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The Selection of a Radio-Broadcast-

5 5 *
Transmitter L ocation
WILLIAM B. LODGET, MEMBER, L.R.E.

Summary—A radio broadcast station should provide salis-
factory reception to as many homes as possible. Most of the engineer-
ing considerations which determine the station’s performance may be
treated analytically. However, ability to serve a large audience 1s
greatly affected by the excellence of the transmiltter location selected,
and this selection must be governed by experience with intangibles not
subject to calculation. In the present arlicle, various factors affecting
the choice of a suitable transmitler site are discussed and general
recommendations are given.

ELECTION of a suitable site for the transmitter
S of a modern broadcast station is not an exact
science. Few locations are ideal from every
point of view. Compromises, placing practical con-
siderations ahead of engineering principles, are often
necessary, and an engineer sometimes finds it difficult
to balance benefits in one direction which result from
sacrifices in another. It is thought that a discussion
of the points which should be considered in choosing
a new transmitter location would be of some interest.
The relative importance of the various factors will
depend upon the economic status of each station,
its power, frequency, and also the nature of the terri-
tory it serves. However, the most important consid-
erations are:

1. Necessity of a strong signal in the station’s
home city.

2. The strength of other signals already reaching
the area to be served by the station.

3. Population density near the proposed site.

4. Directional antenna limitations which may dic-
tate selection of the station site in a partieular
direction from the city.

5. Proximity of airports and airways.

In the United States, it is necessary to obtain a
construction permit from the Federal Communica-
tions Commission before a radio broadcast station
can be built or moved from one location to another.
Approval of a station site is not governed by a series
of arbitrarily applied, inflexible rules concerning
population, blanketing, distance from the center of
a city, etc. On the contrary, the Engineering Depart-
ment of the Federal Communications Commission
encourages the choice of station locations which
provide a satisfactory signal to as many people as
possible, and which cause inconvenience to as few
listeners as possible. Therefore, the desirability of a
particular sitc may he judged primarily by the field-
strength contours which the station using that site
will produce and by the population within cach con-

* Decimal classification: R612.1, Original manuscript received
by the Institute, September 6, 1938; abridgment received by the
Institute, August 2, 1939. Presented, Thirteenth Annual Conven-

tion, I\:Tcw York, N. Y., June 18, 1938.
t Columbia Broadcasting System, Ine., New York, N. Y.
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tour. At the same time, careful attention should be
given to the probable location of areas where the sta-
tion will be subject to nighttime interference or fading.

The first requisite for locating a transmitter is
sufficient propagation data to permit prediction of
signal attenuation in all directions from a tentative
site. Variations in attenuation are larger than might
be expected. While one S-kilowatt station may de-
liver a 5-millivolt-per-meter signal 62 miles from its
transmitter, another 5-kilowatt station, using an
equally efficient antenna, will deliver the same signal
to a radius of only 7 miles. This great variation, 7 as
compared with 62 miles, can be caused entirely by
differences in soil conductivity and operating fre-
quency, emphasizing the need for accurate knowledge
of actual transmission conditions. Field-intensity
data necessary for determining attenuation may be
obtained by measuring the signal produced by a spe-
cial test transmitter. In most cases, however, signals
of existing broadcast stations are measured to deter-
mine the propagation characteristics in a particular
area, and for this reason, the use of test transmitters
is becoming more infrequent. While attenuation
varies with frequency, it is possible to make measure-
ments on one frequency and to convert the data to
any other frequency in the broadcast band with a
high degree of accuracy.

It is necessary for the broadcaster to deliver a
signal much greater than that which the public would
have accepted 5 or 10 years ago. Although 10 milli-
volts per meter has been considered adequate signal
strength in some cities, experience has shown the
desirability of building a transmitting station which
will deliver at least 50 millivolts per meter in the con-
gested arcas. The relocation of many stations has
been necessary within the past few years because the
original transmitter site produced signals of only 2
to 5 millivolts per meter in the business district.

Popularity of indoor receiving antennas (or cven
no antennas at all) in many homes, the introduction
of high-fidelity reccivers, and interference arising
from electrical appliances all call for stronger radio
signals. In addition, the construction of new local
stations at the center of many cities has emphasized
the demand for higher ficld intensities. A 100-watt
local station may deliver a signal exceeding 50 milli-
volts per meter in a circle two miles in diameter, and
a 1000-watt regional competitor delivering 5 milli-
volts in the same arca might have difficulty in jus-
tifying a claim that its city coverage was superior to
that of the local station.
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It might be well to indicate here the field inten-
sities necessary to provide satisfactory reception in
rural and urban areas. In rural communities, one-
half millivolt per meter is generally acceptable. In
residential areas, 2 to 5 millivolts per meter is often
adequate, although in some instances 25 millivolts
per meter is insufficient to overcome local electrical
disturbances. Industrial centers and office-building
areas are the most difficult to serve, and in cities
where the population exceeds 100,000, it is desirable
to place a 25- to 100-millivolt-per-meter signal in the
downtown district.

The average home receiver can stand fields up to
250 millivolts per meter with no ill effects. Many
medium-priced sets will provide satisfactory recep-
tion of all desired stations in a field of 2000 to 3000
millivolts per meter, a half mile from a 50,000-watt
transmitter. However, since many less-selective re-
ceivers are still in home use, it is desirable to choose a
transmitter location so that the population within
the 250-millivolt-per-meter contour is as small as
possible. Furthermore, the older and poorer sections
of most cities are not suitable for a transmitter loca-
tion. In these areas, overhead power lines and tele-
phone wires have usually been in service for 20 or
30 years and house wiring is often old and poorly in-
stalled. Very strong radio signals produce cross
modulation in such an area and the resulting inter-
ference is independent of receiver selectivity. The
broadcaster almost invariably assumes the responsi-
bility of correcting reception difficulties which result
from excessively high field intensities. Consequently,
an expense of several thousand dollars may be in-
curred by a station whose transmitter is located near
an old and densely populated section of the city.

In practice, the choice of a new station location
will be greatly influenced by the strength of other
signals reaching the samearea. In localities where
listeners are accustomed to receiving high signal
intensities, a transmitter site should be chosen as
close to the center of the city as possible. This is
sometimes overlooked because of the temptation to
serve two cities separated by a considerable distance.
Transmitters optimistically located between two
cities sometimes fail to render satisfactory service in
either one, even if the cities receive only average
signal strengths from other stations.

The use of a directional antenna may limit the
area in which a broadcast station should be built.
For example, if no signal is permissible in a northerly
direction, it is obvious that the transmitter should
not be placed south of its home city. In addition, the
necessity of protecting’ air transportation further
restricts the area in which a site may be selected.
Before granting a construction permit, the Federal
Communications Commission refers a description of
a proposed antenna structure and its exact location
to the Bureau of Air Commerce. Approval or disap-
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proval by this bureau is usually based upon the
recommendations of local airline pilots and airway
inspectors. FFor this reason, it is advisable to obtain
the approval of local representatives of the Bureau
of Air Commerce! before submitting an application
to the Federal Communications Commission. No
hard and fast rules are involved, but each case is
considered on its own merits. A tall tower located at
the center of a radio beam was recently approved
because near-by hills which airplanes must clear ex-
ceeded the height of the antenna. Similarly, in the
vicinity of tall buildings or in the center of a city,
existing flight limitations are not overlooked, and
construction of an antenna at these locations would
usually be approved. In open country, however, it is
desirable to choose a site more than four miles from
an active airport and more than two miles from the
nearest ‘‘on-course’’ signal of a radio range beacon.

