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MINIMOM REQUIRED FIELD INTENSITIES FOR INTELLIGIBLE RECEPTION OF
RADIOTELEFHONY IN PRESENCE OF ATMOSPHERICS OR RECEIVING SET NOISE

I. FURPOSE AND SCOPE

. This report has been prepared to show in graphical form the minimum
required incident received field intensity for intelligible reception of radio-

telephony in the presence of atmospheric or receiving set noise,

The curves showing required field in the presence of atmospherie
noise are based upon noise measurements made throughout the world at differ=
ent hours of the day and seasons of the year, and a kmowledge of the locations
of the important world atmospheric noise centers. The assumption that the
receiving antenna responds equally to the desired signal and the atmospheric
- noise has beeh made in plotting these curves, When this is not the case

the required field will be somewhat different, as discussed in a later sece
tion of this report. :

Curves showing the required incident field intensities when set
noise rather than atmospheric noise is the limiting factor have been prepar-
ed as a part of this report. These curves are based upon theoretical cal-
culations for practical receiving antennas, and are plotted for various ver=
tical angles of reception with various antennas,

II. CONSIDERATIONS IN DETERMINING REQUIRED SIGNAL INTENSITY .

As. Atmospheric Noise

Most of the atmospheric noise in the world originates in thunder=.
storms, At a given receiving location the atmospheric noise is made up of
noise from nearby centers of ncise, such as local thunderstorms whose dis-
tance from the receiving location may vary from a few miles to hundreds of
miles, plus noise which has been propagated from one or more of the principal |
centers of nolse generation, such as the active thunderstorm areas in equa-
torial Africa, Central America, and the East Indies. The location and act-
ivity of the various noise centers vary with time of day.and season, The
determination of atmospheric noise at a given receiving location is thus a
- series of radio propagation problems, in which the noise originating in each
center of storm activity produces a definite field intensity at the receiving
location,

Figures 1 to )4, inclusive, are maps of the world divided into noise
zones, It will be noted that these four noise maps correspond to four dif-
ferent periods of the year. Areas of the world in which thunderstorms are

most frequent are indicated as zones 4 and 5. The areas most remote from
the principal thunderstorm areas, and in which but little atmospheric radio
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noise may be expected, even by way of long distance sky-wave propagation,
are indicated zs zone 1, The other zones are intermediate in radio noise
expectation. gorresponding to these noise zones are the required field
intensity curves of Figures 5 to 23, inclusive, These curves for a par-
ticular noise grade are plotted as required incident field intensity vs.
freguency for six different times of day. It will be noted that the
night time noise curves have an almost constant slope, the noise-intensity
decreasing with increasing frequencye. This represents roughly the fre-
- guency characteristic of the noise produced by the thunderstorms, as there
im very Little absorption by the ionosphere of sky-wave propagated signals
during the hours of darkness. Above the maximum usable frequency for -
long distance transmission the noise can not be propagated by sky-wave
trensmission, and hence decreases very repidly with increasing frequency.
The variation in the magnitude of the required field intensity curves for
various hours during darkness is due to the average variation of thunder-
storm activity throughout the night, with the maximum usable frequency
effect mentioned in the preceding sentence also a factor at the higher
frequencies. puring daylight hours the absorption of the skyrwave pro=-
pagated noise increases, and is great=st in the frequency range of 1.5 to
2.5 megacycles. This is evident in the shape and magnitude of the noise
curves for daylight hours. It is also pointed out that sky-wave pro-

pagated noise extends to higher freguencies in the daytime, because of the
higher maximum usable frequencies occuring during these hours,

The reguired incident field intensity curves are plotted for 90%
intelligibility of 100% modulated radiotelephone service, assuming the re-
ceiving antenna responds equally to the noise and the desired signal; for
reception of other types of service the required field intensities are mode
ified by an amount shown in Radio Fropagation Unit Technical Report No. 4,
wRelative Sky-Wave Signal Strengths Required for Intelligible Reception of
various Types of Radio Communication Service". Tt will be noted that
noise curves for the lower noise grades are plotted for summer (May, June, .
and July), winter (November, December, end January), and equinox (Februery,
March, April, and August, September, October) months. This variation
with season is due to the variation in the length of daylight and darkness
. hours for north or south latitudes greater then 30 degrees, and the con=-
sequent effect on the propagation of the noise, When the receiving locat-
ion is at a latitude of less than 30 degrees, the equinox months noise
curves apply for all months of the year, These noise curves represent a
signal to average noise ratio of approximstely 15 decibels, with receiving
set band-width of approximately 3 kilocycles each side of the carrier
fregquency.

vhen the receiving antenna discriminates.either for or ageinst
the desired signel with respect to the atmospheric noise, the required in-
cident field intensity for a particular type of service is modified accord-
inglye. For instance assume thet the majority of the noise is arriving
from a noise center to the south of & particular receiving location, and
that a signal is being received from the east.on a directive ‘antenna,

ﬁgsume further that the response of the antenna in the direction of the
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arrival of the desired signal is 10 decibels grester then the response of -
of the entenna in the direction of the arrival of the noise. Then the
required signal intensity to overcome the atmospheric noise is 10 decibels
less than is indicated by the curves. It is to be remembered that the
vertical angles of arrival of the signal and noise are to be considered,
as well as the azimuth angles, in determining the relative response of an
antenna to the signal and the noise, In this connection it is pointed
out that little data are available on vertical angles of arrival of ate
mospheric noise, but an average angle of 20 degrees above the horizontal
has frequently been assumed for the intermediate and low noise grades.

