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FEDERAL COMMUNICATIONS COMMISSION
v

DOCKET NO. 6651

EXHIBIT NO. 4 .

Feperar Comnvonicarions CommissioN. ENCINERRING DEPARTMENT
(September 28, 1944)
VHE Radio Field Strength Measurements 1943-1944

The data from which this report was prepared were obtained under
a projeci. fur the continuous recording of sefecied FM and Television
stations i the Trequeney range from 42 to 84 me. After some prelim-
Inary tests at a femporary site in Washington, D.C. in 1942, four
recorders operating from a single halt wave antenna were set up at
the Conunission’s Monitoring Station at Lanrel, Md., and recordings
were begnn on Februnvy 1, 1943, The four stations schednled for
recording were IYW-FM, Philadelphia: W2XMN, Alpine:
WDRC-FM, Hartford and WGTR, Paxton. The stations lie in the
same general divection from the recording site at distances of 104,
195, 267 and 357 miles, respectively. The stations were chosen so as to
provide data on the magnitude of (he eflects of the lower atmosphere
at various distances and times, whieh wonld furnish a measure of the
reliability of the Commission’s theoretical signal range charts. Clear
chanmels were selected so thar the signals could be identified by fre-
quency without anral snpervision.

Ir addition to the signals which travel via the lower atmosphere,
commonty ealled tropospherie signals, an wnexpected signal of en-
tirely different type was observed, particularly on the more distant,
stations, whieh will be referred to herein as a “bnrst™ signal. A third
type of slanai, which is reflected {from paiches of almormally high
ionization in the 18 layver and known as a sporadic E signal, was
known to exist and to he eapable of spanning long distances. ow-
ever. Insnflicient data were available as to the times of oceurrence and
the field strengths to be expected at varions distances for this fre-
quency range. In order to obtain the maximnm utility of the four
recorders, it was planned to yecord any sporadie K signals eneéunt-
ered daring monitoring rather than to record continuously on the fre-
quency of a distant station. The fourth type of signal which is known
to exist at these frequencies i propagated over long distances via the
F. region at certain times of dav dining the maximum of the sunspot
evele, No T2 sipnals are recivable at this time in the band above 42
me.

During the snmmer and fall of 1943 additional equipment became
available and 11 more recorders were installed at other monitoring
stations as follows: & at. Allegan, Mich: 3 at Grand Island, Neb; 2 at
Attanfa, Ga:and 1 af PortTand, Ove. The installation of recorders at
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the additional locations was extremely desirable by reason of the need
for information on atmospheric effects with other types of terrain
and clunate, and also becaunse of the need for comprehensive informa-
tion on the frequency of occurrence and the field strengths to be
expected over long distances for signals arriving via “bursts” and
sporadic E layer paths. Continuous recording at four locations has
made 1t possible in a relatively short time to obtain what is helieved
to be a reliable measnure of the relative magnitudes of burst sienals
at various distances and times and an estimate for the period of
recording of the amount of interference via sporadic E from a plu-
rality of eo-channel stations.

The three types of signals dealt with in this report, tropospheric,
bursts and sporadic E, are due to different causes and have different
modes of variation with regard to time, distance and frequency, and
for this reason the results are treated In separate sections.

TROPOSPITERIC SIGNATLS

Attention is called to Figure I (A) in which is reproduced a typi-
cal record of a tropospheric signal. Both slow and rapid fading are
evident, with the signal varying in intensity over a range from less
than I nv/m to above 20 uv/m 2s indicated by the meter calibration
marked at the left end of the chart. This chart also shows the trend
toward higher signal streneths in the late afternoon and early even-
ing hours, which is characteristic of the measurements which were
made over land paths.

Analysis. The method of analesis of tropospheric charts is to deter-
mine for each hour the level which is exceeded by the signal for 30
minutes of the hour. This level is called the 50% houily value. The
Iine indicating the 509 hourly value for the hour 5 to 6 P.M. can he
seen on the chart as a level of 4 uv/m. The 50% hourly values are tab-
ulated on a monthly summary sheet from which the monthly median
value (the middle value in order of size) for any desired hour can
be extracted.