Limitations imposed by airway restrictions, direc-
tional-antenna requirements, the necessity of a
strong signal in the home city, and the desirability
of keeping signal strengths below 250 millivolts per
meter in populous areas often rule out the most
promising locations. Then, too, 10, 20, or 40 acres
of land may be required to provide for an adequate
ground system, and the cost of this land must be
within reason. The site should also be satisfactory
in the following respects:

1. Accessibility (roads, terrain, etc.)
Flood levels.
Foundation problems.
Zoning ordinances.
Availability of a reliable power source.
Availability of telephone lines and duplicate
program circuits.
Availability of water.
Conductivity of the soil surrounding the site.
9. Proximity of receiving stations and other trans-

mitters.

10. Possibility of future changes in operating power.

It is no exaggeration to state that in many cases
no eligible sites remain after the areas which fail to
satisfy all of the above requirements have been
eliminated. Compromises must then be made in one
or more directions, and, as previously stated, the
relative importance of each factor will vary for
nearly every station.

Choice of a transmitter site is sometimes compli-
cated by the use of greater power during the daytime
than at night. In other cases, a power increase is
contemplated in the near future. Where changes in
power are involved, the transmitter site should be

selected to give good service with the minimum
power used.

QN L W N
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! Since the preparation of this paper, the duties of the Bureau
of Air Commerce have been taken over by the newly created Civil
Aeronautics Authority. It is anticipated that this change will

ave no immediate effect upon the problem of locating antenna
structures.
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Particular reference should be made to the problem
of installing a broadcast transmitter on the roof of a
tall building. As previously stated, it is usually de-
sirable to build lower-powered transmitters at or
near the center of a city, and this sometimes restricts
the choice of available sites to the roof of an office
building or hotel. If the building is not more than
ten or twelve stories high, satisfactory antenna per-
formance is usually obtained. However, extreme cau-
tion is necessary when locating a transmitting an-
tenna on a building several hundred feet high. In
some rooftop installations, remarkably high antenna
efficiency results, but in other instances, the reverse
follows. Elaborate tests are necessary to predict the
performance of antenna installations on tall build-
ings.

No recommendation has been made as to the rela-
tive merits of a hilltop or a low valley for transmitter
sites. While performance can be predicted more ac-
curately if the antenna is located on flat ground, there
appears to be no necessity for avoiding the top of a
hill unless a directional antenna or a tall antifading
antenna for a clear-channel station is contemplated.
The most frequent error is overemphasis of the theo-
retical advantages of good soil conductivity at the
transmitter site. It is well known that antenna effi-
ciency will be higher and attenuation less severe if a
flat site with high conductivity be chosen. However,
it is obvious that a technically perfect site a hundred
miles away from the station’s market is less desirable
than an inferior site close to the listener’s home. For
many regional and local stations, this is equally true
when the technically superior site is only § or 10
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Fig. 1—Population density near Boston, new and original trans-
mitter site, and new and origina! 10-millivolt-per-meter areas

of WEEI.
miles out of town. Projected field-strength contours
are a much better guide in site selection than mere
consideration of soil conductivity or flatness of ter-
rain,

As a typical example of site selection, a brief de-
scription will be given of the problems involved in
relocating radio station WEEI, Boston, during 1937.
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Since 1929, when the 1-kilowatt transmitter of this
station was originally built at Weymouth, Massa-
chusetts, the Federal Communications Commission
has adopted regulations permitting regional stations,
such as WEEI, to operate with 5000 watts during
the daytime. When the Columbia Broadcasting

==

Fig. 2—Airports and airways near Boston.

System leased WEEI in 1936, it desired to increase
the daytime power of the station and, at the same
time, to relocate it so that a more intense signal
would reach the densely populated portions of the
metropolitan area. The station has been in operation
at its new site for slightly more than one year and it
is therefore possible to show how well the site has
come up to expectations.

First it was necessary to relocate the transmitter
without increasing the interference which WEEI
caused to an adjacent-channel station in Worcester,
and this, in turn, meant that the signal near Wor-
cester could not be changed. To accomplish this, a
directional antenna was required which would keep
WEETI!'s signal low in a large westerly sector. Several
desirable locations along the shore line east of Boston
were therefore ruled out because the signal inland
could not be increased.

Fig. 1 shows the density of population in and
around Boston, the original transmitter site at Wey-
mouth, and, by a broken line, the 10-millivolt area
which the station served. It will be seen that there
were large areas outside of the original 10-millivolt
contour having more than 5000 persons per square
mile, in which the service of WEEI was not consist-
ent with present-day requirements. This figure also
shows the new site and, by a solid line, the additional
area which would receive 10 millivolts or better,
using 5 kilowatts at the new site.

The airports and airways in and around Boston are
shown in Fig. 2. The airway radio beams are repre-
sented by wedge-shaped markings which converge
near the East Boston airport. Airports are indicated
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by black dots. It will be noted that in addition to the
high-powered radio range beacon, which it was neces-
sary to avoid, a low-powered approach beacon was
also in operation at Boston. Actually, there were 8
legs of radio beams and 7 airports to consider in
choosing a site for the new transmitter’s 360-foot
vertical radiators.

Fig. 3 shows the location of the broadcast stations
used to obtain attenuation data throughout Boston’s
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Fig. S is an aerial photograph of Boston showing
the new location of WEEI and the city’s business
district. It is approximately 4 miles from the trans-
mitter site to Boston Common, the heart of down-
town Boston. At the Common, WEEI's daytime
signal is 161 and its nighttime signal 62 millivolts
per meter.

Predicted and actual 0.5-, 2-, and 10-millivolt-per-
meter contours for WEEI at its new location are
shown in Fig. 6. The broken lines are the predicted
contours and the solid are measured. It will be noted
that it was possible to predict the coverage with a
high degree of accuracy in spite of the fact that the
estimates were complicated by transmission across
the business district of a large city, by soil having
high absorption qualities, by the presence of salt
water and marshes, and by the use of a directional

| e

Copyrg'ght by Hagstrom Company, Inc., N. V.
Fig. 3—Location of Boston broadcast stations in 1936.

metropolitan area. A Columbia field engineer, using
a specially equipped automobile, spent three weeks
measuring the signals of these stations. In preparing
field-intensity estimates, it will be seen that radials
may be drawn from one of several stations across
any proposed site. _ '

In Fig. 4 the broken line represents a typical atten-
uation curve which was predicted for a northerly
direction from the site finally chosen. The solid line
is the actual attenuation curve subsequently deter-
mined by field-intensity measurements after the new
transmitter was placed in operation. Predicted and
actual curves are in close agreement, but despite the
favorable frequency, 590 kilocycles, which is at the
lower end of the broadcast band, attenuation is ex-
tremely high. In fact, even with its daytime power of
5000 watts, WEEI could not deliver a 10-millivolt
signal more than 15 miles in a northerly direction, for
on this transmission path the soil conductivity
reaches the unusually low value of 1.8 X107 electro-
magnetic units. While soil conditions are more favor-
able in other directions, it was found necessary to
choose a site less than 6 miles from the center of
Boston to assure an adequate signal on the far side of
the city during nighttime operation when the power
was reduced to 1 kilowatt.
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Fig. 4—Distribution of field intensity on a radial north
of the new WEEI transmitter location.

antenna. It might be well to mention the comprom-
ises which were made in locating WEEI at its new
site. Preliminary studies indicated that the high
density of population near the new site might be a
serious problem. Fortunately, the anticipated inter-
ference difficulties did not materialize. While the
population within WEEI’s 250-millivolt contour ex-
ceeds 93,000, only 226 listener complaints were re-
ceived during the first year of operation, and in all

qf these cases interference has been cleared up to the
listeners’ satisfaction. )
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Then, 22 acres of land were required to accommo-
date the directional antenna system, and property
at the new site is valued at several thousand dollars
per acre. Furthermore, it was necessary to extend
power, program, and telephone lines more than half
a mile. Building a $3000 water main and $20,000
worth of foundation piling were also required. Com-
bined, these extras made the cost of the new trans-
mitter approximately $40,000 higher than that of
a station built at an alternate site which sacrificed
coverage to reduce construction costs. However, no
compromise was made in the effort to serve the larg-
est population possible, and it is believed that WEEI
now renders the widest service which is technically
possible at its power and in view of the extreme at-
tenuation characteristics of New England.