Bs Receiving Set Noise

Experimental determination of the required receiver terminal
voltage for typical army communication receivers has been found to be ap-
proximately 2 microvolts for 90% intelligibility of radiotelephony in
presence of receiving set noise only. (see Radio Propagation Unit Tech-
nical Report No. l.) This value is somewhat dependent on freguency,
but is considered sufficiently accurate for all frequencies in the 1.5 to
20,0 megacycle band,

Figurés 24 to 56, inclusive, are a set of curves showing requir-
ed incident field intensity vs. frequency for verious prectical receiving

antennas to deliver 2 microvolts across a 100 ohm loed resistance, - The
average receiver input impedance has been assumed to be 100 ohms, and it
is assumed that the antenna reactance, if any, will be tuned out, In

the calculations for the rhombic antennas it hes been assumed that a 600

to 100 ohm radio-frequency transformer will be used between the antenna
and receiver, and that a voltage of 2 microvolts is required across the

100 ohm side, Trensmission line and matching network losses have been
neglected in these curves, If these losses are known, the loss in deci-
bels should be added to the required incident field intensity as read from
the curves, Thus these curves show the required incident field intensity
for 90% intelligibility of radiotelephony with the various receiving anten-
nas, when set noise is the limiting factor,

- In computing these receiving antenna curves, advantage has been
taken of the reciprocity theory for transmitting and receiving entennas,
in that the directivity factors for a given antenna have been assumed to
. . be the same in both cases, The formula used for the calculations is

stated below :

Euv/zb. ] %éﬁm x —&%—t—&— » to produce 2 mierovolts

across RZ‘

Where: R, = antenna radiation resistance.
' R} = antenna loss resistance,
R; = sntenna load resistance
F a theoretical inverse distance field intensity
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in millivolts per meter produced by antenna
at one mile in desired direction when used
as a transmitting antenne, with 1.0 kilo-
watt delivered to antenna, assuming zero
antenna loss resistance, ‘ '
fme S frequency in megacycles per second.
Euv/m = required incident field intensity in
microvolts per meter.

It is to be noted that curves have been drawn for antennas
located over hoth *good* and *poor* ground, and for verious vertical
angles of wave arrival. N

I1II. USE OF THE CURVES

As Determination of Minimum Required Field Intensity &s Limited by
Atmospheric Noise ’ '

To determine the reguired incident field intensity when atmos-
pheriec noise is limiting reception, first turn to the world noise msp for
the desired month, figures 1 to 4, inclusive, and find the noise grade
applicable to the receiving location. Then turn to the noise chart for
the particular noise grade end season and find the minimum required field
intensity for radiotelephony at the frequency and time of day in question.
If service other then radictelephony is to be employed, the required
field intensity should be modified by the amount. shown in Radio Propagate
ion Unit Technical Report No. l4e "Relative Sky-¥Wave: Signel Strengths Re- -
quired for Intelligible Reception of Various Types of Radio Commnication
Service®,

The above determinination of required field intensity assumes
that the receiving antenna responds equally to the noise and the desired
signal. If this is not the case the required field intensity must be
modified accordingly, as was mentiocned in Section II of this report.

B. Determination of Minimum Required Field Intensity as Limited
by Receiving Set Noise

When receiving set noise is limiting reception, the minimum
required field intensity may be determined in the following manner,
First, determine the wave arrival angle above the horizontal, This
angle may be assumed to be the same as the angle of radiation when trans-
mitting over the ssme path, and may be determined from the radiation
angle vs, great circle distance chart for various ionoaphere layer

heights, contained in Radio Propagation Unit Technical Report No. 2,
- wpadiation from Antennas in the 1.5 to 20 Megacycle Band®, Then turn
to the curve sheet for the particular entenna and type of ground at the
receiving location, and find the minimum required field intensity for
the wave arrival angle and frequency in quesation, If service other

- b - .&.:



. than radiotelephony is to be used, the required fields are to be mode- ,
ified as in the atmospheric noise case by reference to Radio Propagation
Unit Technical Report No. l.

Ce Minimum Required Field Intensity as Determined by both Atmos-

pheric and Set Noise

The actual minimum required field intensity for a particular
frequency, time of day, and receiving antenna is the higher of the two
values determined as above for atmospheric and receiving set noise limit-
ations, Thus, if desired, a composite curve of minimum required field
intensity vs. frequency for a particular time of day may be drawn, plot-
ting only the higher of the two values determined for atmospheric and
receiving set noise. :
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