Variations of monthly median valwes. Figure 2 is a set of graphs

'of the diurnal variations of the monthly median values of KYW-FM

recorded at Laurel, a distance of 104 miles, for the months February
through September 1943. The values have been corrected for power
and antenna height so as to convert them to equivalent values for a
radiated power of one kilowatt and for half-wave transmitting and
receiving antennas 500 feet and 30 feet high, respectively. In convert-
ing the value to a theoretical height of 500 feet, the height-gain func-
tions for ground wave propagation were used, on the assumption that
low-level propagation would prevail on the average, The effect of
assuming the signals to be reflected from a layer with an average
height of 1.5 kilometers (0.93 miles} will be shown in connection with
the later discussion of Table 1. .

The diyrnal trend toward higher field strengths in the evening is
apparent for all months except February, and is more marked for the
warmer 'months. The warmer months also have generally higher sig-
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nal levels. The median value for July (5.9) is over three times as high

Fode Y

as the median value for April (1.77).

The higher field strengths recorded during the warmer monihs and
the characteristic upward dinrnal trend had been anticipated by
reason of prior correlaticn between weather and VHF propagation
conditione over land made by Ress Hull.* However, insufficient data
were available from which to make a quantitative determination of
tropospheric efiects at various distances and frequencies, which is the
purpose of the present investigation.

The graphs for July, August and September show greater irregu-
larities than <o the remaining months and this is probably due to a
smaller amouwnt of availabie data. Siation KYW-FM and the four
other FM stations in Philadelphia began a shared time schedule on
July 4, 1943, so that each point on the graphs for July, August and
September represents the median value of five or six hours of record-
ing as against ebout thirty hours for each point on the other five
graphs. There are no date for the months of October, November and
December 1948 and for January 1944, as it became necessary to divert
the recorder for more urgent tests in connection with burst signals.

Figure 3 is a similar set of graphs for station W2XMN recorded at
Laurel, (197 miles} for the twelve month period from February 1943
through January 1944. All graphs except. May show the upward
diurnal trend. Again July has the highest median value (0.37) and
the Jowest median value is April (0.089), the ratio being above four
to one. ! '

Figure 4 is a corresponding set of graphs for station WMFM
recorded at Allegan over the period October 1943 through August
1944. The path 1s 122 miles in length, most of which is across Lalke
Michigan. The time seale is Central Standard Time since this is
approximately local sun time for the path concerned. The absence of
the diurnal effect, which 1s in agreement with such data as were pre-
viously available for paths over water, 2, 3 is immediately apparent,
and the graphs are more irregular in general than for the path over
land. The ratio of the highest monthly median value, June (2.3), to
the Jowest April (0.64) is almost four to one.

Recordings of tropospheric sipnals were also made on TM station
WGTR, Paxton and television stations WPTZ, Philadelphia and
WBKB, Chicago. However, insufficient data were obtained to permit
any determination of the variations of monthly median valies, Sum-
maries of the data are included in Table I, which will be referred to
in detail at a later point in the report.

Comparisens awith theory. Figure 5 is a reproduction of Figure 1
of a report by I. A. Norton entitled “A Theory of Tropospheric
Wave Propagation”, (F.C.C. Mimeo. 40003). Tt contains a theoretical
30 me ground wave curve for average land together with three theo-
retical curves of tropospheric field intensities for a 1.5 kilometer layer
height and dielectric discontinuities of 10-%, 16-* and 10-5, which latter
were assumed fo be the average ranges encountered 1n practice. Plot-
ted in relation to the curves are the maximum 50% hourly values and

30 F.C.C.

iThe 106, 505 and Wi values were taken from the graphs of monthly median
values shown in Figures 2, 8 and 4.
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the values e-xceeckd for 10041, 0% ¥ and 90% * of the time for dis-
tances of 104, 122 and 197 1mles For the 337 mlle distance (WGTR)
the 50% and 90% values were below the noise level, so that only the
maxin and 10 %o values were obtainable.

It will be observed that all of rhe values for the 104 and 122 mile
distances and that all but the maximum value at 197 miles lie within
the predicted range of the theoretical curves. The values for 122 miles
are not strictly comparable to the remaining values and to the theo-
retical curves since they are for a propuaention patch partly aeross
Lake Michigan, for which both the dielectrie constant and condue-
tiviry ave dilferent than for average land. T hey have heen plotied on
the swme sheet, however, in orvder to determine whether different
standards of allocation should apply for stations i the Great Lakes

region. From their rontmmlt\ to the average lnnd values, it appears
likely that one set of standards can be inade to apply.