If a station is located in a seacoast city, it is often
desirable to take advantage of transmission across
salt water. In a few cases, the shape of the coast line
precludes the possibility of improvement, and in
other instances, such as WEEI, described above,
directional-antenna requirements limit the engineer’s
freedom of choice. However, in most shore cities, it
is possible to take advantage of transmission across
salt water to increase the service area of a station.

airchild Aerial Surveys, Inc.

Fig. 5—Aerial photograph looking south towards downtown Bos-
ton with WEEI transmitter in foreground.

The recent relocation of KNX is a good example
of what can be accomplished in this respect. This
station, the Columbia Broadcasting System’s 50,000-
watt outlet in Los Angeles, California, began opera-
tion at a new site in August, 1938. The antenna is a
495-foot, uniform-cross-section, guyed vertical radia-
tor. Its cross section is a triangle 4 feet 6 inches on
the side, and its height above the base insulator cor-
responds to 0.53 wavelength at the carrier frequency
of 1050 kilocycles. The original KNX transmitter
was located at Sherman Oaks, 9.3 miles northwest of
the CBS studios? at Columbia Square, Hollywood,

2 H. A. Chinn and R. A. Bradley, “CBS Hollywood Studios,”
Proc. [.R.E., vol. 27, pp. 421-428; July, (1939).
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while the new transmitter is at Torrance, 21.6 miles
from the old location, and 17 miles south of Holly-
wood. From the old site, the KNX signal had to pass
over a 1400-foot range of hills to reach Hollywood
and Los Angeles. It is interesting to note that al-
though the distance between transmitter and studios
was practically doubled, the signal at the studios
was increased from 53 to 92 millivolts per meter.
This apparent anomaly results from the fact that
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Fig. 6—Map of eastern New England showing WEEI
field-intensity contours.

the low plain between Long Beach and Los Angeles
is made up of soil of very high conductivity—ap-
proximately 25X 107! electromagnetic units, instead
of 4X 10 electromagnetic units, the value from
the original site.

In moving the KNX transmitter, it was desired
to intensify the signal throughout the Los Angeles
metropolitan area, and to establish reliable service
in the cites of San Diego and Santa Barbara. The
map in Fig. 7, showing the new and old 10-millivolt-
per-meter areas, indicates the effect of salt-water
transmission on coverage. The signal is seen to travel
much farther along the shore line than it does inland.
The transmission path from Torrance to San Diego
contains very little land, with the result that in
Balboa Park, San Diego, 107 miles from the new
transmitter, the KNX signal is 10.9 millivolts per
meter, and is fading-free at night. The old transmit-
ter delivered 1.45 millivolts per meter, at this point,
which, in a city of 140,000, was entirely inadequate

. . . . L




and was subject to serious nighttime fading. Though
not within the 10-milivolt-per-meter contour, Santa
Barbara also receives a signal which travels partially
across salt water. This city of 35,000 population, 87
miles from the new transmitter, received a signal
increase from 2.1 to 6.4 millivolts per meter, although
the original transmitter site was 15 miles closer.
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Fig. 7—KNX 10-millivolt-per-meter areas, before and
after transmitter relocation. :

It will be seen in Fig. 7 that the KNX 10-millivolt-
per-meter area was considerably enlarged by the
relocation. The land area was increased from 1910
square miles to 3020 square miles, an increase of
58 per cent. Furthermore, besides being smaller in
area, the old 10-millivolt-per-meter area was largely
confined to' mountainous and sparsely populated

localities. As aresult, the new 10-millivolt-per-meter
contour includes 410,000 more persons than did the
old. While an analysis ol the 10-millivolt-per-meter
arca fails to give a complete picture of the coverage
improvement, similar gains were realized within
signal contours of other value.

It should be emphasized that unless actual meas-
urements arc avaitlable, large errors may be made in
estimating attenuation of a signal crossing sharp
discontinuities in conductivity, such as shore lines
or mountain ranges. It is recommended that trans-
mission tests be made in every attempt to take ad-
vantage of salt-water transmission. Prediction of
KNX coverage from the new site was made more
accurately than is usually possible, since a broad-
cast station in Long Beach, California, on 1360 kilo-
cycles with a power of 1000 watts, was already trans-
mitting from a point 9 miles southeast of the site
finally chosen for KNX. Extensive field-intensity
measurements of the Long Beach station’s signal,
corrected for difference in power, frequency, and
antenna efficiency, provided reliable information on
which to base predictions of KNX service.

This article has described a number of factors
which affect the choice of a transmitter site. In
practice, it will be found that almost every case in-
volves additional problems whose solution will re-
quire judicious use of experience and common sense.
It is the author’s hope that, in some instances, the
suggestions contained in this paper will be of assist-
ance in the difficult task of finding the best location
for a broadcast station.

‘T'he Heights of the Reﬂecting Regions
in the Troposphere’

A W. FR.IENDT, MEMBER, I.R.E., AND R. C. COLWELLY, MEMBER, I.R.E.

Summary—Observations upon the reflecting regions of the at-
mosphere show that in addition to the reflections from the E, F,,
and I, regions, occasional reflections occur from heights of 50 and
25 (circa) kilometers. This has been called the D region. With a very
short pulse (4 to 10 microseconds) and a rapid sweep wpon the oscillo-
scope (18,000 inches per second), a reflecting region has been found
within the troposphere. At the present time (summer, 1938) ihe re-
gion is about 1.8 kilometers high. This so-called C region changes its
height with the change in weather. It may perhaps be influenced by
magnetic storms, sunspots, and chromospheric eruptions.

ITH the apparatus described in a preceding
article! observations have been made for a
period of two years on all the regions of the

ionosphere. During the last year and a half, records
were kept mainly on the lowest reflecting region. At

* Decimal classification: R113.6. Original manuscript re-
ceived by the Institute, August 16, 1938; abridgment received
by the Institute, June 21, 1939. o

T West Virginia University, Morgantown, West Virginia.

L A. W. Friend and R. C. Colwell, “Measuring the reflecting
regions in the troposphere,” Proc. I.R.E., vol. 25, pp. 1531-1541;
December, (193753.
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first this region was several kilometers high but it
has gradually fallen to an average height of approxi-
mately 2 kilometers. Some early observations showed
the heights of the well-known £, F1, and F, regions
only; the lower newly discovered regions appear on
the later records.

The sending station was first set up at one of the
University Experimental Farms, so that the base
line was approximately 2.5 kilometers. A few records
are given for this station showing the E, F;, and F,
regions as well as some multiple reflections.

