone haz almost az many stations
on the air ag all seven channels of the
high band combined. {But we don’t get
as much dx on all seven channels com-

hined ag on channel 4. Perhaps there
e a few propagation factors affecting
200-me signals that are sbill not un-
derstond 7—Editor)
Tropospheric bending occurs in all
seasons, but iz most pronounced in

warm or mild weather, reaching its
peak in most sections of the eountry
during the fair calm weather of Sep-
tember and October. Large-scale air-
mass movement is only one cause. An-
other is atmospheric convection that de-
velops any warm sunny day along our
eoastlines, causing seaside locations to
head the list of desirable homesites for
the vh.f. enthusiast, whether he be a
communicating amateur or a TV set
owner, The favorable season is longer
in the more southern regions, The Gulf
Coast, the Lower Mississippi Valley and
the California coastal areas enjoy a con-
siderable advantage in this respect. At
the peak of the season, however, the
broad reaches of the nearly flat Middle
West states are favored with tropo-
apheriec bending hardly equalled else-
where.

In addition to variations induced by
weather changes, tropospheric t i
follows a regular daily cycle.
morning, when the sun heats the air
aloft before the earth’s zurface temper-
ature is affected, may be the best part
of the day for v.h.f. propagation. {This
knowledge ig of little use to TV en-

nsiast, transmitting schedules being

nat they are.} Of more practical value
iz the repetition of the temperature
inversicn in the period around sundown,
when the earth Iz more quickly than
the layer of air immediately ahove it.

This daily cycle may be observed the
year around, but when it iz eombined
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with other factors already enumerated
we may have a truly phenomenal de-
gree of bending on the frequencies
above about 100 me or =o0. This happens
frequently along our coasts in May and
June and September and October, and
somewhat less often over inland areas.
The turbulent weather of midsummer
tends to dispel the air-mass boundary
conditions most favorable to long-dis-
tance propagation, and cold weather
discourages the coastal convection and
diurnal factors. Tropospheric bending
over distances beyond 300 miles is rare
in winter.

‘The reports of ohserver Glaub of
East Moline, IlL, of reception of WHIO-
TV, Dayton, Ohio, channel 13, and
WERC-TV, Cincinnati, channel 11, on
September 5, are typical examples of
tropospheric bending on the high chan-
nels., Observer Swanson, Rockford, Tl
zaw WSPFPD, Toledo, channel 13, on Sep-
tember 6 and 7% by the same air-mass
condition. Thiz period of three nights
i3 of particular interest, as it was the
occasion of the 144-me work over nearly
1,200 miles mentioned earlier., Begin-
ning just before midnight on the 6th an
amateur in eastern New York worked
several stations in Towa, Missouri, and
Kansas, and was heard in Oklahoma,
more than 1,400 miles away!

Reception on October 30 of WJAR-
TV, Providence, R. I, channel 11, hy
observer Canning* of Halifax, Nova
Scotia, iz an example of the coastal type
of opening. This sort of thing could be
done mueh more often than is gener-
ally appreciated if the 144-me experi-
ence of Halifax and Yarmouth ama-
teurs is any indication. A Yarmouth
man has found it possible to work as
far south as Norfolk, Va., fairly often,
and his bhest dx, Fayetteville, North
Carolina, about 900 miles, waz worked
with signals of tremendous strength.

Even though the power level of ama-
teur stations is far below that of the
most modest high-band TV station, sig-
nals over such distances ave often well
above that required to provide a good
TV picture on a reasonably sensitive
receiver. There is little doubt that high-
band TV dx could be loggzed much more
often if viewers knew when to be on
the lookout for it.