Froure 6 consists u[ tlw sume experhnental values plotted in rela-
tion to the theoretical gromd wave curve and tropespheric enrves for
a 10-7 diseontinoity at herghts of 1, L3 awd 3 kilometers (Figure 2 of
F.O.C. Mimeo. 40003y, The measured \'zl]l!ef'-‘. at the neaver distances
(o not it the theoretical cnrves nearly so well as they do for Ficure
owhereas at 357 miles the measured and theoretical values ave in

closer agreement. This indicates that the high signal levels at the
nenrer distances are primarily due to laree diseontinuities whereus at
long distances high layer heights have a meatel cffect.

Cettain inferences mav be drawn from a comparison of varions
rarios between measnred and theoretical values as obtained from the
two preceding Figures. For convenience these values and ratios have
been tabulated as T (Ll le I, together with values for certain felevision
stations, Paths 1, 2.5 and 4 are for TAl amtiona KYW-FM, WMFM,
W2XMN and WGETR, vespectivelv., Path 5 is for television station
WPTZ, Philadelphia, vecorded at Taurel, and path 6 is for television
station WEHLKEB, Chicago, recorded at ‘\_Hofum The numbers of hiours
of vecording for the television stations, 181 and 31 heurs. are very
amall i comparison with (he hours of recording for any of the FM
stations, This fact and the shorter and more intermittent periods of
aperation prevented the preparation of dinrnal eraphs for the tele-
vision stations similar to those for the nmrer "M stations. The 1095,
e and 90% values shown for puths 1 to 4 under: the heading “Fleld
stlcngth corrected for low Iaver height™, are the same as those plotted
i Figures 5 and 6, and are taken from the monthly median values
usect in the preparation of Figures 2, 3 and £, The ground wave val-
ues ({3 are taken from the rheorecical ground wave curves of
Figures 5 and 6 at the specified distances. The values for the televi-
slon stutions, paths 5 and 6, are derived directly from tabulations of
all datiw rather than frowm monthly median values. The values iror
path 6 have iot been corvected to the standard conditions of 1 kw
radizted from a 500 foot tramsmitting antenna, since the LBCOI_d[HO‘
site 18 approximately in the direction of the null of the cardioid trans.

! The,'10%, 50% and 90% values were taken from the graphs of monthly median
values shown in Figures 2, 3 and 4,
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mitting antenna pattern and no satisfactory figure.coud be arrived at
for the actual power output in that direction. For this reason no
ratios of recorded signal to ground wave signal levels are given for
this path. |

TaBre. 1-—Measured field strengths, UV

[Based on I kw radiated from 500 ft. ha!f wave doublet]

L]

Path 1 2 3 4 i) 6
Dist. (mi.)_ 104 122 197 387 108 103
Freg. (nic.).. R 45,7 45,5 42.8 44.3 .Th 85.75
No.llours_ .. _________ 993 3, 140 2, 968 §, B84 181 31
Ficld strengths corrected for low layer height
Max. Field ... 5. -6 . 27 =340 5.1
10% Field . 5. 20 L3 b 154 3.6
500% Fied _ 3.9 1.3
0%, Field _ 154 2
G,W. Field I S -
Ratios: )
10%/909% . 10
107213 W 32
Ratios:
Dumaz/Dpw . 8 \ >2.0
BT . - A 17
17,7 2.1 >16.8 5.1
4.8 3.1 7.6 3.6
26 1. 55 1,93 1.3
1.31 1.00 .76 .2
e .23 L . O
3.4 3.1 10
5.9 13.5 18
1.5 2.3 >1.8
e Dew o oo . O 1.3 15 i

*The field strengths for this path are not eerrected for radisted power and antenna height.

(+.W.—Theoretical ground wave firld strength.
D{ )/ Dgem Actual Distance

Theoretical distance Lo give measured field

For the purposes of making quantitative comparisons of the field
strengths measured at diff erent distances and frequencies certain eon-
ventional ratios have been determined. The ratio of the field exceeded
for 10% of the time to that exceeded for 90% of the time is a measure
of the variability or fading of the signal. Fading over land (3.4) and
over the Great Lakes (3.1) are of the same orger at 45 me. This is
somewhat inconsistent with the ratio of fading at 65 to 70 me which
is nearly twice as great for the Lakes path. However, this inconsist-
ency may be due to the uncertainties arising from the limited amount
of data for 65.75 and 71.75 me.