On February 3, 1936, the new sending station with
a short pulse of 4 or 10 microseconds was set up in the
Ch'emistry Building at the University, the base line
being thus reduced to 200 meters. The frequency of
the station was 1614 kilocycles, with peak power of
80 watts, later increased to 200 watts. Reflections
from regions much below the E layer, which had been

October, 1939
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TABLE 1
FREQUENCY =3492.5 KILOCYCLES
Records for November 24, 1935

. Height Height in
Time é{c'gllt F in kilometers of
region \yiiometers| other reflections

4:30 pP.M. 114 243

4:35 107 254 492
4:40 108 208 331 485
4:50 100 269 508
5:00 100 215 508
5:10 95.2 254 405 507
5:20 88.7 274 403 508
5:50 73.7 246 393 517
6:15 151 203 388

6:25 150 210 388

6:35 172 388

occasionally observed during the summer of 1935,
were now observed frequently as will appear in the
tables. For purposes of tabulation the D region is
arbitrarily placed between 15 and 70 kilometers.

TABLE 11
FREQUENCY =1614 KILOCYCLES
February 11, 1936
Height Hei . . . Height in
Lk ghtin| Height in h
Time ":n kilo- |} i1ometers|kilometers kilometers of Remarks
eters D E region F other
region & U reflections
6:00 P.M. 110 220 E very strong
6:10 105 210
6:15 110 210 330
6:23 115 213 335
6:30 115 210 345
8:00 105 210 360
8:15 210 410
8:20 210 410
9:00 215 450 T, very steady
9:05 108 220 455
9:15 28 103 230 350 470 D very strong
9:20 97 230 340 460 fading rapidly
9:25 75 to 105 220 340 460
9:40 100 225 360 450
February 13, 1936
8:00 p.M. 63 188 376 D-region sig-
8:30 63 188 376 nal very steady
8:40 63 188 376 while it lasted.
8:42 63 188 376 Iy region also at
8:45 188 376 fixed height,
9:00 188 376
9:15 188 370
9:30 188 350
9:45 188 350
9:50 180 350
10:00 180 350 v
10:05 180 350
February 14, 1936
7:45 .M. 56 95 Fi1 on all the
7:50 50 88 225 time of observa-
7:51 50 82 203 tion. F; only ap-
8:00 50 106 207 peared twice. E
8:05 50 114 223 365 region on part of
8:12 50 85 207 the time.
8:14 55 94 213
8:16 55 100 213
8:19 58 94 223
8:24 59 82 220 385 448
8:31 61 233 455
8:37 57 225 450
8:47 43 222 453
8:57 41 223 450
9:02 45 225 450
9:12 53 207 440
9:22 53 210 450
February 15, 1936
7:45 pM. 25 218 395 The D region
7:58 25 200 395 disappeared at
2%2 %g %07 450 9:50. No E re-
3 18 440 rion 4
8:35 28 213 | 450 flon wag seen.
8:45 33 207 438
8:58 35 232 450
9:23 27 210 4138
9:38 25 244 4168
9:50 30 245 476
10:00 250 490
10:08 255 510
10:17 250 500
}8?‘? 250 500
: 250 500
10:42 250 500
10:50 250 500
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February 16, 1936

Height | {1eiohti . . Height in
; H ghtin{ Heightin .
Time in kilo- kilometers|kilometers kilometers of Remarks

meters D E ion F other

region regt ! reflections
7:45 p.M. 95 190 285 No D region, E
8:00 95 190 285 region disap-
8:15 110 220 285 410 660 | peared early in
8:30 220 440 660 | the evening. T
8:45 250 480 720 | rose  steadily.
8:55 240 500 750 | Multiple reflec-
9:05 250 500 760 | tions became
9:15 250 500 760 | stronger whenE
9:30 250 500 775 | disappeared.
9:45 275 530 800
10:00 275 530 800

Feburary 17, 1936

7:30 .M, 40 98 D and E regions
7:45 40 98 235 368 both measurable
7:55 40 112 220 all evening.
7:58 40 100 225
8:05 40 95 212
8:15 43 115 232
8:23 45 118 220
8:28 40 118
8:35 32 120 250
8:45 40 125 250
8:49 37 125 250
8:53 40 125 250
9:02 28 125 235 362
9:08 47 117 225
9:11 38 125 260 390
9:23 33 130 260 390
9:40 30 122 225
9:49 42 125 175 305
10:01 32 125 250 300
10:06 36 120 240
10:20 37 125 230
10:37 35 90 225 290 383
10:44 53 83 230 300 450
10:57 43 225 300 362
11:03 34 240 305 450
11:07 50 235 312 450
11:13 43 294
11:20 53 290

This is approximately the position of the ozone region
in the atmosphere. In the same way reflections from
1 to 15 kilometers are put in the C region which
roughly embraces the troposphere.

The observations on Feburary 17, 1936, were of
particular interest because it was found that the sig-
nals from KDKA at Saxonburg, Pennsylvania, were
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Fig. 1—Tading curve of KKXDKA signals at Morgantown, West
Virginia (February 24, 1936), with notations of simultancous
D-region heights.

fading simultancously with those of the pulse station

at Morgantown, West Virginia. The broadcast and

pulse receivers were turned on at the same time. At
each change of volume in KDKA and W8XAW (the
pulse station) a change in the height of the D region
took place in exact synchronism. The phenomenon

was noticed on several occasions and a chart is
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shown in Fig. 1 for the night of February 24, 1936.
These observations show that occasionally but not
always the D region causes fading in the broadcast
band.

As the so-called ground pulse still continued to
fluctuate, it was felt that reflections from still lower
regions were mixed with the ground pulse. These
fluctuations had been observed very early in 1935
and lead to the present research. Efforts were being
made during all these readings to obtain a shorter
pulse and a faster sweep upon the oscilloscope. The
records from now on in this article will refer only to
reflections below and at the D level. It should be
understood however, that the E, F, and F, regions
were observed regularly.

TABLE 111

FREQUENCY =1614 KILOCYCLES
February 19, 1936

Proceedings of the I.R.IL.

D D D D
Time (kilo- Time (kilo- Time (kilo- Time (kilo-
meters) meters) meters) meters)
8:35aM. 23 | 6:00pM. 17 | 7:17pat. 24 | 8:55par. 30
8:42 23 6 17 7:25 19 9:05 30
10:00 12 6:12 15 7:35% 19 9:15 25
10:35 18 6:22 15 7:45 30 9:25 32
12:06 .M. 50 6:34 18 7:55 20 9:35 32
4:07 23 6:43 15 8:05 30 9:45 27
5:38 13 6:52 17 8:25 9:56 30
5:47 18 7:05 16 8:35 26 10:05 26
5:55 13 7:12 19 8:45 32
TABLE 1V
FREQUENCY =3492.5 KILOCYCLES
February 29, 1936
Time C Region (kilometers) D Region (kilometers)
1:45 p.M, 10 20 30 40
1:55 . 10 20 30 40
6:27 —_ 15 — 46
6:39 —_ 15 — 46
6:47 —_ 16 32 50
7:55 10
9:52 13
10:30 13
11:55 10

The revised commercial receiver which had. been
used until this time could .not resolve the ground
wave from the reflections at heights below 10 kilo-
meters but the specially designed radio-frequency re-
ceiver described in another article! permitted the
resolution of very low layers. Thus on March 5, 1936,
on 1614 kilocycles, reflections from heights of 4, 7.5,
17, and 25 kilometers were observed and on March 9,
1936, on 3492.5 kilocycles a region was found from 2
to 3 kilometers high along with a D at 23 kilometers
and another at 60 kilometers. This receiver gives good
resolution at the expense of sensitivity, so that the
higher regions of the ionosphere seldom appear on the
screen. Another reason for this is that the rapid sweep
now adopted for the oscilloscope causes all higher
reflections to be swept off the screen of the oscillo-
scope. The region from 2 to 3 kilometers has gradu-
ally descended toward the earth during the last
year. The readings for a few days in 1936 are given
in Table V.