The practical receiving range for
low-band stations can be extended ap-
preciably by the use of properly de-
signed r.f. amplifiers and antenna sys-
tems, as demonstrated by observer Du-
brenil! of Lavaltrie, Quebec, who has
succeeded in receiving WRGB-TV,
Schenectady, and WSYR-TV, Syracuse
{channels 4 and 5) consistently, over
a 260-mile path,

Sporadic-E Skip

Practically all low-band TV dx be-
yond 400 miles is the result of reflec-
tions in the E-layer region of the
ionosphere, As such it is markedly dif-
ferent from tropospheric bending, The
experienced observer should have no
trouble in distingnishing between the
two phenomena, Because the reflection
takes place many miles above the earth
there iz a slhip zone of several hundred
miles in which the signal is not ordi-
narily heard. Sporadic-E skip reception
iz most common over distances of 600
to 1,300 miles, though exceptionally in-
tense ionization may bring the mini-
mum skip down to as low as 300 miles,
and multiple-hop effects can extend the
coverage to 2,600 miles or more,

At times there appears to be a tie-in
with observable weather effects, but the
eorrelation is not well established, nor
is the exact cause of the phenomenon
eompletely known, After years of ob-
servation by amateurs and scientists,
predietion of sporadie-E iz still only
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Fig. 1—This tabulation, compiled from 146 dx reports in Rapo-ELECTRONICS,
illustrates the effect of increasing frequency on the occurrence of sporadic-E
layer skip. The red columns show the percent of total reports, the black show
the percentage of the total number of stations on each TV channel in the U.5.
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partially suceessful. We do know quite
a bit about it in a general way, how-
ever, We know that it can develop at
any hour, in any season, but that it is
most common in the mid-day and early-
evening hours of the six-week period
either side of the longest day of the
year, or from early May to the mid-
dle of August, There is a minor period
from early December to the middle of
January.

Ionization sufficiently dense to reflect
signals on frequencies up to 60 me or
more is very frequent in the May-to-
August period, and the signal strengths
encountered at times are nothing short
of astounding. This explains the ocea-
sional dx reception reports from view-
ers having small receivers and indoor

As an an observer
in New England, in the fringe area of
WCBS-TV, New York, may find his
chammel 2 reception taken over by
WSB-TV, Atlanta, WIBK-TV, Detroit,
WFEMY-TV, Greensboro, North Caro-
lina, or even KPRC-TV, Houston,
Texas, instead of hizs customary New
York program. Or the interference may
be only strong enough to cause the un-
informed viewer to call his repairman.

Examination of 146 low-band dx re-
ports in recent issues of Ranio-ELEC-
TRONICS shows them to be of sporadie-E
origin, The times of reception, where
given, agree clozely with amateur 50-
me observations for the same period,
and every date listed is one on which
amateurs were making sporadie-E con-
tacts over roughly the same paths.

From amateur experience on 28, 50,
56, 112, and 144 me, and from observa-
tion of skip effects in the FM band, 88
to 108 me, we know that sporadie-E
drops off sharply with frequency, being
relatively rare above about 100 me. The
top frequency is not precisely known,
but it seems unlikely that high-band
TV channels are ever affected.

This drop in sporadic-E with fre-
quency is apparent in Fig. 1, even
though the chart was compiled from a
relatively small mass of data. From it
we see that channel 2, with less than
10% of the country’s stations, account-
ed for more than one-fourth of the re-
ports. Channel 8, with the same number
of stations, netted only 17.8% of the
reports. Nearly 429 of the reports were
for channel 4 stations. This slightly in-
consistent figure (channel 4 having
39.49 of the stations) is easily ex-
plained. The presence of many more sta-
tions, with better distribution over the
country, makes for more monitoring of
that channel, and more antenna in-
stallatior favoring it, Reports for
channels 5 and 6 are greatly in the
minority, though 45% of the country's
stations are operating there.

Other causes of v.h.f. dx

Though tropospheric bending and
sporadie-E skip account for nearly all
the TV dx thus far observed, other fae-
tors can enter the picture. There is a
very slight possibility of reflection
from the ionospherie F2 layer. The re-
ception of BBC television by lui)enry

Rieder, of Capetown, South Africa, in
1947 and 1948 was in this category.
This is a daytime phenomenon exclu-
sively, and it is possible only near the
peak of the 11l-year sunspot cycle, Even
then (the peak was in February, 1948)
it is doubtful whether the upper fre-
quency limit of F2-layer propagation
is high enough to affect American TV
stations, Note that the BBC video is on
45 me, the sound on 41.5 me. The writer
received both frequencies often in Oe-
tober and November, 1946-48, but the
video has been heard infrequently since.
The sound was heard well a few times
in 1849, but not at all in 1950. There is
practically no possibility of transat-
lantic TV reception again before 1957
or 1958, at the present state of the art.