The ratios of the tropospheric field to the theoretical ground wave
field are greater at longer distances so that tlopospherlc effects will
increase the ranges of the interfering fields to a greater extent than
the service ﬁe]d: In fact, the present “data indicate that it will not be
possible to increase service fields above the theoretical value for dis-

30 F.C.C
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tances under 120 miles. With reference to interfering fields, although
it is not here suggested that the 10% field be adopted as standard Cit
has been used herein to show a ratio (10%/G.W.) between rea:onable
values of measured interfering field and the theoretical ground wave
values obtained from the Commission’s signal range curves. For a
distance of 104 miles to the 5 uv/m theoretical contour of a FM sta-
tio/n, the 10% interfering fleld would be 8.3 times as great, or 41.5
uv/Im.

A somewhat different measure of the tropospheric effect, and one
which is more directly applicable to the theoretical distance range
curves, is expressed in the ratios of actual to theoretical distance for
distances between 100 and 200 miles to the 5 uv/m contour the ratios
are between 1.7 and 2.1 for complete protection and between 1.4 and
1.7 for protection 909 of the time. If a distance of 70 miles to the
5 uv/m contour is found from the theoretical signal range curves in
& hypothetical case, 100% protection would require an increase to
150 miles and 90% an increase to 120 miles.

Similar ratios have been derived for an assumed tropospheric layer
height of 1.5 kilometers and are shown in the lower half of the Table.
Whlle they differ somewhat from the values obtained when low
level propagation is assumed, the differences do not appear to be
significant.

BURSTS

A sample recording of typical burst signals is shown in Figure
1(B), a record of FM station WGTR recorded at Laurel on Novem-
ber 11, 1943. The usual burst consists of a sharp rise in signal
stlencrth over a period of a few tenths of a second duration. A burst
of this type with a peak value of 40 uv/m is shown at I, near the
calibration scale. Infrequently, a burst which may be sustamed for
several seconds or more, such as shown at 3, is recorded. The signi-
ficance of the differences in amplitude and duration of the bursts
will be discussed at a later point.

When the bursts were first identified as being something other
than peaks of rapidly fading txopospherlc waves, several possible
causes were advanced by those who had observed them, such as
reflection from aireraft, from undulating tropospheric dlscontlnu-
ities or from patches of lonization. A further extension of the latter
theory was to the effect that the patches of ionization were caused
by the passage of meteorites through the upper atmosphere. The
ionization effects of meteors in connection with radio propagation
at lower frequencies had been investigated by A. M. Skellett* and
J. A. Pierce®, and the occurrence at 10 mc of bursts of somewhat

longer dyration than those at 40-50 mec had been attributed to

, meteoric tonization by Pierce, Short distance scatter effects at 10 me,

which 'consisted of bursts of from one half to one second duration,
had alsq been investigated by T. T. Eckersley® and attributed to
patchy E-layer ionization.

Footnotes (references) 4, 3, 6 see p. 182
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Upon the installation of recorders at Allegan, Atlanta and Grand
Icland, signal bursts from WGTR were found to be received at all
points, the numbers of bursts and intensities of the highest bursts
decreasing with distance. Since the distance from WGTR to Grand
Island, 1370 miles, is about the limit of distance for single,reflec-
tions from the E-layer, theories of comparatively low leve] reflec-
tions such as aircraft and tropospheric were abandoned in favor of
the ionic theory. '

Burst putle tengilomeasurements. In order to determine the propaga-
tion path lengths of the burst pulses, a series of pulse tests was made
in conjunctien with station W2XMN, in October 1943. This station,
rather than WGTR, was selected because a steady signal was needed
for reference pulses, between which the burst pulses would appear if
there was any difference in path length. Our records show burst
pulses from W2XMN on some days of poor low-level propagation,
so that it was expected that the pulse tests would show bursts as
well as reference pulses.

A unique method of pulsing was used which will be explained in
conjunction with Figure 7. It consisted in frequency modulating the
transmitter =73 ke by a continuous tone of 170 cycles per second. The
FM signal was received on a Hallicrafters $-27 receiver, the IF of
which was passed to a Snper-Pro tuned to a narrow pass band at the
lower end of the swing. This produced narrow pulses of tone fre-
quency in the IF output of the Super-Pro which were placed on the
vertical plates’ of an oscilloscope, indicated diagrammatically by the
dashed circle. The horizontal sweep was set at one-half tone fre-
quency so that two reference pulses appeared simultaneously on the
screen. Any difference in path length D will cause the burst signal to
be delayed by an interval D/c, where ¢ is the velocity of propagation,
go that the frequency deviations of the delayed burst will oceur he-
tsreen those of the ground wave signal. In the Figure, the deviations
of the burst signal are shown as a dashed curve lying between the
cycles of the solid wave of the ground wave signal, the burst pulse on
the oscilloscope screen appearing at a distance D to the right of the
zero reference pulse.