In the tables given so far it appears that there are
several regions of considerable reflecting power at

October

TABLE V
FFREQUENCY =1614 KILOCYCLES
March 31, 1936 April 10 April 11
C D C . C
Time (kilo- (kilo- Time (kilo- Time (kilo-
meters) | meters) meters) meters)
2:28 p.M. 12.5 — 11:50 A.M. 3to7 1:12A0M, | 4.5and 8
12:57 7.5 30 3:55 p.M. 3to9 1:21 11
5:45 7.7 18 4:02 7to11 J|1:45 10
5:55 10 . 4:14 8 2:03 7
6:13 7.9 17 6:00 10 2:50 4 and 10
6:27 6.5 17 7:32 8.5 4:20 11
6:53 6.5 19 7:33 8.5 4:30 7
7:22 7.8 —_ i11:03 4.5 4:48 —_
April 25 May 8 May 19
9:55A.M 6 5:23 p.M. 6 2:00p.M 3.7
11:05 3to6 5:47 7.3 5:45 6
12:25p.M 2to4 5:45 3 5:50 3.5t07
2:30 3 5:50 5.5 9:00 7.5
FREQUENCY =2398 KILOCYCLES
May 20 June 2 June 5
12:15p.M 1.5 7:45 P S 6:25 p.M 5
4:25 3t06.5 7:53 5.5 6:46 6
5:30 5.5 7:57 5.5 6:55 6
5:53 6.7 7:58 5 7:05 5.2

levels much below the E region. In 1930 Appleton?
remarked that the D absorbing region was also ca-
pable of reflecting the electric waves; but the first
actual photograph of such a reflection was published
by Mitra and Syam.® The region at 50 kilometers
appears in many of the above records. A new region
between 15 to 30 kilometers also is capable of reflect-
ing electric waves. This region is discussed at some
length by Watson Watt and his coworkers in his
article on the low reflecting layers.* He also finds
reflecting regions at average levels of 8.39, 9.33, 10.26,
and 10.76 kilometers, respectively. The detection of
lower levels is possible at W8XAW, Morgantown,
because a 4-microsecond pulse is used for some meas-
urements compared to the 20-microsecond pulse of
Watson Watt. That there are no other very impor-
tant lower reflecting layers is shown by the fact
that when all the reflections are resolved out, the
remaining ground wave is absolutely steady and un-
fluctuating. Any fluctuation of the ground wave indi-
cates the presence of reflected pulses. Occasionally as
will be shown later the 2-kilometer region may extend
to much lower levels sometimes reaching less than 1
kilometer in height and passing beyond the limit of
resolution of the receiving instruments. The average
coefficient of reflection measured for the C region is
0.01. On rare occasions this value has been greatly
exceeded and at times the coefficient has been much
less. Most of these measurements have been made by
comparing the amplitudes of continuous carrier sig-
nals of known signal strength (observed on the
cathode-ray oscillograph) with the amplitudes of the
pulse signals. After measuring this field strength,

*E. V. Appleton, “Measurements of tl ivalent height of
the atmospheric ionised layer.” P R ']e ocs sor. A, vor. 126
pp.35§21—<56\91; My (19%0),. roc. Roy. Soc., ser. A., vol. 126,

- K. Mitra and P. Syam, “Absorbing lav the i
at lg\v height,” Nature, vol. 135, PP. 9.;2%9;4;0}351;}?, 12){19%5\%))1?@6
returs.of?.r\a\(/lqtson \Vatft, A. I; Wilkins, and E. G. Bowen, “The
10 waves from the middie at ” : '
Soc., ser. A., vol. 161, pp. 181-196; July, (10359 o £ 706 Ko
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the field at the reflecting region was calculated from
the known transmitter constants. From these values
an approximate reflection coefficient could be found.
A check on the value of the coefficient was obtained
by measuring the complete pulse receiver gain. In a
(hird test a continuous carrier wave was used instead
of the pulse. The loop receiving antenna was first
oriented so as to balance the reflected pulse to a
signal input equal to that from the direct pulse.
Then the pulse transmitter was shifted to continuous
carrier output. With the loop antenna in the same
position it was connected to a superheterodyne re-
ceiver equipped with a calibrated attenuator control.
This signal was found to be fluctuating in much the
same manner as the pulse signal. It was possible to
make an approximate check upon the reflected signal
strength which showed the same order of magnitude
of reflection coefficient as measured by the pulse
method. This test also indicated that pulse signals
are not necessary for the observance of C-region
fluctuation effects.

Since our experiments were started some similar
tests have been published by Mingins at Cornell
University.5 In reception tests, using broadcast sig-
nals, he found necessary variations in loop angle
settings during weather and magnetic disturbances
and just before sunset. His notations check very
closely with the recorded loop-angle fluctuations for
C-region observations at Morgantown.

TABLE VI
FRrREQUENCY =2398 KILOCYCLES
June 6, 1936
Horizon- . Height C Height D
Time tal V;;ulccal (kilo- (kilo- Remarks
angle 4 meters) meters)

11:10 AM. 51 —10 3.7to4.6 | 18 23 C region very
5:05 p.M. 120 -7 4.7 17 strong and
11:07 48 -7 6.8 19 29 | steady. With
11:11 33 -7 5.3 22 33 bedoming
11:17 40 —10 5.9 22 33 | lower, 20 me-
11:25 42 —14 5.7t006.3 20 32 | ters comes in
11:29 —120 2 7.5 20 32 | with shorter
11:32 —117 1 5.7 20 32 | skip.
11:35 —121 2 5.0to 7.5 20 32
11:38 —123 0 7.5

June 7, 1936
2:50 A.M. 40 —14 7.4 19 27
2:5 —114 0 8.6 22 29
2:57 —115 —1 8.3 22 29
3:05 —116 1 8.4 22 29
3:07 —114 -2 8.1 22 30

June 8, 1936
11:30 A, | —129 2 l4.3and14.5
2:?21'.M. —115 —14 4.8and 13
2.26 48 0 5.7and 21
2:30 44 1 14,6 and 13
3.31 43 2 6.3and 13
4:00 48 -3 3.5t04.7

and 12,5

Another remarkable characteristic of these reflect-
ing regions in the troposphere is that, although they
are influenced by weather conditions, thunderstorms,
and perhaps magnetic storms and chromospheric
eruptions on the sun, they do not show a great varia-

8 Charles R, Mingins, “Electromagnetic wave fields near the

carth’s surface,” Proc. 1R, vol. 25 1419-1450; : iy
A , Pp 456; November,
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tion from day to night as do the E and F layers. This
also appears in the tables wherever observations were
made by night as well as by day. The pulse signals
were received upon a square loop rotatable about the
vertical and horizontal axes. If the reflected impulse
remained upon the screen for a long time without any
movement of the loop being necessary, the C region
was regarded as fairly steady; if, however, it was
necessary to rotate the loop rapidly in order to keep
the reflected pulse resolved the C region was un-
steady, changing quickly in height, in polarization, in
direction, or in a combination of these. This is shown
for a few days in the tables below where I and V are
the horizontal and vertical angles of the loop meas-
ured from an arbitrary set of axes. :

The records for July 20, 1936, show two character-
istics of the lower region; first, it is strong at night
as well as by day; second, just at sunrise, it is ex-
tremely disturbed. The latter phenomenon also ap-
pears around sunset.