V.h.{f. waves can be bounced back by
the aurora borealis. Swing your TV
array around to the north the next time
an aurora lights the skies. Because of
the scattered nature of the reflected sig-
nals there may be severe multipath dis-
tortion of the reception, and signals so
reflected are generally rather weak. Try
all the channels, however—you may
be in for some surprises!

Anticipating favorable conditions

Armed with the above facts we can
examine the TV dx reports so far pub-
lished in this magazine and say, with
some assurance, just how each of them
happened. Better, we can look ahead
and see when such things are likely to
happen again.

Because tropospheric openings are
closely related to weather conditions,
we can spot them several days away if
we study the weather acress the coun-
try in detail. This can be done fairly
well by watching the weather maps that
are published in many newspapers. The
type showing pressure distribution is
best for our purpeses. If a large high-
pressure area is shown moving slowly
aeross the country we can be almost cer-
tain that improved propagation will
accompany its passing our locality. The
best tropospheric bending is almost al-
ways closely associated with the middle
or the trailing edge of a large high-
pressure movement.

It is not the barometric pressure
gradient that causes the bending, but
rather the atwospheric stratification
that accompanies it. The pressure lines
on the weather map, called isobars (or
lines of equal barometric pressure) are
merely a convenient indicator as to
when and where favorable conditions
may exist.

We ean do fairly well at short-term
prediction of tropospheric openings if
we do no more than watch the local
weather., Temperature and barometrie
pressure changes, the wind direction,
visibility, changing clond forms—these
are weather sighs by which man has
predicted the weather for generations,
long before the advent of weather maps
or television. They are still good for

iness, and little or no wind. Ground fog
in the early morning, or late at night,
Cumulus clouds forming around mid

day, but not mushrooming into thunder-
heads. A weather forecast for rain
after a protracted fair spell in summer,
or smow turning to rain in winter.

Prediction of sporadic-E skip is some-
thing else again, for the best minds in
the business have not yet been able to
do it with any reliability. We know when
it iz most likely to happen, and we can
recognize it when it breaks, but it still
pullz some surprises on us that don't fit
in with previously observed patterns.

A classic example is the case of Jan-
uary 4, 1951. Beginning about 7:15 pm
EST, sporadie-E skip began to break
out over most of eastern United States
and Canada. The area affected ranged
from Nova Scotia to Florida, and from
the Atlantic to well past the Missis-
sippi. An amateur friend of the writer,
in Yarmouth, N. 8., taking time out
from his rapid succession of dx con-
tacts on 50 me, found signals jamming
hiz TV set on all channels from 2 to 6.
The jumble was such that it was diffi-
cult to identify any one station. This
was 300 miles from the nearest TV
transmitter—and in midwinter!

Catching a major portion of the spo-
radic-E openings the year arcund takes
frequent observation and not a little
luck, but the ionosphere does drop a
few clues. Begin checking in earnest in
late April, particularly around 7
9 pm. If you have a receiver CoveTi,
the amateur bands at 28 or 50 me watch
out for signs of “short skip” communi-
cation. If 28-mc stations are heard
working distances of 300 to 1,200 miles
there’s a good chanee that at least chan-
nel 2 may be open over the same paths,
If 50-me stations are heard similarly,
several channels are probably open.

Make a note of any open dates. As
sporadic-E is related to solar conditions
in a general way, there iz likely to be
a recurrence of any pronounced open-
ing in about 27 days, the time Old Sol
takes to make one complete turn on his
axis, There are usually two major open-
ings each wmonth, about two weeks
apart, and once those periods are es-
tablished there is & good chance that
repeat performances can be caught the
following months on similar days, four
weeks later. The average solar disturb-
ance will remain active for at least
three solar rotations.

Probably the most important adjuncts
to improved dx reception are a sensitive
receiver and a high-gain antenna sys-
tem. The best openings can be ecaught
on any kind of gear, but a low-noise
front end of adequate gain, and a prop-
erly designed antenna system equipped
with a rotator will bring in dx signals
many times when the average installa-
tion shows no sign of life what:
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