During the tests the path differences ranged from about 150 to 900
miles, correspending io total path lengths of from 350 to 1100 miles,
The estimation of the zhorter distances was made somewhat difficult
by the pulse width, which tended to merge the delayed pulse with.the
reference pulse, but the values obtained indicate that the medium
responsible for the shorter paths was separated from the sea level
great circle path by a distance comparable to the height of the E
Jayer. The greater distance can be interpreted as reflections from
higher media or from media of height comparable to the E layer but
lying to each side of the great circle plane. In the light of subsequent
information, the latter interpretation is felt to be correct. The ampli-
tudes of the burst pulses varied also, but insufficient periods of obser-
vation could be made to determine whether a correlation exists be-
tween amplitude and distance.
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The maximum path difference which can be measured at a pulse

frequency of 170 per second is about 1100 miles, as greater distances
will cause the pulse to be delayed more than one cycle and to give a
false indication of a shorter distance. Lower modulating frequencies
were tried during the tests so as to be certain that path differences
greater than 1100 miles were not involved. A special test was also
devised to eliminate false indications of delay due to frequency shifts,
such as the Doppler effect, which were not the result of path length
differences. The tests indicated that no appreciable errors were being
introduced from this source. A third possible source of ervor has
been suguvested as arising from the generation of spurious frequency
components by the beating of the dirvect and reflected waves within
the receiver circuits. No equipment has been available for making a
test. by which to evaluate this effect.
- Divenal and anngel caviations of bursé nwibers. The numbers of
bursts per hour exceeding 5 microvolts recorder input (3.3 uv/m)
received at Laurel from station WGTR have been tabulated for the
period from February 1943 through May 1944, The results of a full
vear’s data are shown in Figures § and 9. o

Figure 8 is a graph showing the variation with time of day of the
average of 12 monthly median values of the numbers of bursts per
hour {February 1943 through January 1944). The maxirmum (36.5)
occurs between & and $ AM. and the minimum (9.8) between 4 and
6 P.M. Plotted on the same sheet are, the average observed numbers
of méteors per hour during night hours as reported by various work-
ers in the field. The two smooth carves {e) and (f) are theoretical
distribution curves for 40° North Latitude computed for meteors
with parabolic orbits (e) and with the hyperbolie orbits (f). The
agreement in the range of wvariation is excellent, the range in the
numbers of the bursts (3.7) being between the hyperbolic distribu-
tion (2.8) and the parabolic (8.0). The time of the observed maxi-
mum and minimum do not coincide exactly with the theoretical, but
the shift of the minimum to an earlier hour is consistent with the
better radio propagation condi.tions which are found to pre ':1.:11 in the
late afternoon and early evening hours, which will tend to increase
the numbers of bursts exceeding a fixed veference level. '

Figure 9 shows the mmuaL variation of the monthly median num-
bers of bursts occurring duving four selected hours. The perlod cov-
ered is from June 1943 through May 1944, over which period station
WGTR was operating with the same power oufput and antenna pat-
tern, day to day changes in which would have ervoneous results. On
the same sheet are shown six estimates of observed annu&l_ vm-mtlon.ot
meteors. The agreement is not so good as that of the diwmal varia-
tion. However, considerable differences are to he noted })etween the
estimates of meteor numbers themselves. Whereas five estimates show
the pealk to occur during August, the estimate of Hoffmeister shows a
dip in August and a peak in July, wl}tch agrees with phe burst distri-
butioh It should also be kept in mind that the estimates are long
term, ' with considerable variation from year to year, whereas the
Lurst numbers are for a single year.