Since an eclipse of the sun was due to occur on
June 19, 1936, preliminary observations were made
the day before. It happened that an intense magnetic
storm was in progress on the day of the eclipse, so
that the C region was under observation before,
during, and after this storm. The records below show
that the C region moved down and became very
strong: in fact the strongest reflections ever obtained
were found at that time. In addition the familiar
radio fade-out (the Dellinger effect) was also much in
evidence.

Due to the length of the pulses as delivered {rom
the receiver, during the first year the heights were
always measured by the interval between the maxi-
mum peaks of the direct pulse and the reflected pulse.
At times of low virtual height this practice made the
measured values as much as 20 per cent too great,
on account of the variations in slope of the rising
side of the reflected pulse. There is, in fact, some
question as to just what to call the exact virtual
height when the reflected signal appears to increase
in amplitude gradually with increased height. From
January 29, 1937, an improved receiver made possible
better accuracy in determination of the virtual
heights because of the use of more adequate damping
of the semiresonant circuits; therefore, all measure-
ments since that date have been made as nearly as
possible from the leading edge of the direct pulse to
the peak of the leading edge of the reflected pulse.
This practice is believed to give a clearer picture of
the actual minimum virtual height of appreciable
signal reflection. Even when taking into account
these changes in the technique of measurement it is
qquite evident that the gencral trend of measured C-
region heights has heen downward during the years
1936 and 1937 with the greatest sustained drop oc-
curring between February 10, 1937, and May 3, 1937,

While a sufficient period of time has not elapsed




630 Proceedings of the I.R.IZ. Oclober
TABLE V11 TABLE VIII
FREQUENCY =2398 KILOCYCLES FrEQUENCY =2398 Ku.ocvql‘:s

Observations on C region—June 18, 19, 20, 1936 Weather Cycle and C region
Hori- . Height C | Height D - 5 Height C region D Remarks

Time zontal \tlex::llial (kho- c(lgilo- Remarks Date S (kilometers)
angle angle m

£ i) meters) 9/12/36 | 12:00 Noon| 4.0to5.5and 11

June 18 12:03p.M. | 5.7 Low-pressurcareatonorth

7:15 P, 52° 90° 5.2 11.2 C region giving very 12:20 5t006.5

7:23 —110 10 4.3 strong reflections 9/13/36 | 10:40A.M. | 6.3and 18 ,

7:28 —100 10 5.8 10:45 6.3 and 16 Very large low-pressure

7:35 —95 10 5.0 C region unsteady 11:12 2.6and 12 area to west

7:42 ~100 10 6.4 9/14/36 | 1:25p.M, | S.1and 11 Very large high-pressure

7:47 —100 10 6.4 C region very steady 2:20 6.1and 9 arca north and northeast.

7:50 —105 10 5.7 18 2:21 6.4and 9 Large low-prcssur_c area

7:55 —105 10 5.1 Height is varying 2:26 6.3and9 toward west; this pro-

8:03 —110 10 5.8 from 5-10 kilo- 2:27 6.3and 9 duced a thunderstorm be-

8:10 —120 18 7.2 meters 2:35 5.1to6.4and 9 tween two and three

8:12 —120 18 8.6 2:45 5.7and 9 o'clock. C region com-

8:25 —120 18 8.5 8:25 p.. Foreign 2:48 5.7and 9 paratively high.

8:40 —120 ~10 6.4 stations are coming 5:25 4.6to5.7and 8

8:50 44 -5 5.8 in strong on 32 me- 5:55 5.3to6.4and 15 L

8:55 44 —10 5.2 23 ters, one English and 9/15/36 | 11:20a.M. | 4.5to5.1and 13 Low arca coming in from

9:22 38 —12 4.0 23 one German station west. N
10:32 —122 -7 4,3 20 (short wave) are 9/16/36 | 12:00Noon| 1.5to3.5and9 Extensive hxgh-presgure
10:50 42 —14 2.8 23 louder than the local area over entire United
11:00 46 -5 5.8 26 broadcast stations, States.

11:10 —125 —10 5.8 26 8:40 Foreign sta- 9/17/36 | 12:05p.M. | 1.3t02.0and 8 ngh-pressure area over

11:21 42 —10 5.8 26 tions have faded out 9:00 3.5to05.0and 7 United States.

11:32 38 —12 3.5 22 completely. Severe 9/18/36 ! 12:05pr.m. | 3.8and 8 High-pressure area. Tor-

11:45 40 —10 5.1 20 fading on broadcast nado along castern coast.

12:00 -125 —8 6.2 23 band. 9/19/36 | 12:25pr.M, | 3.3 and 14 High to northwest,
9/20/36 1:57 4.5and 13 Low to northwest,

June 19 9/21/36 | 12:05 3.5to5.5and 14 Local high-pressure area.

2:00A.M 55 9 8.1 D region | C strong and steady 9/22/36 | 1:30p.M. | 4.4and 1 Local high-pressure area.

2:15 56 9 8.0 present 9/23/36 | 12:00Noon| 4.4and 14 Local high-pressure area.

2:30 55 10 8.0 but no 9/24/36 | 12:22p.M. | 4.8to6and 12 19 | Large low northward.

2:45 55 8 7.3 records 8:25 5.2to6and 13 21

3:00 55 8 8.0 made 8:30 5.5and 13 21

3:15 56 8 8.0 8:33 4.2to6and 13 21

3:30 55 8 7.5 8:35 4.2and 13 21

3:45 56 8 7.2 92:30 5.2and 13 21

4:00 58 9 7.2 10:22 4.8and 13 21

4:15 57 8 7.5 Dawn Very steady 9/25/36 2:30 p.M 2to4

4:30 54 6 7.9 . 2:35 5 Very large high has moved

4:45 55 6 7.2 Unsteady 2:37 3.5 in.

5:00 54 5 8.0 9/26/36 1 12:10 p.M 1.5t02 Large high over station.

5:10 55 S 8.0 1:00 1.5

5:15 55 5 8.0 Very unsteady

5:30 gg 11 7.4

5:40 10 7.8 .

6:00 54 5 7.2 Two weather cycles are shown in Table IX one
11:35 aM. 49 —2 5.2 18 C region strongest {or the spring and one in the fall. During this time
11:45 3.8 13.3 ever observed up . .

11:55 2.8 23 to this time. Angle the C region has moved perceptibly lower but the
12:50 Py 24 —20 3.8 20 not critical. Simple . . .

3:22 16 —-20 5.7 20 single-wire antenna  effect of the high- and low-pressure areas is still very

4:28 13 —20 3.6 20 used instead of loop. 5 .

5:30 14 —20 5.7 17 Coincidentwithmag- much in evidence.

netic storm. 14-mega-

cycle band faded TABLE IX

entirely out betore

12:50 P.M. FREQUENCY =2398 KILOCYCLES
Weather Cycle in 1937

June 20
12:15 A.M. 16 -20 4t06.5 21 l14-megacycle ama- -

1:37 17 -6 1.0 23 teur band quite un- . Height

1:40 16 —10 5.7 21 steady, sometimes Date Time C region D Remarks

1:45 26 -3 6.0 20 hiving very short (kilometers)

1:53 30 —1 6.2 20 skip, sometimes

2:00 29 —1 [5.9t07.3 17 dead. Distant signals ~ 3/20/37 1 2:35par. | 2.8 Low-pressure area to the west.

2:03 34 2 5.7 20 audible occasionally. 3/21/37( 4:15pm. | 1.0t02.2 Very large high coming in from

2:10 37 5 |5.7t07. 22 west.

2:22 37 5 |5.8t07.6 23 Short and long skip 3/22/37| 3:15pm. | 1.6 High-pressure area moving away.
11:28 12 —10 |- 4.8 18 14 megacycles. 3/23/37| 1:23 p.M. 1.7 High-pressure area still over sta-

tion.
8/26/37| 9:48 an. | 1.8 Weather mist and rain. Low-
3

to decide if there is a cyclic pattern of long-time
variation, it appears that it may be possible that the
fall in C-region reflection heights coincides somewhat
with the increase in sunspot activity and other con-
nected phenomena.

After many daily observations had been made
upon the C region it became clear that the high-
and low-pressure areas, which sweep across the con-
tinent from west to east, have a noticeable influ-
ence upon the height of the lowest C region. In gen-
eral a high-pressure area passing to the north of
Morgantown lowered the height of the C region
while a low-pressure area in the same place raised the
height. When the pressure areas passed to the south
the effect was not so noticeable. All the observations
on this phenomenon are summarized at the end of
this particular section but first the rise and fall of the
C region is shown for specific cases.

pressure area at Morgantown,
Weather rain—high-pressure com-
ing from northwest.

8/27/37| 12:06 p.Mm. 1.

8,28/37| 12:03 p.. 2.05 WIe‘ather fair—C region higher.
oW area in west,
8/30/37| 11:20 a.M. 2.10 Weather cloudy-—Ilow area in
northwest,
8/31/37| 11 314 AM, 1.8 Medium pressure to west.
9/ 1/37 11:16 A.M. 1.3 High-pressure area directly over
station,

When the cyclones and anticyclones are moving in
from the south rather than from the north or north-
west, the changes in height of the C region do not
correspond with those given above. This shows very
definitely that the C region differs in the different
quadrants of the cyclones and anticyclones. This may
be a difference in height only but there may also be
differences in the reflection conditions. A southwest
weather cycle appears in Table X,

The results for all the observations from March 31,
1936, to November 4, 1937, are summarized in Table
XI. The differences between highs and lows and the
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TABLE X
FREQUENCY =2398 KILOCYCLES
Weather Cycle for Southwest Quadrant, 1937
y C region k

Date Time (kilometers) Remarks
3/30/37 3:25 p. M. 1.8 Low-pressure area to southwest.
3/31/37 4:10 p:M. 2.1 High-pressure area to southwest.
4/ 1/37 5:10P.M. 2.9 High moved in from southwest.
4/ 2/37 5:47 P.M. 2.3 High pressure to the west.
4/ 3/37 12:05 p.M. 2.1 High pressure to northwest.
4/ 5/37 4:35 P.M. 2.9 Low-pressure area to west.
4/ 6/37 11:15 AM. 2.2 Large high in west.
4/ 1/37 2:02 P.M. 1.9 Large high coming in from west.
4/ 8/37 12:20 P.M. 2.6 Low pressure in west.
4/ 9/37 7:00 p.M. 2.4 High pressure northwest.
4/10/37 12:27 p.M. 1.7 High pressure over station.

variations for the four quadrants are very striking.
On sixteen days, no definite classification could be
made.

TABLE XI
CYCLONES, ANTICYCLONES, AND C REGION

Weather C Region Weather C Region
High N.W, Higher 16 times Low N.W. Higher 85 times
Lower 103 times Lower 13 times
High over Higher 7 times Low over Higher 27 times
Morgantown Lower 83 times Morgantown Lower 2 times
High west Higher 5 times Low west Higher 40 times
Lower 20 times Lower 3 times
High north Higher 1 time Low north Higher 25 times
Lower 20 times Lower 3 times
High S.W. Higher 12 times Low S.W. Higher O times

Lower 18 times Lower 3 times

GROUND
PULSE

(b) (c)
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parent reflection came from the instruments and not
from the ionosphere. Although very great care had
been taken to exclude any effect from the sending
and receiving sets, additional tests were devised to
settle this important point.

First. The loop could be moved so as to permit only
the ground wave to appear on the screen, or the
ground wave could be excluded and the sky-wave
pulse made to appear alone. Several photographs of
this procedure are shown in Fig. 2.

Second. The ground wave alone was introduced
into a receiver which had a “magic eye.” With this
wave, the “eye” remained exactly fixed in deflection.
When the sky wave alone was passed into the re-
ceiver, the eye deflection varied showing the char-
acteristic fluctuation of the reflection from the low
region.

Third. It is generally agreed that during the day-
time, all the propagation for short distances takes
place on the ground wave, the sky wave appearing
only at night. Extended observations upon the day
signals of near-by broadcast stations show tremen-
dous variations in strength from day to day. Such
variations are hardly likely to come from changes in

\ MULTIFPLE
B sKy PULSE

BALANCED FOR

MEASUREMENT
GROUND -SINGLE
PULSES ¥ SKY PULSE

“REDUCED
lerouno PuLse

SKY PULS

(d) (e) « (f)

Fig. 2—Photographs of the cathode-ray pulse pattern taken as the loop antenna was slowly rotated through an angle of about 5 degrees

During one type of thunderstorm in which light-
ning occurred frequently accompanied by heavy
winds, the C region was so disturbed that no records
could be made. In a second type when the lightning
occurred at fairly long intervals the C region could
be seen to gain about two kilometers in height. The
height of the region observed was between 5 and 7
kilometers at that time. These observations indicate
that at least a part of the well-known variation of
radio-frequency signals during thunderstorms*® is
coincident with electrical changes in the troposphere.

When the discovery of the C region was first an-
nounced,”** the opinion was expressed that the ap.

«R. C. Colwell, “Effect of thunderstorms upon the iono
phere,” Nalure, vol. 133, p. 948; June 23, (1934)

TR, C. Colwell and W. Friend, “The D) region of the
ionosphere,” Nature, vol. 137, p. 782; May 9, (1936).

¢ R. A, Watson Watt, | l'l Bainbridge-Bell, A. FF. Wilkins

nd E. G. Bowen, Nature, vol 1.3%) p- 866, May 23, (1936)
‘riel

* R. C. Colwell and A. W 1d, “The lower ionosphere,
Phys. Rev., vol. 50, pp. 632-635; October 1, (1936). :

the ground resistance. It is much more probable that
the day signals on the broadcast range are trans-
mitted in part through the troposphere or C region.
The variations for a few stations are shown in the
graphs of Fig. 3.