39 F.C.C.



Frequency Allocation. Nongovernment
quency : |

Short-time amplitude distribution of the bursts is shown in Figure
10. The numbers are accumulated data from WGTR for six morning
hours recorded simultaneously at Laurel and Allegan. Knowihg the
numbers of bursts which exceed any given level in a given hour, the
curves permit n reasonably accurate estimate of the numberd 'from
that station exceeding any desired level by means of a simple propor-
tionality between the abscissa readings for the two levels in question,
With a rate of 120 bursts per hour exceeding 5 uv/m at Laurel a
burst reaching 30 uv/m will be expected once every 45 minutes. The
maximum amplitudes at Laurel are greater than those at Allegan,
whereas the average level at Allegan is greater. This is in qualitative
agreement with the theoretical distribution for reflecting media of
uniform height and with random distribution over an area lying
within 700 miles radius of both transmitter and receiver, assuming
attenuation with distance in accordance with the maximum measured
values at 837, 720, 900 and 1370 miles, and assuming a circular trans-
mitting antenna pattern and a figure eight receiving antenna pattern.

Amplitude voriation with distance. The maximum measured values
at each of the recording sites over the period of recording, which can
be assumed to lie close to the plane of the great cirele, and the cor-
responding inverse distance values and ratlos are as follows:

Laurel Allggan Atlanta Grand
Island
T I et
Distamee. .o ooals 337 720 900 1370
Inverse (uvim) 14, 100 7060 5650 3700
Mux. wuvim? 55 45 34 13
Ratie 274 157 166 253

The signals are well below inverse distance. At the longer distances,
eancellation of the direct and ground reflected wave will aceount for
a large part of the difference. However, the ratios would not nor-
mally be as large as those indicated. Absorption at E-layer and below
at these frequencies will be practically negligible. It therefore ap-
pears that some other effect is being obtained. If we nssume reflec-
tion from a eylindrieal track of ions caused by the passage of a
meteor, it appears reasonable to assume that an additional diver-
gence factor will result from reflection from the curved surface.
Visual eorrelations of dursts and mefevrs. During June 1944, after
the agreement between the occurrence of meteors and bursts had been
established, a few observations were made at Laurel in an attempt
to obtain coincidences betwween bursts and visible meteors. Several
meteors were seen, but none having a proper direction of flight, so
that the ionized track was capable of reflecting the signal to the
receiving point. Beginning on August 1, a continuous watch was
kept between 9 and 10:15 P.M., E.S.T. on favorable nights by two
or more observers al the home of one of the engineers. Two coinci-
dences were ohserved on August 6, in which the meteor track was
approximately transverse to the sipnal path. On August 8§ and 11,
two coincidences were observed each night in which the meteor track
was aleng the plane of the signal path. The Jast meteor was of par-
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ticular brilliance with a persistent visible train, and the signal was
sustained for ahout ten seconds. The meteor was somewhat beyond
the receiving point with sufficient inclination of the track to reflect
‘the signal back at an acute angle. Had a meteor of this size with the
'p10pe1' ovientation been near the center of the signal path, the dura-
“tion would have been several times as great, and the sustained burst
‘might easily have been recorded as similar to the burst marked S on
Figure I (B). Sustained bursts of this type appear frequently on
the records near the times of the regular showers of visible meteors.
the date of the recording is November 11, the time of the annual
Leonid meteor shower.

Bursts have also been recorded at Laurel on 71.75 me from televi-
sion station WRGB. They are less frequent than at ££.3 me, of some-
what less duration on the average, and their maximum amplitudes
are about the same for a given radiated power.

Interference factor of bursts. Tests conducted at Laurvel, using barsts
from station WTGR as the interefering signal and a frequency mod-
ulated signal generator as the desired alornfl.l indicate that a 1 to 1
ratio of desived to undesired signal is sufficient to prevent objection-
able interference in the output ot the S-27 type FM receiver. No tests
hasve been made for sustained bursts, for other types of FM receivers
or for ratios applicable to AM receivers.

, SPORADIC I SIGNALS

Figure 1 (C) is a sample recording of station WTGR made at
Atlanta on July 8, 1944. The recorder sensitivity was set for the
recording of burst sngnals and was not optimum fcu sporadic F of
this 1nten91r3, which was driving the recorder above 400 uv/m a part
of the time.

The analysis of these records consists in determining the times dur-
ing which the signal exceds 25 uv/m in intensity. This corresponds
to the level at which the signal will begin to cause interference to an
FM receiver having a 2/1 co-channel 1e]ect10n ratio and located on
the 50 uv/m contour of a station on the same frequency. In totalling
the times of occurrence of the signal, short intervals of time of 2
minute or more during which the swnal talls below the 25 uv/m level
are omitted. These are indicated on the chart by a heavy line at the
25 uv/m level.

Table II shows the monthly and annual occurrence of fields above
95 uv/m for each of the four recording sites, together with combined
figures for the four paths. The times “of occurrence are expressed in
minutes and the percentages are per cent of the time during which
both the transmitter and recorder were in operation. The corbined
figures are not numerical totals of the four preceding columns but are
the tqtal numbers of minutes for the respective months or for the
year during which the signal oceurred on at least one of the individ-
ual p‘tths An inspection of the Table shows good agreement as to
the relative occurrence on the four paths for the respectwe months,
the 900 mile path to Atlanta having the largest values for ea,ch
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month. The worst month is July, with occurrences of 12.0% of the
time for the Atlanta path and 14.3% for the combined figures.

Since a sporadic I path which will permit a signal to be, propa-
gated from Paxton to a recording site will also permit a similar sig-
nal to travel back to Paxton from a hypothetical transmitter lpcated
at the recording site, the combined figures furnish a reliable measure
of the amount of interference which would be sustained by a receiver
located on the 50 uv/m contour at Paxton from four identical co-
channe] transmitters located one at each of the present recording
sites.

Figures 11 to 15 are charts showing for each of the four paths and
for the combined figures the actual times of occurrence above 25
uv/m throughout the year. One space horizontally is allotted to each
day of the indicated month and one space vertically is allotted to each
twelve minutes of the day.

Figure 11 is for the Paxton-Laurel path. Exeept for July 7 and 8
the interference is not severe. Particular attention is called to the
intermittent type of signal shown on July 5 and 25, where on the lat-
ter date interference totalling 8 minutes was spread over a half hour
period and could have caused a possible interruption of two separate
programs. Similar periods of intermittent interference are prevalent
for all paths and thelr slgnificance should be kept in mind when
evaluating the totals shown in Table IT.

For all five Figures the times of occurrence are more prevalent in
the P.M., co that the percentage occurrence will be greater for this
period than the overall percentage.

In order to obtain a measure of the effect of increasing, the level at
which the analysis was made upon the occurrences, the records for

. - )
each of the recording sites were also analyzed at 70 uv/m. The rec-

ords for Grand Island, where the range of the recorder was such as
to respond to higher signal levels, were also analyzed for occurrences

at 250 uv/m,
TasrLe 11l.—Sporadic E layer propagation, 1843-1844

{Oc¢currence of fields exeeeding 25 mierovolts/meter at four receiving sites from station WGTR, Paxton,
Mass., 44.3 me-83 kw)

Receiving Site.._. Luurel Allegan Atlanta Grand Is. Combined
Distance....... 337 miles 720 miles 900 miles 1400 miles
Inin. % min. A min. T min, % min. o
Sept. 1043 _______________ 0 ... 1 0,008 1 0003 1 0. 003
Oct_ ... I ) R, 0 ... 16 .05 18 .05
0 ... oo 0 ... L
0 58 21 186 .46 222 .62
0 ..., 0 8 .02 8 .02
0 ... 1 003 006 21 .0
| L1 I no . 0 -
0 ____.. 4 [ER il .3 81 28
0 ______ 50 iy 069 3.0 1248 3.5
30 0.09 528 17 1865 5.9 2007 9.3
177 .63 @0 2.9 3380 129 420 14.3
1 L04 25 09 27 1.0 331 1.2
218 0.05 1456 0.39 6874 171 8956 2,23

! Antenna lead found broken and repaired May 19, 1944, This value is probably low as both Allegsn and
Atlanta show Es fields during May 1 to May 19.
3% F.C.C.
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The following Table gives a comparison of the annual totals for the
three levels:

Laursl Allegan Atlanta Grand Island
Field Strength
Min. % Min. A Min. A Min, %
25 {uv/m)_ .. ... ... 218 0. 05 i455 0. 39 6874 1.71L 2097 0. 55
70 (uv/m)__ e 22 Q. 003 1193 0. 32 3820 0.83 0964 0.25
250 (U)o e 263 0.07 422 [

Insufficient recorders were available for continuous recording on the
frequencies of television stations, so that data for these frequencies
are not available.

REFERENCES

Ross Hull, Q.8.T., May 1937

. Englund, Crawford and Mumford, Bell Sept. Tec. Jour. Qct. 1938.
Smith-Rose and Stickland, Jr. Inst. E.E., Part III, March 1943,
A. M. Skeliett, Proe. LIR.E., Dec. 1932,

. J. A. Pierce, Proe. I.R.E., July 1938.