Fourth. During the last year, several other investi-
gators have emphasized the effect of some region
lying below the E layer. For instance, Dellinger ex-
plains the radio fade-outs'® in this fashion “It may
therefore, be concluded that these sudden disturb-
ances involve a sudden great increase of ionization
in some region through which radio waves pass on
the way to being reflected by a higher region.—The
absorbing region must be below the K layer.”’—Smith
and Kirby discovered that waves of broadcast and
lower frequencies are propagated in the daytime at
certain seasons hy reflection from a lower layer than

1o J. H. Dellinger, “Sudden disturbances of the ionosphere,”
Proc, I.R.E., vol. 25, p. 1282; October, (1937).
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Fig. 3—Noon signal-strength recordings of four different broad-
cast stations taken at Morgantown, West Virginia.

the E layer."! These effects may be due either to the
D or C regions or both.
Fifth. Smith and Kirby' have shown by the use of

1! Footnote reference 10, page 1283. .

2N, Smith and S. S. Kirby, “Critical frequencies of low
ionosphere layers,” Phys. Rev., vol. 51, pp. 890-891; May 15,
(1937).

Proceedings of the 1.R.1<.
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their eritical-frequency method that a truly refracting
layer lies helow the IS region..

Sixth. Rakshit and Bhar have taken a photograph
of a pulse reflected from a layer about 8 kilometers
high. They found that there were scvcml regions
lying at heights of 55, 20 to 35,and S to 15 kilometers.
These observations agree very closely with those
mentioned in this paper.

Seventh. In an extended series of observations,
Hull¥ found that communications could be held over
medium distances (West Hartford and Boston) on
S-meter waves. The fluctuations in field strength were
found to depend directly on the change in the posi-
tions of the cyclones and anticyclones as they passed
over the stations.

On the other hand, theoretical considerations
would indicate that no such number of free electrons
required for this reflection could exist in the tropo-
sphere. Also Gish® in the voyage of the Explorer I
found no large number of {ree electrons in the lower
atmosphere. While this article was in preparation,
Englund® and his coworkers reported that they had
detected reflections from low-lying regions on wave-
lengths from 1.6 to 5 meters over a 70-mile ocean
path. The reflections however took place at grazing
incidence and are much easier to explain than the
reflections at almost normal incidence observed in
Morgantown.

It has been suggested by the authors in various
meetings during the past two years that such reflec-
tions could be partially explained by the action of
polar-water molecules in the atmosphere. A sharp
discontinuity of the vapor content at the dividing
surface between two different masses might cause an
observable reflection at the interface.

LATER DEVELOPMENTS*

Since the first part of this article was written, the
video-frequency-type superheterodyne pulse receiver,
shown in Figs. 4 and 35, has been constructed. This
unit uses the circuit of Fig. 6, and is arranged to
operate between the frequency limits of 1.5 to 65.
megacycles. The present intermedijate frequency is
3.4 megacycles; but an increase to 11 megacycles is
contemplated in order to facilitate wider band-pass
operation. The band-pass width of the present unit
is approximately 0.6 megacycle. This allows satis-
factory resolution of reflected pulses from levels
above 1 kilometer; but below about 0.5 kilometer the
measured heights are not accurate,

I I-I.f Rak§hit and N’., Bhar, “Some observations on the C
22%1(();193)6)1.110 lonosphere,” Nature, vol. 138, pp. 283-284; August
Y R. A. Hull, “Air-mass conditions and bendi fU H F
wa\;gs,” QST vol. 19, pp. 3-8: June, (1935). o
AW, St_even’s, “The scientific results of the world record
?igzté))sphere flight,” Nat. Geog. Soc., vol. 69, pp. 693-714; May,
16 C, R. Englund, A. B Crawford, and W. W. Mumf
. v AL B e . W N ord,
Ultra-short-wave transmission and atmospheric irregularities,”
Bell*Sys. Tech. Jour., vol. 17, pp. 489-519; October, (1938).
Addendum received by the Institute, April 18, 1939.
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MRS 7 e

Fig. 4 Fig. 5

Fig. 4—Front view of the video-frequency-type superheterodyne
receiver for the measurement of tropospheric radio-wave
reflections. The upper panels cover the superheterodyne re-
ceiver unit. The next two lower units are the oscilloscope
control and sweep, and cathode-ray-tube panels. The lower
units contain the power-load center, phase shifter, and variac
sweep-amplitude controls.

Fig. 5—Rear view of the superheterodyne receiver unit.

Although the over-all gain is about 107, the usable
voltage gain is not greater than about 105, on account
of interference developed both within the receiver
and externally. Thus it may be observed that the
loss in gain caused by the projected increase in inter-
mediate frequency and band width should not
greatly handicap the operation.

All experimental frequencies up to 17,310 kilo-
cycles per second have been used quite successfully.

TROPOSPHERIC REFLECTION PULSE RECEWVER - Wth. U /938

(754 ras0 sa58

T f}' i L"/ ( ;T‘
ANTH r' 4 1% 41 [ﬂ ] 7 | BrE!
KNI ‘lin ﬂ
’ 13 ~ i "{ %
GNP :4:‘.~£;‘:b.r jL ! J ‘
T H—
= e

lig. 6—The circuit diagram of the superheterodyne receiver.
The new high-transconductance amplifier tubes are used
throughout t%c amplifier circuits. Types 1851, 1852, and 1231
are equally suitable.
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WEST VIRGINIA UNIVERSITY, MORGCANTOWN, WA,
5 FLIGHT BY HAROLO LA WSON,|FPILOT FOR TRI-STAXE AVIAT/ION CORF
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Fig. 7—A comparison between tropospheric-air-temperature con-
ditions and the measured tropospheric radio-wave-reflection
height, recorded on December 22, 1938, at Morgantown,
West Virginia.
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Higher frequencies have not been used, only because
the presently available transmitter is not suitable
for use on the higher frequencies. Preliminary tests
with mobile units have shown that the previously
estimated average reflection coefficient on 2398 kilo-
cycles per second was probably slightly too high, due
to the presence of several near-by antenna systems,
which by induction created excess sensitivity in the
vertical direction. The approximately correct value
for this frequency seems to be about 102 at vertical
incidence. On the 17,310-kilocycle channel, it is ap-
parent that 10~ should be more nearly correct. Im-
proved resolution should make possible an accurate
determination of the reflection coefficient.

TROPOSPHERIC AIRPLANE SOUNDING
COMPARISONS

By the courtesy of L. S. Adams, president, and
pilot Harold Lawson, of the Tri-State Aviation Cor-
poration, we have been enabled to make a few record-
ings of local atmospheri¢c temperatures and weather

2.5

FLIGHY BY HAROLD LAWSON-PILOT\FOR TRI-ST
AVIATION CORP\MORGAN TOWNMW VA. JANUVARY 2./933.
RATE OF CLIME = /25 /Ao, -FREMOT E BULB THER(TOE

20 -

TEMPEFATURE.

RECORDED A7) ~—t— A, feooLdca )
54807\ 700 N IME,

[LocAL T/ME |] /)

£-2398 ke/ser) {
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({725 mrss) Ac, {800 LGcAL

TIME,

~
S

o
Oy

595 |

CRAUND L¥VEL- oy

I,

0/0 = 0 2 0 &) 20 25
TEMPERATURE IN DEGREES CENTIGRADE
Fig. 8—A temperature—reflection-height comparison when two

reflections were observed, The date is January 2, 1939. This
record was also taken at Morgantown, West Virginia.
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conditions, simultaneous with the tropospheric radio-
wave-reflection measurements. Figs. 7 to 9 show the
results obtained. It is believed that the chief source
of error involved in the temperature readings, was
the time lag of the thermometer. The agreement of

WEST VIRGINIA UNIVERSIT Y, MORGANTOWN W. VA
FLIGHT BY HAROLDLAWSON, PI4 0T FOR 7k/-S7TATE BviaTion orr
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