. T. L. Eckersley, Jr. Inst. E.E., Wireless Section, June 1940,
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TROPOSPHERIC WAVE PROPAGATION

Variation of Monthly Median Field Strength Values

Over Lake lMichlgan
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TROPOSPHERIC WAVE AND GROUND WAVE
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SPORADIC E LAYER FROFAGATION

1943 - 1944 )

Cecurrence of flelds exceeding 25 microvolts/meter at
Leurel, Farvland from station VWiTR, Paxton, lass.

C 44,3 me - 337 wmiles - B3 kw : !
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SPORADIC E LAYER PROPAGATION
, 1943 -~ 1944 )
Occurrence of fields excesdling 25 mlcrovolta/metar at
Allegan, Michigan from station WGTR, Paxton, Mass,
44,3 me - 720 plles ~ 83 kw

PM(E.5.T,)

AM(B.5.T7.)

PM(E.S.T.)

AM(B,.8.T,)
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T 35aa N o 1943 -

PIGURE 12
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SFCRADIC E LAYER PROPAGATION
10453 - 1944

Occurrence of flelds exceedlng 25 microvolts/metar at

Atlenta, Gecrgia from statlon WGTR, Pexton, lass, »
44.3 me - 900 mlles ~ B3 kw
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SPORADIC B LAYER PROPAGATION
1047 - 1644
Oceurrence of fields excseding 25 mlerovolis/meter at
faie)
2

Grand Island, lLebras ~ station WGTR, Paxton, !asa,
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SEONADILS E LAYER PROPACATION
19043 ~ 1944 :
Tstimeted Interference via Sporadic E Propagation, to & TK Recelver
on 50 Micrevelt/leter Contour of Stsetion VISTR, Paxton, Mass,.,"from
Four Identical Co-Channel Stations Locsted at Taurel, MA. (337 mi.},
Allepan, liich.{720 mi.}, Atlenta, Ga. (900 -mi.) and Grand Islapg,leb
(1270 mi.). TFrequency 44.2 mc, Fower 83 kw.

1e 7 i z
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FEDERAL COMMUNICATIONS COMMISSION
DOCKET NO. 6651

EXHIBIT NO. 380

3
Ik

PERCENTAGE OF THE LISTENING HOURS AND (YN PARENTHESES) THE
NUMBER OF LISTENING HOURS {6 AM TO MIDNIGHT) DURING THE
LAST SUNSPOT CYCIE (1933-1644) FOR WHICH THE F LAYER SEIP
DISTANCE WAS LESS THAN THE VALUES SHOWN FOR PARTICULAR
FHEQUENCIES. {Estimatod from the National Bureau of
standards Ionosphere measurements at Washington, D. C.)
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SKIP DISTANCE IN MILES
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TRANSMISSION
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2 GROUND WAVE, TROPDSPIIERIC WAVE, SPORADIC ¥ LAYER SKY WAVE AMD F LAYER SKY
H WAVE FIELD INTEMSITIES FOR FM STATION WOTR AT PAXTON, MASSACHUSETTS

83 KW; 10 BAY ANTENNAj; ESTIMATED FREE SPACE FIELL AT ONE

LE = 2540

AICROVOLTS PER METER

G = THEORETICAL GROUND WAVE

T1%, To.1%, Tog © TROPOSPHERIC WAVE MIELD INTENSITIES EXCTEDED FOR THE PERCENTAGES OF
et THE TIME INDICATED. (Estimated [rom measurements made st Laursl on
seysral Fil stationa and reported In Exhibit 4 of Dockek £651)

E,flpj SPORADIC E LAYER SKY WAVE FIELD INTENSITIES EXCEEDED FOR THE PERCENTAGES oOF
TIME SHOWN AS A FUHGTION OF DISTANCE AND FREUENCY IM FIGURE 3.
(Basad on measurements of WGTR raported in Exhlbit 4 of Docket #851)

E,{np) = SFORADIC E LAYER SKY WAVE FIELD INTEUSITIES EXCEEDED FOR n TIMES THE PERCENT-
B AGES OF TIME SHOWN IN FIGURE 3.

F LAYER SKY WAVE FIELD INTEVSITIES. (Theoretleal satimate in agrasment wlth avail-
able data) -

DISTANCE IN MILES " FIGURE 4
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